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PLANT LOCATION & LAYOUT 
 

                                     A plant is a place, where men, materials, money, equipment, machinery 

etc are brought together for manufacturing products. 

 The problem of plant location arises when starting a new concern or during the 

expansion of the existing plant. 

 Plant location means deciding a suitable location, area, place etc. where the plant or 

factory will start functioning. 

 Plant location involves two major activities 

I. To select a proper geographic region 

II. Selecting a specific site within the region 

Plant location problem 

1. Selection of region 

2. selection as a community 

3. selection of a particular site 

Conditions that demand city location 

Conditions that demand sub-urban location 

Conditions demanding rural location 

Factors affecting plant location 

1. Nearness to raw material – It will reduce the cost of transporting raw material from 

the vendor’s end to the plant sugar, cement, jute and cotton textiles. 

2. Transport facilities – A lot of money is spent both in transporting the raw material 

and the finished goods speedy transport facilities ensure timely supply of raw 

materials to the company and finished goods to the customers, There are time basic 

modes of physical transportation, air, road, rail, water and pipe line. 

3. Nearness to market – It reduces the cost of transportation as well as the chances of 

the finished products getting damaged and spoiled in the way. 

4. Availability of labour – Suitable labour force, of right kind, of adequate size 

(number), and at reasonable rates with its proper attitude towards work are a few 

factors which govern plant location to major extent. The purpose of the 

management is to face less boycotts, strikes or lockout and achieve lower labour 

cost per unit of production. 

5. Availability of fuel and power – Steel industries are located near source of fuel (coal) 

to cut down fuel transportation costs. Electric power should remain available 

continuously in proper quantity and at reasonable rates. 

1 / 85



 

6. Availability of water - Depending on the nature of the plant, water should be 

available in adequate quantity and should be of proper quality water is essential for 

paper and chemical industries. 

7. Climatic condition – Climate greatly influence human efficiency and behavior. Textile 

mills require humidity with the developments in the field of heating, ventilating and 

air conditioning, climate of the region doesn’t present much problem of course 

control of climate needs money. 

8. Financial and other aids – Certain states give aids as loans, feed money, machinery, 

built up sheds etc. to attract industrialist. 

9. Land – Topography, area, the shape of the site, cost, drainage and other facilities, 

the probability of floods, earthquakes etc. influence the selection of plant location. 

10. Community attitude – Community attitude towards their work and towards the 

prospective industries cab make or mar the industry. Success of an industry depends 

on the attitude of the local people whether they want work or not. 

11. Supporting industries – All industries will not make all the components and parts by 

itself and it subcontracts the work to vendors 

12. Social Infrastructures –  Availability of community facilities like 

A. Housing facilities 

B. Recreational facilities 

C. Educational facilities  

D. Medical facilities 

are to be considered. 

13. Law and taxation – the policies of the state gent and local bodies concerning labour 

laws, building codes, safely its are the factors that demand attention. 

Plant layout: 

 Plant layout means the disposition of the various facilities (equipments, material, 

manpower etc) and services of the plant within the area of the site selected previously. 

 It begins with the design of the factory building and goes up to the location and 

movement of a work table. All the facilities like equipments, raw materials, machinery, 

tools, fixtures, workers etc are given a proper place. 

 Plant layout is a plan of an optimum arrangement of facilities including personnel, 

operating equipment, storage space, material handling equipment and all other supporting 

services along with the design of best structure to contain all these facilities. 

Plant layout problem (Need for the plant layout): 

1. Changes in the product design. 

2. Changes in the volume of demand for the company’s product  

3. Increasing frequency of accidents because of existing layout. 

4. Plant and machinery becomes outdated and is to be replaced by new one 
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5. Poor working environment affecting worker efficiency and productivity. 

6. Change in the location or markets. 

7. Minimizing the cost through effective facilities location. 

Objectives of plant layout: 

1. Material handling and transportation is minimized and efficiently controlled. 

2. Bottle necks and points of congestions are eliminated so that the raw material and 

semi finished goods move fast from one work station to another. 

3. Workstations are designed suitably and properly. 

4. Suitable places are allocated to production centers and service centers. 

5. Movements made by the workers are minimized. 

6. Waiting time of semifinished products is minimized. 

7. Working conditions are safer, better and improved. 

8. Increased flexibility of changes in product design and for future expansion. 

9. Utilization of cubic space (length, width and height). 

10. These are improved work methods and reduced production cycle times. 

11. Plant maintenance is simpler. 

12. Increased productivity and better product quality with reduced capital cost. 

13. A good layout permits materials to move through the plant at the desired speed with 

the lowest cost. 

Principle of plant layout: 

1. Principle of integration: 

A good layout is one that integrates men, materials, machines and supporting 

services and other in order to get the optimum utilization of resources and 

maximum effectiveness. 

2. Principle of minimum movements and material handling: 

The facilities should be arranged such that the total distances travelled by the 

men and materials should be minimum and as far as possible straight line 

movement is preferred. It is better to transport materials in bulk rather than 

in small amounts. 

3. Principle of smooth and continuous flow : 

A good layout makes the materials to move in forward direction towards the 

completion stage. Bottle necks, congestion points and back tracking should 

be removed by proper line balancing techniques. 

4. Principle of cubic space utilization : 

The good layout utilizes both horizontal and vertical space. Besides using the 

floor space of a room the ceiling height is also utilized. Boxes and bags 

containing raw material or goods cab be stacked are above the other to store 

more items in the same room. 
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5. Principle of safety and security and satisfaction : 

Working places safe-well ventilated and force from dust, noise, fumes, 

odours, and other hazardous conditions increase the operating efficiency of 

the workers and improve their morale. 

6. Principle of maximum flexibility : 

The good layout is one that can be altered without much cost and time. The 

machinery is arranged in such a way that the changes of the production 

process can be achieved at the least cost or disturbance. 

Advantage of plant layout: 

1. Advantages to the worker 

2. Advantages to the management 

3. Advantages to manufacturing 

4. Advantages to production control 

Factors influencing plant layout 

1. Type of production- Engg. Industry, process industry 

2. Production system- Job shop, batch, mass production 

3. Scale of production 

4. Availability of total area 

5. Arrangement of material handling system 

6. Type of building- single storey, multi storey 

7. Future expansion plan 

8. Type of production facilities- Dedicated or general papers 

Types of manufacturing system 

1. Job type production: 

Manufacturing of one or few quantities of products designed and produced 

as per specifications high variety and low volume. 

2. Batch production: 

Manufacture of limited no. of products produced at regular intervals and 

stocked at warehouse. 

Ex: Chemical, pharmaceutical, assembly stops. 

3. Repetitive or mass production: 

Manufactures several standard products produced and stacked in the 

warehouses. 

High volume and low variety 

Ex: plastic goods, manufacture & assembly stages of automobiles 

Types of layout: 
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1. Process layout (Functional layout): 

The layout is recommended for batch production. All machines performing 

similar type of operations are grouped at one location in the process layout. 

Ex – all lathes, milling machine kept at one place  

The arrangements of facilities are grouped together according to their 

functions. 

               

 

Advantages: 

I. Wide flexibility exists during allotment of work to equipment and workers. 

II. Better utilization of equipments 

III. Lower investments on account of comparatively less no. of machine are used. 

IV. Better product quality because to attend one type of machine. 

V. Varieties of jobs coming as different job orders make the work more 

challenging and interesting. 

VI. Workers in one section are one affected by the nature of another section. 

Disadvantages: 

I. For the same amount of production, more space is required. 

II. Automatic material handling is difficult. 

III. More materials in process remain in queue for further operation. 

IV. Completion of same product takes more time. 

V. Work-in-process inventory is large. 

VI. Production planning and control is difficult. 

VII. Raw materials have to travel larger distances for being processed to finished 

goods. Thus increases cost. 

VIII. It means more inspections and efficient co-ordination. 

 

2. Product layout (line layout): 
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The various operations on raw material are performed in a sequence and the 

machines are arranged in the sequence in which the raw material will be 

operated upon. 

  

 

 

 

 

 

Advantage: 

I. Less space requirements for the same volume of production. 

II. Automatic material handling, less movements, so cost is reduced. 

III. Less in process inventory. 

IV. Product completes in lesser time. 

V. Simplified production, planning and control 

VI. Smooth and continuous work flow 

VII. Less skilled workers can learn and serve the purpose 

Disadvantage: 

I. Lack of flexibility 

II. Excessive idle time due to slowest machine 

III. More machines to be purchased and kept which require high capital 

investment 

IV. One inspector has to attend a no. of machine in a production line. 

V. It is difficult to increase production beyond the capacities of the production 

lines. 

3. Combination layout: 

This is called the mixed type of layout usually a process layout is combined 

with the product layout. 

Ex – refrigerator manufacturing uses a combination layout. 
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Manufacturing various components  process layout 

For assembly of component  product layout 

 
 

Ex – files, hacksaw, circular metal saws, wood saws. 

4. Fixed position layout: 

This is also called the project type of layout. The materials or major 

components remain in a fixed location and tools, machinery, men and other 

materials are brought to this location. 

Ex – ship building, aircraft manufacturer 

 Advantage: 

I. One or more skilled workers are engaged to one project  

II. Least movement of materials 

III. Maximum flexibility 

IV. Different projects can be taken with the same layout. 

Disadvantages: 

I. Low content of work-in-progress 

II. Low utilization of labour and equipment 

III. High equipment handling cost 

Plant layout procedure: 

1. Accumulate basic data: 

Such as 

 Volume and rate of production 

 Product specification and bill of material 

 Process sheets indicating tools, equipments, the method and the product 

which will be manufactured  

 Flow process charts 

 Standard time to complete each operation 

2. Analyze and co-ordinate basic data: 
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In order to  

 The workforce size and type 

 No. of workstation required 

 Type of equipment required 

 Storage and other space requirements 

 Assembly chart and operation process chart help coordinating basic data 

3. Decide equipment and machinery required: 

Can be calculated by 

 No. of articles to be produced 

 Capacity of each equipment 

 Time in which the order is to be completed 

4. Select the material handling system: 

Which depends upon 

 Material or product to be moved 

 Container in which it will be moved 

 Length of movement 

 Frequency of movement 

 Speed of movement 

5. Sketch plan of the plot: 

To mark building outline, roads, storage and service etc 

 The plan orientation should utilize maximum, the natural heat, light and 

other weather conditions. 

6. Determine a general flow pattern: 

 The flow pattern of materials should be such that the distance involved is 

least between the store and the shipping department through the 

production centers. 

 There should be minimum back tracking 

 Based upon the process or product requirement process, product or 

combination layout. 

 Plant layout should be flexible to accommodate changes 

7. Design individual workstations: 

To get optimum 

 Performance of operation 

 Material and space utilization 

 Safely and comfort of employees 

8. Assemble the individual workstation layout: into total layout 

9. Calculate the storage spaced required: 

By knowing 

 Volume of each store item 
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 No. of items to be kept at stores 

 Time of keeping the item 

10.  Make flow diagrams for workstations: 

And allocate them to areas on plot plan. 

11.  Plan and locate services areas such as offices, toilets, wash rooms, dispensary, 

cafeteria. 

