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Preface 
 
2014 5th International Conference on Manufacturing Science and Technology 
(ICMST 2014) was held in Sarawak, Malaysia on 7-8, June, 2014. The 
conference provides a platform to discuss Manufacturing Science and 
Technology etc. with participants from all over the world, both from academia 
and from industry. Its success is reflected in the papers received, with 
participants coming from several countries, allowing a real multinational 
multicultural exchange of experiences and ideas. 
 
The present volumes collect accepted papers and represent an interesting 
output of this conference. This book covers these topics: Acoustics and Noise 
Control, Aerodynamics, Applied Mechanics, Automation, Mechatronics and 
Robotics, Automobiles, Automotive Engineering, Ballistics, Biomechanics, 
Biomedical Engineering, CAD/CAM/CIM, CFD, Composite and Smart 
Materials, Compressible Flows, Computational Mechanics, Computational 
Techniques, Dynamics and Vibration, Energy Engineering and Management, 
Engineering Materials, Fatigue and Fracture, Fluid Dynamics, Fluid Mechanics 
and Machinery, Fracture, Fuels and Combustion, General mechanics, 
Geomechanics, Health and Safety, Heat and Mass Transfer, HVAC, 
Instrumentation and Control, Internal Combustion Engines, Machinery and 
Machine Design, Manufacturing and Production Processes, Marine System 
Design, Material Engineering, Material Science and Processing, Mechanical 
Design, Mechanical Power Engineering, Mechatronics, MEMS and Nano 
Technology, Multibody Dynamics, Nanomaterial Engineering, New and 
Renewable Energy, Noise and Vibration, Noise Control, Non-destructive 
Evaluation, Nonlinear Dynamics, Oil and Gas Exploration, Operations 
Management, PC guided design and manufacture, Plasticity Mechanics, 
Pollution and Environmental Engineering, Precision mechanics, Mechatronics, 
Production Technology, Quality assurance and environment protection, 
Resistance and Propulsion, Robotic Automation and Control, Solid Mechanics, 
Structural Dynamics, System Dynamics and Simulation, Textile and Leather 
Technology, Transport Phenomena, Tribology, Turbulence and Vibrations. 
 
This conference can only succeed as a team effort, so the editors want to 
thank the international scientific committee and the reviewers for their 
excellent work in reviewing the papers as well as their invaluable input and 
advice. 
 
Prof. Dr. Ashutosh Kumar Singh 
Department of Computer Application 
National Institute of Technology 
Kurukshetra, India 
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Advanced Materials Engineering and 

Technological Processes 



Properties and Growth Rate of Intermetallic Al-Fe Through Hot Dipped 
Aluminizing 

Zaifol Samsu1, 2, a, Norinsan Kamil Othman1, b, Abd Razak Daud1,  

Muhammad Daud2, c,  
1School of Applied Physics, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia 

2Material Technology Group, Industrial Technology Division, Malaysian Nuclear Agency, 43600 
Bangi, Selangor, Malaysia 

zaifolsamsu@nuclearmalaysia.gov.mya, insan@ukm.myb, mdaud@nuclearmalaysia.gov.myc 

Keywords: Hot Dipped Aluminizing. Finger-Like. Hardness. 

Abstract. Hot dipped aluminizing is the one of the most famous and effective method of the surface 

protection. The growth behavior in the intermetallic layer by introducing a different dipping time 

and various of molten aluminium temperature had been detail investigated.  The result showed that 

the top portion of the coated steel substrate is compose of a thin layer of α- Al2O3, followed by 

thicker Aluminium pure layer, thinner layer of FeAl3 , and then  a much thicker of Fe2Al5 . The inter-

metallic layer is ‘thick’ and exhibits a finger-like growth into the steel. The thickness of Al-Fe 

intermetallic layer on the steel base is increased with the increasing of  hot dipping temperature and 

time. The micro hardness testing result shown that increasing of the aluminizing temperature was 

increased the hardness of the intermetallic layer. 

Introduction 

Hot dipped aluminizing process has been widely used for protection of carbon steel in high 

temperature application. The process involves dipping of steel sheet into molten aluminium or its 

alloy, at a fixed temperature for a certain period of time. The microstructure of the protective 

coating on the hot-dipped aluminide steel is composed of an outer aluminum topcoat containing the 

same composition as the aluminum bath and an Fe–Al intermetallic layer formed by Fe/Al inter-

diffusion during the hot-dip process. Shigeaki Kobayashi and Takao Yakou [1] showed that the 

coating layers of hot dip aluminized steel consist mainly of aluminum and Fe2Al5 . Aluminized steel 

exhibit excellent oxidation and corrosion resistance [2].  

It was reported [3,4,5] that composition of aluminizing metal and carbon content of steel 

substrate and its dipping time intensely affect the growth rate of the intermetallic layer, but 

aluminizing temperature [6] of the substrate does not affect it significantly. Since, previously the 

effect of the aluminizing temperature on the growth rate of the intermetallic layer was examined in 

a very short range 775–850 °C [6] and most of the researchers conducted hot-dipping tests above 

750 °C in pure Al and Al–Si alloys [7]. As a result, they concluded that aluminizing temperature 

does not affect the growth rate of intermetallic layer.  

Then, the study of aluminizing was re examined by extending the temperature range between 

675
o
C and 950

o
C of was conducted with width range of aluminizing temperature. It was reported 

that the growth intermetallic layer was increased for the aluminizing temperature in the range 

675
o
C-775

o
C but the thickness did not increase further when the aluminizing temperature increased 

in the range 775
o
C–950°C [8]. However, the results of the present study were found different from 

the preceding one. This study reveal that the variation in the aluminizing temperature and dipping 

time have a profound effect on the growth kinetics and hardness of the intermetallic layer 

Experimental 

Material and Method. A commercial AISI 1005 steel was used as the substrate material in this 

study. The chemical composition of the adopted steel is Fe-0.047C-0.137Mn-0.035P-0.01S (%wt). 
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Rectangular specimen with dimension of 20mm x 10mm x 2mm was cut using a water cooled 

cutting machine. Laboratory grade pure aluminium with a purity of 99.9% was used as the molten 

aluminium bath. The surfaces of the steel specimens for aluminizing were finished by grinding with 

a #1000 SiC paper.  Then the specimen was degreased in acetone and finally cleaned ultrasonically 

in acetone. A hole of its diameter approximately 3mm was drilled at one end of the specimen to 

facilitate its hanging into molten aluminium.  

Hot Dipping. The aluminium granular was heated to the temperatures of range between 700
o
C 

until 850
o
C in a graphite crucible using a resistance furnace. The temperature of the molten 

aluminium bath was controlled to be within 10
o
C. The specimen was dipped in the molten 

aluminium for the time period of 3 min until 9 min. These temperatures were maintain throughout 

the required range of dipping time and were controlled by using a K-type thermocouple. The 

specimens were gently shaken inside the bath to ensure good wet ability. After dipping for the 

specified duration, the specimens were withdrawn and cooled in air. These test were conducted to 

examine the effect of varying aluminizing temperature and dipping time on the growth and 

morphology of intermetallic layer 

Micro Hardness Measurement. Micro-hardness of the aluminised sample was also measured 

with a Vickers micro hardometer (Shimadzu HMV 2000). The hardness test was performed under 

an indentation load of 25gf for 10s. Analysis points were spaced so that to eliminate the effect of 

neighbouring indentations. The sample was separate with the three layers consist of aluminium 

layer, intermetallic layer and substrate layer. The micro hardness was evaluated by taking ten 

indentations on each layer and was averaged.  

Analysis of Samples. The aluminized specimens were sectioned carefully with a slow water 

cooled cutting machine. For microstructure observation and analysis, the specimen was carefully 

mounted, ground and polished to protect the edges. The specimen was etched with a 2% Nital 

solution to reveal the coating layer microstructure. The thickness of the layer was then measured at 

least five times at different places on the section. 

Analysis of the chemical composition of substrate was performed using spark emission 

spectroscopy. The microstructures of the aluminized specimens were examined by using an optical 

microscope. Scanning electron microscope (SEM) attached with EDX (energy dispersive X-ray) 

facility was employed to analyze elemental concentration of the phases formed in the outer coating 

and in the intermetallic layer. X-ray diffraction (XRD) technique was also used to identify the 

phases formed in the outer coating as well as in the intermetallic layer.  

Result and Discussion 

The Growth of Intermetallic Layer During Hot Dipping. Cross sectional micrograph of mild 

steel hot dipped in pure Al in Fig. 1. The analysis of the microstructure and composition of the 

specimen shown that the diffusion layer are divided into three major layer that consist of aluminium 

layer, intermetallic layer and substrate. The aluminide layer is composed of an outer aluminium 

topcoat and an inner Fe-Al intermetallic layer. This suggested that the formation of the aluminide 

layer was mainly due to the outward diffusion of iron, while the inward diffusion of Al contributed 

to the growth of the aluminide layer.  

 

Fig. 1. SEM Micrographs of cross section of specimens after aluminizing 
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Fig. 2. X ray diffraction pattern of a specimen aluminized in Al pure melt obtained from (a) the 

outer coating and (b) intermetallic layer 
 

X-ray diffraction analysis confirmed the presence of the phases identified by the scanning 

electron microscopy in the outer coating as well as in the intermetallic layer. The XRD pattern 

illustrates the phases formed in the outer coating of the steel specimen aluminized in the Al pure 

melt as given in Fig. 2(a). The diffraction pattern in the intermetallic layer shows the presence of 

thin layer of FeAl3 and thick layer of Fe2Al5 layer as shown in Fig 2(b). It means that intermetallic 

layer of Fe2Al5 was a major layer for protection of steel after aluminizing.  

Fig. 3 and 4 illustrate the different micrograph of the variation in the aluminizing temperature 

and dipping time on the growth and the morphology of the intermetallic layer respectively. These 

depict that with increasing the aluminizing temperature of the specimen in the range 700 – 850, the 

intermetallic layer increased as shown in graphical Fig. 3. The same situations are happen when the 

dipping time of the aluminizing increased and as a result the intermetallic layer also increased as 

shown in graphical Fig. 4. These micrograph shown that the pattern growth was changing when the 

aluminizing temperature and dipping time were increased.  

 

 

 

Fig. 3. Cross sectional view of aluminized carbon steel sheets which were hot dipped in melt pure 

Al at different temperature (a) 700
o
C (b) 750

o
C (c) 800

o
C (d) 850

o
C 

 

 

 

Fig. 4. Cross sectional view of aluminized carbon steel sheets which were hot dipped in melt pure 

Al at 750
o
C with various dipping time (a) 3 min  (b) 6 min (c) 9 min 

Based on the characterization of microstructure (Fig. 1) and phase constitution (Fig 2(b) in the 

intermetallic layer, the tongue-like morphology of the Fe2Al5 phase is formed by the non-uniform 

growth of the columnar grains.  

In the hot dipping process, the specimen dipped in the molten aluminum bath and the steel 

substrate started to dissolve into the molten aluminum bath . As a result, molten aluminium was 

diffused into the steel substrate to form an Fe–Al intermetallic layer. The crystalline defects of 

Fe2Al5 with the orthorhombic structure offered a rapid diffusion path to increase the growth rate of 

Fe2Al5 [7], resulting in columnar Fe2Al5 and the corresponding residual steel substrate. As the 

8

0

0o

C 

3 

m

in 

(a) (b) (c) (d) 

(a) (c) (b) 
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immersion time increased, the columnar grains grew at a fast rate toward the steel substrate, 

whereas they grew at a slow rate in the lateral direction of the columnar grains. Finally, the 

consumption of the outer residual steel substrate due to the growth of the columnar FeAl3 + Fe2Al5 

caused the tongue-like morphology. Moreover, the slow lateral growth of the columnar Fe2Al5 

provided a pathway for the formation of crystal nuclei of Fe2Al5 in the lateral direction, resulting in 

fine grains clustered in a strip-shaped form around the peaks of the serration-like steel substrate, the 

original locations of the outer residual steel substrate. 

The gradual increase in thickness of the intermetallic layer lead to the possibility that the phases 

of the steel substrate like ferrite, pearlite and austenite might have affected its growth rate. These 

phases could have appeared at the outer skin of the steel substrate during the hot-dip aluminizing 

process at a particular temperature or in a range of temperatures.. As a result the increasing of the 

intermetallic layer at a range of temperature was due to the ferrite phase for the rapid growth of the 

intermetallic layer, while both the pearlite and the austenite hampered the growth of the 

intermetallic layer. As long as the ferrite was present with the pearlite or the austenite in the range 

of  temperature, there was some increase in the intermetallic layer positively.  

Micro hardness Analysis. Fig. 5 summarize graphically the effect of aluminizing temperature 

and dipping time to the hardness of the specimens. The trend of the graph shown that the hardness 

of the intermetallic layer was increase with increasing the aluminizing temperature. the changes of 

hardness were come after aluminizing temperature reach to the 800
o
C and above. The gradual 

increase of intermetallic layer hardness lead to the possibility that the phase have ferrite, pealite and 

more austenite during aluminizing process. There were no significant effect to the hardness of 

aluminium and steel layer.  

 

Fig. 5. Microhardness measurement in the cross section of the sample after aluminising at different 

aluminizing temperature and various of dipping time. 

Conclusion 

The growth of the intermetallic layer formed in aluminide mild steel by different aluminizing 

temperature and various of dipping time has been characterized. SEM micrograph shown that the 

tongue-like morphology of Fe2Al5 observed from the cross section of the specimen. The thickness 

of the intermetallic was increased when increasing the dipping time at various aluminizing 

temperature. XRD studies shown that the formation of the intermetallic phase for  all specimens. 

The inter metallic layer consisted of thin layer of FeAl3 and thick layer Fe2Al5 layer. The crystalline 

defects of Fe2Al5 along the diffusion direction causing Fe2Al5 to grow at a rapid rate, resulting in 

columnar Fe2Al5 and corresponding residual steel substrate. The columnar Fe2Al5 had a fast growth 

rate along the diffusion direction, but it grew slowly in the lateral direction of the columns. 

Microhardness testing shown that the specimen become more harden and probably brittle when the 

aluminizing temperature was increased.  
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Abstract. In this work, the influence of hybrid effect on carbon and glass fiber reinforced polymer 

(FRP) on the mechanical performance for structural application was studied. The hybrid fiber 

reinforced polymer (FRP) composites made from woven E-glass and carbon fibers with epoxy resin. 

The FRP hybrid composites were fabricated using vacuum-assisted resin transfer moulding process, 

which is capable of producing constant thickness with high volume fractions of composite panels 

compared to that of traditional wet hand lay-up method. Mechanical performance of the FRP hybrid 

composites were evaluated against full carbon or glass fiber reinforced polymer composites. 

Important properties such as tensile strength, flexural strength and volume fraction of reinforcement 

were determined according to the ASTM standards. It was found that the mechanical properties of 

carbon-glass hybrid composites exhibited significant improvement in term of strength and strain 

respectively compared to that of full glass FRP composites and full carbon FRP composites. 

Introduction 

With the recent technological advancements, conventional materials such as steel and aluminum 

no longer play the dominant roles in product design and manufacturing. As the strict environmental 

concerns and awareness grows, along with different customer needs, lightweight materials are 

gaining rapid development in the research communities and industries. In fact, lightweight fiber 

reinforced polymer (FRP) composites are finding importance uses in various applications which 

include in automobile components (car bodies), for marine parts (e.g. hulls, decks), and for 

aerospace components (e.g. wing, nose strake, antenna, fuselages).  

Fundamentally, FRP composites have different material structure from that of conventional 

composites such as metal alloys, wood and minerals. The constituent materials in FRP composites 

usually retain their original form but their final properties are better than the constituent material 

[1]. However, hybrid composites include at least two different types of matrix or reinforcements 

either by distinct physical or mechanical properties [2]. Normally, one of the fibers in the hybrid 

composite is high modulus fiber, which is mainly to provide the stiffness properties to the 

composite materials. While, the second fiber is usually low modulus fibers, but these fibers are able 

retain the composite material high ultimate strain and low in cost. The most commonly used fiber 

reinforcements for hybrid composites are carbon and glass fibers. It is well known that, carbon fiber 

composites provide high specific strength and modulus to the composites, whereas their weaknesses 

are low damage tolerant and high cost. In order to address those issues as well as to widen the 

applications of FRP composites, low modulus glass fibers are incorporated into the carbon fibers to 

create the FRP hybrid composites.  

In the early study, Sonparote and Lakkad [3] studied the mechanical properties of carbon or 

glass fiber reinforced hybrid composites. Those composites were fabricated by filament winding 

process with different volume fraction. However, the hybrid composites showed low effect in 

tensile strength. In another study, G Kretsis [4] reviewed the mechanical properties for 
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unidirectional carbon-glass reinforced hybrid composites. The authors reported that mechanical 

properties such as tensile, compressive and flexural strengths of hybrid composites showed negative 

hybrid effect as its fall below the rule-of-mixture predictions. In recent years, there are a few 

reported studies on the mechanical properties of woven carbon-glass reinforced hybrid composites, 

which were produced by the traditional wet hand lay-up method [5–8]. In the present study, 

reinforcement of plain woven E-glass fibers and plain woven carbon fibers with epoxy resin matrix 

were used to produce hybrid composites via vacuum-assisted resin transfer moulding (VARTM). 

The fabricated carbon-glass hybrid composites, full carbon FRP composites and full glass FRP 

composites were investigated under the tensile and flexural tests. 

 

Materials, and fabrication methods 

The hybrid composites in this study were fabricated using E-glass weave fabric and carbon 

weave fabric (T300, 3K Tow) with EpoxAmite 100 resin and 103 slow hardener. All of these 

materials were supplied by Makna Value Sdn. Bhd, Malaysia. Brief specifications of carbon fiber 

and E-glass fiber are listed in Table 1. 

 
Table 1. Specifications of fiber reinforcements. 

Specifications Carbon fiber E-glass fiber 

Yarn Density ( ends/cm) 5 5 

Areal weight (g/m2) 200 200 

Thickness (mm) 0.25 0.25 

Weave pattern Plain  Plain  

 

In the early stage of the test panels preparation, woven carbon and glass fibers were cut into 320 

mm x 320 mm prior to lay-up of the fiber reinforcements. Mould release agent was applied on the 

flat glass mould to prevent the final fabricated panel from sticking on the glass mould. 

Subsequently, the carbon and E-glass fiber were carefully stacked on the flat glass mould with 

orientations: [CGCG], where C and G are carbon fiber and glass fiber respectively. Once the 

arrangement of laminates has been completed, air in the vacuum bag was removed by vacuum 

pressure which was in the range of 11-17 mBar. Then, mixture of epoxy resin and hardener was 

prepared at the ratio of 4:1 and then infused into the mould cavity under the vacuum pressure. The 

infused panel was left for 24 hours in room temperature for curing process. The final cured panel 

was then cut into required specimen sizes for different mechanical tests. 

 

Sample characterizations  

Volume fraction test 

To ensure consistent percentage of fiber reinforcements and epoxy resin in every batch panels, 

the fiber volume fraction of the fabricated panels was determined using burn-off test as state in 

ASTM D3171-09. Five samples of 625 m
2
 were randomly chosen from different batch panels. The 

mass specimens and crucible were measured by Electronic balance meter (AY220, 0.1mg), while 

the density of specimen was measured by Densimeter. The samples were burn in the Nabertherm 

electrical furnace at 500°C for 5 hours [9]. After the burn-off test, the mass of remaining fiber 

reinforcements were measured. Once all data have been measured, the volume fraction was 

determined using Eq.1. 
 
Vf = Mf /Mi × 100 × ρc/ ρf         (1) 

where: 
Mi is the initial mass of the specimen;  
Mf is the final mass of the left over specimen after combustion;  
ρc is the density of the specimen;  
ρf is the density of in the fiber reinforcement; 
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Tensile and flexural tests 

Five rectangular specimens of 250 mm x 25 mm were prepared from different batch of 

fabrication panels. Tensile tests were performed on Universal Testing Machine (AG-X,250KN-

300KN SHIMADZU) with loading rate of 1 mm/min as per the ASTM D3039/D standard. On the 

other hand, flexural property was determined through three-point bending as specified in ASTM 

D790 using Universal Testing Machine (AG-X,250KN-300KN SHIMADZU) with loading rate of 

6.8 mm/min. Similar to the previous tests, five specimens were tested and the average value was 

taken for analysis. 

 

Results and discussion 

Fiber volume fraction of the hybrid composites 

Quantity of reinforcements in FRP hybrid composites is often determined by fiber volume 

fraction and density, in which the results are shown in Table 2. The average density for carbon-glass 

FRP hybrid composite was 1.62 g/cm
3
. This result shows that addition of 50% carbon fiber 

reinforcement into the FRP hybrid composites reduces the density of pure glass fiber reinforced 

composites which is 1.88 g/cm
2 

[10]. Low density composite is desirable so that lightweight parts 

can be made or produced. The calculated fiber volume fractions for the FRP hybrid specimens were 

found to be consistent and the average value is 55%, as shown in Table 2. Hence, it can be 

concluded that the VARTM method was able to compact the fiber reinforcement under vacuum 

pressure so as to produce uniform thickness, lower void and higher volume fraction panel than hand 

lay-up method. 
 

Table 2. Specifications of fiber reinforcements. 
Batch No: Density (g/cm3) Volume Fraction (Vf) 

1 1.61 0.56 

2 1.60 0.54 

3 1.65 0.58 

4 1.60 0.52  

5 1.62 0.54 

Average: 1.62 0.55 

 

Tensile properties of the hybrid composites 

Results on the tensile loads response for different batch of FRP hybrid composites are presented 

in Table 3. Similar to that of volume fraction results, the results for ultimate tensile strength, strain 

and modulus are consistent and the average value for these properties are 447 MPa, 2.84% and 

25.95 GPa, respectively. The tensile results of [CGCG] fiber arrangement in this research were 

compared with the results from previous study as depicted in Figure. 1. As expected, the [C] which 

is full carbon FRP composites from reference [6] have the highest tensile strength which is 511 

MPa, whereas the average tensile strength of [CGCG] fibers arrangement is 447 MPa. In other 

words, there is a reduction of approximately 14% for tensile strength compared to that of full carbon 

FRP composites. 
 

Table 3. Tensile properties for different batch of [CGCG] FRP hybrid specimens. 
Batch No: Tensile strength (MPa)  Ultimate strain (%) Modulus (GPa) 

1 442 2.58 28.55 

2 468 2.98 23.93 

3 448 2.96 25.25 

4 424 2.76 26.21 

5 454 2.93 25.82 

Average : 447 (±19) 2.84 (±0.20) 25.95(±4.62) 
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With respect to the ultimate strain, it was found that the ultimate strain for the [CGCG] fiber 

arrangement is 2.84%, whereas for [C] is 1.36%. This result indicated that, there is a significant 

increase of tensile strain for hybrid composite [CGCG] compared to that of [C]. This is likely due to 

high elongation of glass fiber layer in the FRP hybrid composites which alleviate the crack of the 

low elongation carbon fiber. Hence, this allows the hybrid composites to reach their maximum 

ultimate strength. As mentioned earlier, VARTM method is capable to produce high volume 

fraction and low void composite panels than the hand lay-up method. Hence, the tensile strength and 

ultimate strain of [CGCG] hybrid composites which were fabricated by this process is higher than 

that of the hand lay-up [C2G3] hybrid composites from the previous study [6] as shown in Figure 1. 

Moreover, alternating stacking sequence for hybrid composites cause bridging effect between 

carbon and glass fiber in the hybrid composites, thus the [CGCG] fiber arrangement shown higher 

value in tension and elongation properties [4,11]. 

 

 
Fig. 1. Tensile responses for different lamination sequence of FRP composites. 

 

Flexural properties of the hybrid composites 

Flexural properties for five different batches of [CGCG] arrangements for FRP hybrid 

composites are shown in Table 4. In addition to that, the comparisons of flexural strength and strain 

for different lamination sequence are depicted in Figure 3. The average value of flexural strength, 

ultimate strain and modulus for five different batches of [CGCG] is 443 MPa, 2.03 %, 26.83 GPa, 

respectively. From Figure 2 shown the flexural results for [CGCG] in this study were higher than 

[CGCG]* that of previous study by [11] in which the composites were fabricated by hand lay-up 

method. Dong has concluded that in hybrid composites, high volume fraction of FRP composites 

will improve the flexural strength and modulus [8]. 

 
Table 4. Flexural properties for different batch of [CGCG] FRP hybrid specimens. 

Batch No: Flexural strength (MPa) Ultimate strain (%) Modulus (GPa) 

1 451 1.98 28.47 

2 438 2.12 25.83 

3 447 2.03 27.52 

4 449 1.93 23.26 

5 434 2.09 29.08 

Average : 443 (±19) 2.03 (±0.10) 26.83(±1.78) 

 

Meanwhile, as depicted in Figure 2, the [C] composites had the highest flexural strength and 

lowest ultimate strain, which are 455 MPa and 1.69 % respectively. However, this is contrary to that 

of [G] composites, which are 218 MPa and 3% respectively. Based on literature review, placing 

carbon fiber in FRP composites can effectively increase the flexural properties of the material. 

Nevertheless, the result of this study found that the flexural strength of the [CGCG] was 443 MPa, 
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accounting a loss of only 2.7% of flexural strength for full carbon fiber [C] composites but gained a 

103% of flexural strength for full glass fiber [G] composite.  

 

 
Fig. 2. Flexural responses for different lamination sequence of FRP composites. 

Concluding remarks 

Mechanical properties of [CGCG] FRP hybrid composite were compared with those of full 

carbon FRP composite [C], full glass FRP composite [G] and hybrid composites which is fabricated 

by hand lay-up method. The results shown that, VARTM is able to produce high fiber volume 

fraction of FRP hybrid composites than the previously employed method of hand lay–up. It is 

important to note that hybridization of glass and carbon fiber is effective method to increase the 

tensile and flexural strengths of full glass FRP composites. However, the result of this study also 

found that there is a loss of the tensile and flexural strain of FRP hybrid composite compare to that 

of full glass FRP composites. Nevertheless, it should be noted that the percentage gain in the tensile 

and flexural strengths for hybrid composite is significantly higher than the percentage loss in the 

ultimate strain. 

 

References 

[1] Sandjay; K. Mazumdar, COMPOSITES MANUFACTURING :Materials, Product, and 

Process Engineering, vol. 92, no. 12. 2002, pp. 1334–6. 

[2] ASTM, “D3878-07 Standard Terminology for composite materials,” vol. 07, no. Reapproved 

2013. ASTM International, West Conshohocken, PA, 2013. 

[3] P. W. S. ; S.C.Lakkad;, “Mechanical properties of carbon/glass fibre reinforced hybrids,” 

1982. 

[4] G. Kretsis, “A review of the tensile , compress , ve , flexural and shear properties of hybrid 

fibre- reinforced plastics,” vol. 18, no. 1, pp. 13–23, 1987. 

[5] M. Ansar, W. Xinwei, and Z. Chouwei, “Modeling strategies of 3D woven composites: A 

review,” Composite Structures, vol. 93, no. 8, pp. 1947–1963, Jul. 2011. 

[6] K. S. Pandya, C. Veerraju, and N. K. Naik, “Hybrid composites made of carbon and glass 

woven fabrics under quasi-static loading,” Materials & Design, vol. 32, no. 7, pp. 4094–

4099, Aug. 2011. 

[7] K. Palanikumar and R. Karthikeyan, “Optimal Machining Conditions for Turning of 

Particulate Metal Matrix Composites Using Taguchi and Response Surface Methodologies,” 

Machining Science and Technology, vol. 10, no. 4, pp. 417–433, Dec. 2006. 

[8] C. Dong and I. J. Davies, “Optimal design for the flexural behaviour of glass and carbon fibre 

reinforced polymer hybrid composites,” Materials & Design, vol. 37, pp. 450–457, May 

2012. 

[9] T. M. Hermann, J. E. Locke, and K. K. Wetzel, “Fabrication , Testing , and Analysis of 

Anisotropic Carbon / Glass Hybrid Composites Volume 1 : Technical Report,” 2006. 

[10] A. I. Azmi, “Machinability Study of Fibre- Reinforced Polymer Matrix Composites,” 

University of Auckland, 2013. 

[11] J. Zhang, K. Chaisombat, S. He, and C. H. Wang, “Hybrid composite laminates reinforced 

with glass/carbon woven fabrics for lightweight load bearing structures,” Materials & 

Design, vol. 36, pp. 75–80, Apr. 2012.  

12 Modern Technologies for Engineering, Applied Mechanics and Material
Science



Bioactivity Behavior of YSZ-Al2O3/10HAP Bioceramics Composites in 
Simulated Body Fluid  

M.R.N. Liyana1, a*, NurMaizatulShima Adzali2, b, M.Z.M. Zamzuri1, c 
1Schools of Manufacturing Engineering, University Malaysia Perlis (UNIMAP) 

2 Schools of Materials Engineering, University Malaysia Perlis (UNIMAP) 

a*nurliyana.rosli13@gmail.com, bshima@unimap.edu.my, cmzamzuri@unimap.edu.my 

Keyword: Bioactivity, Bioceramics, Simulated Body Fluid, Apatite 

Abstract. Yttria-stabilized zirconia and alumina made significant contributions to the development 
of health care industry, specifically as orthopedic and dental materials. Both bioceramics are nearly 
inert ceramics, as they do not allow the interfacial bonding with tissue. Thus, it is necessary to 
provide bioactive surrounding as to elicit a specific biological response at the interface of material. 
This research reported the microstructure and bioactivity behavior of YSZ-Al2O3/10HAP with 30 
wt. % and 60 wt. % of YSZ content. Powders were mixed before being compacted at 225MPa using 
uni-axial press machine. The composites were sintered at 1200˚C with heating rate of 10˚C/min. In-
vitro bioactivity behavior of the composites were evaluated by immersing the composites into 
simulated body fluid. Results from x-ray diffraction pattern, confirmed the phase formation of 
apatite by the presence of Ca2P2O7, and CaO that might be useful on implant cell interaction in a 
body environment. The apatite formation was observed on the surfaces of the composites by SEM 
only after 9 days of immersion and subsequently apatite nucleation increased with prolonging 
immersion time. The dynamic changes in pH, between ion concentration in SBF and bioceramics 
surfaces correspondedwith an immersion time. Up to 30 days of immersion, the pH value of SBF 
stabilized approximately around pH 7.4 -7.6, similar to the human blood plasma. Formation of 
apatite on composites surface of prepared YSZ-Al2O3/10HAP bioceramics may contribute to the 
improved biocompatibility and osteoconductivity.  

Introduction 

Bioceramics haveenvolved to repair and reconstruct bones and teeth, and to augment both hard 
and soft tissue[1]. Hydroxyapatite (Ca10(PO4)6(OH)2) (HAP) and calcium phosphate (Ca2P2O7) 
exhibit excellent bioactivity that induce bone tissue growth after implantation because of its own 
similar chemical and mineralogical composition structure to apatite human body living bone[2]. 
Nearly inert ceramics attached to bone growth such as Alumina (Al2O3) and Zirconia (ZrO2) are 
materials that are essentially stable with little or no tissue reactivity when implanted within the 
living organism [3]. These bio-inert materials are being deposited on the bioactive hydroxyapatite 
and used as recovery partsof human skeletal system.In contrast, metals possess poor 
biocompatilitythru extremely expose to corrosion due to chemical reaction with the body enzymes 
and acids. The substances released may contribute to cytotoxic effect on human body. The 
weakness of these metal elements in human bodies may cause some diseases. A firm bonding 
between metal implant and surrounding tissue is acrucial consideration to avoid the aseptic 
loosening, that result of implant failure which requires secondary operation[4]. As a result, recent 
developments of bioceramics research are primarily used as alternatives to metals. 

Most of the researchers are working on development of excellent bioceramics for hard tissue 
replacements, with the primary attention on bone bonding ability in human body with the materials. 
Kokubo and colleagues have established an immersion technique in SBF solution as in-vitro 
simulations of in-vivo surroundings [5] .The number of animals needed for in-vivo evaluation can 
be reduced significantly as it will cause an expensive experimental procedure[6]. Thus, the study 
will focus on improving the bioactivity behavior of HAP by the addition of bio-inert materials 
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(YSZ-Al2O3). The bone bonding mechanism is evaluated by an apatite layer formation on surface of 
the living body through the simulated body fluid (SBF).  

Materials and Experimental  

In this research, commercially available 3mol% yttria stabilized zirconia (YSZ), α-alumina (Al2O3) 
and hydroxyapatite (HAP) powders were used as starting materials.  The composite was fabricated 
by blending, pressing and sintering. All powders were mixed up with different weight proportions 
of YSZ (30 and 60 wt. %) and Al2O3, respectivelyusing 3D shaker for 20 minutes at 97 rpm. The 
green compositeshad been compacted using uni-axial press machine with 225 MPa compaction 
pressure to form cylindrical shape in size of 13mm x 13mm.The samples were sintered at 1200˚C 
sintering temperature with the heating rate of 10˚C/min. In order to evaluate the bioactivity 
behavior of YSZ-Al2O3/10HAP composites, in-vitro test was carried out in a simulated body fluid 
(SBF). SBF solutions were prepared accordingly by dissolving an appropriate reagent grade of 
chemicals in ultra-pure water using the technique established by Kokubo et al. [7]. The entire 
sample had been submerged in the SBF solutions. After soaking at 37˚C on different days within 30 
days in SBF, the sample had been taken out from the SBF solution and gently washed with the 
ultra-pure water. The sample must be dried in a desiccator without heating [8]. The phase analysis 
of the bioceramics composites after an immersion in SBF for various periods, was determined by 
Shimadzu 6000 X-ray diffractometer (XRD) to confirm the presence of chemical element of apatite 
formation.The surface morphologies of composites were observed using Hitachi TM3000 Scanning 
Electron Microscopy (SEM) in order to capture the apatite formed on the surface after immersion. 
The changes in pH of SBF medium were measured at pre-determined time intervals using Hanna 
Checker HI-98103 pH meter. The  pH measurement is very important to evaluate chemical stability 
and biological activity on the basis of pH changes with the time immersion in SBFwhich was 
equivalent to the human blood plasma [9]. 

Results and Discussion 

The bioceramics has been examined after immersion in SBF solution for 30 days by x-ray 
diffraction (XRD). The XRD patterns after immersing in SBF were shown in Figure 1, the 
diffraction peak of calcium phosphate (Ca2P2O7), acknowledged as an intermediate phase was 
detected during the formation of apatite [10]. The crystal growth in SBF was attributed to the 
released calcium ions by dissolution in surrounding area of immersion. Thus, it is obviously seen 
that all samples released greater amount of calcium ions due to the increasing of calcium oxide 
(CaO) content and hence deposited an apatite nucleation on the surface of samples. The formation 
of CaO phase (which had been detected by XRD as shown in Figure 1) would react with H2O from 
SBF and formed OH-, as shown in Equation 2, which lead to the increased in pH value of SBF.  

2CaO	�	2��O→2
�
��
�	4O�

�
                                                                                                                                                   (1) 

SEM micrographs of 30 and 60 wt. % YSZ-Al2O3/10HAP composites after being immersed in 
SBF for 9 days and 30 days were displayed as a comparison in Figure 2. The white precipitation or 
also known as apatitewas not clearly revealed by SEM micrographsafter 9 days of immersion, as in 
Figure 2 (a-b). The increased of agglomerated precipitation which was caused by the formation of 
apatite can be seen on the surface of composite after 30 days of immersion. The observations were 
similarly reported by some researcher that apatite forming ability take place on the surface with the 
increasing of immersion time in SBF solution at the ideal body condition around 37˚C and pH of 
7.4 [10,11]. As a result, the surrounding bone may contact directly with the apatite layer 
ofbioceramics and thus has tight chemical bond with each other[13].  
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Figure 1: X-ray diffraction patterns of YSZ-Al2O3/10HAP surfaces immersed in 30 days 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 2: Scanning electron microscope image of YSZ-Al2O3/10HAP composite after 

immersion of SBF solution on 9th
 and 30

th
 days of immersion: (a) 30 wt. % YSZ (b) 60 wt. % YSZ 

Analysis on pH was evaluated to investigate the chemical stability of atmosphere on composite 
immersed in SBF solution. Figure 3 showed the influences of the immersion time for (0 day – 30 
days) on the pH value of SBF of YSZ-Al2O3/10HAP composites. The data was collected up to 30 
days with periodic interval of 3 days. Initially, the pH of prepared SBF solution was 7.4. On the first 
three days, the pH value of SBF for 30and 60 wt. % YSZ-Al2O3/10HAP of composites was 
increased extremely up to pH of 9.94, and 9.68, respectively.  

However, with the further prolonging immersion time, the pH decreased gradually. After 
immersion for 30 days, the observed pH value of SBF solution was stabled and its valuewas 
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approximately around 7.4 - 7.6 which was equivalent to the human blood plasma. Results showed a 
very strong correlation between the number of days of immersion and pH value. After certain days 
of immersion, the pH for all samples in SBF solution decrease gradually and stabilized within the 
timeframe of 14-28 days[2,14]. 

 

 

Figure 3: The effect of immersion time of YSZ-Al2O3/10HAP composite in SBF on pH value of 
SBF 

Conclusion  

The present study of bioactivity behavior of YSZ-Al2O3/10HAP compositesresulted in high 
biocompatibility bioceramics. This statement was demonstrated by the formation of apatite 
recognized by the presence of Ca2P2O7, and CaO that might be useful on implant cell interaction in 
a body environment.  Meanwhile, excellent in-vitro activity of surface YSZ-Al2O3/10HAP 
composites had been observed by SEM micrographs through the formation of apatite 
nucleation.The change in pH of SBF solution was recorded and it was noticed that the pH of SBF 
increase correspondingly with the immersion time. After immersion for 30 days, the observed pH 
value of SBF solution approximately around 7.4 - 7.6 which was equivalent to the human blood 
plasma. 
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Abstract. For slow release fertilizer application, oil palm empty fruit bunch-grafted-poly(acrylic 

acid-co-acrylamide) [OPEFB-g-P(AA-co-AAm)] hydrogel composites were synthesized via two 

techniques; Two Steps (T1) and in-situ (T2). Scanning electron microscopy of hydrogel composite T1 

has higher surface area and holes while hydrogel T2 displays smoother and tighter surface. Water 

absorbency capacity of hydrogel T1 is 42.90 gram/gram (g/g) and hydrogel T2 is 39.96 g/g. WAC of 

hydrogel T2 has much better re-swelling ability compared to T1 after it went through five cycles of 

drying-swelling-drying process. Hence, T2 has produced a hydrogel composite that is reusable with 

great morphology properties. 

Introduction  

Hydrogel is a loosely crosslinked three dimensional networks of hydrophilic monomer with the 

ability to absorb great amount of water and retains more than 20% of water within its structure 

without being dissolve in it [1]. The combination of hydrogel and fertilizer as slow release fertilizer 

hydrogel (SRFH) has became one of the promising materials to overcome the shortcomings of 

conventional fertilizer by greatly improving the nutrition of plants, decreasing fertilizer loss rate, 

alleviating environmental impact from water-soluble fertilizer, supplying nutrients sustainably, 

lowering frequency of irrigation, and minimizing the potential negative effects associated with 

unused fertilizer [2-4]. Two series of OPEFB-g-P(AA-co-AAm) hydrogel composites were prepared 

via two different techniques namely Two Steps (T1) and in-situ (T2). 

T1 was performed by allowing the dry hydrogel to swell in urea liquid at ambient temperature and 

the swollen hydrogel was dried in an oven at 70
o
C for the final drying stage after the equilibrium 

swelling had reached.  For T2, all materials including monomer and fertilizer were added into the 

reaction mixture and polymerized in-situ whereby the fertilizer can be entrapped within the gel 

matrix. In our previous research Rabat et.al (2014), agricultural applications have been determined 

from both samples and in-situ technique produced an excellent hydrogel composite as slow release 

fertilizer [5]. Swelling kinetic of hydrogel composites is greatly influenced by varieties of feature such 

as the composition of the hydrogel, the particle size, and the surface area.  

Experimental  

Materials. Acrylamide (AAm), acrylic acid (AA), sodium hydroxide, urea fertilizer (diluted to 1%), 

ammonium persulphate (APS) and N’N-Methylenebisacrylamide (NMBA) were purchased from 

Merck (M) Sdn. Bhd. and OPEFB fiber from Sabutek (M) Sdn. Bhd., Perak, Malaysia. 

Two Steps Technique (T1). 1.7 wt% NMBA, 0.8 wt% APS and water were added into a flask 

containing OPEFB and monomer.  Dissolved oxygen emerged from the reaction was constantly 

removed by nitrogen gas. After hydrogel has formed, it was then filtered and washed with distilled 

water and oven-dried at 70
o
C. The dried hydrogel composite was submerged into urea solution for 24 

hours.  The urea-filled OPEFB-g-P(AA-co-AAm) hydrogel composite was dried again in oven at 

70
o
C for 24 hours.  
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In-situ Technique (T2).  Urea solution was added into the flask containing OPEFB and 

monomer. 1.7 wt% NMBA and 0.8 wt% APS were added 30 minutes later. Temperature was strictly 

controlled to eliminate the possibility of biuret’s formation. After the copolymerization process 

finished, the OPEFB-g-P(AA-co-AAm) hydrogel composite were filtered, washed and dried in oven 

at 70
o
C.  

Scanning Electron Microscopy (SEM). SEM was employed to study the morphology of hydrogel 

composites. SEM images were observed using Hitachi SU1510 SEM Acc Voltage: 10kVS 

instrument. Before the SEM observation, a small amount of sample was placed on the copper stub and 

sputter-coated with a thin layer of platinum to avoid electrostatic charging during the examination.   

Water Absorbency Capacity (WAC).  WAC is most crucial property of hydrogel. 2g of dried 

hydrogel composite sample (W1) was immersed in 200ml of distilled water.  The water and sample 

were then allowed to mix for 24 hours.  After that, the swollen sample (W2) was filtrated for 15 

minutes.  The WAC of hydrogel composite can be calculated using Eq.1:   

 

   WAC = (W1-W2)/W1        (1) 

 

Reswelling Ability of Hydrogel Composite. 2g of hydrogel composite was immersed in 200ml of 

distilled water for 24 hours. The swollen samples were placed in an oven at 70
o
C for 24 hours.  The 

weights of dried and swollen samples were taken to calculate the WAC using Eq.1.  200ml of water 

was added to the dried samples and dried in the oven again.  Similar procedure was repeated and then 

WAC of the sample for five cycles of swell-dry-swell obtained [6].  

Result and Discussion 

Scanning Electron Microscopy (SEM). The SEM micrographs of hydrogel composite T1 and 

hydrogel composite T2 were shown in Fig.1. Hydrogel composite made from T1 has irregular porous 

structures. These structures caused increment in the surface area of hydrogel composite T1.  In water, 

the fluid easily diffuses into the hydrogel mass through the gaps of the structures led to substantially 

increasing of water absorbency capacity. 

 

 
Fig.1: SEM micrographs of OPEFB-g-P(AA-co-AAm) hydrogel composite T1 and T2 

 

The structure porosity is originated from synthesis stages. The structure might be introduced into 

the hydrogel by two steps of drying process. As a result, some of the crosslinking density was 

destroyed from the reaction mixture. This coarse surface of hydrogel composite T1 has facilitated the 

permeation of water into the polymeric network. Comparatively, SEM micrograph of hydrogel 

composite T2 has less porosity. Besides, it displays a much smoother and tight surface between fiber 

and hydrogel.  This structure prevents water to be diffuse into the hydrogel composite.  Although the 

common method for producing slow release fertilizer hydrogel is T1, these images verify that the graft 

copolymers made from T2 have also porous structures.  The same observations were recorded by 
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Teodorescu et.al (2009) where slow-release agrochemical based on crosslinked PAA hydrogels was 

produced via T2 [7]. 

Water Absorbency Capacity (WAC). The effect of two preparation techniques on WAC of 

OPEFB-g-P(AA-co-AAm) hydrogel composite is shown in Fig.2.  The figure shows the WAC of 

OPEFB-g-P(AA-co-AAm) hydrogel prepared via T1 is always higher than 

OPEFB-g-P(AA-co-AAm) hydrogel composite prepared via T2 in tap, distilled and rain water. 

According to Donnan equilibrium theory, osmotic pressure is the driving force for swelling of the 

hydrogel composite.  In tap water and rain water, the osmotic pressure difference between the 

polymeric network and the external solution decreases, resulting in the decrease of the water 

absorbency in hydrogel composite made from both techniques. 

 

 
Fig.2: Water absorbency capacity of OPEFB-g-P(AA-co-AAm) produced by T1 and T2 

 

Hydrogel composite T1 has better WAC compared to hydrogel composite T2 because of the two 

swelling processes of T1 has destroyed some crosslinking density inside hydrogel composite’s 

structure.  Possibly, some fractions of the hydrogel composite dissolved during swelling in urea and 

swelling in water. If the polymer network operates only as a barrier against diffusing water, less water 

molecules will diffuse to the highly crosslinked network. When the hydrogel composite T1 went 

through swelling, drying, and swelled in urea solution, the crosslinking density was slowly loosen and 

dissolved in water. On the other hand, a hydrogel composite T2 has only one swelling process and has 

higher amount of crosslinking density. Noticeable point in hydrogel composite T2 is the swelling of 

the sample without crosslinker or self-crosslinking that happened when the existence of the large heat 

evolved from the exothermic polymerization.  The active chains of AA end through hydrogen 

abstraction producing new active centers on the polymer backbones, as a result the newly formed free 

radicals may recombine either with similar macroradicals or with monomers [8] and imide formation 

between neighbouring amide units can also caused the self crosslinked networks of AAm [9]. The 

same result can also be observed by their physical size difference before and after absorbency process 

as photographed in Fig.3. Hydrogel composite T1 has lighter color corresponding to high extension of 

gel while in hydrogel composite T2 had darker color indicating the tight crosslinking between gel and 

fiber. 
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Fig.3: The size difference of OPEFB-g-P(AA-co-AAm) T1: a) dried b) swollen and T2: a) dried b) 

swollen 

 

Re-swelling Ability of Hydrogel Composite. Reswelling ability is a one of vital features in 

hydrogel composite together with equilibrium water absorbency and swelling rate. Fig.4 demonstrates 

the reswelling behaviours of the OPEFFB-g-P(AA-co-AAm) hydrogel composite made using two 

different techniques in distilled water at ambient temperature as a function of WAC versus reswelling 

time (cycle). One cycle equals to 24 hours swelling process in distilled water and 24 hours for drying 

process in 70
0
C in oven. The WAC of hydrogel composite s made using both techniques have 

increased at 2
nd

 cycle and started to decrease after 3
rd

 cycle.  The increasing trend might be related to 

crosslinking density of hydrogel composite that works as barrier against diffusing water.  The 

crosslink density inside hydrogel composite structure was too high and makes the hydrogel composite 

network to become close with each other.  Hence, there were not enough hydrodynamic free places to 

accommodate the water molecules uptake. When the crosslinking density has been lessen at 2
nd

 cycle, 

water uptake started to increase.   

 

 
Fig.4: Reswelling ability of hydrogel composites prepared by two techniques 

 

However, after 3
rd

 cycle, the WAC started to decrease.  This happened because of the gel content in 

hydrogel composite was loss during swelling-heating-swelling cycle. Some of the ungrafted OPEFB 

might also loss during washing process, especially in hydrogel composite T1. As shown in SEM 

images, the OPEFB fiber was not perfectly attached after going through two steps of drying.  While 

T2 has only one step of drying, the grafting between gel and OPEFB fiber is much stronger hence, 

preventing OPEFB to be easily removed. Furthermore, WAC of hydrogel composite made from T2 

decrease slower than that in T1 as T2’s different percentage from 1
st
 cycle to 5

th
 cycle is 28.68% while 
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hydrogel composite made from T1’s different percentage is 31.96%.  Thus, T2 has much better 

reswelling ability compared to T1.  

Summary 

Two series of OPEFB-g-P(AA-co-AAm) hydrogel composite were prepared via Two Steps (T1) and 

in-situ (T2). WAC of hydrogel composite T1 was higher than hydrogel composite T2 possibly 

because of the two swelling-drying processes of T1 has destroyed some crosslinking density inside 

hydrogel composite’s structure.  SEM micrograph showed that hydrogel composite T1 has higher 

surface area and holes while hydrogel composite T2 displays a much smoother and tight surface, 

limiting the intake of water.  However, after went through five times drying-swelling process in 

reswelling test for reusability purposes, hydrogel composite T2 has much better reswelling ability 

compared to hydrogel composite T1.   
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Abstract: This paper presents a study on tensile properties of Nano Silicon Carbide (n-SiC) and oil 

palm fibre (OPF) reinforced epoxy composites. The dosage of n-SiC and OPF are limited to 0%, 1%, 

3% & 5% by mass of the total epoxy material. As a part of the research, experimental study is carried 

out on n-SiC and OPF based epoxy composites to investigate the tensile strength of the composite 

material. The utilization of 1% n-SiC& 1% treated OPF shows an improvement in tensile strength 

compared to the pure epoxy. The experimental results are also compared with 3-D finite element 

analysis results and a good agreement is observed between the experimental and the finite element 

results. 

Introduction 

Nowadays, most of the polymer composites are reinforced with synthetic fibres just to enhance its 

mechanical properties [1, 2]. The most commonly used synthetic fibres are Carbon and Glass fibres 

[3-8]. Synthetic fibres can be advantageous to improve the properties of polymer composites. 

However it also has some disadvantages for instance its high energy consumption during the 

manufacturing process and its non-biodegradable behaviour that can bring negative impacts to the 

Mother Nature[9]. Synthetic fibres for polymer composite are deliberately manipulated in such a way 

just to ensure that it possess excellent properties and will not break down easily within a reasonable 

amount of time [10]. As the demand of plastic has been highly increasing every year, it continues to 

raise concern on the Carbon footprint that caused by non-biodegradable plastic. Therefore, it is utmost 

important for engineers take drastic measures and research to address a solution to stop further 

deterioration of the environment. Such effort has been dedicated to investigating these future 

materials, with the aim to create environmental friendly material with unique mechanical properties 

and performance. For example the material has to be low density, low cost and mechanical properties 

that are comparable to synthetic fibres. Currently, the researchers are interested in the implementation 

of biopolymers. Biopolymers are the polymers that produced by living organisms [11, 12, 13]. It is 

biodegradable non-petroleum based polymer that can be decomposed easily in a short amount of time. 

In this research, a study is carried out on tensile properties of Nano Silicon Carbide (n-SiC) and oil 

palm fibre (OPF) reinforced epoxy composites. The role of n-SiC and alkaline treated OPF is to 

enhance the mechanical properties of the composite material.  

Materials and Methods 

Materials. Oil palm cellulose fibres were used as reinforcements and general purpose low viscosity 

epoxy resin (FR-251) was used as the matrix. Oil palm cellulose fibres purchased from the market are 

normally in packet with loads of dirt such as shell, nuts and stones. Therefore in order to filter out all 

the unwanted particles, sieve shaker was used in this process. The purpose of Sieve shaker is to filter 

out all the unwanted particles and also divides the fibres into each different size. The average length of 

oil palm fibre used in this research is around 15mm. Before sieving, the fibres were pre-dried in the 

oven for 30 minutes at 50°C to make it dry. After the pre-dried process, the oil palm cellulose fibres 

were poured into the sieve shaker for sieving process. As for the n-SiC particles, it was pre dried at 
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60°C for 40 minutes. As for alkaline treated fibres, the fibres were immersed in 5% concentrated 

Sodium hydroxide (NaOH) solution for 48 hours at room temperature. Subsequently the alkalized oil 

palm cellulose fibres were washed off with distilled water, followed by neutralization process with 

10% concentration of acetic acid solution. Finally the alkalized fibres were heated in a furnace oven at 

30°Cfor around 8 hours for drying. IsophoroneDiamine was used as the hardener in this fabrication. 

Fabrication. 

Epoxy reinforced with oil palm fibre (OPF). 1 wt% of the fibre was first weighted using a 

weighting disc and placed inside the mold. The required epoxy was then placed in a 25ml beaker. The 

amount of 10wt% of hardener was weighted and prepared in a 5ml measuring cylinder. The hardener 

was then mixed with the epoxy inside the beaker. The mixture was gently disturbed to prevent any air 

bubble trap and placed inside the mold. The mixture was then left for around 24hours for curing 

before removing it from the mold. The processes are repeated for 1wt%, 3wt% and 5wt% ofthe 

untreated and treated fibres.  

Epoxy reinforced Oil Palm Fibre and Nano Silicon Carbide. 5wt% of the treated fibre was first 

weighted and distributed evenly in the mold. The epoxy was then prepared and placed in the 25ml 

beaker. 1wt% n-SiCwas weighted using weighing paper and mixedcomprehensively with epoxy into 

the beaker. Subsequently 10wt% of the hardener was weighted and mixed inside the content of the 

beaker gently before pouring it into the mold. Finally the mixture was left for 24hours for curing 

before removingit from the mold.  The experiment was repeated for 3wt% and 5wt% of n-SiC. 

3-D Finite Element Modeling. Three –dimensional finite element models allow the analyst to 

account accurately for the extent and geometry of each of these constituents in constructing a 

representative numerical model of a composite material. Finite element software was used to 

construct the model and three-dimensional eight noded elements were used to replicate the composite 

material. Linear elastic material parameters were used to represent the composite material properties. 

The 3-D finite element model is shown in Fig. 1. 

Results and Discussions 

Effect of EPF Fibre Reinforced in Epoxy Matrix. The experimental results and finite element 

results are presented in Table 1. Based on the results, the 1% reinforcement of treated OPF in epoxy 

matrix increased the ultimate tensile strength (UTS) from 16.59MPa to 21.20MPa, a significant 

increment of 27.79%. However, further addition of oil palm fibre in the matrix reduced the UTS of the 

composites. This is due to the fibre entanglement or poor distribution of fibres at higher fibre loading 

condition. Table 1 also shows that the treated fibreby 5% had resulted much lower UTS compared to 

pure epoxy possibly due to the poor distribution of fibre in the matrix where fibre entanglement 

occurred which resulted a reduction in the surface area of fibre to epoxy. The similar effect was also 

reported by [14].  

In comparison between treated and untreated oil palm fibre reinforced epoxy composites, it is 

shown that the treated oil palm fibre showed a significant higher ultimate tensile strength compared to 

the untreated oil palm fibre. For instance from Table 1, epoxy reinforced with 3% untreated fibres 

shows an ultimate tensile strength of 14.67MPa while epoxy reinforced with 3% treated fibres yielded 

an increased ultimate tensile strength of 17.06MPa, a significant improvement by 16.29%. From the 

microstructure analysis of the composites, it can be observed from Fig.2 that there are fibre pull out 

for untreated fibres during fracture. This is associated with the fibredebonding caused by the poor 

adhesion or bonding between the oil palm fibre and the epoxy matrix.  As a result the fibrepullout 

created voids in the matrix. While for the treated fibre reinforced epoxy, the fibres are well within the 

epoxy matrix.  

 

It can be explained that the alkaline treatment removes a portion of lignin, hemicelluloses, pection, 

wax and oil and increases the rough surface topography for better adhesion. Moreover, the alkaline 
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treatment increases the aspect ratio of oil palm fibre. Aspect ratio, defined as the ratio of length and 

diameter, significantly contributes to the effectiveness of fibre as reinforcement in composites due to 

the increasing strength of composites with increasing aspect ratio. The range of diameter of oil palm 

fibre is 150µm to 500µm [33]. Aspect ratios of 20-60 are generally categorized as short fibre while 

aspect ratios of 200-500 are categorized as long fibres. In this research, aspect ratio of oil palm fibre is 

calculated to be in the range of 30 to 100 which can be categorized as short fibre or discontinuous 

fibre. The alkaline treated oil palm fibre is seen to be finer in diameter compared to untreated oil palm 

fibre due to removal of micro voids that reduces fibre diameter. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: 3-D Finite Element Model  Fig. 2: Tensile failure of 3% untreated fiber 

reinforced in the epoxy matrix 

 

Therefore, from the observation, it is agreeable that alkaline treatment can significantly reduce the 

diameter of oil palm fibre and hence improve the aspect ratio. This subsequently contributes to the 

improvement of the effective fibre surface area for good adhesion with the matrix. However, usage of 

alkaline treatment must be monitored carefully as the high concentration of alkali treatment over 

optimum condition may cause delignification and consequently reduces the strength of fibre.Strain is 

the ratio of deformation and original length. From Table 1, it shows that the samples with no fibre 

reinforced show the highest strain of 6.60%. However, the strain subsequently decreases with the 

increase of fibre contents. It was also observed that for 5% treated fibre reinforced epoxy composite, 

plastic deformation occurred and this is due to crack and failure of the matrix. Despite that, the 

specimen did not fail completely as a composite because there are still fibres attaching to both ends of 

the fractured matrix. This is a possible explanation of phenomena under low tensile stress.  

It can also be seen from the Table 1 that there is a good agreement between the experimental results 

and finite element results which indicates that the composite materials can be analyzed using finite 

element software. 

Effect of nano-Silicon Carbide (n-SiC) in EPF Fibre Reinforced Epoxy Matrix. Table 

2presents the effect of n-SiC in Epoxy composites. n-SiC was varied at four stages (0%, 1%, 3%, and 

5%) while a constant weight percentage of 5% alkaline treated oil palm fibre is used across all 

samples. From Table 2 it is clear that the increase in weight percentage of n-SiC improve the ultimate 

tensile strength of the polymer composites. For instance, the enhancement of 1% n-SiC increase the 

ultimate tensile strength up to 101.99% compared to specimen without n-SiC. This can be explained 

as a good dispersion of n-SiC particles into the epoxy matix which improve the interaction surface 

and hence provide excellent stress transfer from matrix to nanofillers. However, above 3% of n-SiC 

inclusion, the tensile strength has seen to improve insignificantly. The addition of 3% to 5% only 

contributes to 4.8% improvement in tensile strength. It is predicted that the addition of more n-SiC 

beyond 5% would reduce the tensile strength. This is due to the increased amount of n-SiC may lead 

to agglomeration and uneven distribution of the particles in the epoxy matrix. Subsequently, the 

agglomerated n-SiC acts as a stress concentrators and initiate micro-cracks which promote failure at 

lower stress and strain. 
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Table 1: Tensile strength of various fibrewt% in epoxy matrix 

Fibre Weightage 

Experimental Results Finite Element Results 

Ultimate Tensile 

Strength (MPa) 
Strain (%) 

Ultimate Tensile 

Strength (MPa) 
Strain (%) 

0% Fibre 16.59 6.60 16.59 5.44 

1% Treated Fibre 21.20 4.73 21.2 3.44 

3% Untreated Fibre 14.67 4.09 14.67 2.7 

3% Treated Fibre 17.06 4.06 17 3.1 

5% Treated Fibre 2.73 3.35 2.73 1.34 

 

Table 2: Effect of nano-Silicon Carbide (n-SiC) in 5% EPF Fiber Reinforced Epoxy Matrix 

n-SiCWeightage Ultimate Tensile Strength (MPa) Strain (%) 

0% n-SiC 2.73 3.35 

1% n-SiC 5.76 5.44 

3% n-SiC 13.17 5.34 

5% n-SiC 13.80 3.65 

Conclusion  

A small quantity of oil palm fibre (1%wt) increases the ultimate tensile strength by 27.79% compared 

to pure epoxy and therefore has the potential to substitute glass fibre as reinforcement in epoxy matrix 

in condition that the material is applied in low strength application. The addition of more oil palm 

fibre deteriorates the tensile strength of epoxy matrix. It is also observed thatthe alkaline treatment 

can successfully increase the interfacial adhesion of oil palm fibre with epoxy matrix and 

consequently enhance the mechanical properties. Through the study, it is found that 1wt% of n-SiC 

and 5wt% treated fibre improves the tensile strength by 110.99% compared to specimen with only 5% 

treated fibre. In addition, reinforcement of nano-silicon carbide increases the mechanical properties of 

polymer composites. It is also found that the finite element software can predict the mechanical 

properties of the composite materials. 
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Abstract. O-MMT treated unsaturated polyester based hybrid composites were prepared using 

keratin fiber obtained from chicken feathers. Fibers of similar dimension were selected to fabricate 

composites through hand lay-up method. The preparation and dimensional stability properties of 

keratin fiber as reinforcements in composites is outlined in this paper. Varying O-MMT contents in 

nancomposites is performed to investigate the effects on the dimensional stability (water absorption 

and thickness swelling) of the composites. Results indicated that increasing fiber content 

deteriorates dimensional stability of the composites and composites. However, improvements in 

dimensional stability of the keratin fibercomposites were observed with O-MMT. O-MMT 

treatment reduces the water absorption and thickness swelling, especially at 5wt% of O-MMT 

concentrationat all range of fiber content. At 5wt% concentration of O-MMt, 10wt% keratin fiber 

content marks the lowest water absorption and thickness swelling with rate of 0.65% and 1.93%, 

respectively. Adopting 10wt% of keratin fiber at 5wt% of O-MMT can be utilized for application 

requiring high dimensional stability. 

Introduction 

The application of nanomaterials in the manufacturing of composites has been increasing, 

providing the composites with improved performance in properties [1-3]. The projected market 

share for composites was US$920million in 2011 and estimated to grow to more than US$2.4 

billion by 2016 [4].Organo modified montmorillonite (O-MMT) nanoclays account for more than 

half of the composite market due to the efficiency and low cost [4]. Polymer – clay composites have 

extensive wide range of applications, such as packaging, automotive, coatings and constructions [3]. 

The effective and sustainable utilization of natural resources has been negatively influenced by 

the increasing population of the world. Waste generates are directly proportional with increasing 

population. The disposals of wastes are not being effective at the time, with choices limited to 

landfill or open burning. One of the abundantly available wastes is chicken feather. Chicken 

feathers were subjected to disposals, landfills and open burning, which there is no means of 

sustainable utilization of this waste material[5].The use of chicken feather in composites as 

reinforcement provides an environmentally sustainable solution for feather disposal and assists the 

poultry farm for cost reduction. It is anticipated that agricultural fibers such as chicken feather fiber 

having lower density than inorganic fiber may not suffer from size reduction during processing [6]. 

