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1. OPERATIONS MANAGEMENT INTRODUCTION

Question 1: Define Production

Answer 1: Production is defined as ? U1 | thyddiep eonversion of one form

of material into another form through chemical or mechanical process to

EUI EUI wOUwIl OT EGET wUT I wU U DTO® Praductidnis@i 1 wx UOTI
value addition process.

Question 2: What are the Objectives of Production Management?
Answer 2: The objective of the production management is to produce goods

or services of Right Quality , Right Quantity , Right Time and Right
Manufacturing Cost

Question 3: What are the functions of Managing Operations?

= Planning: Activities that establishes a course of action and guide future
decision-making is planning

= Organizing: Activities that establishes a structure of tasks and authority

= Controlling: Activities that assure the actual performance in accordance
with planned performance

=5 Models: models like aggregate planning models, break even analysis
linear programming and computer simulation , decision tree analysis

Question 4: Write down the scopes of production and operations
management

1 Location of facilities 5 Production and  planning
control
2 Plant layouts and material 6 Quality control
handling
3 Product design 7 Materials management
Process design 8 Maintenance management.
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Scope of production

Location
of
Facilities

Maintenance

Plant Layout
Management &

Material
Handling

Production/
Operations
Management

Material
Management

Product
Design

Process
Design

Quality
Control

Production
Planning and
Control

Question 5: Explain Operating System

Answer 5: Operating system converts inputs in order to provide outputs
which are required by a customer. In some of the organization the product is
a physical good (hotels) while in others it is a service (hospitals).

Productions Management Vs Operations Managemet

There are two points of distinction between production management and
operations management. First, the term production management is more
used for a system where tangible goods are produced. Whereas, operations
management is more frequently used where various inputs are transformed
into intangible services. Viewed from this perspective, operations
management will cover such service organisations as banks, airlines, utilities,
pollution control agencies, super bazaars, educational institutions, libraries,
consultancy firms and police departments, in addition, of course, to
manufacturing enterprises. The second distinction relates to the evolution of
the subject. Operations management is the term that is used nowadays.
Production management precedes operations management in the historical
growth of the subject.
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Characteristic of Modern Operations Function

The production management of today presents certain characteristics which

make it look totally different from what it was during the past. Specifically,

1. Manufacturing as Competitive advantage in the past production was
considered to be like any other function in the organisation. Wheft
demand was high and production capacities were inadequate, the
concern was to somehow muster all inputs and use them to produce
goods which would be grabbed by -OEUOI U8dw! U0w UOEEazUuw
contrasting. Plants have excess capacities, competition is mounting and
firms look and gain competitive advantage to survive and succeed.
Interestingly, aroduction system offers vast scope to gain competitive
edge and firms intend to exploit the potential. total Quality management
(TQM), time -Based competition, Business process reengineering (BPRE),
Justin-time (JIT), Focused Factory, Flexible manufacturing systems
(FMS), computer integrated manufacturing (CIM), and the Virtual
corporation are but only some techniques which the companies are
employing to gain competitive advantage.

2. Services Orientation as was stated arlier, service sector is gaining
greater relevance these days. The production system, therefore, needs to
be organised keeping in mind the peculiar requirements of the service
component. The entire manufacturing needs to be geared to serve (i)
intangible and perishable nature of the services, (ii) constant interaction
with clients or customers, (iii) small volumes of production to serve local
markets, and (iv) need to locate facilities to serve local markets. There is
increased presence of professionals onthe production, instead of
technicians and engineers.

3. Disappearance of Smokestacks protective labour legislation,
environmental movement and gradual emergence of knowledge based
organisations have brought total transformation in the production
environment friendly - in fact, they are homes away from homes. Going
to factory everyday is no more excruciating experience, it is like
holidaying at a scenic spot. a visit to aBB, L & t or smith Kline and
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Beecham should convince the reader about the transformation that has
taken place in the wealth creation system.
4. Small has become beautiful it was e.F. schumacher who, in his famous
book Small is Beautiful, opposed giant organisations and increased
specialisation. He advocated, instead, intermediate technology based on
smaller working units, community ownership, and regional workplaces
utilising local labour and resources. For him, small was beautiful.
Businessmen, all over the world, did not believe iOw UET UOEET | Uz \
philosophy. Inspired by economies of scale, industrialists went in for
huge organisations and mass production systems

Recent Trends in Production/Operations Management

1. Global Market Place: Globalisation of business has compelled many
manufacturing firms to have operations in many countries where they
have certain economic advantage. this has resulted in a steep increase in
the level of competition among manufacturing firms throughout the
world.

2. Production / Operations Strategy: More and more firms are recognising
the importance of production/ operations strategy for the overall success
of their business and the necessity for relating it to their overall business
strategy.

3. Total Quality Management (TQM): TQM approach has been adopted by
many firms to achieve customer satisfaction by a never-ending quest for
improving the quality of goods and services.

4. Flexibility: the ability to adapt quickly to changes in volume of demand,
in the product mix demanded, and in product design or in delivery
schedules, has become a major competitive strategy and a competitive
advantage to the firms. This is sometimes called as agile manufacturing.

5. Time Reduction: reduction of manufacturing cycle time and speed to
market for a new product provide competitive edge to a firm over other
firms. When companies can provide products at the same price and
guality, quicker delivery (short lead times) provide one firm competitive
edge over the other.

14



6.

10.

11.

12.

Technology: advances in technology have led to a vast array of new
products, new processes and new materials and components.
Automation, computerisation, information and communication
technologies have revolutionised the way companies operate.
Technological changes n products and processes can have great impact
on competitiveness and quality, if the advanced technology is carefully
integrated into the existing system.

Worker Involvement: the recent trend is to assign responsibility for
decision making and problem solving to the lower levels in the
organisation. This is known as employee involvement and
empowerment. Examples of worker involvement are quality circles and
use of work teams or quality improvement teams.

Re-engineering: this involves drastic measures or break-through
improvements to improve the performance of a firm. It involves the
concept of cleanslate approach or starting from scratch in redesigning the
business processes.

Environmental Issues: UOE E a z U wx U Gefeisfald Bo6odrned Eore
and more with pollution control and waste disposal which are key issues
in protection of environment and social responsibility. There is increasing
emphasis on reducing waste, recycling waste, using lesstoxic chemicals
and using biodegradable materials for packaging.

Corporate downsizing (or Right Sizing): Downsizing or right sizing has
been forced on firms to shed their obesity. This has become necessary due
to competition, lowering productivity, need for improved profit and for
higher dividend payment to shareholders.

Supply -Chain  Management: Management of supply-chain, from
suppliers to final customers reduces the cost of transportation,
warehousing and distribution throughout the supply chain.

Lean Production: production systems have become lean production
systems which use minimal amounts of resources to produce a high
volume of high quality goods with some variety. These systems use
flexible manufacturing systems and multi -skilled workforce to have
advantages of both mass poduction and job production (or craft
production).
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2. OPERATIONS PLANNING
2.1 FORECASTING DEMAND

Question 1: What are the objectives and uses of forecasting?

Answer 1. Forecasts are estimates of the occurrence, timing or magnitude of
uncertain future events. Forecasts are essential for the smooth operations of
business organizations. They provide information that can assist managers in

guiding future activities towards organizational goals.

Question 2: What is long range forecast? Also write its purpose.
Answer 2: Long range forecast has a time span of more than 3 years

1. To work out expected capital expenditure for future developments or to
acquire new facilities,

To determine expected cash flow from sales,

To plan for future manpower requirements,

To plan for material requirement,

a s w NN

To plan for Research and Development. Here much importance is given
to long range grow th factor.

Question 3: What is medium range forecast? Also write its purpose.
Answer 3: Medium range forecast has a time span between 1 ¢ 2 years

1. To determine budgetary control over expenses,
To determine dividend policy,

To find and control maintenance expenses,

To determine schedule of operations,

To plan for capacity adjustments.

ok~ DN

Question 4: What is short -term forecast? Also write its purpose.

Answer 4: Short -term forecast has a time span between a few weeks to six
months
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To estimate the inventory requirement,

To provide transport facilities for finished goods,

To decide workloads for men and machines,

To find the working capital needed,

To setup of production run for the products,

To fix sales quota,

To find the required overtime to meet the delivery promises.

N o g s wDdhPE

[CMA RTP D10]
Question 5: Write short note on factors affecting business forecast.

Answer: Forecasting means peeping into the futures. As future is unknown
EOEwPUwWEOGAaEOEazUwl Ul UUWEUUOwWUT 1T wEUUDOI UUL
certain systematic and scientific methods to know the future by scientific
analysis based on facts and possible consequences. Thus, this systematic
method of probing the future is called forecasting. In this way forecasting of
sales refers to an act of malkng prediction about future sales followed by a
detailed analysis of facts related to future situations and forces which may
affect the business as a whole. Foresight is not the whole of management, but
at least it is an essential part of management and acordingly, to foresee in
this context means both to assess the future and make provisions for it, that
is forecasting is itself action already. Forecasting as a kind of future picture
wherein proximate events are outlined with some distinctness, while remo te
events appear progressively less distinct and it entails the running of the
business as foresee and provide means to run the business over a definite
period.

Various factors that influence the forecast are:

1. Environmental changes,

2. Changes in the preference of the user,
3. Number of competitive products,

4. Disposable income of the consumer.

In forecasting the production important factors to be considered are:

1. Demand from the marketing department,
2. Rate of labors absenteeism,
3. Availability of materials,
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4.
5.
6.

Available capacity of machines,
Maintenance schedules,
Delivery date schedules.

Question 6: Write down the steps in forecasting

Answer 6:

1.

a s~ w DN

Determine the objective of forecast

Select the period over which the forecast will be made
Select the method you want to use for making the forecast
Gather information to be used in the forecast

Make the forecast

Question 7: What are the methods or techniques of sales forecasting?

Answer 7:

1. 20UY1 awlOi wEUAT Uz UwbOYI OUPOOUWOUWUT T wlUI
2. Collective opinion or sales force composite method

3. Group executive judgment or executive judgment method

4, $Rx1 U0UzwbOxDOPOOU

5. Market test method.

6. Trend projection method (@) # PUT EOwOT Ul OEwpbi 1 Ul wil 7 wé

method
Moving average method

Question 8: W hat are the criteria of a good forecasting method?

Answer 8:

o gk wbd R

Accuracy
Simplicity
Economy
Availability
Stability
Utility

2.3



PRACTICAL PROBLEMS
LEAST SQUARE METHOD: INDIRECT METHOD

Question 1: An investigation into the demand for color TV sets in 5 towns
has resulted in the following data:

Population of the town (in lakhs)

(X]

11

14

Number of TV sets in demand (in thousands)

[Y]

11| 15

19

Fit a linear regression of Y on X and estimate the demand for CTV sets for
two towns with a population of 10 lakhs and 20 lakhs.

Answer 1: Computation of trend values

Population | Sales of CTV | Squares of the | Population x
(in lakhs) | (in thousands) | Population Sales of CTV
X Y X? XY
5 9 25 45
7 13 49 91
8 11 64 88
11 15 121 165
14 19 196 166
T 7wdu T8whwl T 72=455 | 1 78wlu

Regression equation of Y on X:Y = a + bX

To find the values of a and b, the following two equations are to be solved
I 8wl wdE wHWEF- )

| 78 wa WEIEF 7------

(ii)

By substituting the values we get

67 = 5a + 45b
655 = 45a +a455b

Multiplying equation (iii) by 9 and we get (v),
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603 = 45a + 405b  ------ (V)

By deducting equation (v) from equation (iv); we get
52 = 50b
b =52/50 = 1.04

By substituting the value of b in equation (jii), we get
67 =5a+45x1.04
Solving the above equation: a = 4.04

Now by substituting the values of a, b and X (10 lakhs) in regression equation
of Y on X, we get,

Y=a+hbX
Y = 4.04 +1.04 (10) = 14.44 thousand CTV sets.

Similarly sales estimates for town having population of 20 lakhs is obtained
by substituting the values of X, a and b in regression equation

Y =4.04 + 1.04 (20)= 24.84 thousands CTV sets.

Hence expected demand for CTV for two towns will be 14.44 thousand and
24.84 thousand CTV sets.

Direct Method (n - odd)

Question 2: From the following time series data of sale project, the sales for
the next three years

Year 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
2EOI Uunigsy | 80 90 | 92 83 94 | 99 | 92
{CMA inter D09, 6 Marks}

Answer : Computation of Trend Values

Years | Deviation | Salesin | Squares of | Deviations

from 2004 | ps Y Y | Deviation x sales

X Y X2 XY
2001 -3 80 9 -240
2002 -2 90 4 -180
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2003 -1 92 1 -92
2004 0 83 0 0
2005 +1 94 1 +94
2006 +2 99 4 +198
2007 +3 92 9 +276
n=7| T7wé(T8wly T 7=28 |1 78wl

Regression equation of Y on X
O O 0w
To find the values of aand b

.~ BU ¢@om

A — — wm
€ X

» Bow v o
Bo cqu °

Hence regression equation comes to Y = 90 + 2X. with the help of this equation
we can project the trend values for the next three years, i.e. 2008, 2009 and
2010.

Ya008= 90 + 2(4) = 90 + 8 = 98(000) units
Y2000= 90 + 2(5) = 90 + 10 = 100(000) units
Yz010= 90 + 2(6) = 90 + 12 = 102(000) units.

Direct Method (n - even)

Question 3: From the following time series data of sale project, the sales for
the next three years

Year 2001 | 2002 2003 | 2004 | 2005 2006
2EOI Uwms ) 8 | 90 | 92 | 83 | 94 | 99
{CMA inter D09, 6 Marks}
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Answer: Computation of Trend Values

Years Deviation Salesin | Squares | Deviations
from 2003 & 6 months / 6 psYY of x sales
months Deviation
X Y X2 XY
2001 -5 80 25 -400
2002 -3 90 9 -270
2003 -1 92 1 -92
2004 1 83 1 83
2005 3 94 9 282
2006 5 99 25 495
n==6 T 7wluwy T 8wé T 2=70 | T 78408
538

Regression equation of Y on X

To find the values of a and b

Hence regression equation comes to Y =89.97+ 1.4X. with the help of this
equation we can project the trend values for the next three years, i.e.2007,

2008, 2009

Y2008 =89.97 + 1.4 (200¥ 2003 & 6months / 6 months)

=89.97+ 1.47)

=99.77000) units
Y2000=89.97+ 1.4(9) = 102.57(000)units
Y2010=89.97+ 1.4(11) = 105.37(000)units

2.7



Advance Sum

Question 4: It is observed that there exists a relationship between

expenditure on Advertising and

years are as follows

Estimate the Annual Sales when Expenditure on Advertising is 5 Crore.

Year | Expenditure Annual Sales ( )
on Advertising In crore
2004 1 18
2005 2 23
2006 4 32
2007 3 28
2008 10 38
2009 4 29

the Annual Sales. The details for last six

{CMA inter J10, 6 Marks}

Answer:
Years | Expend. on | Annual Sales
Advt.
X Y X2 XY
2004 1 18 1 18
2005 2 23 4 46
2006 4 32 16 128
2007 3 28 9 84
2008 10 38 100 380
2009 4 29 16 116
N=6 |1 741 K [T 84t W |1 7=146/1 78 4&A
L S o m v C Y
o ¢
Regression equation of Y on X: Y =a+bX
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5 Bod ¢l xxco 1 qu
B &L PT QP T &
o L &t cwge 1 o¢m
Thus, the model isf) = 20 + #

The Annual sales when expenditure is 5 crore isY = 20 + 2x5 = 30 Crores.
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2.2 CAPACITY PLANNING

Question 1: What is the objective of capacity planning?

Answer 1: The objective of capacity management is the planning and the
control of capacity to match the level of operations to the level of demand.

Question 2: Why is capacity planning required?
Answer:

== Sufficient capacity is required to meet the customers demand in time,

= Capacity affects the cost efficiency of operations,

= Capacity affects the scheduling system,

= Capacity creation requires an investment,

= Capacity planning is the first step when an organization decides to
produce more or new products.

Question 3: What are the forms of capacity planning?
Answer 3:

Based on time-horizon

1. Long-term capacity planning and

2. Short-term capacity planning

Based on amount of resources employed

1. Finite capacity planning and
2. Infinite capacity planning

Question 4: Effective Capacity can be determined by the following factors:

Answer 4:

= Facilities - design, location, layout and environment.

= Product- Product design and product -mix.

= Process Quantity and quality capabilities.

== Human factors - Job content, Job design, motivation, compensation,
training and experience of labour, learning rates and absenteeism and
labour turn over.
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- Operational factors - Scheduling, materials management, quality

assurance, maintenance policies, and equipment breakdowns.

= External factors- Product standards, safety regulations, union attitudes,

pollution control standards.

Question 5: How is the capacity measured?

Answer 5: Capacity of a plant is usually expressed as the rate of output

[CMA EXAM DO06]

Question 6: State the measures normally used for defining capacity in the
following product / services

Question Answer

Product / Service | Measures of capacity

1 | Steel Plant In Tones

2 | Automobiles In Numbers
3 | Power Plant In Megawatts
4 | Hotel Room/days

Quesiton 7: What are the activities for Capacity Planning Decisions?

Answer 7:

1.

a s wD

Assessing the capacity of existingfacilities.

Forecasting the long-range future capacity needs.

Identifying and analyzing sources of capacity for future needs.
Evaluating the alternative sources of capacity

Selecting a capacity alternative

Question 8: Write short note on the situations attracting capacity planning

Answer 8:

1.

A capacity shortage situation
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2.

An excess or surplus capacity situation where the present capacity
exceeds the expected future demand.

Question 9: Write short note on factors affecting determination of plant
capacity

Answer:

1.
2.

N o g s W

Capital investment required,

Changes in product design, process design, market conditions and
product life cycles,

Flexibility for capacity additions,

Level of automation desired,

Market demand for the product,

Product obsolescence and technology obsolescence and

Type of technology selected.
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2.3 CAPACITY REQUIREMENT

Question: What are the requirements of capacity planning?

Answer: Capacity requirement planning (CRP) is a technique which
determines what equipment and labour/personnel capacities are required to
meet the production objectives (i.e., volume of products) as per the master
production schedule and material requirement pla nning (MRP -I).

Capacity Requirement Planning Strategies
EPAW? +1 YI OQwE E x?BAROEEIOEOUEBERWI 00°

PPPAwW?/ JOEUEIUDOIOWEEXxEEDUaA wPDUT wEIl OEOQE? wx (

Optimum Plant Capacity

Plant capacity has a great influence on cost of production with increasing
volume of production, economies of scale arise which results in reduction in
average cost per unit produced.

Implications of Plant Capacity

1. Changes in output of an existing plant of certain installed capacity affect
the production costs.

2. Changes in the plant capacity by changing the size of a plant have
significant effects on costs.

Factors influencing Effective Capacity
The effective capacity is influenced by

(a) Forecasts of demand

(b) Plant and labour efficiency
(c) Subcontracting

(d) Multiple shift operation
(e) Management policies.

Factors favoring over capacity and under capacity
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The over capacity is preferred when:

1.
2.

Fixed cost of the capacity is not very high.

Subcontracting is not possible because of secrecy of design and/or quality
requirement.

The time required to add capacity is long.

The company cannot afford to miss the delivery, and cannot afford to
loose the customer.

There is an economic capacity size below which it is not economical to
operate the plant.

The under capacity is preferred when:

1.
2.

The time to build capacity is short.

Shortage of products does not affect the company (i.e., lost sales can be
compensated).

The technology changes fast, i.e., the rate of obsolescence of plant and
equipment are high.

The cost of creating the capacity is prohibitively high.

CALCULATION OF EFFICIENCY RATIO AND UTILISATION RATIO

Utilization Ratio:

Efficiency Ratio:

Actual Output: Design Capacity x Utilization Ratio x Efficiency Ratio x 100

Quesiton 1: Given the information below, compute the efficiency and the
utilization of the vehicle repair department:

Sttt

» Design capacity = 50 trucks per day

~ Effective capacity = 40 trucks per day

= Actual output = 36 trucks per day

{CMA inter J14, 6 marks}
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Answer:

Efficiency Ratio;: — = = 90%

Utilization Ratio; ———— = =72%

Question 2: A firm operates 6 days a week on single shift of 8 hours per day
basis. There are 10 machines of the same capacity in the firm. If the machines
are utilized for 75 percent of the time at a system efficiency of 80percent, what
is the rated output in terms of standard hours per week?

Answer: Maximum number of hours of work possible per week
=Number of machines x machine hours worked per week
=10 x 6 x 8 = 480 hours

If the utilization is 75% then number of hours worked
=480 x 0.75 = 360 hours

Rated output = utilized hours x system efficiency
=360 x 0.8=288 standard hours

CALCULATION OF THE NUMBER OF MACHINES REQUIRED

Question 1: A department works on 8 hours shift, 288 days a year and has
the usage data of a machine as given below

Product | Annual demand Processing time
(units) (standard time in hrs)
A 325 5.0
450 4.0
C 550 6.0

Calculate processing time needed in hours to produce products A, B and C,
(b) annual production capacity of one machine in standard hours, and (c)
Determine the number of machines required.

{CMA Inter J15, 7 marks}
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Answer:

Product Annual Processing p.u. | Processing time
demand (units) (hours) needed (hours)
A 325 5.0 1,625
+ B 450 4.0 1,800
+ C 550 6.0 3,300
[a] | Total time needed for producing A, B & C 6,725 hours
[b] | Annual production capacity of machine 2,304 hours
[288 days x 8 hours]
Number of machines required [a)/[b] 29=3

Question 2: Calculate the number of machines required to produce the three
components from the information given below.

Components A B C
Setup time per batch 25 min | 55 min | 45 min
Operation time (min/piece) 1.75 3.0 2.1
Batch size in units 350 550 575
Production per month 2450 | 4400 | 2875

Assuming a machine efficiency of 85% & operator efficiency of 75%, how
many machines are required?

2.16



Answer:

Comyf Number ( 2Setup | *Operation| “Total time
SetUpS time time mins | hours
7x2Bnins 2,450x1.75r
A —=7 _ 4462.% 74.37°%
=175mi| =4,287.5
A 8x55 min 4,400x3 mir
B —=38 _ 1 13,64( 227.3:
=440 mit = 13,200 mi
5x45 mir, 2,875%x2.1 i
C —=5 _ | 6,262. 104.3
=225 mil =6,037.5 mi
[a] | Total time requirgaddducing all the compo 406.08
[b] | Total time available per machine = [25 deé 200
Number of machines required = [a]/[b] 2

Assuming a machine efficiency of 85% and operator efficiency of 75%, the

number of machines required is:

40867 9

Number of machines required if efficiency rate is lower

Total hours required per month =

36 8

Number of machines required = %0 34 & 4 machines

Question 3: Three components are to be manufactured on three machines i.e.

centre lathe, milling machine and Cylindrical grinding machine.

