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Plant location and Layout 

PLANT LOCATION  

Every entrepreneur is faced with the problem of deciding the best site for location of his 

plant or factory.  

What is plant location?  

Plant location refers to the choice of region and the selection of a particular site for 

setting up a business or factory. But the choice is made only after considering cost and 

benefits of different alternative sites. It is a strategic decision that cannot be changed once 

taken. If at all changed only at considerable loss, the location should be selected as per its 

own requirements and circumstances. Each individual plant is a case in itself. 

Businessman should try to make an attempt for optimum or ideal location.  

What is an ideal location?  

An ideal location is one where the cost of the product is kept to minimum, with a large 

market share, the least risk and the maximum social gain. It is the place of maximum net 

advantage or which gives lowest unit cost of production and distribution. For achieving 

this objective, small-scale entrepreneur can make use of locational analysis for this 

purpose.  

LOCATIONAL ANALYSIS  

Locational analysis is a dynamic process where entrepreneur analyses and compares the 

appropriateness or otherwise of alternative sites with the aim of selecting the best site for 

a given enterprise. It consists the following:  

(a) Demographic Analysis: It involves study of population in the area in terms of total 

population (in no.), age composition, per capita income, educational level, occupational 

structure etc.  

(b) Trade Area Analysis: It is an analysis of the geographic area that provides continued 

clientele to the firm. He would also see the feasibility of accessing the trade area from 

alternative sites.  

(c) Competitive Analysis: It helps to judge the nature, location, size and quality of 

competition in a given trade area.  

(d) Traffic analysis: To have a rough idea about the number of potential customers 

passing by the proposed site during the working hours of the shop, the traffic analysis 

aims at judging the alternative sites in terms of pedestrian and vehicular traffic passing a 

site.  

(e) Site economics: Alternative sites are evaluated in terms of establishment costs and 

operational costs under this. Costs of establishment is basically cost incurred for 

permanent physical facilities but operational costs are incurred for running business on 

day to day basis, they are also called as running costs.  

Two sites A and B are evaluated in terms of above mentioned two costs as follows: 
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The above cost statement indicates that site B is preferable to site A keeping in mind 

economic considerations only although in some respects site A has lower costs. By 

applying the definition of ideal location which is the place of maximum net advantage or 

which gives lowest unit cost of production and distribution, site B would be preferred 

Describe the features governing plant location 

The important considerations for selecting a suitable location are given as follows:  

a) Natural or climatic conditions.  

b) Availability and nearness to the sources of raw material.  

c) Transport costs-in obtaining raw material and also distribution or marketing finished 

products to the ultimate users.  

d) Access to market: small businesses in retail or wholesale or services should be located 

within the vicinity of densely populated areas.  

e) Availability of Infrastructural facilities such as developed industrial sheds or sites, link 

roads, nearness to railway stations, airports or sea ports, availability of electricity, water, 

public utilities, civil amenities and means of communication are important, especially for 

small scale businesses.  

f) Availability of skilled and non-skilled labour and technically qualified and trained 

managers.  

g) Banking and financial institutions are located nearby.  

h) Locations with links: to develop industrial areas or business centers result in savings 

and cost reductions in transport overheads, miscellaneous expenses.  

i) Strategic considerations of safety and security should be given due importance.  

j) Government influences: Both positive and negative incentives to motivate an 

entrepreneur to choose a particular location are made available. Positive includes cheap 

overhead facilities like electricity, banking transport, tax relief, subsidies and 

liberalization. Negative incentives are in form of restrictions for setting up industries in 

urban areas for reasons of pollution control and decentralization of industries.  

k) Residence of small business entrepreneurs want to set up nearby their homelands 

One study of locational considerations from small-scale units revealed that the native 

place or homelands of the entrepreneur was the most important factor. Heavy preference 
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to homeland suggests that small-scale enterprise is not freely mobile. Low preference for 

Government incentives suggests that concessions and incentives cannot compensate for 

poor infrastructure.  

PLANT LAYOUT 

The efficiency of production depends on how well the various machines; production facilities and 

employee’s amenities are located in a plant. Only the properly laid out plant can ensure the smooth and 

rapid movement of material, from the raw material stage to the end product stage. Plant layout 

encompasses new layout as well as improvement in the existing layout. 

It may be defined as a technique of locating machines, processes and plant services within the factory so as 

to achieve the right quantity and quality of output at the lowest possible cost of manufacturing. It 

involves a judicious arrangement of production facilities so that workflow is direct. 

DEFINITION 

A plant layout can be defined as follows: 

Plant layout refers to the arrangement of physical facilities such as machinery, equipment, furniture etc. 

with in the factory building in such a manner so as to have quickest flow of material at the lowest cost and 

with the least amount of handling in processing the product from the receipt of material to the shipment 

of the finished product. 

 

According to Riggs, “the overall objective of plant layout is to design a physical arrangement that most 

economically meets the required output – quantity and quality.” 

 

According to J. L. Zundi, “Plant layout ideally involves allocation of space and arrangement of 

equipment in such a manner that overall operating costs are minimized. 

 

IMPORTANCE 

Plant layout is an important decision as it represents long-term commitment. An ideal plant layout should 

provide the optimum relationship among output, floor area and manufacturing process. It facilitates  the 

production process, minimizes material handling, time and cost, and allows flexibility of operations, easy 

production flow, makes economic use of the building, promotes effective utilization of manpower, 

and provides for employee’s convenience, safety, comfort at work, maximum exposure to natural light 

and ventilation. It is also important because it affects the flow of material and processes, labour efficiency, 

supervision and control, use of space and expansion possibilities etc. 

 

ESSENTIALS 

An efficient plant layout is one that can be instrumental in achieving the following objectives: 

a) Proper and efficient utilization of available floor space 

b) To ensure that work proceeds from one point to another point without any delay 

c) Provide enough production capacity. 

d) Reduce material handling costs 
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e) Reduce hazards to personnel 

f) Utilize labour efficiently 

g) Increase employee morale 

h) Reduce accidents 

i) Provide for volume and product flexibility 

j) Provide ease of supervision and control 

k) Provide for employee safety and health 

l) Allow ease of maintenance 

m) Allow high machine or equipment utilization 

n) Improve productivity 

 

TYPES OF LAYOUT 

As discussed so far the plant layout facilitates the arrangement of machines, equipment and other physical  

facilities in a planned manner within the factory premises. An entrepreneur must possess an expertise to 

lay down a proper layout for new or existing plants. It differs from plant to plant, from location to 

location and from industry to industry. But the basic principles governing plant layout are more or 

less same. 

 

As far as small business is concerned, it requires a smaller area or space and can be located in any kind 

of building as long as the space is available and it is convenient. Plant layout for Small Scale business 

is closely linked with the factory building and built up area. 

From the point of view of plant layout, we can classify small business or unit into three categories: 

1. Manufacturing units 

2. Traders 

3. Service Establishments 

 

1. Manufacturing units 

In case of manufacturing unit, plant layout may be of four types:  

(a) Product or line layout 

(b) Process or functional layout 

(c) Fixed position or location layout 

(d) Combined or group layout 

 

(a) Product or line layout: 

Under this, machines and equipments are arranged in one line depending upon the sequence of operations 

required for the product. The materials move form one workstation to another sequentially without 

any backtracking or deviation. Under this, machines are grouped in one sequence. Therefore 

materials are fed into the first machine and finished goods travel automatically from machine to 

machine, the output of one machine becoming input of the next, e.g. in a paper mill, bamboos are fed into 
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the machine at one end and paper comes out at the other end. The raw material moves very fast from one 

workstation to other stations with a minimum work in progress storage and material handling. 

a) The grouping of machines should be done keeping in mind the following general 

principlesAll the machine tools or other items of equipments must be placed at the point demanded by the 

sequence of operations 

b) There should no points where one line crossed another line. 

c) Materials may be fed where they are required for assembly but not necessarily at one point. 