Chicken feathers were generated by the US poultry industry each year [7]. Chicken feathers are 

made of keratin, which contains ordered alpha-helix or beta-sheet structure [8]. The feather fiber 

fraction has more alpha-helix over beta-sheet structure [8]. This contributes to a crystalline melting 

point of ca. 240°C for the feather fiber [8]. Chicken feather keratin has a molecular weight of 

approximately 10500 g/mol [9] and a cysteine/cystine content of 7% [10] in the amino acid 
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sequence, which is a sulphur containing amino acid sequence responsible for the sulphur-sulfur 

bonding in the keratin [6].  

There are some studies detailing the incorporation of chicken feather fiber in polymers.  Barone 

and Schmidt [6] introduced chicken feather fiber into polyethylene to obtain a lower density 

composite with higher elastic modulus and yield stress over the polyethylene alone. Polymer such 

as polypropylene (PP) was also used to reinforce chicken feather fiber and compared with jute fiber 

– PP composites, with chicken feather fiber – PP composites has similar flexural properties but 

higher acoustical properties in noise reduction coefficient [11]. Zhan et al. [5]and Kiew et al. 

[12]has fabricated composites with epoxy, chicken feather fiber, jute fiber and E-glass fiber to 

investigate the dielectric properties in application such as printed circuit board.  It is found out that 

the chicken feather fiber yields lower dielectric properties in comparison with other fiber system 

composites, which can potentially be used for printed circuit board industry in terms of dielectric 

properties, sustainability and cost. Furthermore, Cheng and coworkers [13] studied the tensile 

properties of chicken feather fiber reinforced poly lactic acid (PLA) composites through injection 

molding technique, with findings that the tensile moduli of chicken feather fiber/PLA composites 

were found to be higher than PLA alone, without causing any substantial weight increment.  

There have been limited applications whereby, reinforcing natural fiber composites with 

nanotechnological approach. Hence, this study focuses on the preparation of keratin fiber reinforced 

composites. Standard unsaturated polyester resin have been used as matrix material, while 

organomontmorillomite (C14-C18) have been selected as nanomaterial for the treatment of matrix, 

to reinforce with keratin fiber for the preparation of composite.  

Materials and Methods 

Materials  

Characterisation of O-MMT 

The organo-modified nanoclay (Nanomer 1.44P) was obtained from Sigma Aldrich, which 

contains about 65% MMT and 35% surfactant – dimethyl dialkyl (C14-C18) amine. It is hereby 

referred as O-MMT. As reported by the supplier, the particle size was below the range of 10µm.  

 

Keratin fiber 

The chicken feathers were collected in the raw form from chicken slaughter house located in the 

mini industrial zone, Kota Samarahan, Kuching. The chicken feathers were subjected to rinse in 

running water and washed in water soluble ethanol solution before sun-dried for duration of 7 

hours. Semiplume feather as depicted in Fig. 1 were specifically chosen for chopping in a range of 

3mm to 6mm to be used as keratin fiber.   

 
Fig. 1. Semiplume feather 

Specimen preparation 

Preparation of O-MMT treated unsaturated polyester resin 

Four stocks of unsaturated polyester resin at 1000ml were prepared. Organo modified 

montmorillonitenanoclay (O-MMT) in powder form at various weight ratio of 0wt% (control), 

1wt%, 3wt% and 5wt% were added into the unsaturated polyester resin. The O-MMT based on the 

desired concentrations were first introduced into the unsaturated polyester resin by mechanical 

stirring until all nanoclay have been visually dispersed in the resin. These stocks of unsaturated 

polyester resin introduced with O-MMT were put in the ultrasonic sonication bath at water 
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temperature of 60°C and frequency of 44kHz for a period of 60 minutes. The stocks of O-MMT 

treated unsaturated polyester resin were bottled and kept in ambient room environment for at least a 

week before usage.     

 

Composite preparation 

The composites were prepared with keratin fiber loading of 10wt%, 20wt% and 30wt% while a 

set of composites without any fiber was served as control. The preparation of composite is 

conducted through hand lay-up method. The mould release agent was spread on the mould surfaces 

to ensure the finished specimen can be removed easily. The keratin fiber was weighted before 

mixing with unsaturated polyester resin. The unsaturated polyester-keratin fiber premix was hand-

stirred to ensure homogeneous distribution of fiberwithin the matrix. The premix was mixed with 

1wt% of Methyl Ethyl Ketone Peroxide (MEKP) and hand-stirred again for a minute. The resin was 

poured into the cavity of the mold and closed before subjected for cold-compression for 24 hours in 

order for the solidification process to complete.The composites were post-cured at 80ºC in a 

convection oven for 3hours. For each composite fiber loading, five specimens were produced. This 

procedure repeats for unsaturated polyester resin at various O-MMT concentrations (0wt%, 1wt%, 

3wt% and 5wt%).  

 

Characterization 

Dimensional stability measurement 

Rectangular specimens were prepared from the fiber-matrix composites with the dimension of 

39mm x 10mm x 5mm. The specimens were left in the furnace at 80 °C for 1 hourand then left in 

open air for 1 hourbefore weighted for original weight. The test specimens were immersed in the 

distilled water according to ASTM D570-99 standard for 24 hours. After immersion, the specimens 

were taken out from the water, with the excessive water on the surface was lightly wiped with a soft 

cloth. The weight of the specimens was recorded again as the final weight of the specimens. For 

each test sample with specific fiber content, results from three samples were averaged. The 

increment of the weight in the specimen was calculated based on the following equation in 

percentage: 
 

����������	�
���%� = 	
��������������������������

��������������
× 	100    Eq. 1 

 

Following the immersion test, thickness swelling coefficient can also be obtained with the same 

samples as water immersion.  
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× 	100  Eq. 2 

Results and Discussions 

 
Fig. 2 Thickness swelling coefficient of composites with different concentration of O-MMT 
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Fig. 2 shows the results of dimensional stability in terms of thickness swelling of 

variouscomposites. It is evident that the untreated composites, 0MMT system exhibits overall 

highest thickness swelling coefficient compared to the treated composites. The O-MMT effectively 

decreases the thickness swelling coefficient of all treated composites. The reduction of thickness 

swelling coefficient corresponds to the moisture excluding capacity of the treatment [14]. 

Increasing O-MMT concentration in composites reduced the thickness swelling coefficient. It is 

suggested that the O-MMT reacted with the keratin chains of fiber and effectively clogged the water 

molecule movement within the composite structures. The improvement in thickness retention is in 

accordance of the order from the highest O-MMT content to non within the composites. Increasing 

chicken feather fiberloading also contributes to the increase of thickness swelling. This is due to 

characteristics of feather fiber as being hydrophilic. Even though O-MMT effectively reduces the 

water retention of the composites, the amount of chicken feather fiber is strictly too much for 5wt% 

of O-MMT to completely hinders the water molecules movement within the composites itself.  

 

 
Fig. 3 Water absorption of composites with different concentration of O-MMT 

 

Water absorption for various compositesare shown in Fig. 3. It can be observed that the water 

absorption increasedwith increasing fiber loading. Fiberloading at 30wt% marks the highest water 

absorption rate among other fiber loadings. Increasing concentrations of O-MMT has also reduced 

water absorption in the composites, especially at level of 5wt%. This indicated that O-MMT is 

effective against reducing water absorption rate in the composites. The keratinfiber is composed 

mainly of keratin protein. The formation of chemical bonding between keratin proteins and MMT 

enhances the absorption rate of water. The O-MMT hinders the water penetration into the 

composites, as indicated with the reduction in water absorption with increasing O-MMT contents. 

Improved interfacial bonding between treated matrix and keratinfiber has successfully reduced the 

void formations in the composites. Hence, when immersed in the water, reduced void formations 

reduce the water uptake within the composites.  

Conclusion 

In this study, composite materials were developed from O-MMT treated unsaturated polyester at 

various concentrations with keratin fiber. Increasing keratin fiber up to 30wt% in composites 

deteriorates the dimensional stability due to the natural characteristics of keratin fiber. Increasing O-

MMT to 5wt% reduced the thickness swelling coefficient and water absorption rate of the 

composites. Overall, the dimensional stability of the keratin fiber composites can be enhanced 

through hybrid composite approach, as indicated from O-MMT increases the water retention rate of 

the composites, yielding improved dimensional stability. At 5wt% concentration of O-MMT, 

10wt% keratin fiber content marks the lowest water absorption and thickness swelling with rate of 

0.65% and 1.93%, respectively. Overall, the 5wt% of O-MMT with 10wt% of keratin fiber is the 
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best composition of keratin fibercomposites, suitable for application requiring good dimensional 

stability. 
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Abstract. Efforts at utilizing ceramic materials with their undeniably interesting range of properties 

in automobile manufacture, has persisted for many years. The corrosion resistance, the resistance to 

oxidation at high temperatures, the capacity of its resistance to wear and the low relative density of 

these materials make them especially attractive candidates for use in the automotive engine block 

production. The limitations of ceramics materials in the area of low fracture toughness can be 

assuaged by using various methods of grain and boundary size strengthening. This paper presents a 

critical survey of some of the existing materials used in the production of automotive engine block, 

the existing methods of toughening and strengthening of ceramic composite materials with 

emphasis on methodologies, strengths and weaknesses. 

Introduction 

Ceramics engineering can be defined as the science and the technology of forming objects from 

non-metallic and inorganic materials. This action can be achieved by using heat, or at lower 

temperatures, by using precipitation reaction from high purity chemical solutions [1]. Ceramics 

materials are usually ionic or covalent bonded and can be in crystalline or amorphous phase. They 

possess several superior properties, such as: high thermal resistance, chemical durability and 

mechanical strength. A material held together by ionic or covalent bond will tend to fracture before 

any plastic deformation takes place, which results in poor toughness in these materials [2]. A lot of 

work has been done in the past on ceramics. Abraham in 1709 was the first person that used coke in 

to improve the yield of smelting process. In similar manner, Carl in 1888 developed a process to 

separate alumina from bauxite [3]. Acheson in 1893 heated a mixture of coke and clay and invented 

Carborundum, or synthetic silicon carbide. Moissan also synthesized SiC and tungsten carbide in 

his electric arc furnace about the same time as Acheson. Karl in 1923 used liquid-phase sintering to 

bond Moissan’s tungsten carbide particles with cobalt in [3]. Literature cited the use of cemented 

carbide edges that greatly increase the durability of hardened steel cutting tools [4]. Consequently, 

Nernst in 1926 developed cubic-stabilized Zirconia. This material is used as an oxygen sensor in the 

exhaust systems of automobiles. Areas of application of ceramics continue to expand as researchers 

develop new kinds of ceramics to serve different purposes [1& 5]. Zirconium dioxide ceramics are 

used in the manufacture of knives, with the blade of the ceramic knife staying sharp for much 

longer than that of a steel knife. Ceramics, such as: alumina, boron carbide and silicon carbide have 

been used in bullet proof vest to repel large-calibre rifle fire. Silicon nitride parts are used in 

ceramic ball bearings. Their high hardness means that they are considerably less susceptible to wear 

and can offer more than triple lifetimes. Work is on-going in the development of ceramic parts for 

gas turbine engines [1]. The challenges in ceramic science were fully analysed in a report from a 

workshop on emerging research areas in ceramic science [6]. These challenges were categorized 

into six: understanding rare events in ceramic microstructure, understanding the phase-like 

behaviour of interfaces and predicting and controlling heterogeneous microstructures with 

unprecedented functionalities [7]. Others are: controlling the properties of oxides electronics and 

understanding defects in the vicinity of interfaces [8]; controlling ceramics far from equilibrium and 

accelerating the development of new ceramics [9] and finally, harnessing order within disorder in 

glasses [10 & 11].   
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In the early 1980s, Toyota researched the production of an adiabatic ceramic engine which can 

run at a temperature of over 6000
o
F (3300

o
C). Ceramic engines do not require a cooling system and 

hence allow a major weight reduction and therefore greater fuel efficiency. Despite all of these 

desirable properties such engine are not in production simply because the manufacturing of 

ceramics parts in the requisite precision and durability is difficult. Imperfection in ceramics leads to 

cracks, which can lead to potentially dangerous equipment failure [5]. 

[18] itemized the traditional ceramic process in this sequence: (1) Milling, (2) Batching, (3) 

Mixing, (4) Forming, (5) Drying, (6)Firing and (7) Assembly. Ceramics forming techniques 

include: throwing, slip casting, tape casting, injection moulding, dry pressing, isostatic pressing, hot 

isostatic pressing (HIP) amongst others (Onoda & Hench, 1979). A material strength is dependent 

on its microscopic structure. The engineering structure to which a material is subjected can alter this 

microstructure. The varieties of strengthening mechanisms that alter the strength of a material 

include the mechanism of grain boundary strengthening [12]. This paper focused on the survey of 

ceramic materials for the production of automotive engine block. Section 2 discusses some existing 

materials used in the production of engine block. Section 3 is a summary of some of the existing 

methods of strengthening of ceramic materials. Sections 4 and 5 present the strength and 

weaknesses of some existing techniques and the conclusion drawn respectively. 

Some Existing Materials for Production of Automotive Engine Block 

Since materials play a significant role with regard to quality and cost of a car, correct materials of 

choice at the earliest possible stage of the development process is of vital importance [13]. 

Nowadays materials used in vehicles are selected in order optimally fulfil the specific requirements. 

It is the job of the materials engineer in a car-manufacturing company to ensure that this optimum is 

reached [14]. Many early engine blocks were manufactured from cast iron alloys, primarily due to 

its high strength and low cost. But, as engine designs became more complicated, the weight of the 

engine had increased [15]. 

 Consequently, the desire among manufacturers is to use lighter alloys that were as strong as cast 

irons arose. One such material that was being used as a substitute was aluminium alloys. It was used 

sparingly in the 1930’s, due to problems with durability [16]. Aluminium alloy usage, in engine 

blocks, increased during the 1960’s and 1970’s which undoubtedly increased fuel efficiency and 

performance. Together, these two metals (iron and aluminium) were used exclusively to fabricate 

engine blocks. As of late, however, a new material process has made magnesium alloys suitable for 

use in engines. The alloy, called AMC-SC1, weighs less than cast iron and aluminium alloys and 

represents new possibilities in engine manufacturing. A new manufacturing process have made 

compacted graphite cast iron (CGI) a viable alternative to gray cast iron for the manufacture of 

diesel engine blocks. Like magnesium alloys, this material offers a higher strength and lower weight 

than gray cast iron [17].  

An engine block is the core of the engine which houses nearly all of the components required for 

the engine to function properly. The block is typically arranged in a “V,” inline, or horizontally-

opposed configuration and the number of cylinders range from 3 to as many as 16. Figure 1 shows 

engine blocks with “V” inline, and Figure 2 shows horizontally- opposed configurations. 

                                       

Fig. 1 : Cylinder Block in horizontally- 

opposed configurations Source: [17] 

 Fig. 2: Cylinder Block in “V” incline 

Source: [17] 
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In order for an engine block to meet the functional requirements, such as: lasting the life of the 

vehicle, housing internal moving parts and fluids, ease of service and maintenance and withstand 

pressures created by the combustion process, the engineering material(s) used to manufacture the 

product must possess high strength, modulus of elasticity, abrasion resistance and corrosion 

resistance [18]. The material should also have a low density, thermal expansion and thermal 

conductivity. Good machinability and castability of the metal alloy are also important factors in 

selecting the appropriate material, as the harder it is to machine the product, the higher the costs of 

manufacturing. In addition to the previously mentioned properties, the alloys must possess good 

vibration damping in order to absorb the shuddering of the moving parts [17].   

The required mechanical properties for a typical aluminium engine block includes an ultimate 

tensile strength of ~245 MPa, yield stress of ~215 MPa and fatigue strength of 60 MPa [19]. 

Discussed below are alloys that are currently being used to cast engine blocks and their mechanical 

properties.   

Gray cast iron alloy (GCI) have been the dominant metal that was used to manufacture 

conventional gas-powered engine blocks. It contains 2.5-4 wt.% carbon 6 and 1-3 wt.% silicon, 0.2-

1.0 wt.% manganese, 0.02-0.25 wt.% sulphur and 0.02-1.0 wt.% phosphorus [16]. GCI has 

excellent damping capacity, good wear and temperature resistance, easily machinable and is 

inexpensive to produce. However, gray cast irons are relatively weak and are prone to fracture and 

deformation. Due to these problems, compacted graphite iron has recently begun to compete with 

gray cast iron as the choice material to produce diesel engine blocks [20]. 

Compacted graphite cast iron (CGI), which was accidentally discovered while trying to produce 

ductile cast iron, possesses higher tensile strength and elastic modulus than gray cast iron due to the 

compacted graphite found in the microstructure of CGI. Table 1 shows the comparison between the 

strengths and modulus of elasticity of gray cast iron and CGI. As seen in Table 1, gray cast iron has 

a lower tensile strength than CGI, despite its higher weight [21]. 

 

Table 1: Comparison of the tensile strength and modulus of elasticity of gray cast iron and 

compacted graphite cast iron 

 Gray Cast Iron(GCI) Compacted Graphite Cast Iron (CGI) 

Tensile strength (MPa) 160-320 300-600 

Modulus of Elasticity (GPa) 96-110 170-190 

Source: [21] 
 

Like gray cast iron, compacted graphite cast iron has good damping capacity and thermal 

conductivity, but its difficulty to machine has limited the wide-scale use of CGI.  

Aluminium alloy usage has gained popularity since the 1960’s as a way to reduce the overall 

weight of the vehicle. There are two practical implications: improved performance-to-weight ratio 

and increased fuel efficiency. The drawbacks in using aluminium in engine blocks are that they are 

more expensive to manufacture than cast iron alloys. However, the strength-to-weight ratio of 

aluminum alloys is hard to ignore and manufacturing processes developed throughout the years 

have minimized the cost disparity between aluminum and cast iron [22].  

Magnesium alloys have been used in engines before, but not for cylinder blocks. Rather, they 

were used as valve covers, cylinder head covers, intake manifolds, rocker arm covers, air intake 

adaptors, induction systems and accessory drive brackets [23]. The biggest attraction for 

manufacturers is that the material is much lighter than cast iron and aluminum alloys and has the 

same strength as cast iron and aluminum alloys.   

Some Existing Methods of Strengthening Ceramics Materials 

In order to compensate for the low fracture of toughness in ceramics materials, series of methods of 

strengthening have been adopted by different researchers. [24 & 25] enumerated the methods that 

have been adopted in the past in order to improve the low fracture toughness of ceramics, thus: 
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Transformation toughening which is limited in Zirconium oxide (Zr��)-based ceramics; dispersed 

ductile particle toughening and dispersed brittle particle toughening that may decrease the strength 

of the ceramics; fibre toughening and whisker toughening, which require special forming process, 

such as: Hot Isostatic Pressing (HIP) and Hot pressing which lead to higher cost; and complex 

structure toughening. 

Method of Toughening of Ceramics Using Piezoelectric. A new approach for the toughening 

of ceramics, using piezoelectric secondary phase crystal which was incorporated into the ceramics 

matrix as a toughening phase, which increased the fracture toughness of ceramics to 5.1MPa��/�  

was developed by [26]. The toughening mechanisms for ceramics are all based on the energy 

dissipation/energy balance approach [4] and the toughness of composite ceramics can be given as: 

KIC = [E
c
 (J

m
 + ∆J)]

1/2
                                                            (1)  

where, KIC is the overall toughness of the composite ceramics and E
c
 is the Young modulus of the 

composite ceramic and Jm is the energy change associated with crack extension in the matrix, while 

∆J is used to define the energy change increment due to the presence of the secondary phase which 

may play a role as toughening phase although via different mechanisms, respectively. By extending 

such energy dissipation consideration, alternative toughening approaches for ceramics can be 

designed, in which a piezoelectric secondary phase material is incorporated into the ceramic matrix 

and toughening is performed through energy dissipation due to piezoelectric effect. This part of 

mechanical energy, that causes a crack extension, may be transformed into electrical energy or 

dissipated by stress-induced Ferro elastic phase transformation and domain wall motion in such a 

composite and this subsequently leads to the enhancement of fracture resistance. The fracture 

toughness of the composite ceramic can be given in the extended form of equation (1). 

 KIC = [E
c
 (J

m
 + ∆J + ∆J

piezo
)]

1/2
                                                 (2) 

Where, ∆J
piezo 

defines the energy dissipated by the piezoelectric effect. Such a unique toughening 

mechanism can be called the piezoelectric energy dissipation mechanism [5]. 

Method of Particle- Bridging Mechanism. Particle-bridging mechanism in which a crack-face 

shielding results when nanosized particles bridge a propagating crack behind the crack tip, as a 

strengthening mechanism for ceramics nanocomposites was developed by [27]. The toughness 

increase by crack- shielding, ∆K, is as expressed by [28 & 29]. 

∆K = ςσs�s
1/2      

                                                            (3)   

 Where, ς is a constant of the order of unity,σs the shielding stress and �s is the length of the 

shielding zone. Transmission Electroscope Microscope studies (TEM) on alumina-silicon carbide 

nanocomposites with different volume fractions, reveals that fact that the diameter ratio was well 

represented by the equation (4) [27]. 

λ

�
  = �π|6��


1/3
                                                              (4) 

Where, d is the particle diameter and fp is the volume fraction of the dispersed particle. Based on the 

results from equations (3) and (4), the increase in toughness caused by particle bridging can be 

estimated using a crack-face shielding concept, generally called the Dugdale-Barenblatt model.  

Strengthening of Ceramics Based on Griffith’s Energy Equilibrium. Toughening and 

strengthening mechanisms in ceramic-based nanocomposites were based on the Griffith’s energy 

equilibrium and residual stress around the secondary-phase nanoparticles dispersed in the matrix 

grains. The residual thermal stresses around a spherically dispersed particle within a concentric 

sphere of matrix grain were specifically analysed in order to clarify the effects of residual stresses 

on the toughening in the frontal process zone, involving nano cracking and on the strengthening 

mechanism caused by nucleation of dislocation. The analytical results reveal that the ratio of 

thermal expansion coefficients of the particle and matrix has a marked effect on the residual stresses 
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and the estimated residual stresses were of sufficient magnitude to generate lattice defects, such 

dislocations around the particle (even in ceramics) and  the nanosize particle within a matrix can 

only create dislocations around the particle [2]. 

Method of Dislocation Sub-Boundaries. A technique to improve the fracture toughness of sub-

surface regions of ceramic materials was developed by [30]. Surface of different ceramic materials 

(single crystals of A��	�� and Si; sintered poly-crystals of A��	�� and S����) were impacted with 

hard ceramic particles at room temperature using a short blasting technique. The important point is 

that by causing the appropriate conditions for short blasting and annealing, the fracture toughness 

KIC can be improved by a factor of about 4. Table 2 summarizes the optimal value of the fracture 

toughness, KIC, obtained under the condition employed in this method of approach by [31]. The 

highest value of KIC obtained was 15MPam
1/2

 for sintered poly-crystals of Si3N4.This value is a lot 

higher than those for Zirconia (∼8MPam
1/2

) and higher than the KIC for typical brittle metallic 

materials (10-12 MPam
1/2

) [22 & 35]. 

Table 2: Summary of Toughening Effect 

Sample Annealing 

Temp. (K) 

Fracture of 

Toughness, KIC 

(MPam)
1/2

 

Fracture of 

Toughness, KIC 

(MPam)
1/2

 

Fracture of 

Toughness, KIC 

(MPam)
1/2

 

  As received  

condition 

 (a) 

After Toughening  

(b) 

Improved 

Factor (b/a) 

Single crystal of 

Al2O3 

1673 0.9 3.7 4.0 

Single crystal of Si 1673 0.9 1.9 2.1 

Sintered poly-

crystal of Al2O3 

(99.99%) 

1473 3.0 4.3 1.4 

Sintered poly-

crystal of Si3N4 

1573 5.9 15.2 2.6 

Source: [35].  

Method of Reinforced By In Situ Formation of ββββ-Silicon Carbide. The fabrication and 

characterization of ceramic matrix composites reinforced by in-situ formation of β-silicon carbide 

were carried out by [32]. They were able to fabricate yttria-stabilized zirconia-based ceramic matrix 

composites via in situ formation and dispersion of SiC rather than fine particles and densification by 

Hot Isostatic Press (HIP) and improved on their mechanical properties. The reinforcement due to 

the formation of β-SiC, in addition to the densification by HIP, led to an increase in the hardness of 

the composites. The average fracture of toughness obtained from composites Z30, Z60 and Z90 

used for the experiment were 9.39, 10.59 and 10.60 MPam
1/2

, respectively. The yttria-stabilized 

zirconia has a fracture toughness of 8MPam
1/2

. Therefore this approach has improved the fracture 

toughness of yttria-stabilized zirconia. The improvement in the fracture toughness was due, not only 

to crack blockage of deflection by uniform dispersion of in situ formed β-SiC particles with high 

Young’s modulus, but also to the phase transformation of t-ZrO2 to m-ZrO2, accelerated by the 

residual stresses resulting from the coefficient of thermal expansion mismatch between TZ-3YS and 

SiC. 

Strength and Weaknesses of Existing Methods 

The summary of the methodology, strength and weaknesses of some of the existing methods for 

strengthening ceramics materials, is presented in Table 3. 
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Table 3: Summary of some existing methods for strengthening ceramics materials 

Researchers Methodology 

adopted 

Strength Weakness 

He et al, 1997 Inclined Ligament 

Bridging 

Provided Explicit Implication 

 For Property optimization 

Rely on the Concept 

that Resistance 

behaviour can be 

Simulated. 

Chen and 

Yang, 1997 

Piezoelectric 

Approach 

Significantly Enhanced 

fracture toughness 

Appearance of some 

phases made the 

problem Complex. 

Ohji et al, 

1998 

Particle-Bridging 

Mechanism 

Extremely High Shielding 

stress and steep increase in 

Fracture Toughness 

Difficulty in 

Evaluating the Initial 

Flaw Size. 

Awaji et al, 

2002 

Griffith’s Energy 

Equilibrium 

Enhance Strength and Fracture 

Toughness of Nanocomposite 

Solely Dependent on 

generation of 

dislocation around 

the second- phase 

Particles. 

Moon et al, 

2004 

Dislocation Sub-

Boundaries 

Increased Considerably the 

Fracture Toughness of the Sub-

Surface Region 

The Technique is 

Complex 

Chonghai, 

2005 

Thermal Residual 

Stress 

Produce High Toughening 

Mechanism in Ceramic 

Composite 

Is only effective 

when the thermal 

expansion of 

dispersed particle is 

larger than the 

Matrix Grain. 

Sharif et al, 

2008 

In Situ Formation of 

β-Silicon Carbide 

Greatly Improved Hardness 

and Fracture Toughness 

Tedious and 

Expensive 

Conclusion 

This paper presents a review of some of the existing materials for the production of automobile 

engine block. A detailed documentation of the methods of strengthening of ceramics materials, 

strengths and weaknesses of some common approaches used for strengthening are also presented. 

The review established that the existing techniques, although, present strong a improvement in the 

fracture toughness of ceramic composite materials, there are still  a number of problems, including: 

relying on the concept that resistance behaviour can be simulated, appearance of some phases that 

made the problem complex, difficulty in evaluating the initial flaw size, solely dependent on the 

generation of dislocation around the second-phase particles and those that are only effective when 

the thermal expansion of the dispersed particle is larger than the matrix grain. Future research by 

this group, therefore aims at developing a technique that integrates some of the existing methods in 

order to produce a better ceramic composite which will eliminate some of these problems in 

production of automotive engine block. 
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Abstract. Gallium nitride (GaN) on silicon (Si) is governed by the possibility to use this family of 

semiconductor for novel optoelectronic devices. GaN layers are deposited by MOCVD on silicon 

Si(111) using AlGaN buffer layer. We have studied the microstructure quality of the films. From 

SEM, TEM and AFM observations, we have observed that the films exhibit a good quality: the 

films are highly oriented (0001) with a smooth surface morphology (roughness of 12nm). We have 

completely characterized the optical properties using the prism coupling technique.  

 

Introduction 

The III-nitride semiconductors, Aluminium Nitride (AlN), Gallium Nitride (GaN) and their alloy 

are excellent properties for use in optoelectronics devices [1,2]. This materials are potensial for high 

performace; high-power operation, high-frequency and high-temperature application due to their 

wide band gap energy, wurtzite structure, good thermal conductivity and high break down voltage 

[3-6]. Until now, researcher have studied and interested optical properties characterisation of GaN 

on Sapphire (Al2O3) for many application in electrical and electronic properties (light emitting 

diode, high frequency varactor diode, photodetector, surface acoustic wave, etc.)[5-10].  

Another substrate for GaN is Silicon (Si). Attempts to grow GaN on substrates like Si or quartz, 

which is available at low cost, and large areas have resulted in highly defective films [11]. The 

performance of these devices is closely related to the epitaxy quality grown by MOCVD  or MBE 

[11-12]. For electronic application, we need optical and electrical characterisation at materials.  

Therefore this paper interest is about the fundamental properties of GaN. Also this paper will 

discuss the characterization of optical materials at Gallium Nitride on Silicon substrates (GaN/Si). 

Particularly, we investigated the refractive index, birefringence in relation with film/substrate 

interface properties, surface roughness of the film, and the evolusion refractive index at different 

temperature. For the comparation sample in this paper  using GaN/Al2O3. 

GaN on Silicon Structure 

The samples of GaN are grown on Si (111) by metalorganic chemical vapour deposition (MOCVD) 

at KAIST. This samples using AlN/AlGaN 80nm as buffer layers [13]. Then, an AlxGa1-xN 

interlayer was used to reduce the strain due to lattice mismatch between AlN and GaN. AlyGa1-

yN/GaN superlattice is consists 24 periods with a total thickness of around 80 nm and GaN 1µm on 

top [14-15].  
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Particularly, we investigated the refractive index and birefringence in relation with film/substrate 

interface properties.  

Microstructure Analysis 

Structural properties of GaN/Si have been studied by scanning electron microscopy (SEM), 

transmission electron microscopy (TEM) and the atomic force microscope (AFM). The 

microstructure of GaN/Si from SEM plane view and TEM can be seen in Fig. 1a and 1b. The GaN 

thickness is 1.2µm from SEM observation. 
 

       

Fig 1.(a). SEM cross-section observation of GaN deposited on Si by MOCVD  

(b). Microstructure analysis of GaN/Si sample from TEM observation: dislocations are concentrated 

in AlN/AlGaN and GaN interface  

 

In order to investigate the microstructure in the film, at the interface and on top surface, TEM 

analysis by FEI Tecnai G220 (Fig. 1 (b)) was conducted on GaN. Threading dislocations density at 

the surface are about 4x10
8
cm

-2
. The impact of the dislocation of GaN on optical properties is 

observed.  AlN/AlGaN plays a role of absorption layer for dislocations. TEM analysis permits to 

calculate the thickness of AlN/AlGaN buffer layer.  

AFM analysis is conducted by Nano-Probe Instruments for observations of the threading 

dislocations. Figure 2 show about AFM analysis at GaN on silicon thin film has many dislocation at 

surface. This finding correlates well to AFM analysis which shows small root mean square 

roughness of  1.72nm on a 1 µm x1 µm area. 

 

Fig. 2 AFM analysis for threading dislocation density at surface 

Dislocations 2 

RMS = 1.72 nm 

 

 

 

Dislocations 3 

Dislocation1 
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Optical Characterization 

To investigate the effect of GaN epilayer on resulting optical properties,  the guided wave technique 

based on prism coupling has been used [13, 16, 17]: using a rutile prism (TiO2) on Metricon M2010 

setup. The reflectivity dips have been observed at certain angles, corresponding to the excitation 

and propagation of guided modes in the film structure. Reffering to the literature [18,19], the very 

sharp modes indicate a good film quality of the GaN epilayer. 

For GaN/Si films, measurement of the refractive index in Transverse Electric (TE) and 

Transverse Magnetic (TM) modes were performed for different wavelengths from ultraviolet to 

near infra red wavelength ranges (450, 532, 633, 975,1539nm) together with the film thickness 

show at Fig.3. We have compared the optical properties of GaN/ Al2O3 [13] and GaN/Si: the 

refractive index are quite close for TE/TM conditions. 

 

 

Fig. 3. Dispertion of refractive index TE and TM on GaN/Si 

 

In temperature influence of refractive index TE on two films: GaN/Si and GaN/Sapphire can see 

at Fig.4. This condition shown GaN/Si have good optical properties like GaN/Sapphire properties 

[13]. 

 

 

Fig. 4. Temperature  influence of the refractive index TE on GaN/sapphire and GaN/Si 

 

The result from measurement of  thickness is 1.248 µm, refractive index TE is 2.357 and TM is 

2.392. This result demonstrates the optical waveguiding into GaN/Si structure. It can be observed 

that the sample exhibits two TE modes (TE0 and TE1) with  narrow widths. In this work, the 

ordinary and extraordinary modes are excited by using TE and TM polarized light. From 

measurement of TE and TM modes are obtained that calculated GaN/Si  birefringence (∆n) have 

value around 0.0373.  
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Optical characterization at GaN/Si similar with GaN/ Al2O3. Reffering to the literature 

[16,18,20], optical characterization at GaN/Si demonstrate excellent waveguide properties like 

GaN/ Al2O3. 

Conclusion 

The complete analysis of GaN on Silicon structures are presented. GaN structures deposited on 

silicon have been analyzed using SEM, TEM and AFM. And the optical properties of GaN/Si: the 

refractive index are quite close with GaN/ Al2O3 for TE/TM. Optical measurements demonstrate 

excellent waveguide properties in terms of index and the dependence versus temperature. This 

condition shown GaN/Si have good optical properties with very promising characteristics for future 

optical waveguide devices like GaN/Sapphire properties.  
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Abstract. The aim of this work is to study the effect of austenizing time, tempering process and 

tempering time on corrosion rate of austenitic stainless steel in oxalic acid. The samples of typical 

304 stainless steel were heated to 1050°C for 10, 20 and 30 minutes and quenched to room 

temperature in water, then tempered at 250°C, 400°C and 600°C for 30, 60 minutes for each 

tempering time. These samples were then immersed in 0.1M of oxalic acid and then their weight 

losses were measured after 30 days. The result obtained show that corrosion rate of all austenitic 

stainless steel samples decreased with an increase austenizing time, this behaviour is due to more  

homogenously of austenite, and the corrosion rate will be increased with increase the tempering 

temperature and tempering time, this behaviour is due different phases at microstructure below 

400°C, and above of 400 to 600°C  the corrosion rate will be increased due to formation of carbides 

which are non-uniform distributed at the grain boundaries and causes intergranular corrosion.   

Introduction 

Stainless steel are selected as engineering materials mainly because of their excellent corrosion 

resistance in many environment. Austenitic stainless steel are essentially iron chromium –nickel 

ternary alloys containing about 16 to 25 percent Cr and 7 to 20 percent Ni. These alloys are called 

austenitic since their structure remains austenitic (FCC, γ iron type) at all normal heat treating 

temperatures. The presence of the nickel, which has an FCC crystal structure, enable the FCC 

structure to be retained at room temperature. The high formability of the austenitic stainless steel is 

due to their FCC structure. Austenitic stainless steel normally have better corrosion resistance than 

ferritic and martensitic ones because the carbides can be retained in solid solution by rapid cooling 

from high temperature [1]. Chromium imparts the stainless properties to these steels by coating the 

surface with a thin but extremely dense film of chromium oxide [2]. The resistance of stainless 

steels is determined by its passive nature, alloy chemistry, heat treatment, precipitation morphology, 

kinetics and specific environment. The intactness of passive film on the surface is dependent on its 

stability in the medium of exposure [3 – 5]. Even though passive layer is an inexpensive means of 

corrosion protection, depending on the environment, it sometimes breaks down, causing severe 

localized corrosion attack, such as pitting, crevice, and stress corrosion cracking, leading to 

catastrophic failures. Austenitic stainless steels (ASS) offer excellent corrosion resistance in many 

organic, acidic, industrial and marine environments. The non-magnetic properties combined with 

exceptionally high toughness at all temperatures make these steels an excellent selection for a wide 

variety of applications such as in chemical plants, industrial and maritime field [6]. As a result of 

these, many investigations are being carried out on these types of steels almost on a daily basis [7 – 

11]. Heat treatment which involves the application of heat to bring about modification in the 

microstructure [12] essentially alters mechanical and chemical properties based on the retained 

austenite, grain size and defects such as dislocation, twining, vacancies and so on. Microstructure 

plays an important role in the improvement of corrosion resistance of ASS. The constituents of the 

microstructure such as grain size, phases, precipitates and inclusions are strongly influenced by 
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solidification rate or heat treatment. Oxalic acid is a relatively strong organic acid being several 

times stronger than acetic acid. It is used in etching for metallurgical micro–examination [13] and in 

the refrigerator which also incorporates stainless steels. Oxalates, which are usually formed when 

these steels are attacked by oxalic acids, are sparingly soluble salts, hence the manner of their 

deposition on the steel and the adherence or otherwise of the deposit, are likely to affect 

considerably the further action of the acid on the steel. The above precipitates the investigation into 

the effect of different tempering temperatures and time on corrosion behaviour of 304 ASS in this 

medium.  

Experimental Work 

Materials used in this study are; Austenitic stainless steel, Water as quenching media. The 

chemical composition of the 304 austenitic stainless steel is shown in Table 1.  

 

Table.1 Composition of the austenitic stainless steel. 
 %C  %Cr %Mn %Si %Ni %S  %P %Fe 

304 Austenitic 

stainless steel 

0.08 18-20 1.14 0.87 8.86 0.03 0.045 remaining 

 

Equipment used in this research includes: Heat-treatment Furnace, rotary wheel for polishing, 

oxalic acid (1%M), digital balance. 

Hardening process. The samples were initially austenised at 1050
0 

C for 10, 20 and 30 minutes, 

then quenched in water and tempered at temperatures 250,400 and 600
0
C.  

Corrosion rate. The corrosion rate of the samples were determined using weight loss method, 

samples were immersion in oxalic acid (1M) for 30 days.  

Results and Discussion 

The corrosion rate of austenitic stainless steel in 1.0 M oxalic acid is presented in Figure 1 in terms 

of corrosion rate versus austenizing time.  

 

 
Fig. 1 Effect of austenizing time on corrosion rate 

 

It can be observed from the Figure that the corrosion rate decreases with increase in austenizing 

temperature. This could be attributed to more austenitic homogenous with increasing the 

austenizing time to 30 minutes. Oxalic acid attacked the steel samples to form oxalate which is 

sparingly soluble salt and could not form a protective layer on the steel thereby enable continuous 

diffusion of the corrosion medium into the steel surface. The normal protective chromium oxide 
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which was formed on the steel surface is responsible for the little passivation observed during the 

exposure period. This further explains why this reagent is widely used in etching for micro-

examination of austenitic stainless steel [4, 13]. 

Fig 2, 3 and 4 shows the effect of tempering temperature and tempering time for samples that 

subjected to austenizing time 10,20 and 30 minutes respectivily on the corrosion rate.   
 

 
Fig. 2 Effect of tempering temperature on corrosion rate of 10 mintuse austenizing 

 

 
Fig. 3 Effect of tempering temperature on corrosion rate of 20 mintuse austenizing 

Fig 4 shows the effect of both tempering temperature and time on the corrosion rate. 

 

 
Fig. 4 Effect of tempering temperature on corrosion rate of 30 mintuse austenizing 

Fig. 2, 3 and 4 shows the effect of tempering temperature and tempering time on corrosion rate 

of samples that austenised at 10, 20 and 30 minutes respectively, with increases tempering 
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temperature and tempering time, the corrosion rate increase due to different phases present (ferrite 

and retained austenite) which created galvanic corrosion cell at temperature 250
0
C. The corrosion 

rate increases clarity starting from 450
0
C and at 600

0
C due to  precipitation of chromium carbide on 

the grain boundaries which will be increased with tempering temperature and time in range of 400 

to 7000C [14-16]. Chromium carbides could be formed up to 800
0
C [17].  The higher in tempering 

temperature lead to more precipitation of chromium carbides and that will enhanced with time 

increased and leads to intergranular corrosion.  

Fig. 5 shows the average of corrosion rate for three tempering temperatures 250, 400 and 6000C 

versus to austenizing time with considering the tempering time.  

 

 
Fig. 5 Average of corrosion rate of tempering temperatures versus the austenizing time 

 

From the Figure it’s clearly that with increases tempering time the corrosion rate increases and 

the average rate of corrosion after 10 minutes is higher than two others time 20 and 30 minutes 

respectively. Presence of molybdenum in chemical composition of stainless steel will enhance of 

intergranular corrosion because it has an overall beneficial effect on the general corrosion resistance 

of stainless steel [18]. This element hinders the breakdown of passivity of pitting. It is also 

improves the pitting resistance of stainless steel in many environments by forming passive oxide 

film. Molybdate is insoluble and reduces the amount of free metal ions in the pit solution, thus 

decreasing the diffusion of metal cations out the pit, this decrease in diffusion reduces the rate of 

dissolution significantly, resulting in a decrease in size of the pit.   

Conclusion 

The effect of austenizing time, tempering process and tempering time on corrosion rate of austenitic 

stainless steel in oxalic acid was investigated by using weight loses method. The results showed that 

the corrosion rate of the 304 stainless steel samples decreases with increasing austenizing time, this 

attributable to the more austenite homogenous state. The corrosion rate of the 304 stainless steel 

samples increases with increasing the tempering temperature and time less than 400
0
C due to 

different phases in the microstructure which created galvanic corrosion cells. The corrosion rate of 

the 304 austenitic stainless steel samples increases with increasing tempering temperature and 

tempering time, this attributable to precipitation of carbides at the grain boundaries causes 

intergranular corrosion.  
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Abstract. In this work, deep drawing experiments have been performed in order to study formability 

of Ti-6Al-4V alloy sheet at temperature ranging from room temperature to 400
0
C. It is found that 

below 150
0
C, formability of the material is very poor and above 150

0
C till 400

0
C, limiting draw ratio 

(LDR) is found to be 1.8 which is substantially lesser than other structural alloys such as austenitic 

stainless steels. In order to understand qualitative aspects of formability, thickness distribution of 

drawn cup has been evaluated experimentally over a temperature range of 150
0
C - 400

0
C. 

Additionally, Finite Element (FE) analysis is done using a commercially available code Dynaform 

version 5.6.1 with LS-Dyna version 971 solver. 3- Parameter Barlat yield model is used for FE 

analysis. Predicted thickness distribution using FE simulation is in good agreement with experimental 

results. 

Introduction 

Over the years, titanium and its alloys have proven themselves to be superior and cost effective 

materials for a wide range of applications in various industries such as aerospace, automotive, marine 

and biomedical [1]. Ti–6Al–4V alloy has an attractive combination of characteristics in terms of high 

specific strength (strength/density), excellent corrosion/erosion resistance which consider it an 

admirable alternative for various fields of applications [2, 3]. The warm forming is one of the main 

forming technologies to fabricate titanium components which can not only reduce the cost due to 

machining but also enhance the performance of the products [4]. However titanium alloys are difficult 

to form because of their high deformation resistance, low ductility at room and low elevated 

temperature, anisotropy and strong microstructural sensitivity [5-6]. 

Deep-drawing process is an important process in assessment of formability of sheet metal. 

Nowadays, warm deep drawing of Ti-6Al-4V alloy is an extensively used in the aerospace and 

automotive industries [7]. This process is commonly used in the industry because it eradicates costly 

operations such as welding, machining and manufactures parts with reduced weight and good 

mechanical properties with high production rates [8]. Titanium alloy possesses poor formability at 

room temperature because of certain inimitable characteristics that affect the formability such as 

ductility of titanium and its alloys is generally less than that of the common structural metals [9]. 

Few research efforts had been made in sheet metal forming of titanium alloy enlightening many 

interesting characteristics. Formability depends on material properties, namely strain hardening 

exponent (n) and strain rate sensitivity (m) [10]. It is observed that the formability of titanium alloy 

sheets could be significantly enhanced by hot forming process [11]. In addition to that, the 

experimental investigation of formability for commercially pure titanium sheets at various 

temperatures was studied [12]. However, very limited research is reported in the field of warm deep 

drawing of Ti-6Al-4V alloy. Therefore, it is essential to understand effect of variation of temperature 
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on formability aspect of Ti-6Al-4V alloy. The objective of present work is study the thickness 

distribution of Ti-6Al-4V alloy sheet at elevated temperature and validates the results with finite 

element analysis.  

Experimental Details 

In this work, Ti–6Al–4V alloy sheet of 0.89 mm thickness is used. The composition of the employed 

material is given in Table 1. The experiments were carried out on the test rig which is shown in Fig.1. 

This test rig is specifically designed so that deep drawing operations can be performed at elevated 

temperatures. However, there is tendency in the materials to change dimensions at higher 

temperatures. Therefore, nickel based super alloy was used for manufacturing die, blank holder and 

punch. Two sets of furnaces were utilized for 20 ton hydraulic press. One heater was employed to heat 

the blank and another was used to heat lower die in order to prevent the blank from becoming cold 

before the actual drawing starts. The setup temperature was controlled and prevented from 

overheating by means of water circulation from cooling tower. 

Table 1 Chemical composition of as received Ti–6Al–4V sheet 

Element Al V Fe C Ti 

Comp [wt. %] 5.56 4.07 0.185 0.022 89.997 

 
Fig. 1 Experimental test rig of deep drawing setup 

A noncontact type pyrometer was used to measure the operating temperature. Circular blanks were 

machined by using wire-cut electro-discharge machining process for high accuracy and finish. The 

experiments were performed at 400
0
C and different possible diameters. The maximum limiting 

drawing ratio (LDR) was obtained 1.8 which is quite lower than other metallic materials. Forming at 

temperatures higher than 400
0
C increases the oxygen contamination and with oxygen the material 

becomes more brittle due to formation of α-scale. Therefore, it is preferred to perform warm forming 

of Ti–6Al–4V alloy in an inert and protective environment for temperature higher than 400
0
 C [13]. 

Molykote was used as a lubricant for warm forming process [14]. Blanks were kept at particular 

temperature for certain duration (approximately 3-5 minutes) for uniform heating of sheet. Deep 

drawing operation was performed when the blank reaches required temperature. All the experiments 

were performed at 10 mm/min punch speed and uniform 10 bar blank holder pressure which 

approximately 2% of the yield stress of material.  

Finite Element Analysis 

The finite element analysis is done using a commercially available code Dynaform version 5.6.1 with 

LS-Dyna version 971 solver. Finite Element (FE) simulations are comprehensively used for warm 
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forming which significantly reduced the time consuming, inexact and costly die tryouts. However, the 

reliability of the numerical simulations depends not only on the models and methods used but also on 

the accuracy and applicability of the input data.  

 
Fig. 2 Finite element model of deep drawing setup 

The input models like die, blank, blank holder and punch were constructed in pre-processor. For 

present investigation, iso-thermal model was used.  After surface was generated, fine meshing was 

done on the surface of the tool components and on the blank. Adaptive meshing was used on the blank 

to obtain accurate results. The complete model in the pre-processor is shown in Fig. 2. The blank and 

the tool components were meshed using Belytschko- Tsay shell elements as it takes less 

computational time, around 30–50% less than others [14]. Material properties were calculated using 

uniaxial tensile test performed at room temperature to 400
0
C at interval of 50

0
C. The tensile test 

experimental details are given in our previous work [13]. To avoid the effect of strain rate sensitivity 

on input material properties for FE simulations, same tensile test velocity was used as a punch speed 

for deep drawing experiments and simulation. Based on previous literature studies 3- parameter 

Balart model are chosen for FE simulation. It incorporates the effect of both normal and planar 

anisotropy in the yielding behavior of the material [14]. The Lankford parameter was calculated for 

0
0
, 45

0
 and 90

0
 and used as input for simulations. The coefficient of friction under the forming 

conditions was calculated by inverse approach. The methodology was adopted by varying the 

coefficient of friction values and superimposing experimental and simulated plot of maximum punch 

force [14].  

Result and Discussion 

Drawn cups were cut using wire cut EDM and the thickness was measured from the center towards 

the cup wall. Thickness plots at representative setting for 52 mm and 54 mm diameter blank at 150
0
C 

and 400
0
C are shown in Fig. 3. In order to maintain the uniformity in measured and simulated 

thickness distribution graph, distance from center of cup to wall are normalized in the scale of 0 to 1. 

The experimental readings of drawn cups are measured three times and average values are chosen for 

comparison.   

It can be seen from representative thickness distribution plot in Fig.3 that neck formation appeared 

at the punch corner and increase in thickness was observed in wall region. Similar trend is observed in 

finite element simulation. Moreover, the predictions are quite accurate and closer to the experimental 

thickness distribution as shown in Fig.3 which indicates the suitability of 3-paramter Balart model for 

warm deep drawing simulations. At same temperature (150
0
C) and lower the blank diameter (52 mm) 

more uniform thickness distribution is observed. The reason behind the non-uniformity is larger the 

blank diameter it is because more area of flange has to be drawn into the die which require higher 

punch load. Excessive punch load requirement tend to increase thinning in the punch corner region. 

However, at higher temperature (400
0
C) and same blank diameter (54mm), more uniform thickness 
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distribution is observed. The reason for uniform thickness distribution is as temperature increases, the 

ultimate and yield strength of material decreases which means the mean flow stress of material 

decreases and material become more flow able to draw.  In addition to that, it can be seen from 

material properties that as temperature increases strain hardening exponent of Ti-6Al-4V alloy 

consistently increase. Strain hardening exponent (n) signifies the ability of a material to undergo large 

uniform strains before diffuse necking occur [10]. Therefore, increase in strain hardening exponent 

tend to decrease the necking tendency in all thickness distribution plots shown in Fig. 3. The similar 

reduced necking tendency at higher temperature can be seen in the finite element analysis. 

 

 
(a) 

 
(b) 

 

(c) 

 

(d) 

Fig. 3 Thickness distribution  of deep drawn cup 

Conclusion 

This work involves experiments of deep drawing, study of thickness distribution and FE analysis of 

Ti-6Al-4V alloy at elevated temperatures. Uniformity of thickness distribution is dependent on blank 

diameter and temperature. However, at higher temperature more uniform thickness distribution is 

obtained. In addition to that, thickness distribution obtained by FE simulations show good agreement 

with experimental results. 

Future work involves prediction of failure types, formability study and finite element simulations 

using different anisotropic yield criteria at higher elevated temperatures. 
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Abstract. The industrial production of cement-based and lime-based materials such as mortars 
contributes significantly to the release of greenhouse gases such as CO2 into the atmosphere. 
However, a percentage of these emissions is reabsorbed as the mortar hardens, owing to carbonation 
reactions. This study aims to explore the CO2 sequestration capacity of a cement-based (CM) and a 
lime-based mortar (LM) over the first 28 days of curing. The CO2 uptake of CM and LM was 
experimentally evaluated in mildly accelerated conditions by using a volumetric approach. This 
procedure enabled us to assess the CO2 absorbed after 1, 7 and 28 days from mortar preparation so 
as to simulate CM and LM behavior during their setting, hardening, and service-life conditions. 
Through the experimental approach values of 19.1, 25.5 and 26.4 g CO2/kg for CM and 5.0, 11.0 
and 16.1 g CO2/kg for LM were obtained. These results, which were validated by means of X-ray 
diffraction along with calcimetry analysis, confirmed that carbon sequestration by common mortars 
during their curing time is not negligible. 

Introduction 

Carbon dioxide is a greenhouse gas (GHG) mainly generated by the combustion of fossil fuels 
(coal, oil, gas) and by industry, notably cement and mortar manufacture. Indeed, cement production 
is responsible for about 5% of annual CO2 emissions, accounting for 450 million metric tons of 
carbon in 2010 [1], which are mainly created by burning fuels and the calcination reaction in the 
production of clinker (the binder part of cement, primarily composed of limestone and alumino-
silicates). Through the calcination reaction (1), calcium carbonate is converted into calcium oxide 
(i.e. lime) and carbon dioxide. 

CaCO3 → CaO + CO2                                                       (1) 

Furthermore, the lime industry is also involved in this process since calcination occurs in the 
production of natural hydraulic lime as well. In fact, natural hydraulic limes (NHLs) are produced 
by calcining argillaceous or siliceous limestone at around 1200°C, whereas cement clinker 
production requires higher temperatures, namely about 1450°C. Nevertheless, it is widely known 
that a percentage of emitted CO2 due to the production of NHLs and cement-based products is 
reabsorbed during mortar setting and hardening, thanks to carbonation reactions (2) (3) [2], by 
means of which CO2 reacts with calcium hydroxide in mortars and precipitates as calcium carbonate. 

CO2 + H2O → H2CO3                                                         
(2) 

Ca(OH)2 + H2CO3 → CaCO3 + 2H2O  + 74 kJ/mol                             (3) 

Although scientific literature concerning accelerated carbonation of coal ashes [3], alkaline 
industrial waste residues (i.e.: steel slag, fly ash, cement kiln dust, waste cement, etc.) [4], sludge 

Advanced Materials Research Vol. 980 (2014) pp 57-61
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.980.57



from urban waste water treatment plants [5], and soils and sludge including numerous metal 
pollutants [6] is plentiful, few studies have been conducted concerning the positives of the 
application of carbonation technology on cement- and/or lime-based materials. In fact, the literature 
on carbonation of cement-based products (i.e. mortars and concrete) has mainly concentrated on 
degradation [7,8], whilst little research has been developed on positive outcomes of carbonation in 
cement- and/or lime-based materials (i.e. pastes and mortars) owing to CO2 uptake [9]. Indeed, 
these materials, having no structural use, are not subjected to rebar corrosion. Consequently, given 
that every year the cement and lime industry causes a considerable amount of the world's CO2 
emissions, evaluation of the CO2 sequestration capacity during setting and hardening in the first 28 
days of two selected cement- and lime-based mortars is provided in this experimental work. 

Materials and Methods 

Mortars. To assess the environmental effects of CO2 uptake in highly urbanized areas, two of the 
most common commercial mortars in Sardinia (Italy) were considered. CM is a cement-based 
mortar suitable for new buildings and reinforced concrete, which was prepared in compliance with 
EN 998- :2010. LM is a natural hydraulic lime mortar (NHL 3,5) suitable for historic masonry 
buildings, and prepared in accordance with EN 459-1:2010. The primary characteristics of CM and 
LM are reported in Table 1; the carbon dioxide required for the theoretically possible total 
carbonation of both CM and LM at 1 atm pressure of CO2 was computed using Steinour's formula 
[10]. 

The mineral composition of the mortars was evaluated by powder X-ray diffraction analysis. The 
main crystalline phases detected in LM e CM proved to be: CaCO3 (Calcite) and Ca(OH)2 
(Portlandite). 
  

Table 1.Characterization of CM and LM. 
 

Oxide CM LM Oxide CM LM Calcimetry CM LM 

Al2O3 [%] 
Fe2O3 [%] 
MnO [%] 
MgO [%] 
K2O [%] 

0.37 
0.12 
0.01 
0.75 
0.07 

0.71 
0.40 
0.02 
1.13 
0.12 

Na2O [%] 
TiO2 [%] 
SiO2 [%] 
CaO [%] 
LOI [%] 

0.03 
0.02 
2.46 

52.79 
43.59 

0.09 
0.03 
2.78 

53.88 
41.61 

CO2 [g] 0.139 0.149 

Steinour theoretical uptake CM LM 

minimum [g/kg] 
maximum [g/kg] 

424 
435 

415  
422 

 
Experimental Apparatus. CM and LM CO2 sequestration capacity was experimentally 

evaluated under standard ambient temperature and pressure conditions (SATAP: pressure = 1 bar, 
temperature = 25°C) using a modification of the Mavor volumetric approach [11] as described in 
literature [12]. The Experimental apparatus (Fig. 1) consisted of a double 500 cm3 stainless cell: the 
Sample Cell hosted the Sample and the Reference Cell served as reservoir for the carbon dioxide, 
which also allowed evaluation of gas behavior in the same conditions as those of the Sample Cell. 
In order to keep the temperature constant during each test, the experimental apparatus was 
immersed in a thermostatic bath. Pressures and temperatures in both cells were independently 
monitored with high precision transducers within 0.1 bar and 0.1°C. All time-dependent pressure 
data were collected with a PC at a rate of 1 point per second. 

Laboratory Procedure. The experimental procedure was the following: four samples of about 
45g each for both CM and LM were cast in four small cylindrical plastic molds and immediately 
sealed with para-film paper to prevent early carbonation. Of these four samples, three were tested 
after 1, 7 and 28 days respectively from their preparation in mildly accelerated conditions (1 bar and 
25°C) and the fourth sample was kept sealed as an untreated control sample. The experimental 
measuring procedure was initiated: the experimental apparatus was kept under vacuum (in order to 
exclude the uptake of atmospheric gases), and the Sample Cell was charged with 1 bar of CO2 with 
a percentage by volume of approximately 99%, thus allowing the reaction between CO2 and the 
sample for 24 hours. 
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Figure 1. Experimental apparatus. Figure 2. Pressure trend during a 24-hour test. 

 
As a consequence of carbonation, a decrease in the pressure measured within the Sample Cell as 

compared to the Reference Cell was recorded by pressure transducers (Fig. 2). On the basis of the 
pressure values measured, the amount of CO2 at start and end of each test was calculated using the 
Soave modification of the Redlich-Kwong (RKS) equation of state [13] (4): 

p=[(RT)/(V-b)] – [(aα)/(V(V-b)]                                                 (4) 

where P is the pressure; T is the temperature; R is the ideal gas constant; V is the molar volume. For 
each sample, the difference between the moles of CO2 calculated to be transferred into the Sample 
Cell and the moles of CO2 calculated to be present in the Sample Cell after 24 hours were 
considered to be absorbed moles. At the end of the test, each sample was weighed and analyzed by 
means of an XRD technique and Dietrich-Fruehling Calcimetry. This procedure was repeated for 
curing day 1, day 7, and day 28 of both CM and LM. 

Results and Discussion 

In order to quantify the actual percentage and to confirm RKS values of CO2–uptake, CO2 content 
was determined through Dietrich-Fruehling calcimetry. In Table 2 the experimental results are 
reported. The values demonstrate that both LM and CM are capable of taking up CO2. In particular, 
CM showed higher figures than LM. In comparison with Steinour's theoretical uptake, the carbon 
sequestration obtained through these 24-hour tests is considerably lower; one possible reason for 
this could be that the carbonation process starts from the preparation of mortars, lasts for all their 
service life, and even after their demolition [14].  

X-ray diffraction and microscopy analyses on the untreated and treated samples were performed 
so as to evaluate structural modifications of both CM and LM as a result of CO2 uptake.   

 
Table 2. Results of the experimental procedure. 

Sample ID Mortar Type Curing day 
RKS CO2-Uptake 

[g CO2/kg mortar] 

Calcimetry CO2 

variation 

[g CO2/kg mortar] 

1 CM 1 19.1 15.6 
2 CM 7 25.5 24.0 
3 CM 28 26.4 27.4 
4 CM As such - - 
7 LM 1 5.0 2.3 
8 LM 7 11.0 13.7 
9 LM 28 16.1 18.1 

10 LM As such - - 
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Figure 3. XRD patterns of untreated and treated 
CM. 

Figure 4. XRD patterns of untreated and treated 
LM. 

 
XRD pattern analyses (Fig. 3 and 4) were conducted with a Rigaku Geigerflex diffractometer, 

using CuKα radiation (λCu = 1.54178 Å). As expected, these analyses highlighted the fact that 
whilst Portlandite (Ca(OH)2) peaks disappeared as a result of the reaction between gaseous CO2 and 
the CM and/or LM matrix, an increase in Calcite (CaCO3) peaks was noted due to its higher 
concentration in the treated samples. 

 
 
 
 

  
Figure 5 – Comparison between untreated (left) and treated CM (right). 

 
The petrographic study was conducted through the preparation of thin sections, which were 

analyzed by means of a polarizing microscope in transmitted light. These analyses firstly underlined 
that for both CM and LM the carbon uptake occurred in the pores, in which calcite crystals 
consequently precipitated. Moreover, the higher value of porosity for CM than LM, amounting to 
about 25% and 11% respectively, can provide an explanation for the higher CO2 absorption capacity 
of CM. Also, the comparison between the thin sections of untreated and treated samples (Fig. 5) 
showed that, as a consequence of carbonation, a ring structure of calcite was determined. Once 
calcite crystals had occluded the pore, CO2 was allowed to flow through the fractures into the 
mortar matrix, reacting with calcium hydroxide and silicates, and precipitated as calcium carbonate.  

Conclusion 

From the experimental results it follows that common mortars are fully capable of taking up carbon 
dioxide. During the first 28 days of curing, a higher CO2 sequestration capacity for CM was 
observed, and afterwards confirmed by X-ray diffraction and microscopy analyses. In particular, the 
petrographic study showed that for both CM and LM the CO2 uptake occurred at pore level, CM 
exhibiting higher uptake figures due to its higher porosity. 

1 mm 1 mm 
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Although the CO2 sequestration values obtained are far from the performance of other materials, 
such as coal ash and industrial residues, it should be pointed out that mortars have great potential. 
Indeed, though they may seem low, these amounts could be significant considering the widespread 
use of mortars, the period of their service life, and afterwards (i.e. after demolition). In fact, the 
environmental importance of carbonation in mortars emerges from comparison between the CO2 

emitted due to calcination in their production and the evaluation of their CO2 absorption capacity 
during their whole lifetime. Thus, the next steps in our research will concentrate on the assessment 
of the absorbed CO2 as a result of carbonation as compared to the CO2 emissions in the production 
process of mortars.  
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Abstract. Aluminum based Titanium carbide particulate reinforced metal matrix composite (Al-

TiC PMMC) draws attention by many researchers & industries over alloy materials because of its 

excellent thermo-physical and mechanical characteristics. Despite of its superior properties of Al-

TiC MMC, its complexity in manufacturing process and poor machinability has been the main 

deterrents to its application level. Controlling agglomeration of TiC particles is a challenging task to 

retain improved microstructure. The hard abrasive nature of carbide particles cause poor 

machinability and high machining cost. Therefore, in this paper an attempt has been made to study 

the various manufacturing techniques to achieve uniform distribution of TiC reinforcements in Al 

matrix.Further, the review follows the secondary manufacturing process of Al-TiC PMMC, which 

addressee’sthree topics: machining, forming & welding. 

Introduction 

MMC are the next generation of materials with good physical, chemical, and mechanical 

properties. They have potential to be replacement for conventional metal and alloys in various 

applications due to their low weight and toughness. Interest on MMCs are widely spread all over 

structural and engineering industries due the availability of relatively inexpensive reinforcements, 

and improvement of various processing techniques which results in reproducible micro structure & 

properties[1]. The mechanical and Thermo physical properties of MMCs are mainly depends on the 

reinforcement size and weight percentage presented in the matrix.  

