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Unit-IV: Productivity and Operations: 

Productivity: is defined as the ratio of output to input produced by a person a machine or any system. It is 

also known as the efficiency of a process.  You get the best Productivity when the output is produced by 

using all inputs like man, machine, material, money and information most efficiently. 

Standard of living: The standard of life in any place is basically the quality of life people in that region are 

leading. It is related to the quality and availability of Education, Basic health care and the necessities of life 

like Housing, Food, Safety, State of economy, GDP etc. It has been seen that the standard of living is better 

when the amount and quality of good and services produced are better in quantity and quality. It clearly 

means that the former is better when the Productivity is more. And when the Standard of living is good 

there is more happiness. Thus Productivity is closely related to Happiness in any society. 

Types of Productivity: Productivity is divided into two types. 

1.Total Productivity 

2.Partial Productivity. 

It has already been said that Productivity is the ratio of output with the input. When the ratio is between 

the output and the total input it is called as Total Productivity. 

However when the efficiency of utilization of a certain type of input requires to be seen, the ratio of output 

to only that part of the input is calculated. For example, the ratio of output to Labor input or output to 

capital input or output to input in terms of cost of man-hours involved. 

This then, is called as Partial Productivity. 

Operations (goods and services) Vs project management:  

Operations management: Earlier known as production management currently known as operations 

management due to emergence of services. The management of the processing of the products and 

services to be provided is called operations management. It involves many functions such as Product 

design, selection of facility location as also layout design, process design, capacity panning, scheduling, 

quality management, materials and inventory management etc. Unlike Projects the activities are repetitive 

and continuous and not temporary. A variety of products may be produced. Example is a manufacturing 

operation like a unit making Air-compressors, or a company providing Internet services or insurance 

services managed by team of functional experts. 

Project management on the other hand is taking care of all the various activities require to complete a 

project. The project may be of any type for example the construction of a high rise building or a steel mill 

or a power station. A Project typically involves a number of activities, which are to be scheduled, 

sequenced and completed in the specified time and efficiently in order to complete the work. So, the main 

functions involved here are Project planning and scheduling, network analysis, planning, scheduling. The 

tools commonly used for this purpose are PERT and CPM or program evaluation and review technique and 

critical path method. All the inputs are brought to the site. The project has to be completed in a specified 

time, of a specified quality and with 

Production processes and layouts: 

In any production or Manufacturing Organization the production facilities must be arranged in a way that 

the processes can be carried out most efficiently and the product quality and quantity is optimum. The 

facilities consists of things like the structure, the operating equipment, storage space for raw material, 

in-process as well as finished goods, operating space, space for maintenance, material handling, auxiliaries 

and offices. 
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Four Main Types of Plant Layout 

There are four generic types of layouts which can be chosen from depending upon the type of Industry and 

volume of production etc. These are: 

1. Line / Product Layout 

2. Functional/Process Layout. 

3. Fixed Position/Project type Layout. 

4. Hybrid/Mixed type of Layout. 

1. Product or Line Layout: 

In the product type of layout the machines and equipment are arranged according to the sequence in 

which the operations are carried out. This layout is suitable for a single product or products of one type. It 

is also mass production of products having a high degree of standardization and from one end of the line 

the raw material enters and is transported one operation to the next with a minimum work in process very 

quickly. In the process, storage and material handling is also minimum Fig.  Shows product layout for two 

types of products A and B. 

 

Advantages of Product Layout: 

 material handling cost is minimum 

 work in processes is very low,  

 Men and machines are utilized best,  

 material in process and storage s use up very low floor space,  

 production control is very simple,   

 Minimum production time. 

Limitations of Product Layout: 

 flexibility is not there,  

 Lower the volume of production higher the production cost,  

 production line stops if even a single machine has breakdown,  

 Specialize is required. 
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2. Process or Functional Layout: 

When production volume is low and the products are not standardized and non-repetitive the process 

layout is suitable. Machines are arranged according to the type of the operations.  

Machines of the same type are located together for example Planers at one place, all the milling machines 

are at another and lathes at a third place etc. Therefore, the process carried out in that area is according to 

the machines in each location carryout a certain type of process only. 

 

Advantages of Process Layout: 

Less duplication and investment in equipment, efficient supervision functional specialization.Because there 

is no fixed sequence of operations here is more flexibility, equipment can be utilized in a better way. 

Eequipment breakdown does not stop the whole production control of precision or complex processes is 

easier. 

Limitations of Process Layout: 

There are long material flow lines so expensive handling is required,  production cycle time is higher due 

to distances and waiting, work is  more often in queue/waiting for operations hence bottle necks, floor 

area needed is higher, scheduling is more difficult and complicated due to lack of a fixed sequence. 

3. Fixed Position Layout: 

This layout is not meant for manufacturing industry. Here the main equipment are in a fixed location, all 

the rest of the mmaterials, mmachinery, and men etc. are transported to this location. 

