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Information

Management

Material and land

Labour and Capital

Inputs Organisation Transformation Output
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Introduction

Large screen TV,
or compact discs

Digital
watches

Pocket calculators,
sugar, gasoline

fast food service,
or colour TV

Shoe shining,
or black and

white TV

Growth Maturity Decline
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focussed
to order

(job shop)

Process
focussed,
to order
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Process
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(Batch)

Process
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(Continuous)

Growth Maturity DeclineIntroduction
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Feasibility studies

Product design Process design

Advance product planning
Advance design
Production process design and
development
Product evaluation and
Improvement
Product use and support

Organising the process
flows
Relation of process design
to process flow
Evaluation and process
design

Continuous interaction

Produce and market new
products
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IN P1 Machine A Machine B Machine C Out

IN P2 Machine D
P and P are the two
different products
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Line Layout

Input M1

M2

M3

M4

M5 Output

In M1 M2 M3

'S' shape layout

'U' shape layout

M6 M5 M4Out

In M1 M2 M3

Circular or 'O' shape layout

M6 M5 M4Out
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equipment

Labour

�
	���	
������������	������������������	2��������	�
����������
�������������������	

�
��������
	���	�
���
������������������������.��
���&�������	������
	������	�����
�	������������
�����������
������	�
������	��	
�����	����	�
�����

 �!�������

/�1 $�
��
�����
	
�����
����������������	������	�������������	�
��������	
�
�	�����
�����������

/��1 �
��	
������
���
��������	������������
/���1 �
���������	��
�	�	���
	�������	�
��
�����������
����������	���	
�	���
�
��
�

�����	������������

/��1 �
��
	�
����������
���	��	������	
����
�����	
������������������	�����	����
/
@ ���������������	�������A��@�������9� �
� �
	�� �������� ����������
	
��

������������	
����������
���
����������
��	�
�������
����	�����������������
�	�
	
�����������
����������������������<��
������	
��
��+$��������	��������
��������������	
�������������	��6������������������	�
������
��
�������	��	���
�
	�
����
���
����
�����%�	����
����������
	
����
��
�����	�	�������
	
�
����	
���

Cell - 1 Cell - 2

1 2 3

Part D

1 2

Part x
Part y

Cell - 3

Cell - 4

1
2

3
4

Part A

Part B

��������	������
��	�����������	������	
���
��
��

/�1 ��������� ������ � �
�� ����	���	�
� ��� �
�� ��	
�	����� ��� �������� �������
�������������������	2��������	�
��������	
��
�	�����	������
	
���	���	��	�������
�������������,�����	
��	�
�����
�����������
������������������	�
��
����
��	�
�
��	�
����	��
��	����	
������	
�����	���������	�
��
�������
�������
�������	�
���� 	
� �	�
��� ����� ������ ��� 	�� ����	���� ��� 
���� ���
� ������ ��� ������� 	
� �

���	�	�
��������	
��������	���
�������������
��������������������
����	�	���
�
��
���������2�



�
� �������	
��

��������
�����

�����

�����

�������
�����
���	����������


�
����
���	
����	
���
������	���	�
�����������
���������������	���	�
���
�����
��������
�������������������
	����
���������������������
���������
�����������������
�
��������
�������	
�����
�����
�����
	
������
�������	
��	������
�����
��
���������6
�	
����	
�	���H������
�	����������	�������
����
���	
����
����
�������	
�����������	
��
�
��������
�������
���������������
�����
�����������
�����
�����
��	�
������	��

FP GC HT GG Finished
products

FP GC HT GG Finished
products

GC

Product layout

Raw
material

Raw
material

Process
layout

FP = Forging press

HT = Heat treatment furnance

GC = Gear cutting machine

GG = Gear grinding machine
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Expected volume
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Conversion process
–Stock Points

Random Fluctuations
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–Material
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Products
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Corrective action: More or less
Material (stock)

–Stock Point
–Land
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Production Planning and Control

Production Planning
(a) Estimating
(b) Routing
(c) Scheduling
(d) Loading

Production Control
(a) Dispatching
(b) Expediting/follow up/progression
(c) Inspection
(d) Evaluation and corrective actions
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Forecast and customer
order

Aggregate production
plan

Master production
schedule

Material requirements Capacity requirements

Capacity (facilities,
material, labour and capital)

Resource base and
technology

Long range ,
1–15 years, major
capacity additions,
product and process
decisions

i.e.

