


HANDLING " COMPLEXITY IN A SMALL ENGINEERING BUSINESS

THESIS SUMMARY

The research consists of a field study investigation of the problems faced by a
small unit production engineering division of a large corporation and centres around
problems of manufacturing control and internal coordination. The sponsoring corporation
("The Union") limited the investigation to Plant and Equipment Division (P & E.D 4 ¥
Coventry ; this handicapped somewhat the analysis of how changes in P & E.D . affected
other parts of the Union.

The researcher was based in Production Planning Department but gained first-hand
knowledge of machine shop production control, assembly shop kitmarshalling and
pre-production coordination of efforts.

Following description of the Division and its operating enviroment, a theoretical
model of the characteristics of each type of production (labour-intensive tooling and
high-value special-purpose equipment) is proposed. It is believed that the latter has
not been comprehensively analysed in this way by previous researchers. Likely
problems of combining the two products are assessed and an appropriate structure is
considered. Support is found for Woodward's theory that internal coordination is vital;
interestingly the researcher’s project deals with 'the unsuccessful case', which Woodward
omitted. Control problems in jobbing manufacture noted by earlier researchers are
corroborated .

Various attempts to deal with P & E.D . problems are outlined, culminating in the
decision to simplify the Division's operations by closing the tooling side of the business.
The results for the first twelve months after this closure are then examined.

The conclusions may be summarised thus:

Lack of information was crucial .

Better coordination achieved some success.

Privileged customers caused more problems than product differences.
Conventional measures of financial performance are unsuitable for
service activities.

5. The Division is now dangerously dependent on the rubber technology
industry .

W N -

Ultimately "The tool for handling complexity is organisation" (Beer,1). The
Division's organisation contained insufficient control variety to handle its operations;
the preferred response was to reduce the complexity of operations.

SMALL ENGINEERING BUSINESS: HANDLING COMPLEXITY
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INTRODUCTION.

The direction of this piece of research has altered
considerably since the author was employed by the Central
Pergonnel Department of the Dunlop Union, in London, to look
at "forward planning™ in a small division of Engineering Group,
Coventry, All businesses have a dynamic, constantly changing
environment and their success or failure often depends upon how
rapidly and appropriately they react to this -~ given always that
it is the ultimate wish of the firm to be the prime-mover, or
instigator of change for positive reasons in line with their
strategic objective.

) g &

The subib#fpb&$¥ﬁi research, Plant & Equipment Division,
could obviously not lie gﬁrnant until the results of my work on
its problems were known, This was especially true since the aim
of the study was 1mlsdiat;lz altered upon my secondment to the
Production Planning (or Programming) Manager. No forward planning,
he noted, was possible until the current financial and organizatiom-
al situation of the Division had been considerably improved, In
only one year since its birth in I970 had the Division been able
to declare a profit before interest and tax, yet that one year
indicated that it was possible to justify its profit cemntre status. i
Management was ill-informed about shop floor activities, and

communication within the producing units was almost entirely

informal, supplemented only by hand-written lists.

-

("



My 'work was concerned with analysis of the existing
situation for the purposes of coming to conclusions as to where
the roots of Plant & Equipment Division's problems lay, Initially
my attention was directed by management to the machine shop unit,
where it was generally held that the major faults lay., The
complaints centred around the uncontrollable nature of operations
within the unit. My studies led me to the conclusion not only
that this was to be expected, because of the degree of uncertain=-
ty connected with unit manufacturing, but also that the low
efficiency of this unit partly resulted from deficiencies in the

administrative, production support departments.

I spent some time discussing possible computer 'packages'
for production ng_.ﬁlt_;ligg in an attempt to bring the machine shop
under c¢loser nanattlnl§ control, Inavitayly with a divisional
turnover of only sai-jjlilliou.per year, the major constraint
here was financial. I concluded that the real solution was to
encourage closer monitoring of operators' activities by shop
floor supervisors,

S

In the absence of previous research, 1 coagructed a
theoretical model showing the organizational characteristics
and difficulties of a firm attempting to combine the two basic .
product types found within the Division - unit toolmaking and
high-value unique-purpose machinery. In the light of this, the
purely functional organizational structure chosen by the Division
seemed ill-advised, but this and other problems identified were
not as significant a cause of its operational difficulties as

its position as service agent and 'captive' supplier of tooling

(2)



for the rest of Engineering Group., By tradition, orders tor these
customers had achieved a privileged position in work queues on

the machine shop floor.

The Division's General Manager decided a drastic course
of action was necessary to overcome the deleterious effect which
the 'uncontrollable' unit was having on the potentially profitable
construction of special-purpose equipment in the assembly area.
Closure of the machine shop unit, and dispersal to Group customers
of the tooling facilities, was seen as the only way to overcome
the disruptive effect of tooling orders from other members of the
Dunlop Union on parts kits for equipment orders. This would also
leave the Division free to choose whether it was more cost-effect-
ive to produce hon—ptinq$pgsparts 1nterna1%y, or sub-contract
manufacture to outsidb--ﬁppliors.

My research moved to two new areas ;asociatod with this
decision, First, as I considered that there had been a more logical
solution than dispersal of the tooling operation, namely the est-
ablishment of a separate tooling division, I examined the effects
on other operating divisions within Engineering Group. This invest-
igation was less than satisfactory in that direct financial
comparisons could not be made, given year-to-year fluctuations
in the tooling requirements of these divisions. If, however, one
could take the favourable comments made at face value, it seemed
that my own fears as to the effects on overall Group profitability

-

were unfounded,

(3)



Second, I looked at the changes which the new position
required of the Division itself, in terms of both new organizat-
ional requirements, and its long term prospects., 1 concluded that
existing arrangements were likely to continue to work adequately
as long as the Division remained basically underloaded, but that
improvements were needed if it were to reach the true potential
capacity of its existing workforce. At the same time, it was still
dangerously dependent on the Union market, and particularly on
machinery connected with tyre manufacture, Fairly immediate
expansion of both markets and product range was needed if Plant &

Equipment Division's long term future was to be assured.

Whilst the work contained in the following pages, and
the opinions expressed, are entirely my own, a great many people
have assisted at various stagos.and I should like to express my
appreciation: to Alastair Cochran, Raul Espejo, and Mike Pidd at
Aston University; David Air, Mike Farebrother, David Nicklin and
John Turner at Dunlop; my father for tireless reading and correct-
ion of successive proofs; Sally, Derek and Gwen for the typing ;

Ian and Guy for assistance with some of the diagrams., My debt

to previous authors is individually referenced within the text,

(4)
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CAPTER 1

PLANT AND EQUIPMENI DIVISION - LOCATION AND DEVELOPMENT PRIORE_TO
THE START OF THE PRO IN N 1074

The purpose of a wée detailed description of the subject
division at this stage ia/to explain the specific environment
within which the ergani sational and systems medels given in the
next Chapter were called to operate .

@riginally conceived as a machine ‘tool manufacturing unit,
a cost centre which served the requirements of Dunlop Engineering
Group, subsequent developments had already altered the position
by the time the project sbarted and givén the subject divisien,

at least nominally, the status of a preofit centre,

1.3 " Bite

Plant snd Equipment Division (hereafter P & ED) is part
of the Engineering Group of Dunlop Holdings Limited, Theé main
production wits of the Divieion are on the Gproup's industrial
site at Holbrook Lane, Coventry, although there is a small subsi-
diary factory at Benson Street, Leicester, The project concerns
only the Coventry-basad umits of the Division, The Leicester works
may be seen as almost a separate business, respensible to the same
Divisional General Manager, but rum by its own administrative
wmit, It was defined, by the compeny, as-being outside the scope
of this preoject and is thus treated as no more than an enviren-

mental factor te the Coventry system,

The composition of Ingineering Group in November, 1974
(55
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is shown in Figure 1,1, O0f the other operating divisions, Avia-
tion, Rim and Wheel and Redditch Mouldings were on the same
industrial site as P & ED, while Suspensions Division was on an
individual site about three-quarters of a mile closer to the

centre of Coventry.

P & ED's Coventry operations were made up of three separate
units, located as shown in the site plans (Figure 1.2):-

a, A Machine Shop, often referred to as "The Toolroom"

in reference to its origins.

b. An Assembly area, where special purpese machines
were built.

¢, An Office area, incorporating all the pre-production
planning and adwministrative departments.

Wild notes three basic principles for deciding plant

layout:-

~ minimise materials handling and movement
- minimise work in progress and maximise turnover

- maximise utilisation of facilities of space and labour (1)

Reference to the site plan will Eemonatrate that the first
and third of these were being ignored by P & ED, even before
consideration is given to the internal l;yout of the wmits., This
was largely the incidental result of the historical development

of the division and its status within the Ejgineering Group.

@)



RERKE Avenuc cATtE.

L

Gaous FeRSONNGL

FieuRE 1.2 DUNLOP ENGINEERING GROUP, COVENTRY — SITE PLAN

(8)

: oFricds
|
\
(|
l -
I (‘(r]
T [] l ’ AVIATION  DIOISION /
|
SPoRrRTS :
FleLp ¢
F -
[5G0, Gmeos’ |PR GO  Phery
TRAW G i e
ScMoo. | Pp g .0 ASseveLy AceA,
(Maveo Gne 1978)
Buknagy eoap et e
AoATion  puision Ao Tiou
racil  Luel Duison Mars
= ETorts
"UnsraKD" FAsTENERS (N T
Wi Candon 1L .
Fond
PranT
|
TRAWGE Awd PRuLeT :
ol
bt | ""' x / ( )
CELOTEN MOULOWES
ORION D
A
-.-.—_-.--—---—_.-.......__.‘/
b P& €.0. MAchwe 1L
CAn SuoP
&
Wheel, Diusion “‘] Foue Srsey  arFice acx  (Woimowo 1\
e CRMTRAL Confulen  CAPARTASNT)
(petanso tavour 5
Mm) ¥S - ed i, - - - - .- ﬁ—--—-—-—-—.1L
P MAaIN CAR  PARK 0
foaeavnd "7
(Cnmmucien. 4 D
S R —
r‘ ------ . e = —p O = = o = = ——
Y
|
ML R | IR L
T
Ehaes Fraasm .
% Pou W closeo w S, Euo 1975
ki canen v \
fg_ﬁu;“:":‘ e nmfw (A0 7 T D VACANT SiTe )
Endney EQuPrignT BN, Duasiess T D.. i (va.:.:ﬂ.
1l’ Wreces o 1975 ) !
cr
i il i
| A PRE0. Aormstumye
x MF“N GGT'E & T . {—4 Dern s
Sl Tk (HouBRoor LANED, il SERTOEE
T cseneent san H
S Sre——— L______,_I i ] )4 I



1,2 Higtorical Development: Up to the end of 1974

The "ad hoc" growth of P & ED is depicted in Figure 1.3

which shows dévelopment up to the present date in order to give
@ complete picture, Explanatory notes on each of the stages
preceding the start of the project are given below.

