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"our Life is Erittered avay by detail ....
Siaplify, simplify”

H D Thorean

"Sinplify and reduce, simplify and integrate,
simplify and expect resulva®

¥ 7 gohenborger




ABGERACT

This paper presemts the experiences gained in the
inplemantation of the Just In Time {(JIT) philosophy at
 Sopth African factery.

The dnitial chapters discuss the deteriorating
Productivity performance of the South African
Hanufactoring Industry aghinet thelr major overseas
trading compelitors, and the hypothesis ia given that
the use of the JIT philosophy could be of major
benefit in halting, and perhaps reversing this trend.
The basic principles of the JIT philosophy are
summarised apd cospared with the traditiomal approach.

The main ‘portion of &his paper describes the actual
approach taken in & specific JIT implementation.

This 4s done from the broad conceptual considerations,
through the development of genera) sxiteria, to the
detailed analysis of specific problems and eventual
implementation.

A "pefore~and-aftex” evaluatién of the results
achjevaed ie undertaken, end also compared with the
"classical® JIT requizements as Gefined by some
American authorities in this field. N
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1.0 INTRODUCTION

The writex of thls report is the Director of

Planning and of GEC South
Africa, ond ls a Director of all the operating
subsidiaries of this Company.

Prior to his present position the writer was Managing
Pirector of a Group of Companies within GBC South
hfrica,  namely  Transformers,  Medlum  Voltags

Low Voltage cables,
Measurements and Projects

buring the first half of 1964 it was recognised by the
Beard of GEC South Africa that a nunbar of strateglc
moves would have to take placa in the organisatfon in
order to offset the very difficult times manufactnrexs
were having and to be able to plan for future
potential and growth. ;

Anongst other aspects the following were decided upon:

Management rastructuring of tha Growp of Companies
within 6BC South Africa would include ’:hs appointment
of a Director of Manufacturing who would be given the
responsibility of euswring that the derengths of the
various manufacturing operations would ha enhanced.
This was of prime imporkance as it was recounised that
more and nore of GEC's manufacturing operations were
coming under severe threat from importers. The writer
way appointed to this position.

It wes further decided that the writer, in the first
instance, would conoentrate hie efforts at GBC Small
Machines, & manufacturing cubsidiary of GEC South
Africa.

e
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1.0 INTRODUCTION

The writer of this report is the Diractor of
Manufocturing, Planning and Development of GEC South
Afrjca, and is a Director of all the operating
subsidiaries of this Company.

Prior tc his present position the writer was Managing
bivector af a Group of Companies within GEC Sooth
Afrlos, nemely  Tvansformers,  Medium  Voltage

Bow Voltage cables,
Measurements and Projects

During the first half of 1984 it wes xecognised by the
Board of GEC South Africa that a number of strategic
moves would have to take place in the organisation in
order to offset the very difficult times manufactuvers
were having and te bs able to plan for future
potential and growth. ‘

hmongst other aspects the Lollowing were decided upon:

Management restructuring Of theé Growp OFf Companies
vithin GEC South Africa would include the appointment
of a Director of Manufacturing who would be given the
responsibility of ensuring that the stremgths of the
various manufacturing operations wonld be enhanced.
This was of prime importance as it was recognised that
more and moxe of GEC's manufacturing operstions wers
coming under severa threat from importers. The writer
way appointed to this position.

It was further ducided that the writer, in the first
instance, would concemtxate his afforts at GEC Small
Machines, a manufacturing subsidiery of GEC South
Africa.




2.¢ PRODUCTIVITY IN SOUTH AYRICA

2.1 General Discusafon

south Africa's improvement in productivity has fallen
way béhind that of its majox erading competitors.

TASLE Al shows that mot only is South Africa's cutput
per capita very low in comparison to its majox
compatitors, but the average annual zate of growth in
output per capita in the South African scomomy is also
vay behind.

23 Qismal as is the labour productivity figures, what
is as slemming s the redvction in improvement in
Fixed Cepital productivity. Table A2 shows the rate
of improvement in Labour Productivity in the non
agricultural sectors of the economy.  Improvements
hers in the pericd 1972 ~ 1982 is ‘some 1,2% per
anmom.  Fquivalent figures for Capital Productivity
shov u decrease in productivity rates of sume 2,3% per
annun

Table A3  gives comparable figures for the
wanofacturing  {ndestry, and labour  productivity
improvements amount to some 2,43 pér annuw, whilst
Capital Productivity has fallen by 2,18 per annum
this despite the fact that plant cspacity vtilization
percentages showed no significant change in the years
1972 and 1582 (67,5% and 87,64 rospectively.)

The above has in no small way contributed to the very
high rates of inflation inherent in the country.
There are many structural ressons for this, but
Industrialists are not blameless. Tbe net result is
that bigh inflation, coupled with low productivity is
increasingly affecting the Scuth African

2




manufacturer's ability to compete with international
nmanufacturers in South Africa, never mind in exporte.
These trends, coupled with high birth rates, are a
recipe for disaster.

The current recesston has certainly brought this home
to South African manufacturers, and those who do not
respond to the challenge are likely €0 go out of
business in the next couple of years.

2.2 Areas of Concern

Areas of particular concezn in  Sowth African
manufacturing are:

Inalfferent service

Indifforent dolivery service

Indifforent quality

Slow reaction to changing circumstances

\High prices

Expectation of {nflation :

. onopolistic and oligopolistic base material

suppliers

Lack of adequate skills at all levels

Zack of adequate educatitn at all levels

Emall volume production .

Righ vaciety .
These are not new features, and indead there have been
inprovements over the years, However, the world is
getting smaller and we are no longer belng judged on
Bouth African terms, but against international
sbandards and sona of thase sxe vesy bigh indoed.

Previously the company that performed better than its
local competitor in tha abovo factors, was the more
successful one.  However, very few South African




manufactuxers  compare favoursbly with overseas
manufocturers - and the gap in our pesrformance versus
the overseas manufacturers widens, increasingly to our
detriment.

2.3, Productivity Tmprovement Projects

In genoral, South African managers are aware of these
problems and trends and most, Lf not all, are actively
pursuing varions cest reduction ond productiviey

improvement projecte.  Typical of these could be the
following:
- stady - i
« value engineering ~ ipeentive schemes
~ more economical batch ~ commission echemes
sizing
- better labour/machine
utilisation

- more inspectors
~ QA systems

- factory layouts
- batter handling
- more productive capital equipment, and 2o on.

nfortunately, priorities are difficult to assess. In
South Mirican factorles thers are’ mormally more
projacts thon compotent and ‘trained people. In any
event, dsy to doy fire fighting alvays takes
precodence over long term planning. Furtharmors, so
many projeats are carried out in lsolation to others
that optimom benefit ls seldom roslised.

In the view of the writor the Japanese devoloped
philosophy of Just- In-Rime zaro inventory, is the
most effective way vet developed of assisting In the
cost veduction drive.

i g




3.0 MANUFACTURING ARPROACH

In general, the typlcal South African approach to
wanufacturing varies markedly from that of the
Japanese.  For the purpose of discussion this chapter
ttemises the typical {perhaps extreme?) view for sach
tuo countries,  These listings have no acientific
basis, but are gleaned from, in the case of the South
African approach, the writer's own experisnce in the
manufasturing  industry, and in the case of the
Japanese, from general impressions gained in resdings
(particularly references 3, 4 and 8.

No doubt there are South African manufactursrs who
would be more falrly descrived as a typical Japanese
manufacturer, and some Japanese manufecturers who
enould really be in the Scmth African liating.

Be that as it may, the view given by the writer is
subjective and emotive witheut apology and is merely
an attempt to indicate that the emphasis on approach
between South African and Japanese is significently
different.

3.1 2ypical South nfxican Approach

The South African approach could perhdps ba described
as followe {reference 13).

1. Keep machine tools werking - amortisation
costs aze high.
2., Keep direct labour working, it is a crime to
have idle direot labour.
EN Maintaln machines only when nacessary,
1 too expen
N set up coste are not very high - why waste

good Industrial Engincering time and effort
on what Ls veally only a small pevcantage of

5




total costs when the same effort could raduce
direct labour substantially

Keep defective and re-work costs down. Dmploy
hosts of inspectors to ensure this, but also
wake sure extza stocks are available to cater
for dissster.

South African lebour is bad ~ o the jobs are
broken down to the smallest elements, and the
labouz kept doing the same job day in and dey
cut.  In any event take people on when they
ere needed and lay them off when they are not
This alse saves
untrainsble.
South African foremen

in training ocosts for the

are not competent -
awploy them as progress chasers.

South African suppliers ave the worlds worst
- in  delivery performence as well as
quality; thevefore have high vaw material
stocks, plenty of progress chasers, and goods
.inwards inspectors

Buy for price - feel no compunction shout
changing suppliexs 1f a better deal can be
obtained  elsewhere., Treat suppliers as

adversaries, do mot develop good working
zelationships with theh, they will cnly take
advantage. .

Delivery promises are honcured moze in the
breach than in the cbservance. '

Quality Ls indifferent - ouatomers are not
willing to pay extra for good guality.
Organise work sheps in job-ghop format. It
is too expensive to have dedicated lines, or
too complicated to look at Group Yeshnology.
Loyout workehops with wide gang ways and
plenty of room betweon machines fox Work in
Progross queves

A .




3,2 ?ypical Japanesa

The Japanese approach is somewhat different.

L They keep machiies and labour workiag, but

considor that thora is no point in doing so

purely for good utilisation - all ane is [T

doing is making inventory, and if it is mot W7

for immediate sale, why do 1

2. Preventative maintenance s obligatory -
operatives are alee utilised for routine
magntenance mnd service.

3 Set wp costs are a prine cause of high
inventory - time and effort spent here will
pey handsomely in veduced inventory and
Improved flexibility.

IS Defeats and re-work costs should be zero - in
any event caloulated in parts per million,
.mot paxts per hundved.

s, Quality is the xesponsibility’ of the shop
supexvision end the operatives. The Quality
Control persennel ara thera to assist in this .
regard; cerzy out audits; o trouble shooting
and 20 on. -

s Labour and aupervision aze only as good as .
their mansgement. Training end education aze .
excellant {nvastments. g !

7 suppliers ave only as good aa their

custamars. Long term relationships are .

daveloped with suppliers, encouxagement and

asalstance are glven to them to davelop

Just-In-time nchemes; carry out  proper

quality Control proceduros: gatn matual

loyslty and intardependonce. .

5. Shops are laid out in Group Yechnology format
~ colls exo U ehope foxmation, and all to be
uaed to complete a full camponent or
sub-assenbly.




5. Cheap, hand made dedicated machine tocle are
used extensively in these Group Technslogy

cells.
10. Machines ars placed as close together as
possible.  DLittle space is allowed for Work
in Progress.  Compoments are nnloaded from
.. ome machine, and loaded directly into the
next.
1. Delivery promises are sacrosant.
12, It is cheaper ‘o produce good quality goods

than indifferent quality goods. .

Many Japanese factories have formalised this approach
into the Just-in-Time philosophy.

3.3 Typical American Rgproach
(Compared with Japanese)

$alt Goddard (Refevence ) compaves the Toyota's
Ranban  (sic) philosophy with that of - typleal United
statea Company.

Table 3.1 gives Yoyota's principles, in texms of
various factors. -

wable 3.2 glves the typical Amerivan philosophy
against thesa factors. '




A . oo ila i

Factors

Toyota's Renban

Inventory

A labllity. Every effort mist be
extended to @ avay with it.

Trmediate needs cnly. A minimm
replenishrent quantity is deaired for
oth manufactured and purchased parts.

st tps

Verdors

Co-torkers. They're part of the team.
Mailtiple deliveries for all active
items are expactad dally.

&n extension of his factory,

Quality

Zero defects. If quality 33 not 2008
‘production 15 40 Jeapardy.

Bratgment.
Baintenance

tant and effective.  Machine hrsaicloms

Const
st be mindwa)

Lead Timas

Keep them short. mwpumsaujax:
o! marketing, parchasing and menufactur: !-hq
as it xeduces the need for expediting.

by sus, Changes Are not.
nade untdl consonsus 1S whether or
not. a bit of am twlsting is mvolved
Ihe vital, ingesdtent of “ounershlp”
2
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anerican Philosopty

a0 sssat. I protoots agatost: foreost
exrors, machine problems, late vendor
Goliveries. More inventary iS

Pormulas. We're alweys revising the
optimm ot eize with sone Cornla
basad on the trade-off between the cost
of Anventories and the cost of set up.

ation. , by providing a salection
of jobs, the factary menagenent. has a
opportunity to match up vatying operator
SKiLle ) Conbine
set wps and thus contrilute to the
efficiency of the

Vendors

Mdversaries. Multiple scurves are the
rule, and it's f.ypi.ml to play then
off agatnst each other.

Quatisy

Tolerate scme scrap. W usually track
vhat. the astual ecrep hag been and develop
formilas for predicting it. -

‘Bquigment.
Maintenanca

As yequired, But pot critical because
e have queues available.

Lead Times

he longer the betler, foremen and
purchasin vgents vant more 3 times, o

Workers

edice. New bystens are
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improve productivity,

JUST-IN-TIME PHILOSOPHY

Genexal pefinttion

essence, 1t is the writer's view that the

philosophy provides the hypothesis that “in order to

waste must ba eliminated, that

the maln cause Of waste ig idla imventory; thexefore

to yeduce waste
total elimination of idle
for*.

the

following way

and thus improve productivity the
inventory must he striven
The traditional manufacturing hypothesis iz
Parhaps it can be stated in the

converse of thia.
23

“inventory dis required in order

minimise the effects of uncontrollable events in the
manufacturing environment such as machine breakdowns,

sbrenteeisn,
suppliers, queves, unscomomic

on®,

reject work, fluctuating deliveries, late
suall batches and so

Robext Hsll (refer 3) descrives the ideal of stockless

production as 1

“Eliminating waste of time. Nothing sits.
Eliminating wasts of energy.  Operate eguipment
only for a productive purpose.

Eliminating weste of material. Conv:rt all of 1t
o & produat.

Eliminating waste of grrors
and this is achieved by:

"Producing exactly what is moeded and conveying it
to where it is ncedsd precisely when it
is required.

. Mo rewark.*

TR S



Yasuhirc Monden (Reference {) desoribes the Toyota
production gystem as
"to malntain a continwous fiow of prodects in
factories in order to flexibly adapt to demand
changes. The realisation of such preduction flow ls
called Just~jn-Time production at Toyota, Wnich means
producing only necessary items in a necessary quantity
at 4 necessary time. As a result, the excess
inventories and the excess work force will be
natuxally diminished, thareby achieving the purposes
of increased productivity and cost reduation®.

Richard J Schonberger {Refer 5} describes the Japanese
approsch as:

"the Jspanese cut the wasted hours and wasted
meterials by not allowing large lots of defectives to
be produced.  “fhe maln force that drives Japanese
quality and productivity is Just-in-Time inventory
control®s
i

compare this with the following quotation from
Sohonberger (refaremce 8):

"The typicsl Westers way, by contrest, 1is.to make
parts in lsrge lots - a whole forklift, twuck load -
two weaks worth, maybe. The sacond worker might find
10 per cent to be defective, but he ddesn't care. He
just tosses a defectlve part into a sexap or rework
bin and grsbs another. Thare are enough good ones to
keep him busy, so why complain about defectives?"

Implicit in the J.I.7. philosophy 1s the further
hypothesis that ({Reference 6} “there are only two
types of actlvities or events that can take place in
any envixonments




« thoss that add value
- those that add cast

and that 1t therefore follows that all cost aading
activitiss (or events) must be entirely eliminated.*

TN TR RN«
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5.0 INVENTORYES

5.1 Inventories Main Cauro of Waste

But. why should inventory be hlamed for being the major
cavse of waste?

The traditional hypothesis, as dizeussed in Chapter %
and 4 largely anewers this question. Inventory is
suppesed  to assist in the orderly wanagement process - 5
this it does, but 4n the meantime it not only causea
major costs, but certainly &isgulses or hifes other
majox costs. {

What costs does inventory cause or directly contribute
o7

- cost of capital {interest)

- cxcessive floar space

- excesslve warehousing, plus allied costs

~  damage - the more the inventory lying around, the
greater the risk of damage

- hendling, inventory must be fetehed and carried

- housekaeping s
- obsolescence

- slow reaction to engincering changds
~  stock deterioration

“  ete.
What costs dees imventory disguize or hide?
«  rejects and rework (

~  inventory control
~  lack of control




- shortages
- inacourate forecasting
- ete.

These various aspects will all be covered in dotatl
later.

5.2 Typss of Inventory

Generally speaking there are four levels or types of
inventory holding in most manufacturing activities:

- Raw materials and bought outs
- WLR.

- Modified components and sub sssemblies
- Finished goods,

Goods inwards

Raw materials and
bought outs

w10,

Hachined components, sub
ansenblies and bought
outs

WL

Finichad Goods

Baspatah

<O

EABLE 5.1
MATERIAL FLOW

B
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5.4 Hanufacturing Lead Times S
Manufacturing lead times can be Gefined as the time
required fiim goods inwards to despatch - many costly .
decisions are made on this lea¢ time, which is W

frequontly considered to be fixed ox givem.

Warwick Johnson  (Reference 7) gives & pictorial
description of what he refers to as the ‘real N
components of lead time®, and compares the traditional P
concept of lead time with that of the J.I.T. concept,
Figure 5.1 showe this

Y REAL GOMPONENTS OF LEAD TME




This exomple shows that in the traditional produotion
systems, 13 added valus units are produced during 7§
time units.

The ideal J.I.0. production system gives 13 added
valve units during 13 time units,

If the J.1.7. hypothesis is corzect - "that inventory
adds cost" ~ and that the amount of inventory is a
funotion of manufacturing lead time, Lt can safely be
sald that the costs due to inventory ave &s 13:75 in
favour of the J.T.T. system (for this example}.

5.4 Warehousing Costs
Obvicusly warehowsing is vequired for the material,

component and  finlshed goods stock. Costs amsociated
with warehousing are:

1. Floor space and associated costs Y lighting,
heating

2. Becurity

3. Racking .

4 Mechanical handling ~ in &nd out plus delivery
+o point of use ,

5. Controls - includes record keaping, steck

cheaks, requisitions, delivery fiotes
6. Storemen

7. Risk or redundancy or cbsolescence
8, Risk of damage or detorioxation

9. Aceass

30, ' Location




5.5 Work in Progress Costs

Por work in progress inventory, costs assooiated &re:

1. Floox space between operations to hold Work
.- im Progress
N Ganguaya vo mova Work in Progress from
operation to sporation in the bautch ot

3. Mechanical handling “
A Risks or requndancy 1

5. Risks of damage

& Time lost by operator fetching components for E

next cperation, and then taking it to
subsequent ene :
7. fnacuesaibility of components
1. noreased rick or reject or rework,
particularly serious the later down the chain
of operations the reject is effected or ‘
I

alscovered )
5. cost of lights, Mesting -
0. control costs - papervork ste
5.6 Othor Inventory Caots -
Other coats are: :
1. Cost of financing the idle invantory - [

particularly pertinont in Seuth Africa today.
2 Back of Elexibility.
a Genexal slacknoss ~ 4f lead times are long

and buffer stocks bigh, sttention ta detail

is blured, -

1




6.0 QuALIYY

It would be as well +o coneider in a little more
detall the quality coste inherent in the traditjonal
wanufacturing operation versae the J.I.T. appraach.

6.1 Quality Costs - Traditional View

Tao often, costs of quality are conaidered in a very
Tigid and prascribed way, and this con lnverisbly lesd
to an incorrect appreclotion of the real costs of bad
quality - invariably understated.

Costa of guslity are usvally calculated as (if indeed
they aze calculated at all).

a). Costs of the quality control department
- inspectors
- testers
- Q.A, personnal.

Bl Pireot costa of actual defsctive work and
Teplacenent or Tework.
- material
- alrect labour
- and perhaps some of tho ovarhead coste
associated with these.

However, 1t 1is now cowmenly accepted that these costs
as caloulated are perhaps only the tip of the lceberg.




6.2 Quality Management Grid

Philip Crosby (see refersace 8) in his Quality
Nanagemet Maturity Grid attempts to define Quality
Management Maturity.  His grid takes the form of a
questionnaire, and on completion, the respondee should
be in a position to establish the approximats stage of
Quality Averemess (or maturity) in his Organisation.
Croshy defines 5 stages of maturity, from uncertainty,
through awakening, to  enlightenment, wisdom and
ultimately certainty.  He also hazaxds a guess as to
the actual costs of quality {C~0-Q) in an organisation
deperdiny on thelr level of maturity) and compares
this with what they belleva their costs of guality
are.  the differences are startling.  Table 6.1
sumnariges his views,

stage L Reported €.0.Q  Agtual C.0.Q0.
1 Uncertainty Unknown 208
11 Avakening 2 ‘198
15 Enlightenment 3 1%
v wisdom 6,5 [
v certalnty 2,58 2,5¢
TASLE 6.1

COSTS OF QUALITY COMPARED WITH
UALYTY MANAGEMENT MATURITY

6.3 South African Position

B eypleal South African factory would probably
classify  its  manufactoring/production  maturity
somewhexe botween stage ii and stage ili; i.e. waking
itself wp wxd wishing to be emiighvened.




This company would have a Quality Assurance
Department, with reasonable status, and would believe
that it calculates its costs of detection and rework
correctly and accuzately.

Certainly it knows lts Quality Department's costs, and
it.will measure the direct costs of defect work
reasonsbly accurately - materials and diract labour
(Plus  some overheads, normally those  direstly
associated with the direct labour involved in making
the defect, or those doing the rework) - Total C.0.0.

then as calculated is 3,

Hovever, according to Crosby (and dofng a bit of
extrapolation) actual cost of Quality is probably
closer to 15% of sales. Why the disorepancy?

In order to establish this, one must look at the costs
not included in the C.0.0. calonlation - and these can
be substantial - according to Crosby as high as 9% of
sales moye than is thought - oY 2.1/2 times as much as
5 believedl

6.4 Quality Costs - Realistic View

The probable reason why Quality Costs are not
accurately calenlated le largely due to the difficulty
0f accurately and with reasonable integrity attashing
numbers te the veal «costs of bad quality,
Unfortunately these costs £orm the major element of
Total Costs of Quality. The following lists items of
quality costs vhich are seldom, if ever, included in
the evaluation of quality. (The writer's view).




Obsolescence. The annual provisions put aside
for possible redundancy (and invariably
exceeded). These are very definitely costs
of guality.

5low moving stock - the special offers made
to customers to get rid of excess finished
goods. Nt to mention the storage space .
Tequired or costs due to upsets in stable
pricing arrangements.