12.  Make master layout by templates and models. 

13.  Check final layout: 

 Safe and economical material handling 

 Product design 

 Service area 

 Employee safety and comfort 

14.  Get official approval of the final layout about product drawings, BOM, man 

power requirements, estimated expenditure. 

15.  Install the approved layout. 

Storage space requirements: 

 Incoming new materials 

 Checking and sorting the raw material 

 Inspection of raw material 

 Temporary storing the new material before it is placed at the proper location 

 In process inventory 

 Tools and other supplies 

 Finished products 

Space provided for above factors depends upon 

1. Size and weight of raw material, in process goods and finished goods 

2. Their quantity 

3. Frequency of use 
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1. Incoming material receiving gate 

2. Place for dumping raw material 

3. Place for sorting and checking of raw material 

4. Place for raw material inspection 

5. Place for temporarily shorting the materials before putting them of racks. 

6. Proper place for shorting each type of material 

7. Main aisles 

8. Side aisles 

9. Service window 

10. Boxes containing materials to be issued 

11. Counters for keeping materials to be issued which have been brought from 6 and will 

be placed in 10 
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OPERATION RESEARCH

 

Optimization techniques: 

 The word optimization is form optimum which implies a point at which the 

conditions are best and most favorable. 

 An optimum point may represent a maximum position or minimum position.

 

Method for optimizing: 

a) Search 

b) Differential calculus 

c) Statistical methods 

d) Linear programming 

i. Graphical method 

ii. Transportation method  

iii. Simplex method 

e) Queuing theory 

f) Dynamic programming 

Application: 

 Load allocation problems, component selection, load sharing.  

Operation research: 
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 Operation research signifies research on operations. It is the organized application of 

modern science, mathematics and computer techniques to complex military, 

government, business or industrial problems arising in the direction and management of 

large systems of men, materials, money and machines 

Methodology 

1. Understand the actual real situation, capture the same and define the problem 

2. Formulate a mathematical model 

3. Develop a mathematical solution 

4. Interpret the solution and prepare the information in such a form that it is 

meaningful, intelligible and quantitative. Translate it in to a decision. 

5. Implement the decision to the real situation 

6. Verify the results 

Methods of operation research 

1. Linear programming 

a) Graphical linear programming 

b) Transportation method 

c) Simplex method 

2. Wait line queuing theory 

3. Game theory 

4. Dynamic programming 

                     

Linear programming 

 Linear programming is powerful mathematical technique for finding the best use of 

limited resources of a concern. It may be defined as a technique which allocates scarce 
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available resources under conditions of certainty in an optimum manner to achieve the 

company objectives which may be maximum overall profit or minimum overall cost. 

LP can be applied effectively only if 

a) The objectives can be stated mathematically 

b) Resources can be measured as quantities (no. weight etc) 

c) There are too many alternate solutions to be evaluated conveniently 

d) The variables of the problem bear a linear relationship i.e. Doubling the units of 

resources will double the profit. 

Problem solving is based upon the system of linear equation: 

Standard form of linear programming problem: 

 Let x1, x2, x3 ………………..xn are the decision variables. 

 Optimize (maximum or minimize) 

 Z = c1x1 + c2x2 + ………………. + cnxn (objective function) 

Subject to constraints 

 a11x1  + a12x2 + ………………. + a1nxn   b1  

             a21x1  + a22x2 + ………………. + a2nxn   b2 

   .   .   .          . 

   .   .   .          . 

   .   .   .          . 

am1x1  + am2x2 + ………………. + amnxn   bn 

x1, x2, x3 ………………..xn   0 (non-negative restriction) 

where c1, c2, c3, …………….. cn are cost or profit coefficients. 

aij (i = 1, 2, 3,………n) 

     (j = 1, 2, 3,……..n) 

b1, b2, …………………bn are called requirement or availability. 

 

LPP can solved by two methods. 

1. Graphical method: when two decision variables are involved. This is simple. 

2. Simplex method: useful for any no. of decision variable in the problem and 

no. of constraints. 

Formulation of LP problem: 

1. From the given problem, identify the key decisions to be made. 

2. Identify the decision variables, whose values give the solution to the problem. 

13 / 85



 

3. Write the objective in the quantitative terms and express it as a function of linear 

variables. 

4. Study the constraints and express them as a linear equation. 

 

 

Graphical method: 

 Simple two dimensional linear programming problems can be easily and rapidly 

solved by this technique. This method can be easily be applied upto 3 variables. 

Example 1: A furniture manufacturer makes two products X1 & X2 namely chair and tables. 

Each chair contributes a profit of Rs 20 and each table that of Rs 40. Chairs and tables from 

raw material to finished product, are processed in 3 sections S1, S2, S3. In section S1 each 

chair (X1) requires 1 Hr and each table (X2) requires 4 Hrs of processing. In section S2, each 

chair requires 3 Hrs and each table 1 Hr and in section S3 the times are 1 and 1 Hr 

respectively. The manufacturer wants to optimize his profits if sections S1, S2, S3 can be 

availed for not more than 24, 21 and 8 Hrs respectively. 

 ANS: 

 Let Chair = X1 

       Table = X2 

Maximum Z = 20X1 + 40X2 

 Chair   Table   Total 

S1    1      4      24 

S2    3      1      21 

S3    1      1       8 

Subject to : 

 X1 + 4 X2 ≤ 24 (C1) 

 3X1 + X2   ≤ 21 (C2) 

 X1 + X2    ≤ 8 (C3) 

 X1, X2 ≥ 0  (C4) 

Where, C1 is constraint No. 1. 
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  C2 is constraint No. 2. 

  C3 is constraint No. 3. 

  C4 is constraint No. 4. 

 

 

Example 2: A firm can produce 3 types of cloth says A, B and C. Three kinds of wool are 

required for it say red wool, green wool and blue wool. One unit length of type A cloth 

needs 2 yards of red wool and 3 yards of blue wool. One unit length of type B cloth needs 3 

yards of red wool, 2 yards green wool and 2 yards blue wool and one unit of type C cloth 

needs 5 yards of green and 4 yards of blue wool. The company has a stock of only 8 yards of 

red, 10 yards green wool and 15 yards of blue wool. The profit from sale of 1 unit length of 

type A is Rs 10, type B is Rs 8 and type C is Rs 5. Determine how the firm should use the 

available material so as to maximize the profit. Formulate this as LP problem. 

 ANS: 

Let x1, x2 and x3 be the no. of units of cloth of type A, type B and type C. 

Objective is to maximize profit. 

 Z = 10x1 + 8x2 + 5x3 

Requirement     Clothes    Availability of 
wool 

        A     B     C 

Red        2     3   ___     8 

Green      ___     2     5     10 

Blue        3     2      4     15 

 2x1 + 3x2  ≤ 8 

 2x2 + 5x3  ≤ 10 

 3x1 + 2x2 + 4x3  ≤ 15 
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Example 3 :   A company produces two types of dolls A and B. Doll A is of superior quality 

and B is of lower quality. Profit on doll A and B is Rs 5 and Rs 3 respectively. Raw material 

required for each doll A is twice that is required for doll B. The supply of raw material is only 

1000 per day of doll B. Doll A requires a special crown and only 400 such clips are available 

per day. For doll B 700 crowns are available per day. Find graphically the product mix so that 

the company makes maximum profit. 

 

ANS:  

 Max. Z = 2x1 + x2 

 2x1 + x2 ≤ 1000 

 x1  ≤ 400 

 x2  ≤ 700 

 x1, x2 ≥ 0 

 

Graphical method: 

1st step: 

 Formulate the LPM. 

 Max Z = 20x1 + 40x2  

Subjected to   x1 + 4x2   24 (c1) 

     3x1 + x2   21 (c2) 

  x1 + x2   8 (c3) 

  x1, x2   0 (c4) 

c1 is constrain no. 1 and so on. 
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2nd step: 

 2nd steps convert the constraint inequalities temporarily into equations. 

x1 + 4x2 = 24 (c1) 

     3x1 + x2 = 21 (c2) 

  x1 + x2 = 8 (c3) 

3rd steps: Axis are marked on the graph paper and labeled with variables x1 & x2.   

4th steps: 

 4th step is draw straight lines on the graph paper using constraint equations and to 

mark feasible solution on the graph paper. 

 Taking 1st constraint equation, 

  x1 + 4x2 = 24 

 x1 = 0, x2 = 6 

 x2 = 0, x1 = 24 

                                    

Mark the point of 24 at X1 axis and point 6 on x2 axis. The straight line represents c1 

equation. 

Similarly, c2 and c3 can be plotted. 
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 3x1 + x2 = 21    x1 + x2 = 8 

 x1 = 0, x2 = 21    x1 = 0, x2 = 8 

 x2 = 0, x1 = 7    x2 = 0, x1 = 8 

 According to constrain c4, x1 & x2 are greater than or equal to zero, hence the 

marked area between x1 = x2 = 0 and c1, c2, c3 represents the feasible solution. 

 

5th step: 

 A dotted straight line representing the equation Z is drawn, assuming any suitable 

value of Z say 120. 

 X1 = 0, x2 =3 

 X2 = 0, x1 =6 

6th steps: 

 A straight line Zm is drawn parallel to the line Z, at the furthest point of the region of 

feasible solution i.e. point B, at the intersection of c1 & c3. 

 The co-ordinates at point B can be found by solving equation c1 & c3. 

   x1 + x2 = 8 (c3) 

x1 + 4x2 = 24 (c1) 

3x2 = 16 => x2 = 5.3 

3x1 = 8 => x1 = 2.7 

These values of x1 and x2 can also be read from the graph itself. 

  The maximum value of Z is  

  Zm = 20x1 + 40x2 = 20   
 

 
 + 40   

  

 
 = 266.6  
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NETWORK ANALYSIS 
 

                It is a system which plans projects both large and small by analyzing the 

project activities. Projects are broken down to individual tasks or activities, which are 

arranged in logical sequence. 

Projects: 

 Project is any task which has definable beginning and definable end expenditure of 

one or more resources. 

 It is essential to manage effectively the projects through proper planning, scheduling 

and control as project requires a heavy investment, and is associated with risk and 

uncertainties. 

Network scheduling: 

 It is a technique used for planning and scheduling large projects in the field of 

constructions, maintenance, fabrication and any other areas. 

 This technique is the method of minimizing the bottlenecks, delays and interruptions 

by determining the critical factors and coordinating various activities. 

A network diagram: 

A network diagram is constructed which presents visually the relationship between all the 

activities involved. Time, costs and other resources are allocated to different activities. 

 It helps designing, planning, coordinating, controlling and decision making in order to 

accomplish the project economically in the minimum available time with the limited 

available resources. 

 There are two basic planning and control techniques. They are Critical Path Method 

(CPM) and Program Evaluation and Review Techniques (PERT). 

 

 

 

Objective of Network Analysis: 

1. A powerful coordinating tool for planning, scheduling and controlling of projects. 

2. Minimization of total project cost and time. 

3. Effective utilization of resources and minimization of effective resources. 
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4. Minimization of delays and interruption during implementation of the project. 

 

Application of Network Analysis (PERT and CPM): 

1. Research and development projects. 

2. Equipment maintenance and overhauling. 

3. Construction projects (building, bridges, dams) 

4. Setting up new industries 

5. Planning and launching of new products. 

6. Design of plants, machines and systems 

7. Organization of big programs 

Basic concepts in network: 

Network: 

 It is a graphical representation of the project and it consists of series of 

activities arranged in a logical sequence and show the interrelationship 

between the activities. 