It is uneconomical and inconvenient to move the main equipment which is heavy/large sized and it is 

easier to i g the e essa  tools a d e uip e t’s to the main location with the Human resources. This 

type of layout is used in the manufacture of big ships, Turbines etc. 

Advantages Offered by Fixed Position Layout: 

Low capital investment, less material movement, continuity of operations is there, independent production 

centres, hence effective planning and loading can be done, and total production cost will is low. Better 

flexibility and change in product design if required, Change in product mix and volume of production 

Limitations of Fixed Position Layout: 
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Highly skilled man power needed, Movement of machines/ equipment transportation to manufacturing 

location may take a long.Higher production cost due to complex fixtures. 

4. Combination Layout: 

Today the layout should be such adaptable according to the industry needs, with a low expense. An 

economical and flexible layout is the best. Therefore at many places suitable combination of the above 

layouts are used. Cellular layout is one such example. The ideal layout is one which combines the 

advantages of the above layouts and does away with their disadvantages 

Production process: They can be classified on the basis of -Variety and Volume. 

The production processes basically covert raw material/input into finished product/ output. Depending on 

how this is done they may be classified into, job, batch and flow production. 

 

Job shop production: 

In this type the products are designed as per customer specs and with a specified cost and time. The 

olu e of p odu tio  is lo  a d the a iet  possi le is high. A tailo ’s shop is a  e a ple. Made to o de  
or Customized products are other names for its products. 

Advantages: 

Unique product as per the customer requirement, supervision and quality control are simple, specifications 

for the job can change during production to meet the changing needs of customers. Better team work and 

job satisfaction. 

Batch production 

In this type of production process a group of components undergo a production process together. Once a 

batch is processed, the next one begins. 
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For example in a steel mill there are batch annealing furnaces. A group of two or three twenty ton coils are 

stacked in a furnace and undergo the annealing cycle of say 36 hours. Once a batch is done it is offloaded 

and the furnace loaded with the next set of coils and so on.t operation. This method is not continuous but 

interrupted production. 

The benefits of batch production are: The same machinery with changed can be used for range of similar 

products. Smaller range of machines required. Less flexibility of workers required, quick response  to 

customer orders  possible by moving buffer stocks of work-in-progress or partly completed products 

through the final production, costing is easy. 

Flow production 

Flow production involves continuous processing of parts with no interruptions or breaks from beginning to 

end. Unlike Batch production it is not intermittent. The product automatically moves from one operation 

to the next without stoppage. An example is a continuous annealing line in which the steel coils are welded 

end to end and once the front end of the first coil is threaded, the process of cleaning, rinsing, flux coating, 

galvanizing, drying recoiling etc. is continuous. 

Continuity of demand is the main requirement for Flow production. If demand variation may result in 

constant overstocking of finished product.Typically such products will have standardized and a very high 

volume of production. 

The benefits of flow production are: 

Costs can be minimized, waste may be reduced to a minimum, production costs can be reduced through  

the use of automation low work-in-process, storage space required is low, easy control. 

Steps in method improvement, time measurement, rating, and various allowances;  

Standard time and its utilization: 

Work study can be divided into: 

1. Time study/ Work measurement. 

2. Method study. 

Time study or work measurement means finding out the time necessary to carry out a job at a specified 

performance le el. Fo  this the a tual ti es spe t to a  out the jo  a d /o  it’s a ious ele e ts a e 
recorded and analysed. 

Steps in Time Study: 

1. Select the job to be recorded 

2. Record the e details of method, operator, job, working conditions. 

3. Define. Break the job into elements suitable for timing. 

4. Measure. Time for each element and rating. 

5. Extend observed time into Normal time/Basic time. 

6. Determine Allowances both personal and relaxation or fatigue. 

7. Compute Standard time for the operation. 
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Standard time is the time required by an average skilled operator, working at a normal speed, to perform a 

specified task using a prescribed method. This time is arrived at after providing for the various types of 

required allowances. 

Advantages of computing the Standard time: 

Worker requirement can be determined once the time required to process the existing work is known. 

Line balancing or the correct number of workstations for optimum work flow depends on the processing 

time, or standard, at each workstation. 

Materials requirement planning (MRP): MRP systems cannot operate properly without once accurate work 

standards are there accurate MRP (Material requirement planning) can be done 

Wages and incentives can be decided by comparing actual performance with the work standards times. 

The devices used for recording time in Time study are as below 

Stop watch of the fly back type where operation of a slide forward or backward starts or stops the watch. 

Reading is in decimals up to 0.01 minute minimum. 

In non flyback type  stop watch, one press of the knob starts, second stops and third returns it to zero.  