 

Advantages: Product layout provides the following benefits: 

a) Low cost of material handling, due to straight and short route and absence of backtracking 

b) Smooth and uninterrupted operations 

c) Continuous flow of work 

d) Lesser investment in inventory and work in progress 

e) Optimum use of floor space 

f) Shorter processing time or quicker output 

g) Less congestion of work in the process 

h) Simple and effective inspection of work and simplified production control 

i) Lower cost of manufacturing per unit 

 

Disadvantages: Product layout suffers from following drawbacks: 

a. High initial capital investment in special purpose machine 

b. Heavy overhead charges 

c. Breakdown of one machine will hamper the whole production process 

d. Lesser flexibility as specially laid out for particular product. 

 

Suitability: Product layout is useful under following conditions: 

1) Mass production of standardized products 

2) Simple and repetitive manufacturing process 

3) Operation time for different process is more or less equal 

(b) Process layout: 

In this type of layout machines of a similar type are arranged together at one place. E.g. Machines 

performing drilling operations are arranged in the drilling department, machines performing casting 

operations be grouped in the casting department. Therefore the machines are installed in the plants, 

which follow the process layout. 

Hence, such layouts typically have drilling department, milling department, welding department, 

heating department and painting department etc. The process or functional layout is followed from 

historical period. It evolved from the handicraft method of production. The work has to be allocated to 

each department in such a way that no machines are chosen to do as many different job as possible i.e. 

the emphasis is on general purpose machine. 
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The work, which has to be done, is allocated to the machines according to loading schedules with the 

object of ensuring that each machine is fully loaded. Process layout is shown in the following diagram. 

 

The grouping of machines according to the process has to be done keeping in mind the following 

principles 

a) The distance between departments should be as short as possible for avoiding long distance 

movement of materials 

b) The departments should be in sequence of operations 

c) The arrangement should be convenient for inspection and supervision 

Advantages: Process layout provides the following benefits 

a) Lower initial capital investment in machines and equipments. There is high degree of 

machine utilization, as a machine is not blocked for a single product 

b) The overhead costs are relatively low 

c) Change in output design and volume can be more easily adapted to the output of variety 

of products 

d) Breakdown of one machine does not result in complete work stoppage 

e) Supervision can be more effective and specialized 

f) There is a greater flexibility of scope for expansion. 

 

Disadvantages: Product layout suffers from following drawbacks 

a. Material handling costs are high due to backtracking 

b. More skilled labour is required resulting in higher cost. 

c. Time gap or lag in production is higher 

d. Work in progress inventory is high needing greater storage space 

e. More frequent inspection is needed which results in costly supervision 

 

Suitability: Process layout is adopted when 
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1. Products are not standardized 

2. Quantity produced is small 

3. There are frequent changes in design and style of product 

4. Job shop type of work is done 

5. Machines are very expensive 

Thus, process layout or functional layout is suitable for job order production involving non- repetitive 

processes and customer specifications and non -standardized products, e.g. tailoring, light and heavy 

engineering products, made to order furniture industries, jewelry. 

 

(c) Fixed Position or Location Layout 

In this type of layout, the major product being produced is fixed at one location. Equipment labour and 

components are moved to that location. All facilities are brought and arranged around one work center. 

This type of layout is not relevant for small scale entrepreneur. The following figure shows a fixed 

position layout regarding shipbuilding. 

 

 

 

 

Advantages: Fixed position layout provides the following benefits 

a) It saves time and cost involved on the movement of work from one workstation to another. 

b) The layout is flexible as change in job design and operation sequence can be easily 

incorporated. 

c) It is more economical when several orders in different stages of progress are being executed 

simultaneously. 

d) Adjustments can be made to meet shortage of materials or absence of workers by changing the 

sequence of operations. 

Disadvantages: Fixed position layout has the following drawbacks 

a. Production period being very long, capital investment is very heavy 

b. Very large space is required for storage of material and equipment near the product. 

c. As several operations are often carried out simultaneously, there is possibility of confusion 

and conflicts among different workgroups. 

 

Suitability: The fixed position layout is followed in following conditions 
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1. Manufacture of bulky and heavy products such as locomotives, ships, boilers, 

generators, wagon building, aircraft manufacturing, etc. 

2. Construction of building, flyovers, dams. 

3. Hospital, the medicines, doctors and nurses are taken to the patient (product). 

 

(d) Combined layout 

Certain manufacturing units may require all three processes namely intermittent process (job shops), the 

continuous process (mass production shops) and the representative process combined process [i.e. 

miscellaneous shops]. 

In most of industries, only a product layout or process layout or fixed location layout does not exist. Thus, 

in manufacturing concerns where several products are produced in repeated numbers with no 

likelihood of continuous production, combined layout is followed. Generally, a combinat ion of the 

product and process layout or other combination are found, in practice, e.g. for industries involving the 

fabrication of parts and assembly, fabrication tends to employ the process layout, while the assembly areas 

often employ the product layout. In soap, manufacturing plant, the machinery manufacturing soap is 

arranged on the product line principle, but ancillary services such as heating, the manufacturing of 

glycerin, the power house, the water treatment plant etc. are arranged on a functional basis 

 

2. Traders 

When two outlets carry almost same merchandise, customers usually buy in the one that is more appealing 

to them. Thus, customers are attracted and kept by good layout i.e. good lighting, attractive colours, good 

ventilation, air conditioning, modern design and arrangement and even music. All of these things mean 

customer convenience, customer appeal and greater business volume. 

The customer is always impressed by service, efficiency and quality. Hence, the layout is essential for 

handling merchandise, which is arranged as per the space available and the type and magnitude of goods 

to be sold keeping in mind the convenience of customers. 

 

There are three kinds of layouts in retail operations today.  

1. Self service or modified self service layout 

2. Full service layout 
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3. Special layouts 

The self-service layouts, cuts down on sales clerk’s time and allow customers to select merchandise for 

themselves. Customers should be led through the store in a way that will expose them to as much display 

area as possible, e.g. Grocery Stores or department stores. In those stores, necessities or convenience 

goods should be placed at the rear of the store. The use of color and lighting is very important to direct 

attention to interior displays and to make the most of the stores layout. 

All operations are not self-service. Certain specialty enterprises sell to fewer numbers  of customers or 

higher priced product, e.g. Apparel, office machines, sporting goods, fashion items, hardware, good 

quality shoes, jewelry, luggage and accessories, furniture and appliances are all examples of products that 

require time and personal attention to be sold. These full service layouts provide area and equipment 

necessary in such cases. 

Some layouts depend strictly on the type of special store to be set up, e.g. TV repair shop, soft ice cream 

store, and drive-in soft drink stores are all examples of business requiring special design. Thus, good 

retail layout should be the one, which saves rent, time and labour 

3. Services centers and establishment 

Services establishments such as motels, hotels, restaurants, must give due attention to client  convenience, 

quality of service, efficiency in delivering services and pleasing office ambience. In today’s  environment, 

the clients look for ease in approaching different departments of a service organization and hence the 

layout should be designed in a fashion, which allows clients quick and convenient access to the facilities 

offered by a service establishment. 

