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ABSTRACT

This i.port describes tin* development and implementation of an 
extremely low cost manufacturing planning and control (MPC) 
system in a medium sized electne motor manufacturing plant 
attempting to implement the .7IT philosophy.

i\ nov««l thr***» bin i. inban system with colour coded priorities
» rvork i Lerical effort.

Fully levelled MbtdttUl Ifld quick *01 Ip* ire not required, but 
t the ;m,ill«-st practically possible lot sizes is ensured. 

The system significantly improves workforce motivation and is 
also used as .1 productivity improvement tool.

A n 1 (tip 1 »• mictocufr.put**r based master schedule, concentrating on a 
o> 1 1 1 en'vk operation, ;il'. w.i sales managers to load and drive the 
factory according to their CUI1 ;• priorities. Within 
capacity constraints, th<- schedule provides for almost any 
required mix of products to be manuf let I red in a fixed, optimal 
sequence inside each of a series of 10 day time buckets.

e?. to net inventory and delivery performance both improved by 
50% within 3 months.



I V

CONTENTS

Decldrat Ion
Abstract
C o m  ’nt a
List of Figures
List of Tables
Nomenclature

Page

11 
i i l 
i v
vi i i
ix
x

IN!RODUCTION

1.1 GrX' Snull Machines Company

1.2 Product Range*

1.1 The Need for Just in Time Manuf act.uring

1.4 The Juat in Tune Philosophy

THE NEED KtJK AN EFFECTIVfc MANUFACTURING PLANNING 
AND CONTROL SYSTEM

-*!.l The Existing Situation

2.1.1 The Manufacturing Process

2.1.2 Tne Move Tiwarut Cellular Manufacturing

2.1.3 The Production System

2.2 Problem Definition

2.2.1 Problem Statement

2.2.2 Requirement*

2.2.3 Constraints

2.2.4 Criteria

SURVEY OF AVAILABLE TECHNIQUES AND DEVELOPMENT OF 
A THEORETICAL MODEL SOLUTION

3.1 Development oi the M.tater Production Schedule
3.1.1 Finite Loading

3.1.2 Undercapacity Scheduling

3.1.3 The Function of the Schedule

1

2

4

5

14

14

15

16 

17

21

21

21

22

22

24

27

27

30

31



V

3.1.4 The Optimised Production Technology (OPT)
System 33

3.1.5 The Periodic Control System at Kumera OY 38

3.1.6 Th 0 retic.1l Model of tlu1 Master Production 4 4 
Schedule

3.2 Development of The Component and Raw Material
Supply System 48

3.2.1 The Reorder Point System 49

3.2.2 Push vs Pull Sy3*.ems 51

3.2.3 Material Requirements Planning (MRP) 53

3.2.4 The Selection oJ 1 Pull System 64

3.2.5 Kanban Systems 68

3.2.6 The Appl icaui I i t.y of Kanban Systems to GKC
Small Machines 78

3.2.7 The Kippo System 87

3.2.8 Theoretical Mod-1 01 the Component and Raw
Material Supply Sy3 t.em 92

4 IMPLEMENTATION OF THE GEC SMALL MACHINES KANBAN
SYSTEM 98

4.1 Theory of Kanban Levels 98

4.2 The Choice of a Pilot Project 102

4.3 The Industrial Motor Shaft Line Kanban System 103

4.3.1 The Production Line 103

4.3.2 The Existing Control System 107

4.3.3 Determination of Kanban System Parameters 108

4.3.4 Commissioning 1 1 1

4.3.5 Results 122

Page



vi

Paae

4.4 Variations on the GEC Small Machines Kanban System 124 

4.4.1. Multi-Cell Kanban Control 124

4.4.2 The Blue Tag System 125

4.4.3 Two Bin Prioritised Kanban 126

129
4.5 Vendor Kanban Systems

129
4.5.1 Complete Vendor Kar.ban Systems

134
4.5.2 Interim Vendor Kanban Systems

136
4.6 Dlf.cussion 1 3 5

4.6.1 Special Features of the GEC Small Machines Kanban 
System ]_35

4.6.2 Comparison with Toyota's Dual Card Kanban System 138

4.7 Conclusions