Al based MMC got prominent importance due its excellent wear/stiffness, and good strength-to-

weight ratio, where as in reinforcement TiC particles projected significance due its predominant 

wettability and strong interfacial bonding with matrix in fabrication of composite materials[3 &4]. 

Al-TiC composite belongs to the new generation of aluminium based particulate reinforced metal 

matric composite (PMMC) which is to expected to use in higher commercial 

&industrialapplications due to its low cost, ease of fabrication and improved properties[5]. 

Even though Al-TiC MMC is considered to be holding superior metallurgical and mechanical 

properties, its application is undermined due to the complex manufacturing process as well as poor 

machinability. In this paper, an attempt has been made to review the various manufacturing process 

techniques to achieve improved microstructure in Al-TiC PMMC. In this paper section 2 gives 

information about various manufacturing techniques like in-suit, powder metallurgy, stir casting, 

pressure less infiltration, friction stir process for production of Al-TiC composite. Further section 

explains about various studies that has been carried onthree main secondary manufacturing process: 

machining,forming & welding to understand the effect of input parameters during the processes. 

Past Research on Production of Al-TiC PMMC 

Particulate reinforced MMCs(PMMC) are of particular interest because of their easy 

manufacturing& low production cost[6]. There are several possible methods of producing PMMC’s 

which are primarily depends on type and level of material system and degree of microstructural 
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integrity desired.For economic reasons near net shape production should be attempted to minimized 

mechanical finishing operations. In general, Al-TiCPMMC’s are produced by In-suit Synthesis 

process (ISP) [7 - 14]Powder metallurgy (P/M) [21 & 22], Friction stir process (FSP)[15&16 ], Stir 

casting (SC) [17]respectively. 

In suit synthesis process. In situ techniques involve a chemical reaction resultingin the 

formation of a very fine and thermodynamicallystable reinforcing ceramic phase within a metal 

matrix. As a result, this provides thermodynamic compatibilityat the matrix-reinforcement 

interface.This procedure can be takes place in bothsolid and liquid phase processes. Both phases 

produce very fine reinforcements in the matrices which are clean and semi coherent in some cases. 

In solid synthesis processes, high purity titanium and carbon powder and aluminium powder 

were mixed together, compacting this mixture and heated from top to begin the formation of 

reinforcements. EL Zhang[7] successfully fabrication of Al-TiC composite using this processes. 

The whole process of synthesis is started my diffusion of partially molten aluminium around the 

Tiand C powders. When concentration of Ti powder around aluminium reaches 0.15wt% a 

precipitate reaction happens and Al3Ti phase is formed around the Ti powder. Titanium 

concentrated around carbon and a Ti-rich layer is high enough, an exothermic reaction to 

synthesize TiC.The micro-mechanism of the reaction synthesis TiC is shown in fig 1. 

 

                                                 
In liquid state synthesis process, TiC particles are formed by addition of gaseous phase [8] 

(Carbonaceous gas)and Precipitates phase [9&10] (K2TiF6 or Ti and C) into a liquid metal/alloy. 

R.F. Shyu etal [16] used Al–5.1Cu–6.2Ti was used as a matrix materialin this process for 

fabrication Al-TiC composite. The in-suit reaction was carried out by diffusion ofcarbonaceous 

gasin vacuum induction furnace for 4hrs at a constant temperature of 1400K.The diffused C gas 

reacts with Ti substrate in the molten matrix and forms TiC particles. 

Reaction synthesis by precipitate phase, Ti dissolves and wets the graphite particleswhich leads 

to the formation of TiCreinforcement. Ranjit Bauri[9] successfully fabricated Al-TiC PMMC by 

reaction synthesis of K2TiF6 and graphite powder in molten Al matrix, the results shows that at 

lowest temperaturethere is no sign of formation of TiC and only blocky type Al3Ti particles are 

observed.When temperature increased above 900°Ctheblocky Al3Ti particles become and unstable 

and Ti dissolves and wets the graphite particles toform TiC according to the following 

reaction.Effect of temperature on reaction process is showed in fig2. these observations also provide 

some insights in to the reaction mechanism of TiC formation. 

3K2TiF6 + 4Al = 3Ti + 3KAlF4 + K3AlF6 [9] 

Ti + 3Al = Al3Ti 

Al3Ti + C =TiC + 3Al 

Fig.1 Micro mechanism of reaction synthesis TiC, [7] 
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Fig.2 Optical micrographs of powder blends processed at (a) 700°C (b) 800°C (c) 900°C (d) 

1000°C.[9] 

Composite manufacturedfrom in situ processes are having better properties over the conventional 

composites. This is due to formation of fine and dispersoidTiC particles in the composite.The 

reaction kinetics for formation of TiC particles insituin the Al melt depends on various factors like 

temperature,reaction time, Ti:C ratio.TiC particle formation during process.  K.B. LEEet al [11] 

have observed Al4C3, Al18Ti2Mg3, Ti2AlC, Al3Ti, and TiAl interfacial reaction products in Al-

Mg/TiC composite, which was fabricated by the Pressure less infiltration process, whereas Mitraet 

al.[12] have reported Al3Ti, Al4C3, Ti2AlC, and TiAl phases in Al/TiC composite, which was 

fabricated by the XD process. This interfacial reaction product will causes disturbance in 

mechanical and thermal properties of composites. Extensive interfacial reaction cause detriments of 

composite. Therefore, in course of reaction synthesis, system must be carefully screen in order to 

obtain optimum mechanical properties &appropriate interfacial reaction 

Friction Stir process (FSP). A Thangarasu et al [13] used Friction stir processing (FSP) to 

fabrication of TiC particulate (~2 µ m) reinforced aluminum matrix composite (AMC) as shown in 

fig. 3. The TiC powders were compacted into a groove of 0.5 mm × 5.5 mm. A single pass FSP was 

carried out using HCHCr steel tool rotational speed of 1600 rpm, processing speed of 60 mm/min 

and axial force of 10 kN.Friction between the rotating tool and the work piece cause raise in local 

temperature till the material can plastically deformed. Though FSP has been basically advanced as a 

grain refinement technique, it is a very attractive process for also fabricating composites. 

 

                                                                          
Stircasting (SC). In stir casting process, powder form reinforcements are distributed into molten 

metal by the means of mechanical stirring process. Production of MMC’s using this process can be 

effect by process variables such asholding temperature, stirring speed, size of the impeller, and the 

position of the impeller in the melt which has impact on mechanical properties [14].S. 

GopalaKrishnan etal [15] used stir casting process to fabricated Al-TiC PMMC under argon 

atmosphere to prevent reaction of molten aluminium with an atmosphere during casting process.It is 

observed that wear loss in terms of volume were found to be very less when compared with 

composite manufacture in in-suit reaction process. Hence it may be conclude that stir casting 

technique is best and easy process for production of Al-TiCPMMC than any other methods. 

Powder metallurgy (P/M). Powder metallurgy is a highly evolved method for fabrication of 

compositeto very close dimensional tolerances,with minimum scrap and fewer secondary 

machining operations. Optimal TiC (sized and wt %) powder [16] and Al powder were mixed for a 

Fig.3 FS Process [13] 
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longer duration to achieve uniform distribution of TiC particle. The mixed powder was compacted 

at a pressure of 300-500Mpa with zinc stearate as a lubricant. This compacted product is sintered at 

500
o
C - 550

o
C with a socking time of 2-3hr under argon atmosphere and then subjected to furnace 

cooling. V SenthilKumar et al [17] & M Ali et al [18] has found that mechanical properties like 

hardness & strength increase with increase in % of TiC content in composite. Also results revels 

that with the increase in sinteringtemperature, the number of pores decreased and therate of grain 

growth apparently increased.However, this method requires alloy powders that are generally more 

expensive than bulk material, and involves complicated processes during the material fabrication. 

Thus, powder metallurgy may not be an ideal processing technique for mass production. 

Past Research on Secondary Manufacturing Process 

From the above studies it is understood they are various techniques for production of Al-TiC near to 

the net shape but in most engineering applications, the need for secondary manufacturing process 

cannot completely eliminated to get the desired dimensions accuracy and surface finish. 

Machining. In turning, lower percentage of TiC content gives better surface finish, feed is the 

significant factor which is effecting the surface rough followed by the interaction between feed rate 

and depth of cut, quadratic effect of feed rate and interaction effect of speed and depth of cut [19]. 

In shaping operation discontinuous chip are formed due to micro cracks propagation on chip 

thickness. This fracture through the chip thickness leads to reduction in reduces cutting force (CF). 

R N Rai et al  [20] observed that CF are less in Al-TiC PMMC than those of Al–TiAl3, Al–Si and 

pure Al as shown in fig 4. 

 

                               
 

Welding. Welding is a way to make high strength joints between two or more parts. R Garcia 

etal [21]did acomparative study of the MIG welding of AI/TiC composites using direct and indirect 

electric arc processes. He observed slight dissolution in DEA process and very little or no 

dissolution in IEA process. Based on micro structural and mechanical properties he concluded that 

IEA can be considered an alternative for solvingsome problems encountered in welding of 

MMCs.Infriction stirrer well (FSW), as the welding speed increased the ultimate tensile strength 

(UTS) values of taper square tool and square tool decreased as shown in fig 5. Hence it is recognize 

that the tool pin profile has maximum effect on tensile strength of friction stir welded joints 

followed by welding speed [22]. 

 

Fig.4 Cutting and thrust forces for different composite 

materials and alloys [20]. 
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Forming. It is well known that a metal takes a desired shape and size during forming 

byimproving the strength of the components, due to plastic deformation. SeksakAsavavisithchai et 

al[23] observed the composite foamshave higher strength and larger energyabsorption than the pure 

Al foam, for a givenstrain. The yield strength of the foams alsoincreases with increasing particle 

contents.RN Rai etal,[24] reported that forged and rolled specimens improves uniform distribution 

of the TiC particles, which are responsible for the enhancement of the tensile strength of the 

composite.This improvement in Mechanical properties are due to the fact that the cohesion of the 

clustered TiC particles gets weakened and particles are redistributed in the matrix.Size of the TiC 

clusters decreases continuously with the reduction in cross-section during rolling. In the case of 

forging, cluster size decreases with increase in forging load through damage/disintegration of TiC 

clusters. 

Future Direction of Research 

Al-TiC composite is a new class of MMC materials with distinct properties over the alloy materials. 

Literature review of open source emphasizes that there are only few reports exists in the area of 

machinability, welding & forming of composite materials particularly Al-TiC MMC. The 

complexity in secondary manufacturing process like poor machinability, formability &weldability 

(convention welding) has been the main deterrents to its application level. The existence of hard 

TiC particles in aluminium matrix influences rapid abrasive wear and high processing cost. Hence 

there is a need to understand the fundamentals of machining, forming and welding process. 

Following is a list summarizing the future research opportunities, Challenges and guidelines in the 

area of machining, welding, and forming of metal matrix composites. 

• Basic understanding of secondary manufacturing process on MMC 

• Investigation of machinability characteristics of Al-TiC MMC and the cutting tool 

performance during machining 

• Study the facture behavior and reinforcement distribution of TiC during welding &forming. 
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Fig. 5Effect of tool pin profile and welding 

speed on ultimate tensile strength (UTS) [22] 
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Abstract. The fabrication of micro or nano-structures on quartz substrate has attracted researchers' 

attention and interests in recent years due to a wide range of potential applications such as 

NEMS/MEMS, sensors and biomedical engineering. Various types of next generation lithographic 

methods have been explored since optical lithography physical limitations has hindered the 

fabrication of high aspects ratio (HAR) structure on quartz substrates. In this research, the top-down 

fabrication approach was employed to fabricate microstructures on quartz substrate using Electron 

Beam Lithography (EBL) system, followed by the pattern transfer process using Inductively 

Coupled Plasma-Reactive Ion Etching (ICP-RIE) technique. The factors that influenced pattern 

definition include the type of electron beam (e-beam) photoresist, e-beam exposure parameter such 

as spot size, working distance, write field, step size, e-beam current, dosage as well as the type of 

developer and its developing time. The optimum conditions were investigated in achieving micro or 

nano-structures. Field emission scanning electron microscopy (FESEM) with energy-dispersive X-

ray (EDX) and atomic force microscope (AFM) were utilized to characterize the structures profiles. 

Introduction 

Fabricating of micro/nano structures on quartz would open several new possibilities because of its 

superior properties in UV transmission, piezoelectricity, can bear high temperature and extremely 

hard. The structures have many applications such as X-ray diffractive optical elements, 

microfluidic, light trapping structures for solar cells, and micro/nano-electro-mechanical system 

(MEMS/NEMS) [1] especially in biomedical engineering, three-dimensional (3D) batteries as well 

as the interconnection of 3D integrated multiple circuit layers for integrated circuit (IC). However, 

the fabricating process of micro/nano structures on insulating material is still a challenging due to 

limited information available for quartz etching. Pseudo Bosch and Cryogenic processes that 

employed for deep silicon etches are not suitable for quartz [2].  

The major fabrication processes involved in this study are pattern definition on an imaging layer 

using EBL and pattern transferred onto a substrate by ICP-RIE. EBL system based on the scanning 

electron microscope is a powerful tool for fabricating fine micro/nanostructures pattern, capable of 

very high resolution and can work with variety of materials. There are two basic methods of pattern 

definition which are subtractive and additive. The additive pattern transfer method is the most 

suitable for a HAR fabrication because for etching hard materials such as quartz, it requires mask 

material that is highly resistant to plasma etch. While, ICP-RIE system can produce high density 

plasmas thus well suited to achieve directional and HAR structures. RIE with combination of 

inductively coupled plasma (ICP) employs magnetic fields to enhance the densities of the plasma 

bring the success on nanostructures creation. In an ICP process, the excitation is again a time-

varying RF source but is delivered inductively. For several applications, the use of RIE will remain 

the best option. However, for specific applications mainly where a HAR is required plasma at low 

pressures to create fined nanostructures. 
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Experimental Details 

The overall processes of fabricating structures as illustrated in Fig. 1. Quartz wafer was cleaned 

using Radio Corporation of America (RCA) cleaning method to remove organic contaminations 

from the wafer surface, any oxide layer that may build up and ionic or heavy metal contaminations 

[3]. In this work, the PMMA bi-layer photoresist was coated on the quartz surface which are 

PMMA 120K (2% in Chlorobenzene) followed by PMMA 996K (2% in Chlorobenzene). Both 

layers were spun coated at speed 4000 rpm for 45 s get the overall thickness about 180 nm were 

prebaked at a temperature 90 °C for 30 min for each layer. Conductive polymer, PEDOT/PSS was 

coated on top of the photoresist to suppress the surface changing effects during lithography. Raith-

150 ELPHY Quantum EBL based on the SEM system (JEOL JSM-6460LV) was employed to 

define the pattern. The EBL exposure parameters to define the pattern as listed in Table 1. The 

exposed PMMA layer was developed in MIBK:IPA 1:3 for 60 s at 23 °C. NiCr thin film was coated 

on developed pattern on quartz using a thermal evaporator to function as a mask during the etching 

process. Then, soaked the quartz in acetone to remove the remaining resists and unwanted metal 

layer. The pattern transfer process was carried out by a PlasmaLab 80 Plus of Oxford Instruments 

system using CHF3/Ar etchant gas with flow rate 50 sccm and 30 sccm, respectively. Table 1 show 

the etching parameter used to transfer the pattern on quartz, where the pressure used is 30 mTorr, 

RIE RF power 200 W and ICP RF power 20 W for duration 10 min. 

 
Fig. 1. The fabrication process using conductive polymer method on the quartz substrate. 

 

Table 1 Parameters of EBL to define pattern on PMMA and ICP-RIE etching process. 

Exposure Parameters Setting  ICP-RIE Parameters Setting 

Write fields 100 [µm]  Gases CHF3/Ar 

Voltage acceleration 30 [keV]  Gases flowrate 50/30 [sccm] 

Aperture 35 [µm]  Pressure 30 [mTorr] 

Beam current 60 [pA]  Temperature 293 [K] 

Line step size 10.7 [nm]  ICP/RIE RF power 20/200 [W] 

Line dosage 1000 [pAs/cm]  Etching rate 14 [nm/min] 

Result & Discussion 

The EBL exposure parameters, developing processes, metal deposited and parameter during etching 

are dependent on feature size of pattern design. Fig. 2 shows AFM image (a) finger pattern shape 

after developing process and etched pattern on quartz (b) L-shape (c) Line shape and (d) close up of 

line shape. The main issues during EBL pattern writing on an insulated substrate are surface 
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changing, electron scattering and proximity effect [4]. Reaction of electrons hit the substrate are 

more complex although e-beam lithography tools are capable of forming extremely fine probes. 

Forward scattering occurred when the electron penetrate the resist, which tend to broaden the initial 

beam diameter. While, the backscattering ensue when the electrons penetrate through the resist into 

the substrate. According to [5], the backscattered electron caused the proximity effect where the 

dose that a pattern feature receives is affected by electrons scattering from other feature nearby. The 

developed pattern was immense compare to the actual pattern design using GDSII through AFM 

profile measurements. The proximity effect place a limit on the minimum spacing between patterns 

features due to electron beam probe size where a different effect upon the development of exposed 

pattern.  

 
Fig. 2. AFM image (a) Finger pattern shape after developing process. Etch pattern on quartz  

(b) L-shape (c) Line shape and (d) close up of line shape. 

 

Fig. 2 shows the FESEM image of pattern after etching process (a) finger and L-shape (b) Line 

shape (c) and (d) close up image on finger pattern shape. As can be seen, there are should be square 

on the edge. Proximity corrections on design during EBL are required especially a complex pattern 

where the size and shape the pattern elements are distributed over a wide range. Modifying the 

square contact on pattern with additional geometry will improve imaging capability [6]. The 

average vertical sidewall structure, 140 nm are achieved after 10 minutes etching process. As 

expected, the ICP-RIE process gives higher etching rate compared to conventional etch process. 

Typically, the amount of the ion created will increase when the ICP power is increased. This will 

increase the chemical etch rate, both vertically and laterally, increase the milling etch rate, reduce 

the selectivity by milling the mask away faster, and reduce the effect of passivation by bombarding 

the sidewalls more due to the ion angular dispersion effect. However, the optimum condition such 

as the matching power of ICP and forward, temperature, pressure and etchant gases flow rate 

needed further research because it dependent on the features size of the pattern. 
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Fig. 3. FESEM image of pattern after etching process (a) Finger and L-shape (b) Line shape (c) and 

(d) Close up image on finger pattern shape. 

 

From present experiment of quartz etching process using CHF3 etchant, the etching chemistries 

were described as follows [7]: 

e- + CHF3→ CHF2
+
 + F*+ radicals e.g. CFx + 2e-                                                                     (1) 

SiO2+ xF*→ SiFx+ O2                                                                                                                 (2) 

CFxradicals +2O2 → CO+ CO2+ COF2                                                                                       (3) 

 

 
Fig. 4. EDX data of etched pattern.  

 

The free flourine radicals F
*

 are created by the RIE plasma from supplied CHF3 etchant gases 

(Eq. 1). The etching of quartz consumes the F atom to form  (Eq. 2). One of the radical created, 

CFx tend to deposit polymer films on all surfaces under certain condition, but while the oxygen 

liberated in the etching of quartz reacts with CFx radicals to form volatile CO, CO2 and COF2 (Eq. 

3). The EDX data taken as shown in Fig. 4 which from the finger shape after etching process shows 
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the presence of silicon, oxygen, nickel, chromium, carbon, fluorine. While in between the shape 

only silicon, oxygen and fluorine are presence.  

Conclusion 

This study of micro/nano structures fabrications is baseline knowledge to fabricate high aspect ratio 

structure and 3D structures on quartz in the future. There are so many factors affect the during 

pattern definition and pattern transfer processes. It was recommended reduce the scan area of 

exposure and beam current in order to reduce proximity effect during EBL process and achieve the 

fine shape. With capability of EBL and ICP-RIE will drive on the designing and fabricating more 

complex nanostructures. The optimum conditon for quartz micro and nano structures etching using 

an ICP-RIE system are needed further investigation since the setting parameter dependent on 

feature size of structures. 
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Abstract. Kelantan state, regarded as the cradle of Malay culture is not only known for her unique 

cultural heritage, but also a land blessed with both metallic and non-metallic minerals. These 

include enormous clay deposits discovered in six (6) districts with estimated total reserve of 29.4 

million tonnes of ball clay and 51.5 million tonnes of mottled clay. Hence, this paper investigates 

the physiochemical and mineralogical properties of the clay deposits. This was achieved by 

reviewing existing literatures and reports at the Mineral and Geoscience Department, Malaysia. The 

properties investigated were green and fired clay colour, plasticity, green strength, dry and fired 

shrinkage, porosity, chemical and mineral composition. The properties of the clay revealed that they 

have geographical IP potential; particularly, the predominantly off-white fired colour of the ball 

clay at temperature range of 900-1100
0
C can secure an identity for Kelantan ceramics in the local, 

national or international market. Based on these properties, the ball clay is applicable for table ware, 

earthenware and local tile production while the mottled clay has a potential use for vitrified clay 

pipe, local tile and brick production. 

Introduction 

Clay is a general term which includes combination of one or more clay mineral with traces of metal 

oxides or organic matter [1], [2]. These clay minerals are typically formed over long period of time 

by the gradual chemical weathering of rocks, usually silicate-bearing, by low concentrations of 

carbonic-acid and other diluted solvents. According to the U.S. Geological Survey [3], the term clay 

applies both to materials having a particle size of less than 2 micrometres (25,400 

micrometres=1inch) and to the family of minerals that has similar chemical compositions and 

common crystals structural characteristics [4]. Thus, clays may be composed of mixtures of finer 

grained clay minerals and clay-sized crystals of other minerals such as quartz, carbonate and metal 

oxides. 

Clay is one of the most common ceramic raw materials. It is used widely because it is found in 

great quantities naturally and it is easily formed. It is used in structural clay products (bricks, pipes, 

tiles) and whitewares (pottery, tableware, china, sanitary ware); making up the majority of the 

ceramic body and is primarily composed of hydrated aluminium silicates, Al2O3.SiO2.H2O. Most 

clay products also contain inexpensive filler, often quartz (SiO2), and a feldspar or flux 

(K2O.Al2O3.6SiO2 or Na2O.Al2O3.6SiO2), that forms a glass to bind ceramic particles during heat 

treatment [5]. 

Clay minerals are result of the erosion of the earth’s crust over spans of time; where the original 

mineral feldspar in igneous rocks and primarily granite, breaks down overtime and becomes the 

microscopically fine particle clay. The effects of erosion over enormous time cause igneous rocks to 

disintegrate and the feldspar content is altered to Kaolinite, which is the identifying substance in 

clay [6]. Clay deposits which remain at or near site of parent material (granite) are called residual or 

primary clays. Residual clays are grainy and lack the smoothness necessary for workability; thus, 

they are said to be non-plastic because they do not shape easily [6]. Those clays which have been 

transported by water wind, ice and deposited in locations distant from the source materials are 

called sedimentary or secondary clays [3]. According to [6], sedimentary clays are more plastic, and 
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the particles are smaller, more uniform, and more mixed with other materials. Under the 

microscope, clay particles resemble playing cards with flat, hexagonal and thin form. When wet, the 

particles can slip across each other; this ability gives a clay it workability, called plasticity. 

Clay Deposit in Kelantan and Their Properties 

There are ten (10) clay deposits discovered in Kelantan with an estimated reserve of 29.4 million 

tonnes of ball clay and 51.5 million tonnes of mottled clay. The deposits are found within 6 districts 

in Kelantan state. These include; Pasir Mas, Bachok, Kota Bharu, Tumpat, Pasir Puteh and 

Machang. The summary of the reserves are shown in Table 1; 

Table 1: The summary of the clay deposit in Kelantan 

 

The Potential of the Clay for Ceramic Production 

Clays are major raw materials used in ceramic and pottery industries; their potential use for ceramic 

production is determined based on the appropriateness of the clay properties. Thus, the potential use 

of clay deposit in Pasir Mas district of Kelantan State are analysed based on the clay properties 

which include colour, plasticity, strength, shrinkage, porosity and composition. The analytical result 

of the clay properties is presented in Table 2, along with six (6) commercial clays. 

Fired Colour: The mottled clay discovered at the four locations in Pasir Mas district are red in 

colour at green state, while the fired colour at 1100
0
C ranges from light-pink to reddish-brown. This 

is as a result of the high percentage of Fe2O3 present in the mottled clays [6], this property is similar 

to some of the clay used for vitrified clay pipe and bricks. Although the green state colour of the 

ball clays is mainly light-grey, however, six out of the ten deposits discovered have predominantly 

off-white colour at 1100 
0
C, while the colour of the other four deposits ranges from Light-pink to 

Off-white. This can be attributed to the low percent content of Fe2O3 present in the clay 

composition. When compared with six (6) commercial clay samples, it was noticed that at fired 

temperature of 1100 
0
C, only one sample shows off-white as fired colour. Thus, if these ball clays 

are effectively harnessed for ceramic/pottery production in Kelantan, the uncommon property (off-
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white) can serve as a geographical IP that can help to secure an identity for Kelantan ceramics both 

at local, national and international market. 

Table 2: Analytical results of some commercial clay and the clays from the potential areas 

 
 

Plasticity and Green Strength: The plasticity and strength test conducted on both the mottled and 

the ball clays shows that they have medium to good plasticity and medium to good green strength. 

The commercial ball clay samples in the market analysed by Zainol & Loh (1995a) also revealed 

medium to good in both plasticity and green strength. Thus, this similarities proves that the mottled 

and ball clays discovered are appropriate for ceramic production. 

Dry and Firing Shrinkage: The analytical result of the shrinkage test revealed that the mottled 

clay have percentage drying shrinkage range from 4.3-10.1% while drying shrinkage of the ball clay 

ranges from 3.6-8.3. Also, the fired shrinkage at 1100
0
C for the mottled clay ranges from 1.3-

13.6%, while ball clay ranges from 0.0-10.8% (Table 2). Similarly, the percentage shrinkage of six 

(6) commercial ball clay samples from the local market revealed dry shrinkage ranging from 3.7 to 

5.6 % and fired shrinkage range from 1.6 to 7.3% [8]. According to Lakeside Pottery (n.d.), the 

percentage shrinkage of good clay should not exceed 15%; since the clay deposits falls within this 

range, it can be concluded that the clays discovered have appropriate dry and fired shrinkage for 

ceramic production. 

Porosity: The percentage of water absorption of the mottled clay at 1100
0
C ranges from 11.7-

23.2% while the ball clay ranges from 10.5-25.6. Similarly, Zainol & Loh (1995b) collated the 

porosity values of six (6) commercial ball clay samples in the market which shows that their 

porosity at 1100
0
C ranges from 13.1 to 25.1%. This shows that the ten clay deposits discovered in 

Kelantan have appropriate porosity for ceramic production. 

Composition: The analytical result of the chemical composition of the mottled and ball clays reveal 

that the clays have high percentage of SiO2, followed by Al2O3 while Fe2O3 is the lowest percentage 
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content among the three chemical. However, mottled clays have higher percentage content of Fe2O3 

(range: 1.04-9.80%) than ball clay (range: 0.96-2.84%). This high Fe2O3 content in the mottled clay 

results in the absence of off-white colour when fired at 1100
0
C. The analytical result of the 

commercial clay use in bricks production also revealed a high percentage of Fe2O3 (6.81%). Thus, 

the mottled clay is seen to be most appropriate in brick or vitrified clay pipe production. 

Sustainable Clay Volume: According to Bristish Geological Survey (2011), the overall clay to 

waste ratios for ceramic industry are about 1 to 1.5. Thus, the clay consumption in ceramics 

industry can be calculated based on this ratio; for example, a ceramic product with an average 

weight of 0.5kg will be produced from 0.75kg (0.5kg × 1.5) of raw clay. 

Thus; a SMI that produces 10,000pieces of ceramic wares (with average weight of 500g each) 

per month will consume; 

  (10,000 × 0.5 × 1.5) kg = 7,500kg of raw clay per month 

In a year, it will be;   

(7,500 × 12) kg = 90,000kg = 90 Tonnes of raw clay per annum 

Therefore, if 50 cottage industries operate simultaneously in Kelantan, and each consumes 90 

Tonnes of ball clay per year; the total consumption will be 4500 Tonnes per annum. For the 

estimated total of 29.4 million tonnes of ball clay discovered in Kelantan to be exhausted; it will 

take:  (29,400,000 ÷ 4500) ≈ 6,533 years 

Hence, apart from the good properties of the clay, the volume of the clay deposit guarantees long 

term sustainability of ceramic industries in Kelantan. 

Conclusion 

With the enormous and yet untapped clay deposits discovered in six (6) districts in Kelantan state 

[12]; having estimated total reserve of 29.4 million metric tonnes of ball clay and 51.5 million 

tonnes of mottled clay; Kelantan is seen as a virgin land for ceramic industries, especially small and 

medium scale ceramic/pottery industries. This is not only because of the large volume of the deposit 

which guarantees sustainability; but also the good quality of the clay (mottled and ball clay); and 

the uncommon property of the ball clay, especially the predominantly off-white colour shown at 

900, 1000 & 1100 
0
C which is rarely found among other ball clay samples in the market [13]. This 

can help to establish a geographical IP which can play a significant role in enhancing and sustaining 

the heritage values of Kelantan ceramics, by securing identity for Kelantan ceramic wares, in the 

local, national or international market. 

The high product demand over the limited numbers of ceramics industries also proves that 

ceramic sector have multi-business potential that are yet to be fully explored. Thus, it is important 

to encourage more entrepreneurs to venture into this sector, focussing not only on decorative 

pottery wares but also on functional products such as ceramic table and kitchen wares, jewelleries, 

burnt brick and roof tiles etc (Table 3). These will not only help in job creation (source of income), 

but also play a significant role in sustaining the heritage values of Kelantan ceramics. 

Table 3: Summary of the clay deposits and their potential usage 

Clay Deposits 
Measured Reserved 

(Million metric tonnes) 
Potential Products 

PMm1 10.3 Burnt bricks, roof tiles, vitrified clay pipe 

PMb1 23.2 Table & kitchen wares, Floor & wall tiles,  

PMm2 1.8 Burnt bricks, roof tiles, vitrified clay pipe 

PMb2 3.9 Jewelleries, Sanitary wares, tiles 

PMm3 2.4 Red bricks, roof tiles, vitrified clay pipe 

PMb3 14.4 Porcelain wares, sanitary wares 

PMm4 4.6 Burnt bricks, roof tiles, culvert pipe 

PMb4 10.0 Floor and wall tiles, decorative pottery, Jewelleries 

PMb5 1.2 Decorative Pottery, table and kitchen wares 
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B/KB 0.9 Decorative pottery, tiles 

T 1.2 Decorative pottery, table and kitchen wares 

PP1 2.2 Decorative pottery, table and kitchen wares 

PP2 2.7 Decorative pottery, table and kitchen wares 

PP/M 2.1 Decorative pottery, table and kitchen wares, tiles 

 

Although, some of the lands where the clay deposits were discovered are privately owned land; 

however, larger percentage of the land are owned by the government [7]. Thus, the status of these 

areas can be converted to non-agricultural land; this will give room for its exploitation for ceramic 

production and thereby encouraging the growth of the industry in the state of Kelantan. 

References 

[1] S. Guggenheim and R. T. Martin, “Definition of clay and clay mineral: Journal report of the 

AIPEA nomenclature and CMS nomenclature committees,” Clays Clay Miner., vol. 43, no. 2, pp. 

255–256, 1995. 

[2] P. Justin and E. Daniel, Clay: Types, Properties and Uses. Nova publishers, 2011. 

[3] USGS, “Environmental Characteristics of Clays and Clay Mineral Deposits,” 1999. [Online]. 

Available: http://pubs.usgs.gov/info/clays/. [Accessed: 22-Jun-2013]. 

[4] B. Velde, “Composition and mineralogy of clay minerals, in Velde, B., ed., Origin and 

mineralogy of clays: New York,” Springer-Verlag, pp. 8–42, 1995. 

[5] “Traditional Ceramics,” UNSW. [Online]. Available: 

http://www.hsctut.materials.unsw.edu.au/Ceramics/ceramics7b.htm. [Accessed: 22-Jun-2013]. 

[6] GcCeramics, “Clay types, geological origins and working properties of clay.” [Online]. 

Available: https://sites.google.com/site/meeneecat/educational-materials/clay-types-geological-

origins-working-properties-gccceramics. [Accessed: 22-Jun-2013]. 

[7] A. S. Zainol and C. H. Loh, “Follow up study of ball clay in Kampung Bakong Kechik, Pasir 

Mas, Kelantan.,” 1995. 

[8] A. S. Zainol, C. H. Loh, and L. H. Teoh, “Follow up study of ball clay in Bukit Pak Junus, 

Pasir Mas, Kelantan.,” 1994. 

[9] Lakeside Pottery, “Clay, the drying and firing process.” [Online]. Available: 

http://lakesidepottery.com/HTML Text/Tips/Clay drying and firing process.htm. [Accessed: 05-

Feb-2014]. 

[10] A. S. Zainol and C. H. Loh, “Follow up study of ball clay in Kampung Cherang Hangus, Pasir 

Mas, Kelantan.,” 1995. 

[11] Bristish Geological Survey, “Mineral planning factsheet: Ball clay,” 2011. 

[12] MT-JGSC, “Geology of the Batu Melintang-Sungai Kolok transect area along the Malaysia – 

Thailand border.,” 2006. 

[13] I. Mohd Suhaili, A. Mohd Pauzi, C. H. Loh, and L. H. Teoh, “Ball Clay Reconnaissance Study, 

Kelantan,” 1993.  

78 Modern Technologies for Engineering, Applied Mechanics and Material
Science



CHAPTER 2:  

 

Applied Mechanics and its Applications in Civil 

Engineering 



 

Finite Element Prediction of Mechanical Behaviour under Bending of 
Honeycomb Sandwich Panels 

Kaoua Sid-Ali 1,a, Mesbah Amar 2, Boutaleb Salah 2, Azouaoui Krimo 2 

1Laboratoire des Sciences et Génie des Matériaux (LSGM), FGMGP, USTHB, Alger, Algeria 

2Laboratoire de Mécanique Avancée, FGMGP, USTHB, Alger, Algeria 

a sakaoua@gmail.com 

Keywords: sandwich composite, aluminum honeycomb, finite element modelling. 

Abstract. This paper outlines a finite element procedure for predicting the mechanical behaviour 

under bending of sandwich panels consisting of aluminium skins and aluminium honeycomb core. 

To achieve a rapid and accurate stress analysis, the sandwich panels have been modelled using shell 

elements for the skins and the core. Sandwich panels were modelled by a three-dimensional finite 

element model implemented in Abaqus/Standard. By this model the influence of the components on 

the behaviour of the sandwich panel under bending load was evaluated. Numerical characterization 

of the sandwich structure, is confronted to both experimental and homogenization technique results.  

Introduction 

Sandwich structures have long been recognized as one of the most weight-efficient plate or shell 

constructions for resisting bending loads. The aerospace industry, with its many bending stiffness 

dominated structures, and its need for low weight, has employed sandwich constructions using 

aluminum honeycomb cores extensively [1].  

The characterization of mechanical properties of sandwich structures poses special challenges 

due to their heterogeneity and considerable mismatch in properties between core and face sheet [2]. 

The need to an efficient numerical modeling for predicting the mechanical behavior of the sandwich 

structures is still an open area of research. Extensive work [3], has been carried out on the 

development of computational models for studying the response of sandwich panels and shells in an 

attempt to make their use more widespread. Nowadays, numerical simulations based on the finite 

element (FE) method have become a standard tool in the development process of the aircraft 

industry (from the material level over the component level up to the full aircraft).  

Analysis of load-deflection behavior of a composite sandwich beam in three-point bending was 

described by Gdoutos et al. [4]. They found that the effect of material nonlinearity on the deflection 

of the beam is more pronounced for shear-dominated core failures in the case of short span lengths. 

The authors thought that it is due to the nonlinear shear stress-strain behavior of the core. For long 

span lengths, the observed nonlinearity is small and is attributed to the combined effect of the 

facings nonlinear stress-strain behavior and the large deflections of the beam. 

Thereby, numerical models allow for efficient parameter studies or optimizations. In the present 

work, a numerical model is used to examine the behavior of sandwich panels made of aluminum 

skins with aluminum honeycomb core under four bend loading.  

Finite Element Model 

The finite element model used for the simulations of core structures honeycomb requires mesh 

generation for finite element structure, the allocation of behavior laws and the definition of 

boundary conditions and loading. The numerical model is based on the introduction of the 

geometric parameters of the unit cell of a honeycomb, the RVE size (length, width, height, or the 

number of unit cells), the size of the element and the type and boundary conditions. An elementary 

cell is generated from the geometric data and duplicated in the two directions of the plane 

depending on the size of the RVE. For the sandwich structure, the two skins are generated by the 

Advanced Materials Research Vol. 980 (2014) pp 81-85
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.980.81



 

upper and lower faces of the core, on which the loads are applied. The whole model is meshed with 

shell elements with 4-nodes depending on the size of the element, and the core and the skins are 

connected by nodes defining solider contact between these two bodies. Then the boundary 

conditions are applied to the skin of the sandwich structure.  

The analysis was performed by imposing known displacements or forces. The opposite side of 

the applied displacement is clamped and then the forces are obtained. The elastic moduli are 

obtained by measuring the slope of the linear stress-strain curve. Code Abaqus was used for the 

finite element calculation.  

For the four-point bending test, only a quarter of the panel was modeled due to the symmetry of 

the problem. A non-homogeneous three-dimensional mesh is used. The adopted mesh contains 

88,907 shell elements with 4-nodes reduced integration (S4R in Abaqus). 

Mechanical Behavior of Sandwich Panel 

In this section, we considerate the mechanical behavior of sandwich panel in function of some 

geometric parameters; such as: skin thickness, core expanding angle (θ), core wall thickness (t) and 

core edge length ratio (b/a). 

Figure 1. illustrates linear evolution of Young’s modulus according to x direction (Ex) in 

function of skin thickness. This explains the important effect of skins on in-plane properties. 

However, the expanding angle θ hasn’t a great effect on these properties. 

 

         

Fig.1 Influence of skin thickness and expandable angle on in-plane Young’s modulus (Ex) 

 

Similarly, honeycomb wall thickness has a moderate influence on the in-plane stiffness (Fig.2). 
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Fig.2 Influence of skin thickness and wall thickness on in-plane Young’s modulus (Ex) 

 

The mechanical behavior of panel sandwich is governed mainly by the skins properties. Figure 3. 

shows clearly this; the core edge ratio hasn’t any influence on Young’s modulus Ex of the sandwich. 

 

       

Fig.3 Influence of skin thickness and edge length ratio on in-plane Young’s modulus (Ex) 

 

In figure 4 below, we have plotted the in-plane Young’s modulus (Ex) for an aluminium plate 

(skin), a honeycomb core structure and a sandwich panel. It indicates that the skins improve the in-

plane properties of honeycomb structures. 
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Fig.4 Influence of skin thickness on in-plane Young’s modulus (Ex- comparison with those of the 

skins and core 
 

The virtual simulation of a four point bending test on a sandwich beam shows the deflection of 

the beam, and a zoom of the central part reveals a cell with the attached skins (Fig.5). 

 

 
 

 

Fig.5 Deflection of beam under four-point bending load 

 

A good agreement can be seen in figure 6, between experimental bending tests (Abbadi, [5]) and the 

present work based on finite element model. 
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Fig.6 Confrontation diagrammes charge-

déplacement under four-point bending 

(Experiment (Abbadi, 2009) and FE) 

 

Fig.7 Central deflection vs core wall 

thickness (four point bending) 
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The central deflection decreases with cell wall thickness of the honeycomb (Fig.7), which is 

completely justified. However, the central deflection exhibits growing values when skin thickness 

decreases. Figure 8 shows iso-values of the displacement at the cell level. 

 

       
 
 

Fig.8 Effect of wall thickness on displacement at the cell level (skin of 0.6mm) 

Conclusion 

This study shows that there is a good agreement between the mechanical properties of honeycomb 

sandwich structure with experimental results. Our numerical approach illustrates the linear 

evolution of Young’s modulus according to x direction (Ex) in function of skin thickness and the 

minimal effect of the expanding angle θ on these properties. Additionally, The central deflection, in 

the virtual simulation of a four point bending test on a sandwich beam, decreases with cell wall 

thickness of the honeycomb. However, the central deflection exhibits growing values when skin 

thickness decreases. 
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Abstract. This paper presents a study on the effect of alkali treatment of Oil Palm Kernel Shell 

(OPKS) on the mechanical properties ofpolyester composite. The dosage of NaOH in this study is 

limited to 5wt% concentration.The experiments on mechanical properties investigate the tensile 

strength, the flexural strength and theflextural modulus of untreated, cold alkali treated and hot 

alkali treated OPKS reinforced polyester composite. It is found that the alkali treatment improves 

the mechanical properties of the composite. However, the improvement due tothe hot alkali 

treatment is significant compared to the cold alkali treatment. The morphology of OPKS and the 

fracture surface of OPKS composites were investigated using scanning electron microscopy (SEM), 

showing a rough surface and good interfacial adhesion between OPKS as filler and polyester as a 

matrix. 

Introduction 

Industry in this era is movingtowards environmentally friendly products. The rapid development 

of technology in construction, automobile,aerospace, transportation and numerous applications has 

prompted the invention ofnew composite materials to meet the ever increasing demand of 

outstandingproperties to replace the conventional material. The conventional materials 

havelimitations to possess an excellent combination of mechanical properties such ashigh strength, 

high stiffness, and high toughness with low density[1, [2].Industrial wastes result negative impacts 

on our environment and health. The waste management issues, among others, include organic and 

agro-industrial waste, impacts of waste on surface and groundwater, treatment systems, waste 

disposal, agro-industrial waste management and recovery of the waste[3].  
 

  
Fig.1 Oil palm kernel shell (OPKS) as a biomass of Palm Oil industry 

 

Oil palm as the highest yielding edible oil crop in the world is cultivated in 42 countries in 11 

million hectares worldwide[4]. Malaysia and Indonesia produce around 80% of the total palm oil of 
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the world. Nearly 80% of the volume is removed as waste materials from the processing of the fresh 

fruit bunch[5]. OPKS which presented in Fig.1, is one of the wastes produced during palm oil 

processing. It is estimated that over 4.56 million tons of OPKS waste are produced annually[6]. It is 

clearly observed from Fig.1, that the OPKS has a significant surface roughness which has potential 

to use as filler in polymer composite. The aim of this study is to investigate the effect of alkali 

treatment of OPKS on mechanical properties of polyester composite.  

Physical Properties of OPKS 

The Textural characteristics and lignocellulose composition of OPKS arepresented in Table 1. 

These properties leadsome researchersto use OPKS as a lightweight aggregate in concrete.Due to 

the significant amount of porosity, BET surface area and lignocellulose composition,OPKS can be 

used in polymer composite materials as natural filler. 
 

Table 1 Physical properties and lignocellulose composition of OPKS 
Textural characteristics[7] Lignocellulose composition (%)[8] 

Solid Density 

(g cm
-3

) 

Total 

Porosity,ε(%) 

BET Surface area 

SBET (m
2
g

-1
) 

Cellulose Hemicellulose Lignin Extractives 

1.53 3.9 1.6 32.6 22.1 42.3 3.0 

Chemical Treatment 

The main limitation of natural fillers reinforced polymer composites is the poor compatibility 

between the hydrophobic polymer group in the matrix and the hydrophilic group in fiber or filler. 

Thus, the weak interface as a result of this poor compatibility inhibits the stress transfer at the 

interface between reinforcement and matrix in composite materials. Subsequently, these materials 

with natural fiber or filler have a drawback in mechanical strength[9].In order to overcome the 

above limitations and to improve the mechanical properties, surface treatments of natural filler are 

necessary. The Alkali treatment is a kind of chemical surface treatment, which is able to remove 

some amount of wax, oil and cementing substance such as hemicelluloses and lignin, leading to the 

growth of rough surface topography and breaking down of the composites fibre bundle into smaller 

and thinner fibres[10, [11]. The chemical reaction of the alkali treatment is shown in Equ. 1. 
 

                                                                         (1) 

Materials Preparation  

Material selection. The isophethalic unsaturated polyester (UP) resin was selected as matrix phase 

for the composite. Methyl ethyl ketone peroxide (MEKP) and Cobalt Naphthenate (technical grade, 

6%) were used as catalyst and promoter respectively. The OPKS material, obtained from Lambir 

Oil Palm Company in Sarawak, Malaysia, was grounded by ball mill. The flours were sieved and 

separated by shaker in the sizes less than 300 µm.  

Surface treatments. The alkali treatment in this study was conducted in cold and hot conditions. 

In cold condition theOPKS were immersed into 5 %wt concentrations ofNaOH at room temperature 

for 48 hours.In hot conditions, the OPKS were immersed in thesame concentration of NaOH at 

room temperature for 38 hours and then heated at 95 ºC for 10 hours.Thenthese samples were 

washed with distilled water to reduce pH value at 7.0. Finally the all samples were dried in an oven 

for 24 hours at 80 °C. 

Preparation of composite. The unsaturated polyester resin was placed in a beaker. TheCobalt 

Naphthenatewas added to the polyester resin as an accelerator by 0.01 phr (parts per hundred resin) 

and mixed until a uniform mixture achieved.All composite samples were prepared by using 5 wt% 

of OPKS. After achieving a uniform mixture, 1.5wt% of MEKPwas added to the mixture. The 

mixture was then castinto the molds to make samples according to ASTM D638 and ASTM D760 

Advanced Materials Research Vol. 980 87



for tensile and flexural test respectively. After curing the composites on the mold at room 

temperature, the samples were placed in an oven at 80ºC for 1hour for post curing. 

Test Method 

Mechanical properties. A universal testing machine was used to measure the tensile 

strength,flextural strength and flexural modulus. The tensile and flexural test were conducted 

according to ASTM D638 and ASTM D790 respectively andaverages of five specimens for each 

category werereported. 

SEM observation. The untreated, cold and hot treated of OPKS, the fractured surfaces of their 

composites were investigated by SEM. By means of this observation, it was possible to determine 

qualitatively the removing impurities from the OPKS particles and the adhesion degree between the 

reinforcement and the polymer matrix. 

Results and Discussion 

Mechanical properties. The tensile strength, flexural strength and flexural modulus of the GOPKS 

in untreated,cold alkali and hot alkali treated OPKS/polyester composite are presented in Fig.2. To 

investigate the effects of alkali treatment, three types of composite were prepared. In these studythe 

pure polyester usedas a benchmark. It can be seen from Fig.2that the tensile strength and flexural 

strength of the composites increasedbythe alkali treatment.By cold alkali treatment, the tensile 

strength increased from 24MPa to 28MPa compared to untreated composite samples. The flexural 

strength of untreated composite samples increasedfrom 54MPa to 55MPa. Although the mechanical 

properties of composite improved by cold alkali treatment method; however,these mechanical 

propertiesare still slightly lower compared to the value of pure resin.By increasing the temperature 

of alkali treatment, there were significantimprovementin the tensile strength and flexural strength 

(26% and 28% respectively),whichexceededthe value ofpure resin. 
 

 
Fig.2 The mechanical properties of OPKS composite 

The flexural Young’s modulus of the composite also improved by means of alkali treatment. The 

Young’s modulus of the cold alkali treated sample was obtained 3906MPa which is 16 %, higher 

than untreated sample. The hot alkali treated sample showed the highest Young’s modulus value. 

The Young’s modulus of the hot alkali treated composite increased 1.45 times compared to the 

untreated composite and 1.25 times compared to the cold alkali composite.  

SEM observation. The SEM micrographs of the untreated,cold alkali and hot alkali 

treatedOPKS filler arepresented in Fig.3. It can be observed from Fig.3(a) that the surface of the 

untreated OPKS covered with some impurities and there is no evidence or trace of surface 

roughness on the surface of the OPKS. The cold alkali treated OPKS is presented in Fig.3(b). It can 

be seenfrom Fig. 3(b) that the treated OPKS has lots of holes and surface roughness which havea 

potential for matrix bonding.However, the significant amount of surface roughness can be seen 
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inFig.3(c), which indicates that hot alkali treatment removed most of impurities from the surface of 

OPKS. 

 

   
Fig.3. SEM images of (a) Untreated OPKS and (b) Cold alkali treated (c) Hot alkali treated 

 

The SEM micrographs of the fracture surface of OPKS composites are presented inFig.4. The 

Fig.4(a) shows the fracture surface of the untreated OPKS/polyester composite without any bonding 

between filler and matrix due to the impurities on the filler surface. SEM micrograph of cold alkali 

treated OPKS/polyester composite is presented in Fig.4(b). It can be seen from Fig.4(b) that there is 

weak bonding between filler and matrix. Theweak bondingbetweenthe filler and the matrix is due to 

thesmall amount of impurities still remaining on the surface of the filler. 

 

  

Fig.4. The SEM images of (a) untreated OPKS/polyester composite, (b) Cold Alkali 

treated OPKS/polyester composite, (c) Hot Alkali treated OPKS/polyester 

 

The SEM micrographs of the fracture surface of hot alkali treated composites are presented 

Fig.4(c). It is clearly indicated that hot alkali treatment ensured the best adhesion between OPKS 

particles and polyester matrix due to theremoval of all impurities and increased the surface 

roughness. In addition, the significantimprovement in mechanical properties in hot alkali compared 

to the cold alkali is due to the better efficiency of alkali reaction which presented in Equ. 1. In hot 

alkali condition, probably more Na
+
ion could be replaced instead of OH group compared to the cold 

alkali condition. As a result, better adhesion occurred between the polymer and filler and the good 

adhesion leads to a significant improvement in the mechanical properties. 

Conclusion 

The followingobservations and conclusions can be made on the basis of thecurrent experimental 

results: 

• Themechanicalproperties of OPKS/polyester composite with hot alkali treatment samples 

yielded higher compared to other samples.   

• According to the SEM micrograph the quality of cleaning processes of hot alkali treatment 

was more effective than cold alkali treatment.  
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• The interfacial bonding between OPKS particles and polyester matrix by hot alkali was 

better than the cold alkali and the cold alkali were better than untreated samples. As a result, 

hot alkali treated sampleyielded better mechanical properties in composite. 
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Abstract. In the recent years there has been an intensification of policies on sustainable construction 

materials in the construction industry. This environmental policy has brought about development of 

various sustainable materials in which Petrovege blocks is one of the outstanding products. This paper 

investigates the effect of curing age on the compressive strength of the product.  Block samples were 

prepared by adding 8%, 9%, 10%, 11%, 12%, and 13% liquid content of the mixture of vegetable oil 

and crude oil sludge as a binder after the optimum liquid content has been established. The specimens 

were cured at different period of time of 48hrs, 72hrs, 96hrs, and 120hrs. Mechanical properties of the 

products were evaluated.  Compressive strength of Petrovege samples varies from 5.31 N/mm
2
 to 

18.88 N/mm
2 

indicating that the compressive strength increases with increase in curing age, while 

decrease in porosity leads to increased compressive strength for the stipulated curing ages.  All 

samples satisfied the minimum requirements in terms of compressive strength, in accordance with all 

available standards. 

Introduction 

Waste generation both from industrialization and urbanization are creating an environmental 

concern [1, 2]. In recent years researchers have been focusing attention on ways to reuse, and recycle 

waste to enhance a sustainable environment. Some of the waste that are have been used in 

construction industry for the production of building materials includes red mud, fly ash [3, 4], blast 

furnace slag, industry steel dust [5, 6], and several sewage sludge [7, 8, 9]. Intensive investigations 

have been done towards encapsulation of sludge toxic metals using wide variety of materials, 

involving cement, polymers [10, 11]. As a result, researchers and engineers have developed a 

sustainable alternative construction material [12], which leads to the production of petrovege block. 

Petrovege block is a building block manufactured using crude oil sludge with oxidized vegetable 

oil as binder. This product has helped to reduce the environmental concern of petroleum sludge and 

also the greater cost involved in its removal and disposal. The good compressive strength of the 

product has made it inevitably useful in the construction industry. 

Building Blocks generally are manufactured from the mixture of cement, sand and water and in 

special cases with admixture, molded into different sizes. Block can be manufactured in different 

sizes and shapes in accordance with available standards and design desired. In solid state, block 

demonstrates a high compressive stress and this strength increase with density.  

Abdullahi[13] discovered that  the quality of sandcrete blocks depend on some major factors which 

include but not limited to methods of production and the properties of the materials used. Uzoamaka 

[14] investigate the compressive strength of sandcrete blocks and found that it increases with 

decreasing specific surface of sand and that curing of block by water sprinkling enhances their 

strength. 

Afolayan[15] carried out a full investigation on the compressive strength of sandcrete blocks 

produced by different block industries in Ondo State, Nigeria; the results indicates lower values of 

compressive strength compared to recommended values in available Codes and Standards. They also 

recorded high coefficient of variation in the block samples which shows poor quality control in the 
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production processes. Wenapere [16] discovered that the compressive strength of sandcrete blocks 

increased with age of curing for all mixes tested at the water-cement ratio of 0.5. The strength at ages 

7, 14, and 21 days were 43%, 75%, and 92% of the 28-day strength respectively.  

Dhir, [17] in his study discovered that the compressive strength of sandcrete blocks depend on 

some factors which are; mix proportion, quality of material, method of production and curing age, 

duration of time, and curing temperature. 

The objective of this study is to evaluate the effect of curing age on the compressive strength of 

Petrovege block in order to establish the optimum curing age for the optimum compressive strength. 

The impact of binder content percentages and porosity on the compressive strength was also 

determined. 

Materials and Methods 

Materials. The crude oil sludge used was collected from PETRONAS Refinery at Melaka, Malaysia. 

The used vegetable oil is one that is available in Malaysia market. Two types of sand used were both 

river sand collected from Perak state, Malaysia, the size distribution of the sands were determined in 

accordance with ASTM C 136-96 and the specific gravity of the sands were also determined using 

helium ultrapycnometer.  The summary of the sand characterization is shown in Table 1. 
 

 Table 1: Characterization of sand 
 

BS SIEVE SIZE  (mm) SAND 1 SAND 2 

3.35 97.5 91.9 

2 91.5 81.2 

1.18 79.7 66.6 

0.6 53.3 47.6 

0.425 37.2 36.6 

0.3 18.7 21.8 

0.212 11.7 8.70 

0.15 0.00 0.00 

Density 2.65 2.67 

 

Specimen Preparation. 600g of sand was weighed, 300g from each of the sand type and mixed 

properly together. The binder which is of a mixture of petroleum sludge and vegetable oil was 

prepared well to obtain a homogeneous 1:1 mixture. The binder content used was 8%, 9%, 10%, 11%, 

12%, and 13 %. After thorough mixing, the freshly prepared mixes were placed in cylindrical moulds 

of 50mm × 100mm in size and compacted with 75 blows in Marshall compacting machine in 

accordance with BS598 standard. The samples were cured in an oven at temperature of 160°C for 48, 

72, 96, and 120 hours.  

Testing methods. The mechanical properties of the petrovege blocks samples were determined in 

triplicate after curing. The testing methods employed were; measurement of the samples mass and 

bulk density, determination of compressive strength, density and porosity.  

Results and Discussions 

Sand characterization. The result of the particle size distribution done on the sands used is shown in 

Figure 1. The particle –size distribution curve shows not only the range of particle sizes present in the 

sand but also the type of distribution of various size particles. It can be deduced from the graph that 

the particle –size distribution represents a type of sand in which the particles are distributed over a 

wide range. It could be observed from the grading curves that the coefficient of uniformity (Cu) and 

coefficient of curvature (Cc) for the aggregates are 7.3 and 1.1 respectively. Since the Cu is greater 
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than 6 and the Cc is within 1-3 value, the sand can be said to be well graded [18]. The specific gravity 

of the sand is 2.66. 

 

 
 

Figure1: Particle size distribution of sand. 

 

Compressive strength. Compressive strength is the most common performance measure used by 

engineer to design building structures [19]. The compressive strength was measured by breaking 

cylindrical samples with a diameter of 100 mm and height of 50 mm in a compression- testing 

machine. The set necessary for one test was formed by three cylinders from every type of mixes. Only 

intact and unbroken bodies of the prescribed shape were used in the test.  

The results of the test were an arithmetic average of the detected values on a set of three test 

cylinders from every type of mixes. The calculated value of the compression strength is indicated with 

an accuracy of 0.01 MPa. The results indicate that the optimum compressive strength of the samples is 

attained at 96 hours curing, where the maximum recorded is 18.88 N/mm². The compressive strength 

with the curing age is summarized in Table 2. 

 

Table 2: Compressive strength and curing age 
BINDER 

CONTENT 

(%) 

COMPRESSIVE 

STRENGTH AT 48hr 

(N/mm²) 

COMPRESSIVE 

STRENGTH AT 72hr 

(N/mm²) 

COMPRESSIVE 

STRENGTH AT  96hr 

(N/mm²) 

COMPRESSIVE 

STRENGTH AT 120hr 

(N/mm²) 

8 7.919 9.484 12.222 9.777 

9 7.002 9.421 12.871 9.230 

10 7.320 10.388 12.171 16.919 

11 7.588 13.113 16.397 16.104 

12 5.309 9.115 16.372 17.581 

13 5.665 12.018 18.880 18.523 

 

It can also be deduced from the results that the compressive strength increases with increase in the 

binder content as seen in the figure 2, where sample at 96 hour curing exhibit the highest compressive 

strength with 13% binder content.  
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Figure 2: Compressive strength and binder content                     

 

Porosity. Porosity is the ratio of pore space and total volume of a material. It is an important factor 

that determines the movement rate of constituents from a material to the water phase and the 

environment [20]. High porosity in a material means transport of water is easier in it due to the pores, 

which always lead to higher release of contaminants from the material if any. The results from the 

samples show that the porosity decreases with increase in the binder content as indicated in  Figure 3, 

this indicates that the binder content thus affect the porosity, it makes the aggregates binds more as it 

increases in content. Results also show that the compressive strength increases with the decrease in 

porosity as shown in Figure 4; the curing age does not have any significant effect on the porosity. It 

can be deduced from the Figure 4, that a well cured samples exhibit high compressive strength when 

the porosity is low and the compressive strength decreases as the porosity increases.  

 

    
 

Figure 3: Porosity and binder content  
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Figure 4: Compressive strength versus Porosity 

Conclusion 

Based on the results from this study the following conclusions have been drawn: 

 The compressive strength increased with increase in curing age; 

  The optimum compressive strength of Petrovege block can be obtained at 96 hours curing age 

with 13% binder content; 

  Compressive strength of Petrovege blocks increased with increase in binder content at curing 

age of 96 hours and above; 

  Improper curing of Petrovege block could lead to undesirable effects such as reduced 

strength, increased porosity, increased shrinkage and internal cracking of the product. 

However well cured Petroblocks will have a good compressive strength, reduced porosity, 

cracking and increase durability property. 
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Abstract. This paper evaluates the effects of yawing misalignment contact on the tooth root bending 

stress values of spur gear pair during the gear meshing cycle. A model basedon involute 

3DparametricCAD geometry, of spur gear design ISO 6336:2006 is analyzed with worst loading 

position when yawing misalignment (Y) exist due to assembly error (AE) between 0.2
0
 to 0.4

0
 in 

degree scale values. Finite-element method (FEM)with dynamics module from ANSYS is used in 

order to calculate the tooth root bending stress (TRBS)at the critical region with respect to face width 

of pinion and gear section. A comparison is made between standard high point single tooth 

contactmodels (HPSTC) to this model as verification. Further analysis showeda good agreement that 

these methodologies are adequate in order to conduct a real time dynamics simulation to define the 

value of TRBS in Y condition due to AE. Yawingmisalignment influence factor (YMIF) was 

introduced as an indication of TRBS values in consideration of Y due to AEshows a higher result for 

pinion, give a good justification that the pinion is weaker compared to the gear in Y condition. 

Introduction 

Mechanical design practicethat involved with rotating part such as a pinion-gear needs a lot of 

intentions due to its complicated art of motion. The meshing assembly in between pinion and gearis a 

very complex task procedure for an engineer in order to get the full efficiencies of loading transferred 

as a theory state happened in line of action (LOA). For instance, if it is mesh too tight, the assembly 

will behave on certain characteristics, but if it is too loose, then other function will be happened. 

Thus,engineer tense to give allowance or called as backlash allowable tolerance in order to ensure 

that the pinion-gear meshing contact in a smooth correct manner. These nuances sometimes are over 

really conservative, makes it possible leads to “bad assemblies” or called as assemble 

errors(AE).These errors will impactthe Tooth root bending stress (TRBS) value and distribution 

along the important plane at 30
0
 angles for each section tooth. The cyclic loading behavior with 

vibrations, furthermore, will leads bending fatigue failure happened thus, reduce the service life of the 

gears. 

Misalignment in gear meshing contact is described as a small deviation or error in a pinion-gear 

assembly as theoretical LOA to the actually happened [1].Yawing misalignment (Y) denotes as the 

twisting of the pinion or gearsin its nominal position due to backlash tolerance given happened from 

assembly errors (AE) when a pinion is mesh to the gears. This position is described based on the 

coordinate system such as Fig. 1 in between contact of the pinion-gear as suggested by [2]. 

In many years of perspectives review in gear design, the effect of misalignments due to AEis found 

discussed in early 70`s. Experiment was conducted by Timmers [3] in order to correlate the effect of 

AE to TRBS. Their result showed that misalignments weakened the structure and reduce efficiencies 

of the gear tooth contact and bending strength.Recent advances in computerization make 

finite-element method (FEM) become a trend to solve the problem related to the gearing. This had 

leads to the development of a more reliable model in optimization of gearing system. Started late 

1980s, Townsendetal.[4]describe a new approach to calculate maximum TRBS with FEM. Their use 
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single model teeth with asymmetry load allowed calculation of stress distribution in the adjacent 

teeth. Krambergeretal.[5] applied boundary element method (BEM) analyzing the maximum TRBS 

of thin-rim spur gear. Shun Li [6] continue the research with quasi-static using a load sharing ratio 

(LSR)method with tooth modifications. Though, there are many research continues comes out in this 

recent decade with TRBS as the main subject[7] so far, an effective detail of Y due to AE is still 

considered sparse in shadowed. 