Tt is part of traditional chinking to assume
that some defective work will slways be made,
80 batch sizes are increased to cope with any
shortfall in an order completed due to

rejects. The costs given eariier in this o
regard to surplus inventory are definitely
costs of quality in this regard.

caused in the systen
when a batch is found faulty, or made faulty
at a very late stage of completion. Such as
just prior to assembly, when it hae taken
many weeks to get the bateh there, and now in :
order to meet commitment, it will have to be .
hurrled through re-work, Yo the detriment of
311 other jobs in process; some peghaps with
equally high prierity,

The amcunt of time and effort spent by all
supervisors, mansgement and support staff in
nandling crises caused by reject work. These ,
people could be better employed in using their

time to make money for the company, not
attempting o mimimise the costs of rejects.
Alternatively, if defective work is non
existent, the number of the above categories
of personnel could be substantially reduced.




'y
. 5oss of sales {in canctllations ox future .
business: Lo
- Gue to inability to deliver on time N
- due to low quality °
- inability to change guickly in changing R ]
conditions r
~ reluctance to modify against established
- standazds. g
9. Penalty payments ~ due to late delivery, or

incorrect specification. These costs are
seldom, if aver charged to cost of quality, .

n. Extra inventory due to late delivery - never
charged to €.0.Q.

i Lost production or disruption caused by
machine breakdawns due to lack of
preventative maintenance,

3. Costs caused by accidents. /

Furthermore, there are also vast areas of defective
costs that no one makes an attémpt to get to - those
in the administration azeas. , '
2s  mentioned previously, implicit: in the JIIT
philosophy is the hypothesia that there are only two .
avents or activities that can take place:

- those that add value
- those that add costs.




If this hypothesis Was tested throughout the i
organisation, and mot

only in the mamufacturing g
environment,

4 will be easy to avrive at other major
areas of avoidable costs: ;

- credit notes passed
use of long distance telephones instead of oo
telex or letter
mamos typed instead of handwritten
correation of incorrect drawings
attending to irats customers, inetead of y
selling to willing buyers.

6.5 Conclugion o

Theré i no doubt that a single minded approach to the
adoption oOf the JI¥ philosophy by South African .
manufactuzera can put them into & very strond position s

rogarding good quality and the minimization of quality
costs. ’




7.0 SOUTH AFRICAN MANUPACTURERS VERSUS
INPORTERS
7. Introduction

Perhaps it 1s as well to swmarise the preveding
chapters, and attempt o sstablish a stratesy to be
adopted by Scuth African manufacturers facing import
For olarificati local
versus importer, 1is used purely for comparative
puzposes,  The lessons learnt could be equally valid
for internal competitors or for export of manufactured
gooda.

Chapter 2 discusses the general state of productivity
and  productivity improvement within the South African
econony. Some comparison is also oarried out
regarding overseas trade competitors. , The general
conclusion is that South African productivity rates of
improvement are increasing at a lower rate than major
trading portners, and that this is compounded by the
fact that they are off lower bases,

Chapter 3 compares the typical Sputh Africen
manufacturing approach to that of the Japanase, to the
detriment of the South African. ' The ohapter's

is that the phi hy of known,
as Oustein-Time, used in part, or substantdally by
many Japanese manufacturers, could be a xeason for the
asefarencos.

Chapter 4 attempts 'to define the Just-in-~Time
Ehilosophy in genoral torms and roaches the gomolusion
that high dnventory is the main cause of low
productivity and that in order for produstivity to be
improved, ioventory nust be  reduced.




The chapter concludes further that quality ang
productivity are significantly one and the same thing,

Chapter 5 lists the areas of vaste inhevent in
inventory holding,

Chapter 6 discusses the coats of quality, and arrives
st the conclusion that the typical South African
manufacturers quality costa could be 2 - 3 times what
5t is thought to be,

7.2 Conpetitive Strategy

According to Michael FPorter (Reference 9), there ave
three general strateglc paths thst a company can take
0 out perfovm other fiwms in that Industry:

~ overall cost leadership

- @ifferentiation

- foous. ;
Be maintaine that sometimes, but vawely, cam & flym
pursue more than ome of these approaches as its
poimary target.

eI
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7.3 Overall Cost Leadership

Teble 7.1 shows (according to Porter} the implications
of the Cost Loadership strategic thrust:

. Commonty Required Conson
Skills & Resources [ ational

Recuirements

- Sustalned oapital invest- - Tight Gost comtrol
ment and access to

capital

- Provess engineering skills -~ Froquent detailed
intense supervision of cantrol zeports
abour

- Profucts designed for - structured organi.
ease in manufacture sation and

responsibility

- Tow cost distribution - Incentives based

systen an meeting strict

quantity targets.

TABLE 7.1
ELEMENTS Q¥ CUST LEADERSHIP STRATEGY
7.4 Differentiation *

Table 7.2 shows (Porter) the implications of the
Differentiation Strategio Thrust.

B e et



The

gommanly Requived Common
gkille & Resourceg

Requirementa

Strong marketing ability - Strang co-ordination
amongst functions in
R &D., product
Gevelopnent, and
marketing.

Product Engineering

Creative flow.

strong capabillty in

basic research

Subjective msasure

went and incentives

instead of

quantitive measuring

Corporate reputation

fox quality or technow

logical leadership. - Amenities to attract
highly skilleg
labour, ' scientists
or arestive peopla

strong co~operation from

channals.

™aLE 7.2 .
ELBMENTS OF THE DIFPERENTIATION STRATEGY

Focus

focussed  strateqy is any ome of the above

policies, but dlrected at a particular strateglc
market, .




7.6 Reguired Strategy

For the purposss of this report, it will be aseumed
that the hypothetical company under investigatiion
will be concentrating on the focussed strateyy in the
cost leadorship mode.  This means that this Company
will focus on the South Afxlcan market, but will be
competing, mot only with local manafacturerss but alsc
importera, Purtheymore, this chzpter will attempt, in
a supjective way, to demonstrate that the judicious
use of the Just-In-Time philosophy will assist in the
profitable realisation of the chosen strategy.

kS Comparison - Local vexsus Importars

Overseas manufacturers have major advantages over
South Africans - many Of these advantages are
assailable, some are mot.  Rowever South Afrdcan
manufacturers have advantages over imports - some of
which cannot be attacked by importers - or if so, with
aifficulty.  The followlng parsgraphs Siseuss the
appsront disability of the South African versus the
Importer, but most of these digabilities can be
overcome by the judiclous use of JIT philoscphy for
the total company.

Table 7,3 gives a hypothotical comparison between the
finengial perfoxmance of an overseas mamufacturex
importing to South Africa against a South African
manufacturer servicing the South African merket.




1 S.A. Manu-  Difference
Tmportex facture 8.a. en T
Astual 3
Material Costs 33,1 33,0 5,9
Direct Labour 5.1 32,5 7,4
overheads 11,8 29,5 17,7
osts ex Pactory 58,9 81,0 31,0 62%

These costs can be reatated as follows

Mataxial costs 33,0 36,0 3,0
nirect Lahoux 5.0 10,0 5.9
Overheads 3,5 20,0 10,5
Quality 2,8 15,0 12,5

Cost ex factory 58,0 81,0 31,0 528
Duty 15,0 - (15,0)
Transport J.8. 2,5 1 5,0)
Landed Cost 72,5 83,5 11,0 15,2%
selling Costa 13,0 13,0

Interest on
Finished goods
stock 25 3.5 11,0 12,48
TOTAL cOST 85,0 00,0 11,0 12,48

TADLE 7.3
EINANCIAL PERFORMANCE SOUTH AFRICAN
VERSUS IMPORTER

from this tabla it can be seen that the Importer's
costs, with the exception ol Import Duty and
Transport, are alweys the ogusl or better than the
South Africsn, Tt can also be seen that if Import
Duty was not payablo, the South African total costs
would be 15 units worse than represented above. This
would give a total cost penalty to the South African
©f 26 units or 5% worse than the Impoxter.

<,



771 Raw Material Costs

Thess are of great sdvantage to the Importer and can
e considered to be of two types:

{a} Access to world producers and the competitive

- edge thus gained by the purchaser. South
African manufacturers are subjected to
greater  monopolistic  and  oligopolistic
zaw material producexs.  Indeod very often
South Africans directly subsidise exports of
ruw materials by paying export levies, 2t
the very best purchases are at so cailed
International Market levels (london Metal
Exchange}, but gain no benefit fox transport
costs, for locally mined minerals. {Copper is
2 specific case in this regard),

(3] Volume purchasing should always give cost
benefits,  The larger the purchase the jower
the price.

Bowever there are two ways in which batter material
costs can be obtained, and hoth dre JIT relateds

1. There fs o rssson &o Balieve that the local
zav materfal suppliers quality costs are any
better than the machinist ard assembier. Xf
all mapufacturing in South Afsica wore able
o reduce ecrap rates bo those of oversess
mamufacturers, there is no doubt that raw
matorial prices couid benefit.

2 Closer contact with o supplier can bring
mitual bemafit. This fa ome of the side
benefits of JIT - mee Table 3.1.




7.7.2 Birect Labour

Labour productivity in the Industrialised nations is
far greater than South Africas'. Teble Al indicates
this quite clearly. In the writer's view these are in
large paxt due to 5

a) Better methodsy

b Better trainings

B Greater sducation amongst workers;

& Better motivation;

B Hore mechanical and automatic assistance.

Howaver, mone of thesa advantages are unassailable.
Indeed there is one major South Afirican adventage, and
that is comparably low pay levels - and this for all
classes of labour; unskilled to highly skilled. The
other advantage is that improvement from & very low
base is almost inevitable.

i

Table 7.4 shows comparible hourly wage rates for steel
workers in varicus countries (Reference 10).

United States $23,39 R48,00

West Gexmany §13.45 . R6,90

France $12,37 R24,74

Japan s1,08 RSS,0

Britain $9,32 R18,64

south Korea $ 2,39 R 4,78
TABLE 7.4

HOURLY BNPIOYMENT COSTS (INCLUDING BENEFITS)
FOR THE STESL INDUSTRY 1982 FIRST 9 MONTHS

32




Fowever, American steel workers are abmormally highly
paid, and it would appear that the average wage rates
for el ¥.8. manufacturexs was 60% of the above
figure, namely some R29,00 per hour (extrapolated from
reterence 10,3,

South Afiioan wage rates are substantially lover than
these. Hourly rates as st Auyust 1985 (including
benefits) are as in Table 7.5 (source GEC South
Africa).

R2,89 - Lowest pald production workers
R9,80 - Average Artisan
R4,B3 - Average of all grades

TABER 7.5
AVERAGE EMPLOYMENY COSTS_INCLUDING BENEFITS
POR THE SOUTH AFRICAN ELECTRICAL MANUFACTORERS
INDUSTRY. AUGUST 1985

;

77,3 Overhead Costs

The overseas advantages here ré mmerous, and the

following 1is felt, by the uwriter,to be the most

important,

fay Aotual South African costs here are generally
axcessive: :

~ pecple productivity is low (Table Al)

~ costa of fixed capital high, Gue largely to
lowering productivity of capital (fable A3)

~ control costs are generally high, with low
returns. It is the writer's view that
South African induitry attempts to replace
general factory productivity by excessive

contral, ané doee mat  eweceed.

a3




The net effect is that costs increase with
negative benefit factors.

&) overhesd absorption due to volume is &
@ifficult advantage to counter.  However,
Blwood  Buffa  (Reforence 10) denomstrates
quite clearly that economies of scale change
in step functions, and that the secret is to
cperate at close to capacity as possible, an
organisation is at its most vulnerable just
after a guantum capacity upgrading.

7.7.4 Quality Costs

overseas sdvantages here are vast, and the difference
in costs between a South Africen manufacturer and its
import competition could be as much as 10 - 20% of
salling price.

Philip Crosby (Reference 8] states that total costs of
quality vary from a low Of 2.5% to greater than 20%
(of sales), depanding on the Quality Management
Maturity of a firm. The writer believes that it could
be ressonably safe to 2esune that large scale
importers @re on the lower end of the scale, whersas
the average - South Africen menufacturer tends towards
the upper. .

Crosby maintains  that *Quality is Free®, He further
states "No other action a wmanager can take will
qenorate improved operations, increased profita, and P
reduced costs so quickly with so little effort®.

The main benefit of Just-In-%ime is the elimination of
waste through inventory rednction.




If Quality costs are considered to be waste, (and they
are), a reduction of Quality costs from 15% to 2,5% of
eales 15 enough to change a struggling company into a
powerful one. It can be seen from the hypothetical
model lsee Table 7.3) that & reduction of quality
costs of this nature, will place the local
manufacturer costs some 1,5 units lowsr than the
importer,

A further factor to bear in mind is that many overseas
manufacturers are calculating reject rates in parts
per million, not parts per hundxed as iz the case in
Sosth Africa (Rafusuice 5). The paychological impact
of this approach 1s unbellevabls, The fraction one
millionth 1s 10 000 times emaller than the fraction
one  hundredth. To be able to plot meaningful
information using both scales would not be possible on
a linear graph {unless & was some 1 000 metres longl)

1.7.8 Tmport Puty

Most goods manufactured in South Africs are protected
by duty. The asthorities have always been, and mtill
are sympathetic to local manufacturing; however their
patience has “worn thin®.  Up until recently duty
protection has largely been translated inta corporate
profits - very little of it into sbwing fox future
harvesting, particularly high level education and
training.  The fact is duty is there, and the normal
zates of betwsen 20% and 308 on F.0.B. value should be
sufficlent to protect most wanufscturers against the
one single item outside of the local mamufacturers
inwediate control - namely volume, Paragraph 7.7,10
Qiscusses this statement more fully.




7.7.6 Transport Costs

%his (and duty) is the one AQlsadvantage that an
Inporter ouffers in relation to the South African
manufacturer.  8hipping costs are expensive, not only
in. the movement of the goods, but also the paperwork,
the packing, identification &nd so om.

7.7.7 Seiling Costs

superficially there does not appear to be any basic
sdvantage or disadventage for a local or an Importer.
However, - frequently the local manufacturer has the
advantage of market share {in South African markets)
and he should be able to take adventage of it.
Economy of scals apply egually to selling costs as
they do %0 manufacturing costs.

7.7.8 Pinished Goods Stock

South Africa should have the advantage here, given
that all investment in South Africa is subject to
similar ratos of interest. The Soyth Africans’
greatest advantage should, of course, be the shorter
or smallex pipeline from fagtory to customer. To ship
from Johannesburg to Durban should be many weeks less
than from fTokyo to Johannesburg, (followed by further
redistribution throughout the country). %his should
mean that the South African manufacturers should be
able to hold much greater variety of stocks, with
significantly less stock holdings than the Importer.
Not only will this give lower interest payments, but
will assist markedly in the selling and marketing
affort.




Ao,

7.7.9 overall Gost Redustion »

Based on the previous sections (7.7.1 ta 7.7.8}
perhaps it would be instructive to estimate some cost
reductions that could be achieved, via JIP, and i
compare them with the costs as listed in Table 7.3.
Takle 7.6 summarises the results:

South African Manufacturing — Remarks

Costa
Table 7.3 Improved

Haterial Costs 36,0 35,0 +-38
improve
ment
Direct labour 10,0 9.0 108
. improv.,
overheats 20,0 18,0 208
uatie: 15,0 2,5
Cost ex factory 81,0 58,5
puty - -
Transport 2.8 2.8 '
Landed Cost 83,5 67,0 . L
Selling costs 13,0 12,0 7.1/28
Intezest on imprave -
finished goods " ment, g
stock 3,8 1,0, Iavent h
ory red
. voed by
+/-70%
200,0 80,0 o
mported Cost 89,0 28,0
(Table 7.3)
TABLE 7.6
PINANCIAL SOUT)_AFRICAN =




In agfect, not only has the overall cost chain been
reduced by some 208, but the improved cost is some 108
lower than the Importers.

The effect of this cost differential between the local
and  the Importer is significant, By jndicious
pricing, the Importer could now be tewpted to leave
‘the warket, Table 7.7 shows the effect of pricing.

Ipporter South African
fable 7. Table 7.6
salling Price 100 100 100
cost: 89 169, 89
Erofit 1 ° 20
Profit & phLY 0% 20%
Selling Price 30 90 30
Cost. 89 180 80
Profit 1 10} 10
Profit % 1ds 11.19) 11,18

TABLE 7.7
EFEECT ON SELLING PRICE AND COST ON PROFTPABILITY

2t must be born in mind that with the previous cost
situation, the Importer, due to his cost leadership
cosld, Lf be so desized, exert price lbadership, With
the new, or improved costing, the local manufacturer
would exert price leadership.

1t is intoresting ko note that ono of the slements in
compotitive strategy s a facter refexred o as cost
of eoxit (veforence 9,10 and 11), or exit bexriers.
whe cost of exit for an established manufacturer ig
groat.




These costs would inslude retrenchment pay, loss on
resale of capital equipment, run Gown gosts, and so
on.  These costs could be So groat as to canss the
nanufacturer to continue trading Iong after 4% was
visble to o so. On tha other hand, costs of exit to
& trader are far loss, and he wenld exit & market far
quicker than a manufacturer would.

1.7.20 Learning Curves
I¢ would be interesting to test whether, in terms of

learning  for cuxves, the
postulated are contradicted by theoxy.

Zbsl & Hammond (Reference 11) give a formnla for the
experience curva.

g = cataral™” rormula A
where g = cumnlative production to date

n = cumulative production at an
earlier date

0g = the cost of unit g (deflated)

€n = the cost of unit n (deflated)

b = & constant that depends on the
learning rata (see ’l‘ebla 7.4)

From the above formula A, the following 1s derived:

(q/n)-(ﬂnlcq)l/b Fermula B

Ansume now the followings
q » cunmulative production of an
Inportex
n = cumulative produstion of loaal
manufacturer




€g = cost of unit a = 50 (Table 7.3}
Cn = gost Of unit n = 64.5 (Table 7.6},

The folloving tablo uses formala B, and calulates
various values of (a/n) for varying learning rates,
and for {cn/Cq} = 64,5/50,0 = 1,29

Learning Rete 95% 0% g5k 808 758

B 0,074 0,152 0,235  ©,322 0,415
q/n 31,22, 5,34 2,96 2,23 1,85

TABLE 7.8

COMPRRISON OF LEASNING RNTRS
WITH PRODUCTION DIFFERENCES

The interpratation of this table is as follows:

If learning rate for the hypotheticsl product and
industry is 90% say, then it is possible (in terma of
learning cuzve theory) to achieve the cost difference
of 64,5 for the local menufacturé, against 50 for the
Importar (ex  factory costs) if the cumulative
Productlon Of the Importer's principal is mot grester
than 5,36 times the local mamufacturers.

It seems  unlikely that jamy South African

have . rates
comparable With ovorseas production rates %o the
extont shown in Table 7.8, at experience rates less
than 95%.  However, many local mamufacturers dexive
thelr tvechnology from overseas princlpals, and then it
i entirely possible 1in thess cases that the
cumulative production of tha local manufacturer (plus
his principal} {s within these limits proposed in
Table 7.8. .




In effeot this means that the local manufacturer can
have two points on a learning curve; one low down the
cost curva, due to his principals extensive produotion
experience; and two, high up the curve due to his
lesser exporience.  The net result will then be &
compourd type foxmula, {Which is beyond the scope of
this report.)

7.7.21 Summary

To summarise the aboves

%he  only  atructural  advantage the  overseas
manufacturer sheuld have is that of volume. This is a
great fox lacal However,
it is the helief of f. @ writer that the struotural
advantages of the local manufacturex should offset
this:

Inport duty
Tranaport costs

Stockholding

Variety of stockholding
Closer contact with customérs

Maptavion to loval needs and regulremonts
Lawer wage and salary levels

and, porhape as important s all these, potentially
cheap materisls <-but this will reguire an integrated
cvonomic policy for the country as o whola.




7.7.12 Conclusion

Although South African manufacturers face certain

disadvantages compared to overseas manufacturers, A
there are enmough Jocal advantagos to outwelgh thim
fact

Hovever, the South African manufacturer will have to
get his houge in order - and fast.

The philosophy of JIT can be of tremendous benefit in

this d.The writer pastulates the that
inventory is waste and the adoption of this philosophy
by a forces him in a controlled, logical

and  focnssed manner to reduce his inventory, thus
reducing amd eventually eliminating all areas of
waste, and therefore maximising his productiviey
within the parameters ho wishes o oporate.




8.0 GEC SMALL  MACHINGS  COMPANY -
DESCRIPTION
8.1 ownership

GEC Small Machines Compamy is a diviaion of the GEC
Electric Motor Manufacturers Co {Pty}Limited, which in
turn 48 a wholly owned subsidiary of GEC S.A. {Pty)
Linited.  GEC South Africa {Pty) Ltd. in turn is 50%
owned hy Reunerts Iimited f{a guoted South African
Company and 50% by GEC plc. (a quoted United Kingdom
Company} . Reunert Limited is controlled by Barlow
Rand Iimited (a guoted South African Ceupany).

Figure 8.1 shows the sbove relatiomship. It also
gives an indication of variows other GEC South Africa
companien,
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8.2 Management $tructure

GECSA has & management Dhilosophy of decemtralisation
into Strategic Business Units (SBU), of which the
Swall Machines Company s one of some 27 in South
Africa.  Each SBU is tznated as an autonomous profit
centre and is permitted to have the resources and
facilities required to effect the optimisation of
profits and growth.

The present Management structure of Swall Machines is
s follows:

General Manager

Manufacturing Industrial Chief BSales Finance
Manager  Bugineering Enginser Manager Manager
Manager

Quality

systema
Control Manager Manager

Piqure
MANAGEMENY SYRUCTURE
SMALL MACHINES CONPANY

8.3 Scope of Aotivity

total complement in this Strategic Busimess Unit {SBU)
is approximately 430 peoplc.

Manufacturing takes place at the Small Hachines'
faotory in Benoni, fransvaal and stocking and selling
cutlets exist throughout the countrs




Beroni, Pretoria, Durban, Poxt Elizabeth, Cape Town,
Welkom, and Bloemfontein.  These branch offices are
the Qirect rersponsibility of the Small Machines
Company, but share office and storage facilities with
other GEC Companies at all Banches, sxcept Bemoni.

Areas other than those memtioned above are covered by
appointed Agents (independents); other GEC Companies:
and other Reunert Companies.

Furthermore, Small Machines Company 2lso manufactures
motors for other majox manufacturers in the South
Mfrica as well as under proprietary brsnd names for
Oganisations such as VETSAR, who in turn sell through
Agricultural Co-ops.

8.4 Product Range

The Company msnufsctures Low Voltage motors in the IEC
ramge 71-226. Pesentially these motors are standard
dimensioned motors, and comply with wvaricus local
South Afyican Burean of Standsrd specifications, as
well as International.