5 IMPLEMENTATION OF THE MASTER PRODUCTION SCHEDULING
SYSTEM 1 4 2

5.1 The Industra II MPS 142

5.1.1 The Structure of the Schedule 142

5.1.2 The Length and Capacity of a Time Bucket 146

5.1.3 Development of the Computer Program 1 4 7

5.1.4 Using the system 1 4 9

5.1.5 The Component Capacity Check 1 5 4

5.2 The Disciplines Required 1 5 9

5.3 Results 1 5 1



vi i

6 CONCLUSIONS 164

168
7 RECOMMENDATIONS

7.1 Recommendations for GEC Small Machines Company 168

7.2 General Recommendations 170

APPENDICES

APPENDIX A DERIVATION OF KANBAN LEVEL FORMULAE 171

APPENDIX B LOADING SHEET FOR EXISTING SYSTEM 174

APPENDIX C CALCULATION OF SHAFT KANBAN LEVELS 17 5

APPENDIX D EXAMPLE OF A KANBAN TAG 177

APPENDIX E RAW MATERIAL REQUIREMENTS 178

APPENDIX F MANUFACTURING PRIORITIES FOR MINIMUM LINE
SETUP TIMS 181

APPENDIX G VENDOR KANBAN SYSTEM SPECIFICATION 186

REFERENCES 18«

Page

BIBLIOGRAPHY 195



vi i i

LIST OF FIGURES

Figure Page

1.1 GEC Small Machines Company - Cooperate 1 
Relationships

3.1 Manufacturing Inventory Systems 65

4.1 Existing Production Line For Industrial Motor 104 
Shaf ts

4.2 Revised Production Line For Industrial Motor 106 
Shafts

4.3 Existing Shaft Store 1 1 3

4.4 New Shaft Storage System 1 1 4

4.5 Kanban Tag and Material Flows 1 3 4

5.1 Structure of Industra II Manner Production 1 4 5  
Schedule

5.2 Example of a Wi.^^ng Cell Capacity Check 150

5.J Example of the Frozen Schedule Issued to the 152 
Shop floor

5.4 Example of the Component Capacity Check 156

5.5 Flow Diagram of the Order Processing Procedure 158

D1

El
A DZ132S-M Shaft Kanban Tag 

Billet Cutter's Stock Card
177

180



LIST OF TABLES

ix

Table Page

Cl Calculatio. of Shaft Kanban Levels 17S

El Calculation of Billet Requirements 178



X

NOMENCLATURE

APICS Ame i.*an Production and Inventory Control Society

C-Kanban Con eyance Kanban

CNC Computer Numerical Controlled (Machine)

CRP Capacity Requirements Planning

EAD l9timated Annual Demand

El Employee Involvement

EOQ Economic Order Quantity

FAS Final Assembly Schedule

GT Group Technology

JIT Just In Time

MPC Manufacturing Planning and Control

MPS Master Production Schedule

MRP Material Requirements Planning

MRP II Manufacturing Resource Planning

OPT Optimised Production Technology

P-Kanban Production Kanban

ROP Reorder Point

SAPICS South African Production and Inventory Control 
Society

SBU Strategic Businoss Unit

SMED Single Minute Exchange of Dies

TPM Total Preventive Maintenance

TPS Toyota Production System

TQC Total Quality Control

WCM World Class Manufacturing

WIP Work In Progress



1

1.0 INTRODUCTION

1.1 GEC Small Machines Company

The company unde Ji3Cussion in this project is GEC Small 

Machines; a South A. rican manufacturer of small c>nd 

medium sized electric motors. It is a division of the GEC 

Electric Motor Manufacturers Co. (Pty) Limited, which in 

turn is a wholly owned subsidiary of GEC S.A. (Pty) 

Limited. These relationships are shown in Figure 1, as 

are the ’sister1 companies within the Motor Manufacturers 

group? some of whom are very important vendors to Small 
Machines.

Figure 1.1; GEC Small Machines Company - Corporate Relationships
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The management philosophy ol GliCSA involves df centra 1 isa- 

tion into Strategic Business Units (SBU), of which the 

Hm.i 1 1 Machines Company is one of some 27 in South Africa. 

