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ABSTRACT

This thesis aims at developing a modular approach for modelling
the dynamic behaviour of production system for the purpose of corporaté
planning using System Dynamics methodology. The proposed approach has
been employed for designing computerised co porate simulation model of
a typical steel plant. The modular constructicn facilitates the development

of similar model of any manufacturing system.

The literature on corporate plarning mode's has been classified
and reviewed. Design of generalised models, based on an understanding
of system structure, controllable and non-controllable pararaeters is considered
to be a crucial area for f{urther research. The two sucveys carried out
to study ihe corporate planning practices in Indian context have revealed
the need for strengthening the knowledge and experience in the area of
corporate planning through development and application of dynamic, mathema-

tically simple, flexible and user oriented corporate planning models.

Moduiar appreach based on system dynamics methodology is
suggested for the development of corporate planning models. Out of the
three major modules of a corporate planning model, viz., marketing, production
and finance, the production system module has been taken up for detailed

investigation, design and application.

Basic feed-back modules of a production system in general have
been invesiigated and separately studied. These have been integrated to
evolve a generic feedback structure of a production sub-system. The capacity
centre module so evolved has been applied to model the various production
sub-systems of an integrated steel plant. One such application in case
of a rolling mill is presented. The validation runs of this model have establ-
ished that capacity centre module signifies to a large extent the dynanuc

behaviour of production.

The capacity centre module designed; based on the generic feed-

back structure, has been taken as a basis to develop an integrated feed-



il
back model of any production system. This has been demonstrated for
the case of a steel plant. The model of the production system of steel
plant has been developed through stagewise integration of twelve inter-
dependent capacity centre modules. The scope of the model has been enlarged
to simulate the generation of scrap, and to identify the intensity of bottleneck
at each capacity ceatre.  The validation results have established that
tihe modular appreach using system dynamics methodology can be applied
to simulate the production behaviour of any complex integrated system

comprising of a set of interdependent capacity centres.

The model of the production system has been extended in a
limited manner, by developing an aggregated accounting module, to simiiaie
some of the financial consequencies of physical flows and financial indicatcis

of Interest.

Simulation experiments have been conducted with the model
and the scope for its application in the area of corporate planning is estab-
lished. The mode! has been applied in a real life situation to identify
debottlenecking priorities, generation of optimistic and pessimistic scenarios,
and evaluation of expansion, modernisation and debottlenecking projects.
The results of some of these experiments are discussed. The model extends
over 1000 statements representing 12 capacity centres, 3 major raw materials

and 17 finished products of the steel plant.

The major findings of the research have been summarized, and
the significant research contributions made are highlighted. Some of the

limitations of the study have been outlined, and scope for future research
is indicated.

An extensive bibliography on corporate planning models is given
at the end of the text, followed by appendices.



CONTENTS

Page
ABSTRACT i
LIST OF FIGURES i
LisT OF TABLES vii
LIST OF APPENDICES ix
NOMENCLATURE X
CHAPTER INTRODUCTION TO THE STUDY
1.1 Introduction !
1.2 An overview of corporate planning i
1.3 Corporate planning models 3
1.3.1 Definitions 5
1.3.2 Classification of corporate planning models 6
1.3.2.1 Classitication based on parameters 6
1.3.2.2 Classification based on modelling strategy 6
1.3.2.3 Classification based on characteristics of 6
the model
1.3.2.4 Classification based on consolidation
1.3.3 Applications
1.4 Systems dynamics models 10
L.4.1 Historical perspective Il
1.4.2 The approach 12
1.4.3 Applications 14
1.5 Systeins dynamics modelling and 16
corporate planning
1.6 The statement of the problem 17
1.7 An overview of the thesis 19

1.3 Concluding remarks 20



CHAPTER I
2.1
2.2

2.3
2.4
2.4.1
2.4.2
2.4.3
2.0.4
2.5
2.6
2.7
2.8
2.9

2.10
2.11

2.12
2.13
2.14

CHAPTER 1

3.1
3.2
3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6

3.4

LITERATURE REVIEW

Introduction

Previous approaches and the basis

for present review

The pictorial scheme

The tabular scheme

Optimisation models

Econometric models

System dynamics models

Simulation models

The review of optimisation models
The review of econometric models
The review of system dynamics models
The review of simulation models