Activities: 

 An activity is a physically identifiable part of the project, which consumes time and 

resources. Each activity has a definite start and end. It is represented by an arrow (). 

Event: 

 An event represents the start or completion of an activity. The beginning and end 

points of an activity are events. 

 

 

 

 

 Ex – Machining a component is an activity. 

          Start machining is an event. 

          Machining completed is an event. 
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  Tail event    Head event 

 In a network a no. of activities may terminate into single node called merge node 

and a no. of activities may emanate from a single node called burst node. 

                                   

Predecessor and successor activities: 

 All those activities, which must be completed before starting the activity under 

consideration are called its predecessor activities. 

 All the activities which nave to follow the activity under consideration are called its 

successor activities. 

              

2-3, 2-4 are immediate successors 

2-3 &2-4, 3-5, 4-5&5-1 are its successor’s activities. 

1-2, 2-3 are predecessors to 3-5. 

2-3 is the immediate predecessors. 

 

Path: 
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 An unbroken chain of activities between two events is called a path. 

 Ex –  A-B-D-F is a path connecting 1 & 6. 

Dummy activity: 

 An activity which depicts the dependency or relationship over the other but does not 

consume time or resources. It is used to maintain the logical sequence. It is used to maintain 

the logical sequence. It is indicated by a dotted line. 

                    

 

 

 

 

 

Terms related to network planning methods: 

Event (node): 

 An event is a specific instant of time which marks the start and the end of an activity. 

Event consumes neither time nor resources. It is represented by a circle and the event no. is 

written within the circle. 

 Ex – start the motor, loan approved. 

Activity: 
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 Every project consists of a no. of job operations or tasks which are called activities. 

An activity is an element of project and it any be a process, a material handling or material 

procurement cycle. 

Ex – install machinery, arrange foreign exchange. 

 It is shown by an arrow and it begins and ends with an event. An activity is normally 

given a name like A, B, C etc i.e. marked below the arrow and the estimated time to 

accomplish the activity is marked above the arrow. 

 

Activities are classified as: 

1. Critical activities: 

In a network diagram, critical activities are those which if consume more than 

their estimated time the project will be delayed. An activity is called critical if 

its earliest start time plus the time taken by it is equal to the latest finishing 

time. A critical activity is marked either by a thick arrow or (//). 

2. Non critical activities: 

Such activities have provision (slack or float) so that even if they consume a 

specified time over and above the estimated time, the project will not be 

delayed. 

 

 

 

3. Dummy activities: 

When two activities start at the same instant of time, the head events are 

joined by a dotted arrow and this is known as dummy activity. It does not 

consume time. It may be non-critical or critical. It becomes a critical activity 

when its EST = LFT. 

Critical path: 

 It is that sequence of activities which decide the total project duration. It is formed 

by critical activities. A critical path consumes maximum resources. It is the longest path and 

consumes maximum time. It has zero float. The expected completion data cannot be met, if 

even one critical activity is delayed. A dummy activity joining two critical activities is also a 

critical activity. 

Duration: 
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 Duration is the estimated or actual time required to complete a task or an activity. 

Total project time: 

 It is the time which will be taken to complete the project and is found from the 

sequence of critical activities. It is the duration or critical path. 

Earliest start time (EST): 

 It is the earliest possible time at which activity can start and is calculated by moving 

from first to last event in a network diagram. 

 

Earliest finish time (EFT): 

 It is the earliest possible time at which activity can finish. i.e. (EST + D) 

Latest finish time (LFT): 

 It is calculated by moving backward i.e. from last event to first event of the network 

diagram. It is the last event time of the head event 

 

 

Latest start time (LST): 

 It is the least possible time by which an activity can start. 

  LST = LFT – duration of that activity 

Float or slack: 

 Slack is with reference to an event and float is with respect to an activity. It means 

spare time, a margin of extra time over and above its duration which a noncritical activity 

can consume without delaying the project. 

 Float is the difference between the time available for completing an activity and the 

time necessary to complete the same. 

There are three type of float. 

1. Total float: 

It is the additional time which a non-critical activity can consume without 

increasing the project duration. 
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 TF = LST – EST or LFT – EFT and it can be – ve. 

2. Free float: 

If all the non critical activities start as early as possible, the time is the free 

float. 

 FF = EST of tail event – EST of head event – activity duration 

 

 

3. Independent float: 

It can be used to advantage. If one is interested to reduce the effort on a 

non-critical activity in order to apply the effort on a critical activity by 

reducing the project duration. 

 IF = EST of tail event – LFT of head event – activity duration. 

 If  IF is negative, then taken as 0. 

 

 

 

 

 

 

 

 

Numbering of events (Fulkerson’s rule): 

1. The initial event which has all outgoing arrows with no incoming arrow is numbered 

‘1’. 

2. Delete all arrows coming out from node 1. This will convert some more nodes into 

initial events number these events 2, 3 etc. 

3. Delete all the arrows going out from these numbered events to create more initial 

events. Assign next number to these events. 

4. Continue until the final or terminal node which has all arrows coming in, with no 

arrow going out is numbered. 
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1. Construct the network from the information. 

Activity Immediate predecessor Time 

A ------ 6 

B ------ 10 

C ------ 14 

D C 6 

E A, B 14 

F E, D 6 

G D 4 

H F, G 4 

 

 

 

 

 

 

                                 

 

 

2. Construct the network from the information. 

Activity No. Duration Activity No. Duration 

0-1 2 0-6 1 

1-2 4 3-7 8 

2-3 2 6-7 3 

3-4 5 5-8 3 

2-5 1 7-8 5 

4-5 1   
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3. Construct the network from the information. 

Activity Time Activity Time 

1-2 6 3-5 11 

1-6 5 4-5 6 

2-3 13 6-7 11 

2-4 4 5-8 3 

------ ------ 7-8 15 

 

            

Critical Path Method: 

 In the critical path method the activity times are known with certainty. For each 

activity EST and LST are computed. The path with the longest time sequence is called critical 

path. The length of the critical path determines the minimum time in which the entire 

project can be completed. The activities on the critical path are called critical activities. 
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Objective: 

1. Determining the completion time for the project. 

2. Earliest time when each activity can start. 

3. Latest time when each activity can start without delaying the total project. 

4. Determining the float for each activity. 

5. Identification of the critical activities and critical path. 

 

 

 

Example: 

 A small engineering project consists of 6 activities namely A, B, C, D, E & F with 

duration 4, 6, 5, 4, 3 & 3 days respectively. Draw the network diagram and calculate EST, 

LST, EFT, LFT and floats. Mark the critical path and find total project duration 

 

Activity Duration 
(days) 

EST LST  
(LFT - D) 

EFT 
(EST + D) 

LFT TF 

A 4 0 0 4 4 0 

B 6 4 4 10 10 0 

C 5 10 10 15 15 0 

D 4 4 8 8 12 4 

E 3 8 12 11 15 4 

F 3 15 15 18 18 0 

 

Critical path = 1-2-3-5-6 

Total project duration = 4+6+5+3 = 18 days 

 

Programme Evaluation Review Technique (PERT): 

 PERT takes into account the uncertainty of activity times. It is a probabilistic model 

with uncertainty in activity duration. 

 It makes use of three time estimates. 

I. Optimistic time (t0) 

II. Most likely time (tm) 
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III. Pessimistic time (tp) 

I. Optimistic time (t0): 

It is the shortest possible time in which an activity can be completed if everything 

goes perfectly without any complications. 

It is an estimate of minimum possible time to complete the activity under ideal 

condition. 

 

 

 

II. Pessimistic time (tp): 

It is the longest time in which an activity can be completed if everything goes wrong. 

 

III. Most likely time(tm); 

It is the time in which the activity is normally expected to complete under normal 

contingencies.  

 

 
 

According to the   distribution curve 

        Te = 
 

 
t0 + 

 

 
tm + 

 

 
tp 

             = 
             

 
  

The standard deviation of time required to complete each activity. 

 Standard deviation( ) = 
   –   

 
 

  Variance  2 = (
   –  

 
)2 

Standard deviation of the time tp to complete the project 
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     = 
       

 
 + 

       

 
 + ………………………+ 

       

 
 

 

 

Mean, variance, standard deviation: 

                  No. of days taken to dig a certain length of trench under varying condition. 

48       76      52     40     50 

49        60     62     53     50 

53        56     67     62      60 

61        46     72     70       58 

Mean time or average time = 52.5 days 

 

Standard deviation for each entry: 

 48 – 52.5 = -4.5 

 49 – 52.5 = -3.5 

 . 

 . 

 . 

Square the variation 

 (-4.5)2 = 20.25 

 (-3.5)2 = 12.25 …….. so on 

                 

                     
 = 6.52 

Square the deviations, add them and divide by no. of jobs to get variance. 

Square rating the variance standard deviation can be found. 

 

 

30 / 85



 

INVENTORY CONTROL 
 

Introduction: 

 In majority of the organization, cost of the material is a main part of selling price of 

the product. The interval between the receiving the purchased parts and 

transforming them into final products varies from industries to industries depending 

upon cycle time of manufacture. 

 Materials are procured and held in the form of inventories. 

 It acts as a buffer between supply and demand for efficient operation of the system. 

 Stocking of anything that is tangible in order to meet the future demand is called 

inventory theory. 

Inventory: 

 Inventory is a detailed list of those movable items which are necessary to 

manufacture a product and to maintain the equipment and machinery in good 

working order. 

 It represents those items which are either stocked for sale or they are in the process 

of manufacturing or they are in the form of materials which are yet to be utilized. 

Ex – money kept in the shape of HSS bit MS rod milling  

Inventory control: 

 It may be defined as the scientific method of finding out how much stock should be 

maintained in order to meet the production demands and be able to provide right 

type of material at right time in the right quantities and at competitive prices. 

 The objectives are 

1. To minimize investment in inventory 

2. To maximize the service levels to the firm’s customers and its own operating 

department. 

 

 

 

 

 

 

Types of inventories: 
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1. Raw inventories (raw materials): 

 Raw materials and semifinished products supplied by another firm which are 

raw items for present industry. 
 Raw materials are those basic unfabricated materials which have not 

undergone any operation since they are received from the suppliers. Ex – 

round bars, angles, channels, pipes etc 

2. Work-in-progress inventories: 

 Semifinished products at various storages of manufacturing cycle 
 The items or materials in partially completed condition of manufacturing 

3. Finished inventories: 

They are the finished goods lying in stock rooms and waiting dispatch. 

4. Indirect inventories: 

 The inventories refer to those items which do not form the part or the final 

product but consumed in the production process. 
Eg – machine spares, oil, grease, spare parts, lubricants 

 For proper operation, repair and maintenance during manufacturing cycle. 

Reasons for keeping inventories: 

 To stabilize production 
 To take advertise of price discount 
 To meet the demand during replenishment period 
 To prevent loss of orders 
 To keep pace with changing market conditions 

Inventory control: 

 Keeping track of inventory 

 It is a planned approach of determining what to order, when to order and how much 

to order and how much to stock so that costs associated with buying and storing are 

optimal without interrupting production and sales. 