Howevex the company also selle and mltka$5 motors that
can be considered near standard or veriations on
standaxd - i.e. motors that are wmanufactured to
cnstomers requirements, but are closely related to the
standazd range.

The theoretical maximm number of individwal type
motors could be in exaess of 3 000, with parbaps 1 000
actuwally in current manufsctuxe.




B.4,1 Frame Size

Verieties of standard motors are as follovs. The
major designatfon is frame size, which 15 essentially
the shaft helght off the ground in mm., and further
described in texms of short frame (s}, mdafum frome
(m) 2nd long frame (1).

viz:
$08790171007112my 1325 132m; 160m;1601; 180m; 1803 200m;

2001;22557225m.

8.4.2 Eaclosures

Essentially there are two types of enclosures, IP44
which {s TEPC (Totally Enciosed Fan Cooled), and
noymally designated D frame; and a I22 enclosure -
referred to as Drip Proof, and normally designated C
trame. 4

8.4.3 cutputs
Qutputs are in the  following  kilowatt
steps:

0,25; 0,37: 0,55; 0,.757 Lybs 1,51 2,2:° 3,05 4,8; 5,57
7,51 11,07 15,05 18,5; 22; 305 37; 45; 5

8,404 Speads

standazd  opeeds per kilowatt output ave normally
designated  in  poles . which gives a particular
synchroncus speed at 50Hz, and an operating speed
somewhat less than this due to siip.




Poles synchronous operating
speed x/min. speed x/min

2 3 000 2 820-2 965

4 1 s00 1 410-1 475

6 2 000 920~ 980

3 750 700- 730
ThELE 8.3

JOTOR gpREDE
8,4.5 Phases
Single and - three phase wmotors are mannfactured,

although single phase above frame size DLOOL are not
produced.

8.4.6 Voltages
. Single phase 220 volt nominal
Three phase 380, 433, 522 volt
nomtnal
8.4.7 Mountings "

‘

Three basic mountings are manufectured, foot; flange;
pad mounted (or rod).

89.4.8 Haterials
Por the TEEC range of motors, the envelope (frame nd

end shields) could be either aluminlum, or steal or
cast  iron. Bssentjally the aluminium ranga of




motors are cost reduced, but are not suitable for all
applications ‘due to prevailing atmospheric conditions
or robugtness required. Smaller motors have a steel
frame, whereas larger motora have a cast iron frame.
This is purely manufscturers choice.

8.4.9 Insulation
e standard fnsulation eystem iz Class ¥ (go°C
permitted temperature rise over an embient of 40°C),
but actnal muximum Semperature xise of the motor is
restricted to class B (40°C rise over an ambient of
4’y
8.4.10 Variety
The above variations give a total number of soma 900
models as per GEC's stook and price list.

B
2.4 Wear Seandard or Stock Modifications
In  addition to the ahove, * variations on these
standards can be manufactured. Whether or Aot Orders
sre ¢aken for these motors is subjsct to price

achievable, volune, designs availsbla, customer, eta.

Veriations possible are eithor of a mechanical,
electrical or cosmetic nature (paint Sinishes).

e.4.12 Mechanical

The

H

following 1s a brief list of various mechanical




motors are cost reduced, hut are not sultable fox all
dga  to t8 3

or robustness required. Smaller motors have 2 steel

frame, whereas laxger motors have a cast iron frame.

This is purely manufacturers choice.

8.4.9 Insalation

The standard insulation system is Class P {60°C
pormitted temperature rime over an amblemt of 40°C),
but actual maximum temperature zise of tha wmotoy is
regericted to olass B 40°C rise over an aubient of
40°C).

8.4.10 variety

The above variations give a total number of same 900
models as per GEC’S stock and price list.

9.4.11 Near Standaxd or Stock Modifications

In addition to the above, variations on these
standards can be manufactured. Whether or mot orders
are tsken for these motors 1s subject to price
achtevable, volume, designs availuble, customer, eta.

Varfations possible are either of & mechanical,
slectrical or coometic nature (paint finishes).

B.4.12 Mechanical

The following ia

a brief list of various mechanical




features available:

~ Mo standard shafts (materlals or extensions)
~ Improved enclosures for spark proof dust
ignition proofihose proofs carbon black proof
and partioular finishes for chemical works cta,
.= Glands and non standard cable or terminal
boxes
~ Combination mountings~foot and Elange
- spectal fiange e.: shields, frequently gear box
nanufacturers requirements
- Special rod wountings
~ Heaters fitted
- Burn out protuctad
- Bt

8.4.23 Electrical

-~ Multi speed motors R
- Sxow speed (less than 3 pole)
- High starting torgue

~ Clase of insulation

- ete.

8.4.14 Motox Mass \

Motors here have masses from iLVky to 310kg.
8.4.15 Hotox Price .

subject to all normal- marketing cempiderations, but
vetail 1ist price varies from R107 to R3 033 (as at .

July 1985).




8.4.16 Mechanical Configuration

Electric motors have basically the same configuration,

ut

components obviously vary in size ~the following

1lists the major components in a motor.

Desoription Particulars

Stator frame

Feet.

Ené Shields

stator cores
fermina) boxes
erminal 1ids
Pexminal bages
capacitors
Winding Wire
Tnsulation
Fostenars
Cowls

Fang.

»

&

Cww

WmwEE W W e

:
Vaxtes per frame size; materlal; enclosure;
aounting. :

Variea per frame size

Varies per frame size; speed; kw

Por types of single phase starting cheracter-
1stios

Varies pe ical design
Same xt . ¥egardless of moat motor
specifion but out to specific size
requirements,

TABLE B.4

HOTOR COMPONENTS
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[ X Manufacturing Systems

In essence, the bulk of motors ave sold on an ex stock
hasis fxom all branch offices, All motor xanges are
manufactured every 5 weeks and nonestock or

wotor deliveries are 4 line
with the stock range of motors applicable.  To
elaborate, 100 frame size motors say are manufactured
every S weeks. During this production cycle, ail 100
fremo motors are manufactured, including non stock and
mon standard motors. This allowa for the optimum use
of the synergy existing betvean all motors in the 100
frame size range.

Agents, other manufacturers and branches all order in
“line with the cycle as lald down,

This system has been in operation, with minimal
changes, for some 15 years.

8.6 Proposed System Changes

The prest/. manufacturing system has been reasonably
effective over the years, but suffers from the
inasbilities of all eystems not JIT bused, .

Furthermors, this company (the largest electric motor
wanufacturar in Gowth Africa) vas suffering from the
same problems ns disoussed in previous ohspters
{particulerly Import oompetition).

The GECSA Board poxceived this, ond 1t was decided
that @ OIT based system showld ko introduced with all
dospoteh.




The writer, as Director of Manufacturing, Planning and
Development foxr GECSA Wis seconded to the Small
Machines Company to overses the analysis, design and
implemgntation of & JIP system with the Small
Machinea Company-

It was also recognised by the Board that there was no
point in investigating other systems - such as MR® II,
but that JIT would be the system and vhat other
possibilities would be incorporated with JiT, rather
than the othex way around.




2.0 JIT  REQUIREMENTS  (ssteblishmennt of
oriterin)
9.1 General Approach

The first task vas to assess JIT requivements - Damely
those aspects that would be essential for a JIT type
©f philosophy to be viable,

JIT could be said to be : (ss= section 4,0 thyough
6,01

“Elinination of waste through inventory redustion
51T conld wlso be sald to be:

"Not an inventory reduction philosophy, but a total
Quality Rssurance Prograume®. /

It was decided to use the firat definition &s the
motto - and guiding light, We did not think we could
9o wrong ~ A inventory is a‘major cause of waste ~
reducing inventory ks reducing waste - the two being
FYROROmOUS !

"Inventory is waste®,

9.2 Inventory Reduction

The problom was tackled as an inventory reduction
exercise - knowing full well that in oxder o roduoe
tnventory - thoss waste olements that preventsd or
hampered inventory reduction or elimination would be
highlighted, and  highlighted soon - thun giving
prierities to concentrate on,

53

s N




However, it was also realimed that reduction of
quality costs would give major benefits - and those
reasonably quickly.

5.3 Quality

It was also very soon realised that probably a major
stonbling block in achieviny JIT was not only fuality
costs, but the Alsruption cavsed by rejects, rework
and time spont on inspection, test and 2o of.

9.4 Resouxce Restraints

Skilled mampower resources within the company, like
the wajority of Soukth Africen arganisations, i
severely ifmited, 80 it had to bo made quite sure that
where resources were committed, payback had to be
quick and measurable,

So viewing the organisation as a whole, whexe e the
starting point? - keeping two major requizements in
nind :

~ inventory reduction
- quality cost veduction !
and realiging =~ low qualified manpower resources
- qulck pay back
- eszentinl to gain confidence
- essential to impart this confidence
to the woxkforoe.




Fucthertore, it was important to tackle those areas
where there was internal contvol - or alternatively
lack of control was due to imternal faults or
inadequacies. There would be no point in saying

*1f only cur suppliers would play ball*.

"if only our shereholders would give us R2m to solve
this set up problem".

"if only ouz customers would give us batter lead times
- or altermatively accurate forecasting”.

9.5 Management Attitndes

Additionally it became.very quickly apparent that the
writer was 4in a minority of one. He wag, at the
onset, the only person (in the SBU} totally dedicated
to the premise that JIT was viable in South Africa.
The senior management of the company thought "it was &
good idea; that it would be fabulous if it worked; but
given the terrible problems facing $.A. manufacturing
~ labour, guality, suppliers, set ups, batches, it was
unlikely". "




So realiy the very First thing that was xequired was
to install some motivation into the management. Three
approaches would be taken

- the posaible gains from JIT would be so great
that any costs, problems, etc. would be well worth
incurring,

- in any evemt, if JIT was not adopted, or could
not achieve the benefits @esired, the company had no
real futuze.

~  to mitigate against uncontrolled disaster, a pilot
schene  wotld be commenced in a smallish self contained
product line, within the company, but not so small as
to be a laboratory type experiment, but not so large
as to put the overall S50 at risk.

9.8 Summary

Summarising  them, the first oritefia for IIT
inplementation required the following:

~  inventary reduction
quality mprovement

quick pay back and measurable

i1 this could happen confidence wowld be gained by
all lavels of employees, operators up to senior
managenent

solutions to problems had to ba within intarnal
control

significant capital investment would not be
acceptable

start small, develop confidence, and axpand

later

keep it simple

f

P




10.8 ANALYSIS OF CRITHRIA B

Pive categories of inventory sre carried in this
organisation: ;

vaw materials .
component Work in Progress
mechined compoments plus bought
out completes

sub assembly and £inal assembly
Work in Progress (W.I.P.)
finished goods -

)

.

f

A1l these categories were carrying substantial

fpventory and sach was {nvestigated in turs against \
the criteria established above (Section 5.6). N
10.1 Raw Materials , :

Inventoxy was excessive due largely to buffer stocks
zequired for so-called unforeseen happenings. e

« late deliveries by suppliers
rejects discovered late in the
day in tha stores due to bad
quality from supplier
requirements for manufacturing
rejects or rework 5
inadequate or unreliable
foreomsting tparticularly .
slow moving Ltems) ‘
itens not yet required by the i
factory, due to lateness by i
the factory

‘r
|
57 \

‘




-~ accumslation of components, over
time, so that a full bateh could
be on hand, before delivery to
the factory

Some of these points wore, in the short term, outside
of_the company's control being suppiier related.

Some were within internal control, but solutions would
take time -  forecasting being ane.

Some wene within internal control, and solution would
be related to success within the manufacturing
environment, (defect redmotion, batch sizes ete.)

Cost reduction can he categorised 4nto a number of
sub-areas:

Immedfate - if 4 vejecty are made, less rework
engaged in, costs will be less; alsc less stock
holding, less finamiing costs. 4

Hedium - if suppliers are prune to defective
deiiveries, the purchaser actually pays for these
rejects. By the suppliex improving his quality his
costs will reduce, and some of those penefits will
come the purchaser's way.

Long tem - due to smaller
and related costs will take time. Given no expansion
and o possibility of sub leaging, the manufacturer
could be sadidied with the surplus aspace.

It was then decided to comcentrate on those areas
which would be improved by factory improvements, and
jeave suplier and forecasting related problems for

later.

TR gy




In other words, some lnventory reduction would be
achioved dus to the improvement in some of tha
internal inadequacies, as OIT mode was introduced in
the factory, Namely :

~ no bugfers for rejects
- no accumulation of large batches, but allow piece
_batch deliveries into the workshops.

sowever, contact was made with three major suppliers.
They were given notice of what was intended in regard
to JIT, and they were also lectuzed on the philosophy
and principals of JTP.

1.2 Component W.I.P.

Inventory here {s largely made up uf queues.

=~ vomponents wailting for next operation.

- components walting due to priority scheduling as a
result of rejact and rewanufacture, rework, late
scheduled work, or un-schedvled work.

It could be said that all factors influemcing high
inventories hers are within inteinal comtrol, and that
the proper approach to JIT  here will have major
influence on inventory holding, quality costs, etc.

10.3 Hochined Components and Bought-cuts

Similar fagtors apply here 2s apply in raw material
stocks. However, inventory holdings ave further
aggravated by greater variety of components held - for
instance ~ one type of rotor lamination could be Gie
cast into six diffevent rotors. Wowever, the machined
components are put into stores because they ara placed
there, by the company {or its system or employees}.
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The following conclusion was arrived ats

~ bought outs - suffer same problems as raw material
‘stock, and will be treated initially in the sanme
way. However, cost penaitles of not reducing
inventory here o JIT wede are not cxceptionally
_great as the majority of these items are of a
relatively cheap nature - fastemers for instance.

- pachined components - if the factoxy could go into
3T mode, lead times could reduce, Flexibility
could be improved; reaction time would be minimised
and hence, these levels of inventory could be
substantially reduced in the short term and
probably eliminated in the long.

10.4 . Sub Asserbly and Assembly W.I.P.

Excess inventory hexe is largely dug to similar
rveasons as for ocomponent ¥.I.P., ' but further
aggravated by the fact that to moke a sub assembly or
final assembly many components and operations need to
be matched.  Por instance, if the chances of a stuck
out are 54 for one item - i.e. sexvice level fs 95¢,
the service level for twe itews ds (0,95 = 0%
i.e. 108 chance of a stock ous. If 10 Ltems axe
vequired for a sub assembly, sexvice lavel is 603,
4.0, 403 chance of a stock out.

Wovever, with the exoeption of bought-out compenants,
11 other problems encountered here can be said to lia
within internal control,




10.5 Finished Goods

Excess inventory is largely due to the following
reasons ¢

inaceurate forecasting

independent forecasting and stocking, branch by
branch

- lead time from factony into bins

lead time fram recaipt of order, to time of
despatoh

the making up of sconomic container loads for
Gespatch o branches or custoners

buffer stock required due to length of
mansfacturing cyole

0.6 summary

Tt was decided, based on the sbove analysis, to
concentrate on W.I.P. reduction. In doing so vaxious
of the parameters as 1aid down would be compiied with:

- inventory reduction would result but additiomally
Bome sspects of excess inventory in xaw
materials, machined component tocks
and .G, would alsa result, these Being ralated
o expess oX low contxol on W.X.P.

- quality cost reduotion. The factory is u mejor
source of quality costs, By concentrating on
W.l.P, those areas of high gquality cost would
hava to be tackled and eliminated. Further-
more improved quality in the factory could have
inpact on arons of guality cost in the othor
arens,

st el




problems and solutions here lsy largely in the .
company’s hands

- here could be
Assessment of reduction in W.I.P., throughput
time, manufacturing costs etc., would not be N

.- aigftoult,

10.7 Cconclusion

It was still neaded to establish the area in which to
start the exarcise.

Frame size desiguation, rather than kilowstt gives
better comparison for the physlcal attributes of
motovr.,

The motor range was viewed and the tonclusion was
reached that sub-division into a numker of wmotor
ranges was possible, and that these could be handled 3
reascnably independantly. ]

frame size 71, 80, 90  (mini motors)

100 - 122
. .12 . .
" " 160 « 180
- " 200 - 22§ '

Bach of thess growp of motors had  similar .
charagteristios  and weed simllar manufactoring

facilities; or could ke ve-planned to wuse similar

factlitios

above, and leas o Of the last two.

Certalnly this was true of tho §irst three categories !
)
|
|




“vrthermore, the slze OF each of these product ranges
iin  mawsfacturing cost terms) were approximately
suwilar, The least was 164 of total, with the largest
248 of total,

The mini motor category had the most independence, as
it .had previcusly besn a stand-alone wanufacturing
operation 3n Kwa Julu and had bean moved up to Benoni
the previons year.

The other ranges were falrly well integrated, and in
order to comply with the statements made sbove, a fair
amount of replanning would have to taks place.

The move of the minl motor Tange from Kwa Zuiu had
been & shambles and it was suffering very serious
production  problems = quality, output, new laboux
(most of the Kwa Zulu labour force remained in Kwa
Bulw), backlogs, machine tool breakdowns, lost
tooling, brazkages etc.  Purthormors the profuction
contzol system was non existent. !

Due to these ressons the gyaneral management decided
that ss the mind motor range required a great deal of
urgent and priority attemtion, it would be as well to
start the JIR implementation therc. If,%his was not
€ be the case, Lnsugficient resources would b
available for satistactory n ol

ALL of the prime criteris had now been complied with
and there was no doubt, that due to the abysmal state
of the mini motor productian lins, that pay back here
would be quick - and khat confidence would be gained
for subsequent implemontation.




These investigations and amalysis took about 6 weeks -
July and August 1984,

At the heginning of September 1994 it wes cecided to
commence with the mini motor programme.




1.0 MINI MOTORS - PRELIMINARY
INVESTIGATION

of the mini Totor product group

The genpral state
It is not the

could only be described as abysmal.
purpose of this paper to establish the reasons for
this state of affairs, suffice to say that control had
a1l but been lost end all aspects of the business vere
in aisarray.

The production comkrol uystem vas haphazard, factery
cutput well below requixement, zejects very high,
general quality 5ot up to requiremant, overdues very
bigh, lshour untrained and ignorsnts similarly for
most of the supervision; plant and equipment in a had
state of yepair; factory layout unsatisfactory, stocks
and W.I.P. very high, but shortages rampant. The
following summarises the various aspects of the
business at that time. ,

FERY Broduction System

The production system vas moze than haphazard and it
sexves mo pucpose to give any detailed attention to
it, Eesentlally, rav matorlals were purchased for
stock  against E.A.D's {estimated abnual demands).
sindlarly, these raw materials are fuxther processed
for stotk, into finished components ready for fuxther
sub or finel assembly on requirament.

Orders for motors were than placed on the factory at
intermittont intervala,: for customer ordexs and atock
replenishmont at the Benoni and Brandh mtores.

T
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Overdues ware ramgant, and no formal system was
availshle for  vescheGuling or  establishing
priorities. Priorities were continually changing, and
wers established purely by the rank of the company
officer ohasing the overdus, the power of the
customer, the convenience of the factory or frequently
the .availability of parts.

{8} Even if the system was opezating correctly
inventory levels would have Luen high, due ¢ the
systematic use of raw matarial stores, component work
in  progress,  component stores, assembly and
subsequently work in progress, finlshed goods atores.

) The inventory levels were furthex aggravated by a
lazge motor delivery backlog, and no attempt had been
made at ¥escheduling the manufacturing lines.

(¢} The batch mode was used for the emtire process.
In eseence the ordinary rule was that all batch sizes,
from raw materials ordering to finished motors, would
be of 5 weeks requirements sultably modified %o accept
allowances for rejects, long lena times for some
items, Jov confidence in suppliers delivery promises
and 8o on. "

.z Faotory fayout

Zscentiaily, with soma exceptions, the varions

had been on a
functional basis, with similar work shope for the
other product groups.  Shafts witb shafta, cove

bullding with cora buildlng, dis casting with dle
casting, ste, Figure 111 shows where the major
dapartwents were situatod in the factory.
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As the batch mode was the order of the day, there was
plenty of room between machines and processes to allow
for quening between operations, awaiting inspection or
test, and so on. Distances travelled were long, and
contzol was contimvally being lost, dve to these
aistances, as well as Work in Progress pile ups.

For instance the winding shop forsman's duties were to
wing stators. Once a particulsr order was completed,
nis cbligations were over. Fowever, large piles of
wound stators were situated at many places throughont
the factory and it Wae not uncommon for Stators to he
lost, and more often than not they vere remanufactured
rather than being looked for. The lost stators vere
of course then ignored, naver re-located, but still
physically in the company's premises, and financially
still on the campany's haoks &s 3 so-ralled asset.

Generally the layout vas further aggravuted by the
accepted situstion that the mini motor line had the
status of 2 step child and was subordinate to the
other product groups, Mini motors had to fit whers
there was room available, and do tha best they could.

| N
11.3 Supexvision i

Suporvision had the most unenviable' task txying to
mamage a system out of control, an insdequate factory
layout,"green®  labour, high backlogs, bigh reject
rates, masses of V.I.P. inventory and 5o on. They
"spsnt  their lives® putting out fires, chasing
shortages, changing prioritiss, being bhammered by
their mamagemant, and having no success ~ Only
failores.  Obviously there was fo time available




to put things zight. When defectives were made, and
this wae & chromic condition, the only action a
foreman had time to do was carrylng out the paper wark
requized o remanufacture. He certainly had mo time
to estsblish the oause of the reject and ensure that
it 2id not happen again.  They @ld mot even work
through the rejects to establish if there was any
salvage, or if they could be repaired, or whatever,
The rejects vere either dumped, or left to Tot on the
shop Floar. .

11.4 Labour

Host of the labour employed on ¢his product group were
green.  When the group was transferred to Bemoni from
Xea fuiu niome of the opsratives weve yxansferred with
the line, 7This fact due entirely to Government Policy
regarainy re-deployment of black lsbour from so called
nomelands to uxban areas. Hemco all labour raquived
for this production facility at Renoni had +o be mewly
engaged, or surpins labour tvamsferred from other
departments at the Benoni eito,  Mast of these
enployess were new to the type of work they were
expacted to carry owt. This is not necassarily a bad
thing if proper induction, education and traiming is
carried out, and the employment of people conducted in
an orderly and planned fashion, and Within the scope
of the organisation to handle such an influx. None of
this was ¢ha case. ZTraining was purely "sit by Nelly
(or rather Andries)” and invariably training was
imparted by the undertrained. Brroxa, ignorance,
misunderstanding and the like were all passed on as
gospel, and cbviously perpetuated.




The foremen certainly had mo time to train them, and
their positive contribution was minimal, wheTeas
negative contribution was great - namely screaming and
shoutlng at errora, taking disciplinary actions and
sinilar acts aftes the event.