1.2.1  Aviation Division Toolroem

iﬂation Division's tooling requirements had always been
extensive enough and specialised enough to require the maintenance
of a permanent on site %ooling facility, This was situated in
the area described on the site plan Iu the P & ED Machine Shep.
Work would be done on a sub-contract errangement for other divisions,

if capacity was available,

1.2.2 Ingineering Services Unit (ESU)

At a time when the economic future of the British modor
car industry seemed to offer prospects of continued growth, the
Rim & Wheel & Suspensions Divisions at Coventry found their tooling
and breakdown servicing requirements expanding to a level where
maintenance of an on site facility to cover these needs was
justified, The group management decided that, rather than each
division setting up its own toolroom, a central servicing wmit
should be set up to cope with the demands of the group as a whole,

Thus, at the end of 1965, the Fngineering Services Unit
was established, The facilities and cnpa.::ity available were
determined on the basis of the estimated requirements of all the
operating divisions taken tegether., . Its .stntua was that of a
cost centre and it was maintained on the basis of contributions

from each of the user divisions, in proportion to the ameount of
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Figure 1.3

IN THE DEVELOPMENT OF PLANT AND EQUIPMENT
SECTION REFERENCES REFER TO THE TEXT

AVIATION DIVISION
TOOLROOM
(See Section 1.2,1)

Engineering Group , as a whole,
identifies the need for a centralis

on site servicing and tool making
facility

ENGINEERING SERVICES UNIT (ESU)
DECEMBER, 1965 (Section 1.2,2)

Tooling work for other Dunlop
Divisions

Tooling work for outside customers

ENGINEERING SERVICES DIVISION (ESD)
JANUARY 1968 (Section 1,2,3)

s 2Y29

machinery for Dumlop

customers (December 1968)

S

PLANT & EQUIPMENT DIVISION (P & ED)
JULY 1969 (Section 1.2.4)

Dudley factory closed

Other specialised machinery and an-
~— cillary equipment for Dunlop custo
mers (August 1969)

(December 1
Stat systems, Ramsgate

— Tyre machinery for outside
customers (February 1971)

closed (December 1971)

. Pump expendables and pipeline servi

4 f

ing equipment (August 1974)

PLANT AND EQUIPMENT DIVISION
NOVEMBER 1974 (Start of project)

(Subsequent developments are shown here to give a total picture, but as they
were to some extent the result of attempts to deal with the firm's problems
they are not covered in Section 1, but in the main text of the study).

Cut back on out side tooling work &

Reduction of tooling work for

Dunlop Divisions outside e

Engineering Group x
Pump expendébles business

terminated (September 1976) ¢——{ Energy equipment (September 1976)

Servicing and general tooling
work for all customers no longer
accepted (Janwmry 1977)

Independent divisional status for

Fnergy Equipment (Janwary 1977)

N

JANUARY 1977

PLANT AND EQUIPMENT DIVISION

r

N2

INDUSTRIAL PRODUCTS DIVISION
JANUARY 1977
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its capacity which they took up. It offered a comprehensive
service for break-downs and also expertise in all forms of tool-
ing work, making press tools, form tools, jigs and fixtures required
by other divisions, All activities, including the administration

of the unit centred upen the Aviation Division toolroom.

1,2,3 [Ingineering Services Division !I*BD!

ESU beceme a division in its own right (ESD) at the beginn-
ing of 1968, and commenced charging for jobs on a piecework basis.
Nominally, divisional status made it a profit centre, but it was
found in practice that charges levied for tooling and servicing
work still left a deficit, to be made good from Group funds,
because of such overheads as mdnﬁtive time, or "downtime",
Indeed, it had been the evidence, in this form, that the Coventry
divisions did not require the full capacity of the toolreom which
had created the grounds for advancement to divisional status.

Investigations showed that there was a market for the
specialised tool making skills of the Coventry toolroom in supply-
ing the requirements both of other Dunlop Divisions and of outside
firms, Product variety expanded along with market horizons and
ESD took on work from outside, which included making moulds for
rubber and plastics. Divisional status was seen as essential in
conducting negotietions for such work, because it gave the organisa-
tion a profit-orientated identity in the external market.

To the other members of the Fg ineering Group the expansion
of ESD seemed to offer the prospect of a .redmtion of the subsidy,

levied on them, to underwrite the continued on site provision of

()



tool making and breakdown servicing facilities., There was already
a downturn in the economic fortunes of the British automotive and
aviation industries and this directly affected orders received by
Rim and Wheel, Suspensions, and Aviation Divisions at Coventry.
The continuation of the central servicing facility was still seen
as important, however, in the interests of minimising any inter-~
ruptions to the flow of production within these divisions, and the
variety of manufacturing machines needed to deal with such jobs
made it important to maintain as large a toolroom as possible, The
economic downturn might still have proved to be short term, with
regard to these industries, and retention of a substantial tool-
making resource would provide the flexibility of capacity to cover
any urgent demands for new tools created by the gaining of new

contracts.

The logical solution was to offer spare toolroom capacity
to other customers, in order to avoid having to carry it as a
costly overhead, rather than reducing capacity by laying off
skilled machinists who might prove difficult to replace in the
event of improved economic conditions. It was evidently felt by
the Group Directorate that this method provided the best chance
of maximising profits in_t.he long term although it left a degree
of uncertainty about the new Division's short term prospects,
because of the unpredictability of demand, which all tooling manu-

facturers suffer from.

In this way the Division took on the form of a hybrid: in
theory, divisional status made it a profit centre, but it remained
bound in its relations with other members of Engineering Group,

for whom it was still required to act as a central tooling and

(2)
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servicing resource., ESD had no genuine ohoice- but to accept orders
from Group customers. Its piecework charges were governed by
internal transfer prices, and were expected to be competitive with
outside sub-contractors., With this restriction on its freedom of
action, ESD had not really moved from cost centre status; it
certainly was not equivalent in status to the other operating

divisions of the Group.

1.2,4 Plant and Equi t Division

In the middle of 1969 (July) the situation changed
completely., At the Fort Dunlep tyre factory, in Birmingham, a
new tyre-making machine was being developed. It was decided to
use the expertise and capacity available at FSD., Coventry, to
produce the non-proprietary parts needed for these machines, and
further, that an assembly unit should be set up, in a vacant area
on the Holbrook Lane site, to build the machines. The venture was
sufficiently successful to determine that future tyre building
machines and ancillery equipment would be manufactured at Coventry.
In acknowledgement of its extended product range, the Division was
re-named Plant and Equipment Division. The machinery "sideline"
promised a further reduction for other members of Engineering
Group in the amount required to subsidise the operations of the
central tooling resource. The arrangements for the support of
this resource are noted, but badly explained, in a Management

Services report, prepared at the end of 1969:~

"All divisions in the FEngineering Group pay a levy of
12}% of their estimated amnwal tool bills to Plant and
Equipment Division, Invoices to these dividons are

subject to a discount of 15% to encourage them to use the

(13



services available". (2)

For P & ED, the charges represented an expansion of the
true profit centre side of the buainess, but also an increased
responsibility for balancing its revenue and expenses. Thus, for
example, downtime became the problem of the staff contrelling the
new Division, and accurate estimating became a high priority for
calculating job costs o ensure the required profit margins.

The tyre machinery business increased the work load in the Purchas—
ing Department and the Estimating Department. Also, draughtsmen
and technical staff had to be taken on.

In the early days, the new business did not demand a
radical expansion of the administrative staff, The report
mentioned above noted that, at the time of its publication, 90%
of tetal turnover consisted of jigs, tools and fixtures (3)
although it also noted that a division of the manufacturing
facilities had already taken place, in response to the site require-

ments of the machine building business:-

Machining and toolwork take place in the Tool Room or
Machine Shop., Machining includes work for tyre making
machines and other large assemblies. The other area is
the Assembly Shop or Number Six Factory where nearly all
the activity is machine assembly"., (4)

At this stage there was no sales forcw as such, the func-

tion being covered by a Sales Ehginepr:-.

(14)



"He liaises with potential customers on technical
problems and promotes new business generally., To back
him up is a team of project desi gn draughtsmen, Most
sales are to members of the Dunlop Group and particularly

the Engineering Group". (5)

The eituation had already changed considerably, however,
by the end of 1970, Figure 1,4 shows that machinery accounted for
almost half of that year's turnover, and also shows sales to out-

side customers reaching a significant level, for example, in 1971,

Figure 1.4
YEAR (a) | (v)
A1l Speo:l.tl Purpose Total sales to outside
Machinery customers (including
1970 48 Not identified - presume
ﬂoll
1971 57 30%
1972 52 20%
1973 63 16
1974 43% 15
—

Figures based upon Product Results Annual Smlry Tables - 1970 -
1974 (Appendix 1)

(15)



These changes forced an expansion of the administrative side of
the Division with which the existing offices, on the Machine
Shop floor, were umable to cope. The result of negotiations for
new facilities was the three scattered units shown in the site
plan, figure 1,2, P & ED found parts manufacture for major
machines to be well within the abilities of ita.nachiniltl, and,
more important, the final product was potentially profitable,. Its
reaction was predictable - it looked for oppertunities to open up
external markets for its range of machines and to f£ind new types

of machines to build and sell to other industries,

A publicity leaflet from 1973 voiced its ambition to provide

all types of special purpose machinery:-

"A comprehensive service is offered to industry for the

design, manufacture and installation of special purpose

machinery, Complete facilities -are available for the

design of these machines, from the initial feasibility

study through to final detail design, including electrieal,

hydraulic and pneumatic control systems, In the last few

years, the division has found that this is a service for

which industry has a very definite requirement, Work

handled under this heading has had applications in the

Rubber, Plastics, Chemical, and Nuclear processing industries

and includes assoeiated material handling equipment". (6)

The division's results did not live up to these ambitions. Only
once in the six years from 1970 to 1975 &id the division record a
net profit before any allowance for interest and tax, and the total

deficit over the six years was in excess of £1 million (details in

(16



section 1,6). Other divisions within the Group found themselves
requiring lc;aa end less of the available toolmaking capacity.
Indeed, coets on non-urgent machine shop jobs were actually higher
then quotations of outside firms*, despite the allowed discount,
and divisions were allowing wark to trickle to such cheaper sources,
forcing P & ED's management to push increasingly wmsuitable
machinery parts onto the shop fleor for manufacture, in order to
fill availablé capacity.