Time recording machine with a paper tape rotating on two rollers at uniform speed. The time is recorded 

in fractions of a second. Motion picture camera used for micro motion study. The camera works at 

constant speed and the no of films covered by an element of activity gives the time for it because the films 

per minute is constant ( example 100 films per minute) 

How to establish Standard time: 

The standard time can be determined using the following techniques:  

1. Time study 

2. Predetermined motion time system  PMTS 

3. Synthesis from Standard data system 

4. Work sampling. 

5. Performance rating. 

6. Analytical Sampling. 

The Standard Time is derived from the following three factors: 

1. Observed time: The time actually measured required to complete the job. 

2. Performance rating factor: Is applied to the observed time according to the assessment of the 

o ke ’s speed of o ki g  a  e pe t i  o pa iso  to his ental picture of a worker working at 

normal speed. 

3. Allowance. The standard time can then be calculated by using:  

Standard time = Observed time * Performance Rating Factor + Allowances 

Work Measurement 

Work measurement refers to the estimation of standard time for an activity that is the time allowed for 

completing one piece of job by using the prescribed method. Standard time can be defined as the time 
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taken by an average experienced worker for the job with provisions for delays beyond the worker's 

control. 

There are several techniques used for estimation of standard time in industry. These include time study, 

work sampling, standard data, and predetermined motion time system. 

Standard time computation is of use in practice for: 

Estimating material, machinery, and equipment requirements,  Estimating production cost per 

unit,Preparation of Budgets,  Estimating manpower requirements,Estimating delivery schedules and 

planning the work,  Estimating performance of workers and using that as the basis for incentive payment 

to those direct and indirect or labor who show greater productivity. 

Performance Rating 

During the time study, time study engineer carefully observes the performance of the operator. This 

performance seldom conforms to the exact definition of normal or standard. Therefore, it becomes 

necessary to apply some 'adjustment' to the mean observed time to arrive at the time that the normal 

operator would have taken to do that job when working at an average pace. This 'adjustment' is called 

Performance Rating. 

Determination of performance rating is an important step in the work measurement procedure. It is based 

entirely on the experience, training, and judgment of the work-study engineer. It is the step most 

subjective and therefore is subject to criticism. 

Performance Rating can be defined as a procedure in which the time study engineer compares the 

performance of the operator under observation to his personal Idea/concept of standard or normal 

Performance or his mental picture of a worker working at normal speed and determines a factor called 

Rating Factor. 

Rating Factor=Observed time/Normal time    

Performance rating is generally expressed as a percentage. 

System of Rating 

There are several systems of rating the performance of operator on a job. 

These are: 

• Pace Rating 

• Westinghouse System of Rating 

• Objective Rating 

• Synthetic Rating 

A brief description of each rating method follows. 

Speed or Pace Rating 
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Under this system, operator's performance is evaluated by only by his speed of accomplishment of the 

work. An average worker is rated at 100%, better than average higher and less than average lower for 

example 110% and 90% respectively. In effect it is a comparison with the actual speed with the conceptual 

normal speed. 

Westinghouse System of Rating 

In this method a set of four criteria is used for evaluating the performance of an operator: skill, effort, 

conditions, and consistency. 

Skill refers to the the proficiency of an individual in adhering to the given method.  Mind and hand eye 

coordination and rhythm are important here. 

Effort is measured by the speed used by the operator to apply the skill. 

Co siste  easu es the fa to s affe ti g the ope ato ’s a ilit  to pe fo  the jo  epeatedl  ithi  the 
same time. 

Conditions: Measurement of the conditio s affe ti g the o ke ’s pe fo a e su h as Noise. 
Temperature, vibrations. 

Each of the criteria is divided into six degrees which have numerical values. The worker is rated in each 

from Perfect to poor i.e. A to D. All these are added to arrive at the total rating score. 

Objective Rating 

This method rates operator speed against a standard speed irrespective of job difficulty.The observer does 

just the speed rating. Subsequently a secondary adjustment is made to the speed rating to take care of the 

job difficulty. Job difficulty is divided into six classes again. Percentage is given to each of these are as 

categorized by M. E. Mundel: 

 (i) amount of body used, (ii) foot pedals, (iii) bi-manualness, (iv) eye-hand co-ordination, (v) handling 

requirements and (vi) weight handled or resistance encountered.  

Synthetic Rating 

In this method the time of the manual elements of the job are compared with those established by 

predetermined time and motion study(PMTS).Therefore the actual time is measured by time study as usual 

and then the PMTS time for the same is also found out. Then the Performance rating Factor is the ratio of  

R=P/A 

Where R is the Rating Factor, P the Predetermined time for the elements and A the actual average time for 

the same elements. 

Advantages: Does not rely on the judgment of time study person and consistent results. 

Allowances 

The normal time calculated by multiplying the observed time with the performance rating of a worker does 

not contain any allowances for the worker. These allowances are required during actual working due to 

fatigue caused by continuous working. For working efficiently workers need to relax a little bit from time to 
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time. Secondly they also need to time to attend to their personal needs like short call, long call, hunger or 

thirst. If these are not given they can cause inefficiency and/ or problems in work. 