1. Calculate the number of machines required of each kind to produce the
components if the plant works for 48 hours per week.

2. Calculate the number of machines required assuming the machine
efficiency of 75%.

3. How do you reduce the number of machines?

Total number of setups=

°Total setup time =Total number of setups x Setup time per batch
STotal operation time = Number of units x operation timeyet
“Total time required to produce the components = Setup time + operation time

SAssume, a month consist of 25 days and 8 hours per day
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The following information is given:

Machine Component| Component| Component
Setup operati Setup operati Setup operati
1 Center lathe 30 mir| 2 min 55 mil 2.5 mi| 40 mii 1.5 m|
Milling machine 45 mirr 8 min 30 mif 4minf |
Cylindrical grinding | 50 mir, 8 min 60 mit 8min | 60 miff 10 mi
Other details
Lot size 350 400 600
Quantity Demanded 1750 4000 3000
Answer:
Compone *Number ( 'Setup | ®Operation| °Total time
SetUpS time Time mins! Hours
A 5x30 mir 1,750x2 mi
o) A —=5 _ 3,650 60.83
cc_u, = 150 mi = 3,500
P N 10%55 mi 4,000%2.5 11
S B —=10 ) 10,55 175.8:
S =550 mit = 10,000 m
© ; 5x40 mir| 3,000x1.5
C —=5 _ | 4,70¢ 78.33
=200 mit = 4,500 mir
[a] | Total time required for produciogpbieats 314.9¢
[b] | Total time available per machine = [4weks 192
[c] | Number of machines required = [a]/[b] 1.64 =
[d] | *Machines required if the efficiency is 75% = 2.18 =

5Total number of setups—=

"Total setup time=Total number of setups x Setup time per batch

8Total operation time = Number of units x operation time per unit

Total time required to produce the components = Setup time + operation time

Assume, a month consist of 25 days and 8 hours per day
INumber of machines required if efficiency rate is lower =
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Compone Number ( Setup | Operation  Total time
SetUpS Time Time mins| Hours
R 5x45 mir 1,750x8 m
A —=5 _ 14,22 237.08
o =225 mil = 14,000
c
= R 10x30 mi 4,000x4 m
> B —=10 _ 16,30 271.66
= 300 min = 16,000
C - - - - -
[a] | Total time requirgddducing all the compone 508.75
[b] | Total time available per machine = [4week: 192
[c] | Number of machines required = [a]/[b] 2.65 =1
[d] | Machines required if the efficiency is 75% - 3.53 =¢
Compone Number (  Setup Operation Total time
Setups time Time mins| Hours
R 5x50 mir; 1,750x8 mi
A —=5 _ 14,25( 237.5
o> =250 mii  =14,000
5 ; 10x60 mi 4,000x8 mi
£ B —=1C ) 32,60( 543.33
D) = 600 min = 32,000 m
R 5x60 mir; 3,000%10
C —=5 _ | 30,30( 505
=300 min = 30,000 m|
[a] | Total time required for producing all the cor, 1,285.8
[b] | Total time available per machine = [4weeks 192
[c] | Number of machines required = [a]/[b] 6.7=7
[d] | Machinesgjuired if the efficiency is 75% = [c] 89=9

Reduction in number of machines
a. By introducing the second and third shift , the number of hours available
will be increased and hence the number of machines required will be

reduced.
b. By increasing the utilization of the machine. The availability of the
machine will be increased by proper maintenance which reduces the
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break down and hence the down time. The production time will be
increased and hence the plant utilization.

Question 4: A company wants to expand the solid propellant manufacturing
plant by adding the required number of 1-tonne capacity curing furnace. Each
tone of propellant must undergo 30 minutes of furnace time including
loading and unloading operations. Furnace is used only 80 per cent of the
time due to power restrictions. The required output for the new layout is to
be 16 tons per shift (8 hours). Plant efficiency (system) is estimated at 50 per
cent of system capacity.

(a) Determine the number of furnaces required
(b) Estimate the percentage of time the furnace will be idle
{CMA inter JO4}
Answer:
Number of furnaces required =
YQU'MN 6 WERO WO N 60O
"YQAKD ¢ "QORCEIEXD D & ¢ DN'QQ0 WHD Ak U NIQI 61 QOO QE &

. Of AIREOOT BARBEGAA—2—— & o&OOT AAAD

Per cent of idle time  p

ppELOBBOI i
UE 61 (0Q01 & O

TYPES OF PRACTICAL PROBLESM
= BEP, Indifference point and Suitability of machine
= Bottleneck, System Efficiency and Increase Productivity
= Calculation of number of machines required, time required and
productivity
BREAK EVEN POINT [BEP]

Question 1: Calculate break-even point and draw breakeven point chart from
the following information
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Fixed Cost = 1000,
Variable cost per unit= 2
Selling price per unit= 4
Answer: Break-even point in units
"OQOAQI o PTMTT
YQa 0REGH w0l Q& mnE T C

U 0o | 100| 200/ 300 400 500 600 700 | 800 | 900 | 1000
TVCI| 0 | 200 400| 600 800 | 1,00 1,20( 1,40( 1,60( 1,80( 2,00C
TFC) | 1,000 1,00¢ 1,00¢ 1,00( 1,00¢ 1,00( 1,00( 1,00( 1,00( 1,00( 1,00
TC[ | 1,000 1,20( 1,40( 1,60( 1,80( 2,00 2,20C 2,40C 2,60C 2,80( 3,00C
TR | 0 | 400] 800 1,20( 1,60( 2,000 2,40( 2,800 3,20( 3,60( 4,000
P/(L) | (1,000 (800) (600) (400) (200) O | 200 | 400| 600 | 800 | 1,00C

4500
4000
3500

..-l"f
3000 -
2500 -
20040 — TFC [%]

1500
1000 "f TC[A]

500 - TR[Z]

Rupees

&S S “;:PQ

Quantity

Question 2: An item is produced in a plant having a fixed cost of 6000 per
month, variable cost of 2 per unit and a selling price of 7 per unit.
Determine

(a) The break-even volume.
(b) If 2000 units are produced and sold in a month, what would be the profit?
(c) How many units should be produced to earn a profit of 4000 per month?
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Answer: C=St VCp.u| 7¢ 2=5
‘ X
X
a1 &€ "OOpm g BOR & Qi
YO AR Qo6 B8 06 plimmu gmnTmaé ipnTmm
"06 00 .

- Yoo .
a® Ov 006 5 Qmmm Jit T

Question 3: A manager has to decide about the number of machines to be
purchased. He has three options i.e. purchasing one, or two, or three
machines. The data are given below:

Number of | Annual Corresponding

machine | fixed cost | range of output

1 10000 0 to 400
2 12000 401 to 700
3 20000 701 to 1000

Variable cost is 20 and revenue is 40 per unit.

1. Determine the break-even point for each range:
2. If projected demand is between 600 to 750 units how many machines
should the manager purchase?

{CMA Inter J10, 5marks}

Answer: (1) Break-even point in units =

88 8

= Break-even point in units [1 machine] = — 0 =500 units
[Not within the range and not suitable] )

= Break-even point in units [2 machines] = ————— = 600 units

= Break-even point in units [3 machines] = ——— = 1000 units

(2) Two machines are optimal for the projected demand between 600 to 750
units
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BOTTLENECK

Question 1. A firm has four work centers, A, B, C & D, in series with
individual capacities in units per day shown in the figure below.

Work Centers

____________ Output

Raw 300
Material

450 360 340 400

(i) Identify the bottle neck centers
(i) What is the system capacity?
(iif) What is the system efficiency?
Answer:

(i) The bottle neck centre is the work centre having the minimum capacity.

"1 OEl OwbOUOWET OUUI wserszwbUwUOT T wedbUUOI Ol E
(i) System capacity is the maximum units that are possible to produce in the

system as a whole. Hence, system capacity is the capacity of the bottle

neck centre i.e., 340 units

(i)  System efficiency =—  =—x 100= 88.23%

Question 2: A customer is processed through each of the three operations A,

B and C, in sequence. Theprocess is designed to handle 100 customers a day.
The Average rate per hour at which each operation can process customers is
shown in the figure below:

------------ A |------—-| B |- | C | Output

Customers | 15 10 12
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(a) For an 8hour day identify any bottlenecks in the process.

(b) What effect will the bottleneck have on overall output and other
operations?

(c) If all the processes are operated for10 hours per day, is there still a
bottleneck?

(d) How will random arrivals affect the output and processing rate of this
process?

Answer:

(a) Identification of bottleneck 8 hour a day operation: the operations B
which process 10 Customers /hr and 80 customers a @y becomes the
bottleneck.

(b) Effect of the bottleneck on the overall output: The bottleneck operation
decides the capacity and output. Here the capacity of the unit is 80
customer/day (due to bottleneck B) even though the process A and C have
the output of 120 and 96 respectively.

(i) Effect of the bottleneck on other operation. Bottleneck operation B,
makes the waiting time higher for C.

(ii) In case A, The operation will be completed and because of difference
DPOwxUOGEI UUDOT WUEUT UOwO x| UikdublésSitu
is used for other purpose and the full capacity of A if used creates an
inventory between A and B.

(c) If all the processes are operated for 10 hrs, then the designed output of
100 Customers/hr. are achieved still the process line is unbalancedas the
processing capacities are unequal.

(d) Random arrivals affect the output and processing of customers

Question 3: A department of a company has to process a large number of
components / months. The processequipment time required is 36 minutes /
component, whereas the requirement of an imported process chemical is 1.2
liters / component. The manual skilled manpower required is 12 minutes /
component for polishing and cleaning. The following additional data is
available:
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Availability | Efficiency of
/ month utilization
Equipment hours 500 85 %
Imported chemicals [litres] 1,000 95 %
Skilled manpower 250 65 %

() What is the maximum possible production under the current conditions?

(ii) If skilled man -power availability is increased by overtime by 20%, what

will be the impact on production increase?

{CMA inter D11, 5 marks}

Answer: (i)
Availabilil Efficienc Utilizatiol Required g Outpt
[1] [2] 3] [4] Bl | [6] =
Equipment hours [hg 500 85% | 425 hour 36 mins| 708
Imported chemicals| 1000 959% | 950 liters 1.2 liters| 792
Skilled manpower [h{ 250 65 % | 162.5 hol 12nins 813
The maximum possible production [bottlene 708

(ii) There will be no impact on production increase if skilled manpower is
increased by overtime by 20% as the bottle neck in output is equipment hours

Actual output = P
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FINDING SUITABLE MACHINE

Question 1: Machine K and L both capable of manufacturing an industrial
product, compare as follows

Machine K | Machine L
Investment 60,000 1,00,000
Interest on borrowed capital 15% 15%
Operating cost (Wages, Power, etc.) per hour 12 10
Production per hour 6 Pieces 10 Pieces

The factory whose overhead cost is 1,20,000 works effectively for 4,000 hours

in 2 shifts during the year.

(i) Justify with appropriate calculations which of the two machines you
would choose for regular production.

(ii) If only 4000 pieces are to be produced in a year which machine would

drive the lower cost p.u.,
(iif) For how many pieces of production per year would the cost of production
be same on either machine? (For above comparisons the cost of material

may be excluded as being the same on both machines.)

Answer:
A Machine| Machine

Annual interest charges [FC] = Investment x Rai 9,000 | 15,000
Annual operating charges [VC] [Total Hours x Of 48,000, 40,000

Total annual charges 57,000, 55,000
Annual output = Total Hours x Output p.h. 24,000 40,000
2.375 1.375

Cost per unit—=

Rank for reugular production I I

() | vCp.u—= 2 1

Cost for 4,000 units = [Total FC + VC p.u x 4,000 17,000/ 19,000

(ii) | Cost per unit for the production of 4,000 units 4.25 4.75
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Rank

(iii) | Indifference Point=

h h

88

6,000 u.

Cost at indifference point = [Total FC + VC p.u. »

21,000 21,

000

Question 2: Two alternative methods X and Y using different tooling set -ups
may be employed to manufacture a component on a particular machine tool
whose operating cost is 20 (including wages of operator) per hour.

Particulars Method X | Method Y
Component 4000 pieces| 3000 pieces
Cost of tooling 320
Production rate per hour | 10 pieces | 15 pieces

1. Justify with suitable calculation which of the two methods would you
choose as being more economical for regular production?

2. Would your answer be different if only 1000 pieces of particular

component are required?

{CMA Inter J14, 6 Mark}

Answer: The unit costs of two methods are as follows

Particulars Method X Method Y
Cost of tooling 320 1500
Hours required [ = TTT] 400 OmTT 200
p pu
Operating cost 400x20, 8,000| 200x20 4,000
Total production costs 8,320 5,500
Number of pieces 4,000 3,000
Cost per piece 2.08 1.83
Therefore, economical method Y
If only 1,000 pieces are required the cost would be as follows
Cost of tooling 320 1,500
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Hours required pmmT 100 pmMMM 6667

pT pu
Operating cost 100x20| 2,000| 66.67x20| 1,333.40
Total cost of production 2,320 2,833.40
Cost per piece 2.32 2.83

In this case X is cheaper

Question 3: Calculate the break-even point for the following: Production
Manager of a unit wants to know from what quantity, he can use automatic
machine against semrautomatic machine.

Data Automatic | Semi-automatic
Time for the job [minutes] 2 5
Set up time [hours] 2 15
Cost per hour [ ] 20 12
Answer:
Automatic Semautomatic
Formula Calculatic Calculatic
[1] | Job cost Time p.ux Costp.h — 20| 0.67 — 12 | 1.00
[2] | Set up [s. Time p.s.u x Costp., 2x 20 | 40.0C 1.5x12 18.0
cost
[3] | Total Cost [1] x Units + [2]
[4] | Indifferenc( O 'Q'QQQ i"dee W BDC =66 units
Point 0'Q'Q0Q I REGHB ®
[5] | Suitability for demand range 66 units and ab( 66 units and be

Question 4: A company is planning to replace its current machine, which has
been worked out, by a new machine. There are three alternatives available
and the estimated costs are shown below:

Machine | Fixed costs p.a. | Variable cost p.u.
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A 20000 50
B 40000 30
C 80000 10

Required:

1. Compute the cost indifference points for the three alternatives.

2. What do the cost indifference points suggest, as a course of action in this
regard?

3. If the management expects demand of 1850 units next year, which
machine would be most economical?

{CMA Inter JO2}

Answer:

1. Costindifference point = 88

=%, Cost indifference point between [A&B] = — P B 1,000 units
=4, Cost indifference point between [B&C] = P -2000units
- Cost indifference point between [A&C] = — 10— " = 1,500 units

2. The course of action to be taken from the indifference point

Demand Range | Suitable Machine

1| 1,000 and less A
2 | 1,000 2,000 B
3| 2,000 and more C

Note 1: low total fixed cost with higher variable cost per unit will be
suitable for low demand and
Note 2: high total fixed cost with lower variable cost per unit is suitable
for high demand

3. If the demand is 1850 units in the next year, then machine B wil be
Suitable

Question 5: An article is processed on three machines, A, B and C as shown
below:

2.29



Machine operation time

Machine | Machine | Processing | Total Preparation Cleaning
Time Time time (min/day) | (min/day)

A 2 2.5 4.5 15 10

B 3 10 13 30 10

C 2 5 7 25 10

A study revealed that if the jigs for machines B and C are to be redesigned for
reducing loading and unloading times to 2 minutes and 1 minute
respectively.

(a) Find the number of pieces produced per day (single shift of 8 hrs)

(b) Costing has shown that unless production is increased by 20 per cent the
installation of new jigs would not be worthwhile. Would you recommend
redesign of jigs?

(c) If the number to be produced is large, suggest changes in present
arrangement and estimate new production rate.

{CMA Inter J11, 3 Marks}

Answer:
(a)
Machine operation tin| Preparation and cleaning (mi
Machin| Machin Processir Total Preparation Cleanin¢ Total Outpit
Time Time timgmin/day] (min/day
A 2 2.5 4.5 15 10 25 101
B 3 10 13 30 10 40 34
C 2 5 7 25 10 35 64
The maximum possible production [bottleneck] 34

BActual output =
=480 mins]

[Note: time available = 8 hours x 60 mins
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(b) Redesigning the newjigs: The redesigning of new jigs will change the
cycle time, i.e., the cycle time is reduced to 12 minutes (from 13 min as the
unloading and loading time is reduced by 1 minute)

Machine operation tin| Preparation and cleaning (mi

Machin| Machin Processin Total Preparation Cleanin¢ Total Outpu

Time Time time (min/day (min/day]
A 2 2.5 4.5 15 10 25 101
B 2 10 12 30 10 40 | 37
C 1 5 6 25 10 35 74
The revised maximum possible production [bottlenec| 37

AL AL s
e b TR MO € ot _ 9%
Fe VWO <o n

Percent increase in ou

The increase in per cent of production is less than 20%, hence rede

(c) Suggestion if the numb er of pieces is large: The critical operation
(bottleneck) is processing on machine B which requires 10 minutesfor
processing and 3 minutes for machine. If we introduce one more machine
of kind B, then the cycle time will be reduced to 8 min. The new outpu t =
440/8 = 55 pieces

[CMA INTER JO1]

Question: Briefly spell out the role of Cost and Management Accountant in

various areas of operations Management & Control.

Answer: Areas in operation management and control and the role of Cost and

Management Accountant is mainly depends upon the position and

designation of CMA. Based ON designation he may participate in decision

making design stage. His role may be advisory also.

1. A CMA is expected to take active part in balancing modernization,
expansion, replacement and diversification decisions.

2. CMA has to participate in capacity planning decisions.

3. The role of CMA is important in total process, starting from tender
participation, procurement of order to the final dispatch and collection
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4. The role of CMA becomes necessary in estimating the cost and finally to
compare actual with the estimates and reconcile the differences.
5. The role of CMA becomes important in wage settlement, idle time
reporting and overtime control.
6. CMA is expected to find out the i nspection cost, Rejection cot, scrap,
Spoilage etc.
7. A CMA is an essential member in cost control and cost reduction
programme.
8 ", ZUwWEOwWUT T wi PTTT UwWOI YI OUwOEawET wOUUDPOD
design stage.

[CMA INTER DO04]

Question: Discuss the fo ur important stages involved in the development
of a new product in a manufacturing industry.

Answer: Important stages involved in the development of a new product in

a manufacturing industry are as follows:

1. Preliminary Assessment: Preliminary assessment d the technical
feasibility of the visualized product. At this stage, some concepts found
to be unattainable with existing technologies may be weeded out, thus
retaining only the feasibly.

2. Assessment of potential customers: Assessment of potential customers
through market research to get at the price range within which a sizeable
guantity of the product having the given characteristics is likely to be
sold.

3. Evolution of desire product characteristics: Evolution of desired product
characteristics meeting the price criteria through design, prototype
manufacturing testing based on market research.

4. Technical documentation: Technical documentation comprising detailed
specifications, drawings, process technology, quality standard etc.
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2.4 FACILITY LOCATION

Question 1: What do you mean by plant location?

Answer 1: The selection of location is a key-decision as large investment is
made in building plant and machinery. It is not advisable or not possible to
change the location very often. The purpose of the location study is to find an
optimum location that will result in the greatest advantage to the
organization.

Question 2: What are the factors influencing plant location / facility
location?

Answer 2: Controllable Factors

Proximity to marke ts
Supply of materials
Transportation facilities
Infrastructure availability
Labour and wages
External economies
Capital

N o ooswN e

Uncontrollable Factors

1. Government policy

Climate conditions

Supporting industries and services
Community and labour attitudes

ok~ wD

Community Infrastructure

Question 3: What are the different location models?
Answer 3:

1. Factor rating method

2. Weighted factor rating method
3. Load-distance method

4. Centre of gravity method
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5. Break even analysis
6. Indifference Point

Question 4: Wrtie down the steps in the Selection Process of Location under
Factor Rating Method

Answer 4:

1. Identify the important location factors.

2. Rate each factor according to its relative importance, i.e., higher the
ratings is indicative of prominent factor.

3. Assign each location according to the merits of the location for each factor.

4. Calculate the rating for each location by multiplying factor assigned to
each location with basic factors considered.

5. Find the sum of product cal culated for each factor and select best location
having highest total score.

[CMA RTP D11]

Question 5: What factors will have to be considered in choosing the
location for the following industries?

1. Aluminium industry.

2. Thermal power plant.

3. Large furniture (domestic and office) manufacturing unit.

Answer 5: The general factors to be considered for any Industry location are
the following:

Proximity to raw material sources

Availability of critical input required for the process

Proximity to the Marke t

Availability of skilled labour

Special tax and other financial benefits available in a location
Central/state/municipal regulations.

o gk wbh R

While all the above factors are important for all Industries, some factors will
be dominant for some industries as explained below:

1. Aluminium Industry is a power int56ensive industry. Hence the
region/location where availability of power is a very critical consideration
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for the choice of location. Likewise, proximity to raw material source
namely bauxite is also a vital consideration.

2. For thermal plant proximity to coal mines is very important since
transportation of huge quantity of coal every day is very costly and
difficult. Equally important is the availability of abundant quality of
water for the boiler.

3. For furniture industry  proximity to the Marke t is a crucial factor apart
from other factor. While transporting finished furniture, damages may
take place and also it will be bulky and occupy more space and hence
costly. Therefore furniture units are located nearer towns and cities nearer
to offices and houses.

PRACTICAL PROBLEMS

Question 1: Location selection using f actor rating method: A new medical
facility, Health -care, is to be located in Delhi. The location factors, factor
rating and scores for two potential sites are shown in the following table.
Which is the best location based on factor rating method?

Factor Scores
No. Location Factor )
Rating | Location 1 | Location 2
1 Facility utilization 8 3 5
2 Total patient per month 5 4 3
3 Average time per emergency trip 6 4 5
4 Land and construction costs 3 1 2
5 Employee preferences 5 5 3
Answer 1:
Factol Location | Location Il
Location Factor _
Ratin¢ Score| Total | Score | Total
1 | Facility utilization 8 3 24 5 40
2 | Total patient per month 5 4 20 3 15
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3 | Average time per emergency trip 6 24 5 30

4 | Land and construction costs 3 3 2 6

5 | Employee preferences 5 25 3 15
96 106

Location Il is preferred based on factor rating method

Weighted Factor Rating Method

In this method to merge quantitative and qualitative factors, factors are
assigned weights basedon their relative importance and weightage score for
each site using a preference matrix is calculated.The site with the highest
weighted score is selected as the best choice.