 

FACTORS INFLUENCING LAYOUT 

While deciding his factory or unit or establishment or store, a small-scale businessman should keep 

the following factors in mind: 

a) Factory building: The nature and size of the building determines the floor space 

available for layout. While designing the special requirements, e.g. air conditioning, dust control, 

humidity control etc. must be kept in mind. 

b) Nature of product: product layout is suitable for uniform products whereas process 

layout is more appropriate for custom-made products. 

c) Production process: In assembly line industries, product layout is better. In job order or 

intermittent manufacturing on the other hand, process layout is desirable. 

d) Type of machinery: General purpose machines are often arranged as per process layout 

while special purpose machines are arranged according to product layout 

e) Repairs and maintenance: machines should be so arranged that adequate space is  

available between them for movement of equipment and people required for repairing the machines. 

f) Human needs: Adequate arrangement should be made for cloakroom, washroom, 

lockers, drinking water, toilets and other employee facilities, proper provision should be made for  

disposal of effluents, if any. 
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g) Plant environment: Heat, light, noise, ventilation and other aspects should be duly 
considered, 

e.g. paint shops and plating section should be located in another hall so that dangerous fumes can be 

removed through proper ventilation etc. Adequate safety arrangement should also be made. 

Thus, the layout should be conducive to health and safety of employees. It should ensure free and efficient 

flow of men and materials. Future expansion and diversification may also be considered while 

planning factory layout. 

 

DYNAMICS OF PLANT LAYOUT 

Plant layout is a dynamic rather than a static concept meaning thereby if once done it is not permanent 

in nature rather improvement or revision in the existing plant layout must be made by keeping a track 

with development of new machines or equipment, improvements in manufacturing process, changes 

in materials handling devices etc. But, any revision in layout must be made only when the savings resulting 

from revision exceed the costs involved in such revision. 

APPLICABILITY OF PLANT LAYOUT 

Plant layout is applicable to all types of industries or plants. Certain plants require special arrangements 

which, when incorporated make the layout look distinct form the types already discussed above. 

Applicability of plant layout in manufacturing and service industries is discussed below. 

 

In case of the manufacturing of detergent powder, a multi-storey building is specially constructed to 

house the boiler. Materials are stored and poured into the boiler at different stages on different floors. 

Other facilities are also provided around the boiler at different stations. 

 

Another applicability of this layout is the manufacture of talcum powder. Here machinery is 

arranged vertically i.e. from top to bottom. Thus, material is poured into the first machine at the top and 

powder comes out at the bottom of the machinery located on the ground floor. 

 

Yet another applicability of this layout is the newspaper plant, where the time element is of 

supreme importance, the accomplishment being gapped in seconds.  

Here plant layout must be simple and direct so as to eliminate distance, delay and confusion. There 

must be a perfect coordination of all departments and machinery or equipments, as materials must 

never fail. 

 

Plant layout is also applicable to five star hotels as well. Here lodging, bar, restaurant, kitchen, stores, 

swimming pool, laundry, shaving saloons, shopping arcades, conference hall, parking areas etc. should all 

find an appropriate place in the layout. Here importance must be given to cleanliness, elegant appearance, 

convenience and compact looks, which attract customers. 

 

Similarly plant layout is applicable to a cinema hall, where emphasis is on comfort, and 
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convenience of the cinemagoers. The projector, screen, sound box, fire fighting equipment, 

ambience etc. should be of utmost importance. 

 

A plant layout applies besides the grouping of machinery, to an arrangement for other facilities as well. 

Such facilities include receiving and dispatching points, inspection facilities, employee facilities, 

storage etc. 

 

Generally, the receiving and the dispatching departments should be at either end of the plant. The 

storeroom should be located close to the production, receiving and dispatching centers in order to 

minimize handling costs. The inspection should be right next to other dispatch department as 

inspections are done finally, before dispatch 
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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. 

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  
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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 

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)  
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(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  

 

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. 

C2 is constraint No. 2.  

C3 is constraint No. 3.  

C4 is constraint No. 4. 
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Example 2 : 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 
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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) 



 

 18 | P a g e  Industrial Engineering & Quality Control Lecture Note  

         STAR engineering college  

 

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.  

 

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 

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 
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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 

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

project duration 

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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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 

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 
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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)  

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 
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Inventory Control 

Concept of Inventory Control: 

The term inventory control is used to cover functions which are quite different and are 

related to one another only in that they both require the maintenance of adequate records of 

inventory as well as receipt and issue corresponding to these two functions. It is interpreted 

as accounting control and operating control. 

Accounting control of inventories is concerned with the proper recording of the receipt and 

consumption of the material as well as the flow of goods through the plant into finished 

stock and eventually to customers. 

Importance of Inventory Control: 

The aim of holding inventories is to allow the firm to separate the process of purchasing, 

manufacturing, and marketing of its primary products. Inventories are a component of the 

firm’s working capital and as such represent a current account 

(i) Reducing Risk of Production Shortages: 

Firms mostly manufacture goods with hundreds of components. The entire production 

operation can be halted if any of these are missing. To avoid the shortage of raw material 

the firm can maintain larger inventories. 

(ii) Reducing Order Cost: 

Where a firm places an order, it incurs certain expenses. Different forms have to be 

completed. Approvals have to obtained, and goods that arrive must be accepted, inspected 

and counted. These costs will vary with the number of orders placed. Smaller the 

inventories lesser the capital needed to carry inventories 

(iii) Minimise the Blockage of Financial Resources: 

The importance of inventory control is to minimise the blockage of financial resources. It 

reduces the unnecessary tying up of capital in excess inventories. It also improves the 

liquidity position of the firm. 

(iv) Avoiding Lost Sales: 

Most firms would lose business without goods on hand. Generally a firm must be prepared 

to deliver goods on demand. By ensuring timely availability of adequate supply of goods, 

inventory control helps the firm as well as consumers. 

(v) Achieving Efficient Production Scheduling: 
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The manufacturing process can occur in sufficiently long production runs and with 

preplanned schedules to achieve efficiencies and economies. By maintaining reasonable 

level of inventory production scheduling becomes easier for the management 

(vi) Gaining Quantity Discounts: 

While making bulk purchases many suppliers will reduce the price of supplies and 

component supplies will reduce the price of supplies and component parts. The large 

orders may allow the firm to achieve discounts on regular basis. These discounts in turn 

reduce the cost of goods and increase the profits. 

(vii) Taking the Advantage of Price Fluctuations: 

When the prices of the raw materials are low the firm makes purchases in economic lots 

and maintains continuity of operations. By reducing the cost of raw materials and 

procuring high prices for its goods the firm maximises profit. This with the help of 

inventory control the firm takes advantage of price fluctuations. 

(viii) Tiding over Demand Fluctuations: 

Inventory control also helps the firm in tiding over the demand fluctuation. These are taken 

care of by keeping a safety stock by the firm. Safety stock refers inventories carried to 

protect against variations in sales rate, production rate and procurement time. Inventory 

control aims at keeping the cost of maintaining safety stock minimum. 

(ix) Deciding timely Replenishment of Stocks: 

Inventory control results in the maintenance of necessary records, which can help in 

maintaining the stocks within the desired limits. With the help of adequate records the firm 

can protect itself against thefts, wastes and leakages of inventories. These records also help 

in deciding about timely replenishment of stocks. 

Methods of Inventory Control: 

Inventory control is concerned with the periodic review of materials in stock to detect those 

not required for planned production or for other purposes not required and whether 

obsolete materials continue to occupy storage space until removed from stores. 

The inventory control methods give us a means for determining an optimal level of 

inventory as well as how much should be ordered and when. There are several methods 

suggested for inventory controls. 

The following are the most important systems used for inventory control: 

(a) ABC System: 
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A firm using ABC system segregates its inventory in to three groups-A, B and C. The ‘A’ 

items are those in which it has the largest rupee investment. This group consists of the 20 

per cent of the firm’s rupee investment. The B group consists of the items accounting for 

the next largest investment, i.e., the B group consists of the 30 per cent of the items 

accounting for about 8 per cent of the firm’s rupee investment. 

The C group typically consists of a large number of item accounting for small rupee 

investment. C group consist of approximately 50 per cent of all the items of inventory but 

only about 2 per cent of the firm’s rupee investment. 