It was estimated that et this time as many as 60% of the
parts for any special purpose machine were manufactured in the
machine shop, whereas the division's Ghief Inspector was of the
opinion that perhaps 5%, at the most, genuinely required the
toolmaking grade of skill, P & EDs management was convinced that
it would show better results, as a profit centre, if it were able
to sub-contract the work requiring lower grades of skill to outside

suppliers.,

The major justification for the continued existence of
the Machine Shop was thus the need for breakdown servicing and
reconditioning of machine tools, Unless toolmaking work could be
placed on a competitive footing, vis-asvis outside suppliers,
the need to pay towards off-setting P & ED's losses would become
even less acceptable to the other divisions of the Engineering

Group.

-

* The explanation for this lies in the different methods of paying
wages adopted by P & ED from outside tooling sub-contractors,
Whereas P & ED's machinists were paid at a fixed hourly rate
(1.4.2.3) without any productivity bonus, outside sub-contractors
peid a much lower basic hourly rate to workers, and boosted this
with performance bonuses. This had the added advantage that when
work was slack, the machinists were quick to look for alternative
employment, since their wages were radically affected by the amount
of unproductive time booked during any week, -

(p)



The task confronting the new General Manager on his arrival
in 1974 was to turn P & ED into a genuine profit centre, or at least
to organise it so that it would break even each year without Group
assistance, In an effort to get some control over production,
the General Manager appointed a Production Planning Manager,
with the initial task of devising and implementing control proce~

dures for the Machine Shop area,

1.2,5 Subsequent Development
The diagram of changes, figure 1.3, goes beyond this peint

to bring the Division up te the present day, but no discussion of
further changes is intended at this point. Such changes effectively
concern some of the attempts made to handle the division's problems
and will thus be dealt with in Chapter 4 of this thesis,

1.2,6

The terms "cost centre" and "profit centre" have been

freely used in the preceding sections and it seems essential, as
a footnote, to claxify, as far as possible, the meaning which they
are taken to have., The following definitions are taken from

C. T. Horngren's work "Cost Accounting".

“A cost center is the smallest part of an organisation

for which costs are accumulated..." (7)

"seoProfit center is used indiac;iminately to describe
segments that are always assigned responsibility for
revenue and expenses but may or ;::ny not be assigned
responsibility for the related invested capital ...

Normally, the profit center is the major erganisational

(®)



device used to maximise decentralisation., Nevertheless,
decentralisation and creation of profit centers are not

necesdarily synonomous terms ... A coup'lny may have many
divisions called profit centers, but their managers may

have little leeway in making decisions", (8)

Profit centre status does not, thus, imply independence

of action or autonomy for the manager of the division concerned:-

"In short, the labels of profit center and cost center are
sometimes deceptive as clues to the degree of decentralisa-
tion", (9)

Applied to the situation under consideration, the decentra-
lised profit centre, or more properly the investment centre, would
be Fngineering Group as a whole, with each of the operating divisions
being a separate profit centre, for the purpose of accounting for
revenue and expenditures., The Group Services, which or:lgi'.nally
included FBSU, are the cost centres. Ultimately Coventry is judged
on the basis of the performance of the Group as a whole, Fvidently
the Group was prepared to carry any annual loss recorded by ESD and
P & ED on the gw unds that its indirect contribution to the profits
of the other divisions, by minimising disruption to their production

processes, compensated for its inability to show a profit,

This must lead to the conclws :lon”that, under the t.erma of
Horngren's definition, there is reason to question whether the
description "profit centre" can be accurately applied to ESD or to
P & ED. The continued existence of the Division was not ultimately

dependent upon its ability to cover its expenditures out of its

&)



oWl revenue,

It is 'interesting, however, that HOrngen has significantly
changed the wording of his definition of a profit centre, in the
latest edition of his work, because of some confusion which he

felt still existed within the question of decentwalisation:-

"A profit center is any subunit or segment of an organisa-
tion that is assigned both revenues and expenses ... Note
that (this definition) does not contain one word about
decentralisation ... (defined as) the relative freedom

to make decisions", (10)

In strict account ing terms, it would appear that P & ED
would thus be regarded as an "unprofitable profit centre", Its
lack of independence of action and the definite effect which
outside interference had upon its potential to operate profitably
meant, .howover, that its performance was not directly comparable
with the other "operating divisions" within Engineering Group.

1.3 Factory Layout

The following three diagrems (Figures 1.5, 1.6 and 1.7)
show the internal layout of each of the three units of P & ED,
They are fairly self-explanatory, but a few observations are made

below on each of them.

1.3.1 The Machine Shop (Figure 1,5)

The method of organisation chosen for the machining

facilities within the Machine Shop is what Wild refers to as

"Layout by Process or Functional Layout". He regards it as:~
@9)
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Figure 1,5 (continued)

1
Stairs from lower floor (see previous page) :
1
'
| PLANT i
SHOP LOADING ENGINEER X
CLERK '
(Defunct Work !
Study 0ffice) SECRETARY :
1
SECRETARY | MACHINE :
SHOP '
SUPERINTENDENT :

L CHIEF -
INSPECTOR :
1

UPPER FLOOR IN OFFICE AREA
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"appropriate where small quantities of a large range of
products are to be manufactured, perhaps the best

example being jobbing production, The nature of the

layout permits flexibility in production, i.e. complex
products, requiring processing in every ome of the
functional departments, may be made alongside simple
products requiring processing in only a few departments". (11)

This is, therefore, the method of layout which one would
expect to find in a toolmaking machine shop, The list of charac~
teristics which Wild considers go with "Layout by Process" are

discussed in Section 2.

1.3.2 The As Ar 1

In this area the products are less diverse but their vital
characteristic is one of size, Although this varied a great deal,
all the machines constructed were of sufficient size to make it
impractical to move them from one group of specialist workers to
another, The system was thus adopted of assigning groups of
fitters to take machines through from the stage of inspecting the
kits of parts for shortages to completion of the build, Construc-
tion of the electrical panels required was slightly different,
the early stages being done at the electrician's bench, but
eventually these too would be worked on at the allotted huilding

site for the machine.

Wild refers to this type of organisation as "Layout by
Fixed Position". (12), Because of its sine, it is no longer the
product which moves, but the processing staff who come to it.

In extreme cases, where very large machines were involved, it

(22
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proved necessary to partially strip them down, for transportation,
after they had been examined by the customer at Coventry, and to
submit to a second inspection following on site commissioning in
the customer's, factory.

The space available for machine building in the "Number
6" assembly area would have allowed the construction of at least
six moderate sized machines at any one time. But although there
were sufficient fitters available to cope with this mumber, the
order book was never sufficiently filled with a future load to
produce this situation. The electrical and mechanical assembly
foremen thus tended to double up the number of fitters normally
used for building machines to minimise both downtime bookings and
machinery build times., It is therefore quite possible, even
probable, that the foremen were not using the most economical number
of men to build the machine. The only real solution to this problem
was to achieve a fuller order book.

1.3.3 The Administrative Departments (Figure 1.7)

In explanation of the figure it should be said that the
whole of the office area, with the exception of the row of offices
from the Production Planning Manager's to the General Manager's

was based on an open plan format, and that room divisions shown
in other parts of the plan represent half metal, half window
prefabricated partitions.
Briefly, the advantages of the open plan layout are:-
1. Ease of communication between departments where there
is a need to work closely together, guarding against
departmental insularity and allowing a greater degree

@5)
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2,

3.

L

of liaison and co-operation between staff at lower

levels,

All levels of management are well placed to gauge the
work being put in by their subordinates.

Absence of walls makes the offices easier and cheaper

to set up and to clean,

Contact between personnel should help create mity
of purpose and will enhance workers' morale and the

social side of their job satisfaction, creating a
good working atmosphere.

On the other hand, the disadvantages are:-

1,

2.

Je

Lack of privacy - which may be particularly important
to Senior Managers.

A high noise level ~ for example in the Purchasing
Department, four buyers and two typists were working
in a fairly:small area, which could create problems
with 'phone calls. Many orders were placed by 'phone,
with paperwork to follow, in order to save time, and
a few parts of the technical specifications wrongly
conveyed, or wrongly unders;ood, might produce un-

necessary production delays.

Encouragement to conversations with no relevance to

work — the price of satisfying the social needs and

@D



creating a good working atmosphere amongst employees.

4, All areas are laid open for visiting clients to take
in at a glance, which increases the need to keep areas

orderly,

Subsequent changes reflected the General Manager's recogni-
tion that his senior subordinates, particularly those who were
likely to receive visitors, required, and were entitled to, a

greater degree of privacy.

1.4 h ia

It is in the nature of a jobbing type of business that
demand for machining facilities will fluctuate within the various
machine groups at wequal rates., To compensate for such demand
changes jobbing businesses employ skilled machinists with a high
potential degree of labour mobility and generally also have more
machines than operators on the shop floor. This situation applied
in P & ED's machine shop., Policy on material sbocks was determined
by balancing the cost of having capital tied up in stocks agﬂinlt

the urgency of the service required by the customer.

1.4.1 Machining Facilities

A list of P & ED's machining resources is given as Appendix
2 to this chapter. The list was drawn up as a prospective coding
list for use with a comput.erined data coilection system, It was
not proposed to distinguish the sub-groups for this system, and

as the Management Services' report of November, 1969 pointed out:-

(a2)



"The definition of a machine group for loading purposes
is vague at present., The existing groupings imply that
all jobs can be done on any machine wi thin that group.
The loaders agree that a further sub-division of the

groups. is required". (13)

No further sub-division had taken place by the end of 1974&.
The resulting problems for shep loading and load analysis will be
examined in Chapter 3.

P & ED offered a wide range of machinery, as the list
shows, including tape controlled machines and a spark eroder and
Jig grind machine for intricate work with low tolerances. Gear
cutting and plating work had to be sub-contracted, as did the

larger items requtfing heat treatment.

The division's own Inspection Department controlled the
quality of all parts produced internally and also checked components
before and after heat treatment and sub-contracted operations.
Internal rejections were the responsibility of the fSoreman of the
section where the faulty work had been carried out. Rejects to

sub-contractors were handled by.dhe sub-contract progress clerk,

1.4,2 Manpower Resources
The changes outlined in section 1,3 resulted in the addi-

tion of a number of pre~productien adminzstrativo staff td the
division's work force, and also to the employment of extra electri-
cal and mechanical fitters, The figureu.given in the table below,
figure 1.8, are for Plant and Equipment Division as a whole and

thus include the Leicester works throughout, a subsidiary at Dudley
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to its closure at the end of 1969, and a works at Ramsgate ~
originally specialising in "Stat Systems", but subsequently
diversifying into general tooling because of a lack of demand. for
the basic product = which was closed during 1971.

