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                      CHAPTER FIVE - QUALITY MANAGEMENT AND CONTROL

 5.1 Meaning and nature of quality

5.2. Overview of TQM

5.2 Quality Specification  

5.3 Continuous Improvement 

5.4 Statistical Quality Control 

5.5 Process Control Charts 

MEANING AND NATURE OF QUALITY 

Once the facilities, machines, energy, money, materials, and manpower have been combined in the transformation process, the output becomes products and services. Since the quality of the product and services is of vital importance to the firm’s service to customers, careful attention must be given to inspection and quality control. Quality is an important dimension of operations management. It is not enough to produce goods and services in the right quantity and at the right time; it is important to ensure that goods and services produced are of the right quality.
Quality is one of the four key objectives of operations, along with cost, flexibility, and delivery.  While quality management is cross functional in nature and involves the entire organization, an operation has special responsibility to produce a quality product for the customer. This requires the cooperation of the entire organization and careful attention to management and control of quality.
Quality Definitions: Quality can be defined in a number of different ways according to transcendent, product based, user based, manufacturing based or value based approaches.
Transcendent View: According to this view quality is synonymous with” innate excellence” 

This approach claims that quality cannot be defined precisely. It is a simple un analyzable property we learn to recognize only through experience. 

Product Based View:  Views quality as a precise and measurable variable. Differences in quality reflect differences in the quantity of some ingredient or attributes possessed by a product. High quality ice cream has high butterfat content, for instance. This approach lends a vertical and horizontal dimension to quality because goods can be ranked according to the amount of the desired attribute they possess. This approach, however, has limitations as well.  A one-to –one correspondence between product attribute and quality does not always exist.

User Based Approach: In this approach, the goods and services that best satisfy individual consumer’s different wants or needs are regarded as having the highest quality. This view of quality has is idiosyncratic and persona. It is highly subjective and focuses on issues of “fitness for use” by the individual consumer.  For example, a student using a microcomputer for the first time might evaluate the quality of the computer substantially differently than would an experienced user who better understands user friendliness.

Manufacturing Based: manufacturing definitions of quality focus on producers of goods and services and are primarily concerned with engineering and manufacturing practices. Virtually all manufacturing –based definitions identify quality as conformance to requirements. Once design or specifications have been established, any deviation implies a reduction in quality.

Value Based Approach: defines quality in terms of cots and prices. Any quality product is therefore one that provides performance or conformance at an acceptable price or cost. An inexpensive product is expected to be of lower quality than similar, more expensive product.

Dimensions of Quality: Producers should continuously strive to improve quality, i.e., doing a better job of meeting customer needs by reducing variability in all processes and by introducing new products when needed. Continuous improvement is a never ending process and is driven by knowledge and problem solving. Whether the product is a good or service, the following dimensions of quality may be defined:
· Quality of design
· Quality of conformance
· The” abilities”- reliability and maintainability

· Field service

Quality of Design: Quality of design is determined before the product is produced. This determination is usually the primary responsibility of cross –functional product design team, including members from marketing, engineering operations, and other functions. 
Quality design is determined by market research, design concept, and specifications.

 Quality of Conformance: Quality of conformance means producing a product to meet the specifications. When the product conforms to specifications, it is considered by operations as a quality product regardless of the quality of the design specifications. For example, an inexpensive pair of shoes will have a high quality if they are made according to specifications, and they will have low quality if they do not meet specifications.  Quality of design and quality of conformance thus represent two different uses of the term “quality”.
The” abilities”- availability, reliability and maintainability: another aspect of quality involves the so called abilities: availability, reliability and maintainability. Each of these terms has a time dimension and thus extends the meaning of quality beyond the beginning or starting quality level. The addition of time to the definition of quality is, of course, necessary to reflect continued satisfaction by the customer.

Availability: Defines the continuity of service to the customer. A product is available if it is in an operational state and not down for repairs or maintenance. Availability can be measured quantitatively as follows:

   Availability   =                      Uptime            

                                              Uptime + Down time 

Reliability: Refers to the length of time that a product can be used before it fails. Formally speaking, reliability is the probability that a product will function for a specified period of time without failure. The reliability of a light bulb for 1000 hours might, for example, be 80%. In this case if many light bulbs are tested for 1000 hours, 80 percent of them will remain lighted the entire time and 20% will fail within the 1000 hrs. The reliability of a product is also related mean time between failure (MTBF), which is just the average time the product functions from one failure to the next. The longer the MTBF, the more reliable the product is.