The common procedure for categorisation of items into ‘A’, ‘B’ and ‘C’: 

(i) The categorisation can be made by comparing the cumulative percentage of items with 

the cumulative percentage of usage value. 

(ii) All the items are to be ranked in the descending order of their annual usage value. 

(iii) The cumulative percentage of items to the total number of items is also marked in 

another column. 

(iv) The cumulative totals of annual usage values of these items along with their 

percentages to the total annual usage value are to be noted along-side. 

The advantages of this system are listed below: 

(i) It helps in achieving the main objective of inventory control at minimum cost. 

(ii) It helps in developing a scientific method of controlling inventories. 

(iii) It gives closer control on costly items. 

Limitation of ABC Analysis: 

(i) The system analyses the items according to their value not according to their importance 

in the production process. 

(ii) The analysis to be effective needs to be constantly undertaken and periodically 

reviewed by management. 

(iii) Generally hundreds of items fall in category ‘C’ as a result a lot of time is spent on 

managing inventory. 

(b) Budgetary Control System: 
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Budgetary control is a tool of management used to plan, carry- out and control the 

operations of business. It establishes pre-determined objectives and provide the basis for 

measuring performance against these objectives. Under this system the number of units of 

the materials to produce a finished product and the level of inventory to be maintained and 

the quantities to be purchased during the period are all pre-determined. 

When these plans are projected in advance they are called budgets. Control over 

inventories is exercised on the basis of budgeted figures. Successful inventory budgeting 

depends upon the sales forecast. The budget on control system has the advantage of the 

co-ordination on the inventory consumption level and the expected consumption. 

This system integrates and ties together all activities of the enterprise right from the 

planning to controlling. Control helps to eliminate or reduce unproductive activities and 

minimising waste. It is an effective method of controlling activities of the business unit 

since it provides standards against which actual performance is measured. 

(c) Minimum-Maximum System: 

This is one of the oldest methods used in most of the business for controlling inventories. It 

is essential that proper control should be exercised on the level of the inventory to be 

maintained. Efficient management of inventory demands that both over and under 

investment in stock be avoided. 

If higher levels of inventories are maintained stock level will be influenced by 

obsolescence, change in fashion and improvements in technicalities. Too much capital tied 

up in inventories results in the lower rate of return and the possibility of substantial loss 

from decline in market value. 

Too small a quantity is likely to reduce the value of the business and proper servicing of the 

customers. According to this, a maximum level of inventory based upon the demand and 

the minimum level to prevent out of stock conditions for each item of stock are established. 

An order is placed when the minimum level is reached which will bring the quantity to the 

maximum level. 

(d) The Economic Order Quantity Approach: 

The Economic order quantity (EOQ) refers to the optimal order size that will result in the 

lowest total of order and carrying costs for an item of inventory given its expected usage, 

carrying cost and ordinary cost. By calculating an economic order quantity, the firm 

attempts to determine the order size that will minimise the total inventory costs. 
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Assumptions: 

(i) Constant or uniform demand. 

(ii) Independent orders. 

(iii) Instantaneous delivery. 

(iv) Constant ordering costs. 

(v) Constant carrying costs. 

(vi) Constant unit price. 

Finding Economic Order Quantity: 

The EOQ model assumes that the finished goods are sold at a constant rate overtime. The 

important decision in inventory management is to balance the cost of holding inventories 

with the cost of placing inventory replenishment orders. When the holding costs and 

ordering costs are balanced, the inventory costs are minimised and resulting order quantity 

is called the economic order quantity. 

Total inventory cost = Ordering cost + Carrying cost 

Total ordering cost = Number of orders x Cost per order 

= Rs.U/Q x F 

Where 

u = Annual usage 

Q = Quantity ordered 

f = fixed cost per order 

Total carrying cost = Average level of inventory x price per unit x carrying cost. 

Total carrying cost = Rs. Q/2 x P x C 

= Rs. QPC/2 

where 
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Q = Quantity ordered 

P = Purchasing Price per unit 

C = Carrying cost. 

Inventory Level and Order Point for Replenishment: 

From Fig. 1., it can be noticed that the level of inventory will be equal to the order quantity 

(Q units) to start with. It declines to level 0 by the end of period 1. At that point an order for 

replenishment will be made for Q units. In view of zero lead time the inventory level jumps 

to Q and the same procedure follows in the subsequent periods. As a result of this the 

average level of inventory will remain at Q/2 units, the simple average of the two end 

points Q and Zero. 

 

From the above we know that as order quantity increases the total ordering costs will 

decrease while the total carrying cost will increase in proportion to the magnitude of the 

order quantity. 

From Fig. 2 it can be seen that the total cost curve reaches its minimum at the point of 

intersection between the ordering cost curve and the carrying cost line. The value of Q 

corresponding to it will be the economic order quantity Q0. 
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Plant maintenance 

Introduction 

In modern industries , equipment and machinery are very important parts of the production activity. A 

large amount of money is invested in machineries and equipments. Special purpose and modern 

machineries cost a lot of money. If those machineries and equipments are kept idle then it will be a 

great loss to that company. So they have to be kept always in good working condition. Then only they 

will work efficiently for more number of years. They should not breakdown or stop production . So it 

is very important that machineries and equipments in plants are properly maintained. In order to take 

smooth production of finished goods from the factory, machinery and equipment, should be in proper 

conditions and with breakdown free. The damage caused to plant and machineries due to normal wear 

and tear , improper use, under and over utilization ,mis-operation etc can be viewed seriously and can 

hamper the smooth production of goods and services and machine down time. Keeping the productive 

resources of plant , machinery, equipment etc in good working condition is an important responsibility 

of management to achieve specified level of quality and reliability of operation. 

 Maintenance –Definition  

Maintenance is the process of keeping the machine and equipment in good working condition so that 

the efficiency of machine is retained and its life is increased.  

                                         Or “ 

Plant maintenance is a combination of actions carried out by an organization to replace, repair ,service 

the machineries , components or their groups in a manufacturing plant , so that it will continue to 

operate satisfactorily 

Objective of plant maintenance  

The objective of maintenance is to maximize the performance of productive resources of an 

organization by ensuring that these resources perform regularly and efficiently. This is achieved by 

preventing the breakdown and failures and by minimizing the production loss.  

The main objectives of plant maintenance are : 

1. To maximize the availability of plant, equipment and machinery for productivity through planned 

maintenance. 
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2. To extend the life span of the plant, equipment , machinery etc., by minimizing their wear and 

tear and deterioration. 

3. To reduce the cost of production due to plant breakdown due to improper plant maintenance. 

4. To help the production department to go ahead with their production plans without any problem. 

5. To ensure operational readiness of all production facilities for emergency use at all times, such as 

fire fighting equipment , first aid facilities, alternative method of production and packing etc  

6. To provide management with proper information on the cost and effectiveness of maintenance. 

7. To ensure safety of staff through regular inspection and maintenance of facilities such as boilers, 

compressors, elevations, material handling system, conveyors , dangerous heavy machineries etc 

 

FUINCTIONS OF PLANT MAINTENANCE 

The basic function of any maintenance activity is to maintain the facility and its equipment in a 

condition to meet normal operating requirements. The basic function of maintenance are as 

follows 

a) Inspection 

b) Repair 

c) Overhaul 

d) Lubrication 

e) Salvage 

a) Inspection 

Inspection involves periodic checking of machines and equipment to ensure safe and efficient 

operation, making certain that equipment requiring work at specified periods receives proper 

attention, determination of repair feasibility and control of the quality of work accompanied by 

maintenance group, Inspection implies detection of faults before they develop in to breakdown 

of the equipment. This canbe done effectively by increasing our ability to identify the initial 

symptoms of machine trouble as early as possible. The initial symptoms of the machine trouble 

may be revealed through noise, vibration, dirtness, leak or heat of the machine. 

b) Repair 

When any item or components fails or breakdown , then the process of repairing the 

component or replacing the item or part by another item to restore the item in working order is 

known as repair. 

c) Overhaul 

This is another routine and regular maintenance function falling under preventive maintenance. 

