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ABSTRACT

This report describes the development and implementation of an
extremely low cost manufacturing planning and control (MPC)
system in a medium sized electric motor manufacturing plant
attempting to implement the JIT philosophy.

A novel three bin ) .nban system with colour coded priorities
controls material flows without paperwork or clerical effort.
Fully levelled schedules and quick setups are not required, but
use of the smallest practically possible lot sizes is ensured.
The system significantly improves workforce motivation and is
also used as a productivity improvement tool.

A simple microcomputer based master schedule, concentrating on a
bottlenack operation, al’ ws sales managers to load and drive the
factory according to their customers' priorities. Within
capacity constraints, the schedule provides for almest any
required mix of products to be manufactured in a fixed, optimal
sequence inside each of a series of 10 day time buckets.

Sales to net inventory and delivery performance both improved by
50% within 3 months.
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1.0 INTRODUCTION

L | GEC Small Machines Company

The company unde 1iiscussion in this project is GEC Small
Machines; a South Alrican manufacturer of small and
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 'siscer' companies within the Motor Manufacturers
group; some of whom are very importanrt vendors to Small

Machines.

GEC ELECTRIC

MOTOR
MANUFACTURERS
C GEC EC
LARGE SMALL FOUNDRIES TRACTION
| MACHINES MACHINES

Figure 1.1: GEC Small Machines Company - Corporate Relationships
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The management philosophy of GECSA involves decentralisa-
tion into Strategic Business Units (SBU), of which the
Small Machines Company is one of some 27 in South Africa.
BEach €BU is treated ag an autonomous profit centre and is
expected to optimise its profits and to grow by means of

the facilities, resources, and support provided by GECSA.

About 430 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
others are independant agents. The company also manufac-
tures motors 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.

Product Range

The company manufactures a range of standard dimensioned
motors which comply with various International and South

African Bureau of Standards specifications.

The 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 frame (m) or long frame (1); for example 132s and

132m,



There are two popular types cf enclosurcs: "Totally
Enclosed Fan Cooled", designated a D frame; and "Drip
Proof", a C tframe. The D frames and their matching end-
shields are offered in aluminium, with the opticn 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.

The above variations give a total number of some 900
models on GEC's standard price list. However, motors
closely related to the standari range, but with variations
according to the customer's requirements, are also
offered. In theory the maximum number or individual types
of motors could be in excess of 3000, of which about 1000

are currently manufactured.

Variations can be simply »f 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 hox manufac-

turers)
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- special cable or terminal boxes
- heaters fitted

- burn out protected

Electrical variations include:

- high starting torgue
- slow speed
- multi speed motors

different insulation class

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 1ot changed appreciably for at least 15 years and
management, althcugh 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 company was considering with-

drawing from the mini-motors market.

In mid 1984 several of the company's managers attended
the South African Production and Inventory Control
Society (SAP1CS) conference in Swaziland where they

viewed the Hewlett Packard video on Just In Time (JIT).
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The JIT philosophy was regarded by these managers as the
possible saviour of the mini-motors division. 1In October
1984 the GECSA pboard cave the go ahead to use the miri-
motors division of GEC Small Machines as @& pilot in the

implementation of JIT.

The Just In Time Philosophy

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
stock reduction when what is in fact envisaged is 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.



Schonberger [2] uses the term 'World Class Manufacturing'
(WCM) which includes the five major tools of 'just-in-
time (JIT) production, total quality control (TQC), total
preventive maintenance (TPM), employee involvement (EI)

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. 1In
order to do this it is considered essential to employ the
above five tools. The term JIT is used throughout this
report in its broadest sense as a management philosophy

leading to WCM.

JIT production involves the use 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 qreater 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."
Shingo (4], cne of the pioneers of JIT in Japan, writes:

"JIT inveolves the meaning that each process must be sup-
plied with the required items, at the required time, and

in the required quantity."
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This statement embodies the basis of JIT material flows on
the shop floor. If all materials arrive from suppliers
or from upstream processes exactly as required, there will
be virtually no work in proceus (WIP) in the system., This
implies no queues and therefore minimum lead times,
Indead, one of the main aims of JIT is to reduce lead
Limes until they approach the sum of the actual processing
tisen, Fast lead times give huge competitive advantages,
but there are numerous other benefits. The JIT philosophy
and many of its specific techniques originated at Toyota
in Japan as part of the Tovota production system (TPS).