Thus, this paper determines to focus on this problem in detail with a significant FEM methodology 

using ANSYS tool. A full model of involutes 3D parametric CAD geometry, based on mathematical 

standard formulation of ISO 6336:2006 spur gear design is develop to analyze Y with worst condition 

of allowable AE values from 0.2
0
 to 0.4

0
. The result is then compared with static high point single 

tooth contact (HPSTC) model from [8] with no Y. Yawingmisalignment influence factor (YMIF) is 

introduced as an indication of TRBS in Y condition due to AE. 

 

 
 

Finite Element Model 

The physical FEM model is obtained from involutes parametric 3D CAD geometry of spur gear 

design based on Autodesk Inventor gear generator standard ISO 6336:2006with basic parameter 

describesas Table 1. It consists of one pinion and one gear in full teeth with material SCM415 [6]. The 

pinion was subjected to an angular velocity ω = 1 rad/s counter clockwise. A torque T=10 Nm is 

applied to the gearin order to simulate the dynamics load. The displacement of node changes over 

time during the analysis, which can be described as: 

 

{q} = q (x, y, z, t)                                                                   (1) 

 

Where, q is the displacement of a node, x, y, z are three coordinates respectively, t is time. For the 

whole analysis model, elements are under the status of force equilibrium and the displacement of 

every node is also in equilibrium. When the gear pair is under external load, based on the principle of 

force equilibrium the relationship between the displacement node and external dynamics load can be 

expressed as: 

 

[K]{q} =Fi(t)                                                                     (2) 

 

Where, {q} is the displacement node, [K] is a total stiffness matrix of the element, which was the 

set of blocking stiffness matrix of elements mesh generated from the model. Fi(t) is the matrix of 

external dynamics load history as function of time. 

Both pinion-gears are meshed with symmetrical FEM mapped element as Fig. 2 with 192 part 

bodies. Joint revolute UZ is applied as constraint on the hollow region for both pinion-gears. Contact 

element augmented langrage model [9] is use with refine mesh 0.1 mm in between 3 teeth of the 

model. At first, the model is arranged in perfectly aligned order where TRBS is allowed. Then, AE 

Fig. 1: Illustration of pinion gear meshing in yawing misalignment contact (Y) 
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value in yawing axis between 0
0
, 0.2

0
, 0.3

0
 and 0.4

0
 gradually applied as Y simulation. APDL 

mechanical module in ANSYS is use in order to calculate the value of stress for each node and 

element. TRBS is then plotted at the critical region [8]. 

 

Table 1: Gear Model parameters 

Parameter Symbol Unit Pinion Gear 

Geometry 

Normal Module m mm 5 

Normal Pressure Angle αn degree 20
0
 

Number of Teeth z  27 27 

Center Distance ax 
mm 

135 

Face width b 12 

Load 

Torque  T Nm 10 

Speed N rad/s 1 

MaterialSCM415 

Modulus of Elasticity  E GPa 206 

Poisson's Ratio  µ  0.300 

Density ρ kg/m
3
 7830 

 

According to Haiba et.al[10] stress of the dynamic mechanical systemcan be estimated by 

separated time step using quasi-static stress analysis approach, which: 

 

����� � ∑ ���	����


��� , ����� � ∑ ���	����



��� ,		����� � ∑ ���	����



���                     (3) 

 

������� � ∑ �����	����																																																																												


��� (4) 

 

Where n is the number of applied load histories and������, ������,������, �������� are the stress 

due to a unit load in a function of time. TRBS is then calculated based on von-misses yield criteria��� 

for each specific nodal in normal direction for each load history time Fi(t).It is meant that the analysis 

is based on certain real time dynamics moment, in this case, is the highest TRBS only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Element mapping and meshing 

of FEM model 

Fig.3: Contour ISO line result of ���contact and 

TRBS value when AE= 0.4
0
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Results and Discussion 

TRBS calculations of Y with effect of AE are performed in dynamics condition with 1rad/s speed of 

the pinion to the 10 Nm load for the gear. Equivalent Von-misses stress criteria are plotted at critical 

root region as Fig. 3for each node and element across the face width of the pinion-gears. From Fig. 4 

and 5, it is clearly shown that when AE = 0, value of TRBS is much lower compared with static 

HPSTC model. When value Y gradually increased between 0.2
0
 to 0.4

0
as Fig.4, the stress becomes 

greater with a skewed pattern between one sides of misalignment contact to the other side of the face 

width of the pinion tooth.In Fig. 5, a similar pattern of TRBS was plotted for the gear, the only 

different is the value of the stress plotted, which was little bit lowerfor gear. As Fig. 6 and 7, YMIF 

for pinion-gear was introduced as an indication of the effect Y from AE on TRBS. It is calculated by 

dividing the maximum value of TRBS when AE existed to the value when the pinion-gear mesh in 

perfect contact or AE = 0. Relationship between these factors found that the YMIF value is the 

highest 3.68 when AE = 0.4
0
 for pinion and 3.54 for the gear. The graph of maximum TRBS to YMIF 

factor showed a similar pattern between each other's values can be described as a good justification as 

a result from [7] that the pinion is weaker compared to the gear, thus the factor should be more in 

terms of value. 

 

  

Fig 4: TRBS across critical region for the pinion 
 

Fig. 5: TRBS across critical region for the gear 

  

Fig. 6: Maximum TRBS to (Y) with YMIF value 

for pinion 
 

Fig. 7: Maximum TRBS to (Y) with YMIF value 

for gear 

Conclusion 

In this paper, FEM model based analysis was conducted to evaluate the effect of yawing 

misalignment contact (Y), due to assembly error (AE),on the tooth root bending stress (TRBS)values 

of spur gear pair during gear meshing cycle. Major contribution in this paper can be summarized as: 
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1. The propose FEM model and methodology are adequate in order to conduct a real time dynamics 

simulation to define the value of TRBS in Y condition due to AE. 

2. YMIF influence factor of Ycondition on TRBS shows the stress valueof the pinion is higher 

compared to the stress values of gear. Thesegave a justification that the pinion is weaker compared 

to the gear in yawing misalignment condition. 
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Abstract. Twist Morphing (TM) wing is one of biomimetic MAV design that highly depends on 

morphing force actuation. Despite of vital morphing force influenced, the effect of morphing force 

variation on the aerodynamic performances of TM wing was not fully comprehended due to high 

complexity of fluid-structure interaction (FSI) behaviour. To elucidate the effect of morphing force 

influence, a series of TM wing with different morphing force intensity was used here to elucidate the 

effect of morphing force on �� , ��  and ��  distribution. Fully coupled Ansys-FSI method was 

employed in this study. ��  and ��  results showed that TM wing with higher morphing force 

configuration had induced better static stability and higher �� distribution. However, TM wing also 

promoted earlier AOAstall incidence and higher �� penalty than the baseline wings. These situations 

turn out to be greater in the TM wing cases with higher morphing force configurations. 

Introduction 

Twist Morphing (TM) wing is one of biomimetic MAV design that has been extensively studied to 

improve fixed MAV wing performances [1–3]. TM wing executed through morphing force actuation 

to perform the twist motion on the wing. which in turn induced benevolent aerodynamic behaviour 

over the MAV wing [1]. Despite of vital morphing force influenced, the effect of morphing force 

variation on the aerodynamic performances of TM wing was not fully comprehended [1,3]. This is 

probably due to high complexity of fluid-structure interaction (FSI) behaviour between the wing 

structural and flow surrounding the MAV wing. Thus, this paper demonstrated the effect morphing 

force intensity on the aerodynamic performance of TM wing. A series of morphing force intensity 

was imposed on the TM wing to create a distinction and further elucidated its effect on TM wing 

performances. Ansys-FSI numerical method was fully applied here to alleviate the complexity of FSI 

study on TM wing.    

TM Wing Model  

TM wing is modeled based on previous research shown in the reference [1]. The details of each TM 

wing configuration considered in current works are given in Table 1. Each TM wing configuration 

was named accordingly to its morphing force intensity: TM 5N, TM 3N and TM 1N wing. The 

following coordinate system adopted for each TM wing models: x is chordwise direction, z is 

spanwise direction, and y is normal to the wing, origin located at the outermost wing leading edge 

point. The thickness for all wings models (including the membrane skins) is set at 1.0 mm. 

To simplify the FSI modelling, the fuselage, propeller and stabilizers (horizontal and vertical) 

components are intentionally removed. Technically, the objective function of morphing force is to 

alter the wing twist characteristics on each TM wing. The physical structure and basic kinematic 

principle of a TM wing morphing mechanism is illustrated in Figure 1. The morphing force applied at 
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morphing point located 90mm from the leading edge and directed towards inward-wing at 45° angle 

from the XZ plane. In order to elucidate TM wing performances, the unmorph TM wing setup was 

also included in the wing analysis as the baseline wing configuration. 

 

Table 1 The basic configuration for TM 5N, TM 3N, TM 1N and baseline wings. 

 TM 5N 

 

TM 3N TM 1N Baseline wing 

 

Wingspan, b  150mm 150mm 150mm 150mm 

Root chord, c  150mm 150mm 150mm 150mm 

Aspect ratio, A 1.25 1.25 1.25 1.25 

Maximum camber at 

the root  

6.7% of c 

(at x/c =0.3) 

6.7% of c 

(at x/c =0.3) 

6.7% of c 

(at x/c =0.3) 

6.7% of c 

(at x/c =0.3) 

Maximum reflex at 

the root 

1.4% of c 

(at x/c = 0.86) 

1.4% of c 

(at x/c = 0.86) 

1.4% of c 

(at x/c = 0.86) 

1.4% of c 

(at x/c = 0.86) 

Geometric twist , ε 
13.0

°
 8.6

°
 3.2

°
 0.6

°
 

 Force component  F=5N F=3N F=1N F=0N 

Approximate 

membrane skin 

location 

0.34≤ x/c ≤ 0.9 

0.10≤2z/b≤0.83 

 

0.34≤ x/c ≤ 0.9 

0.10≤2z/b≤ 0.83 

 

0.34≤ x/c ≤ 0.9 

0.10≤2z/b≤ 0.83 

 

0.34≤ x/c ≤ 0.9 

0.10≤2z/b≤ 0.83 

 

 
Figure 1 Basic kinematic principle behind TM wing actuation. 

 

Polymethyl methacrylate (also known as Perspex) and silicone rubber is adopted as the material for 

the wing skeleton and membrane skin, respectively. Perspex and silicone rubber material material is 

chosen due to its feasibility in actual model development through rapidprototyping process. The 

material properties of Perspex and silicone rubber are listed in Table 2.  

 

Table 2 Properties of Perspex and Silicone rubber 

Material Name 

 

Density 

(kg/m
3
) 

Young 

Modulus  

(Pa) 

Poisson`s 

Ratio 

Bulk 

Modulus 

(Pa) 

Shear  

Modulus 

(Pa) 

Tensile 

Yield 

Strength  

(Pa) 

Perspex (Polymethyl 

methacrylate) 

1190 2.8x10
9 

0.46 1.667x10
10 

9.589x10
8 

70x10
6
 

Silicone Rubber 1290 6.5x10
6 

0.48 5.416x10
7 

2.1959x10
6 

2.5x10
6 
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Ansys-FSI Computational Method 

Ansys-FSI method consist of fully coupled computational fluid dynamic (CFD) and computational 

structural solver (CSD).  The CFD problems over TM wings were solved based on steady and 

incompressible turbulent flow in Ansys-CFX solver. Here, the Reynolds Average Navier-Stokes 

(RANS) equations coupled with SST k-ω turbulent model is fully utilized in the in Ansys-CFX solver 

solver[4]. The CFD analysis over TM wings was set at speed of 15m/s with angle of attack (AOA) 

range between -5
°
 to 30

°
( with 2

°
 interval). The automatic wall function is fully employed to solve the 

flow viscous effect. The CFD study was highly focused on ��, �� and �� distributions on TM wings. 

The CSD problems on TM wings were solved based on quasi-static structural deformations in 

Ansys-Mechanical solver. Arbitrary Lagrangian-Eulerian (ALE) description is employed in 

Ansys-FSI computation through the satisfaction of boundary velocity or displacement continuity at 

fluid and solid boundaries. The details of Ansys-FSI computation and boundary conditions setups for 

CFD and CSD solver is found in the references [1,5]. Fully coupled FSI simulation method is 

summarized in Fig 1. 

 

Figure 2 Fully coupled FSI simulation method 

Results and Analysis 

Lift Coefficient (�� ). C�	distributions for all TM wings are depicted in Figure 3. The results 

apparently showed that the lift curve for each TM wing (and baseline wing) was almost linearly 

increased with AOA changes until the stall angle (AOAstall). Each TM wings had produced better lift 

distribution than the baseline wings. In fact, for a given AOA case at pre-stall angle (<AOAstall), TM 

wing with higher morphing force magnitude had produced higher �� distribution. Eq. 1 summarized 

the �� distribution found on current TM wings. 
 

�� distribution on TM wings:  TM 5N > TM 3N > TM 1N > Baseline 
 

(1) 

The C�	results also showed that TM 5N wing had experienced the earliest stall condition at 

AOAstall ≈16°. This is followed by TM 3N and TM 1N wing at AOAstall ≈ 19° and 21°, respectively. 

The membrane wing stalled at AOAstall ≈22°. From these results, one can presume that TM wings 

promoted earlier AOAstall incidence than the baseline wings. In fact, TM wing with higher morphing 

force configuration promotes earlier AOAstall incidence on TM wings.  

Drag Coefficient (��). The ��	results (Figure 4) showed that TM 5N wing had produced the 

highest �� magnitude in certain AOA case. This situation obviously found at the pre-stall AOA 

region between 0° to AOAstall. At this point, TM 5N wing managed to produce about 150% higher 

��	magnitude than the baseline wing. This is followed by TM 3N and TM 1N wings at 70% and 17%. 

From these �� results, one can presume that the morphing force intensity highly influenced the 

��	generation over TM wing. TM wing with higher morphing force configuration had induced higher 

�� distribution. Eq. 2 summarized the �� distribution found on current TM wings. 
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�� distribution on TM wings:  TM 5N > TM 3N > TM 1N > Baseline 

 

(2) 

Moment Coefficient ( �� ). The ��		 results (Figure 5) showed that for each TM wings 

experienced a non-linear decrease in C�		magnitude towards the C� increment. To analyze the ��	 

curve, a details analysis is conducted on the C� slope (∆C� ∆C�⁄ ) for every TM wing taken at AOA 

region between 0° to 15°. In aerodynamic study, steeper  C� slope (negative ∆C� ∆C�	⁄ magnitude) 

means better static stability for an aircraft. The analysis showed that TM 5N had produced the 

steepest mean �� slope at ∆C� ∆C�⁄ = - 0.300. TM 3N and TM 1N wing produced ∆C� ∆C�⁄ = -0.284 

(TM 3N) and -0.272 (TM 1N), respectively. The �� slope for the baseline wing is at ∆C� ∆C�⁄ = - 

0.263. Based on these ��		results, one can concluded that TM wing had produced better �� slope 

(better static stability) than the baseline wing. Besides, TM wing with higher morphing force 

configuration had induced better static stability (��  slope) distribution. Eq. 3 summarized the 

magnitude of �� slope found on current TM wings. 

 

Magnitude of ��  slope (static 

stability) on TM wings: 

  

TM 5N > TM 3N > TM 1N > Baseline 

 

 

(3) 

 
 

Figure 3 Lift coefficient (��) distribution for all 

TM wings 

 
 

Figure 4 Drag coefficient (��) distribution for all 

TM wings 

 

 
 

Figure 5 Moment coefficient (��) distribution for all TM wings 
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Summary 

A series of TM wing with different morphing force intensity was used to elucidate the effect 

morphing force on the distribution of ��, �� and �� performances. Fully coupled Ansys-FSI method 

was applied here to alleviate the complexity of FSI study on TM wing. �� and �� results showed that 

TM wing had produced better �� and �� slope performances than the baseline wing. In fact, TM 

wing with higher morphing force configuration had induced better static stability and higher  �� 

distribution. Despite of benevolent �� and �� slope performances, TM wing also promoted earlier 

AOAstall incidence than the baseline wings. In fact, higher �� penalty was induced on TM wings. 

These situations turn out to be greater in the TM wing cases with higher morphing force 

configurations.  
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Abstract. The application of single front wheel brake can yield large deceleration on underbone 

motorcycle. However, the motorcycle motion potentially exposed to the nosedive effect during this 

application. Therefore, in order to avoid this issue, the application of concurrent brake are required. 

Hence, this research was carried out to understand the basic braking performance for underbone 

motorcycle and elucidate the influenced of concurrent braking application involving the front and 

rear brake component. A theoritical study was carried out in this work through the derivation of  

motion equation for underbone motorcycle. The preliminary results showed that the total brake force 

and the brake force component acting on the front wheel had increased linearly with its deceleration 

intensity. Further study showed that in order to achieve higher safety range, the brake force applied on 

the front wheel should be at least 70% higher than the rear brake force intensity.  This is probably due 

to the weight transferred condition during the underbone motorcycle braking.  

Introduction 

Accident cases in Malaysia are increasing severely. According to the statistic by Road Safety 

Department, in 2010, there are 120,156 motorcycles involved in accidents, the increment of 24% 

compared to 2005 [1].  The figure is quite alarming because accident always involves injury and 

fatality.  Therefore, it is very important to prevent the motorcycle from accident. Beside the rider’s 

responsibility to follow all the safety precaution during riding, related industries and academia also 

have the obligation to study and improve the current design or system to reduce motorcycle accident 

[2]. 

Prevention from road accident is known as active safety where brake is the crucial device in this 

category [3]. Nowadays, the underbone motorcycle (also known as motor-cub [4]) has individual 

brake system where the front brake controlled by hand lever, while the rear brake controlled by foot 

pedal. The application of front wheel brake alone can yield large deceleration but the nosedive 

(possibility of rear wheel to lift or front wheel to lock which can lead to unstable riding or loss of 

control) is large due to the shift of centre of gravity, while application of rear wheel brake alone has 

smaller nosedive but yield less deceleration [3,5,6]. Therefore, in order to increase the deceleration 

with minimal nosedive effect on underbone motorcycle, the application of concurrent brake are 

required through the single operation of hand lever or foot pedal. 

The aim of this paper is to understand the basic braking performance for underbone motorcycle 

and elucidate the influenced of concurrent braking application involving the front and rear brake 

component. 

The analysis is developed based on the following criteria: 

• A braking condition is assumed on a straight line. 

• The rider and the underbone motorcycle are modeled as a single rigid body.  
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Motorcycle Braking 

Fig.1 shows the simple underbone motorcycle model moving on a horizontal surface. The system is 

assumed to be in equilibrium condition during braking. In normal underbone motorcycle application, 

the brake may apply singularly to the rear wheel or the front wheel. In some cases both are applied 

simultaneously.  

 
 

Figure 1. Forces acting on the underbone motorcycle during braking. 

 

When the front and rear brakes are applied concurrently, higher braking force are induced 

compared to the single operation of front or rear brake. Based on the figure above, the equation of 

motion can be written as: 

 

RF RRW +=                                                                                                                                 )1(  
 

RF RRa
g

W
µµ +=

                                                                                                                        )2(  
 

where 
RFBrake µ=

. 

 

In ideal braking condition, the road friction coefficient is assumed to be equal to the motorcycle 

deceleration over gravity [7,8]. 
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By taking the wheel-ground contact point (for front and rear wheel) as a pivot point, the moment 

equilibrium is calculated. Hence, the reaction forces acting on front and rear wheel can be written as: 
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The resulting equation showed that the motorcycle weight has been transferred towards near the 

front wheel. The weight transferred can be calculated as: 

b

mah
Wtransfer

)(
µ=

                                                                                                                       )6(  
 

Instead of applying this weight on rear wheel calculation, the weight now is transferred on front 

wheel calculation.  

Hence, the total brake force of the underbone motorcycle included the force acting on the front and 

rear wheel as shown in Eq. 7. Each acting force (rear and front) is calculated by multiplying the 

reaction force with road friction coefficient as shown in Eq. 8 and Eq. 9.  
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Analysis of the Motorcycle Ideal Brake 

Based on Eq. 8 and Eq. 9, the brake force distribution (acting on front and rear wheel) under the 

influenced of road friction coefficient is summarized in Fig. 2. In current case study, the total mass of 

the underbone motorcycle is assumed equal to 98 kg while the ground contact distance (measured 

from ground to the center of gravity) is equal to 0.48m. The wheelbase length is 1.25m.  The l1 

(distance between the center of gravity to front wheel center rotation) and l2 (the center of gravity and 

rear wheel center rotation) is assumed equal to 0.78m and 0.47m, respectively.  

Based on preliminary analysis (Fig. 2), the results exhibited that the total brake force required for 

underbone motorcycle is increased linearly with its deceleration intensity. Despite of linear total 

brake force distribution, there is major discrepancy in the brake force component acting on the front 

and rear wheel. The brake force component acting on the front wheel increased almost linearly with 

deceleration magnitude. However, the brake force component acting on the rear wheel had decreased 

with the deceleration intensity. This is probably due to weight transferred phenomenon during the 

normal braking condition.  Based on this result, one can presumed that if the deceleration is greater 

than 0.9g the rear wheel of the underbone motorcycle will lift up and cause the rider lose control on 

the motorcycle [9].  

Analysis of the Concurrent Brake Application 

Fig.3 presents the analysis of concurrent brake application for underbone motorcycle. The results 

included the ideal and brake force distributions ratios (front: rear) for underbone motorcycle. The 

brake force distribution ratios are presented based on the percentage of front brake force to rear brake 

force. The ratios include 50:50, 60:40, 70:30 and 80:20 braking distribution points.  

Based on 50:50 and 60:40 curves (Fig.3), it does not intersect with the ideal braking curve. Thus, 

these conditions represent the unsafe range for braking condition [10]. However, 70:30 and 80:20 

curves had intersect with ideal braking curve. These conditions had signified higher safety braking 

condition for underbone motorcycle. By comparing 70:30 and 80:20 case study, 80:20 condition is 

preferred due to the larger safety range [10]. Based on this result (Fig. 3), it apparently showed that in 

order to achieve higher safety range during braking condition, the brake force applied on the front 

wheel should be at least 70% higher than the rear brake force intensity.  This is due to the weight 

transferred condition during the underbone motorcycle braking. Thus, the front brake component 

Advanced Materials Research Vol. 980 109



 

posses higher influence to decelerate the motorcycle. Despite of significant front brake influenced, 

the rear brake application still importance for under-controlled braking condition. 

 

 
 

Figure 2. The ideal brake forces analysis. 

. 

 
 

Figure 3. Concurrent brake analysis for underbone motorcycle. 

Conclusion  

A study on underbone motorcycle braking has been carried out in this research with the main 

objective to understand the basic braking performance for underbone motorcycle. A set of equation of 

motion was derived here by considering the road friction conditions for ideal braking condition. 

Preliminary results showed that the total brake force and the brake force component acting on the 

front wheel had increased linearly with its deceleration intensity. However, the brake force 

component acting on the rear wheel had decreased with the deceleration intensity. Based on these 

results, a theoretical study was conducted to elucidate the influenced of concurrent braking 

application involving the front and rear brake component. The results showed that in order to achieve 

higher safety range (during braking condition), the brake force applied on the front wheel should be at 

least 70% higher than the rear brake force intensity.  This is due to the weight transferred condition 

during the underbone motorcycle braking. Despite of significant front brake influenced, the rear 

brake components is still importance for under-controlled braking condition. 
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Abstract. The medium flow of control valve is a typical complex unsteady flow, the internal flow is 

very unstable which leads to trim or body with vibration of different amplitude, therefore, control 

valve has been a failure-prone components in the turbine inlet steam system. This paper take the new 

valve as the research object, by computational fluid dynamics (CFD) software, the numerical 

simulation of the internal steam steady state flow field of valve normal work a typical opening in the 

process of opening is made, and obtain the internal flow field visualization distribution and flow 

characteristics of control valve. Extract unstable place pressure pulsation of the flow field, get the 

pulse frequency, and provide the basis for the design, optimization and application of low vibration 

noise control valve. 

Introduction 

As an important part of the steam turbine control system, the working reliability and stability of the 

control valve have a significant impact on operation efficiency, safety and economy of the entire  

steam turbine unit. The control valve of the steam turbine unit in service in open process will often 

appear the phenomenon of insufficient lifting force, at the same time with the phenomenon of 

vibration and noise, often occur the valve rod broken, seat uprooted and other accidents in use process. 

New control valve (as shown in figure 1) adopts the anticipated valve device, avoids the problem of 

insufficient lifting force. 

The current domestic study of control valve stay in level of conventional engineering imitation and 

prototype performance, few numerical simulation of unsteady flow in the valve, and abroad for the 

vibration of the control valve adopted a negative test method to solve, not from the viewpoint of fluid 

dynamics to study the unstable flow control valve. The steam flow in control valve belongs to 

supersonic flow, so also brought difficulties for design and optimization of control valve. 

In this paper, three-dimensional entity model of the new control valve is created, and extract finite 

element model of flow channel, and simulate the three dimensional unsteady flow in the valve, obtain 

the complex internal flow information of control valve, the existing the internal spiral, drafting, 

tremor, the boundary layer separation and other undesirable phenomenon in the design is predicted, 

thereby improving design technology. 

 
Fig.1 The new control valve structure 
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The Calculation Model  

The control valve is a sleeve-type structure, the internal configurate the pre-start valve. Studies ignore 

the impact of the steam flow is relatively small tiny structures to build a three-dimensional solid 

model and flow channel model of the control valve, and divide mesh. Figure 2, respectively, when the 

valve is fully open of the three-dimensional entity model, the flow model and the grid division. 
 

   
(a) Entity model                                        (b) Fluid channel model   (c) Grid 

Fig. 2  The control valve related models 

Computational fluid dynamics software FLUENT calculate the full three-dimensional N-S 

equations, turbulence model select Realizable k  model. Choice the total pressure and static export 

as its import and export boundary conditions in the process of numerical simulation. This paper 

aiming at 100% and 10% open condition of the typical flow field numerical analysis, the import total 

pressure is 2.9 Mpa and 2.7 Mpa, the corresponding export static pressure is 2.6 Mpa and 1.58 Mpa, 

namely pressure ratio is 0.9 and 0.585, respectively. The wall adopt adiabatic no-slip boundary 
condition, the working medium is ideal superheated steam. 

The Analysis of Steady State Flow Field 

The steady-state analysis of 100% opening, the discrete format of momentum, energy, turbulent 

kinetic energy and turbulence dissipation rate first use first-order upwind format, after calculation 

convergence the switch to the second-order upwind format in order to improve the computational 

efficiency, the results shown in figure 3-4. 
 

                                 
(a) Pressure ratio 0.9                                                 (b) Pressure ratio 0.585 

Fig. 3  Pressure field distribution of full open degree 

                                  
(a) Pressure ratio 0.9                                                   (b) Pressure ratio 0.585 

Fig. 4  Velocity field distribution of full open degree 
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 Similarly can get the steady state flow field pressure and velocity distribution of 10% opening, 

respectively, as shown in figure 5 to figure 6. 
 

                                      
(a) Pressure ratio 0.9                                               (b) Pressure ratio 0.585 

Fig. 5  Pressure field distribution of 10% opening 

                                      
     (a) Pressure ratio 0.9                                                (b) Pressure ratio 0.585 

Fig. 6  Velocity field distribution of 10% opening 

Calculation results show that, under different working conditions, the common of the stress field 

distribution is that stress decrease gradually in valve throttle, and the distribution of velocity field and 

pressure field are opposite, the speed of the steam is in surge after it into the throttle. Both pressure 

field and velocity field in throttle and diffuser are presented irregular distribution. At the same time, 

throttling phenomena is observed in all the valves' throats, reflect the stress of valve interior flow field 

changes is non-monotonicity, but it presents the change is irregular disorder, this change leads to stem 

parts and others the vibration of pressure pulsation. 

The both sides on the center surface of the control valve forms a strong asymmetric jet. In the 

center of the right air flow through the throat, and then form the valve seat attached to the wall flow; 

And the left side of center surface of the air flow injects from the throat and form a larger area of 

influence, the influence of the air flow jet region continues to the exit of the airflow. On both sides of 

the air mix severely, and interact with each other to form the asymmetric flow hedge, which lead to 

form void area at the top of the hedge position and make the flow medium flow back and forth in the 

void area and leave the impact of valve plate and valve stem. 

The Analysis of the Unsteady State Flow Field  

The steady-state analysis results show that flow of the medium inside the valve has obvious 

turbulence characteristics, and a pressure fluctuation produce on the inner surface. When pressure 

pulsation frequency of the inner surface of the valve and natural frequency of the valve structure are 

close, it is easy to induce resonance structure of the valve. Under different working conditions, 

compared the different opening pressure field and velocity field distribution, when the opening is 

10% and the pressure ratio is 0.585, the flow of the hedge stream medium hedge more intense, the 

flow of the valve disc at the bottom is more disorder. Pressure distribution is more uneven. So in the 

next will mainly proceed transient simulation of 10% opening under pressure ratio is 0.585. The 

information of flow field is shown in figure 7. 
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(a)  Pressure field distribution                                     (b) Velocity field distribution 

Fig. 7 Unsteady state flow field distribution 

 

As can be seen from the figure 7, the flow field in the period of the entrance of the valve and valve 

chamber and the steady-state analysis results are basically identical, meanwhile the distribution are 

more uniform, the pressure field and velocity field distribution of unsteady state flow field brought 

about major changes than the calculation results of steady flow field. But after throttling segment, the 

distribution of pressure field is not regular distribution, but the high and low pressure area distribution 

are on the state of chaos, and the high and low pressure area boundary are disorder, presented the 

characteristics of turbulence vortex. It can be seen from the velocity profile, Vortex exists mainly in 

the bottom below the valve stem and valve disc. The forming reason is mainly high-speed collision of 

hedge jet and reflux of wall. 

Through the unsteady state flow field analysis, we can capture more clearly the characteristics of 

the flow field distribution and vortex in the valve; at the same time, in this work we can get the 

pressure pulsation of unstable point, the parameters of the pressure pulsation is helpful for valve 

vibration analysis. This paper extracted velocity and distribution curve of the turbulence intensity 

from pipeline center line of the flow direction of medium and steam outlet center work as a starting 

point, in order to determine the most unstable points in the flow field in the valve, as shown in figure 

8. 

  
            (a)  Velocity distribution                        (b)  Turbulence intensity distribution 

Fig. 8 Graphs of flow field distribution 

 
It can be seen from the figure 8 that the turbulence intensity at point (1300, 0, 0) is the largest, the 

point on the throat jet valve hedge area, extract time-domain distribution of the pressure pulsation at 

this point as shown in figure 9, after Fourier transform (FFT), we can get the frequency domain 

distribution, as shown in figure 10. 
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          Fig.9 Time-domain distribution                             Fig.10  Frequency domain distribution 

After getting the frequency distribution of fluctuating pressure, we can get the multiple frequency 

noise, in the design or choose the valve to avoid this frequency, in case to occur a resonant spoke. 

Conclusion 

This article through proceeding the three dimensional unsteady numerical simulation of the internal 

flow field of the new control valve, get the conclusion as follows: 

(1) When the steam flows through the control valve's throat, it will appear obvious throttling 

phenomena, so to improve main control flow capacity, characteristics of the flow field and stability of 

the control valve, optimize the laryngeal lines is the key. 

(2) Under the same pressure ratio, the smaller the opening, the airflow is the more unstable, the 

pressure pulsation is the more intense, it more easily lead to resonance vibration; Under the same 

opening, the pressure ratio is the smaller, the chance of vibration is the greater. 

(3) The largest reason to affect steam flow stability of the valve is the existence of hedge flow, to 

improve the stability of the valve should to improve the steam flow lines, so that reduce hedge flow  

in valve  as much as possible, increase flow attached to the wall. 

(4) The pressure pulsation is the reason of spoke resonance, if you want to analyze the problem of 

noise and trims resonance, the pressure fluctuation analysis is the essential factor. 
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Abstract. Flow assurances in deep water pipeline have received greater attention in oil and gas 

industry in order to meet the optimum production of hydrocarbons. However, existence of free 

water in the gas pipeline decreases production output and increases operational cost and time. 

Alternatively, anew supersonic subsea compact wet gas separator is design to remove free water 

from gas transmission pipeline. The key parts of the new design separators is the nozzle.The 

performanceof supersonic flow is highly related on the design of the nozzle. Therefore, the 

objective of this paper isto find correlation between the angle of the nozzle against separator flow 

performance, namely velocity. From the analysis done, it can be concluded thatat nozzle angle of 

15°, maximum velocity is achievedthus producing supersonic flow. 

Introduction 

The energy demand in Malaysia is increasing due to continuous development of commercial and 

domestic sector. The highest source of energy is from petroleum products and natural gas which 

contribute 54% and 24% respectively [1].In addition, there is a requirement for efficiency 

improvement in transporting stranded natural gas in remote reservoir to consumer. Gas transmission 

pipeline is an efficient way in transporting natural gas. However, it is often related to significant 

traces of water which resulted in decrease efficiency.  

In Malaysia, water formation is often found in the form of superheated vapor at the well. 

Superheated vapor occurs  due to the well high temperatures of up to 200°C and high pressure of 

10436.48 kPa. Superheated water vapor is influenced bythe constant heat coming from the earth 

crust and the high pressure in the well. The problemof superheated vapor is as it reachesupstream, it 

began to condensate and become saturated water mixturethus producingfree water.  Free water 

exists in the magnitude of few thousandppm level whereas gas transmission pipeline requirement is 

in the range of 126-168ppm level and even lower for deep water pipeline[2]. 

Supersonic separators have been introduced to treat natural gas for condensing and separating 

water and hydrocarbon [3-6]. Supersonic separators are smaller, lighter, cheaper and with fewer 

emission than conventional dehydration plants[7-9]. In addition, supersonic velocity have short 

residence time of gas-liquids mixture preventing hydrate problems and eliminate the needs for 

chemical and associated regeneration system[9-12].Supersonic separators main part consists of 

swirl generator, gas throttling, separation chamber and diffuser. Several nozzle design such as the 3-

S and Twister gave different performance rates of their separatorssince it is dependent on the part 

performance and assembly of the design.  

Literature Review 

Separation Technology Evolution. Historically, many options have been considered in removing 

water from natural gas. The evolution of technologies in designing separators varies with space and 

weight saving as well as improving efficiency of particle removal. Fig. 1 shows the evolution of 

technologies for mechanical separators. 
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Fig. 1: Separator technology evolution [13]. 

 

Gravitational separators such as vertical separators, horizontal separators and spherical low 

pressure separators uses gravity settling principle carried out in large vessels. The designprovides 

sufficient residence time for the phases to separate and also provide adequate volume to contain the 

fluctuating liquid level.Although gravity separators are reliable and very efficient, it is a very large 

equipments with associated problems in terms of weight, high capital manufacturing expenditures 

and operating costs. Cyclonic separators have been developed to remove problem encounter in 

gravity settler. It has smaller size compare to gravity separatorseven with separation enhancement 

features in place[14]. The types of cyclonic separatorsare gas liquid compact cyclone separators 

(GLCC), Gasunie Cyclone, Degasser, Deliquidiser, Deoiler and Desander. The rotordynamics 

separators have been develop in enhancement of cyclonic separators. It has rotating element which 

is embedded as a part of separators. Comparison of technologies shows that the weight of rotor 

dynamic separators are less compare to cyclonic separators and gravitational separators [14]. The 

latest technology that have been developed after rotor dynamic is supersonic separators. 

Previous Research Studies. There are many studies related to the flow behaviour of the 

separators. Anahid Karimi et. al [15] predict the behaviour of high pressure natural gas flowing 

through supersonic nozzles. Standard k-ε turbulence model is used and result with different 

parameters such as inlet temperature, inlet pressure and flow rate are discussed. Chuang Wen et. al 

[16] investigates flow using RNG k-ε turbulence model. The analysis successfully predicts the 

shock wave location according to fluids behavior. Chuang Wen et. al [17] studied the effects of 

swirls on natural gas flow in supersonic separators. Natural gas flow were computational simulated 

with the Reynolds Stress model (RSM). Chuang Wen et.al [18] analyzed the gas dynamics 

parameters of natural gas flows in the supersonic separators. Simulation is conductedbased on the 

standard k-ε flow model. Inlet pressures on natural gas characteristics were computationally 

simulated with ideal gas and Redlich-Kwong equation of states (EoS).  

Methodology 

Fig.2 shows the research methodology flowchart. The methodology is based on simulation whereby 

some of the constraint such manufacturing capabilities is applied during the built geometry process. 

One of the examples of manufacturing constraint is the channel. It is set at 2mm due to known 

limitation of milling capabilities. The channel is located in between of the throat and the external 

wall supersonic subsea compact wet gas separator.The process is run for eight times where the 

angle is varied from 5° to 75°.The converging and diverging section is varied with the same 

angle.The geometry was developed using program controlled proximity and curvatures and 

3402896 elements were generated with orthogonal quality of 0.87 (which is in the good range of 
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quality). Theinlet pressure is taken at 5000kPa with the inlet temperature of 300K. The variation of 

angle helps to identify what is the optimum design angle to achieve supersonic conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Methodology Flowchart. 

 

Geometric Model Development. Fig.3 shows the geometrical model of the supersonic subsea 

compact wet gas separators that have been designed at UniversitiTeknologi PETRONAS Gas 

Separation Research Center (UTP GSRC). The design was developed using CATIA and analysed 

using ANSYS v.14. The middle section of the separators is the location of the nozzle. Fig. 4shows 

the nozzle profiles.The nozzles comprised of three components which are converging section, throat 

and diverging section. In this design, the channel (location between the throat and the wall)is kept to 

minimum in achieving highest flows. The diverging section is where the velocity is the highest. 

 

 

 

 
 

 

Fig. 3: Geometrical Model. 

 
 

 

 

Fig. 4 Nozzle Profile.

Results and Discussion 

Fig.5 shows the CFD model with the velocity streamline. From the figure, the increase of velocity 

started at the middle where the location of angle 1 (shown in green color). It also shows that at the 

angle 2 (shown in red color) is where the maximum velocity occurs thus producing supersonic 

flow.Supersonic flow occurs when the velocities exceed the speed of light. Fig. 6 and Table 1 

shows the results of the velocities for various angle respectively. 
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Fig. 5: CFD Velocity Streamline Model. 

 

The results show that at an angle of 15°, the highestvelocity occur which is at 348.7 m/s. The 

lowest velocity is at an angle of 75° which is201.5 m/s.The angle 45° and above shows that Mach 

number of 1 cannot be achieved meanwhile at 35° and below shows Mark number of 1 is 

achievable. 

 

 
Fig. 6: Nozzle angle vs. velocity. 

 

 

Table 1: Simulation results of angle  vs. 

Velocity 

Angle 

(Deg.) 

Velocity, Vmax 

(m/s) 

Mach Number 

5 342.4 1.007058824 

15 348.7 1.025588235 

25 346.3 1.018529412 

35 342.6 1.007647059 

45 320 0.941176471 

55 299.7 0.881470588 

65 261.8 0.77 

75 201.5 0.592647059 

 

From the results, it can be concluded that the best angle is 15°. This is because the velocity is 

directly proportional with the Mach number. It also can be concluded that higher angle would not 

help in achieving supersonic flow. This result is important as it can give an indicationthe nozzle 

design angles in achieving supersonic flows. 
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Abstract. Identification of the mechanical properties of high-strength steel using digital image 

correlation. In this paper an experimental procedure to identify the plastic behaviour of sheet metals 

up to large strains using full field measurement is presented. The tests were conducted on notched 

specimens. This geometry generates a heterogeneous strain field which was measured during the 

test using a digital image correlation system. The advantage of using a heterogeneous strain field in 

the identification procedure is that a complex state of stress-strain can be analyzed at the same time 

and much more information can be obtained in a single test. On the other hand, the stress field 

cannot be directly computed from the test and a suitable identification procedure must be 

developed. Here, the virtual fields method (VFM) adapted for large strains and plasticity was used 

to identify the hardening behaviour and the anisotropy of the material. The values obtained with the 

VFM were compared with the results from a standard identification made using uniaxial tensile 

tests.  

Introduction  

Identification and quantification of the plastic deformation of materials is important in several 

respects. On the one hand, industry manufactures many components by cold forming, on the other 

hand, overloading of supporting structural elements often leads to plastic deformation of materials 

and to their violation (break).  Knowing the size and distribution of plastic deformation allows 

better use of the properties of materials in the production of parts and in their operation. A typical 

example of the production of parts by plastic deformation of the material is cold forming of sheet 

steel. This process is most commonly used in the automotive and consumer industry (and to 

improve performance moldings in these fields of industry).  

Usually, the identification of mechanical properties is tested by using uniaxial tensile tests. 

However, in recent years, thanks to developments in full-field measurement techniques, more 

complex specimens which generate heterogeneous stress-strain fields can be used to study the 

behaviour of material properties during plastic flow. Then the parameters can be identified using, 

for example, an inverse approach which includes FE updating [1-2].  

Digital image correlation is a full-field measurement technique which allows us to evaluate 

spatial displacement and deformation along the surface of an object. Some of its features are: 

flexible area of measurement (mm
2
 to m

2
), applicability to different materials and geometries, and 

spatial visualization of the measured quantities [3-6].  

This contribution deals with the use of digital image correlation in measuring the strain fields on 

the surface of notched specimens and use of these data to identify the mechanical properties of the 

material. Digital image correlation was used to evaluate the displacement and strain fields.  

The next identification process is the Virtual Fields Method [7] which has been successfully 

applied in many applications, including elasto-plasticity [8,9] and large-strain plasticity [10,11]. 

The use of heterogeneous tests allows us to get a lot of information from a single test since different 

stress-strain conditions are evaluated at the same time. In this article, tests on a notched specimen 

were carried. The displacement and strain field was measured using digital image correlation. Then 

the virtual fields method (VFM) was used to identify the hardening behaviour. The stress fields 
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were calculated from the strain fields using the hardening behaviour obtained with the virtual fields 

method. 

Materials and Methods 

Geometry and material parameters of specimens. The analysis was carried out on specimens 

made of cold-rolled sheet metal used in the automotive and consumer industries.  The geometry of 

the notched specimen and the dimensions in millimetres are shown in Fig. 1. 

 

 

Figure 1. Geometry of specimens 
 

Specimens were produced from hot dip galvanize steel, namely HX220PD steel. This material 

has high strength stress and rather atypical values of anisotropy. The mechanical properties obtained 

from standard tensile tests for directions 0°, 45° and 90° are listed in Table 1.  

 

Table 1. Mechanical properties 

Dir. 
Thickness 

[mm] 

Rp0,2 

[MPa] 

Rm 

[MPa] 

A80 

[%] 
r 

0° 0.9 225 387 35 1.1 

45° 0.9 235 372 37.5 1.9 

90° 0.9 245 388 35 1.8 

 

Diagrams of force - displacement obtained by the tensile test on the INSTRON 880 tensile 

machine are shown in Fig. 2 for notched specimens.  

 

 

Figure 2. Diagram of force-displacement for notched specimens in all directions  

 

Digital image correlation. The experiment was carried out using an INSTRON 880 tensile 

machine with hydraulic grips. Measurements were taken using a couple of JAI Pulnix TM - 4000 

CL high-speed CCD cameras (fig. 3), which are able to acquire 2048×2048 pixels with 10-bit 

dynamic range. The displacement and strain fields were measured using VIC 3D. The results are 

shown for a traverse displacement of 3.2 mm.  
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Figure 3. Experimental setup 

 

Figure 4 shows the strain fields εx, εy, γxy [-] for a notched specimen along the rolling direction.   

 

    

Figure 4. The strain fields εx, εy and γxy [-] obtained by Vic 3D for notched specimen along the 

rolling direction 

 

Identification using VFM. The displacement fields obtained by digital image correlation were 

imported to Camfit, a Matlab GUI which implements the Virtual Fields Method. The program can 

identify the isotropic elastic constants and the hardening behaviour using different constitutive laws.  

In this case, the hardening is described using a Swift law, see equation 1: 

  n

eqeq pl
εεK.σ )( 0 +=                                                                                                               (1) 

where
pleqε  is the equivalent accumulated plastic strain, and K, ε0, n are the parameters to be 

identified by Camfit [5]. The parameters obtained by Camfit are listed in Table 2.  

 

Table 2. Identified parameters 

          Elastic range Elasto–plastic range obtained with Power law 

Dir. 
Young´s modulus  

[GPa] 

Poisson’s ratio 

 [-] 

X1  

[MPa] 

X2 

 

X3 

 

Initial yield stress  

[MPa] 

0° 173.6 0.32 1531.7 0.084 0.779 223.2 

45° 126.6 0.36 1320.6 0.080 0.683 234.9 

90° 223.2 0.27 797.9 0.023 0.313 245.1 

 

The stress fields σx, σy, τxy [MPa] obtained in the notched specimen for a traverse displacement 

of 3.2 mm are illustrated in Fig. 5.  

124 Modern Technologies for Engineering, Applied Mechanics and Material
Science



 

 
Figure 5. Stress fields σx, σy, τxy [MPa] obtained from strain fields for notched specimen 

 

Two tensile tests were realized before the experiment and the results of the yield stress are 

compared with the results obtained by the virtual fields method and are listed in Table 3. 

Table 3. The parameters obtained by Camfit and standard tensile test 

   Camfit Standard tensile test 

Dir. 
Strain fields  

[-] 

Stress fields 

[MPa] 

Initial yield stress 

[MPa] 

Test1 

[MPa] 

Test2 

[MPa] 

0 0.095 410 223.2 226 225 

45 0.093 375 234.9 235 233 

90 0.0965 405 245.1 245 246 

Conclusion 

This article deals with an identification of the mechanical properties of high strength steel using 

digital image correlation. DIC was used to measure the displacement and strain fields on the surface 

of specimens. The displacement fields were exported to the Camfit, which implements the virtual 

fields method, to determine the material parameters for the elastic and plastic range. It was Young's 

modulus and Poisson's ratio for elastic range and four hardening parameters for plastic range, which 

are necessary for calculation stress fields from strain fields. One of this hardening parameters was 

yield stress. Two tensile tests were realized before experiment and the results of yield stress are 

compared with results obtained by virtual fields method.   

The presented results show that applying digital image correlation is a suitable measuring 

method to analyze plastic strain on the surface of objects and corroborates the fact that the virtual 

fields method is suitable for determining material properties of metal sheet specimens. 
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Abstract. This paper deals with FEM analysis of six models that represents human cortical bone, 

cast TiAl6V4 alloy and porous TiAl6V4 with different pore diameters. Reliable data for the 

simulations were achieved by meta-analysis that consisted from 53 scientific works. Strain value 

was chosen with a respect to the frequent daily activities such as walking. According to the FEM 

analysis of presented models von Mises stress values and stress concentration factors were similar 

for human cortical bone and porous TiAl6V4. 

Introduction 

The most frequently used biocompatible materials are stainless steel, pure titanium [1,2] and 

titanium alloys, such as TiAl6V4 [2,3,4,5]. Titanium and its alloys are commonly used in 

traumatology because of its good biocompatibility [6], favourable osteointegration [7,8], excellent 

mechanical properties and corrosion resistance [9]. However, cast titanium elastic modulus is 

approximately 100 GPa and frequently used titanium alloy Ti6Al4V is about 115 GPa [7]. Human 

bones mechanical properties depend on gender, age and health status [10]. The difference between 

human bones and titanium implants elastic modulus causes so called shielding effect, that may 

result in the necessity of reoperation [11,12,13]. Porous biocompatible materials are often prepared 

by powder sintering with pore forming additive. The other perspective method for preparation of 

the highly porous materials are slip freeze [14], reverse casting [15,16], and/or metal injection 

molding [17]. Many papers related to the porous biocompatible materials mechanical properties 

were published in the past. However, results obtained by the authors are very heterogeneous. It is 

mainly caused by the fact that mechanical properties of the porous titanium and/or titanium alloys 

are strongly affected by many variables such as compacting pressure [18], powder size and 

morphology [16,19], pore forming additive [4,15], sintering time and temperature [1,2], porosity 

[20], pores´ shape [16], pores´ size distribution and possible pores´ interconnections [16,21].  

Materials and Methods 

Experimental data (mechanical properties of the TiAl6V4 bulk material, porous TiAl6V4 and 

cortical bone) used in our paper were obtained by meta-analysis of the 53 scientific works published 

in the journals with an impact factor. All data were analysed using statistical software Minitab 15. 

Cortical bone models and porous TiAl6V4 models were prepared by Digimat software. FEM 

calculations were performed by Abaqus software.  

Due to the fact that human cortical bone is more sensitive to the failure caused by tensile load 

than to the load caused by compression, our simulations are focused on tensile stress behaviour of 

the human cortical bone, cast TiAl6V4 as a commonly used biocompatible material and on a porous 

TiAl6V4 as a perspective biocompatible material. 

Following variables were used in our FEM simulations: ultimate tensile strength, yield strength, 

porosity, elongation, Young´s modulus and Poisson constant. TiAl6V4 with porosity 50 % was 

chosen because its mechanical properties are similar to those of the cortical bones. Moreover, 50% 
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porosity can be achieved without problems with pores distribution heterogeneity. FEM simulations 

were realized for spherical pores with diameter within 200 – 400 μm. These pores´ sizes are 

frequently recommended because of good osteointegration [1,22]. Tetragonal elements with global 

size 0.05 were used. The studied variables (by means of FEM analysis) were maximal von Mises 

stress, average von Mises stress and stress concentration factor. 

Results and Discussion 

Scientific data meta-analysis allowed to define reliable values of the variables that are necessary for 

FEM simulations of stress distributions for cortical bone, cast TiAl6V4 and porous TiAl6V4, see 

Tab. 1 

 

Tab. 1 Meta-analysis results for TiAl6V4 and cortical bone; P – porosity, ∆l – elongation, UTS – 

ultimate tensile strength, YS – yield strength, E – elastic modulus, CS – compressive strength ν – 

Poission constant, ρ – density. 
Material P (%) ∆l (%) UTS (MPa) YS (MPa) E (GPa) ν CS (MPa) ρ  

(kg.m
-3) 

TiAl6V4 0 12±0.5 1150±65 1030±38 115±1 0.34±0.1 1170±108 4420 

TiAl6V4 50 3 ± 0.4 286±52 185±41 26±2 0.34±0.1 350±48 2210 

Cortical 

bone 

10±4 1.7±0.2 140±18 130±15 22±4 0.4±0.1 205±32 3200 

 

First model consisted of cortical bone. The second model represents porous TiAl6V4 and the 

third model shows cast TiAl6V4 alloy that is commonly used in biomedical applications. Tensile 

loads were applied on all three models. Tensile strain was fixed to ε = 2.10
-4

, this value corresponds 

to the deformation during common daily activities such as walking [23]. Stress distribution obtained 

for cortical bone is shown on Fig. 1 

 

 
Fig. 1 FEM simulation of the von Mises stress in cortical bone (ε=2.10

-4
) with uniform pore size; A 

– d=200 μm, B – 400 μm. 

Simulations revealed that strain value typical for common daily activities such as walking led to 

low values of the maximal and average von Mises stress for cortical bone with pores with diameter 

400 μm than for those with diameter 200 μm. Both maximal values are much lower than typical 

yield stress of the cortical bones (σYS = 130 MPa). Spherical pores represented stress concentrators, 

remaining parts of the cortical bone tissue were almost uniform. 
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The same strain value applied on TiAl6V4 alloy with 50% porosity exhibited slightly higher 

values of the von Mises stress in comparison with cortical bone. The differences between both 

models were marginal (maximal von Mises stress, average von Mises stress and stress concentration 

factor). The most significant difference among cortical bone models and porous TiAl6V4 models 

was that in case of low porous cortical bone, maximal von Mises stress was localized inside the 

pores, meanwhile, highly porous TiAl6V4 exhibited stress concentrators are not only inside the 

pores but also between them (when pores were close each other), see Fig. 2 

 

 
Fig. 2 FEM simulation of the von Mises stress in porous (50%) TiAl6V4 (ε=2.10

-4
) with uniform 

pore size; A – d=200 μm, B – 400 μm. 

Simulation focused on cast TiAl6V4 (bulk material) revealed uniform value of the von Mises stress 

20.5 MPa, see Fig. 3 

 

 
Fig. 3 FEM simulation of the von Mises stress in cast TiAl6V4 alloy (ε=2.10

-4
). 

Although, even maximal values of the von Mises stress were significantly lower in case of the 

porous TiAl6V4 than in case of the TiAl6V4 bulk material, the most important factor is the 

comparison of average values of the von Mises stress, see Tab.2 
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Tab. 2 Analysed variables summary of the cortical bone, cast a porous TiAl6V4 alloy. σ��� - 

maximal von Mises stress, σ� - average von Mises stress, K – stress concentration factor. 

Material Porosity (%) ���		(MPa) �� (MPa) K Pore diameter (μm) 

Cortical bone 10 4.8 2.5 1.9 200 

Cortical bone 10 4.3 1.9 2.3 400 

TiAl6V4 0 20.5 20.5 1 0 

TiAl6V4 50 10 4.1 2.4 200 

TiAl6V4 50 11 4.5 2.4 400 
 

Although, all values of the von Mises stress mentioned in this study are lower than cortical bone 

yield stress, porous TiAl6V4 mechanical properties are superior to the cast TiAl6V4. Porous 

TiAl6V4 alloy represents perspective trend in development of new implants for traumatology due to 

their beneficial mechanical properties that are close to human cortical bones. Moreover, highly 

porous TiAl6V4 alloy exhibits excellent osteointegration parameters. 

Conclusions 
Meta-analysis of the 53 scientific papers published in journals with impact factor revealed 

mechanical properties of cortical bone and TiAl6V4 alloy (bulk and porous material) that is 

commonly used as biocompatible material for production of implants used in traumatology. Six 

models represented cortical bones, cast TiAl6V4 and porous TiAl6V4 with different pores´ 

diameter were tested by FEM analysis with respect to the strains that occur during normal daily 

activities such as walking. According to the simulations results, TiAl6V4 with 50% porosity is 

perspective biocompatible material with mechanical properties very similar to those of human 

cortical bones. 
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Abstract. This paper presents the test results of proposed grouted sleeve connections under 

increasing tensile load. The objective of this research was to investigate splice connections that 

could provide tensile strength similar to the full tensile strength of the connected rebars. The 

parameters varied were splice types, splice length and rebar embedment length. The performance of 

the splice connection was evaluated based on the load-displacement, ultimate load, displacements 

and failure modes. The results show that the strength of splice connection depends on the bond 

strength between sleeve-to-grout and grout-to-rebar; the tensile strength of spliced steel bars and 

also the tensile strength of sleeve. It is observed that when the grout compressive strength is more 

than 60N/mm
2
 and bar embedded length is at least 10 bar diameter, the splice connection in BS 

series is able to provide full tensile strength of the connected rebars.   

Introduction 

A grout-filled splice sleeve connection is a specially designed cylindrical coupler that utilizes 

non-shrinkage grout as bonding material to splice reinforcement bars and to ensure continuity of 

load transfer [1] [2] [3]. In order to splice the reinforcement bars, two steel bars are inserted into the 

sleeve connection from both ends to meet at mid length before high early-strength grout is injected 

or poured into the sleeve. A splice sleeve connection can be used to join precast concrete 

wall-to-wall or column-to-column.  

The structural performance of the splice sleeve connection is essential in joining loose precast 

concrete components, by ensuring integrity and continuity of the precast components [4] [5]. 

Ideally, the connection should not be the weakest point that will affect the performance of the 

global structural system. Furthermore, the splice sleeve connection that acts as a connection system 

to join discontinuous steel bars should not fail prior to failures of other structural components [6]. 

To investigate the adequacy of the splice connection, an experimental tensile test should be carried 

out. 

This paper presents the tensile test results of proposed splice sleeve connections. The 

performance was evaluated based on their load-displacement curves, ultimate tensile capacities and 

the corresponding displacements at ultimate states.  

Experimental Programs 

In this study, the tensile test results of nine specimens were investigated from three different series 

of splice sleeve connection, namely CS-Series, OS-Series and BS-Series. Their tensile performance 

and failure modes were studied in order to acquire the factors that govern the tensile strength of a 

splice sleeve connection. Fig. 1(a) shows the details and dimensions of the test specimens and Fig 

1(b) shows the preparation of making the splice connections. High strength Y16 steel bars were 

spliced using the proposed splice sleeve connections by using non-shrinkage Sika Grout-215 as the 

bonding material. The anchorage length of all reinforcement bars embedded in the sleeve was less 

than 150 mm. Subsequently, the sleeve length for all specimens was limited to 300 mm length.  
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Fig. 1 (a) Details of tested specimens (b) Preparation of specimens (c) Tensile test of specimen 

 

The sleeves of the proposed splice connection were made from mild steel pipes for specimens 

CS-01, CS-06, CS-09, BS-02, BS-03 and BS-22; and corrugated aluminium sleeve for specimens 

OS-01, OS-03 and OS-04. The size, thickness and length of the sleeve were varied as shown in Fig. 

1(a). Specimen CS-01 was tested to join threaded steel bars, whereas CS-06 and CS-09 were tested 

to join deformed steel bars. For specimens CS-01 and CS-09, additional middle steel plates were 

included to act as the interlocking mechanism to resist the nut-headed steel bars from slipping out of 

the sleeve. Meanwhile, no modification was made to the CS-06 sleeve connection.   

Specimens OS-series were made from corrugated aluminium sleeve. The OS-01 had its 

reinforcement bars spliced at end-to-end position, while the OS-03 had its reinforcement bars 

lapped adjacently throughout the length of the sleeve connection. As for OS-04, the Y16 

reinforcement bars were discontinued at mid-length but were spliced with a Y10 high strength steel 

bar to bridge the discontinuity.   

BS-series were developed as an improvement to the OS-series. Mild steel pipes that performed 

better under direct tensile load were used as the sleeve to overcome the problem of sleeve fracture 

as seen in OS-series. Specimen BS-22 utilized two sleeves, i.e. mild steel pipe to envelop the 

OS-01, and eventually to enhance the tensile resistance of the corrugated aluminium sleeve. 

Meanwhile, BS-02 and BS-03 eliminate the use of corrugated aluminium sleeves by replacing them 

with mild steel pipe. Then, Y10 steel bars were welded onto the inside wall of mild steel pipe to act 

as interlocking mechanism between with the grout and splice reinforcement bars.  

When the grout hardened and achieved the design strength of 40 N/mm
2
 at seven days, all the 

specimens were tested under increasing tensile load until failure (Fig.1(c)) at the rate of 0.5 kN/s.  

 

 

 

      (c) (a) 

(b) 
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Performance of Proposed Specimens 

Table 1. Tensile capacities and failure modes of the specimens 
Specimen Grout 

fcu 

(N/mm
2
) 

P 

(kN) 

∆L 

(mm) 

Failure modes 

 
CS-06 Grout slipped 

 
OS-03 Bar slipped  

 
OS-04 Sleeve fractured 

 
BS-03 Bar fractured 

Control 

specimen 

(Y16 bar)  

140.6 

 

57.5 

 

Bar fractured 

CS-01 43.32 87.0 8.7 Bar slipped 

CS-06 43.32 40.9 1.0 Grout slipped 

CS-09 43.32 101.8 5.6 Bar slipped 

OS-01 58.1 11.9 2.7 Sleeve fractured 

OS-03 58.1 135.6 35.5 Bar slipped 

OS-04 58.1 47.5 18.2 Sleeve fractured 

BS-02 62.97 119.2 22.4 Bar fractured 

BS-03 62.97 141.2 31.0 Bar fractured 

BS-22 62.97 123.0 20.9 Bar fractured 
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Sleeve fractured 
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Bar fractured 

 
Fig. 2 Response of load versus displacement of splice reinforcement bar 

 

Table 1 shows the connection performance, in terms of grout compressive strength, fcu, ultimate 

tensile capacity, P (kN), displacement at ultimate state, ∆L (mm), and failure modes. Fig. 2 shows 

the load-displacement response of all specimens. The proposed specimens were also compared with 

the control specimen, a Y16 high strength steel bar in order to determine the adequacy of the splice 

connections. The test results showed that the ultimate tensile capacity of Y16 steel bar was 140.6 

kN and the corresponding displacement of 57.5 mm. Hence, a splice sleeve connection can be 

considered satisfactory when (a) the connection endured up to at least 140.6 kN tensile load, or (b) 

their spliced steel bars fractured outside the sleeve connection.  

The results showed that the tensile strength of the specimens ranged from 119 kN to 141.2 kN, 

where OS-01 gave the lowest tensile resistance and BS-03 offered the highest. Based on the results, 

OS-03, BS-02, BS-03 and BS-22 gave satisfactory results as their load-displacement responses 

were comparable to the control specimen. This is shown by the higher stiffness at initial state as 

seen from the steep slope of the graph, followed by yielding of steel bars as seen on the drastic 

decrease of the slope of the load-displacement graph. Eventually the spliced steel bars fractured 

without any anchorage bond failures. Meanwhile, CS-09, CS-01, OS-04, CS-06 and OS-01 

presented unsatisfactory performance because of low tensile capacity, and poor ductility.  
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The corresponding displacements of the specimens at the ultimate states listed in Table 1 

indicate the ductility level of the specimens indirectly. The displacement values ranged between 1.0 

mm and 35.5 mm, excluding the displacement of the control specimen. It was recorded that OS-03, 

OS-04, BS-02, BS-03 and BS-22 had undergone relatively larger displacements as compared to 

others, which were 35.5 mm, 18.2 mm, 22.4 mm, 31.0 mm and 20.9 mm, respectively. These 

specimens showed fluctuation response as can be seen in the load-displacement graphs (see Fig. 2), 

indicating yielding process due to extreme tensile stress per unit area to be resisted by the steel bars. 

Meanwhile, the specimens that recorded low displacements at ultimate state in Table 1, such as 

CS-01, CS-06, CS-09 and OS-01 presented premature failure and small displacements. This 

premature and sudden failure was due to either loss of anchorage bond between rebar and the 

surrounding grout, or loss of bond between grout and sleeve. As a result the steel bar was unable to 

achieve the yielding point.  

