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SANJAY KUMAR BHARTI

ABSTRACT

This is a dissertation on project work done at Trelleborg Automotive India Ltd., Ghaziabad. This is based on the investigation of various processes involved in manufacturing of mountings of car engines. This investigation is done for improving Process and Quality of the considered product AVO 10. At the same time saving in production cost, production time & improvement in the quality has been done. 

Implementation of the results of this investigation may save the companies production cost by 21.5% & production time by 29%. Also the production rate may increase by 40%. 
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CHAPTER -1

INTRODUCTION

1.1 About Trelleborg Automotive India (P) Ltd., Ghaziabad 
This is Process improvement (Productivity & Quality) done at Trelleborg Automotive India Ltd., Ghaziabad. This company produces anti vibration parts for automobiles, mainly for cars. These parts are used for engine mounting & body mounting. They supply these parts to Automotive Giants like Maruti Udyog Ltd., Ford, Fiat, General Motors USA etc. The various parts produced are

Engine Mounts 

Body Mounts 

Silencer Mounts 

Suspension Mounts 

Leaf spring Stoppers 

Bump Stoppers etc. 

There were some problems associated with the production of engine mounts particularly with the part, no. AVO-10. So, my concentration took place to part no. Ave-10 (Engine mounting part).

The main purpose of this project is to reduce the production cost, production time & to improve the quality of the product part no. Avo-10. 

1.2
Problem Statement

This project is a case study at Trelleborg Automotive India (Pvt.) Limited Ghaziabad. The problem was that there was a complaint from Maruti Udyog Limited, against the considered product AVO -10, stating that its life has reduced due to corrosion.

In the above context investigation was done for all the process involved for the considered product AVO -10. During investigation it was found that the fixture which were engaged in production of Anti- Vibration part AVO -10 were not design properly. It was found that the vertical walls of the fixture, covering the metallic part of the AVO-10 (while bond application) was smaller as it was required.

In this case study fixtures were redesigned and vertical wall was then increased so that it covers the metallic surface of AVO-10 satisfactorily.

1.3
Scope of the Project:

This project deals with the investigations of various processes involved. After investigation, fixtures were redesigned and some of the processes were eliminated, consequently saving in production time, production cost has been done. Production capacity and quality of the product also increased by an appreciable amount. Implementation of the results obtained will make the company to gain profit in crores with better production rate, better quality and thereby increasing the acceptance of the product.

1.4
Methodology:

This Project is based on the method of process improvement techniques followed by problem solving tools and techniques are given by researchers. These tools and techniques  are given as here under-

· Brain storming

· Affinity diagram

· Bench marking

· Fish bone diagram

· Check sheet

· Flow chart

· Histogram

· Pareto diagram

· Failure mode and effect analysis

· Creative problem solving principles 

· Control Chart.

· Why-Why diagram

CHAPTER -2

LITERATURE REVIEW

2.1
Productivity AND QUALITY
2.1.1
PRODUCTIVITY

Productivity is a measure of how well resources are utilised to produce Output (goods and services). It relates output to input and also integrates performance aspects of quality, efficiency and effectiveness. The three types of productivity measures commonly Used at the company level are:

· Total productivity is the ratio of total output to all input factors.

· Total factor productivity is the ratio of total output of the sum of associated labour and capital (factor) inputs. 

· Partial productivity is the ratio of the total output to one class of input. 

The definition of productivity should not be confused with efficiency and effectiveness. Effectiveness is a measure of the outcome or output of an operational unit. It is a measure of how well an operational unit was able to accomplish its objective. Efficiencs is a measure of the degree to which an operational unit utilises appropriate resources in the right manner.

2.1.2 Quality of goods and services

Quality is a measure of the value of goods and services as perceived by the supplier, producer and consumer. The measure also pertains to the degree to which products and services conform to specifications, requirements an standards at an acceptable price. The quality of work as it relates to both internal and external customers can be defined as the measure of how well a particular work output meets the requirements of the customer. In both the production and service work environments, quality of work pertains to the end-product or service and the quality of all transformation processes, and inputs used to provide the final goods and services.

When dealing with product quality, there are two other aspects of quality: the quality of design and the quality of conformance. Quality of design pertains to quality obtained through changes or manipulation in designing parameters. The differences in quality are a result of differences in size, materials used, tolerances in manufacturing, reliability, equipment utilised, and temperature. Quality of conformance is a measure of how well the product conforms to the specifications and tolerances required by the design. Such factors as training, the production process, motivation levels, procedures, and quality assurance systems can have an effect on the quality conformance. 
Quality characteristics may be of several types [2,3):

Implementation issues

· Time-oriented (serviceability, reliability, maintainability).

· Sensory (colour, taste, beauty, appearance, and others).

· Structural (including frequency, weight, length, and viscosity).


· Commercial (warranty).

· Behavioural or ethical (fairness, honesty, courtesy, and so on).


2.1.3
Productivity and Quality focus items and sources of errors

The common problems and sources of errors in productivity and quality management are presented in Figs. 2.1 & 2.2. The problems include those of convincing top management to support productivity and quality improvement programmes, projects and efforts; designing and justifying productivity and quality programme / process improvement pro​cess including the selection and application of the appropriate process management tools and techniques; developing appropriate implement​ation strategies for productivity and quality improvement projects. These strategies should address how to obtain the total involvement of both management and employee, minimisation of resistance to change attitude and follow-up actions on improvement projects.

Eighty percent of productivity and quality errors are caused by manage​ment mistakes, especially in making inappropriate decisions on resource allocation, investment, the management of people and operational unit priorities. On the other hand, employees and workers, vendors, suppliers, and process related errors account for about 20% of errors. These sources of error are consistent in both manufacturing and service work environ​ments[1).

The source of variation in a production or service process can be found in one or more of six areas. These are human induced errors, the methods and techniques, the materials, the environment, the machines (equipment and tools), and sudden changes in operating policies and procedures. Process ​inherent sources of variation are built in as part of the process and are very difficult to eradicate. Variation due to assignable causes such as changes; n product specification, tools and methods are easily corrected. However, assignable causes distort the process stability and distribution and if not connected cause a given process to be out of control. Not all sources of errors can be measured. Variation in products and processes can be measured. Variation caused by erratic changes in policy may be difficult to measure.
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Figure 2.1: Common problems in productivity and quality
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Figure 2.2: Sources of error that effect the level of productivity growth and quality improvement [1) 
2.1.4.
Connection Between Productivity and Quality 

Fig 2.3 shows connection between Productivity and quality as follows: - 

The organisation goal-setting process that determines the resources to be allocated to productivity and quality improvement projects. 
· Measures of performance, effectiveness, efficiency and process value added by operational units. 

· The relationship between the various inputs and outputs of a given production or service task. 

· The techniques, tools and methods utilised to process the input resources.

· The process by which all resources are allocated to each task competing for use. 

· The process boundaries relationships, connection and dependencies among supplier, process owner, customer and task execution stage.
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Fig 2.3 : A framework for understanding the connection and relationship between productivity and quality
2.1.5
Productivity and Quality Lever of Balance

Fig 2.4 presents the lever involved in balancing productivity and quality in the business process. The total productivity and quality level of balance shows the various variables that must be managed continuously to provide excellence in productivity and quality. The notion that increases in productivity and improved quality are impossible should be disregarded. Increased productivity and improved quality is quite possible if one is committed and willing to balance the apparent contradictory sets of goals and, objectives.

Productivity and quality requirements should be managed together. The people and various functions that work to produce the final output for the organisation must be willing to coexist and work together. Effective team​work can go a long way to insure that both the production manager and the quality manager meet the end objective -providing quality product to the customer.

One approach far balancing productivity and quality results at the indi​vidual level is to use the productivity and quality task responsibility curve (PQTRC), presented in Fig. 2.5, to assess individual workload. At point A on the PQTRC an individual experiences low productivity and quality due to underload or boredom. [image: image5.png]-
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Fig 2.4 : Productivity and quality lever of balance
The strategy is to employ specific improvement techniques to move individual performance from point A to B. Through the application of appropriate workload balancing technique the individuals performance at point C can also be brought to the optimum balance point B. Maintaining performance level in point B always requires[2,3):

· Proper training and education. 

· Providing the right tools. 

· Setting the right priorities. 

· Allocating resources efficiently. 

· Continually balancing workload 

· Appropriate direction on what is to be accomplished.

[image: image6.png]e Low I e High productivity l' Low
. Eroducti}l_’itt)yi e improved quality l s{ogt;ctivlity
ow qua e High level
’ { of defects
| B 1
l Optimum |
] balance |
Creative Desiructive

Productivity and quality
I Overioad

Acceptable load (burn-out)

(adequate responsibility) R
]

(boredom)

Undertoad }
1
|





Fig 2.5 : Productivity and quality task responsibility curve
The balancing of productivity and quality goals, resource allocation, and expected output should be done at the individual, task, department, and organisation level. The degree of success depends on how well employees and management choose to operate a forma} productivity and quality pro​gramme. Management must be willing to commit investment and resources to productivity and quality programmes that have both short-term and long-term payoff. Perhaps the proper measure of a balanced productivity and quality programme is the degree in which everyone in the organisation is willing to take ownership for and pride in the final work output that goes to the customer.
2.1.6
Productivity and Quality Management Model (PQMM)

The components of the productivity and quality management model PQMM are presented in Fig. 2.6 A and B. The PQMM is provided to aid bath management and employees in managing productivity and quality at the source. The implementation of PQMM through a formal productivity and quality management programme is highly recommended. Such a pro​gramme should have in place the following[1,2,3,4):

· Work processes that are classified by product mix, procedures, people, systems requirement, and man-machine interaction.

· Personnel training that provides the basis for the effective and efficient use of resources.

· A system for managing the input and output components of work cells, work flow pattern and the interdependencies among production and service variables.

· A productivity and quality measurement, control, evaluation, planning and improvement techniques and method: 

· A system for ongoing problem root cause analysis, and implementation of improvement actions.

Using CPQMM of balance productivity and quality results, also requires that the following conditions be satisfied:

· Condition one: The rate of production must be equal to the rate of consumption. Produce only what is needed and not what is nice to have.

· Condition two: Production and service errors that affect productivity and quality are to be controlled.

· Condition three: There is total impact assessment for all changes made to service and production processes, policies and procedures.

· Condition four: No output goes out of the production and service loop to the customer unless it is perfect.

· Condition five: Increasing the layers of management, processes, and procedures to cause bottle-necks is to be discouraged.
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Fig 2.6: Components of PQMM. A productivity component. B. Quality management components[1) 
2.1.7
Productivity and Quality Assessment Matrix (PAQAM)

The PAQAM, shown in Fig. 2.7, is provided as an aid to industrial managers, decision makers, and workers interested in balancing productiv​ity and quality expected results. PAQAM can be used to assess the produc​tivity and quality position periodically at the individual, task, department, and firm levels. A five-step approach presented below should be followed when using PAQAM in the work environment[1,5):

· Step one: Train everyone on productivity and quality management concepts and techniques. Understand the input and output elements of each task or organisation unit, the workflow pattern, procedures, and personnel.
· Step two: Develop and implement measurement methods for produc​tivity and quality at the individual, task and organisational levels. Par​tial factor, total factor and total productivity values and indices are recommended. Per cent defective, quality index, internal failure costs, external failure costs, appraisal costs, and prevention costs are recom​mended as adequate measures of quality.

· Step three: Classify the productivity and quality measures obtained in Step two in four major categories: poor, fair, good, and excellent. Plot the values obtained in the PAQAM assessment matrix.

· Step four: Perform a root cause analysis to determine why a particular performance appears on each region. Implement improvement actions to correct and move a poorly performing individual or task to the region of productivity and quality excellence.

· Step five: Follow up periodically on open issues. Train everyone in the organisation to use PAQAM to assess his own productivity and quality position. Base productivity and quality rewards on balanced accomplishments.
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Fig 2.7: Productivity and Quality assessment matrix (PAQAM) [1)
2.1.8

WHITE-COLLAR PRODUCTIVITY

Productivity of white-collar workers is no less important than that of direct labor or manufacturing employees. Indeed, in terms of numbers and expense, staff and non-production employees outnumber production employees by a wide margin. Yet the problem of measurement of output is more elusive. Measuring !he units assembled per man-hour is not too difficult, but how many reports should an accountant prepare, not to mention the most difficult of all measures--​managerial productivity. Peter Parker tells us that it is "usually the least known, least analyzed, least managed of all factors of productivity." Research has shown that white-collar employees are productive only about SO percent of the time. The remainder is non-productive time and can be traced to Personal delays (15 percent) and improper management (35 percent). Causes of wasted time include[1,4):

Poor scheduling



Poor staffing

Slack start and quit times


Inadequate communication of  
assignments

Lack of communication


Unproductive meetings and telephone

between functions



conversations

Information overload 

2.1.9

Measuring the Service Activity

Although tile manufacturing worker (one who physically alters the Product) has been measured decades by time standards, time studies, and work sampling" it is not as easy to set Standards for the non-manufacturing employee or the service activity. It. is unlikely that measurement can be achieved III tile same way as is done for the manufacturing worker. Nevertheless, a system can be, devised to describe the productivity of an activity at point in time and then provide baseline for judging continuous improvement over time. The system is particularly appropriate for multi -plant or multi -divisional com​panies with similar products or services and for individual Companies within an industry,

The basis for a system of measurement starts ,with the existing functions and activities of the organization. Each activity is a subject of a particular function. For example, the activity of recruiting is a part of the human resource function, accounts receivable is a part of the accounting  function, and so on. The typical organization may identify a hundred or more activities that can be grouped into ten or more functions. 

The next step is to identify the output indicators that "drive" the. activities or case work in the activities. In other words, if  it were not for the work caused by or resulting from the indicators, there would be little need for the activities. If, for example, there were no personnel employed, there would be no need for employee relations. If there Were no purchasing, there would be no need for vendor invoicing. The resources utilized in the activity of vendor invoicing are therefore a dependent variable of the purchasing function. In other words, if activities are the "input" in the productivity ratio of output to input, then the indicators are the "output."

2.1.10
Measuring Productivity
Measuring productivity is somewhat easier than measuring quality because tile latter is determined by the customer and may be fragmented and elusive. On the other hand, productivity can also be difficult to measure because it is measured by the output of many functions or activities, many of which are also difficult to dcfinc.r7 What is the measurable output of design, market research, training, or quality assurance?

Despite these difficulties, measures are needed for each activity and in most cases for each individual front-line supervisor, Standards are needed for comparison against past performance, the experience of competitors, and as a basis for action plans to improve.

Cart G. Thor, president of the American Productivity and Quality Center in Houston, is a pioneer in the productivity measurement process and has worked for many years on the development of a measurement system. His principles of measurement for both productivity and quality includes[1,5). 

· Meet the customer's need-that person who plans to use it. The customer may be external or internal.

· Emphasize feedback directly to the workers in the process that is being measured. 

· The main performance measure Should measure what is important. This may not be the case with the traditional cost control report. 

· Measures should be controllable and understandable by those being measured. This principle may be enhanced by the participation of those being measured. 

· Base measures on available data. It not available, apply cost benefit analysis before generating new data, Information is rarely Worth more than the cost of obtaining it.

2.1.11
Basic Measures Of Productivity
2.1.11.1
Total Factor 
Total factor is the broadest measure of output to input and can be ex​pressed as[1):

Total output

Labour + Materials + energy + Capital

This measure is not only concerned with how Many units are produced or how many letters are typed, but also considers all aspects of producing goods and services. Hence, this measure is concerned with the efficiency oft he entire plant or company.

2.1.11.2
Partial Factor [1)
Partial factor measures are established by developing ratios of total output (e.g., number of automobiles, patients, depositors, students, widgets, etc.) to one or more input categories and are expressed as follows for the partial factor of labor.
Total Output

Labor input

The same applies to material, capital, and energy. All measures are ratios of quantities. Although some ratios can be expressed in quantitative terms such as units produced per man-hour, others must combine unlike quantities of inputs, such as tons and gallons of products, employee-hours, pounds, kilowatt hours, etc. To salve this problem, a set of weights representative of the relative impor​tance of the various items can be used to combine unlike quantities. Base period prices are the recommended weights to he used for calculating total productivity, although other weighting systems such as "man-hour equivalents" can be used.

2.1.11.3
Functional and departmental measures 

Functional and departmental measures are more likely to benefit the company than an effort to apply comprehensive, company-wide coverage. Most firms rely largely on budgetary dollar accounting data to analyze their operations, even though these data include the effects of inflation, taxes, depreciation, and the arbitrary accounting cost allocations previously mentioned. Because these accounting figures are frequently not significantly related to the activity or process under study, it is desirable to develop measures that reflect output and input in more realistic terms. Where financial measures are used, it is appropriate to deflate them to it bust,

It is important to establish function and activity measures because these organizational entities are where productivity and quality are delivered and where processes are improved. It is here where process design and control happens. A sampling of illustrative measures is provided.

2.1.11.4
Individual Measures 

Individual measures provide the individual supervisor and worker with the basic target for improvement of both quality and productivity through individual action planning. Improvement can only occur if measured against some bench​mark (target, yardstick, standard, objective, or result expected).

'Die simplest and most effective way to set a standard is to list the responsibility of the job on a piece of paper and then list the measures (results expected) that would indicate that the job is being performed satisfactorily. This provides a benchmark front which improvement can proceed.

2.2
IMPROVING Productivity (AND QUALITY)

Improvement means increasing the ratio of the output of goods and services produced divided by the input used to produce them. Hence, the ratio can be increased by either increasing the output, reducing the input, or both. This concept is illustrated in Figure 2.8 along with a sampling of actions and techniques for improving the productivity ratio. It is might he called the produc​tivity wheel [6,7).

Historically, productivity improvement has focused oil technology and capi​tal equipment to reduce the input of labor cost. Improved output was generally thought to be subject to obtaining more production by applying industrial engineering techniques such as methods analysis, were flow, etc. Both of these coaches are still appropriate, but the current trend is toward better use of the Potential available through human resources. Each worker can be his or her own industrial engineer-n mini-manager. so to speak. This potential can he tapped by allowing and encouraging people to innovative one or more of the five ways described in the next section. Employee idea can improve productivity, and in most cases this is accompanied by an improvement in quality as well. .

2.2.1
Five Ways to Improve Productivity and Quality) [8,12)
2.2.1.1
Cost reduction is the traditional and most widely used approach to produc​tivity improvement and is in appropriate route to improvement if Implemented correctly. However, many companies maintain a somewhat outdated -across-the ​board" mentality that directs each department to "cut costs by 10 percent." Staff services are slashed and training reduced, and the result is an inefficient sales force, reduced advertising, and diminished R&D. Maintenance is delayed and machine downtime is increased, The results may be a non-competitive product and loss of market share. 

Under this "management by drive" approach, people are perceived as a direct expense, and the immediate route to cost reduction is seen at, cutting this expense as much as possible. This policy Usually leads to employee resentment and is frequently counterproductive. It may result, in trading today's headache for tomorrow's upset stomach.

2.2.1.2
Managing growth is a more positive approach, but growth without product improvement is fat.  The improvement may suggest an investment or cost addition, but the investment must return more than the cost, thus increasing the ratio. Capital and technological improvement, systems design, training, organi​zation design, and development are among the many ways to manage growth while improving productivity and quality. The approach does not necessarily mean additional investment capital improvement. It can also ,mean reducing the amount of input Per unit of output during the growth period. This may be. termed cost avoidance

.

2.2.1.3
Working smarter means more output from the same input, thus allowing increases in sales or production with the same gross input an:1 lower unit cost. Many companies think that working smarter means putting a "freeze" on budgets while expecting a higher level output. Although this may be necessary as a stopgap measure, it is hardly a rational course of action to improve productivity over the longer term. Better ways of improving this ratio might be getting more output by reducing manufacturing cost through product design, improving, pro​cesses, or getting more production from the same level of raw materials by increasing inventory turnover. 

2.2.1.4
Paring down is similar to cost reduction, except that as sates or production is off, input should be reduced by a proportionately larger amount, thus increas​ing the ratio. This productivity improvement can frequently he achieved through “sloughing off”. In many organizations, there are many more opportunities than are generally realized to reduce marginal or unproductive facilities, employees, customers, products, or activities. Peter Drucker puts it this way: "Most plans concern themselves only with the new and additional things that have to be done-new products, new processes, new markets, and so an. But the key to doing Something different tomorrow is going rid of the no-longer-productive, the obsolescent, the obsolete. “This "sloughing off" could apply to customers as well. Remember the 80/20 rule.

2.2.1.5
Working effectively is the best route to productivity and quality improveme​nt; Simply Stated, you can get more for less, Some ways in which this can be. accomplished are suggested.
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Fig 2.8: Productivity wheel 
2.2.2
Fifty Different Techniques of Productivity and Quality Improvement Techniques

Sumanth (1984), pp, 318-319) reported 50 different techniques of productivity improvement that were obtained from a survey of the litera​ture conducted by Omachonu (1980). These techniques are listed below [13,15): 

2.2.2.1
Technology-based techniques 

A. 
Computer-aided design (CAD)

B. 
Computer-aided manufacturing (CAM) 

C. 
Integrated CAM

D. 
Robotics

E. 
Loser beam technology 

F. 
Energy technology

G.
Group technology

H.
Computer graphics 

I.
Emulation

J.
Maintenance management 

K.
Rebuilding old machinery 

L.
Energy conservation

2.2.2.2 
Employee-based techniques 

A. 
Financial incentives (individual) 

B
Financial-incentives (group)

C. 
Fringe benefits

D. 
Employee promotions 

E. 
Job enrichment

F. 
Job enlargement G: Job rotation

H. 
Worker participation ..Skill enhancement

J.
 Management, by objectives (MBO)

K
Learning curve.

L. 
Communication'

M. 
Working condition improvement' N. Training

O.
Education

P. 
Role perception

Q.
 Supervision quality. 

R. 
Recognition

S. 
Punishment 

T. 
Quality circles 

U. 
Zero defects

2.2.2.3 
Product-based techniques 

A. 
Value engineering

B. 
Product diversification 

C.
 Product simplification

D. 
Research and development 

E. 
Product standardization

F. 
Product reliability improvement, 

G.
 Advertising and promotion

2.2.2.4
Task-based techniques 

A. 
Methods engineering 

B. 
Work measurement

C. 
Job design

D.
Job evaluation 

E.
Job Safety design

F.
Human Factors Engineering (ergonomics) 

G.
Production scheduling 

H.
Computer-aided data processing  

2.2.2.5 Material Based Techniques 

A. Inventory Control

B. Materials requirements planning (MRP) 

C. Material Management 

D. Quality Control

E. Material handling systems improvement 

F. Material reuse and recycling

2.2.3
Production and Service Improvement Technique (Pasit)

Edosomwan (1983) developed the PASIT technique for improving pro​ductivity and quality in both service and manufacturing organizations.

2.2.3.1
PASIT Defined [13)
According to Edosomwan (l983), PASIT is an ongoing process that in​volves the orgagnised use of common sense to find easier and better ways of performing work and streamlining the production and service processes to ensure that goods and' services are offered at a minimum overall cost. Improved productivity and quality is obtained through the elimination of waste such as scrap, unnecessary automation, rework. inspection, excess;, inventory, wasted motions and transportation, engineering changes to product specification, and other farms of waste that have no value Wed to the goods and services of​fered. The PASIT concept is shown schematically.
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Fig 2.9: The PASIT concept

2.2.3.2
Benefits of PASIT

The implementation of PASIT in the work environment can provide the following benefits:

1. 
Optimal balanced service and production time is obtained with no waste.

2.
Improve product and service quality and minimi7c inspection and repair loops.

3. 
Improve customer service time through reduction of improved service and product cycle time.


4. 
Reduce inventory through elimination of work-in-process at each service or production station.

5. 
Reduce process time for each task through elimination of unnecessary errors, steps, and handling defects.


6. 
Improve employee morale, job safety. and job satisfaction through elimination of repetitive work, service and production bottlenecks, reduction in training time, and reduction in the con​fusion and interdependencies among unnecessary functional tasks.