 Maintainability: Refers to the restoration of a product or service once it has failed. All customers consider maintenance or repairs as a nuisance. Thus, a high degree of maintainability is desired so that a product can be restored to use quickly.  For example, Caterpillar Company supports excellent maintainability by supplying spare parts anywhere in the world within 48 hours. Maintainability can be measured by the mean time to repair

(MTTR) the product. Availability, then, is a combination of reliability and maintainability. If a product is high in both reliability and maintainability, it will also be high in availability.  

The above relationship can be restated in terms of MTBF and MTTR:

Availability    =             MTBF_______________

                      MTBF   +   MTTR

For example, if a product has an MTBF of 8 hrs and MTTR of 2 hrs each time it fails, then its availability will be 80%.

Field Service: the last dimension of quality represents warranty and repair or replacement of the product after it has been sold. Field service is also called customer service, sales service, or just service. Field service is intangible, since it related to such variables as promptness, competence, and integrity. The customer expects that any problem will be corrected quickly, in satisfactory manner, and with a high degree of honesty and courtesy.
OVERVIEW OF TQM
What is Quality: The totality of features and characteristics of a product or service that bears on its ability to satisfy stated or implied needs.
· For some quality signifies the degree of perfection. In fact, quality, like beauty, lies in the beholder’s eyes.
· Quality is often described as getting things done ‘right first time, every time
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Quality management is a primary factor in the survival and success of all organizations. Quality management, which includes ensuring proper quality for a company’s output, is important not only for its survival in the market, but also to expand its market or when it wants to ensure into new product line and various other marketing ventures.  
The quality cycle
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Total Quality Management (TQM) is a management concept that focuses the collective efforts of all managers and employees on satisfying customer expectations by continually improving operations management processes and products. TQM is a philosophical strategy for manufacturing and service excellence that includes, but goes beyond, the concepts and methods of total quality control.

· Total Quality Management (TQM) requires that the principles of quality management are applied in all aspects and at every level in an organization
· Encompasses entire organization, from supplier to customer Stresses a commitment by management to have a continuing, companywide drive  toward excellence in all aspects of products and services that are important to the customer. 
Why Total Quality Management is necessary?    

· Improved flexibility and/ or improved productivity
· Reduce operating costs
· Reduce product/service price and or/ improved product service quality
· Competitive advantage
· Increased product or service sales 
· Increase sales

The Elements of Total Quality Management 
TQM is can be defined broadly as managing the entire organization so that it excels on all dimensions of products and services that are important to the customer. This definition is more applicable than another commonly used one – “conformance to specifications”. Though valid for goods production, the second definition is problematic for many services. Precise specifications for service quality are hard to define and measure. It is possible, however, to find out what is important to the customer, and then create the kind of organizational culture that motivates and enables the worker to do what is necessary to deliver a quality service.

Seven Concepts of TQM
· Continuous improvement
· Six Sigma
· Employee empowerment
· Benchmarking
· Just-in-time (JIT)
· Taguchi concepts
·  TQM tools/Statistical Quality Control
1. Continuous Improvement/Kaizen
It represents continual improvement of all processes. Involves all operations and work centers including suppliers and customers People, Equipment, Materials, Procedures.
Shewhart’s PDCA Model
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2. Six Sigma

· Originally developed by Motorola, adopted and enhanced by Honeywell and GE
· Highly structured approach to process improvement
· A strategy
· A discipline - DMAIC
Two meanings
a. Statistical definition of a process that is 99.9997% capable, 3.4 defects per million opportunities (DPMO)
b. A program designed to reduce defects, lower costs, and improve customer satisfaction
DMAIC Approach
i. Define critical outputs and identify gaps for improvement
ii. Measure the work and collect process data
iii. Analyze the data
iv. Improve the process
v. Control the new process to make sure new performance is maintained
Six Sigma Implementation
· Emphasize defects per million opportunities as a standard metric
· Provide extensive training
· Focus on corporate sponsor support (Champions)
· Create qualified process improvement experts (Black Belts, Green Belts, etc.)
· Set stretch objectives
3. Employee Empowerment

· Getting employees involved in product and process improvements
· 85% of quality problems are due to process and material 
· Techniques
· Build communication networks that include employees
· Develop open, supportive supervisors
· Move responsibility to employees
· Build a high-morale organization
· Create formal team structures
4. Benchmarking
Selecting best practices to use as a standard for performance
· Determine what to benchmark
· Form a benchmark team
· Identify benchmarking partners
· Collect and analyze benchmarking information
· Take action to match or exceed the benchmark
5. Just-in-Time (JIT)