The review of survey papers

The review of miscellaneous papers
The state of the art

Limitations of the existing models
Need for further research and areas for study

Concluding remarks

SURVEY OF CORPORATE PLANNING PRACTICES
IN INDIA

Introduction

Methodology of survey I

Analysis of response and findings

Profilie of participating organisations
Organisation of corporate planning function
Corporate planning process and contents
Tools and techniques used

Major applications

Reasons for not pracrising corporate planning

Major inferences fros1 survey 1

22
22

24
25
26
27
28
30
31
35
37
44
55
59

62
64

66
69

70
70
71
71
73
76
77
77
78



3.5

3.6
3.6.1
3.6.2
3.6.2.1
3.6.2.2

3.6.2.3
3.6.2.4
3.6.2.5

3.6.2.6

3.6.2.7

3.6.2.8

3.6.2.9
3.6.3
3.6.3.1
3.6.3.2
3.6.3.3
3.6.3.4
3.6.3.5
3.6.3.6
3.6.3.7
3.6.3.8
3.6.3.9
3.6.3.10
3.6.4
3.6.4.1
3.6.4.2
3.6.4.3
3.6.4.4

Methodology of survey II

Analysis of response and findings

Profile of participating enterprises
Organisation of corporate planning function
Size of corporate planning department

Level of reporting by head of corporate
planning department

Activities of corporate planning department
Location of corporate planning function
Designations of heads of corporate planning
departments

Academic background of heads of corporate
planning departments

Managerial experience of heads ufcxﬁpurdlv
planning departments

Academic background and past experience of
corporate planners

Use of external consultants

Corporate planning process

Time span of corporate plans

Introduction of corporate planning
Experience in corporate planning

Reasons for revision of corporate plans
Frequency of review of corporate plans
Participation in preparation of corporate plans
Information dissemination about corporate plans
Bottom up-top down planning

Use of models for preparing corporate plans
Setting of corporate objectives

Contents of corporate plans

Corporate objectives

Scope of corporate plans

Preferred outputs/staiernents for future periods

Assumptions underlying corporate plans

30
&0
80
82
82
82



3.6.5
3.6.6
3.6.7

3.7

CHAPTER IV

4.1
#.2
4.2.1

4.2.2
4.2.2.1
4.2.2.2

4.2.3

4.2.4
4.2.4.1
4.2.4.2
4.2.4.3
4.2.4.4
4.2.4.5
4.2.4.6

Problems faced in preparing corporate plans
Advantages of practising corporate planning
Major inferences from survey Il

Concluding remarks

A MODULAR APPROACH TO CORPORATE
MODELLING USING SYSTEM DYNAMICS
Introduction

System dynamics methodology
Formulation of problem and identification
of explanatory variables

Feedback loop structuring

Positive feedback loops

Negative feedback loops

Flow diagramming

Establishing DYNAMO equations

Level equations

Rate equations

Auxiliary equations

Initial value equations

Constants

Table function

Computer simulation

Corporate modelling: A modular approach
System dynamics in modular context
Modular approach

Marketing module

Production module

Finance module

Conceptualisation of srodu:tion system for
development of basic feed»ack modules

Concluding remarks

93
93
93
<5

<6

C
M

C
7

S7

58

58
1co
1G4
ice
1C4
1C5
1C5
IC5
1C5
1C6
167
108
108
1190
L1l
112
113

120



CHAPTER V BASIC FEEDBACK MODULES IN PRODUCTION

SYSTEM

5.1 Introduction 121

5.2 Down time module 122
5.2.1 Loop description 122
5.2.2 Flow diagram ‘ 123
5.2.3 DYNAMO equations 123
5.2.4 Loop behaviour 125

5.3 Material constraint module 125
5.3.1 Loop description 125
5.3.2 Flow diagram 127
5.3.3 | DYNAMO equations 127
5.3.4 Loop behaviour 130

5.4 Demand constraint modulc 131
5.4.1 Loop description 131
5.4.2 Flow diagram [31
5.4.3 DYNAMO equation 135
S5.4.4 ioop behaviour 136

5.5 Expansion/divestment module ' 13¢
5.5.1 Loop description 1 3¢
5.5.2 Flow diagram 13¢
5.5.3 DYNAMO equations 13¢&
5.5.4 Loop behaviour 14

5.6 Recruitment/retrenchment module 145
5.6.1 Loop description 143
5.6.2 Flow diagram ) 143
5.6.3 DYNAMO equations 143
5.6.4 Loop behaviour 1465

5.7 Manpower constraint modul > 147
5.7.1 Loop description 1a7
5.7.2 Flow diagram : 147
5.7.3 DYNAMO equations 151
5.7.4 Loop behaviour 151