Figure 1.8 Year ¥nd Figures for Operatives and Staff in

P & ED as a whole (14)

YEAR OFERATIVES STAFF RATIO OP:ST

1968 341 119 2,87

1969 472 207 2.28

1970 378 161 2,35

1971 306 140 2,19

1972 299 137 2,18

1973 288 141 2,04

1974 259 126 2,05

1.,4,2,1

In the Machine Shop, however, the labeur force
had changed very little. The machiniste, who had eriginally
worked in the Aviation Toolroom, had simply changed from one
employing Dunlep Division to another. This accounts for
their continued orientation towards quality of product,
rather than efficiency of production, and the same was
also true of the supervisory staff, Wild is certainly
correct in his judgement that process layout permits
specialist supervision (15), but a side effect Of thig is that
foremen are generally created by.seniority, from within the
ranks, rather than because of demonstrated administrative
competence. Their "forte" was thus dealing with machin-

ing problems, not in making out or following work schedules,
o



These aspects of shop floor work force tradi-
tions and attitudes will be examined, in relation to the
probléms which they created or exacerbated in terms of
plamning of production, in Chapter 3. For the present, it
is sufficient to state that the criterion by which foremen
Jjudged their own performance was their ability to keep the

maximum percentege of their section productively employed.

They and the machinists recounted with pride
their ability, in the days of the Aviation Toolroem, to
lay aside the work they were currently involved on and deal
immediately with an emergency repair job, or a rush modifi-
cation, Even the Machine Shop Superintendent, himself an
ex-foreman, recalled operating a turningmachine himself,
after the end of a day shift, in order to produce an
item which was delaying production elsewhere on the site,

Such traditions and methods of working died
hard, In terms of job satisfaction, the pleasure with
which the stories are recounted speaks for itself, This
type of work offered initiative and responsibility teo
individual machinists and a sense of the importance of the

work being done.

1.,4,2,2 Traditional Independence of Machinists
The operators were used to working without any

defined control procedures, and any special instructions
connected with a job were passed on by werd of mouth, or

on scraps of paper., The absence of rigid control systems

(3[)



gave them a measure of independence which they came to
regard as some sort of recognition, on the part of the
management, of their advanced skills, This situation was
likely to enhance job satisfaction, and reduce to a
min.i.nnm the number of items of work rejected on the gmw unds
of faulty workmanship., These advantages are worthy of
consideration, particularly as it had been the division's
reputation for gquality which had been instrumental in
securing valuable contracts with the nuclear processing

industry.

But the cone_omitlnt costs and disadvantages of
minimum management interference with shop-floor operations
merit equal attention. In the special purpose machinery
business, for example, the quality requirement for manu-
factured parts was lower, and production by a given date,

within a cost budget, was a far more significant facsor.

The problems caused by a conflict between priori-
ties of quality and cost will be studied further in Chapter 3,

1,4,2,3 at Wi
The wages of the machinists and fitters were not

linked to any attempt to measure their productivity, but
rested on a flat rate per hour for time booked on their
clocking~in cards., Unions and m;nngement had failed to
reach agreement on an incentive payment scheme. The
workers could then afford to diar:egnrd machining time
allowances put against particular operations and retain

as their prime concern the quality of their worksanship.

(32)



1,4.2.4 The Ratic Between Operatives and Staff at

P & ED, Coventry

As a consequence of the special purpose
machinery business, there was a far lower vatio of
operatives to staff employees than would be expected for
a purely tooling type of firm, The consequence of this
wvas that there were a greater number of indirect staff
to be carried as an overhead, This was bound to have
an effect on the contributions required to make a profit
on toolroom work if all the division's business was
assessed together, rather than the overheads being
apportioned between the different business types to reflect
levels of administrative invelvement,

Figure 1,9 demonstrates the higher ratio at
Coventry, by comparison with the purelyltooling subsidiary
et Leicester., The comparison is slightly wnfair, in that
the Leicester factory made occasional use of administrative
facilities available at Coventry.

The term "operatives" refers to employees paid
on an hourly rate and the figures thus include labourers,
progress chasers, storemen, inspectors and heat treatment
personnel as well as machinists and fitters., "Staff"

are employees paid at a fixed weekly or monthly rate.

(32)



Figure 1,9 Comparison of Operative: Staff Ratio at P & ED,
Leicester, with the Ratio at P & ED, Coventry (16)
YEAR COVENTRY LEICESTER
END
OPERATIVES STAFF RATIO OPERATIVES STAFF RATIO
1973 239 131 1,82 49 10 4.9
1974 210 119 1,76 49 7 7
1,4.3 Material Stocks

At the time the project started, P & ED had its own material

store, with stocks of commonly used types and dimensions of steels

to the value of £40,000, The store contained equipment for cutting

material to required lengths and a staff of two cutters and a

records clerk, under the control of a foreman (who was also respon-

sible for the Heat Treatment area in the machine shop).

initially delivered to the store.

"Free-of-Charge" material from all customers was also

Loads of cut and assigned

material were transported to the machine shop floor by fork 1lidt

truck when a sufficient quantity had accumulated,

There were no

facilities in the material store for holding material pending due

start of operations in the machine shop.

In accordance with a divisional management decision that

stocks of steel should be run down to aveid having capital tied

up there was no automatic ordering system for the maintenance of

minimum stock levels., The Division went even further than this

by selling off material which it did not foresee using in the

immediate fubtwre,

(34




The Division's Purchasing Department then had to deal
with orders for material for specific jobs, where before it had
only placed orders for material upon notification that required
types and dimensions were not currently in stock in the steel store.
Records of materials in stock were kept solely by the stores clerk
and even these were mt a definitive guide to the availability of
material for a particular job., Only the total footage of each
type and dimension of material which was in stock was shown in the
records, A physical check by one of the store's staff was then
ne cessary, where stocks were short, to €onfirm that the actual
dimensions required could be cut from the stock held. Requisitions
were made out by the store and passed to the Purchasing Department
for any materials which were not available from stock. These
materials would then be punchased from outside stockists. The

problem is summarised by Christopher and Wild:-

"eeo holding of sbocks of items .,, is not achieved with~
out cost, and although such costs may be partly or wholly
offset by the effects of the bemefits, ... efficient
control of stock-holdings is essential if least-cost
operation consistent with maximum operational benefit is

to be achieved", (17)

1.5 Policy on the Question of Making or Buying Components

In general this question was only relevant to the manu-

facture of special purpose machinery, The traditional advantages

of each policy are described by Wild as follows:-

Advantages of "Make":- (a) Reduce dependence on other
companies,

G




(b) Avoid facing the consequences
of their labour disputes.

(c¢) Determine and control own
quality levels.

(d) Preserve any trade secreta.

Advantages of "Buy":~ (a) May make it possible to obtain
items more quickly.

(b) Benefit from the comtinual dev-
elopment programme of other firms
in specific products.

(c) May reduce the costs of storage,
handling and paperwork,

(d) Releases firm's own facilities
for possibily more productive

employment, (18)

P & ED's policy, in line with the first two advantages of
"Buy" noted above, was to purchase proprietary parts, such as nuts,
bolts, bearings, motorsand gearboxes, from outside suppliers. On
parts which were peculiar to the product in question, the policy
was not clear cut. There was a basic choice between supplying
drawings for sub-contractors to make parts and manufacturing them
in the machine shop. It seems that in placing a large proportion
on the machine shop the job planners were less concerned with any
of the advantages noted above than with filling up spare capacity:-
If there is spare capacity, (d) of "Buy" doesn't arise., This again
is due for further consideration in the section on P & ED problems

(Chapter 3)e

1.6 Divisional Financial Results
As an indication of the extent of the operations of P & ED,

a few general statistics are included at this point, to show the
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annual turnover for the years 1970 - 1974, The last two colums

are included to give a preliminary idea of the size of P & ED's

financial problems,

Comments on the above figures will be more relevant in

the discussion of the Division's problems in Chapter 3. A few

points which are obvious from the figures alone may be mentioned

here however:-—

b.

Ce

d.

1970 is obviously not a typical year:- In the
following years actual contribution percentages come

quite close to predictions.

Turnover is below the level needed to break even in
four of the five years:~ The necessary turnover
level, at the estimated percentage contibution, ie
between £2,5 million and £2,6 million, rising however

to over £3 million in the final year of the figures.

The trend for 1970 - 1973 must have been encouraging,
and the 1973 result proves that the Division was
capable of reaching a turnover target of £2.5 million,
and of breaking even, The reasons for the reversal of

the trend in 1974 will be examined later, in Chapter 3.

The contribution percentages would have needed to be
substantially higher to break even in the loss wmaking
years at the turnover levels achieved:~ The required

figures were:-

o



1970 363 %

1971 33 %
1972 3 %
1974 L4 , 5%

1.7 Summary
The pw pose of this Chapter has been to present a back-

cloth for the problem, Many of the problem areas have beex intro-
duced here because it is felt that they represent a true part of
the historical environment of the business under study., Specific
detailed examination of these areas has been avoided as they are
due for scrutiny in Chapter 3, with reference to the "model" or:
“ideal" situation constructed in the pages which directly follow
this,

The pro ject started in November, 1974 and covered the

period up to the end of 1977, althowh collection of f_:lguru for
the final year took place during the first months of 1978,
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CHAPTER 2

THE MODEL, OR "IDEAL", SYSTEM OF ORGANISATION

g3 The Aim of this Investigation
The purpose of constructing an ideal nylteun'_i for the organisa-

tion and control of the subject firm, at this stage, is to set up a
hypothetical sitw tion against which the actual business can be

examined in Chapter 3.

The following pages draw on the work of various specialists
in production management, systems and organisational analysis, with
a view to demonstrating the problems to be expected within this
type of manufacturing situation and the possible methods of

managing and, where possible, actually solving these problems,

The first part of the model lays out the characteristics
which would be expected to be found within a jobbing manufactur-
ing plant, noting in particular the traditional difficulty of
controlling production operations in this type of environment,
This was the area with which the management of the subject firm
expressed the greatest dissatisfaction: The order in which jobs
were completed was almost totally wmpredictable, as was the time

which machining operation took. As Wild notes:~

"In intermittent manufacture it is possible to construct

production schedules for each order or product, but inevit-

ably such schedules are i’requentiy inaccurate and often

unrealistic. Consequently their use, whilst necessary,

makes for difficulties in production control. Inaccuracy
“o)



in production planning results from the fact that a
variety of products are to be made, each likely to
require processing for different durations on

different machines and in a different order. Often such
products have not been made before and consequently the
operation times, which are the basis of production
planning, have only been estimated from previous

experiénce," (1)

It would be incorrect, however, to produce a model which
did not take P & ED's other business, the construction of special
purpose machinery and ancillary equipment, into account. Indeed
it is the combination of the two distinct types of production, ang
the interdependant relationship which existed between them,
which makes the firm worthy of study., Conclusions will thus be
drawn as to variations from the strict toolmaking model which might

be expected as a consequence of involvement in this other business.