Relationship to quality:

· JIT cuts the cost of quality
· JIT improves quality
· Better quality means less inventory and better, easier-to-employ JIT system
6. Taguchi Concepts

· Engineering and experimental design methods to improve product and process design
· Identify key component and process variables affecting product variation
· Taguchi Concepts
i. Quality robustness
· Ability to produce products uniformly in adverse manufacturing and environmental conditions
· Remove the effects of adverse conditions
· Small variations in materials and process do not destroy product quality 
ii. Quality loss function
iii. Target-oriented quality
· Shows that costs increase as the product moves away from what the customer wants
· Costs include customer dissatisfaction, warranty and service, internal 
scrap and repair, and costs to society
· Traditional conformance specifications are too simplistic
7. Tools of TQM

· Tools for Generating Ideas
· Check sheets
· Scatter diagrams
· Cause-and-effect diagrams 
· Tools to Organize the Data
· Pareto charts
· Flowcharts 
· Tools for Identifying Problems
· Histogram
· Statistical process control chart 
Quality Planning, Control and Improvement 

The implementation of planning, control, and improvement of quality through the quality cycle requires this sequence of steps:

1. Define quality attributes on the basis of customer needs.
2. Decide how to measure each attribute.
3. Set quality standards 
4. Establish appropriate tests for each standard.
5. Find and correct causes of poor quality 
6. Continue to make improvements.

QUALITY SPECIFICATION AND QUALITY COST
Fundamental to any quality program is the determination of quality specifications and the costs of achieving those specifications.

Developing Quality Specifications: The quality specifications of a product or service derive from decisions and actions made relative to the quality of its design the quality of its conformance to that design.
 Design Quality: Refers to the inherent value of the product in the market place and is thus a strategic decision for the firm.  The dimensions of design quality are listed below:

· Performance – Primary product or service characteristics
· Features - Added touches, bells and whistles secondary characteristics
· Reliability – Consistency of performance over time, probability of failing.
· Durability – Useful life.
· Serviceability – Ease of repair
· Response- Characteristics of the human –to- human interface ( speed, courtesy, competence)
· Aesthetics – Sensory characteristics (sound, feel, look etc.)
· Reputation – Past performance and other intangibles (perceived quality).

Conformance Quality:  Refers to the degree to which the product or service design specifications are met. 

Quality at the Source: In the context of conformance this means that the person who is doing the production takes responsibility to for making sure his/her output meets specification. If this can be accomplished, then in theory, the ultimate goal of zero defects throughout the process is achievable. 

Cost of Quality: Today, costs of quality (COQ) analysis are common in industry and constitute one of the primary functions of QC departments.

The costs of quality are generally classified into four types:

1. Appraisal Costs: The costs of the inspection, testing, and other tasks to ensure that the product or the process is acceptable.
2. Prevention Costs: The sum of all the costs to prevent defects, such as the cost to identify the cause of the defect, to implement corrective action to eliminate the cause, to train personnel, to redesign the product or system, and for new equipment or modifications.
3. Internal Failure Costs: The costs for defects incurred within the system: scrap, rework, and repair.
4. External Failure Costs: The costs for defects that pass through the system: customer warranty replacements, loss of customer good will, handling complaints, and product repair.

CONTINUOUS IMPROVEMENT (CI)

Continuous improvement is an integral part of total quality management system. Specifically continuous improvement seeks continual improvement of machinery, materials, labor utilization, and production methods through application of suggestions and ideas of team members.
KAIZEN

Kaizen is the Japanese term for continuous improvement, not only in the workplace but also in one’s personal life, home life, and social life. In the workplace, kaizen means involving everyone in a process of gradual, organized, and continuous improvement. Every employee within an organization should be involved in working together to make improvements. If an improvement is not part of a continuous, ongoing process, it is not considered kaizen. Kaizen is most closely associated with lean systems, an approach to continuous improvement throughout the organization.