2.2.3.3
Major Principles Behind PASIT [13)
In order for PAS1T to provide the anticipated and stated benefits, the following seven principles must be adopted within the organization. Principle l. Management and employees must have the positive at​titude that productivity and quality improvement can result from the organized use of common sense to address service and production problems. Management support must he shown through practice and an organization policy statement.


Principle 2. A total teamwork approach among functional organiza​tions, such as research and development, marketing. personnel, pur​chasing, manufacturing, information systems, quality, facilities and distribution, maintenance, finance, production control, service centers, engineering, and other functions within the work organization, must he used to address all problems.

Principle 3. Total productivity and quality improvement at the source of production or service. Discourage heavy reliance on inspection and other nonvalue-add operations within the work organization. The required basic training must he provided to obtain good quality goods and services it the source of production or service.

Principle 4. Encourage reduction in the layers of management at all levels. Give ownership to those charged % kith task responsibility and the control and support needed to resolve daily service and production problems. Too many levels of management causes additional bottle​necks. A level of management must be instituted within the organiza​tion only if it will provide value-adding to the improvement of the pro​duction and service function.

Principle 5. Total impact assessment for all service and process changes, policy changes, and implementation of new ideas and techni​ques, The new process, service, ideas, organization, or management must be better than the one it replaces, considering all implications.

Principle 6. Total reward system based on contributions in improv​ing and managing all aspects of a task to obtain acceptable goods and services. Pay for performance in total technical and people manage​ment. Avoid a crisis loop reward system that affects the morale of the employees.

Principle 7. Production and service errors that affect productivity and quality are controllable through common sense and good judg​ment. The production rate must be equal to the consumption rate.

2.2.3.4
PASIT IMPLEMENTATION METHODOLOGY

The eight-step approach for implementing PASIT in a production and service organization is shown schematically in Figure 9.3. Each step will now he described [13,16).

2.2.3.4.1
Establishing PASIT Teams and Leadership Council

The PASIT teams should be made up of representatives from the work​ing levels. Each functional area must he represented. The team mem​bers must possess, through training, the ability to resolve problems in a timely manner. They must be equipped with basic training about cause-and-effect relationships, priority mapping, value analysis, task simplification, process flow mapping, and other commonsense ap​proaches to improving service or production environments. The PASIT team member-, should have the technical ownership for performing tile variety of activities specified in figure,8.4, The PASIT council manage​ment role is to provide technical leadership, facilitate people involve​ment, review accomplishments, and cleat communication up and down within the organization. The council should be made up of senior managers and specialists with training in managing productivity and quality improvement projects. The role of the council is shown schematically in Figure 8.5.

2.2.3.4.2
Educating Everyone on the PASIT Concept and Principles

Everyone involved with the task of' implementing PASIT must trained about the key principles and concepts. Four types of recom​mended session contents are presented in Table 8.1. The education sessions enable everyone to be thinking and talking about productivity and quality improvement in the same terms.

2.2.3.4.3
Understanding Current Service and Production Parameters

Understanding current service and production  parameters consists of six basic steps: Elements involved in operations review.

1.
Orientation to people, processes, and procedures 

2. 
Information gathering

3. 
Interviewing

4. 
Preparing work distribution charts 

5.
Preparing process flow charts

6.
Developing task element lists

The main accomplishment in this step should focus on the detailed review of tasks performed by individuals, work groups, departments, and functions; the methods used; and the flow of work from one task to another and among the members of the work group. It is also important to identify the volume of work and the frequency, rates, and timing in​volved in each task performed. l n order to ensure adequate coverage of' all key information, it is important to have a data-gathering checklist similar.
Orientation

The orientation phase enables the analyst to know all the key processes, procedures, and people in the various organizations. The functions for each work group must be clearly understood. Attention must also he paid to inter functional dependencies.

The objective is to get all facts on the task performed by asking ten basic questions:

1.
What is it?

2. 
What (toes it do'? 

3. 
Who does it'?

4. 
What does it cost?

5. 
Where it is being done? 

6.
What is it worth ?

7.
When is it done? 

8. 
Why it is done'?

9.
Who has the authority to say so'? 

10.   Who has ownership for it'?

The interviewing process should be structured to obtain an opinion from every level of employees and management. The important point is to ensure that the analyst work with facts, not opinions. A scheduled time for interviews by a random selection process should also be encouraged.

Work Distribution Charts, Process Charts, and Task Elements

Work distribution charts, process flowcharts, and task element record​ing formats are organized ways of recording the information gathered from questionnaires, interviews, and process procedures. These charts enable analysis to identify the various task activities to be measured and to estimate the time spent by each individual or work group on each task. Flowcharts show the sequence of steps required to perform a task. Flowcharts also provide the basis for understanding the relation​ship between the tusk and the processing times. Task elements enable analysts to determine the extent of skill utilization, work specialization, delays, transportation required, and other details necessary to pinpoint and understand the process parameters.


2.2.3.4.4
Operation, Analysis, Focus Problem Selection, and Process Simulation

In performing operations analysis, an analyst starts with a pilot task or product or service and obtains the following additional information:

Implementation

1. 
Develop task flow diagram.

2. 
Record the processing tines for each task. 

3. 
Record setup time for each task.

4. 
Identify all transportation logistical data.

5. 
Simulate the parameters to understand input and output from each sector and leverage area. Simulation also identifies the im​pact of changes in processing times oil other parameters.

The analysis phase provides the basis to determine bottlenecks, rework loops, capacity limitations, and resources constraints. The four major analysis results to be obtained by asking four key questions are presented in Figures.

2.2.3.4.5
Current Operations Impact Assessment

In this step, the suitability of the current mode of operation is assessed. The feasibility and suitability of all parameters arc determined based on cost, value -add, time, and impact on quality. Intangible elements,  such as job satisfaction and morale, should also has taken consideration.

2.2.3.4.6
Operations and Service Improvement

After completing the impact iISS,:1SI11enI of the current method, all new techniques and ideas for improvement should be formally documented. Each task must be carefully analyzed. In order to decide about a new improved method for operation, six general approaches should be considered:
.
further of task elements within

1. 
Eliminate and minimize the given operation.

2. 
Maximize the use of all resources available.

3. 
Combine and rearrange the sequences of processes.

4. 
Substitute and simplify methods of performing a given task. 

5. 
Change the sequence for performing a given task.

6. Use a new technology or tool to replace the method of performing a given task.

2.2.3.4.7
Testing Selected Improvement Strategy

Different improvement strategies can basically be evaluated using the following criteria:-

1.
Cost and savings related to the specific alternative. 

2.
Quality improvement related to the specific alternative. 

3.
Job satisfaction and morale improvement related to the specif​ic alternative.

4.
Capability of the user to adapt to tile specific alternative.

5.
Implementation requirements of the specific alternative. 

6.
Time required to meet all objectives specified in the specific alternative.

7.
Conformation of the specific alternative to established policy and standards.

8.
Specific known exposures related to a specific alternative. 

9.
Justification of new alternative tools using the total productivity measurement approach.

10. Justification of a new alternative using cost-benefit analysis and other financial measures.

In situations in which intangible benefits outweigh tangible benefits, managerial judgment should be used to select the best alternative.

2.2.3.4.8
Implementation of Improvement Methods

The one key ingredient of the PASIT concept is that it rests on team​work in all phases. In order t() implement new ideas, the approval of all key functional representatives and management must be obtained. The new method must be reviewed at all levels and revised based on useful suggestion. Specific tasks should be assigned to specific people to im​plement tile aspects of the new alternative. Implementation of' tile PAS(T concept and approach is not a one-time action; it is an ongoing process for production and service improvement as long as the organ​ization exists.

2.2.3.5
BASIC TOOLS NEEDED FOR PASIT IMPLEMENTATION [17,18,19)
2.2.3.5.1
Processing Time

Processing time is the amount of time required to perform a given tusk. The usual source for this time is the time standards prepared by indus​trial engineers.

2.2.3.5.2
TAKT Time

'T'AKT time is the amount of time required to perform each task and ob​tain the total volume required by a sector within a specified time period.

minutes available per day-lunch, breaks 

TAKT time =

daily going rate (volume)

2.2.3.5.3
Capacity

This is a measure of how much a given production or service unit can offer given all the resources available at the unit in a specific time period.

2.2.3.5.4
Utilization

This is a measure of how well people, tools, equipment, materials, and other resources are utilized.

2.2.3.5.5
Yields

This is a measure of the quality of the output expressed in defects per unit or the percentage of defective material in a sample.

2.2.4

SIX STEP IMPROVEMENT MODEL [20,21,22,23)
The improvement methodology needs to be disciplined, methodical, and robust. No team should struggle to develop a methodology for its specific project because this development work already has been completed. A model is available that has been tested and proven successful by a number of organizations around the world.

This model serves as a road map to move a process from its current state along a path to world-class performance. A road map differs from a prescription. People who are unfamiliar with the route use a road map as a guide for getting from point A to point B. On the other hand, a prescription specifies requirements that must always be followed. The journey is illustrated graphically in Figure 2.10 along with the six-step model.

The model offers a six-step approach that enhances the likelihood for success. These steps are explained in the remainder of this chapter and previewed as follows:

1. 
Understand the customer. Understand the end customer's stated requirements and unstated wants, needs, and expectations. Measure the organization's abil​ity to meet these requirements and identify gaps. Determine competitor's per​formance and project future levels that may be required to maintain and improve customer satisfaction (see Chapters 7 and 9).

2. 
Assess efficiency.  Select internal process measures that reveal how well the process is performing. Gather data and determine how well it meets internal requirements like cost, variability, and cycle time (refer to Chapter 8).
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Fig: 2.10 Road map to progress [20)
3. 
Analvze the process. Rate the condition of the process. Is it effective but ineffi​cient, or ineffective but efficient, or worse, both ineffective and inefficient? Select the appropriate improvement path-continuous improvement for incre​mental gains, benchmarking for step changes, or reengineering to achieve dra​matic breakthroughs (see Chapters 11 and 12). Continue to step 4 if continuous improvement is the selected path. Alternatively, benchmarking and reengineer​ing are covered in Chapters 14 and 15, respectively.

4. 
Improve the process. Continuous improvement relies on building a fundamental understanding of customers' requirements, process capability, and the root cause for any gaps between them. Hypotheses are developed and tested, and improvement is gained through the cycle of plan-do-study-act. This is a sys​tematic approach as opposed to the classic short-cut of problem detection and subsequent solving-an approach resembling plan-do-plan-do instead of plan-​do-study-act.

5. 
Implement changes. Pilot the revised process before adopting it on a full scale. Simulate the new process or test critical facets. Make appropriate adjustments. Develop and document an implementation plan by working with appropriate subprocess teams (see Chapter 16).

6. 
Standardize and monitor. Implement the changes. Continue to track perform​ance, monitor cycle time, cost, and variation. Observe competitive moves, and measure customer satisfaction.

2.2.4.1
STEP 1: UNDERSTAND THE CUSTOMER

Assess the customer's satisfaction with the end product or service produced by this process. Most organizations are surprisingly ill informed on the identity of their external customers, their requirements, and the degree to which these require​ments are being met. The team can build the required understanding by complet​ing Step 1 (see Figure 2.11).
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Fig: 2.11 Understand the customer

1.1 Identify the Final Output

Identify what your process produces-not what individuals do but what is pro​duced and sold to the end customer. Most processes produce numerous outputs, but the team should focus on the final output that the external customer receives. 

This final output could be the laptop computer sold or the health-care service provided by a hospital. It could be the new long-haul, large-capacity truck or the transportation provided by an airline. The final output is the product or ser​vice that the end customer purchases and uses that should be the focus of the team.

Identify the End Customer

Having identified the final output, the team needs to identify the person(s) or spe​cific group(s) the process produces the final output. This could be the corporate user of the laptop computer, the hospital patient for health-care services, the long-distance truck driver, or the airline passenger.

Determine the Customer's Requirements

Once the specific customers have been identified for the final output, the team needs to understand their needs, requirements, and expectations. As consumers, we are being asked with increasing frequency how well we enjoyed our hotel stay, our degree of satisfaction with the auto rental, or whether we would recommend a par​ticular restaurant to a friend. These questions are being asked by providers who are looking for feedback on the performance of their processes. Successful organiza​tions understand the complete array of customers' requirements. They also know which ones are being met and which are not.

In cellular communications, for example, the “dispatch" service or ability to broadcast the same message to a group-differs across customer groups. Commodities or for example, may not want to be interrupted in tile trading pit but may want dispatched messages retained and transmitted  when they leave the floor and activate their cellular phones. By contrast, police officers need to be read v and continuously accessible because of the critical nature of- protecting pub​lic safety. Understanding the unique requirements of each of the different end-user groups is necessary for tailoring Vices arid Succeeding in the wireless communication market.

A number of techniques are available to collect data for learning customers  requirements. Focus groups, mail surveys, telephone surveys, interviews, analysis of customer complaints, warrant y claims, and letters of appreciation are but a Iaw. The team can distill data front these sources to identify the customer's requirements.

Caution: Many improvement projects are derailed from the outset in claims that customers don't know what they want. While this may be true on the sur​face, this is not a valid reason to ignore customers and go off doing what you want. The challenge is to dig beneath the surface and help customers describe their requirements
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Table 2.1 Product quality measures  
Beginning with-a list like the examples in Table 2.1. determine the perfor​mance that the end customer wants, needs, and expects. Write a brief descrip​tion of each requirement, and determine its relative importance to the customer.

Convert Requirements to Specifications

Create operational definitions and translate each requirement into a specification that precisely prescribes what needs to be produced or delivered. If customers demand hot, fresh coffee, then the specification might state that coffee must be brewed every fifteen minutes and served at 180 degrees. If customers require responsive service on malfunctioning equipment, the specification could state that a specialist will phone within fifteen minutes, and if required, a technician will be on site within ninety minutes and repair the equipment within 180 minutes of the original call. Responsiveness is measured in time, and these limits represent the organization's service specification in this dimension.

Determine Effectiveness Measures

Measures of effectiveness quantify what is actually delivered to customers in com​parison to what they required. Two distinct types of effectiveness measures are used (see Chapter 7). One type compares the product or service to its specifications and quantifies the effectiveness of the process. Process effectiveness is measured when the product or service is produced. The second type measures the effectiveness of the product or service. Product or service effectiveness shows how well the output satisfies the user, and these data cannot be collected until after the output is deliv​ered to the customer. Examples of the latter type include the typical customer-sat​isfaction measures compiled by most organizations, as well as other data such as warranty claims, complaints, and customer retention rates.

Design a Data Collection System

Identify sources from which data can be obtained and build a database. Three com​mon sources of data on customer satisfaction (product or service effectiveness) are outlined in and five methods for surveying customers are compared.

Collect and Analyze Data

Data collected should be compiled and analyzed to determine the extent to which gaps exist, and what those gaps suggest about process or product/service deficien​cies. 
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| _TABLE 13.4-

Comparison of Customer Survey Methods

METHOD

DESCRIPTION

PROS

CONS

Interviews

e Ask individual customers
for direct feedback.

Controllable response
rate

In-depth data obtained
Can ask clarifying
questions

e Expensive

e Requires inter-
viewer skills

e Requires extensive
time

Focus groups

e Assemble 6 to 12 cus-
tomers. Probe for feed-
back, and stimulate
interaction among
participants.

Controllable
response rate
In-depth data
obtained
Can ask clz
questions
Fosters discovery by
participants

e Expensive

* Requires inter-
viewer skills

* Requires group
interaction skills

Mail surveys

¢ Send survey questions
to a random list of
customers (consider
offering incentive to
encourage responses).

Inexpensive
Can reach a large
number of customers

¢ Low response rate

¢ Possible non-
response bias

e Cannot clarify
responses

« Difficult to follow
up

Telephone
surveys

e Telephone a random
list of customers.

High response rate
Can reach a large
number of customers
Automated compilation
Rapid analysis possible

e High call-back rate
required to ensure
integrity of sample

Comment cards

e Provide written response
card at point of purchase

Inexpensive

* Low response rate
° Nonrandom sample
e Cannot clarify
responses or
follow up





Table 2.2 Three sources of Customer satisfaction data [20)
Table 2.3 : Comparison of customer survey methods [20)
Set New Performance Targets

Even if an organization is meeting all of its customers' requirements, improvement may be required. Complacency is risky. Performance gaps will likely open as com​petitors innovate and customers' expectations escalate.
In a fiercely competitive marketplace organizations need to know how they stack up against their best competitor and project the future direction of their industry. If an organization knows its advantages over competition, it can exploit competitors' weaknesses while addressing its own performance gaps.

Set new performance targets, and assign a time frame in which these new targets will be reached. Set these targets on the basis of existing gaps and projections of industry trends and customers' future expectations_

Report Findings

Integrate the findings of Step 1 into a status report, and update the team's charter as needed. Communicate findings to all stakeholders, including the team's sponsor. This status report might recommend making a midcourse correction. Preparing a short presentation will help to educate senior managers on the issues and opportu​nities involved in improving this process.

2.2.4.2
STEP 2: ASSESS EFFICIENCY

Step 2 is a logical extension of the activities completed in Step 1 to understand the customer. In Step 2 the team turns its attention inward to learn how efficiently the process is capable of satisfying internal requirements for conserving resources. These internal requirements will likely include the need to reduce costs, reduce variation, Continuous improvement and reduce cycle time. Efforts might also be directed toward satisfying the needs and expectations of internal customers. The team can assess efficiency by complet​ing Step 2 Fig 2.12.

Determine Efficiency Measures

Select efficiency measures that quantify how well the process satisfies internal requirements. Typical indicators include cycle time, unit cost, defect and scrap rates, rework, productivity, asset utilization, and cost of quality.
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Fig 2.12 : Efficiency Assessment

Computer-controlled production facilities can overwhelm any organization with more data than it can handle. An understanding of gaps in meeting the external customer's requirements (Step 1) may help narrow an otherwise huge list of efficiency treasures. For instance, :f customers complain about late deliv​eries, perhaps the improvement team should focus on cycle-time reduction. If customers complain about price, perhaps the internal focus needs to be on unit cost. Rank or prioritize these measures, and select the critical ones from the interesting many (see table 2.4). 
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e Cost

e Qutput variation

e Cycle time

o Incremental cost added by each work step

e Variation in output conformance to specification
o Time consumed performing each work step

OUTPUT CONFORMANCE

e Defects

e Scrap

° Rework

o Percentage of outputs that are defective or rejected

o Percentage of outputs that are scrapped (not recycled)
o Percentage of outputs that are recycled for repair

PROCESS

e Cost of quality

° Productivity

e Inventory turns

o Asset utilization

o Costs for prevention; detection, and failure of nonconforming outputs

o Quantity produced per employee per unit time

o Frequency of sale and restocking

e Resources used in work processes, including capital, materials, personnel, space, equip-
ment, and materials

INPUTS

e Meet specifications

e On-time deliveries

o Percentage of materials rejected
o Percentage of late deliveries

CAUTION: Don't waste your time downgrading sound data on quantities, cost, and
time by translating them to arbitrary scales or values—like high, medium, or low.
Instead, use the data directly. The only translating required at this stage might be to
define relative values between time and costs. Relative scales are more appropriate in
Step 3, after integrating your analysis and assigning priorities for action.

2.2 Design a Data Collection System

With the vast amounts of efficiency data available in most organizations, devel-
oping formats for displaying relevant data is usually more important than look-
ing to find additional data. Graphic displays that reveal trends are often
perferred solutions.




Efficiency measures are often relative and expressed as ratios or percentages rather than as absolute numbers. Commonly used units include defects per 1,000 units of output, or non-value-added time as a percentage of total cycle time.

Design a Data Collection System 

Determine your sources of efficiency data, and be certain to establish a baseline representing current performance of each key indicator. A sample of a blank work​ sheet.

For processes that are not rich in data, the improvement team may need to launch its own data-gathering program. This is frequently encountered in processes that deliver services-as contrasted to those that produce tangi​ble products. Walking through and observing the process may supply the required data.

Collect data on how the process performs through a technique referred to as a process walk-through. Using the team charter and list of inefficiencies generated earlier, determine the data you need to gather. Observe the process in operation, interview job performers, and take care​ful notes.

Analysis of efficiency in terms of cost, variation, and cycle time is explained in Steps 2.3, 2.4, and 2.5, respectively. Complete any or all of these steps depending on the team's objectives.

Analyze Costs

Identify and measure the resources used (costs incurred) for producing and delivering products and services. Consider using activity-based costing for attributing costs to each process step. Although a detailed explanation is beyond the scope of this book, an example later in this chapter shows how this method can be used to find high-cost processing steps. Also consider delineating costs associated with assuring quality through use of a checklist.

Analyze Variation

Analyze the spread of the data (variability) to understand the underlying capa​bilities of processes and to determine whether limitations and defects are the result of common causes of variation or special causes. Display data graphically to show patterns; alternatively use process capability indices or Motorola's six ​sigma values.
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e How would you rate customer satisfaction?

°How frequently do customers complain?

°What do they complain about most? Like most?

° What percentage of the time are your outputs
rejected?

High defect rates

e What percentage of your outputs are defective?
* What are the most frequent types of defects?

° What appear to be the causes of defects

e How much is scrapped or reworked?

e How do you measure variation of your outputs?

l}lgh cost of quality

° How many inspection points are in the process?

*How many approvals do you need to obtain for
your work?

o How much time is inspecting outputs?

Late deliveries

°What percentage of your outputs is late?
° Why are outputs late?
e How do you think this affects your customers?

Long cycle time

e How long does it take to produce an output?
*How much does this time vary?
° How much time is wasted?

* How many people work with vou in this subprocess?
° How much time do you think is spent productively?

Poor productivity

Poor asset utilization

* How much floor space is devoted to your subprocess?
e What is the total number of outputs produced?

e What quantity of raw materials is used?

* What other resources are used?

e What are your most frequent problems?
e Where do they occur?
°What might be the cause?

Process problems





Table 2.5: Data Collection through process Walk-through [20) 
Analyze Cycle Time

Calculate the elapsed time in each activity and sub-process. identify the non-value ​added activities, business value-added activities, and real value-added activities, and allocate the associated cycle limes among these categories. Identify opportuni​ties to eliminate non-value-added, minimize business value-added, and streamline real value-added activities.

Set New Efficiency Targets

Identify your industry's best performers, and learn how efficiently they perform as part of your plan for setting tar-lets. Compare current performance to these bench​marks, calculate gaps, and set improvement targets for each efficiency measure. Table 13.11 provides a sample of a partially completed worksheet that displays the results of these analyses.

Report Findings

As with Step 1, integrate the findings of Step 2 into a status report, and update the team's charter as needed. Communicate findings to all stakeholders, including the team's sponsor.