Although the problem, as identified by the management of
P & ED, concerned how to make the machine shop tooling operation
profitable, and how to ensure that it provided the necessary
support, in the form of parts manufacture, for the construction
of special purpose machinery, any organisation systems needed to
be relevant to the Division as a whole. The dangers of leaving to
chance the external effects, on the assembly and administrative
areas of P & ED, of any system devised pt:rely to improve matters
in the machine shop are all too evident. The need to adopt a

holistic approach to such a study is noted by Kast and Rosenzweig:-

"Holism is the view that all systems are composed of
)



inter-related sub-systems., The whole is not just the sum
of the parts, but the system itself can be explained only
as a totality ... The holistic view is basic to the systems
approach. In traditional organisation theory, as well as
in many of the sciences, the sub-systems have been studied
separately, with a view to later putting the parts toge-
ther into the whole. The systems approach emphasises that
this is not possible and that the starting point has to be

with the total system". (2)

In this cese, it is also important to take into account
some factors of the environment, within which the system is to
operate, which have a very direct influence., The aim of the project
is to decide upon the best way in which the subject divisien could
be organised and controlled, in order to fulfil its own, internal,
prime objective of making a profit and justifying its continued
existence, But this cannot be discussed in isolation from an
important part of its political environment., As a member of a
"Group" and, ultimately, of the Dunlop Holdings Corporation, ite
over-riding objective must be that the Group and the Union should
make a profit, to justify the existence of the whole.

The ramifications of any changes mede in P & ED, to improve
its own performance, must be examined in relation to any additional
costs to be incurred by Engineering Group, directly or indirectly,
as a consequence, Methods which will as;ist the Division in
achieving its own objective must be discarded as counter-productive
if it can be shown that they would have an adverse effect on the

success of the larger organisation of which it is a part.
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The relationship is well expressed by Beer, in "Brain
of the Firm", when discussing potential problems at the inter-
faces between sub-systems within his cybernetic model for an

organisation:=-

"Here then is a major smag; it is the hoary old problem

of central control written in a new form ,,. The snag

is endemic to large-scale . organisation, Firstly there

is the (system) one/two interface, This has to do with
recognising that there are other autonomous divisions

than my own, and that they have rights as well., Especially,
these others have the right not to be undermined by me,
however pure my own motives are, Secondly there is the
(system) one/three interface. This has to do with
recognising that my own autonomous division is part of

a corporation, and that it too has rights., Especially, sad
as it seems, the corporation has the right to inhibit and

if necessary to liquidate my autonomous division". (3)

The "rights" of the higher levels of the organisation, and
of companion divisions, operate as constraints upon the type of
action which it is allowable for P & ED to take in order to achieve
its divisional objectives, But in return for acceptance of these
restrictions, the broader organisation provides advantages for
member divisions -~ if there had been no advantage, the corporation
wouldn't have been foumded in the first place. The main benefit
to the subject division is the very immediate one of finance, In
isolation, without the corperation to underwrite losses, P & ED
would have gone out of existence before the end of 1974, TFurther,

it may be doubted whether, on the strength of its operations as a
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toolmaking wnit, it would have been able to raise sufficient
capital to expand into the machine building business, when the

opportunity arose.,

While the division is constrained, in its dealings with
other members of the Union, by internal transfer price policy, it
benefits from membership in that some of the other divis ions
provide what is effectively a ceptive market for some of its
products. Also, corporate quality standards may restrict, but
all divisions are then able to enjoy the Union's overall prestige

and reputation in the market place.

It would be wrong to dwell too long here on the pros and
cons of the corporate ethie. Essentially it is a system of "give
and take" where, in accordance with holistic principles it is
assumed that the whole will be capable of creating greater
opportunities than the individual parts, in return for some sub-
ordination in terms of the amount of independence of action which

those parts enjoy. Hicks states the case logically:-

"The very essence of an organisation is that persons
interacting in the organisation do so because they expect
the organisation to provide value they otherwise might not

have", (4)

Likewise, when groups of organisations "engage in co-
operative interaction, they have the potential of creating values".

As long as the individual objectives of all the units within a

@



corporate body are compatible with a single "superordinate" or
higher objective, it is likely that all will gain from

incorporation, (5)

2.2 Characteristic Features of the es of Manufacturin
in which the Subject Firm was Involved

In the following sections the characteristics associated

with two different types of business will be examined in turn:-

1. A jobbing shop, manufacturing machine tools (Section
2.3).

2, A machine assembly shop, producing high value

equipment, usually in unit quantities (Section 2,4).

Conclusions will then be drawn as to the areas where there
is a degree of similarity, and areas where there are basic and
essential  differences, which one would expect to find reflected
in the method of organisation of a single firm attempting to

combine the two. (Section 2.5).

To facilitate comparison in the final part of the section,
the same factors will be examined as they apply in each type of firm,
which means that negative features will be mentioned in some areas.
The list has been organised into three parts:-

1. Inputs:~ Site; labour; equipment; materials.

2, Processing:- Layout; production planning; production

control; froduction activities,

3. Outputs:~ Products; sales; general economic

characteristics,
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This is not felt to be an entirely satisfactory classifi-
cation, since some of the characteristics are relevant to more
than a single area, However, the advantages which this will offer
at the comparison stage suggest that it is a better approach than

a simple listing of features.

A summary of the main features to be discussed is given at
the start of each of the sections, noting the conclusions which
were reached. In general it seems that the special purpose
machine assembly type of production has been the subject of less
literature and debate than the more problematical jobbing type of
. production, Many of the conclusions as to the essential charac-
teristics of the former have thus been drawn as a result of obser-
vations of strengths and weaknesses within that portion of the

subject firm,
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Figure 2.1

Ca

d,

Sumwary of Characteristics of Jobbing Production

Site

Labour

Equipment

Materials

2. PROCESSING

b,

Ce

Layout

Production
Planning

Production
Controel

Covered area:- Permanent location
for machines.

Dimensions governed by machines,
not products,.

Highly skilled direct labour:-
Considerable mobility.

Specialist supervisory staff,

Higher percentage of indirect
employees than in mass production.

General purpose, often expensive,
machinery and associated materials
handling equipment.,

Wide varity of types of machine.
More machines than operators.,

Mostly raw materials:- Few prop-
rietary parts.

Make or Buy decisions only necessary
wvhen capacity is overloaded.

By process, or fumctional layout.

Simple:-~ Only short planning
horizon possible,

Almost impossible te estimate
machining accurately.

Purchasing functien net complex.

No product development:-~ customers’®

drlwinga-

Faphasis is on control rather than
planning.

Extremely complex problem:~

-~ high work~in-pregress

- leng queues at machines, but
under~utilisation of equipment

~ high "job idle" time

-~ leng job threughput time

high ratio of indirect employees

frequent overtime or sub-contracting
data collection an extensive task, and
complex programs needed for computer aids
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Figure 2.1 (continued)

d. Preductien
Activities

3.  OUIPUTS

a, Products

b. Sales

Ce General Economic -
Characteristics

49)

High accuracy werking:~ Lew toler-
ances,

High quality werkmanship.

No installation or after-sales
service,

Inspection against drawings, but
no testing.

Wide range of varied products and
product values,

Small or unit batch sizes.

Production to specific orders, not
for stock,

Totally unpredictable:~ Short
horizons and short-term fore-
casting.

Market research little value after yﬁé”J
initial lawnch. y

Delivery on time less crucial to
supplier than customer (potential
logt production).

Customer liaison key activity in
this area.

Labour intensive production:- Key
is to maximise utilisation of
labour resources.

Planning and forecasting concerned
with output averages, rather than
with specific jobs.

Little working capital required,
but need to provide for replacement
of expensive equipment.



2.5 Characteristics of a Jobbing Shop Manufacturing Machine
Tools

2 | Inputs

2.3.1.1 Site

There are no special site requirements, other
than protection from the elements. Obviously, the more
integrated activities are, the less materials movement
will be needed, but in theory there is no reason why all
machining facilities should be at the same location.
Perhaps the important thing about the site is that require-
ments, in terms of dimensions, will be determined by the
size of the processing machines, not the sime of the

products,

2,3.1,2 Labour Force

"A high proportion of the labour used is
skilled. (6). The direct labour force must certainly
be highly skilled, and also mobile, in that it will be
necessary in the cause of maximum utilisation of labour
to move machinists from one machine group or even one
machine section to another, Buffa notes that research
has shown that the greater the flexibility of the labour
force the higher will be the utilisation of labour. (7)
Wild suggests that foremen will tend to be specialists (8)
because all the work on a section at any time will be of
an individual, or unique, nature .and may require a wide
range of practical guidance 6r assistance from the fore-
man., The foreman, also, will be responsible, within

guidelines from his superiors, for the actual distribu-
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tion of suitable work to the operators. (9)

A "comparatively large number of indirect,
supervisory or clerical workers" (10) will be expected in
a jobbing firm as against a mass or continuous production
firm. This again is because the variety of products makes
the supervisory task more taxing in this type of manufac-
ture, and thus one man can deal efficiently with a smaller

number of subordinates.

2.3.1.3 Equipment

"General purpose equipment, both production
and service, (e.g. materials handling, etc.) is normally
used and a great deal of flexibility must exist in the
systems in order that the company might accommodate demand
fluctuations, product design changes, special customer
requirements, etc.". (11) Some of the machines will
represent large capital outlays, but despite the expense,
it is probable in the interests of flexibility that there
will be a greater number of machines than operators on

the shop floor.

Because there is not a predictable manufacturing
routing, or a set list of machining operations involved
in the production of all parts, a wide variety of
machines will be required. However, this will produce the
advantage that a single machine breakdown is unlikely to
have a critical effect on total output, whereas in mass
production it would bring a whole production line to a
stand-still.
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2,3.1.4 Materials

Manufacture consists almost entirely of
operations upon raw materials, and few proprietary parts -
nuts, bolts, washers, etc, - are required. The variety of
products, however, creates a problem in assessing what
stocks, if any, of material should be held. Tooling steels
of many different dimensions will be used, and there is
the risk of holding costly stocks for long periods, or
the alternative risk of losing orders because materials
are not available for the manufacture of items to meet
a customer's delivery requirement., An important
factor in determining policy will be the delivery lead
time which material suppliers can offer, and the diseount |
available for bulk purchasing. The location of a factory

in relation to prospective suppliers will affect this.