The frequency of overhauling is for less than lubrication and inspection. In overhauling, the 

machine is stripped and the various parts are cleaned and oiled and components are replaced. 

d) Lubrication 

Proper lubrication plays a vital role in maintaining the machine accuracy and increasing its life. 

Lubrication of machinery should be considered as important as blood circulation in the human 

body.The cleaning and lubrication of the machine is normally done by the operator itself. From 

the suppliers document, lubricating instructions showing the daily/ weekly/fortnightly/monthly/ 

Yearly lubricating points and grades of lubricants to be used should be prepared. These are 

tabulated in a chart and explained to the operator 

For the convenience of the operator, it is advisable to paint the lubricating points on the 

machine. Grade of lubricant and the lubricating schedule may be indicated there itself. 
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The lubricant can be designed by the color of the paint mark as given below 

 

 

 

 

 

 

 

 

e) Salvage 

Any equipment is said to be salvage when it cannot be repaired or cannot be brought to desired 

level of performance. In that case the item is to be replaced by new one to bring back the 

system into operation. 

Maintenance practices 

Different maintenance practices are adopted to suit the various types of production , 

machineries and other devices. They are 

1. Break down maintenance 

2. Preventive maintenance 

3. Scheduled maintenance 

4. Productive maintenance 

BREAK DOWN MAINTENANCE 

In this method the machines are allowed to run without carrying out any maintenance activities. 

Only when it becomes out of order (Stops working) it is repaired and set right. Next 

maintenance is done only when it breaks down again. 

This type of maintenance is applicable to machines which are not important i.e Breakdown of 

these machines will not affect the production process. 

Causes of Breakdown 

i) Failure to replace the wornout parts 
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ii) Non application of lubricants 

iii) Neglected cooling system 

iv) Carelessness towards minor repairs 

Disadvantages of Break down maintenance 

i) Production is affected (Delayed or Stoped) 

ii) Leads to hurried maintenance -which in turn leads to poor quality 

maintenance 

iii) The plant depreciates very fast 

iv) Plant life is very much reduced. 

v) Increase cost due to overtime payment 

vi) Cost of maintenance is high – as down time cost and replacement cost will be high 

vii) Leads to direct loss of profit 

viii) Leads to increased accidents 

ix) More wastage of material 

x) Not suitable for equipments like cranes, boilers, lifts, hoists etc 

However this type of maintenance is used for ordinary equipments like vises, bench grinders etc. 

PREVENTIVE MAINTENANCE 

It is a method of maintenance aimed at avoiding or preventing breakdowns. The principle of 

preventive maintenance is ‘Prevention is better than cure’ 

Here some components are identified as weak spots in all machineries and equipments. These 

parts are inspected regularly. Minor repairs are carried out immediately as soon as there is 

necessity. This reduces the unanticipated breakdowns. 

Objectives 

1. To minimize the possibility of unanticipated break downs 

2. To make plant and machines always available for ready use. 

3. To retain the value of the equipment 

4. To maintain optimum productivity 

5. To maintain the accuracy of the machineries 

6. To reduce work content during maintenance 

7. To ensure safety to workmen 

Procedure 

1) Maintaining machine Records 

To carryout the preventive maintenance effectively all the details about the machines should be 

kept in records. These are 

a) Type of equipment and description 

b) Name of the manufacturer 

c) Cost and date of the purchase 

d) Cost and date of planned repairs 

e) Breakdowns if any and their dates and reasons 

f) List of spare parts and their code numbers 

2) Preparing Inspection checklist 

Here the components to be inspected on regular intervals are listed. i.e What are to be 

inspected 

daily/ weekly/ monthly are listed. General items which are to be inspected regularly are : 
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a) Material handling equipments like crane, hoists lifts conveyors trucks etc. 

b) Safety equipments like relief valves, fire extinguishers, safety alarms etc. 

c) Process equipments like furnaces , compressor, pumps, motors etc 

d) Water, air and fuel lines 

e) Key equipments and machineries 

Frequency of inspection depends upon 

a) Severity of work carried out on the machine – whether one shift, two shift or for 24 hrs daily. 

b) Age, condition and value of the equipment 

c) Safety and health environment 

d) Amount of exposure to dirt, fumes, friction , fatigue , stress , corrosion, wear etc. 

3. Inspection as per check list and corrective action 

Inspection and corrective action can be done as follows 

a) Routine up-keep adjustment of guide plates, lubrication and cleaning 

b) Periodic inspection – Visual inspection – Overhauls, scheduled replacements etc. 

These maintenance works are done without disturbance to the production activities. In 

preventive maintenance , the cost of maintenance will be high. Because many people are 

involved in inspection, record keeping and maintenance work. More number of spare parts 

Are stocked. The parts are replaced before the end of their life. 

Advantages of Preventive maintenance 

1. reduced break downs and down time 

2. Lesser overtime to maintenance people 

3. Grater safety to workers 

4. Low maintenance and repair cost 

5. Less stand –by equipment needed. 

6. Reduced production cost 

7. Increased equipment life 

8. Increase workers morale – as no stoppage of work. 

9. Better product Quality 

10.Less material wastages. 

Comparison between break down and preventive 
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SCHEDULED MAINTENANCE 

In this type , the maintenance is done according to the recommendation of the supplier of the 

equipment. This is usually done at predetermined dates. Example Overhauling machines, 

cleaning of tanks, annual shut down and maintenance of power plants, cement factories, sugar 

plants, paper mills , fertilizer units etc In this maintenance , the plant is shutdown and following 

are done: Inspection, repairing and replacing of worn out parts 

Planned Maintenance 

In this type , the maintenance activities are well planned. The following details are planned: 

1) Time of maintenance 

2) Material (Spare parts) requirement. 

3) Men requirement 

4) Maintenance tools and equipment needed. 

5) Allocation of work to maintenance people. 

6) Estimated cost 

The maintenance plan is prepared for a group of equipment and machineries. The maintenance 

is carried out as per the plan. 
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Productive Maintenance 

It is a type of preventive maintenance. Here preventive maintenance is done only for critical 

machineries. These machineries are very important for production. The failure of these critical 

machines will affect the complete production process. 

For example : In a chemical plant, a small pump for circulating chemicals may be a critical 

equipment If the pump fails to function then the whole plant have to be stopped. So the pump 

is considered to be a critical equipment in the chemical plant.. This pump which is identified as a 

critical equipment should be given preventive maintenance. 

The other equipment in the plant may be given scheduled maintenance or planned maintenance 

Advantages of Good Maintenance 

1. Life of machinery and equipments are increased 

2. production takes place as per the schedule. 

3. Products are delivered to customers in time and hence high level of customer satisfaction can 

be expected 

4. Machines are in good condition. Hence quality of the products will be good. 

5. No production loss 

6. Machinery is not damaged 

7. No idle time of men and machines. Hence their utility increases 

Disadvantages of poor maintenance 

1. Machines may be damaged. This is a loss 

2. Poorly maintained machines will produce poor quality products 

3. More wastage of materials. 

4. Break down of machines makes both men and machine in idle position. So production time is 

wasted. This will increase cost of production 

5. Poor maintenance cause accidents. 

6. Due to poor maintenance , life of machine is reduced. 

7. If a part of equipment goes out of order in a flow production factory, then the entire 

production 

line will soon come to halt. This leads to heavy loss in productivity as well as monetary loss. 