2.2.4.3
STEP 3: ANALYSE THE PROCESS

The information compiled in the first two steps should provide the team with a comprehensive performance assessment of its targeted process. The team now needs to set a course of action for improvement that provides the greatest benefits. This can be accomplished by completing step 3 Fig 2.13.
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Fig 2.13. Process Analysis

Assess Process Condition

The team can determine overall process condition by integrating the team's assess​ments of effectiveness (Step 1) and efficiency (Step 2) with a pair of five-point scales. The composite score will yield a qualitative rating in one of six categories: unhealthy, fair, satisfactory, healthy, superior, or world-class. The sire of the improvement opportunity will generally be larger for processes rated in poorer categories.

Prioritize Improvement Opportunities

Set priorities for improvement projects by considering both the importance and size of performance gaps.

Prioritize Subprocess Opportunities

Core-process improvement (CPI) can progress at either of two levels: at the core ​process level or at the subprocess level. For example, if a CPI team is trying to improve responsiveness by reducing cycle time and determines that most of the elapsed time is concentrated in one certain subprocess, that subprocess should be targeted for improvement. The CPI team representative from the function in which the subprocess resides would likely be asked to commission an improve​ment team. This sub team would develop its own charter and report to the broader CPI team.

The CPI team representative would likely be the leader. Members would include individuals who work in the targeted area. Posing the following questions should help determine who needs to join the sub team:

· Who knows most about the process?

· Who is available to work in the required time?

· What specialists do we need (e.g., scribes, chart makers, technicians, statistical analysts, quality experts)?

Note: The concept of commissioning subteams under a wider core-process improvement team offers a structure for harnessing the talents of all employees in a way that quality circles could not. Working on a subteam addressing issues for the CPI team lends the importance, legitimacy, and support from management that quality circles usually lacked.

Select an Improvement Path

Select an improvement path for each process at any given time based on the size of performance gaps, the potential opportunity for improvement, and the rela​tive difficulty expected for the improvement effort (see Chapter 12). Choices of paths are 

· Continuous improvement on an ongoing basis for incremental gains. The mag​nitude of these gains should not be expected to improve performance above the process condition band determined in substep 3.1 without repeated reapplica​tion (proceed to Step 4).

· Benchmarking periodically for larger gains that should be sufficient to propel the process condition up one level (go to Chapter 14).

· Reengineering selectively to achieve dramatic breakthroughs that offer the potential of rocketing the process condition up more than one level (go to Chapter 15).

Report Findings

As with Steps 1 and 2, summarize the analysis completed in Step 3 in a status report, and update the team's charter as needed. Communicate findings to all stake​holders, including the team's sponsor. At this point the team will be recommending a definitive course for action. Therefore, be certain to secure a clear understanding of support and a firm commitment to proceed. If the direction is unclear, or if your sponsor's commitment is not resolute, stop.

2.2.4.4
STEP 4: IMPROVE THE PROCESS

Continuous improvement is also known by the Japanese term kaizen. It relies on building a fundamental understanding of customers' requirements, process capabil​ity, and the root cause for any gaps between them. Hypotheses are developed and tested, and improvement gained through the cycle of plan-do-study-act. This is a sys​tematic approach as opposed to the classic short-cut of problem detection and subsequent solving-an approach resembling plan-do-plan-do (Tenner and DeToro, 1992, 124).

The sequence of improvement activities will depend on the project's objec​tive. For example, a team working to improve responsiveness could reduce cycle time by eliminating non-value-added activities, minimizing business value ​added activities, and reducing the time required to perform real value-added tasks. If improving product or service quality is the objective, then efforts would focus on minimizing variation, errors, and defects. Similarly, if price is a com​petitive disadvantage, then cost reduction could be pursued using activity-based costing.

Regardless of the improvement objectives, project teams should adhere to four basic principles:

1. 
Attack the vital few. You will find numerous things to improve, but don't be dis​tracted from addressing those few that are the most important.

2. 
Diagnose root causes. Don't merely seek the cause of the limitation, but look for the underlying root cause.

3. 
Understand sources of variation- Recognize two fundamental sources of variation-common causes and special causes-and use the correct approach to eliminate or minimize the identified source.

4. 
Plan-do-study-act. Test and verify that the root cause attributed to the limitation is in ]act correct. Design experiments to test your hypothesis.

Cycle-Time Reduction

Cycle-time reduction as a weapon for gaining a strategic advantage. Many firms have pursued cycle-time reduction because it is relatively easy for employees to recognize wasted time and because it offers a beneficial side effect-reduced costs. Corporations pursing cycle-time reduction on a large scale include the following:

· Texas Instruments has a 2X Program to reduce current cycle times to less than two times the theoretical minimum time they should take.

· Xerox has a A Delta T Program, which calls on all employees to reduce the delta (dif​ference) between the actual time and the theoretical time taken to complete work.

· ABB has a T50 Program, which is driving for a 50 percent reduction in cycle time in all its processes worldwide.

Cycle-time reduction is as good a place as any to use as a starting point; explana​tions on reducing variation and costs will follow later in the chapter. The process for filling a customer's orders serves as an example, and key points for reducing cycle time are illustrated. This chart was constructed through the fol​lowing sequence:

1. 
Prepare a flowchart that displays every step in the process. Note that processes with alternative branches from decision points sometimes require completing the analysis for each branch separately. Additionally, note that this figure delib​erately strays from conventional flowchart symbols and uses octogons (repre​sentative of a stop sign) to highlight non-value-added steps.

2. 
Estimate the total elapsed time for each step. Alternative sets of measurements include typical times, averages, or ranges-normal minimum to normal maxi​mum. Regardless of the specific set adopted, the elapsed time begins as soon as the input enters one step and ends when the output is received at the next step in the process. The example shown in Figure 13.5 uses typical times for each step.

3. 
Categorize the purpose of each step as real value-added (RVA), business value ​added (BVA), or non-valued-added (NVA). Refer back to Chapter 8 for an expla​nation of each category.

4. 
Enter the time required to complete each step in a column on a worksheet according to its assigned category.

5. 
Add total times for each category, and calculate cycle-time efficiency by divid​ing RVA by the, total cycle time.

The offers a springboard to the order-fulfillment improvement team charged with reducing the cycle time. What were some of the team's observations? First, total cycle time is nearly seven hours and includes less than two hours (30 percent) of value-added activities. Second, a 50 percent improvement could be achieved by eliminating two non-value-added steps-correcting errors in order pro​cessing and sending orders to distribution. Furthermore, elimination of errors will enable removal of yet another step-order approval-a business value-added activity that consumes another 5 percent of total cycle time.

The team's first efforts were directed at removing the order-approval and error correction steps. Simply eliminating these steps reduces cycle time by one-third but does nothing to ensure that the orders are correct. Therefore, before eliminating these steps, the team needed to understand why order-entry errors occur and how they could be prevented.

Attack the Vital Few

Dr. Joseph M. Juran believes that a fundamental law of nature dictates that 80 per​cent of the problems are the result of 20 percent of the causes. One key to improve​ment is to identify those crucial 20 percent and focus attention on them. Juran named this concept, which represents a maldistribution of quality losses, in honor of Pareto, a nineteenth-century Italian economist. Pareto found a large share of wealth was owned by a relatively few people-a maldistribution of wealth. The Pareto analysis is a method for categorizing and recategorizing  causes until the vital few are found (Tenner and DeToro, 1992, 118).

To find the most important source of order-entry errors, a team member recorded errors according to their type on a check sheet. The result, were then plotted on a Pareto-like bar chart that revealed that the entry of price is the most common type, accounting for nearly one-half of the fifty-four errors iden​tified in the 500 orders prepared over a thirty-day period.

Diagnose Root Causes

Kaom Ishikawa suggests that the first signs of a problem are its symptoms and not its causes. Actions taken on symptoms cannot be permanently effective. It is necessary to understand and act on the underlying root causes. Cause-and-effect diagrams, fish​bone charts, and Ishikawa diagrams are synonyms for a basic tool that can be used to help differentiate among symptoms, causes, and root causes (Tenner and DeToro, 1992, 124).

Having identified incorrect pricing as the most frequent source of order- entry errors, a fishbone chart can be used to identify the underlying causes of the problem. A horizontal straight line (spine) is drawn from a box (head) in which the symptom that is being diagnosed is written. Ribs are drawn from the spine-hence the name Fishbone-that identify the major sources that can contribute to the problem of incorrect pricing. Detailed factors are then added to the ribs.

The major sources were classically termed the five M's: men, machines, materials, methods, and measurements. More recently these terms have been replaced by people, procedures, equipment, materials, and environment. This last category includes physical contributors like temperature and pressure, as well as cultural and organizational ones.

The order-fulfillment improvement team brainstormed to try to identify all causes and the causes of these causes. As general guidance, a team should ask why five times in order to penetrate to the potential root causes. A team should spend several hours al this task, perhaps adding hundreds of causes to their diagram.

Drawing the chart is only a small piece of the job. Next the team needs to nar​row the array of causes down to the one (or a few) true root causes. For simple problems, this can sometimes be accomplished by a brief discussion and voting by members. More complex problems, however, will require more work. In some cases the team will be able to find the root causes after gathering and analyzing addi​tional data. In other cases, finding the root causes might take months and involve formal experimentation. For more information, refer to Leitnaker, Sanders, and Hild's book, The Power of Statistical Thinking (1996).

The team discovered that en-ors in entering prices were caused by inade​quate funding. As a consequence, batteries were not purchased for the sales rep​resentatives' pocket calculators. Hand-calculated prices were principal contributors to errors. As a solution, the team is considering either revising the funding process or replacing battery-dependent calculators with solar-pow​ered ones.

Understand Sources to Reduce Variation

Everyone makes decisions daily based on his or her interpretation of observed vari​ation. Traffic has been heavier on the bridge on Fridays: should I take the by-pass today? Sales have been higher in each of the last three months: is this a trend indi​cating that we should increase production capacity? My stock has reached a new high: is it time to sell? Inflation has increased in four of the last six months: should the federal government tighten credit to control it?

We are looking for a signal that something has changed, and we are often looking for this signal among data points that always seem to jump around anyhow. Technically speaking, we are looking to attribute variation in the patterns observed to either of two types of sources. In the preceding examples we were looking to identify or confirm some sort of special cause-an incident or series of identifiable events that are outside of (or new to) the system. Alternatively, variation is the result of common causes-chronic small changes that are part of the system and occur randomly within predictable bounds.

A process that has only common causes affecting its outcome is called a stable process and is said to be in a state of statistical control. A process that is affected by both common and special causes is called an unstable process because its variation is unpredictable from one period to the nest (Nolan, 1990, 70).

Dr. W. Edward Deming explained that all variation is caused and that the causes can be classified. Common causes are inherent within the system and yield random variation within predictable bounds. Special causes are assignable to spe​cific reasons or events and result in sporadic variation that defies prediction (Tenner and DeToro, 1992, 119).

Making the right decision on controlling variation requires knowing its source, since appropriate actions differ according to the source-or type of variation. Common causes (stable process) can be eliminated only by addressing the under​lying system. On the other hand, special causes (unstable process) are removed by acting on their specific, identifiable source. Being able to distinguish between sta​ble and unstable processes is essential before beginning improvement activities: continually adjusting a stable process actually increases variation and makes the process worse.

But how do we know the source of the variation, so that m -e can take appro​priate action? The answer can be determined from control charts, a tool devel​oped by Walter Shewhart in the 1930s. The control chart (illustrated in Figure 13.8) is typically constructed by plotting data values (e.g., length, width, tem​perature, size, cost, or frequency of errors) on the vertical axis and time along the horizontal axis. In addition to a line connecting the data points, the con​trol chart includes three horizontal lines. One line represents the average value of the data points, and the other two are the upper (UCL) and lower (LCL) control limits. These three lines are based on a statistical analysis of the process's performance. Refer to Leitnaker, Sanders, and Hild's The Power of  Statistical Thinking (1996) for a complete explanation on how to construct control charts.

Displays five examples of chart patterns and possible meanings behind them. Of these five, only the first represents a stable process. Each of the remaining four examples exhibit variation attributable to an assignable special cause. Another pattern indicative of special causes is exhibited when data points exceed either control limit, as shown for the unstable process in Figure 13.8.

For unstable processes, corrective action begins by bringing the process into control by removing special causes of variation. This is usually accomplished through problem-solving techniques and root-cause analysis. Some quality programs popularized in the 1980s trained employees to find and remove special causes.

Even if all special causes are removed, the range of variation may still be unac​ceptable. For example, a corporation's expenditures may be in statistical control, with annual costs exhibiting random variation within a range of -15 percent. But what if management demands that costs remain within 10 percent of budget? Rather than recognizing that their processes may be incapable of meeting the goal, managers may burden the organization with endless reconciliation of even' item or incident exceeding their 1-0 percent limit. If managers are not aware that com​mon cause variation must be addressed, they may wait in vain for quality teams to generate improvements that never come. Rather, they must either redesign the process or revise their expectations (refer back to Chapter 8 for- an explanation of process capability, capability indices, and six-sigma analysis).

Variation Reduction

Cycle-time reduction in the order-fulfillment process, the team determined that order-approval and error-correction steps should be removed.

Team members next faced the task of error proofing the process to allow these steps to be removed. Recall that they found nearly one-half of the errors could be elimi​nated by ensuring that the sales representatives had working calculators to enter correct pricing data. But this is only the first stage of improvement. How do they go about eliminating the rest of the errors?
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Fig 2.14 Symptoms behind typical data patterns [20)
Fig 2.14 Displays the number of order-entry errors detected each week. The mean, UCL, and LCL are based on a statistical analysis of the error rate and are redrawn each time the process changes. This chart provides a clear picture of the trends of improvement efforts, and confirms the successful attack on pricing errors at the end of stage l.

Work continued, and in stage 2 the team found sporadic episodes of high error rates (special causes of variation). Perhaps they were attributed to a particular office, and training was instituted to correct the specific problems. In stage 3, the team mill again focus on attacking common causes within the system. As in stage l, the team will construct Pareto charts to find the most important types of errors and then look for root causes using a fishbone chart. Changes will be implemented, and work will continue until errors have been either eliminated or reduced to a low enough level to permit removal. of the approval and error-correction steps.

The improvement stages followed by the order-fulfillment improvement team in this example typify the natural sequence for reducing variation. The steps out​lined are offered as general guidance to any improvement team working to reduce variation.

Cost Reduction

When costs need to be reduced, most managers think it would be a simple task to run a cost analysis to determine where costs are incurred. Although their analysis might be simple, it wouldn't necessarily reveal the type of cost information needed. Don't be sur​prised if your organization lacks a complete understanding of where costs are incurred to produce your Current slate of products or services. The reason behind this informa​tion deficiency rests with typical accounting systems that were built to determine the costs of running a department or functional unit but not the cost of outputs produced by that unit. Questions naturally arise when reducing costs and improving margins:

· What is the real cost of our output? 

· What are our real margins?

· How can we provide this output for less cost? 

· Where are we incurring the most cost?

· Which processes or sub processes are contributing the most cost? 

· Where can we best trim expense?

When the order-fulfillment improvement team eliminates non-value-added activi​ties, minimizes business value-added activities, and streamlines real value-added activities, they will likely have already made significant progress in reducing costs. After all, the removal of non-value-added activities automatically reduces the need for labor, facilities, equipment, and other related expense items. Depending on pri​orities (refer back to Chapters 11 and 12), at some point in time it is appropriate to address costs directly.

To find where to focus cost-reduction efforts, consider using activity-based costing. Traditional accounting places costs in various expense categories and enables calculating the cost of products by dividing the total cost by the number of units produced. But how accurately are costs allocated among different types of outputs, and how well does the traditional method account for the cost of each step or subprocess? Activity-based costing overcomes these limitations by allocating costs to process steps.

Activity-based costing enables a team to analyze costs in the same way that it analyzed cycle time. This technique can be used to gain new insights into improve​ment opportunities by spotting high-cost activities and establishing yardsticks by which progress can be measured. Although details of activity-based costing are beyond the scope of this book, the approach can be illustrated through an example. Readers interested in more information should refer to Activity-Based Costing for Small and Medium Sized Businesses and an Implementation Guide by Douglas T. Hicks. John Wiley, New York, 1992.

The order fulfillment improvement team dissected their cost components and allocated an appropriate portion to each step in their process. Their cost compo​nents included such items as  

· Materials,

· Personnel (including salary plus benefits), 

· Equipment, and

· Facilities (including utilities).

The team then listed the cost for each process step on a worksheet like the one illus​trated. Although this rough-cut analysis did not provide extremely accurate costs, it was sufficient for its purpose. In this example, the highest-cost step (ship to customer) also consumes the most cycle time. The team's next stage of improvement activities will focus on this step.

Plan-Do-Study-Act

ideas for improvement must address the root causes of the problem, regardless of whether efforts are focused on reducing cycle time, variation, or costs. Develop new and different ways to design and operate the process to eliminate the root causes of its limitations. All of the activities in Steps 1, 2, and 3 were planning.

Step 4 is the time to do something. Design and conduct experiments to test the hypotheses of underlying root causes. Also, design experiments to test the ideas for eliminating these causes before implementing them as solutions.

Study the results of the tests and experiments. When tests fail to produce the desired results, determine the cause. Was the test invalid? Was the improvement idea ineffective? Were you mistaken about the root causes of the problem? Were measurements inaccurate or taken on the wrong parameters? Was the process completely identified? Were the customer's requirements misunderstood? Recycle back to the appropriate step on the process improvement road map before continuing.

Act to complete the cycle by implementing the proven improvements by advancing to Steps 5 and 6.

2.2.4.5
STEPS 5 AND 6: IMPLEMENT CHANGES, AND STANDARDIZE AND MONITOR

Actions required in Steps 5 and 6 are common to all improvement efforts -continuous improvement. benchmarking, and re-engineering and are covered in Key activities pertinent to continuous improvement include the following:

· Pilot the improved process. Test the new process in a scaled-down version or test critical facets to identify unanticipated problems. Make appropriate adjust​ments after evaluating results of the pilot test.

· Implement plans. Install the improved process, manage the changeover, and update documentation.

· Monitor results. Track performance, monitor cycle time, costs, and variation. Continue to measure customer satisfaction. 

· Reward participants. Reward and recognize successful team contributions. Identify next steps. Define where the next increment of improvement will be obtained, and repeat the improvement cycle to sustain your competitive edge.
2.2.5 Recommended processes improvement methodology

The following steps are recommended for improving production and service processes [1):

· Step one: Understand the current process and tile task boundaries  (process, customer, cross functional and supplier). Perform a through analysis of all production and service variables (people, equipment materials, etc).

· Step two: Create a realistic awareness or a vision of the improved process. Convince others that a breakthrough is needed, convince team involved that improvement in productivity and quality is possible and desirable. 

· Step three: Specify opportunity for a improvement by key process parameters and areas. Identify the in5n.ortant projects. Focus on the productivity and quality problems that are most important. 

· Step four: Specify the scope of the improvement effort by process at tile task level. Define responsibility and ownership far results.

· Step five: Organise for breakthrough :n knowledge and specify the mechanisms for obtaining required knowledge. Advice from experienced experts in productivity and quality improvement can lead to sources for obtaining the missing knowledge. 

· Step six: Pilot the prop proposed improvement in the process. Focus Oil the most important vital few projects

· Step seven: Conduct productivity and quality improvement analysis Collect and analyse data and facts that are required and recommend the specific process improvement action

· Step eight: Implement the recommended improvement techniques, tools arid methods. Institutionalise the ideas in the process

· Step nine: Evaluate and verify that proposed improvement occurred. Obtain feedback from both management and employees on that pro​posed improvement. 

· Step ten: Ensure that action plans are :n place to control resource utilisation. 

· Step eleven: Monitor results from the new mix of resources to ensure that expected outcomes are obtained. Determine the effect of proposed changes on people, process and organisation involved and develop strategies to overcome the resistance to change. 

Step twelve: Follow up periodically and repeat all steps for new opportunities. Implement adequate control to hold the new level of improvement in productivity and quality. 

Principle one: The approach to improving the process requires that manage​ment fakes a leadership role in creating the right awareness and prioritising resources to the various improvement projects.

Principle two: The theme that should be communicated to everyone ill tire organisation is continuous improvement is needed in the process. Principle three: The scope of the improvement effort should include all activities and tasks performed in file organisaiaon.

Principle four: The scale of the improvement activities should specify that everyone is responsible.

Principle five: The training provided should include, but not be limited to, problem-solving techniques, decision-making, techniques at tile source of production or service, statistical process control, productivity, and quality measurement, evaluation and improvement techniques, customer requirements management, planning tools, and project management. 

Principle six: The style should focus on prevention system for defects and process bottle-necks. Inspection and non-value -adding operations used for detecting defects should be discouraged. Principle seven: The awareness for everyone should focus on a vision of the improved process, excellent quality product and service.

Principle eight: The method(s) employed should be based on demonstrated results in providing adequate process yield and output.

Principle nine: The standard set should be that everyone does the job right file first at the source.​
Principle ten: The measures used for productivity and quality should include, but not be limited to, the following: partial, total factor and total productivities; percentage defective, customer satisfaction indexes, cost of quality, error rate indexes, process failure rate, and line control indexes.

Principle eleven: The rewards and recognition for improvement in productiv​ity and quality should be given to both management and employees. Reward continuous improvement in a timely manner.

Principle twelve: Teamwork approach, of all functional areas, and participat​ive management style should be encouraged. Focus on providing effective cultural support systems, consensus building, adequate mechanisms for recognising team performance.

2.2.6
Essentials of productivity and quality improvement at the source of production or service

Achieving excellent and acceptable levels of output with high quality at the source of production and service requires careful attention to the following details [1,2,3):

Adequate work climate and teamwork

Productivity and quality improvement at the source is possible if the work environment is conducive to innovation and individual creativity, is hazard-free, and has the essential tools and techniques to assist both management and employees to perform given set of tasks correctly the first time. Total teamwork between management and employees, union:; and other functional areas of the organisation is also essential. The teamwork approach should focus on eliminating the barriers that hinder improve​ment in productivity and quality. Everyone within the organisation must work towards a common goal- delivering the right product or service of the customer at minimum cost and excellent quality. Teamwork is usually highly achievable if there is a good working relationship between manage​ment, unions and employees. The relationship that exists between a manager and his employees is a key element in productivity and quality improvement. That relationship is the basis for positive or negative atti​tudes at work that have a direct bearing on output, quality and profitability, Both management and employees must work together and accept human behaviour as they are, and must seek better ways to enhance communica​tion and teamwork. The key is to identify the personnel issues and short​comings affecting performance and to do something about them. Contin​uous improvement effort should be applied to remove barriers and friction among individuals and work group. People should be trained to work together toward common goals and objectives while sharing ownership for the final output and results. Participative management style also encour​ages teamwork and innovation. An environment where employees and managers are able to participate in problem solving, decision making, pro​cess changes and planning improved performance provides fertile ground for improvement in productivity and quality.

The right training

Strong commitment and provision of the required tools, techniques and training can go a long way to improving productivity and quality at the source. The commitment to training should focus on items such as measure​ment tools, planning tools, evaluation tools, improvement tools, feedback mechanism, resource allocation, information systems, decision-making process, cultural support systems; performance balance and process control techniques. Training is essential because it prepares everyone to do his job well, by building the right knowledge that makes for logical, intelligent actions and decisions. If the right skills are provided for people, they attain efficient work habits and positive attitudes that promote co-operation and teamwork. Five approaches are recommended for training:
· Provide formal education. 

· Provide on-the-jab training through telling and directing process. 
· Train the trainers- usually this reduces training costs. 