Location Selection using Weighted Factor Rating Method:

Question 2: A new medical facility, Health -care, is to be located in Delhi. The
location factors, weights, and scores (1 = poor, 5 = excellent) for two potential
sites are shown in the following table. What is the weighted score for these
sites? Which is the best location?

No. Location Factor Weight Scores
Location Location

1 2

1 Facility Utilization 25 3 5

2 Total patient Km per month 25 4 3

3 Average time per emergency trip 25 3 3

4 Land and construction costs 15 1 2

5 Employee preference 10 5 3
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Answer: The weighted score for this particular site is calculated by
OuUOoOUbx0OabOl wl EEl wi EEUOUzZUwPI Bl I UwEa wbUU w!l
No. Location Factor Weight Scores
Location 1 | Location 2
1] | [2] | [3x[2] | [3] | [2]%[3]
1 Facility Utilization 25 3 75 5 125
2 Total patient Km per month 25 4 100 3 75
3 Average time per emergency 25 3 75 3 75
trip
4 Land and construction costs 15 1 15 2 30
5 Employee preference 10 5 50 3 30
315 335

Location 2 is the best site based on total weighted scores.

Question 3: A Media Company proposes to build a new office in one of the
three locations. Using the data below, determine the best location. Assume
the following values:

Excellent = 10, V. Good = 8, Good = 6, Fair = 4 andoer = 2.

Answer 3: The following steps are to be followed:

Rating Factor | Location Location| Location| Weigh

A. Living Standar, Excelle Good Fair 30
B.| Labour Relatioi Good Fair Exceller, 10
C. Government A| V.Goo¢ Good Poor 5

D.| Schooling Syst¢  Fair Excellery Good 15
E.| DistanceGastome V. Goo( Poor | Excellerr 10
F.| Distance to Supyf Poor Good | V.Goo¢ 10
G. Revenue Contrilf V. Goo( Excellen Good 20

{CMA Inter JO6, 9 Marks}

(a) Convert descriptive scores into numerical. Value of description [V]

(b) Multiply by weights [W] and add them.
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(c) The location that scores the highest total will obviously be the best choice.
The best choice for location that scores highest total

Rating Factor Location 1 Location 2 Location 3

V W WV |V W|WW |V W|W
Living Standard 10|/ 30| 300 6|30 180| 4|30/ 120
10, 60| 4|10, 40|10|10/| 100
5| 40| 6| 5| 30| 2| 5| 10
15| 60|10|15| 150, 6|15| 90
10 80| 2|10 20|10/ 10| 100
10| 20| 6|10, 60| 8|10| 80
20| 160( 10| 20| 200| 6| 20| 120
Total scores 720 680 620

Labour Relations

Govt. aid

Schooling System

Distance to Customers

Distance to suppliers

| N 0| | 0O O

Revenue Contribution

Conclusion: As Location 1 gets the highest score, it becomes the best Choice.
Note: V = value; W = weight & WV = weight x value

Load-distance Method

The load-distance method is a mathematical model used to evaluate locations
based on proximity factors. The objective is to select a location that minimizes
the total weighted loads moving into and out of the facility. The distance
between two points is expressed by assigning the points to grid coordinates
on a map. An alternative approach is to use time rather than distance.

Centre of Gravity

The centre of gravity is defined to be the location that minimizes the weighted
distance between the warehouse and its supply and distribution points,
where the distance is weighted by the number of tones supplied or
consumed.
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[CMA INTER DO01]

Question 4: A firm wants to guarantee one -day deliv ery time to its customers.

It had 8 hours working day and avoids overtime. Its order processing and
loading time is 3 hours and the average delivery time speed is 40 km./ hour.
Suggest a strategic location of the warehouse so as to serve its customer
effectively.

Answer 4:
Total time available in a day 8 hours
Less | Order processing & loading time 3 hours
Time available for delivery 5 hours
Average delivery time speed per hour | 40 kms

As firm is giving guarantee for one day delivery time, it can cover total
distance in 5 hours = 5 x 40 = 200 kms. Hence, the firm should have a
warehouse within a distance of 200 kms of its customers.

Break-even Analysis

Break even analysis implies that at some point in the operations, total revenue
equals total cod. Break even analysis is concerned in finding the point at
which the revenues and costs agree exactly.

Units of output or percentage of capacity
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Location Selection

Question 5: A company is planning to undertake the production of medical
testing equipment has to decide on the location of the plant. Three locations
are being considered, namely, A, B and C the fixed costs of three locations are
estimated to be 300 Lakhs, 500 Lakls and 250 Lakhs respectively. The
variable costs are 3000, 2000 and 3500 per unit respectively. The average
sales price of the equipment is 7000 per unit. Find

1. Calculate total cost for the following range of productions [in units]: 5,000,
10,000, 5,000, 20,000 & 25,000 also draw a graph
2. Select the best location, if the sales volume is of 18,000 units.
{CMA Inter, J04, J09, D11 & D14, 4~8 marks}
Answer 5: Determination of total costs of three locations.
TC =TFC +Q x VC p.u.
Table: Total costs at dfferent volumes for three locations: ( in Lakhs)
Quantity | 5,000 10,000/ 15,000( 20,000/ 25,000

TCof A | 450 600 750 900 | 1,050
TCof B | 600 700 800 900 | 1,000
TCof C | 425 600 775 950 | 1,125

Decision: For quantities up t010,000 units, Location C is the most economical.
For quantities above 20,000, Location B is preferred. Between 10,000 to 20,000
units, Location A is preferred.

Graph: Breakeven Point
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Question 6: Potential locations X, Y and Z have the cost structures shown
below. The ABC company has a demand of 1,30,000 units of a new product.
Three potential locations X, Y and Z having following cost structures shown
are available. Select which location is to be selected and also identify the
volume ranges where each location is suited?

Location X | LocationY | Location Z

Fixed Costs 1,50,000 3,50,000 9,50,000
Variable Costs 10 8 6
Answer 6:
4. Cost indifference point (IDP) = T8
= CostIDP between [X&Y] = h R hh - 1,00,000 units
- Cost IDP between [Y&2Z] = —1-" B~ 300000 units
- Cost IDP between [X&2] = — " 08— 5 00,000 units

5. The course of action to be taken from the indifference point

Demand Range Suitable Machine

1| 1,00,000 and less X
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2| 1,00,000t 3,00,000

3| 3,00,000 and more

Note 1: low total fixed cost with higher variable cost per unit will be

suitable for low demand and
Note 2: high total fixed cost with lower variable cost per unit is suitable

for high demand
6. If the demand is 1,30,000 units, then location Y will be suitable
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2.5 FACILITY LAYOUT

Question 1: Explain the meaning of plant layout.

Answer 1: Defined by Moore: Plant layout is a plan of an optimum
arrangement of facilities including personnel, operating equipment, storage
space, material handling equipment and all other supporting services along
with the design of best structure to contain all these facilities

Question 2: What are the needs for redesign of layout?

{CMA inter J09, 4 marks}
Answer 2:

v

= Accidents, health hazards and low safety,
= Changes in environmental or legal requirements,

v
3

w
"

= Changes in processes, methods or equipments,

“
&

=» Changes in product design/service design,

v
&

-~ Changes in volume of output or product -mix changes,
~ |nefficient operations (high cost, bottleneck operations),
= |ntroduction of new products/services,

<> Low employee morale.

v
3

¢

0

Question 3: What are the Objectives of Good Plant layout?

Answer 3: The primary goal of the plant layout is to maximize the profit by
arrangement of all the plant facilities to the best advantage of total
manufacturing of the product and the other objectives are

= Efficient utilization of labour and equipment,

= Higher flexibility (to change the layout easily),

= Higher utilization of space, equipment and people (employees),

= |mproved employee morale and safe working conditions,

= |mproved flow of materials, information and people (employees),

= |mproved production capacity,

v
&

~:» Reduced congestion or reduced bottleneck centers,
«» Reduced health hazards and accidents,

w
&

=:» Reduced material handling costs,
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=5 TO allow ease of maintenance,
«> To facilitate better coordination and face-to-face communication where
needed,

v

= To improve productivity,

=5 TO provide ease of supervision,

=5 TO provide product flexibility and volume flexibility,
= TO utilize available space efficiently and effectively.

Question 4: List down the importance of layout
Answer 4.

= Avoidance of Bottlenecks

= Avoidance of Unn ecessary and Costly Changes
= Better Production Control

=, Better Supervision

u
3

=5 Economies in Handling
= Effective Use of Available Area

w
o

= Improved Employee Morale
= |mproved Quality Control

0

<> Improved Utilization of Labour
= Minimization of Production Delays
=5 Minimum Equipment Investment

u
3

Question 5: What way the choices of layout facilitate the organization?
Answer 5:

= Facilitating the flow of materials and information,

= [mproving communication,

= |mproving employee morale,

= [ncreasing customer convenience and sales (inservice organizations),
== |ncreasing the efficient utilization of labour and equipment,

= Reducing hazards to employees.

Question6: What are the fundamental layout choices available to
managers?
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Answer 6:

= \Whether to plan the layout for the current or future n eeds?

= \Whether to select a singlestory or multistory building design?

= \What type of layout to choose?
=5 \What performance criteria to emphasize?

Question7: List down the factors influencing layout choices.

Answer 7:

Sy

Sttt

£

2l

= Location

» Machinery and Equipment
= Managerial Policies

=~ Materials

= Product

Type of industry

= \WWorkers (gender)

[CMAINTER D09, 4 Marks]

Question 8: What are the principles to be borne in mind while designing a
plant layout?

Answer 8:

Sy

= Principle of Minimum Travel:  Men and materials should travel the

shortest distance between operations so as to avoid waste of labour and
time and minimize the cost of materials handling.

= Principle of Sequence: Machinery and operations should be arranged in

a sequential order. This principle is best achieved in product layout, and
efforts should be made to have it adopted in the process layout.

= Principle of Usage: Every unit of available space should be effectively

utilized. This principle should receive top consideration in towns and
cities where land is costly.

« Principle of Compactness: There should be a harmonious fusion of all

the relevant factors so that the final layout looks well integrated and
compact.
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== Principle of Safety and Satisfaction : The layout should contain built in
provisions for safety for the workmen. It should also be planned on the
basis of the comfort and convenience of the workmen so that they feel
satisfied.

= Principle of Flexibility:  The layout should permit revisions with the least
difficulty and at minimum cost.

= Principle of Minimum Investment:  The layout should result in savings
in fixed capital investment, not by avoiding installation of the necessary
facilities but by an intensive, use of available facilities.

[CMAINTER D09, 4 Marks]

Question 9: List down the characteristic of good layout

Answer 9:

= Effective coordination and integration among the various resources.

v
3

-~ Facilitates supervision and control.
= Flexibility for change of layout, expansion, changes in product design and

0w
&

process.

= Good working conditions - lighting, ventilation, temperature, humidity
etc.,

== Maximum utilization of available space.

= Proper location of storage areas.

== Provision of safety and reduction of accidents.

=5 Smooth flow of production (i.e., raw materials and workers).

=5 Smooth movement of men, materials and machinery from place to place.

[CMA INTER J15, 1+5 = 6 Marks]

Question: What do you mean by layout in a production planning system?
Name the various types of layouts?

Question 10: What are the classifications of Layout? Expla in.

Answer 10:

1. Process layout
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Product layout
Combination layout
Fixed position layout
Group layout

[CMA INTER D06, 3 Marks]
Question: Write short note on Process Layout

Milling Lathe » Assembly

Machines
$ s s v
Welding —» Grinding Inspection é’é%%'ic?ng Painting

Process layout is recommended for batch production. All machines
performing similar type of operations are grouped at one location in the
process layout e.g., all lathes, milling machines, etc. are grouped in the shop
will be clustered in like groups. Thus , in process layout, the arrangements of
facilities are grouped together according to their functions.

Advantages:

1.

In process layout machines are better utilized and fewer machines are
required.

2. Flexibility of equipment and personnel is possible in process layout.

3. Lower investment on account of comparatively less number of machines
and lower cost of general purpose machines.

4. Higher utilization of production facilities.

5. A high degree of flexibility with regards to work distribution to
machineries and workers.

6. The diversity of tasks and variety of job makes the job challenging and
interesting.

7. Supervisors will become highly knowledgeable about the functions under
their department.

Limitations

1. Backtracking and long movements may occur in the handling of materials

thus, reducing material handling efficiency.
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2. Material handling cannot be mechanized which adds to cost.

3. Process time is prolonged which reduce the inventory turnover and
increases the process inventory.

4. Lowered productivity due to number of set -ups.

5. Throughput (time gap between in and out in the process) time is longer.

6. Space and capital are tied up by work-in-process.

Product Layout

Tumning Milling Drilling
; — - —  Assembl L Inspection || Package
Operations Machines Machine Y P Dispatch

In this type of layout, machines and auxiliary services are located according
to the processing sequence of theproduct. If the volume of production of one
or more products is large, the facilities can be arranged to achieve efficient
flow of materials and lower cost per unit.

Advantages

1. The flow of product will be smooth and logical in flow lines.

2. In-process inventory is less.

3. Throughput time is less.

4. Minimum material handling cost.

5. Simplified production, planning and control systems are possible.

6. Less space is occupied by work transit and for temporary storage.

7. Reduced material handling cost due to mechanized handling systems and

straight flow.
8. Perfect line balancing which eliminates bottlenecks and idle capacity.
9. Manufacturing cycle is short due to uninterrupted flow of materials.
10. Small amount of work -in-process inventory.
11. Unskilled workers can lear n and manage the production.

Limitations

1. A breakdown of one machine in a product line may cause stoppages of
machines in the downstream of the line.
2. A change in product design may require major alterations in the layout.
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3. The line output is decided by the b ottleneck machine.

4. Comparatively high investment in equipments is required.

5. Lack of flexibility , a change in product may require the facility
modification.

Combination Layout

A combination of process and product layouts combines the advantages of
both typ es of layouts. A combination layout is possible where an item is being
made in different types and sizes.

Combination Layout

T’l Product Layout |

) F F HT GF
P [l W S
s EI—»D\D/ E
o) 3 0
= Cc
=[ |3 O O O C
E @ O
[1+]
R sl O O O s
0 o 0
0 O 3
M O O O
F-Forging hammer H-Hobbing machine
HT-Heat treatment furnace GF-Gear finishing machine
Fixed Position Layout
Ship building yard
Material »
Labour > N Finished
v products (ship)
Equipment »

This is also called theproject type of layout. In this type of layout, the material
or major components remain in a fixed location and tools, machinery, men
and other materials are brought to this location. This type of layout is suitable
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when one or a few pieces of identical heavy products are to be manufactured
and when the assembly consists of large number of heavy parts, the cost of
transportation of these parts is very high.

Advantages

1. Helpsin job enlargement and upgrades the skills of the operators.

2. The workers identify themselves with a product in which they take
interest and pride in doing the job.

3. Greater flexibility with this type of layout.

4. Layout capital investment is lower.

Group Layout (or Cellular Layout)

There is a trend now to bring an element of flexibility into manufacturi ng
system as regards to variation in batch sizes and sequence of operations. A
grouping of equipment for performing a sequence of operations on family of
similar components or products has become the important. GT can be used
to develop a hybrid between pu re process layout and pure flow line (product)
layout. This technique is very useful for companies that produce variety of
parts in small batches to enable them to take advantage and economies of
flow line layout.

Group Layout

\ 4

wy p| wxvyz

# 1 (Mill) # 2 (Drill)

W, X, Y & Z are Components

N >

# 3 (Solder)

# 5 (Polish) #4 (Grind)

WYZ Y

Advantages of Group Technol ogy Layout

1. Component standardization and rationalization.
2. Reliability of estimates.
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3. Effective machine operation and productivity.
4. Customer service.

It can decrease the

1. Paper work and overall production time.
2. Work-in-progress and work movement.
3. Overall cost.

Limitations of Group Technology Layout

This type of layout may not be feasible for all situations. If the product mix is
completely dissimilar, then we may not have meaningful cell formation.

Design of Product Layout

Assembly lines are aspecial case of product layout. In a general sense, the
term assembly line refers to progressive assembly linked by some material
handling device. The usual assumption is that some form of pacing is present
and the allowable processing time is equivalent for all workstations.

Design of Process Layout

Process layouts, the relative arrangement of departments and machines is the
critical factor because of the large amount of transportation and handling
involved.

Procedure for Designing Process Layouts

Process layout design determines the best relative locations of functional
work centers. Work centers that interact frequently, with movement of
material or people, should be located close together.

To minimize transport times and material -handling costs, we would like to
place close together those work centers that have the greatest flow of
materials and people between them.

For manufacturing systems, material flows and transporting costs can be
estimated reasonably well using historical routings for products or through
work sampling techniques applied to workers or jobs.

The amounts and/or costs of flows among work centers are usually presented
using a flow matrix, a flow -cost matrix, or a proximity chart.
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1.

Flow Matrix: A flow matrix is a matrix of the estimated amounts of flow
between each pair of work centers.

Flow -cost Matrix: A basic assumption of facility layout is that the cost of
moving materials or people between work centers is a function of distance
travelled. It is assumed that per unit cost of material and personnel flows
between work centers is proportional to the distance between the centers.
Proximity Chart: Proximity charts (relationship charts) are distinguished
from flow and flow -cost matrices by the fact that they describe
gualitatively the desirability or need for work centers to be close together,
rather than providing quantitative measures of flow and cost. These
charts are used when it is difficult to measure or estimate precise amounts
or costs of flow among work centers. This is common when the primary
flows involve people and do not have a direct cost but rather an indirect
cost, such as when employees in a corporate headquarters move among
departments (payroll, printing, information systems) to carry out their
work.

Question 11: Write short note on organisation of Physical Facilities

Answer 11:

1.

ok~ WD

Factory building: A. Design of the building. B. Types of buildings.
Lighting

Climatic conditions

Ventilation

Work -related welfare facilities

[CMA RTP J11]

Question 12: What do you understand by Ergonomics?

Answer 12: Ergonomics involves fitting job to the worker so as to minimize
fatigue and increase productivity and job satisfaction. Ergonomics uses the
knowledge of anatomy, physiology, psychology, to study the man -machine
system so as to design machine for users, to blend man and machine into
single working unit. Ergonomics facilitates better utiliza tion of human and
physical resources.

252



Ergonomics covers the following areas:

1. Workplace: Consists of layout, information and controls.
2. General environment: Comprises of lighting, ventilation, noise, vibration
and other factors affecting health and wellbeing of workers.

3. Other factors : Fatigue, vigilance, inspection, problem of disabled workers
etc.

PRACTICAL PROBLEMS
Optimizing Layout Using Load Distance Score:

Question 1: Mr. X is considering an interchange of department B and C in the
present layout. The present layout and the handling frequencies between the
departments are given. What would be the effect of interchange assuming
that the departments are of the same size? Also assume that the material
handling cost per unit length travel between department s is same.

A |C|E
B DI|F
From/To /A | B | C | D E F

A 20|70, O 40 O
B -|--/50/200 0 | 10
C - |- |-130 120 40
D - -]-1] - 150|220
E =~ -] - - -- | 30
F I I I - -

{CMA Inter D08, 6 Marks}

Answer: Computation of total cost matrix (combining the interdepartmental
material handling frequencies and distance matrix)
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Handling frequency [F Distance [D] Total Cost = [FxD]
AlB|C| D| E| F A/B C D E|F AlB| C| D| E

A|-|20|70| 0 |40| O -l11112|2/3 -|20/ 70| 0 | 80 170
B|-|- |50 200 0| 10 -1-1211/3|2 -| - 1100 2000 0 | 20| 320
Cl-|- |- | 30120 40 -l-1-1111 2 - -1 -30|12¢ 80| 230
D - |- |- |- 501220 |-|-|-|-12/1 - -1 - - 100 220/ 320
Ef-|- |- |- - | 30 - - -] - 12 -f-1-1-1-130] 30

Total cost for therent matrix 107C

If the Departments are interchanged, the layout will be represented as shown

below

A |B|E

Cc D

The Distance matrix and the cost matrix are shown below:

Handling frequency [F] Distance [D] Total Cost = [FxD] To
Al B| C| D| E F A/B|C/ D E|F Al B| C D E F

Al -|20[70 0 | 40| O 11223 -|120, 70| 0 | 8| 0 | 170
B|-| - |50|200 0| 10 -12(11|2 -| - | 100 200/ O | 20| 320
Cl-]| - 30 | 120 40 -1 -1113|2 - - 30 | 360| 80 | 470
D|-| - - | 50| 220 -l --12]1 - - 100| 220| 320
E|-| - - 30 - - 1 - - - | 30| 30
Total cost for the revised matrix 131(

The interchange of the departments increases the total material handling cost
from 1070 to 1310. Hence it is not desired modification.

Question 2: A defense contractor is evaluating its machine shops current
process layout. The figure below shows the current layout and the table
shows the trip matrix for the facility. Health and safety regulations require

departments E and F to remain at their current positio ns.
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Current Layout
E|B|F
A|C|D

{CMA Inter D12, 5 Marks}

Load Matrix

From/To |A | B|C | D E|F
A -8 95
B - 3
C - 89
D - 3
E -3
F -

Can layout be improved? Also evaluate using load distance (LD) score.
Answer: Keep the departments E and F at the current locations.
= All heavy traffic concerns have to be accommodated first, hence
= C must be as close as possible to both E and F, put C between them.
= Place A directly south of E, and B next to A.
=~ Department D is in the remaining place.
Proposed layout
E C|F

A B |D

The load distance (LD) scores for the existing and proposed layout are shown
below.

Existing plan | Proposed plan
] D LD D LD
A-B | 8 2 16 1 8
A-C (3| 1 3 2 6
A-E |9 1 9 1 9
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A-F |5 3 15 3 15
B-D | 3 2 6 1 3
CE 8| 2 16 1 8
C-F 9] 2 18 1 9
D-F | 3 1 3 1 3
E-F |3 2 6 2 6
Total 92 67

Where, L ¢+ Load, D t Distance & LD t [Load x Distance]
As LD score for proposed layout indicates improvements over existing.