Allowances are generally given as percentage of Normal or Basic time and are added to the normal time to 

arrive at the standard time. 

Allowances may be classified as: 

I. Relaxation allowance is given to the worker to enable him recover from the physiological and 

psychological effects of working under specified conditions to carry out specified work and to attend to 

personal needs. I 

It is of two types1. Fixed and 2.Variable. 

(a)Personal needs. Like Drinking water, long call short call etc. 

(b) To compensate for basic fatigue due to energy spent while working. The factors considered are 

abnormal working posture, use of force, Lighting, atmospheric condition, Strain on eyes, Mental stress, 

manual strain etc. 

ii Provided to worker for poor environmental conditions that cannot be improved like poor lighting or lack 

of enough air circulation. 

iii Interference Allowance given to compensate for time lost when two machines looked after by one 

operator go under breakdown simultaneously. 

iv Contingency Allowance :Given to take care of time lost due to unexpected stoppages due to factors 

e o d the ope ato ’s o t ol su h as Po e  failu e, Tool eakage, la k of a  ate ial, la k of spares etc. 

v Policy Allowances are sometimes given for arriving at a  standard time which may facilitate a mutually 

acceptable wage agreement between workers and Management. 

Predetermined motion and time system: Work measurement systems which divide the job into basic 

human movements, classified according to the conditions of the job and the nature of movement are 

called PMTS or Predetermined Motion and Time Study. For each classified movement, data in terms of the 

time required is arranged in the form of tables. For example the fundamental movements are reach, grasp, 

move, hold etc. PMTS data is prepared after lot of research and Analysis. The time require for all individual 

movements of any activity are synthesized to arrive at the total time for the activity. Thus PMTS is a way to 

find the standard time for a job by using predetermined times. 

One of the main characteristics of PMTS is that a detailed description of the working method is sought. 

Therefore it is instrumental in the deep study of work is and how to improve it and assessing the correct 

time in which to do it. 

PMTS usually does not include allowances and so just a sin stop watch study these have to be added. 

One  important PMTS systems is MTM (Methods-Times Measurement).It  is  a group of systems 

different for different levels and applied to varied types of jobs.  MTM gives time values for eight 

fundamental hand motions like: Reach, Move, Apply Pressure, Turn, Grasp, Position, Disengage, and 

Release, together with a small set of full body motions, nine pedal and trunk movements, and two ocular 

I.e. eye movements. 

Fo  e a ple, fo  the fi st otio  I.e. Rea h  The time taken to reach to an object is then given by a table 

based on the following, 
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(a)There are five classes of reach depending on whether the object is in a fixed location,location varying 

slightly from cycle to cycle, jumbled together with other objects,very small object, indefinite position or 

out of the way. 

(b) The distance moved to perform the reach operation and  

(c) Type of Reach 

i) Hand is moving neither at the beginning nor at end of operation. 

ii) Hand moving either at beginning or at end of operation 

iii) Hand moving both at the beginning and at the end of operation. 

In the same way times for other motions are found out. The time for a given motion is affected by both the 

physical as well as the mental condition. Unit of MTM is TMU=0.0006 minutes. 

Similar tables give times for each of the other basic movements and measured similarly. MTM is suitable 

for measuring short cycle, highly-repetitive work. Other versions of MTM use lower level motions. In 

MTM2, the motions of Reach and Grasp are combined into one, GET.In MTM2 analysis can be done more 

quickly than MTM1.MTM3 is simpler and used for longer cycle work. Speed of analysis is seven times faster 

than MTM1. 

Work Factor system:  In work factor system the work factor time for manual tasks is determined by the 

use of predetermined data. Work factor is unit of measurement. 

The four main variables of Work factor system are: 

1. Body member used I.e. Arm, trunk, leg etc 

2. Distance moved, in inches or cm 

3. Manual control on the basis of difficulty involved like Change of direction, Definite stop or steering etc. 

4. Weight or Resistance encountered in carrying out a motion. 

The procedure is, Breakdown the job into different motions. Find out the work factors for every motion, 

Find the time required for each motion, add these up to arrive at the Activity time, add allowances if 

required. 

 BMTS: is short for Basic Motion and Time study. This system considers the following: 

 1) The Class of Motion 

a)Stopping without muscular control. 

b)Stoppage by using force. 

c) Using muscular control to slow down the motion and to end it in actions of placing or grasping. 

2) Distance moved to be found out from Tables. 

3) Visual attention: Whether Eyes are required to move with Hand/Arm motion. 

4) Force factor: How heavy a weight is involved? 

5) Simultaneous Motions: when two motions / eye movement are involved at the same time. 