11,5 Qualtty

It comes as no great surprise, that gives the suenario

painted above, reject and defective generation was

vast.  Fortunately, the one area of supervision and

operatives that had not been weakeved, but rather
vas the and test

Fortunate, purely for the reason that at least xeject
and  defective work was kept within the confines of the
factory, and that the quality of motors being sold was
not totally unacceptable to some customers.

siowever, the Inspection and Test depaftments viewed
their lity purely as and Test,
and that if they successfully foung subwstandard work
#nd rejected it, their cbligstion was at un end, They
certainly 4id not view their jobs as being involved in
the quality process, but zrsther in the Tajecting
business, Qf course, te be fair, some o€ the Quality
Control staff saw thelr jobs as being wider than pure
Getection, but they certainly had Ilttle time to
investigate, anelyse and prevent future similar
ocenrrentes. In any event, the very nature of batch
manafacture, compounded by long process lead times did
not assist in this xegavd, It is alwost impussible to
adegustely analyse the cause of sub standard work when
that work has been corried out some six woeks
previously, hy an anonymous operative, subject to the




supervision of any one of a mumber of setters and on
any one of a number of machines, and according to a
Grawing which can no longer be foust.

FParthemmore, the cause of defective work was not
alvays due to an operative or a setter. A najor cause
of . Teject work vas undoubtedly damage or deterioration
caused by high inventory, especially Work iz
Progress.  The ‘copper overhangs Of a stator are
particularly susceptible to damege, end any handiing,
stacking or movement nggravates the dangers. This is
also of cowrse true of most precision engineered
produsts.  Other causes were engincering changes, not
picked up in time or ignored, or too late for
incorporation,

Order cangeliations due ¢ non adherence of delivery
dates, sometimes resuited in obaclescence of specially
engineered customer requirenents,

.6 statistics

In order to zeduce the subjectivity of some of the
stotements mede in the preceding paragkaphe, and
chvicusly to give & Dbase for measuvement and
comparison of futurs performance, & numhexr of
significant indlcators were compiled. ' The indicatars
were also subject to certaln romtrictions ox
paranetors:

~ they had to be meaningfsl, mot only to the
management and supervision, but Also to the
operatives; .

they had to be measurable, within 3 reasonable
dagree of accuracys

DR
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should not he subject to misunderstanding dus *

to conventions, pussible “roise” from the

other product groups, O accounting !

conventionss

had to be able ¢o bs produced regularly and B

promptly;

preferably produced by the mini motox
and

~ had to be such that past history was available ]

for their compilation, or estimates made had

o be beyond carping or guibbling.

'

'

The foilewing table shovs the mejor indicators
established and the ‘state of play' as at the end of %

September 1984. {.e. tha weekly average of ibe T
indgcators since the boginning of April 1984. Figures £
Nos. 1.2 to 11.7 show the weskly movement of these X
indicators. Stator Work in Progress shown is that for &
the mid 2uly, 1984 stock takes. i
SIGURE IDICATOR NI?  WEBKLY AVERAGE :
Mo 30.3.84-20,9.84 I
11,2 wotors passed Hotora 116 i
final test e
11,3 Hotors rejected [ 34,8% o
£inal test .
11,4  stator winding + 13,08
. refects . |
115 Stators requiring ) 8,28 !
rewing }
11,6 Hours per motor Hours 7,48hre, !
_ragsed £inal test
1.7 Wages & Salaries Rands R22,63
pox motor pro- -
duged
seator Work in bays 31,5050
Progross
TABEE 11.]
LISt or MINI HOTOR, o
7




The foilowing gives more exact descriptions of the
various indicators.

Motors passed final tmst - two ocurves are given here,
a weokly output ourve {adjusted for number of days ia
the week) and a 5 week woving average.

Motors rejected final test ~ these nxa given a8 a
percontage of motors passed final test, and the twe
curves aro for weekly performance, as wall as § week
moving average, Rejects hexe are defined as all
Gefacts whether of a minor neture, requiring a couple
of minutes rectification, or ©of a major nature,
requiring & possible rewind or even the sarapping of &
complete motor.

Stator winding xejects - these are given &s &
pexcentage of statoxs passed as satisfagtory at the
intermediate stator test station,  Curves are for
weekly performance us well as 5 week moving average.
Rejects here are defined as all defects whether of &
winox or wajor mature.

stators requiring rewind -~ these are given as &
percentage of motors passed fimal test. Rejects
reguiring rewind are obviously those wheye the defect
is serious and expensiva. Curves once again are for
weekly perfommance and § wesk moving avérages.

@otal Rours Per Motor Passed Pinal Test - this curve
is the ratio of total hours booked by all hourly paid
employeos involved with mini motor menufacture, £o tha
number of motors passed final test. ¥his includes
direct, indirect, inepectors, storemen, suparvision,
eta, The only curve givem is a 5 weak moving




salaries and Wages Per Motor Produced - thia curve is
the ratio of total wages and salaries paid to all
employees involved in mini mator production, including
management, production cORtrol staff, production
enginesrs, as a ratio of motoxs passed final test.
only a % veek moving average ls given.

stators W.I.P. - figures given here are the number of
stators  throughout  the departwemt, from  the
comuencenent of winding to motora not yet passed final
test, as a rxatio of the daily rate of final motor
production on & daily basis.

11.7 Conclusions

The state, of the minl notor product group was such
that » major overhaul of virtually a3l mspacts of the
manufacturing operation would have to be undertaken.
The opinion was that tha implementation of J%T in the
operation would be no more rodical tban any new
approach to solve €his product units problems, and
that ipherently JIT would have many of the answers and
molutions.
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12.0 MINE MOYOR - SYSTEM DEFINITION ?
33
93:;
iz.1 Introduction g

The problem with facing o sitvation as described is
where to staxt, as all the problems are integrated.
Briefly the steps tsken were as follows:

f@) A flow process chaxt was constructed for the (
major components and sub assenbliess

{b) Factory layouts wevre looked atj

(e} A formal system was investigated.

fThese three items camnot Teally be selved in isolation
50 modificationa wexe continuously being effected.




In  dus course the following ideal criteria wers
arrived at:

12.2 Factory Layout

{3) s mesy Of the oparaticna and processes involved
in mini motbrs would have to be contafned in one
geGgraphical area in the factory as was possible
(xefer to figure 11.1 for previous layout).

(8} The factory would be laid out in such a way that
there could ba visual communication between the
various shops.

() mamugacturing limes would be such that actual
component movement for each line would be a minumum
and that the finistied componert or sub assembly would

at ite next point of reguirement imediately
followlng the subsequent process.

{4} Machines and equipment were to be as close as
possible subject to safety and@ maintenance
requizements.

{6) - None or very little rood was to be allowed for
inter  operstional queaing or accumslation of
inter-departmorital work in progress. No component or
work in prograss, or finished component stores would
be permitted. The only official stares, in the first
instance, would be - a raw material and bought out
component store and & finished motor store.

{f)  The U shape approach to menufacturing cells wauld
be adopted where practicable.

{gt Manufactvying incentives would be such that
operatives could with ease move from job to dob or

carry out din-sim’lar functions.

k]
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The initial layost would be such that
modification could be easily achievable. In
other words, machine tcols would not be
grouted in, and that the overhead bushar
systen of power supply Would be used, and that
as few permsnent features as possible would be
permitted in the initial stages.

(1) space would have to be made available for the
current very high levels of work in progress.
Open flcor aveas would be kept alongside the
production lines for all this work in progress to
be marshalled and controlled.

Pigure 12,1 shows the layout eventually arrived at.
Pigure 12.2 shows the mini motor manufacturing
departments in  relationship to the small motor
factory. (This should be compared with Pigure 11.1).

12.3 System

(a!

Whatever system was introduced had to be simple
and easily understood by all.

(b} It Would have to cater for the major slements of
the JIT philosophy but the more advanced aspects
of contvol, such as Kanban would #é left for the
future.

{e) Therc would probably be more fommal structuring
required in the short Lerm tham perhaps would be
desirabls, but ag long as the structure of the
syston dosigned was -such that it was
capable of modification in the long ¥un, this was
not seen to ho a problem.
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d) Due to assumed "culture shock" the aystem as such
would be rather simpiistic and acceptable to folk
used to working in batch mode, with leng lead
tines 1.6, lead times in new system would not be
50 short that factory parsonnel could not acvept
then as reasonsble and realistic, Hovever,

. the system must be such that it would be easy to
reduce lead times ss confidence and acceptability
increased.

12.4 Process Specificationy

rigure 12.3 shows the Process procedures eventually
arvived at. The prosess chart shown is for & typical
siogle phase motor. Figore Al gives an exploded view
of such a motor. Figure A2 shows an exploded view of
& three phase movor.

Gemerally spesking, & single phase motor is more
complicated to wanufacture than 2 three phase motor
aue to more components being required, For instance,
most single phase wotors will have a capacitor, a
mtator  switoh (mounted on the nmon daxive end
endshield), & rotor switch {motnted on the non~driva
end of the rotor shagt), and mpre complex
other are not

12.5 Statement of Problems

In essence what was being attempted was a continuoms
flow of materiala boing medificd at variows work
atations) nccepting other components Inte further sub

{ehese P y
subjected to modiffvation and adaption); until a
completed motor was available, tested, painted, boxed
and veady for deapatch.

£
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Furthernore, there was to be no waiting time between
operations and &he only inventory accoptable would be

or aup currently betng modified
or added to,  Furthermore, only motors required for
inmediate sale would be manufactured,

It was very soon realised that major stumbling blocks
were in the woy of achieving this ideal solution. The
significant ones boings

(2)  The range of motoxs being mamufactured was Loxge
{some 150 possibla variations); and whereas the
conponents being used were similar, unite great
variations are found;

th)  Whereas it was kmown that met ups could and would
be reduced, the ideal solution required zero set upss

(o} Dines vould have to ba zalanced and flexible;

t4) "Culture shock® could be groat.

12.6 Gomeralised Solution
a gensralised  solution  was  them  arxived
at.

i
* The full Tengo of motora would be momufactured every
week. !

* sequenve of mwanufacture would be the same every
week.

* vherass a dogree of idle inventory might be
sacoptable {in the irs¢ instance] &s one compoment or
wob assembly waited for othors to bu added to it, this
would be kept o 2 minimum.

* This same tolerance would not be pormitted within
manufacturing cells,




By adopting the above approach f{in the first
instance), the following benefits would be achieved:

(aj  proper sequencing would 2ssist greatly in the
minimisation of set ups,

{b),. Having the same seguencing, week after week,
would develop habit and famlliarity,

(o)  Soquencing cycles could be shortenad with time,
That is £ive days could be yeduced to four, to three,
to two and ultimately to one,

14} Change in work habits would not be traumatically
arastie,

(e) Scheduling delivery determination wouid be
simplex,

{f}  Vendors ocould be relatively easily alottsd into
this saguencing discipline, with pefhups eimilar
bunefits to themgelves as this company would achieve.

(g)  Customers could also be similariy benefisially
treated. h

'
(h}  Flexibility would not necessarily be reduced, as
it would bo ne grest problem ta alip n a small batch
of motors, in its propar seguence, at ghort notice,

(i) similariy, concellations or modifications to
ordare oould bo handled reasonably well, with little
upset,

i
P



* soquence:

1.0 DETATLED INVESTIGATION

In essence the heart of an electric motor consiats of
two elementa -~

- the atator

- the rotox
a1l other compononts are thare merely to ensure the
Proper operation or the mochanical tying together of
the heazt.

A stator lamimation and rotor lamination start life
togetter, baing ponched from the same steel strip;
part company as they get further processed; and
eventunily veturn ko be asseubled intc the swwe mOLOL.

The robor assembly process in relatively simple
compared to that of the stator, but set wp times in
otor die casting axe large, and mitigate againat
swall batotes. !

13.3 Rotor Mamufacture

1.1 Process

The wotor proceds Ffollows the folldwing operation
(a)  Tominations are rocelved fxom the mupplier in
bundles af 100mn (cach lumizatjon is 0,5mm thick)s

(b) The laminations ave weighed off against
roquirement on a siwpls goala balance;




{o) Thege laminations are then stacked on a keyed
mandrel, to the given length and sccording to the skew
raquired for the rotor;

(d)  These core stacks are then placed into a 400
tonne horisontal die  casbing press, and molten
sluniniun $ntrodused into the assembly;

t8)  fhe cast rotor is them removed from the dle cast
prens and the mandrel, prezsed out of the Gor

{£)  Rotors are then fettled and tramsported to the
xotor assembly avear

tg)  The mandrels are them ve-used for further rotor
ale castings

(k) Two rotors are sast at a time;

Three probloms were viewsd hexes ,

()  Physical location of die cast shop in relation to
tho mind motor line:

() Cell style of manufacture:

(@) Set up times.

313.1.2 Location of Pie Cast Shop

The swall Machines Company has a general dio cast shop
which  manufuctures all aluminium die chst components
and rotors for the full sange of motors.




The question posed was whethey it would be bemeficial
1o remove a press from this dle cast area and
positioned in such a maumer that it would be closer to
the wmini motor production area, A number of
sdvantages would be gained by doing this:

@) Transport distance of cast cores would be
considerably lassened

() Botor core manufacturing, an fmportant element in
a motor, could become the Sirect responsibility of the
min{ motor management;

(¢} Flexibility cowld perbaps be improved, Jargely
due to item {b).

However, a nuaber of disadvantages would also axise:

(a) bie casting is a speclalist manufacturing
procedure, not yet far removed from a hlack art. 3If
the 4ie cast shop vas eplit, specialist setters,
operatives and management would kave to be

duplicated. With the limited resowrces at the
company's aisposal, such Guplication vas not really
viable, B

b} Available in the goneral éle cast shop weze other
presses which could be utilised in’ the event of a
breakdown, or during routine maintenance.

(o) Diu casting is a dangoruve process, and is thus
noxmally subject to much higher safety Gondivions then
nopmal..

(@) nle caseing avens ave Mot ond amelly.
Introducing such extra eloments into &n open factory
aroa couls prosent problems,

g
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On  balance it was decided that the die casting

equipment would remain where it was, and thut control
of this axea would not be subverted by dual mamagement
responsibillty.  Rowever, whatever system was devised
for mini-motor manufacture would have to be whole
heartediy accepted and worked to by the die cast
pegple.

Further they would assist in the solution of problems,
Gevelop and maintain flexibility, and claim sows
ownership in the overall system. In uther worde, they
would be part of the soiution, not the problem.

13.1.3 Cell Hanufacture

This was not a problem, as the traditional die casting

process largely taok place in a csll. Mandrels are
normally 1limited to about six and hence batch sizes,
betveen . building and casting cowld nct exceed this.
However, it could happen that fettling or dressing of
the cast rotor could be caxried out in the batch mode.
ie. no dressing would take place until the whole
batch was cast. But this would be no problem to
modify. . "

13.1.4 set Up Tines

This was by far the biggest problem to be solved in
this ares, Rotors can vary in a numbe¥ of ways.
Dinmetor, length, alot configuration, shaft hole, skew
angle of yotor baxs, type of aluniniwm &nd end wing
ainonsions. .

For the purpase of £, . cesting only the folloving
variations  are  meterial  (see figure 13.1).




- planeter of rotor (D). For mini motors only two
diameters s¥e xequired ~ 2 pole and 4/ pole.

-~ Eod ring thickness {T}. For 2 pole rotors twe are
required, for 4/6 pole only one. (Othex thickness
sometimes required, but raroly). .

-~ shaft hole diameter (d}. For eavh diameter/end
ring thickness, two shaft hole configurations

_ are available.

The shove combinations give slx basic configurations
of rotor, before length considerations are taken into
account  (although only five configurations are
noxmally required)

Zength (1) - core lengths very in steps of Sma. from A
minimum of 41 nm to o meximm of 12lmm. This gives a
possible 17 core lengths for esch basic rotor
configuration: & possible 95 rotor sizes. However,
steps could theorstically he less chan 5mm and lengtha
range could exceed the minimum and maximum currently
required. It so  happens however that 45
aonfigurations of xotor cores ere’ in current
production

Present set ups follow generally the Sollowing timss:

fa) o set up a particular dlameter/end Ting
configuration - 2 hours.

i3

o change this configuration from ope shaft hole
to another -1 minutes.

(O

o change Furthor to a diffexent core lengin/skew
configuration ~ 0 minutes. ALl setwup
requirements ara oxternal.
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If with present sst up times, and with random order
requirements fxom the dio cast sbop, and assuming all
45 wotor configurationa wero required per week, total
set up time would be 2 hours x 45 met ups = 90 hours,
s full double shiftl This does not Ieave much time
for production!

0f course, the above is absolute maximums, as the
chamzes of a complete two hour set wp For every
subsequent order would he rare.

On the other hand, assuning that all core length
configurntions weru sequenced go that mindmum overall
set up time was achieved, the following picture would
be arrived at:

Three ring/hole ~3x2
hours = § hours Three further hole configurations
- 2 x 15 mins = 30 mins,

Total set up -~ 6§ hiours 30 minutes.

Bet up times per week would perhaps average out to

1/2 (30 hours + 6 hours 30 minutes} = some 18.1/4.
hours per week.

Bven if major set ups were reduced to spy 30 minutes
and minor to 5 mivutes, sinilar arisbmatic to the
above would give average set-up down-times per week of
some 17 hours,

Superfiolal examination of the et up problem
indicated that quick and oheap solutions £o solving
this dde east problem would mot be forthooming fox the
following rensons: .

(a)  Hendiing hot dies in and out nf large presses is




not easy and would requive specialised handling
equipments

() Pre-heating of &ies, prior to sct up would
require specialised enuipment;

te) Bxisting aie design 4id not lend ibself
particuiarly well to ess¢ of set up, Furthermore,
aies are expansive comwodities.

{a) Reluctance of die cast personnel to stretch their
minds to solve the problems. A condition frequently
found in the foundry industry,

In any event, some quick solutions were vequired, even
4f not generally within the total spirdt of JIT.

The genaral solution was as follaws:

fa)  sequence wotor casting in such a way, that set ups
d
are minimised,

o) Work would gontinue on xeduction of sst upe, but
urgency would largaly be vemoved by scceptance of {a)
above.

‘
Nowever, 4 sequencing pattern would have o be evolved
that @id not conflict with the overall requizements of
the remainder of the mini motor lines.

Section 13.3 discusses in detail the solution to this
soquence problem.

Pigure 13.3 shows the moguencing srvangement £inally
arrivea at for th rotor dle austing.




Given tnat a full range of coros are die cast every
week, in the sequance ostablished, total down time per
week due to set up would be 6 hours 30 minutes,
caleulated in tha following manner (refer to figure
13.91.

Rouge B - 2 hours
Route B - 2 hours
Route © - 15 minutes.
Route D ~ 2 hours
Route B 15 minates

¢ houzs 30 minutes

For a 45 hour working week, this would give a machine
wtilisation of gome 858, For a 90 hour dowble shift,
utilisation would improva to 92%. Given the present
2nd  medium  term potentlal of regquixement, these
ubilisation figures axe more than adequate.

13.2 Wound Stator Core Mamufecturo

13.2.1 Process

The stator process folloys the following process
seguence. -
ta)  Leminavions are yecodved from 'the supplier in
bundlea of 100 mm.each (sach Lamination 4s 0,5 wm
thick);

()  Lominations are Weighod off on @ simple scale and
stacked onto a mandrel, forming paxt of a veam velding
machine; .




(2)  Core packs are pressed togethex, and seams welded
in slots.

(@) Welded coya pack is then loaded onto s slot
ingulating machine where the inyulabion is cut, formed
and set into stator slots.

(e} Coxes are thep planed on a coll shooter, where

copper  coils, formed on a winding machive, are
transported over and 'shot’ into stator slots.

(£)  Core is then placed in a drift press where cofls
in slots are pushed back,

t9)  core then yeplaced in - yter where a second set
of goils are shot into the goi

thy Some statora with thyee coil configurations will
repat (£) and (g},
(1) tore and windings are then placed on a bullet

press where overbangs are pushed back.

131 Phase imsulation iz then inserted betwncn
windings on overhang  {fox soie configuratiems tiis
Provess 1s carried out between shooting seguences).

k) The seriss of coils placed in tho core sre then
connected together to specificavion, togethaxr with
cable leads.

(1) Connootions ars byazed,




(m)  stator core is placed in an overhang press whore
the overhangs are shaped and progecly spaced.

() Core then placed in a lacing machine, vhere
averhang is laced together to form e compact whole.
and danger of loose wires negated.

(o) Operations (m) and {n) tepeated for other side.

{pl  Wound stators are then tested for electrical and
nechanioal intogrity.

mebla 33,1 indicates the operation sequences for the
various types of wound stator cores.{Capital letters
xefer to machines as designated in figure 12,13,

13,2,2 general

The wound stator coxe line is the most important of
a1l the production 1ines. The importance of this line
is Gue to:

= the wound stator coye repreacnts some 558 Of the
cost of a mind moter. .

~ the windings aro probably ¢he most ryuinmerably
port of a motor partioulariy prior to dip and
bake,

Tooling for the variovs oporstions are complex,
exponsive  and  specialised. Furtheymore, original
design of cquipment and tooling wam based on large
batches and infrequent st ups. In JIT this is no
longer acceptabla.
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13.2.3 Tooling {
Build and Weld Stator Core

The building mandrel veries as the dlameter of the
core bore thua two mandrels are required {a) 2 pole
iB)  4/6 pole

&lot Insulation Machine

The forming +tooling here varies agalnst the stator l .
alot configuration thus three sets are reguired
ta) 2 pole
(o) 6 pola and 4 pole, 1 phase
ta) 4 pole 3 phase, 4 pole PCZK

e

winding Formers
The tooling confiyurations here are somewhat complex.

In general, 1 phase winders use the game former for
first and second sets, but they aro set to differsnt
configurations.

In general, 3 phase winding use the same formers for
the first, mecond and third sets (whexe ’raqnh'oaj and ‘L
set to the same configurations,

The following former sats are thus available :
{al 2 pole 1 and 3 phase
() 4 pola 1 and 3 phase
() 6 pole 1 and 3 phase




Coil Shooters
Tools hera vary by slot configuration. Where slots
are the same, but core lengths differ, same tool ia
used, but adjusted to guit ¢he Length.

Three toola are roquired:

(e} 2 pole 1 phase; 2 pole 3 phase (2 pole

Lentnation)

(b} 6 pola 3 phase; 4 pole 1 phase {domestic
amtnation)

a) 4 pole 3 phuee; 4 pole DCIR (industrial
lamination)

Brift Fress

Twols hexe vary by elot oconfiguration.  No extra
adjustment is required for the core lemgth variation.