· Explain the work processes through media such as video tapes. Provide group training and cross training on specific tasks.

The manager can play a key role in ensuring that the right training is provided for employees by allocating the right funds. An allocation scheme for training funds with specific recommended training programmes for management and employees is provided in respectively. The training suggested is based on the assumption that both management and workers have already attained a formal acceptable level of education in productivity and quality management. Employees and managers who would improve productivity and quality must be selected with extreme care and trained thoroughly in the right methods, techniques id attitude for doing the job right. The truculent, ignorant, untrainable, id psychologically disturbed should never be allowed to supervise the work of the other people, yet many organisations select supervisors by the most random methods, train them not at all and wonder why productivity id quality do not evolve. Bath management and employees Should have at last 50 hours of training every year on new methods, techniques and enhancement in managerial skills. In addition to the training suggested the following training is suggested for managers: fundamentals of directing, planning, staffing, and controlling the work of people and proje​cts; morale improvement techniques, salary and benefit administration; id how to handle grievances and facilitate teamwork.
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Table 2.6 : Productivity and Quality training program for Management & Employees
A balanced emphasis on people and product management

Often. the pressure to produce more to satisfy customer orders leads managers to focus on product management issues only. This style can lead to neglect of employee development, degradation in the morale of employees and breakdown in communication within the organisation. Productivity and quality improvement require focus on people and product requirements. The manager's role in the improvement process is to provide the right level of encouragement, training, guidance, support and help as required. Usually, if the employees are properly supported, they will produce the right product and satisfy the customer orders. On the other hand, employees also have very important roles to play in ensuring that there is the mutual trust and confidence required to deliver the final output successfully. Employees who demonstrate strong ability, willingness to work, commitment to excellence and the right drive to achieve are what organisations are looking for. Both management and employees must accept responsibility for results and actions. The degree to which management and employees can be effective in improving productivity and quality depends on how well both can work together.

Adequate focus on providing the fundamentals for achieving excellence in products and service offerings

Organisations or operation units that have in place the right fundamentals for product and service management are bound to be successful in improving productivity and quality at all levels and sectors of work processes. The fundamentals of productivity and quality excellence are the corner stones of process and programme enhancement that lead to breakthrough in productivity and quality achievements. The recom​mended fundamentals for management and employee focus are presented in Fig. 1.5. Again, teamwork is essential to successful implementation of the recommended productivity and quality fundamentals. The strategies for productivity and quality improvement should also include: continually applying new ideas, technologies and techniques to improve new and existing product; involving people effectively in productivity and quality improvement initiatives, and practising participative management style through effective training to provide an excellent working relationship between suppliers, process owners, and customers.

Adequate focus on enhancing supplier task boundary

Productivity and quality errors can be minimised if there is an adequate mechanism in place to enhance the input quality from the suppliers. The timing and quality level of inputs provided by a supplier can make a difference in the level of productivity and quality obtained at the source in the receiving organisations. Fig. 1.6 presents the key elements that should be managed continuously to enhance supplier task boundary require​ments.

Adequate focus on enhancing the relationship between process owner(s) and customer(s)

The services of both the internal and external customers are crucial to the success of any business unit. Productivity and quality service errors can best be understood if the following actions are in place to enhance customer input and partnership:

· On-line communication channel between process owner(s) and Customer(s).
· Periodic survey conducted to access the degree of customer satisfac​tion regarding products and services offered. 

· Customer participation in new products and services strategies.
· Feedback mechanism to customer(s) on improvements achieved in the production, delivery and consumption processes.
· Encouragement to suppliers to participate in productivity and quality programme implementation.
· Feedback from the customer on product
and service pricing policy.

The process owner's first priority should be to satisfy the requirements of the customer. Unrealistic expectations from the customer can usually be resolved through good communication channels and practice, and through appropriate feedback mechanisms in place to monitor product and service performances.

Additional areas for enhancing process owner and customer/ partnership that require focus are presented. Adequate customer partnership comes from management and employee willingness to take responsibility for results, to be accountable for all actions and to have the desire to provide assurance to satisfy the customer requirements. Several meetings between process owner(s) and customer(s) on product and services are recommended. Such meetings enhance overall business relationships, product development strategy and the expected quality of output.

Creation of awareness among management and employees that everyone has a customer

The notion that product or service quality is only important to the final customer outside the organisation should be discouraged. The right awareness to accept is that everyone within an organisation has both internal and external customers. Each individual customer of his or her own product or service is in turn the customer of people working in different tasks in various departments and operation units. Increasing productivity and reducing quality errors at the individual level of operation also ensures that excellent quality products and services are delivered to the ultimate customer.

Creation of the right awareness about the need for adequate measures and data

In order to control the production, service, delivery and consumption processes involved in producing products and services, adequate measures for both tangible and intangible elements are needed.

In the next section of this guide (Section two), tools for productivity and quality improvement are discussed. The essential element is that everyone within the organisation is trained on how to use the various measures for control, improvement, and planning. For measures to be meaningful and useful, there is the need to collect accurate data which truly represent the current state of the service process. Appropriate productivity and quality management data are also required to enable individuals to assess their own work, to control and correct errors at the source of production and service. Examples of the types of productivity and quality data used in a typical computer manufacturing environment. 
Adequate procedures and controls for managing organisation and cross-functional task boundaries

Productivity and quality management also requires on-going attention to the bottle-necks in the organisation and to cross- functional process boundaries. Fig. 1.8 presents the key elements that must be addressed. It is important for every business unit constantly to assess the ways in which business is conducted, and to make changes as required. The key is to identify the organisation's weaknesses and do something about them, while capitalising on the strengths.

Adequate focus on managing the total system requirements

Productivity and quality improvement at the source cannot be achieved through piecemeal ideas, actions and control. Excellent productivity and quality results are obtainable through focusing on managing the total requirements of each operational unit, supplier, customer, task, indiv​idual, department and the total organisation. Managing the total requirements involves the use of common sense and adequate technical and managerial skills to provide the right sense of direction for the business, supervising at the right level, with emphasis on approach training, counseling, coaching, training and performance feedback; providing the right level of positive reinforcement, motivation, recog​nition and encouragement, defining responsibilities adequately, and providing the authority, reward, punishment and accountability that go with each job. Management has a key role to play in managing the total requirements of the system. Appropriate management actions required in the many areas, including:

· The authorisation and use of resources. Providing the link for timely response to problems source of production or service.

· Ensuring that self-assessment is conducted at all levels.

· Creating the right awareness, training and education and leadership by example. 

· Closing open problems and resolving issues quickly. 

· Assigning the right ownership for responsibilities. 

· Accepting the risk and reward involved in making difficult production and service management decisions.

Management of improvement requires focusing on the right company objectives, long-range planning, progress reviews, functional strategies, policy, procedures, controls, measurement and evaluation, and recogni​tion for individual and group accomplishments. Appropriate supervisory actions that provide leadership by example, communicate concerns and the need for improvement to employees quickly, allow participation in decision-making and use organised programmes, can facilitate improve​ment in productivity and quality.

Total commitment from both management and employees to excellence through high quality and increased productivity provides a strong foundation. Individual abilities and drive to achieve excellence 'through quality of work are also strong attributes that are highly desirable.

2.2.7
Recommended Principles for Productivity and Quality Management [1)
Principle one: The approach to improving the process requires that manage​ment fakes a leadership role in creating the right awareness and prioritising resources to the various improvement projects.

Principle two: The theme that should be communicated to everyone will tire organisation is continuous improvement is needed in the process. Principle three: The scope of the improvement effort should include all activities and tasks performed in file organisation.

Principle four: The scale of the improvement activities should specify that everyone is responsible.

Principle five: The training provided should include, but not be limited to, problem-solving techniques, decision-making, techniques at tile source of production or service, statistical process control, productivity, and quality measurement, evaluation and improvement techniques, customer requirements management, planning tools, and project management. 

Principle six: The style should focus on prevention system for defects and process bottle-necks. Inspection and non-value -adding operations used for detecting defects should be discouraged. Principle seven: The awareness for everyone should focus on a vision of the improved process, excellent quality product and service.

Principle eight: The method(s) employed should be based on demonstrated results in providing adequate process yield and output.

Principle nine: The standard set should be that everyone does the job right file first at the source.​
Principle ten: The measures used for productivity and quality should include, but not be limited to, the following: partial, total factor and total productivities; percentage defective, customer satisfaction indexes, cost of quality, error rate indexes, process failure rate, and line control indexes.

Principle eleven: The rewards and recognition for improvement in productiv​ity and quality should be given to both management and employees. Reward continuous improvement in a timely manner.

Principle twelve: Teamwork approach, of all functional areas, and participat​ive management style should be encouraged. Focus on providing effective cultural support systems, consensus building, adequate mechanisms for recognising team performance.

2.2.8 General approaches to productivity and quality 
Improvement [1)
Each organisation or enterprise unit has its ass>n unique productivity and quality problems. The choice of which approach is likely to be successful depends on the type of problem to be resolved and the prevailing cir​cumstances within the organisation under analysis. The approaches described in the following sections are recommended.

Work simplification and operations improvement

On-going analysis, review and study of the method of doing work within an operational unit must be performed, with the view of making the process simpler, the job easier, more nearly perfect, the workers smarter and more productive. These factors can be termed work simplifications:

· Work simplification is the systematic investigation and analysis of con​templated and present work systems and methods for the purpose of developing easier, quicker, less fatiguing, and more economical ways of providing high-quality goods and services. Consideration is given to improving the product or service, raw materials and supplies, the se​quence of operations, tools, the work-place and equipment, and hand and body motions. It is a systematic approach of defining and analysing alternatives, and documenting work methods. Some of the techniques used for work measurement an job simplification are: 

· Process charts and flaw diagrams

· Operation charts.

· Micromotion study.

· Principles of motion economy. 

· Job simplification.

· Time standards. 

· Value analysis. 

· Operation research techniques. 

· Human factors.

· Standard data (MTM). 

· Rating schemes

· Stopwatch method. 

· Work sampling.

Operations improvement focuses on improving the technical efficiency and effectiveness of specific units. Techniques such as work measurement and procedure design are used to identify potential areas for cost reduction. Work measurement is a means of determining an equitable relationship between the quantity of the work performed and the number of labour hours required for completing that quantity of work. The establishment of measurement is for the purpose of planning, scheduling, and controlling work. Organisations should tailor their staff functions to have work measurement techniques that will help to achieve the following object​ives:

· Acquaint stiff personnel in charge with more formal methods of productivity management and labour performance.

· The standard developed by work measurement should. include standard allowances for rest, delays that occur as part of the job, time for personal needs, and, where the work is heavy, an allowance for personal fatigue.

· Each emplovee should he involved. Each one should be shown the part to play if formal methods are to be used successfully. 

· All participants should be given the confidence that the formal methods do work and should be used.

lf carefully implemented, a work measurement programme will help an organisation to achieve the following:

· A tool for decision-making.

· Data provided for scheduling day-to-day operations.

· A basis for labour cost control.

Incentive systems

The approach attempts to focus on methods and techniques for motivating individuals and work groups at different organisational levels. Items such as management style, interpersonal relations, employee relations, dismissal procedures, unemployment insurance, job safety, grievance procedures and dismissal procedures are reviewed periodically and enhancements are made to the programme in order to improve employee or work group pro​ductivity. The three most commonly used motivation approaches are the traditional economic incentive approach, the human relations approach and the self-drive approach. Each of these focuses on rewards, satisfying needs, motivating people, assessing impact of chosen strategy and tailoring managerial incentives to achieve results.

Organisation restructuring

This approach focuses on finding better patterns for arranging and structur​ing organisational activities to reduce waste, cut losses of production and services, and improve overall effectiveness. Emphasis is usually placed on providing the appropriate span of control for operational units, contracting of activities and services, vendor selection programmes, intervention and plan work consolidation and workload elimination.

Technological innovation

This approach concentrates on improving productivity and quality through breakthrough in technological innovation. The usefulness of existing and emerging technologies are continually analysed and improved. The improvement process focuses on both the hardware and software aspects of technology and their capabilities to make work easier and more productive.

Goal clarification

This approach focuses on identifying specific goals and objectives that will improve productivity, implementing these objectives, tracking perform​ance and overtime, and providing on-going assessment of the strengths and weaknesses of an organisation. Questionnaires and opinion surveys are often used as assessment tools. Techniques such as management by objectives and goal structuring are used during the planning process.

Helping the working employee

This approach focuses on identifying specific people- or product-oriented problems that affect employee performance. Specific techniques such as financial incentives, fringe benefits, job enlargement, job enrichment, job training, job rotation, punishment, quality circles, improvement of work​ing conditions, learning curve, management by objectives, employee pro​motions and participative management are used to address issues affecting performance of employees.

lmproving the task at the operational unit level

This approach focuses on thorough analysis of each task and elements at the operational unit level. The purpose of the task analysis is to eliminate bar​riers and bottlenecks that affect-productivity and quality. Techniques such as methods analysis, job redesign, work measurement, job evaluation, job safety improvement, human factors engineering, data processing improve​ment, workload balancing, task prioritisation and task analysis and improvement are used.

This approach attempts to maximise the effective and efficient utilisation o: material. Resource techniques such as parts evaluation, material recycling, inventory control, material requirements planning are used.

Improving the product and service offerings

This approach focuses on providing the most competitive product 0​service that could be offered to the consumers at the lowest Possible Techniques such as value engineering, product diversification, service ​complexity evaluation, product coding techniques and service quality improvement tools are used.

Improving technology at the operational unit level

This approach focuses on selecting, justifying and implementing appropriate technologies that improve productivity and quality at the task level. Technologies such as robotics, computer graphics, computer-aided manufacturing, laser systems, insertion equipments, energy conservation technology and maintenance technologies are used to improve prod activity ​and quality. 

2.3
Cost of Quality and Productivity Improvement [1,4)
Ideally one would like to obtain excellent product and service quality, and productivity improvement, at no cost. It costs money to build quality into production and service processes; and to obtain productivity improvement at the source of production and service. My own experience, combined with data from many manufacturing and service industries shows the distri​bution of quality costs to be as presented. Quality costs and productivity improvement costs can be defined as-follows.

2.3.1

Prevention Costs

Prevention costs are costs associated with designing, implementing and maintaining a quality system capable of anticipating and preventing quality problems before they generate avoidable casts. All costs related to efforts in design and manufacturing that are directed toward the prevention of non-conformance are in this category. Such costs, typically, include the costs of training, new products review, burn-in, problem solving and con​sulting, quality planning, quality control system, and user, supplier and customer testing of quality control system.

2.3.2

Appraisal Costs

Appraisal costs are costs incurred to detect errors. These costs are associated with measuring, evaluating, or auditing products, processes, components, and purchased materials to assure conformance to quality standards and performance specifications. Such costs include the costs of inspection and testing of incoming parts or materials, equipment maintenance for accuracy and reliability, costs of verification of process performance and materials and services consumed in destructive test cycles.

2.3.3
Internal Failure Costs

Internal failure costs are associated with defective products, components, and materials that fail to meet quality requirements, where this failure is discovered prior to delivery of the product to the customer. Internal failure costs can also be defined as costs incurred in correcting the errors at the appraisal process before delivery of the product to the ultimate customer. Such costs typically include costs of failure analysis, rework and repairs: cast of wasted tools and equipment, yield losses, re-testing of products after rework, off-specing, and scrap control.

2.3.4

External Failure Costs

External failure costs are costs incurred in correcting errors after delivery of the product to the customer. These costs are generated by defective pro​ducts or services offered to the customer. the products or services, gen​erally, fail to satisfy the customer requirements and do not conform to requirements. Such costs include warranty charges, liability costs, penal​ties, interest payment due to late deliveries of products and services, error investigation charges, transportation to and from customer site, and indirect costs.

2.3.5
Productivity Improvement Costs

Productivity improvement costs are costs incurred for evaluating existing production and service processes for improvement, and designing and im​plementing new ideas and methods to correct problems at the source of production and service. Such costs include current process layout evalu​ation, process redesign, elimination of process bottle-necks,. direct and indirect costs of implementing new improvement projects and improve​ment tools.

2.4
Minimising the cost of quality and productivity improvement.
Minimising the cost of quality and productivity improvement. The following steps are recommended for reducing and minimising the cost of quality and productivity improvement:

· Step one: Start with a specific operation unit or task and identify a specific quality problem or productivity improvement need.

· Step two: Understand each element involved in each operation unit and develop the distribution of quality costs, process bottle-necks and bar​riers.

· Step three: Identify the input and output of the operation unit includ​ing the transformation process. Emphasis should be placed on the following: labour, materials, capital, energy, administrative inputs, finished units, partial units, work-in-process, data -3n-employee perfor​mance, department activity lists, customer, supplier and process owners activity lists.

· Step four: Identify the effort spent on all activities, tasks, and, improvement projects, and develop the cost of quality and productivity improvement. A typical monthly of quality and productivity im​provement for a medium-sized shoe manufacturer is presented in Fig. 4.8.

· Step five: Determine the sources of errors and error types and pin-point specific reasons for errors by tasks and for each operational unit. 

· Step six: Develop solutions to eliminate errors, process bottle-necks and barriers. The solutions should address both internal and external generated errors. 

Step seven: Implement suggested solutions, monitor results and periodically perform activities in all the steps above.

2.5
Problem Solving Tools and Techniques [24-47)
2.5.1
Problem Solving Cycle 

Systemically solving problems encompasses phased and cyclic process consisting of nine steps (see Fig 2.15). The first two steps in the problem solving cycle relate to problem solving. 
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Fig 2.15: Problem solving cycle [24)
First of all, it is necessary to appoint an improvement team, and to define the problem as a team. A precise definition of the problem is essential to find the exact cause for which an effective solution can be generated. For a clear problem description, the team needs to know which problems should be solved, where the problems occur, and which aspects play a role here. It should try to get as much information as possible about the problem, and consult several information sources regarding the subject such as customer survey results, customer complaints, data regarding process performance, and discussions with internal customers. Then it should analyse all the information gathered, define the problem areas, and the problem as concretely as possible, and formulate the desired objectives. These should then be discussed with the problem owner so that one has an accurate problem description. In this instance, it is advisable to use techniques such as the affinity diagram, benchmarking, the fishbone diagram, t112 seven W and is/is-not questions, and the why-why diagram. All these techniques will be discussed in the next section.

An inaccurately formulated definition of a problem may lead to ineffective solutions. An accurate problem definition, however, identifies problem characteristics, determines its consequences, focuses on the difference between the current situation and the desirable situation consists of a global measurement of the problem (how frequently it occurs, how many such problems there are, when it happens, etc.) For an accurate definition of a problem, it is also important to know how the process is presently being executed. Therefore, it is necessary to map the process in flow charts, where by all stages from input to output are illustrated.

After defining the problem it is important to make an inventory of its possible root causes, test them, and determine the correct cause. This process involves charting the many possible causes of the problem and selecting the most logical root cause. It is important to ensure that there is a systematic gathering of data at all key points in the process. Then, the most logical causes should be selected for further analyses. This involves the gathering and analysis of data through illustrative techniques such as the fishbone diagram, graphs, Pareto-diagrams and histograms to spot ongoing trends, and the use of scatter diagrams to identify relationships (see the next section).

Generating solutions for the problem, determining which solution eliminates the cause, and implementing the solution are the next steps in the problem solving cycle (see Fig. 4.1). The team should then brainstorm, using the data from the previous steps, and generate an extensive list of possible solutions. It should then evaluate these solutions and choose the one with the highest chances of success or one which is most suited to solve the problem. It is important to carefully plan the proposed solution, consider the consequences, and then implement the solution. For this it is imperative to communicate with all stakeholders about the proposed solution, clarify all plans, design procedures, identify  potential barriers for implementation, consider all the necessary resources (material, equipment, facilities, people), and identify training requirements.

Verifying if the problem has disappeared is the final step in the problem solving cycle. Measurements are done to see whether the implemented solution has completely solved the problem or whether the problem has only been reduced or partially solved. An assessment is also made to determine whether the requirements of the customers are met. In case the requirements of the customers are still not being met, It is possible that the solution was incorrect, the problem was incorrectly defined and/or the wrong cause was treated. Several techniques and methods can be used to measure the effectiveness of the implemented solution (see the next section). The process should be standardized When the solution has solved or reduced the problem. This encompasses the unambiguous establishment or documentation of process executions in standard procedures, and ensuring that all concerned employees in the organization understand these and use them consistently. This standardization would not only help incorporate the new process into the daily• routine, but also prevent the organization from returning to old habits.

2.5.2
TOOLS AND TECHNIQUES

in order to execute the problem solving process successfully, it is necessary to apply certain improvement tools and techniques. A large number of appropriate tools and techniques are available for this purpose. The most important among these are:

1. 
Brainstorming 

2. 
Affinity diagram 

3.
Benchmarking

4. 
Fishbone diagram (cause and effect diagram) 

5. 
Check sheet

6. 
Flow chart 

7. 
Line graph 

8. 
Pun chart 

9. 
Histogram 

10. Pareto diagram

11. Failure -node and effect 

l2. Scatter diagram

13. Control chart

14. Quality function deployment 

15. Tree diagram

16. Force field analysis

17. Seven W and is/is-not questions 

18. Why-Why diagram

These tools and techniques are essential for the unambiguous establishment of quality improvements. They are described according in the following parts: What is it?  How do you rise it? And an example is prescribed.

2.5.2.1
Brainstorming

What is it?

Brainstorming encompasses the systematic and structured generation of possible ideas, on the basis of the creative thinking of a group of people.

The four game rules of brainstorming are:

1.
Criticism is prohibited

The participants of a brainstorming session should try not to think of usefulness, importance, feasibility and relevance, and may certainly not comment on these. Therefore, the review of ideas has to be postponed. This rule must not only lead to many but also to unexpected associations. This ru7c should a7so be strictly upheld to prevent team members from feeling attacked.

2. 
Generate ideas freely 

This is necessary to enable the team member; to express each idea. Each idea that surfaces has to be shared without fear for criticism. Therefore, ma brainstorming session, a sphere has to be created that gives team members a feeling of security and freedom.

3.
Build upon the ideas of others 

The team members have to generate ideas by building (in the ideas of others. One should look for combinations and improvements of ideas.

4.
Try to generate as many ideas as possible. 

In this case, quantity is more important than quality. The more ideas generated, the greater is the chance of good solutions. The idea behind this is that quantity leads to quality.

When do you use it?

This technique can be used in all phases of the problem solving discipline to obtain a good idea of the problems, causes, results, and solutions. The goal of brainstorming is to generate as 1-non" ideas as it takes to solve a problem, 

How do you use it?

The various steps in brainstorming process are delineated below. Preparation

1. 
Formulate the problem accurately. Complex problems should he divided into sub-problems if needed.

2. 
Form a group of five to eight members, who should be experts from various disciplines with the same status.

3. 
Select a team leader who coaches, steers, helps and guides.

4.
A little before the session, send a note to the team members with a formulation of the problem and some background information.

The formulation of the problem, like its delimitation has to be clear to everyone. Defining the problem often takes longer than the brainstorming session itself and should end in a formulation of the problem in the form of a question, such as: How can be improve file efficiency of the purchase progress? or How can we shorten the throughout time of the production process2
Execution o1 the Brainstorming Process

1. 
Formulate the problem. Write the formulation of the problem and the four game rules on a blackboard or flip​over in such a way that it is visible for everyone. Bring the problem up for discussion once again.