Question 3: Given below is the existing process layout of a factory

manufacturing toys:

The following table gives the trip matrix for the unit. Arrive at an improved
layout using the Load Distance matrix assuming that E and F should remain

at their current positions:

From/To | A B|C D EF
A o s 2 |1]-
B -/-]/1]- 6|5
C - - (- 11]4]-
D - |- 1-1-1-15
E - - - ]- ]2
= S IR [ (DU O

{CMA inter D10, 6 marks}
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Answer 3: Load distance factor for present layout

Handling frequenc Distance [D] Total Cost = [FxL
A/B|C|D|E|F| |A|B|C|D|/E|F| |A|B|C|D|E|F
Al-1-|22(1-| |-11/22[2|2] |- -|4|4|2 -9
Bl-[-|a[-|6[5]| |-[-]2]2]2]2]| [-]-]1]-]|12 10 23
Cl-|-|-|2a|-| |-|-|-12/2|3| |-|-|-|2|4]-
Df-|-|-|-|-|5||-|-|-|-13/2 |-|-|-|-]|-+
El-|-1-1-1-12] |-|-f-1-1-12| |-1-|-|-]-
Total cost for the current matrix 45
Proposed layout
C|A D
E B |F
Handling .
frequency [F] Distance [D] Total Cost = [Fx
A B C D|E|lF A B C|ID EF A/ B C D|E|lF
A-|-1212|1]f- - faf1fafz2f2f |- 2(2|12|-16
Bl-/ -1 -|6|/5|-|-/2|2 1|1 |- 2|-16/5 13
Cl-|-|-1114]- - - f-12(2f3) |- -1214)-
Dl-|-|-|-|-]5 - - -1 -3 1 |- - -
El-|-]-|-]- - f-f-f-1-12 - - -
Total cost for the current matrix &2

The proposed layout is cheaper by 13 compared to the current layout, hence
new layout is accepted.
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2.6. RESOURCE AGGREGATE PLANNING

Aggregate planning :

a0

Meaning: the production planning of the quantity and timing of
output

Period:

o intermediate range planning (often 3 to 18 months) and

o link between short-term and long-term planning

Plan of production by adjusting

0 the production rate | employment,

o inventory and | other controllable variables.
Aggregate: concerned with gross production of homogeneous
goods

Aggregate planning guidelines

© N o gk DN

Determine corporate policy regarding controllable variables.
Use a good forecast as a basis for planning.

Plan in proper units of capacity.

Maintain the stable workforce.

Maintain needed control over inventories.

Maintain flexibility to change.

Respond to demand in a controlled manner.

Evaluate planning on a regular basis.

Properties:

1.

Both output and sales should be expressed in a logical overall unit of
measuring.

Acceptable forecast for some reasonable planning period, @y one year.
A method of identification and fixing the relevant costs associated with
the plan

Facilities that are considered fixed to carry out the objective.
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Strategies:

1. Chase demand stréatégyy production to match demand by changes in employment
2. Lewl production strat@Byoduce at a constant rate and use inventories
3. Stable weftirce strate@pProduce with stable workforce but vary the utilization rate

Cost for aggregate planning :

Subcontracting work to othe Higher labour and material costs

Decision variable Associated cost
1 Varying size of work force  Hiring, training, and layoff costs
2 Using overtime or accepting Wage premiums anebdoctive time ¢
3 Varying inventory levels Carrying and storage costs
4 Accepting back orders Stock out codizsbbrders
5
6

Changing the use of existin¢ Delayed response and higher fixed

Mixed strategies : The number of mixed strategy alternative production plans
is almost limitless. However, the realities of the situation will most likely limit
the number of practical solutions. These can be evaluated on a triatand-error
basis to find which plan best satisfies the requirements, taking cost,
employment policies, etc., into account.

PRACTICAL PROBLEMS
Chase demand strategy: varying work force

Question 1: A Company has estimated its quarterly demand as shown below
and wishes to restore ending inventory, employment, etc., to beginning levels
accordingly.

Quarter Units Demand

st 500
2nd 900
3 700
4t 300
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Each quarterly change of 200 units output has an incremental labour cost of
2,000 and ending levels must be restored to initial levels [2 employees]. What
is the cost associated with changing the work force size?

Answer:

Period Demand Work force require d Change of work Cost

1 500 3 1 2,000
2 900 5 2 4,000
3 700 4 1 2,000
4 300 2 2 4,000
Total Cost 6 12,000

Chase demand & stable work force strategy: overtime and idle time

Question 2: Maintain a stable work force capable of producing 600 units per
guarter, and use over time (OT) (at 5 per unit) and idle time (IT) (at 20 per
unit).

Answer:

Period Demand OT production Idle Time (IT) Costin

(units) (units)
1 500 - 100 2,000
2 900 300 - 1,500
3 700 100 - 500
4 300 - 300 6,000
Total Cost 10,000

As shown in above table, 400 units will be produced on overtime, and
workers will be idle when400 units could have been produced. Total cost is
10000.
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Level production & stable work force strategy: vary inventories levels

Question 3: Vary inventory lev els, but maintain a stable work force
producing at an average requirement rate of (2,400 units / 4 quarters) 600
units per quarter with no OT or no IT. The carrying cost (based on average
inventory) is 32 per unit per year, and the firm can arrange to have whatever
inventory level is required before period | at no additional cost. Annual
storage cost (based on maximum inventory) is 5 per unit.

Answer:

Quarter Forecast Rate of Closing End balance

production  palance

1 500 600 100 400
2 900 600 -200 100
3 700 600 -300 0
4 300 600 0 300
Total 2400 800

As shown in above table, inventory is accumulated during quarters 1 and 4,
and depleted in quarters 2 and 3. The preliminary inventory balance column
shows a negative inventory of 300 in quarter 3, so 300 must be on hand at the
beginning of quarter 1 to pr event any shortage.

The average inventory on hand is the ending balance total of 800 units
divided by 4 quarters = 200 units.

Carrying cost, CC (on avg. 32p.u./p.a.x200units 6,400
inventory)

+ Storage cost,CS(on max. inventory) 5p.u./p.a.x 400 units 2,000
Total inventory cost (Cc +Cs) 8,400
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Accepting back orders & stock -out costs

Question 4: Produce at a steady rate of 500 units per period, and accept a
limited number of back orders when demand exceeds 500. The Stock out cost
of lost sales is 20 per unit.

Answer:

Assumption: Back Order is limited with 200 units and fulfilled in the 2 nd
Quarter to Back order

Quarter Forecast Rate of Back order Lost order

production
1 500 500 - 0
2 900 500 (200) 200
3 700 500 200
4 300 500 200 0
Total 2400 0 400

Excess demand in 24 quarter is met out of excess production in 4t quarter.

Excess demand in other quarters is lost. [loss =400 units x20 = ] 8, 000

Level production strategy & stable work force strategy: sub contract

Question 5: Produce at a steady rate of 300 units pemperiod, and subcontract
for excess requirements at a marginal cost of 8 per unit.

Answer:

Qt. Demand unit Production Subcontract Unit Subcontract Cost

1 500 300 200 1,600
2 900 300 600 4,800
3 700 300 400 3,200
4 300 300 0 0
Total 1200 9,600

Conclusion: Among the 5 decision variables considered above, accepting
back orders results in the least cost (8,000).
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Mixed Strategy

Question 6: Custom Furniture Co. currently has 100 employees and has
forecast quarterly demand as shown in Table given below. The historical
average production rate is 40 units per employee per quarter, and the firm
has a beginning (safety stock) inventory of 1,000 urits. The hiring and
training cost is 400 per employee, and the layoff cost is 600 per employee.
Inventory is carried at a cost of 8 per unit per quarter. Use the data to
develop an aggregate plan that uses variable employment and inventory to
meet demand.

Quarterly demand forecast for furniture manufacture
Quarter 1 2 3 4 Total
Demand 3,500 5,000 4,000 3,450 15,950

Answer: One of the many possible alternatives explained below.

Many others, including better ones, are possible.

Qtr. Deman Number ¢ Change i Total Closin¢ Stock Hiring Layoff

employee employee output StocK Cost Cost CoOst
1 3,500 100 - 4,000 1,500 12,00C - -
2 5,000 120 +20 4,800 1,300 10,40C 8,000 -
3 4,000 80 -40 3,200 500 4,000 - 24,00(
4 3,450 100 +20 4,000 1,050 8,400 8,000 -
Total Cost 34,800 16,00( 24,000
Overall Total Cost 74,800

Assumptions: Increase the number of employees in the 29 and 4" quarters
by 20 employees each and reduce in the 8 quarter by 40 employees

Question 7: The order position (i.e., requirements of dispatch) for the next
twelve months in respect of a particular product is as under:

YClosing stock = Opening stock + Total outjpubemand
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Month 1 2 3 45 6 7 8 9 10 11 12
11 UPUI Ew4 (13 12 10 9 11 13 11 7 15 13 12 10

The production capacity of the shop is 10000 units per month on regular basis
and 3000 units per month on overtime basis. Subcontracting can be relied
upon up to a capacity of 3000 units per month after giving a lead time of 3
months. Cost data reveal as under:

Cost per piece onregular basis. 5
Cost per piece on overtime basis. 9
Cost per piece on subcontract basis. 7

Assuming an initial inventory of 1000 units with stock holding cost of 1 p.u.
/ p.m. and that no back logging of orders is permissible, suggest an optimal
production schedule. Also work out the total cost on the basis of the
suggested schedule.

Answer: Calculation of total cost for the mixed strategy

sYY'
Month Req Production Units Closing
Units Sub-contract order  stock
Regular Over Placed delivered
Time Time for

1 13 10 2 - - 0
2 12 10 2 - - 0
3 10 10 0 3 - 0
4 9 10 0 1 - 1
5 11 10 0 - - 0
6 13 10 0 2 3 0
7 11 10 0 3 1 0
8 7 10 0 2 - 3
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9 15 10 0 - 2 0

10 13 10 0 - 3 0

11 12 10 0 - 2 0

12 10 10 0 - - 0

Total 136 120 4 11 4

Cost p.u. 5 9 7 1

Total Cost 600 36 77 4
Total Cost 717

Question 8: From the following forecast determine the monthly inventory
balances required to follow a plan of letting the inventory absorb all
fluctuations in demand. In this case, it is assumed to have a constant work
force, no idle time or overtime, no back orders, no use of subcontractors, and
no capacity adjustment. Assume that the firm does not use safety stock or
cushion inventory to meet the demand.

Month Jan Fek Mar April May June July Aug Sep Oct Nov Dec
Forecast dem: 220 90 21C 396 61€ 700 378 220 200 11! 95 260
Productionin¢ 22 18 21 22 22 20 21 22 20 23 19 20

Answer 8:

Note: Average production per day = =" =14 units

Month  Production > Demand Closing Closing
Stock®  Stock [R]7

Jan 308 220 88 654
Feb 252 90 250 816
Mar 294 210 334 900

BProduction = Number of days x Average production per day

Closing stock = Opening stock + ProductioBemand

Closing stock [R] = Closing stock is calculated assuming the opening stock of 566 units
[the maximum stock out] in order to avoid stoak o
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Apr
May
June
July
Aug
Sep
Oct
Nov

Dec

308
308
280
294
308
280
322
266
280

396
616
700
378
220
200
115
95
260

246
-62
-482
-566
-478
-398
-191
-20

812
504
84

88
168
375
546
566
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2.7 MATERIAL REQUIREMENTS PLANNING

[CMA INTER DO1]

Questionl: What is Selective Inventory Control? Briefly discuss the main
areas of its application

Answer: Selective Inventory Control refers to the variation in method of
control from item to item on some selective basis. Items of inventory are
classified on the basis of usefulness and careSome items need greater care,
some need many criteria used for this purpose.

They are

1. Based on the cost of the production

2. Leadtime.

3. Usage rate.

4. Procurement difficulties, criticality, frequency of usage.

[CMA INTER JO2]

Question 2: Write briefly the various reasons for holding inventory in the
context of operation management.

Answer:

1. To stabilize Production: The demand for an item fluctuates because of
the number of factors. E.g. season, production schedule etc. The
inventories (Raw materials and components) should be made available to
the production as per the demand failing which results in stock out and
the production stoppage takes place for want of materials. Hence, the
inventory is kept to take care of this fluctuation so that the production is
smooth.

2. To take advantage of price discounts: Usually the manufacturers offer
discount for bulk buying and to gain this price advantage the materials
are bought in bulk even though it is not required immediately. Thus
inventory is maintained to gain economy in purchasing.

3. To meet the demand during th e replenishment period: The lead time for
procurement of materials depends upon many factors like location of the
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source, demand supply condition etc. So inventory is maintained to meet
the demand during the procurement (replenishment) period.

To prevent | oss of orders (Sales):In this competitive scenario, one has to
meet the delivery schedules at 100%service level, means they cannot
afford to miss the delivery schedule which may result in loss of sales. To
avoid this, the organizations have to maintain in ventory.

To keep pace with changing market conditions: The organizations have
to anticipate the changing market sentiments and they have to stock
materials in anticipation of non -availability of materials or sudden
increase in prices.

Sometimes the organiz ations have to stock materials due to other
reasons like supplierszminimum guantity condition, seasonal availability
of materials or sudden increase in prices.

Question 3: What are the objectives of MRP?

Answer:

1.

2.
3.
4

Inventory reduction

Reduction in the manufacturing and delivery lead times
Realistic delivery commitment

Increased efficiency

Question 4: What are the functions served by MRP?

Answer:

1. Order planning and control

2. Priority planning and control

3. Provision of a basis for planning capacity requirements and developing a

broad business plan.

[CMA INTER JO5]

Question 5: Describe the advantages and disadvantages of a materials
requirement planning (MRP) system.

Answer: Advantages of MRP system
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Ability to price more competitively

Reduced sales pice and reduced inventory

Better customer services & better response to market demands

Ability to change the Master Schedule & Order Quantity

Reduced setup and tear down costs & reduced idle time

Advance delay or cancel orders as well as their due dates

Aids capacity planning

Gives advanced notice so that managers can see the planned schedule
before actual release of orders.

9. Tells when to expedite as well as de-expedite or relax

© N o g DN

Disadvantages of MRP System
1. Successful implementation of MRP requires organizational discipline.
2. Problems of integration between MRP & JIT might surface
3. Lack of top management commitment, since MRP sounds like a
manufacturing system rather than as a business planning tool and needs
executive education for it to be used as a ¢osed-loop, integrated strategic
planning tool
4. MRP is perceived as a complete standalone system to run a firm rather
than as a subset of a total system
5. It requires a high degree of accuracy for operation, often requiring
changes in how the firm operates and in updating files
6. MRP is rigid in the sense that when MRP develops a schedule, it is rather
difficult to veer away from the schedule.
Material requirement planning (MRP) refers to the basic calculations used to
determine component requirements from end item requirements.
?, EOI UPEOUwW11 gUPUI Ol O0w/ OEOOPOT wp, 1/ AwbU
guantity and timing for the acquisition of dependent demand items needed
UOWUEUDPUI awOEUUI UwxUOEUEUDPOOWUET T EUOT wUI ¢
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2.8MANUFACTURING RESOURCE PLANNING (MRP II)

Manufacturing Resource Planning (MRP 1) has been developed by
manufacturing companies for address the planning and controlling of a
manufacturing process and all of its related support functions. It
encompasses logically correct planning and control activities related to
materials, capacity, finance, engineering, sales and marketing.

MRP 1l is universally applicable to any manufacturing organization
regardless of its size, location, product or process. MRP Il is a management
process for taking the business plan and breaking it down into specific,
detailed tasks that people evaluate, agree upon and are held accountable for.
It involves all departments viz., materials department, engineering
department that must maintain bill of mate rials, sales / marketing
department that must keep sales plan upto date, purchasing and
manufacturing departments that must meet due dates for bought out items
and in-house manufactured items respectively.

From MRP | to MRP II: manufacturing resource planning (MRP 1l) is a

natural outgrowth of materials requirement planning (MRP |) whereas MRP

| focuses upon priorities of materials, CRP is concerned with time. Both

material and time requirement are integrated within the MRP system (i.e.,

MRP I). Beyond thisOw, 1/ w( ( wi EVUWETI 1 OWEODPOI EwUOOws EOO
financial, accounting, personnel, engineering and marketing information

along with the production planning and control activities of basic mrp

systems. MRP Il is the heart of corporate managementinformation system for

many manufacturing firms.

Evolution of MRP II:  the earlier resource requirement planning systems were
guite simple and unsophisticated. The MRP technique was used for its most
limited capability to determine what materials and compo nents are needed,
how many are needed and when they are needed and when they should be
ordered so that they are likely to be available when needed. In other words,
MRP simply exploded the mps into the required materials and was conceived
as an inventory control tool or a requirements calculator. Later the logic of
mrp technique was extended to serve as the key component in an information
system for planning and controlling production operation and purchasing. It
was helpful to production and operations mana gers to determine the relative
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priorities of shop orders and purchase orders. As a manufacturing planning
and control system, MRP laid the basic foundation for production activity
control or shop-floor control.
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2.9. ENTERPRISE RESOURCE PLANNING

[CA FINAL NO6, 2 Marks]
Question: What do you mean by ERP?

Answer: Enterprise resource planning (ERP) software (i) attempts to

integrate all departments and functions across a company into a single
EOOxUUIl UwUauUUl OwUT EVWEEOwWUI U ¥ panict@Ow 0T OUI
needs. In fact ERP combines all computerized departments together with the

help of single integrated software that runs off a single database so that

various departments can more easily share information and communication

with each other

[CA FINAL M04, NO6 & N10, 4, 3 & 4 Marks]
Question: Name six benefits of ERP in an enterprise.
Answer: Benefit of ERP

Product costing.

Inventory management.

Distribution and delivery.

E-commerce.

Automatic control of quality.

Sales service.

Improved production planning.

Quick response to change in market condition.
Competitive edge by improving business process.

© 0N kDR

[CA FINAL M03, NO4 & NO7, 3, 4 & 4 Marks]

Question: State the major features of Enterprise Resource Planning ERP)
Answer: The major features of Enterprises Resource Planning (ERP) are:

9 It provides company -wide integrated information systems covering all
functional areas.

1 It performs core activities and increases customer services thereby
projecting the corporate image.
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It bridges the information gap in the organisation.

If allows for automatic introduction of latest technology like electronic
fund transfer, etc.

It provides for improving and refining the bu siness process
It offers a solution to better project management.

It eliminates business problems like shortage of material, inventory
problem etc.

It provides complete integration of systems, not only across departments,
but also across the companies unde same management.
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2.10. ECONOMIC BATCH QUANTITY

Owé & £€0A0KEO WE 0 QO

N
ogS: |

A t Annual demand, S ¢+ Set up cost, and Ct Carrying cost p.u. p.a.

Question 1: A television company manufactures several components in
batches The following data relate to one component:

Annual demand 32,000 units| Annual rate of interest 12%

Set up cost / batch 120 | Cost of production per unit 16

Calculate the Economic Batch Quantity (EBQ)

Answer: O ¢ & £00I'IBRITQERO Qo

¢

cmm@l E

Question 2: OPTIMA Ltd is committed to supply 24,000 bearings per annum

to BKT Ltd. on a steady basis. It is estimated that it costs 2.40 as inventory
holding cost per bearing per annum and that the set-up cost per run of
bearing manufacture is 648. What would be the optimum run (batch) size

for bearing manufacture?

{CMA inter J14, 2 marks}

Answer: O® ¢ &€ £04i "N 100G 0 Qo

op TAAAOET CO

h
8

Question 3: X Ltd. is committed to supply 24,000 bearings per annum to Y
Ltd. on a steady basis. Itis estimated that it costs 10 paise as inventory holding
cost per bearing per month and that the setup cost per run of bearing
manufacture is 324.

1. What would be the optimum run size for bearing manufacture?
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2. Assuming that the company has a policy of manufacturing 6,000 bearing
per run, how much extra costs the company would be incurring as
compared to the optimum run suggested in (a) above?

3. What is the minimum inventory holding cost?

{CA inter NOO}

Answer:
L. €O ¢ CMMNOCT . .- . ..
0o v - nal EOO
p 5 o8 otp
(2) Extra cost incurred by the company
Run size 3,600 u 6,000 u
Setupcost |G M Tyci 21606 o Mool 1296
clp It m QT
Carrying cost ofp T T 2,160 pmmm 3,600
— P8 — ¢
q q
Total cost 4,320 4,896

Additional cost because of improper run size is [4,896 ¢+ 4,320] = 576

EBQ with constant production

Question 4: X limited is manufacturing lifting tools. These lifting tools are
made of polypropylene fiber. The company installed a plant for backward
integration of its raw material polypropylene fiber. It produces these
polypropylene fibers at the rate of 5,000 mt per hour. The usage rate of these
fibers for the production of lifting tool is 20,000 mt per day considering 8
hours working per day. The cost of fiber is 5 per meter. The inventory
carrying cost is 25% and the setup cost are 4050 per set up. Conpute
optimal number of cycle required in a year for the manufacture of this special
fiber. (Take 365 days as number of days for the year in your computations).

Answer2:%" s EO®OBIT AOA O+
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Where,

A = Annual demand

S = Cost per setup

C = Carrying Cost per unit per annuam
d = Demand rate per day

p = Production rate per day

Other models
Economic Ordering Quantity with Backlog

EBQ with backlog [q]= —x —

Backlog Quantity [b*] =
Economic Ordering Quantity with Back log and Production

X JR—

EBQ with backlog and production [q 1] =

Backlog Quantity with Production [b ] =

Where,

A = Annual demand

S = Cost per setup

C = Carrying Cost per unit per annuam
p = Production rate

¢ = Consumption rate

B = Backlog cost

0 x mimmnmn
0 omp Yt

ofmp pa @
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3 DESIGNING OF OPERATIONAL SYSTEM AND
CONTROL

Production Design

Importance of Product Design Production or operations strategy is directly

influenced by product design for the following reasons:

1. As products are designed, all the detailed characteristics of each product
are established.

2. Each product characteristic directly affects how the product can be made
or produced (i.e., process technology and process design) and

3. How the product is made determines the design of the production system
(production design) which is the heart of production and operations
strategy.

Further, product design directly affects product quality, production costs and
customer satisfaction. Hence, the design of ptoduct is crucial to success in
UOEEazUwl OOEEOWEOOxT UPUDPOOS w

A good product design can improve the marketability of a product by making
it easier to operate or use, upgrading its quality, improving its appearance,
and/or reducing manufacturing costs.

A distinctive design may be the only feature that significantly differentiates
a product. An excellent design includes usability, aesthetics, reliability,
functionality, innovation and appropriateness. An excellent design provides
competitive advantage to the manufacturer, by ensuring appropriate quality,
reasonable cost and the expected product features. Firms of tomorrow will
definitely compete not on price and quality, but on product design.

What Does Product Design Do?

The activities and responsibilities of product design include the following:

1. Translating customer needs and wants into product and service
requirements (marketing).

2. Refining existing products (marketing).

3. Developing new products (marketing, product design and production).

4. Formulating quality goals (quality assurance, production).
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5. Formulating cost targets (accounting).
6. Constructing and testing prototype (marketing, production).
7. Documenting specifications (product design).