Three toola axe requized
ta) 2 pole 1 phass, 2 pole 3 phase;
(5} 6 pole 3 phase, 4 pole 1 phases
(o) 4 pole 3 phase, 4 pole HCEX
Bullet Press

Mo bullet presses are reguired

) 211 2 pole
{e) all 4 and § polo

Gverhang Press

fwo tools are required hera, but adjustments are

raquired for cove lomgth:




fa) all 2 pole '
(B) a1) 4 and § pole [

Lacing Machine i
Two twols are regquired here:

{a) all 2 poia |
B) a1l ¢ and 6 pole i

However, adjustments are required for length changes,

and indexing adjustments are required between 1 phase -
and 3 phase, ag well as 4 pole and 6 pole. -
Sat up Times

7able 13.2 gives the present set up times for the '

above equipment. N .

11




Present Set 1o Times
Major Minor
(Build & Weld
In 15 mins. lamination
£ to yeminati
& Slot. Insul- |30 mins, lawination to| 10 mina. length
i lator B o length
3 inder C,0,B [30 mins, former to 16 mins. winding)
|former type ta winding
5 type
! lShooter F,@ (90 mins.lamination to { 30 mins.length
ta length
Ibrife press #[20 mins. lamination
€0 lami
lBuliet Press |mil wil
I
r foverhang 3¢ mins. lamization 5 mins. length
ress 3 o to_jength
Face X . 20 mins, lemination | 10 mins, length
o daminati to_Jengeh
st I 16 wine, winding
L specification to
jwinding spec.

TABLE 13.2 s
PRESENT SBT UP TIMES - STATORS

13,2.4  Coil Shooting

The heart of the problem heve ldes in the cail
shooting operation. Set up times are long - 90
miputss to change from tool to tool, and 30 minutes
length to length. .

Two machines are availuble for coil shocting. Bath
are identical, and have a full set of tooling each,
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Initially the shooters cperated in parallel. The one
shooter working on 2 pole stators, with the other
operating on ¢ pole or & pole.

This arrangement gives the hest utilisation of the
shooters, as they both can then operata to their full
svajlable capacity {after set up times) if demand so
requires.

However, dse to long set up times, and the need for
both machines to cperate alongside of each other, plus
the 5 wesk batch sizes, queving and WIP was large, for
the following ressons:

~  stator core mamafasture took place in tha batch
mode.  Batches would be alternated to keep otk
shooters fed as each wmique core ceme through thm
welder and insulation setting machine, queues would
accumilate avaiting shooting.

- coil forming presented no major problems as three
winding mechines were available, Some stator
configurations would reguire identical colls for
first, second and third sets, whereas others would
have the fixet and second setd different. All that
was Tequired was that for the two jobs rumning, the
zequizement was not more than three winders between
them. 'This could be accumplished by having a 2 pole 1
phase  run  on the two winders |(coils here are
aifferent), whilst the remaining winding machina
formed coils for a stator that reguired identical
coils (4 pole 3 phase say).

drift pressing presented problems, due to 20 minute
set vps rewuired (laminstion to lamintion) so
queuing resulted.
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phasing, connecting, brazing and tidying was no
problem as 211 the operations were manually
orientated.

hovever further queulng teck place at the overhang
press, lashing machine and tester.

The problem faced was how to flow the work, with
minimum quening and WIP, still given the largs set ups
presently inherent in the wound etator cove process.

It so happens that curzest demand for mini wotors is
such that one  shooter ix sufficlent to produce the
current requirements (given no set ups).

Based on this fact, it was dacided that the shooting
would take place on one machine only, whilst the other
mechine was being set b for the next job. Figure
33.2 gives a'sinulated run of this arrangement bn the
shooters, “at present démand (refer also tc table 13.5
for seguencing order (alscussed in section 12.3)

From this simulation xun, it cen be’seen that the
hourly rate of output off the shooter is reasonably
constant, given this sequencing arrangament.

I any event, this problom i By no means solved, and
committed dedicated investigation will bve requived to
establish a reasonable JI® arrangement. A prime
requirement {s the significant reduction in sel up
times.

BLL that hes been achieved in this area so far is Yo
develop a framework avound which the JIT philosophy
can be implemented. OF ocourse, batch sizes have been
reduged 25 well: in gemeral from 5 wesks to 1 week
requirenient pex motor.
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13.3 stator Rotor Sequences
13.3.1 Summary

fulek set up simes could he considered a cozner stome
of I 1f met ups ave siguificantly large,
flexibillty is reduced, queves will develop, line
Palancing becomes extremely complex, and the tendency
to batch in bigger and bigger lots hy the shop
supervision and controllers will increase with time. S

As  mentioned previously, there is no doubt that
spplication and rational thought will assist in
reduction of set ups conajderably. However this can
take time, wmoney and the dedication of competent
supervision,  operators, setters and  production
engineera, All these yxesources are invariably scarce,
in South Africa particulaxly so.

i

The quandary the company faced was: -

should all our set up problems be solved before the
317 philosophy was implemented - or

'
could a half way stage be devised which by caveful
sohednling could reduce the negative'effect of long
set ups and result in the following advantages:

ta) JIT philosophy could be immediately
{ntroduced, alboit with degrees of compromisze
and sub optimisation;

Scheduling should be sufficiently flexible so
that as setting problems ware solved with

&2




tine, development into "pure™ JIT would be
sinple and automatics

© Scheduling rules would be aimple snd
understood by 311. Further their rules would
not be subjact to constant revision and up
Gating depending on mix,

(@), Scheduling rules would have to be such that
both stator and xotor memufsctura would
henefit;

te) 1deally, once pupplier JYf was tackled,

advantages to the vendor vould be reasonable.

A schedule seguence has been devised which, by and
large, satisfies the above paramoters,

13.2.2 | znvestigation

The investigation ¢o determine the optimum seguencing
of the stator and rotor lines was carried out in the
£ollowing fashion: !

- firstly, an attempt was made to determine what
would be the wmost beneficial sequencing for wound
stator core manufacturd. This was axxived at by

with shop ion and
enginsering, and largely based on imtuition

- secondly, & similar exevelse was carxvied out to
determine the most bemeficial seguencing for
xotor die casting.

a production yun was simulated (using the deduced
sequencing rules) to deternine wheve the statox
and rotor sequenciag could possibly conflict.
(This is called vhe Fixst approximation) .
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- from this exercise it was quite aasily notived that
sinple changes n sowe of the rules, on both stator
and rotor lines, would improve the flow.

- the new rules ware then again tested against a
simulated production Tun, (second approximation).

- ‘inprovement was cbviously gained, but fureher
were once again
{thixd approxtmation)

- a simulation against this set of rules shoved no
roa} improvement and the second spproximation was
finally settled on,

13.3.3 Fixst Approximatien

The rulss established at the initial stages ware :
(2} stator mequence would be in the folicwing order:

- 2 pole single phasar
- 2 pole three phase;
~ 6 pole three phase:
- 4 pole single phases
- 4 pole three phaser X
- 4 pole single phase plus models DCZK.
THBLE 13,3 :

STATOR ; syURNCE - FIRST APPROXIMATION

() Each category of stator would cowmence with the
shortest core, and proceed in steps to the longest.
Wo aifferentiation vould be made for cores with holes
3 appused to corss without holes.




te) Rotor

Sequence would be in the following orde:

~ 2 pole laminations, 11 mm endrings, 24 mn diameter
shatt tole

.2 pole laminations, 16 mm endrings, 24 xm dismater
sbaft hole

2 pole laminations, 16 wm endrings, 30 mm distster
shatt hole

saminations, 12 wn endrings, 24 mm
Qlameter shaft hole

laminations, 12 ma endrings, 30 mm
dlameter shaft hole

I
&
ns
]
A
5

.
H
3
£

sach category would commence With shortest core snd
continue tq the langest.

The following figure (13.3) shows the sequences in
Qagramatic form. ,
Table 13.4, gives the simulation details, using
egtimated weekly quantities of the various models, in
the planned first approximation sequence. Figure 13.4
gives the simplation wun in bar chact forms, For
ana the three axe
plotted together, (Approximations %, 2 and 3.)
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Motor Designation Frame Zstimated Sequence Rotor

Code Frame Haterial Weelly Priority Set up Lo
sive Output__ Stat.Rot. up Mo. i
zpole & KDCTL steel 2 105 5 J‘
iph b D&CK9SS  Alum. 7 2 10 ¢ I
. ¢ EDES6GD steel 100 31 A i
d  KCKSEE Steal 20 4 z A :
® KbCso Steal 5 5 9 B
£ KDKS70D  Stesl 3 6 3 &
g DICKIOL  Alum. 21 212 <
2pole b EBYTL Steel 5 9 4 5 N
aph L KDyEon  steal ] s 5 B g
3 EDYSE5 Steel 6 w7 B "
k Kpyso Steel 21 1. 8 B
1 pEsos At 28 EERS TR
m_DZICL Alom, 15 13 13 < .
6pole n  RKDYBO Steel 17 14 14 »
3ph o KDY80a Steal 18 1s 15 D
4pola pr steel 4 16,16 n
1pb g KD.BDA  Steal 7 17w o :
£ RCCSES  stesl 13 18 22 D N
XDes0  Steel 35 .24 D ox
4pole t RB¥71 Steel 7 26 17 > i
3ph u XDYSOA  stsel 31 21 18 B J
v P27IDE  Alun. 3 22,19 b "
w PagoDn  Alum, 4 22 2 1
% KDYBO Stesl £ 2 23 EY
y %908 Alum, 10 25 27 B
=z DZ4OSDS  Alum. 2 26 28 E
as DL Mum, 60 27 2 e 1
bh  DZSOIDB  Alum, 2 28 30 B z
- oy KDYS0A Stap) A 29 3% B i
4pole G4 DACK9GS  Alum. 7 30 25 B b
DICR__es DICKOQL _ plum. 43 3L 26 ® ]

TABLE 13.4 ]
STAYOR AND ROTOR SIMULNITON |
FIRST APPROXIMATION (REFER FIG,13.3;

" :
|




Referring to tha bar chart simslations, the following
bocones immediately apparent.

- given that the stator and rotor lines rum in
tandom, queves will invariably form. Sometimes rotors
awaiting statora (15  ooccurrences) and somatimes
stators awaiting xotors {1l ocourrences}, and on 5
oacasions no waiting occurs.

3.3.4 second Approximation
The second set of rules established vere au follows:

{a) For the second approximation it was decided to
leave the stator seguencing alone (sume s firsy
approximation), and test the manipulation of the rotor
soguence, , It was noted that in the rotor die cast
area, no internal set up time is raguired for whanging
for  core length, given the same  lamination
hole | The second
approximation then follawed the following ruiss,

Stator - the eame rules as firat approximation
Rotor - the same rules as firet approximation
axcept that core length consilerations
would be ignorad. .
Figure 13.3 for the first approximatidn, is valid for
a  schonatic  represemtation  of  the  second
spproximation,

wable 13.9 gives the dotails for the second
approximation simlatlon rum.

Figure 13.4 gives this simelation xun in bar chare
forms.
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Hotor Designation

Prame Estimated Sequence Rotor

Code Frame Material Weekly Pricrities Set up
size Output_ stator Rotor No.
Zpole & KDCT1  Steel 2 1 Y
Iph b RECK905 Alum, 7 2 FUN
- © EDKS60D Steel 100 3 oA
& RCKSES  Steel 20 1 2 a
& EKDCBO  Steel 5 5 5 =
£ KDRS70D Steel 3 s R
9_DICKIUL _Alum. 2 1 un ¢
2pole b ¥Y7L  Steel s s s B
3ph i KDYSOA  Steel 4 El 708
§ KDYSSS  Steel 5 2 8 »
k KDYSo  Steel 27 u + B
1 pzeos  Alum, 28 32 12 ¢
m_DZ9OL _ Alum. 15 13 1B _c
6pole n Koy 00 Steel 17 4 1 o
3ph o ¥pYeon steel 18 1 i D
apole p RoCTL  Steel ‘ 15 1% o
1ph g KOKSOA  Steel K 17 17 »
r Kcosss  steel 15 18 PLI
s _RDCBO  Steel 35 15 191
4pole t KDYTL  Steel FAE) 2 b
u RDYS0A Steel 32 2 2 p
v Dz710B  Alam. 3 2 2 p
& Dagops  Alum, 4 2 23 o
x KOY80  steel 53 24 % D
y DZ50s  Alum, 4 25 25 D
7 DzgosDE Alum. 2 N % E
aa DZSOL  Alum, 60 27 27 B
b D250T0B  Alem. a 2 ELI
cc KDYSOA_ Stesl 3 25 23 5
ipole 63 DICKI0S Alum, 17 30 E Y
DICK e  DECKISL Alum. 48 3, EF .

TABLE 13.5
STMOR AND _PAPOR SECOND
14
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Raferring to the bat chart simulation, the following
becomes immediately apparent.

~  stators await rotors on 3 occasions, rotors await
stators on 7 occasions, and on 21 occasions no walting

occurs.
~ & pola and 4 pole stator and rotor lines run

completely in tandem, with no waiting.

~ 2 pole limes stil. .iave waiting, albelt less than
in first approwimation.

13.3.5 #hird Approximation

Tor the third approximation % was decided to alter
the statof sequences, but without breaking any of the
cardinal rules.

A simple change was decided on, namely the transposing

of the 2 pole single and three phase categories.
Stators would still however be produced in coze

lengths order.  (From shortest to longest). Rotoxs
would, within tneix set up category mumber, have no
core length priority restraints. ,

7able 13.6 gives the simulation defails and Figure
13.4 gives the simulation run in bar chart form.

Referring to the Eax chart simulatlon, the following

becomes apparents
~  stators await rotors on § occasions

~  xotors await rotors on 3 occasions
«  no waiting on 22 occasions.

s
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Motor Designation Frame Bstimated Sequence Rotor
Code Fraws Naterial Weskly Priorities set .

size Qutpnt Stator Rotor Up

Ho,

Zpole h KDY 1 )
3ph. 4 xoYsOR 2 2 B
' j xovses 3 3 B
* KoYso 4 PR

1 pzses 5 1 e

n _DISL 5 s ¢

pole a KDCTL 7 5 =
1ph b DICKSOS [ s ¢
© KoR560D 9 1 A

4 xcrs6s 0 12 a

e xocag 1 s =

£ xors70D 12 13 A

4 DECRSOL 1310 ¢
6pole n ¥DYS0 4 o >
ph o ¥pYaoa 1 35 b
ipote p KDCTL 67 16 »
b q KORSOA 7 11 »
r ECCS6S 1 18 »

s _xpcgo IR

ipole © KDYIL 20 20 »
3ph  u KoYaoR 2, 2 o
v DIvIDB 22 2z o

W pasopE 2 = »p

* XDYS0 24 24 o

y DpaIos s 2 ®

= pasosne 26 2 B

as DISOL 27 -2 B

b DI90LDB 28 28 E
co__KDY90R 20 29 %
4pole ad DICKSOS e 30w
DICK _ee  DICKOOL EVE Y

SEATOR WD HOTOR TR

18




@his is perhaps marginally bettsr than the second i
agproximstion, although Lf stators awaiting rotors is X
considered = worse state than rotors awaiting stators,
sacond approximation must be better.

13.3.8 Concluston

The second spproximation was to be the systen finally
adopted.

o
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23.4 She1) Mamufaoture

Shell mannfacture presented no major problema.
Two basic types of shell are useds

~ ‘alumintun extrusion
- rolled steel shell

13.4,1 Aluminiuw Extrusion

There sre six basic types of extrusion, and these in
fact can be cut to particular lengths. Furthermore,
depending on wotor configuration, vaviations on
4riliing and tapping for varions hole requizements are
catered for after inpragnation (see paragraph 93.5)

The manufacturing provess is as follows:

(a) lengths of extrusion are recelved frdm supplier;

{b} en request from shell shop, the long lengths are
then out to requized lengths and deliversd to the
shell shop.

(c) in shell ghop, the shells aré expandad to & given
roundness on a press apd are now ready for stator
asaembly.

.42 Rolled Steel shell

There are 14 basic configurations of steel shell,
Purthex variations in some Arilling and tapping axe
catered for after {mpregnation.(Ses section 13.5)

The manufasturiny process is as follows

19
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(aj Fiat steel plate cropped to size, 2»d containing
various pumched holes, are received from
suppliers

(b) Shells are them rolled to form a cylinder;

{e} Seam 1s than welded on a specially designed sean
velder;

(a),. Shell is then expanded ta given roundness, This
operation ales confizms the integrity of the
weld.

(e) Various lugs and pads then welded onto shell for
certain configurations, such as airstream or lawn
mower WOtoxr types.

13.4.3 hanufacturing Procedure

A1l mechines vequired for both aluminium and steel
shell are' laid out in a cell, and oRe operative
carries out all operations. Theoretically the seme
wound stator core can be pressed into sither a steel
or alwminium shall,  Certainly, wound stator cores
arriving could be coming da mixed lots, requiring
either aluminium or steel shells.

When the foreman loads the “stator core welding
section,” he loads the shell section with the requived
shells in the order that the wound cores will be
coming off the wound stator core tester!

Currently there 1is probably mot more then a couple of
hours worth of shells swalbing wound cores. This
should he compared with the pravious sitvation where
shells were made in hatchos for  stock, and
subsequently drawn for requirement.

"o




13.5 Stator Assenhly
13.5.1 Process
#his section desoribes the process from pressing up

until just prior to motor assembly:

{a)

®}

[

4]

{a]

(g}
[

23

13

£x]

Wound seator core 1o pressed into steel shell -
aluminiun shell is heated on what is colloguiaily
called a 'brasi) and the stator core shrunk imto
tho shall,

Fraved core assembly now goas through an
impregnation provess. Basically, on a moving
ovarhead conveyor, the franed core is pre
heated, dipped in an epoxy varnish, and baked,
Impregnated framed ¢ore then arrives back at
similax point on track where initially loaded.
Assenbly is stacked alongside impregnation plant
for an hour or so until cooled to ambient
cemperatures.

Bore of core is then burnished to remove surplus
varnigh adhering to bore.

Core assembly is then loaded’in a lathe on a
mandrel where splgots are machined to size and
concentrie ¢o the bora. '

Spigots are then deburred. '

varioss drilling and tapping cperations then take
place dspendent on motor configuration,

Por steel shells, prassed stesl foet are then
welded onto the shell, Framed core assembly is
now ready for final assembly.

Alominium shelis have extruded aluminiom feet
£ittod, and foot assembly is then milied to sizo.
The assembly Ls now ready fox final assembly.
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13.5.2 solutiona

ALL equipment for the sbove cperation was laid out in
@ U type cell. Particular problems encountered and

rolved wore:

(a), Erovicusly impregnation was carried out in the
main impregnation plant used for 2Ll other stator
vores.  This was irpractical as distances travelled,
loss of control, danger of damage and queuing at the
other plant all mitigated against proper JIT
yhilosophy.  There was availabla an oven in the
tsecond hand yard' which had previoualy heen used at
Twa Zulu, and to this vas addad tracks {overhead
conveyor line} and incorporated imto the £low Lline and
Gedicated purely for mini motors.

b} sSpigotting presented problems, as machining
aluminjum and steel on the same machine and at random,
presents cartain problems in cutting speeda, ¢leaning
of machine, reclaiming of swarf, and #0 on. Previously
wore assemblies wera batchad, and set ups changed at
frequent interval from 2
poles to 4 pole and 4 pole to 6 pole necossitated
guite long set ups. This was soived by pulling out of
the scrap yard an old lathe, due to hy junked, and
vefurbishing it and adapting 4t for apigot turning,
On tha line now are two spigot lsthes, each one
Gedicated either +to aluminium or atesl. Figure 13,5
haws the loading for both spigotting machines, The
problem is not entirely sclved as thers is
ineugficiont time to change ovex from 4 pole %o 2 pole
on  the aluminium machine.{Figure 13,5). However both
sizes suffering quening'as o result will be so small,
that overall objective will ba gained.
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f¢)  Drilling also presented certain problems, as a
varfety of hole sizes and configurations are
zequired.  Furthermore drilling jigs were used in
ccnjunction with aingle spindle drills.  This vas
never satisfactory as operations were carried out in
the batoh mode, queuss developed bstveen operations
ana, . the danger was always presont that drawings would
bhe misvead, incorrect drilling jigs used and generally
resuiting {n high scrap. iz problem was sclved by
designing and manufacturing a special purpose drilling
©ig.

Pigure 13,6 shows the construction detalls of this
»ig. Advantages of this rig aze that:

(al  Wherems the rig ie speclal purpose and custom
designed, the Arills and mountings are met. If
4rilling configuration changes it would not be
@ifficult to alter placement of drills. In the event
of this range becoming obsolete, dxills can alvays be
used for othex components. /

) Sevting up le very quick and easy.  The
contzollor consists of & number of switches attached
to air valves which actuate the drills. Setting
instructions are then limited to which gwitches will
be in ON positlion and which in OFF.

(¢)  Special drilling requirements ca also ba catered
for, as each drill can take a variety of drill bits,
and depths can be adjustod. ALL of this quite easily,
hut obvicusly set up time would be greater than
noxrlly desirable.

(@) Alongside of thie mulvi drill is 2 bank of aingle
epindle drille and tappers, These are used for holes
than cannot be catared for on the multd drill,
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1.8 shafts

13,6.1 Process

Oparation sequence in shaft manufacture is as follows:

{a) Billet is received from supplier in raw material
stores and cut to length on instruation.

Blllet is faced ond centred.

Passed to copy lathe yhere one end ls turned to

1]
te]

requizement.
(d) Goes to second copy lathe, for second aide
turning operation.

{e) Cylindrical grinding on two machines then takes
place.

(£} $haft fhon passes on to keyway milling if
Tequired, -

tg) Core dlameter is then knurled for Eurther press

£it requirements for rotor assembly.
) Fan tole drilled,
(4} Shaft extension hole drilled and tapped.
(4} shatt extonaion thresds rolled, if veguirved.

13.6.2 Solutions

Problems encountered on this line ave not yet
adequately solved, although the srrangement is a vast
improvement on previous.

Dreviously batch alzes were large, and manufectured
for stouk; and wubsequently drawn out from stock,
gueves betwaen the operations were also large, and
total throughput time could be graster than a vesk.




The arrangement now iz that shafts are only made
against a weekly reguirement, during the week of that
requirement.  Hence batch sizes are much emaller,
similarly with gqueves, and finishad shafts awaiting
rotor assembly are never normally in excess of a
couple of days requirement.

Rowever the sstting problem is not solved and movement
through shop is erratic and stop and stavt. Quality
has fmproved, but this is Gue lazgely to batah sinas
baing ewaller, and hence danger of a larqe batch being
ecrapped after lst operation is reduced.

Overall layout will lend itself to future improvement
in continuous flow,

13.7 . Rotor Assembly

13.7.1 Process =

No real problems were encountered in this area. The
Manufacturing process is as followa:

ta)  Shaft s pressed into rotor core.