Each fBU is treated as an autonomous profit centre and is 

expected to optinise its profits and to grow by means of 

the facilities, resources, and support provided by GECSA.

About 4 30 people are employed by this SBU and manufactu­

ring takes place at the Small Machines’ factory in Benoni, 

Transvaal. Stocking and selling outlets exist throughout 

the country. Some are controlled by the company, whilst 

othors are independnnt agents. The company also manufac­

tures motor* for other major motor manufacturers, Large 

industrial customers (e.g. pump and lawnmower manufactu­

rers) and under proprietary brand names. This means that 

all motors produced in the factory are made to order for 

specific customers or sales outlets and not to stock.

1.2 Product Range

The company manufactures a range ol standard dimensioned 

motors which comply with various International and South 

African Bureau of Standards specifications.

Thi* major designation of a motor is its frame size, which 

is the height of its shaft above the ground in mm. The 

Small Machines range includes ten frame sizes, from 71 to 

225mm and some of these are offered as short frame (s), 

medium f rami' (m) or long frame (1); for example 132s and 

132m.
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There are two popular types cf enclosurf "Totally 

Enclosed Fan Cooled", designated a D frame; and "Drip 

Proof", a C frame. The D frames ana their matching end- 

shields are offered in aluminium, with the option of steel 

for smaller motors and cast iron for larger motors.

Within these frame sizes and types, a range of windings, 

and pole configurations are offered. This gives a choice 

of kilowatt outputs, voltages and speeds in three phase. 

For smaller motors single phase is also an option. Most 

motors can be foot, flange or pad mounted.

Ine above variations give a total number of some 900 

models on GEC's standard price list. However, motors 

closely related to the standarl range, but with variations 

according to the customer's requirements, are also 

offered. In theory the maximum number or individual types 

ot motors could be in excess of 3000, of which about 1000 
are currently manufactured.

Variations can be simply of a cosmetic nature, such as 

different paint finishes, or of a mechanical or elecrical 

nature. Mechanical features include:

- improved enclosures for spark, duct ignition, hose or 
carbon black proofing.

non standard shaft materials (or extensions) 
special mountings

special flange endshields (e.g. for gear box manufac­
turers )



special cable or terminal boxes 

heaters fitted 

burn out piotected

Electrical variations include:

high starting torgue

- slow speed

multi speed motors 

different insulation class

1•3 The Need for Just In Time Manufacturing

In the early 1980's the company's performance with *egard 

to quality, cost and delivery/service was going from bad 

to worse. Manufacturing layouts, methods and systems 

had lot changed appreciably for at least 15 years and 

management, although aware of various symptoms, was un­

able to pinpoint the root causes of their problems.

By 1984 these problems had become chronic, especially in 

the mini-motors range (71, 80 and 90 frame sizes) where 

final test rejects were of the order of 40%, of which at 

least 20% needed complete rewinding. Output was running 

at about 40% of budget. Due to these factors, as well as 

increasing competition, the comDany was considering with­

drawing from the mini-motors market.

In mid 1984 several of the company's managers attendei 

the South African Production and Inventory Control 

Society (SAP1CS) conference in Swaziland where they 

viewed the Hewlett Packard video on Just In Time (JIT).

4



The JIT philosophy was regarded by these managers as the 

possiole saviour of the mini-motors division. In October 

1984 the GECSA ooard gave the go ahead to use the miri- 

motors division of GEC Small Machines as a pilot in the 

implementation of JIT.

1.4 Thp .lust In Time Phi losophy

Japan's overcrowding and lack of natural resources led to 

the development of the essentially frugal philosophy of 

Just In Time manufacturing. This approach is highly ap­

plicable to the South African situation. As Schonberger

[1] observes:

"Perhaps lack of capital to squander actually gives deve­

loping countries an extra advantage: an inclination for 

simple, low cost solutions."