Axial Stress and Bond Stress 

The axial stress, σ, and the average bond, U of the spliced steel bars at the sleeve failure state is 

calculated by using Eq. 1 and Eq. 2, respectively, and the results are listed in Table 2: 

Axial stress,   
2

4

D

P

π
σ =               (1) 

Average bond stress 
d

DL

P

U

π
=                 (2) 

Where: P = failure load, D = nominal diameter of the main bar, Ld = embedded length  

 

Table 2 Axial stress and average bond stress 
Specimens Embedded length, Ld, mm σ, N/mm

2
, Eqn. (1) U, N/mm

2
, Eqn.( 2) 

CS-01 100 433 17.3 

CS-06 100 203 8.1 

CS-09 100 506 20.3 

OS-01 150 59 1.6 

OS-03 300 674 9.0 

OS-04 150 236 6.3 

BS-02 150 593 15.8 

BS-03 150 702 18.7 

BS-22 150 612 16.3 
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Fig. 3 Axial stress versus bond stress in reinforcement bar 
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Fig. 3 shows the plot distributions of the equivalent axial stress (axial strength) versus average 

bond stress (average bond strength) of the spliced steel bars in the specimens, where the specimens 

were classified in accordance to the interrelationship between embedded length and the axial stress. 

Specimens BS-03, BS-22, BS-02, CS-09, CS-01 fall in the category of short embedded length with 

high axial strength, of which these specimens are more preferable as they are able to generate 

ultimate axial strength of at least higher than the specific bar yielding stress of 410 N/mm
2
 at short 

embedded length. Specimen OS-03 is classified in the category of high axial strength with long 

embedded length, of which is also acceptable but not economical. The specimens that fall in the 

other categories are not preferable for construction applications due to low axial strength. From the 

plot distributions, Specimens BS-series are more preferable as compared to other series because (a) 

very high axial strength was generated in steel bars, indicating excellent bond between the steel bar 

and the grout, and (b) the plots of distribution are more concentrated as compared to other series, 

signifying more consistent and reliable outcomes as compared to other series.   

Conclusions 

In this study, a total of nine mild steel pipe sleeve connections were experimentally tested under 

increasing tensile load until failure. In conclusion,  

1. specimens BS-02, BS-03 and BS-22 show high potential for their feasibility as connection 

system in precast load-bearing wall system as they are able to generate sufficient bond that 

could outperform the tensile resistance of their spliced reinforcement bars.  

2. The required anchorage length of Y16 rebar to provide its full tensile strength in specimens 

BS-02, BS-03 and BS-22 is 150mm, that is equivalent to 10 times bar diameter. 

3. The factors that govern the tensile performance of a splice sleeve connection are bond 

between grout-rebar, bond between grout-sleeve, tensile capacity of the sleeve connection, 

and tensile capacity of the spliced reinforcement bars.  
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Abstract. UltraHigh Performance Fiber Reinforced Concrete (UHPFRC) exhibits remarkable 

mechanical performance, which can allow to reduce the cross-section of structural members. 

However,a problem involving UHPFRC isthe likely tendency to crack at early age, due to autogenous 

and plastic shrinkages, caused by the very low water-to-binder ratio adopted. Therefore, this 

experimental work intends to detect the effectiveness of a possible solution for reducing the risk of 

shrinkage cracks in UHPFRC, by adding to the mixture a suitable combination of expansive and 

shrinkage reducing agents.Compressionand bending testswere carried out up to28 days of curing. 

Free drying shrinkage strains were evaluated up to 56 days of exposure to 50% relative humidity. The 

experimental results obtained by using expansive and shrinkage reducing agents were extremely 

encouraging in termsof free dryingshrinkage reduction, and even surprising in terms of flexural 

behaviour.  

Introduction 

Concrete cracking at early ages is a significant problem for many concrete structures, and in 

particular for structure in aggressive environment. The presence of cracking can reduce the service 

life of a concrete structure by allowing aggressive agents to penetrate through it faster in easy ways. 

This obviously leads to increases in maintenance costs. A possible solution for this problem could be 

the use of Shrinkage Reducing Admixture (SRA). Concerning the counteraction of concrete cracking, 

SRA proved to be effective if used alone [1], but especially in combination with expansive agent it 

showed synergic effect [2]. 

Ultra High Performance Fibre Reinforced Concrete (UHPFRC) is a superplasticized silica fume 

concrete, fiber reinforced, with improved homogeneity because traditional aggregates are replaced 

with very fine sand. According to Richard and Cheyrezy [3], if soft cast and cured at room 

temperature, its compressive strength can reach 200 MPa. 

Nowadays, UHPFRC is regarded as a promising material for special prestressed and precast 

concrete members [4-5], including those within industrial and nuclear waste storage facilities [6]. 

Although production costs of UHPFRC are generally high, some economic advantages also exist 

in UHPFRC applications: in fact, steel reinforcement can be reduced or eliminated by using 

fibers.Moreover, due to its extraordinary mechanical performances, the thickness of concrete 

elements can be reduced, which results in materials and cost savings.  

In addition, one of the main problems concerning the use of concrete as building material in 

general arises from the fact that it shows strongly different mechanical behavior under either 

compressive or tensile stress. This difference rises with increasing concrete strength class, and the 

ratio between tensile strength and compressive strength may vary from 0.15 to 0.11 for concrete 

having compressive strength varying between 28 and 63 MPa [7].Conversely, the difference between 

concrete compressive and tensile behavior may decrease if concrete is prestressed, because when it 

will be subjected to loads producing tensile stress, it will show first of all a phase of discharge from 

the initial compressive prestress, and only later the material will start to undergo tensile stresses. 

In this work, the possible onset of a self-prestressing effect due to the presence of both expansive 

agent and homogenously dispersed steel fiber reinforcement was investigated.  
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Experimental Part 

Materials and mix proportions. As binder, commercial Portland cement type CEM I 52.5 R 

according to the European Standards EN-197/1 was used at a dosage of 960 kg/m
3
with a water to 

cement ratio of 0.25 (corresponding to a water dosage of 240 l/m
3
).The Blaine fineness of cement was 

0.48 m
2
/g and its relative specific gravity was 3.15. 

As aggregate, well-graded very fine quartz sand was used with particle size up to 1 mm.The 

specific gravity value was 2710 kg/m
3
 while its water absorptions was 1.4%. 

As filler,250 kg/m
3
 of silica fume (SF) with grain size smaller than 1 µm,obtained as industrial 

by-product of the silicon processing, were used. Silica fume powder had a specific surface area of 

about 18 m
2
/g, evaluated by means of BET surface method, and a relative specific gravity of 2.20. 

As fibers, 192 kg/m
3
 of brass-coated steel fibers were added; their main properties are reported in 

Table 1. 

In addition, in two mixtures an expansive agent was added, made of about 99% dead burnt lime 

(CaO), at the same dosage of 35% by weight of cement. Then, in the third mixture also SRA 

polyethylene glycol was used to reduce the surface tension of the pore water in order to decrease the 

drying shrinkage.  

Finally, 10% by weight of cement of an acrylic-based superplasticizer was always employed, 

constituted of a carboxylic acrylic ester polymer in the form of 30% aqueous solution liquid(SP). 

The UHPFRC mixture proportions are listed in Table 2. Workability of UHPFRCs at the fresh 

state was evaluated by means of the flow table according to the procedure described in EN 1015-3, 

and results obtained in terms of consistency of fresh mortars are in the range 40-50%. 

 

Table 1: Properties of steel fibers. 

Density [kg/m
3
] Tensilestrength [MPa] E [GPa] lf[mm] df [mm] Aspectratio 

7850 > 250 190 12 0.16 75 

 

Table 2: UHPFRC mixture proportions [kg/m
3
]. 

MixtureComposition RPC RPC+CaO RPC+CaO+SRA 

Portland Cement CEM I 52.5 R 960 960 960 

Silicafume 250 250 250 

Quartz Sand (0-1 mm) 960 960 925 

Superplasticizer 96 96 96 

Brass-coatedsteelfibers 192 192 192 

Water 240 240 240 

Expansive agent / 35 35 

ShrinkageReducing Agent (SRA) / / 4 

Water/Cement 0.25 0.25 0.25 

Mechanical Properties of Hardened Concrete 

Compressive and bending tests. Nine prismatic specimens (40 by 40 by 160 mm) were cast for each 

UHPFRC mixture for compression and bending tests. They were soft cast in steel forms (vibrated for 

30 seconds after casting), and after one day of wet curing they were stored at constant temperature 

(20°C), and constant relative humidity (50±2%)for 28 days. Compressive strength was evaluated 

according to EN 1015-11 after 1, 3 and 28 days of curing. Results obtained are reported in Figure 1. 
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Figure 1: Compressive strength vs. curing time. 
 

It can be noticed that at early ages the addition of expansive agent produces a certain positive 

effect on compressive strength development. However, when the expansive agent is used together 

with SRA this effect almost disappears. The slightly negative effect of SRA on mechanical 

performance is well-known on the basis of data reported in the literature [8, 9], indeed. 

Flexural strength was evaluated according to EN 1015-11 after 1, 3 and 28 days of curing. Results 

obtained are reported in Figure 2. 
 

 

Figure 2: Flexural strength vs. curing time. 
 

With respect to plain UHPFRC the presence of the expansive agent produced a surprising 

beneficial effect, particularly at early age, with a value of 1-day flexural strength of 25 MPa, and an 

increase on 7-day flexural strength of about 45%. The reason for this extraordinary performance is 

likely due to a synergistic effect between expansive agent and homogeneously dispersed fiber 

reinforcement. 

In fact, during the first 24-48 hours since ingredients’ mixing, the cementitious matrix thanks to 

the presence of expansive agent would tend to expand, but its swelling is counteracted and fully (or 

almost) cancelled by the fiber reinforcement. This phenomenon would produce a mutual interfacial 
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stress between fibers and matrix, and the resulting effect (if the adherence between cement paste and 

fiber is maintained) could be an internal homogeneous prestress able to enhance the flexural strength 

of UHPFRC. 

On the other hand, the addiction of SRA slightly penalized the flexural strength, as expected also 

on the basis of the compression stress,as well as on the basis of data reported in the literature [8, 9]. 

Drying shrinkage tests. For free drying shrinkage strains monitoring, two prismatic specimens 

(70 by 70 by 280 mm)were prepared for each concrete mixture according to EN 11307. After one day 

of wet curing, the specimens were stored at constant temperature (20±2°C), and constant relative 

humidity (50±2%), while measuring drying shrinkage at different curing times up to56 days of 

exposure. Results obtained are shown in Figure 3.  
 

 

Figure 3: Free drying shrinkage vs. time to exposure. 

As you can see in Figure 3, the presence of expansive agent, with or without SRA, allows a 

reduction of 56-day drying shrinkage strains equal to about 30%. The same positive effect was 

detected also by [10], which found an even higher reduction of roughly 80%. Usually, when 

expansive agents are added to concrete mixture, especially together with SRA, an initial expansion 

can be detected during free drying shrinkage testing, as outlined in previous works [8, 9]. In this case, 

the expansion (positive strains) has not been observed, because it has likely been counteracted by the 

short steel fibres. The exchange of stress between expanding cementitious paste and steel fiber 

produced a certain self-prestress effect, confirming the hypothesis already done before, in order to 

explain the extraordinary enhancement of flexural strength at early ages. 

Conclusions 

On the basis of the results obtained the following conclusions can be drawn: 

- the addition of expansive agent caused a slight improvement at early age of the compressive 

strength, while this effect was negligible when also SRA was used; 

- concerning flexural strength, at early age the addition of expansive agent, with or without 

SRA, caused a remarkable improvement of strength (+45% at seven days), likely due to a 

self-prestress effect developed in the cement matrix thanks to the restrain of the fiber 

reinforcement; 

- concerningtheresultsoffree drying shrinkage tests, the addition of expansive agent and SRA 

produced an evident reduction of the shrinkage strain of about 30% up to 56 days of curing; 

- in conclusion, the use of CaO-based expansive agent for producing UHPFRC seems to be 

extremely advantageous from all viewpoints. 
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Abstract. Self-leveling lightweight mortars were developed to attain good workability, sufficient 

compressive strength (at least 5 MPa after 28 days of wet curing), and low specific weight (less than 

1100 kg/m
3
), as well as low thermal conductivity (lower than 0.3 W/m·K). The attention was also 

focused on the sustainability of this construction material, which was improved by using in the 

mixture both glass reinforced plastic (GRP) industrial by-product as filler replacing limestone 

powder, and recycled aggregates replacing natural sand. GRP is a composite material made of glass 

fibres dispersed in a resin, usually polyester, widely used in several fields from building to furniture 

factory to boatyard. The recycled aggregates used were alternatively either wooden waste or 

polyurethane waste particles. Concerning wooden waste, they are produced by cutting, drilling and 

milling operations, where wood is removed from a finished product; they are sawdust and offcuts 

often collected in filter bags or dust collectors. On the other hand, the polyurethane waste particles 

were obtained as a rejection of a factory producing rubber soles for the footwear industry.  

The influence of GRP filler and waste particles on fresh mortar workability, compressive and 

flexural strength of hardened mortar, as well as on its thermal conductivity was examined. An 

optimization of the mortar mixture proportions was carried out by suitably varying the dosage of the 

ingredients. The experimental investigation showed that both the material unit weight and its 

thermal conductivity resulted strongly reduced, thus indicating a high and promising potential for 

future developments. 

Introduction 

The reduction of energy consumption in construction, the production of thermally insulating 

materials and the solution of environmental problems by recycling industrial and municipal waste 

are becoming a relevant problem. Therefore, the development of composite construction materials 

with low thermal conductivity by using either polyurethane (PU) waste particles or wooden waste 

(WW) could be an interesting alternative that might solve simultaneously energy and environmental 

issues. 

Concerning the reuse of recycled rubber in mortars and concrete, extensive studies have been 

conducted on used tyre modified concrete and mortars [1-2]. The literature about the use of tyre 

rubber particles in cement-based materials focuses on the use of tyre rubber as an aggregate in 

concrete and evaluates only the mechanical properties. Results have indicated that rubberized 

concrete mixtures show lower density, increased toughness and ductility, higher impact resistance, 

lower compressive and splitting tensile strength, and more efficient sound insulation. However, 

there are a few studies about the reuse of other plastic or rubber waste in lightweight aggregate 

concrete (LWAC) [3-7]. 

In the present paper an attempt was made to prepare cementitious (lightweight if possible) 

mortars by adding to the mixtures polyurethane (PU) waste particles, which were supplied by a 

factory producing rubber soles for the footwear industry. In 2007, the shoes’ factory produced about 

250 tonnes of polyurethane waste particles at all, amount corresponding to the 18% of the overall 

production.  
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A further attempt was that of using wood waste particles replacing sand. In many countries, the 

wood industries generate a large amount of waste products. Sawdust is generated from cutting, 

drilling and milling operations where wood is removed from a finished product. Wood dust consists 

of very fine particles generated during sanding or other machining operations. They are often 

collected in filter bags or dust collectors. The physical and chemical properties of wood dust vary 

significantly depending on many factors such as geographical location and industrial processes. On 

average, the wood sawing results in 5–10% by weight of dust [8]. In some cases, wood waste 

contain some degree of contamination reducing the net value of the material and requires further 

processing in order to meet end market specifications. Each of these factors can generally influence 

the possibility to recycle wood waste. Moreover, the generation of energy from burning wood 

wastes may give rise to problems related with the greenhouse effect. Some research projects carried 

out in the past used wood ash wastes as a replacement for cement in concrete or mortar mixtures [9-

10], without showing a great improvement in mechanical properties. In this paper, sawdust was 

used, which came from a company in which wood is worked to produce wood packing. Sawdust is 

made of fir (the main component) as well as poplar and beech, and it was collected from sawing. 

Small amounts of paint, insecticide, fungicide are present inside the sawdust and they forbid a safe 

reuse of this wooden waste as fuel. Consequently, the possibility to reuse sawdust in mortars can be 

environmentally-friendly. 

Among other things, in this work glass reinforced plastic (GRP) by-product was used as filler. 

GRP is a composite material made of glass fibres dispersed in a resin, usually polyester, widely 

used in several fields from building to furniture factory to boatyard. Every year, in Western Europe, 

GRP processing produces 40,000 tons of industrial by-product. In Italy, this by-product is landfilled 

due to the difficulty of separating the glassy part from the polymeric matrix, its intrinsic 

thermosetting composite nature, the lack of information relating to its characteristics as well as 

insufficient knowledge on potential recycling options. 

Experimental Part 

Materials. A commercial portland-limestone blended cement type CEM II/A-L 42.5 R according to 

EN-197/1 was used. The Blaine fineness of cement was 0.42 m
2
/g and its relative specific gravity 

was 3.05.  

As aggregate fraction, polyurethane (PU) waste particles (0-8 mm) derived from rejected rubber-

shoe soles were used. The particles were obtained by grinding in an universal cutting mill 

(Pulverisette 19 by Fritsch) polyurethane soles, reducing them into particles smaller than 8 mm. 

Their relative specific gravity was 0.55, even if according to Mounanga et al. [5], the estimation of 

PU foam density, greatly influenced by its high compressibility as well as water absorption, was 

quite uncertain and makes difficult the mixture proportion. 

Alternatively, as aggregate fraction sawdust (0-8 mm) was used. Its value of loss on ignition is 

96%, while its relative specific gravity is 0.68. It came from a company in which wood is worked to 

produce wood packing. Sawdust is made of fir (the main component) as well as poplar and beech, 

and it was collected from sawing. Small amounts of paint, insecticide, fungicide are present inside 

the sawdust and they forbid a safe reuse of this wooden waste as fuel. Sawdust was always pre-

soaked in water for at least 24 hours, in order to avoid further water absorption while mortar 

ingredients are mixed. 

In order to achieve adequate cohesiveness of the fresh mortar, limestone powder (LP) was used 

as a filler, obtained as a by-product of quarry activity. In limestone quarries, considerable amount of 

powders is produced as by-products of stone crushers, whose management is a big problem 

concerning disposal, environmental pollution and health hazards. Previous studies showed the 

feasibility of the use of limestone powders as a filler for SCC [11]. The Blaine fineness of limestone 

powder was 0.58 m
2
/g and its relative specific gravity was 2.65.  

Alternatively to LP, a GRP powder was used, directly coming from a shipyard as an industrial 

by-product. GRP powder composition was about 20% by volume of glass fibres and 80% by 

volume of organic material identified by FT-IR spectroscopy as polyester resin. The GRP powder 
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water absorption and relative specific gravity were 20% and 1.40, respectively. Since the relative 

specific gravity of LP is 2.65, its replacement with GRP powder can further on reduce the mortar 

weight. 

As water reducing admixture (WRA), 30% aqueous solution of carboxylic acrylic ester polymer 

was added to the mixtures. 

As air entraining admixture (AEA), an alkaline solution of fatty acid salts was used. 

Mortar mixture proportions. Mortar mixture proportions are reported in Table 1. The same 

content of cement was used for each mortar, while the water dosages were adjusted in order to 

obtain self-levelling ability. Therefore, all the mixtures in the fresh state showed practically the 

same value of consistency obtained by means of the flow table, according to UNI EN 1015-3. The 

mortars could be defined as self-levelling, since their consistency value was in the range 140-160%. 

Limestone powder was always added to the mixtures in order to obtain the right cohesiveness 

and, eventually, it was partially replaced by GRP powder (20% in volume), in order to reduce the 

unit weight of the mortar without compromising its rheological behaviour. 

As aggregate, either polyurethane (PU) waste or sawdust (wooden waste, WW) were used, 

totally replacing sand. 

Concerning chemical admixtures, the same dosage of superplasticizer (WRA), equal to 0.8% by 

weight of cement, and air entraining admixture (AEA), equal to 0.6% by weight of cement were 

always added. In particular, such high dosage of AEA was used to introduce as many air bubbles as 

possible in the hardened mortars, in order to lighten them. 

The values of the unit weight of the mortars after 28 days of wet curing are also reported in 

Table 1. It can be noticed that values close to 1100 kg/m
3
 were obtained, and even lower when GRP 

powder was added and wooden waste particles were used. 
 

Table 1: Self-levelling mortar mixture proportions [kg/m
3
] 

Mixture PU PU+GRP WW WW+GRP 

Water 225 225 170 170 

Cement 375 375 375 375 

Limestone Powder (LP) 315 252 315 252 

GRP waste powder - 33 - 33 

PU waste 210 210 - - 

Wooden waste - - 330 330 

WRA 3 3 3 3 

AEA 2.3 2.3 2.3 2.3 

Unit weight (kg/m
3
) 1133 1103 1055 1025 

 

Preparation and curing of specimens. Six prismatic specimens were prepared for each mortar 

mixture, 40x40x160 mm in size, by casting them in steel forms. They were wet cured at 20°C up to 

28 days and used for bending and compression tests after 7 and 28 days of curing.  

Then, two flat cylindrical specimens (diameter of 200 mm, 20 mm thick) were cast for each 

mixture in order to perform thermal conductivity tests, after 28 days of wet curing and suitably 

polishing the cylinder bases (by sanding them).  

Results and Discussion 

Compression tests. Compressive strength was measured at 7 and 28 days of wet curing according 

to EN 1015-11. Results obtained are reported in Figure 1. 

The target value of 5 MPa after 28 days of curing was achieved in every case. 

Bending tests. Flexural strength was also measured at 7 and 28 days of wet curing according to 

EN 1015-11. Results obtained for the mortars listed in Table 1 are reported in Figure 2. 
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Values obtained were quite good with respect to the related low compressive strength value. In 

particular, the effectiveness of the addition of GRP powder can be highlighted, since the reason of 

this positive effect is the presence of glass fibers (about 20% by weight) within GRP powder, which 

act as reinforcing material. 

 

      

Figure 1: Compressive strength vs. curing time                Figure 2: Flexural strength vs. curing time 

for the different mortar mixtures                             for the different mortar mixtures 

 

Thermal conductivity tests. Thermal conductivity measurements were carried by using the 

guarded hot plate method, according to UNI 7745 [12]. 
Specimens were previously dried in the oven at 375-390°K to constant weight (mass loss lower 

than 1%). The experimental device is made of a heating element (central element for measuring 

plus an external guarded ring), a cooling element and external thermal insulation. The temperatures 

of the heating and cooling elements, as well as those of the frontal surfaces of the specimen, were 

measured by means of thermocouples. 

Results obtained are reported in Table 2. With respect to an ordinary mortar, which was tested by 

the authors in a previous work [13] by using the same experimental equipment, as well as the same 

experimental procedure, very lower thermal conductivity values were found. In fact, for the 

ordinary mortar the thermal conductivity was 0.739 W/m·K [20]; consequently, for the studied 

mixtures it is reduced by a factor ranging from 2.75 to 4.25, depending on the presence of GRP 

powder and on the use of WW (both rising the factor value).  
 

Table 2: Thermal conductivity of self-levelling mortars  

Mixture PU PU+GRP WW WW+GRP 

Thermal conductivity [W/m·K] 0.268 0.217 0.227 0.174 

Conclusions 

On the basis of the experimental results obtained the following conclusions can be drawn: 

- self-levelling mortars can be obtained by using either PU waste or sawdust particles fully 

replacing sand by suitably optimizing the mortar mixture proportions; 

- the use of GRP powder partially replacing limestone powder is strongly positive: in fact, it 

allows to guarantee self-levelling ability by lowering both unit weight and thermal 

conductivity of the mortar and by improving its mechanical properties (in particular the 

flexural strength, thanks to the presence of glass fibers); 

- the use of lightweight aggregates (PU and wooden waste particles), lightweight filler (GRP 

powder), and high dosage of AEA allows to strongly reduce mortar unit weight (under 1100 

kg/m
3
) and mortar thermal conductivity (under 0.3, or even under 0.2 W/m·K) by fulfilling 

the minimum requirement of 28-day compressive strength of 5 MPa necessary to build 

lightweight slabs; 

- finally, the use of industrial by-products such as PU particles, sawdust particles and GRP 

powder to manufacture self-levelling mortars allows to produce a construction material 
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which fully meet the green building issues of energy saving, waste recycling and judicious 

use of natural resources. 
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Abstract. This paper describes an experimental investigation for determining the damage modes 

under low energy impact-fatigue of sandwich panels consisting of aluminum skins supported by 

honeycomb core made of aluminum. Square samples of 125mm by 125mm sides and 10mm thickness 

(skin of 0.6mm and 8.8mm of core) were subjected to impact fatigue loading using a testing machine 

at four different energy levels (2J, 3J, 5J and 7J). The square plates are clamped in a fixture system 

over a 100mm diameter hole. Three different diameters of impactor head (15mm, 25mm and 35mm) 

are used to study their influence on life duration of the sandwich plates. Results showed that damage 

area at impacted face and propagation of multi-cracks at rear face are greatly affected by energy level 

and impactor diameter.  

Introduction 

Several works were performed to identify the damaging modes in sandwich structures subjected to 

low energy impact [1,2,3,4]. The damages are generally induced in the impacted skin, and in the core 

and in the impacted skin-core interface. Moody and Vizzini [5] have demonstrated that under impacts 

of very low energy levels, the impactor deflects the surface and the skin rebounds. There was no 

visible damage to the panels; however, the cell walls of the core were crashed. Higher energy impacts 

cause the skin to have a permanent indentation at the impact site. However, several experimental 

works, aiming to better understand the different damage mechanisms under impact of sandwich 

structures, have shown that skin damage develops linearly with incidental energy, until a maximum 

value is reached [6,7]. The damage of the core, in addition to cracking, fracture can occur by buckling 

of cell walls (honeycomb core). Finally, the authors [8] reveal that debonding is the main physical 

mechanism responsible for the rupture of the interface.  

Nevertheless, less work has been performed on sandwich panels impacted repeatedly. Then, the 

aim of this work is to describe an experimental investigation for determining the damage modes under 

low energy impact-fatigue of sandwich panels consisting of aluminum skins supported by honeycomb 

core made of aluminum.  

Experimental Procedure 

Square samples (Fig. 1a) of 125mm by 125mm sides and 10mm thickness (skin of 0.6mm and 8.8mm 

of honeycomb core) were subjected to impact-fatigue using a testing machine (Fig. 1b) at four 

different energy levels (2J, 3J, 5J and 7J). For more details refer to reference [9]. The square plates are 

clamped in a fixture system over a 100mm diameter hole (Fig. 1c). Three different diameters of 

impactor head (15mm, 25mm and 35mm, with same weight) are used to study their influence on life 

duration of sandwich plates. 
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Fig. 1 Specimen (a), impact-fatigue machine (b) and fixture system (c) 

 

The material properties of the skins and core materials are given in tables 1 and 2. 

 

Table 1 Material properties of the core                          Table 2 Material properties of the skin 

Property value  Property value 

Density [kg/m
3
] 

Through-thickness Shear modulus [MPa] 

Through-thickness Shear strength [MPa] 

Compression strength [MPa] 

82 

430 

2,4 

4,5 

 
Young modulus [GPa] 

Tensile strength [MPa] 

Elongation to failure [%] 

70 

367 

13 

Results 

The results show that under same impact energy, the number of impacts to failure (perforation) 

increases with impactor diameter. Fig. 2 shows the damaged area (perforation) on the impacted face, 

for three impactors of same weight and different diameters (15mm, 25mm and 35mm), relatively to 

an impact energy of 3J. 

 

 

Fig. 2 Estimated damage area for different impactors: (a) 15mm, (b) 25mm, (c) 35mm 

The damage area and the number of impacts to failure increase with impactor diameter ( Fig. 3). 
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Fig. 3 Failure impact number and calculated damage area vs projectile diameter (2J) 

 

Fig. 4 shows different pictures taken during impact-fatigue tests under impact energy of 2J. A 

hemispherical indentation clearly visible on the impact face indicates that impact causes a permanent 

deformation of the skin of the sandwich. Beyond 18,000-20,000 impacts, three cracks initiate in the 

upper skin from three different sites. When Nida cells cede, under the point of impact, the perforation 

occurs fairly quickly, tearing the skin below. The damage modes inventoried are: localized buckling 

of the core, the core cracking, permanent indentation under the point of impact, cracking of the 

impacted skin, debonding of the skin-core interface. 
 

 

Fig. 4 Front face at 8,000 - 12,000 - 20,000 - 28,000 and 30,986 impacts (2J) 

The comparison of damage area, represented by the “footprint” left by the impactor on the 

impacted face (crater shape), brings up the undeniable effect of impact energy on the damaging of 

sandwich panels (Fig. 5). 

 

Fig. 5 Impacted face under 3J, 5J and 7J (number of impacts: 10) 

The evolution of calculated damage surface based on the number of impact is manifested in two 

phases: a first zone of acceleration of damage (the early impacts) and a second phase of slower 

damage, until failure (Fig. 6a). For the lowest energy (2J), this development is in three phases: the two 

phases listed above, followed by a third phase of accelerated damage until perforation (Fig. 6b). 
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Fig. 6 Calculated damage area with number of impacts: (a). 3J, 5J, 7J, (b). 2J 

 

Damage to the upper skin is manifested by the initiation and growth of three cracks whose lengths 

increase with the number of impacts, following curve paths (Fig. 7).  

 

 

Fig. 7 Crack length (three cracks numbered 1, 2 and 3) vs impact number (2J) 

Conclusion 

Damage occurs by a slight indentation located at the upper skin, followed by a crater, characteristic of 

impact-fatigue test using a hemispherical impactor. The dimension of the crater increases with 

number of impacts and diameter of the impactor. After a number of impact (about 19,000 impacts for 

energy of 2J), three cracks initiate and propagate rapidly on the upper skin of the sandwich. The 

influence of the impact energy (2J, 3J, 5J, 7J) is clearly demonstrated. Indeed, the highest energy 

levels cause earlier the perforation of sandwich plates, at a smaller number of impacts. On the other 

hand, it was noted that the impact energy has a significant effect on the damage strength of sandwich 

structures, more impact energy is low and more damage area is high. This is tantamount to a greater 

(a) 
(b) 
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consumption of energy available by damage and not by perforation. This energy balance is reversed 

when energy becomes more important. 
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Abstract. In order to address the problem of stiffness and mechanical properties, a 

micromechanical approach for the prediction of the overall modulus of nanocomposites (Nylon-

6/nanoclay/silica) using a self-consistent scheme based on the double-inclusion model and taking 

into account the different morphologies exfoliated or intercalated of the nanoparticles. Self- 

consistent approach that is used in our calculations was explained after reviewing the inclusion of 

Eshelby, in particular the double inclusion and while considering also the effect of constrained 

region, modeled as an interphase around reinforcements. Namely, polyamide 6 reinforced with clay 

platelets and silica particles. Several parameters on the Young's modulus of the composite were 

studied to see the effect of having mixed two or three reinforcements in polymer matrix. Finally, we 

demonstrated the process undertaken for the calculation of elastic constants of the material studied. 

Introduction 

The main motivation behind the polymer mixture is usually reported as an impact on the 

modification and enhancement of mechanical properties. Among the more promising composite 

materials may be nanocomposites polymer/clay or polymer/silica based [1, 2] (see eg the pioneering 

work of Usuki and Kojima). Predicting the effective behavior of heterogeneous materials from the 

component properties and microstructure is a critical step in the design of new materials.  

In this context, micro-mechanical approaches have been developed for evaluating the effective 

property of heterogeneous materials and their dependence on the properties of the components and 

the microstructure. These approaches are mainly based on the theory of Eshelby equivalent 

inclusion. The most representative are the self-consistent Hill, the scheme Mori-Tanaka, the model 

of the double inclusion developed by Nemat-Nasser.  

Our model assumes the selected particle dispersion is homogeneous and takes into account the 

morphology of the nanocomposite hierarchical [3, 4]. The main objective is the establishment of a 

transition model scales to predict the homogenized properties and distributions of mechanical states 

in a nanocomposite. That is why we must take into account a real microstructure; 

Micromechanical Model for Heterogeneous Elastic Materials 

Among the micromechanical models, we opted for the self-consistent approach in which physical 

approximation is enhanced by integrating the interaction between inclusions and inclusion-matrix 

interaction. Improvements of mechanical properties of nanocomposites comes in part explained by 

the presence of a constraint region adjacent nano-reinforcement [5]. The constraint region may be 

defined as an interphase between the nano-reinforcement and the matrix, result to the local 

interaction between the particle and the matrix. 

We assumed that our particle (first inclusion) is included in a medium having the same 

mechanical properties as the matrix (Young's modulus and Poisson's ratio) even medium is in turn 
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included in the matrix (second inclusion). From there, we see that our second medium incarnates 

the interphase, ie to be able to model the effect of the latter we considered a material part, starting 

from a principle of dual inclusion whose details can be found on the book by Nemat-Nasser. In the 

case of a multi-phase composite, the expression for giving the stiffness tensor can be written as 

follows: 

( ) ( )
1

1

0 0

1

: : :
n

i i

i i Esh i Esh

i

C C f C C I S C C C S

−
−

=

  = + − + − −   
∑   (1) 

Where 
i

f  ( )  1,  2,  ...,  i n=  is the volume fraction of each Type inclusion. 

In our case we considered n=3 ie three types of reinforcements are exfoliated silicate, 

intercalated and spherical silica, 
i

Esh
S

 
is the Eshelby tensor corresponding to the inclusion I and the 

I term is identity tensor. It is assumed that all inclusions 'i' in the composite multi-phase do not have 

the same aspect ratio and elasticity. Therefore, the composite material becomes a five-phase formed 

from the matrix material, to which we give the index '0 'and inclusions (reinforcements), to which 

we give the index '1, 2, 3', respectively exfoliated silicate, silica and intercalated where each 

inclusion is surrounded by an interphase. From there, reinforced spheroidal particles randomly 

oriented transversely isotropic composite material and the general formula becomes: 

( ){ } ( ){ } ( ){ }0 1 1 0 1 2 2 0 2 3 3 0 3: : :C C f C C A f C C A f C C A= + − + − + −   (2) 

Thus global modules compressibility k and shear µ  can be written as follows: 

31 2

0 1 2 3

31 2

0 1 2 3

3 3 3

2 2 2

ff f

k k

ff f

µ µ

φ φ φ

ψ ψ ψ


= + + +


 = + + +


  (3) 

Expressions φ  and ψ  are functions of the rigidity of components. 

To deal with the morphology of the equivalent particle, the hierarchical approach [5] is 

introduced in the model. This approach leads to the estimation of geometrical parameters such as 

the thickness of the equivalent particle and aspect ratio see the work of our group [5-7]. 

Results and Discussion 

To examine the relative influence of the volume fraction of reinforcement in clay and silica, a 

parametric study is investigated. We assumed that the matrix polymer, the silicate sheets and the 

silica particle [6] are all isotropic, their elastic response is simply defined by two constants: Young's 

modulus and Poisson's ratio. The mechanical properties assigned to polyamide-6 0E 3 GPa= and 

0
0.4ν = . According to the literature, the Young's modulus assigned to the layer silicate 

1E 170 GPa=  , 1 0.23ν =  and the silica E 88.7 GPa
silica

= et 0.25
silica

ν =  20
silica

R nm=  . 

 

Figure 1: Effect of volume fraction of silicate 
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Figure 2: Effect of reinforcements on nanocomposites 

 

Figure (3.a) showed evolution in Young's modulus as a function of the variation of the radius of 

the silica particle which varies from 10 to 80 nm for the thickness of the interphase 

( 1,3,6,10 )
i

e nm= . As for Figure (3.b) was evolution the Young's modulus as a function of the 

variation of the interphase thickness for different values of radius. Note that for two figures there is 

a modulus interphase 0
10x

i
E E=  and a volume fraction of 5%. For a small particle size, the 

contact surface is larger which gives a high Young's modulus. 

 

 

Figure 3: Contribution of dimensional silica particle (a) and interphase (b) the overall Young 

modulus 
 

In this part of the work, we have proposed to characterize the composite material to a mixture 

containing two types of nano-fillers immersed in the PA6 polymer matrix. For this, we have three 

possibilities mixtures containing particles: exfoliated, intercalated, exfoliated spherical, spherical-

interleaved. Once defined mixtures, our approach is to arbitrarily fix the volume fraction one of 

reinforcements 1% and to vary the volume of the remaining fraction of 0% to 5% reinforcement. 

We did the same operation for each mixture.  
 

 

Figure 4: Effect of mixture of reinforcements on the Young's modulus: (a) silicate exfoliated with 

intercalated, (b) silicate exfoliated-silica, (c) silica-silicate intercalated. 
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Figures 4 (a, b, c) show the variation of Young's modulus Ec of a nanocomposite composed of 

two types of reinforcements. We note that the 1% nanocomposite intercalated silicate reinforced 

exfoliated silicate has a remarkable contribution to the mechanical properties relative to other 

combinations of reinforcements. In this part, we have proposed to characterize this composite 

material as mixture having three types of nano-reinforcement PA6 immersed in a polymer matrix 

ds=200nm, d001=4nm, EI=10E0. Subsequently, our approach has been to arbitrarily fix the volume 

fraction of two reinforcements to 1% and varying the volume fraction of the third reinforcement of 

0 to 5% and the same operation is repeated three times for each reinforcement. Figure (5) represents 

the variation of Young's modulus Ec of the composite according to the variation of the volume 

fraction of the dominant reinforcement. Note after studying the mixture that gives good results is a 

mixture where the reinforcement is exfoliated dominant. with 9.35 Ec GPa= , v=0.35 . 

 

 
Figure 5: Effect of mixing three types of reinforcements 

Conclusion 

Whatever the type of reinforcements (platelet-exfoliated, intercalated platelet-spherical) 

nanocomposites provide for low volume fractions of inclusions, usually less than 10% of high 

mechanical properties, with a huge difference in weight compared to conventional composites. The 

main purpose of this work is show that a mixture of nanoparticles is desirable or not! To have good 

overall mechanical properties of the composite. Namely, the Young's modulus E and Poisson's 

ratio. And this by studying the variation of modulus of elasticity for the different structural 

parameters given in the mixture such that the volume fraction of the reinforcement, of the aspect 

ratio and the effect of the interphase. Analysis of the results showed a mixed nanocomposite 

reinforcements which presents the largest mechanical properties of nanocomposites is those with a 

high volume fraction of exfoliated silicate. The silica particles in the presence of silicate (clay) in 

the polymer matrix is low effect on the mechanical properties of the composite. While the 

nanocomposites in the presence of silicate or exfoliated silicate intercalated silica reinforced 

properties are averages. Finally, hoping this work will provide good starting bases for new advance 

in this field and will open the new perspectives include an experimental study may be implemented 

as well as analytical development work in our model may be more appropriate and give good results 

for mixtures of nano-reinforcements has different morphology.  
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Abstract. Two-dimensional curves are represented by a list of vertices and other parameters that 

control the shape or curvature of the segments. In computer programming to deal with closed 

two-dimensional curves, it is often required to know the direction of the curve, which is reflected by 

the sequence of the vertex data. It can be anticlockwise or clockwise. This paper presents a robust, 

linear algorithm to determine the direction of a closed two-dimensional curve, by computing the total 

angular change of a tangent vector travelling along the curve for a complete cycle. A new, robust 

linear algorithm is proposed for the determination of the positional relationship of a point to a 

two-dimensional curve. For curves that consist of line and arc segments, which are most commonly 

used in engineering applications in computer aided design, the paper presents algorithms and 

procedures for solving the above problems. 

Introduction 

Two-dimensional curves are important entities widely used in computer aided design (CAD) 

systems and desktop publishing (DTP) systems. Typically, two-dimensional curves are defined as 

polylines and splines in CAD systems. These are very commonly used by industrial engineers for 

their amazing properties. Polyline is the most commonly used entity because profiles consisting of 

lines and arcs are easy to design and manufacture. A closed polyline can be used to define the 

profile of a part, the shape of a pocket or a hole on a plate, or an AEC column, brace, or beam etc in 

architectural design.  

Normally, a polyline consists of a number of lines and arcs segments. Once defined, those lines and 

arcs are tied together as one object unless the user purposely "explodes" it. Internally a CAD system 

defines a polyline entity by recording a number of vertices and bulge factors, which is another form of 

the included angle of arcs. To automate computer aided design tasks, it is useful to develop necessary 

computer algorithms of two-dimensional curves. This paper deals within the method of determining 

the direction of a closed two-dimensional curve. The algorithms are implemented on the AutoCAD 

platform. It will provide basis for many other geometric algorithms. 

Definition of The Problem 

The Direction of Two-dimensional Curves. Normally, a two-dimensional curve is created in 

AutoCAD in an interactive manner. It is observed that the internal records of the vertices of a polyline 

may be clockwise or anticlockwise. This has caused greater complexity when processing the data of 

polylines: one always needs to generate two branches of his computer codes to consider two 

situations, one for clockwise direction and other being for anti-clockwise direction of the profile. It is 

thus necessary to have a fundamental algorithm to determine the direction of a two-dimensional 

curve. Once a curve is found to be clockwise (negative direction), the vertices and the bulge factors 

may be reversed properly so that only curve data of "positive" direction (normally anticlockwise) will 
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be generated for other applications. In the downstream applications, one then needs to consider only 

the situation of one direction. 

For the definition of the curve direction, see Fig. 1. A two-dimensional curve, C, being smooth for 

each of its segments, encloses a single region, B. When one travels along the curve, if region B is on 

his left-hand side, it is said that the direction is positive (+); if the region is on one's right-hand side, 

the direction is negative (-). 

 
Fig. 1. Direction of a two-dimensional curve. 

Related Work 

Computational Geometry. Geometry is an ancient science in human history that, together with 

algebra played important roles to the development of other sciences. Computational geometry is a 

young science started in the 70s as the use of computers became popular. 

Excellent reviews of the field can be found in [3-4]. Shamos [5-6] was a pioneer of this field and 

his PhD thesis treated a large number of geometric algorithms, which stimulated much of later 

research. Eventually the book of Preparata and Shamos [7] became the classic reference of the 

domain. The field is developing quickly. Edelsbrunner [8] describes many results of the 80s. The 

classic problems include intersections, simple closed path, inclusion of polygons, convex hull, range 

searching, and closest-point problem. Algorithms of these problems serve the foundation for 

computer aided design and other computer graphics applications. Boissonnat [9], and Baerentzen [10] 

describes the recent demand of the new concepts of computational geometry in our life.   

Direction of Two-dimensional Curves. Strictly speaking, there is no direction for a closed 

two-dimensional curve. However, when vertices and other shape parameters are used to represent the 

curve, there is a sequence issue, and thus there is always a direction issue. It is caused by the sequence 

of the vertices. No previous work has been found to investigate this problem to the best of the authors. 

Algorithm for Determining Curve Direction  

Basic Principle of Determining the direction of a Two-Dimensional Curve.  Let's consider a 

generic two-dimensional curve C on a plane. It will meet with the following conditions: 

(1) Being smooth within each segment; 

(2) Not having self-intersections; 

(3) Being closed, i.e., it’s first and its last vertices are at the same position. 

As a result, the curve encloses a single region, B, on the X-Y plane. If a particle travels along the 

curve when the enclosed region is on the left-hand side, we call the direction positive or 

anticlockwise; otherwise, it is negative or clockwise. To determine the direction, we introduce a 

vector, r, at a point p(x,y) on the curve, see Fig.2. The magnitude of the vector is not of concern. Its 

direction is along the tangent of the curve at point p. The vector is called Tangent Vector (TGV) of the 

curve. When p travels along the trace of a curve the tangent vector moves with the point at a direction 

always following the tangent of the curve at the point p. We denote the variable of the angle of the 

vector as φ(x,y) (0≤ α ≤ 2π), with zero at the right direction along with the x-axis. When point p 

moves from p(x,y) to a nearby point p(x+∆x, y+∆y), there is an change in the angle of the vector, 

Δφ = φ(x + ∆x,y + ∆y) – φ(x,y) 
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We call this angle the Swept Angle of the Tangent Vector (SAT) from point p(x,y) to p(x+∆x, 

y+∆y). When ∆φ→0, we use directive notation for the incremental swept angle, dφ . In fact, φ= dy/dx, 

the directive of the y to x. Then, we perform integration along the closed curve, getting: 

∫=Φ

c

dϕ                                                                                                                                                                   (1) 

Lemma 1: A closed two-dimensional curve, C, forms a single region, B. When a point p travels 

continuously alone the curve with the enclosed region being on the left hand side of the point, from a 

start point P0 all the way back to the start point, the integral of the swept angle of the tangent vector, φ, 

will be 2π. Otherwise, when the point p travels continuously along the curve with the region being on 

its right-hand side, from a start point P0 all the way back to the start point, the integral value of φ will 

be -2π. 

Proof: In the current problem, we do not concern about the position of the vector. 

What is important in the calculation is the change in angle of the vector. As such, at any point p(x, 

y), we can shift the vector to one point Pi inside of the curve, see Fig.3. When the point travels along 

the curve and the vector moves with the point, the problem is equivalent to a problem of rotating a 

vector around point Pi  

 

 
 

Fig. 2. Tangent Vector of curve C and its angle        Fig. 3. Total swept angle of tangent vector. 

 

Properties of the Swept Angle for Tangent Vector. Before we present the implementation of the 

algorithm, we need to show some interesting properties of the swept angle for the tangent vector of a 

closed curve.  

1. For a smooth segment of a curve, as long as it is not self-intersected, the swept angle of tangent 

vector is the difference between the vector angle at the exit point and that at the entry point, and it is 

independent of the path of the curve. 

This property is obvious. It can be proven in the same way as proving Lemma 1 by considering that 

the swept angle has nothing to do with position of the vector. Whenever the tangent vector is changing 

continuously, the total change in angle is only determined by the end and start angles of the vector. 

With this property, the swept angle of any curves can be easily calculated, being spline, or any other 

functional form, 

seg ϕϕϕ −=                                                                                                                                                            (2) 

where gϕ stands for the swept angle over the current segment, sϕ  and eϕ  for vector angles at the 

start and end of the current segment, respectively. 

2. At the common endpoint of two segments, each of which is smooth, the swept angle is 

calculated by subtracting the tangent angle of 2
nd

 segment at the start point and the tangent angle of 

first segment at the end point, 

−+
−= vvv ϕϕϕ                                                                                                                                                               (3) 

where; vϕ is the swept angle at the vertex v, 
+

vϕ the vector angle at the start of next segment, and 
−

vϕ   

the vector angle at the end of the previous segment. This property is obvious due to the definition of 

the SAT. 
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Implementation of the Algorithm Tangent Angle of Arc at Start and End Points.  

Let the start point of an arc, A, be Ps, and end point Pe, the tangent angle at the start point is 

calculated by 

2/αϕϕ −= ses                                                                                                                                                         (4) 

where seϕ  is the angle from point Ps to Pe, the angle of the chord, in the range of 0 and 2π (see Fig. 4 

for its definition). 

 

Fig. 4. Start and end angles of tangent vector 

The variable α in Eq.(4) is the included angle of the Arc. When bulge factor, β is used in a CAD 

system internally for the arc's shape, the relationship between the bulge factor and the included angle, 

α is given by, 

)arctan(4 βα =                                                                                                                                                        (5) 

Likewise, the tangent angle at the end point of the arc is calculated from 

2/αϕϕ += see                                                                                                                                                        (6) 

It should be noted that when applying property 1 of Swept Angle of a smooth curve, given above, 

indicating the correctness of these formulae.    

In reality, the swept angle of TGV along an arc has no need to compute as it can be obtained 

directly from the data that defines the arc, for example, from the bulge factor. 

ααϕαϕϕϕ ≅−−+=− )2/()2/( sesese                                                                                                            (7) 

Swept Angle of Tangent Vector at a Vertex. The second property of swept angle of TGV can be 

followed. Let's consider a vertex at which two segments, Arc A1 and Arc A2, are to be connected. 

This is the most complicated case. Any one or both of them can be a line. The principle of the 

computation remains the same. 

Let the angle of TGV at the end of A1 be e1ϕ , and the angle of TGV at the start of A2 be, e2ϕ , Then, 

the swept angle of TGV at the this vertex vi will be,  

esi 12 ϕϕϕ −=                                                                                                                                                              (8) 

For a line edge, the angles of TGV at both the start and the end vertices are the same, and are equal 

to the angle from start to end vertex. 

Implementation of the Algorithm. When a curve consists of lines and arcs, the curve can be 

internally represented by two series of parameters: 
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where Pi is a vertex at point i, iβ is the bulge factors of the arc for the i
th 

segment. It can be converted 

to include angle iα  by Eq. 5. 

The total swept angle is calculated using the following procedure 

1. Transform the CAD internal data to two series table, Pi and iα  {i =1,2,…N-1}; 

2. Compute the Swept Angle at each vertex iφ {i = 1,2…N-1} according to Eq.8. 

3. Add all Swept Angles at the vertices together, resulting in : 

∑
−

=

=Φ

1

1

N

i

iv ϕ                                                                                                                                                                  (9) 

4. Add all the included angles together, resulting in 
α

Φ : 

∑
−

=

=Φ

1

1

N

i

iα
α

                                                                                                                                                            (10) 

5. Add the swept angle of vertex and that of the arc  

av Φ+Φ=Φ |                                                                                                                                                        (11) 

6. Output the conclusion according to the value of Ф. 

Summary 

One robust algorithm is presented in this paper for the determination of the direction of a 

two-dimensional curve. The algorithm helps computer programmers to significantly simplify their 

application codes for processing two-dimensional curves. With the algorithm, one always simply 

considers his curve in the positive direction. In order to develop the algorithm, concepts of Tangent 

Vector of two-dimensional curves and its Swept Angle are introduced. The direction of the curve is 

judged by the value of the total swept angle of the tangent vector. The second algorithm, which is 

based on the first algorithm, is used to determine the position of a point in relation to the curve. 

Concepts of Radial Vector and the Swept Angle of Radial Vector are introduced. Computations are 

made only on swept angles of tangent vector and radial vector in the algorithms. The first algorithm is 

a novel one. It uses a simple concept of integral of swept angle of tangent vector to determine the 

direction of a curve. 
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Abstract: Speech recognition is a technology that attempts to involve audio cues during interaction 

with machines, instead of being limited to just visual and touch interfaces. However, a keyboard 

and mouse input is an archaic method of interaction, adding on to the fact that voice control is 

seemingly more natural. This study aims to implement speech recognition as a form of machine 

control to perform simple commands in a virtual simulation process. The simulation system is an in-

house developed augmented reality robotic work cell which includes a robot arm, a conveyer belt, a 

computer numerical control (CNC) machine, and a pellet. Issuing commands are performed via the 

Windows Speech Recognition software built from the Microsoft Speech Application Programming 

Interface (SAPI). This software is advantageous because it can be fairly accurate once trained 

properly, is easily modifiable by anyone regardless of the operator’s programming knowledge, and 

is free. A macros tool is used to support the additional features of the recognition software which 

includes directly programmable Extensible Markup Language (XML) codes. 

Introduction 

Voice recognition is a technology that plays a part in contributing towards a more efficient, 

flexible, expressive, and transparent means of human-machine interaction. It pushes the boundaries 

of interactivity to achieve a sense of immersion unlike any other, which is vital in today’s trend of 

technological approach which favors wearable technology and computing. However, the technology 

still requires further refinements before it is able to completely replace the more traditional input 

methods of a keyboard and mouse. Precision is the main source of concern for speech recognition, 

as the human voice comes in a varying degree of intonation, language, and interpretation. 

Therefore, the main objective of this study is to apply speech recognition into virtual manufacturing 

as a form of control by using it as a replacement in issuing fundamental commands, instead of 

quantifiable functions like inputting depth of cut values, the final coordinate in inverse kinematics, 

and so on. This limitation ensures that voice control will not interfere with operations that require 

high precision, yet is able to deliver a higher sense of immersion to the user. Once issuing 

commands start to feel natural, a simulation operation can reduce the time required to perform 

them. 

Related Studies 

The concept of a natural human interface was first coined by Bill Gates, as he predicted that voice 

recognition would be a key technology in replacing the traditional input methods, alongside touch 

and vision-based systems[1]. Voice data goes through pretreatment, feature extraction and finally 

recognition algorithms in its processing cycle. Pretreatment is usually conducted behind the scenes 

to filter the noise. Algorithms like Mel Frequency Cepstrum Coefficients (MFCC), linear predictive 

coding (LPC), and Fast Fourier Transformation (FFT) fall under feature extraction. Finally, the 

Hidden Markov Models (HMM) creates the recognition system by calculating the output 

probability. Fractional Fourier transform (FrFT) which is a based on FFT has been used to extract 

features for signal processing [2]. In terms of efficiency, it is similar to that of the typical Fourier 
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transformation. This method showed an improvement when compared to the MFCC at a high 

signal-to-noise ratio. This means that the FrFT method can be applicable in other areas like 

synthesis or audio enhancement, though in the case of virtual simulations, the Discete Fourier 

method should prove sufficient. 

Existing Issues with Speech Recognition. The main limitation present in commercial speech 

recognizers is the effects of ambient noise that causes recognition errors in the control system [3]. 

Therefore, it was found that interfacing the recognizer with a hybrid noise suppression filter can 

enhance the accuracy even under noisy conditions, though it only works for stationary noises. 

Furthermore, if the microphone comes with a built in surround noise cancellation, the enhancement 

would not be too drastic. In a manufacturing environment, ambient noise can be a major concern 

due to its direct effect on operators in the long term [4]. The Cave Automatic Virtual Environment 

(CAVE) is a recently developed system that is able to produce a virtual environment to represent 

the sound level present. Though no speech recognition system was used, the acoustic measurement 

that was utilized can prove useful in determining the optimum operation position without stalling 

production or the simulation. 

With regards to user interface, consumer electronics is a suitable reference to generate guidelines 

on interfacing voice control applications so that it remains straightforward and robust [5]. It should 

give the user the freedom of choice for input, consistency, an appropriate feedback, consideration of 

the user’s expectations, and avoid overloading the channel to maintain precision. These steps are 

naturally present in this proposed system, making it very accessible to even penetrate the 

mainstream market. 

Microsoft SAPI and SDK. The Microsoft SAPI and software development kit (SDK) proved to 

be a versatile and efficient tool from numerous research utilizations. A recent study developed a 

voice control system in a robotized work cell, which is similar to the augmented reality case study 

for this proposed implementation [6]. Its main focus lies in the specific requirements of a 

manufacturing cell and considers the mutual influence between the semantic analysis, recognition, 

syntactic, and spontaneous effects. The underlying rules are that these mutual influences are taken 

into heavy consideration, the optimal solution for voice variation is by defining a sublanguage, 

some sort of mechanism for spontaneous speech is required coupled with an immediate reaction to 

commands, and an easy method for semantic analysis. Microsoft SAPI was used for the online-

based aspect of the study as it covers most of the aforementioned factors.ViRbot, a control system 

for mobile robots that depends on a Microsoft SAPI-powered speech recognition engine, was also 

developed [7]. A conceptual dependency (CD) primitive is generated with each voice command, 

which then procedurally generates subtasks to fulfill the command. Since XML notations are 

supported, the recognition errors were drastically reduced, thus increasing the overall efficiency. 

Interestingly, command lines which are different but carry the same meaning was able to be 

recognized by the robot since the CD representation is the same. 

Robotic related applications to this software do not end there, as it was implemented for 

commanding industrial robots as well [8]. It was proven that the technology is suitable for industrial 

use with reliable results, though it needs to be noted that when it comes to number commands, fixed 

rules should be avoided to maintain the flexibility. Another issue is that direct voice control on a 

robotic arm, or any manufacturing tools, must consider ambient noise that is present in the 

environment that may obstruct the recognition process. Another study combined speech recognition 

with a web-based control system for a robotic work cell [9]. This allows an operation to be remotely 

controlled purely through voice that is not limited to pre-defined voice commands. A quasi-natural 

language system based on the Microsoft SAPI as well allows the system components to be 

distributed among the client and server. However, since the scope of grammar has been expanded 

and not limited to voice commands, naturally false recognitions may happen more frequently, This 

is not to say that an error free function is impossible, but as of now, if machining is involved, it is 

best to limit the usage of voice recognition. Therefore, this shows that the Microsoft SAPI has low 

recognition time and high accuracy. For tele-operated robots, such as the Lego Mindstorm, web-

based control via WiFi works in a similar fashion [10]. Limitations of such a system have been 
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tested with multiple case studies, and since both WLAN and IR are the primary method of 

communication with the robot, latency that exists in wireless communication needs to be 

considered. 

Multimodal interface adoption that includes both gesture and speech is an interesting aspect as 

well, when applied in fields that can greatly benefit from them, such as architectural work or 

interior design [11]. A system dubbed as the Open Gesture Recognition Engine (OGRE) system 

uses both hand motion and speech recognition and comprises of various in-house developed 

modules, with Microsoft Speech SDK included for voice synthesizing. Most of the restrictions that 

exist is due to the gesture module, and as for the speech module, the results show that it is favorable 

when tested on subjects with minimal experience. Therefore, another study excludes the use of 

bodily gestures and focuses solely on spoken dialogue [12]. This exclusion negates the previously 

mentioned limitations, and due to the flexibility of Microsoft SAPI, it is able to couple with any 

API that is SAPI-compliant and dynamically define grammars with XML that can be understood by 

the robot. The bridge between language and vision exist due to the common memory structures 

since both of them use symbols for the robot to understand.  

Robotics and design tasks aside, training is a ground that needs to be further analyzed for voice 

recognition to be implemented successfully into simulation systems. A recent study utilizes the 

Microsoft SAPI as the speech engine in their system for engineering training [13]. The training 

includes a virtual engine for system control simulation, which contains some resemblance to the 

virtual manufacturing in this study. The developed intelligent agent facility (IAF) was able to 

enable multimodal input such as natural spoken language analysis. In this aspect, the voice 

commands are able to interpret and provide two-way communication by converting the language 

into scripts. The data from the scripts are used for animation, arm motion, and facial expression. 

Application of Other Speech Recognition Tools. Speech recognition has been used for math 

equations by having it produce equations in digital form. The main challenge is of course the large 

dictionary, and a recently developed system called Mathifier, places a limitation by following the 

characteristics of mathematical equations that requires specific grammar structures [14]. This is 

similar to limiting the engine into recognizing only machine commands instead of a wide array of 

operations. Systems like Mathifier has a great support for English language as well, but when it 

comes to support for other languages or those who do not speak English fluently, certain 

considerations must be taken. Through studies with the Dragon system, it was found that native 

speakers produce significantly higher accuracy scores, which concludes that single-speaker 

dependency still requires constant research [15]. Further use of voice recognition systems is highly 

encouraged to test these boundaries.  

Methodology 

The interface of the speech recognition allows the user to code for both speech recognition and text-

to-speech, as well as offers two levels of access; high-level objects and low-level objects. For this 

study, the high-level access is utilized because it is more suited for minimalistic voice commands 

compared to the latter which is designed for sophisticated orders but runs the risk of lower 

precision, which is not an option in a machining simulation. Figure 1 shows the high-level API that 

is able to call low-level objects to perform the tasks. 
 

 

 

 

 

 

 

Fig. 1. Architecture of the high-level API 

 

For the speech recognition section, initialization of the Object Linking and Embedding (OLE) is 

done by calling the “CoInitialize” function to create a Voice Command for the application. OLE is 

Application 

Speech Recognition (SR) 

Text-to-speech (TTS) 

Object Sharing 

External Engines 
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automatically able to launch the specific dynamic-link library (DLL) that corresponds with the 

application. A notification sink is registered, which is a function used to callback notifications when 

something happens, and is also required to create a voice menu. Multiple voice menus are possible 

depending on the number of applications running on the PC. This means that two simultaneous 

simulations can be performed, or a simulation program coupled with data tabling programs, without 

any confusion occurring between the voice operations of the running applications. This is done via 

the “gpIVoiceCommand” function. Finally, once all operations are finalized, the OLE is released in 

the Windows handler. The full sequential functions are detailed in Figure 2, though at this point of 

time, no actions are taken yet since only recognition is conducted without TTS. 

 

 
Fig. 2. Program sequence of the speech recognizer 

 

To get the system to actually reply back in English to the operator as a form of feedback to 

confirm a successful operation, voice text is necessary. The TTS engine is able to output audio 

depending on the preceding notification sink.Fourier transformation is used to process the voice 

data, especially when the audio samples are extremely similar. In general, Fourier transformation 

uses sinusoidal curves to characterize a waveform. It is defined as 
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Since the waveform consists of sample signals, the discrete transformation is then defined as 
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The discrete Fourier transformation is able to transform a voice input and sample a continuous 

function so long as it has a finite duration. The default female cyber voice is embedded into the 

Microsoft Voice system, but for the general use of manufacturing simulation, it is not necessary to 

alter this since it will require a low-level API which is needlessly complex in this context. 

The Windows Speech Recognition macros further extends the capabilities of the speech 

recognition tool by utilizing XML codes as shown in the figure below which is able to issue various 

English language commands triggered by voice commands. This eliminates the need for complex 

programming because XML grammar is able to interpret English accurately. Figure 3 shows the 

basic layout of an XML code which immediately allows the system to recognize any English word 

within the “listenFor” function and perform an immediate reply through the “speak” function. The 

priority function on the code tells the system to ensure the macros has maximum importance over 

any other Windows core functions, and the question mark at the “?computer” indicates that the 

word is optional when issuing the command, which is similar to CD primitives. 

 

 

 

 

 
 

Fig. 3. Layout of an XML code 

CoInitialize

CoCreateInstance

DLL launch gVCmdNotifySink

gpIVoiceCommand

Add Command gpIVCmdMenu

CIVCmdNotifySink

<?xml version="1.0" encoding="UTF-16"?> 

<speechMacros><command priority="100"> 

<listenFor>Hello ?computer</listenFor> 

<speak>Yes, sir?</speak> 

</command></speechMacros> 
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This powerful set of macros is able to perform both individual tasks and multiple tasks in series. 

The virtual simulation processes that will be used runs on the Windows platform, and so it is 

necessary for the voice recognizer engine to know each keyboard and mouse function that can be 

dictated, and placed into the XML code in the way where the voice synthesizer can utilize the TTS 

engine to understand the commands. Additionally, the macros provides two forms of feedback; 

visual text via the speech widget docked on the screen, and audio confirmation programmed by the 

operator. Since one of the aims of this study is a higher immersion, audio feedback is favored as it 

allows the operator to focus on the visualization of the simulation and not the computer screen. 

Voice Control in Robotic Work Cell Simulation. The simulation is an augmented reality-based 

robotic work cell which is created via Visual C++ programming, OpenGL library, and ARToolKit. 

A graphical user interface (GUI) is not included and the simulation runs purely from compilation of 

the codes involved in building it. Figure 4 depicts the work cell, which is rendered with OpenGL 

and tracked with ARToolKit. In this simulation, an offline programming method is implemented to 

teach the robot arm coordinates in space. The end effector of the arm is manipulated with a marker 

cube, and mouse operations will save the coordinate of the end effector. Inverse kinematics 

according to Denavit-Hartenberg’s theorem is used to calculate each of the joint angles of the robot. 