BREAKDOWN TIME DISTRIBUTION 

Breakdown time is the duration of the machine in the breakdown mode. Breakdown time 

distribution when plotted on the graph will show the frequency with which machines have 

maintenance.-free performance for a given number of operating hours. Breakdown time 

distribution are developed from distribution of run time free of breakdowns as sown in the fig. 

 

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.  
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 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.  

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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Inspection and Quality Control 

Inspection means the checking of material or product at various stages of manufacture or 

construction of an object. It is done with respect to some pre-defined parameters and it tries 

to detect the faulty nature of the object. When we inspect something, we try to see the past 

history of construction and try to learn from our past experiences. Faulty objects are sorted 

out and are rejected. For example, those structural members, whose construction has been 

faulty, may be dismantled and reconstructed. There may be different aspects which may be 

followed. For example, the quality of a beam specimen may be faulty because the concrete in 

that beam may not be of the chosen grade. It may be considered faulty if the detailing of 

reinforcement (i.e. how the reinforcement is to be placed in the beam) also is faulty. Such 

beam members would be discarded, dismantled and reconstructed. Inspection should not be 

confused with quality control. Inspection is a way or method of maintaining the quality of the 

object being constructed or produced. Controlling the quality is what is termed as quality 

control. Quality control is a wide term which involves inspections at various stages of 
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construction. Basically, when we consider the quality control of some object, we always have 

some future object in mind and we try to find out the ways as to how to control the quality of 

that object, to be produced in future. This is why, the quality control people are provided with 

instructions prior to the production or construction of some object or some building. 

Inspections give us needed inputs to control quality. If the quality of an object is found to be 

not as per expectations, we have to take remedial steps. Inspections check the quality of past 

constructions and quality control norms or specifications are provided for the future 

constructions. Inspection is an act of checking the objects or items, sorting out and finding 

out the faulty item. Quality control is a broad term which includes inspection as an activity 

out of a number of activities carried out for the purpose. 

Describe types of inspection 

 

Quality control experts visit factories on behalf of customers to ensure the manufacturing process and 

products meet the standards agreed upon before the merchandise leaves the factory. 

Quality control services include on-site factory inspections and testing with detailed reports to help 

ensure that your products meet your specifications and manage product quality in your supply chain.  

Inspections for softlines and hardlines (non-food products) can follow the internationally recognized 

ANSI/ASQC Z1.4 (ISO 2859-1) statistical sampling procedure to specify a percentage of a batch of 

products which must be inspected to represent the overall quality of the entire batch, commonly referred 

to as the Acceptable Quality Limit (AQL). 

The producer or supplier should provide checklists to inspectors to determine the acceptable quality 

tolerance level for defects or non-conformity. 

Determining Defects 

Factory inspections for defects are performed by marking products (units) which do not satisfy the 

product’s intended use. On-site quality control inspectors use ANSI/ASQ A3534-2-1993 standard 

checklists to mark any defective units according to the severity level of any defects. 

Examples of Defects 

 Button and buttonhole on a garment do not align 

 A product or part of a product that does not function 

 Incorrect or unauthorized materials used 

Determining Non-Conformity 

Factory inspections for non-conformity determine whether a completed product (unit) meets the 

customer’s specification requirements. Inspected units are marked according to the severity level of any 

characteristics which don’t meet accepted standards. 

Examples of Non Conformity 

 Wrong size 

 Incorrect labeling 
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 Dimensions do not meet accepted values 

 Weight 

 Incorrect power input/output for the destination market 

Food Inspections 

inspections on processed and perishable foods are done in accordance with the guidelines of the WHO 

Food Code (Codex Alimentarius). 

 

 

5 On-site Quality Inspection Services 

On-site factory inspections primarily focus on monitoring the manufacturing process and testing the 

physical condition of the resulting products for compliance with the client’s requirements. In addition, 

they ensure that the products are properly packaged and correctly loaded for shipping and customs 

inspection at the destination. 

Factory inspections can be conducted at any stage of the manufacturing process, depending on the 

buyer’s or supplier’s requirements. These include: 

1. Initial Production Check 

Pre-product inspections are carried out before production begins and up until 20% of production has 

been completed. Inspections of the factory by impartial third-party quality control inspectors help 

clarify production requirements and specifications and firmly establish whether the manufacturer will 

be able to deliver on the promise to produce a quality product using the correct materials and 

manufacturing process. 

First Article Inspection, an important part of the Initial Production Check, is to inspect the first item to 

come off the production line at the factory. This is the first and last chance to physically inspect the final 

product and spot any defects so corrections can be made ahead of mass production. This inspection 

assesses whether the final product meets all the engineering, design, and specification requirements. 

The results are documented and sent to the client for verification. 

2. During Production Inspection (DUPRO) 

DUPRO is an essential preventative measure taken in the early stages of production, which can mitigate 

costly mistakes in the long run by highlighting any problems before too many defective items are 

produced. 

Quality control inspectors usually perform on-site DUPRO inspections when about 20% of the batch 

has come off the production line. If an issue is found at this time, it may be possible to find a 

workaround to fix the defective products and/or make necessary adjustments to the manufacturing 

process. 

3. Daily Production Monitoring 

Quality control inspectors carry out on-site inspections at the factory every day to strictly monitor 

production and keep the factory accountable from start to finish. This is an especially beneficial option 

for suppliers working with a new factory to establish a professional working relationship. Daily 

https://www.qima.com/initial-production-check
https://www.qima.com/during-production-inspection
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inspections during product monitoring include scrutinizing factory processes, enforcing specifications, 

and physically inspecting random units. 

4. Pre-Shipment Inspection (PSI) 

Using ISO standard sampling procedures for a PSI, inspectors systematically inspect a portion of 

randomly selected units in all batches when production is at least 80% complete. This is the last chance 

to spot any defects and take corrective action before production is complete, and before the products are 

packed for shipping. 

5. Container Loading Check (CLC) 

The final but crucial step in the quality control process is packing up the new product and properly 

preparing batches for shipping to destination markets. 

During the container loading check inspectors ensure the correct amount of different styles, sizes and 

quantities are sent out, and that they are properly loaded to minimize the risk of damage during transit.  

Quality control inspectors also check the packaging to ensure it complies with safety standards for the 

destination market and ensure that coverings will prevent damage from soiling. Proper ventilation in the 

packaging is also checked to prevent dampness and reduce the risk of mold growth during transit and 

storage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contemporary Quality Management concepts 

Concept of total quality management (TQM) 

A core definition of total quality management (TQM) describes a management approach to 

long-term success through customer satisfaction. In a TQM effort, all members of an 

organization participate in improving processes, products, services, and the culture in which 

they work. 

https://www.qima.com/production-monitoring
https://www.qima.com/pre-shipment-inspection
https://www.qima.com/container-loading-check
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Primary Elements Of TQM 

TQM can be summarized as a management system for a customer-focused organization that 

involves all employees in continual improvement. It uses strategy, data, and effective 

communications to integrate the quality discipline into the culture and activities of the 

organization. Many of these concepts are present in modern quality management systems, 

the successor to TQM. Here are the 8 principles of total quality management: 

1. Customer-focused: The customer ultimately determines the level of quality. No 

matter what an organization does to foster quality improvement—training employees, 

integrating quality into the design process, or upgrading computers or software—the 

customer determines whether the efforts were worthwhile. 

2. Total employee involvement: All employees participate in working toward common 

goals. Total employee commitment can only be obtained after fear has been driven from 

the workplace, when empowerment has occurred, and when management has provided 

the proper environment. High-performance work systems integrate continuous 

improvement efforts with normal business operations. Self-managed work teams are one 

form of empowerment. 