2,3.,2 Processing

2.3.2.1 Layout

Wild states that the appropriate method of
organising facilities in jobbing production is:-~ "Lay-
out by Process or Functional Layout". This means that
"all operations of a similar nature are grouped together
in the same department or part of the factory. For
example, separate areas may exist for drilling opera-
tions, milling, grinding, fitting and so on".(12) The
same author lists the characteristics of this type of
layout, in many cases, it sgems,'mnking the assumption
that a jobbing type of production will exist. In most

respects his observations correspond with the advantages
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of process layout noted by Radford and Richardson (13). The
points made are given briefly below, though many of them

will require further examination in other sections,

- "Specialist supervision is possible, and the
grouping of operatives of a similar type and skill within
the same department promotes cohesiveness ..." (14). The
variety of products makes specialist supervision necessary,
but "cohesiveness" might easily become departmental
insularity and cause problems between machine

sections, Nevertheless, the gaining of greater experience
and skill within a more limited field may help to make

supervisors and setters more proficient in their work, (15)

- Similarly, the type of layout might "enable
indivi dual incentive payment schemes to be used", (16)
but in jobbing production this is likely to cause fric-
tion between groups, as product variety makes operations
so difficult to estimate accurately. It is unlikely in
any case, unless the trade union involved has little
influence, that it would be possible to conclude agreements
based on sectional performances, rather than a shop-wide
performance given that the level of skill was the same
throughout. A bonus scheme needs to rest on performance
against some standard which both management and workers
consider fair and appropriate. Such standards are almost
impossible to set in jobbing production. Further discus-
sion of the practical problems with an incentive payments

scheme, in the context of the subject firm, appears in

Chapter 4,
(52)



- "The nature of the layout permits flexibility
in production" and makes it easier to change the quantity
or type of components produced., (17) These are essential
features of jobbing production, as is the fact that:-
"This same flexibility brings disadvantages, since
process layouts normally operate with a comparatively
high level of work-in-progress, and throughput time is
high". TFurther, there is a "possibility for loss or neg-
lect or some jobs/items", because there is no set timing
or pattern of operations from one job to the next. (18)
However, this means that individual machine breakdowns

or individual workforce absentees do not stop the whole
production process, and also means that a variety of
sub-contract work can be takenon to fill spare capacity

on machines. (19)

» Maintenance and the provision of services -
water, power, removal of scrap-is simpler than in other

forms of layout, but the cost of materials handling is high(20)
because items must travel greater distances between one
processing station and another. (21)., This is unavoidable in

one-off manufacturing because of the vari ty of products

and the unpredictability of operations' routings.

- Production planning, defined as "dealing
entirely with pre-production activities, i.e. the cons-
truction of a schedule by which products will be made in
the correct gquantities and in the time available" (22) is
"simple", in that time horizons are short and umi t batches

are usual, which means that no facilities are tied up for
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lengthy periods of time with a single job,

- But "production management and particularly
production control in jobbing manufacture is one of the
most complex and challenging aspects of industrial
management'" (23). With this type of layout, each machine
must be dealt with as an individual wnit for the purposes
of controlling processing, whereas a layout by product, or
flow layout deals with each production line of machines

as a wit, because each product has a set routing to be

followed, (24)

- It is also possible with process layout to
take more account of the differer potential production
capacities of both machine and men, In a flow layout
these operate in fixed relationships one to another, which
means in fact that all operate to the capacity of the
slowest machine or worker (25). On the other hand this
emphasises the production contrel fumetion through

introducing two more variables.

- Because workers are not employed on defined,
limited tasks, a greatér degree of operater skill is
likely to be needed in a factory laid out by process,
which may create problems or expense in terms of train-

ing or hiring operators. (26)

- Use of floor space is uneconomical in process
as compared to flow layout. Equipment cannot be arranged
as compactly because there is no direct line of feed from

one machine to another. (27)
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2.3.2.2 Production Planning

Organisation of pre-production resources in
jobbing production is not an involved process. In the
first instance an order will be placed by a customer on
the basis of a price quotation from the supplier. It is
unlikely that there will need to be negotiation over
specific job prices, although annual agreements may be
made with regular customers on labour rates, or contribu-
tion levels. An example of this, concerning sales within
the larger organisation (if the firm is part of a group

of companies) is found in transfer pricing agreements.

The crucial factor in deciding whether jobs
are profitable or not is the accuracy with which machin-
ing times for the various operations can be predicted, (28)
yet, paradoxically, most estimates are exbtremely unlikely
to be accurate. This does not reflect a lack of ability
on the part of the estimators, but rather the unique,
unrepetitive nature of the products, Although higher
value jobs are likely to be subjected to serious and
detailed scrutiny by estimators - perhaps even in consul-
tation with machinists - it is still probable that
actual machining times will vary from the estimates a
great deal (29). The only accurate method of charging for
work is by totalling hours after the event, but the
customer who does not expect a price quoted before a job
starts is very rare, Such a system could only be worked

between divisions of the same organisation,

Historical data, relating perfiormance on past

jobs, are thus unlikely to repay detailed analysis with a
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view to improving estimating accuracy. However,

performance against estimates is s3ill desirable so

that errors of quotation are not perpetuated (30). Any adjust-
ment which is felt necessary will be in the form of an
arbitrary overall percentage increase on estimates, or

at the very most, a variety of percentage increases applied

to machine groups or sections,

Since purchasing is basically only concerned
with the provision of raw materials, it too is a simple
function, requiring a low ratio of staff to the number of
orders to be placed and probably dealing with a small number
of suppliers. Actual numbers of orders throughput will
depend upon raw material stocking policy. Make or buy
decisions will only have to be taken at times when capa-
city is over-stretched, and only the alternative costs of

overtime and sub-contracting need to be analysed,

There is no call for product development work,
since machine tools will have no market outside their
application to one customer, who, indeed, will supply the

drawings from which the article is to be made.

Detailed production planning, down to devising
a schedule for "time co-~ordination of production in advance
of performance" (31), does not pa? sufficient dividends to
warrant the efforts required, in jobbing production, Wild

summarises the problems:-
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"If it were possible to prodict accurately all
operation times for all jobs; if we could be
certain that no machine failures or Rabour
absences would occur; if we could be sure that
there would be no mistakes during operations;
rand if we lknew the exact time required to
transport items between all machines, then
theoretically a precise and accurate schedule
could be constructed. DBat of course we know

none of these things ...". (32)

2,3.2.3 Production Control

"One of the most complex and challenging
aspects of industrial management", according to Wild, is
this:= "during production activity" invelving the imple-
mentation of the production planning decisions — ensuring
that products are manufactured according to the previously
determined production plan, In this type of manufacturing,
"production control procedure is known as order control,
since the principal objective is to ensure that a particu-

lar order is delivered on or before the time required".(33)

The following features of jobbing production

cause complexity in production control:-

a, Unique or varied nature of products.
b. Variable nature of demand for parts,

Ce (General purpose, often expensive, equipment. (34)
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These create the following problems to be

dealt with by production control procedure:-

2.

3.

k,

5.

Te

Comparatively long manufacturing intervals from
receipt of order to despatch of goods.

Very high work~in-progress stocks, and a large
number of individual customers' orders in progress at
any given time bringing continuous need to decide

and to revise resource allocation priorities.,

Long queues of jobs between machines, yet paradoxi-
cally,

Underutilisation of equipment, as flexibility demands
there be more machines than men,

Frequent overtime and sub-contracting of work.
Comparatively large number of indirect, supervisory

or clerical workers,

Great deal of "job idle" time, i.e. the total proces—
sing time is greatly in excess of the sum of operation
times: Wild notes that in a machine shop in a job~
bing production factory of which he had personal know-
ledge, the ratio of total time in the shop to the

sum of operation times for jobs was 20.1..(35):

The complexity of controlling and analysing

progress in this type of production has led many firms to

investigate the possibility of using computerised aid

programs, The problem is that these firms, where control

aids are most needed, are also likely to be the ones least

able to allocate large budgets for such facilities., Thus,

in the South Essex research by the Woodward group it was

=2



found that:-

"In wit production firms, mechanisms of
control were relatively simple and unsop-
histicated, Control was exercised almost
entirely through the personal authority
pyramid, work was largely wmprogrammed, and

end results were difficult to predict®, (36)

Developments in mini-computers have helped to
overcome the problem of the expense of the hardware involwved,
but jobbing firms are by nature highly individual, and the
development costs of the "software" programs to suit them
remain high., As the sime of the firm increases, and it
becomes able to afford a higher budget in this area, the
complexity of its operation increases at an even faster

rate, requiring ever more sophisticated software,

Rackham, of the Woodward research group,

concluded that "The greater the degree of variation in

the product range and of innovation, the more difficult

the problem of time control" (37). And one must add to this
that the complexity of the control problem, in jobbing
manufacturing, increases as the size of the production

unit becomes larger, but increases at a far more rapid
rate, because there are no standgrd operations routings

or machining times to simplify resource allocation

decisions.
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Buffa notes that research in theoretical
situations suggests that in a machine limited system
(i.e. where labour is always available). resource
allocation according to the shortest operation time
(5.0.T.) among competing jobs, provides the best results
in terms of the lowest mean flow time and that a
"truncated S.0.T." rule helps towards overcoming the
difficulty of very long waiting times for individual jobs,
by establishing a maximum allowed waiting time. In a
labour limited situation (where machines are always avail-
able) , which is more likely in United Kingdom firms, given
that maximisation of labour utilisation is essential to
economic tooling production, Buffa notes that labour is
obviously best assigned to the machining centre with the
longest queue. Ability to do this, however, depends upon
the degree of flexibility, or mobility, within the labour
force. The greater the flexibility, the higher the likeli-

hood of maximising labour utilisation. (38)

This author's conclusion is that job shop
scheduling systems can improve operations and will
probably increase the size of shop which can be managed
effectively (39). Computer firms have attempted to find a
method of bringing the cost of scheduling programs within
the budget of small firms by developing "all purpose"
suites of programs, which with minor tailoring, are supposed
to fit any operating environment. Recent work by T.B.
Tate at Aston University suggests, however, that there
are distinct limitations to the uses of such "package
systems". (40)
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2.5.3

e a2 Production Activities

The parts and jobs produced require a high
degree of accuracy and working within very small tol-
erances, High quality standards may be as important as
pricing in making a firm competitive in this field. Only
the very largest jobbing shops will be able to perform
all operations required on all jobs internally. In most
cases, as already noted, the more uncommon or more
specialised types of activity - including probably gear

cutting and plating - will be carried out by sub-contractors.

Outputs
P s P € Products

Jobbing shops are characterised by the "wide
range of varied products" manufactured, often in small or
mit quantities.(41). The value of these products varies to
almost the same extent, but the key factor determining
the selling price will usually be the number of Il bour
hours rather than the cost of the material used. (Obvioualy
there are exceptions to this when, for example, expensive
special material is required for a job)., No installation
or after sales service is provided, and testing respon-

8ibility ends with final inspection.

2,3.3.2 Sales

This area is totally unpredictable. The sales
horizon is short, and only a sho;t term order load -
perhaps 3 to 6 months — would be expected to be Leld at

any one time, although occasional longer term contracts
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concerning repeat orders or orders to be delivered in
parts might form the basis of a longer term load, No
amount of market research will help to predict the

future, though general economic trends may suggest

whether there is a likelihood that firms will be invest-—
ing capital in new ventures, requiri:g new machine tools,
or consolidating around current activities, limiting their
needs to replacing or reconditioning existing tools.
Essentially it is a service as well as a product that is

being sold.