5.8 Machines obsolescence module 153

5.9 Employee turnover module 155

5.10 Concluding remarks 157



CHAPTER VI DEVELOPMENT OF CAPACITY CENTRE MODULE
AND ITS APPLICATION

6.1 Introduction 158
6.2 Integration of basic feedback modules 158
6.3 Capacity centre module 159
6.3.1 Description of feedback structure 159
6.3.2 Flow diagram 161
6.3.3 DYNAMO equations 161
6.3.4 Capacity centre module behaviour 163
6.3.4.1 Behaviour in response to constant supply le3
6.3.4.2 Behaviour in response to step input in raw 16*

material supply

6.3.4.3 Behaviour in response to ramp input in raw 168
material supply

6.3.4.4 Behaviour in response to pulse input in raw 172
material supply

6.3.4.5 Behaviour in response to sinusoidal input in 172

raw material supply

6.4 Feedback model of a rolling mill L7
6.4.1 System description 177
6.4.2 Adaptation of generic module | 130
6.4.3 Codification scheme 130
6.40.4 DYNAMO equations 134

6.4.4.1 Production and capacity [ 34
6.4.4.2 Minor repairs 136
6.4.4.3 Breakdowns 136
6.4.4.4 Hours worked in previous period 187
6.4.4.5 Capital repairs 187
6.4.4.6 Hours accumulated for capital repairs 188
6.4.4.7 ) Raw material constraint 189
6.4.4.8 Demand constraint 191
6.4.4.9 Operating manpower constraint 193
6.4.4.10 Operating manpower level 193
6.4.4.11 Maintenance manpower level 194

6.4.4.12 Level of machines 197



6.4.4.13

6.4.4.14
6.5
6.6

CHAPTER VII

7.1
7.2

7.3
7.3.1
7.3.2
7.3.3
7.3.3.1
7.3.2.2
7.3.3.3
7.3.3.4
7.3.3.5
7.3.3.6
7.3.3.7
7.4

7.5

CHAPTER VIl

&.1
8.2
8.3
8.4
8.5
8.5.1
8.5.2

8.5.3
8.5.4

8.6

Raw material inventory level
Finished goods inventory level
Validation of the rolling mil! model

Concluding remarks

FEEDBACK MODEL OF INTEGRATED
PRODUCTION SYSTEM

Introduction

Integration of capacity centre modules
Production system mode! of a stee! plant
System description

An overview of the model

Stagewise integration of capacity centre modules
Integration of stage one and stage two
Further integration with stage three
Further integration with stage four

Further integration with stage five

Further integration with stage six
Extension tc Incorporate scrap in the mode!
Modelling of intensity of bottleneck

Model validation

Concluding remarks

EXTENSION OF PRODUCTICN SYSTEM MODEL
TO INCORPORATE FINANCIAL ASPECTS
Introduction

An overview of the accounting module

Gross block module

Realisation module

Works cost module

Material cost

Labour cost

Operating cost
General administration cost

An illustrative financial behaviour of
production system

Concluding remarks

197
200
202
206

207
207
214
214
216
218
218
223
225
228
230
233
235
237
24}

247
242
246
246
250
252
257
259
264
265

265



CHAPTER IX

9.1
2.2
92.2.1
9.2.2
9.2.3
9.2.4
9.2.4.1
9.2.4.2
9.2.5
9.2.6
9.3
9.3.1
9.3.2
9.3.3
9.4

CHAPTER X
10.1
10.2
10.3
10.4
10.5

10.6
BIBLIOGRAPHY
APPENDICES

SIMULATION EXPERIMENTS WITH STEEL PLANT
MODEL |
Introduction

Design and scope of experiments

An overview of experiments

Simulating impact of demand behaviour
Simulating impact of supply behaviour
Sensitivity analysis

Policy parameters

Environmental parameters

Simulation of future states

Evaluation ot projects

Some results of simulation experiments

Senario based on optimistic assumptions
Senario based on pessimistic assumptions
Impact of additional sinter plant

Conciuding remarks

MAJOR FINDINGS AND CONCLUSIONS
Introduction

Summary of research findings
Significant research contributions made
Limitations of the study

Possible extensions and suggestions for
future research efforts

Concluding remarks

CURRICULUM VITAE
LIST OF PUBLISHED PAPERS

270
270
2:0
2:2
2,2
2.3
2.3
2.4
24
275
276
276
278
238
2

235
295
237
330
301

302
0y



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