2. 
Generate ideas and write them down. Ask the team members to generate as man.; ideas as possible and let them raise their hands if they want to share an idea. If necessary, allow, them to share their ideas by turn. Every member should be given the same opportunity to share ideas in the group, in as concrete and concise a manner as possible. These ideas have to be written down immediately cm a flip chart or blackboard, in clear sight of all team members. The facilitator should make sure that every member gets a chance to speak. No one should be allowed to criticize, discuss or judge ideas, or to dominate the proceedings. While the ideas are being written down, they should not be amended. Respect for each other's ideas is necessary. Privacy should be guaranteed in such a way that every member openly shares his/her ideas. Stimulate building on the ideas of others. Therefore, give preference to members who have an idea that builds upon an already mentioned idea. Continue this process until everyone has "passed'. Often, this process lasts up to forty-five minutes.

3. 
Cluster several similar ideas.

4. 
Establish selection criteria, e.g. feasibility, costs and relevance.

5. 
Appoint a group for each cluster of ideas to evaluate tile ideas after ending the brainstorming session. Let the groups organize separate follow-up meetings to eliminate unusable ideas themselves on the basis of the selection criteria.

6.
Let separate teams work out the selected ideas and report them to the management.

2.5.2.2
Affinity Diagram

What is it?

An affinity diagram is a tool to group a large amount of similar or related ideas generated by brainstorming.

When do you use it?

An affinity diagram is used to group a large amount of ideas based on existing relationships between tlusc ideas, cm one hand, and to stimulate creativity and teamwork during the brainstorming process, on the other. It is used when there is a need to identify the major themes from a large number nY ideas, and wheo chaos exists.

How do you use it?

Following are the steps for drafting an affinity diagram.

1.
Assemble the right team including four to sis open ​minded team members with varied qualities​

2. 
Formulate the problem clearly. It should be neutral and well understood. Write down the problem formulation on a blackboard or flip chart in such a way, that it is visible to everyone.

3. 
Generate and record ideas. Allow everyone to formulate their ideas in random order (clearly and concrete in four to seven words, consisting of at least a noun and a verb), and record each idea on a note card (post-it note). Follow the guidelines for brainstorming.

4. 
Lay out the completed note cards in random order on the blackboard, wall, table, or flip chart.

5. 
Sort the note cards into related groupings. When all the note cards have been placed on the board, all team members should come in front to group or categorize the note card_, around certain themes without discussion or comments (in silence). Group the note cards by assumed associations and limit these to ten. If you disagree the note cards. Don't agonize over sorting.

6. 
Place a header above each grouping. Keep the total number of headers between four and eight.

2.5.2.3
Benchmarking

What is it?

Benchmarking is the systematic and continuous process of determining what the best performances and underlying skills of leading organizations leaders in their pursuit for excellence, and based on this, of stimulating the organization's own strife for excellent performances at all organizational levels (Camp, 1492;. It strategy to stimulate changes and optimize performances.
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Fig 2.16: Benchmark Process
When do you use it?

Benchmarking is mostly used to compare processes and performances against those of recognized leaders. On the basis of this, the performance gap between the organization and the best competitor is evaluated. Organizational processes that are usually used for benchmarking are: marketing, sales, purchasing, technology development, product development and logistics. Depending on the chosen subject, several types of bench7naricing can be identified including internal, competitive, process, and strategic benchmarking.

Internal benchmarking: 
Internal benchmarking involves a comparison of internal units (activities and processes) within the own company. This is usually interest to large organizations wherein it is determined how far other departments and divisions execute similar activities within their own department more efficiently and effectively.

Competitive benchmarking:  During competitive benchmarking, a comparison is made with direct competitors. The operations processes of these  competitors are measured and com​pared with the organisation’s own situation. On the basis of what is done by the competitor and what is lacking within the organi​zation, the own processes can be adjusted to improve efficiency, and thereby produce a better and cheaper product For example, a software producer who wants to improve his competitive posi​tion can try to figure out what Microsoft has done to become the market leader.

Process Benchmarking:
Process benchmarking involves a search for the best process, regardless of whether it is used by a competitor or not, and the industrial branch in it is applicable. In this way, lot example, the logistical activities of a chemical company can be compared with an electronics company employing an excellent logistical process, for instance.

Strategic Benchmarking:
Benchmarking Strategic Benchmarking is used by a company to obtain sweeping break through in the areas of productivity and distinctive capacity in order to strengthen its competitive position. This implies big leaps, which are hard for the company to realize on its own. This type of benchmarking can support the strategic planning process by determining the relative competitive position of all business activities and accordingly, suggest the best course to follow. This form of benchmarking can be done in several ways, such as by:

· Comparing your earn strategy and financial performance against those of the competitors; and

· Using the strengths and weaknesses of the competitor to determine the areas in which w our organization can outdo these competitors, and the improvements that are best contributed to Your own core competencies.

How do you use it?

The various steps for executing the benchmark process (Fig 2.16) are :

1. 
Determine what should be benchmarked. During this stage, one should determine which functions, tasks, processes or activities within one's own organization will be subjected to benchmarking. On the basis of the critical success factors (factors that are of decisive importance to the organization), one or more proccss(es) will be selected for benchmarking. Chapter 5 shows how this can how done. Appoint a team that will map these processes in detail: identify process stag ;, and determine the process flow, the procedure for each process stage, relevant performance indicators, the input and outputs of the process, and customer requirements. During this stage, the project goals are also formulated, the data to be collected is determined, and a tentative list of questions is prepared.

2. 
Identify the benchmark partners or those, against whom benchmarking should Lie done. The important criteria for the selection of benchmark partners are that the partners should be outstanding (best in class) as far as the benchmark subject is concerned, the activities should be competitive, and reliable-information should Lie available about the partners. Identifying benchmark partners necessitates the consultation of several information sources such as databases, professional magazines, newspapers, bank reports, annual reports of competitors, seminars, consultancy bureaus, universities, etc. In addition, interviews with customers, suppliers, employees, and bankers can make a valuable contribution.

3. 
Gather data. Data about the process performances of partners are gathered on the basis of interviews, surveys and consultation of contacts and technical magazines. The processes and underlaying working methods of partners are examined thoroughly; performance indicators are measured, and qualitative and quantitative data are gathered.

4.
Analyse the data.

5.
Determine the gap between the performance level of the organization and that of its benchmark partner. After the data is gathered, measured, and analysed, it is compared to the data of the own organization. On the basis of this analysis, the current performance gap between the own organization and that of the benchmark partner is determined. The differences between the underlying working methods of the two and the causes of the differences in performance are also documented. The main question is: Why are the efficiency and effectiveness of the own process lagging behind that (if the best in class?

6.
Formulate functional goals. On the basis of the results of the benchmark study, new functional goals are formulated to close the performance gap. The benchmark results should also be integrated into the company's policy to facilitate the implementation of the improvement possibilities.

7. 
Develop action plans. The goal, should now be transformed into concrete action plans. These plans should provide answers to the following questions: When should, which action, with which goal be implemented? How can changes be successfully implemented? Who does what? In which way? Who is responsible for the implementation of the different actions?

8.
Implement specific actions and monitor the progress. This step relates to the execution of improvement actions and introduction of changes. The implementation of the plan should be checked constantly and continuously successful execution, and It Should be verified whether the actions are executed as Planned, whether the process ​is in fact changing (with which results), and if benchmark goals are being met.  Possible adjustments are then made on the basis of this morning. 

2.5.2.4
Fishbone Diagram

What is it?

A fishbone diagram, or cause and effect diagram (also called Ishikawa diagram) is graphic representation of the relationship between a given effect and its potential causes (lshikawa, 1985). The potential cause  are divided into categories and sub-categories, so that the display resembles the skeleton of a fish. 

How you do use it?

Following are the steps for drafting a fishbone diagram (Rampersad, 2001B). 

1.
Define the effect clearly and concisely. Place a short description of this in a box and a long line to the left from this box.   

2.
Determine the most important categories of cause during brainstorming sessions. The possible categories of causes are: 

· equipments 


· Working methods

· environment 

· organization

· materials - raw materials, semi-manufactured articles, energy, data, and information

· people-knowledge, skills, attitude, style and behaviour 

· means, facilities 

· management – knowledge, skills, attitude, style behaviour 

· information 

· measurements 

3.
Place these categories with some distance between them along the main line.  

4. 
Draw skew lines from these categories to the main line. 

5. 
During brainstorming, look for a coup]e (if possible causes and place these on the diagram by the corresponding category; doing this for the subsequent levels also, results in branching. A good rule of thumb is to repeat the question "why' five times.

6.
Judge and analyse the possible Causes.

7.
Select a small number (3-5) of highest level causes that are likely to have the greatest influence on the effect.

8.
Look for possible solutions to these causes. 

9. 
Introduce the changes.

2.5.2.5
Check Sheet 

What is it? 

A check sheet is a form used for systematic data gathering and registering to get a clear view of the facts. It is used to keep track of how often an incident occurs. A check sheet offers the possibility of registering similar data in the same way.

When do you use it? 

A check sheet is used to indicate the frequency of a certain occurrence. 

How you do use it?

Following are the steps fro drafting a data sheet (Rampersad, 2001B). 

1. Formulate the objectives for collecting data. 

2. Decide which data is necessary .

3. Determine will analyse the data and how will be done. 

4. Develop a list wherein everyone participating in the study can record the collected data. 

5. Start counting by traveling in the list and represent the number 1.2/,3.4 and 5, respectively. 

6. indicate on the list the total number of facts, that were noticed. 

2.5.2.6
Flow cart 

What is it?

When do you use it?

A flow chart is used to document and analyse the connection and sequence of events in a process. It is used to create an integrated understanding of the activities that are performed and the relationship between the different process steps.

The steps for drafting a flow chart are: 

1. decide which process should be mapped 

2. Clearly define the borders if this process 

3. Define the start and end of the process. 

4. Define the steps in the process (sub-activities) and determine the sequence of the activities, the decisions to be made, and the inputs and outputs of the activities. 

5. Map the process using standard symbols and make sure that this indicates the sequence of the activities by using arrows and eventual feedback loops. 

6. Compare the flow chart with the actual process. 

7. Date the flow chart for future reference and use.  

2.5.2.6
Line Graph

What is it?

A tine graph is a  graphic representation of the relationship between two variables. It is a communication tool, which represents data in simple graphical form that is quickly and easily understood. 

When do you use it?

A line graph is used to visualize the relationship between two variables and to study fluctuations in time. Line graphs are particularly uses to identify trend in a certain process.

How do you use it?

Following are the steps for drawing a graph: 

1. Draw a vertical (Y) and a horizontal (X) axis and label both axes – usually, the time sequence indicated on the horizontal axis (year, week, hour, etc.)  

2. Choose a scale so that most of the available space is filled by the graph – both axes usually start at Zero. 

3. Plot the different points in the graph and draw straight lines in the correct sequence between the points. 

2.5.2.8
Run Chart

What is it?

A run chart encompasses a kind of time series graph it monitor a process.

When do you use is?
A run chart is used to identify trends and significant changes in a process.

How do you use it?

Following are the steps for drawing a run chart. 

1. Collect the necessary data.

2. Draw a vertical (Y) and a horizontal (X) axis; usually the points of time are marked out on the X-axis. 

3. Plot the data in the graph and draw a straight line between these points. 

4. Check for developments, trends and changes. A trend is a series of points, which display an upward or downward slope. 

The run chart displays an interesting pattern, which is not immediately noticeable from t he table. There are peaks in February (Valentine’s Day), April (Easter) and December (Christmas). The least are sold in January because people are conscious about expenses after the holidays and in August, when many are on vacation. 

2.5.2.9
Histogram

What is it?

A histogram is a bar diagram, which indicates how data is divided in a group of values. Such a display is also known as a Frequency distribution”. The data are displayed as a series of rectangle of equal width and varying heights offer an insight into process behaviour. 

When do you use it?

A histogram is used to clearly show where the most frequently occurring values are located and how t he data is distributed. It is also a tool for determining the maximum process results. On the basis of  the visual information about process behaviour, priorities can be set about the improvement efforts. 

How do you use it?

1. After the necessary measurements are taken, count how many data values you have gathered. 

2. Determine the range of the data by subtracting the lowest values from the highest. 

3. Divide the data values in groups or classes and count the number of values in each class. Fellow the guidelines that are shown. 

Thus, if you have gathered 110 data values, you can distribute those over a minimum of 7 and a maximum of 7 and a maximum of 12 classes. 

4. Then determine the width of the classes by: 

· dividing the range by the minimal number of classes.

· dividing the range by the maximal number of classes

· choosing a class width that is somewhere between the two results. 

2.5.2.10
Pareto diagram

What is it?

A Pareto diagram is a graphical tool used to gain insight into the most important causes of a problem. It is a bar chart in which the data are arranged in descending order of their importance; the diagram displays the relative contribution of each item to the total effect in decreasing order. On the basis of this, the most important problems Can be realized with the least effort. The diagram is based on the Pareto principle, which states that just a few of the defects account for most of the effects. This patter is called the 80 20 rule and is applicable to all sorts of situation, thus, it is likely that only 20% of your equipment problems account for 80% at the downtime. The issue is here that of the many problems, only a limited number have to be considered and should be solved immediately. 

How do you use it?

The steps for drafting a 1'ureto diagram (Rampersad, 2001B)

1. Formulate the problem. 

2. Select the time period during which an inventory of its causes should be made. 

3. Design a check sheet for registering the gathered data. 

4. Make an inventory oft eh causes. Count the number of times each cause occurs and write it down on the check sheet. 

5. Calculator the total. 

6. Rank the causes in decreasing order. If necessary, the category “others” can be used here. 

7. Draw a bar chart with two vertical axes. Along the left vertical axis, mark the measured values .or each cause. starting from tern till the total number of
causes The right vertical axis should have the same height and should go from 0 to 100per cent. This axis displays the cumulative percentage. List of different kinds of causes along the horizontal axis, from left to right in decreasing order of frequency or costs. 

8. Draw a bar above each item whose height represents the number for that cause.

9. Construct the cumulative frequency line. First draw the cumulative bears by adding the number of each cause from left to right. Then draw a cumulative curved line from zero till the 100% level on the right vertical axis, by connecting the top right hand corner of the bars with each other.  

10. Draw a horizontal line from 80 percent (on the right vertical axis} to file left till the point of intersection with the cumulative line, and then draw a vertical line from this intersection downwards till the horizontal axis. Left from this intersection point, 20 percent of the causes are located (the most essential bottlenecks) causing 80 percent of the damages. These are the causes which require immediate attention. 

2.5.2.11
Failure Mode and Effect Analysis

What is it?

Failure Mode and Effect Analysis (FMEA) is a preventive approach for systematically mapping the causes, effects and possible actions regarding the observed bottlenecks (Rampersad, 2003). This method is usually used to analyse products and processes. The emphasis here is on the anal sis of processes, whereby answers to the following questions are sought in advance for each process step: How can the process execution fail? What are the possible causes of this? What happens if the process execution fails? How can we prevent this? How important is this prevention? Who is responsible for the implementation of the solution? when will this be executed?

When do you use it?

FMEA is used for systematically identifying failures in critical business processes and then eliminating them. This results in a list of critical points with instructions On what should be done to minimize the chance of process failure.

How do you use It?

FMEA is executed as a team. The chairperson is responsible for forming the team, gathering relevant information, organizing and planning the analysis session(s), leading the discussions, documenting the results, and providing feedback regarding the continuation of the actions. In order to identify as many potential bottlenecks as possible, the team should have a broad, multi​disciplinary composition, comprising team members with extensive subject matter experience. A session should take no more than two hours, depending on the problem formulation, knowledge, and experience of the team members, and on the preparation of the session.
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Fig: 2.17 FMEA Process [24)
The steps for executing the FMEA process are displayed in Fig 2.17.

1. 
Form a multi-disciplinary expert team of five to eight participants and call a brief kick-off meeting. Make relevant information available to team members in advance, so that it can be studied by the team members before the meeting. At the meeting, explain the objective of the session, the approach, and the role of the team members. Select the most critical process; in other words, define the problem area. 

2. 
Map the process and make an inventory of all relevant process steps (sub-processes).

3. 
Determine the possible fail Lire modes for each process step. Anticipate possible failures in the process in relation to the rest of the process steps.

4. 
Indicate the cause of each failure mode and the effects of the failure modes on the controllability of the process.

5. 
Judge the risks; quantify the weak points in the process by estimating the probability or occurrence (P) and the severity of failure (S) for each failure mode (see Table -1.6. The multiplication of these two factors is the risk factor (R). The chance of discovering the error on time is expressed in the factor (S). The more difficult it is to discover the error in advance, the higher will this factor be.

6. 
Determine for each failure mode the actions required to improve the weak point; in the process. The failures with the highest R factors have the highest priority• (for instance R-values >20). Appoint a responsible problem solver to resolve the highest risk case. 

7. 
Report and review the results. Give feedback to the team members about the status of executed actions.

Washington Airport received a high priority. During the past three Years, several safety incidents, such as an attempted hijacking, fights between aggressive passengers and cabin personnel, confiscated weapons, and others, had been recorded onboard GA flights departing from this airport. These were also accompanied by long delays. Consequently, Iast year GA decided to place their own scanner and a metal detector at gate B-4 (w-here most of its flights originate) and to perform additional controls in order to prevent damage to is safe and reliable image. One of the GA security teams at the airport executed an FMEA of this process. For this purpose, a team of six GA volunteers was assembled under the leadership of John Johnson. The other team members were Rita Reeves, Rodney Harisson, Warren Jackson, Robert Dean, and Dany Job, who were selected on the basis of their knowledge and expertise in this problem area as well as their social and communicative skills. In this improvement team, Rita and Rodney played a facilitating role in the fields of human resources management and maintenance, respectively. The ether group members belong to the security team. John was in charge of preparing the sessions.

Three sessions were organized, each lasting one and a half hours. During the first session, the team formulated the following team mission: The mission (if our rich analysis team is the systematic identification and eliminate of safety problems in order to secure the safety of our airline company. The team members also defined the sub-processes related to the primary process, "Supervision of Gate B-1 at Washington Airport". The process was displayed with flow charts, whereby the following process steps were identified.

1.
Passenger places hand luggage on the scanner conveyor belt.  

2
Hand luggage is scanned.

3. 
At the signaling or detecting of a suspicious item, search hand luggage and take measures, if warranted.

4. 
Passenger passes through the metal detector gate.

5. 
If metal detector alarm sounds, search passenger and take measures, if warranted.

6. 
Passenger removes hand luggage from the conveyor belt and boards the airplane.

The other process steps, such as passport check, handing over airline ticket, receiving torn ticket stub, and taking a seat in the airplane, are left out here for the sake of brevity. The executed risk analysis resulted in several recommendations for flight safety improvement of GA at Washington .Airport, which were put into operation within six months. The results of the analyses from the fist session. The teamwork process was reviewed after the last session.

2.5.2.12
Scatter Diagram

What is it?

A scatter diagram is a graphical technique for studying relationships between two variables (Which occur in pairs); and for figuring out if there is a connections between the variables and how strong this relationship is. The diagram displays the paired data as a cloud of points. Relationships between the two variables are inferred from the shape of the clouds. The density and directions of the cloud indicate how the two variables influence each o1her. If the value of one variable seems to influence the other, then there is a correlation between these two variables. A positive relationship between two variables means that increasing values one variable are associated with increasing values of the other. A negative relationship, on the other hand, means that increasing values of one variable are associated with decreasing values of the other. Six commonly occurring shapes of clouds are shown in Fig 2.18. 
When do you use it?

A scatter diagram is used after a cause and effect analysis to determine whether a certain cause is related to a certain effect. This can be used to determine what would happen to one variable if the other is changed.

How do you use it?

Following are the steps for drafting a scatter diagram.

1. 
Collect 30 to 50 paired data of two associated sets of variables (cause and effect) whose relationship is to be studied. 

2. 
Draw a horizontal (X) and a vertical (Y) axis. Usually the values related to the cause are marked on the X-axis, and those related to the effect on the Y-axis. Both axes should approximately be of equal length.

3. 
Label the axes, give the diagram a title and register the data source, date and the responsible persons.

4.
Plot the paired (X, Y) data in the diagram, by marking each point. Mien pairs of the data have the same values, draw a concentric circle around these points. 

5. 
Examine the shape of the cloud of points in the diagram to determine the type and strength of the mutual relationships.
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Fig 2.18 Scatter Diagram [24)
2.5.2.13
Control Chart

What is it?

Statistical Process Control (SPC) is one of the underlying principles of the Six Sigma programme (Monhemius, 2001). The basics were developed in the twenties of the previous century (Walter Shewart, 1931). But the concepts are still applicable and up-to-date. The key concept is that a process cannot be improved by imposing narrow specifications. The management is responsible for supplying an organization with a process that can produce according to the customer's, expectations and specifications. Once this step is taken, the process must be monitored. If the process is still OK. ("in control", or variation from "common cause"), it will perform according to a stable statistical distribution. The function of the monitoring is no longer the inspection of products; monitoring only checks if the process is still OK. And a good process can only produce good products. If the process is disturbed, the monitoring will signal this as an alarm ("out of control" or variation from "special cause). The process should then be stopped and the cause must be repaired. This seems logical but it also means that the process must be left alone if there is not an "out of control" condition. In practice employees, responding to insignificant variations, cause many disturbances. This results in so-called "tampering" of the process, and increases variation and reduces quality.

The control chart is a Statistical Process Control technique used to evaluate a process, and to achieve and maintain a state of control. It indicates what a process can do. It helps you to answer the following questions:

· Can we do the job correctly 

· Are we doing the job correctly 

· Have we done the job correctly 

· Could we do the job more consistently and on target

A control chart is a statistical tool that filters thc special cause from common cause. In is most simple form, the control chart is a trend chart for a certain parameter. In the trend chart, the common cause variation is used to calculate "control limits,". When the measured value exceeds the control limits, there must be a special cause. it is essential that the graph is drawn and judged real-time with the process. In a typical application, the employee will monitor his own process. Directly after completion of each production series, he will plot a data point and see if the next series can start. If an "out of control" is found, the problem solving process can start immediately without interference from superiors.

When do you use it? 

A control chart is used to show the most important sources of variations (destabilizing factors), to eliminate them in order to control the process statistically, and to check whether the process is being controlled statistically. It allows you to distinguish between predictable measurements (related to the inherent capability of the process) and unpredictable measurements (produced by special causes). The chart is used to evaluate process stability and to decide when to adjust the process. Once Statistical Process Control is implemented, problems are signalled and documented in a stable and reliable w av. SI'C forms the starting point for improvement teams. Adopting the philosophy of process control can even be considered a necessary condition by further improvement with Six Sigma or other programs.

How do you use it?

Following are the steps for making a control chart.

1. 
Select the characteristics for anp1ving a control chart. 

2. 
Select the appropriate type of control chart.

3. 
Collect the data.

4. 
Draw a vertical axis (Y-axis) with the value of the quality characteristic (e.g. time, length, etc.). The position (spread) Of the quality parameters of the process is shown on this axis. 

5. 
Draw a horizontal axis (X-axis) with the time of measurement or samples taken at random.

6. 
Draw the central line (CL) which is the average (if the process, or the target line if the process is adjustable. On each Fide of the central line, draw 

•  
the Lower Control Limit (LCL) 

• 
the Upper Control Limit (UCL)

These limits describe the natural variation of the process. 7. Plot the data in the chart.

8. 
Examine the plot for points outside the control limits. Points under the Lower Control Limit or above the Upper Control Limit signal that something has occurred which requires special attention. This point, is a sign for a corrective action.