Part of the simulation involves mouse operation to pick and place a virtual object around; if the user 

clicks the left button and holds it down, the virtual objects is picked, i.e. snaps to the manipulator, 

and letting it go places the object down, i.e. unsnaps the object. To achieve this in the XML code, 

the Autohotkey, which is a macro program, gives the additional function of “mousedown” and 

“mouseup” functions. 

 

 
Fig. 4. Augmented reality robotic work cell simulation 

 

The XML code for the simulation process covers the launching of the application until the 

closing, with a vocal reply assigned to each command, as shown in Table 1. Anytime throughout 

the simulation, the operator can choose to end the voice recognition simply by saying “stop 

listening” to pause the system if he or she wishes to switch to keyboard input, and then resume 

anytime by saying “start listening.” 

Table 1. List of voice command in the XML code 

Voice Command Function Computer Reply 

Run program debugs program initializing robotic work cell 

simulation 

Create work cell enters key to generate work cell generating work cell 

Save point saves current coordinate of manipulator into an output 

file 

saving current point 

pick snaps virtual object to manipulator picking object 

place unsnaps virtual object placing object 

Remove work cell removes the work cell removing work cell 

End program ends the program closing simulation 

Discussion 

An analysis was conducted on the sound wave of the user to determine the sound clarity and 

loudness of the input sound which is recorded from the microphone using Audacity, a digital audio 
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recording software. The user firstly records himself or herself saying “Hello, nice to meet you” in 

the same intonation, volume, and pronunciation when issuing commands, to collect the sound data 

in waveforms. Using the FFT algorithm, the region of data is converted into a power spectrum, 

which represents the energy present in each frequency. A higher vertical or decibel value represents 

a louder sound. The highest attained decibel is at a frequency of521Hz which lies between the 

rangeof469Hzto603Hz.This analysis allows us to inspect the degree of acceptance of sound data for 

the microphone and how much is being understood by the system. The results in Figure 5 show that 

each audio input is sufficiently loud and can easily be distinguished from the ambient noise present, 

boosting the signal-to-noise ratio. 

 

 

 
Fig. 5. Waveform of the recorded sound displayed in the unit of (1) Frequency, Hz, (2) Decibel, dB, 

(3) Spectrum colour, Hz. (4) Graph plotting the Decibel against Log Frequency interpolated using 

FFT algorithm 
 

The word error rate (WER) method is used to determine the accuracy of the overall system since 

in general, a higher accuracy indicates a higher level of understanding. WER is calculated with the 

following equation:  

()* =	
+,-,.

�
											=

/01�2	31445�67

8195:	;1445�67
			100.  (3) 

Where S is the number of substitution, D is the number of deletion, Iis the number of insertion, and 

N is the total number of words. This equals to the percentage of wrong commands over total 

commands[14].The case study is divided into a trained and untrained test for WER, and Table 2 

summarizes the results. It is found that when 30 commands were issued, the trained system 

produces a WER of only 3.3%, while an untrained system produces a WER of 20.0%. This shows 

that if the SAPI is trained accurately, the voice command is reliable. 

Table 2. Comparison result for robotic work cell simulation 

 WER (%) Correct Commands Wrong Commands 

Trained 3.3 29 1 

Untrained 20.0 24 6 

 

However, it needs to be understood that a higher degree of understanding a command does not 

entirely depends on the value of WER where lower WER indicates higher accuracy, since it has 

been demonstrated before that true understanding depends on more that high recognition 

accuracy[16]. As long as the experiment conducted matches the optimization objectives or the 

specific conditions, understanding becomes easier despite having a higher WER. Therefore, the 

WER value is a rough, though fairly dependable assumption on the degree of which the words are 

understood by the system, but is not indicative of the true accuracy.  

Conclusion 

The key point in speech recognition is that currently, it is still almost impossible to make it error-

free. Therefore, utilizing the technology is only useful for automating common activities like 

[1] 

[3] 

[4] 

[2] 
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issuing commands.Due to the demand of occasional manual intervention, the transition between 

traditional and voice input needs to be seamless. 
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Abstract. In this paper a method for synthesizing Reduced Multi-Valued Logic Networks 

(RMVLNs) using NZMDD is presented. MVL functions represented as large MVLNs are reduced 

by RMVLN. The detailed working of NZMDD method is presented elaborately in this paper. It is 

observed that reduced average Product Term (PT) is achieved in MVL synthesis using NZMDD. 

Experimental analysis is carried out by examining randomly generated 49998 non-sequential 

benchmark circuits. An improvement average PT reduction of 12.486% is noted in comparison to 

evolutionary ACO-MVL algorithm.   

Introduction 

Over the last two decades, synthesis and simplification of MVL functions has become a major 

research field of study. MVL is defined as a non-binary logic and involves the switching between 

more than two states [1-5]. There are several researches of MVL synthesis based on Decision 

Diagrams (DD). According to Files et.al (1997), the MVL functions can be functionally 

decomposed using the decision diagrams [6]. DDs can also be used to represent and manipulate 

MVL functions. The DD packages as discussed in the paper by Dreschler et.al (1999) is based on 

recursive synthesis operations. According to the author the approach discussed can be easily utilised 

to prototype the MVL DD packages [7]. Dreschler et.al (2000) utilised the decision diagram for the 

synthesis of MVL specifically MVL Networks by developing an edge-mapping approach for 

MVLN. His resulted circuits had linear size with respect to the initial DDs [8]. Miller et.al (2002) 

examined the constructions of MDDs. The evaluation was achieved by comparing the recursive 

MIN and MAX as primitive operations in MDD and using the cyclic negations and complements as 

MDD edge operations to reduce the MDD node count [9]. Jiang et.al(2003) studied the optimum 

functional evaluation problem for a multi valued relation.  The Generalized Cofactoring 

Diagram(GCD) proposed in this paper was tested on multi valued relations which can be used in 

logic simulation, software synthesis for embedded control applications and functional 

decomposition in logic synthesis [10]. It has been observed that many existing algorithm requires 

more hardware compared to evolutionary algorithms [1]. Thus an effort of reducing the PT for 

synthesizing MVL functions has been undertaken in this paper.   

The represents a tree-like decision diagram NZMDD which is an extension of the existing Multi-

Valued Decision Diagram (MDD). Firstly the MVL function is represented as the RMVLN. 

RMVLN is reduced to only two rows in height. Later RMVLN is mapped to NZMDD for synthesis 

process. The synthesized compact form of NZMDD is evaluated as MV logic expressions. MVL 

gates such as, WINDOW LITERAL, EXTENDED AND, MIN and MAX is used to realize the logic 

expressions. Two sets of randomly generated benchmark circuits are generated to evaluate the 

experimental results. First set initially consisting of 1 million randomly generated MVL functions, 

out of which 19600 circuits were used to represent 3-valued MVL synthesis. 4-valued 49998 MVL 

benchmark circuits were used for synthesis and comparing against ACO-MVL algorithm. 
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Proposed Methodology 

In this section a description of nodal logic gates are presented. A detailed elaboration of RMVLN is 

introduced and discussed that how NZMDD is used to synthesize from RMVLN. The structure of 

NZMDD and its working are elaborately discussed. A brief sight of MV logic expression is 

presented to show how these are used to form the circuits.  

Model of Reduced Multi-Valued Logic Network (RMVLN) and its Nodal Logic Gates. 
Multi-Valued Logic (MVL) functions are represented as a Reduced Multi-Valued Logic Network 

(RMVLN). RMVLN’s are formed as a directed acyclic graph which consists of vertices V  and 

edges E . The graph is represented as ( ),C V E= . One of the basic cell’s which comprises of an 

Initial Input ( II ) or Initial Output ( IO ) is labeled with each of the vertex v V∈ . There exists a set 

of fundamental cells in RMVLN which consists of WINDOW LITERAL, EXTENDED AND, MIN 

and MAX logic gates. If an output of a cell related with u is connected to the input of another cell 

related with v , then there exists an edge ( ),E u v= from vertex u to v . The vertex information about 

their input and output is embedded in every edge. The first node of the network is labeled as 

II since it has no incoming edge. Nodes that have no outgoing edges are labeled as IO . The basic 

cells interact with each other through edge and later help forming logic expressions. The network 

has a maximum of two rows of nodes. Incoming and Outgoing edge of a node is considered to 

decide the form of fundamental cell and their inputs. 

In a RMVLN the II values are determined from an ordered finite set S , where 

{ }0, , 1S k= −… and k denotes the logic levels. Terminals { }0 1,, , tT T T T= …  are available for each 

of the II . Terminal values are determined by the ordered finite set
s

T , where { }1, , 1sT k= −… . The 

terminal values for initial input x  is defined as ( ) { }1, , 1t iT x k= −… . 

A WINDOW LITERAL consisting of bounds { } ( ) [ ], , , 0a b and a b S a b k∈ ≤ ≤ < has one 

input and output. As proposed in [11] for a given input x with bounds { },a b the literal or short 

literal is defined as: 

 

0

a b
b if x a

x
otherwise

=
= 


         (1) 

 

Where 1 2, , , na a a R∈� , 1 2, , , nb b b R∈� and 0 { , } ( 1)a b k≤ ≤ − and b is called the value of the 

literal. In an MVL function 1

a bx and 2

a bx represents the value of a minterm. Window literal helps to 

form the representation of non-zero minterms, with the assistance of coordinate ( )1 2,x x . 

Considering coordinate 1 2( , ) (2,1) 2x x = = the minterm is retrieved from 3
rd

 column 2
nd

 row of the 

function. Since the minterm is 2, then b = 2. 1 2x = therefore 1 2a = and 2 1x = therefore 2 1a = . 

Hence the literal could be represented as 2 2 1 2

1 2 2 2 2x x• = • = . Therefore an ideal minterm could be 

represented as MIN operation of two WINDOW LITERALS as 1 2
m n m na b a b
x x• where 

,m m n na a b b≠ = and:  

 

1 1 1 1 1 1

1

, min

0

a b
b if x a where b term value

x
otherwise

= =
= 


  (2) 

 

2 2 2 2 2

2

, min

0

a b
b if x a where b term value

x
otherwise

= =
= 


    (3) 

 

Advanced Materials Research Vol. 980 173



Considering a given input of 1 2,

1 2

b ba x and x
�

an EXTENDED AND operator as proposed in [12] is 

defined as below: 

 

1 2

1 2 1 1

,

1 2 2 2 2 1

0

b ba

b if x b and x a

x x b if x b and x a

otherwise

= =


• = = =



�

      (4) 

 

Where 1 20 { , , , } ( 1)a b x x k≤ ≤ − and 2x determines the value of the operator. If there exists an 

implicant from a MVL function as 0 1 1 1 0 2 2 2

1 2 1 2x x x x+i i . The implicant can be simplified using 

EXTENDED AND operator. The simplified implicant can be represented as 

below
0 1,2 1 1 2 2

1 2 2
( )x x x+

�

. Considering coordinate 
1

0x = and 
2

2x =  the implicant 

achieves 0 1,2 0 1,2

1 1 2(0 2) 2, 2x x where x+ = • =
� �

and the output is 2. 

 

Non-Zero Multi-Valued Decision Diagram (NZMDD). Functions ranging 

in { } { }: 1, , 1 1, , 1
n

f k k− → −… … represents a NZMDD. This decision diagram only maps the non-

zero minterms in the multi-valued logic network. Hence the edges from a node that are relevant to 

the non-zero minterms are considered and mapped to the RMVLN. From root to terminal the nodes 

are defined from a set { }0 0 0 1,, , r nN N N N= … where { }0,1r = . A node contains the fundamental 

cells. Based on the incoming and outgoing edges the cell is selected. Each internal node has 

minimum one outgoing and maximum 1k − outgoing edges, where for a particular edge 

( ) { }1, , 1x t ie T x k→ = −… . Each r nN has an if-else clause to determine the flow of incoming edges. 

The flow leads to the non-zero terminal of the decision diagram.  NZMDD does not contain vertices 

with isomorphic sub-graphs or with all successors pointing to the same node. On all such paths of 

this DD the variables are not encountered in the same order. Hence NZMDD is reduced but not 

ordered. The remaining of this paper focus on reduced NZMDD.  

The function [ ]1 2( , ) 012111000f x x = is a two variable three valued vector presented as shown 

Figure 1. Figure 2 exhibits a diagram of a reduced and ordered MDD of the same function and 

Figure 3 represents diagram of reduced NZMDD. 

 

                                          

Fig. 1. Matrix of Function 1 2( , )f x x      Fig. 2. Ordered-Reduced MDD     Fig. 3. Reduced NZMDD 

  

A directed acyclic RMVLN can be constructed based on function ( )f x for which a 

corresponding NZMDD can be generated as below: 

 

174 Modern Technologies for Engineering, Applied Mechanics and Material
Science



I. Nodes are labeled with II and IO . Terminal nodes 0 0 0 1,, , r nN N N… are created, where the 

value of N is ( ) { }1, , 1t iN T x k∈ = −… . 

II. In reduced RMVLN for each of the II a vertex or variable is created in the NZMDD. The 

node checks all non-zero minterm ( )1 2

0

,
n

i i

i

f x x
=

∑ . 

III. Based on the nodal clause the outgoing edge points to the terminal nodes.The logic gates of 

the reduced RMVLN are visited in a topological order. Each of the logic gates has its 

corresponding NZMDD operation which is carried out. 

 

The two rows of reduced RMVLN assure a complete visit of all the nodes in a topological 

manner. This also ensures that all input edges are known before it is evaluated through logic gate 

expression. After visiting all the nodes the 'IO s of the NZMDD is evaluated. 

 

      
Fig. 4. A Nodal Simulation of NZMDD using MAX and EXTENDED AND 

 

In Figure 4 an example of a nodal simulation of NZMDD is shown through logic gates. The 

logic gates consists of EXTENDED AND and MVL MAX gate. The input to gate corresponds to 

the outgoing edge of 1x and outgoing edge of 2x . Input to the MAX gate depends on the repeated 

incident edge of 2x .  The output edges of the gates correspond to the nodal relation that is 

represented by the NZMDD. 

Synthesis of MVL Function using NZMDD 

Consider an NZMDD representing a k valued two variable function which is initially provided for 

the synthesis purpose. The function ( )f x  is the cumulative set of all sub-functions of the 

main ( ) ( ) ( ){ }0 1( ) nf x Z x Z x Z x= + + +… . Each of the sub-function’s representing intermediate 

nodes of NZMDD. Root node and Terminal nodes are not considered as sub-functions of the DD.   

Each ( )2nZ x  consisting variable 2x  with input edges from 1x and outgoing edges from the node are 

mapped to a set of logic gates. The incoming edges and outgoing edges of ( )2nZ x is represented as 

0 1
, , ,

na a ae e e… and 
0 1
, , ,

nx x xe e e… . If the function being computed is ( )f x then the number of logic 

gates require can be represented by ( ) ( )
0 0

n m

i j

i j

Z x e x
= =

  
⋅  

   
∑ ∑ . All the sub-functional output edges are 

input to a MAX gate. The output from the MAX gate is the final output of the function ( )f x . In 

order to compute the functions the basic gates which are available are EXTENDED AND, MIN, 

MAX and WINDOW LITERAL. It is assumed that each intermediate node is referring to a 

(a) (b) (c) 
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fundamental logic cell, where the inputs are from incoming edge
0 1
, , ,

na a ae e e… , outgoing edge 

0 1
, , ,

nx x x
e e e… and output is terminal node ( ) { }1, , 1t iT x k= −… . 

Each incidental repeating outgoing edge of intermediate node of NZMDD translates into 

EXTENDED AND and MAX gate. Other outgoing non-incidental edges are translated into MIN 

gate. As shown in Figure 5 three inputs to the MAX1 gate originate from the repeating outgoing 

edge of 2x . The predecessor edge of 2x and output from MAX1 gate serves as the input to the 

EXTENDED AND. Non incidental outgoing edge for 2x  and predecessor edge serves as the input 

for MIN gate. Output edges of EXTENDED AND and MIN serves as the final input for MAX2 

gate. The MAX2 gate produces the final value for the specified sub-function.   

 

           

Fig. 5. A 4 valued 2 variable MVLN, its sub-functional synthesis to MVL gates 

 

The circuit portion in Figure 5(d) & 5(e) shows the relevant inputs and gates related to outgoing 

edge 
2 3x x

e and e , predecessor edge 
3a

e and intermediate node ( )3 2Z x . Considering the NZMDD 

in Figure 5 if a realization for node ( )3 2Z x is to be constructed, incoming edge 
3ae and outgoing 

edge 
2 3
,x xe e are needed. Redundant single input-output WINDOW LITERAL gates can be replaced 

with a single pass. MAX gates which determine the final output of the function ( )f x can be shared 

across all the output edges of the sub-functional nodes. For a k valued logic level each intermediate 

node in the NZMDD can accommodate at max 1k − outgoing edges, 
2

k
incidental repeating 

outgoing edges. A worst case scenario may appear when at least one outgoing edge is incidental 

repeating. In these circumstance the total number of logic gates required to express a sub-functional 

intermediate node can be observed by 
0

2
i

n

x

i

e
=

 
⋅ 
 
∑ and

0

2 1
i

n

x

i

e
=

 
⋅ + 
 
∑ . Using EXTENDED AND in all 

the outgoing edges decreases the number of MIN gates but increases the number of MAX gate. The 

best outcome has been achieved when at most one of the edge has utilized EXTENDED AND 

operator. 

Experimental Results 

An NZMDD analyzer has been constructed to generate experimental results using 19600 and 49998 

benchmark circuits. This benchmark generating method was also used in [1], [11] and [12]. Two set 

of experimental datum was generated using the analyzer. The first and second set consecutively 

consists of 19600 and 49998 randomly generated MVL functions. The first set benchmarks are 3 

(a) (b) (c) (d) (e) 
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valued 2 variable functions, while the second set consists of 4 valued 2 variable MVL functions. 

The benchmark does not contain any sequential circuits. All measurements were performed on a 

Microsoft windows XP, Intel Core2 duo 2.20GHz CPU, 0.98GB RAM machine. The 3 valued 

combinational benchmarks were used to observe the average number of product term (PT) needed 

to synthesize each MVL function provided in Table 1. The number of minterms the function 

contains is shown in the first column. The proposed NZMDD column denotes the average PT 

needed to synthesize the group of functions.  

 

Table 1. Average PT used in synthesis of 3-valued MVL benchmarks using NZMDD method. 

 

Minterm 

  Generated               

MVL 

Functions 

  NZMDD   

(proposed) 

Avg. PT 

9 799 5.2140 

8 3067 4.9680 

7 5178 4.6450 

6 5319 4.2730 

5 3338 3.8230 

4 1461 3.2610 

3 438 2.6250 

 

In [12] paper the author has experimented on synthesizing MVL functions of 4 valued 2 variable 

using evolutionary techniques. It can be clearly observed that evolutionary algorithm had 

outperformed all other previous synthesis techniques. Considering the experimental results shown 

in Table 2 it is observed that the proposed method synthesizes an average 10.5 minterm 4-valued 

MVL functions for an average of 4.975 PT. ACO-MVL requires an average of 6.286 PT for the 

same experiment. For synthesis NZMDD reduces the number of PT by 52.619%, while ACO-MVL 

reduces PT by 40.133%. Hence our proposed NZMDD synthesis method outperforms ACO-MVL 

algorithm by 12.486% of improvement. Further reduction in synthesis can be achieved if the 

NZMDD can be reduced to its optimal size.  

 

Table 2. PT reduction using NZMDD over ACO-MVL for 4-valued MVL functions 

Minterm MVL 

Functions 

ACO-

MVL [12] 

   NZMDD     

(proposed) 

16 500 6.73 6.3160 

15 2679 7.054 6.1240 

14 6589 7.163 5.8520 

13 10585 7.182 5.7195 

12 11230 7.086 5.4830 

11 9003 6.904 5.2100 

10 5434 6.66 4.7820 

9 2575 6.356 4.6260 

8 1038 5.934 4.4290 

7 277 5.48 4.0940 

6 75 4.96 3.9870 

5 13 3.923 3.0770 

 

Conclusion 

In this paper we have presented and evaluated a tree-like decision diagram. NZMDD is considered 

as an extension to MDD, which synthesizes reduced MVL functional networks. The synthesized 

MVL functions are realized with MVL gates. The compact form of NZMDD reduces the size of 
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logic expression, which in turn reduces the size of the circuit. The results obtained using the 

NZMDD is compared using 49998 benchmark circuits against ACO-MVL evolutionary algorithm. 

The results achieved have shown that the NZMDD outperforms the existing evolutionary ACO-

MVL algorithm in [12]. The result depicts an improvement of 12.486% for reduction in PT for 

synthesizing 4-valued MVL functions compared to ACO-MVL algorithm. 

References 

[1] B.A.B Sarif, M. Abd-El-Barr, Synthesis of MVL functions - part II: The genetic algorithm 

approach, International Conference on Microelectronics (2006) 154-157.  

[2] F. Sarica, A. Morgul, Basic circuits for multi-valued sequential logic, 7
th

 International 

Conference on Electrical and Electronics Engineering, (2011) II-66-II-68. 

[3] A.K Jain, R.J. Bolton, M. Abd-El-Barr, CMOS multiple-valued logic design part II: Function 

realization, IEEE Transactions on Circuits and Systems I: Fundamental Theory and Applications, 

40 (1993) 515-522.  

[4] A.K Jain, R.J. Bolton, M. Abd-El-Barr, CMOS multiple-valued logic design part I: Circuit 

implementation, IEEE Transactions on Circuits and Systems I: Fundamental Theory and 

Applications, 40 (1993) 503-514.  

[5] A. Gawande, S.A. Ladhake, Constraints in the design of CMOS MVL circuits, 7
th

 WSEAS 

International Conference on Instrumentation, Measurement, Circuits and Systems, (2008) 108-113.  

[6] C. Files, R. Dreschler, M.A Perkowski, Functional decomposition of MVL functions using 

multi-valued decision diagrams,  27th International Symposium on Multi-Valued Logic, (1997) 27-

32. 

[7] R. Drechsler, D. Jankovic, R.S Stankovic, Generic implementation of DD packages in 

MVL,EUROMICRO Conference, 1 (1999) 352-359. 

[8] R. Drechsler, M. Thornton, D. Wessels, MDD-based synthesis of multi-valued logic networks, 

30th IEEE International Symposium on Multi-Valued Logic, (2000) 41-46.  

[9] D.M. Miller, R. Drechsler, On the construction of multiple-valued decision diagrams, 32nd 

IEEE International Symposium on Multi-Valued Logic, (2002) 245-253.  

[10] Y. Jiang, S. Matic, R.K Brayton, Generalized cofactoring for logic function evaluation, Design 

Automation Conference, (2003)155-158. 

[11] M. Abd-El-Barr, B.A.B. Sarif, Synthesis of MVL functions - part II: The ant colony 

optimization approach, International Conference on Microelectronics, (2006) 158-161.  

[12] A.K Chowdhury, N. Raj, A.K. Singh, A novel high deduction algorithm for synthesizing 

multiple-valued logic and circuit realization, submitted to Journal of Multi-Valued Logic and Soft 

Computing (2013).  

178 Modern Technologies for Engineering, Applied Mechanics and Material
Science



 

Developing a Solar Calculator System 

Saidalmaruzi Muhammad-Sukki1, a, Mohd Toriq Khan Mohd Niyaz Khan1, b, 
Akram M. Zeki1, c, Adamu Abubakar1, d, Firdaus Muhammad-Sukki2, 3, e 

1
 Department of Information Systems, International Islamic University Malaysia, Selangor, Malaysia

  

2
Faculty of Engineering, Multimedia University, Cyberjaya, Selangor, Malaysia 

3
School of Engineering and Built Environment, Glasgow Caledonian University, Glasgow,  

United Kingdom 
a
saidalmaruzi@gmail.com, 

b
toriq_bs@hotmail.com, 

c
akramzeki@iium.edu.my, 

d
100adamu@gmail.com,

 e
firdaus.sukki@gmail.com 

Keywords: solar energy, solar photovoltaic, solar calculator. 

Abstract. There is a rapid increase in global warming over the years. This follows with continues 

campaign on reducing the energy consumption and protecting the earth against climate change. The 

Feed-In Tariff (FiT) program was introduced to encourage people to use renewable energy. One of the 

alternative energies that has shown significant potential is solar energy, which could be harvested 

using the solar photovoltaic (PV) technology. This project is intended in developing an online 

application system to help the user in making a decision about installing a solar PV system. This 

system will help the user to calculate the size of solar panel that a user should install, the amount of 

electricity generated from the system and the profit that the user will gain after a few years in 

implement solar PV system in his premise(s) or house(s).  

Introduction 

Electricity generation in Malaysia is largely produced from fossil fuels, mainly from natural gas 

and coal, which constitute nearly 90% of the overall generation 0. However, to sustain this increasing 

energy demand, while cutting the dependency on the fossil fuels, Malaysia needs to shift its energy 

generation to alternative energy resources. The government has started to elevate the usage of 

renewable in delivering its energy need to ensure the country’s economy is resilient and sustainable in 

the long run 0. 

Malaysia is convinced that the Feed-in Tariff (FiT) is the way forward to shift to renewable energy 

[3,4]. The FiT scheme was introduced in Malaysia by the Parliament passing the Renewable Energy 

Act 2011 (REA) in April 2011 0. As mentioned in the preamble to the REA, its creation is with a 

specific purpose, which is to establish and implement a special tariff system or FiT to catalyze the 

generation of renewable energy from 2011 onwards 0. The FiT in Malaysia puts much emphasis on 

solar PV 0. Catalyzed by the FiT scheme, renewable energies are expected to play a significant role in 

Malaysia, with a projected cumulative capacity of 11.5 GW by 2050 0. From this, close to 9 GW is 

expected to come from solar PV 0.  

However, despite the lucrative incentives provided by the government, the uptake of solar PV is 

still considered very low in this country 0. Some of the major hindrances of implementing solar PV 

include 0: (i) lack of knowledge about solar PV technology since it is still considered as a new 

technology in Malaysia; (ii) financial problem to implement the solar panel, and (iii) the benefit of 

utilizing solar PV is still not widely spread amongst the citizens in the country. 

To persuade the general public, proper planning is needed particularly to see the viability of any 

solar PV project. Of particular interest will be the cost to implement the solar panel as well as the 

return generated from the FiT scheme. In order to achieve this, we propose to create a simple solar 

calculator system. This exciting project aims at producing a small application to monitor any 

installations of solar PV panel in Malaysia. The system should address these objectives: (i) to give the 
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bright picture about the benefits of solar energy; (ii) to promote solar energy as the main source of 

energy in producing electricity; (iii) to create an application that can propose the size of a solar panel 

based on the electricity requirement/usage of a house; (iv) to project the expected output power 

generated from the solar panel, and (v) to calculate the total profit generated from the FiT scheme. 

This system has its own focus and target. It is can be implement by gaining some information from 

certain trusted agency that expertise in this field in order to has confidentiality, integrity and 

accountability (CIA) through the system. The limitation and the scope of this system only can be 

clearly seen by looking at the community that will use it. 

Related Works 

To date, there are many existing online solar calculator system created around the world such as in 

European countries, United Stated of America and Australia. These existing systems provides the 

same basic function such as to calculate cost of electricity, energy data and etc. Some systems also 

provides suggestions on the size of solar panel needed, the cost of the installation and some financial 

analysis gain from the installation. 

Green Energy Trading 0, for example, created a solar energy calculator that is easy to understand 

and use. The interface of the design is simple and straigh forward, and is considered the best when 

compared to the selected systems. However, this system is only applicable for installation in 

Australia. Find Solar 0 is another excellent example of an online solar calculator. Despite only 

catering for the installations in the USA, this system provides an easy to understand interface. The 

website also provided a detailed description on the left hand side of the calculation form to guide the 

user. Based on the electricity consumptions of the users, the system could suggest the most 

appropriate size of the solar PV system needed by the users. 

The Minnesota’s Department of Natural Resources 0 produced quite a detailed system or product 

that enables calculation and calculates the cost used within the predicted life span of the solar PV. A 

graph is also provided to allow users to clearly view their energy usage which shows greater 

information when compared to other systems. It would allow users to carefully monitor with their 

usage of the energy.  Again, the disadvantage of this system is that it only works for Minnesota 

residents only.  

Another example of solar calculator is provided by the Energy Groove 0, a company based in the 

USA. This system is easy to understand and users do not have to register before using the 

application. However, the system requires some complicated data for the input (e.g. the tilt angle of 

the solar panel) as well as some technical jargons that might not be understandable by typical 

people. This system is somewhat slightly difficult to deal with compared to the other systems. 

Development Approach 

The proposed system is developed using the rapid prototyping development cycle. The system will be 

divided into administrator’s view and customers’ point of view. However, both parties will have the 

same view except the register list and delete functions that can only be viewed and used by an 

administrator. 

System Requirement Specification. The system will be divided into administrator’s view and 

customers’ point of view. However, both parties will have the same view except the register list and 

delete functions that can only be viewed and used by an administrator. Table 1 shows the 

requirements and the descriptions of the proposed solar calculator system. 
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Table 1. The requirements specification of the proposed solar calculator system. 

Requirements Descriptions 

Administrator Admin can add, modify and delete the data on the system and change the 

coding if necessary. 

User User can read all the information stated on the website, use the solar 

calculator system by add some value on it and view the result. 

Calculator User can enter their electricity usage here and calculate the appropriate size 

of the solar panel that they have to install, as well as to calculate the profits 

they can earn from selling the energy and  

Calculation 

Result Form 

This page will show the results based on the data provided in the calculator 

page. 

 

 

Logical Design. Logical design (Figure 1) shown is concerned with the processes to be performed. 

It describes what is to be done by the system or the functions required by the system. 
 

   

Figure 1 : Logical Design 

 

Figure 2 : User  activity diagram 

 

Activity Diagram. This is user activity diagram (Figure 2). Activity diagram is a graphical 

representation of workflows of stepwise activities and actions with support for choice, iteration and 

concurrency. In the Unified Modelling Language, activity diagrams can be used to describe the 

business and operational step-by-step workflows of components in a system. It also shows the overall 

flow of control.  

Package Diagram. Figure 3 shows which element of the website is private and public. A public 

element is denoted by ‘+’ sign and ‘-‘ for private. 

Sequence Diagram. Figure 4 shows the flow of the website. It indicates that the system begins 

with ‘login’ and ends up with ‘log out’. 
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Figure 3 : Package Diagram Figure 4 : Sequence Diagram 

 

The outcome of the development yielded a product. The system is implemented and tested. The 

programming language, database, web designing and content of solar energy are all tested. The 

components of this system are created by using multimedia flash, php, html and also MySql database. 

Figure 5 shows the page where it gives an introduction to solar power, while Figure 6 shows the page 

where benefits of solar energy are explained. Figure 7 shows the solar calculator page. This is where 

the main event happens, where users can use the calculator to calculate how big their solar panel 

should be and also how much they would earn from the FiT initiative. Users can also save their 

calculations. Figure 8 shows the page where users would choose what table they would want to view. 

 

     

Figure 5 :  What Is Solar Energy Page Figure 6 :  Normal user home page 

 
 

    

Figure 7: Solar Calculator Page Figure 8: Solar Calculator Page 
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Conclusions and Discussions 

This paper presents a solar calculator. The motivation for the project comes from the fact that people 

still not aware about the benefits of solar energy since there is still lack of information provided in 

virtual and real world. An online solar calculator has been designed using generic software 

development process. The system is tested and proved efficient in calculating solar energy. Although 

some limitations were observed, the system still works very well. In the future, this system could be 

enhanced by adding some more functions that are related to solar energy. There are some limitations 

that can be improved in future. Although this current design has some weaknesses, these will not 

affect the main process. It is hoped that this system can improve the development of solar PV in 

Malaysia as a whole by providing some knowledge about the technology and potential investment 

about solar energy. 
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Abstract. Computer Numerical Control (CNC) controller is an important part of machine, composed 

of hardware and software models. Software model, usually called an interpreter translates input code 

as per internal structure of CNC machine. Now a day’s traditional controllers of CNC machine are 

found to be closed in nature, because they are depended of vendor’s specifications. Due to that 

dependence they do not facilitate access to the inner features of machine. In order to overcome these 

problems open architecture controllers were introduced. In this article a new ISO 6983 translator for 

open architecture CNC controller is being proposed. The developed software model is able to read 

commercially available Computer Aided Design (CAD) /Computer Aided Manufacturing (CAM) 

system generated International Standards Organization (ISO) 6983 file and extracts position, feed 

rate, spindle speed, tool etc data and translates to OAC machine. At the same time it is also able to 

generate output in user defined text and EXtensible Markup Language (.xml) formats. Further design 

of paper includes development of translator, followed by case study experiment and finally ends with 

conclusion.   

Introduction 

Over the last 50 years machine tools have evolved from simple machines to highly stylish 

Computer Numerical Control (CNC) machines. CNC refers to a computer “controller” that drives a 

machine tool to create objects by selective removal of material. CNC machines were developed in the 

1970s with the introduction of minicomputers and CAD drawing software to support the development 

of on-machine programs to enable machining of different parts [1]. The CNC is a technology that uses 

microcomputers to generate, parse and execute the sequential control that describes the end effecter’s 

behavior [2]. These CNC machines can be classified by a range of different categories including 

machining process, number of axes, spindle arrangement, number of spindles and kinematics 

configuration [3, 4]. These machines are operated by ISO 6983 standard formally known as (GM 

Codes), this standard is based on the representation of the tool path digitized with respect to a tool size 

and machine command status. 

 CNC Machines are composed of many parts. Controller is one of the important part of CNC 

machine which is consists of two modules; hardware and software. The software module usually 

known as interpreter, translates the processing information such as coordinates, spindle speed, feed 

rate, tool number etc contained by input G-code into the machine understanable language. The 

interpretation method of ISO 6983 is simple structure, low in cost, requires less memory and takes 

less system resources [5]. For over a decade various companies had build interpreters (like NIST [6]) 

which runs machining centers by interpreting G-code programs. These interpreters are build to be 

subordinate to machine controllers [7]. The G-code language is line based, where the programs 

written in this language is intended to be executed line by line [8].     

Today’s conventional CNC machines programming language is still based on ISO 6983 and there 

are many CAM tools available to support NC manufacturers. But the problem of portability and 

interoperability from system to system remain an obstruction, because each machine builder has 

extended the G-Code to include proprietary functions and alterations. Due to these extensions each 

machine type and controller requires specific post processor. Most of  the  today’s CNC machine  tool 
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systems are being equipped with CNC controller supplied by controller vendors as a “black box” and 

this makes it difficult for  the  machine  tool  builder  to  quickly  develop  and  implement  the  custom  

control functions[9]. In order to overcome these shortcomings, open architecture controllers need to 

be developed. Open controller means “Controller independent from the manufactures technology, 

allowing the user to buy hardware and software from several different manufactures and freely 

assemble the acquired piece of equipments”[10]. The interpreter is the software model of the CNC 

machine controller, and due to the closeness of controller the interpreter is also dependent of vendor’s 

specifications.  

This paper presents an ISO 6983 translator for open architecture CNC control system. The 

developed software system reads commercially available Computer Aided Design (CAD) /Computer 

Aided Manufacturing (CAM) system generated International Standards Organization (ISO) 6983 file. 

The system then extracts position, feed rate, spindle speed, tool etc data and translates to OAC 

machine and at same time it also able to generate output in user defined text and EXtensible Markup 

Language (.xml) formats. 

ISO 6983 Translator  

ISO 6983 translator is a software model, specially designed for personal computer based open 

architecture CNC control systems. The function of this software model is to translate current 

CAD/CAM system generated ISO 6983 code into open architecture controller CNC system 

understandable data structure, so that the stepper/servo motors can be moved throughout linear 

interpolation or circular interpolation. It also interprets the acceleration, deceleration, spindle speed 

and feed rate for each stepper/servo motor. It is programmed in National Instruments (NI) lab view 

with some special functions. Overall it extracts data from current CAD/CAM systems generated ISO 

6983 file and translates to open architecture CNC controller as per their internal structure to perform 

machining operations. 

Developed software system is composed of three modules; input, data extraction and output [11]. 

Input data module provides the path for file uploading, data extraction module is based on lexical and 

syntax analysis which extracts position, feed rate, spindle speed, tool etc data. The function of last, 

output data module is to origanize extracted data as per internal structure of machine and translates to 

machine or generate output in terms of user defined .txt or .xml file formats as shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Internal Structure of ISO 6983 translator 

Developed interpreter works with current available CAD/CAM systems. Its working cycle starts 

with the CAD design, which then utilizes CAM software for the generation of ISO 6983 code. The 

interpreter takes that machine specific CAM file in .txt format as an input, and extracts the position, 
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spindle speed, feed rate etc data from input code and gives output in user defined .txt and .XML file. 

The interpreted data file is then transferred to the open architecture CNC machine, which performs 

operations and gives output product. The algorithm of translator starts with the reading of ISO 6983 

input code generated by using current CAD/CAM system. It is designed in such a way that it reads 

entire code line by line. While reading the code it searches for patterns position, feed rate, spindle etc 

data. After search, the software combines all the extracted data, saves and then translates to the OAC 

machine. ISO 6983 translator is able to generate output file in .txt and .xml with user defined format. 

Fig. 2. Shows the working principle of developed software module. 

 

 

 

 

 

 

 

 

 

Fig. 2. Working principle of developed system algorithm 

Experimental Study 

In this study various experiments have been performed for the testing and validation of developed 

interpreter. One of them is discussed in this section. This experiment is carried out to write U, T, H 

and M letters on a piece of wax material by using current CAD/CAM system, developed interpreter 

and [12] open architecture CNC machine. 

This experiment starts with the design process, in which U, T, H and M letters, were designed by 

using CAD/CAM software. After designing CAM machine features are given to the design in order to 

generate ISO 6983 code. Then CAD/CAM generated code is saved in .txt format by using CAM 

software code editor. After the generation of ISO 6983 code the next step is to upload code in 

developed interpreter. Before performing interpreting operation the setting of output file has been 

carried out as per requirements from setting tab of developed interpreter. In this experiment the output 

code is formatted as floating point number (%f) with comma (,) delimitation. After all settings are 

done, the code is executed and output file is saved in .txt format. Then finally interpreted code is 

transferred to open architecture control CNC machine and operations are performed. Figure 3 shows 

experiment performed by developed interpreter. 
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Fig. 3. Experiment performed by ISO 6983 translator 

Conclusion 

Conventional CNC machines are operated by controllers. Each controller has software model inside 

known as interpreter. The function of interpreter is to translate input data model code into CNC 

understandable internal data structure. These conventional CNC controllers are found to be closed in 

nature and are dependent of vendor specifications. These systems are closed in both aspects hardware 

and software. In other words they are closed in terms of Human Machine Interface (HMI) platform, 

input and output functions, connectivity, data interface model etc. In order to overcome these 

shortcomings, open architecture CNC control systems are introduced. In this work, a software model 

is developed for open architecture control systems of CNC machine. The developed interpreter is 

programmed in national instruments lab view and it is independent of vendor’s specifications. It’s 

open in nature, HMI platform, input/output function, connectivity etc. It can be used anywhere 

without any additional hardware requirements. 

Developed interpreter works with current CAD/CAM systems. It takes ISO 6983 code generate by 

currently used CAD/CAM software as an input and gives output as in interpreted code composed of 

position, feed rate, spindle etc data in user defined .txt and .xml formats. 

This study also shows the validation of developed interpreter in experimental works. There are a 

number of successful experiments that are performed with developed model. The output of 

experiments shows a good accuracy and performance of developed translator with open architecture 

control CNC system. In future the model will be updated by enabling new data interface model ISO 

14649 interpretations. With the enabling of new standard, developed system will be able to work on 

both standards and it can be used to update ISO 6983 systems into ISO 14649 data model based 

systems.  
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Abstract. Extended Mohr–Coulomb criterion which is uncoupled, therefore the plasticity is not 

influenced by the damage, was selected and calibrated. Experiments on the aluminum alloy 

2024-T351 were carried out. Further, the impact of the damage rule proportionality was investigated. 

The damage exponent was sequentially held 1, 2 and 3, respectively. Therefore, the influence of the 

damage rate on the damage failure in finite element simulations was examined. Numerical 

simulations of the tensile test of smooth and notched cylindrical specimens and flat grooved specimen 

were performed. It is also shown that there is inability to predict slant fracture by uncoupled models 

for flat grooved specimen and in the final phase of tensile tests of cylindrical specimens. 

Introduction 

The ductile failure prediction has been still a great challenge not only for mechanical engineers. It also 

could be important for petroleum or civil engineering. So it really has a considerable impact in many 

braches of engineering and in many practical industrial applications. 

Number of robust failure models and damage approaches has been developed so far. Paper is 

focused on the empirical criteria which can also be interpreted as phenomenological. The pioneer 

work in this field was published by Cockroft and Latham [1]. 

When predicting ductile failure, one has to know the plasticity of examined material. In case of 

uncoupled failure models, the plasticity is not influenced by the damage process and the plastic flow 

remains during straining the same as the flow curve identified from standard tensile tests, until the 

fracture occurs. The other part, when modeling the ductile failure, is to have a reliable ductile failure 

model. However, this paper does not deal with assessing the reliability or predictive accuracy of such 

models. This problem has been discussed in number of publications and it is not the aim of this paper. 

One of the crucial parts of ductile failure model could be its damage rule, so the influence of the 

damage rate, controlled through damage exponent, is studied hereinafter. 

Approach to Ductile Failure Modeling 

Wierzbicki et al. [2] carried out fifteen fracture tests including various specimens. They obtained flow 

curve using tensile tests of smooth specimens. The stress-strain relationship was described by 

nAεσ = , (1) 
 

where σ , A , ε  and n  are the equivalent Mises stress, stress amplitude, equivalent total strain and 

strain hardening exponent, respectively. 

Bai and Wierzbicki [3] introduced a new model of metal plasticity with pressure and Lode 

dependence. By suitable setting of material constants, the model is reduced either to von Mises or 

Tresca yield criterion. Later, Bai and Wierzbicki [4] modified Mohr–Coulomb failure criterion using 

the previous plasticity model and introduced Extended Mohr–Coulomb criterion as another 

uncoupled phenomenological failure model. 
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Assuming material constants of plasticity model [3] in order to obtain and adopt von Mises yield 

criterion, the fracture strain of failure model [4] concerning two material constants, 1c  and 2c , is 

expressed as 
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where θ  and η  are the normalized third invariant of the deviatoric stress tensor and stress triaxiality, 

respectively. 

Calibration constants of the failure model discussed above are obtained through non-linear least 

square method which can be generally written in vector terms as 
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where ( )xf  and x  are a function that returns a vector value and vector, respectively. In our case, k  

represents the number of fracture tests. 

The last part of ductile failure model is the damage rule. Xue [5] derived the damage evolution law 

as a power function 
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where m  and p
ε  are the damage exponent and equivalent plastic strain, respectively. 

Calibration of Material Constants 

At first, material constants related to plasticity were taken over, 744=A MPa and 153.0=n , 

according to Eq. (1) from [2]. These were not used only in ductile failure model in Eq. (2) but also as 

input into finite element simulations. 

Further, the fracture strains and average values of the stress triaxiality and normalized third 

invariant of the deviatoric stress tensor were taken over [2]. Average values, used in calibration 

process, were determined using numerical integration 
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Following expression was used for conversion from the normalized third invariant of the 

deviatoric stress tensor to normalized Lode angle 

( )ξ
π

θ arccos
2

1−= , (7) 

 

where ξ  is the normalized third invariant of the deviatoric stress tensor. 

The material constants of Extended Mohr–Coulomb criterion, 0621.01 =c  and 845.3432 =c  in 

Eq. (2), were obtained through non-linear least square method using Eq. (3). The fracture envelope 

according to these constants and taken over values of fracture strain is depicted in Fig. 1. 
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Bai and Wierzbicki [4] obtained similar results. Slight variance is due to slightly different values of 

the stress amplitude and strain hardening exponent which were used in [4]. 

 

 
Fig. 1 Fracture envelope of Extended Mohr–Coulomb criterion 

Finite Element Simulations 

The finite element simulations were realized within Abaqus/Explicit commercial code via the user 

subroutine VUMAT. 

Numerical simulations of tensile tests of smooth and notched cylindrical specimens and flat 

grooved specimen were conducted (Fig. 2). The axisymmetric condition is generated in cylindrical 

specimens and plane strain in the flat grooved specimen. Smooth specimens had 9 mm diameter. Two 

types of notched specimens had notch radii 4 and 12 mm and both 8 mm diameter in minimal 

cross-section. Flat grooved specimens had thickness 3 mm and width 12.5 mm. The gauge length was 

25.4 mm for all specimens [2, 6]. 

 
Fig. 2 From left, geometry of flat grooved specimen, smooth specimen and notched specimens 

 

Fields of damage for each specimen, immediately before crack initiation and after separation, and 

sequentially for damage exponent 1, 2 and 3, in order to gain linear, quadratic and cubic damage 

evolution, respectively, are depicted in Figs. 3-6. 
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 m = 1                       m = 2  
 

 m = 3                                                             
 

Fig. 3 Fields of damage parameter before initiation and after separation, in pairs, for flat grooved 

specimen 

 

                 
 m = 1 m = 2 m = 3 

Fig. 4 Fields of damage parameter before initiation and after separation, in pairs, for smooth 

cylindrical specimen (legend is the same as in Fig. 3) 

 

 
 m = 1 m = 2 m = 3 

Fig. 5 Fields of damage parameter before initiation and after separation, in pairs, for notched 

cylindrical specimen with notch radius 4 mm (legend is the same as in Fig. 3) 

 

           
 m = 1 m = 2 m = 3 

Fig. 6 Fields of damage parameter before initiation and after separation, in pairs, for notched 

cylindrical specimen with notched radius 12 mm (legend is the same as in Fig. 3) 

 

192 Modern Technologies for Engineering, Applied Mechanics and Material
Science



 

In Fig. 7 are shown histories of damage evolution and damage rate. 
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Fig. 7 Histories of damage evolution (left) and damage rate (right) 

Summary 

The proportionality of damage rule was examined through changing the damage exponent. When the 

damage exponent equals to unity, the damage parameter is proportional to the equivalent plastic strain 

and therefore the damage rate is constant. It can be clearly seen that localization problem at flat 

grooved specimen, when the plane strain condition is generalized, is not distinct. The localization is 

significant at cylindrical specimens, especially at the smooth one. Slant fracture at final stage is 

predicted only for notched specimen with notch radius 12 mm. One can see that slant cracks 

propagated with rising damage exponent, but stopped and the major flat crack grew further until 

separation. Finally, there was some localization effect but not strong enough to govern the slant 

fracture where it was observed experimentally. 
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Abstract. In computer cryptography, digital signature is one of the best cryptography systems. 

Public-private keys are used to pass sensitive information however it can also be used to provide 

authentication on the particulars of a sender. Proposed algorithm is a new design and simple 

implementation mechanism for producing a digital signature. Some applications such as multi agent 

systems transferred data with small size and capacity. The new scheme minimizes the size of 

original file and gives us a dynamic and smaller hashed message output. In this algorithm load the 

original files then hashed the message and encode it with the private key of sender. Finally modify 

the established code into a unique digital signature at Base 16. We concentrate on designing and 

implementation of functions of algorithm. 

Introduction 

Most of the time, users on the internet have to send, share or receive confidential information. 

Due to rapid development in both computer technologies and Internet, the security of information is 

regarded as one of the most important factors of Information Technology and communication. 

Attacks on confidential data, unauthorized access of data have crossed the limits. Accordingly, we 

need to take measures which protect the secret information. Steganography has emerged as a 

powerful and efficient tool which provides high level for security particularly when it is combined 

with encryption. The general idea of hiding some information in digital content has a wider class of 

applications that go beyond steganography. The techniques involved in such applications are 

collectively referred to as information hiding. Two special cases of information hiding include 

digital watermarking and Fingerprinting. Watermarking can be used to provide copyright protection 

by extending the cover source with some extra information which can later be extracted and can be 

used for variety of purposes like copyright protection and control.  Digital watermarking has 

become an active and important area of research, and development and commercialization of 

watermarking techniques is being deemed essential to help address some of the challenges faced by 

the rapid proliferation of digital content. In Fingerprinting, different customers are given different 

and specific marks embedded in the copies of their work. It helps to identify those customers. 

Identity Based Cryptography 

Cryptography is a branch of applied mathematics concerned with the transformations of data for 

security (Schneier, 1996). In cryptography, a Sender transforms information (plaintext) into coded 

text (cipher text). Two fundamental algorithms of cryptography are symmetric key algorithms and 

asymmetric key algorithms. This classification is based on the number of cryptographic keys used 

in the algorithm. In a symmetric key algorithm, data is transformed into an unintelligible form that 

is difficult to undo without the knowledge of a secret key (i.e. symmetric key). If an attacker is able 

to obtain the key, then the secrecy of a communication will be compromised. The nature of a 

Advanced Materials Research Vol. 980 (2014) pp 194-197
© (2014) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.980.194



symmetric key algorithm that requires a unique key to be known by each Sender and receiver leads 

to the problem called combinatorial explosion (Skerratt, 2002). For example, three devices need 3 

unique keys for the three possible pairs (AB, AC and BC) while four devices need 6 unique keys for 

all possible pairs (AB, AC, AD, BC, BD and CD). However, a sender might experience difficulties 

to determine whether a public key is it published by the real owner or an attacker. The authenticity 

of a public key can be ensured by introducing a trusted thirdParty (TTP) (Mensoret a1., 2001; 

Schneier, 1996; Skerratt, 2002). In this situation, there is no need for the TTP to store both 

correspondents to have a prior relationship with the TTP. Instead, a TTP guarantees that the public 

key originates from the real owner by certifying the public key. A TTP that certifies public keys is 

also known as a certificate authority (CA). A CA binds the identity of each entity to their public 

key. This method prevents impersonation by an attacker as well as releasing the burden of the TTP 

to store multiple keys. 

Digital Signature Scheme 

The certification process in an asymmetric key algorithm depends on digital signature to provide 

trust. A digital signature is an electronic method of signing an electronic document that is reliable, 

convenient and secure (Skerratt, 2002).A digital signature mechanism consists of a digital signature 

generation and associated digital signature verification. A simplistic model of digital signature 

schemes involves a sign operation that uses a sender’s private key to generate a signature. The 

receiver retrieves the sender’s certified public key from a CA and performs a verify operation on the 

signature. A successful verification procedure convinces the receiver that the received message is 

from the actual originator and the contents are not tampered since leaving the originator. Digital 

signature schemes that are commonly used in practice might vary from this model. The following 

section provides one of the classifications of digital signature schemes. This study starts with 

literature review of digital signature and the other hand, importance of image steganography 

technique to embed the data into the image. Figure 1 shows an overview of these steps.  

Image Steganography 

An image is a collection of numbers that form different light intensities in different areas of the 

image. This numeric representation form a grid and the individual points are referred to as pixels. 

Most images on the Internet consists of a rectangular map of the image’s pixels (represented as bits) 

where each pixel and its color is located .These pixels are shown horizontally row by row. The 

number of bits in a color scheme, called the bit depth, refers to the number of bits which is used for 

each pixel (Fridrich and Rui, 2000). The smallest bit depth in current color schemes is 8, which has 

the meaning that there are 8 bits used to describe the color of each pixel. Monochrome and 

grayscale images use 8 bits for each pixel and are able to show 256 different colors or shades of 

gray. Digital color images are normally stored and saved in 24-bit files and they use the RGB color 

model, also known as true color. All color differences in the pixels of a 24-bit image are driven 

from three primary colors: red, green and blue, and each primary color are represented by 8 bits. 

Thus, in one given pixel, there can be 256 different quantities of red, green and blue, which will add 

up to more than 16-million combinations, and will result in more than 16-million colors. Not 

surprisingly, the larger the file size, the larger amount of colors can be shown (Fridrich and Long, 

2000). An image is an array of numbers that represent light intensities at different points, or pixels. 

These pixels make up the image raster data. An image size of 640 by 480 pixels, utilizing 256 

colors (8 bits per pixel) is fairly common; such an image would contain around 300 kilobytes of 

data (Tamura, 2011).  
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Figure 1: Two Steps of Literature Review 

Proposed Algorithm 

The overall scheme in proposing a new method to decrease the size and bandwidth needed for 

digital signature. The procedures of the suggested algorithm are as follows, do a procedure in a 

package of 100 bytes. Every one of the byte has loaded from file and does the logical operation of 

OR with a byte of (00000001), after that setting the product passionate to character of the variable 

(Figure 2). Subsequent to the dealing out of initial 100 bytes, multiply all of the ORed outcome 

bytes and maintain them in variable of 32 bits. Utilize the 32 of chief bits development of the 

outcome. Afterward the second 100 bytes will be procedure through the similar action. Accordingly 

every 100 bytes of information are cutting to hashed information in 32 bits (Figure 3). 

 
Figure 2: Generating One Way Hash Code      Figure 3: Verification One Way Hash Code 
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Conclusion 

It is often thought that communications may be secured by encrypting the traffic, but this has rarely 

been adequate in practice. Cryptography deals with the encryption of text to form cipher 

(encrypted) text using a secret key. However, the transmission of cipher text may easily arouse 

attacker’s suspicion, and the cipher text may thus be intercepted, attacked or decrypted violently. In 

order to overcome the shortcomings of cryptographic techniques, an important sub-discipline of 

information hiding, Steganography has been developed as a new covert communication means in 

recent years. It transfers message secretly by embedding it into a cover medium with the use of 

information hiding techniques. 
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Abstract. The paper deals with testing optimization methods and their setting of the parameters used 

to search for the global optimum of specified objective functions. The objective functions were 

specified considering the objectives of the discrete event simulation models. We specified the 

evaluation methods considering the success of finding the global optimum (or the best found 

objective function value) the in defined search space. We tested Random Search, Hill Climbing, Tabu 

Search, Local Search, Downhill Simplex, Simulated Annealing, Differential Evolution and Evolution 

Strategy. After the testing we proposed some slight modifications of the Downhill Simplex and 

Differential Evolution optimization methods. 

Introduction 

Our department focuses on modelling and optimizing production and non-production processes in 

industrial companies. Most current simulation software – Arena, Witness, Plant Simulation, etc. uses 

its own black-box simulation optimizers [1]. The user cannot set up the parameters of the 

optimization method. Another problem is that some integrated simulation optimizers cannot affect all 

the parameter types of the designed simulation model (e.g. Arena). Hence we have developed our 

own simulation optimizer using different optimization methods that can affect all the parameter types 

of the designed simulation model. Many simulation optimizers use similar optimization methods to 

search for the global optimum of the objective function – Tabu Search, Simulated Annealing, etc. [1]. 

Hence we selected commonly used optimization methods in discrete event simulation optimization 

and modified them in such a way that they are applicable for discrete event simulation optimization 

purposes. These methods are Random Search, Hill Climbing, Tabu Search, Local Search, Downhill 

Simplex, Simulated Annealing, Differential Evolution and Evolution Strategy. We tested these 

methods on three discrete event simulation models and four testing functions. After the initial testing 

and analysis of the behaviour of the implemented optimization method we have proposed some slight 

modifications to Downhill Simplex and Differential Evolution. We were also interested in how the 

setting of the optimization method parameters can affect the success of finding the global optimum in 

the search space where the global optimum is known (we performed all possible – feasible - 

combinations of simulation model input parameters). We had to perform many optimization 

experiments (simulation runs) with different optimization method settings to define the appropriate 

setting of the algorithm. These optimization experiments were replicated to reduce the influence of 

random behaviour of optimization methods. 

Simulation Models and Objective Functions 

We tested selected optimization methods on three ARENA discrete event simulation models of 

production systems of industrial companies. The first simulation model “The Assembly Line” 

represents an assembly line where products are conveyed by conveyor belt. The objective function 

reflects the penalty which is affected by the number of defective products and the palettes in the 

system. The objective function is maximized. The second simulation model “The Penalty” represents 

a production line which consists of eight workstations where the product is penalized if the product 
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exceeds the specified production time. The objective function is affected by the total time spent by the 

product in the manufacturing system. The objective function is minimized. The third discrete event 

simulation model “The Manufacturing System and Logistics” represents the production of different 

types of car lights in a complete production system. The objective function is affected by the sum of 

the average utilization of all assembly lines and average transport utilization. The objective function 

is maximized. A more detailed description of each simulation model can be found in [2]. We also 

tested optimization methods on four standard testing functions – De Jong´s, Rosenbrock´s, 

Michalewicz´s and Ackley´s functions. All testing objective functions were minimized. 

Tested Optimization Methods and Proposed Modifications  

We selected commonly used optimization methods in discrete event simulation optimization - 

Random Search, Hill Climbing, Tabu Search, Local Search, Downhill Simplex, Simulated 

Annealing, Differential Evolution and Evolution Strategy [2] - and modified them in such a way that 

they are applicable for discrete event simulation optimization purposes. We slightly modified the 

Downhill Simplex and Differential Evolution methods.  

Downhill Simplex. This optimization method uses the idea of the Nelder–Mead Downhill 

Simplex algorithm [3,4]. This method uses the rounding of coordinates of the point to the nearest 

feasible coordinates in the search space and this leads to deviation from the original direction in our 

case. We performed additional optimization experiments with smaller steps to test the success of 

finding the optimum in this case.  The success was higher than the success with the largest steps. 

Ordinarily this method uses a set of n + 1 linearly independent candidate solutions (n denotes search 

space dimension) - Simplex. We deliberately break the rule of the linearly independent points. The 

optimization method could generate the same point in the search space. The success of finding the 

optimum was very small in this case. We proposed a slight modification of the reduction phase. If the 

same point (same coordinates of the point) is generated in the search space, each point coordinate will 

be changed with 50 % probability to a value which equals the current value of the coordinates + (+ 

with 50 % probability and – with 50 % probability) the value of the lowest step in the search space 

which optimization method can perform. After this modification, this method achieved success 

comparable to other favourite methods Evolution Strategy and Simulated Annealing in finding global 

optimum.  

Differential Evolution. This optimization method uses selection which is carried out between the 

parent and its offspring [5]. The optimization method uses General Evolution (copying individuals) 

and the Ali and Törn adaptive rule [6]. The offspring are created through a crossover between the 

parent and the new individual. This individual is created through the mutation of four selected 

individuals and the best one selected from the population – BEST method [7]. To avoid the premature 

convergence (duplication of a good individual to another population leads to faster finding of the 

solution but reduces the diversity and converges too early) we proposed the rule: If the difference 

between the objective function value of the current generated individual and the objective function of 

the best found individual is less than 1·10
-11 

the gen of  is changed with 30 % probability (  

denotes the individual to crossover with parent). The gen is changed to a value which equals the 

current value of the coordinates + (+ with 50 % probability and – with 50 % probability) the value of 

the lowest step in the search space which optimization method can perform * 10 * random number in 

the interval 0 (including) and less than 1 using uniform distribution. Both modified methods achieved 

comparable success in finding the global optimum with other favourite methods Evolution Strategy 

and Simulated Annealing.  

Evaluation of the Setting of the Optimization Method Parameters 

After the initial testing of the optimization methods on the simulation models we were surprised how 

the setting of the optimization method parameters affected the success of finding global optimum in 

the search space. We performed many optimization experiments with a concrete optimization method 

setting to find the optimum of objective function to define the appropriate setting of each method. The 
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number of concrete optimization method settings was affected by the number of optimization 

methods parameters. If the optimization method contains the same parameter (the same nature of this 

parameter as the other optimization methods) we performed optimization experiments with the 

setting of this parameter (same step, lower and higher boundaries). The optimization experiment 

contains the specified number of simulation runs if the optimum was not found; otherwise the 

optimization experiment contains simulation runs until the optimum was found. The optimization 

experiments were replicated (series) to reduce the influence of random behaviour of optimization 

methods. After finishing all series with different settings we filtered the series where the optimum 

was found. We proposed different criteria which express the success or the failure of the optimization 

method in different ways. The first criterion f1 is the value of not finding the known VTR (value to 

reach). The criterion value is between [0, 1]. If the failure is 100[%] the criterion equals 1 therefore 

we try to minimize this value. This value is expressed by: 

s

ns

f
succ

−
=1                                                                        (1) 

where s denotes the number of performed series, 
succ

n  denotes the series where the VTR was found. If 

there was no series where the optimum was found f1 ≠ 0 we proposed other evaluation criterion - the 

Difference between Optimum and Local Extreme - f2 (there is no series which contains any optimum). 

We did not use this criterion, because no such series was performed (there was at least one series – 

concrete setting of the optimization method parameters - where the success of finding the optimum 

was 100 %). This success was due to the quite small search space (all possible settings of simulation 

model input parameters were performed to find the optimum). As mentioned, the number of concrete 

optimization method settings was affected by the number of optimization methods parameters. We 

performed 45,490 different settings for each simulation model and approximately 4,112,000,000 

simulation runs were performed. The testing was extremely time consuming, hence we used more 

computers to perform the series. We were especially limited in the number of licences of simulation 

software. We will focus on the modified Downhill Simplex and Differential Evolution. The success fs 

of a concrete setting – series - is expressed by: 

s

n

f
succ

s
=                                                                                (2) 

where 
succ

n  denotes the number of concrete series (the concrete setting of the optimization method 

parameter) where the VTR was found (in our case f1 = 0); s denotes the number of all performed series 

with concrete setting of the optimization method parameter. The following bar charts represent the 

success of the concrete setting of the optimization method parameter. If all bars (concrete setting of 

the optimization method parameter) in the chart reach almost the same value of success, we can say 

that the setting of the parameter is less sensitive. If the concrete bar reaches a high success value for 

all the simulation models we can deduce that the value of the parameter has an impact on the method 

behaviour.  

 

Downhill Simplex Parameters. The following charts –Fig. 1 - contain the performed series and 

the success of all parameters of the Downhill Simplex method for all simulation models. We can see 

that the setting of reflection and contraction coefficient affects the method behaviour of finding 

global optimum more than the expansion and reduction coefficient for our simulation models. The 

dimension of the search space is quite small. 
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Fig. 1 The Success of Downhill Simplex Series –Maximization of Values 

 

Differential Evolution Parameters. The following charts –Fig. 2 - contain the performed series 

and the success of all parameters of the Differential Evolution method for all simulation models. 
 