Work Sampling: Is a technique in which a statistically competent no of instantaneous observations are 

taken over a period of time of a group of work processes. Each observation thus recorded for a particular 
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activity is a measure of the percentage of time of the occurrence is observed. It is mainly used for the 

following three objectives. 

1) Activity and Delay sampling. The percentage of time in a day the worker is working or idle. 

2) Performance sampling. Establishing performance level of a worker during his working period. 

3) Work measurement. Establishing the standard time for a task under certain conditions. 

Procedure for Work sampling: 

1.Deciding the goals and objectives. 

2.Explaining the purpose to the operators (after taking approval from supervisor). 

3.Decide the work and Delay elements. 

4.Decide the Study duration. 

5.Decide the require accuracy of Results. 

6.Make preliminary estimate of occurrence of activity. 

7.Design the study. 

8.Make observations and summarize. 

9..Check accuracy. 

10.Prepare Report. 

According to the Statistical theory of Sampling if a large no of random observations are taken over a 

sufficiently long period it can give an accurate picture of the situation. 

The probability of occurrence of a chance event is given by plotting the observations on graph and 

obtaining the normal frequency of occurrence in the normal distribution curve. A plus minus 2Sigma 

standard deviation means a confidence level of 95.45% and plus minus 3sigma means 99.73% confidence 

level. 

Determination of the required no of observations: 

Number of observations at a confidence level of C= 95% is given by 

N= 4(1-P)/A2*P where A=Limits of accuracy, P= activity percentage, C= Confidence level. 

However N can be also determined from Graphs, Charts, and Tables etc. 

Standard time to do a job can be calculated as below: 

Standard Time ST= Total Time* Working time percentage*Performance Rating/Total no of items 

manufactured 

If the worker was idle for say 10% of the time this above standard time can be multiplied by 100/90. 

Work sampling is often used for group studies, it is not tedious like stop watch study, no interruption in 

work, and long period of study gives higher accuracy. It is a statistical method so the probability or 

confidence is known. 

Method study Definition: It is the systematic recording and critical examination of the existing and 

alternative methods of doing a work with a view to finding out the easiest, most effective and most 

economical method of doing the job. 

Procedure: 
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Select the job to be analysed. 

Record all the relevant info 

Examine the records critically. 

Develop the best method 

Define the new method 

Install the method as standard practice 

Maintain the standard practice. 

In method study charts are made which show all the activities being carried out in the process. Five 

symbols are used to show different activities. Operation symbol is a circle. Inspection is shown by a small 

rectangle, Transportation by an arrow, Delay by a D and Storage by an inverted Triangle and (Rarely, 

Decision by square) 

 

The Recording techniques used in Method study: 

The recording is done by the use of Charts, Diagrams, Templates and Models 

Charts are of the following types: 

Operation Chart, Flow process chart, two handed process chart and multiple activity chart 
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Diagrams are flow diagrams in a drawing or string diagrams in which a string is wound over nails on board 

where the nails show the layout. 

Product and process specification: 

A process specification is a method used to document, analyze, and explain the decision-making logic and 

formulas used to create output data from process input data. Its objective is to flow down and specify 

regulatory/engineering requirements and procedures. 

A process specification is a method used to document, analyze, and explain the decision-making logic and 

formulas used to create output data from process input data. Its objective is to flow down and specify 

regulatory/engineering requirements and procedures. High-quality, consistent data requires clear and 

complete process specifications. 

A process specification reduces ambiguity, allowing an individual or organization to obtain a precise 

description of executed tasks and accomplishments and validate system design, including the data 

dictionary and data flow diagrams. 

Process specifications are created for primitive processes and data flow diagram processes of a higher 

level (mini-specs). Process logic is best represented through structured English, decision tables, decision 

trees or specified formulas or algorithms and is used to communicate engineering requirements and 

procedures to businesses involved in the creation of a process. Process descriptions may exist on a form or 

in a computer aided software engineering (CASE) tool repository. 

Process specifications are not created for processes requiring physical input or output, processes 

representing simple data validation or processes with preexisting and written code.  

A product design specification (PDS) is a statement of how a design is made (specify the design), what it is 

intended to do, and how far it complies with the requirements. Requirements may be gathered in 

the Product Requirement Specification (PRS). 

Total quality Management or TQM is a concept that starts with finding out the needs of the customer and 

the designing systems and activities in which quality is built in and ensured at every stage such that the 

whole process ultimately results in customer delight. 

TQM: The main principles of TQM are as follows 

1.Customer Focus 

2.Empowerment of Employees 
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3.Continuous innovation of Process. 

4.Small continual increments on an ongoing basis.(Kaizen)etc. 

5.Focus on defect prevention rather than detection. 

6.Doing it Right the first time. 

7.Bench marking. 

8.Eliminating all types of Waste. 

9.Improvement of Quality at all stages and Levels and not just the finished product. 

Cost of Quality: means the costs incurred in carrying out the company’s quality functions to meet the 

quality needs of customers.It was first proposed by Armand V. Feigenbaum in a 1956 Harvard Business 

Review article. 