9. 
If "out of control" is detected, follow the "Out of Control Action Plan" (OCAP). An OC.4P is a pre-determined troubleshooting flow chart. It empowers the employee to take action on the process. It removes the most frequent special causes, and keeps the employee responsible for the corrective actions (Sandorf and Bassett, 1993).

2.5.2.14
Quality Function Deployment

What is it?

Quality Function Deployment is used to systematically and structurally convert customer wishes into critical product and process aspects at an early stage. In this approach, which originated in Japan, customer wishes are addressed with the help of matrices that use detailed technical parameters and project objectives (see fig 2.19). Due to the form of the matrix it is called the "actuality house" (Hauser and Causing, 1988, Rampersad, 2001B). Using three "sequel houses", the critical product specifications (technical parameters) are translated into the necessary process. This detailed translation allows the process to be executed in a controlled fashion for the purpose of achieving stable and acceptable product quality (see fig 2.20). In the first house, customer wishes are linked to product specifications. In the second house, the relationship between these product specifications and the characteristics of the product parts is central.
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Fig 2.19 Fundamental Building of QFD

In the third house, product parts and process characteristics are linked. As a result, the performance measures of critical processes are established. Finally, in the fourth house, the process characteristics are translated into the manufacturing process operations that are to be executed in a controllable wax-, that is, manufacturing specifications. Among other things, this results in standard working procedures for each process step. For the purposes of this book, the emphasis is on the first quality house, which focuses on the relationship between customer wishes and product specifications.
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Fig 2.20: Step within the QFD

When do you use it?

QFD is used to improve your understanding of the customer and to develop products, services, and processes in a more customer​ oriented way. The objective of QFD is to allow the 'w nice of the customer" to be heard more clearly in the development process of new products and their related processes, and also to comply with the "do it right the first time" principle.

How do you use it?

Put together a multi-disciplinary expert team coached by a team leader and assisted by a QFD facilitator. Mien dealing, with product development, the team leader should preferably be a product manager or a product engineer. The QFD facilitator is someone who, is an expert in this area. He or she acts as the source of information and advises the team regarding the effective use of thing  method. In this preparatory phase, also formulate the objectives and scope of the QFD project. The central questions here are: Is the top management committed? Which important product are we going to improve? Which target markets do we focus on? Who are our customers? Which competing products are we comparing our products to? How long will the project's execution take? Which milestones can we distinguish? What does the reporting structure look like? The steps to be used for constructing the first quality house, which is aimed at product development is given as. 

1.
Define who the customer is, make an inventory of customer wishes, and measure the importance (priority) of these wishes with the help of weighing scores. We can make an inventory of customer wishes (product attributes) through interview, inquiries, and other endeavours such as visiting trade shows, the experience of sales associates, customer registration, direct contact with customers, and contact with the competition. All these are important information sources for appraising and mapping customer wishes. Benchmarking can also be of use here.

2. 
Compare your product's performance with that of the competitive products. Evaluate your product and note the strong and weak the points from the point of view of the customer.

3.
Identify and quantify the improvement objectives. Determine which customer wishes need to he improved in relation to the competitive product and indicate this in a score.

4.
Translate customer wishes into quantifiable technical parameters, that is, product specifications. State how client wishes can be used to your advantage. Examples of technical parameters are: dimensions, weight, number of parts, energy use, capacity•, and so on.

5. 
Investigate the relationship between customer wishes and technical parameters. indicate in the matrix the extent to which customer wishes are influenced by technical parameters, and indicate this relationship in a score.

6. 
Identify the interactions between the individual technical parameters. Make the relationships between these parameters explicit in the roof of the quality house.

7.
Record the unit of measurement for all technical parameters. Express these parameters in measurable data. For example, the dimensions of an object are 1,50 mm (1) x 320 mm (w) x 5SD nun (h) and the weight is 15 kg (33 Ibs).

8. 
Determine the target values of the new product design or indicate the proposed improvements of the technical parameters.

2.5.2.15
Tree Diagram

What is it? 

A tree diagram systematically breaks down a topic into its component elements. It shows the logical and sequential links between these elements. 

How do you use it?

Following are the steps for drafting a tree diagram (NEN-ISO, 9004-4,1993):

1. 
State the topic to be studied clearly and simply.

2. 
Define the major categories of the topic. Brainstorm or use the header cards from the affinity diagram.

3. 
Construct the diagram by placing the topic in a box on the left-hand side. Branch the major categories laterally to the right.

4. 
For each major category, define the component elements and any sub-elements.

5. 
Laterally branch the component elements and sub elements for each major category to the right.

6. 
Review the diagram to ensure that there are no gaps in either sequence or logic.

2.5.2.16
Force Field Analysis

What is it?

Force field analysis is a management technique for diagnosing situations. In any situation, there are both driving and restraining forces. Driving forces affect a situation that is pushing in a particular direction. Pressure from a supervisor, incentive earnings and competitor, may be examples of driving forces. Restraining forces decrease the driving forces. Apathv and hostility may be example,; of restraining forces against change. The analysis involves assessment of driving forces that may be strengthened and restraining forces that may be eliminated Or counteracted.

When do you use it?

Force field analysis is used to assess at the variables involved in determining the effectiveness of a change program. It is a useful technique for examining all the forces for and against a change. BV executing the an analysis, you can plan to strengthen the forces supporting z: decision, and reduce the impact of opposition to it. Force field analysis helps you to weigh the importance of these forces and decide whether n plan is worth implementing. 

How do you use it?

To carry out a force field analysis, follow these steps (Manktelow, 2003). 

1. 
List all forces for change in one column, and all forces against change  in another column

2. 
Assign m score to each force, from 1 (weak) to 5 (strong) 

3. 
Draw a diagram showing the forces for and against change

· By training staff (increase cost by 1) you could eliminate the fear of technology (reduce fear by 2). 

· It would be useful to show staff that change is necessary for business survival (new force in favour, +2). 

· Staff could be shown that new machines would introduce variety and interest to their jobs (new force, +1). 

· You could raise wages to reflect new productivity (cost +1, loss of overtime-2). 

· Slightly different machines with filters to eliminate pollution could be installed (environmental impact -1).

2.5.2.17
Seven W and Is/Is-not Questions

What is it?

There are two kinds of questions that can be used to specify a problem: seven W questions and "Is/Is-not" questions. The

seven W questions is a tool used to describe a problem more clearly by asking the following questions: Who, What, Where, When, What with, in What way, to What extent. By asking questions like "Who does it concern?", "What happened exactly?", "Where did it happen?", "When did it happen?", "With what did it happen?", "In what way did it happen?", and "To what extent did it happen?", you will get a clear specification of the problem.

You will get a sharper picture and clearer definition of problems by systematically describing what the problem could have been, but is not. The seven W and Is/Is-not questions can be asked at the same time. For example: "What did happen?", "What did not happen?", etc. The contrast between Is and Is-not also pruvides information about possible causes. Kepner-Tregoe (1498) provide a framework for these two questions.

	What?

Which specific object has a defect? 

What is the defect exactly?

Where?

Where is the geographic location of the defect?

Where does the object’s defect occur?

When?
When was the defect first ob​served (date and time}?

When was the defect observed again?

When was the defect first seen, measured to the object’s life span? 

How many? How large? How many objects show the defect?

How large or serious is such a such single defect? 

How many defects per object?
	Which similar object could most likely show the same defect, but does not?

Which other defects could most likely be discovered, but are not?

Where could defect possibly be detected, but is not seen?

Where else on the object  could the defect also occur, but has not ? 
When could the defect further be discovered for the first time, but has not?

At which other times could the defeat have been detected, but was not?

At which other moment in the object's lifespan could the defect have been first ob​served, but was not?

How many other objects could also display the defects, but did not? 

How large could the defect he, but is not?

How many defects could there be in one object, but are not? 


Table 2.7: The contrast between is and Is and Is-not
When do you use it?

The seven W and the "Is/Is-not" questions are used to obtain a sharper picture and clearer definition of problems, and to procure information about the possible causes.

2.5.2.18
Why-Why Diagram

what is it?

The Why-Why diagram is a variation of the fishbone diagram. This technique helps you to get a specification of a problem's cause, by asking the question "Why?" three to five times. For example if someone suggests that your product quality is poor, the question "Why?" is immediately raised. If the person gives an answer, the question "Why?" is raised again, etc.

When do you use it?

The Why-Why diagram is used to systematically expose a problem's root cause (see fig 2.21). 
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Fig: 2.21 Why-Why diagram [24)
2.6

Product cost AND PRODUCTION [48-55)
2.6.1

Accounting definitions

All revenues and costs have been organized into accounts. There must be an explicit account for each different type of revenue and expense in the company accounting system. The lowest-level accounts are normally consolidated first into head accounts and later into variable (i.e. direct) and fixed (i.e. indirect or overhead) costs. Variable costs change linearly with the output volume, whereas fixed costs remain constant. This is normally considered on an annual basis. If the reporting range is shorter, for example periodic, the role of the behavior of some direct costs become more and more like fixed. Typical direct costs are material costs, labor costs, freights and duties, and sales deductions.

Traditional accounting has a historical background. However, remarkable changes have taken place in the industry between the time the system was developed and the 1990s (Atrill & McLaney 1997):

· From direct labor-intensive and direct labor-paced to capital-intensive and machine-paced production. 

· From a low level of overheads to a high level overheads relative to direct costs, and 

· From a relatively uncompetitive to a highly competitive international market.

Many organizations produce mountains of cost data but provide management with little or no useful information on cost and performance. This leads to wrong decisions. In many organizations, the management doubt the traditional cost figures and often end up with unofficial cost analyses.

Financial accounting is organized to produce the kind of official financial statements required in the country where the company's financial statements are announced. In these statements, product costing is not required, and the financial departments do not need to pay attention to them.

The three reports that together describe the financial state of the company are:
1.
Profit and Loss statement (P/L).

2.
Balance Sheet, i.e. Liabilities and Equity statement (UE).

3. 
Cash Flow statement (C/F).

The P/L statement consolidates the company's revenues and expenses over a period (month, quarter, year) categorized in a standard form (list of accounts) and expressing the profit of the business period. The C/F statement presents the cash inflows and outflows over the period, and the VE statement concludes the accumulated wealth at the end of the period. 
Total cost has been defined in many ways. Atrill & McLaney (1997) present the concept of full costing in their book: "Full costing is not concerned With variable cost, but with all the costs involved with achieving some objective, for example making a particular product". Monden (1989) emphasizes the total cost of the quality in Japanese automobile industries. The necessary steps in "total cost management":

1. 
Plan a product that meets the customer's demand for quality.

2. 
Determine a target cost under which the customer's demand for quality is attainable , using a blueprint based on value engineering (cost reduction in a narrower sense).

3. Determine which processes achieve the targ6t cost in production performance. (Monden 1989.)

In this text, total cost includes all meaningful expenses between the revenues_ and the bottom line in the P/L statement.

2.6.2
Challenges of product costing

The pricing of products depends notably on the competition in the market. Ln a weakly competed market, such as a closed market, the sales price can be calculated as follows:

Sales price = cost + profit

Since competition is not strong, the changes in the company costs and profit targets can be incorporated into the sales price. In modern open markets, competition is very strong and the pricing equation changes to

Cost = sales price - profit

The sales prices are defined by the market competition and the product's competitiveness. Profit should never be bargained to ensure the company's survival in the long run. Thus, costs are the target function that can be influenced by the companies. (Lumijarvi et al. 1995.)

One basic difficulty in product costing is that products do not drive all the company expenses. For example, it would be very artificial to allocate general management costs, administration, general IT-support and human resource costs, etc. on products. Even within a factory, there are many questionable costs, not directly driven by the type, number or volume of products. In addition, there are costs that are driven by substantial material vendors and customers. "In fact there is no single correct (product) cost figure" (Walker 1999). Product costs are always calculated from the financial transaction data of the cost centers of the organization. Several methods exist, and each company uses a method of its own. 

The simplest product costing method is to use only the direct costs. In the early days, labor cost used to have more meaning. Everything was done manually, and output volume was directly dependent on the number of employees involved. When machines began to substitute labor in production, machine costs became less visible. Most machine costs are depreciation costs, which are not comparable to direct labor costs.

It is possible to calculate the hourly cost of a machine by using deprecations and interest on invested capital plus operating and maintenance costs, but this not directly visible in the P/L statement. The following cases also easily remain as hidden costs in traditional accounting:

1. 
What is the (account) name for the costs of the unmanned hours of the factory? Depreciation and interests on the capital run every second (for 8760 hours a year), but manufacturing operates for 2000 - 6000 hours a year, depending on how many shifts are used.

2. 
What is the (account) name for the cost of ' the standing hours due to poor product demand, material shortage and machinery breakdown?

3. 
How do we visualize the costs of poor product quality, rework, repair, etc.?

In the standard costing method, product cost is calculated based on BOM and the capacity demand of the product. Direct costs include the raw material (component) prices and the labor cost for the product-specific work time. Indirect costs are expressed in terms of multiplier factors and extras onto direct costs. This standard cost is used as an average target product cost and followed up by comparing with the actual cost calculated similarly. (Uusi-Rauva et al. 1994.)

In practice, we can also find other types of standard costs. Ideal cost (theoretical cost) does not include any waste, scrap, inefficiency, delays, etc., representing an ideal situation that is never reached in real life. This standard is used to motivate efficiency and cost reduction efforts: Standard cost is sometimes called normal cost and used to point out the everyday target level. Normal cost includes the allowable level of inefficiency, scrap, etc., reached on a "good day". (Riistama & Jyrkkio 1996.) Although the purpose of standard costing is to give targets for product manufacturing, these costs differ from the target costing method, which is used in the early development phases of a product (see Sub​section 2.2.5).

Standard costing is a simple and suitable method for actual cost follow-up, but may lead to inappropriate decisions when used incorrectly in future planning. The main problem is that standard product costing does not provide enough information to enable the user to control the overheads and other indirect costs related to the product. For example, the production overheads multiplier is typically expressed as an additional percentage of the product direct cost. This value is calculated recursively from the past accounting figures, allowing a typically growing trend for overheads when the figure is used as a standard for a new product. (Shank & Fisher 1999.)

Attempts to create generic product costing methods have been under way for decades, resulting in, for example, activity-based costing. Still, there is disagreement as to how this method should and -could be applied in company accounting. In a series of three articles, Schnoebelen (1993) describes the design and implementation of an advanced cost management system (ACMS). To provide maximum benefit, however, these new cost management concepts must be practically integrated into the business processes and operating systems (Schnoebelen 1993a). In conventional product costing methodologies only costs incurred in the manufacturing process are applied to products to determine the cost of manufacturing. The new thinking in cost management has forced accountants to break through the typical product costing barriers by applying all organizational costs in a more relevant and enlightening way. All organizational costs can be attached to cost objects (e.g., a process, product, customer etc.). The business objectives of the ACMS should include the following targets:

· Improving the understanding of the organizational cost structure and behavior by products, business processes and business activities.

· Improving product costing to enhance product and customer profitability. 

· Highlighting opportunities to reduce or ' avoid costs.

· Improving cost planning and simulation capabilities.

· Supporting the cost management information needs of non-manufacturing and non-financial functions, including product design, engineering, purchasing and marketing.

· Better utilizing manufacturing and administrative resources.

· Improving performance reporting.

· Providing a sound, fundamental cost accounting framework.

· Increasing the timeliness, efficiency, reliability and accessibility of financial  information. (Schnoebelen 1993b.)

The system features that correspond to these objectives are illustrated in Table 4. A lot of attention has been given to the implementation of ACMS. Three different (concurrent, pilot and phase) approaches to implementation have been recognized and described. Data validity control is also considered a very important measure of system quality. (Schnoebelen 1993b.)

In this text, product cost means the material plus direct labor costs and the overhead costs, including machine depreciations. The scope of the definition ranges from the factory's incoming material storage and to the semi-finished product inventory. Therefore, product cost is only a part of the product business case, which aims to describe the total costs of the product during the CE and PE processes.


2.6.3
Activity-based costing

`One well-known advanced costing method is activity-based cost (ABC). The main advantage of ABC is the more direct assignment and traceability of costs. ABC was originally developed in manufacturing, but it is being adopted in other areas, such as services and the public sector. ABC adds value to the financial accounting system by incorporating operational and quality information with financial data and assigning this information to objects, i.e. the initial drivers of the costs. The idea is illustrated in Fig. 15. ABC monitors the use and efficiency of the way the resources have been used in the activities. Secondly, it also monitors the way in which these activities have been utilized to produce the objects, i.e. the products and services. An activity is an operative unit focusing on limited actions. Typical activities are selling, purchasing, assembling and packaging.

All these activities inevitably utilize resources; people, materials and consumables, machines, money, facilities, etc. In each activity, the resources are spent on objects, i.e. products or services. - the relationships between the resources, activities and objects. The resource driver indicates how much resources ail activity requires, and the activity driver defines how much an object utilizes an activity. In the literature, the names of the drivers vary, i.e. they are called input drivers, volume drives, level drivers, etc. The selection of correct drivers is an essential success factor for good calculation results. An incorrect driver may lead to erratic results. 

In proactive cost calculation, we estimate the resource costs for any activity. To avoid further confusion in this text, the following definition is used. Both resource and activity drivers may consist of two parts: driver quantity and driver value. Driver quantity indicates the numbers of occurrence, and driver value indicates the rating of a transaction.

ABC can use several level drivers to allocate the overhead expenses on an object. The purpose is to use the most descriptive driver for the costs. The resource cost of unit level activities is divided by the number of transactions differently from the calculations on a batch or any higher level of activity.  

 FACILITY LEVEL EMMENSES

PRODUCT LEVEL EMMENSES

BATCH LEVEL EXPENSES

UNTT LEVEL EMPENSES

UNIT PRICE

This feature has been found useful in revealing the hidden costs of small batches in the Rautaruukki Raahe Steel works. (Pesonen 1992, Pesonen 1994). The ABC method was also demonstrated in the telecommunication industry, where the cost efficiency of generating new products was studied well before the products were launched. The study focused mainly on product variation costs during the manufacturing (Ojala 1997).


The product cost is calculated based on the known activities, resource quantities and resource usage in an activity by object. If we can estimate the characteristics and volumes of the future products, it is also possible to estimate the cost roadmaps using ABC.

The unit cost of an activity (J) for a product j as

Unit cost (i, J) = cost driver value (i) * 

cost driver quantity (i, J)

The addition of a discrete time parameter t into the formula results in cost roadmaps.

Unit cost (i, j, t) = cost driver value (i, t) * 

cost driver quantity (i, j, t),

where

t is a discrete time variable (e.g. day, period, quarter, etc.),

i is an activity,

j is a product.

"ABC analysis highlight for managers where their action will likely have the greatest impacts on profits" (Cooper & Kaplan 1991). For example, the reduction of the product test time will also reduce the unit cost of the testing of the product. These changes can already be considered during the CE process using the cost roadmaps, provided that we have at least an estimate of the product cost driver quantities. During the PE process, the managers should attempt to re-evaluate the products and search for ways to reduce resource consumption. This might lead to a need to re​design the product with fewer components by implementing continuous improvement programs or adopting new technologies:

Walker (1999) suggests integrating ABC with other techniques, such as:

· Attribute-Based Costing (ABCII), which integrates market research, quality function and other techniques,

· (Limited factor) Contribution Analysis and

· On-Line Analytical Databases (OLAP).

Attribute-based costing separates the cost of products and services from the cost of various other external and internal cost objects. In short and medium term; (ABCII-based) contribution analysis a powerful technique for exploring profitability at the product, channel, market segment and customer levels. Limited factor contribution analysis gives an enhanced view of product profitability: In Table 5, product A appears to be more profitable when the percentage of sales contribution is used. If there were limited capacity hours available and demand for the product, the annual contribution of B would be over threefold compared to a situation where only B was sold:

Table 5. An example of contribution analysis (Walker 1999).

	Account
	A
	B

	Sales
	100
	100

	Direct Sales
	40
	60

	Contribution 

	60
	40

	Hours (per product)

	20
	4

	Contribution per hour
	3
	10


OLAP database systems provide the advantage that they enable data from different systems; such as spreadsheets, accounting, etc., to be automatically combined, processed, and presented (Walker 1999).

2.6.4
Theory of constraints

Noreen et al. (1995) analyzed the theory of constraints (TOC) and its implications for management accounting. "Goldratt believes it is necessary to purge the term product cost from our vocabulary" (Noreen et al. 1995). Goldratt argues that activity-based costing cannot give reliable answers to the question of "what impact will this decision have on throughput, operating expenses and assets". Goldratt insists on this point because he believes that the term product cost is synonymous with fully allocated product costs in the minds of many managers.

Goldratt's theory has three building blocks: Throughput, operating expenses and assets (Goldratt 1990). Throughput is defined as the rate at which the system generates money through sales. Operating expenses are defined as all the money the system spends in turning inventory into throughput, and assets as all the money the system invests in purchasing things it intends to sell. Profit is measured by throughput minus operating expenses and profitability by profits divided by assets. (Goldratt & Cox 1992.)

Accordingly, they motivate managers to apply the theory of constraints because many managers seem to focus their energies on cost reduction rather than on profit enhancement. This brings out the key strength of TOC - its simplicity: Only the workload and the capacity of the bottlenecks are essential. TOC is defined as an analysis procedure of anything that limits the system achieving higher performance versus its goal. TOC thinking is based on the following continuous improvement procedure:

1.
Identify the system's constraint(s).

2. 
Decide on how to exploit the system's constraint(s).

3. 
Subordinate everything else to the above decision.

4. 
Elevate the constraint(s).

5. 
If a cdnstraint has been broken, go back to Step 1. Do not allow inertia to cause a system constraint. (Goldratt 1990.)

A comparison of the most frequently used accounting practices is illustrated in Table 2.8.
	Conventional

variable

costing
	Variable costing with direct

labor classified as fixed
	Throughput account

	Revenue
	Revenue
	Revenue

	-Direct material
	-Direct materials
	-Totally variable

	-Direct labar +
	
	

	-Variable overhead
	-Variable overhead
	

	=Contrib margin
	= Contrib margin
	=Throughput

	-Fixed expenses
	Fixed expenses
	-O per. expenses

	=profit
	=Profit
	=Profit


Table 2.8: Comparison of variable costing with throughput accounting

The official definition of throughput is revenue minus total variable costs. However, some companies exclude all the other expenses, such as the variable selling and shipping costs, considering direct material the most significant factor. Thus, a simplified version of throughput accounting is also used. The visible difference between conventional and throughput accounting (Table 6) is the handling of direct labor, which is considered as a fixed cost. The variable cost nature of direct labor seems to be more a historical reminder than contemporary reality. In many companies, labor cost is, in practice, treated as a fixed cost. (Noreen et al. 1995.)

TOC has been successfully applied also with ABC. Southwestern Ohio Steel has implemented a pricing model based on ABC and TOC. This model has been used to analyze and justify manufacturing cycle-time improvements. (Campbell 1995.)

Fritzsch suggests that the conflicting viewpoints of product cost of TOC and ABC can be resolved using different time horizons. ABC is recommended for strategic planning and TOC for the short-term purposes. As the time horizons increase, the solutions produced by TOC begin to look more and more like those produced by conventional cost accounting techniques. Applications of ABC in strategic planning appear to be well documented. These implications seem obvious, but the writer does not verify his statements thoroughly. (Fritzsch 1997.)