Intermediate range ,
6 to 18 months, work
force, overtime plans,
inventory and sub-contracting
levels, minor capacity changes

i.e.

Short range upto 6 months
detailed scheduling,
routings, alternative
work centres, overtime etc.
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Note. Chart is normally used to emphasis the variation and unevenness in data.
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risk ( )= 5%�
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0.10

Consumer's
risk ( ) = 10%�

0

Actual % defective (p) in the lot
LTPD

n = sample size
c = acceptance number (maximum

number of defection in a
sample to accept the lot).
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lot of 'N' items

(N–n) items

C >C� C C��

Reject the lot Accept the lot

'C' defectives found
in sample

Inspect

Random
sample of
'n' items

'n' non-defectives

Replace defectives

'C' is the acceptance
number ( max. number
of defectives permitted in sample
size n)

i.e.,
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1.5 Sigma Shift

Standard Deviation
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N @�@9C�O�3�P�@�@3
�1)���N @�@9C�O�@�@E�N�@�!3C

)1)���N
(1 )

3
p p

p
n
 �N�@�@9C�Q�3�

0.047 (1 0.047)
50


N @�@9C�Q�3�
0.047 0.953

50


N @�@9C�Q�3�
0.0448

50

N @�@9C�Q�3� 0.009

N @�@9C�Q�3�P�@�@3

)1)���N @�@9C�Q�@�@E�N�/
����	��1�0�7
4
�
���N�D@

�1)���N @�@9C�O�3
0.047 0.953

80


N @�@9C�O�3 0.0448
80

N @�@9C�O�3 0.000056
N @�@9C�O�3�P�@�@#9

N @�@9C�O�@�@C#

�1)���N @�!!E

)1)���N @�@9C�Q�@�@C#�N�/
����	��1����
��0�7

�
� �
�� ������ %����	�
� �
���� ������� ��� L�;� ���� ����
� ������ 3#�� A@�� D@� �������
��2	����
��������������	:������3#��A@��D@�



�������	
��

��������
������ ���

�����

�����
�+� +�
���������L+;��
�������
������������������
���������
��������	
�������

���9"���� �� �����
;��<�= :�!��������	��<	=

� � �8

� � �C

7 � :�

: � �B

8 � �B

B � 78

6 � :;

C � �:

5 � �;

�; � 7C

-����
��L1;��
�������
������������������
����������
���
����������	:��

+�
������	
��N�C �N�������
�����������������������
�������������

N
C
n




��1�N�1��O�1��O�1���������1��

��N ���O����O�����������

1�N #D3����N�!@�

�
�
 C �N
C
n




�N�
283
10

�N�#D�3

�1)�N C �O�3� C

N #D�3�O�3 28.3
N #D�3�O�3�P�A�3#

N #D�3�O�!A�EB�N�99�#B�
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Work Design (Design for total work system
compatible with function
requirements)

Objective—improve control
by more accurate planning
manning, estimating and
evaluating performance

Objective—Improve
operations by more
effective utilisation
of all resources

Method study/operations analysis
[Design a system of components
men material machine methods

facilities] [used to evaluate
alternative design/

methods]

Work measurement
[Determine measure of

effectiveness].

Motion study—
Analysis of the motions of an

operation following the
prescribed method.

Developed by GilbrethDeveloped by Gilbreth Developed by TaylorDeveloped by Taylor

Time study—
Determine amount of
time allowed for the

completion of a prescribed taskUsed to find the
fastest motion

sequence
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Method study Work measurement

Select the work to be
studied

Record the present method
to limit of detail economically

justified using

Operation
process
charts

Flow
process
charts

Motion
charts

Film
analysis
charts

Examine the fact critically
considering in turn purposes

place, sequence, person and means

Develop best method under
prevailing circumstances

Define new method

Install and maintain
the new method to achieve

Select the work to be
measured

Record where necessary
effective and ineffective time

under existing working
conditions

Examine in order to
eliminate ineffective

time

Define method to be used

Breakdown job into
elements

Measure quantity of
work involved in that

method by

Time study Synthesis Analytical
estimating

Estimate normal time and
add relevant allowances to
determine standard time

or work unit value.