Employees are most directly involved in kaizen when they are determining solutions to their own problems. Employees are the real experts in their immediate workspace. In its most basic form, kaizen is a system in which employees identify many small improvements on a continual basis and implement these improvements themselves. This is actually the application of the steps in the Deming Wheel at its most basic, individual level. Employees identify a problem, come up with a solution, check with their supervisor, and then implement it. This works to involve all employees in the improvement process and gives them a feeling that they are really participating in quality improvement, which in turn keeps them excited about their jobs. Nothing motivates someone more than when they come up with a solution to their own problem. Small individual changes have a cumulative effect in improving entire processes, and with this level of participation improvement occurs across the entire organization. No company-wide quality management program can succeed without this level of total employee involvement in continuous improvement.

Some common SPC tools used for problem solving and continuous improvement: 

i. Cause and Effect Diagram: a tool that uses a graphical description of the process elements to analyze sources of process variation. A tool that identifies process elements (causes) that might effect an outcome.
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· OM can use the 4 Ms (Machinery, Manpower, Materials & Methods) as the cause categories or ‘primary bones’. Then, by brainstorming, individual contributors (‘secondary bones’) are assigned to these categories... 
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ii. Run/Flow  Chart: a time sequence chart showing plotted values of a characteristic. A visual and sometimes detailed representation of the sequence of operations that make up a process & their relationships. Often the first tool in continuous improvement as it enables understanding the process and identifying where problems occur
MRI Scan Example

1. Physician schedules MRI
2. Patient taken to MRI
3. Patient signs in
4. Patient is prepped
5. Technician carries out MRI
6. Technician inspects film
7. If unsatisfactory, repeat
8. Patient taken back to room
9. MRI read by radiologist
10. MRI report transferred to physician
11. Patient and physician discuss
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iii. Scatter Diagram: also known as a correlation chart. A graph of the values of one characteristic versus another characteristic. A graph of the value of one variable vs. another variable
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iv. Control Charts:  A time sequence chart showing plotted values of statistic, including central line and one or more statistically derived control limits.
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v. Histogram: A distribution showing the frequency of occurrences between the high and low range of data. Simple statistical tools that show in graphical form the frequency or number of observations. Very useful to see the spread, variations and distribution of data and to identify unusual values
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vi. Pareto Analysis: A coordinated approach for identifying, ranking, and working to  Permanently eliminate defects. Focuses on important error sources.
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vii. Check Sheet:  an organized method for recording data. A straightforward quality control tool often used to collect data for fact-finding and solving quality problems, e.g.to count the number of defects against known causes
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viii. PDCA: another tool is the PDCA (plan – Do- Check-Act) cycle or often called the Deming Wheel, which conveys the sequential and continual nature of the CI process. 

The plan phase of the cycle is where an improvement area and specific problem with it is    identified. It is also where the analysis is done. The do phase of the PDCA cycle deals with implementing the change. The check phase deals with evaluating data collected during the implementation. The objective is to see if there is a good fit between the original goal and actual results. During the act phase, the improvement is codified as the new standard procedure and replicated in similar processes throughout the organization.
· ISO 9000: ISO 9000 is s series of standards agreed up on by the International Organization for Standardization (ISO) and adopted in 1987. More than 100 countries now recognize the 9000 series for quality standards and certification for international trade.   
STATISTICAL QUALITY CONTROL

The subject of statistical quality control (SQC) can be divided into acceptance sampling and process control.

· Acceptance Sampling:  involves testing a random sample of existing goods and deciding whether to accept an entire lot based on the quality of the random sample.
· Statistical Process Control (SPC): involves testing a random sample of output from a process to determine whether the process is producing items within a pre-selected range. When the tested output exceeds that range, it signals to adjust the production process to force the output back into the acceptable range. This is accomplished by adjusting the process itself. Acceptance sampling is frequently used in purchasing or receiving situations, while process control is in a production situation of any type. Quality control for both acceptance sampling and process control measures either attributes or variables. Goods or services may be observed to be either good or bad, or functioning or malfunctioning. 
PROCESS CONTROL CHARTS

Process quality control utilizes inspection (or testing) of the product or service while it is being produced. It is concerned with monitoring quality while the product or service is being produced. Typical objective of process control plans are to provide timely information on whether currently produced items are meeting design specifications and to detect shifts in the process that signal that future products may not meet specifications. The actual control phase of process control occurs when corrective action is taken such as a worn part is replaced, a machine overhauled or a new supplier found. Process control concepts, especially statistically based control charts, and are being used in service as well as in manufacturing. 

Periodic samples of the output of a production process are taken. When, after inspection of the sample, there is a reason to believe that the process quality characteristics have been changed, the process is stopped and a search is made for assignable cause. This cause could be a change in the operator, the machine, or the material. When the causes have been found and corrected, the process is started again.