3. Process-centered: A fundamental part of TQM is a focus on process thinking. A 

process is a series of steps that take inputs from suppliers (internal or external) and 

transforms them into outputs that are delivered to customers (internal or external). The 

steps required to carry out the process are defined, and performance measures are 

continuously monitored in order to detect unexpected variation. 

4. Integrated system: Although an organization may consist of many different 

functional specialties often organized into vertically structured departments, it is the 

horizontal processes interconnecting these functions that are the focus of TQM. 

 Micro-processes add up to larger processes, and all processes 

aggregate into the business processes required for defining and implementing strategy. 

Everyone must understand the vision, mission, and guiding principles as well as the quality 

policies, objectives, and critical processes of the organization. Business performance must 

be monitored and communicated continuously. 

 An integrated business system may be modeled after the Baldrige 

Award criteria and/or incorporate the ISO 9000 standards. Every organization has a 

unique work culture, and it is virtually impossible to achieve excellence in its products and 

services unless a good quality culture has been fostered. Thus, an integrated system 

connects business improvement elements in an attempt to continually improve and exceed 

the expectations of customers, employees, and other stakeholders. 

5. Strategic and systematic approach: A critical part of the management of quality is 

the strategic and systematic approach to achieving an organization’s vision, mission, and 

goals. This process, called strategic planning or strategic management, includes the 

formulation of a strategic plan that integrates quality as a core component. 

https://asq.org/quality-resources/quality-management-system
https://asq.org/quality-resources/employee-empowerment
https://asq.org/quality-resources/continuous-improvement
https://asq.org/quality-resources/continuous-improvement
https://asq.org/quality-resources/teams
https://asq.org/quality-resources/malcolm-baldrige-national-quality-award
https://asq.org/quality-resources/malcolm-baldrige-national-quality-award
https://asq.org/quality-resources/iso-9000
https://asq.org/quality-resources/research/culture-of-quality
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6. Continual improvement: A large aspect of TQM is continual process improvement. 

Continual improvement drives an organization to be both analytical and creative in finding 

ways to become more competitive and more effective at meeting stakeholder expectations. 

7. Fact-based decision making: In order to know how well an organization is 

performing, data on performance measures are necessary. TQM requires that an 

organization continually collect and analyze data in order to improve decision making 

accuracy, achieve consensus, and allow prediction based on past history. 

8. Communications: During times of organizational change, as well as part of 

day-to-day operation, effective communications plays a large part in maintaining morale 

and in motivating employees at all levels. Communications involve strategies, method, and 

timeliness. 

Total Quality Management Benefits And Advantages: 

 Strengthened competitive position 

 Adaptability to changing or emerging market conditions and to environmental and 

other government regulations 

 Higher productivity 

 Enhanced market image 

 Elimination of defects and waste 

 Reduced costs and better cost management 

 Higher profitability 

 Improved customer focus and satisfaction 

 Increased customer loyalty and retention 

 Increased job security 

 Improved employee morale 

 Enhanced shareholder and stakeholder value 

 Improved and innovative processes 

 

ISO 9000 

Definition  

https://asq.org/quality-resources/continuous-improvement
https://asq.org/quality-resources/stakeholders
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The ISO 9000 series is an integrated, global system for optimizing the quality effectiveness of a company 

or organization by creating a framework for continuous improvement. It is a guide for implementing 

quality management in an organization. ISO 9000 is thus primarily concerned with quality management. 

The definition of ‘quality’ in ISO 9000 refers to all the features of a product or a service which are 

required by the customer. Quality management means what the organization does to ensure that its 

products conform to the customer’s requirements.  

ISO 9000 is defined as a set of international standards on quality management and quality 

assurance developed to help companies effectively document the quality system elements 

needed to maintain an efficient quality system. They are not specific to any one industry and 

can be applied to organizations of any size. 

ISO 9000 can help a company satisfy its customers, meet regulatory requirements, and 

achieve continual improvement. It should be considered to be a first step or the base level of a 

quality system. 

ISO 9000 series of Standards 

The ISO 9000 family contains these standards: 

 ISO 9001:2015: Quality Management Systems - Requirements 

 ISO 9000:2015: Quality Management Systems - Fundamentals and 

Vocabulary (definitions) 

 ISO 9004:2018: Quality Management - Quality of an Organization - Guidance to 

Achieve Sustained Success (continuous improvement) 

 ISO 19011:2018: Guidelines for Auditing Management Systems 

ASQ is the only place where organizations can obtain the American National Standard 

Institute (ANSI) versions of these standards in the ISO 9000 family. 

ISO 9000 history and revisions: ISO 9000:2000, 2008, and 2015 

ISO 9000 was first published in 1987 by the International Organization for Standardization 

(ISO), a specialized international agency for standardization composed of the national 

standards bodies of more than 160 countries. The standards underwent major revisions in 

2000 and 2008. The most recent versions of the standard, ISO 9000:2015 and ISO 

9001:2015, were published in September 2015. 

ASQ administers the U.S. Technical Advisory Groups and subcommittees that are 

responsible for developing the ISO 9000 family of standards. In its standards development 

work, ASQ is accredited by ANSI. 

https://asq.org/quality-press/display-item?item=T1040
https://asq.org/quality-press/display-item?item=T1039
https://asq.org/quality-press/display-item?item=T1039
https://asq.org/quality-press/display-item?item=T1147E
https://asq.org/quality-press/display-item?item=T1147E
https://asq.org/quality-press/display-item?item=T1152E
https://asq.org/quality-resources/ansi-standards
https://asq.org/quality-resources/ansi-standards
https://asq.org/quality-resources/standards-101#iso
https://asq.org/quality-resources/standards-101#iso
https://asq.org/quality-press/display-item?item=T1039
https://asq.org/quality-press/display-item?item=T1040
https://asq.org/quality-press/display-item?item=T1040
https://asq.org/quality-resources/standards-101#tag
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ISO 9000:2000 

ISO 9000:2000 refers to the ISO 9000 update released in the year 2000. 

The ISO 9000:2000 revision had five goals: 

1. Meet stakeholder needs 

2. Be usable by all sizes of organizations 

3. Be usable by all sectors 

4. Be simple and clearly understood 

5. Connect quality management system to business processes 

ISO 9000:2000 was again updated in 2008 and 2015. ISO 9000:2015 is the most current 

version. 

ISO 9000:2015 principles of Quality Management 

The ISO 9000:2015 and ISO 9001:2015 standards are based on seven quality management 

principles that senior management can apply to promote organizational improvement. 

 

ISO 9000 Quality Management Principles 

1. Customer focus 

o Understand the needs of existing and future customers 
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o Align organizational objectives with customer needs and expectations 

o Meet customer requirements 

o Measure customer satisfaction 

o Manage customer relationships 

o Aim to exceed customer expectations 

o Learn more about the customer experience and customer satisfaction 

2. Leadership 

o Establish a vision and direction for the organization 

o Set challenging goals 

o Model organizational values 

o Establish trust 

o Equip and empower employees 

o Recognize employee contributions 

o Learn more about leadership 

3. Engagement of people 

o Ensure that people’s abilities are used and valued 

o Make people accountable 

o Enable participation in continual improvement 

o Evaluate individual performance 

o Enable learning and knowledge sharing 

o Enable open discussion of problems and constraints 

o Learn more about employee involvement 

4. Process approach 

o Manage activities as processes 

o Measure the capability of activities 

o Identify linkages between activities 

o Prioritize improvement opportunities 

o Deploy resources effectively 

o Learn more about a process view of work and see process analysis tools 

5. Improvement 

o Improve organizational performance and capabilities 

o Align improvement activities 

o Empower people to make improvements 

o Measure improvement consistently 

o Celebrate improvements 

o Learn more about approaches to continual improvement 

6. Evidence-based decision making 

o Ensure the accessibility of accurate and reliable data 

o Use appropriate methods to analyze data 

o Make decisions based on analysis 

o Balance data analysis with practical experience 

o See tools for decision making 

7. Relationship management 

https://asq.org/quality-resources/customer-satisfaction
https://asq.org/quality-resources/customer-experience
https://asq.org/quality-resources/employee-empowerment
https://asq.org/quality-resources/leadership
https://asq.org/quality-resources/continuous-improvement
https://asq.org/quality-resources/employee-empowerment
https://asq.org/quality-resources/process-view-of-work
https://asq.org/quality-resources/process-analysis-tools
https://asq.org/quality-resources/continuous-improvement
https://asq.org/quality-resources/decision-making-tools
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o Identify and select suppliers to manage costs, optimize resources, and create 

value 

o Establish relationships considering both the short and long term 

o Share expertise, resources, information, and plans with partners 

o Collaborate on improvement and development activities 

o Recognize supplier successes 

o Learn more about supplier quality and see resources related to managing the 

supply chain 

 