   

   
 

Fig. 2 The Success of Differential Evolution Series–Maximization of Values 
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Summary 

The goal of the research is to test setting the optimization methods parameters of the optimization 

methods which are used to search for the global optimum of specified objective functions while 

considering the objectives of the discrete event simulation models. We tested Random Search, Hill 

Climbing, Tabu Search, Local Search, Downhill Simplex, Simulated Annealing, Differential 

Evolution and Evolution Strategy in the first phase (we had to specify the evaluation methods 

considering the success of finding the global optimum in the defined search space). Then we analysed 

the optimization methods behaviour and proposed some slight modifications of the Downhill 

Simplex and Differential Evolution methods to increase the success of finding the global optimum in 

the search space. All optimization methods had a problem with the “Penalty” discrete event 

simulation model. This simulation model has a complicated objective function landscape. The area 

around the optimum is straight and the optimization method could not obtain information about rising 

or decreasing the objective function terrain. The success of heuristic optimization methods depends 

on the objective function landscape. Downhill Simplex was more successful in finding the optimum 

than other optimization methods because of the quite small dimension of the search space. We 

specified quite a small dimension of the search space for evaluation of all possible (feasible) 

combinations of simulation model input parameters to find the global optimum. Optimization 

methods were successful in these cases. We can see that the setting of the reflection and contraction 

coefficient affects Downhill Simplex method behaviour of finding the global optimum more than the 

expansion and reduction coefficient of our simulation models. All performed settings (series) of the 

Differential Evolution had a bigger problem to find the optimum with a complicated objective 

function landscape than the Downhill Simplex. We must conclude that it is very hard to set up the 

optimization methods parameters. Even the authors of the algorithms are unable to unambiguously 

determine the appropriate settings of the algorithm. A possible answer to this question is to use 

another optimization method to set up the parameters of optimization method searching for the 

optimum of the objective function. We also tested the optimization methods in the cases where the 

dimensions of the search space were much bigger (44 simulation model input parameters). 

Optimization methods were weaker at finding the global optimum of these simulation models.   

Acknowledgements 

This paper was created with the subsidy of the project CZ.1.05/2.1.00/03.0093 “RTI - Regional 

Technological Institute”. The paper uses the results of the project CZ.1.07/2.3.00/09.0163. Both 

projects are carried out with the support of Ministry of Education, Youth and Sports. 

References 

[1] Information on: http://www.orms-today.org/surveys/Simulation/Simulation6.html 

[2] P. Raska and Z. Ulrych, Simulation Optimizer and Optimization Methods Testing On Discrete 

Event Simulations Models and Testing Functions, Proceedings of the European Modeling and 

Simulation Symposium (2013) 

[3] Information on: http://prf.osu.cz/doktorske_studium/dokumenty/Evolutionary_Algorithms.pdf 

[4] Information on: http://www.it-weise.de/projects/book.pdf  

[5] K. P. Wong and Z. Y. Dong, Differential Evolution, in: Modern Heuristic Optimization 

Techniques, M. E. El-Hawary, Editor, New Jersey, John Wiley & Sons, 2008, pp. 171–186.  

[6]  M. M. Ali and A. Törn, Population set-based global optimization algorithms: some modifications 

and numerical studies, Computers & Operations Research, vol. 10, (2004) 1703–1725 

[7]  R. Storn and P. Price, A Simple and Efficient Heuristic for Global Optimization over Continuous 

Spaces, Journal of Global Optimization (1997) 

202 Modern Technologies for Engineering, Applied Mechanics and Material
Science



 

Characterization of Diamond Electrodeposited Tool for Vibration 
Assisted Grinding Diagnostic  

Mohd Fauzi Ismail 1, a 
1
 Faculty of Mechanical Engineering, Universiti Teknologi Mara (Pulau Pinang), 13400 Bukit 

Mertajam, Pulau Pinang, Malaysia  
a
 mohdfauzi305@ppinang.uitm.edu.my 

Keywords: Surface Topography Characterization, Ultrasonic Vibration Assisted Grinding, Surface 
Characterization Datum 

Abstract. Causal analysis of diamond electrodeposited tools surface topography to the variation of 

grinding results is required to clarify the variations in grinding results of its application in ultrasonic 

vibration assisted grinding (UVAG) for steel mirror finishing. On the other hands, reference datum as 

defined by existing surface topography standard is not suitable and may lead to fruitless conclusion in 

relation to the DET characterization. This study aims to characterize the DET surface topography in 

relation to its performance in UVAG for steel mirror finishing. In this paper, samples of DET 

tool-work pairs are obtained from constant condition UVAG grinding test. The whole surface of DET 

surface topography is captured in one measurement using con-focal laser microscope and stitching 

toolbox. Surface Reversal Method is proposed to obtain the reference datum for the identification of 

active grains (diamond grains which actually involved in the grinding) on the DET working surface 

based on the most protruded grains from the surface. Based on the protrusion depth, this study found 

that only small number of grains can be considered as active grains. Then, each DET is characterized 

based on the distance of active grain to the tool rotational centre (active grain locus Rg).  As a result, it 

is clarified that there is a non-linear relationship between the active grain locus Rg and work surface 

roughness Sq. There is an optimum size of active grain locus Rg for current grinding condition and for 

larger or smaller Rg, higher work roughness Sq is observed. Additionally, observation using high 

magnification white light interferometer on the work surface topography for each sample showed the 

existence of ultrasonic vibration marks with the marks wavelength consistence to the size of active 

grain locus Rg of the DET, which also validates the methodology used for DET characterization.  

Introduction 

The introduction of ultrasonic vibration assisted grinding (UVAG) enabled the utilization of good 

properties of diamond cutting edge for mirror finish of mould steel through diamond electrodeposited 

tool (DET) [1]. The UVAG system was built based on NC milling machine with ultrasonic vibrator 

combined with the main spindle to embed the ultrasonic vibration to the rotating tool. The DET was 

made of super-hard alloy cylinder and the tool working surface is the flat end surface which covered 

with #100/120 diamond grains by means of nickel electroplating. Comparing the machining 

optimization results from the consecutive reports [1,2]; they showed different machining optimum 

condition and tendency in relation to the roughness of work surface despite of using the same tool. 

These show variability of the UVAG while the most undefined element of it is the tool-work 

interaction between the DET working surface and ground surface during grinding, and the analysis on 

the geometrical properties of the DET working surface topography is necessary to clarify the matter.  

The tool-work interaction analysis requires information of the tool working surface topography [3] 

but characterization based on small sampled area can only provide statistical characterization. The 

ground surface profile from the UVAG with DET was analyzed [2] and the possibility that only a 

small number of grains, probably one, are active during the grinding process was highlighted, but it 

has not yet been known how the 3D grain protrusion parameters were related to the ground surface. 

Hence, the necessity to measure the whole DET working surface in a lump was proposed, while the 
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imperfection of the characterization when using least square reference datum was also highlighted 

[4]. 

This paper is focused on identifying the active grains and parameterizes the DET working surface 

based on quantity and distribution of the active grains, and then make clear how these grain protrusion 

parameters are related to the UVAG performance.  

Characterization of DET Working Surface  

In this study, topography measurement of the DET working surface is performed using Confocal laser 

scanning microscope [4]. The objective lens used is 20× with NA 0.6 and the pixel size is 0.747 mm × 

0.747 mm. The viewing area of 0.6 mm × 0.6 mm is increased to about 4 mm × 4 mm based on 7 × 7 

frames measurement by utilizing the automated positioning and repeating measurement provided in 

stitching toolbox available in the measuring instrument. Prior to the DET characterization, the 

problem related to the reference datum is considered. Fig. 2(a) shows the orientation of DET related to 

the measurement axis during the measurement of the working surface topography F(x, y). The 

preferred datum for the characterization is plane C(x, y) while the inclination angular α is unknown 

(Fig. 2). The following procedure is proposed to extract the plane C(x, y) based on reversal method [6, 

12]. 

 
Fig. 1 Angular relationship of tool and measurement axes (a) normal position, (b) tool rotated 180° 

about the cylinder axis, (c) tool rotated 180° about the measurement axis. 

 

Reversal method based datum extraction. Fig. 1 shows orientation of a cylindrical tool to a 

measurement axis; Fig. 1(a): normal position, Fig. 1(b): after the tool is rotated 180° about the tool 

cylinder axis and Fig. 1(c): after the tool is rotated 180° about the measurement axis from (b) position. 

Referring to Fig 1, 2 sets of primary surface M1(x,y) and M2(x, y) are captured from position (a) and 

(b). Primary surface M3(x, y) of position (c) is obtained by digitally 180° rotates the primary surface 

M2(x, y). Relationship of the primary surfaces to the inclination component C(x,y) are as follows. 
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Since the surface topography F1(x, y) and F3(x, y) are ideally same, the inclination component C(x, y) 

is obtained by subtraction between the primary surface M3(x, y) and M1(x, y). 
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In this study, the inclination component C(x, y) is the reference datum and by subtracting it from 

primary surface M1(x, y) or M2(x, y), the topography F(x, y) is ready to used for grain height 

measurement. By keeping the holding jig fixed rigidly to the measuring machine, the inclination 

component C(x, y) will be constant between measurements. Therefore, in this study, the inclination 

component C(x, y) is obtained using a reference cylindrical artefact and being used to extract the DET 

topography F(x, y). 

Data pre-processing for DET working surface topography. Data pre-processing for DET working 

surface topography in this study is as follows. 
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Down sampling. The down sampling of the primary surface is performed to reduce the number of 

data points from 5448 × 5468 to 2033 × 2041 by changing the pixel size from 0.747mm × 0.747mm to 

2 mm × 2 mm, in order to reduce the computation load.  

Inclination removal. The measurement inclination removal of the DET surface topography data 

was performed by subtracting it with the extracted reference datum C(x, y). 

Outliers correction. In this study, an outlier correction procedure reported in [7] is employed with 

the largest outlier cluster is defined as 5 × 5 pixels and detection level L is 1.1. The height information 

of identified outliers is deleted and replaced with an artificial value based on the weighted average of 

available normal data points on 8 equiangular directions. 

Surface filtering. Batwing effect [8] appeared as a spike noise at the edges of diamond grains 

plateau. The amplitude of batwing effect is relatively small to be detected using the outliers’ 

correction procedure. 9 × 9 pixels Median filter [10] is employed to reduce the batwing effect. 

Motif analysis. Areal motif analysis with Wolf pruning at 5% (i.e., 5% of the peak-to-valley of the 

data) [9] is applied to the DET surface topography data for diamond grains identification. The feature 

parameter (i.e., peak height), is used to identify the highly protruded grains as possible active grains. 

Experiment 

Sample Preparation. In this study, DET-work pair samples are prepared. Machining parameters for 

all pairs are same to reduce the uncertainty of the machining to cutting edge protrusion on DET 

working surface topography. The UVAG system is made of Makino NC milling machine V22 

equipped with ultrasonic spindle (Takesho). The DET is made of super-hard alloy substrate cylinder 

with one end coated with diamond grains #100/120 with average diameter of 160 µm by means of 

nickel electroplating, and the flat end is the working surface of the tool. The DET is fixed to the 

spindle with thermal chuck and truncated using a rotating truer wheel. During grinding, the rotational 

speed S of 2000 min-1, vertical ultrasonic vibration frequency f is 60 kHz with the vibration 

amplitude around 0.5 µm. The depth of cut h is 1 µm, the tool feed rate F is 500 mm/min and the cross 

feed P is 20 µm. 

Work Surface Characterization. Work surface topography characterization is performed for two 

reasons; 1) process assessment, 2) process diagnostic. 

Work roughness characterization for process assessment. The topography of work surface is 

measured at six randomly selected locations on the surface using white light interferometer (WLI) 

with 10× Mirau objectives which provides 0.8mm × 0.65 mm viewing area and 0.64 µm lateral 

resolution. The viewing area is used as the evaluation area for the surface topography 

characterization. Gaussian filtering [5] is performed to suppress the waviness component from the 

measured topography data with cut-off wavelength λc 0.1 mm. Roughness parameter Sq [6] is 

employed for the process assessment. 

UVAG ground surface characterization for process diagnostic. WLI with 50× Mirau 

objectives is used to capture the ground surface topography to analyze the surface for process 

diagnostic. The viewing area is 0.18 mm × 0.133 mm and the pixel size is 0.131 µm × 0.131 µm. 

Result and Discussion 

Process diagnostic on work surface topography. Fig. 2 shows isometric view of micro-topography 

from selected samples with the tool feeding along x axis and the cross feed descending y axis. The 

effect of ultrasonic vibration has materialized as a consistence waveform pattern on the surface 

topography. Average Power Spectrum Density (APSD) analysis [10,11] is performed to characterize 

the wavelength lu observed on the work surface along the tool feeding direction (x axis). As a result, 

all samples show only one high spectrum for lu < 7 mm. The significant wavelengths from APSD 

analysis is used to estimate the distance of the cutting edge from tool rotation centre which is 

equivalent to the active grain locus radius Rg (Eq. 3). 
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Fig. 2 Measurement result with WLI 50ᵡ objective for typical UVAG surface and the ultrasonic 

vibration marks. 

 

Effect of active grain position on surface roughness. The relation between the locus radius Rg 

derived from APSD analysis and work roughness Rq is shown in Fig. 8. The smallest value of the 

roughness occurs when the locus radius Rg is around 1500 mm and the roughness increases as the 

locus radius distanced from the optimum point (around Rg=1400 mm). 

 

 

 

Fig.3 Relation of active grain locus Rg and 

roughness of ground surface 

Fig.4 Samples for comparison of possible active 

grains to estimated cutting edge locus 

 

Identification of possible active grains. As a result of the possible grain identification, only six of 

the nine samples are successfully characterized. The other three samples faced poor repeatability 

suspected due to geometrical error on the DET cylinder. Fig. 4 shows typical successful samples for 

the possible active grains identification where the number bullet shows the highest grains in sequence 

for the top 5 µm. All successful samples only have a small number of possible active grains while 

some only have one possible active grain. 

The area segmented by the dotted line circles in Fig. 4 is the region of cutting edge locus estimated 

from the ultrasonic vibration marks on the works surface. All successful samples have some of their 

possible active grains located within the estimated active grain locus. This is the evidence that the 

active grains caused the ultrasonic vibration marks and cutting marks on the work surface topography 

and finally affects the quality of the surface finish. 
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Conclusion 

1) Surface topography characterization for process diagnostic may differ from surface topography 

characterization for process or product evaluation as the production process fingerprint may not 

be included. 

2) DET active grain can be identified by finding the highest protruded grain from the reference 

datum gained from the surface reversal method. 

3) The position of the active grain contributes to the grinding quality and there is an optimum 

position for the given grinding conditions. 
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Abstract. Die-set is an essential tool accessory in sheet metal punching and blanking. The selection of 

the die-set represents an important activity in the die design operation. Time and money consumed in 

this operation could be saved by using an automated selection system for die-set components. This 

paper discusses an intelligent die-set selection system using the AutoCAD platform. The developed 

system is able to work as either standalone or connected with any die design CAD system by using the 

well-known AutoCAD programming tools. The proposed system is built using IF-THEN rules 

approach. The system code is developed using AutoCAD with Visual Basic.  A data-base of Nasr 

Automotive Company (NASCO) for die-set was considered, from which suitable size of die-set was 

selected automatically.  The proposed system could reduce the consumed time in the tool room 

department from hours to minutes and could reduce effort and cost as well. 

Introduction 

The Punching/Blanking operations are important in mass production systems and they represent the 

bottleneck for the most sheet metal die design and manufacturing companies. Depending on the type 

of product, die-sets can be very complex and expensive devices. A breakdown of a die-set, which is 

caused by the failure of one single punch, results in an enormous loss in production time. Tool life is 

also an important factor, when production costs are concerned. To solve these problems, Hijink [1] 

used 2-D finite-element method to establish a relationship between the displacements of the cutters 

and the dimensions of the press and die-set of the load of the punching process. In addition, a 3-D 

finite-element analysis has been applied for the die-set considering the analysis of the die 

deformations which concentrate on the guide post of the die-set plate [2-5]. The results obtained were 

checked against the practical data on die-set design and experiments. Kumar [6-7] described an 

intelligent system for selection of die-set of metal stamping press tool. A production rule-based expert 

system approach has been utilized to develop an intelligent die-set selection system called (IDSS) to 

assist die designers. The system IDSS was coded in Auto LISP language and loaded into the prompt 

area of AutoCAD. Kiani [8, 9] presented an analytical model for predicting the variation in the pitch 

distance between pilot holes stamped in strip layout in progressive die. The model is useful in 

designing die-sets since it relates pitch variation to die-set parameters such as the quantity of pilot 

pins, clearance in the stripper plate bearings, clearance about the punch, and clearance about the pilot 

pins. Rao [10] suggested an expert system to distribute the expertise of a human or group of humans 

throughout a group of users. A low cost Knowledge Base System (KBS) was proposed for design of 

deep drawing die.  

To the best of the authors’ knowledge, there is a limited number of systems developed in the 

literature for the automated selection of die sets. Evidently, a small number of companies are 

specialized in the design and manufacturing of die-sets for different purposes. However, there are 

limited available information of the automated selection programs those companies use to support the 

designer in die-set selection process. 
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In this work, rational steps for the selection of the suitable die-set using IF-THEN rules are 

described, in which the system selects between different sizes of die-sets that are mainly used in 

punching and blanking operations. The system works as either standalone or a module of the blanking 

die CAD system in both 2D and 3D. In case of working as a module of a 2D blanking die system, 

dimensions and factors added to the die-set database to decrease the required number of variables. 

This paper is one of work series that will be appear elsewhere. 

The remainder of this paper is organized as follow. The next section presents the selection of the 

die-set. Then the proposed system is explained in the following section. The results of the application 

of the system on the NASCO die-set database are included. The paper ends with a conclusion section 

that briefly outlines the main conclusions. 

Selection of Die-Set 

Die-Set. The use of a die-set not only shortens the manufacturing time of the forming die but also 

assists in the smooth proceeding of the forming process. The selection of proper die-set yields better 

quality stamped products, better protection while using the press, and better performance of the press 

and die. Typically, a die-set is composed of a punch holder, a die holder, guide-post and guide 

bushings.  

Two, four or more guide-posts are used for providing good alignment, for maintaining good 

relative horizontal position between die and press during operation and for case of setting. The 

number of guide-posts required increases when the size of the die-set increases and the demand on 

product quality is higher. The guide-posts can be placed at the rear corners, diagonal corners, or every 

corner at a certain distance from each other. 

For manual operation, a die should provide more space for operators to pick and place the 

workpiece, thus uses lesser number of guide-posts than those used for automatic operations. 

Generally, ball bearing guides are used for high speed stamping; bearing guides are used when high 

lateral forces are expected whereas roller bearing guides yield both rigidity and high positional 

accuracy during stamping operations. In general, ready-made die-sets are used for smaller dies, and 

larger dies tend to be specially designed according to the requirements of the product and the press 

available. Die-sets are available commercially in a large variety of sizes and styles. In general, the 

dimensional accuracy of commercially available die-sets can meet the general demands as well as 

high precision requirements. Selection of die-sets depends on die type, die size, tonnage, manual or 

automatic operation and so forth. While round die-sets are normally used for drawing round cups or 

cylindrical products, rectangular die-sets are employed in connection with the production of most 

other shapes. Cast iron is used for smaller ready-made die-sets, while the hot-rolled steel is the 

preferred material for larger type. Cast iron die-sets are lower in cost, easier to machine and have the 

ability to provide good dampening for vibration,  while the hot-rolled steel die-sets have better 

toughness, rigidity and provide better resistance to shock loads than cast iron ones. 

Advantages of Using Ready-Made Available Die-sets. Most of the commercially available 

ready-made die-sets are manufactured in mass production. Thus, various sizes and types of die-sets 

are often readily available when needed. The utilization of ready-made die-sets can increase the tool 

room capacity and speed up the die making process by freeing the die designer from the design of 

die-set and preparing numerous associated drawings. Maintainability of the die is high since the parts 

of the ready-made die-set usually offer high interchangeability. Thus, skills required for an artisan and 

a die designer can be achieved through less training time. 

The Proposed System 

Since the standardized data and information are usually presented in table format, they can be 

converted readily as decision tables, which can be used in a data-base for the selection process. To 

illustrate the proposed system, we consider the case of NASCO company whose die-set data-base 

includes seven different sizes of die sets. Their dimensions were established by a high level of 
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experience of NASCO expert engineers and technicians for several years. These databases for the 

seven die sets were modified further by the authors by adding new dimensions and coordinates that 

are provided to the software automatically. In the proposed system, and based on the parametric data 

and dimensions of the die holder, the module selects a suitable die-set number from the NASCO 

die-set database. The schematic 2D drawing of the NASCO die-sets is shown in Fig. 1, while the 3D 

shown in Fig. 2. 

             
 

 

Fig. 1. 2D schematic  for Nasco Die-Set DataBase          Fig. 2. 3D schematic  for Nasco Die-Set 
 

The IF-Then Rules of Selection. The lack of the data about automated selection systems of die 

sets even from the well-known die-set companies such as FIBRO and HASCO can be explained as 

follows.  When there is no die design CAD system, there is no need for companies to build a die-set 

module as the die-set is an additive component to the other dies components. In our case, we built a 

computer-aided blanking die design system in both 2D [11] and 3D [12]. The die-set module is 

prepared to work as a stand-alone program or to add as an additive module to the above system. The 

die-set selection system was built in 2 ways, in 2D as in Fig. 1 to suit the 2D blanking die design  

system, and in 3D as in Fig. 2, to suit the 3D blanking die system. In case of the additive die-set 

module, to select the suitable size of the NASCO’s die-set, a knowledge-based applied  in  form  

of  IF-then  rules,  which  was coded  using  Visual  Basic  with  AutoCAD.  If a condition is within the 

required range, then the action will be that the selected die-set drawing will insert automatically in its 

position in the AutoCAD drawing file with respect to the other items of the blanking  die.  The  seven  

available  die-set  are;  B9429-010-N004,  B9429-010-N005, B9429-010- N006, B9429-010-N007, 

B9429-010-N008, B9429-010-N009, B9429-010-N010. 

The die holder could be represented parametrically in 2D as a square surrounded with 4 points; 

each point contains X and Y coordinates. The first point is (P1, P2), the second Point (P3, P4), the 

third Point (P5, P6), and the fourth point (P7, P8). In the same way, the die set is also represented as a 

square parametrically in 2D as shown in the Fig. 3. Table 1, shows the IF-then rules of the optimum 

and automated selection of the die set based on the die holder dimensions. K is factor that takes a 

value related to the die-set size. 
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         Table 1. 
 

 IF Then 

 
Fig. 3. The parametrical relations between the 

die holder and the die-set lower plate. 

(P1 – P3) < 531& (P4 – P6) 

<221 

K = ((P4 – P6)/2)+400 

Insert B9429-010-N010 

(P1 – P3) < 479& (P4 – P6) 

<249 

K = ((P4 – P6)/2)+400 

Insert B9429-010-N009 

(P1 – P3) < 349& (P4 – P6) 

<249 

K = ((P4 – P6)/2)+400 

Insert B9429-010-N008 

(P1 – P3) < 269& (P4 – P6) 

<184 

K = ((P4 – P6)/2)+300 

Insert B9429-010-N007 

(P1 – P3) < 184& (P4 – P6) 

<184 

K = ((P4 – P6)/2)+300 

Insert B9429-010-N006 

(P9 – P3) < 184& (P4 – P6) 

<119 

K = ((P4 – P6)/2)+250 

Insert B9429-010-N005 

(P9 – P3) < 138& (P4 – P6) 

<138 

K = ((P4 – P6)/2)+150 

Insert B9429-010-N004 

 

The Die-Set Database Parameters Modification. The NASCO data-base is mainly prepared for 

the manual selection of die-set. The dimensions were prepared in a form of table as shown in Fig. 

4 to help the designer in selection operation. The table data were prepared based on the traditional 

point of view of the formal die drafting in which the die elevation projection is placed in the left upper 

side of the drafting paper. The lower group, which includes the lower die shoe, the two guide posts, 

die block, die holder, stripper, guide plate left hand, guide plate right hand, and bridge plate, is drafted 

lower than the die elevation projection. The upper group, which includes the upper shoe, the 

two-guide bushes, punch, punch holder, and thrust plate, is drafted  in the right side of the die 

elevation projection. It is very difficult to simulate this technique of drafting by computer as hundreds 

of variables are required to achieve the final drafting, which will increase the system run time, make 

it difficult to fix, maintain and follow any bugs in the system. This problem related to the 2D 

blanking die program only. 

To avoid this problem, we modified t he  NASCO die-set table to assume more dimensions and 

factors. The advantage of this modification is to insert the die-set as a block in vertical shape as shown 

in Fig. 4. The upper shoe is inserted above the elevation, and the elevation above the lower shoe. In 

this way, we could reduce the number of variables.  After finalizing the complete die, the upper shoe 

group is moved to the right side of the elevation project, and drafting returns back to the formal 

technique. Fig. 5 shows the die-set before moving as well as the fixed factors K1 and K2 and how 

they decrease the number of variables in the proposed program and facilitates the drafting operation. 

While Fig. 6 shows the die set after moving. The proposed factors K, K1 and K2 are considered to 

control the distances between the 3 projections, and define the insertion position of the shank. The 

value of the the factor K is related to the die-set size. This value belongs to the shank insertion point 

in the AutoCAD drawing file. The shank must be inserted in its position in the upper plate of the 

die-set.  Therefore, data bases of shanks were added to the system as shown in Fig. 7. The other 

factors, K1 and K2 are fixed distances that are used to decrease the number of parameters required of 

design and drafting of the blanking die.  

Summary 

Automated selection of suitable die-set size from a NASCO company die-set database has been 

discussed. The proposed system has been constructed in 2 ways, as a standalone program, and as an 

additive module for a computer aided blanking die design program. It was prepared in both 2D and 3D 

systems to serve the blanking die design system in both 2D and 3D die designs. The developed system 

shows the usefulness of the integration between the computer-aided blanking die design and the 
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automatic selection of the die-set. The system introduces If-then rules for automated selection of the 

suitable die-set size between different 7 sizes from the NASCO die-set data base. 

 

  
Fig. 4. The main dimensions of NASCO die-set. 

 

 

  
Fig. 5. Die-Set Parameters before movement, 

showing the k1,and k2 factors. 

Fig. 6. Die-Set Parameters after movement 
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Abstract. This research presents a hybrid Genetic Algorithm Neural Network (GA-NN) model to 

replace the physical tests procedures of Medium Density Fiberboard (MDF). Data included in the 

model is MDF properties and its fiber characteristics.  Multilayer Perceptron (MLP) NN model is 

reliable to learn from seven inputs fed to the network to produce prediction of three targets. In order 

to avoid result from local optimum scenario, GA optimizes synaptic weights of the network towards 

reducing prediction error. The research used a fixed probability rates for crossover and mutation for 

hybrid GA-NN model. GA-NN model is further improved using adaptive mechanism to help 

identify the best probability rates. The fitness value refers to Sum of Squared Error. Performance 

comparisons are among three models; namely NN with Back Propagation (BP), hybrid GA-NN and 

hybrid GA-NN with adaptive mechanism. Results show the hybrid GA-NN model perform much 

better than NN model used with back propagation optimizer. Adaptive mechanism in GA helps 

increase capability to converge at zero sooner than the ordinary GA. 

Introduction 

Medium Density Fiberboard (MDF) is an engineered wood used in furniture industry as an 

alternative to solid wood.   Prior to manufactured, it is compulsory to run for mechanical and 

physical tests procedures to ensure its mechanical and physical quality. These procedures take as 

long as 48 hours per sample. The main concern in these test-procedures is the time factor [14][15]. 

For that, this research aim to replace the lengthy tests with a simulation by a prediction model.  

Multilayer Perceptron (MLP) NN is a preferred pattern-learning instrument than decision trees 

and Naïve Bayes [1]. This method makes predictions in several areas, including in agriculture-based 

areas. To name a few, weather predictions [2], stock market forecasting [3] and medical diagnosis 

[4] as well as in the area of agricultural modeling. NN approach has implemented in engineered 

wood industry such as MDF predictions.  Areas of research include moisture resistance by [5] and 

internal bonding (IB) strength by [6]. Destruction time in laboratory can be reduced through IB 

prediction based on process parameters ([7] and [8]).  Physical properties too were discovered to be 

able to predict IB [9].  

The popular weight optimizer in NN is Back Propagation (BP) algorithm. To overcome the 

possibility of being stuck in local minima, GA replaces BP algorithm as optimizer; GA has the 

ability to search for global optimum.  Most researchers [10][11][12] have agreed that the 

performance of GA mainly depend on the operators, the probability of the operators used, and the 

diversification of the population. The chances of reproduction depend on the operators’ probability 

rate. Therefore setting suitable rates is important. The GA will quickly adapt its parameters to work 

with the problem at hand [13]. By taking current performance as the index, the values for the 

parameters will be more reliable. Once the GA is running with optimum parameter values, the time 

taken to reach global optimum will be reduced considerably.   
This paper reports a study on producing an intelligent prediction model, using hybrid GA-NN. 

Section II draws the methodology, begins with data analysis, techniques used by NN as the main 

architecture of the model and techniques used by the hybrid GA-NN. Adaptive mechanism 
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enhances the GA search ability by guiding operators to suit the current population. Section III 

presents the results of all models and discusses the achievement of each. Finally, the paper ends 

with a conclusion and recommendation on future work. 

Methodology 

The main architecture is MLP NN. The NN performance depends very much on the weights and 

therefore GA with an adaptive mechanism will help increase the model reliability. The multi-output 

prediction model contains the lengthy test properties, identified as targets; based on other tests, 

identified as the predictors. 

Data. The data analysis was on the experimental tests data obtained from Malaysian Palm Oil 

Board (MPOB) Research Station. The data were taken from each of the tests done. The mechanical 

properties are modulus of rupture (MOR), modulus of elasticity (MOE) and internal bonding (IB). 

The physical properties are thickness swelling (TS), water absorption (WA) and moisture content 

(MC). All other properties from testing results will be the input. The board density and the mixture 

percentage of oil palm biomass-rubber wood are two additional variable added to the data 

compilation. Fiber characteristics are significant and an advantage towards the prediction [16]. Ten 

variables with 255 observations involved in the compilation and analysis. Each observation is the 

average value of three test results done on the similar sample. Firstly, missing values and extreme 

outliers are cleaned by replacing them with the average values. Secondly, rescaling of data is using 

normalized rescaling technique to reduce data large gap to a range between 0.0 and 1.0. 

Neural Network Model. The first model formulates NN prediction using Multilayer Perceptron, 

which also known as multilayer feed forward. Figure 1 depicts the neural network architecture used 

by this research containing 7-node input layer, 4-node hidden layer and 3-node output layer. The 

seven nodes of input layer are the input values. The adjoining lines between layers, called vectors, 

contain weights. These weights determine the importance of each input towards the prediction of 

targets. The input layer corresponds to the attributes obtained for each training sample and fed to 

the hidden layer with the weighted values and consequently forwards results to output layer 

containing targets. The termination condition is set to 1000 epochs to allow improvements on 

training session.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The MLP NN model architecture 

Network calculates the output error calculation for each target in each pattern. This error 

considers the prediction gap as well as the proportion of prediction. Overall evaluation handles 

negative error by calculating Sum of Squared Error (SSE) for all patterns. Finally, produces Root 

Mean Squared Error (RMSE) for each epoch by dividing with number of patterns and number of 

targets in output layer. Among important parameter in BP are learning rate and momentum 

coefficient. Research is using an inverse value of epoch for learning rate; the higher the iteration, 

the smaller the learning rate is. Momentum coefficient has constant 0.5. Sigmoid activation function 
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is suitable for data with positive values. Referring to [16], four hidden nodes are suggested for this 

network topology. 

Hybrid Genetic Algorithm Neural Network Model. Embedding GA in NN will replace BP 

and optimizes network weights better. Having a 7-4-3 network topology, meaning there are 40 

synaptic weights and 7 biases created. Each weight and bias represents an allele in a chromosome. 

The chromosome contains real valued data in the range of -1.0 to 1.0. Fitness value refers to SSE. 

After fitness evaluation is done, population is sorted in ascending order, whereby the lowest error is 

the fittest and placed at the top of array of population. With that, parents are easily determined 

through rank selection for reproduction task. The probability rates for crossover (Pc) and mutation 

(Pm) is fixed at 0.3 and 0.01 respectively. Each training sample is iterated for 50 generations in 

search of best set of weights from 100 populations. All the above steps repeat for 1000 epochs. 

Adaptive Genetic Algorithm Neural Network Model. The hybrid model is improved with an 

adaptive influence on the fitness performance of previous population. The adaptive mechanism is to 

ensure operators hold the best probability rates for reproduction based on the changes in population. 

Adaptive measure looks into the mean and median of fitness in current population and suggests on 

operators’ updates significantly. When mean fitness lies smaller than median, increase Pc and 

decrease Pm. The opposite takes place when the mean value is higher than median.  

Results 

The prediction models tested on the data are the NN model using BP algorithm and hybrid GA-NN 

models. Figures 2 through 4 show the RMSE of each model.  

Results of Neural Network model. Fig 2 shows model has early convergence at epoch 50 with 

RMSE of 0.017 and no improvement noticed until end of cycle. This is an acceptable prediction 

model, however local minima situation is an expected problem and usual scenario when using BP. 

Results of Hybrid GA-NN model. Fig. 3 shows that RMSE remain between 0.001 and 0.0 as 

early as epoch 8 and remain until the end of cycle. This is apparently better than NN model as it. 
 

 

 

 

 

 

 

 

 

 
 

Figure 2. RMSE for NN Model 

 

 

 

 
 

 

 

 

Figure 3. RMSE for GA-NN Model 

Results of Adaptive GA-NN model. The final Pm is 0.0145 while Pc remains unchanged at 0.3. 

Fig. 4 shows that adaptive mechanism works well with this data. The RMSE reached zero 
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convergence at epoch 10. This model has outperformed the ordinary GA by allowing sooner 

convergence. 

 

 

 

 
 

 

 

 

 

 

 

Figure 4. RMSE for Adaptive GANN model 

Table 1 summarizes the performance of all models. Both training and testing error reflects that 

none of the models experience overfitting; results of training explains testing data very well. 

Therefore, all models are reliable.   

Table 1. Error Comparison at Epoch 50 

Model Training RMSE Testing RMSE 

NN with BP 0.017 0.018 

Hybrid GA-NN 7.9E-18 0.0 

Adaptive Hybrid GA-NN  0.0 0.0 

Conclusion 

Three prediction models, BP-NN, hybrid GA-NN and adaptive GA-NN were presented and 

discussed. The targets are MDF testing variables; namely, TS24hrs, WA24hrs and MC48hrs. All 

models use NN as the main architecture. The results of prototype implementation were drawn. 

Parameter adjustments and considerations have contributed in producing multi-output from each 

model. In order to make a reasonable comparison among performance of the models, the same 

network topology is applied to all models. Obvious improvement was seen when GA replaces BP in 

the NN model. Different methodologies applied to individual models have shown excellent results.  

MDF plants require perfection in quality testing. With the results drawn, manufacturers can 

reduce testing time by reducing lengthy procedures while maintaining the quality standard set by 

BS EN. Furthermore, a multi-output model contributes to reduce simulation time. For future 

research, this problem domain will be tested using other GA adaptive measures. 
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Abstract: The main goal of this paper is to construct a new mathematical model and study the 

behavior of the factors affecting the problem of knocking in internal combustion engines. Curve 

fitting technique was used in construction of the model, and also Akaike Information Criterion 

(AIC) was used as a test in choosing the best model. Factors affecting the problem of knocking have 

been identified through the use of test engine had promised to do so. The mathematical model was 

built through real data under certain conditions. Three influential factors (Temp., TPS and RPM) 

have been taken into consideration. Curve fitting models were used in achieving the goal and then 

studied the effect of one of the factors in the problem of knocking was investigated. Results 

obtained through the application of the new model is a low level knocking with increasing 

temperature (Temp) at the same points in Throttle (TPS), the Revolution Per Minute (RPM), which 

shows the effectiveness of the new model with non-linear behavior of the factors affecting the 

knock. 

Introduction 

Knock in gasoline engines is one of the major challenges to achieve higher performance 

efficiencies. To improve the control systems, the behavior of the knocking and the factors affecting 

this problem should be studied. It is known that the nature of the factors that influence the behavior 

of the knocking are non-linear, so the study of the relationships between these factors is critical. 

Thereby, it is difficult to build a control system on the knocking which works efficiently. One of the 

techniques that deal with the nature of the data with non-linear technique is a curve fitting. 

Curve Fitting 

Curve Fitting is used to “connect” observed data to a mathematical model, this operation is very 

important in finding a rewarding relationship for any system [1]. It is noted that the behavior of the 

data of the factors is non-linear. For example, when you enter a set of inputs, you will notice that 

the output takes a set of points are distributed randomly with no specific relationship [2].  

Akaike Information Criterion (AIC) 

Akaike Information Criterion (AIC) It is a measure of the relative quality of a model for a set of 

data providing a tool for model selection. AICc deals with trade-off among the complexity and 

goodness of fit of the model. It provides a relative estimation of the information lost when a model 

is applied to represent the process that generates the data. AIC does not present a test of a model in 

the case of examination of a null hypothesis, i.e. AIC may tell nothing about the model quality in an 
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absolute sense. If all the models fit poorly, AIC will not offer any warning of that. Generally, the 

AIC is calculated through the following formula: 

AIC=2R-2ln(L) 

Where:  

R is the number of parameters in given statistical model.  

L is the maximized value of the likelihood function of the estimated model. 

Many researchers have used different types of appropriate curve fitting solutions in resolving 

different kinds of problems in many areas. One approach that deals with appropriate curve fitting is 

in the field of image processing (image segmentation) by [3]and others, where an effective method 

has been developed for the study of cervical vertebra maturation (CVM) for bone age evaluation. 

The researchers applied a curve fitting method based on rotating and overlapping parabolic curves 

to derive the final segments of the cervical vertebra. Another study by researchers [4], dealt with a 

programme verification problem of the positively invariant sets of a class of nonlinear loops and 

discussed the relation between these sets and the attractors of the loops. In this study researcher 

suggested a numerical method based on curve fitting determined by an algebraic polynomial of 

degree 5 to find a positively invariant set containing the strange attractor for the H’enon map. 

Researcher L. Shen conducted a number of studies related to the same issue, but with a linear 

behaviour [5,6,7,8,9]. Another researcher established an engine dynamic model based upon a 

theoretical approach and supplemented the acquired engine experimental data using a dynamometer 

setup. Experimental data was employed to obtain the relation between the throttle valve opening, 

injected fuel amount, ignition timing, air/fuel ratio, engine speed and generated torque using curve 

fitting techniques. Accordingly, the gathered experimental input-output relations for coexisting 

physical quantities were curve-fitted to acquire interpolated functions with the purpose of achieving 

a complete model for simulations of that particular engine [10]. In addition, some professionals set 

up fuel injection systems on certain motorcycle engines with the aim of investigating the influence 

of fuel injection pressure, fuel injection width, and fuel injection timing on engine combustion 

performance under different load and speed operating conditions [11,12]. In 2006 researchers 

Yongping, H., et al. developed a steady state power model of a fuel cell stack based on a 

polarization curve. On the basis of the experimental results, a parasitic system power model was 

developed by fitting the experimental data with a quadratic polynomial [13]. 

Achievement of This Study 

The aim of the current study is mainly to choosing the best model from a group of nonlinear models 

applied to real data for a variety of nonlinear factors that affect the accuracy in internal combustion 

engines. These data were obtained from test engines at the Proton company in Malaysia. The tests 

were applied through the execution of an applications set to find the appropriate curve fitting for the 

data, like (Curve Expert Professional v2.0.0). 

Experimental Aspect of the Study 

The experimental aspect of the study was done through the application of the data obtained for the 

influential factor TPS, regarding the set of functions to get the best possible model that fits the data, 

as given in Fig.(1): 
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Figure (1): Curve fitting models for Tps factor. 

After doing a series of the calculations on a group of models in order to assess and determine the 

best model of them the following results were obtained, as shown in table (1): 

Table (1): Best Model for Tps factor 

 

Table above shows the value (-99.0911) of the AICc for the first model (sinusoidal), as well as 

the value of the standard error as less as possible, and the R^2 which is the best of all. Therefore, it 

has been chosen as the best (model sinusoidal) which model can represent data for influential factor 

TPS, seen in Fig (2). 

 

Figure (2): Sinusoidal model for Tps. 
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After that we can obtain the formula and its parameters as it showing below: 

 

The same procedure was carried out on other factors alone (RPM, TEMP). In this study the 

partial effect of each of the factors, affecting the process of the knocking, and thus find the sum of 

these effects on those factors in creating the overall effect of the factors on the knocking was found. 

At the beginning, a better model was taken for one factor that affects knocking, and then find the 

first derivative of the model in order to find the partial effect of the factor after applying real data 

considering fixed values of other factors. The proposed model, which consists of three factors with 

non-linear behavior, was used for the first derivative to reduce the complexity of the model 

assumed. 
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Where k denoted to knock. Also take (Rpm) factor: 
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Also take (Temp.) factor: 
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So, we can get an overall model, which can be used in the analysis of the effect of factors on 

knocking, since the knocking depends upon the Rpm, temperature and Tps, Thus, we can have the 

following formula: 

( , , )k k Rpm Temp Tps=   
To get the relation among RPM, TEMP and TPS, we used partial deferential  
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Substituting the value of (1),(2),(3) from above eqns in eqn (4) we get:

 

222 Modern Technologies for Engineering, Applied Mechanics and Material
Science
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( 2 ) sin( ) sin( )Temp Tps Rpm Tps Rpm Temp

dk q sRpm dRpm on oTemp e dTemp bc cTps d dTps= + + − + + − +
 

Knock= -0.24304*292.873* sin(292.873*tps-14005.39002) -2.08452 + 2* 0.00117*  rpm - 0.09226     

              * 38.29344 * sin(38.29344*temp+32.15755) 

For example, if take the factor TPS, with the consideration of the fixed values of the other 

factors, and apply the overall in formula in many situations to investigate its effect on knocking, the 

following results are obtained, as the shown in fig. (3). The behavior of knock appeared in different 

(RPM) like 2000,4000,5000.      

 

 
Figure (3): Effect TPS in defferent (Temp.) on knocking  

Summary 

By observing the figure above (3), you will note the change in knocking when the values of TPS 

changes, with fixed temperature (Temp.) in the value of 89.5, and engine cycle (RPM) equals 5000, 

the value of the knocking will be equal 80. After increasing the (Temp) to 91.5, it is observed that 

the knocking is also increased, but when the (Temp) is continues rising, knock starts to decrease. 

Results obtained through the application of the new model is a low level knocking with increasing 

temperature (Temp) at the same points in Throttle (TPS), the Revolution Per Minute (RPM), which 

shows the effectiveness of the new model with non-linear behavior of the factors affecting the 

knock. 
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Abstract. This paper describes several typical RFID privacy protection protocol security methods. 

To improve the security of RFID protocols, which proposed in the literature and some deficiencies, 

propose a new time-based hash chain function. The program can be effective against security issues, 

such as unauthorized reading, location tracking, eavesdropping, spoofing, replay and etc. The 

program applies to a higher number of tags and readers, with better security and efficiency. 

Introduction 

Radio frequency identification (RFID) systems aim to identify tags to readers in an open 

environment where neither visual nor physical contact is needed for communication. Because it is 

through radio waves to propagate signals, so there will be many security privacy issues. For example: 

unauthorized reading, location tracking, eavesdropping, spoofing, replay and etc. As low-cost RFID 

tag design needs, it can not implement complex high-security encryption algorithm, People have to 

improve security through authentication protocol [1-5]. Where a representative is Hash-lock [2,3], 

Hash-chain [4] and distributed asking - response protocol [5], the shared key system, AES password 

authentication system and etc. This paper presents a time-based hash chain function for RFID 

authentication protocol, an effective solution to protect the privacy and security of the tags. 

Analysis of RFID Security Authentication Protocols 

Overview of RFID-related security agreements 

The most important security issue of RFID system is to achieve confidentiality and untraceable. 

Present day, there are already a lot of literature suggests a variety of RFID authentication protocols. 

There are two authentication methods: Unidirectional authentication and Mutual Authentication. 

Unidirectional authentication only verifies the legitimacy of tags, mainly used Hash Lock 

Agreement, randomized Hash Lock agreements and so on. Those agreements sacrificed some 

security, used to increase the speed and reduce the cost of tags. Mutual authentication is a 

Unidirectional authentication improvements, it is also legally verified the tags in the communication 

by increasing the cost of tags. 

The tag authentication can be roughly divided into two categories: static and dynamic ID 

mechanisms. Static ID mechanism is the identification tag identifying the authentication process to 

maintain the same, but the back-end server computing amount is too large; Dynamic ID mechanism 

the tag identifies certified identification in every session change, the problem is to bring the refresh 

ID synchronization. Most RFID security protocols exist a variety of defects, the following will 

describe and analyze two typical RFID security protocols. 

Analysis of RFID security protocols 

Hash chain. The tag in Hash chain algorithm [4] uses two Hash function H and G. In the system, 

tag and database has an initial value of  S�,�, while the database also stores all tag's ID. The jth 

authentication of tag and reader executes as follows: 1. The reader requests, the tag according to its 

cryptographic value S�,� and calculating a�,� = G(S�,�) ; 2. then update the cryptographic value 

S�,��� = H(S�,�), and a�,� is sent to the reader; 3. Reader sent	a�,� to the database, Database find all the 
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records and calculate whether there is a equation: a�,� = G(H����S�,��); 4.If the equation established, 

the authentication passed, ID� will be sent to the reader, shows in Fig. 1. 

 

 
Fig. 1. Hashchain 

 

The agreement with independent ability to update the tag, the tag is positioned to avoid the leakage 

of private information. Also, because the one-way Hash function, it is impossible to get 

from S�,��� to S�,� , with forward security. But it only certificated the tag, that usceptible to 

retransmission and spoofing attacks. Each tag requires two different Hash modules, increasing the 

cost of the tags. During each verification, the database have to do j times computing for each tag, 

computing costs are increasing. Therefore, the agreement is not suitable for a large number of tags 

systems. 

David digital library protocol. In David's digital library RFID protocol [6], before the database 

and each tag is running, system require pre-shared a secret value s,f� said cryptographic security bys 
pseudo-random function. During the execution of the protocol are as follows:1.Reader sends an 

authentication request and the generation of random numbers Rr to the tag; 2.Tag generates a random 

number Rt , uses their ID  and cryptographic values  computing σ = ID⨁f�(0, Rr, Rt) , and sends 

(Rt, σ) to the reader;3.Reader forwards (Rt, σ) to the database;4.Database checks if there is anIDj, 
makesIDj = σ⨁f�(0, Rr, Rt) established, and if so, the tag is certified, sends β = IDj⨁f�(1, Rr, Rt) to 

reader;5.Reader forwardsβ to the tag;6.Tagverifies ifID = β⨁f�(1, Rr, Rt) is established that makes 

reader certified. The protocol is no obvious security vulnerabilities, but 2 function modules must be 

included in the tag circuit to achieve a random number generation and secure pseudo-random 

function. Therefore, this method does not apply to low-cost RFID systems. 

Time-Based RFID secure protocol 

When we have a large number of electronic tags, lower cost is an important consideration factor. In 

ensuring the safety of the premise, as far as possible to simplify the tag design. Advantages and 

disadvantages of the above agreement, the paper designs a new RFID secure protocol. The protocol 

uses static ID mechanisms and mutual authentication, and simplify tag circuit, without the random 

number generation modules. Each tag and reader share a secret. Reader receives the tag information, 

according to the certification arrival time, based on time-chain algorithm, calculate all previous keys 

in order to protect data against replay attack. 

Traditional methods [7] are based on a symmetric key system request-response authentication 

protocol. The protocol shared between tag and reader with the same key, once a key is compromised, 

it will destroy the entire system. Therefore, set the time slice during the communication parameters, 

use the time chain to determine whether the tag is forgery and tampering, that can improve system 

safety.  

Time-Based hash chain fundamentals 

Assume various tags and readers to share a secret key, but actually it is difficult to implement. 

Because the certification requirements essentially asymmetric (All tags to verify the authenticity, but 

can not identify forged keys). Therefore, the new method disclosed in the delay using the key to 

achieve this asymmetry. 
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Tags generate a time-based key chain K�,!, key K�,! asan argument of the hash chain. Use one-way 

hash function G randomly selects seeds K�",!,  so there can be a key chain K�",! = G(K�"��,!).Since G 

is a one-way function can be calculated forward (backward in time), but not backward (forward in 

time) as Fig. 2.For example, given K�,!, it can be calculatedK#,! ... K���,!, can not be calculated K���,!. 
 

 

Fig. 2. Time-Based chain 

Protocol certification process 

Initialization: First, select a suitable key encryption algorithm [8] for the system. Commitment reader 

through a standard agreement for each tag key chain as promised. For example, with its first private 

key K# signature (assuming each tag has a certified public key), and published the commitment on 

the server. 

Authentication process: 1.Reader generates a random number S, sending QueryS to tag for a 

certification;2.Tag receives a request, uses the keyK# and its own ID to calculate R! = H(K# ∥ R!�� ∥
S) , and sends R! , H(ID ∥ S ∥ R!)  to reader;3.Reader forwards R! , H(ID ∥ S ∥ R!) , S to the 

database;4.Database uses the keyK# to decrypt and obtain ID′, determine whether it meets H(ID′ ∥
S ∥ R!)?= H(ID ∥ S ∥ R!), otherwise, the authentication fails, discarding;5.Database sends H(ID′ ∥
R!)  to the reader;6.Reader forwardsH(ID′ ∥ R!) to the tag;7.Taguses the keyK#  to decrypt and 

obtainID, then determine whether if it is equal  to the localID that makes the authentication succeed, 

otherwise, the authentication fails, discard. Above the system complete the authentication process as 

Fig. 3. The authentication algorithm needs each tag circuitry includes only one random number 

generation function module. 

 

 

 
Fig. 3. Time-Based hash chain 

Security and Performance 

Security 

Indistinguishability. For tags response output, because of one-way hash function [8] and the use 

of a random number, even if an attacker gained multiple tags output, can not distinguish the output of 

the tags, meansH(ID′ ∥ S ∥ R!) ≠ H(ID ∥ S ∥ R!) ;Even with the same output of a tag cannot 

distinguish a certain time of the tags output, means H(ID ∥ S ∥ R!) ≠ H(ID ∥ S ∥ R�). 
Forward Security. Assuming the attacker got a particular tag output H(ID ∥ S ∥ R!), R! ,but 

depends on the one-way hash function, who can not get the tag historical data, shows in Fig. 4. 
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Fig. 4 Forward Security 

 

Replay Attack. Attacker perform the following operations: Readers send QueryS authentication 

request, Attacker listens to obtain tag output H(ID ∥ S ∥ R!), R! ; When the reader send QueryS 

authentication request again, tag will monitor the data obtained and send to the reader, to disguise 

legitimate tag. However, because of H(ID ∥ S ∥ R!) anti-collision resistance and randomness from 

time-based chain encryptionR!, tag output H(ID ∥ S ∥ R!) ≠ H(ID ∥ S ∥ R�), R! ≠ R�, wherein i ≠
j.Therefore, the protocol is able to withstand the replay attack. 

Spoofing Attack. The attacker masquerading as legitimate reader sends QueryS’ to the tag, tag 

responds the output H(ID ∥ S ∥ R!),R! . When a legitimate reader request an authentication, the 

attacker sends a faked response to deceive the reader. However, during each authentication reader 

will generate a random number S, based onH(ID ∥ S′ ∥ R!) ≠ H(ID ∥ S ∥ R!), therefore, an attacker 

can not produce a correct tag response. 

Traffic Analysis. In order to get a response, the attacker masquerading as reader send QueryS’to 

the tag, resulting tag output. Attacker tries to analyze the H(ID ∥ S′ ∥ R!),R! to obtain specific tags 

which output. However, collision resistance and randomness of Hash Function avoid the attacker's 

traffic analysis attacks, an attacker can not trace the traffics. 

Key Update. As a result of time-based hash chain, all tag and reader no longer share the same key, 

once a tag's key is compromised, the entire system is not affected, at the same time key chainK! keep 

updating. Therefore, the key in the communication process can not be forged and tampered, it is 

improving the safety. 

Performance 

Computation and Efficiency. If there are N number of tags, in this method, database needs to 

search up to 2N records, performed for N times Hash operation and XOR operation. Some methods, 

such as hash chain functions required to execute 2N plus 2N records search. The protocol has 

improved calculation speed, with lower computation and efficiency 

Number of Tags and Readers. Tags and readers do not need to store each other's ID information. 

Finding the records and most of calculations performed by the database. With the number of tags and 

readers increased, the database computing time increases slowly. Thus, the protocol should be 

suitable for a larger number of tags and readers. 

Conclusion 

In this paper, proposed a new RFID encryption method, which is based on the time-based hash chain 

function. In ensuring the safety of the premise tag privacy, it reduced the frequency of hash function 

usage, in order to improve the efficiency of certification. The randomness of time-based chain 

increases the reliability of encryption key. Reduce the random module on the tag certification 

application that reduces system costs. This method has a high practical value. 
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Abstract. The project 3D-LightTrans aims to create a highly flexible manufacturing chain for the low 

cost production of integral large scale 3D textile reinforced polymer composite parts. In a novel 

approach, multi-material semi-finished fabrics made of hybrid yarn are formed to deep draped 

pre-fixed multi-layered and multifunctional 3D-textile pre-forms. These are then efficiently 

processed into the final composite part by thermoforming. This paper presents the results achieved by 

the project consortium during the last three years, including the development and optimization of the 

individual processes for prototype production, with a focus on two selected automotive end products, 

and the adaption of equipment for industrial scale manufacturing. 

Introduction 

Polymer composites combine the lightweight and low cost of polymers with the superior 

properties of the reinforcing material, while woven fabric reinforcement leads to higher performance, 

controllability of properties and flexibility for customization. However, commercial applications of 

textile reinforced polymer composites (TRPCs) are still restricted to few cost intensive and small 

series niche markets as a consequence of the difficulty in processing the constituents, the too slow, 

inflexible and expensive production processes (such as draping and lay-up), and the lack of flexibility 

in the realization of complex pre-forms with 3D geometry. The project 3D-LightTrans 

(www.3d-lighttrans.com) was launched in the spring of 2011 to overcome these barriers, developing 

novel promising research level methods to a stage of industrial maturity for low-cost mass 

manufacturing.  

In a novel approach, multi-material semi-finished fabrics made of hybrid yarn is formed to deep 

draped prefixed multi-layered and multifunctional 3D-textile pre-forms, which is then processed into 

the final composite part by an efficient thermoforming process (see Fig. 1).   

 
Figure 1. 3D-LightTrans manufacturing approach for high performance composites 
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The Consortium of 3D-LightTrans merges highly experienced partners in machine tooling and 

automation (Promaut), the textile machinery manufacturers Michel Van de Wiele (Van de Wiele) and 

Lindauer Dornier, and the industrial partners P-D Glasseiden Oschatz (PD-GO), Coatema Coating 

Machinery GmbH (Coatema) and Federal Mogul Systems Protection (FM-SP), as well as the end 

users from the automotive sector, Centro Ricerche Fiat SCPA (CRF) and Bentley Motors Ltd. 

(Bentley). The project also profits from the participation of the following well-known specialists in 

the area of manufacturing and materials research: Xedera, AIT Austrian Institute of Technology (AIT) 

with LKR Leichtmetallkompetenzzentrum Ranshofen (LKR), Technical University of Dresden (TU 

Dresden), Onera, Universite d’Orleans (UOrleans), University of Ghent (UGent), Grado Zero Espace 

(GZE), Leitat, SVUM and North West Textiles Network Ltd. 

Methods 

Modelling, simulation and testing techniques are extensively used to provide a better understanding of 

the materials and structures. This involves analysis at different scales, from the macro-scale 

modelling, where the composite material is modelled as a homogeneous anisotropic material, through 

the meso-scale modelling, taking into account the fabric architecture and yarn shapes, down to the 

micro-scale properties of the glass and thermoplastic fibre in the hybrid yarn. With a view to create a 

knowledge-based manufacturing approach, also the production process steps, from weaving to 

draping and pressing, as well as the complete manufacturing chain, have been adequately modelled 

and simulated. A large number of experimental tests have been conducted, both to feed the models 

with input parameters, and to validate the results of simulations. 

Extensive research on processes and materials is also necessary, addressing the challenges in the 

individual processing steps (yarn damage caused during weaving, the difficulty of draping multilayer 

fabric with increased rigidity, the need for improved local pre-fixation and final fixation processes, 

etc.). Although the technology will be flexible enough to be applicable to a general case (distinct 

geometries, alternative yarn composition and different weave architectures), the 3D-LightTrans 

project focuses on two specific demonstration cases in the automotive sector (a tailgate and a spare 

wheel well, designed by CRF and Bentley, respectively). This has influenced the choice of the 

benchmark material used to demonstrate the 3D-LightTrans technology, glass fibre (GF) 

reinforcement with polyethylene terephthalate (PET) matrix [1]. 

To ensure the real future industrial deployment of the 3D-LightTrans technology, the adaption of 

industrial equipment is also addressed. A holistic approach to the complete manufacturing chain is 

taken, comprising multifunctional product design and modelling, automation, quality control, and 

application specific finishing processes. Furthermore, the project partners will explore the scale-up 

for mass production and other relevant aspects, such as the product life cycle. 

Results 

Modelling and simulation toolbox. A comprehensive simulation toolbox with four major modules 

has been implemented by UGent, CRF, Onera, UOrleans and TU-Dresden. The four modules cover 

the following aspects: a) meso-scale modelling of the dry fabric architecture, b) draping of the dry 

fabric architecture and fixation of certain areas of the dry fabric, c) thermoforming of the fabric, and 

d) micro-, meso- and macro-scale modelling of the final composite part. Finally, the modelling of the 

complete process chain is addressed by GZE using the Arena, a simulation software by Rockwell 

Automation which allows to model discrete processes.  

The modelling and simulation tools developed have been validated and tested through 

experimental data with yarns, test fabrics and thermoformed plates, with key contribution of  Leitat 

and SVUM. The analysis performed include, among others, single fibre and yarn tensile tests and yarn 

friction tests;  uniaxial, biaxial and shear testing of fabrics; friction, compaction, bending and forming 

tests on fabrics, ultrasonic inspection of the impact of moisture absorption on the thermoformed 

plates, impact test and micro-CT scans [2,3,4].  
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Manufacturing of hybrid yarn and 3D textiles. Hybrid yarn combines glass reinforcement with 

thermoplastic matrix filaments in a single yarn. Among the different available technologies 

commingled hybrid yarns produced by air texturing display a particularly high potential for 

continuous-fibre-reinforced thermoplastics, due to their great impregnation quality. In air texturing, 

the hybrid yarn is produced by the pneumatic opening of the filament yarn by cold or hot pressurized 

air, and the subsequent reallocation of the initial filaments in a special air nozzle. PD-GO, 

TU-Dresden and UGent have optimized the process to produce highest yarn quality with increased 

reproducibility and productivity (approx. 500 m/min) in a variety of materials (including PP and PET) 

with different fibre-matrix ratios. This has been achieved by tuning the fibre yarn count, yarn feeding 

speed, air pressure and adjustment of the flyer, and by optimizing the yarn sizing, in order to improve 

the adhesion of the glass fibre to the matrix. The abrasion and hairiness could be also reduced without 

compromising the final mechanical properties severely. 

Concerning the weaving of 3D textiles, TU-Dresden has produced fabrics with different multilayer 

patterns, both with z-reinforcement (in different orientations) and without. The four electronic warp 

let-offs systems and 20 head frames at the new Dornier loom (modified for 3D-LightTrans) allow to 

produce multilayer fabric link in Fig. 2 (left), based on commingling hybrid yarn (GF/PET 840 tex) 

with high warp density, an optimized shedding operation and more structural variety, keeping highest 

fabric quality and reducing fibre damages. On the other hand, Van de Wiele has developed industrial 

equipment to manufacture 3D shaped reinforcement textile pre-forms with customized 

multifunctional structure. In contrast to the conventional spacer fabrics (pile weaves) connected by 

additional pile yarns, the 3D woven spacer fabrics are constructed of woven outer layers connected by 

crosslink fabrics (Fig. 2, right), possess superior mechanical properties and can be produced -using 

Van de Wiele equipment- in just one process step [1]. 
   

         
Figure 2. Multilayer fabric before and after thermoforming (left); 3D woven spacer fabric (right) 

 

Manufacturing of the consolidated final composite part. The state-of-the-art technology 

provides neither standard tools, nor automated procedures with sufficient flexibility to perform in a 

satisfactory way the draping of complex geometries with thick multilayer fabrics. Nowadays 

customary manual draping is not only inferior in terms of accuracy and repetitiveness, but also 

involves a prolonged tool occupation time of the thermoforming tool. 3D-LightTrans approach to 

solve this consists in decomposing the procedure in several parts: pre-fixation, automated draping in a 

dummy tool, fixation, and final consolidation by thermoforming. 

In order to decrease the fabric handling and draping effort, the fabric is pre-fixated, which creates a 

local increase of mechanical stiffness in well-defined areas previous to the draping. In a novel 

approach, special fibres with modified characteristics are integrated in the fabric by TU-Dresden, and 

subsequently processed by Coatema using alternative heating methods. The optical analyses, tensile 

and bending tests show satisfactory results with increased stiffness in the pre-fixed zones. 

As a result of the pre-fixation, draping becomes easier, the flow of forces is better balanced and the 

number of wrinkles is reduced. In spite of this, the automated draping still constitutes a challenge, 

addressed by Promaut and Leitat. To handle the fabric, experimental tests have been done with 

suction cups and needle claws, while performed analytical studies show the influence of relevant 

parameters, such as the air leakage in vacuum grippers as a consequence of the fabric porosity and 
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roughness. To give the desired 3D form to the dry fabric, a special draping device is attached as 

end-effector to a robot system, which is subsequently programed to follow a given trajectory (Fig.3). 

The implemented force control system makes path programming easier and ensures a constant 

draping force of the fabric against the tool. While the simulation performed by TU-Dresden provides 

a first estimation of the effectiveness of a given draping strategy, RobotStudio simulation allows a 

quick verification of the robot path reachability and draping tool placement [2]. 