Taiichi Ohno, the soc callied 'father' of TPS, says [5):

*There in not & single factor which commends a lengthy

lead tiom.*

fome of the benefits ace perhaps even more important than
the direct cuts in inventory investment which many
Wenterners have focused c- in justifying their adoption of
JIT. As cumganies shrink lead times and reduce their
stockholdings of raw satecials, WIP and finished goods,
they find that they hardly need any warehouses, factory
BLOres Of storage space between machines. Along with
these space savingms; out go racks, conveyors, forklifts
and other saterials handling equipment, In some cases
entire automated storage and retrieval systems have been
mothbailed, and in cthers, nlans to build such systems

have bwoen anelved.
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Apart from these physical gains, the very fast throughput
times and very low inventory levels allow much simpler
production and inventory control systems to be used. This
means that the need for expensive computer hardware, soft=-
ware and supporting personnel is greatly reduced; as is
the need for production planners, clerks, storekeopers,
material controllers, expediters, accountants and inven-

tory managers. Ohno (6] concludes:

“If the r.aning of production control is truly understood,

inventory control is unnecessary,"

Many ‘traditionally' trained and experienced managers
believe that JIT won't work for them and that they have
valid reasons for holding stocks at all stages of their
manufacturing operations. This is because some suppliers
deliver late, some suppliers give poor quality, some
machines are likelv to break down, some processes are -
reliable and need )00V inspection, the company's lead time
is longer than the customer's expected order to delivery
time, the machine changeover time is so 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 of the Toyota system is the tho-

rough elimination of waste.,"

Thus, none of the above are valid reasons for holding
stocks in the long run, BEach is an indication of waste

in the total system and these wastes must be eliminated.
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Toyota defines seven categories of wastes [8] arising

from:
- OVarpry ¢ .. ¢
R s 0 A i waiting)

- tranhspuis

- 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, which implies moving closer to :he
final, saleable product., Each activity performed or re-
source utilised, must be critically examined to 8"~ whet=-
her it adds value or nc*. All non-value adding steps or
rescurces are, in fact, cost-adding because they consume
time, enecrgy, 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-
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ration may appear to add value until we examine and im-
prove an upstream process so that grinding is no longer

necessary.

It is clear 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 insulacve us from problems,
but actually hide the problems, or wastes, The removal of
these buffer stocks [orces line stoppages and exposes the
hidden problems such 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 challenye 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 guality and also without the buffer

stocks. Schonberger (9] summarises this approach:

"The improvement journey requires clearing away obstacles

80 that production caa be 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."
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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 crder to ap-
preciate the concept of 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 of high quality and, to some extent, low
costs can be achieved by applying the JIT philosophy to
only the production facility, but the potential improve-
ments in customer service will probably not materialise.
It is essential to see JIT as a management philosophy to
be appiied to the whole organisation, Lead times must be
reduced by eliminating waste in the office as weil as on
the shop floor and all departments must be geared to ex-
pleit the competitive advantage of having a JIT production
facility., Clearly, the concept of EI 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 cervice can become a reality. Perhaps,
Butt's statement should be altered by substitu*ing the
word "organisat. n" for "plant" to yield a vision of a

true JIT company.
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In summary, "JIT is a whole company operating philosophy
for long term growth, survival and excellence in the face
of worldwide competition." [11]. It incorporates perpetual
efforts to eliminate waste, cut lead times and increase
flexibility throuah 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 dacision by GEC Small Machines to
embrace the J'T zli Ltasuphy should never be viewed as a

mistake. As Schonborger [12] points out:

"Today there is wide agreement ...... that continued im-
provement in gquality, cost, lead time and customer ser-

vice is possible, realistic and necessary."

To discuss the full range of specific techniques of JIT,

ige, TPM and EI in this report would be of little value as
such techniques are extensively covered in the literature,
Instead, the discussion is largely confined to those tech-
nigques which were considered or used by GEC Small Machines
during the courie 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 may be of use to other companies implementing

JIT-based systems.
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The report begins with a description of the nead 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
of 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
discnssed in relation to each part of the problem and a

thecietical model solution is developed in each case.

The detailed development and implementation of these
solutions is then described in two separate chapters,
together with the results achieved. The interrelationship
betwean 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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THE NEED FOR AN EFFECTIVE MANUFACTURING PLANNING ANi
CONTROL, SYSTEM

The Existing Situation

When the author joined GEC Small Machines in Ma..n 1986,
certain improvements had already been achieved by applica-
tivve of the JIT philosophy. Most of the effort had been
concentrated on the mini-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 included 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 .y Carstens [13]).

However, the mini-motors manufacturing facility was
really a self-contained focused factory within a

factory and dependant only on the 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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i1 The Manufacturing Process

Briefly, the manufacturing process for the larger motors

(known as industrial motors) entails the following:

1. A stator core 1is 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 1is tested on an in-line test bench
before being permitted to proceed to a re3in dip and

baking oven.

4. This resin dipped stator 1is 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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