The popularity of the ISO 9000 series paved the way for other management system standards, 

including:  

 ISO 14000: Environmental management systems 

 ISO 26000: Guidance on social responsibility 

 ISO 31000: Risk Management Principles and Guidelines 

ISO 9001 certification 

ISO 9001 is the only standard within the ISO 9000 family to which organizations can certify. 

Learn more about ISO 9000 training and certifications with ASQ’s ISO 9000 courses and 

learning materials. 

Get started with ISO 9000 

ASQ is the only place to get ANSI/ISO/ASQ Q9001-2015, the American National Standard 

version of ISO 9001:2015. 

Lean manufacturing 

Lean manufacturing is a methodology that focuses on minimizing waste within 

manufacturing systems while simultaneously maximizing productivity. Waste is seen as 

anything that customers do not believe adds value and are not willing to pay for. Some of 

the benefits of lean manufacturing can include reduced lead times, reduced operating costs 

and improved product quality. 

Lean manufacturing is a methodology that focuses on minimizing waste within 

manufacturing systems while simultaneously maximizing productivity. Waste is seen as 

anything that customers do not believe adds value and are not willing to pay for. Some of 

the benefits of lean manufacturing can include reduced lead times, reduced operating costs 

and improved product quality. 

https://asq.org/quality-resources/supplier-quality
https://asq.org/supply-chain-management/
https://asq.org/supply-chain-management/
https://asq.org/quality-resources/iso-14000
https://asq.org/quality-resources/iso-26000
https://asq.org/quality-press/display-item?item=P1606
https://asq.org/training/catalog/topics/iso-9000
https://asq.org/training/catalog/topics/iso-9000
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Five principles of lean manufacturing 

A widely referenced book, Lean Thinking: Banish Waste and Create Wealth in Your 

Corporation, which was published in 1996, laid out five principles of lean, which many in 

the field reference as core principles. They are value, the value stream, flow, pull and 

perfection. These are now used as the basis for lean implementation. 

1. Identify value from the customer's perspective. Value is created by the producer, but 

it is defined by the customer. Companies need to understand the value the customer places 

on their products and services, which, in turn, can help them determine how much money 

the customer is willing to pay. 

The company must strive to eliminate waste and cost from its business processes so that the 

customer's optimal price can be achieved -- at the highest profit to the company. 

2. Map the value stream. This principle involves recording and analyzing the flow of 

information or materials required to produce a specific product or service with the intent of 

identifying waste and methods of improvement. Value stream mapping encompasses the 

product's entire lifecycle, from raw materials through to disposal. 

Companies must examine each stage of the cycle for waste. Anything that does not add 

value must be eliminated. Lean thinking recommends supply chain alignment as part of 

this effort. 

3. Create flow. Eliminate functional barriers and identify ways to improve lead time. This 

aids in ensuring the processes are smooth from the time an order is received through to 

delivery. Flow is critical to the elimination of waste. Lean manufacturing relies on 

preventing interruptions in the production process and enabling a harmonized and 

integrated set of processes in which activities move in a constant stream. 

4. Establish a pull system. This means you only start new work when there is demand for 

it. Lean manufacturing uses a pull system instead of a push system. 

Push systems are used in manufacturing resource planning (MRP) systems. With a push 

system, inventory needs are determined in advance, and the product is manufactured to 

https://searcherp.techtarget.com/definition/value-stream-mapping
https://searcherp.techtarget.com/definition/material-requirements-planning-MRP
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meet that forecast. However, forecasts are typically inaccurate, which can result in swings 

between too much inventory and not enough, as well as subsequent disrupted schedules 

and poor customer service. 

In contrast to MRP, lean manufacturing is based on a pull system in which nothing is 

bought or made until there is demand. Pull relies on flexibility and communication. 

5. Pursue perfection with continual process improvement, or Kaizen. Lean 

manufacturing rests on the concept of continually striving for perfection, which entails 

targeting the root causes of quality issues and ferreting out and eliminating waste across the 

value stream. 

The eight wastes of lean production 

The Toyota Production System laid out seven wastes, or processes and resources, that don't 

add value for the customer. These seven wastes are: 

 unnecessary transportation; 

 excess inventory; 

 unnecessary motion of people, equipment or machinery; 

 waiting, whether it is people waiting or idle equipment; 

 over-production of a product; 

 over-processing or putting more time into a product than a customer needs, such 

as designs that require high-tech machinery for unnecessary features; and 

 defects, which require effort and cost for corrections. 

Although not originally included in the Toyota Production System, many lean practitioners 

point to an eighth waste: waste of unused talent and ingenuity. 

https://whatis.techtarget.com/definition/seven-wastes
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Seven lean manufacturing tools and concepts 

Lean manufacturing requires a relentless pursuit of reducing anything that does not add 

value to a product, meaning waste. This makes continuous improvement, which lies at the 

heart of lean manufacturing, a must. 

Other important concepts and processes lean relies on include: 

 Heijunka: production leveling or smoothing that seeks to produce a continuous 

flow of production, releasing work to the plant at the required rate and avoiding 

interruptions. 

 5S: A set of practices for organizing workspaces to create efficient, effective and 

safe areas for workers and which prevent wasted effort and time. 5S emphasizes 

organization and cleanliness. 

 Kanban: a signal used to streamline processes and create just-in-time delivery. 

Signals can either be physical, such as a tag or empty bin, or electronically sent 

through a system. 

 Jidoka: A method that defines an outline for detecting an abnormality, stopping 

work until it can be corrected, solving the problem, then investigating the root cause. 

 Andon: A visual aid, such as a flashing light, that alerts workers to a problem. 

 Poka-yoke: A mechanism that safeguards against human error, such as an 

indicator light that turns on if a necessary step was missed, a sign given when a bolt 

was tightened the correct number of times or a system that blocks a next step until all 

the previous steps are completed. 

 Cycle time: How long it takes to produce a part or complete a process 

 

 

 

 

 

https://whatis.techtarget.com/definition/kanban
https://whatis.techtarget.com/definition/just-in-time-manufacturing-JIT-manufacturing
https://searcherp.techtarget.com/definition/poka-yoke


 

 57 | P a g e  Industrial Engineering & Quality Control Lecture Note  

         STAR engineering college  

 

                                  Six sigma 
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7S 

Each phase continuously improves the performance of an organization by eliminating 

wastages of searching, waiting, transportation, motion, work in progress inventory etc. 7S 

also makes the working environment clean and safe that improves the morale of the 

employees. The improvement in the form of the morale is a qualitative form that is 

responsible for the reduction in the Manufacturing Lead Time (MLT). So, the 7S helps to 

reduce MLT in quantitative form as well as in qualitative form. The quantifiable variables 

are searching, move, waiting time, cycle time, lead time, production rate, productivity, 

quality, profit and client network and the qualitative variables are working environment, 

communication and morale. 
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