(b} Outside dieweter of rotor them turned,to size,
and concentric with bearing journals on shaft,

{e) Resenbly then dynamically balenced.

(8} hssemnly now availeble for final motor assembly.

Department 1is laid out tn a U cell, and all operations
carried out by two operatives. There is no queulng

hetweun operations,

13.8 Endshields
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13.8.1 Process

The majority of endshields used in mini motors are die
cast from aluminiaun. here are five basic aluminium
endshields, which in turn are wachined into 28
sifferent configurations.

Manufacturing process is as follows:

ta) Endshield is die cast in paivs, on a 400 tomne
horizontal die casting machive, Integral with
the dle casting process is the insertion of
zolled steel bearing limers.

(b) Endshields are then trensferred to the endshield

shop where machining and drilling is carried
out. -

() For single phase end chields, the non drive
endshield has & stator switch assembled to it.

13.8.2 Solutions

Obstacles on the road to full implementation of JIT of
thege components are not yet overcome,

- set up times on the die cast wachines are very
nigh, and batoh sizes still too large.

The problam is this. There are two basic endshield
dies, ond inserts within the dies can be replaced
according to bsaring configurations. The dies ave as
followst .

“Round" endshield - 35 mm. bearing insert
~ 47w, bearing insert
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“"lugged® endshield ~ 35 mm. bearing insert
- 47 mn. bearing insert
- 52 mm. pearing insert

The "round” endshield is the endshield used for steel
frema motors which incorporates through holes in the
stator core.

The *lugged” endshield is used fox aluminfum extruded
frames which do not have a through belt in the stator
core, but have the bolts going over the outside of the
frame.

Figere 13.7 should make this olear,
Set up times are as follows:

"Round” set wp - 3 hours
change of insext 30 minutes
“lugged® sst up - 3 hours
change of insert 3 hours

The xeason for this is that the "lugged” die is very
badly designed, and the inserts camnot be changed
whilst the die is in tha machine.’

The die haa to be removed, stripped down and inserts
changed, Die s then loaded into the machine.

%f all endshields are to be cast weekly, set up times
can be as follows:

Sot up "round® + 35 mm, insert - 3 hours
change to 17 mm. 30 mins.
Set up "lugged” + 35 mn. insere ~ 3 nowrs
chenge to 47 mn. inmert ~ 3 nours
changs to 52 mm. insert ~...3 hours
Total set up time per weok 1zhre3d.




on a 45 hour week, wachine utilisation will thus have
to be a maximam of 72E.

Fowever, development work is currently underway to
utilise only through both type atator cores, and thus
only yound andshields will be required.

For andehields, this will result in tha follawing
significant benefits.

unpachined aluminium castings will reduce from § basic
eypes to 3.

Set up times will reduce in the following manner:

Sot up round  + 35 mims. insert - 3 hours
change, to 42 mins.insext = 30 mins
ohange to 5% mins insext ~-..30 mins

Total set up per week 4bra.00.

This results in a set up reduction of sowe 8.1/2 hours
per week, and an improvement in maximem machine
utilisation, at aingle shift, €rom 723 to 91%,

Batch sizes for machining ‘have been reduced.
Previcusly endshields were wmachined for stock, and
pubsequently drawn for assembly,

Row fuantities are pxoduced adequate for a weeks
requizement,
Whereas machining section has been set out in a U type

cell, quetes still exist hetween soma operations, but
not as great as previous.:
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The machining section used o be part of the genewal
aluminium compotent machine shop, somewhat remote from
the mini motor agsembly lime. It is now physically in
the wini motor department, and ssbject to their
control

It wes decided mot to move the dla sasting machine
from the aluminiun foundry to the mini motor line for
the same raasons as for the rotor dle cast (sea
section 13.1.21.

13.9 Hotor Basenbly

13.9.1 Goneral

The assembly department assembles the £ull motor £xom
all  the ~ various aub sssemblies and components
manufactured previcusly, or bought out complete.

Figqure A2 givese an exploded view of & typical foot
mounted threa phase totally enclosed fan cooled motor
(steel shell ¢ypel.

Figure Al gives an exploded View of a typical foot
flange single phase totally enclosed fan vooled motox
{steel ghell type). '

Other counfigurations could include capawpitors, thermal
overload units, or exclude the fan and cowl or the
feet,

Major decisions that had to bo made hers wera:

(8) Wature of layout

{b) Form thet maxshalling of qomponents would teke
() Operations exgeoted from operatives, '
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These three decisions are totally interdependant and
need to be considered togethex.

Three baslc forms that the asgembly provess could take
were considered:

{8} . A flow type of operation where each operative
wou1d on a i
(b) an integral type of operatlon where each
operative would sssemble & compiste motor .
¢} A mixture of the above.

The following gives ¢he oconsideration glven to all
thrae types of assembly procedure.

13.9.2 Flow assenbly

In essence, the sequenca of operations covld be as
2o)lowss

Operative A could receiva the stator assembly and
assenble to it the terminal base and box arrangement.
operative B, in pavallel with operative A, could be
asdenbling the bearings ¢0 the rotor,

opezative C could then thread the Totor assembly into
the stator assembly. !

operative D would agsemble the endshields to the
notor.

Operative & vould £t the fan and cowl.

Givan thi oparation sequence, thers could be o ways
of feeding the mub assemblies to the operatives:

~  the components and stator assembly would be fed
down the conveyor line and each operative would be
fed, {ndopendently, the components vequired fox thase
oporations.
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- all the assemblias could bs marshalled into a tray,
and  thie tray fed down the conveyor line, Each
operative would then take from this tray thair
componants and oarry out their operations.

13.9.3 Integrated Assembly

Heve each operative would be fod all the components
reanired to assemble the complete motor.

Each operative could either be fed independsntly with
component and  sub  apsemblios, or full sets of
components Gould be marshalled and conveyed o them

13.9.4 Analysis

The flow assembly method has the foliowing advantages:

each operative vould become extremély profiolent
and skilled in bis limited oparetiona.

- txaining of labosr for Lmited operationa would be
comparatively simple.

- & nmoving bels conveyor concspt could possibly be
instelled.

The disedvantages are more numerous:

- line balancing would become & prohlem. Variety of
asgenblies required are vexy great and diffexance in
assembly timss are quite high. Fox instance single
phase motor aseombly time ia much greater than three
phage  dve  to  the addition of oapacitors.




similarly end snfeld assemniy is greater due to
connection of the stator eswltch to terminations,
whereas fan and cowl assembly, rotor and rotoxy
threading would be the same. A further ewample is for
sir streem motors which cowld be single or three
phage, but yeguire noy feet or cowl.

- or wapacity

wosld be a problem. To decresse ox increass the
ontput of 5 operatives dcing different work is o eady
matter, There are fairly swall finite limits to this
extension or redudtion, mamely slack dus £o adaitions
or subtraction of ovartime.

- absentesism would affact the line balance. One
operatlve off sick iz not a labour reduction of say
208, But is o 1008 labour raduction in ome whole
operation.
- operator moxala could be & problem dus to low
skills requized

labour £lexibility and incvease of gandral skills
would not be easily accomplished.

'

The lntegral assenbly method advantages would be the
converss of the above with certain other advantages.

«  pinpointing of operative causing rejdcts or damage
would e oasy,  Each motor assemblywould ba almost
the total responsibility of one individual,

= quenlny of semi complated motcrs between operations
would not  apply. Queves would be limited to
components  awaiting assambly, or wotors assembled
avatting test. By limiving possible srese of queuing,
quoutng can bo wore oashly reduced o eliminated,

so on balance, the intogral sssembly approach was
opted for with some modifications dus o machine
capacity restriotions (the hearing press).
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13.9.5 Component Mavshalling

Thers were two alternativer considered here:

(a)

independant feeding of components o assembly
Lie. aach cperative would have his own private
atock' of components for assembly;

gqensxal murshailing of componente and despatch to
al1 operatives, who would toke a marehalled set
of componants as required, f£rom the common pool.

)

Alternative (a; had no real sdvantages that could be
seen, but had & number of merious disadvantages.

- each operative heving his own private pool of
compongnts awaiting hil use scemed to be against the
spirit of -YI'!'.

- the organisation required ko split individual
requizements would Yequire guite dxpensive and
detailed control.

- the possibility of inventory levels being largs was

quite high.
~ what would have to bo domg if vperative was absent?
- how would redvovion or increase in output

zequiranants bo managed?

flooy space regquirements woudd be high as
indepsndent marshalling areas would reguirs mora
Bpace.

Tha second alternstive had & number of advantages and
no roal dimadvantagest

- operatives would take from a communnl pool of
components 63 and  when thoy  Yequived  them.

35



NG X

This seemed to have the capabllity of keeping Work In
Progress at a winimum, If output reguired was, ssy,
10 an hour, maxshalling could take place at the sama i
Tats.

~  differences in skill and speed levels of individwal

operatives would not opause hold ups or etock huild

i
[
!
;

- only ond skiiled marshaller would be required. If
cemponents ware correctly marshalled against

ification and assenbly chances of
inooryect assembly would be ménimised,

v The secend alterhative was then chosen, with aame
modification.  In other words, major and some minor
components and eub sssemblies would be marshalled in a
. central aren, end despatched to operatives, but common H
cheap components would ba Kept at the assembly work ¢
bench.  These components, would bhe mostly common :
fagteners reguired for most motor models,

g A marshalling - trsy was devised for the marshalling of
X the major sub sssembliss and oowporents {see Figuze
13.8).  This trey was deaigned in euch = vay that Lt
3 could take batohes of three wound stator cores plus
- the xotor assemblies, ondshields, terminal boxes,
capacitors, fans, cowls ete.

13.9.6 Layout. . -

3t wae decided that roller conveyors would be utilised
for transportation to the operatives. A motorised !
conveyor was not given real consideration but is a N
possibility for the futura.

! B number of problems novdod resolving befors the |
i layout solution wae arrived at. i







Teoding marshalling trays ss well as complets motors
down & siagle conveyor track could present waiting
geoblems.  i.e. if materisl flow was not fast and
balancnd, an operative at the snd of the line conld be
in a posltion of waiting some considerable time before B
a marchalied tray became availshic to him.  This N
problem would be further aggravated 1f ossembly

benches wers on both sides of the vemtral conveyor f
ine,

Similar problems would be encountered if two parallei
conveyors were to be used, although to a lesser
extent. The thedry being that ane conveyor 1ine would
be used for marshalling trays, and the other for
assenbled motors. However, the result could still be
Jamming on the line.

The present Iayeut was then arrived at which works
satisfectorily.  This comsists of a double decker
arrangenent of conveyors.,  The top deck taking only
mavshalling trays, and the hottom deck taking only
finlshed assenbled wotorn.  Jemaing doss not ooour
here, and floor area i» saved. Roemally vertical
space 1is “free* wheteas horizontal space is not. (See

Figuee 12.9). -

Praviously the motor test was centralided in a "test
area", with the various motor assembly lines arreiged
around h.s test area. This was done for threa .seic

reasonss

- testing ic a specialist job, requiring vertain high
level skills. Having all the test beds and personnsl
in a ocommon area would give flexibility in this area,
in both oquipment and personnel and make supervision

saster.







- testing was considored a Quality Control procedure
and in the old style thinking, had to be separata from
production.

- electricsl testing s a dangerous protedure, and
isolation plue resticted entry would help allsviste
Gengers to persomnel. The first and third factors ara
valid, but the second, #n JIT philoscphy, is not.

The above arrangement suffered a number of serious
dlsadvantages, the three major ones being:

- mepastion of "Quality" from "Production® develops
ané maintains a "Then® and "Us” mentality.
I make thew, You reject them’.

-+ queues of finished motors awaiting test is imherent
in this arrangement.  Queues, Of course, Cause 3
number of adverse conssquences: high inventory,
increased floor area, large physical and psychological
soparazion betwsen operations and pecpld, and perhaps
wost importsnt, high defeat rates.

- reject rates are inherent in this type of layout.
any erzors bulle into a motok will be perpetuated
untll the error is deteoted and corrective action
taken, I days elapse between asgembly and test,
sorrective action {s expensive and frustrating. The
longer the time delay, the greater Will bs the numbey
of motors incurring a defect and the move difficult it
will be to establish the pexson o actlon or event
responsible for such defect, and thus mowe difficult
to rectify for long teym benefit.

With all the obove fn mind, the obvious sclution was
to put the test beds right on the masembly line. This
was done.
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The assembly line also had to be placed in such a way
that * the major sub assembliss - such as wound stasox
frame and rotor assembly, would be completed 2t the
start of the assembly line.

However, other components that could not be completed
at the point of the start of aseembly needed to be
held in a wmarshalling stock area. These componeats
would aimost entirely be bought out items such ag
fans, cowls, terminal boxes, through bolts, xotor

awitohes, capavitors and the like.  This would be
necessary as it wss not the intention yet o have
fully ' vandor JIT. 50 cailed

@ items {namely items purchased on @ two bin system)
needed to be held in this morshalling area. These
components would hi fed onto the assembly lines sither
by being dnoluded in the mavshalling. trays or by
£1114ng up ‘the emall racks held by each assembler.

Figure 13,10 shows the form of the bins designed for
these C components. The principle behind these racks
are as follows:

Bach component is hossed in two bina, alongside of
each other. One locked, snd tne is used. A sample
compovent is affixed €0 the outslde of esch bin 1id,
The locked bin contalns sufficient components o last
out the purchase lead time of that component plus
buffer, Placed inside, on top of the components is a
completed oxder form, As the bin in uge is exhausted,
the othox bin ie unlocked, the purchase order
immedistely placed on the oupplior, and bhe bin put
{nto use. When new replenisghment stock is delivered,
this will be placed in the other bin, with an order
Form, and locked.
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This aystem is crade, but effectlve and holda out the
promise of being able to be converted to a XANEAN
control systen in the future.

13.9.7 Agsenbly System

whe  beslc form of the sscembly procedure iz as
follows. The wound atator Jframe arrives from its
final operation énd is placed on a marshalling tvay,
on the trangverse Conveyors on the asgembly line.

The rotor ie obtained from the rotor assembly section,
the bearinga pressed onto the shaft (alongside the
warshalling conveysr) amd placed inside the stator
core {sse Figure 13.8). Various components are then
obtained from the marshalling axee, and qounted off
agalnst a' Bill of Materials, into &be mazehalling
tzays.

The tray with 1 4o 3 motor component sets is then
pushed down the wupper asaembly conveyoxr. The
asserblers remove these trays from the conveyor line
&nd onto their work henches as needed, Components Kot
available from the marstailing txays. are cbtained
from the small compopent Taoks sttached to each
sgsenbly bench, The supervisor, on reqiest fxom each
assembler will replenish these from the two bin racks,
s requizad.

on complation each assembled motor is sent down the
botton leval oonveyor to the test benches.

Queses batween assewbly and test, ave kept at a

minlmam,  1f necessory the suporvisor will assist the
‘tester to ensure this.
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If a reject or defective i3 detscted at test, ox on
the line during assembly, the supervisor ia
fnmediately notified ond the assembly line stopped.
This s done by word of mouth. The intentfon here is
eventually to place vieible and audible signals at
each bench, and at test, to signify a probleam.

The' ‘cause of the defective is irmediately determined,
corrective action taken, and the line allowed to
. recommence work.

. . The foreman and senior Quality technician are always
R involves, and £t is their Auty and responsibility to
ensure that this fault does not occur again,

" Bfter test the motor is immedistely conveyed to the
-g. painting sren, wheve it is painted to the desired
specification and boxed,, raady for despatoch.
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4.0 RESULTS ACHISVED

14,1 susmary

In section 9.0, the criteria for JYT implementation
waa given, snd they are repeated here.

inventory reduction
quality improvement

quick pay back and woasurable

solutions to problems had to be within internal
control

signifioane capital investment would not be
accaptable

start swall, develop confidence and expand later
- keep it simple

the first part of tuis section will test the results

achieved against thesa oriteria. ;

However, the real criteria for OIT is somewhat
aifferent

~ zero inventory
- soyo defects

and  the uecond part of this section will deal with how
close the realisation of this dream is,

4.2 Invantory Reduction

whe critionl path of mini motor mamufacture is the
manufacture of the  wound  stator  frame,




. & gy

. it
-trom stator laminations to stator core pack, wound h
and  comneoted stator core, wound stator frams, .
machined wound stator frame and assembles motor.

The comparisons given here are for the corepack from : "
winding to £inal motor test. ;

The July 20 19B4 a stock take gave a figura of 2 974 4
. coras in Work in Progress,  The f£ive week moving A
average motors passed test at that date was 470 motors
pexr week. This gave an average stock holding of some
32 days.  In other words, it was taking some 32 days
i from commencement of stator manufacture to when that
o atator was finally inoluded in an electric motor,
tasted and available for ssle.

4 The July 19 1385 stook take, almost exectly 12 months
R B later, gave & ststor inventory figure of 443 cores in
Work {n Progzass. The five wask moving average motors
passed final test 4t that date vas 493 per week. This
gave an avarage stock holding of some 4,5 days.
I

b4 ¥IP Inventory No of Deys
July 20, 1984 2574 316 *
Dac.id, 1984 2 350 22,9 &
N Kar. 1, 1985 240 " 7,5 .
. . april 27, 1388 457 42
: July 25, 1985 448 4,5
o TMBLE 34,1 I

§ TATOR WORK IN PROGRESS

- It thus tock 20 weeka to reduce lnvontory from 2 974
to 2 350 cores, an improvament of some 218,

It took a furthor 7 wesks o reduge inventory to 940
coras, an  dwprovament  of  somo 60,
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It took snother 8 wesks o reduce to 457 cores, an
incromental improvement of 518.  The newt 13 weeks
showed only a siight improvement of 2%.

calculating these improvements in wnumbars of days
indicates slightly different percentages.

. INCREMENTAL CHANGES
Profuction  Inventory Inventery
Weaks Expreassd Pxpressed
Flapsed 25 Units &8 No.of
Days
July 20,1984
Dec.14, 1984 20 2% 288
Moych L, 1965 7 08 §7%
April 27,1985 8 518 s
July 25, 1985 13 28 Cr8)
Juiy 26 1994

o July 26 1985 48 854 BEY

IABLE 14.2
CHANGE IN WORK IN PROSKESS '

Flgure 14.1 shows the abové movement in graphical
oxm. It can safely ke said thet an inventery
veduction has been achieved,  Howaver, what is
6isturbing fs that thera has bean no mprovement i
the 2ast 13 weoks. ™his will bu dealt with later.

Hoving said this, ut least Chis product unit has
lsant to operate with Hork In Frogross imyemtory very
mach lower than sormal.

163 Quality Improvement

Once again, the stabor was tsken as the yardstick of
moasurenent,
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There are two major testing points in the production
cycle of an electria motor.

The firet point is an intermediste test just after
lashing at which stage various elestrical tests
carried out on the wound stator core.

are

The .second point is after final assembly where the
complete motor is fully tested.

14.3.1 Intermediate Test

Wound stators here can be rejected for a variety of
reasona

- inter turn shorts

- wrong connections

incorrect resistance
out of balance between phases 7
- eta.

some rejects can be repeired within minutes, but some
will require rewinds, an expensive business,

Xt was Gecided vory early on that whereas the varicus
reasona for tha defect should be lagged and action
taken for gemeral contxol, intezest: in the total
rejoct lovel was important. If omo is ombarking on a
cumpaign of zero defects it can be axgued that one
dofect is as bad 0o anothor. It is the writer's view
thet Lf & difforontistion batwoen "cheap” defectives,
and "expensiva® dofaots is made, tho attituda of mind
provalent in the businees - "1t didn’t ooat much to
fix up, so it 1o unimportant’ wonld be continued.
whis attltude was to ba broken down and a frama of
mind developad that could not accept any aub standard
work, regardless of the ocost implications.

8




Percentoges

nesua  Stotor Winding Rejects
Rejects a8 a % of satisfastory

40

W

Bt

10
VV' \] v
5 e
VI

B T T T T R T T T T T TR O T

MA M J R JOA s 0 N DJF M A M J W

19841985 .
Pigurs 14,2 e AGE — S W AV




Stator Rejects—LUiniis

70

&0

50

40

30 4

20

Pigure 14.3 STATOR REJECTS VERSUS STATOR WIP

I

ABES
(A i A
AT
T

D Actudl Refects
v

Wark In Process—Units
4 Regression Line




Figure 14.2 shows the movement of stator rejects
graphically.

14.3.2 Final Asseubly

Rere. the quality improvement has been more
gratifying.  Assembled motors oan be rejected for a
vezy largs nurber of reasons:

- down to earth
- short between phases

- notsy bearings
- wrong name plate

- incorrect connections

- wrong direction of rotation

- stator unbalance

~  rotor umbalance

- appearance

- incorrect worke order number

~  incorrect speed i

- and soon,

once  again, tification costa vary

However, the comnshts mads in' 14.3.1 apply here ss
well regarding of *cheap” and "exp
rejects. '

Rejects for the period March 30 to September 28 1984
amounted to some 358 of motors passed test. Within
this period, rejects fluctusted considersbly, from
highs of 94% to lows of 115,

onos the quality improvement programme was embarked
on, reject rates almost immediately started reducing.
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Average percentage reject rates as measured on a five
week moving average basis, reduced from 26,9% at the
end of September 1384, to & low of 1,78 in the middle
of May 1985. Since then reject rates have increased
0 4,0% a8 at the end of July 1985,

Pigure 1¢.4 shows this graphically.
14.3.3 Rewinds

Despite the comments made sarlier regarding the non
Gifforontiation  between cheap and  expensive
Aefectiveu, statistics have been kept wnowing the

of stators that reguized Te-winding -
da!initcly an expensive reject. Under this heading
“rewind”, it should be noted that soms stator rejects,
especially | after aip and bake, are not actually
rewound, but sorapped. This is certainly an extremely
expensive exercise.

During the period March 30 1934 to September 28 1984,
the average rate of rejects was 6,3%. Pive week
average rate of rejeuts at this point was some d,5%.
With the commencement of the campaign st the begimning
of Ooteber 1984, the 5 week movihg rate incremsed to &
high of 9,2% by the end of Ootober. This was caused,
not by increased rewind genspation, but by stators
alresdy in the systen (in Work in Progress} mot yet
tested and therefors not yet idsntifisd as a rewind.
5 modifying the base period, from end Haron 1984 to
nid Novarber 1384 an average rewind rate during that
poriod of oome §,7% is obtalued. In any event, based
on 5 week moving averages, the zawind rate fall from a
high of 9,28 at the sad of October 1984, to a low of
0,20 st the end of May 1985. Sinoe then the rate has
incroased to 0,6% at the end of July 1985.
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Pigure 14.5 shows thig graphically.