Just In Time is also referred to as Stockless Production 

or Zero Inventories, but all thre' of these are unfortu­

nate terms, because they fail to convey the breadth of 

concepts involved. They tend to imply a narrow focus on 

gtock reduction when what is in fact envisaged i3 a new 

philosophy for running a manufacturing business, which 

emphasises co-ordination, integration and simplicity.

JIT is not a project or a program. It is an ongoing 

search for more and more highly rationalised systems of 

managing the productive resources of people, money, mate­

rials, space, machines, tools and information.

5
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Schonberger [2] uses the term 'World Class Manufacturing' 

(WCM) which includes the five major tools of ' ju.°t-in- 

time (JIT) production, total quality control (TQC), total 

preventive maintenance (TPM), employee involvement (El) 

and simplicity."

The term WCM implies the ability to provide products with 

the consistent high quality, low cost, and level of fast 

dependable service equal to that of the world's best. In 

order to do this it is considered essential to employ the 

above five tools. The term JJT is used throughout this 

report in its broadest sense as a management philosophy 

leading to WCM.

JIT production involves the U3e of smaller lots and 

smaller inventories. Schonberger [3] points out the im­

portant benefits of this that are not included in econo­

mic order quantity (EOQ) calculations.*

"Better quality, less waste and rework, more awareness of 

sources of delay and error, higher levels of worker moti­

vation, and qieater process yield and productivity. You 

don't have to achieve one-at-a-time production to gain 

some of these JIT benefits; any move towards smaller 

lots will help."

Shirigo (4], cno oZ tht pioneers of JIT in Japan, writes:

"JIT involves the meaning that each process must be sup­

plied with the required items, at the required time, and 

in the required quantity."



This statement embodies the basis ot JIT material flows on 

th«- shop lloor. It all materials arrive from suppliers 

<»f t i on upitre.in | > t ■ i. • . .. • . exact ly as required, there will 

he virtually no worn in proceiis (W 11*) in the system. This 

t mpl i <• •. no queue-• ui.l th«relor< minimum lead times, 

lndeeti, one ot the Main ains ol JIT is to reduce lead 

times until they approach the sum ot the actual processing 

tlmea, Fast 1<mi1 times give huge competitive advantages, 

bit t her* are numerous other benefits. The JIT philosophy 

and auny ot its specific techniques originated at Toyota 

tn Japan as pert of the To • i j . • ion system (TPS). 

Ta»» 1 1 inn , • h«* • aii-d 'lather' of TPS, says (5):

* TT»er* i s  not » s i n g l e  [1  t o r  w hi c h  commends a l e n q t h y  

load t i a > . *

of in* benefits are perhaj• *» ov«n more important than 

tike airet « »t a tn inventory investment which many 

»*at*rn»ra have focueed c- in justifying their adoption of 

Jit. A* <e|ani«a shrink leal times and reduce their 

atackho.dinqs ol raw materials, HIP and finished goods, 

they find tha< the) l)trdl)f need any warehouses, factory 

• ” a i * » i K u i o i j r  »| i t«t»«-en machines. Along with 

the** space lavitgt, . 1 40 lack*, conveyors, torklitts 

and of he * materials handling equipment. In some cases 

•ntire automated at. rage and retrieval systems have been 

■uthixiliici, rind in thrri, plana to build such systems 

have tmen snelved.

7



Apart from these physical gains, the very fast throughput, 

times and vory low inventory levels allow much simpler 

production and inventory control aysteins to be used. This 

meins that the need lor expensive computer hardware, soft­

ware and tupporting personnel is greatly reduced; as i; 

th* need for production planners, clerks, storekeepers, 

material controllers, expediters, accountants and inven­

tory managers. Ohno (61 concludes:

"I: the r aninq of production control is truly understood, 

inventory control is unnecessary."

M.iny 'traditionally' trained and experienced managers 

believe that JIT *on*l w rk for them and that they have 

valid reasons for holding stocks at all stages of their 

manufacturing operations. This in because some suppliers 

deliver late, some suppliers give poor quality, some 

machine* ate likely to break down, some processes are 

reliable *nd nee 1 100* inspection, the company's lead time 

is longer than th* customer's expected order to delivery 

time, the machine changeovei time u  no long that a large 

batch must be run to 'improve the economics', etc... The 

list of excuses appears endless, and JIT seems impossible; 

but only because its most basic aim has been overlooked. 