These costs consist of: 

1. Market research to find out customer needs. 

2. Product R&D to make a quality product. 

3. Costs of doing design for manufacture of a quality product. 

4. Cost of manufacturing planning. 

5. Costs of inspection, testing, defect prevention. 

6. Quality assurance costs. 

7. Quality failure and scrap costs. 

Quality costs may be categorized into  

Cost of prevention i.e. Quality planning, market research, reliability, inspection. Also costs of documenting, 

implementation of quality  plans for process control, Costs of training the staff for quality work, 

engineering and technical, supervision costs for preventing recurrence of defects, costs of investigation 

etc. 

Cost of Appraisal means costs of evaluation, measuring and Audit. It involves test on receipt of 

components, raw material and other purchased material, Acceptance testing in Lab, Maintenance and 

calibration of test instruments, Labour costs for inspection, Quality Audit costs etc. 

Internal failure cost: means scrapping, repair and rework, re-inspection and test after repair, Disposal 

costs, Review costs, and Lower yield costs. 

External failures cost: Customer complaints processing, Inspection and repair of returned items 

replacement of defective material, concession to customer to accept substandard parts. Etc. 
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It is clear from the graph above that the cost due to failures goes down as the defects percentage reduces. 

But on the other hand the costs incurred due to measures taken for defect prevention increases. And this 

is shown with two separate curves. Where the two curves meet, at that quality level the total costs of 

quality are minimum. 

Taguchi’s Loss Function: 

Dr Taguchi recommends a three stage process to achieve desirable product quality. 

System design, Parameter design, Tolerance design. 

Taguchi advocates robust design. 

System design means Prototype development. 

Parameter and tolerance design means Quality to be designed and built into the product and not inspected 

into it, Quality is best achieved by minimizing deviation from target and Cost of Quality should be measured 

as a function of deviation from the standard and losses should be measured system wide. 

Taguchi defines quality of a product as the loss imported by the product to the society from the time the 

product is shipped to the customer. Overall quality loss increases by the square of deviation from the target 

value. 

L=D2C where L= overall quality loss, D= deviation from target value, C= constant determined by the 

countermeasure employed by the factory. 

Lean manufacturing or just "lean", is a systematic way to eliminate of waste ("Muda") within a 

manufacturing process. Lean also takes into account waste created through overburden ("Muri") and waste 

created through unevenness in workloads ("Mura"). Working from the perspective of the client who 

consumes a product or service, "value" is any action or process that a customer would be willing to pay for. 

In essence, lean means making obvious what adds value by reducing everything else. Lean manufacturing is 

a management philosophy derived mostly from the Toyota Production System (TPS). TPS is renowned for its 

focus on reduction of the original Toyota seven wastes to improve overall customer value, but there are 

varying perspectives on how this is best achieved. The steady growth of Toyota, from a small company to 
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the world's largest automaker, has focused attention on how it has achieved this success. 

Types of waste 

The original seven muda are: 

 Transport (moving products that are not actually required to perform the processing) 

 Inventory (all components, work in process, and finished product not being processed) 

 Motion (people or equipment moving or walking more than is required to perform the processing) 

 Waiting (waiting for the next production step, interruptions of production during shift change) 

 Overproduction (production ahead of demand) 

 Over Processing (resulting from poor tool or product design creating activity) 

 Defects (the effort involved in inspecting for and fixing defects) 

Taking the first letter of each waste, the acronym "TIMWOOD" is formed. This is a common way to 

remember the 7 "muda" meaning waste. 

Later an eighth waste was defined by Womack et al. (2003); it was described as manufacturing goods or 

services that do not meet customer demand or specifications. Many others have added the "waste of 

unused human talent" to the original seven wastes. For example, six sigma includes the waste of Skills, 

referred to as "under-utilizing capabilities and delegating tasks with inadequate training". Other additional 

wastes added were for example "space". These wastes were not originally a part of the seven deadly 

wastes defined by Taiichi Ohno in TPS, but were found to be useful additions in practice 

JIT: Just-in-Time manufacturing 

`Just-in-time' is a management philosophy and not a technique. It originally referred to the production of 

goods to meet customer demand exactly, in time, quality, and quantity, whether the `customer' is the final 

purchaser of the product or another process further along the production line. 

It has now come to mean producing with minimum waste. "Waste" is taken in its most general sense and 

includes time, and resources. Elements of JIT include: 

Continuous improvement. 

o Attacking fundamental problems - anything that does not add value to the product. 

o Devising systems to identify problems. 

o Striving for simplicity - simpler systems may be easier to understand, easier to manage and 

less likely to go wrong. 

o A product oriented layout - produces less time spent moving of materials and parts. 

o Quality control at source - each worker is responsible for the quality of his or her own 

output. 

o Poka-yoke - `foolproof' tools, methods, jigs etc. prevent mistakes 

o Preventative maintenance, Total productive maintenance - ensuring machinery and 

equipment functions perfectly when it is required. 