Reasons for Product Design or Redesign

The most obvious reason for product design is to offer new products to
remain competitive in the market. The second most important reason is to
make the business grow and increase profits. Also, when productivity gains
result in reduction of workforce, developing new products can mean adding

jobs and retaining surplus workforce instead of downsizing by layoffs/

retrenchment.

Sometimes product design is actually redesign or modification of existing
design instead of an entirely new design. The reasons for this include
customer complaints, accidents or injuries during product use, excessive
warranty claims or low demand. Sometim es product redesign is initiated to
achieve cost reductions in labour and material costs.

Obijectives of Product Design

1. The overall objective is profit generation in the long run.
To achieve the desired product quality.

To reduce the development time and cost to the minimum.
To reduce the cost of the product.

a s~ wD

To ensure producibility or manufacturability (design for manufacturing
and assembly).

Factors Influencing Product Design

1. Customer requirements: The designers must find out the exact
requirements of the customers to ensure that the products suit the
convenience of customers for use. The products must be designed to be
used in all kinds of conditions.

2. Convenience of the operator or user: The industrial products such as
machines and tools should be so designed that they are convenient and
comfortable to operate or use.

3.2



. Trade off between function and form: The design should combine both
performance and aesthetics or appearance with a proper balance between
the two.

. Types of materials used: Discovery of new and better materials can
improve the product design. Designers keep in touch with the latest
developments taking place in the field of materials and components and
make use of improved materials and components in their product designs.
. Work method s and equipments: Designers must keep abreast of
improvements in work methods, processes and equipments and design
the products to make use of the latest technology and manufacturing
processes to achieve reduction in costs.

. Cost / Price ratio: In a competitive market, there is lot of pressure on
designers to design products which are cost effective because cost and
guality are inbuilt in the design. With a constraint on the upper limit on
cost of producing products, the designer must ensure cost effective
designs.

. Product quality: The product quality partly depends on quality of design
and partly on quality of conformance. The quality policy of the firm
provides the necessary guidelines for the designers regarding the extent to
which quality sh ould be built in the design stage itself by deciding the
appropriate design specifications and tolerances.

. Process capability: The product design should take into consideration the
guality of conformance, i.e., the degree to which quality of design is
achieved in manufacturing. This depends on the process capability of the
machines and equipments. However, the designer should have the
knowledge of the capability of the manufacturing facilities and specify
tolerances which can be achieved by the available nachines and
equipments.

. Effect on existing products: New product designs while replacing existing
product designs, must take into consideration the use of standard parts
and components, existing manufacturing and distribution strategies and
blending of new manufacturing technology with the existing one so that
the costs of implementing the changes are kept to, the minimum.
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10.Packaging: Packaging is an essential part of a product and packaging

design and product design go hand in hand with equal importance.
Packaging design must take into account the objectives of packaging such
as protection and promotion of the product. Attractive packaging
enhances the sales appeal of products in case of consumer products
(nondurable).

Characteristics of good Product Design

1.

function or performance: The function or performance is what the

customer expects the product to do to solve his/her problem or offer

certain benefits leading to satisfaction. For example, a customer for a
motor bike expects the bike to start with a few kicks on the kick peddle

and also expects some other functional aspects such as pickup, maximum

speed, engine power and fuel consumption etc.

. appearance or aesthetics: This includes the style, colour, look, feel, etc.

which appeals to the human sense and adds value to the product.
reliability: This refers to the length of time a product can be used before it
fails. In other words, reliability is the probability that a product will
function for a specific time period without failure.

maintain ability: Refers to the restoration of a product once it has failed.
High degree of maintainability is desired so that the product can be
restored (repaired) to be used within a short time after it breaks down.
This is also known as serviceability.

availability: This refers to the continuity of service to the customer. A
product is available for use when it is in an operational state. Availability
is a combination of reliability and maintainability. High reliability and
maintainability ensures high availabi lity.

. Productibility: This refers to the ease of manufacture with minimum cost

(economic production). This is ensured in product design by proper
specification of tolerances, use of materials that can be easily processed
and also use of economical processs and equipments to produce the
product quickly and at a cheaper cost.
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7. Simplification: This refers to the elimination of the complex features so
that the intended function is performed with reduced costs, higher quality
or more customer satisfaction. A simplified design has fewer parts which

8. Standardisation: Refers to the design activity that reduces variety among
a group of products or parts. For example, group technology items have
standardised design which calls for similar manufacturing process steps
to be followed. Standard designs lead to variety reduction and results in
economies of scale due to high volume of production of standard
products. However, standardised designs may lead to redu ced choices for
customers.

9. Specification: A specification is a detailed description of a material, part
or product, including physical measures such as dimensions, volume,
weight, surface finish etc. These specifications indicate tolerances on
physical measures which provide production department with precise
information about the characteristics of products to be produced and the
processes and production equipments to be used to achieve the specified
tolerances (acceptable variations). Interchangeability of parts in products
produced in large volumes (mass production and flow -line production) is
provided by appropriate specification of tolerances to facilitate the desired
fit between parts which are assembled together.

10.Safety: The product must be safe to the user and should not cause any
accident while using or should not cause any health hazard to the user.
Safety in storage, handling and usage must be ensured by the designer and
a proper package has to be provided to avoid damage during
transportation an d storage of the product. For example, a pharmaceutical
product while used by the patient, should not cause some other side effect
threatening the user.
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Process Design & Selection

Process Design is concerned with the overall sequences of operations
required to achieve the product specifications. It specifies the type of work
stations to be used, the machines and equipments necessary to carry out the
operations. The sequence of operations are determined by

(a)the nature of the product,

(b)the materials used,

(c)the quantities to be produced and

(d)the existing physical layout of the plant.

The process design is concerned with the following:

1. Characteristics of the product or service offered to the customers.

2. Expected volume of output.

3. Kinds of equipments and machines available in the firm.

4. Whether equipments and machines should be of special purpose or
general purpose.

Cost of equipments and machines needed.

6. Kind of labour skills available, amount of labour available and their wage

o

rates.
7. Expenditure to be incurred for manufacturing processes.
8. Whether the process should be capitatintensive or labour -intensive.
9. Make or buy decision.
10.Method of handling materials economically.

Process Planning

Process planning refers to the way production of goods or services is
organised. It is the basis for decisions regarding capacity planning, facilities
(or plant) layout, equipments and design of w ork systems. Process selection
is necessary when a firm takes up production of new products or services to
be offered to the customers.

Three primary questions to be addressed before deciding on process selection
are:

1. How much variety of products or serv ices will the system need to handle?
2. What degree of equipment flexibility will be needed?
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3. What is the expected volume of output?

selection for the purpose of transforming resource inputs into goods and
services (outputs). The objective of a process strategy is to find a way to
produce goods and services that meet customer requirement and product
specification (i.e., design specifications) within the constraints of cost and
other managerial limitations. The process selected will have a long-term
effect on efficiency and production as well as flexibility, cost, and quality of
the goods produced. Hence it is necessary that a firm has a sound process
strategy at the time of selecting the process.

Key aspects in process strategy include:
1. Make or buy decisions

2. capital intensity and

3. Process flexibility

Make or buy decisions refer to the extent to which a firm will produce goods
or provide services in-house or go for outsourcing (buying or
subcontracting).

Capital intensity refers to the mix of equipment and labour which will be
used by the firm.

Process flexibility refers to the degree to which the system can be adjusted
to changes in processing requirements due to such factors as changes in
product or service design, changes in volume of products produced and
changes in technology.

Three process strategies: Virtually every good or service is made by using
some variation of one of three process strategies. They are: (i) process focus
(ii) repetitive focus and (iii) product focus.

Exhibit 1 illustrates the relationship between the three process strategies and
volume and vari ety of products produced.

Each of these three strategies are discussed below:

1. Process focus: Majority (about 75 per cent) of global production is
devoted to low volume, high variety products in manufacturing facilities
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called job shops. Such facilities are organised around performing
processes. For example, the processes might be welding, grindingor
painting carried out in departments devoted to these processes. Such
facilities are process focussed in terms of equipment, machines, layout
and supervision. They provide a high degree of product flexibility as
products move intermittently between proc esses. Each process is
designed to perform a wide variety of activities and handle frequent
changes. Such processes are called intermittent processes. These facilities
have high variable costs and low utilisation of facilities.

2. Repetitive focus: A repetitive process is a product oriented production
process that uses modules. It falls between product focus and process
focus. It uses modules which are parts or components prepared often in a
continuous or mass production process. A good example of repetitive
process is the assembly line which is used for assembling automobiles
and household appliances and is less flexible than processfocused
facility. Personal computer is an example of a repetitive process using
modules in which the modules are assembled to get a custom product
with the desired configuration.

3. Product focus: It is a facility organised around products, a product
oriented, high-volume low -variety process. It is also referred to as
continuous process because it has very long continuous production run.
Examples of product focussed processes are steel, glass, paper, electric
bulbs, chemicals and pharmaceutical products, bolts and nuts etc.
Product-focussed facilities need standardisation and effective quality
control. The specialised nature of the facility requires high fixed cost, but
low variable costs reward high facility utilisation.

Table: Gives a comparison of three choices namely process focus, repetitive
focus and product focus
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Exhibit 1 : Process Selected Must Fit with Volume and Variety

Low volume Repetitive process High volume
High variety, (intermittent) (modular) (continuous)
one or few
units per run. Process focu
(allows =

Projects, job shops
(machine, printing
carpentry)

customisation) Poor Strategy

(fixed cost and
change over
costs are high)
Modest runs,
standardised
modules
(changes in
modules)

Repetitive focus
(automobiles, motor
cycles)

long runs
only, changes
in attributes
(grade, quality,
size, thickness)

Product focus

Poor strategy (Steel, Glass, Bread)

(variable costs
are high)

~——3 Variety (flexibility)

— Volume

Product Life Cycle

Products, like men, are mortal. They flour ish for a time, then decline and die.
The life cycle of a product has many points of similarity with the human life
cycle. A product is born, grows lustily, attains a dynamic maturity, then
enters its declining years. Like a human being a product that has not built up
its potential during its formative years is likely to be relatively unsuccessful
on its maturity. But, there are critical differences between the product and the
human life cycle. For instance, every person has an average life expectancy.
But the life expected of a product varies widely.

The concept of product failure is applicable both to new products and the

existing ones. There may, however, be varying periods of life spans for each

product: some failing immediately, other living for a longe r period. The

x UOEUEUOwWUT UUOwWT EVUw?0Pi 1 wEAEOI U2 wuNUUUWEU
product passes through various stages, until it is finally abandoned, i. e..

discontinued from the market. These stages taken together are referred, to as

20T 1 WEWMLDDI 1T WEAEOTI 28 w31 PUwOPI | wEAEOT wOi w
Introduction, Growth, Maturity and Decline. It should be noted that it is

purely a theoretical concept.

This may graphically be represented fig. in below:

39



The introduction stage is preEl El Ew Eaw s xUOEUEUPOOwW xO
EIl YI OOxO01 OUz63T PUw xi UPOEwW UI gUPUI Uw T Ul EU!
should be gradually recouped as the sales pick up. The concept of life cycle

would give the management an idea as to the time within which the original

investment could be recouped.

SALES
VOLUME
::_,%/ PROFIT
INTRODUCTION GROWTH MATURITY ﬁ

Fig. : Product life Cycle.

—

After testing, a product enters the introduction stage and the product will
then become available in the national market. Sales would begin gradually as
potential buyers learn of the product through advertising and other selling
techniques. But the profits will be low as part of the investment is to be
recouped besides heavy expenditure on selling.

In the growth stage, both sales and profits will begin to increase. It is here
that similar other new products begin to appear in the market as substitutes
and offer competition. The management, therefore, should try to change its
xUOEUEU26w UwOT 1l wl OEwOl wUOT PUWUUETT QwUIT 1T w
get completed and the prices, if necessary, are reduced a little.

The third stage is the maturi ty stage. During this stage the manufacturers
introduce new models or adopt methods such as trading -in, etc., to promote
the sale of their brands with a view to retaining their position in the market.
The number of buyers will continue to grow, but more sl owly. In economic
terms this is the stage where supply exceeds demand. Some of the
promotional efforts may lengthen the span of this stage but they will not offer

a permanent solution.

At the final stage of decline, profit margins touch a low level, compe tition
becomes severe and customers start using newer and better products. It is
here that the story of a product ends-a natrural but hard end.
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The above discussion concentrates only on the life cycle of a product,
beginning with its introduction into the market (i.e., post-marketing). But a
series of processes are to be undertaken by the management prior to the
introduction of a product. The diagram given above is presented in an
enlarged form to incorporate the preintroduction (or pre -marketing) stages
also.

Product life cycle concept may be used as a managerial tool. Marketing
strategies must change as the product goes through the life cycle. If managers
understand the cycle concept they are in a better position to forecast the
future sales activities and plan marketing strategies. The following points,
however, may be kept in mind in using this concept.

Process Selection
Question: List down the process design -framework
Amswer:

1. Characteristics of the product or service offered to the customers,
Expected volume of output,
Kinds of equipments and machines available in the firm,

o DN

Whether equipments and machines should be of special purpose or
general purpose,

Cost of equipments and machines needed,

Kind of labour available, amount of labour available and their wage rates,
Expenditure to be incurred for manufacturing processes,

Whether the process should be capitatintensive or labour -intensive,
Make or buy decision and

© 0 N o Ou

10. Method of handling materials economically.

Process decisions
Process choice

Out of (1) Job shop (2) Batch (3) Repetitive or assembly line (4) Continuous &
(5) Project
Vertical integration

a. Backward integration
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b.

Forward integration

Procedure for process planning and design

1.

The inputs required comprise the product design information,
production system information and product strategy decisions.

Process planning and design starts with selection of the types of
processes, determining the sequence of operationselection of equipment,
tooling, deciding about the type of layout of facilities and establishing the
control system for efficient analyzing of resources to achieve most
economical production of the product.

The outputs are specific process plans, route skeets, flow charts, and
assembly charts, installation of equipments, machinery, and material
handling systems and providing trained, skilled employees to carry out
the production processes to achieve the desired results.

Process analysis and process flow design

(i) Flow diagram,

(i) Assembly charts,

(i) Process charts and

(iv) Operation and Route sheet.

Process improvement

It is a systematic study of the activities and flows of each process to improve
the process.

Process improvement is necessary when

1.

2.
3.
4

the process is slow in responding to the customer,

the process introduces too many quality problems or errors,

the process is costly,

the process is a bottleneck, with work accumulating and waiting to go
through it, and

the process involveswaste, pollution and little value addition.
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Process choice determines whether resources are organised around products
or processes in order to implement the flow strategy. It depends on the
volumes and degree of customisation to be provided. These major process
decisions are discussed in detail in the following paragraphs:

1. Process Choice: The production manager has to choose from five basic

process types| (i) job shop, (ii) batch, (iii) repetitive or assembly line, (iv)

continuous and (v) project.

1. Job shop process: It is used in job shops when a low volume of high -
variety goods are needed. Processing is intermittent, each job requires
somewhat different processing requirements. A job shop is characterised
by high customisation (made to order), high flexibility of equipment and
skilled labour and low volume. A tool and die shop is an example of job
shop, where job process is carried out to produce oneof-a kind of tools.
Firms having job shops often carry out job works for other firms. A job
shop uses a flexible flow strategy, with resources organised around the
process.

2. Batch process: Batch processing is used when a moderate volume of
goods or services is required and also a moderate variety in products or
services. A batch process differs from the job process with respect to
volume and variety. In batch processing,volumes are higher because
same or similar products or services are repeatedly provided, examples
of products produced in batches include paint, ice cream, soft drinks,
books and magazines.

3. Repetitive process: This is used when higher volumes of more
standardised goods or services are needed. This type of process is
characterised by slight flexibility of equipment (as products are
standardised) and generally low labour skills. Products produced include
automobiles, home appliances, television sets, computers, toys etc
Repetitive process is also referred to as line process as it include
production lines and assembly lines in mass production. Resources are
organised around a product or service and materials move in a line flow
from one operation to the next according to a fixed sequence with little
work -in-progress inventory. This kind of process is suitable to
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Continuous process: This is used when a very highly standardised
product is desired in high volumes. These systems have almost no variety
in output and hence there is no need for equipment flexibility. A
continuous process is the extreme end of high volume, standardised
production with rigid line flows. The process often is capital intensive and
operate round the clock to maximise equipment utilisation and to avoid
expensive shut downs and shut ups. Examples of products made in
continuous process systems include petroleum products, steel, sugar,
flour, paper, cement, fertilisers etc.

Project process: It is characterised by high degree of job customisation,
the large scope for each project and need for substantial resources to
complete the project. Examples of projects are building a shopping centre,
a dam, a bridge, construction of a factory, hospital, developing a new
product, publishing a new book etc. Projects tend to be complex, take a
long time and consist of a large number of complex activities. Equipment
flexibility and labour skills can range from low to high depending on the
type of projects.
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OTHER QUESTIONS

Question: What are the types of Industry?

a.

Synthetic ¢+ A synthetic industry, also called the assembling industr y,
involves the production of a product by the use of various elements. EXx:
Light and heavy engineering and watch -making industries

Analytical ¢ which analyses and separates [ex: oil refineary]
Conditioning [EXx: preservatinve] and

Extractive ¢ involving th e separation of one element from another [Ex:
Mining]

Question: Briefly explain the classification of production system and its
characteristics

a.

Continuous
Production/ Production
Operations Mass Production
Volume

1.

Intermittent industries: manufactures different components on different
machines and assembles them to get the end products and

Continuous industries: uninterruptedly produce one or two products of
a standardize nature.

Batch
Production

Job-Shop
Production

Output/Product Variety

Intermittent system of production can be divided into job and batch
production.

Job Shop Production: Job shop production is characterized by
manufacturing of one or few quantity of products designed and produced
as per the specification of customers within prefixed time and cost.
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Characteristics: High variety o f products and low volume using general
purpose machine.

Advantages

1. Because of general purpose machines and facilities variety of products
can be produced.

2. Opportunity exists for creative methods and innovative ideas.

Limitations

1. Higher cost due to frequent set up changes

Higher level of inventory at all levels and hence higher inventory cost

Production planning is complicated

Larger space requirements.

e

Batch Production: American Production and Inventory Control Society

functional departments in lots or batches and each lot may have a
EDIi T 1T Ul ODwUuOUUDOT 62

Characteristics: Batch production system is used under the following

circumstances:

1. When there is shorter production runs

2. When plant and machinery are flexible

3. When plant and machinery set up is used for the production of item in a
batch and change of set up is required for processing the next batch

4. When manufacturing lead time and cost are lower as compared to job
order production.

Advantages

1. Better utilization of plant and machinery

2. Promotes functional specialization

3. Cost per unit is lower as compared to job order production.
Limitations

1. Production pl anning and control is complex.
2. Higher set up costs due to frequent changes in set up.
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Il. Continuous Production: Production facilities are arranged as per the
sequence of production operations from the first operations to the
finished product. The items are made to flow through the sequence of
operations through material handling devices such as conveyors, transfer

devices, etc.
Characteristics
1. Dedicated plant and equipment with zero flexibility.
2. Material handling is fully automated.
3. Process follows a predetermined sequence of operations.
4. Component materials cannot be readily identified with final product.
5. Planning and scheduling is a routine action.
Advantages

1. Standardization of prod uct and process sequence

2. Higher rate of production with reduced cycle time

3. Higher capacity utilization due to line balancing

4. Manpower is not required for material handling as it is completely
automatic

5. Person with limited skills can be used on the producti on line

6. Unit cost is lower due to high volume of production.

Limitations

1. Flexibility to accommodate and process number of products does not
exist

2. Very high investment for setting flow lines

3. Product differentiation is limited.

The continuous industries are classified into Mass production system and
Process production system.

1. Mass Production: Manufacture of discrete parts or assemblies using a
continuous process are called mass production.

Characteristics

1. Standardization of product and process sequence.
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2. Dedicated special purpose machines having higher production capacities
and output rates.

3. Large volume of products.

4. Shorter cycle time of production.

5. Lower in process inventory.

6. Perfectly balanced production lines.

7. Flow of materials, components and parts is continuous and without any
back tracking.

8. Production planning and control is easy.

9. Material handling can be completely automatic.

Advantages

1. Higher rate of production with reduced cycle time.

2. Higher capacity utilization due to line balancing.

3. Less skilled operators are required.

4. Low process inventory.

5. Manufacturing cost per unit is low.

Limitations

1. Breakdown of one machine will stop an entire production line.

2. Line layout needs major change with the changes in the product design.

3. High investment in production facilities.

4. The cycle time is determined by the slowest operation.

2. Process Production: This system is an extended form of mass production

where production is carried on continuously through, a uniform
predetermined sequence of operations. Generally under this system
finished product of one process is used in the next process as a raw
material till the last process. Large industries like petroleum refining,
heavy chemical industries generally use this system of production.

[CWA INTER J01]

Question: Distinguish between Job production and Mass production

Answer: Mass production and job producti on: In this system, production is
carried out on continuously anticipation of demand, though demand of the
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product may not be uniform throughout the year, whereas in job production
system goods are produced according to the orders of the
customers/demand.

[CWA RTP D10 & J11]

Question: Describe in brief the concept of FMS. What are its advantages
and disadvantages?

Answer: A Flexible Manufacturing System is a hybrid between continuous
and intermittent flow of production. Here, using computer controlled
machine and automated material handling equipment, a continuous flow is
instilled in otherwise high variety, low production volume flow. Thus FMS is
builds on the programmable automation of NC and CNC machines.
Programs and tooling set up can be quickly changed and production can be
switched on from one job to another without any loss of changeover time.

Key components of FMS are

1. Several computer controlled workstations having CNC machines and
robots for loading and unloading.

2. Computer controlled transport systems for moving materials and parts
from one machine to another.

3. Computer controlled robots for loadin g and unloading stations.

4. An automated storing and retrieval system.

The above subsystems of FMS are controlled by a central computer with the
needed software.

Advantages of FMS can be broadly divided into following

1. Flexibility: with slight changes in pro grams the system can be used with
less recurring capital investment.

2. Adaptability: with little training the supervisors can take up family of
jobs earmarked to the system.

3. Wider scope: Advanced manufacturing technology continuously opens
newer application areas.

4. Lesser human effort results in less amount of human error.
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5. Improved productivity through better quality, effective control of a small
area.

Disadvantages of FMS are as follows:

1. High initial capital investment.

Limited ability to adapt to production changes.