 When should an order placed 

 How much should be ordered order quantity 

 

 

 

 

Objective of inventory control: 
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 Purchasing material at economical price at proper time and in sufficient quantity as 

not to run slow 

 Providing a suitable and secure storage location 

 To maintain timely record of inventories of all the items 

 A definite inventory identification system 

 Adequate and responsible store room staff 

 Suitable requisition procedure 

 To provide a reserve stock 

Advantages or benefits of inventory control 

 One does not face shortage of materials 

 Materials of good quality and procured in time minimized defect in finished goods. 

 Delays in production schedules are avoided 

 Production forgets are achieved 

 Accurate delivery dates 

 Economy in purchasing 

Inventory control terminology: 

1. Demand: 

It is the no. of items (products) required per unit of time. The demand may be 

either deterministic or probabilistic in nature. 

2. Order cycle: 

The time period between two successive orders is called order cycle. 

3. Lead time: 

The length of the time between placing an order and receipt of items is called 

lead time. 

4. Safety stock: 

It is also called butter stock or minimum stock. It is the stock or inventory 

needed to account for delays in materials supply and to account for sudden 

increase in demand due to rush orders. 

5. Inventory turnover: 

It the company maintains inventories equal to 3 months consumption it 

means that inventory turnover is 4 times a year i.e. the entire inventory is 

used up and replaced 4 times a year. 

 

 

 

6. Reorder level: 

It is the point at which the replenishment action is initiated. When the stock 

level reaches ROL the order is placed for the item. 
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7. Reorder quantity: 

This is the quantity of material to be ordered at the reorder level. This 

quantity equals to the EOQ. 

Cost associated with inventory 

1. Purchase (or production) cost: 

The value of an item is its unit purchasing or production cost. 

 

 

2. Capital cost: 

The amount invested in an item is an amount of capital not available for 

other purchases. 

3. Ordering cost: 

It is also known as procurement cost or replenishment cost or acquisition 

cost. 

Two type of costs- Fixed costs and variable costs. 

Fixed costs don’t depend on the no. of orders whereas variable costs change  

w. r. t the no. of orders placed. 

I. Purchasing: 

The clerical and administrative cost associated with the 

purchasing, the cost of requisition material, placing the order, 

follow up, receiving and evaluating quotations.  

II. Inspection: 

The cost of checking material after they are received by the 

supplier for quantity and quality and maintaining records of 

the receipts. 

III. Accounting: 

The cost of checking supply against a given level of hand and 

this cost vary in direct proportion to the amount of holding 

and period of holding the stock in stores. 

This includes- 

I. Storage costs (rent, heating, lighting etc.) 

II. Handling costs (associated with moving the items. Such as labour cost, 

equipment for handling) 

 

III. Depreciation, taxes and insurance 

IV. Product deterioration and obsolescence 

V. Spoilage, breakage 

Economic order quantity: 
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 How much materials may be ordered at a time. An industry making bolts will 

definitely like to know the length of steel bars to be purchased at any one time. i.e. called 

EOQ.  

                   An economic order quantity is one which permits lowest cost per unit and is most 

advantageous. 

                 

 Starting from an instant when inventory OA is in the stores, it consumes gradually in 

quantity from A along AD at a uniform rate. We know it takes L no. of days between 

initiating order and receiving the required inventory. As quantity reaches point B, purchase 

requisition is initiated which takes form B to C that is time R. from C to D is the procurement 

time P. At the point D when only resource stock is left, the ordered material is supposed to 

reach and again the total quantity shoots to its maximum value i.e. the point A’(A=A’) 

Maximum quantity- OA is the upper or max limit to which the inventory can be kept in 

the stores at any time. 

Minimum quantity- OE is the lower or minimum limit of the inventory which must be 

kept in the stores at any time. 

 

 

Standard order (A’D) - It is the difference between maximum and minimum quantity and 

is known as economical purchase inventory size. 

Reorder point (B)- It indicates that it is high time to initiate a purchase order if not done 

so the inventory may exhaust, even reserve stock utilized before the new material arrives. 
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From B’ to D’ it is lead time and it may be calculated on the basis of past experience. 

It includes- 

a) Time to prepare purchase requisition and placing the order. 

b) Time taken to deliver purchase order to the seller 

c) Time for seller to get or prepare inventory 

d) Time for inventory to be dispatched from the vendor’s end and to reach the 

costumer 

 

  

               

Inventory procurement cost: 

1. Receiving quotations 

2. Processing purchase requisition 

3. Following up and expediting purchase order 

4. Receiving material and then inspect it 

5. Processing seller’s invoice 

Procurement cost decrease as order quantity increases. 

 

 

 

 

 

Inventory carrying cost: 

1. Interest on capital investment 

 

2. Cost of storage facility, up-keep of material, record keeping 

3. Cost involving deterioration and obsolescence 

4. Cost of insurance, property tax. 
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Carrying cost directly proportional to the order size or order quantity 

Mathematical derivation of EOQ: 

  Let Q is the economic lot size or EOQ 

        C is the cost for one item. 

        I is the cost of carrying inventory in percentage per period 

       P is the procurement cost associated with one order 

       U is the total quantity used per period. 

 No. of purchase orders to be furnished = 
              

   
 = 

 

 
 

 Total procurement cost = No. of orders × cost involved in one order 

       = 
 

 
    

 Average quantity = Q/2 

Inventory carrying cost = average inventory × cost per item × cost of carrying inventory in % 

      = 
 

 
        

              Total cost (T) = a + b 

              = 
 

 
     

 

 
      

 

 

 

 

 

 

               To minimize cost,    
  

  
   

 
 

  
 
 

 
   

 

 
    = 0 

 - UQ-2P + CI/2 = 0 

 Q2 = 
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 Q = √
   

  
 

Problem-1: 

I. Annual usage (U) = 60 units 

II. Procurement cost (P) = Rs 15 

III. Cost per price (C) = Rs 100 

IV. Cost of carrying inventory (I) = 10 % 

Calculate EOQ. 

 Answer: 

  Q = √
   

  
 

      = √
              

       
 = 13.41 

 No. of orders per year = 
  

     
 = 4.47   5 

   EOQ = 
  

 
 = 12 units (rounded) 

Problem-2: 

 The rate of use of a particular raw material from stores is 20 units per year. The cost 

of placing and receiving on order is Rs 40. The cost of each unit is Rs 100. The cost of 

carrying inventory in percent per year is 0.16 and it depends upon the average stock. 

Determine the order quantity. If the lead time is 3 month, calculate the reorder point. 

 Answer: 

  U = 20 units 

  P = Rs 40 /- 

  C = Rs 100 /- 

 

 

  I = 0.16 

  EOQ = √
   

  
 = √

         

         
 = 10 

  L = 3 months 
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  12 months = 20 units 

  3 months = 
  

  
   = 5 units 

Problem-3: 

 Find economic order quantity from following data. 

 Average annual demand = 30000 units 

 Inventory carrying cost = 12 % of the unit value per year 

 Cost of unit = Rs 2 /- 

Answer: 

 Given,  U = 30000 

  I = 12 %  

  P = 70 

  C = 2 /- 

 EOQ =√
   

  
 = √

                 

     
 = 4183.3 

 No. of orders = 
     

      
 = 7.17   7 

EOQ = 
     

 
 = 4285.7   4286 (rounded) 

 

 

 

 

 

 

ABC analysis: 

 ABC analysis helps differentiating the item from one another and tells how much 

valued the item is and controlling it to what extent is in the interest of an organization. 
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1. A-items: 

A items are high valued but are limited or few in number. They need careful 

and close inventory control and proper handling and storage facilities should 

be provided for them. 

A items generally 70-80 % of the total inventory cost and 10 % of the total 

items. 

2. B-items; 

B-items are medium valued and their umber lies in between A and C items. 

They need moderate control. They are purchased on the basis of past 

requirements. 

B-items generally 20-15 % of total inventory cost and 15-20 % of the total 

items. 

 

 

 

 

 

3. C-items: 

C-items are low valued, but maximum numbered items. These items do not 

need any control. These are least important items, like clip, all pins, washers, 

rubber bands. No record keeping is done. 

C-items generally 10-5 % of the total inventory cost and constitute 75 % of 

the total items 
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 Advantage 

I. Better planning and control 

II. Increase inventory turn over 

III. Effective management and control 

Disadvantage 

I. Periodic review to be dfdf 

Procedure 

1. Identify all the items used In industry 

2. List all the items as per their value. 

3. Count the no. of high valued, medium valued and law valued items 

4. Find the % of high, medium and low valued items 

High valued contribute – 70% of total inv. Cost 

Medium valued contribute -20% of total inv. Cost 

Low valued contribute-10% of total inv. Cost 

5. A graph can be plotted between % of items and % of total inventory cost 
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PLANT MAINTENANCE
 

 

Plant- 

 A plant is a place, where men, materials, money, equipment, machinery, etc are 

brought together for manufacturing products. 

Maintenance- 

 Maintenance of facilities and equipment in good working condition is essential to 

achieve specified level of quality and reliability and efficient working. It helps in maintaining 

and increasing the operational efficiency of plant facilities and contributes to revenue by 

reducing operating of production. 

Objectives of plant maintenance- 

 To achieve minimum breakdown and to keep the plant in good working condition at 

the lowest possible cost. 

 To keep the m/c in such a condition that permit to use without any interrupter 

 To increase functional reliability of production facilities 

 To maximize the useful life of the equipment 

 To minimize the frequency of interruption to production by reducing breakdown 

 To enhance the safety of manpower 

IMP of maintenance- 

 Equipment breakdown leads to an inevitable loss of production 

 An improperly maintained or neglected plant will sooner or later require expensive 

and frequent repairs, because with the passage of time all machines or other 

facilities, building, etc wear out and need to be maintained to function properly. 

 Plant maintenance plays a prominent in production management because plant 

breakdown creates problem such as- loss of production time 

 Rescheduling of production 

 Spoilt materials (because sudden stoppage of process damages in-process 

materials) 

 Failure to recover overheads (because loss in production hours) 

 Need for overtime 

 Need for subcontracting work 

 Temporary work shortage- workers require alteration  work 
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Duties, functions and responsibilities of pant maintenance department- 

a) Inspection- 

 Inspection is concerned with the routine schedule checks of the plant facilities to 

examine their condition and to check for needed repairs 

 Inspection ensures the safe and efficient operation of equipment and machinery 

 Frequency of inspections depends upon the intensity of the use of the equipment 

 Items removed during maintenance and overhaul operation are inspected to 

determine flexibility of repairs 

 Maintenance items received from vendors are inspected for their fitness 

 

b) Engineering- 

 Engineering involves alterations and improvements in existing equipments and 

building to minimize breakdowns 

 Maintenance department also undertakes engineering and supervision of 

constructional projects that will eventually become part of the plant. 

 Engineering and consulting services to production supervision are also the 

responsibility of maintenance department. 

 

c) Maintenance – 

 Maintenance of existing plant equipment. 

 Maintenance of existing plant buildings and other service facilities such as yards, 

central stress, roadways. 

 Minor installation of equipments, building and replacements 

 Prevent breakdown by well-conceived plans of inspection, lubrication, adjustments, 

repair and overhaul. 