Ohno (7) reminds us:

"The most important aim ot the Toyota system is the tho­

rough elimination of waste."

Thus, non** ol the above are valid reasons lor holding 

stocks in the long run. Each is an indication of waste 

in the total system and these wastes must be eliminated.

8
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Toyota defines seven categories of wastes [8] arising 

f ronv

O ' / M r p r o . ' J '  n < -

t Hi > i.!•. waiting)

t ia iu p u ^ t .

the processing itself 

unnecessary stock on hand 

unnecessary motion 

producing defective goods

It is not deemed necessary to explain or give examples of 

these wastes as they are each extensive and are well co­

vered in the existing literature. It was mentioned ear­

lier t! one of the main aims of JIT is to reduce lead 

times until they approach the sum of the actual processing 

times. However, the processing itself often contains 

wastes, including wasted time, and therefore throughput 

times can be cut still further.

A useful concept when attempting to eliminate waste is 

that of adding value, whicii implies moving closer to .he 

filial, saleable product. Each activity performed or re­

source utilised, must bo critically examined to s- ■> whet­

her it adds value or ncf . All non-value adding steps or 

resources are, in fact, cost-adding because they consume 

time, energy, capital, etc; and so they are wastes that 

must be eliminated. it is obvious that machining a 

shaft adds value to a steel billet, whereas moving it to 

a store and booking it in does not. However, it is not 

always as simple as this. For example, a grinding opera-



ration may appear to add value until we examine and im­

prove an upstream process so that grinding is no longer 

necessary.

It is cleat that, traditionally, companies have held 

buffer stocks to insulate themselves from the many unsol­

ved problems and wastes in their production systems. The 

JIT philosophy challenges the assumption that these 

buffers stocks must be there and encourages their removal 

on the basis that they not only insulate us from problems, 

but actual’y hide the problems, or wastes. The removal of 

these buffer stocks forces line stoppages and exposes the 

hidden problems 3uch as machine breakdowns, substandard 

quality, scheduling errors, wasted floor area, excessive 

labour, excessive changeover times, unnecessary machine 

time, poor stock distribution, unreliable suppliers, etc. 

The challenge is then to attack the root cause of each 

problem so that it does not recur. Thus, the production 

system runs more efficiently and productively than before, 

with more consistent quality and also without the buffer 

stocks. Schonberqer (9] summarises this fipproach:

"The improvement journey requires clearing away obstacles 

so that production ca.i bo simplifie’."

One of the JIT pioneers at Kawasaki USA, Dennis Butt, 

tried to rationalise -\nd articulate the overall JIT effort 

by saying (10]:

"I envision the entire plant as a series of stations or 

the assembly line, whether physically there or not."

10



This statement sums up JIT material flows and production 

rather well, but the suppliers and the customers should be 

seen as stations on the assembly line too, in order to ap­

preciate the concept o! an advanced JIT production facili­

ty. Such a facility would have a very quick throughput 

time and would be very efficient, but the lead time as 

perceived by the customer would not necessarily be short. 

This could arise through paperwork and system delays in 

processing the customer's order from the salesman through 

credit control, design engineering, etc., to the produc­

tion facility.

The advantages ot high quality and, to some extent, low 

costs can be achieved by applying the JI^ philosophy to 

only the production facility, but the potential improve- 

nents in customer service will probably not materialise.

It is essential to see JIT aa a management philosophy to 

be applied to the whole organisation. Lead times must be 

iedtn_od by eliminating waste in the office as weil as on 

the shop floor and all departments must be geared to ex­

ploit the competitive advantage of having a JIT production 

facility. Clearly, the concept of El must be extended 

beyond the shop floor to all the company's employees. It 

is only in this manner that high quality, low cost and ex­

cellent customer Lervice can become a reality. Perhaps, 

Butt's statement should be altered by substituting the 

word "organisat*. in" for "plant" to yield a vision of a 

true JIT company.