Substantial preplanning, tooling and fixture requirements.
Standardization of part design required to reduce the number of tools.

o~ WD

Long planning required installing FMS.

[CMA INTER J10]
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control.

Answer: Flow control: This type of control is commonly applied in industries
like chemicals, petroleum, glass, and some areas of food manufacturing and
processing. Once the production system is thoroughly designed, the
production planning and control department controls the rate of flow of work
into the system and checks it as it comes out of the system. But, under this
method routing and scheduling are done when the plant is laid out. That is
to say, the production line which is established is well balanced ant
sequenced before production operation begins this type of control is more
prevalent in continuous production systems.

[CMA RTP J11]
Question: Distinguish between a job shop and a flow shop.
Answer:
Flow Shop Job Shop
1| In a flow shop, continuous | Inajob shop, notalln jobs are assumed
production / assembly line, | to pass Through or require processing
each of the n jobs must be|in m machines. Also some jobs may

processed through m | require more than one operation In the
machines in exactly the same| same machine. The sequencing of
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order and once in every

machine.

Operations may be different for
different jobs .

Specialized machine results
in low variable cost per unit
and high volume absorbs the
fixed cost easily; so unit cost is
low.

Wide variety is at reasonably low cost
since general purpose machines are
utilized.

Even unskilled or semi -
skilled operator will be able
operate the
thereby reducing

dependencies on workers.

to machine

Through grouping of facility around
standard operations, high capacity
utilization could be effected.

Operation management is
much simpler and meeting
delivery commitments s

relatively easier.

The workers are engaged in non-
repetitive and challenging job. Their
job gets enriched and morale high.

Failure at any stage would
result in breakdown of entire
flow until repair is completed.

Determination of optimum batch size
creates a problem

The pace of production is
determined by the slowest
machine.

Material flow is complicated and

unsystematic.

The system is relatively | Machines are diverse and operations

inflexible. are complex requiring highly skilled
workers.

The system requires high | Material Handling cost is usually

investment due to specialized
nature of machine.

higher since flow lines are irregular.

Question: What are the types of processes?
Answer:

1. Conversion Processes
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2. Manufacturing Processes can be:
Manufacturing Process| Purpose of Process
[a] | Forming Processes Produce castings
[b] | Machining Processes Metal removal operations

[c] | Assembly processes Joining of parts

Note: Example for metal removal operations: E.g.turning, drilling, grinding,
boring etc.

Question: What are the activities that are associated with process planning?
Answer:

= List of operations to be performed and their sequence.

== Specifications of the machines and equipment required.

= Necessarytooling, jigs and fixtures.

= Gives the manufacturing details w.r.t feed, speed, and depth of cut for
each operation to be performed.

=5 [t gives the estimated or processing time of operations.

All the above information is represented in the form of a document called
process sheet or route sheet.

Question: What for can the process sheet be used?

Answer:

== Costing provides the information on the various details like set -up and
operation times for each job.

=5 The machine and manpower requirements can becomputed from the set-
up and operational times.

= Helps to carryout scheduling.

v
3

=5 The material movement can be traced.

v
3

= |t helps in cost reduction and cost control.
=« |t helps to determine the efficiency of a work center

v
3
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Question: What are the factors affecting process planning?
Answer:

Volume (quantity) of production.

Delivery dates for components or products.
Accuracy and process capability of machines.
The skill and expertise of manpower.

Material specifications.

Accuracy requirements of components or parts.

S e o

Question: Write short note on the steps in process planning.
Answer:

1. Detailed study of the component drawings to identify the salient features
that influence process selection, machine selection, inspection stages and
tooling required.

2. List the surfaces to be machined.

3. The surfaces to be machined are combined into basic operations. This step
helps in selection of machines for operation.

4. Determine the work centre, tools, cutting tools, jigs and fixtures and
inspection stages and equipment.

5. Determine the speed, feed and depth of cut for each operation.

6. Estimate the operation time.

7. Find the total time to complete the job taking into account the loading and
unloading times, handling times, and other allowances.

8. Represent the details on the process shet.

Question: Write short note on process design.

Answer: Process designis concerned with the overall sequences of operations
required to achieve the product specifications. It specifies the type of work

stations to be used, the machines and equipments neessary to carry-out the
operations. The sequence of operations is determined by

(a) The nature of the product,

(b) the materials used,

(c) the quantities to be produced and
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(d) the existing physical layout of the plant

Question: Write short note on operations design

Answer: Operations design is concerned with the design of the individual
manufacturing operation. It examines the man -machine relationship in the
manufacturing process. Operations design must specify how much labour
and machine time is required to produc e each unit of the product.
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4.1 PRODUCTION PLANNING AND CONTROL
INTRODUCTION

Question 1: What are the needs for production planning and control?

Answer 1:
1. $1 T TEUDYI wOUD@dwdEdDOOwWOI wi PUOUZ w
2. To achieve the production objectives with respect to quality, quantity,

cost and timeliness of delivery.

To obtain the uninterrupted production flow in order to meet customers
varied demand with respect to quality and committed delivery schedule .
To help the company to supply good quality products to the customer on
the continuous basis at competitive rates.

Question 2: What are the objectives of production planning and control?

Answer 2:

8.

10.
11.

12.
13.
14.

Systematic planning of production activities to achieve the highest
efficiency in production of goods/services.

To organize the production facilities like machines, men, etc., to achieve
stated production objectives with respect to quantity and quality time and
cost.

Optimum scheduling of resources.

Coordinate with other departments relating to production to achieve
regular balanced and the uninterrupted production flow.

To conform the delivery commitments.

Material planning and control.

To be able to make adjustments due to changes in demand and rush
orders

[CMA INTER D14, 2 Marks]

Question 3: What are the functions involving in production control?

Answer 3: there are hour main fanctions of production planning

St

Estimating
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= Routing

= Scheduling

= Loading

== Other fanctions
U Dispatching
U Follow-up
U Inspection

Question 4: What are the types of production control?
Answer 4:

= Block control

= Flow control

= Load control

= Order control

= Special project control
=5 Batch control

Question 5: Write short note on production planning and control in
continuous& intermit tent -production systems.

Answer 5:

= Fixed-path material handling equipment,

=5 High volume of production,

== Product layouts,

== Production of standardized products,

== Production to stock or long -range orders,

= The use of speciatpurpose machines or automation.

Production planning and control in continuous -production systems

involve two activities:

= Assuring that supply of raw materials and supplies are in hand to keep
the production system supplied and assuring that finished products are
moved from t he production -system,
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=5 Maintaining a constant rate of flow of the production, so that the system
can operate near capacity in some case or can meet the quantity
requirements of the production.

Production planning in intermittent production systems:

=5 General purpose production machines are normally utilized and process
layout is favored.

=5 Materials handling equipment is typically of the varied path type such as
hand trucks and forklift trucks.

= Relatively high cost, skilled labour is needed to turn out t he various
guantities and types of products.

=5 The company generally manufactures a wide variety of products; for the
majority of items, sales volumes and consequently production order sizes
are small in relation to the total production.
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4.2 TIME STUDY, WORK STUDY, METHOD STUDY, JOB
EVALUATION

[CMA INTER J02]

Question 1: Distinguish between Job analysis and job description

Answer 1: Job Analysis: Job analysis is carried to know the purpose of job,
the way of doing the job, the types of material to be used, machine and
equipment used for the purpose, the place where it is being performed,
related hazards and similarly other features.

Job Description: The job description is the foundation for the job evaluation
procedure. The information c ollected at job analyses state are summarized to
facilitate comparison of one job to another job. It is used for manpower
planning & control, recruitment, transfer promotion, performance appraisal,
procedural analyses etc.

[CMA INTER J03 &DO06]

Question 2: Define job -evaluation. What are the various techniques of job -
evaluation? Briefly describe any two techniques of job -evaluation.
Answer 2: Job Evaluation: Job Evaluation may be defined as a technique of
finding out the relative worth of jobs within an organization particularly to
fix the pay. Job evaluation evaluated jobs.It sets job base rates of pay.
The methods used in job evaluation are given below:
1. Qualitative methods: It can be further divided in two types: -
(a) Ranking method: This method is mostly used in small organizations
having relatively simple and well define jobs. An expert committee
may be formed to rank the job. This may be done referring to a
detailed job description of some common jobs. Giving the job
description, decide which job will have the highest rank, which will
have the lowest rank and which job will fall around the middle level.
(b) Job Classification Method: In this procedure, the jobs are sorted out
as belonging to one of several grades according to their details and
grades are given to each of the jobs, this is done with the help of job
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analysis available for each job such as Grade I, Grade II, and Grade IlI
etc.
2. Quantitative Methods: It can be further divided in two types: -

(a) Point Rating Method: Presently, this is quite a popular method.
Several factors intrinsic to the jobs are isolated.Each factor is further
subdivided into various degrees. Each of the factors is allotted a point
score on an overall differential scale. There is a bit of subjectivity in
this point allotment as many may think the importance of each factor
differently. While selecting wage rate these differences are utilized for
fixation of pay.

(b) Factor Comparison Method: Like point rating method, factor
comparison method also breaks down the jobs worth into several
factors. The number of factors in the case is however much lower.
Each of these factors is divided into a few degrees At this stage, unlike
point rating, some bench mark jobs are selected.These benchmark
jobs are then ranked and evaluated based on theg factors and
weightage applied to each one of them. It should be easy to
understand and wage rate associated with them should be acceptable
to all. Money values to each of these factors are then attributed to.

[CMA INTER JO5]

Question 3: Explain the Point Rating System of Job Evaluation with the
help of an attribute -degree table.

Answer 3: Point Rating System: This is perhaps the best known method of
Job Evaluation, wherein jobs are analyzed into attributes required for
performing the job, e.g. skill, efforts, responsibilities, working conditions etc.,

Each attribute may be further classified into sub-factors, e.g. skill may be
divided into education, experiences etc,. Each attribute may have a range of
degrees; say from 3 to 5 or more.Each degree reers to the extent of that
attribute required for performing the job under evaluation.

The degrees may be in arithmetic or geometric progression from start to end,
depending on the design. In addition, each attributes is assigned a relative
weightage in comparison with other attributes, the total weightage for all the
attributes being 100, at the first degree.
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Thus, a typical attribute -degree table may look like the following:

1 | Skill & Knowledge

a. Education 10 | 20 | 30 | 40 | 50

b. Experience 25 | 50 | 75 | 100| 125
2 | Efforts

a. Mental efforts 15| 30 | 45| 60 | 75

b. Physical efforts 101 20 | 30 | 40 | 50

3 | Responsibility for

a. Co-ordination 5 | 10| 15| 20 | 25
b. Materials, tools, equipment and | 10 | 20 | 30 | 40 | 50
jobs

c. Independency

4 | Working Conditions

a. Physical hazards 15 (30| 45| 60| 75
b. Mental hazards 5 10| 15| 20 | 25
Total 100| 200 | 300| 400 | 500

Choice of attributes, degrees, weightages and points to be attached are
normally arrived at, by consensus in a group discussion / brain storming
sessionbetween the designer of the scheme and the functional heads of the
departments concerned and, at times, the trade.

During the evaluation of the job, different points are given to different
attributes (depending on the degrees rated) and the total points scored serve
as the basis for fixation of wages for the job.

The Point Rating System is widely used for Job Evaluation, as an element of
objectivity is involved and it is more accurate, as well as easier to adopt,
compared to other methods.

The various steps involved in the Point Rating System are:

1. Selecting the various attributes for the job;
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Dividing the major attributes into sub ¢ factors;
Fixing up the range of degrees and the relationship between them;
Assigning weightages to the first degree of sub ¢ factor of the attributes;

a s~ wD

Completing the attribute -degree table by extending the weightages to all

degree of the subfactors of the attributes;

6. Evaluating the job using the attribute -degree table and arriving at the
total score for the job;

7. Conducting a wage survey for the industry & developing an appropriate
wage curve, using the data collected; and

8. Fixing the wage rate on the basis of the score given to the job using the

wage curve developed.

[CMA INTER D10]
Question 4: Explain grading method of job  evaluation.

Answer 4: Grading method of Job Evaluation: This method is mostly used
in Small organization having relatively simple and well define jobs. An expert
committee may be formed to rank the job. This may be done referring to a
detailed job description of some common jobs. Giving the job description,
decide which job will have the highest rank, which will have the lowest rank
and which job will fall around the middle level. The jobs are sorted out as
belonging to one of several grades according to their details and grades are
given to each of the jobs, this is done with the help of job analysis available
for each job such as Grade I, Grade Il, and Grade Il etc. hourly rates are then
fixed for jobs according to their ranking/grading.

[CMA INTER JO6]

Question 5: Write short notes on Job Enrichment.

Answer 5: Job Enrichment: Job enrichment increases the amount of job

s UEUDPUI BIThus theurBsPandibilitfiIével §control by oneself), growth

level (continued learning opportunities) and therefore t he challenge level
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the same tasks day after day throughout the working life of an employee. Job

enrichment is a way of improving the job by adding more meaningful, and

skilful t asks from time to time to the existing tasks, thus making the job more
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satisfying to the employee. This will also make people multi -skilled and
enhance the versatility of the employee, e.g. production workers may be
asked to perform simple and routine main tenance activities or quality control
activities.

[CMA INTER JO3]

Question 6: Write short note on Retraining.

Answer 6: Retraining may be defined as a program designed to avoid
personal redundancy and obsolescencelt is the tendency of the individual to
become outdated with the passage of time in terms of job requirements. This
is considered true for all levels of employees.

Since liberation of Indian economy, the need for retraining assumes greater
importance. Several macro funds (e.g. National Renewal Rund, Jawahar
Pozgar Yojana etc.) have since mooted and floated for this purpose.The need
for them arises mainly to combat the initial redundancies and change in
demand dimension in the employment market.

The main focuses of the retraining are:

(i) To protect rank and file workers at its core, as their number is large and
immediate impact of any technological changes is felt by them since they
work with it.
(@) 37T 1T wpOUOI UUWEUI wEOUOwI OEOPI EWEOEWI @UP x
needs themselves, as sucloutside help is necessary for this purpose.
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technology, skill, methods etc, whenever such things are necessary
consequent upon modernization, upgradation, diversification etc.

[CMA INTE R DO6]
Question 7: Write short notes on Resistance to Change.

Answer 7: Resistance to Change: It is important to consider the human
reactions carefully when a change is being made, because Resistance to
Change is a basic human character Resistance to chamge occurs at all level
viz, managerial, supervisory and workman levels. A new method, which has
not yet been tested, is generally looked at with suspicion. The fear of
unknown future prospects for the untested new method acts as a
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psychological barrier towards its ready acceptance amongst the supervisors
and managers.

The skilled workers may begin to feel a novice when he finds that his old
methods are waste of time and efforts and the newly trained workers soon
surpass him in the effort.

Further, certain misconceptions regarding productivity also cause resistance
to change, e.g.

1.
2.

Higher productivity implies harder work;

Higher productivity implies working long er hours or more number of
days in a week;

Higher productivity leads to redundancy/retrenchment.

[CMA INTER D02]
OUT UUPOOWWO w( Uw?6ET T w( OET OUDYT w2ET 1 Ol » wOT
productivity? Comment precisely.

Answer 8: No, wage incentive scheme is not the only way to increase the
labour productivity.

The productivity in an organization can be improved by better application of
material, improved processes and machinery, faster production lines and
application of more energy from the workers.

The attitude of the top management has to be right in order to give the right
direction. The attitude of the lower levels of people right massage is picked
up. A right direction leaves a prolonged impact on productivity.

Labour productivity can also be increased by introducing the following
techniques:

1
2
3.
4.
5
6

Simplification and standardization of product.

More effective utilization of man, material, service etc.

(OxUOYI Ol OUWOT wPOUOI UUZWUOPOOWEAwWxUOXIT U
Improvement in working environment

Proper grievance / suggestion handling system.

( OUUOEUEUPOOWOI w?/ EUUPDEDXxEUDOOwW, EQET 1 OI
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[CMA INTER JO03]

Question 9: Write short note on Performance Appraisal.

Answer 9: Performance Appraisal is the process to find out the relative worth

of a person as may be required to keep a close watch on an individual. The

behavior and accomplishment over a fixed period are generally measured

and evaluated.

/' T Ui OUOEOET w xxUEDPUEOw PUw Ul 1T w xUOET UUuw ¢
performance and progress in a job, and asessing his potential for future

improvement. It is a systematic method of obtaining, analyzing and

recording information about a person.

Performance Appraisal is necessary for the following reasons:

1. Efficient and effective management of business or organization.

2. Helping the manager to improve upon his job, performance as well as
UUEOUEDPOEUI zUwxl Ui OUOEOET WEOEwWxOEOODOT u

3. Assisting the employee to self-evaluate and develop himself.

The fundamental aim of Performance Appraisal system is to enri ch the job of

an employee by allowing him to set his own target in line with the

organization objective. Through this process he is expected to be totally
involved in the job thereby self -motivating to perform his assigned task.

[CMA INTER J04]
Question 10: Write short notes on Performance Rating.

Answer 10: Performance Rating: ? 31T 1 wx UOET UUWEUUDOT wbi DET
analyst compares the performance of the operator under observation with his

the elements is performance rated. %O U wUT PUOwWUT | wEOEOaUUz UwE
the normal pace of working is important.

Ao & of ApEiEl Q1 LHRITBE G ot bO
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The concept of normal performance must be such that the time standards set
from it, and must be within the capacity of the majority of the worker in the
enterprise.

Few methods for determination of performance rati ng:

1.

Speed Rating: Here, judgment based on the pace of operator in relation
to a normal pace, is taken into consideration.

Synthetic rating: Here performance of the worker is rated from the values
known as Predetermined Motioned Time Study (PMTS).

Objective rating: ( UwPUWE OO wbOwUPOwWUUETT UOwxUDPO
rated ignoring of difficulties then attention is given to the job difficulties.
Westing house systems rating: Here four factor system of performance
rating was developed, namely.

a) Skill

b) Effort

¢) Condition

d) Consistency

[CMA RTP D11]
Question 11: Write short note on Work Simplification.

Answer 11: Work Simplification involves subdivision of an operation into its
constituent elements in order to simplify operations and eliminate wasteful
motions. It reduces fatigue and improves productivity. It covers all aspects of
work, i.e. equipment, layout, pro cedures, methods etc

[CMA RTP D10]

Question 12: Differentiate between Job Analysis and Value Analysis.

Answer 12:

Job Analysis Value Analysis

Process of determining task | Systematic application of established
components or work content of | techniques to identify functions of
a job so as to access relative product or component and to
worth of different jobs.
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provide those functions at lowest
possible cost.

Technique of merit rating

Technique of cost reduction

[CMA RTP J11]

Question 13: Differentiate between Stock turnover and labour turnover.

Answer 13:

Stock Turnover

Labour Turnover

It indicates number of times
inventory of an organization is

rotated during the year.

Rate of change in average labour
force during the year.

Increase in stock turnover is a
healthy sign for the organization

resulting in increased revenue
for the organization.

as it indicates increase in sales

Increase in labour turnover is not a
good sign for management as it
indicates dissatisfaction among
loss

employees in

productivity and increased costs.

resulting

[CMA RTP J11]

Question 14: Write short note on Sound incentive plan

Answer 14: Incentive is a management tool that is used to motivate the
employees to work towards attainment of organizational goals. Well
developed and properly operated incentive can yield significant productivity
gains. Incentive plans may be financial or non -financial, individual or group.
Characteristics of a sound incentive plan are as follows:

1.
his own incentive pay.
2.
3.
irrespective of the reward.
4.

Simple: Simple enough for employees to understand easily and compute

Accurate: Scheme should be based on accurate and scientific standards.

Secure: Aminimum basic wage should be guaranteed to all employees

Effective : The incentive plan should convince the workers that they are

being accurately rewarded for good performance.
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5.  Economy: The incentive plan should result in redu ction in unit cost of
production. Administration cost of implementing the plan should be
justifiable.

6. Equity: The scheme should be beneficial to both management and
employees.

7. Control systems: The plan should be coordinated properly with control

procedures like QC, Inventory control, production control etc.

8. Flexible: The plan should provide for revision of standards when
changes in underlying conditions take place and modifications agreed
with trade unions should be clearly specified.

9. Basis whether individu al or group should be clearly stated.

10. Grievance machinery : This will help in prompt redressal of complaints
arising out of the plan. Adjustments should be made for failure beyond
the control of workers

WORK STUDY

PWork study is a generic term for those techniques, method study and work
measurement which are used in the examination of human work in all its
contexts.

Advantages of Work Study

1. It helps to achieve the smooth production flow with minimum
interruptions.

2. It helps to reduce the cost d the product by eliminating waste and
unnecessary operations.

3. Better worker-management relations.
4. Meets the delivery commitment.

5. Reduction in rejections and scrap and higher utilization of resources of the
organization.

6. Helps to achieve betterworking conditions.
7. Better workplace layout.

8. Improves upon the existing process or methods and helps in
standardization and simplification.
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9. Helps to establish the standard time for an operation or job which has got
application in manpower planning, production planning.

METHOD STUDY

Method study enables the industrial engineer to subject each operation to
systematic analysis. The main purpose of method study is to eliminate the
unnecessary operations and to achieve the best method of perfoming the
operation.

Objectives of Method Study

Method study is essentially concerned with finding better ways of doing
things. It adds value and increases the efficiency by eliminating unnecessary
operations, avoidable delays and other forms of waste.

Scope of Method Study

The areas to which method study can be applied successfully in
manufacturing are:

1. To improve work methods and procedures.
2. To determine the best sequence of doing work.

3. To smoothen material flow with minimum of back tracking and to improve
layout.

4. To improve the working conditions and hence to improve labour efficiency.
5. To reduce monotony in the work.

6. To improve plant utilization and material utilization.

7. Elimination of waste and unproductive operations.

8. To reduce the manufacturing costs through reducing cycle time of
operations.

Steps or Procedure Involved in Method Study

1. SELECT the work to be studied and define its boundaries.

2. RECORD the relevant facts about the job by direct observation
3. EXAMINE the way the job is being performed
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4. DEVELOP the most practical, economic and effective method
5. EVALUATE different alternatives

6.INSTALL the new method as a standard practice
7.MAINTAIN the new method

Considerations for Selection of Method Study

The job should be selected for the method study based upon the following
considerations:

1. Economic aspect, 2. Technical aspect and 3. Human aspect

[CMA RTP J11]

Question15: Define Motion Study. What are the steps involved in carrying
out Motion Study.