 

 

d) Repair- 

 Maintenance department carries corrective repairs to avoid unsatisfactory 

conditions found during preventive maintenance inspection. 

 Such a repair work is of an emergency nature and is necessary to correct 

breakdowns. 
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e) Overhaul- 

 Overhaul is a planned, schedule reconditioning of plant facilities such as machinery 

etc. 

 It involves replacement, reconditioning, reassembly etc. 

 

f) Construction- 

 In some organizations, maintenance department is provided with equipment and 

personnel and it takes up construction job also. 

 It handles construction of wood, brick and steel structures, electrical installation etc. 

 

g) Salvage- 

 It may also handle disposition of scrap or surplus materials. 

 This involves segregation and disposition of production scrap. 

 

h) Clerical jobs- 

 Maintenance department keeps records of cost, of time progress on jobs, electrical 

installations, water, steams, air and oil lines, transport facilities. 

i) Generation and distribution of power. 

j) Providing plant protection 

k) Establishing and maintaining a suitable store of maintenance materials 

l) House keeping 

m) Pollution and noise control 

 

 

 

Types of maintenance: 

 Maintenance may be classified as 

a) Corrective or breakdown maintenance 

b) Scheduled maintenance 

c) Preventive maintenance 

d) Predictive maintenance 
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a) Corrective or breakdown maintenance: 

 Corrective or breakdown maintenance implies that repairs are made after the 

equipment is out of order and it cannot perform its normal function any longer. 

Ex – electric motor will not start, a belt is broken. 

 Under such conditions, production department calls on the maintenance 

department to rectify the defect. The maintenance department checks into the 

difficulty and makes the necessity repairs. 

 After removing the fault, maintenance engineers do not attend the equipment again 

until another failure or breakdown occurs. 

 Breakdown maintenance is economical for those equipment whose down time and 

repair costs are less. 

 Breakdown type maintenance involves little administrative work, few records and 

comparative small staff. 

Causes of equipment breakdown: 

 Lack of lubrication 

 Neglected cooling system 

 Failure to replace worn out parts 

 External factors (too higher or too voltage) 

 

Disadvantages of breakdown maintenance: 

 Breakdowns occur at inopportunity times, which lead to poor, hurried maintenance 

and excessive delays in production. 

 Reduction of output 

 More spoilt material 

 Increased chances of accidents and less safety to both workers and machines 

 Direct loss of profit. 

 Breakdown maintenance cannot be employed to cranes, lifts, hoists and pressure 

vessels. 

 

b) Scheduled maintenance: 

 Scheduled maintenance is a stick-in-time procedure aimed at availing breakdowns 

 Scheduled maintenance do inspection, lubrication, repair and overhaul of certain 

equipments are done in predetermined schedule. 

 Schedule maintenance practice is generally followed for overhauling of machines, 

cleaning of water and other tanks, white washing of building etc. 
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c) Preventive maintenance: 

 A system of scheduled, planned or preventive maintenance tries to minimize the 

problems of breakdown maintenance. 

 It is a stich-in-time procedure. 

 It locates weak spots (such as bearing surfaces, parts under excessive vibrations etc) 

in all equipments, proceeds them regular inspection and minor repairs reducing the 

danger of unanticipated breakdown. 

 Preventive maintenance involves. 

 Periodic inspection of equipment and machinery to prevent production breakdown 

an harmful depreciation. 

 Upkeep of plant equipment to correct fault. 

Objective of FM: 

 To minimize the possibility of unanticipated production interruption and major 

breakdown by locationg the fault. 

 To make plant equipment and machinery ready to use 

 To maintain the optimum productive efficiency 

 To maintain the operational accuracy 

 To achieve maximum production and minimum repair cost 

 To ensure safety of life and limbs of the workers 

 

Advantages: 

 Reduces breakdown and down-time 

 Lesser odd-time repairs 

 Greater safety for workers 

 Low maintenance and repair cost 

 Increased equipment life. 

 Better product quality. 

 

d) Predictive maintenance: 

 It is a newer maintenance technique. 

 It uses human senses or other sensitive instruments such as audio gauges, vibration 

analysers, amplitude meters, pressure, temperature and resistance strain gauges to 

predict troubles before the equipment fails. 

 Unusual sound coming out of a rotating equipment predict an trouble, an electric 

cable excessively hot at one point predicts an trouble. 

 In predictive maintenance, equipment conditions are measured periodically or on a 

continuous basis enables maintenance men to take timely action such as equipment 

adjustments, repair and overhaul. 

46 / 85



 

 It extends the service life of an equipment without fear of failure. 

Recent developments in plant maintenance: 

 The management techniques used for plant maintenance to increase maintenance 

efficiency, reduce maintenance cost and to improve services. 

A. Use of work study: 

Work study can improve maintenance scheduling and eliminate a great deal 

of frustration and anxiety on the part of production supervision. 

B. Use of network planning techniques: 

 CPM has enables some firms to cut their down time by 20 to 30 % 

 Maintenance costs have been cut down. 

 CPM is useful for large maintenance projects 

 70 % of reduction in time for overhaul by central electricity board in Great 

Britain using network planning technique. 

 PERT reduced shut down time 18 to 16 days 102 and added 90000 barrels to 

production volume of a refinery. 

 

C. Use of operation research: 

Operation research handles maintenance problems such as the economiv 

level of spare parts or when to replace an item etc. 

D. Use of computers; 

 More efficient and control over maintenance problems. 

 Computer can prepare maintenance work orders giving accurate work order 

descriptions and job timing. 

 Eliminate human error in preparing work order. 

 Reduced cost of keeping records of equipments 

 Reduced premature replacement of parts. 
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  STATISTICAL QUALITY CONTROL (SQC)  
 

BASIC STATISTICAL CANCEPTS:- 

                             For attaining a state of control in a production process the SQC uses the 

‘Laws of chance’ and knowledge of a statistics. It mainly deal with collection, analysis and 

interpretation of data affected by “Chance variation” for carrying satisfactory (not 100%) 

inspection of products. The statistics is based on variations as explained below: 

Concept of variation:- 

               Nature itself causes variation e.g. no two men are similar in looks or thinking. So 

manufacturing processes which are handled and controlled by man are bound to vary. The 

concept of variation states that however utmost care is taken in getting perfection for 

manufacturing of two parts, still they will not be perfectly identical. For example, if a skilled 

labour has to make 100 pieces of some diameter and finish, in the best and constant 

environment (machine, material and physical conditions), still we will find minute variations 

in the size or finish of all of the pieces. This is because there are still some factors which are 

out of his own control. The variations in dimensions can be of three types. 

Causes of variations:- 

    The inherent causes of variations in the manufacturing processes are: 

(a) Machine related: 

 Machine vibrations 

 Tool wear 

 Poor maintenance 

 Play between nut & screw of machine table 

 Improper jigs and fixtures. 

 Worn out bearings 

 Friction or loss of lubrication, 

(b) Operator/environment related: 

 Unskilled worker 

 Fatigue of worker 

 Improper temperatures maintained. 
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Attributes (Qualities):- 

         Statistical data needs gathering of characteristic or more information which can 

be measured or observed. There are two categories of statistical data: 

(a) Variables 

(b) Attributes. 

                “Variables” are the quantity characteristics which can be actually measured 

such as length or mass of an iron bar can be expressed as 5m or 5 kg respectively. The 

data measured can be continuous in the sense that the mass can be observed in gaps 

i.e. steps; e.g. number of defectives in a lot can be 1, 2, or 5 or 18 and it cannot be 

16.7 

              “Attributes” are these types of data or quality characteristics which are 

discrete in nature i.e. the characteristic showing an article/object confirming or not 

confirming to the specifications (number of defective or not defective). 

Frequency:- 

                 The data gathered as statistics in the raw form, which is later grouped and 

analysed. The grouping of data makes it more meaningful. The repetition of a data, is 

counted as its ‘frequency’. Frequency means how many times a data or value is 

repeated in a lot. 

           For counting frequency of a value, the data is tabulated in a sorted order, 

whether ascending or descending order and then another column of heating 

‘frequency’ is added and as the similar rows (with similar value) are removed, a count 

is added to the ‘frequency’ column. 

(a) Sorted dimensions of lot of 7 items:- 

      S. No           Dimensions in mm 

         1                       25 

         2                       26 

         3                       26 

         4                       27 

         5                       27 

         6                       27 

         7                       30 
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(b) Data grouped & frequency added:- 

S.No. Dimension Frequency 

1 25 1 

2 26 2 

3 27 3 

4 30 1 

             

                                          Therefore, frequency distribution is a tabulation of data obtained 

from measuring a variable, arranged in ascending or descending order according to its value. 

The frequency distribution indicates where most of the data are grouped. In the above 

example, most of the items have dimension of 27mm (3 nos.). In other words, we can say 

frequency distribution of a set of observations is an arrangement which shows the number 

of occurrences of values of variable of variable in ordered class. 

 Another method of reducing data and making it more meaningful is grouping the data for a 

fixed range interval, which takes into account the error of measuring equipment. For 

example, in above example, suppose the measuring scale gives or error of 1mm, then the 

dimensions 27mm can be either 26mm(-1) or 28mm(+1). Thus another way of grouping 

above can be done by. 

 

Class Interval Frequency Mid Point 

24-26 3 25 

27-29 3 28 

30-32 1 31 

                       

                          The main reason for tabulating and grouping the data is to make a sense of 

variation in data and to analysis it. There are another methods to represent the data for 

comparing two groups of data (‘lot’ of values) or interpreting the manufacturing method 

used, two of them are: 

1. Graphical representation of frequency distribution. 

2. Quantitative/empirical description of distribution. 
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1. Graphical representation:- 

                              The graphical representation of data in a ready form for 

comparison. The popular methods are:- 

(a) Frequency polygon 

(b) Histogram 

(a) Frequency polygon:- 

                       The mid-points of the cells are plotted on the group as dots and are 

joined with small straight lines. It provides an effective way of presenting a picture 

of frequency distribution. 

 

 

(b) Histogram:- 

                       A histogram is essentially a bar chart with bases that represented the 

mid points of cell values and the height of rectangular bars is proportional to the 

frequency of the occurrence of mid points. It is an effective tool in an elementary 

analysis of data. The tabulated data of at least 50 measurements is sorted as 

discussed in previous article and frequency is polled to study the pattern of 

variation in lot. For example, if the histogram is symmetrical, it indicates that 

overall process is normal & the variations are due to chance causes, but if the 

histogram is uneven & unsymmetrical it shows the unrealistic process variation or 

so, which needs improvements. 

 

2. Quantitative/ Empirical distribution:- 

               Although the graphical representation are very useful but they do not give a 

ready figure for numerical comparison. Therefore, for concise form of representation 

of data, statisticians have tried to define the central tendency in different terms 

because most of the data value. 

Central tendency:-  In order to understand as well as to get a comprehensive idea of 

the group of figures a terms acting as representative of group is used. The central 

tendency is the value which represents the most common figure data or a 

representative value of the lot. The value is called ‘central’ due to the reason that 

other values are distributed evenly on both sides of this value. 

         Measuring dispersion or spread, gives the nature of variation in the data. There 

are three methods of representing the central tendency. 