Higher productivity To achieve

Work study
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Select - Define - Record
operations to be studied

Make time
estimate

Calculate time from
historical data

Break operation down into elements-
basic motion activities

Direct time
study

Work samplingPMTS

Record observed
time for each element

Determine argumented
performance time

Compile normal
time value

Measure frequency of
occurrence of activity

Determine augmented
elapsed time

Compile normal
time value

Standard data Motion time

Find time value for
each element

Find time value for
each base motion

Compile time
values

For normal time
values

For standard
times values

Determine allowance for personal
time, fatigue, delays etc.

Calculate standard times

Determine augmented
pace or effort

Determine augmented
pace or effort level

Compile normal
time value
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Observed time

Normal time

Work content

Standard time

Apply rating factor

Add relaxation allowance

Add contingency and other
allowance if required
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Rating assigned in the scale
Level of Performance Corresponds to

60–80 75–100 100–133½ walking speed

0 0 0 No activity NIL

40 50 67 Very slow, clumsy, not interested 2 mph

60 75 100 Normal, steady, unhurried performance 3 mph

80 100 133 Businessman like, brisk, performance of 4 mph
qualified worker

100 125 167 Very fast, incentive motivated 5 mph
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Note. Usually these allowances are taken as a percentage of basic or normal time.



��
� �������	
��

��������
�����

�����

�����

�������
�����
���	����������


J��	�������������������
����������������� 

/�1 >���2��	�
�������
���/>,1 /��1 +�
�	
��
���������
���/+,1

/���1 ��������������
���/�,1 /��1 .���	���������
����/.,1

.���	���������
�����������	
����������	
����������� 

/
1 �
�������
���������
�� /�1 ���	��	�����	�	���������
���

3���+��
������� ����

,�����
��
���������
�������	�����
��������������
���V�-*W��
��	���	��
�����
��������
��� ��������� �
�� ���	���� ���� ��� �
��	���� �2���	�
�� ��������� ��
��
����	�
�� ����	
�
��
�	�	�
��
�������
���
��������
������	
�������	�������	
�	
�������������
�	
���
�
�
����������

Note. It usually varies from 10% to 20% of normal or basic time.
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Note. It is usually 5% of normal or basic time.
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Note. In this system stop watch is not used.
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y Total
mainte-
nance

Preventive
maintenance

Corrective
maintenance

A

Degree of preventive maintenance
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Normal mode of failure
and high or substantial
MTTF (mean time to failure)

Normal mode
low MTTF

If above cannot be effected
then choices depends upon
relative costs

Negative exponential
mode of failure
High or substantial
MTTF

Simple replaceable item

Preventive replacement

Run till if fails
(Preference depends upon the
relative costs)

Design or operating conditions
speed, rpm, frequency etc. changesi.e.,

Run till it fails

Preventive replacement

Run till it fails
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Normal mode of failure Detection of
failure Expensive

Preventive replacement

Run till it fails

Condition monitoring

Detection of
failure not very
expensive compared
to down time cost

Condition monitoring

Preventive replacement

Run till it fails

Design changes
(if MTTF is low)

Design changes
(if MTTF is low)

Low MTTF Design changes

Condition monitoring

Run till it fails

High MTTF Run till it fails

Condition monitoring

Negative exponential
failure mode

Preference depends
upon relative costs

Preference depends upon relative costs

Complex changeable/
replaceable item
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Works Manager

Mfd.
Suptd.

Plant Engineer Chief industrial
Engineer

Prod. control
supervisor

Utilities
Engineer

Job and cost
control
supervisor

Maintenance
Engineers

House keeping
and productive

supervisor

Maintenance
Supervisor

Maintenance
foremen, Repair

crew, oilers

Maintenance
foremen, electrician

helpers

Maintenance
foremen,

carpenters, masons,
painters, welders,

helpers

Shope foremen
machinists
mechanics

Maintenance
foremen,
plumber,
pipe filter,

helper
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PRM

MI

MFS

INPUT OUTPUT
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