 
Figure 3: Automatic draping with self-developed tools (left) and robot simulation (right) 

One of the key advantages of the 3D-LightTrans technology is the processing to 3D fixed 

pre-forms, previous to the final consolidation (fixation). The pre-forms with fixed 3D geometry can 

be easily stored and transported without altering their geometry. This can be useful for supply chain 

and logistic requirements, as well as in distributed manufacturing. The earlier fixation of the draped 

form allows for final consolidation with decreased tool occupation time, since the 3D fixed pre-form 

does not need to be draped again in the forming tool. To enable this, different methods are being 

explored by Coatema, such as thermal activation and the use of additional binders.  

To achieve good results of the final composite part, the thermoforming process has to be adapted to 

the needs of the 3D-LightTrans technology. Flat multilayer textile reinforced composite plates have 

been consolidated by thermoforming at FM-SP varying the pressure applied, time and temperature, 

for a number 3D-LightTrans fabrics of different characteristics. The resulting thermoformed plates 

have been visually inspected and analysed by CT-scans, micrographs, and measurements of thickness, 

impact behaviour [4] and other mechanical properties (tensile stiffness, tensile strength, flexural 

modulus and bending strength). In parallel to the investigations on flat plates, a small complex tool is 

used by LKR, combining long plane areas on the bottom and side walls, with both long and tight 

curvature areas, to investigate the process stability to manufacture parts with close concave-convex 

geometry curvatures. 

The 3D-LightTrans manufacturing chain. The 3D-LightTrans project integrates the novel 

process steps described with a knowledge-based manufacturing approach and full automation, 

providing a totally new concept for the design, manufacture and application of high-tech composites 

for low cost mass products. While the modified air-texturing machine can produce hybrid yarn with 

high repeatability in a variety of materials (such as glass/PET and glass/PP) in different fibre/matrix 

ratios, the weaving equipment enables an increased flexibility in the realization of high-performance 

3D fabrics. Storage and transport of the fixed pre-forms (if required) do not need refrigeration 

requirements, as customary with thermoset prepegs. Further, not only is the final consolidation by 

thermoforming process much more efficient than traditional composite consolidation processes like 

Resin Transfer Moulding (RTM), but also possible with shorter tool-occupation time, since the 

draping takes place in an automated way and can be perform out of the thermoforming tool. The 

consolidated composite part is then ready for any required application specific finishing processes. In 

the case of the automotive components selected as demonstrators in the 3D-LightTrans project, this 

includes fastening, bonding, achievement of class A quality and painting (tasks addressed by and 

FM-SP, LKR, UGent, Coatema, CRF and Bentley). 

The manufacturing chain is very flexible and can also be adapted to different production 

configurations (Fig.4). GZE has defined and tested a framework for the production line design, using 

modelling and simulation techniques, which has been tested in a specific test case. Test, reliability and 

quality assurance aspects over the whole manufacturing chain are addressed by Leitat und SVUM. In 
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order to ensure the real deployment of the 3D-LightTrans technology, in a holistic approach, relevant 

aspects such as an impact study (realized by Xedera), business cases (AIT), product life cycle (CRF, 

AIT, GZE), and scale-up for mass production are also considered.  
 

 

Figure 4: The 3D-LightTrans manufacturing chain 

Summary 

The project 3D-LightTrans has succeeded to develop most of the technologies and components 

required for the cost efficient manufacturing of 3D textile reinforced composites, based on hybrid 

yarn with thermoplastic matrix. A comprehensive modelling and simulation toolbox has been 

developed. Equipment and processes have been adapted for the manufacturing of hybrid yarn, the 

weaving of high performance 3D-shaped and multilayer fabrics and the pre-fixation of the fabrics. 

Significant progress was also achieved with regard to the draping process and tools, as well as in the 

thermoforming process, which are expected to be finalized and demonstrated in the next months. 
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Abstract. This paper discusses mathematical modeling process of “make or buy” decision based on 
a real case in a steel company in Indonesia. The company has a multi-echelon production system 
that consists of many plants. The plants are connected by a given predecessor-successor relation 
[4,8]. Each plant needs materials that can be obtained through two alternatives, namely produced 
internally or imported from supplier [6,10]. The objective of the model discussed in this paper is to 
determine optimum number of produced material and imported material that can maximize profit 
gained by the company. To validate the developed model, real data is collected and the model is run 
using Lingo software. 

Introduction 

The increasing global competition makes companies vying to boost its competitive strategy in 
order to survive [3,6]. Price is often seen as an important factor that influences customers’ 
procurement decision. Therefore, companies compete to reduce the cost of their products by making 
their production process more efficient [1,6]. 

To provide materials needed in the production systems, there are two alternatives that can be 
planned by company: 1) stop production process of the materials and purchase materials from 
external supplier (import the materials) or 2) run of the predecessor plant to produce these materials 
[3,10]. Importing materials from outside is sometimes cheaper but on the other hand the company 
still has to bear production fixed cost, although the plants are not in operation. Thus, the total cost 
must be spent by the company can also be high. Similarly, if the company produces its own 
material, the costs incurred will be cheap if the number of products manufactured is very large. But 
each plant has a production capacity limit [7]. 

This paper discusses a proposed mathematical model based on a case study in SteelCo, a steel 
company in Indonesia. SteelCo as one of the steel producer in Indonesia currently faces 
considerable challenges. SteelCo has 7 plants whose production processes related to other processes 
in different plants within the company. The purpose of this paper is to determine an optimum 
number of produced and imported products that can maximize profit obtained by the company. In 
the first part of this paper, we describe the need for this study. In the next section, the model of 
development is discussed. In this section, previous relevant studies are also described. In the third 
section, the simulation of the proposed model using real data from the company is presented. In the 
last section, conclusion made in this study is presented. 

Model Development 

In its production system, SteelCo has 7 plants, namely Plant A, B, C, D, E, F, and G. Each plant can 
produce one type of product. Materials required to produce each product are different from each 
other. For the upstream production process (Plant A and B), the entire materials are imported from 
outside.  Materials required for producing semi-finished and finished goods (Plant C, D, E, F and G) 
can be produced by previous production processes (other plants within the company) or imported. 
In other words, for the downstream production processes there are two possible way of providing 
the materials for the plants: self-producing or importing. 
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Not all products of the plants are sold to external customer (market). SteelCo just sells HR, CR, 
Billets, and WR. To meet quality and demand of the market, SteelCo has a policy not sell purchased 
material directly to the customer. In other words, SteelCo only sells products manufactured by the 
company. The production flow of SteelCo can be seen in Figure 1. 

 

 
Figure 1. Production Flow inSteelCo 

To develop a model that can be used to optimize SteelCo production system, we study relevant 
literature from previous studies. Among other studies related to make or buy decision, [10] develops 
an expert system called MOBY, which is a generic customizable make or buy decision advisor. 
This study proposed a number of focus control block (FCB) to guide the decision making process. 
The FCBs for make decision: cost, capacity, technology, and additional personnel. The FCBs for 
buy decision: sourcing reference and other general info. The influence of production capacity is also 
discussed in [7]. 

[9] also develops a make or buy framework. In the framework, make or buy decision is modeled 
as a decision that needs to be made considering the following aspects: technology and 
manufacturing process, cost, supply chain management and logistics, and support system. 
Technology and manufacturing process part consists of technology and equipment, skills to perform 
the process, technical skills, ownership of the process, ability to cope with volume change, and 
quality measures factor. Cost is divided into production cost and acquisition cost factor. Supply 
chain management and logistics aspect consists of supplier selection, cost reduction activities with 
supplier, collaboration with suppliers, delivery, and inventory control factor. Finally, the support 
system consists of quality system, information system, engineering changes system, training 
schemes, continuous improvement program, and technical support factor. 

Model Building. Make or buy decision is actually developed from transaction cost economies 
(TCE) and the resource based view (RBV) theory [2]. TCE theory describes about how to minimize 
the cost [2] because most make or buy decision is influenced by cost factor [1,5,6,9,10]. However, 
cost factor is not the only factor that determines the benefits obtained by the company. Revenue 
factor also affects the decision of make or buy products [5]. Thus, profit which is determined by the 
value of both factors is used as the objective function in this mathematical model. 

Generally, profit earned by company is affected by revenue (sales) and production costs. For the 
case of SteelCo, overall production cost is composed by 5 types of costs, namely: 
1. Fixed Cost (FC), a definite cost incurred by the company although production is not running. 
2. SGA Cost (SGAC), is the marketing cost of products sold to customers. This cost will always be 

spent by the company although no product being sold. Additional personnel factor in [9] model 
is included in FC and SGAC. Thus, these variables influence make decision. 

3. Material Cost (MC), is procurement/import cost of material used by each plant which depends 
on sourcing reference and general info of supplier. This variable influences buy decision in the 
model [6]. The material cost is calculated by looking at the system as a whole. 

4. Conversion Cost (CC), a cost of additional materials needed to produce the product. 
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5. Energy Cost (EC), is cost of using gas and electricity which are the source of energy to run 
production activities at each plant. SteelCo gets gas supply from 2 suppliers, GS1 and GS2. The 
usage of gas from both suppliers follows a same supply policy, so the calculation of gas energy 
costs can be generalized. For electricity, SteelCo use the supply from its subsidiary and two 
other external suppliers. Both of suppliers have different policies so the generalization of 
electric energy cost calculation cannot be done. Both CC and EC influences make decision. 

Different with TCE theory, RBV theory discuss about capability of the system to make the 
products [2]. This theory is the base theory to develop capacity constrains for production, material, 
energy and other resources.  

Notation Used. In SteelCo’s production model, we use the following decision variables: 
production quantities of product i, import quantities of product i, and suggested external demand 

(selling) quantities of product i which are represented by ��, ��, &��′� sequentially. Other variables 
and parameters used are shown in Table 1. 

Table 1. Variable used in the Developed Research Model 

Notasi Definisi 

��� External demand fore cast(sales plan) 

quantities of product i 

��� Internal demand quantities of product i 

	�� Import price per unit product i 

	
� Selling price per unit product i 

�� Yield of product i 

�
� Fixed cost of product i 

���� SGA cost of product i 

������ Alloy material cost of product i 


��� Conversion cost per unit product i 

��
� Amount of gas needed to produce 1 unit 

product i 

��� Amount of electricity needed to produce 1 

unit product i 

����� Maximum import of product i 

����� Minimum import of product i 

���	� Maximum production of producti 

���	� Minimum production of product i 

	� Supply price per unit gas k 

���� Maximum supply of gas k 

���� Minimum supply of gas k 

Notasi Definisi 

��� Materialj needed to produce 1 unit 
product i 

ES1 Cost of electricity supplied by Electicity 
supplier 1 (ES1) 

ES2 Cost of electricity supplied by Electicity 
supplier 2 (ES2) 

		��1 Premium price per unit electricity 

supplied by ES1 

	���1 Regular price per unit electricity supplied 

by ES1 

�	��1 Number of premium electricity supplied 

by ES1 

����1 Number of regular electricity supplied by 

ES1 

�����1 Maximum electricity supplied by ES1 

������1 Maximum regular electricity supplied byES1 

�����1 Minimum electricity supplied by ES1 

���2 Multiplier factor (included tax) of 

Electricity Supplier 2 (ES2) cost 

�
��2 Fixed cost of ES2  

���2 Number of electricity supplied by ES2 

	��2 Price per unit electricity supplied ES2 

�����2 Maximum electricity supplied by ES2 

�����2 Minimum electricity supplied by ES2 
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With i is index for products, j is index for materials, and k is index for gas suppliers. 
Developed Model. A detailed mathematical model developed in this study is presented below. 

Objective function of the mathematical model is as follows: 

MaximazeProfit = ∑ De′/ × Ps// – 3FC + SGAC + CC + MC + EC; (1) 

• FC = ∑ FC//  (2) 

• SGAC = ∑ SGA// Q=>?@AB,C
D × K=>?@AB,C (3) 

• CC = ∑ 3Con/ + Alloy/; × Q//  (4) 

• MC = ∑ IP/ × I//  (5) 

• EC = GasC + ElC (6) 
GasC = ∑ PB × SBB  (7) 

ElC = ES1 + ES2 = JPPKLM × 3MinKLM + SPKLM;+PRKLM × SRKLMO + KKLP × JSKLP × SKLP +
FCKLPO (8) 

Based on [9], make or buy decision is not only influenced by cost. The following other aspects 
also influence make or buy decision: Technology & Manufacturing Process (TMP), Supply Chain 
Management & Logistics (SCML), and Support System (SS). In this developed model, TMP aspect 
is translated into production capacity constrain (Eq. 9) that influences make decision [2,7,10] as 
below: 

MinP/ ≤ ∑ Q// ≤ MaxP/ (9) 

And SCML aspect is translated as import capacity (Eq. 10), gas supply capacity (Eq. 11), ES1 
(Eq. 12) and ES2 supply capacity (Eq. 13) constraints [2]. 

MinI/ ≤ I/ ≤ MaxI/ (10) 

MinB ≤ SB ≤ MaxIB (11) 

MinKLM ≤ SKLM ≤ MaxKLM (12) 

MinKLP ≤ SKLP ≤ MaxKLP (13) 

SS aspect is beyond the scope of system, so it is not discussed in this paper. In addition to 
production, import, and energy supply constraints discussed above, the model developed also 
considers product-material balance constraint (Eq. 14-16) and energy supply balance constraint (Eq. 
17 and Eq. 18): 

Q/ = Di/ + De/ (14) 

De′/ ≤ De/ (15) 

DiR + IR = ∑
STU×VU

WU
/  (16) 

∑ El/ × Q// ≤ 3MinKLM + SRKLM + SPKLM; + SKLP (17) 
∑ Gas/ × Q// ≤ ∑ SBB  (18) 

Numerical Example.When the data was taken, Plant B had not operated yet due to installation 
process, so there is no use of lump ore, coking coal, and anthracite materials. Besides, hot metal is 
also not produced. Those real data can be classified into: 

• System parameter: Data needed to run the model that usually does not change if there is no 
change in the production system, such as production capacity and yield of each plant and bill of 
material (BOM). 

• Input variable: Input data that consists of marketing plan and procurement data (price of material 
in the market). These data usually changes over time. In this numerical example we use 2 sets of 
input variable to see differences in the output due to differences in input variable (see Table 2). 
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Table 2. Input variable for the Simulasion using LINGO 

i 
PELLET SPONGE SCRAP MJIS Slab HR CR Billet WR 

S
et

 1
 

��� 
(103 

ton) - - - - - 145 47 0 20 

	�� 
($) 167.55 423 400.30 349.00 497.00 - - 542.50 - 

	
�($) 

- - - - - 649.00 752.00 508.00 622.00 

S
et

 2
 

��� 
(103 

ton) - - - - - 145 53 0 20 

	�� 
($) 167.55 423 400.30 349.00 487.00 - - 532.50 - 

	
�($) 

- - - - - 669.00 775.00 518.00 641.00 

The model is run with real data from the company as presented in Table 2 using LINGO 14 
(student version). The optimal solution produced is presented in Table 3. 

Table 3. Optimal Solution for the Simulation 

i PELLET SPONS SCRAP MJIS Slab HR CR Billet WR Profit 

S
et

 1
 

��  (103 ton) 

- 0 - - 0 195.54 47 0 20 

-7,319 
thousand 

USD 

��  (103 ton) 

0 0 0 0 200.35 0 0 20.58 0 

��′�  (103 

ton) - - - - - 145 47 0 20 

S
et

 2
 

��  (103 ton) 

- 0 - - - 200 51.15 0 20 
892 

thousand 
USD 

��  (103 ton) 

0 0 0 0 204.92 0 0 20.58 0 

��′�(103 ton) 

- - - - - 145 51.15 0 20 

Based on the output presented in Table 3, we can analyze that importing slab gives more profit 
than producing it; consequently, the plants in upstream production process are off for both data set. 
By comparing the two data sets, we can conclude that as the import price of materials (slab) 
decreasing and selling price of the downstream products (HR, CR, Billet, WR) increasing, the profit 
will increase. And in data set 2, not all CR’s sales plan can be met to get the maximum profit. The 
model recommends that company sell 51.15 ton CR instead of 53 ton CR as set in the company’s 
marketing plan, in order to get a higher profit. 

Conclusion 

In this paper, we develop a mathematical model for multi-echelon production plants based on a real 
production system in a steel company in Indonesia. The objective of this model is to determine  
optimum numbers of produced material and imported material for each plant that maximize the 
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profit earned by the company. Besides, this model can also provide a suggested volume of product 
sales to obtain that optimal solution.  
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Abstract. The challenge for engineer’s orthopedic prosthetic rehabilitation is to find a state of the art 

in the field, technical or otherwise, that will help their clients who have disabilities. Organ 

replacement with prostheses is one of the most successful procedures until now. However prostheses 

are still using standard geometry that has been determined by the manufacturer of the prostheses and it 

becomes a problem. In addition to the design size that does not fit, long manufacturing process takes 

time and is expensive also being a problem. Suitability of the prostheses with the patient's body 

anthropometry and speed of production in the manufacture of the prostheses is very important. In 

manufacturing, precision and speed of manufacture of the product is something that is possible but 

requires a high cost, especially in the manufacture of prostheses. By using rapid prototyping 

technology are available, this research try to develop the customized and rapid manufacturing systems 

for the manufacture of prostheses, especially for Total Knee Replacement (TKR). 

Introduction 

Human have two knee joint, the right and the left. From spine through to the hip, knee and ankle 

must work together harmoniously to ensure stability. Any movement of the lower extremity, walking, 

running and other daily activities knee joint function is very important. The knee joint is the largest 

joint in the body that serves to accommodate the weight of the body while maintaining a level of 

mobility and stability [1]. This joint is one of the weight bearing joints are most vulnerable and have a 

fatal impact on accident.  

Prostheses used to replace parts of the body lost due by trauma or disabilities. Total Knee 

Replacement (TKR) is the most successful orthopedic reconstructive procedures until recently 

[2,3,4]. TKR have been proven relieving pain due to knee joint disease, osteoarthritis (OA) or 

rheumatoid arthritis [4,5,6].  

There are several critical success factors TKR, i.e.: patient, surgery technique and design of 

prostheses [4,7,8]. Patient factors influenced by many factors, for example: there are some ligaments 

and meniscus that must take into account. Also the cardiovascular and pulmonary system must be in 

good condition, when there is a replacement of the knee joint. While surgical technique depends on 

the skill or experience of the medical team who performed the surgery, the patient factor is difficult to 

do optimization as well as operating techniques [9]. Of these three factors, the design of the 

prostheses is a factor that is easy to do optimization [10,11].  

According Soemardi [12], the design including size and shape of prostheses is still using standard 

geometry prostheses set by the manufacturer. Prostheses size produced commercially with the 
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standard sizes are categorized by size S (small), M (medium) and L (large) with anthropometric 

reference Caucasian obviously different gait cycle steps and long steps with Indonesian people 

(mostly Mongoloid race). As a result of the size that does not match the patient's bone anthropometry 

(customized), some patients complain of pain after TKR surgery, especially on the bone that is 

connected to the prostheses. Not only is the problem, in the process of operation and adjustment of 

prostheses takes quite a long time due to the size of the prostheses is not customized. 

 To create a customized prostheses required precision manufacturing processes. As we know that 

in the manufacture of customized prostheses is expensive and requires a long time, then it takes a 

rapid manufacturing technology at an affordable cost. Rapid prototyping technology is an alternative 

technology which the application can save production time and costs. In this research we are try to 

develop the customized and rapid manufacturing system to manufacture prostheses, especially for 

TKR. 

Design and Development Approach  

Using the engineering design principles described by Pahl & Beitz [13], that engineering design is a 

closed cycle as shown in Fig. 1. Starting from the analysis of consumer demand for the product, then 

the design which developed and implemented and released to the market, then back to the analysis of 

customer satisfaction for products that have been manufactured to be developed. 

 

Fig. 1 Cycle of engineering product design 

There are some important things to be taken into account in the design and development of 

products prostheses knee joint, i.e.: 

1. The use of current technology for digital imaging such as CT-Scan, MRI , f-MRI etc., which 

will give you high definition digital output 3D visuals of cracked or broken or problematic 

bone. The result will be important information to facilitate the design and development 

prostheses in providing compatibility between digital imaging and process output of CAD / 

CAE / CAM will then become very important to create an efficient and effective research, 

design and development. 

2. The use of high performance computing with high capacity and speed an adequate, 

3. Use of Rapid Prototyping technology to define the function and geometry of artificial organs are 

developed through the creation of physical prototypes quickly with precision micro, 

4. The use of metal or non - metal materials, in accordance with the standards of the implant 

material and is not sensitive to the human body, 

5. The use of precision manufacturing technology such as investment casting, micro - fabrication, 

injection molding, etc. 
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Customizing and Manufacturing Prostheses 

Digital Imaging and Solid Modeling. In modern orthopedic prostheses, digital imaging 

technology is a state of the art technology used to obtain the geometry of parts or organs of the patient 

body. Digital imaging from CT-Scan or MRI (Fig. 2) will be intensively use and more precision, the 

image quality and facilitate the fast design, prototyping and development of the prostheses and its 

components. From CT –Scan or MRI imaging results can be transferred from the image DICOM data 

then converted into STL data. By using CAD software STL data can be analyzed and reverse 

engineering (RE).  

 

Fig. 2 MRI image of knee joint 

Knee joint designed to be analyzed further, based on the power and torque when running normally 

or even in conditions more severe or extreme as running or playing soccer. In extreme conditions we 

can multiply the force or torque with a constant. In this case, the calculation and analysis of the 

strength of the material has been previously calculated to obtain a standard or reference that is used, 

resulting in a redesign process that is required is the basic geometry of each component of the TKR, 

i.e.: femoral, tibia and patellar components. 

Rapid Prototyping. Rapid Prototyping (RP) technology is a way to realize the concept of a design. 

The use of RP technology can save production time and costs [14]. RP or layered manufacturing is the 

process of fabricating a product layer by layer, or the addition of a row of raw material in layers to 

form a product that conforms to the model. Principle different from the principle of rapid prototyping 

machining, rapid prototyping is a process where the addition of material, while the machining is a 

process of removing material. Nevertheless, both have similarities in the determination of the contact 

point chisel (cc-point) on the facet models. By using rapid prototyping control parameters, such as 

layer thickness, hatch space, and product orientation, development can use the laser trajectory control 

of these parameters [15]. Fig. 3 shows the data flow processing of Rapid Prototyping Machine (RPM) 

[16]. 

 

Fig. 3 Data processing in RPM process [16] 
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After the redesign of the TKR models, the pattern can be created by using RPM that is 

Three-Dimensional Printer (3D Printing). The patterns are categorized into two types of material 

components, i.e.: metal materials that will be made using the investment casting process and 

non-metal materials which will be made by injection molding process. 

Manufacturing Prostheses. A manufacturing system was developed to simplify and shorten the 

time of manufacture of a product. This research has the main objective to be able to produce a fast 

manufacturing system by targeting one-day services in the manufacture of customized artificial knee 

joint prostheses. The rapid manufacturing systems that will be developed can be seen in Fig. 4. 

 

Fig. 4 Flow development of manufacturing systems for TKR prostheses 

The data obtained from the results of MRI or CT scan imaging with DICOM data format and then 

the DICOM data converted into STL files to do RE with CAD software and ready to print. After a 

model or pattern of the prosthesis according to the patient's body geometry made using RPM, then do 

investment casting process to make a wax mold is given a ceramic coating. Do the casting process by 

entering the liquid metal into the ceramic mold, the metal component of the TKR (tibia stem and 

femoral) have been completed in print. Continue polishing process to make it look smoother. For 

plastic components TKR (patellar and tibia) were made using the injection mold with a pattern based 

on that was created before mold can be made. Components are then sterilized free of dirt and bacteria 

that arise when making processes. 

Summary 

This paper highlights research in the manufacturing system to be developed customized and fast 

manufacturing prostheses TKR based on rapid prototyping. And the system is not just for TKR 

prosthesis products but has the potential to be applied to another product. Further work will be tested 

on a laboratory scale production floor. 
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Abstract. Manufacturing execution system is information systems (IS) that bridges the gap between 

IS at the top level, namely enterprise resource planning (ERP) nd IS at the lower levels, namely the 

automation systems. MES has been reported to increase productivity, maintain product quality, and 

reduce production time. However, the advantage is obtained if MES is integrated smoothly with the 

other systems. Currently there is an industry standard, ISA-95, which can be  used as a reference 

model in the process of integrating MES with ERP and automation systems. This study was 

undertaken to propose a methodology for MES design utilizing ISA-95 standard.The methodology 

is designed considering the objectives of MES development from a point of view manufacturing 

system and also from the point of view of information systems. Thus, challenges from two domains, 

namely business (manufacturing) domain and technology (IS domain) are both considered in the 

development of the methodology. 

Introduction 

MES is an information system that bridges the gap between top level information systems 

namely Enterprise Resource Planning (ERP) with the information system at the lower levels namely 

shop floor information systems (Deuel, 1994). MES provides an electronic and real-time media to 

optimize the manufacturing process as a whole. MES implementation may support a company in 

providing updated and complete information to help the production department to produce quality 

productsin a shorter time, and with lower cost (McClellan, 2004). 

In implementing MES, functional integration is the most difficult challenge --making all the 

components of the manufacturing system able to work well together. Before a manufacturing 

company can integrate its processes, functional boundaries for each system component must be 

specified. Without a standard to follow, manufacturing companiesneed a lot of effort to determine 

the functional requirements that meetstheir needs. Currently, there has been an industry standard 

that defines the boundaries between ERP systems and MES. The standard is known as ANSA/ISA-

95.00.01-2000 (ISA-95). ISA-95 defines the terminology and models that can be used to perform 

the integration of the ERP system at a business level with the production automation systems 

(Fuchs & Thiel, 2009). The standard is very helpful in determining the requirements in the process 

of integration and implementation of manufacturing execution systems. 

There have been studies on the design of MES such as studies by Hadjimichael (2004), Cao 

(2008), and Waldron (2011). These studies have not specifically discussed how ISA-95 can be used 

in the design ofthe MES. Scholten & Schneider (2010) have used the ISA-95 as a guide in 

determining therequirement of MES, but the requirement definition process proposed in this study 

can still be improved and steps related to the new manufacturing IS design has not been specifically 

addressed in the study. Therefore, the purpose of this study is to determine a more comprehensive 

methodology for MES design that specifically describes the use of ISA-95 standard as a reference 

model. 
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Model Development 

The conceptual model that describes the methodology (the steps) for designing MES was developed 

after a synthesis of some methodology developed in previous studies (Hadjimichael, 2004; Cao, 

2008; Scholten & Schneider, 2010; Waldron, 2011). In addition to this, the development of the 

model is also based on IS design methodology developed by Whitten & Bentley (2007).  

Synthesis of Previous Models. Of the studies that were examined, only one of which discusses 

the use of ISA-95, i.e. a study by Scholten & Schneider (2010). Previous studies use different tools 

in supporting the MES design process, such as the use of IDEF-0 to model the business processes of 

manufacturing system by Hadjimichael (2004) and the use of UML diagrams for modeling MES 

logical design by Cao (2008). Majority of these studies focus more on either solving manufacturing 

problems (e.g. Scholten and Schneider, 2010; Waldron, 2011) or solving information systems 

problems (e.g. Chao, 2008). A comprehensive study assessing the needs of the system from both 

points of view are still rarely found. 

Model Building.The stages of MES design proposed in this study are discussed below: 

• MES development planning. There are 3 activities performed at this level: 

- Identify initial problems and opportunities. At this stage the activity is to determine the 

problems, opportunities, or directives that triggered the initial development of MES. 

Document 1 of ISA-95 contains information about the business driving factors of MES 

implementation. Such information can be used as a guide to determine the problems and 

opportunities for improvement from the standpoint of manufacturing process. Whitten & 

Bentley (2007) proposes a framework called PIECES to help identify and categorize 

problems related to IS.Both perspectives (manufacturing systems and information systems) 

need to be assessed in determining the priority of solving problems in the implementation of 

MES. 

- Determine the initial scope of the implementation. Determination of system boundaries is 

done based on a list of issues and opportunities that exist, current system conditions, and 

consideration of the budget funds available. Hierarchical model systems contained in the 

ISA-95 indicates that there are 5 levels of sistem in manufacturing activities (process). This 

model can be used as a guide to determine the boundary of each system level (Scholten & 

Schneider, 2010). MES (level 3) interact with the ERP system and the otomation systems. 

Figure 1 shows the model of the system hierarchy. 
 

 

Figure 1. System hierarchy model (ANSI/ISA-95.00.03–2005, 2005, p. 20) 

 

Hierarchical models of equipment in ISA-95 show the hierarchy of the physical assets of the 

enterprises engaged in manufacturing activities. Equipment hierarchy model can be used to 
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determine the physical boundary of the MES system (Scholten & Schneider, 2010). Figure 2 shows 

the hierarchical model of equipment. 
 

 

Figure 2. Equipment hierarchy model (ANSI/ISA-95.00.03–2005, 2005, p. 26) 

- Develop baseline schedule and resources. At this stage the activity is to determine the 

schedule of the project activities and the parties involved. Information on the ISA-95 

manufacturing operations management can help to determine the complexity of activities to 

be carried out in several stages of the process, such as the system requirements analysis, 

business process analysis, and design of MES logical model, which can be used to estimate 

the duration of the activities. 

• Analysis of current system. There are two activities that are carried out at this stage: 

- Business process analysis. Activities undertaken at this stage is to analyze the business 

processes of manufacturing companies. Generic activity model of ISA-95 defines MES 

activities and grouped the activities into 4 main sections, namely the production, quality, 

maintenance, and supplies. Each piece consists of the activities described in the model of a 

generic activity. These activities are: detailed scheduling, resource management, activity 

tracking, work order dispatch, definition management, data collection, analysis of operation 

results, and execution management. Figure 3 shows all the generic activities in ISA-95. 

Furthermore, using ISA-95 as a reference, IDEF-0 is used to model the business processes. 

IDEF-0 can describe the flow of information among the modeled business processes, with  

information about controls and mechanisms for each process being exposed. 

 

 

Figure 3. Generic activity model (ANSI/ISA-95.00.03–2005, 2005, p. 24) 

- Analysis of curent manufacturing information systems. Activities undertaken is analyzing the 

functional aspects and data requirementof the production management systems. The analysis 

is performed based on previous IS blueprint. If there is not a complete IS blueprint, analysis is 
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performed directly oncurrent production managementIS. Use case diagram and ERD can be 

used in analyzing current manufacturingIS (Whitten & Bentley, 2007; Pressman, 2010). Use 

case diagram is used to model the functional aspects of IS and the interaction of the system 

with external entities such as users of the system and other related IS. Entity Relationship 

Diagram (ERD) is one model that is widely used to model databases. 

• Determine system improvement objectives. Improvement goals are defined along with the 

identification of criteria that measures the achievement of these goals. Goal setting is done 

based on the results of problems and opportunities analysis. The list of problems and 

opportunities that have been generated at the earlier stage may still be a symptom and not the 

root of the real problem. The symptoms of problems and opportunities that exist should be 

verified with the actual condition of the system so as to know the root of the real problems. 

Fishbone diagram can be used to perform root causes and opportunities analysis (Whitten & 

Bentley, 2007). Information about MES KPIs in ISA - 95 part 3 and standard KPIsfor 

manufacturing operations which is available on the ISO/WD 22400-2 can be used as a guide in 

determining the criteria for measuring the achievement of MES implementation (Dufort, 2006; 

Fukuda & Patzke, 2010) . 

• Analysis of system requirements. Activities undertaken at this stage is to determine MES 

functional and non-functional requirements. Information on the manufacturing operations 

management (MOM) contained in the document ISA-95 part 3 can be used as a guide to analyze 

the system functional requirements (Scholten & Schneider, 2010). MOM Model contains a 

description of the functional aspects of MES. Diagrams can be used to analyze the functional 

requirements of the system is use case diagram (Grassle et al., 2004; Eriksson et al., 2004; 

Whitten & Bentley, 2007; Pressman, 2010). To conduct the analysis of non-functional 

requirements of the system, Whitten & Bentley (2007) suggested the use of PIECES. 

• Designing MES logical model. Activities undertaken at this stage is to design a model that 

describes an IS logical model that describes objects, workflow processes, and databased on the 

functional requirements. The model made yet contain technical solution, but more conceptual. 

Logic models are generally complemented by detailed specifications that contain data attributes, 

rules, and business policies. Based on Whitten & Bentley (2007), Cao (2008), and Eriksson et al 

(2004) it is proposed the use of multiple UML (Unified Modeling Language) diagrams i.e. class 

diagrams, object diagrams, sequence diagrams, activity diagrams, and state diagrams to design 

the logic model of MES. Class diagram illustrates the structure of the objects, however, class 

diagram does not define these objects in detail, but in the form of classes (Grassle et al., 2004). 

Object diagram illustrates the structure of the object involved in a system (Grassle et al., 2004). 

Circuit diagram is used to model the interaction between classes by considering the time in 

which the interaction process is done (Grassle et al., 2004). Activity diagrams are used to model 

activities that occur in each process as parts of the overall process of interaction between classes 

(Grassle et al., 2004). The information contained in the activity diagram has similarities with the 

circuit diagram, but in the activity diagram there is no data classes so that it is relatively easy to 

understand. Activity diagram is a tool used in the validation process of MES logical design by 

system users. State diagram is used to model the system behavior associated with the process of 

reading and modification of objects (Grassle et al., 2004). Information about the object model 

contained in ISA-95 part 1 section 2 can be used as a guide in designing MES logical design, 

specifically design a the class diagrams. ISA-95 object model contains descriptions of all class 

descriptions contained in MES. The object model contains information about the relationship 

between class and the attributes of each class, but information about the methods in each class is 

not provided in ISA-95. 

Conclusion 

In this paper a methodology to design MES for a manufacturing company, utilising the support 

ISA-95 standard is presented. The methodology is designed considering the objectives of MES 
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development from the perspectives of manufacturing system and information systems. Thus, 

challenges from two domains, business (manufacturing) domain and technology (IS domain) were 

considered in the development of the methodology. 
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Abstract: The purpose of this paper is to focus on new Product Development (NPD) and 

Commercialization Process based on previous researches since 1963. We intend the articles to serve 

two major goals. Firstly, we hope that it will be useful for researchers and postgraduate students 

who are interesting in understanding of commercialization process for NPD. Secondly, this article is 

useful for R&D managers to understand how can commercialize a new product. Finally the 

practical implementations of each article along with its findings as major factors for impacting on 

NPD process are presented in a table on discussion and result part.  

Introduction  

Industries and firms all the time try to make new products that cope with the needs and 

requirements of the communities which vary in many fields from construction and weight loss 

products; however they come across many problems and challenges when sending a new product to 

the market as it can be kept on shelves for a long time.  

For example, today user authentication stands out as one of the most essential areas in 

information security which has several ways of being implemented. Dr. Lashkari and his group after 

doing a wide research and survey on the graphical user authentication or graphical password [5], 

they have designed and implemented many new graphical passwords such as “a new algorithm on 

Graphical User Authentication (GUA) based on multi-line grids” [7] and “A Secure Recognition 

Based Graphical Password by Watermarking” [6]. Now a day, they are trying to commercialize the 

product and send it out as a product on mobile and tablets. In comparing with other product, they 

are in a competition with other products for promoting and sail their new product which is a big 

challenge today. 

The issue they face that the firms depend only on their ideas without looking for successful ways 

for marketing and advertising for their novel products. This causes losses instead of benefits and 

revenues for the firms. The previous twenty years have observed a surplus of studies regarding the 

business novel products. The companies’ work environment is the total of all aspects which are 

beyond the power of the firm and affect the processes trades, revenues, markets, and survival war. 

Also, this environment involves two markets: capital to produce its inventions and patrons to buy its 

inventions. If a company can’t contest successfully, it will not practice a reply from the market for 

its produces and therefore with time passing won’t be profitable [3]. No assurance of 

accomplishment despite market entrance level or stage is reached; as pointed out by the high 

frequencies of novel product deterioration [1]. Whatever the case may be, the disappointment 

figures emphasize the necessity for executive concentration on the procedure of progressing and 

advertising for innovative products [15]. The objective behind this paper is to summarize the 

techniques and solutions proposed to solve the problem with commercialization of new products. 

This paper emphasizes on the successful process when a firm wants to make a new model and send 

it to the market, papers have been written on this topic since 1950 and yet researchers are still 

writing on it.  
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Related Works  

Cooper made a research in 1983 and suggested six lessons that he has learnt it. Firstly, for business 

innovative products a greatly powerful market positioning is required. Second, new products 

accomplishment is mainly responsive to managing activities. Third, there is no easy method to 

determine the success of a new product. Forth, a key factor for the success of the product is the 

uniqueness of the product with real customer advantage. Fifth, a main reason for accomplishing 

achievement is a good comprehended accurately performed takeoff. Lastly, a good communication 

and cooperation between involved parties is a great raise for positive innovation process [2]. 

Also researchers suggested a new product development process, which splits it into seven 

consecutive phases; innovative product scheme progress, idea creation, inspection and assessment, 

commerce investigation, progress, examination, and commercialization. In addition, new products 

failure sources were illustrated in this research, failure in marketplaces, time interval, monetary, 

practical, managerial, and ecological. Risk traditional aspect is also as a part of new product 

development failure [1].  

Many products fail in the market after the launching, 50% to 67 % of them actually fail in the 

commercialization process [12]. In 2001 a research argued the lack of relations and connections 

between the private and public sectors in the process of developing new products, i.e. no association 

between the academic researches done in the public sector (university) and private sector 

(companies) [14]. In this research the mistakes practiced in the stages of new products 

commercialization are discussed to find the reasons behind such failure. The process for achieving 

the proposed solution is to follow certain criteria of tables and graphs. First is to use the 13 new 

product development stages where the initiation, testing, and launching take place. Then going 

through matching development process to product type stage where this represents a graph of 

opportunity cost vs. development risk. The proposed solution is to make coordination between the 

managers along with the team members by following a strategy to avoid such mistakes from 

occurring. Some products are sent to the market and after one year they are still there and haven’t 

made any success, just complete waste of time and resources. The analysis includes using all the 

identified products and then reducing them by eliminating them to the most desirable product [13]. 

Four mistakes were found in previous research; mistake one is the absolute shortage of sensitivity to 

the variations in the managing responsibilities needed of incremental versus breakthrough projects. 

Mistake two is the propensity to suppose that breakthrough jobs compare with high outline actions 

requiring supplies and pinnacle management support. Mistake three is when managers adapt the 

same industrialized-sale system for new products rather than coming up with new ones. Mistake 

four is when such dealer missed insight guides to flawed product allocating [4].  

Some researchers discussed about factors of the supply chain and their relation in the product 

progress and commercialization procedure. Also, by decreasing the product lifetime, the accurate 

products must be advanced and strongly sent to market in shortest time frameworks so as to keep 

the competition among others and attain segregation and power in the market. By applying the 

effective supply chain process, and integrate both customer and suppliers into the process, the time 

can be reduced. Also, by decreasing the product lifetime, the accurate products must be advanced 

and strongly sent to market in shortest time frameworks so as to keep the competition among others 

[10].  

In 2008 McCoy, research about the big and wide history of disappointments in capitalist business 

projects in the commercialization of structure products. The research points to concentrating on the 

developer/builder risk along the whole supply chain are one means part to a winning 

commercialization plan and understanding the role of developer/builders in the concurrent 

commercialization of product innovation [9].  

Other problem that suggested 2009 for having some obstacles and difficulties that stand in the 

way of the process of commercialization of new products which are connoted to the simultaneous 

technical and market experimentation and the energetic harmonization of a composite evolving 

structure of hardware, software, and functions offered by self-sufficient companies. The findings 

were as follows, first, the use of studies and researches is to decide how various community-based 
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managerial conceptualizations cause product improvement and marketing in special types of 

businesses and with unlike mutual benefits. Second, they require more information and background 

about directing joint societies of companies particularly with regards to progressing the needed 

business procedures and abilities. Third there exists a necessity for research and study on the 

capitalist consequences of societies and their insinuations for laws and instructions. Lastly, to show 

the uniting of characteristics of societies with further associational designs, directors can employ the 

shared-benefits society of companies’ representation as the foundation for giving ideas regarding 

beginning, collaborating, and running communities that are successful for invention growth and 

marketing [11].  

Chen Li and Glenn Morgan (2010) published a research about the problem of no assessment of 

the relationship between institutional modification and marketing of university research in China. 

Also, to know the degree to which the organizational changes have influenced the act of 

university’s research, and to realize how various universities have reacted to such out sourced 

change. In addition to that, the intellectual property right must be established and accredited to the 

right people and to test and analyze the possible relations between the governmental change and 

commercialization of the research performed [8].   

Analysis and Findings 

The analysis performed here is review of previews researches that is presented in table 1. As you 

can see most of the articles are focusing on concurrent commercialization, commercializing 

intellectual property and understanding the role of development /builders in concurrent 

commercialization. In addition the table shows that culture, competitive market, value procedure 

and capability of this process effect on commercialization of NPD process more than other factors. 

Another important finding is the role of supply chain that has more effect on winning of 

commercialization process. 

Conclusion  

In conclusion, this review paper made its purpose where it discussed and compared eight published 

papers along with their analysis and findings. All the papers had something in common which is 

talking about the new products development and commercialization process in the collaboration 

between the public and private sectors. Also, some argued the interference of higher education 

institutions as researches should be performed and applied in the real life, and maintaining the 

intellectual property.  Based on this research there are five major factors namely culture, 

competitive market, value procedure, capability of the process and role of supply chain will affect 

the commercialization process of NPD. 
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Table 1: The comparison performed from all references 
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Abstract. Deep processing of wood raw materials is the main field of its use. The forecast of timber 

industry development provides deep chemical processing and start-up of board materials produc-

tion. In the available forest reserves the share of pulpwood and forestry engineering raw materials is 

up to 13 per cent. Some measures will contribute to settle the problems of increasing wood raw ma-

terial complex use and green production of board wood composite materials. They include the im-

provement of existing technologies and implementation of progressive technologies and systems in-

creasing the volume and quality of board output. One of the main directions will be the maximum 

possible use of all components of raw materials, when some production wastes are the raw material 

for the manufacture of new products. This will provide the balance in efficient environmental man-

agement. The priority will be given to creation of a relatively closed cycle of wood resources use. 

Particularly promising in achieving a balance of economic and environmental interests of society 

will be obtaining of cheap boards capable to be not worse than solid wood with minimum cost of 

natural resources and preservation of individual properties of each component. 

Introduction 

Despite the fact that the timber processing complex (TPC) traditionally is one of the key complexes 

in social-economic development of the region, the wood resources in Khabarovsky Krai (territory) 

are used extremely irrationally. In Khabarovsky Krai about 3.4 million m
3
 of wood wastes formed 

annually at the modern technological level of wood production and mechanical processing, but the 

revenue is half as much as the average in Russia. In this connection it is necessary to work out tech-

nical processes of cheap board wood composite materials (BWCM) production capable to become 

the alternative to solid wood with minimum costs of natural resources. 

Problem Definition 

Wood is a universal natural composite, its resources are annually replenished for 7000-9000 million 

m
3
 in the process of solar energy biosynthesis. It plays a significant role in the social-economic de-

velopment of more than 40 entities of the Russian Federation, including the Far Eastern Federal 

District and Khabarovsky Krai . 

Loggers choose high-quality softwoods and hardwoods, leaving timber thinning and firewood 

alongside with waste. Wood production of every 3 m
3
 is accompanied with 1-1. 5 m

3
 average loss, 

and at the subsequent stages 1 m
3 

more is lost for every 2 m
3
 of used or recycled wood. Thus, up to 

50% of the original stock of wood remains at the cutting area as "normative" waste, being less valu-

able, but industrial recyclable material [1].  

Therefore, rational consumption of wood raw materials is a priority for the country and forest in-

dustry complex (FIC) and is defined as follows: 

1. Man-made nature, increased technical power and material production scale, which became 

"the largest geological force." 

2. Constantly increasing complication and intensification of the society and nature interaction. 

3. Environmental impact on the development of society and the need to consider the ecological 

factor as the most important for assessment of production conditions and efficiency. 
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4. Constantly increasing consumption of the relatively limited wood resources and approach of 

the biosphere ecosystems resource intensity to the threshold limits. 

5. Sharp increase of costs for elimination of man-made production activities on ecosystems and 

the environmental improvement, as an essential element of human welfare [2]. 

The following approaches are the basis of FIC greening in Russia and Khabarovsky Krai in par-

ticular:  

1. Creation of a relatively closed cycle of wood resources use at the regional level by combined 

and compact location of interlinked flexible operations of different capacity, producing a wide 

range of products as provided by public demands. 

2. Maximum possible use of all raw material components when the wastes of some production 

are the raw material for manufacture of new products that will provide a balance in environmental 

management. 

3. Improvement of existing products and development of new production types and technologies, 

which occur under pressure, temperature and environment reactions close to the ecosystem (bio-

technology). It would eliminate the causes and sources of change of physical, chemical and biologi-

cal parameters of ecosystems in present and future. 

4. Environmental restriction of the material production expansion and preventing the violations 

of the biosphere natural development. 

 One of the perspectives of FIC greening is the development of new and improvement of exist-

ing board wood composite materials (BWCM) promoting: 

1. Increasing of the FIC effectiveness by full use of waste, low-value and low-merchantable 

wood, which are 90-95 per cent of the timber-cutting volume. 

2. Combined and compact spatial location of subsequently related different productions using 

relatively closed waste-free technologies, when the wastes of some processes are the raw material 

for the manufacture of new products. 

3. Cheap BWCM that are not worse than wood with least costs of natural resources and preserva-

tion of individual characteristics of each component. 

4. The balance of economic and environmental public interest. 

BWCM quality according to ISO 8402 international standard, is defined by a set of artistic and 

aesthetic, operational, environmental and other criteria, the potential level of which is laid at the en-

visioning stage in accordance with the market requirements and the achievements of basic science. 

The criteria level is specified during the research and development of design variants of concept re-

alization. Their real level is forming in the process of design and engineering research and depends 

on the compliance of quality and structure of raw materials, equipment and personnel qualification 

and the process procedure parameters to the requirements of operation procedure. This level deter-

mines the possibility of BWCM to meet the planned market requirements since manufactured until 

the loss of the ability to keep the characteristics under the influence of changing environmental pa-

rameters, i.e. the efficiency of production and consumption, as well as the level of the market value 

[2]. 

Then the concept is corrected and changed during the analysis of operational experience, BWCM 

exploitation and utilization, i.e., a new life cycle begins that allows to achieve more acceptable 

quality, but reduces the production efficiency. Therefore, decrease of time and money to achieve an 

acceptable level of quality is defined by comprehensive and reliable information about the behavior 

and changes of initial materials, intermediate products and the BWCM at the life cycle stages - a hi-

erarchical set of different complex natural and artificial systems (fig. 1). 

At its various stages, these systems are combined into new multi-level systems subjected to a 

great influence both from each other and from other systems, their borders and characteristics are 

difficult to determine (a single whole has characteristics its parts lacking). 
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Fig. 1. Life cycle stages [3] 
 

Therefore, a comprehensive analysis of each stage and each part of the BWCM design and man-

ufacturing technology is necessary. Only after identifying the causes, sources and factors influenc-

ing the level of anthropogenic impact on the environment and environmental properties it is neces-

sary to develop new and improve the existing BWCM ensuring minimum raw material consumption 

and acceptable environmental results. 

Earlier theoretical and analytical data, information behaviour and changes of BWCM and their 

individual elements during mechanical, physical-chemical, chemical and other processes at different 

stages of the life cycle do not allow: 

 - to get vivid (transparent) models of manufacture process; 

 - to identify the sources and mechanisms of toxicity level. 

 Despite the progress achieved in the field of BWCM manufacture greening, the toxicity prob-

lem at different stages of their life cycle is far from a complete resolution. 

The analysis of conditions of BWCM ecological safety formation is simplified by a decomposi-

tion of this system into subsystems and their description by blocks and arcs that form the space [4] 

which is compressed at the upper and expanded at the lower levels of a hierarchical model (fig.2).  
 

 

Fig. 2. Subsystems interaction pattern at different stages of BWCM life cycle 
 

The blocks display subsystems: A1S – BWCM production, A2S – a complex of BWCM character-

istics (formaldehyde emission amount), A3S – the state of nature. The arcs show their relationship, 

characterized by phase variables: Wi – input variables; Ui – represent the variables describing the 

apparent state of subsystems. 
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The next level of decomposition (by narrowing the field of attributive description, specification 

and space) facilitates the analysis of the structure of the "BWCM Production" subsystem and the in-

terrelations between the elements (fig. 3). It is marked by a solid line, and is a system for this level 

[5].  

The blocks show subsystems (elements) of the "BWCM Production" multistage system: В1S – 

preparation of raw materials, В2S – wood sandwich formation, В3S – pressing, В4S – processing of 

finished material which at the next level of decomposition will split into elements. 
 

 

Fig.3. Structure diagram of "BWCM Production" system, interrelation and interaction between its 

elements 

Arcs show their interrelations: Wi – are the input variables that characterize the state of input 

components; Ui– represent the variables describing the apparent condition of the subsystems; Vi – 

show the variables describing the internal state of subsystems or outer state of the elements ; qi – 

displays performance indicators (formaldehyde emission). This description of BWCM life cycle 

shows the need to study, identify and evaluate the limits of existence and development of the whole 

complex of systems and subsystems that make up a unified whole of "BWCM environmental safe-

ty" system considering the groups of factors (table 1) determining the processes and changes in its 

certain elements. 

 A, B and C group factors are controlled constants, preparing formation of totally new material 

and influencing formaldehyde emission rate at different stages of its life cycle. Group E-factors are 

controlled unguided, their characteristics are slowly changing during production process that leads 

to the drift of material complex properties. 
 

Table 1-Factors determinants of environmental safety plates 

Groups Factors 

А Quality and characteristics of wood particles and binding agent  

В Operation factors of the equipment (chippers, a blender, forming machines, a press, etc.  

С Wood sandwich characteristics (number of layers and their relationship, binding agent concen-

tration and consumption, layers humidity, conditions of wood particles binding, fraction composi-

tion of wooden particles by layers and their orientation, etc). 

D Main physico-chemical process regimes, determining formation of break-through material from 

primary components. 

Е Impact of disturbances on the production process, which cannot be quantitatively measured (un-

controlled impurities in resin materials, tree growing conditions, equipment operation, workers 

health condition and skill, atmosphere factor, etc) 

F Operation conditions – temperature, humidity, oxygen, acid and alkali impact, influence of 

UVR, ozone, radioactive emission, geomagnetic field, mechanical effect, etc, determining the most 

important criteria of material quality - strength, durability and environmental safety 
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Certainly, Group D factors are the most important because their impact determines the intensity 

of changes in the original material components, the degree of completeness of processes gomopo-

limerization and gomopolicondensation of polymer matrix and its grafted copolymerization with 

ligno-carbohydrate matrix of wood particles, proceeding with different speed and on different 

mechanisms with formaldehyde formation [6]. 

Conclusion 

Thus, one of the prospective trends of TPC is the development of new and improvement of existing 

board wood composite materials (BWCM) production based on their life-cycle analysis. Compre-

hensive analysis of each stage and each part, design and production technology of BWCM is based 

on decomposition of the system into subsystems reflecting BWCM production, complex of BWCM 

properties (formaldehyde emission amount), state of nature. From the above groups of factors de-

termining the environment safety of BWCM production Group D factors are the most important de-

termining regimes of main physico-chemical processes determining formation of break-through ma-

terial from primary components. In whole, BWCM production includes the creation of limited in 

space artificial environments and means of production within these environments operating on bion-

ic principles and is a partial, but necessary form of optimization of human - environment interac-

tion. 
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Abstract. This study presents the automotive instrument panel (IP) design in order to improve the 

quality, cost, and safety of the existing design. A few conceptual designs were generated based on 

safety aspect and ergonomic design. The most suitable design was selected using concepts scoring. 

The IP head impact simulation was conducted using finite element analysis (FEA) to predict the head 

injury criterion (HIC) value of the front passenger in vehicle according to ECE-R21 regulation. The 

finite element (FE) model, which consist of upper IP, lower IP, carrier structure and head-form, was 

built-up to carry out head impact analysis of the IP assembly. The optimum IP design was proposed by 

analysis of different materials, which are 20% talc filled rubber modified polypropylene 

(PP+EPDM-TD20), acrylonitrile butadiene styrene (ABS) polymer, and polypropylene (PP) 

copolymer. The HIC value for all IP was compared using simulation result and theoretical calculation. 

The lowest HIC value will reduce the head occupant injury. In this study, only the raw material cost 

was considered in cost evaluation. The IP from ABS polymer performed the lowest HIC value, which 

were 179.7 but very costly compare to other materials.  

Introduction 

Automotive instrument panel (IP) is one of the most important parts in vehicle interior parts. 

Automotive manufacturer need to consider the quality, cost, and safety of the product when study the 

conceptual design of automotive parts.  

In this vehicle design era, ergonomics design criteria is considered during design process. 

Ergonomics is the applied science which aims to match the demands of products and equipment, jobs 

and places of work, with the characteristics of the people who use them [1]. In the context of the IP, 

ergonomic design will ensure the display in the instrument cluster can be easily seen and the vehicle 

control system can be easily reached by the driver. 

Law related with passenger protection against car crash was taken seriously by manufacturer. The 

most common sources of head and face injury in frontal crashes were from contact with the IP, driver 

steering and windscreen [2]. Therefore, the developed IP must fulfil the government regulation and 

standards, such as Federal Motor Vehicle Safety Standards Regulations 201 (FMVSS 201) for North 

America, and United Nations Economic Commission Regulations 21 (ECE-R 21) for Europe. These 

regulations describe the requirement for IP head impact. By using Computer Aided Engineering 

(CAE) technique for IP head impact, prototype use for physical test will be reduced. 

The objectives of this study are to design and modelling the automotive IP in order to improve the 

quality, cost and safety of the existing design and to determine the head injury criterion (HIC) of front 

passenger occupant using different materials. Besides, to compare the value of HIC based on 

simulation and theoretical calculation.   

Methodology 

The solution or idea of IP design can be illustrated in a few conceptual designs. To choose final 

design, the best design selected using the concept scoring. The CAD modeling of final design was 

performed by using CATIA P3 V5R20 software. Besides, head impact simulation was conducted by 

using LS-DYNA V971 software.  
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Defining the Problem. It is important to interior designer to apply user-centered design method 

when designing product. The designer focuses on the user as the main source of innovation [3]. The 

customer’s needs were identified by studying and observing surveys of current users regarding to 

current commercially available IP. The information about customer’s need was taken from the 

journals, technical articles and consultants. Besides, the metrics criterion explains the customer’s 

needs in the technical term. The relationships between customer’s needs and metric criterion were 

explained as in the Needs-Metrics matrix. Table (refer with: Table 1) shows the Needs-Metrics matrix 

in order to design IP. 

Table 1 The Needs-Metrics matrix 
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1 Is lightweights ü                  

2 
Is easy to 

install 
  ü                

3 

Is affordable 

for an amateur 

enthusiast 

    ü              

4 
Is not react 

with chemicals 
      ü            

5 
Is not deformed 

by sunlight 
      ü            

6 
Lasts a long 

time 
        ü          

7 

Can prevent 

occupants from 

fatal injury 

          ü        

8 

Has high 

scratch 

resistance 

            ü      

9 

Didn’t has 

manufacturing 

defects 

      ü            

10 
Has high 

quality surface 
      ü            

11 
Can be recycle 

as new product 
    ü              

12 

Has the 

attractive 

design 

              ü    

13 

Dimensions is 

suitable for 

Asian people 

                ü  

 

264 Modern Technologies for Engineering, Applied Mechanics and Material
Science



Concept Selection. The assessments show the comparison between the concept designs. The most 

suitable design was selected using concepts scoring. The maximum point was selected as the final 

design. Figures (refer with: Fig. 1, Fig.2 and Fig.3) show the each concept. 

 

  
Fig 1 Concept 1   

  
Fig 2 Concept 2 

 
Fig 3 Concept 3 

 

By comparing all the concepts, concept 1 was the highest point. Based on the concept scoring, 

concept 1 had the criterions such as ergonomic design, aesthetics, safety aspect, high quality and 

satisfies the regulations. Therefore, concept 1 was considered the best concept to be developed. 

Preliminary Selection of Material. The raw of material for IP should be good mobility, excellent 

mold-ability and dimensional stability because of the large size and long cavity-filing distance of 

large plastic parts [4]. In this study, three resin materials were considered which are 

PP+EPDM-TD20, ABS polymer, and PP copolymer.  

CAD Modeling. The 3D modeling was generated by using CATIA software. Figure (refer to: Fig. 

4) shows the IP model of concept 1. This model also will be used in the CAE analysis. The thickness 

of this instrument panel was a 4 [mm].  

FE Model and Impact Analysis. Both FMVSS 201 and ECE-R 21 regulations describe the 

requirements for IP head impact. The FMVSS 201 regulations stated that when that area of the IP that 

is within the head impact area is impacted by a 6.8 [kg], 165 [mm] diameter head form at 19 [km/hr], 

the deceleration of the head form shall not exceed 80 [g] continuously for more than 3 [ms]. This 
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requirement is for vehicles with dual airbag; but if vehicle without airbag, the impact speed is 24.1 

[km/hr]. Besides, the ECE-R 21 regulation stated virtually the same requirement except that the 

impact speed is 24 [km/hr] [5]. Figure (refer with: Fig. 5) shows FE model for IP head impact 

simulation. The spherical shape in was assumed as the head of the vehicle passenger. It was applied 

the head-form diameter 165 [mm] and weight 6.8 [kg] to the FE model modeling. It was assumed as a 

rigid body, which means it didn’t affect the analysis result. Each part in impact simulation has 4 nodes 

and 3 nodes shell elements, but mostly was a 4 nodes shell elements. Areas for each element were set 

up to 4 [mm
2
]. 

           
                Fig. 4 The IP model                                 Fig. 5 The FE model for impact simulation 

 

HIC Calculation. For most applications, the parameter that reflects the structure’s performance is 

head injury criterion (HIC). A value of HIC below than 1000 units means that the structure provides 

satisfactory protection for passenger. Using data from the simulation, HIC can be calculated 

theoretically by using Eq.1. 
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The value for HIC was calculated by using head impact simulation data, times for head impact (t1 and 

t2) and acceleration of head (a). Notes that HIC from calculation need to divide by 1000 because the 

gravitational constant in simulation was a 0.00981 [mm/ms
2
]. The percentage of error was calculated 

by using Eq. (2).  

 

100% ×
−

=

ncalculatio

nsimulataioncalculatio

HIC

HICHIC
error                                                                                             (2) 

 

Cost Evaluation. In cost evaluation for IP design, only raw material cost was considered. Cost for 

manufacturing process, labor, and other cost was not considered in this study. Table (refer with: Table 

2) shows the cost for a raw plastic in Feb 2012 markets. The value of mass can be calculated from the 

density-volume relationship. The IP volume can be obtained in the CATIA software. 

 

Table 2 Costs for a raw plastic [6] 

Raw plastic Material  PP+EPDM-TD 20 ABS Polymer PP Copolymer 

Price (RM/kg)  3.70 5.87 2.45 
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Results 

Figures (refer with: Fig. 6, Fig 7 and Fig. 8) shows the head impact simulation at a specific time and 

variation of acceleration at top of the head-form part in IP assembly for each material. For 

PP+EPDM-TD20, maximum deflection of IP was an approximately 58.29 [mm] between 19 and 26 

[ms] and the HIC was 194.8. Besides for ABS polymer, maximum deflection of IP was an 

approximately 52.58 [mm] between 15 and 18 [ms] and the HIC was 179.9. For PP Copolymer, 

maximum deflection of IP was an approximately 58.29 [mm] between 19 and 26 [ms] and the HIC was 

201.3. 

 

 
Fig. 6 Analysis results for PP+EPDM-TD20 

 

 
Fig. 7 Analysis results for ABS polymer 

 

  
Fig. 8 Analysis results for PP Copolymer 

 

Table (refer with: Table 3) shows the comparison of HIC value resulted from the simulation and 

calculation. The percentage of error was too small, it value was less than 3%. 
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Table 3 The comparison of HIC value 

Material  t1 

[ms] 

t2 

[ms] 

a  

[g] 

HIC  

simulation  

HIC 

calculation  

Percentage of 

error (%)  

PP+EPDM-TD20 1.601 18.4 42 194.8 192.046 1.43 

ABS polymer 1.133 27.1 34 179.9 174.830 2.90 

PP Copolymer 1.654 17.6 44 201.3 204.778 1.70 

 

Table (refer with: Table 4) shows the raw plastic material price of each material to produce the IP. 

The ABS polymer was the most expensive compare to other materials. 

Table 4 The raw plastic material price of each material 

Material  Volume, V  

[mm
3
]  

Density, ρ  

[kg/ mm
3
]  

Mass, M  

[kg]  

Raw plastic price 

[RM/kg] 

Price 

[RM]  

PP+EPDM-TD 20  6E+6  1.04E-6  6.24  3.70  23.09  

ABS Polymer  6E+6  1.04E-6  6.24  5.87  36.63  

PP Copolymer  6E+6  0.93E-6  5.59 2.45  13.67  

Summary 

There were many factors which should be considered while designing automotive IP. Apart from the 

producing attractive designs, this study also focusing on ergonomic and safety design. This study was 

trying to simulate the real event for front passenger head when impacting the IP due to frontal crashes. 

Three different materials for IP model were analysed based on head impact simulation, which are 

PP+EPDM-TD20, ABS polymer, and PP copolymer.  

The HIC value for head impact on IP that use all these three materials were less than 1000 units. It 

was also satisfying the FMVSS 201 and ECE-R21 regulations requirement. Design model from ABS 

polymer performed the lowest HIC value compared to the PP+EPDM-TD20 and PP copolymer. The 

HIC value for different IP material, PP+EPDM-TD20, ABS polymer, and PP copolymer was 194.8, 

179.9, and 201.3, respectively. 

Based on dynamics analysis, IP model that using ABS polymer as product material, will prevent 

occupant head impacting or stuck with carrier structure. This material was able to reduce head 

acceleration and capable to absorb energy due to impact. 

Therefore, ABS polymer material was the most suitable for this IP design although the raw 

material cost was expensive. 
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