Tt should also be added that during the period up to
the end of Pebruary 1985, some further 1 500 stators
were written off and scrapped. Statistics are vague
in this aren, and there 1is no knowledge aa to when
these stators were actually made. However, there is
no “doubt: that some were manufactured during the period
under review.  Thus there 4s llttle doubt that the
apparent improvement of reject rates shown in this
writa wp s actually very conservative. Trus
inprovemsnt is much bettar than shown.

4.4 Quick Pay Back and Meagurable

14.4.1 Summary

There is no doubt that thie objective was achieved.
Pay back ocawe quickly and this was definitely
measurable. e timetable was as follows:

Investigation into JIT in Small Machines Company took

place during July/ August 1984,

Detailed mini motor investigation - September and
Qotobex 1984 (including factory relayout plems).

The vinding, connecting, shell manufacturing and
aseenbly lines ware moved duriug Ootober 1984.

Modified the assembly line during ¥shruary 1985.

Moved the shaft iina duripg April 1985,
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At the beginning of the wmini motor programme, it
seemed reasonable that at least 6 months was needed to
prove, beyond any doubt, that JIT was the way to go.

is  interesting to note that a schedule for
inplementing  stockless production given in mall's
"Sero Inventory" {Reference 3} shows that § months is
havdly sufffcient for the initial study period, and
commencement of strategic development and training.

$1x months from the beglaning of September takes us to
the ond of ¥ebruary 1985. A further 5 months takes us
o the end of July and puts the issue beyond queation.

The following sections will die+:t the amounts of
improvements achieved, and uses as base points the end
©f Septenber 13057 the and of Februsry 1985; and the
end of July 1985. .

14.4.2 Quality Payback

’
The previous section (14.3) discussed the various
quality improvemerts achieved. These are swmarised
in Table 14.3.

a 8 c
wwerage § Week 5 Week | Improvement

sar.30-  Aversge Avraga| B on A.C,on B
[Sept.26 1 Mar. 26 July

584 1985 1985
8tatoxs 17,0t a,7% 10,6% 2% 8%
rejected
Motors .
rejocted
final test 34,7¢ 16,7% 4,08 52% 883
stators

6,38 2,23 0,68 558 208

TABLE 6.3

IMPROVEMENT IN REJECTS




-~ ALI, DEFECTIVE WORK IS WASTE AND IS TO DI ELIMINATED,

Defeative work gemeration .in the area preceding the
intermediste  test  cextainly  improved,  but
aisapyointingly is once again on the increase.

Rejects for the period Maxrch 30 1984 to September 28
1984 amounted to same 17% of stators passed tast.

Within this period the level of rejects fluctusted
considerably from highs Of 39% per wack, to lova of

1.

The recent apward movement in vejects ia worrying, but
it is interssting to note that there is a distinot
coxrelation hetween Work in Progress and reject rate
2t the intexmediate test.

Pigure 14.3 shows the mumber of rejects at the
intermediate test plotted ageinst the number of
stators ,in progress from commencement of windings to
just prior to intermodiaste test. On’this graph is
slotted a 1ine of regression, and visually it can be
seen that there is a definite correlation botwean Woxk
in Progress and rojects. The oaloulated comefficient
of correlation 8 r = 0,42, .

he lesson is guite cleax, reduce Wor¥ in Progress,
and the xejacts will reduce accordinglys

once the programme of aggressive quality improvement
was ombatked on, rejoct rates fell considerably and
the avorage percentage rojacts, as measured on @ five
veek rmoving avarage, wodusad from 13,4% at the end of
September 1904, to a law of 3,13 during the middle of
March 1385,  Since then the dofoutive xate {5 week
bosis) has increasad to 10.6% at 26 July 1985.




Reviewing these flgures apd  reading them in
conjunction with Pigures 14,2, 4.4, and 14.5,
significant improvements are indicated from both base
points compared to the reference pericd. The one
jarging factor ia the revemsing trond in stator

rejeats,
I zaventory Payback
A previous section {14.2) Aiscussed the inventory

inprovements schieved, These are sumarised in Table
FTN

a B [} exaentage
as at @ at  as at  jmprovement
auls 20 1 Mar. 26 July BonA Con

1984 1985 1985

[otatora,no.of
ays 31,6 7,5 4,3 768 86¢
¥ator no,of

bmits 2 974 oa0 48 3 . 858

TABLE 14.4

ZMPROVEWENT I§ WORK IN PROGRBS

These  figurers  certataly indjcate  significant
ally 1f read in cond with

Figure 14,1,

Madd Inproved Outpst Payback

Buring the whole of 1984, demand for mini movors out-
stripped what could be suppiled, so obvicusly Lf move
notors could bo produced, avallible for sale, payback
could be impressive.
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This in effect was achieved.

Pigare 14.6 showa the trends in improvement in
manufacturing output performance, and Table 14.5 gives
the indicaburs at the various base poiats, previously
discussed.

Unfortunsvely once the production back-logs had been
clearsd, and branches and agents restocked, demand
fell (due to the hardening recession) and the
menufacturing rate had to ba cut hack. However, it is
highly probable that improvement in oueput could have
been wontinued, albeit et a slower rate.
The in output was Ly
Guring a porled of invamtory reduation, guality
inprovenent and cost reduction.

Bowevex, the one jarring note about this pexformance
is the week by weok fluotuatiops in output.

A B c
W.Mar. Flve Week Five Wk.|Improvement|
[30-Sept. Av.L Mex. Av.26/7.iB/8 AfC
[28.*B4 1985 1985

otors passed
ast 418 625 493 50,2% 18,59

LE 14,5
MCROVEMENT XN QUIPUT
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14,45 Labour Productivity Payback

Of ocovrse, dmproved autput and quality could all have

been gained at a price,  Howsver, actual costs of
manufacture  in  poople  tems  were  roduoed
il with the other

fwo separate indicators were chosen to give a view on
labour productivity improvements. One in maney terms,
and cae in dnput hours,

Fhe indicators chosen were:

total houra clocked per motos produced, The hours
in this case vere for the hourly paid workers in
the mini wotor seation, and included all such
pecple, regardless of job {viz Direct workers,
storemen, inspectors, lsbourers, setters and
suparvision) .

total wages and salaries per motor produced, This
ratio is simdlar to the one above, hut incloded all
staff poople invelved in mini motor manufacture viz
production controllers, clerks and forcmen,

Puxposely assessment of produstivity d¢hins in so
called direct lebour was Rot carried.omt, It is the
writer's view that the Western preoccupation with
dizeot labour scmetimes to the exclusion of othex
coste, is one of the roasons for their xaste of
improvement in  productivity falling lehind the
sapanese, v

.1
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Table 14.6 gives the comparable figuzess

B c exoantage
w.Mar, 5 Week 5 week | Improvement
30~8ep. Av.1/3 .Av.26/7) Bon A Con A
j28. 1985 1986

Total hours
per motor
proguced 3 42,28
Total wages
& salaries
per mator
oduged.

TAELE 14,4

I¥ BABOUR HOURS AWD COSTS

Figure 14.7 and 14.8 shov the above graphically.
The above needs comsenting on.

- the hour index shows greater improvement than the
money indicators.  The reason for this is that hours
are inflation free, whereas money is not. Hourly pald
people recsive waga awsrds during July, and salaried
people during October of each year, .

- the dsta requirea for Colwm B is an estimate.
Prior to October 1984 many of the mini motor people
were integratad with the rest of the Small Motor
Company.
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Hours per Motor

Figare 14,7

Total Hours per Motor Passed Final Test

All Hourly Paki Employees
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Rands per Motor

) Pigare 4.8
Tet Wages & Salaries per Motor Preduced

Al Employess

=4
TETT T T O TP T T T T IV T P T TP T
MU M 4 4 A S O N DJUF M A M 4

19841985
Wi Ave




However it 1is beliaved that any errors in the
calculated index are not greater than plus or minus

58,

- the resson for the fall off in productivity, es
weasured by thase indices in the last couple of months
is puvely volune related. At this stage [beginning of
2ugust  1985) the Mini Motor product line is
manufzoturing in parallel with orders and no further
inoveased output is required. There ia obvicusly, in
these figures, elements of fixed and variable pecpla
costs.  Aetion could be taken to reduce pecple costs
in light of fall off in demand, namely zetranch some
of the people. Mis has been decided not to be done.
It s the writer's view that, if there iz any
suspicion that JIT reduces jobs, then motivational
problems could arise in the future,

It haa becn demonstrated above that a reasonable pay
back has been achieved, qulokly and demonstrably.

The reasons for the abova production {mprovaments are
not hard te fiad. Rowsver, estimating the effect of
the various zessona ia Qifficlt and will not he

attempted, They include: ,

the"Rawthorne effect” .
making it right First time

closer cohesion of the unit, and thus easier
supervision

improved training

greater inmterest and morale

less component shortages

- bettar material control and flow

'
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~ improved labour fleribility

4.5 golutions to Problems
The criterion is "Has to be within internal control.”

wmis was definitely achieved for the simple reason no
facility or resource was used that was mot already
avallable within the company.

- Consultants were not used

w New skills yere not employed, specifically for JIT
implementation

- Outside assistance was not sought.

This is pot to say that this will not be done in the
future, Ba a matter of ‘fact, currently there are thues
final year mechanical engineering atudsnts cavrying
out research and design invostigations on JIT methods
for their final year reports, at the &mall Machines
gaotory.

14.6 Capital Investment

Money spent on this project was small. Tt can
actually be said that no money at all was spent on the
JIT implementation.  All money spent, &nd Lt was
emall, would havc been spent anyway.

~ Bxtra coil sheoting tooling puschased was requived
for strategic reasons

- Spligot machine refurbishrent was on the cards

- Hulti spindle pnewmatic drilling rig was Justified
anq accepted prior to oommncement of the JIT
exexoise
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- The factory needed relaying out. In any event, it
was carxied out by pecple in the minl wotox department
with from the
department.  The actual spend was such that Lt was
carried sut o the normal maintenance overhead number.

4.7 start smail

The oriterion iz "Develop oonfidence and expand
later.*

whie has been dome, Starting on the minf motor line
was in effect a small start, as it only represented
some 158 of the total small motor business.
Confidense has certainly been developed. fhere is no
Soupt that any fears that puople had prior to the
commencement  of the exercize, have now been
significantly allayed, To quote an example, the
superintendent of the mini metor lLine vas
concerned about the JI1 introduction. ‘Anongst other
problems he envisaged, he told tha writer that he
would ot have time to get {nvolved. We at that time
hed  sometning like 240 open orders ourrently in
production, and this took up all his time - as &
mateer of fact, he Gid not have sufficient time to
satisfactorily service all those orders - loading tha
jobs, chasing shortages, ra-arranging priovities,
enjemuing bottlenecks, ond 80 on. He was asked that
if  the number Of open ordixs were roduced
significantly, would he then have the time. e
anavered in the affirmative, but was sceptical when ho
was told that IIT would reduce them for him. He now
handles an average of 20-40 open orders, and his
confidence has incroased tremendously.

A far as oxpanding later is concerned, later is
already here. Baged a8 the perceived sucvess of the
JI7 implementatjon the following has occurred.
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~  the

of the
other product groups within the Small Machines vompany
commenced in an informal and unstructuved manner to
implement JIT principles. This they did on an ad hoo
basis, without any relagouta or expenditure. Sheir
suocesses have been good. Certainly Work in Progress
has reduced by some 25% and their control over
production has improved.

= in any event formal planning and detailed analysis
was comenced during May 1995 to introduee JTT
throughout the rest of the Small Machines Company. BY
snd July much work had been done, and the actory
relayout had commenced.

4.8 Keep it Simple

Inherently JIT is simple. Perhaps two anecdotes will
llustrate thia point.

~  in early 1985 an overseas director 6% GEC visited
South Africa. He is not an enginesw, but an accountant
By profession, and his response ¢o the writer's
Qatailed and enthusiastic explamation of the JIT
philosophy and the company's involvement in it was -
"I gon't know why you are 8o excited, sounds and looka
like ordlnary common senss to ma - yather simplistic
in fact". .

~  the second anecdovt xefers to an operator in the
mini motor seation a:Kaug recemtly - Twhem nxe we
qoing to get into this JIT thing then?”.




1.9 Concluaion

Based on the above analysis, the writer believes that
it can ba safely said that the original oriteria as
10i@ down nave been substantially achieved.

However, whather the company is actually in a JIT mode
remalns to bo seen. The next mection dlscusses this
moxs fully.

{
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15.0 *IDEML' JT% A~LA- ROBERT HAIL

15,1 Sowmazy

Chapter 14.0 discusses the resuylts achieveé and
comparas them with the eriteria originally 1aid down
as the first step in the implomentation of JXP. This
chapter will attempt to ocompare the actual results
achioved with that of tha *Ideal JIt* solutlon, It
goes on to than digouss the implementation technigues
used, againet those yhick form part of the so called
clasalcal JI7 tochniques.

5.2 JIT Philosophy

Rober¢ Hall, in bis book "Zere Inventories" (refevence
3) dafines the philosophy of JIT as follows:

" 1. Produce products the customor wants
2. produce products only at the rate cuctomers went
them
3. profuce with parfact quality
4. produoa ingtantly - zezo unnecessary lead times
5. t-» ioa with ng waste of labour, material ox
squipment - every move with o purpose so there
1s ro zero idle faventory
6. Provice by methods which allow for the devalope
ment. of paopla®,
Paghaps  tha above oan ho parephrased into the
following three statementss
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1. Achieve wero jdle inventory

2. Aohleve parfect quallty, with zero costs of
quality achievement

3. Develop people to the extent of their abilities.

Thess three corner stomes of JIT will be compared with
the zesults currently achleved.

18.3 Zero Tdle Inventory

Jala inventory is that inventory that is ot having
value added to it at & given point in time.
Therefore, according to the definition, only material
currently being worked on, or modified, in & valus
agding €ashion, is acceptable inventory.

This means that the ideal level of inventory - from
raw wmaterlals and bought out components, through work
in process and onto finished goods avaiting sale or
delivery to customer - is the sum botal of the
nmaterial being worked on at an inatant in time.
Therefore, Lf the sum of the standard times, fox all
the oparations (in & particular flow) is % honrs, then
the ideal inventory must not exSeed x hovrs worth. A
t-gcuesa”  fackor agalnst ideal achievement oould
perhaps be referrad to as the sum of operations at
standard time divided by total throughpdt time.

paragraph 5.3, 4n Chapter § should clarify this, In
that exawpla, total JIT inventory (or ideal inventory)
should be enulvalent to 13 timo wnits, agalnst the
traditional d-vintary of 75 time units squivaient.
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It could be said that the suocess factor 197 this

exaple isy
sun of operstions at gtandard time =§ = 0.22
total throughput time 27

an alternative definition of tuis succoss factor could
be

theorevical minimum lead time
actual lead tvime

Unfortunately, roal life is not so simple, and in an
cperation such s the mini motor production line,
whete standard times per mobor type can vary
considersbly, the above definitlon of success would be
impracticsl to measure.

Bowever, like the JTP comceps in totality, simplicity
in the onder of the day, and the writer belisves that
the following approsch £o the deflning of suocess, is
for all practical purposes sufficient.

Figure 12,3 (in  Chapter 12) gives the process
Procedure for a mingle phase mind mover. If ik is
assuned that all nmachine operstions are of o similer
tina daration, and that ut any yiven timo all maahines
are ovoupled with adding value, & theoxotiosl minimum
smount of werk in process can be ‘caleulated. OF
couxss, not all operations have mmilar procats times,
and suitable modifications can be made o arTive at &
more exact ansvar.

Taking the stator line, from welghing off of the
lamination, vight through to awaitlng Einal motcr
test, it can ba saen that some 20 operations are
involved in the sonversion process.
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However, soma 5 pecple are imvalved Lln concurrent
final motor assembly, and the process time through the
impregnation plant is sume 4 hours. These factors need
o be taken into acoount in our caloulativn

Teble 14.5 n 14.0 shows that tha £ive wesk average
throughput rate of motoxs was 493 {at 20 July, 1985),
thexeaftox 1t can be estimated that the number of
stators in the impregnation plant is eguivalent to 4
hours worth, in 45 hours of throughput,

viz 4/45 x 493 = 44 stators

thue the number of atatora

in hand - 28

extra for final assemply = 5

extra for impregnation - &4
_77_stators

Actoal work dn process for week ending 26 July was
444, therafore it can be sald that the guccess factor
achieveqd so far is 77/444 = 0,17. still very far from
the idasl of unity, An estimated ideal work in
process figure of 77 stators, at a throughput rate of
433 stators per waok is equivalent to 0,78 days worth
of {nventory. :

Perhaps the above treatment of the so-salied suacess
factor {s somevhat peeudo-dofentific. Phat can be
pafely ussumed however, is that werk in progress
should be able to be reduged to not grester than 1
daye work, againat the current 4.1/2 days worth. In
other words, tha overall ideal lead time de 1 day,
sgainet the prasent 4,5 days, conpared with previeus
lead tima of 31,5 Qays (ut July 20th 1984).

What this of course Weans is that although werk in

progress hns been veduced by a fagtor of 7 times, it
Sti11 needs to be reduced by a further 4,5 times,

L)
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5.4 ero Defects

Sero defects means exsotly that, zero defects.
sowever, this is an ideal sitnation, and how far is
the mini motor product line from this?

To Be more pragmatic, one could say that in order to
be close to the dream of zero defects, reject rates
need to be measured in terms of parts per million
defects, ' rather than parts per hundred, as is
. currently done. What remlly does this mean?
Cuxzently, final test rejects are running at 4%. This
g mean 4 tejects per hundred gaod. If this measvrement
were carried out in terms of parts per million, then
covrent defective rats wouwld be 40 000 parts per
million.  Of course, final test defective vates have
been reduced from 347 000 motors per mLllion to 40 000
motors per million, but the current reject rates are
sedll xidiculous measured in this way. Dnverified
- information from  Europesh and Japanese mamnfacturers
indicate that reject rates of lers then 0,1% are
achievable in electric motor manufacturing operations.

If this is %0, then these rates are eguivalent to one

N thousand motors rajected per million. So whichever way
it is perceived, reject rote reduction has still got a
long way to ge. :

15.5 People Development
. In order to discuss the development of psople, we need

perhaps to establish what devalopmental needs means in
the South African Induatrial situation: .




Bbraham Maslow (Reference 12) defines the needs of
people in a hierarchical fashion. From the most basic
need to the most advancad, We maintaing that for the
higher 1level needs o become important requirements
for an individual the Zower level needs need to have
besen substantially fuifilled, His hierarchy of needs
16 as follows:

Physioloyical needs: these neads are the most
basic, food, varmth, shelter and 5o on.

2. gafety needs : these are the mecurity nesds, the
need to maintain the fulfilluent of the physio
logical needs at a secuve avel.

Belongineness peede: these are the needs of a
person to belong to a yroup or soclety - a wife,
& family, a tribe, a work wit eta.

Zsteen needs; those are the needs to be valued,
respected, appreciated; to have self respect a3
well as the respsct and recognition of others.

5. $s1f Aotualisagion: thio is the need for self
fulfillment; the desire %o be compsteit, skilled,
fanous and o on.

Maslow maintains that if a lover level need is not
reasonsbly Fulfilled then the higher level nesds are
less important requirements. A hungry cold man will
have an all consuming passion te relieve his hunger,
obtain shelter and 6 on. Once he obtains food and
water and warmth he will probably set about securing a
continuoms or stable supply of the very basic naeds.
A starving men could Kill or harm his nearest and
doarest in order to survive. Certainly he would not
have too mush compunction in doing so to meighbours or
acquaintances. In due course, once the dedicated nsed

for sacurity is fulfilled, the individval will develop

& need for belongingness.
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once an individual has gone up the hierarchy and gone
through the belonglngness need, he would have the
dosire to have the respect or love of his family,
workmates and so om,  He wowld certainly want to
maintain and develop his own self raspect. Civen that
these asteen needs are reagonably fulfilled, the
individual will then require to bave self fulfillment.
Do his own thing".

Obviously the above are general.sations for soclety as
2 whols, and various individuals will behave 1in
different and contzadicting ways.  Sowe people, in
order to wlfill the highect level nesd - self
actualisation - could soriously hawm their lowsr level
needs.  An unknows artist stayving in a garret is
perhaps an extreme cass of an individual anomaly or
aberration,

Most socleties will hava grorgs of individuals at
varions - levels of this hiersrohy of needs. hird
world countries in perticular find exeremes within
thetr own society,

From individuals roaming the drought stricken land

stealing and with no care for
anyone other than themselves, to small groups banded
together for protection, throngh larger tribes etc.
Within that same society thers are’ pecple who are
concerned sbout the respect of their peer groups,
thelr families love and going on to individuals who
nave schieved the pinnacle of self actualisation -
authors, musicians, scientists atc.

south Africe in gencral is somewhat like this,
Industrial South Africa, similar bub perhaps not so
extrems.

%




Of course, what complicates South African sooiety is
the fact that zace iz a major factor in the level at
which an iadividval has fulfilled his lower level
needs. Certainly there are move blacks, still
struggling to falfill the lower level needs than
whites, whereas there are probably moze wvhites
pro-ocoupied with self actualisation then blacks.

Perhaps the following figures indicate the people
distribution, at the various levels of need
fulfillness better.

Self Actualisaticn
Estean
Belongingness
safety
Physiclogical

Individuals with'~ different socfeties or cultures

will  act in  uiocent ways in their progressive
falffliment ot . - Zapanese soclsty places a very
Migh premium . _.oup belongingness. ' The Japanese

seeking self actuslisation will probably attempt to do
5o without compromising thelr position within their
group, be it the nation, the firm, or thelr family,
North Americans place 2 higher premium on the
individual.  Thaself made man® carries very high
caste.

South African industrial society faces the dichotomy
of different peoples in the factories, not only at
different phaycologloal nesd levels, but premiuns
Placed on different socially acceptable behaviour.
The whites tending tovards the North American cult of
the individual and the Blacks maintaining strict
reguirements regarding family and tribal affiliations
(deponding, of Gcourse, on 4he degree and extent of

further licated by the
and oppressive legal/political conditions under which
Blacks have o live and work) .

i
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So what doss development mean? Partioulaxly whem we
are  referring to a heterogenecus industrial
population.

Tt s the suthor’s view that the JIT mapufacturing

philosophy can cater for the  development and
advancement of needs through Maslow's hierarohy up to
whatever level an individual requires or is capable
of,  The author further believes it can actvally cope
with the uitimate desires of peopls %o be either
totally invelved witmin group perticipation, well
being and fulfillment, as well ss for the people who
wish to have self falfillment on an individual basis,

At its most basic, JIT fulfills the meed of the two
lower level needs.  Any system ox philosophy of
improving  productivity mmat cater for thesa.
Sbvicusly kmEvoved profuctivity improves the viability
of a memufacturing concexn, and hence ite chances of
survival ir the first instance are enhanced, and fn
Gue course growth and prosperity. This mist reflect on
the employess. The more secuce a company ¢, the more
secure the individuals within that company are.