1. Mean / Arithmetic mean / Average value 

2. Median(middle value) 

3. Mode 
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1. Mean:- 

            Mean or average value generally means the arithmetic mean. It is 

necessary that all the items in the group should be of the same class. The 

arithmetic mean of a group should be of the same class. The arithmetic mean of 

a group of value or figures is determined by the number of items. Let there are 

be 5 items: 16, 17, 18, 20, 24 then their arithmetic mean will be = 

 

                                    
In general form,  

                   Arithmetic,  

                                                       
Where, Σx (sigma x) = x₁ +x₂ + x₃ _ _ _ _ _ _ _ x 

But if the data values are stored and tabulated as in table, so that a frequency 

(number of occurrences)f, is the attached with each group/class/cell. The X 

values are the mid points of class of interest. Then 

 
This is also called as average of the frequency distribution. 

 

Example: -       The monthly wages of different groups of workers are represented 

in the following table, find the average of the frequency distribution. 

 

Monthly wages No. of workers 

50-100 
100-150 
150-200 
200-250 
250-300 

2 
5 
8 
7 
3 

 

 

 

 

 

 

 

 

 

 

52 / 85



 

Solution:     The above problem is worked out in the tabulated form as under: 

 

Monthly wages 
(No. of items) 

Mid point (x) Frequency(f) fx 

50-100 
100-150 
150-200 
200-250 
250-300 

75 
125 
175 
225 
275 

2 
5 
8 
7 
3 

150 
625 
1400 
1575 
825 

Σf = 25 
 
 

Σfx = 
4575 

 

In general form, 

        Average of frequency distribution 

 

                                                                
 

 

 

 

 

2. Median:-  

       When different items in a group are arranged in a serial order according to 

since, the middle item of this serial order according to since, the middle item of 

this series is termed as median. The median representing the average position is 

also called the representative of the group. It is not a calculated figure. 

(i) If the observations are odd, say 2n+1, then the middle item. i.e. nth item is 

medium; otherwise if the observations are even i.e. then the average of nth 

and (n+1)th , is the median. 
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 If the data is grouped in frequency format, then the median is given by an 

empirical formula. 

                                     
Where m = median 

              L = Lower value of class having medium 

              N = Total no. of values. 

              fcum = Cumulative of medium 

              i = Class interval 

3. Mode:- 

                     It is the most common value is the group occurring or repeating 

largest no. of times. It is also a representative figure used to indicate a group. In 

other wards mode is that value of measurement which occurs with the greatest 

frequency. However the mode if not rigidly defined measure and it appears to be 

most unstable average. 

Taken an example of set of data values 

=› 25, 26, 25, 28, 25, 30, 25, 40, 25 

Here 25 occurs most time: Mode = 25 but take another example: 

=› 25, 26, 27, 28, 26, 25, 30, 25, 28, 26 

In this case 25 and 26 occur equal number of times, hence there are two modes 

25 & 26. 

The empirical formula used for calculation of mode is 

                              
Where L= lower limit of class of mode. 

             f1 = Frequency of class before the class of mode. 

             f2 = Frequency of class after the class of mode. 

             i = Class interval 

 

 

Dispersion:-  

      The average does not provide the extent of variation of the group from it’s mean value 

but gives the general idea about a group from It’s mean value but gives the general idea 

about a group of figure. The extent of variation in the group from the mean value called 

dispersion gives a better idea of the group. 
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Range:- Dispersion is measured by finding the difference between the lowest and the 

highest value in the group. This difference is called range. 

                   Due to pressure of extreme values in the group, determination of range is not 

helpful and useful. For example the score of a cricketer in the ten matches is 20, 25, 10, 15, 

32, 10, 28, 20, 10 with score ranging from 0-100. The total range is (100-0) or 100. This is 

quite misleading because the range is only based on extreme values. 

  Whereas, Arithmetic mean is 

                                                           

Mean deviation:-  

                   It is also expressed in a better way through mean deviation. It is defined as the 

deviation or vibration of each figure in the group from it’s arithmetic mean and all such 

deviation summed up and divided by the no. of items in the group will give the mean 

deviation. 

       Now mean deviation 

                                                  

When,  is the arithmetic mean. 

     In the above example,       

             

                                                

The deviation as calculated above is found as difference between  & X . 

 

 

Variance:-  
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             Mathematically, the omitting of the sign difference is incorrect. Therefore to avoid 

this dependency, the difference are squared up and summed up. The average of the group 

obtained by dividing the sum of the squared up difference by the total number of item is 

called variance. 

  Variance =  

In the above example variance  

                                                            

Standard deviation:-  

      The square root of variance is called standard deviation. It is a best measure of 

dispersion although it is difficult to calculate. It is denoted by the symbol of   (sigma). 

Mathematically,  

                                 

For the above example,               

This shows that the dispersion of the group is 26 26.8 or 52.8 and -0.8 

 

 

Average of sample average:- 

                                 In order to find the values of the standard deviations for whole 

production lot when a number of samples have been collected at random from a production 

lot with average,  ̅ calculated. 

 Separately for each sample, average of the sample average i.e.   ̿ instead of  ̅ is 

used for finding out the standard deviation for the lot 
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 Therefore  ̿   = 
∑ 

  
            

 Where n1 = no. of examples 

And        ̅  = average of a saingle sample. 

Average of Sample Range:-  

 In S.Q.C in order to know the range representative of the whole lot, average of the 

sample range  ̅ is calculated when a no. of samples haven collected at random from a 

production ot and a ranges (R) have been calculated separately. 

                                                                   ̅= 
∑ 

  
           

Where n1 = no. of sample 

Example:- 

 Five thermostatic controls are used to determine the temperature of an oven. The 

measure values are 3420, 3380, 34440, 3350 and 3360. These values constitutes first sub 

group for certain control chart. 

                    Compute the arithmetic mean, median, standard deviation, range and variance 

of the sub groups. 

Solution:-                   Arithmetic mean          ̅           =     
                   

 
 

                                                                                           = 
    

 
 = 339˚ 

Arranging in ascending order these values are 335˚, 336˚, 338˚, 342˚, 344˚ 

 Median = central value = 338˚ 

 Range -= Largest value – smallest value = 344 – 335 = 9 
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Standard deviation =   = √
                                                           

 
 

   = √
               

 
 

   = √
   

 
 

   = 4.475 

Variance    =           20.       Ans. 

Normal distribution curve:- 

                In case of variation due to chance factors, the normal curve which is a graphical 

representation of a frequency distribution indicates the distribution of the characteristics 

among the whole production lot because it is a bell shaped symmetrical curve. It extends 

from -  to   . The area contained in each column of the histogram is proportional to the 

frequency with in its cell. For controlling the construction of the normal curve, there are two 

statistical controls (Average) and   (sigma), the standard deviation. The no. of cells 

                       

                         For quality control techniques the most useful curve is the normal curve. It is 

estimated that   (sigma deviation) covers 68% of the normal curve; 2  covers 95.45% of the 

total area and 3  covers 99.75%. In case, 3  is applied as deviation on either side of average 

( ̅) than 99% of the area will be covered up by the control limits. Further, the control on the 

process beyond this is not economical. Hence, 3  limits basis of SQC.     
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Mathematical, normal curves can be represented by  

                                                         

Characteristics of normal distribution: 

- The normal distribution is bell shaped and symmetrical when shown generally 

graphically. 

-  A population of infinite size is represented by it. 

- The magnitudes of range involved is from minus infinity to plus infinity, in case its 

mean ( ̅) is shown as zero. 

- The mean and standard deviation of the normal distribution can completely 

describe its curve or can give predictions of the lot. 

Example.  A machine shop produces steel pins. The width of 100 pins was checked after 

machining and data was recorded as follows: 

Width in mm Frequency Width in mm frequency 

9.50-9.51 6 9.58-9.59 22 

9.52-9.53 2 9.60-9.61 8 

9.54-9.55 20 9.62-9.63 6 

9.56-9.57 32 9.64-9.65 4 

 

(a) Find the arithmetic mean, standard deviation and variance. 

(b) What percentage of the pins manufactured has width of 9.52 to 9.63 
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Binomial Distribution: 

 The expression of binomial theorem i.e. The expansion of (p + q)n can give the 

probability of any combination of p & q where  p can be a fraction representing defectives 

and q a fraction as good or non-defective articles. The expansion of binomial theorem is 

stated as  

                                            

                   Each term represents the probability of occurrence of ‘r’ defectives. The general 

term can be represented as: 
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Example:  

 Find the probability of getting 1 defective and 4 good items, from a lot having sample 

size of 5. The batch contains 20% defectives as per Binomial distribution. Also find the 

average and standard deviation  

Solution: 

                                Given: p = 0.2 ( 20%) 

                                                          q = 0.8 

                                                          n = 5 

 Taking the term of containing p1.q4 i.e. the probability of one defective and four good 

articles is. 
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Poisson Distribution: 

 It is applicable, where the probability of failure p is very small. This happens when 

there are large no. of trials than failure will occur at large intervals only. The larger the value 

of n and smaller the value of the p, the looser is Poisson Approximation. 

 The probability of finding ‘K’ defectives is given by  

                                                                   

                     Where K = the no. of defectives to be found 

                                    = np i.e. average value of expected no. of defectives. 

(i) Average of Poisson distribution 

                              ̅ = np. = λ              

(ii) Standard deviation    

                    

 

Control Charts: 

 It is the quality of the materials, batches, parts assemblies, during the course of their 

actual manufacture is the most important activity. The most important tool is control chart 

designed by Dr. W.A. Shewart’s, for this purpose which is used for the study and control of 

repetitive processes. It is a day to day gr4aphical presentation of the collected information 

from the production floor. The information pertains to be measured or otherwise judges 

quality characteristics of manufactured products in always subject to certain variations. In 

any type of machining operation, there is always some variation from piece to piece which is 

inherent to any particular scheme of production and inspection. 

 There are two types of variations exist as  

 Variation due to chance causes  

 Variation due to assignable causes can be discovered and corrected, it may consists 

of Variation due to assignable causes can be discovered and corrected, is consisting 

of  

 Difference in m/c 

 Difference amongst the workers 

 Difference in their relationship to one another 
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 Improper tooling 

 Proper lighting arrangement etc. 

A control chart accepts the normal dispersion of variation due to chance causes but 

eliminates entirely the errors due to assignable causes. 

Advantages of control charts: 

 The control charts have the advantages given as under  

1. The control chart gives Indication for the process is in control or out of 

control 

2. It determines process variability. 

3. It detects unusual variations taking place in a process. 

4. It ensures the product quality level 

5. It gives warning in time to rectify the process so that scrap or percentage 

rejection can be reduced. 

6. It gives informations about the selection of process and setting of tolerance 

limits. 

7. It also helps to build up the reputation of the organization through 

customer’s satisfactions due to good quality of the products. 

8. The inspection work reduces. 

Types of Control Charts: 

 There are following types of control charts used for quality control, 

 Variable charts ( ̅  and R charts)        

 Attribute charts (P, np, C and U chart). 

              These control charts are based on variables and attributes. The quality can be 

controlled either through actual measurement or without caring for the actual 

dimensions of a part. The control charts which are most commonly used are: 

1. Control charts for measurable quality char4acteristics (control chart for 

variables). This includes          

2. Control charts for no. of fractio0ns defectives (P-charts) 

3. Control charts for no. of defects per unit(C-charts) 
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Interpretations of a control charts  

The following interpretations can be made by the study of control charts: 

1. If all the point in a chart lie within V.C.L. and L.C.L then the processes is said to be 

in control indicating presence of chances causes only. 