2.6.5
Target cost management

CAM-1 (Consortium for Advanced Manufacturing - International) was established 1972 as an international non-profit-organization to carry out research and scholarship on management and manufacturing technology systems. CAM-1 has launched an extensive study labeled as target cost management (TCM). The CAM-1 study group made the following conclusions concerning the major changes needed:

· An overall management system is required to set the targets and to channel the decisions of all those involved in product definition and development towards wider corporate goals.

· Product management must widen to . incorporate both physical and service attributes measured in terms of customer value.

· Cost management must shift its focus from accounting for the sake of accounting to enable expenditures to be used as a planning tool for creative product and process design.

· Product profitability must be assessed and planned in the context of a comprehensive life cycle and the relationship of a broad market value chain. (CAM-1 TCM Study Group statements 1994.)

The following quotations have been taken from a state-of-the-art review about target costing. Target costing is a cost management concept that has been developed and practiced in Japanese companies since the 1970s and has been described in English mainly by Japanese authors. Target costing is built on a comprehensive set of cost planning, cost management and cost control instruments which are aimed primarily at the early stages of product and process design in order to influence product cost structures resulting from the market-derived requirements. The target costing process requires the cost orients coordination of all product related functions. (Horvath 1993.)

Japanese management accounting uses classification of predetermined and actual costs. Predetermined costs are the expected measures of the cost before production, while actual costs are calculated after production. Predetermined costs are divided into standard costs and estimated costs. Standard costs depend on statistical data and are utilized as an index for cost management. Estimated costs depend on the managers' past experience or intuition (Makido 1992).

Target costing, as it has been developed in Japan, was invented by Toyota in 1965. Thus, the use of target costing has a long tradition at Toyota. At Toyota, they talk about cost planning and cost control, i.e. influencing product costs during the design phase and keeping the running costs as low as possible. Reducing cost through continuous improvement, "cost kaizen", is becoming relative less important, because the efforts made throughout the company will inevitably lead to fewer opportunities to cut costs. (Tanaka T 1993.)

Tanaka M (1989) claims that 80-90% of the life cycle cost is determined at the design phase of the product. Therefore, the present cost control system is focused on the design phase: The system consists of five stages: planning, concept design, basic design and manufacturing preparation. The phases are outlines below:

STEP1: Planning -

Summarize the new product plan in a document that clarifies the design requirements:


1. Outline the product's concept and mission.

2. Generate primary specifications for the product's performance and design.

3. Schedule the product's design, manufacturing and marketing.

4. Define product target cost, selling price and volume.

STEP2: Concept design

Formulate the basic concept of the new product based on the design requirements mentioned in step 1.

1. 
Formulate the main functional areas.

2. 
Assign the target cost to the functional area of the new product.

3. 
Design the basic product concept under the target cost. 

4. Use a rough cost estimate to ascertain whether the basic product concept has been designed to fit the target cost.

STEP3: Basic design

Make a general drawing of the product based on the previous steps:

1.
 Assign target cost to the top and middle functions of each functional area or main component of the new product. 

2. 
Frame a general drawing under the target cost.

3. 
Use a rough estimate to ascertain whether the general drawing has been designed to fit the target cost.

STEP4: Detailed design

Write the product's manufacturing specifications based on:
1. 
The detailed manufacturing specifications under the target cost.

2. 
A detailed cost estimate to ascertain whether the product's manufacturing specifications have been designed to fit the target cost.

STEP5: Manufacturing preparation
Write the product's manufacturing specifications based on:

1. 
The design of the manufacturing process, type and jig under the target cost.

2. 
The detailed cost estimate used to ascertain whether the manufacturing preparations for the product are accomplished within the target cost. (Tanaka M 989.)
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2.6.6
Product Costs
2.6.6.1
Cost categories

Actual – costs refer to real transactions, wherease opportunity costs refer to the alternative taken into consideration by decision makers who might want to choose the line of activity which minimise the costs. From an external point of view, it is difficult to ascertain which are the alternative considered.

Discretionary costs are not strictly necessary for current production but correspond to strategic goals (e.g. improving the firm's image through an advertising institutional campaing).

2.6.6.2
Production Costs

Given a specific product version, production costs are usually classified according to their responsiveness to different levels of production attained.

2.6.6.2.1
Fixed costs are simply not responsive to production levels.

If there are only fixed costs, the total costs follow this rule:

[image: image28.png]
For instance, the cost of renting an office is a fixed cost, since usually the contract fixes it for a certain period of time (say one year), without any reference to the income' produced by the operations that take place in the same office.

The firm deciding to rent this office, however, will have usually expected to be able to afford it as well as to be reasonably sure that it will not be too small for the kind of operation it intends to carry out.

2.6.6.2.2
Quasi-Fixed Costs.  This brings us to an important conclusion: a very common situation is that of quasi-fixed costs. They are flat in a certain range of (expected) production but they are forced to jump to higher levels if certain thresholds are overcome. Near these thresholds, in fact, quality deterioration of output and other negative phenomena take place.

Symmetrically, below other minimum thresholds in level of activities, the same costs become unaffordable and will probably be reduced. Here you have the graph of total costs when there are only quasi-fixed costs:

[image: image29.png]
2.6.6.2.3
Variable costs grow with higher levels of production (proportionally or not). If there are only variable costs, at zero production the total costs will be zero. Total costs will follow for instance this rule:
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In particular, economies :of scale describe situation when the total costs rise less than proportionally to production increases, as you see in the following diagram:

[image: image31.png]
Dis-economies of scale represent the opposite situation:
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Constant return to scale are the intermediate situation in which the growth in production is exactly matched by the same percentage increase in total costs, i.e. electricity of costs to production levels is 1:
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In this case, productivity is constant.

To understand the sources of economies of scale is helpful to consider that total costs for production inputs depends on two components: the quantity and the price of the inputs.

Accordingly, it is often Useful to distinguish two broad reasons for cost to rise: an increase of the input quantity or a soaring price for input. This allow for distinguishing different reasons for costs 'behaviours in reaction to changes in production levels.

In particular, economies of scale can be due:

a) 
to savings in average physical quantity of input when the production is higher (e.g. electricity dispersion is lower in percentage when the electricity throughput is high);

b) 
to reduction in prices paid when buying larger quantities (e.g. because of stronger power in purchase negotiation).

To make experiments with different situations, you can use the free Costs software, distributed by the Economics Web Institute.

2.6.6.3
Total and average costs

Total costs are the sum of all costs. By dividing the total costs by the quantity produces, one gets the average costs: how much a unit of production costs ("unit cost").

Average costs can be directly compared with price to compute profitability: if the price is higher than average cost, the production is profitable.

Total profits will be given by multiplying the average profit with the quantity produced and sold.

Identically, total profits can' be obtain as total revenues less total costs.

The relationship between total revenue and total costs depending on the production level is- analysed by the so-called "break-even analysis".

Let's . see mathematically what component crucially influences average costs at two widely different levels of production.

In the simplified situation of a production process characterised by a fixed cost (F) plus a proportionally ​growing variable cost (VC), total costs (TC) are described by the easy formulas below:

TC= F+VCxq

where q is the quantity of good.

Average costs (AC) are thus the following:

AC= TC/q = F/q + VC

The first term of the right side (F/q) decreases systematically the higher the production level (q). At low production levels, this reduction is quantitatively relevant whereas for a high q it is not.

In fact, for high q, the average cost is practically equal to variable cost VC.

numerical example of fixed, variable and total costs:

F





=


100

VC = 5

First case: q = 10

TC = 100 + 5x10 = 150

AC=150/10=15=100/10+5

Second case: q = 100 

TC = 100 + 5x100 = 600 

AC = 600/100 = 6

For low levels of production, fixed costs are major determinants of average costs whereas for high levels of production, variable costs dominate.

The percentage composition of total cost is, in our example-, the following:

	Cost Component
	q = 10
	q = 100

	F
	66%
	16%

	VC
	34%
	84%

	Total
	100%
	100%


To investigate what happens if many firms are competing with different combinations of fixed and variable costs, see this paper and the related software.

2.6.6.4
Marginal costs

Marginal costs indicate by how much the total costs changes because of modification in the production level by one unit.

When there are only fixed costs, marginal cost will be zero: any increase of production does not change costs.

If there are only proportionally-growing variable costs, marginal costs will be equal to variable costs.

2.6.6.5
A Manufacturers Perspective 

	Processed
	
	Proportional change would impact the features of the product 

	Semi​

manufactured

components to be

assembled
	Variable

(proportionally)
	Production recipe

	Energy
	Variable (less

than

proportionally)
	Physical  properties

produce economies of

scale

	Personnel

(direct labour)
	Variable

(proportionally)
	Constant productivity of people directly involved in  production

Particularly flexibility-oriented legal contracts with the labour force



	Personnel

(indirect labour)


	Quasi-fixed
	The size of necessary administrative personnel (and of other indirect labour) doesn't change so much if production incrementally changes. Discrete Jump will happen when the overall . scale of production drastically changes



	Plant rent
	Fixed
	The typical contract of rent

makes no reference to effective production level

	Amortization of capital goods
	Fixed
	Fiscal and accountancy rules

	Policy costs (advertising , R&D,..)
	Fixed or quasi-fixed
	Discretionary costs


Table 2.9: A Manufactures Perspective
The above-mentioned table is just a rough and conditional description. It is only meant for easy introduction to the problem - often implicitly assuming many specific hypotheses.

For instance, the labour costs can be fixed costs, quasi-​fixed costs or variable costs depending on the legal contracts of employment and the rules governing wages.

General firm strategies have deep impact on costs. For instance, if a firm in a high-wage country exports a lot in a low-wage country, it may consider a Foreign Direct Investment to setup a factory there where to carry out the final - or most labour-intensive - phases (e.g. assembly or labelling).
.

2.6.6.6
A retailer's perspective

The basic costs that a family-run small shop pays are the following:

	Cost item
	Cost category
	Justification

	Goods in sales
	Variable (proportionally) 
	Price list of wholesaler or producer

	Shop space (if rented) 
	
	Proportional to sq.mtr, not to items sold

	Shop space (if in ownership)
	None
	There is the !Opportunity cost to use this space otherwise but this l does not lead to transactions

	Lighting
	Fixed
	Proportional to the number of light, bulbs in the shop, not to items sold


Table 2.10: Retailer’s Perspective 
Total revenues less all these costs constitute a gross profit, comprehensive, however, of the time the owner and the family spend working there and of the shop space (if in ownership). This logically heterogeneous aggregate is in fact indivisible because it is received by the same people and does not vary according to the external markets of labour and commercial. spaces. The market of a good where seller and buyer are the same person is not perfectly competitive, nor linked to others.

2.6.6.7
The Temporal Profile of Costs: 
Investment, Cost of operations, Sunk costs

In most cases, a firm has first to sustain certain costs - (investment) before any production takes place (e.g. R&D, machinery investment). ' These costs are called investment costs.

These costs should be recovered within a reasonable period of operative activity (production). In certain cases, after the full exploitation of production opportunities there is a further una-tantum revenue for asset sale.

For instance, when a -firm buys an office, it invests a certain amount of money. It will use it for a certain period, say 10 years, during which it saves the rent it would have paid if it didn't own the office, thus (totally or partially) recovering the initial cost. At the end of the 10-years period, it can decide to shut down operations and it will be able to sell the office (una-tantum revenue).
Sunk costs are investment costs incurred before a certain activity takes place which cannot be recovered by the possible sale of the asset they produced.

Highly specific investment (e.g. R&D) are usually sunk costs.

Sunk costs represent barriers to exit. A firm which has incurred in high sunk costs will have difficulties in deciding to exit the market even if it sees good opportunities outside.

Conversely, a firm that is deciding whether to enter into a certain business will have to consider with a particular attention the sunk costs and the risk that during the operations period they right not be recovered. Sunk costs, in this perspective, represent barriers to entry.

In the case of an exporter, an example of sunk costs could be the costs of analysing the market and of exploring opportunities and seeking commercial partners.

"The more the setting up of an activity is innovative, the more is it likely to involve long periods of gestation, and thus higher sunk costs" states Prof. Sergio Bruno in "The economics of ex-ante coordination".
High sunk costs makes an investment irreversible, what, couple with uncertainty about the future, impacts the level of investment by industry, as this empirical analysis points out.

A narrative example of sunk costs in a real-world situation is given here.

2.6.6.8
Profitability and shut down rules

In one period of time, total profits are given by total revenue less total costs. 'If they are negative, the firm will look into the future and see whether there is a possible reversal of this situation. Perhaps it is carrying out investments that are large now but that can produce effects later on. But it can also take into consideration the possibility of shut down operations and exit the market. It will, for instance, evaluate the average variable costs and the current price. If the price is lower, then for every units of production the price doesn't recover even the direct costs. A very critical situation.

But exiting a market is a strategic decision that cannot be taken wholehearted and it should be put into the more larger picture of industrial dynamics, where exit dynamics is related to more than just cost considerations.

2.67
Opportunity Costs vs. Accounting Costs

Costs are bad things endured or good things lost. Cost always means cost to do something. You cannot have a cost without a cost objective. Most of the confusion about costs reflects a failure to be clear about cost objectives. Nevertheless; where economists and accountants are concerned, there is a second and equally critical source of confusion about costs: economists and accountants use the term "cost" to mean different although related things.

Economists define cost in terms of opportunities that are sacrificed when a choice is made. Hence, economic costs are simply benefits lost (and, in some cases, benefits are merely costs avoided). Economic costs are subjective -- seen from the perspective of a decision maker not a detached observer -- and prospective. Moreover, economic cost is a stock concept -- economic costs are incurred when decisions are made. Economic cost estimates are used for making decisions about pricing, output levels, buying or making, alternative marketing tactics/ strategies, product introductions and withdrawals, etc.

Accountants define cost in terms of resources consumed. Hence, from an accountant's standpoint, costs are objective -- seen from the perspective of a detached observer -- and retrospective. Accountants usually define costs as flows. Accounting costs reflect changes in stocks (reductions in good things, increases in bad things) over a fixed period of time. Accounting cost measures are used in the evaluation of managerial performance (usually together with information on income) and as a basis for economic cost estimation.

There are two kinds of mistakes you can make when you use accounting costs to estimate economic costs: you can include cost measures that should be ignored; or you can ignore costs that should be included. You should ignore costs that will not vary as a result of your decisions.

2.6.8
Long Run Production Functions and Cost Functions

Q = f(K, L). Quantity is a function of the inputs used to produce it: in this example capital and labor. Quantity is measured as a rate of production (flow) as are capital and labor, e.g. the amount of cars washed per day is a function of the amount of labor and capital used each day.

· The production function specifies a technically efficient use of labor and capital necessary to produce output, i.e. no resources are "wasted."

· The cost function specifies an economically efficient use of resources, i.e. the firm chooses the least cost combination of inputs, to produce a given output.

· This yields the long run cost function: total costs (C) = g(Q), which depends on the prices of inputs. This function can be a pretty good proxy for the opportunity cost of delivering Q, at least where we measure costs in units of present value: i.e., the change in present value or owner's . equity caused by some specified. action (and where for purposes of measurement the attendant increase in wealth is excluded from the computation of equity).

The following long-run functional relatioriships traditionally obtain in the single product case: Cost varies as a function of total production volume (V), the rate of output (x), the date of first delivery (T), and the date of completion of the full production run (m), where x(t) denotes the rate of output at moment t. Moreover, as the total quantity of units produced increases, the cost of future output tends to decline because production-knowledge increases as a result of production experience (this proposition is known as the `learning' or `progress' curve"). That is: dC / dT I x = xo , V = Vo , < 0. This relationship probably holds for most products produced in large batches using traditional mass-production methods. Moreover it is usually assumed that:

1. dC/dx(t) ! T=To9, V=Vo>0 

2. d2C/dx(t)2 ! T=To, V=Vo>0 
3. dC/dV ! x=xo9T=To>0 

4. d2C/dV2=jx=x09T=To<0

Many of these functional relationships have been attenuated by the rise of computer assisted design and manufacturing technology and modern information.

2.6.9

Long Run Cost Minimization: Marginal Analysis

Here we will assume that the firm can choose any level of capital and labor to produce output, Q. More capital leads to more output; less capital to less output. More labor leads to more output; less labor to less output. This is known as a variable proportions production technology because labor can substitute for capital, and vice-versa, in production.

· The marginal product of labor is the. additional output from one extra unit of labor.

· The marginal product of capital is the additional output from one more unit of capital.

· The. cost minimization rule for producing a given quantity: choose labor and capital such that (MP of labor)/ (Price of labor) _ (MP of capital)/ (price of capital). .

Proof: dividing the marginal products of each input by the price of the input tells you how much output you can produce for a dollar. If it costs more to produce output using labor than it does using capital, then sell labor and buy capital. This

allows you to produce the same amount at lower cost. Only when the costs of production using each input are the same are no further cost savings possible.

· If (MP of labor)/ (Price.of labor) is greater than (MP of capital)/ (price of capital), sell capital, buy labor.
_

· If (MP of labor)/ (Price of labor) is less than (MP of capital)/ (price of capital), sell labor, buy capital.

2.6.10
Short Run Production Functions

A long run production function relates the output produced to the inputs used, e.g. Q = f(capital, labor). In the short run, some inputs cannot be varied, so the firm does not-have as much flexibility as in the long run. In this case, the short run production function is a function of only the inputs that can be varied. . Suppose that capital is fixed in the short run. Then Y = g(labor)

The "usual" shape of the short run production function:

1. 
In the short run, output at first increases at an increasing rate with increases in labor (increasing returns to labor)

2. 
Then output increases at a constant rate with increases in labor (constant returns to labor).

3. 
Finally, output increases at a decreasing rate with increases in labor (diminishing returns to labor).

Short run cost functions are larger than long run cost functions because, in the short run, fixed inputs can not be varied. In the long run, all inputs can be varied, and this greater flexibility allows you to achieve lower costs, i.e. h(Q) is greater than or equal to g(Q).

CHAPTER -3

OBSERVATIONS MADE AT TRELLBORG AUTOMOTIVE INDIA (PVT) LIMITED, GHAZIABAD

3.1
VARIOUS PROCESSES INVOLVED

The various processes involved to manufacture antivibration parts are:- 

· Receiving of Raw materials

· Degreasing 

· Shot Blasting 

· Bond application 

· Moulding 

· Buffing 

· Re-shot blasting 

· Painting 

3.1.1

RECEIVING OF RAW MATERIALS:

Principal materials used for producing anti vibrating parts are:

Metals

Rubber 

Bonding agent 

Paints 

Metals:

Steel Metals are used in form of sheets & strips of rectangular, triangular & and hollow shapes according to requirements. 

Commonly steels & Aluminums are used in anti vibration application as it provides the highest strength among the considered materials. Other advantages of steel sheets are cold forming & welding capability Modern stamping techniques allow very complex geometries and undercuts are possible with high fluid pressure processes. 

Besides metal designs with steel sheet, die casting components have been developed whose high strength makes then suitable, especially for components which are subjected to very high forces. For absorbers and dampers, a high density is required and therefore this material is ideal. However, often the achievable precision is not sufficient and mechanical treatment is required, which may nullify the advantage of the low-cost die casting process. In such products the cost for mechanical treatment is very often higher than the cost for the die casting itself, but if they can be used without rework, no cheaper alternative is available. 

Aluminum: The requirements of the automotive industry or weight reduction have led to the increased application of aluminum. The lower strength compared to steel can be partially compensated by improved reefing processes. Aluminum. Components fulfill the requirements for weight reduction & higher material damaging generates loss optical amplifications in resonance. In the meantime, besides the standard casting processes, vacuum and squeeze casting methods are used, thereby increasing the tear strength and minimizing blowholes so that the wide tolerances of the standard processes can be narrowed down. Mechanical rework can mostly be avoided, because tolerance in production is smaller and the required precision can be achieved directly out of the die-casting tool. Therefore these components are often cheaper despite the fast that the material cost is higher. In addition to the dicasting process, extrusion & forging techniques can be used.

Rubbers: Natural rubbers & Synthetic rubbers are used in manufacturing of anti vibration parts. These can be used to very high dynamic loads after vulcanization. The basic substance for processing natural rubber is latex, a milky fluid tapped from rubber trees. 

Bonding Agents (MEGUM-115) :

It is a agent which provides adhesion between metallic piece & rubber under vulcanization condition. Before applying bonding agent a primer (Megum 3351) is used. It is a grey pigmented compound contains special reactive polymers in methyl-isobutyl – ketone & xylene & shows a dry solid content of approximately 25%. The primer megum 3351 shows enhanced flexibility of  properties on steel & aluminum. 

The Bonding agent which is used is megum-115. It can be used as one coat bonding agent or as cover cement over  a megum-primer. Megum-115 in combination with Megum-primers gives the bond an out standing resistance to environmental in fluences specially corrosion & humidity. 

Composition – It is (MEGUM-115) compound of special reactive polymers & pigments in xylene & perchloro-ethylene. 

Dry solid Content
= 23 to 27%

Color


=
Black 

Viscosity 

=
200 to 300 m pas (cp) 

Spec. Gravity
= 
1.04 to 1.14 g/cm3
3.1.2
  DEGREASING: -

It is the process of removing greasy type  materials like greese, oils, etc. from the metallic surfaces which are used in the manufacturing of antivibration parts. Our product (AVO-10) goes for primer application & bond application on metallic surfaces & finally it goes for paintings. Therefore, it requires oil and dust free clean metallic surfaces. In fact, it is washing processof metal parts. 

In order to get clean surfaces of metal plates & sheets; these are dunked for 3 minutes in the tank of liquid tri chloro ethylene (TCE) at temperature of about 45 0C to 50 0C.

3.1.3

SHOT BLASTING:

It is the process used after degreasing in order to get higher bond strength between metal & rubber as well as between metal surfaces & paints. Surfaces require peaks & vallies. These peaks & vallies are produced by shot blasting machine. Shot blasting machine consist of a chamber which is able to rotate metallic part put inside with the help of gears fitted with the motor. Metal parts which are required to be shot blasted are put inside the chamber and thereafter, Chamber is allowed to rotate. During rotation, these metal ports are given shots of CI grits (i.e., impingement of CI grits) with a velocity suitable to produce required roughness. During rotation of the chamber, metal parts get rub with each other together with impingement of cast iron grids. This process destroys the older smooth & dirty surfaces & produces new activated surface with peak vallies of the required size. These surfaces are capable to provide high strength between the metal & rubber as well as in between metal & paint surface. 

3.1.4

BOND APPLICATION 

Before applying bond on the metal surface, we spray primer (MEGUM-3351) of required thickness. This primer provides adhesive strength between metal and bonding agent. After 5 minutes of primer application, bonding agent (Megum-115) is applied on the premiered surface. This agent provides adhesive strength between primer & rubber. In this way when bonded metal is made to come in contact with rubber in the mould at specified temperature, then rubber gets fused with the bond and provides a very high strength. The primer and provides a very high strength. The prime and the bonding agent are given as discussed below.  
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Fig 3.1  : Using fixture for Primer  and Bond application 
Megum-3351(Primer):

It is a grey pigmented compound contain special reactive polymers in methyl- isobutyl-ketone and xylene and shows a dry solid contents of approximately 25%. The primer megum 3351 shows enhanced flexibility of properties on steel and aluminum. The product megum 3351 is therefore the desired primer. 

Megum-115 (Bonding Agent)

It is a compound of special reactive polymers and pigments in xylene & perchloroethylene. 