Process control is based on two key assumptions, one of which is that random variability is basic to any production process. No matter how perfectly a process is designed, there will be some random variability, also called common causes, in quality characteristics form one unit to the next.  For example, a machine filling cereals boxes will not deposit exactly the same weight in each box; the amount filled will vary around some average figure. The aim of process control is to find the range of natural random variation of the process and to ensure that production stays within this range.

The second principle of process control is that production processes are not usually found in a state of control. Due to lax procedures, untrained operators, improper machine maintenance, and so on, the variation being produced is usually much larger than necessary. The first job of process control managers is to seek out these sources of unnecessary variation, also called special causes, and bring the process under statistical control where the remaining variation is due to random causes. A process control can be brought to a state of control and can be maintained in this state through the use of quality control charts (also called process charts or control charts).  
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In the control chart shown in the above fig. the y-axis represents the quality characteristic that is being controlled, while the x-axis represents time or a particular sample taken from the process. The Center Line (CL) of the chart is the average quality characteristic being measured. The Upper Control Limit (UCL) represents the maximum acceptable random variation, and the Lower Control Limit (LCL) indicates the minimum the acceptable random variation when a state of control exists. Generally speaking, the upper and lower control limits are set at
[image: image11.wmf]±

three standard deviations from the mean. If a normal probability distribution is assumed, these control limits will include 99.74 percent of the random variations observed. After a process has been brought to steady -state operation, periodic samplers are taken and plotted on the control chart (see fig. below). When the measurement falls within the control limits, the process is stopped and a search is made for an assignable cause. Through this procedure the process is maintained in a constant state of statistical control and there is only natural random variation in the process’s output. Quality can be measured for control charts by attributes or by variables as discussed next.

Process Control with Attributes Measurements: Using P Charts
Attribute measurement uses a discrete scale by counting the number of defective items or the number of defects per unit. When the quality specifications are complex, it will usually be necessary to use attribute measurements. In this case a complicated set of criteria can be used to define a defective unit or a defect. For example, a color TV set may be classified as a defective if any of a number of functional tests fail or if the appearance of the cabinet is not satisfactory. We can use a simple statistics to create a p chart with an upper control limit (UCL) and a lower control limit (LCL). We can draw these control limits on a graph and then plot the fraction defective of each individual sample tested. The process is assumed to be working correctly when the samples, which are taken periodically during the day, continue to stay between the control limits. When quality is measured by attributes, the quality characteristic is the percentage of defective units in the process. This percentage is estimated by taking a sample of n units at random from the process at a specified time intervals. For each sample, the observed percent defective (p) in the sample is computed. The observed values of p are plotted on the chart, for each sample.

To get the center line and control limits of the p control chart, we take a large number of samples of n units each. The p value is computed for each sample and then averaged over all samples to yield a value
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. This value of 
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 is used as the center line, since it represents the best available estimate of the true average percent defective of the process. We also use the value of  
[image: image14.wmf]R

 to compute the upper and lower control limits as follows:

Formulae:
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 =             Total number of defects from all samples     

                     Number of samples x Sample size            

 Sp = 
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UCL = 
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+ z Sp

 LCL   =
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Where 
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 is the fraction of defective, Sp is the standard deviation, n is the sample size and z is the number of standard deviation for a specific confidence. Typically z = 3 (99.7% confidence) or z = 2.58 (99 % confidence) are used. 

Therefore , substituting z =3 and Sp = 
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  , the  UCL  and LCL can be computed as follows:

        UCL = 
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         LCL   =
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Example: Suppose samples of 200 records are taken from a data entry operation at 2-hour intervals to control the data entry process. The percentage of records in error for the past 11 samples is found to be .5, 1.0, 1.5, 2.0, 1.5, .5, 1.0, 1.5, and 2.0 percent. The average of these11 sample percentage yields a 
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= 1.27 %, which is the center line of the control chart. The upper and lower control limits are 
UCL = 0.0127 + 
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When the LCL is < 0, it is rounded up to 0 because a negative percentage is impossible. 

Thus, we have the following chart
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After the P control is constructed with its center line and upper and lower line limits, samples of the process being controlled are taken and plotted on the chart. If the sample percentage falls within the control limits no action is taken. If the sample percentage falls outside the control limits, the processes is stopped and search for an assignable cause (material, operator, or machine) is made. After the assignable cause is found the process is restored to operating condition and production or service is resumed. 
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