2. If one or more pints lie beyond V.C.L. and L.C.L. then not safe to derive any 

conclusion about the process control. Thus, a control chart is a graphical 

representation of the range of expected variability in a production processes. The 

scale on Y-axis and X-axis should be chosen in such a manner that the chart is 

narrower than it’s length. 

(A)  ̅ -chart:- 

                        The chart is based on the measurements data instead of data that 

arise simply form classification counting. Sample size can be smaller also. So, it is 

constructed to show the fluctuations of the means of samples about the mean of 

the process. This chart will help of the user in tracking down the assignable 

causes. 

The control chart has the following advantages:  

1. It shows changes in processes average and is affected by changes in process 

variability. 

2.  It is a chart for the measure of control tendency. 

3. It shows erratic or cycle shifts in the process. 
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4. It detects steady progress changes, like tool wear. 

5. It is the most commonly used variables chart.  

6. When used along with R chart. 

- It tells when to leave the process alone and when to check and go for the                 

causes leading to variation. 

- It secures information in establishing or modifying processes, specifications or 

inspection procedure and. 

- It controls the quality of incoming material. 

7.  ̅ and R charts when used together form a powerful instrument for 

diagnosing quality problems.     
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(B) R chart :  

                    It is used to show fluctuations of the ranges of the samples about the 

average range R. This control the general variability of the process and affected 

by the changes in variability. It is a chart for measures of spread. It is generally 

used along with an   ̅ chart. 

 

                                         

                                               

                 The value of D3 and D4 depends on sample size chosen and their values are 

available from standard table. 

Factors for determining the 3 sigma control limits for  ̅ and R charts.    
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(C) C -charts:  

                          It is the method of plotting attributes characteristics. It is mad for no. of 

defects per unit rather than with the function of defective. For example:    

1. In a turn, the no of welding defects. 

2. The defective units in an automobile. 

3. The defective units in a television. 

4. No. of defects per 100 square meter of a yarn etc.  
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The advantages of C-chart are given as under: 

- It is the controls charts in which no. of defects in a piece or a sample are plotted.  

- It controls no. of defects observed per unit or per sample. 

- Sample size in constant. 

- The chart is used where average no. of defective prices in a given sample, c-chart 

take into account the no. of defects in each defective piece may contain more than 

one defect. 

- Whereas P- chart consider the no. of defectives  prices in a given sample, C-chart 

taken into account the no. of defects in each defective piece or and a given sample. 

A defective piece may contain more than one defect.  

- C-chart is preferred for large and complex pants. 

- It has limited use. 

The control limits for C-chart are given as: 
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(D)  P- Chart  

                        The chart shows the variation in the fraction defectives of output. It is also 

known as control chart for ‘Go’ and Not Go’ data. It is a tool for process quality control and 

hence it is quality control and hence it is quality control by attributes, sometimes it is also 

known as control chart for attributes. 

 

             The P-chart has following advantages given as under: 

1. It can be fraction defective chart or  defective chart (100p) 

2. Each item is classified as good or bad. 

3. This chart is used to control the general quality of the component part 

and it checks if the fluctuating in product quality (level) are due to chance 

causes alone.  

4. It can be used even if samples size is variables but calculating control 

limits for each sample is rather number some. 

P-chart is plotted by calculating the fraction defective first and then the 

control limits. 
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70 / 85



 

                                         

SAMPLING PLANS:- 

                  As a technique of quality control several types of sampling plans are in use. 

These are as: 

(ii) Single sampling plan 

(iii) Double sampling plan 

(iv) Sequential plan 

Single Sampling Plan:- 

                If a single random sample of a lot is secured and the lot is accepted or rejected on 

the basis of results discovered in that single sample as detected by the single sampling table, 

then it is known as single sampling. 

For this method, usually four values are to be determined: 

          N = Lot size 

          n = sample size 

          c = acceptance number 

          d = number of defectives in a sample. 
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Now, the acceptance of the lot is calculated as under: 

(i) If the d<c, than the lot is accepted. 

(ii) If the d=c, than all the pieces in the remainder of lot be inspected. 

(iii) If d>c, than the lot is rejected. 

(iv) Rejected lots will be returned to the producer and if rectified lot is replaced then 

the lot will be checked only for those defects causing rejection. 

 

Inspect n jobs 

  

                                        

 

Double Sampling Plan:- 

                In this plan, the decision of acceptance and rejection of the lot is based on two 

samples. The lot may be accepted if the one of the samples is good or rejected if the same is 

bad. If the first sample is neither good nor bad, the decision is based on the evidence of the 

both samples combined. 

             The first sample n is taken from lot N. The defective count d1 is compared with an 

acceptance number c1. 

 If the d1> c1 then the lot is immediately accepted. Otherwise it is next compared with 

rejection number c2 if d1 equals or exceeds c2 the lot is immediately rejected. A condition 

found within these margins c1-c2 requires that another second sample n2 be taken from lot 

N. 
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     The defectives are added i.e. d1+d2 and compared as previous for final confirmation. 

              

Sequential Sampling:- 

              Sequential sampling is similar to extended double sampling. Provision is made for 

taking multiple samples one by one and comparing the accumulated count of defective at 

each step of the sampling process with a pair of acceptance and rejection numbers. 

 For example, a segment of a 1 percent A.Q.L. sequential sampling table for lot size 500-

1000 appears in below mentioned table. 

Sample Sample size Combined Accept Reject 

First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 

20 
20 
20 
20 
20 
20 
20 

20 
40 
60 
80 
100 
120 
140 

* 
0 
1 
2 
2 
2 
3 

2 
3 
3 
4 
4 
4 
4 
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       A random sample 20 pieces is taken from the lot. The asterisk in the table means that 

the lot for cannot be accepted on the basis of a sample of 20 no matter if it contains no 

defectives. However, if 2 or more defectives appear in the first sample of 20, the lot may be 

immediately rejected. Otherwise the second random sampling of 20 more pieces is to be 

made. If by this time (a total of 40 sample pieces examined) no defectives have been 

uncovered, the lot may be accepted. If a total of 3 or more defective have been counted 

among the accumulated 40 piece sample, the lot is to be rejected at that point. but, up to 

this point, 1 or 2 defectives may have appeared, counts that lie between the 0 or 2 

defectives may have appeared, counts that lie between the 0 acceptance figure and the 3 

rejection figure. In that event, sampling is resumed by taking 20 more pieces. Eventually, as 

can be seen, enough successive samples will have been inspected and an accumulation of 

defectives counted where either an “accept” number or a “reject” number is reached and 

appropriate action is taken in regard to the lot. 

Selection of Sample size:- 

(v)  As it is usual, the sample size can be anything from 2 to upwards. But for 

manufacturing processes, minimum sample of size 4 is required to make a 

normal distribution of sample average. 

(vi)    Although a larger sample is always preferred to get the surety ( 100%) of 

quality judgement of ‘universe’ (lot) on the basis of sample quality. But at the 

same time considering cost factor associated with increasing sample size, it is 

also desired to keep the smaller size. This is also true if the inspection 

involves destructive testing. Hence, a balance between the sample size and 

cost factor should be made. 

(a) Generally a sample size of 2 or 3 is avoided because of the lot (universe) is non-

normal. (See art. Normal Distribution), then the 3-sigma limit for group of 2 or 3 is 

invalid. But on the other hand for group of 4 or more; even if the universe is non-

normal, still the distribution of group averages is normal. 

Method of taking samples:- 

As the SQC rules say, “The samples taken should be random in order to become true 

representative of the universe”. The method should follow the simple rules as: 

(i) They should be drawn from the same universe. Because, as the probability 

defines that if two samples are drawn from two different universes (lots), then 

the probability of difference is high rather than where one sample is taken from 

one lot and other sample contains items from both lots. 
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(ii) All short of items should be tried to be included. Although this is to be avoided 

while lot formation so as products from different sources (shifts, machines, 

materials) should be mixed. 

(iii) The sample should be random i.e. without any biasing and consideration. The 

method of selection should be such that gives every number of lots in equal 

chance of being drawn. One of the methods in industry is to use Table of random 

Samplings Numbers. Although second rule tries to bias the selection process still 

the difference looking items should be tried to see the range of variability. 

Frequency of samples:- 

       Mathematically, we have tried to explain the frequency of samples taken in topic of this 

chapter. But more or less practically the frequency of samples generally depends upon the 

gut-feeling of the analyst or SQC engineer. He himself judges the ongoing operations 

wellness and combining it with the ‘unit-processing time’, he takes decision how frequently 

the sample should be taken. 

 For example, if the unit- processing time is one hour and he feels that the process is ‘Out of 

Control’ then he may reduce the frequency to a day’s sample and the a week’s ample and 

soon. 

        The only limit for the sample frequency is the limit time for production of at least one 

sample and obviously the cost of sampling involved (capacity for destructive testings). 

Inspection Plan Format:- 

            In acceptance sampling, the defects are classified as ABC, the following terms: 

A – Critical defect, hazardous, unsafe for human life. 

B – Major defect, Reduces usability of product. 

C – Minor defect, has little effect on use or operation.  

       The IS: 2500 (part-1) – 1973, provides the tables of sampling Inspection Plans for lot-by-

lot inspection, when the inspection is done by attributes or by count of defects. It is also 

describes the procedure and formulae for the construction of your own sampling plans. 

        This standard states that when the quality of the lot shows significant shifts, it is 

described to make appropriate changes in sampling plans. The quality of universe should be 

such that it is necessary to tighten the inspection otherwise if quality improves, the 

inspection should be relaxed. The criteria as followed are as: 
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(i) If at least 2 out of 5 consecutive lots are rejected. Then it needs to tighten the 

inspection. 

(ii) Similarly, while on tightened inspection should be changed over to the normal 

inspection. 
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Test Reports:- 

                The test reports at the end of SQC process provide a systematic record of Quality 

history of statistical acceptance procedure. A written record tells whether the inspection 

carried out was nominal, tightened or relaxed inspection. The last report generated should 

show whether the process is in control and even shows the current quality level. These 

reports are especially useful when lots are isolated from each other e.g. lots of same units 

manufactured by different vendors. These test reports help to make decisions regarding the 

acceptance as well as adoption of which inspection criteria (tight relax, normal) will ensure 

the quality. 

Total Report 

Data Sheet and Control Chart for Sampling Inspection 

Vender: 

Acceptance Level (AQL):                                                                  Inspection: (Nor/Relax/Tight) 
                                                                                                              Procedure 

Comments: 

Date Lot 
Size 

I Sample % age 
defective 
in I 

II Sample % age 
defective 
in II 

Action  
For 
lot 

Control 
Scheme 
For 
samples 

Sample 
size 

Defective Sampling 
size 

Defective 

      
 

    

          

 

These reports are also useful, when inspectors are reluctant to openly discuss that whether 

a lot should be rejected or requires taking a second sample, than written quality record 

suggests the action to be taken. 

Concept of Total Quality Management (TQM):- 

 Definition:-  The term TQM can be defined in the following ways as 

1. TQM is an integrated organisational approach in delighting customers (both external 

and internal) by meeting their expectations on a continuous improvement in all 

products, services and processes along with proper problems solving methodology. 