 Eliminating waste. There are seven types of waste: 

o Waste from overproduction. 

o Waste of waiting time. 

o Transportation waste. 

o Processing waste. 

o Inventory waste. 

o Waste of motion. 

o Waste from product defects. 
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 Good housekeeping - workplace cleanliness and organization. 

 Set-up time reduction - increases flexibility and allows smaller batches. Ideal batch size is 1item. 

Multi-process handling - a multi-skilled workforce has greater productivity, flexibility and job 

satisfaction. 

 Levelled / mixed production - to smooth the flow of products through the factory. 

 Kanban- simple tools to `pull' products and components through the process. 

 Jidoka (Automation) - providing machines with the autonomous capability to use judgment, so 

workers can do more useful things than standing watching them work. 

 Andon (trouble lights) - to signal problems to initiate corrective action. 

JIT - Background and History 

JIT is a Japanese management philosophy which has been applied in practice since the early 1970s in many 

Japanese manufacturing organizations. It was first developed and perfected within the Toyota 

manufacturing plants by Taiichi Ohno as a means of meeting consumer demands with minimum delays. 

Taiichi Ohno is frequently referred to as the father of JIT. 

Toyota was able to meet the increasing challenges for survival through an approach that focused on 

people, plants, and systems. Toyota realized that JIT would only be successful if every individual within the 

organization was involved and committed to it, if the plant and processes were arranged for maximum 

output and efficiency, and if quality and production programs were scheduled to meet demands exactly.  

JIT manufacturing has the capacity, when properly adapted to the organization, to strengthen the 

organization's competitiveness in the marketplace substantially by reducing wastes and improving product 

quality and efficiency of production.  

There are strong cultural aspects associated with the emergence of JIT in Japan. The Japanese work ethic 

involves the following concepts. 

 Workers are highly motivated to seek constant improvement upon that which already exists. 

Although high standards are currently being met, there exist even higher standards to achieve. 

 Companies focus on group effort which involves the combining of talents and sharing knowledge, 

problem-solving skills, ideas, and the achievement of a common goal. 

 Work itself takes precedence over leisure. It is not unusual for a Japanese employee to work 

14-hour days. 

 Employees tend to remain with one company throughout the course of their career span. This 

allows the opportunity for them to hone their skills and abilities at a constant rate while offering 

numerous benefits to the company. 

These benefits manifest themselves in employee loyalty, low turnover costs, and fulfilment of company 

goals. 

WHAT IS QUALITY FUNCTION DEPLOYMENT (QFD)  

In the world of business and industry, every organization has customers. Some have only internal 

customers, some just external customers, and some have both. When you are working to determine what 

you need to accomplish to satisfy or even delight your customers, then the tool of choice is quality function 

deployment or QFD. 

Background: Quality professionals refer to QFD by many names, including matrix product planning, 

decision matrices, and customer-driven engineering. Whatever you call it, QFD is a focused methodology 

for carefully listening to the voice of the customer and then effectively responding to those needs and 

expectations. 
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First developed in Japan in the late 1960s as a form of cause-and-effect analysis, QFD was brought to the 

United States in the early 1980s. It gained its early popularity as a result of numerous successes in the 

automotive industry. 

Methodology: In QFD, quality is a measure of customer satisfaction with a product or a service. QFD is a 

structured method that uses the seven management and planning tools to ide tif  a d p io itize usto e s’ 
expectations quickly and effectively. Beginning with the initial matrix, commonly termed the house of 

quality, depicted in Figure, the QFD methodology focuses on the most important product or service 

attributes or qualities.  

 

 

These are composed of customer wows, wants, and musts. Once you have prioritized the attributes and 

qualities, QFD deploys them to the appropriate organizational function for action, as shown in Figure 2. 

Thus, QFD is the deployment of customer-driven qualities to the responsible functions of an organization. 

Many QFD practitioners claim that using QFD has enabled them to reduce their product and service 

development cycle times by as much as 75 percent with equally impressive .Improvements in measured 

customer satisfaction. 

Total productive maintenance 

Definition: Total productive maintenance (TPM) is a maintenance philosophy that requires the total 

participation of the workforce. TPM incorporates the skills of all employees and focuses on improving the 

overall effectiveness of the facility by eliminating the waste of time and resources. Typically, total 

productive maintenance is a concept that is most easily applied to a manufacturing facility. TPM 

emphasizes all aspects of production, as it seeks to incorporate maintenance into the everyday 

performance of a facility. To do this the maintenance performance is one factor that is considered when 

evaluating the performance of the facility. One of the most important measurements of total productive 

maintenance is overall equipment effectiveness (OEE). It is a measure of availability, performance 

efficiency, and quality rate. As such, equipment stopping, equipment working at less than peak capacity, 

and equipment producing poor quality products are all penalized when the OEE is determined. 