On-time delivery of specific jobs is not usually
critical for the producerl!s cash flow, though it may be
to the customer though a loss of potential production. It
is impossible to predict accurately the likely date of the
completion of processing at the quotation stage, even if
full estimating for the job is carried out. By the time
that the order is received, the current shop load will have
changed with the addition of other new orders. A contin-
gency factor must be built into delivery date quotations

to allow for alterations in the load.

Yet even in this situation, where the dates
given will be little better than guesses, delivery dates
may form a part of the bargaining process on major

contracts., Rackham notes how this may cause problems:-—

"Sales or commercial ‘managers responsible for
the bargaining process rarely have to accept
the responsibility to take the blame if

delivery dates are not met, and there is
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therefore a tendency for the bargains made to

be somewhat unrealistic from the start".

In fact, where a firm was producing "hard-to-
make items which were easy to sell if the quality was
high", the production function, as Perrow suggests, was
"much more important than sales"(43). The only time when this
was not true was in the initial period of a firm's opera-
tion, when active marketing was essential in order to
become established in the chosen field of production.
Over a period of time the firm's quality, cost and delivery
reputation become as important as marketing activity

in determining the sort of orders which are received.

Where the firm is a part of a larger organisa-
tion, the initial marketing impetus may not be required,
as there may be a ready made market internally associa ted
with advantageous transfer prices for the customer. The
need to develop the outside market comes later, when the
firm uses the reputation built up internally in an attempt
to expand its operations. Uncertainties of production
performance make the customer liaison role of the Sales
Department a key function, particularly where sales are

to outside customers.

e e General economic characteristics

Jobbing production will usually be labour
intensive, that is to say that the final job cost will
contain a larger percentage in respect of labour input
than of materials input. The essence of ecomomic produc-

tion is thus to maximise the utilisation of labour
()



resources, This is not just a matter of keeping the
work force productively employed, but also of making

the best possible use of specialised talents available,

Economic forecasting and planning will only
take the actual values of large contracts into considera-
tion. FElsewhere concern will be to reach a basic minimum
output figure, each week or month, which it has been
calculated will produce an annual profit after deduction

of overheads,

Working capital can be kept at a fairly low
figure, since receipts from sales should be fairly
regular. However, it must be sufficient to support the
relatively high levels of work-in-progress which is a
feature of this type of business. It is also necessary to
set aside funds to provide for the replacement of expen-
sive equipment, or for expansion of the range of produc-
tion equipment available, in line with changes'in demand

from the market,
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Figure 2,2 Summary of Characteristics of a Machine Assembly Shop

1 INPULS
a, Site
b. Labour

¢, Equipment

&, Materials

2, PROCESS ING
a, Layout

b. Production
Planning

- Covered area: No fixed manufactur-

ing locations,

- Dimensions governed by products,

not equipment, é

- Skilled direct: Fitters and electri-

cians with to tal mobility between
products,

-~ Specialist supervisory staff and

project engineers.

- Exceptionally high percentage of

indirect staff,

- Full range of fitting tools and

testing equipment.

- No permanent machines except for

drilling.

- materials handling equipment to cope

with heavy loads.

- Four types of material inputs:

- standard proprietary items (nuts, bolts
and wiring

~ non-standard proprietary assemblies
(motors)

-~ non-standard low tolerance machined
parts

- non-standard high tolerance
machined parts

- Make or buy decision highly complex.

- By fixed position.

- Complex: Need for long-term fore-

casting and planning.

-~ Need to estimate completion dates

accurately,

- Pre-production process is lengthy

and involves:

- market research and contract negotiations
—~ complex operations planning and scheduling
~ decisions on inventory policy

— product design and development
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Figure 2.2 (continued)

¢, Production - Fmphasis is on planning rather than
Control control.

-~ Assembly area relatively dmple to
control:

= minimum work-in-progress and
"job idle" time

- resource management easier: no
machining

— overtime can be planned

— limited cost of increasing capacity

—~ assembly small percentage of order
throughput time

- collection of data on assembly
times simple

- Complexity of production control
increases as manufacture of parts
is taken "in house".

d. Production - High accuracy required of final
Activities product.
- Rigorous: testing and commissioning.

- Installation and after sales service

involved,
3.  OUTPUTS
a, DProducts - Varity, but all are types of machine

and ancillary equipment.
-~ High value wnit batches.
~ Production to order, not for stock.
by Sales - Long-term forecasting essential:
some predictability.

- Market research very important at
all times,

~ Delivery may be less crucial to
customer than to supplier unless
good delivery reputation maintained.

Ceo General Economic - Capital intensive production: key
Characteristics is to maximise turnover of working
capital,

— Planning .and forecasting concerned
with specific jobs.

—~ Considerable working capital required.
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2,4

2.4.1

Characteristics of a Machine Assembly Shop, Producing High
Value Fquipment

Ingufs
24,151 Site

This must be a covered area, protected from the
weather., The actual dimensions will be decided by the sizme
of the product, not the producing equipment, There will be
no fixed manufacturing stations, with the exception of work
benches for minor electrical and mechanical sub-assembly
operations, The site will consist of an area of re-

allocatable floor space.

2.4.1.2 Labour Force

Direct labour consists of skilled fitters and
skilled electricians. Mobility of labour is essential,
in that all need to be able to work on any machine that
is built., This does not, of course, preclude them from
having special ability with particular types of machine.,
Indeed this is one reason why a specialist supervisory
staff is important to sort out work allocation. Super-—
vision may take the form either of foremen, responsible for
certain types of assembly - electrical, mechanical,
pneumatic, hydraulic - or of project engineers totally
responsible for individual products. A combination of the
two types of supervision may help to sort out more minor

practical problems without invelving project engineers.

Parts manufacture requires a variety of

different levels of skill from the mass production of
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standard components - nuts, bolts, bearings, etc. - to
the uwnit production of special high cost motors and
gearboxes, The pros and cons of making or buying the
parts from which machines are constructed will be dealt

with in a later section.

Because the pre-production and administrative
functions are extensive, the ratio of direct to indirect
employees is even higher than in jobbing production., A
design staff will be required and both marketing and
purchasing are likely to need substantial staffs, As
commissioning and installation are integral parts of
contracts, personnel must be employed to cover these,

and the after-sales services, fumctions,

2,4.,1.3 uipment

A complete range of fitting tools will be
required, but there will be no permanent machining
locations in the assembly area, with the possible excep~-
tion of small drilling machines, Fquipment, particularly
for electrical testing, may be expensive., Overhead hoists
will be required for materials handling, as well as fork-
lift trucks., Internal manufacturing of "non standard"
parts would require jobbing type general purpose machining

equipment.

2.4.1.4 Materials
Four different types of material requirement

can be identified:-
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- Standard proprietary items - nuts, bolts, bearings,
electrical connections, etc.

- Non-standard specialised proprietary assemblies - motors,
gearboxes, frames, ete.

- Non-standard purpose made machined parts with low
tolerances and, therefore, needing skilled machining -
any parts which can directly affect the actual product
to be made by the machine will come into +this category.

~ Non-standard purpose-made machined parts with compara—
tively high tolerances, needing lower grade machining -
parts such as the drive shaft which do not have direct

contact with the product.

The "make-or-buy" decision is thus highly com-
plex. The basic objective of such a decision, as always,
is the minimisation of total costs. The method of costing
alternatives is known as incremental cost analysis, but
this is far from being a straightforward procedure, or

set of rules. As Christopher and Wild note:-

"Not only do many non-quantifiable factors
affect such decisions, but also very many
seemingly peripheral cost factors often need

to be taken into account, For example, the
decision to purchase items may necessitate the
acquisition of additional storage space,
materials handling equipment, expansion of

the purchasing deparfment, the inspection
department, etc. Furthermore, the cost implica-

tions of a decision to cease production of an
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item in favour of purchasing will clearly
depend upon the extent to which the manufactur-
ing resources relinquished can be used in the

manufacture of other items,

Factors such as control of quality, reliability
of suppliers, dependence upon suppliers,
responsibility for product research, design
flexibility, etc., must also be taken into
account, In many situations such factors

cannot be quantified, and consequently it is
normal to consider the incremental cost analysis
as a necessary but insufficient aspect of make-

or-buy decision-making", (44)

Fssentially it is a quantifiable first step
which may be used as an indication of whether it is worth

moving on to a consideration of otler factors involved.

The initial decision, at the time the firm is
set up, is more directly quantifiable, but will depend on
predictions of the amount of business which will be done
over a given period of time. If this is relatively un-
certain, it may be politic to keep capital investment in
fixed assets to a minimum until and unless output should
reach a "take-off" point, beyond ﬁhich a change of policy
may be considered. This would favour an initial policy of

bying as many of the required parts as possible.
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On the other hand, once past this "take—off"
point, it may be that the firm will feel that its growth
potential is limited if it remains totally reliant on out-
side manufacturers, and that it will be more in control of

its own desJiny if it can manufacture some parts "in house".

As the size of the wnit increases and output
grows, the stage may arrive where it is worthwhile buying,
or setting up, subsidiary organisations to produce all
the required parts, but if this stage is reached then the

basic character of the firm will have changed,

No set rules can be laid down as to what policy
any firm of this type should adopt or which parts should
be made and which bought. This will vary within the
individual circumstances of the firm. What is, however,
vital to note is that each of the four types of parts will
require more or less different forms of manufacturing

facilities:-

- Standard proprietary parts are most economically made
using mass production techniques,

- Non-standard proprietary assemblies require an assembly
shop, which can be standard in that all items produced
may be, for example, gearboxes or electrical motors,
and specialised in that all the‘gearboxea produced are
different from each other. The components makirg up
the assemblies will in many caées be common, and might
therefore be manufactured in a machine shop in reasonable

batch sizes, or even purchased from mass-producers.
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- Low tolerance purpose-made parts require a highly skilled
machine shop., Batches are generally of umit size, and
it is not usually possible to use stock items, This
type of part is basically produced by a jobbing shop
with a toolmaking level of skill.
- High tolerance purpose-made parts must also be made in
a jobbing shop, but the machinists may be low - or semi-

skilled.

There now appears to be a logical next question:
Is it possible to distinguish which order might be the
most appropriate for undertaking internal manufacture of
the four types of parts? The first and last groups seem
fairly obvious. It has already been suggested that once a
firm took on provision of its own standard proprietary
items it would have progressed from high value unit produc-
tion to something approaching manufacture of standard
assemblages, and these parts are likely to be the last

ones which a firm looks to take "in house".