2. The TQM refers the control of all transformation processes of an organisation to best 

satisfy customers need in the most economical manners. 

The management can ensure this through:- 

(i) Team effort 

(ii) Satisfying work the emotional and intellectual needs of workers. 
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(iii) Satisfying the needs of better working conditions. 

(iv) Constant improvement in industrial relations climate in the organisation. 

(v) Installing motivation system to include collective achievement and quality 

excellence. 

(vi) Integration and co-ordination of activities of various departments such as 

product design, Research and development, Production, planning, 

manufacturing / Processing, Technical services, sales etc. to attain the desired 

goals economically. 

(vii) Maintaining a sound quality system to ensure each task is performed 

correctly. 

Dimensions of TQM:- 

         The TQM has the following three dimensions as: 

(i) Excellence: The objective should be nearer to perfection. 

(ii) Universality: Factors such as types of products, process, customers and 

employees pay very important role to achieve maintain and improve the quality. 

(iii) Perpetuality: TQM has aspects of steadiness of progressive steps which direct us 

to attain perfect quality through continuous and innovative approach for 

improvement of process, using structural, systematic and analytical approach to 

problem solving. 

Operations and Implementations of TQM:- 

            Operation & implementation of TQM contains four processes listed as under and 

shown in figure. 

(i) People involvement 

(ii) Product innovation 

(iii) Problem investigation 

(iv) Perpetual improvement. 
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        Where JIT (just in time) aims at  

PDCA (Plan, Do, Check and Act) 

- Plan (Design innovate) 

- Do (Manufacture) 

- Check (Inspection & check) 

- Act (Counter measure, modification) 

- ZD (Aero defect) 
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  STANDARDS AND CODES  
              

                                           A standard is defined as a model or general agreement of a rule 

established by authority, conserves or custom, created and used by various levels of interest. 

NATIONAL STANDARDS CODES:- 

            The national standards are provided by the ISI(Indian Standard Institute), which was 

set up in 1947. ISI was setup with an aim to promote standardisation, quality control for 

competing in international market and also to provide security in purchasing and safety for 

the consumer. 

 The different jobs performed by ISI are as under 

(i) Providing standards in documented form for products, materials & the processes. 

(ii) To issue the ISI certification for industrial products under ISI certification marks 

scheme under act 1952. 

(iii) Circulation of latest information through their journals regarding standardisation. 

(iv) Promoting international standards in India, in collaboration with ISO (International 

Organisation for Standardisation) & IEC (International Electro technical Commission) 

in Europe. 

Working of ISI:- 

          The ISI works through ten Division Councils, which appoint a number of Technical 

Committees for making new standards, revise, withdraw and supersede the old standards. 

The technical committee consists of a few groups of expert people along with a 

representative of National Physical Laboratory. Instead of including manufacturer’s 

representatives, the committee writes to as many as possible of the manufacturers known 

to be producers of equipment in question and ask for all the related information. 

                A preliminary draft is prepared and sent for comments to all the manufactures. 

Special care is taken not to include the things which are not ‘essential’ unless it affects the 

performance of the instrument. After that it formulates a standard, which is acceptable to 

all the manufacturers. 
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Licensing/Certification by ISI:- 

          The ISI certification scheme, started in 1955-56 under which the manufacturer, who 

has applied for getting on ISI mark for his product, is given a license after thorough testing 

of samples of his product. The license, also describes the procedures to be adopted for the 

quality control and testing and is given for the period of one year. 

               After the certification, a constant check on the quality of product is kept, by taking 

samples from the market by the inspectors appointed by ISI. The samples can be sent to one 

of the 17 laboratories for testing purpose at: 

 Mumbai  

 Bangalore  

 Chennai 

 Kolkata 

 Kanpur 

 Sahibabad(Ghaziabad) 

 Cochin 

 Patna 

 Trivandrum 

 Rajkot 

 Guntur 

 Jamnagar 

 Mangalore 

 Alleppy 

 Tuticorin 

 Virudhnagar 

 Kozhikode 

The manufacturers may be punished and even their license may be cancelled if 

there are serious complaints made by consumers against the quality of ISI marked 

products. The license covers 1000 types of products ranging from biscuits to steel 

products and 6000 licenses have been issued so far. 

Importance of ISI Codes:- 

          The Indian standards are available from Indian Institute Bahadur Shah Zafar Marg, 

New Delhi. Some of the important Indian standards are as follows: 
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 SP: 5-1969 Guide to the use of SI units. 

 IS: 210-1970 Grey iron castings (amended in 1978). 

 IS: 318-1962 leaded tin bronze ingots and casting. 

 IS: 325-1970 Three phase induction motors (revised 1978). 

 IS: 554-1975 Dimensions for pipe threads where pressure tight joints are required 

on the threads. 

 IS: 696-1972 Code of practice for general engineering drawings (revised 1979, 

1983). 

 IS: 919-1963 Recommendations for limits and fits for engineering (revised 1978, 

1980) 

 IS: 1356-1972 Electrical equipment of machines for general use. 

 IS: 1363-1967 Black hexagonal bolts, nuts and lock nuts (dia 6 to 39mm) and black 

hexagonal screws (dia 6 to 24mm). 

 IS: 1367-1967 Technical supply conditions for threaded fasteners. 

 IS: 2016-1967 Plain washers 

 IS: 2102-1969 Allowable deviations for dimensions (amended 1978). 

  

 IS: 2218-1962 Speeds for machine tools. 

 IS: 2219-1962 Feeds for machine tools. 

 IS: 2243-1971 Drill chucks. 

 IS: 2473-1975 Dimensions for centre holes. 

 IS: 2494-1974 V-belts for industrial purposes (amended 1987). 

 IS: 3230-1970 Recommendations for tapping drill sizes. 

 IS: 3406-1975 Dimensions for countersinks and counter-bores. (Part-I & II) 

 IS: 3457-1966 Radii and chamfers for general engineering purposes. 

 IS: 4218 (Part-III)-1967 ISO Metric screw threads basic dimensions for design. 

 IS: 5692-1970 Tolerance for radial roller bearings. 

 IS: 7513-1974 Graphical symbols for fluid power systems. 

  

INTERNATIONAL CODES:- 

                 National standards and codes are no longer enough in themselves for a nation like 

India, interested in export ties. The international scene has changed and due to this, a new 

set of requirements for industry standards have arisen. The development of own national 

standards by major industrial countries for similar type of products bear little resemblance 

to another. Thus, standards (national) have become a hindrance to easy flow of goods from 

country to country. 
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           Due to this reason, by late 1920s eighteen countries sent their representatives to set 

up International Standard Organisation(ISO), in Europe until it finally ceased to function on 

outbreak of war 1939. 

Evolution of ISO-9000:- 

                 The first major international setup was IEC (International Electro-technical 

Commission) established in 1906 in London. Thirty six countries, including United States, 

USSR and china, along with their 60 technical committees successfully developed nearly 300 

publications to provide participating countries, with electrical equipment standards ranging 

from tungsten filament bulbs to turbines. IEC still exists and works with ISO as its electrical 

division with headquarter at Geneva. 

       Later on, during second world war a United Nations Standards co-ordinating committee 

was formed with offices at London at New York. In 1945, fourteen members of united 

nations committee decided to invite other countries to join and convert it into a permanent 

organisation. As a result, in 1946 at London ISO was born. Now ISO has 60 countries as its 

member and has over 450 publications regarding basic engineering practices (screw 

threads, limits and fits, drawings), engineering components (nuts and bolts, bearings), 

textiles, rubber, building, computers and material handling. 

                       The ISO 9000 family of standards got universal recognition after the British 

Standards BS 5750 : 1979 was adopted by ISO as ISO 9000 in 1987 after amendments, under 

the chairmanship of Canada. They were also adopted by CEN, the European Committee for 

Standardisation. From 1993, EEC (European Economic Community) made it mandatory for 

its members to get goods only from countries having ISO 9000 certification. EEC work within 

international frame work of two world standard bodies ISO and IEC and follow their 

recommendations. 

Concept of ISO-9000:- 

          The ISO-9000 series of systems got considerable important after European countries 

made it compulsory for standards unification. Britain’s decision to adopt metric system is an 

indication of the industries, going hand in hand with world trends. Besides the benefit of 

giving eligibility to complete in European market, adopting ISO 9000, enables 

implementation of quality management systems in the company. 

               The NACCB (National Accreditation Council for Certification Bodies) is the 

organisation for issuing a certificate of registration, indicating the organisation fulfilling the 

requirements of ISO standards. 
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                Assessment of companies are carried out in accordance with documented 

procedures. The assessment includes following steps: 

(i) Visit of certification body or issuing a questionnaire by it after getting the initial 

application by the company. 

(ii) Agreement of terms and quotation by the company. 

(iii) Certification body asks for documented system of quality control in order to carry 

out adequate audit. 

(iv) Audit is performed by: 

 Opening meeting 

 Assessment 

 Closing meeting 

(v) Auditor will judge whether the company should be recommended or not for 

certification. Minor non conformities recorded referred to as Isolated failures are 

corrected, only then the company is registered. Major non-conformities are Hold 

points which reject the company for certification. A fixed payment fee is given by the 

company in advance or as per policy of certification body. 

Recently, Indian Registrar of Quality System (IRQS) has been named as certification 

body, for assessing and certifying quality management systems in Asia. 

Implication of ISO-9000:- 

                  The ISO 9000 (1994) is a quality management and quality assurance standard. It 

gives guidelines for selection and use of ISO series of standards and quality concepts. ISO 

9000 and ISO 9004 give guidance to all organisations for quality, where as ISO 9001, ISO 

9002 and ISO 9003 are used for externally quality assurance purposes. 

 ISO 9001 quality system standards are followed for quality assurance in 

production, installation and servicing of quality systems. It is applicable to 

industries who design, install product and provide after sales service such as for 

coolers, filters etc. It is for contractual situations. 

 ISO 9002 are also model for quality assurance as ISO 9001 except that the design 

control is omitted. These are applied for products where quality assurance is 

required only during production till they are delivered/ installed with the customer 

such as civil structures, bridges etc. 

 ISO 9003 is model for quality assurance in final inspection and test these are 

followed where quality assurance is required after the product is in final shape. 

Customer is least interested in the manufacturing process but the end product for 

example automobiles, domestic appliances, petroleum products. 
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 ISO 9004 are simply guidelines which assure quality where there is no contract 

between the company and ISO. It gives different elements of a quality 

management system. 

India, adopted ISO 9000 as IS : 14000 series in 1988. To promote ISO 9000 

certification, Govt. of India has provided a monetary incentive for all small scale 

industries having ISO 9000 certification as 75000/-. 

Benefits of getting ISO-9000:- 

        The following advantages having ISO 9000 certification: 

(i) Reduction of multiple assessments by audit as ISO 9000 is sufficient for all 

assessments. 

(ii) Management control is better if all the activities are properly documented. 

(iii) If any industry is having ISO 9000, there is rise in its status like a graduate 

having honours. 

(iv) The most important aspect is that for a market in Europe, the ISO 9000 

certification is must for the company. 

(v) It helps in motivating the employees and bring a ‘Quality culture’ into the 

company. 
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