 Content: OEE = availability * performance efficiency * quality rate 

 Total workforce participation 
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To improve the OEE, total workforce participation is expected for a proper implementation of TPM. This 

includes everyone from top-level management to equipment operators. 

 Top-level management is expected to be involved by promoting TPM as a corporate policy and to 

make decisions based on OEE. To do this, they need to develop relevant metrics of TPM, such as 

OEE. 

 Operators are expected take responsibility for the day-to-day maintenance of their machines. This 

includes the cleaning and regular lubrication necessary for equipment health. Operators are also 

expected to find early signs of equipment deterioration and report them appropriately. They should 

also determine ways to improve equipment operation. 

 Maintenance staff are expected to train and support operators to meet their goals and perform 

more advanced preventative maintenance activities. They are also expected to take responsibility 

for improvement activities that will increase the OEE of the facility. 

The three levels are must all work together towards TPM. Without co-operation it is likely that an 

implementation of TPM method will fail. 

 Total maintenance system 

Total productive maintenance requires a focus on the total maintenance system, from equipment design 

to asset maintenance strategies. 

 Equipment should be designed to be maintenance free, as much as possible. 

 Improvements in maintenance techniques should be pursued wherever possible. 

 Preventative and predictive maintenance strategies should be implemented to 

eliminate reactive maintenance. 

 Starting on the path toward total performance maintenance 

Total productive maintenance is built upon 2 phases. The first phase, the 5S, is a platform. The second 

phase involves the 7 pillars of TPM. These are simply extensions of the 5S platform. First phase: The 

platform for TPM is the 5S. These all relate to the place where production is occurring and are most 

obvious for the operators of the equipment. Sort – Determine items are used frequently and those that are 

not. The ones used frequently should be kept close-to-hand, others should be stored further away. 

 Systemize – Each item should have one place to be stored, and only one place to be stored. 

 Shine – The workplace needs to be clean, without it problems will be more difficult to identify, and 

maintenance will be more difficult to perform 

 Standardize – The workplace should be standardized and labeled. 

 Self-discipline – Efforts should be made to perform each of the other steps at all times.  

 Second phase: Autonomous maintenance operators are required to attend to the day-to-day 

maintenance of their equipment, without engaging the dedicated maintenance team. 

 Focused improvement 

 Planned maintenance – instead of reactive maintenance 

 Quality maintenance 

 Education and training 

 Safety, health and environment 

 Office TPM 
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At the beginning of a TPM program, the focus will be on the 5S and on developing an autonomous 

maintenance plan. This will free the maintenance staff to begin larger projects and perform increasing 

amounts of planned maintenance. 

Six Sigma is a ualit  p og a  that, he  all is said a d do e, i p o es ou  usto e ’s e pe ie e, 
lowers your costs, and builds better leaders. — Jack Welch 

Six Sigma at many organizations simply means a measure of quality that strives for near perfection. Six 

Sigma is a disciplined, data-driven approach and methodology for eliminating defects (driving toward six 

standard deviations between the mean and the nearest specification limit) in any process – from 

manufacturing to transactional and from product to service. 

The statistical representation of Six Sigma describes quantitatively how a process is performing. To 

achieve Six Sigma, a process must not produce more than 3.4 defects per million opportunities. A Six Sigma 

defect is defined as anything outside of customer specifications. A Six Sigma opportunity is then the total 

quantity of chances for a defect. Process sigma can easily be calculated using a Six Sigma calculator. 

The fundamental objective of the Six Sigma methodology is the implementation of a measurement-based 

strategy that focuses on process improvement and variation reduction through the application of Six Sigma 

improvement projects. This is accomplished through the use of two Six Sigma sub-methodologies: DMAIC 

and DMADV. The Six Sigma DMAIC process (define, measure, analyze, improve, control) is an improvement 

system for existing processes falling below specification and looking for incremental improvement. The Six 

Sigma DMADV process (define, measure, analyze, design, verify) is an improvement system used to 

develop new processes or products at Six Sigma quality levels. It can also be employed if a current process 

requires more than just incremental improvement. Both Six Sigma processes are executed by Six Sigma 

Green Belts and Six Sigma Black Belts, and are overseen by Six Sigma Master Black Belts. 

Process Capability: It is then statistical measure of the ability of a process to produce products within the 

limits of specification. It shows whether a process is in a state of statistical control or not. 

 

As shown above, in any process if you  make the frequency histogram where the y coordinate shows the 

frequency of occurrence of the size at that x value of every product the graph will show a normal 

distribution curve when the number of observations are increased considerably. 

Cp = USL-LSL/6ɑ 

If Cp=1 the process is in control, If it is >1 the process is comfortably in control. If it is <1 the process is out 

of control. 
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