Gomernlly speaking any ressonably mataged orgamisation
can  assist in  the fulfillnent of soma Of the
belongingness needs, Howaver, JIT takes ‘this a mumber
of steps further. For JIT to work and work vell,
peoples activities are far bestar {rtegruced and growy

than the systens,
For instance, traditionally, peoples jobs axe broken
dawn  in%o small elements. The buyers Job is o
purchasa materials, the inspoctors job is to ensure
¢hat only acceptable compoments ora permitbed for
farther modification, the storemans job is to receive
and deliver, the machinists job is to manufacture
components and 5o on,
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Each of theso individwals tasks are not really
perceived as being  part of the whole, We actually
ze-inforce this attitude - hence the prollferation of
inventory. It can be sald that inventory is the overt
sign of mistrust by the Organisation in an individuels
performance abilitiea, If the buyer is trusted to do
a good job, why have buffer stocks in the stores? If
the machintst was trusted, why Snspect his work? and
s on. JIT can only operate if each individual within
an organisation realises that his role, within that
organisation, is important to the whole. He begine to
realise that if he does mot achieve his job
requirement, then others in the organisation will not
be able to achieve theirs. In turn, there is pressuxe
from upstream ~ the assembler camnot do his Job if the
machinist has not done his. Traditionally inventories
buffer this requirement - much to the detriment, not
only of the company hut alse of the individual.
Further  them, the whole company becomes an
identifiable oroup. However, within the major com
group, JIT requires the establishment of smallex sub
groups ~ cells. The folk within these cells have to
work together snd will develop comradaship and unity,
Indtvidualisn at this level cannot really be tolerated
by JIT - 4ndividual piecework Aystems ave not viahle
within JI%, but group systems can be.

This then takes us to the next lovel'of needs in the
bievazchy -~ esteem and rospect, from othars, but also
self. TP assists remarkably in this. Not only do
opexators know what Ls expested of them, but they are
also expected to achieve these expectations. In other
words, they know that they have uchieved, thoy also
know that their colleagues know, as woll as their
superiors.  This can laad them into greater faelings
of self worth, ¢ well as respect from others, no
matter how menial thelr tusk roally is.
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Despite the above, self actualisation can become &
reality.  Assisting in vork flov, helping xeduce set
ups, or other bottlenecks, designing mew and more
effsctive tools, and 80 on dan all bo paths to self
fulfillnent, regardless of how low the level of astusl
self actualisation might be.

211 of which brings us to people development in the
mini motor JIT introduction.

Initlally, the JI? concept was seen as a threat to
many individvals in the section, The perceived threat
being totally countar to the nasds of individuals,

Intuitively individuale abhor change - shange is
dangsr. Aoy individual, regardless of where ha fits
into the needs hievarchy fears that he will he
aislodged Erom that level.

The following are examples of how this threat was
porceived and how attempts were made’ to eliminate
thess threats, and  alter tham to become major
opportunities.

Safety needs ~ change always brings insecunity. Our
besic need 1s to ensure survival, and once thac is
fulfilled, the maintemsnce of sucrvival is reguired.
In South RAfrica, work is survival.: No work -~ no
food. Booial benefits snch as unemployment pay are
virtually non existent, or at the best, inadequate.
5o any change that affects security of employwent will
be sevarely resisted - particularly in times of high
unempleyment.  Now unfortunately, South Africa is
golng  through a major xscesslon, oOf  almost
unprecedented duration.
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Productivity Improvements in a stable or redueing
demand envizomment is bound to produce surplus labour,
and if this ourplue labour remaims on tho payroll,
much of the productivity gains oan be negated. To
counter this, the following was decided and
inplemented.

1.7 overtine was reduced virtuslly to nil. This
action, of course, reduoes pacples remumexation, but a
20% pay cut is more paletable than retrenchment.

2.  New engagements vere banned, as wag replacement of
leavers, This action had a number of effects.

- payroll reduced with time, by natural attrition
- supexvisors were compelled to upgrade and txain
lower level employees into higher level jubs.
Previougly it was easler to engage workers of the
required skills, now the reguired skills had to
Be ¢iven by the employer to the existing employees.

3. Retzenchments wexrs not an option.  Short time
working was.  In the event during the extent of this
investigation, four days were lost by short time,

Belongingness necds ~ previously, e mini motor line
wes scattered throughout the factory. ' By giving a
large degras of territorisl imtegrity,.in bringing the
min{ moter operation togethar, belongingness noeds are
chanca  to dovelop, or be re-inforced,

by hoving equipment and work stations
mich closer togather than the ‘traditiomal method,
workars are in oloser plysical and psycholagical
contact.  For inmstauce, if the assembly line de
stopped due to lack of machined endshields, this fact
can be seen by the operatives in the endshiald work
contye - thoy are in no doubt as to who caused the
stoppade and will attempt to redress thia situstion as
Boon as possibla.
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Estean needs - self raspeot and respect fxom others is
very largely, in the factories, dependent on the level
of skills an individual has acquired and is permitted
o utiliss, Through she introfuction of JI¥, and the
resultant concentration on manufacturing oslls and
work centres, operatives are now expected to be sble
to_carry out more than one task.  Supervisers are
expected to train where necessary (ze-inforced by
current engagement polioyl. fThis has resulted in the
acqnisition of greater skille, job satisfaction and,

in some instances, wage incresses (due, at this time,
to upgrading in the various job pay grades, as laid
down in the Industrial hgreement),

Interestingly, as operatives areupgraded, and no ze-
ouployment permltted, people to £ill the loer level
jobs such as eweeper, cleaner and general labourer,
are becowing Aincreasinply scaree. This has resnlted
in the that all 1 of
skill gtatus, must aseist in these jobs. Al) people
ave now required to clean their own work places and
aquiprent. Previcualy artisans and wost white
operatives in gemeral, had laboursrs doing this for
them. The net result of this is that housekeeping has
improved considerably, and sc called menial jobs
upgraded in status.

:

self actwsiisation - the trend im South African
industry in the past haa bean to break jobs down to
the lowest possible skill and work content. This has
resulted in peopls carrying out the most mind
bendingly boring jobs; vary often in total isolation
to thelr colleagues,  Often the rationale given is
that hia ie ell that most oporatives are copable of.
This is probably trwe - as a conseguenaa of this
employment practice!
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Any human being, given what ia laughingly referred to
as an education, no training, and then 20 vears of
doing the same job (which took wbout two minutes to
learn) has certainly had his potential for development
sevovely curtailed.  JIT s assisting in redressing
this situation.  JIT ocoters for all manner of self
actuslisation needs - the natural lsader emexges:
imiovation 1s encouraged; problem solving ability
tecomes important and recognised; supervisors ara now
given the opportunity and tims to manage (in all its
zemifications); production engineers are now expected
0 widen their concept of what is considerad good
Workshop practics; and many other examples are
fortheoming.

he company has thus developed the framawork for
people  development to take place; ané this has
happened, albeit etfll to a very small degree.
However, the South African condition of xacial
mistrust and contempt still applies. The existence
of these barriers remains the single largest factor
mitigating against real productivity progress in the
£1; IT will only be able to go so far, before the
peopls factor becomes of overriding importance.

9
¥

om,
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16.0 LESSONS ALA-RICHARD J SCHONBERGER

6.1 Introdustion

Righazd  schonberger, in  his book "Japanese
Manufacturing Technigues” (refar 5] discusses the
philosophy,  techniques  and  methods for JIT
menufacturing syateme, This book, in conjunstion with
Robert Kalls °“Zero Inventories® (refer 3), is the
bible or the gospel for the JIT philosophy and it is
actually written in a proselybizing style.  He
attempts to convert the American Industrial Manager
into adopting the JIT philosophy by persuading him
that JIT is not an exalusive Japsnsse philosophy, but
is equally effective and "native* to the American
Industrial ethos.

He believes that there are 9 basic lessans to be
learnt from the Japanese approach, anG that each of
these lessons are universal, and mot peculiar to a
culture or a country.

His lessons are:

"Lesson 1  Management technolygy 1s a highly
transportable commodity

Lesson 2  Just-in-Tire production exposes problems
otherwise hidden by excess inventories or
stats

lesson 3 Quality bagins with produotion, and
requires 4 company-wide "habit of
improvement *

Lesson 4  Culture ia no obstadle, techniques can
change behaviour
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Lesson § 8implify, and goods will flow like
watar

Lesgon 6 Flex{bility opens doors

Lesgon 7 gravel light and make numexous tripa -
Like the water bestle

Lesson B Moxe gelf improvement, fewer programs,
less specialist intervention
Lesson 9 Simplicity is the natural state”.

Tn this chapter, an attempt is made to consider the
applicability of the above lessons to the South
RAfrican Industrial scene with particnlar reference to
examples gleaned from the introduction of JIT in the
nini motor produstion line,

6.2 tesson One

Management technology is & highly transporteble
Somodity.

The writer believes the above statement is axiomatic.
¥anagers in South Africa arc probubly as qualified and
oompetent as  thelr overseas  counterparts, and
certainly as motivated. Howover, dus to the
socio-political devalopmest of the oountry, midéle
managers are in short supply and stretdhed to a much
greatar extent than thelr colleagues in the Industrial
Nations.  This has bad a number of effects on the
development of tha manager - good and bad. The good
aspects are that South African managers are, in
general, very versatile and are expected to have a
wider range of skills and ateributcs than is expected
abroad.  Convexsely, not enough time fs avallable for
the wanager to manage in dopth, and this results in
poor follow through and complation.




B

9IT can be considered to be a waw on waste. South
Africe is short Of managers; little or no attempt is
mage to involve all levels of empldyees in tho
management or problem solving process; the manager
will do it a1 himself, What wastel Waste of the
manager's time and competence, waste Of human
potentizl and development. JIT can only work totally
satisfactorily 1f all are involved,

5.3 Lesson Two

Jast in time production exposes problems othsrwise
hidden by excess inventories and staff.

This lesson has certainly been brought home to this
company.  Problems of high defective work; inadequate
tooling; under trained and underutilised operatives:
lov expectations; damage; bad forecasting; inferier
machine naintenance; bad factory layouts; excessive
handling: litkle flexibility; peevdd’ control, by
papervork; high overnsad costs and 5o on; have all
been exposed, by the systematic weduction of
inventory.  The bulk of this paper indicates some of
the successes achleved. ’

16.4 Lesson Three

Quality hegins with production, and requirss a company
wide habit of improvement.

The traditional approach to guality maintenance and
improvement in this company has been by means of
increasing inspection and testing. Too frequently,
when a asfective wss found, it was too late to do
anything  abont it othex  than veject  it.




the actual fault was probably caused Weeks or months

and foundered due
to this time lag. The obvious solution was therefore
to ensare, at sourca, that work met specifications.
This traditionally meant more inspactors. Quality was
inproved this way, but quality costs not., There has
been an attempt Yo replace the inspection of work by
507 called "unblased {nspectors” and put it where it
snould e - with the operative. He is responsible for
his own work, Just as important, quality is expected
from all peopls invelved in the coppany; and JIT
exposed the lack of quality .in some mom production
area, which in time affect the ability of produstion
to produce quality goods.  Instances here are -
insdequate drawings, incorrect Bills of Material, sub
standard  forecasting,  misunderstood  customer
specification, long lead times of pre-shop paperwork.

and so on. '

6.5 Lesson 4

Culture is no obstacle, technigues can change
behavioux.
What really is the culture of the Japanese supposed to
be in the industrial environment?
~  abborrence of waste
- yearning for education and training
- self improvement
-~ homogeneous population
- repression of self for the bensfit of the group
- lifetime employment
- promotion by age, not ability
~  respect for humans
- industriovsness
- hard working
and so on
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What is the South African cultural environment
supposed to be?

'

wasteful. In a land of plenty, evarything
s disposable

intellectual level of majority of workers is much *
Ahat educetion and training is wasteful
beterogensous population

cult of the individual for some, facelsss masses

for others

job aud socisl insecurity

promotion by race, pot ability

- 1o respect for humans

1dleness

and 5o on.

In effeot, most of the so called South Afzican
cultural norms  are nonsense. Perhaps the only
significant cultural difference {if indeed it is
cultural} i expectation.

3

’

People will respond to ewpectation, and 1f given the
opportunity to rime to thet expeceation, vill
invaxiably do so. )

If the expuctation is that 108 rejeqt rates aze
acceptable, and thet training and motivetion of people
to achieve better then that is o waste of time and
momey, then reject rates will be high, If an
opsrative is seversly disciplined for bad quality
vorkmanship, for which he has been inadequately
trained, and only has a vague spbrociation of, he will
not ba sble to improve his workmanship, bt will
cortainly improva his cspability for hiding the errox,
in  the hope he will net ke discovered.

e
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If an operative takes the viev that his security of
emplogment is enhanced by stretching out hiz job to
2111 the time "available", instead of being motivated
to Teduce the time expended, {In the understanding
that this is where real security lies) then
expectation of the Company, and expectation.of the
worker differs markedly!

6.6 Tesson 5

simplify and goods will flow like water.

Certainly it is being shown that simplification makes
management and  supexvisory tasks easier.  The
reduction  of  artificial complexities in  the
manufecturing process has improved  comtzol and
increased  flexibility. Output  incressed at a
ressonable rate until market forces Inhibited this
growth of output and actually caused a cut back.

Regarding flowing like water - well pravioualy the
manufacturing operation could have been likened ta &
large stagnant cesspit of bottomless depths and evil
obstacles.  Now - well maybe  a reasonably flowing
strean, interrupted in places by small gatarscts snd
tha 044 stagnant pool.

6.7 zesson 6

Flexibility opens Goors.

There is mno doubt that tnis lesson la fact and the
improvement in Elexibility in the product line has
inproved opportunity,  Two exawples of this are as
follows:
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Previously, evan in receselonary periods, when wark
was desporately required for the factory, response
time was slov,  With the best will in the world,
unexpected order opportunities cowld still only be
translated isto delivery promlses of some 6 vecke lead
kime, Nov, and this is happening frequently, business
1o won and achieved on very short delivery times,
sometimes a week or less. This, in the majority of
cases presents no problems.

It is being found that motor customers ave interested
in going on to JI themselves. In soms inatances
assistance has been given to them in developing the
JIT approsch, and perhaps more significantly this
company has promised to become their first JIF
vendor.  This approach has already won new bupiness,
and will be increasingly vsed as a marketing tool.

6.0 Lemson 7

fravel 1light and make mumerous trips - like the water
beetie.

This 15 an interosting analogy. Perhaps a similar
analogy for the traditional manufactoring approach
could be likeped to the duag beetlar or mlakryes,
gamaly battling uphill, gathering more and mote dung,
and seeming to be achieving nothingl

16.9 Lesson 8

More elf dmprovament, fever programmes, less
specialist intervention.’

This is certainly occurring. fThe JIT bug 1s biting

mainly av the foremen level and abova. Informal and

formal study and experimentation is taking place, and

this is  belng encowraged by the management,
190
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supervisors ars beglnning to realise that they no
longer have to be victims, that they have actually a
responelbility as vell as the opportunity to pro-act,
zather than react, @8 has been the traditional
situation on the shop floor for many years now.
Previously also, supervisors vere inundated and
pressurea into carrying out many different objectivas,
some apparently conflicting ¢

- zeduce inventory by &

- increase cutput by B

- reduce overheads by o8

- improve quality by as
and so on.

all 4n the bodget year and with littie regard for the
interactive sffect of these requirements.

Approach now is simple

- reduée idle inventory o zero

a1 priorities now flow from this reguirement in a
struotured and mon conflicting manner.

Previously also, staff people were used to assist in
this regard.  Production engineers would bho called
upon to solve a problem or establish & system, and
they depart, very often, leaving the superviscr to
piek up the pieces. Wow the foreman has

iliey for the He calls on
assistance, subjeot to his involvement.  When the
specialist departs, tha suparvisor, having assisted
closely with the solution, snalysis and implementation
can malntaln and porbapé oven improve on what has bean
eatablishad,
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18,10 Lesson 9
Simplicity is the natural state,

Thers is no doubt that any manufacturing organisation
iz or should be dymamic. Unfortunately, dynamism has
been confused with complexity.  In other words,
solutions for dynamic problams have been solved in
complox ways. It is the writer's belief, and the
basts of JIf, that sinple snalysic and approuch to
dynamic problem solving oan be successful. This can
be taken further. In oxder to develop aimple
colutions, any problem bhas to be viewed in
sinplistic light., In oxder to do this, the problem
needs o be stipped dows to its basic elements, The
"clond® has to he remved, somplexities have to be
wnravelled, ¢ can pexhaps be sald that "stmplicity
breeds sinplicity", vhereas the converss is also tzwe
"eomplexity braeds complexity”.
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1.0 SUmARY

This paper presents the experiences gained in the
design and  implementation of the Just in Time
Manufacturing philosophy at a South African factory.

This section summariges the development of the paper
from the general to the speaifia,

Chapter 1 briefly desoribes the corporate decisions
that resulted in the researsh required for this paper.

Chapter 2 discusses the gemeral stata of productivity
and productivity improvement within the South African
econony. Soma comparison is also carrted out
regarding overseas trade competitors.  The gemeral
conclusion is that South African productivity rates of
improvement are increasing at @ lower ate than major
trading pareners, and that this is compounded by the
fact that they ave off lower bases. .

Chapter 3 cospares the typical South African
manufecturing approach to that of the Japanese, to the
detriment of the South Afrigan.  The chapter
conolusion is that the philosophy of production known
as Juat-in-pime, used in part, or substantlaily by
many Japanase wanufacturers, could be a reason for the
aiferances. R

Chapter 4 attompts 4o dofine the Just-in-Time
pitilosophy in general terms and reaches the conclusion
that high inventory is the maln ocause of low
productivity and that in order for productivity to be
improved, inventory must be reducad.

193




The chapter concludes further that gquality and
productivity are significantly one and the save thing.

Chaptey 5 1lists the aress of waste imheremt in
inventory holdgng.

Chapter 6 dlscusses th costs of quality, and axrives
at “the conclusion that the typical South African
manufacturers quality costs could be 2 - 3 tiwes what
it 1a thought to be.

chapter 7  discussos  competitive mamufacturing
strategy, and shows a hypothetical comparative model
of costs betyeen a typical South African manufacturer
and an Importer. The chapter then discusses, in more
dotail, the varioua cost components, and concludes
that a South Afylcan manofacturer should have
sufficient ' local advantages to offset Import
compatizion, particularly if a whole hesrted adoption
©of the JIT philosophy is undertaken.

Chapter § and 9 briefly describes the Swall Machines
company, particularly ite product range, and an
attempt is mads to establish the initial oriteria for
937 impleventation. .

Chapter 10 analyses the inventory within'the company:
snd the decigion to concentrate on Wark in Progress
rednation {in the fivst instance), as well as quality
improvement, is motivated. The chapter conoludes with
the further decision to use the mini-motor produse
unit as the pilot prajeat.

Chapter 11  analyses he various aspeots of the

aini-moter product unit; particularly systams, fectory
ayont, supervision, labour and quality performance.
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A series of statistical indfcators are derived, which
will ba the base for future comparison.

Chapter 12 analyses the above aspects (Chapter 11 in
more detail, and a generalised solution to the problem
is arsived at.

Chagter 13 discusses in dstall the various major
manufacturitg processes, and desoribes how speclfic
prollens are solved.

Chapter 14 anulyses the results achieved, as & result
of the JIt implementation, and compares them with the

original critexla as lald down (Chapter 9). The

Gomclusion {s  that these ovireria have been
substantially achlieved: inventory has reduved, rejscts
and defective work have diminished, payback wag quick

xnsl sseistunce wis needed, low
4

and measurasle, ro ext
capital vas made, w
and the above achieved in a relstively simple mamnex.

Chapter 15 doss o general comparison of the resulte
achieved agalnst the “ideal® 3¢  soluklon as
propounded by Robext Hull (Refarence 31, This chapter
shows that whereas significant improvement has been
made, the ddesls of sero inventory, ero defssts and
total people development and involvementare still fax
£rom realisation, )

Chapter 16 compares the yesults with the “Lessons of
Sapanesa  Manufacturing  Teohniques” as dsduced by
Richard 51y The is
that these lessons are appliceble in the South Mfrican
manufacturing environment, and that thoe Small Machinas
Company is in the process of incorporating them,
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APPENDIX A-PRODUCTIVITY INDICES

The information in thess tables was obtained £xom the
publication "Pocus (reference 1j - unless specified
otherwise,

Country | Gross domestic produst average
per capita at constans annusl
1875 prices and exchange | growth ratel
zates in Rangs
1972 1992
.55, 5 199 5 816 1,44
Sopan 3123 4210 3,09
rortugal 1131 1438 2,37
Switzerland § 489 6743 0,49
Ux. 2901 3 257 1,06
s.africa 1 000 1 060 058
Rep.ofChina 622 1092 . 630
Israel 2224 2432 0,88
Tealy 1 936 2,32
Germany 5 830 2.24
eden 5 850 182

The information for Italy, Germany and Sweden was
obtained from G & Gayser - Dlrestor of the National
ProGuotivity Institute paper presented to the South
African Institute for Produotion Englusering seminar
in June 1995,
TABLE AL
GROSS DOMBSITC PRODUCT PRR CAEYTA
. VARIOUS COUNTRYES
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Labour Capital wulty loput

Index Index Indax
1872 01,7 92,9 97,9
572 20,8 9,7 97,7
1874 02,3 90,1 97,2
1975 103,7 86,4 96,6
1976 03,3 82,4 93,7
1977 02,7 7.4 90,8
1978 05,0 76,3 80,8
1979 07,9 77,0 92,2
1980 12,5 78,7 34,3
1981 15,4 78,2 96,2
1552 14,5 13,8 93,7
Rchange 1,24 (2,3%) (0,481

ABLE A2

IRBLE A2
ERODUCTIVYTY TRENDS Iy THE ot

SECTORS OF THE BOUTH AFRICAN RCONGMY
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Labour  Capital  Multi imput Plant i
produck- product- productivity capacity t
ivity ivity Index wtilization

s

1972 15,6 97,5 124,6 87,5 !
1973 151,1 96,6 127,6 88,9 {
1974 151,5 94,3 126,4 89,3 ?
1975 152,4 90,8 125,3 8,6 4
1976 152,6 83,3 124,6 86,1 +
1977 150,3 82,8 120,4 83,0 |
1978 160, 84,6 126,6 84,2

1978 17,5 81,5 133,1 5,8 i

36,0

schanga
p/annun

TABLE A3
TRENDS IN THE
SECZOR OF THE SOULH APRICAN ECONOMY
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