Dry solid content

=
23-27%

Colour



=
Black 

Viscosity


=
200 - 300 mPas(CP)

Specific Gravity

=
1.04 - 1.14 g/cm3
Megum-115 in combination with megum-primer gives the bond an outstanding resistance to environmental influences, specially corrosion and humidity. 

3.1.5
MOULDING

It is the process after bond application. In this process metallic parts after bond application is set into the die in the specified space. In the moulding machine rubber is made to come in molten state. Arrangements are such that, this molten rubber enters with high pressure into the remaining space of the die. There after die get closed. This die remain closed up to 400 seconds till the rubber is solidified. In the process of moulding, temperature is maintained up to  180 0C. At this temperature, bond applied on the metal get fused with the rubber & forms a very high strength bond between metal & rubber after 400 seconds moulded product is drawn out of the moulding machine.  

3.1.6
Buffing 
During moulding operation some of the molten rubber gets out of the filled space. This rubber goes to undesired metal surfaces and after solidification it sticks with those surfaces. This limits the metal to be painted. In order to remove sticked rubber, buffing operation is used. In this operation, buffing wheel of wire brush type is used. Rubber surfaced face is made to come in contact with the rotating brush type wheel which removes the sticked rubber. But in this operation one problem has arisen. The problem is that it makes the metallic surfaces so smooth so that paint cannot get high strength.  

3.1.7
Re–Shot blasting 

It has been discussed that buffing makes the metal surfaces so smooth, that paint cannot get high strength between metal and paint. Paint strength can only be got if the surfaces are clean and it contain fine peaks and valleyes. In order to remove above problem, the buffed ports are sent for re–shot blasting. Shot blasting provides the required surface characteristics on the metal. 

3.1.8
Painting 

After re–shot blasting, the considered product is sent for painting. Only metallic surfaces are required to be painted so that they can be prevented from atmospheric attack. 
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Fig 3.2: Considered product AVO 10 getting painted 

3.2

Specifications Process

3.2.1

Degreasing Specifications:


Material 


:
TCE (Trichloro Ethylene) 








Solvent degreaser 


Tempt.


:
45 ± 5°C. 


Time



:
3 minutes. 


Dunkings 


:
Continuously for 3 minutes 


Control of Solvent

:
Sp. Gravity should not go 







below 1.25 

Note:–Water break test after degreasing is to be done for each lot degreased. 

3.2.2

Blasting Specifications:


Blasting type

:
Shot blaster


Parts to be blasted
:
All mountings 


Blasting Grit Type
:
Chilled CI grit G3 







(Indian Standard) 


Time required

:
8 minutes

Note: 

1. Blast times can be increased if surface finish is not okay 

2. It should be ensured that inserts are not heavily pitted, after increased shot blast time

3.2.3

BOND SPECIFICATION


Primer Used

:
MEGUM 3351 


Bonding agent
:
Megum 115 

Dilutions

	Material
	Solvent
	Approx. Vol. Per 100 litres of material
	Final Viscocity

	MEGUM 3351
	CHEMLOK D-102
	45
	15 – 19

	MEGUM 115
	CHEMLOK D-101
	75
	17 – 21


Spray Pressure 


MEGUM – 3351
:
4.0 – 5.0 kgf/cm2

MEGUM – 115 
:
4.0 – 5.0 kgf/cm2
3.2.4
Moulding Specification


Time 



:
400 sec 


No. of pieces to be moulded 
: 
4 per moulding 


Temp.



:
Top 175 ± 5 







Bottom – 180 ± 5


Cure time



:
400 ± 50 Sec. 


Injection Pressure



:
125 ± 25 bar 


Injection time



:
30 sec. Max. 


Nozzle Size 



:
8mm 

3.3

Principle involved

Normally, metallic springs are used for absorbing shocks and vibrations. Some times due to space constraints in some places in vehicles, rubbers are used in place of metallic springs. This company uses rubber in place of metallic springs.    

The basic principle involved is that, in the product considered is rubber banding is done between metal and rubber surfaces. This bonding possess very high strength due to cross linked bonding between rubber and bonding agent. Different layers of primer, bond, rubber and metal is shown below. 
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Fig No.3.3 Different layers of Primer, bond, rubber and metal.

Considered product AVO 10 is subjected to tensile load in the vehicle. The rubber-metal bonding should have sufficient tensile strength to bear the loads. Specification provided by Maruti Udyog Ltd. for this product is such that it can withstand tensile load upto 427 kgf/per cm2
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Fig 3.4 : Assembled AVO 10
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Fig 3.5 : De-Assembled AVO 10
3.4      Problem Finding

Trellborg Automotive India Pvt Limited is a vender of Mruti Udyog Ltd. (MUL ). Considered product AVO 10 (for which this project is taken) is supplied to Mruti Udyog Ltd. It has been found that MUL has reduced its demand for the considered product. Further MUL has reported that life of considered product is less for the same product purchased form other vendor. This was a very big problem for the company. They have reported that life of the product from Trellborg Automotive India Pvt. Limited is four years, whereas it is seven years for other vendor for the same specifications of the product. 

Manufacturing of the concerned part (AV–10) consist of following processes. 

(i) Receiving 

(ii) Degreasing

(iii) Shot Blasting

(iv) Bond Application

(v) Moulding

(vi) Buffing

(vii) Reshotblasting 

(viii) Painting 

Investigation was done from top to bottom. It has been tried to find the problem which when solved results in reduction in production, cost as well as reduction in production time with some improvement in quality of product.

While searching for problem, moulding section was observed and saw that during moulding, rubber sticks at undesired area of metal. This makes the metal unable to get paint strength. 

In order to remove sticked rubber from undesired surfaces, this company was using buffing method. Buffing is done by buffing wheel. In this case brush type wheel is used. Stiked part is pressed gently against the rotating wheel. In this way sticked rubber is removed. But it makes the metal surfaces smooth such that high strength between metal and paint can not be attained. Thus the problem found was the rubber which sticked to the undesired surfaces removal of which requires buffing operations thus re-shot blasting is done.

CHAPTER – 4

INVESTIGATION 

AND

 SOLUTION

4.1
INVESTIGATION OF THE PROBLEM

Here Investigation of the problem means why & how the product fails. In this case various problem solving and investigation techniques are applicable. But the most suitable techniques have applied here. These are-

· Fish bone diagram or cause & effect diagram.

· Brain storming

· Creative problem solving principles

· Why-Why diagram etc.

Details of these techniques can be had from chapter 2

Initial investigations have done by using fish bone diagram as shown on the coming pages. Initial investigations have provided important possible causes of failure. Each of the possible causes and their effects have further analyzed. to get highly effective cause of failure.

This highly effective cause of failure is further investigated by using the problem solving tool "Why-Why diagram" as shown in the diagram. Initial investigation is done for Why there is early failure of product ? This is done by using fish bone diagram as shown. Under this investigation it has been found that there was failure due to the problem in the rubber itself i.e., failure initiate in the rubber itself. This is further investigated by using fish bone diagram as shown.

In these ways root cause have been found. The found root cause is problem in fixture i.e., fixture used was not designed properly, the use of which give rise early failure of the product. 

Fixture is further investigated to know which particular part of the fixture is not properly designed. It is given under the heading "Further investigation : Investigation made on the fixture".
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Analysis of Fish Bone Diagram for Early Failure of Product:

	Possible causes
	Effects

	Machine Cause
	Moulding Machine may not be able to melt and mix the rubber uniformly.
	Discontinuity in the rubber material and thus failure can take place below yield point.

	
	Shot blaster may not be able to produce required roughness.
	Less bond strength between metal and rubber and thus failure below the specified stress value

	
	There may be problem in the primer and bond spray gun
	Required bond thickness in between metal and rubber can not be maintained  and thus give in adequate bond strength 

	Material clause
	Rubber may not have the required strength 
	 It will fail below the specified stress level

	
	Shot blasting grits may not be qualifying for specifications to produce required roughness on the metallic portion of product
	This will give less bond strength between metal and rubber & thus early failure

	
	Bad quality bond material
	Less bond strength and thus early failure

	Method Cause
	Poor Bonding
	Less metal - rubber bond strength

	
	Poor Moulding
	Improper melting and  mixing of rubber and thus discontinuity in the material & thus failure below yield point

	
	Poor Buffing
	Poor buffing may reduce rubber- material from the product & thus reduce the strength

	
	Re-Shot blasting
	This can produce tiny holes in the rubber portion of the product and thus during service period these holes propagate to give rise of fatigue stresses when subjected to fluctuating loads. This will lead to early failure below yield point 

	Man Cause
	Careless setting in moulding machine dies
	Large gap in dies & thus large quantity of material is pushed out of the die & thus less strength in rubber.

	
	Lack of training
	This may lead to defective work in all area

	
	Bad attitude
	This may lead to defective work by intention.

	Measurement Cause
	Measurement mistake at  UTM  for testing tensile strength
	Bad product  having less strength can be passed through quality testing

	
	Measurement mistake in primer and bond coating
	Product having less strength can be produced 

	Environment
	Environment Temperature
	No appreciable effect

	
	Humidity
	


Analysis of Fish Bone Diagram for failure in the rubber itself

	Possible Causes
	Effects

	Machine Cause
	Moulding machine may not be able to melt and mix the rubber uniformly
	Discontinuity in the rubber material & thus failure can take place below yield point. 

	
	Less temperature in moulding machine than it is required 
	Melting and mixing will not be uniform & discontinuity in the material

	
	Less cure time in moulding machine
	Less strength in the rubber portion of the product


	Material Cause
	Bad quality rubber
	Poor strength in the rubber

	
	Rubber may not follow the given specifications
	This will give rise to rubber strength different than requirement

	Method Cause
	Re -shot  blasting
	This can produce tiny holes in the rubber portion of the product and thus during service period these holes propagate to give rise of fatigue stresses when subjected to fluctuating loads. This will lead to early failure below yield point.

	
	Poor Buffing
	This will reduce rubber material from the product & thus reduce the strength

	Man Cause
	Untrained worker
	Job can't be done with accuracy

	
	Bad attitude
	Quality will get degraded 

	
	Careless setting of die in the moulding machine
	This will lead to large gap in dies & thus large quantity of rubber material is pushed out of the die & thus less strength in rubber.

	Measurement Cause
	Temperature measurement mistake in moulding machine
	Temperature other than the required will lead uneven melting and distribution of rubber material in the die & thus less strength in the rubber itself.

	
	Measurement mistake at UTM for testing tensile strength
	Bad product having less strength can be passed through quality testing 

	
	Measurement mistake in quantity of raw -rubber supply in the moulding machine 
	This will lead to less strength in the rubber itself.


Each of the possible causes & their effects have been examined and it has been concluded that except re-shot blasting every process & step were working properly. so re-shot blasting is further analyzed, this is done for the  assembled  product. It has been found that during re-shot blasting, tiny holes are produced in the rubber part. It is analyzed by Why - Why diagram as shown here-

Why - Why Diagram for possible causes 

	Question
	Possible answer/ answers
	Comments

	Why re-shot blasting done?
	To make smooth metallic surfaces rough for getting high paint strength
	Surfaces would be smooth as already it is shot blasted.

	Why metallic surfaces become smooth?
	Because Buffing is done
	Buffing is finishing operation & thus it creates smooth surface

	Why Buffing is done?
	To remove sticked rubber (on the undesired surface) during moulding operation
	In this case moulding is done in between rubber and metal. During moulding operation some rubber sticks on the metal surface which is prevented for rubber moulding. This area is said here as undesired or restricted surface of metal 

	Why Rubber sticks  on the undesired surfaces?
	Because of presence of bond on the restricted surface
	Rubber can stick on the restricted surface if bond is present on this surface.

	Why and how  bond comes on the restricted surface?
	i) Worker may be careless and thus not applying the bond properly 

ii) There may be some problem in the fixture which is used for preventing the restricted surface (that surface at which bond application is not required ) from primer and bond

iii) There may be some problem in the bond spray gun.

iv) There may be problem in workers attitude 


	All these possible causes  have been examined  and found that fixture was not working properly

	Why Fixture not properly?
	i) There may be problem in setting of  lower & upper of fixture 

ii) Fixture may not have designed properly
	Both these possible causes have examined and found that fixture was not designed properly.

It is further investigated under the heading "Further investigation  :  Investigation made on fixture"


4.2
Solution Finding
During investigation it has been found that fixture was not working properly. Why the fixture not working properly is because of improper design. It is improper in design because its vertical walls are smaller than required.  So as a solution it has been decided to increase the vertical walls of the fixture so that the visible portion of the vertical walls of the work piece comes to 1 cm about. In this way undesired surface (at which bond / paint is not required) can be protected from primer and bond application and thus rubber can’t stick on the restricted surface of metal. 

4.3
EXISTING Design and Fabrication of the Fixture

1. Material:  As far as the design & fabrication is concerned material for the fixture used is general purpose steel metal sheet. 

2. Fabrication Process: Sheet metal work process is used to fabricate the fixture. 

3. Shape:  It is made in rectangular shape as shown in the photograph it is made in two halves i.e, "Upper half & Lower half". Lower half is used to hold the work pieces and the upper part is used to cover the lower part so that only required work piece area to be made visible so that primer and bond can be applied to the visible area only. 

4. Working:  Lower part of the fixture consist of 12 (Twelve) stands on which our considered work piece can be held for primer and bond application. 

Upper part of the fixture consist of 12 rectangular holes with 2 (two) vertical walls in each hole. These two walls are used to cover the required vertical surface area of the work piece (while resting on the stand of lower part) to prevent it from primer and bond application.

When upper part of the fixture is made to cover the lower part then all the 12 stands (While work pieces resting on it) of lower part of fixture are fitted with the 12 rectangular holes (with 2 vertical walls) of the upper part. In this situation vertical walls cover the vertical surface area of the work piece as shown in figure.

Primer and bond application on the work piece is done only when it is put inside the fixture. Undesired coating of primer and bond can only be prevented in this situation only.

CHAPTER -5

IMPROVEMENT MADE

5.1
Redesign of fixture

It has been discussed earlier that our considered product / work piece requires primer and bond application on its inner horizontal surface and 1 cm deep only on the two vertical surfaces. In the old design, the length of vertical walls of the rectangular holes of the upper part of the fixture is less than it is required. Because of this short coming fixture is disabling to prevent the undesired coating of primer and bond. 

In order to fulfill this requirement it has been decided to increase the length of the vertical wall by 1 cm (Presently it is 1 cm deep.) redesign suggests it should be 2 cm deep.

Testing has been made on the redesigned fixture and it has been found that undesired coating of primer and bond is prevented and only 1 cm deep vertical surface remains free of primer and bond coating.  Redesign of the fixture prevented the sticking of the rubber on the restricted surface and thus eliminated the use of buffing and re-shot blasting and thus saving production cost and production time and consequently production capacity.    
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Fig 5.1 fixture in assembled form for AVO 10
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Fig 5.2 fixture Lower part 
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Fig 5.3 Assembled fixture with AVO 10 inside
5.2
Saving in Production Cost

With the redesign of the fixture, two process got effected. These process got eliminated completely. These processes are –

(i) Buffing

(ii) Re–Shot Blasting 

This is obvious that saving in the production cost have been made in these two processes. Cost analysis of these processes is given below: 

A.
COST ANALYSIS FOR BUFFING-


Present capacity of production per day for the considered product AVO–10 is 400 pieces. In this case analyses have been made on 400 pieces per day basis. It's analysis is given as follows: 

	Number of buffing operator working / day 
	01

	Number of buffing wheel used / day 
	04

	Per day salary of buffing operator 
	Rs. 333

	Price of Four (04) buffing wheel (Per Wheel = Rs. 300/–)
	Rs. 1200

	Cost of electricity used on the buffing wheel per day 
	Rs. 550

	Maintenance cost of motor of the buffing, wheel per day 
	Rs. 100 

	Total cost for buffing per day
	Rs. 2183


Table 5.1: Cost Analysis for buffing 
B.
COST ANALYSIS OF RE–SHOTBLASTING- 

	No. of operator used for running the machine 
	01

	Quantity of grit used for 400 work pieces of per day 
	5 Kg. 

	Price of grit per kg is 
	Rs. 200

	( Price of grit of 5 kg 
	Rs. 1000

	Maintenance cost of machine per day 
	Rs. 900

	Electricity cost for running the shot blasting machine per day
	Rs. 1500

	Operators salary per day 
	Rs. 333

	Cost in absenceof re–shotblasting 
	Rs. 2000

	Total cost for Re-shotblasting
	Rs. 5733


Table 5.2: Cost Analysis for Re-shotblasting 


Total saving in cost for producing  400 pieces per day 




=
Saving in buffing cost + saving in reshotblasting cost. 




=
2183 + 5733





=
Rs. 7916


Saving in cost per piece = 7916/400 = Rs. 19.79


Making enquiry to the company, it has been found that present (before implementation of this investigation) production cost per piece of the AVO–10 comes to Rs. 92.00 


( % Saving in production cost  (19.79 / 92) x 100 


=
21.5% 


Before improvement production capacity = 400 pieces / day 


(
Annual production = 400 x 365 = 146000 pieces. 


Since production cost of single piece = Rs. 92/– 


(
Annual production cost = 146000 x 92 = Rs. 13432000


(
Annual reduction/ saving in production cost = 13432000 x 21.5%

Annual Reduction / Saving = Rs. 2887880


After improvement in the fixture new production cost / piece comes to Rs. 72.22. So, investment of saved money can produce 




= 2887880/72.22 piece / annum




= 39987 product pieces / annum

5.3

Saving in Production Time

Before evaluating saving in production time it is required to find total production time before improvement for our considered product AVO–10. Production of AVO–10 consists of following processes. 

Degreasing, shot blasting primer application, bond application, moulding, buffing, reshot blasting, and painting. 

From observation, time consumption for individual process is given below: 

	Process Name 
	Time / 400Pieces 

	Degreasing 
	3 Min 

	Shot blasting 
	10 min

	Primer application 
	50 min

	Bond application 
	50 min

	Moulding 
	600 min

	Buffing 
	300 min

	Re–Shotblasting 
	10 min

	Painting 
	50 min

	( Total production time taken
	1073 min


Table 5.3: Total production time calculation  

With the redesign and modification of the fixture, two processes i.e., buffing and re–shot blasting have been cut out. The time which would have been consumed by these two processes, now saved. 








time consumed in buffing

( Saving in production time = 


+ 









time consumed in re-shotblasting. 






       =
300 + 10 = 310 min = 5.16 hrs. 

( therefore saving in production time ( 5.16 hrs


(
% saving = (saving in time / total time) x 100







= 310 / 1073 x 100





    % saving = 28.89%

                                % Saving = 29%. 

5.4

 Improvement IN Production Capacity 

Production Capacity before re–designing the fixture. 

From previous discussions, it has been found that production time for 400 pieces is 1073 minutes. 


(
Production rate /capacity = 22.16 pieces / hr. 








   = 22 pieces / hr.

Production Capacity after re–designing:


Before improvement it was found that 1073 mins. Were required for producing 400 pieces. But after improvement buffing time and re–shot blasting time is reduced. 


i.e. Total production time for producing 400 pieces after improvement = Total production time before improvement – Time required for buffing and reshot blasting. 


=
1073 – (300 + 10) 


=
1073 – 310 


=
763 minutes


Now 763 minutes are required to produce 400 pieces. 


As buffing and re–shot blasting are reduced, it means there is saving in production time. This saving in time is 310 minutes. Now, let us find how many product pieces can be produced in this saved time 310 minutes.


763 minutes are required to produce 400 pieces. 


One minute is required to produce = 400/763 pieces.


( 310 (5.16 hr.) minutes are required to produce (400/763) x 310








     = 162.51 pieces. 








     = 162 pieces


So, in this saved time (5.16 hrs.) we can produce extra 162.51 ( 162 pieces of the concerned product. 


So, in the older production time 1073 minutes, No. of product items that can be produced = 400 + 162 pieces. 






   =  562 pieces. 


(
Production rate / capacity = (562/1073) x 60 








    = 31.42 pieces / hr 








    = 31 pieces / hr. 


Increase in production rate / capacity = 31.22 = 9 pieces / hr.

(
% increase = 9 / 22 x 100 





         = 40.4% 


            % Increase in production rate / capacity = 40%

Before improvement 1073 minutes were required to produce 400 pieces / day. 


So, annually production time = 1073 x 365 = 391645 minutes. 


After improvement saving in production time = 28.89% 


(
Annual reduction / saving = 391645 x 29%








    = 113146.24 minutes


                                                     = 1885.77 hrs. 


Within this saved time we can produce extra product pieces with new production time of 763 minutes / day for 400 pieces. 


(
Annual extra production =  (400 / 763 ) x 113146.24


                                                   = 59116.5 pieces. 


Following table shows comparison of production cost, production time and production capacity before and after improvement. 

	Production ( Improvement

(
	Production Capacity
	Production Time
	Production Cost

	Before improvement
	22 pieces / hr
	2.6825 min/pc.
	Rs. 92per pc.

	After improvement
	31pieces / hr
	1.90 min/pc.
	Rs. 72.22 per pc.

	% improvement
	40%
	29%
	21.5%


Table 5.4: Relative improvements in production capacity, time & cost   

5.5
Improvement in Quality 

In earlier case, after moulding, buffing was required which smoothens the metallic surfaces. This smooth surface does not provide sufficient strength to hold the paint (as finally painting required). In order to overcome this difficulty sufficient surface roughness was required to be made by reshot–blasting. During reshotblasting due to impingement of grits into the rubber part makes it weaker in strength. 

After improvement these two processes buffing and re–shot blasting have been eliminated. Thus the product directly goes to painting shop just after moulding and thus getting high strength in the product and thus, good quality of the product have been found. Following important points have been noted with this improvement-

(i) Rejection level reduced

(ii) Surface finish of the product is of better grade

(iii) Human involvement has been reduced. 

(iv) Scope for further development of designs to suit customers. 

(v) More cost effective and produced well within specified time span as the number of operations have been reduced. 

(vi) Aesthesis of the product has been improved. So, there is better demand in the market. 
CHAPTER -6

    results and conclusions

6.1

Results 
The results of this process improvement an (investigation) are: 

(i) It has reduced / saved the production cost by 21.5% 

(ii) It has reduced / saved the production time by 29%. 

(iii) It has improved the production rate / capacity by 40%. 

(iv) It has improved the quality of product as discussed earlier. 

6.2

Conclusions 
Results show that 21.5% reduction saving is done in the production cost. From calculation it has been found that this saving is Rs. 2887880 per annum. So, this saving can further be invested to produce 39987 no. of extra product pieces per annum and thus extra profit can be made. 

As far as the production time is concerned 29% reduction / saving is done. Calculation shows that this saving in time comes to 113146.24 minutes or 1885.7 hours per annum. In this saved time 59116 extra product pieces can be made which is equivalent to 40% improvement / increase in the production rate/capacity of the plant. 

So, it can be concluded that saving in production cost, production time and increase in production rate have improved the productivity, profitability as well as the quality of the product. 
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Supplier


Cost


estimates





Product


specification


changes





Table 2.4 Common efficiency measures [20)  
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MEASUREMENTS	





MACHINE





Early failure of Product 





ENVIRONMENT





METHODS





MATERIALS





FISHBONE DIAGRAM FOR EARLY  FAILURE  OF PRODUCT





MEASUREMENTS	





MANPOWER





MACHINE





Failure is Rubber itself





ENVIRONMENT





METHODS





FISHBONE DIAGRAM FOR FAILURE IN RUBBER ITSELF 





MATERIALS








PAGE  
iii