Answer 15: Motion Study is a scientific and critical analysis of motions made
by man or machine to perform a job so as to eliminate waste and unwanted
motions. Steps involved in motion study are as follows:

1. Selecting the job or process to be studied keeping in view human,
technical and economic factors

2. Breaking the job into elements and recording all facts regarding the work
methods.

3. Analyzing the recorded facts so as to identify defects in existing methods.
The purpose and sequence of every operation is to be critcally analyzed.

4. After analyzing existing methods, developing new methods thus
eliminating the defects in existing methods.

5. Defining new methods and its requirements.
6. Installing the new method after proper training of the concerned staff.

7. Maintaining the ne w method with help of control procedures

[CMA INTER J14, 2 Marks]

Question: The principles of motion economy are divided into three groups.
What are the groups?
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Answer: Principles of Motion study: it isfirst used by Frank Gilbreth and
the three principles are

a. Use of the human body.

b. Arrangement of workplace.

c. Design of tools and equipment.

Work Measurement: 6 OUOw Ol EUUUI Ol OUwPUWEOUOWEEOOI
UOUEaz6

Work -study is encompassed by two techniques,i.e., method study and work
measurement.

?Method study is the systematic recording and critical examination of
existing and proposed ways of doing work, as a means of developing and
applying easier and more effective methods and reducing costs6 ?

PWork measurement is the application or techniques designed to establish

the time for a qualified worker to carry out a specified job at a defined level
OUwxi Ul OUOEOEI 6~

[CMA INTER DO03]
Question 16: Distinguish between method study and time study

Answer 16: Method study: The means of improving ways and means of

doing things is called method studies. The primary purpose of improving

s Ol UT OEzwPUwWUOWUEY] wUDPOI wEOEwWUOwWUI EVET wEC
machine. Method study is used for systematic recording and analysis of the

existing ways of doing things and also a proposition of new ways and means

of developing and applying easier and more effective, economic and efficient

method thereby reducing the cost.

Aim of method study

a) Toimproved design of workplace layout,

b) To get more effective utilization of available resources,
c) To standardize the methods

d) To removal of fatigue/boredom of workers etc.

Time Study: Time study is a technique for recording times and rates of
working for the element of a specified job carried out under specified
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condition and for analyzing the data so as to obtain the time necessary for

carrying out the job at a defined level of performance.

Aim of Time study

a) To facilitate the production control system.

b) To determine the work contents and thereby setting wages and
incentives,

c) To compare the work efficiency of different operators,

d) To estimate the human capability on any machine,

e) To get accuracy in cost picture of any product etc.

[CMA INTER JO5]
Question 17: Distinguish between Motion Study and Time Study.

Answer 17: Motion study: In motion study, the various elemental motions of
an operation, which make up a job, are studied in detail with a view to
establishing the most economical method of doing the job.

The technique of Motion Study involves:

1) Eliminating the unnecessary motions, which do not add value to the job

2) Removing those which cause delays and

3) Substituting those which cause a lot of fatigue to the operator by motions
which cause less fatigue.

Time Study: Time Study establishes the standard time for a job, based on
observation made of work against the concept of normal rating.

[CMA INTER JO3]
Quesiton18: Define Standard Time.

Answer 18: Standard time is the time taken by a normal worker for a specific
task, working under normal conditions and includes Relaxation Allowances
like fatigue, personal needs, temperature, working postures etc.

Computation of Standard Time: Standard time is the time allowed to an
operator to carry out the specified task under specified conditions and
defined level of performance.
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Standard Time = Normal Time + Time Allowance

Note | Efficiency = Standard Time / Time Taken

Time Taken = Standard Time / Efficiency

Standard Time = Time Taken x Efficiency

[CMA RTP D11 &CMA INTER JO02]

Question 19: Under what circumstances would work or activity sampling

is preferable to time study for developing labour standards?

Answer 19: Time study calls for qualified time study engineer or rate setter
recording the time for an activi ty over time. For predetermined time setting,
detailed process sequencing and corresponding time for each process has to
be computed. The advantages of work sampling over time study are as
follows:

1. Studies of several operators and machines can be done simlianeously.
No trained time study personnel are required.

No timing equipment required.

Long cycle work may be studied with fewer observer hours

a s w NN

The study may be interrupted at any time without any adverse

consequences.

6. Operator can not influence results as he is not aware as to the precise
timing at which he would be observed.

Also he tends to perform naturally as he does not get the feeling of someone

breathing down his neck as in the case of time study where the operator is

watched continuously.

[CMA RT P D10, J11 & D11

Question 20: Define work sampling. Write down the formula indicating
terms used for determining the sample size.

Answer 20: Work sampling is a work measurement technique in which a
sufficient large number of instantaneous observations of a worker or machine
are taken over a period of time to obtain a reasonably accurate picture of the
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time spent on different activities. It is based on statistical theory of sampling.
Work sampling is thus a method of finding out percentage occurrence of a
certain activity or delay by statistical sampling. The procedure of work
sampling consists of the following steps:
i) The purpose of study to be determined first.
ii) The worker or machine to be identified.
iii) The operations to be observed to be decided.
iv) The number of observations to be made to be decided.
v) The activity performed at each visit to be recorded.
vi) Percentage of total time spent on eachactivity to be calculated.
vii) Standard time is established by adding allowances.
The formula deciding the sample size is as follows:
mpe 0N
Ln

£
Where
€ 1 OanaahQ
N Qo @&EWQ Qo Qb weEd Qi
[ OO i€ X Naxa 6 a o i

PRACTICAL PROBLEMS
[CMA RTP D10]

Question 1: In a sampling study, a machine is found to be idle 20% of the
total time available for operation. Find out how many observations are
required to arrive at a more accurate estimate with a confidence level of 95%
and +/- 5 % error limit.

Answer 1:
Formula Calculation Answer
: Mp N |T ™p T | 6400
in v T

[CMA RTP D11]

Question 2: A work sampling study is to be made of a data entry operator
pool. It is felt that operators are idle 30% of the time. How many observations
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should be made in order to have 95.5% confidence that the accuracy is within

+/- 4%.

Answer 2:

Formula

Calculation Answer

mMp n |1

™ p T 525

3

n

T T

Question 3: Determine standard time: Assuming that the total observed time
for an operation of assembling an electric switch is 1.00 min. If the rating is
120%, find normal time. If an allowance of 10% is allowed for the operation,
determine the standard time.

Answer 3:
Observed Time | 1.00 min
Normal Time 1.20 min | Observed time x Rating [1 min x 120%]
Add | Allowance 0.12 min | [10% on Normal Time]
Standard Time | 1.32 min

Question 4: Calculation of Standard Time:

the following data:

Average time for machine elements =6 min

Average time for manual elements =4 min

Performance rating =110%

Allowances =10%

Find out the standard time using

Answer 4:
Formula Calculation Answer
Normal time = Machinery time + Manualtime |6+4 x 1.1 10.4 min
Rating
Standard time = Normal time + Allowances 104 + 104 11.44
— min
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Question 5: Calculation of efficiency: An operator manufactures 50 jobs in 6
hours and 30 minutes. If this time includes the time for setting the machine,

Standard time allowed for the job were setting time 35 min and production
time per piece 8 min

Answer 5:

Standard time = Set up time + Time perpiece x Number of pieces produced

CsStandard time for manufacturing 50 jobs = 35 + 8 x 50 = 435 min = 7 hours
and 15 min

YO.M € 'DARAM T oltD)

0"QQQMO QEENCKLD ) OE—b———— 8p8
d OWOoOOWm Q owWwT

Question 6: Calculation of Time Allowance: Following data were obtained
by a work study. Man from a study conducted by hours

I Maintenance time

1 | Get out and put away tools 12.0 min/day
2 | Cleaning of machine 5.0 min/day
3 | Oiling of machine 5.0 min/day
4 | Replenish coolant supply 3.0 min/day
Il | Interruption

1 | Interruption by foreman 5.0 min/day
2 | Interruption by porter etc. 4.0 min/day
Il | Delay time due to power failure etc. 6.0 min/day
IV | Personal time 20.0 min/day

Calculate total allowances, total available cycle time productive hours,
considering a working day of 8 hours.

Answer 6: Total allowance = Total maintenance time + Interruption time+
Delay time + Personal time

1 | Get out and put away tools 12.0 min/day
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2 | Cleaning of machine 5.0 min/day
3 | Oiling of machine 5.0 min/day
4 | Replenish coolant supply 3.0 min/day
I Maintenance time 25.0 min/day
1 | Interruption by foreman 5.0 min/day
2 | Interruption by porter etc. 4.0 min/day
II' | Interruption 9.0 min/day
Il | Delay time due to power failure etc. 6.0 min/day
IV | Personal time 20.0 min/day
A | Total Allowance [Station Time] 60.0 min/day
B | Total work period 480.0 min/day

Total available cycle time [A ¢ B] 420.0 min/day

Productive hours = Time available / No. of ho| 52.5 min/day

[CMA RTP J11 & D11]

Question 7: Comprehensive: An analyst has observed a job long enough to
become familiar with it and has divided it into five elements. The element
times for the first four cycles and a performance rating for each element are
given in the following table,

Element Cycle Perform.
1 2 3 4 | Rating (%)
1.246| 1.328| 1.298| 1.306 90
0.972 0.895| 0.798| 0.919 100
0.914| 1.875( 1.964| 1.972 100
2.121| 2.198| 2.146| 2.421 110
1.253| 1.175| 1.413| 2.218 100

al | W N|

(a) Do any of the times look like outliners, i.e. probable errors in reading or
recording data that should not be included in the analysis?
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(b) Compute and estimated normal time for the job based on the data
available at this stage of the study.

(c) On the basis of the data available, what sample size should betaken to
estimate the time for element 2 within 5% of the true mean time with
97.5% confidence?

(d) What is the co-efficient of variation of element 2

Answer 7:

(a) The times for element 3 in cycle 1 and for element 5 in cycle 4 are suspect
and should be disregarded.

(b) The following estimates are made on the basis of the remaining times

Element | Mean | Performance | Normal
time Rating (%) Time

1 1.295 90 1.165

2 0.896 100 0.896

3 1.681 100 1.681

4 2.222 110 2.444

5 1.513 100 1515

Normal Time for Total Job 7.701

(c) Sample size to be taken to estimate Element 2:
AR
Cycle 1| 0.972 0.0058
Cycle 2| 0.895 0.0000
Cycle 3| 0.798,  0.0096
Cycle 4| 0.919, 0.0005
) 3.584| 0.0159

— B8
5 = 0.896

30AT AAOEARDE]
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(d) Co-efficient of Variation [C.V] of Element 2 = b 88 mMtypcu

The analyst probably would want to use more than 10 observations, so that
workers would have more confidence in the standard. A Company might
make it a general practice to use at least say 15 or more observations.
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4.3 ASSIGNMENT

Assignment is a special linear programming problem. There are many
situations where the assignment of people or machines etc. may be called for.
Assignment of workers to machines, clerks to various checkout counters,
salesmen to different sales areas are typical examples of these. The
Assignment is a problem because people possess varying abilities for
performing different jobs and therefore the costs of performing jobs by
different people are different. Thus, in an assignment problem, the question
is how the assignments should be made in order that the total cost involved
is minimized.
There are four methods of solving an assignment problem and they are

1. Complete Enumeration Method

2. Simplex Method

3. Transportation Method and

4

Hungarian Method

Hungarian Method:

The following are the steps involved in the minimization of an assignment
problem under this method:

Step 1: Row Operation: Locate the smallest cost element in each row of the
cost table. Now subtract this smallest element from each element in that row.

As aresult, there shall be at kast one zero in each row of this new table, called
the reduced cost table.

Step 2: Column Operation: In the reduced cost table obtained, consider each
column and locate the smallest element in it. Subtract the smallest value from
every other entry in the column. As a consequence of this action, there would
be at least one zero in each of the rows and columns of the second reduced
cost table.

Step 3: Optimality: Draw the minimum number of horizontal and vertical
lines (not the diagonal ones) that are required to cover all the zero elements.
(T wOT 1T wOUOET UwoOi woOPOl UWEUEPOQwWPUwI GUEOWUO
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the solution is optimal and proceed to step 6. If the number of lines drawn is

UOEOOI UwUT EOws Oz wi OT UwUOwUUIT x wK

Step 4: Improved Matrix: Select the smallest uncovered (by the lines) cost

element. Subtract this element from all uncovered elements including itself

and add this element to each value located at the intersection of any two lines.

The cost elements through which only one-line passes reman unaltered.

Step 5: Repeat step 3 and 4 until an optimal solution is obtained.

Step 6: Given the optimal solution, make the job assignments as indicated by

UT 1T wsal UOz wl O1 01 OUUBwW3T PUWPUWEOOT WEUwWI 00O«

1. Locate a row which contains only one zero elements. Assign the job
corresponding to this element, which is indicative of the fact that the
particular job and person are no more available.

2. Repeat (a) for each of such rows which contain only one zero. Similarly,
perform the same operation in respect of each cdumn containing only
elements lies.

3. (T wOT T Ul wbUwOOwUOPWOUWEOOUOOwWPPUT wddOA
select a row/column arbitrarily and choose one of the jobs (or persons)
and make the assignment. Thus in such a case, alternative solutions exists.

Hungarian Method:

I. Standard Problem
1. Minimization objective: if not, then take the loss matrix by subtracting

all the elements from the highest element
2. Balanced Problem: if not, add dummy rows or columns

II. To find optimal solution

3. Row Operation: Subtract the least element from the other elements in
each and every row

4. Column Operation: Subtract the least element from the other elements
in each and every column

5. Make 1-1 assignments to get the optimal solution [If 1-1 assignment
cannot be made go to step Il1]

lll. Improved Matrix

a ?E2w. x1 UEUDPOO
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6. Tick the row(s) which has no assignments
7. Tick the column(s) which has zeros in the ticked row
8. Tick the row which has assignments in the ticked column

[Repeat the tick operations until all the zeros/assignments are
covered]

b. Line Operation
9. Draw lines for unt icked rows and ticked columns
10. Select the smallest element from the uncovered lines
a. Subtract the element from the other uncovered elements
b. Make no changes if line passes
c. Add lines if line intersects

11. Make 1-1 assignments [If 1-1 assignment cannot bemade go to step
]

PRACTICAL PROBLEMS
Basic Problem

Question 1: A construction company has four engineers for designing. The
general manager is facing the problem of assigning four designing projects to
these engineers. It is also found that Engineers 2is not competent to design
project 4. Given the time estimate required by each engineer to design a given
project, find an assignment which minimizes the total time.

Project
Pr| P2 | Ps| Pa
E.| 6|5 13| 2
Engineers | E,| 8 | 10| 4 | -
Es/ 10, 3| 7|3
E«| 9|8 6|2

Answer: Let us first bring zeros row wise by subtracting the respective
minima from all the row elements respectively.

427



Loss Matrix Row Operation
Pi| P2 |Ps | Pa Pi| P2 | Ps| Pa
E.| 6|5 13| 2 E.1|4 |3 |11|0
E-| 8 |10 4 | - E-|4 |6 |0 |-
Es|10( 3| 7|3 Es|7 |0 |4 |0
E« 9 8|6 |2 E« 7 6 4|0
Column Operation 1-1 Assignment
Pi| P2 | Ps| P4 Pi | P2 | Ps | P4
E.|0 |3 [11/0 E: [0] |3 |11 &
E-/0 |6 |0 |- E2 8|6 [0]]-
Es|3 |0 (4 |0 Es|'3 |[0] |4 | &
E«|3 |6 [4 |0 E« 3 |6 4 |[0]
Optimal Solution | Engineer | E1 | E2 | Es | Es
& Project Pi|Ps| P2| Ps
Minimum Time | Time 6 |4 3 2 |Total=15

Maximisation and Unbalanced

Question 2: A construction company has Five engineers for designing. The
general manager is facing the problem of assigning four designing projects to
these engineers. It is also found that Engineers 2 is not competent to design
project 4. Given the time estimate required by each engineer to design a given
project, find an assignment which maximizes the total profit
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Project
Pi|P2|Ps| Pa
E.| 6| 5|13 2
Engineers |, | 8 110 4 | -
Es 10| 3|7 | 3
E« 9|/ 8|6 2
Es| 85| 7|10
Answer: Standard Problem
Maximisation to Minimisation  Balanced Problem ¢+ Add Dummy
Problem: Subtract 13 from the ProjectPs
whole table
Loss Matrix Loss Matrix
PP Ps! Pa Pi| P2 | Ps|Pa|Ps5
E.l 718|011 E.[7]8|0(f11]| 0
E|5|3|9] - E2|5|13|9|-1]0
Es| 3110/ 6 | 10 Es| 310/ 6 10| 0
E«l 4| 5|7 11 E«| 4|5 | 7|11]| 0
Es| 5| 86| 3 Es| 5/ 86|30
To find Optimal Solution:
Row Operation Column Operation
Pr| P2 | Ps| Ps|P5 Pr P2 Ps| Ps| Ps
E.| 78 011| 0 E.|{4 5,080
E2|5[3/9|-|0 E2o|2 09 -0
Es| 3|10 6 (10| O Es|O0O |7 |6(|7|0
E«| 4|5 |7 11| 0 E« 1|2 |7,8|0
Es/ 5/86|3|0 E5/2|5/6|0/|0
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1-1 Assignment

Pi [Pz | Ps | Psa|P5
E.| 4|5 |[0] 8| 0
Eo|{2 |09 -0
Es|[0]| 7|6 70
Es« 1 2|7 8 [0
Es| 2 | 5|6 [0]|0
Optimal Solution | Engineer | E1 | E2 | Es | E4 | Es

& Project P3| P2| P1| Ps| P4

Minimum Time Time 13|10/ 10, 0 | 10| Total =43

E4is designated to the Dummy Project, P5

One-improvisation problem

Question 3: Six salesmen are to be allocated to six salesegions so that the
cost of allocation of the job will be minimum. Each salesman is capable of
doing the job at different cost in each region.

The cost matrix in rupees is given below:

Region

Salesmen

\Y

Vv

Vi

15|35

0

25

10

45

40 | 5

45

20

15

20

25|60

10

65

25

10

25 20

35

10

25

60

m| O] O @ >

30| 70

40

5

40

50

F |10/ 25

30

40

50

15

Find the allocation to give minimum cost what is the cost?
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Answer:

Loss Matrix Row Operation
I Il ] v |V VI | Il m (v | v |Vl
A |15 |35 |0 25 |10 | 45 A |15 |3 |0 25 |10 | 45
B [40 |5 45 |20 |15 | 20 B /35 |0 40 | 15 | 10 | 15
C |25 |60 |10 |65 |25 |10 C |15 |50 |0 55 115 |0
D (25 |20 |35 |10 |25 |60 D 15 |10 [ 25 | O 15 | 50
E [30 |70 |40 |5 40 | 50 E 25|65 35 |0 35 [ 45
F (10 |25 [ 30 |40 |50 |15 F |0 15 |20 | 30 |40 |5
Column Operation 1-1 Assignment
I Il ] v [V VI I Il ] v |V Vi
A |15/ 3| 025 0| 45 A | 15|35 & | 25 | [0] | 45
B /3| 0 40 15| 0 | 15 B |35|[0] | 40 15| >8l| 15
C 15|/ 50| O 55| 5 0 C | 15|50 | 8|55 5 |[0]
D 15| 10 | 25| O 5 50 D |15 10| 25 | [0] 5 | 50
E 25| 65| 35 0 25 | 45 E | 25|65| 35| 8| 25 | 45
F 0| 15| 20| 30 | 30| 5 F [[0] 15| 20 | 30 | 30 | 5
1-1 Assignment cannot be made;
hence the solution is not optimum
PEWl w+DOI 2 w. x| Improved Matrix
I Il m v v [Vl I Il ] v |V \Y|
A |5 35626 {6145 A | 1535 [0] | 30 | 8| 45
B |35{0—46—15—8—15 B 35 |[0]| 40 | 20 | >&C | 15
C | #5750 6 T5p 5 116} C |15 |50| 6|60 | 5 |[0]
D 15 10|25 [ | 5 50| E D|10 5 | 20| & | [0] | 45
E| 25|65 35 >?< 25 | 45| E E |20 60| 30| [0] | 25| 40
F f615+26+36+36—5 F |[0] 15| 20| 35|30 | 5
E
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Salesmen |A |B|C |D | E |F
Optimal .

Region m{niveiv vl
Solution

Min.Costs |0 |5 |10|25|5 |10
Total 55

Two -improvisation problem

Question 4: Six men are available for different jobs. From past records the
time in hours taken by different persons for different jobs are given below.

Jobs

5
9
14
8
10
12
9812 13| 9

Men

2
9
8
6
2
3

ol w| w| of ~| &

3
2
7
5
7
9

a| | | O] N|

o| gl & w| N R
N S I )

Find out an allocation of men to different jobs which will lead to minimum
operation time.

Answer:
Loss Matrix Row Operation

1/2/3 |4 |5 6 112|3 |4 |5 |6
11292791 1/1/8/1 |6 (8 |0
2/6,8 7 6 14|1 2/5/7 6 |5 |13|0
3/4/6/ 5,381 3/3/5/4 |2 |7 |0
414273101 413/1/6 (2 19 |0
5(5/3, 9|5 12|1 54284110
6/9/8 12 13 9 |1 6/8 7 11 /12| 8 |0
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Column Operation

1 2|3 |4 5 6
1/0(7,0,4 1|0
2/46/5 3,60
3/12/4/3/0/0/|0
420, 5,020
5/3|1|7 240
67 6/10 10 10

P2Ewé w+DO1 2 w. x

1-1 Assignment
1 |2 3 |4 |5 |6
1[0 7 [ 4|1 %
2
2, 4,6 |5 3 6/[0]
1
32| 4 | 3 |[0] & &
4
41 2 | [0] 5|8 2| &
3
53| 17|24
6/ 7| 6 10 10| 1 | &

1-1 Assignment cannot be made;

hence the solution is not

optimum
Improved Matrix + 1&
1-1 Assignment

1 /2 |3 |4 5 |6
1/[0]| 7 | 4|11
23,5425 [0]
3/ 24| 3 |[0] |1
41 2 B |5 |@| 2|1
5/2 [0 6|1 3 %
66 5 99 [0 &

1 12 |3 |4 |5 |6
[t —F T 4Tt T
2
46 5|3 6/[0)
io] A 2 N1 0
T
D) N1 E e 2 el
zZ V] o O z v
3
3017 2| 4% E
1
7 6 110 10 1 | & | E
2
5

1-1 Assignment cannot be made;

optimum

hence the solution is not
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PEwWé w+ DOl 2 w. x Improved Matrix ¢ 2 &
1 ({2 |3 |4 |5 |6 1-1 Assignment
1 | 70j ;S - S 1 2 |3 |4 5 |6
2/ 3 64| 2 B1[0E 1| %| 9 |[0]| 6| 3| 3
3/ 2|4 3|0 ¥|1|E 2/ 1|52 2|5 ][0
4, 2 | W |5 || R|1|E 3|01 4|1 || &1
5(2 |1 6| 1|3 |p|El |4 26| 6| 3|0 2|1
6 6 |5| 9|9 |[0 % E 5/ 8|0 41 3 &
E E| E|E 6/ 4|57 9|[0
Men 112(3/4/5|6
Optimal
_ Job 3/6/1/4/2|5
Solution
Min. Time |2 /1413 3|9

Total 22

Travelling Salesman Problem

Question 5: A salesman has to visit five cities A, B, C, D and E. The intercity
distances are tabulated below. Note the distance between two cities need not
be same both ways.