11



In summary, "JIT is a whole company operating philosophy 

for long term growth, survival and excellence in the face 

of worldwide competition." [111. It incorporates perpetual 

efforts to eliminate waste, cut lead times and increase 

flexibility through the total involvement of all employees 

and the use of the simplest, most practical methods and 

systems.

In spite of whatever implementation difficulties 

are encountered, the decision by GEC Small Machines to 

embrace the J TT pli: losuphy should never be viewed as a 

mistake. As Schonborger 112] points outs

"Today there is wide agreement .....  that continued im­

provement in quality, cost, lead time a.'d customer ser­

vice is possible, realistic and necessary."

To discuss the full range of specific techniques of JIT, 

luv-, TPM and El in this report would be of little value as 

such techniques are extensively covcred in the literature. 

Instead, the discussion is largely confined to those tech­

niques which were considered or used by GEC Small Machines 

during the course of this project and to certain practical 

issues involved in their implementation. Although this 

discussion and its conclusions will relate specifically to 

control systems for the GEC Small Machines environment, it 

is expected that certain fairly general principles will 

emerge which tray be of use to other companies implementing 

JIT-based systems.

12
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The report begins with a description of the need for an 

effective manufacturing planning and control system at the 

company. The existing situation is described in terms of 

the manufacturing process, the early JIT efforts, and the 

production systems in use. This leads on to a definition 

ot the problem in terms of requirements, constraints and 

criteria.

The problem is examined in two parts: the need for a 

suitable master production schedule, and the need for a 

system to provide the raw materials and components to 

execute such a schedule. Available techniques are 

discussed in relation to each part of the problem and a 

theoretical model solution is developed in each case.

Vh" detailed development and implementation of these 

solutions 1 then described in two separate chapters, 

together with th«' results achieved. The interrelationship 

between these two systems and their advantages and 

disadvantages, are also discussed.

Finally, certain conclusions are drawn and recommendations 

of both a specific and a general nature are given.
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2.0 THE NEED FOK AN EFFECTIVE MANUFACTURING PLANNING ANi 
CONTROL SYSTEM

2 .1 The I’x l Ht ing Sit uat ion

When the author joined GEC Sm.il 1 Machines in Ma.ji 1986, 

certain improvements had already been achieved by applica- 

ti of the JIT philosophy. Most of the effort had been 

concentrated on the inini-motors product line as the pilot 

project. A certain degree of lot size reduction had been 

undertaken, with a drop in WIP from an initial 30 days to 

about 5 days. Vastly improved layouts had been implemen­

ted and various TQC techniques had been utilised. Quality 

improvements ircluded the reduction of rejects from 40% to 

about 10% and complete rewinds from 20% to about 3%. A 

full discussion of the mini-motor pilot project and its 

results is given i, Carstens 113 J.

However, the mini-motors manufacturing facility was 

really a self-contained focused factory within a 

factory and dependant only on t*e in-house aluminium 

die cast shop for frames and endshields. All other 

component manufacture in the plant did not supply the 

mini-motor line. Also, mini-motors accounted for less 

than 20% of the company's sales and thus an urgent need 

existed to improve the operations in the remainder of the 

plant. ,
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2.i.l The Manufacturing Process

Briefly, the manufacturing process for the larger motors

(known as industrial motors) entails the following:

1. A stator core is built up and welded to the required 

length from a number of steel laminations selected 

from a standard range. These lamination are supplied 

by punch presses at the GEC Large Machines Company, 

which is on the same site.

2. Various gauges of copper wire are wound in coils, to 

specification, by special purpose machines or by hand 

and then inserted into the stator core, together with 

insulating materials. The insertion process is 

performed by a machine or by hand and is known as 

"shooting" of the coils.

3. Various wiring connections are then made and th^ 

wound stator core is tested on an in-line test bench 

before being permitted to proceed to a re3in dip and 

baking oven.

4. This resin dipped stator is then pressed into a frame 

which has been machined in-house, but still requires 

a spigotting operation which must be performed after 

inserting the stator core. The raw iron castings are 

supplied by the GEC Foundry Company in Springs ana 

the aluminium ones by the in-house die casi'.i.g 

facility.
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