From/To A |B |C |D | E
A - 112 24| 25|15
B 6 [-- 116|187
C 10| 11| -- | 18| 12
D 14|17 |22 -- | 16
E 1211323 25| --

Note further that the distances are in km.

Required: If the salesman starts from city A and has to come back to city A,
which route would you advise him to take that total distance travelled by him
is minimized?
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Answer:

Loss Matrix

A

B

C

D

12

24

25

15

6

16

18

10

11

18

12

14

17

22

16

m|f ol O ® >

12

13

23

25

Column Operations

A

B

C

D

0

4

2

5
4
0

Rl =] O N M

m| ol O @ >
ol o o| ©

Caset 1

(A [—~]8 [—~]E [=]

(¢ [=>]D [—>]A |

Total Distance =

12 +7+23+18+14=74kms.

Hence the optimal solution

Row Operations
A|/B|C D |E
Al-]0|12|13|3
B 0O -/10/12 1
c|of1f-]81|2
D 0|3/ 6|-|2
E|0|1/11/13] -

1-1 Assighment
A B |C |D |E
Al - |0 4|52
B | - |2 4 ][0
cl®o| 1| - |[0]1
D | 3|0 - 1
E|[0]|1]|3]|5] -

A [=[B [—~]E [=]A ]

¢ [=]p [=]c |

There is a break in the chain of the

cities. Hence the solution is not optimal

Caset?2

A [—[B [—~]E [=]

D [—=]c [—>]A |

Total Distance =12 +7+25+22+10=76kms
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4.4 SCHEDULING

Question 1: What is scheduling?

Answer 1: It determines the starting and the completion timings for each of
the operations to engage every machine and operator of the system for the
maximum possible time and; without imposing unnecessary burden over
them.

Question 2: What are the Principles of Scheduling?
Answer 2:

1. The principle of optimum task size .
2. The principle of the optimum Production plan .
3. The principle of the optimum operation sequence

[CMA EXAM DO03]
Question 3: Distinguish between master scheduling and loading.

Answer: Master scheduling: It is the preliminary phase of scheduling
performed on an overall basis indicating a broad manufacturing plan to be
accomplished in a given time period. A typical tool used is the Gantt chart
for planning and controlling the pro gress of production. The Gantt chart
covers the entire production system from procurement of material to
shipment of product.

Loading: Itis a process of converting schedule into implementation. Loading
determines the feasibility of the scheduled dates for each by sequencing the
job on concerned machine depending on the processing time and machine
availability. Loading in fact, refers to the actual loading of the jobs onto the
machine.

Question 4: What is the relationship between Routing and Scheduling?

Answer 4: Both are interconnected as scheduling is difficult without routing

and routing is also not effective without scheduling. Routing is a prerequisite

i OUWUET T EUODOT wpi POI wUDOT wUOOWET wUEOT OQws OF
is fixed by scheduling.
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[CMA EXAM D06, 3 Marks]

Question 5: What are the important factors considered in deciding

dispatching rules in case of job shop scheduling?

Answer 5: Important factors to be considered in deciding dispatching rules

in case of job shop scheduling arefolows:

1. Optimum utilization of capacity.

2. Minimum work -in-process inventory

3. "O00xO01 UPOOWOI WEOOwWUT T wNOEUwWDPOwWUT T ws, EUL
time.

Question 6: What are the forms of schedules? [Classification of Scheduling
Systems]

Answer 6:

1. Unit scheduling system
2. Batch scheduling system
3. Mass scheduling system

Unit Scheduling System: ( Project scheduling and Job Scheduling)
Project Scheduling

1. Project Evaluation and Review Technique (PERT),

2. Ciritical Path Method (CPM),

3. Graphical Evaluation and Review Technique (GERT).

We can also use Bar charts, GANTT charts, Milestone chart, but these are less
superior to the above.

Job Shop Scheduling

1. Arrival pattern of the job - First in First Out (FIFO),

Processing pattern of the job,

Depending on the type of machine used,

Number of workers available in the shop,

ok~ wb

Order of sequencing.

Basic Scheduling Problems:
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1. Flow production scheduling for fluctuating demand (known
smoothening problem),

2. Batch production scheduling, when products are manufactured
consecutively,

3. The assignment problem,

4. Scheduling orders with random arrivals and

5. Product sequencing.

[CMA EXAM J04]

Question 7: Briefly discuss different priority rules for a job shop for

dispatching.

Answer A 6 w2 OO0T woOl wiUT T WwEOGOOOOW?/ UPOUPUaAWUUOI
are:

1. Bell-) OT OUOOz Uw Thé dppliéatibh 6F lthés Lalgorithm, mainly

applicable to job that are to be processed through 2 successive work

centers with definite sequence, will result in minimization of the total

completion time for the group job and the total idle time at the 2 work

centers.TheBelt) OT OUOOz Uw OT OUPUT OwPOEOQUET UwUT 1

(a) List all the jobs and their respective times at each work station.

(b) Consider the job with the shortest processing time.If it is located at the
first work station,schedule that job fi rst.If the job having the shortest
processing time is located at the second work station, schedule that

(c) The first and last jobs identified in step (b) are not considered further
after assigning them their respective positions in the sequence.

(d) Step (b) and (c) are to be repeated for those jobs not already
assigned.This is to be continued till all the jobs have been
UETTEUOIEB3TT w!l OOw) 01 OUOBGOzUw O1 6ubUi
? 072 wO Griucdmtarskalso.

2. Assignment Model: This is a special L/P Model which is useful in
situations, which call for assigning tasks to resources.Typical examples
include assigning job to machines or workers. The idea is to obtain an
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optimum matching of tasks and resources.Commonly used criteria
include costs, profits, efficiency and performance.

Sequencing rules for single facility

1.

10.

11.

First Come First Served or First In First Out (FCFS / FIFO): This rule
places the jobs in line as they are received.The fist job thahad come will
served first, the second next and so on.

Last Come First Served or Last In First Out (LCFS / LIFO)

Shortest Processing Time or Shortest Operation Time (SPT / SOT): As
per this rule, the highest priority is given to the job with the shortest
processing time.

Longest Processing Time or Longest Operation Time (LPT / LOT)

2. 3whbbUT w%" %2 wlAspér thik fHl€) in 2adebof tids; e shall
combine both SOT with FCFS & break the ties.

[CMA INTER J09, 2 Marks]

Question: Briefly explain MDD as a sequencing rule for single facility.

Answer: Earliest Due Date or Minimum Due Date (EDD or MDD): Here
jobs are processed in ascending order of their available time before
delivery date.By doing so, we can keep up the delivery promises.To meet
the delivery promises, if necessary, overtime, sub contracting etc., may be
used.

Weighted Earliest Due Date or Weighted Minimum Due Date (WEDD
or WMDD)

Minimum Critical Ratio: CR = Due Date / Processing Time

Static slack for remaining operations (SSRO) : Static slack = (Due date ¢
Remaining processing time/number of remaining operations)

Dynamic slack per remaining operation (DS / RO): This is a little
complicated method as a lot of numerical calculations are involved.In this
the remaining operation (aft er the one currently being performed) are also
considered.

Minimum slack time rule:  Under this rule, highest priority is given to the
job with the lease slack, where slack refers to the time remaining until due
date, after deducting the remaining processing time.
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12. Maximum mean lateness: Under this rule, highest priority is given to the

job with the least slack, where slack refers to the time remaining, until due
date, after deducting the remaining processing time.

Question 8: What are the condition s of Single Machine Scheduling?

Answer 8:

1. A set of independent, single-operation jobs is available for processing at
time zero.

2. Setup time of each job is independent of its position in jobs sequence. So,
the setup time of each job can be included in its processing time.

3. Job descriptions are known in advance.

4. One machine is continuously available and is never kept idle when work
is waiting.

5. Each job is processed till its completion without break.

Question 9: What are the basic data necessary to describe the jobs?

Answer 9:

Sel,

St

S

S,

- Due date (d)): It is the time at which the job jis to be completed.

> Job (j): Job
» Processing time (tj): (processing time + setup time)
= Ready time (r)): It is the time at which job jis available for processing

Question10: What are items calculated for scheduling?

Answerl0:

P

X

» Completion time (Cj): It is the time at which the job j is completed in a

sequence

== Flow time (F): It is the amount of time job j spends in the system.
=~ Lateness(L)): It is the amount of time by which the completion time of job

j differs from the due date

» Tardiness (Tj): Tardiness is the lateness of jobj if it fails to meet its due

date, or zero
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PRACTICAL PROBLEMS

Question1: The processing times for five jobs and their due dates are given
for a single machine scheduling below

Job (j) 1/23|41|5
Processing time (tj) (indays) | 9 | 7 | 5 | 11| 6
Due date(d)) (in days) 16| 20| 25| 15| 40
Weights(w ;) 311|183

a) Find Average Completion Time, Average number of Jobs in the System
and Average Job lateness using

a) FCFS b) LCFS c) SPT/SOT d) LPT e) DD/ EDD / MDD f) STR
b) Average Flow time using: a) WSPT b) WEDD / WMDD

Answerl:
FCFSSequence LCFS Sequence
Gye @] RO d2 L2 @ U R di L
1 9 9 |16/ 0 | 5| 6| 6 (40| O
2 7 16 20| O | 4 | 11| 17 |15 2
3 5 21 125, 0 | 352225 O
4 11 | 32 |15 |17 |2 | 7 | 29 (20| 9
5 6 38140 0 | 1| 9| 38|16 22
Total | 38 | 116 17 38 112 33
18(j) =Job

9(t;) = Time taken for the'jjob

205 - Flow time of [ job = Cumulative(t;)
21g;= Due date for théfjjob [given information]
2 ;- Lateness for thé"jjob = Maximum of [F dj, O]
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SPT / SOT Sequence LPT Sequence
G |&|FE|[d L G & F|d]L
3 55|25/ 04 11|11 |15/ 0
5 6 |11/40 0 1 9| 20|16 4
2 711820, 0 | 2| 7 |27 20 7
1 9 |27/16 11 5 6 | 33|40 O
4 11|38|15|23| 3| 5| 38 | 25|13
Total | 38 | 99 34 38 | 128 24
DD /EDD /MDD Sequence STR Sequence
G ®| R/ |d|L (@ @ |FK|d| L
4 11 11 |15, 0 | 4| 11 (11|15, O
1 9 20 116 4 |1 9 120 16, 4
2 7 27 120 7 | 2 7 27,20 7
3 5 32 | 25| 7 | 3 5 13225 7
5 6 38 | 40| O | 5 6 [38/40| O
Total | 38 | 128 18 18
Note: To find order of the jobs
Job (j) 1/2/3|4]|5
Processing time (tj) (indays) | 9 | 7 | 5 | 11| 6
Due date(d;) (in days) 16 | 20| 25| 15| 40
Slack Time = d;-t;j 7113|120 4 |34
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Sequence Total Total | Total Jolf Average completl Average number of jobs | Average Job Latenesg
Completipn F!ow Lateness| time (Mean Fibw) | system 4o <kadtd «g-
g Tne {- ebnd of 4w 0w | ToFulF)
OTm o
FCFS 38 116 | 17 23.2 3.4
LCFS 38 112 | 33 22.4 6.6
SPT 38 99 34 19.8 6.8
LPT 38 128 | 24 25.6 4.8
DD 38 128 | 18 25.6 1.6
STR 38 128 | 18 25.6 3.6
b) Average Flow Time:
WSPT Sequence
0 | @) | (w) | w0 ) B (w) | (FixW)
1 9 3 3 5,6 |6 3 18
2 7 1 7 1,9 15| 3 45
3 5 1 5 3/ 5120 1 20
4 11| 1 11 27 127 1 27
5 6 3 2 4111 ,38| 1 38
Total 38 9 148
Average Flow Time = & =——— 16
WEDD / WMDD Sequence
0 )| (wy) | w0 | @) | B (wi) | (FxW)
1 16| 3 53 116 | 16 3 48
2 20 1 20 5 40| 56 3 168
3 25| 1 25 4 | 15| 71 1 71
4 15| 1 15 2 |20 91 1 91
5 40| 3 13.3 3125|116| 1 116
Total 494
Average Flow Time = & =——— 54.88
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Question 2: Minimum Critical Ratio:

The following jobs are waiting to be
processed in a turning shop today (July, 23). The estimates of the time needed
to complete the jobs are as follows:

Jobs (j) | Due date | Processing time (tj) in days
1 July, 31 9
2 August, 2 6
3 August, 16 24
4 July, 29 5
5 | August, 30 30

Sequence the job based on the minimum critical ratio.

Answer 2: The critical ratio [CR] is =

Jobs (j) | Due date Due days for jt | Time taken |t |CR
job(dj) job(t))
1 July, 31 8 9 0.89
2 August, 2 10 6 1.67
3 August, 16 24 24 1.00
4 July, 29 6 5 1.20
5 August, 30 38 30 1.27

Note 1: As per CR, a job with minimum CR will be given first preference

Note 2: Critical Ratio (CR) of less than one means that the job is already late.

The sequenceasperCR|1(3|4|5|2

Question 30 w) O1 O U O Acotpary Has B karge machines which receive

preventive maintenance. The maintenance team is divided into 2 crews A and

ldw" Ul pw wUEOT UwUTT wOEET POl zUwxOPIl UwEOE
maintenance schedule. The second crew resets the machine and puts back

into operation.

At all times the no passing rule is considered to be in effect. The servicing
time for each machine is given below.
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Machine |A|B |C |D |E |F [G |H

CrewA |5 |4 |22|16|15|11|9 |4
CrewB |6 |10|12|8 |20(7 |2 |21

Determine the optimal sequence of scheduling for the factory maintenance
crews to minimize their idle times and represent it on the Gantt chart.
Answer 3: Step I: The minimum processing time on crew A is kept first in
sequence while machine with processing times minimum on crew B is kept
last in sequence.The optimum sequence is

BIH/A ECD|F|G

Step II: Calculation of total elapsed time

Optimal Crew A Crew B Idle time on
Sequence | Start | Finish | Start | Finish Crew B

B 0 4 4 14 4

H 4 8 14 35 0

A 8 13 35 41 0

E 13 28 41 61 0

C 28 50 61 73 0

D 50 66 73 81 0

F 66 77 81 88 0

G 77 86 88 90 0

Gantt chart [Total elapsed time is 90 hrs]

10‘ 20’ 30‘ 40’ 50’ 60‘ 70‘ 80’ 90’

Time in hours

l = |dle time
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[CMA RTP J11 & J12]

Question 4: A machining centre in a job shop of a local fabrication company

has five unprocessed jobsremaining at a particular point in time. The jobs are

labeled 1,2,3,4 and 5 in the order they enter the shop. The respective
processing time and due dates are given in the time table below:

Job Processing time Due
Number (j) (days) (tj) Date (dj)

1 11 61

2 29 45

3 31 31

4 1 33

5 2 32

The production manager and the marketing manager of the job shop have

different opinion on customer service. The production manager feels that for

certain jobs, delays are inevitable in the basic structure of the job shop

working the loss as 50 per job pe day of delay with respect to delivery date.

The marketing manager feels delay would cost the organization 1000 per

tardy job.

Examine the three commonest sequencing rules and state sequencing rule

Ul EQwPOUOEWUEUDUI awlT T wOBIEOPAEUDOOZ UwUI ¢

Answer 4:

SPT Sequence EDD Sequence FCFS Sequence
ty di | L t | (t
o | Dl 2 oY e lalulY Y5 el
24 26 27 ) ) )
4 1 1|33 - (33131 |3|-/21(211|11|6 | -
1 1
2 (j) = Job

24(t;)) = Time taken for the'jjob

25F - Flow time of [ job = Cumulative(t;)

26d;= Due date for thefjjob [given information]
27L; - Lateness for thé"jjob = Maximum of [F dj, O]
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5 2 3 132|-|512|33(3|1|2,29|40|4| -
2 5
1 11 (214 61| - | 4|1 34|31 |3|31|71| 3|40
3 1
2 29 | 43 45| - | 2|29, 63 |4 1|41 |72|3]| 39
518 3
3 31 |74 (31431 |11|74 6|1 |52 |74| 3] 42
13 2
Tota | 74 | 13 43 | 7 23 3 74 | 26 12
I 5 4 5 3 8 1
Characteristics Formula SPT | EDD | FCFS
[a] | Number of late days 1 4 3
jobs
[b] | Total Job days | 43 33 121
Lateness
[c] | Average Job YE 0W0'Qé_days 86 | 6.6 | 24.2
[d] | Cost as per [b] x 50 2,150| 1,650| 6,050
production
manager
[e] | Cost as per [a] x 1,000 1,000/ 4,000/ 3,000
marketing
manager

Comment: As per production manger EDD should be accepted, as per
marketing manager SPT should be accepted. No single rule can satisfy
both.However considering the no. of late jobs, SPT seems to have an edge.
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[CMA INTER DO5]

Question 5: Vision Graphics provides copy services for law firms in Mumbai
suburbs. Five customers submitted their orders at the beginning of the week.
Specific scheduling data are as follows:

Processing Time | Due Date (Days)
Job (in order arrival) (Days hence)
A 3 5
B 4 6
C 2 7
D 6 9
E 1 2

All orders require the use of the only one color copy machine available.

Vision Graphics would like to use the following Priority Rules and decide the
best rule for the jobsequencing, using the evaluation criterion of minimum
flow time:

(a) FCFS (First come First Served)

(b) SOT (Shortest Operation Time)

(c) DD (Due Date) or EDD (Earliest Due Date)

(d) STR (Slack Time Remaining)

(e) LCFS (Last Come First served)

Compute the Mean Flow Time and the average lateness using the five priority
rules and determine the best priority rule to sequence the jobs.

Answer 5:
Processing Time | Due Date (Days) | Slack Time
Job (in order arrival) (Days hence) [dj-ti]
A 3 5 2
B 4 6 2
C 2 7 5
D 6 9 3
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E 1 2 1
FCFS Sequence SOT Sequence DD Sequence
0 W F det L2 @) W R di|L|Q@|®|F|d]L
A 3 3 5 O|/E|1 1|2 -|Ef1 1|20
B 4 7 6 1 |1C|2|3|7|-[A|3[4|5(|0
C 2 9 [ 7 2 A 3,651 |/B|4|8|6/|2
D 6 | 15| 9 6 B 4,10/ 6|4 |C| 2 |10|7| 3
E 1 /16| 2 (14D | 6 |16/9| 7 |D| 6 |16|(9| 7
Total | 16 | 50 23 36 12 39 12
STR Sequence LCFS Sequence
0 (@R |d L 0@ K| diL
E 1120/ E| 21|20
A 3|4, 5/ 0 D|6|7|9|0
B 4 1 8|6|2|C|2|9|7|2
D 6 114, 9|5 B| 4 |13|6 |7
C 21167 9|A| 3 |16/5(|11
Total 43 16 46 20
Characteristics Formula FCF{ SO1 DD| STF LCF¢
Total Flow Time days 50 | 36 | 39| 43| 46
Total Job Lateness days 23 | 12| 12| 16| 20

2 j) = Job

2(t;) = Time taken for the'jjob

30K - Flow time of [ job = Cumulative(t)

31g;= Due date for thefjjob [given information]

%L ;- Lateness for thé"jjob = Maximum of [F dj, O]
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Averagempletion tim¢ Y€ O'G0EYWQA ¢ days 10 | 7.2| 7.8/ 8.6 9.2
@ 06d&n0é

Average Job Latenes| "Y¢ OUEI® 0 Q& dayy 4.6 | 2.4 2.4/ 3.2| 4.0
00aw0EéE w

Conclusion: Shortest Operation Time is the most priority rule for the job
sequencing, as this schedule has the lowest mean flow time §) of 7.2 days of
the entire schedule considered.

Question 6: WSPT Rule: Consider the following single machine -scheduling
problem with weights.

Job (j) 12/ 3[4]s

Processing time () hrs [ 30| 8 | 10| 28 | 16

Weight (W) 112123
Answer 6:
WSPT Sequence
)%= | ()3 (wi® | (w0 () | B | (wi) | (FxW)
1 30 1 30 2 | 8|8 2 16
2 8 2 4 5 16| 24| 3 72
3 10 1 10 3 110,34 1 34
4 28 2 14 4 | 28|62 2 124
5 16 3 5.33 1 /30/92| 1 92
Total 9 9 338
Average Flow Time = & =———=—=37.56 hours

33(j) = Job

34(t)) = Time taken for the'jjob

35(w;) = Weight for the'] job

3(tj/w;) = The weighedprocessing time =

37(j) [under WSPT sequence] = based on shovtesghied processing timét/w;)
38F - Flow time of [ job = Cumulative(t;)
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Question 7: The processing time and due dates of jobs for a single machine
scheduling is given.

Job (j) 1/2]3/a|5|6]7

Processing time (§) inhours | 10| 8 | 8 | 7 | 12| 15| 18
Due date (d) 15110121118 25| 30

Determine the sequence which will minimize the maximum lateness and also
determine the maximum lateness with respect to the optimal sequence.

Answer 7: EDD will minimize the maximum lateness. Hence the problem
solved using EDD

EDD Sequence

()% (t)* | R dez | Lk
2 8 8 10| O
7 1511 | 4
8 23|12 | 11
10 | 33| 15 | 18
12 | 45| 18 | 27
15 | 60| 25 | 35
7 18 | 78 | 30 | 48

ol O Pl W b~

From the above table, the maximum Lj is 48.

[CMAINTER J09, 4 Marks]

Question 8: As on August 1, the following jobs are to be processed. Their
processing times and due dates are given:

%9 (j) = Job

40(t)) = Time taken for the'jjob

415 - Flow time of [ job = Cumulative(t;)

42d;= Due date for thefjjob [given information]
43, - Lateness for thé"jjob = Maximum of [F dj, O]
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