The first will be the low-tolerance purpose-
made parts because these are the ones requiring the closest
liaison between manufacturing and design, Also, a small
labour force of highly skilled machinists will provide a
facility for correcting faults on the lower skilled machin-
ing work put outside, avoiding p;ssible delays on assembly,
It is a feature of the type of business under consideration
that design changes may be neceséary after finalisation of
the original specifications, These changes can result,

for example, from product development by outside proprietary

(72)



suppliers, If the firm needs to send parts needing mod-
ification outside every time, there is a considerable

risk of falling behind the assembly schedule and even of
machine construction being brought to a halt, awaiting
arrival of a modified part. DIstablishment of an "in house"

skilled machine shop will provide cover for such situations.

The order in which the other two groups might
be taken "in house" is not as clear cut. For example,
the non-standard proprietary assemblies have much in
common with the type of work in which the firm specialises,
in that they concern the assembly of a number of standard
and some non standard parts into a finished wnit or product,
The lower grade machined parts, on the other hand, use the
same sort of general purpose machines as are used in

manufacture of the low tolerance parts,

Both also have disadvantages. The non-standard
assemblies involve initial design costs, or the cost of
buying a licence to use drawings of existing manufacturers,
and a subsidiary "make-or-buy" decision will have to be
taken about the constituent parts of the assemblies. But
even the commonest components will rarely be used in
sufficient quantities to allow bulk buying, unless it is
accepted that stocks may be held over lengthy periods of
time. Responsibility for and the costs of product develop-

ment programmes will have to be “orne internally.

The high tolerance machined parts, on the other
hand, present potential labour relations difficulties.

These parts will not be suitable for production by the
QL)



existing staff of highly skilled operators. Management
thus faces a decision as io whether to put men of a
different grade of skill on the same shop floor or set up
a new and separate facility for the lower skilled workers.
The latter solution invelves considerable capital cost and

also doubles the problem of under-utilisation of resources.

A third solution is to maintain a larger work-
force of the skilled variety and accept that they will at
times be working on items below their level, This involves
a quantifiable consideration of the fixed external costs
of buying from a sub-contractor against the internal
cost of using a higher grade of labour below its full
potential, It will also depend on attitudes towards work
satisfaction and on the actual number of lower category
parts included in the final product. But there is the
advantage that, should demand for the firm's products
increase, the skilled labour force will be large erough
to cope immediately with an increase in production of

low tolerance components,

Ultimately, if there should be little signifi-
cant difference in the cost advantages and disadvantages
of producing ‘he non-standard assemblies or the non-
standard, high tolerance, machined-parts internally,
the decision will rest on which offera the greater benefits
in terms of the finished product. TFor example, compon:nts
such as gearboxes and motors usuglly have long lead times
if bought outside and may determine the total throughput

times for orders, If it can be shown that internal
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2.4.2

wanufacture would significantly reduce this lead time,

then the firm will benefit through having its capital tied
up for a shorter length of time, Alternatively, if sub-
contractors are found to be unreliable on deliveries,
manufacture of the high tolerance machined parts internally
might remove the possibility of a valuable product being

delayed on account of an inexpensive part.

Processing

2.4.2.1 Layout
In this type of manufacturing the product remains

stationary until completion, and the labour force requir ed

to carry out operations move to it. Wild refers to this

as "Layout by Fixed Position", and cites ship-building and

civil engineering as examples. He does not, however, suggest

the essential characteristics of this form of layout, but

leaves them to be deduced from comparison with the two

other forms "Layout by process or function" and "Layout

by product" or flow layout (45). Radford and Richards on (46)

make no mention of this third type of Iayout,

- Specialist supervision will be possible because a small
number of projects will be in progress simultaneously,
and the essence of economical production and site usage
will be to minimise work in progress and avoid any

slack or "job idle" time during assembly.

~ Material handling costs will be minimised: No movement

of parts will take place once the complete kit is delivered
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to the assembly location, Efficient kitmarshalling
will ensure that parts are conveyed to this location

in the most economical loads,

-~ Provision of services may cause some difficulties,
in that different sizes of machine assembly will require
different amounts of floor space, Permanent fitting
bays will not be a practical method of maximising
usage of the available site. Most powered tools used,
however, will need to be highly mobile in any case, since
they may have to be used on various areas of a machine
assembly. In general, provision of services is less
important with this type of production - removal of
scrap and availability of water are net ongoing require-
ments, and general overhead lighting can be supplemented

by mobile inspection lamps where necessary.

- Just as in flow line production & single machine
breakdown brings a whole line to a halt, with immediate
honaequences in lost production, so here a single problem -
a missing or malfunctioning part, for example - could
bring assembly to a halt, because of a necessary build
sequence, In most cases the problem will have less
serious implications, because a number of sub-assemblies
must be brought together into the final product. Thus
it may well be possible to redeﬁloy labour involved
whilst the problem is attended to, and thus avert

delays to completion of the project.

- Inspection of parts can be simply incorporated at the
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kitmarshalling point, and final inspection and testing
can take place at individual assembly locations. The
latter does mean however, that any equipment needed for

running tests will need to be mobile.

While layout by project or fixed position might facilitate
introduction of bonus schemes linked to completion dates,
delays will more commonly result from the necessity to
incorporate modifications, rather than from labour

force inefficiency. In civil engineering projects, the
system of "job-and-finish" is quite commonly used as an
incentive for working "unsociable hours" or in adverse
weather conditions, This would not appear to be suit-
able to engineering projects, however, because of possible
industrial relations problems. Bonuses will thus be
offered, if at all, in the form of overtime, which the
foreman can work out such that each man has the chance

of a share.

This method of layout offers maximum flexibility and
variely of facilities within the limitation that the
product range shall consist only of special purpose

"free-standing" equipment.

It is totally impossible for whole jobs to be lost or
neglected, but parts may get misplaced or lost either
through inefficient kitmarshalling in the stores area

or by fitters on the factory floor.

Limited maintenance and cleaning will be needed, and it

will be relatively easy to accommodate.
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-~ Production control will be simple because of the small
number of projects in progress at any one time. Rela-

tive priorities will be easily identifiable.

- Production plamning will be complex:- This type of
layout relies on the fact that once a project is
commenced, all parts will be available as needed;
engineers will be available to carry out tests on
completion; transport will be arranged to convey the
item to a customer, freeing the floorspace occupied

by it for another project, without delay,

2.4,2,2 Production Planning

The co-ordination of all the pre-production
activities is a complex problem in this type of manufactur-
ing. An essential pre-requisite to any planning is a
statement of demand, whether known definitely, or estimated,
It is for this reason that Wild stresses that in inter-
mittent production "two-way commumications between produc—

tion plamning and marketing are essential", (47)

— The marketing function is much more extensive than in
Jjobbing production. Almost all contracts will be the
subject of negotiations between manufacturer and customer
over price and delivery date. In order to know how new
orders will be fitted in with the existing manufacturing

programme, a production schedule must be maintained.

- To undertake production scheduling, the following informa-

tion is required:-
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1, operations planning details

2. knowledge of the available resources - labour,
materials and equipment

3. knowledge of the relative priorities of existing
jobs

k. a required delivery or completion date for the job (48).

0f these, the first step, operations planning, presents
the greatest difficulties. The term is used here in the
widest sense of the definition:~ Deciding how the product
is to be made. As such it involves taking "make or buy"
decisions regarding the component parts of the final
product, Once all decisions have been taken, the arrival
of all parts has to be co-ordinated in line with the
scheduled start of assembly oéerationa. Thi 8 involves
not merely ensuring that parts do not delay completion,
but also that capital is not tied up for unnecessary
lengths of time in kits of parts assigned for a particu-
lar job, The financial consequences of parts arriving

too early might be as serious as parts arriving late,

If a standard range of machines is produced it is prob-

able that stocks of some parts will be held in order to
reduce the overall time between placement of an order

and delivery of a finished article to a customer. An
inventory policy must be estabiished, based on the predicted
demand for different machines, The cost of making wrong
decisions here is substantial,-for the parts of machines
which have the longest purchasing or manufacturing

lead times, and thus the only ones which can significantly
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affect overall production time, are also the ones which
are the most specialised and expensive. Provisioning in
advance of fixed orders involves definite risks and will
be worth while only if the delivery time factor is likely
to have a marked influence on securing contracts. An
important fumetion of the marketing department is thus
to assist in minimising these risks by making its demand
predictions. on the basis of a full investigation of

the market potential.

Where the machines are custom made few components will
merit stock-bholding, other than common mass-produced
items where bulk purchasing is more economic. A wide
varie ty of non-stand®rd assemblies such as motors and
gearboxes will be required and, in order to:avoid the
development costs involved, these are likely to be
purchased from specialist manufacturers. Whether these
are outside firms or subsidiaries of the assembly opera-
tion will depend largely on the scale of the business,
Only very large scale production of machines would

Justify maintenance of incorporated subsidiaries.*

Design and development is a constituent part of the
manufacture of custom made machinery, Customers provide
specifications, but the detailed design work will be
part of the service expected of the manufacturer, in

the same way that he will leavé detailed design of

motors and gearboxes to the suppliers of those items.

* Make or buy decisions are dealt with in greater dep*h in section

“etelae
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- The percentage of the throughput time which will be
taken up by the assembly of the machine is small,
The time consuming stages are in the pre-production
areas, chiefly in design, operations planning and
estimating, and lead times on specialised components
purchased from outside suppliers, It will thus not
be surprising to find that an even higher ratio of
indirect staff are employed than in jobbing production.
This will not take the form of higher numbers of first
line supervisors or clerical staff, but rather of an
increased need for specialist departments and specialisa-
tion within departments, The Purchasing Manager, for
example, may find that he requires the services of a
buyer with experience of electrical suppliers; the
Marketing Manager that he needs technical sales staff
familiar with a variety of different industrial environ-

ments,

-~ The long pre-production time makes it essential for this
type of business to plan production over long periods,
and work scheduling must invélve the pre-production
departments as well as the machine assembly operations.,
Over-loading in any department will result in delay to
the completion of the final product. The high value of
individual finished products makes it essential to set
up a network model for productiﬁn from the time the
order is received. This will help to establish the
areas where any slippage will ﬁé critical to the final
delivery date. Each product network forms a part of a

total production network or schedule, which will identify
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the wider implications of delay on a single machine
assembly,
Although networks require more complex calculations

than bar charts, Wild points out that:-

"Ore of t-e principal disadvantages of bar charts
when used for scheduling is the fact that the
inter-dependence of jobs or operations is not
shown, consequently, it is difficult to assess the
full implications of delays in completing jobs, and
it is not easy to attach priorities objectively to
the different jobs that go to make up an entire
schedule., The use of network analysis in produc-—

tion planning helps overcome such problems',

He goes on to suggest that this form of planning will
normally be undertaken with the assistance of a computer,
which will be able to calculate the best method of
allocating a given set of resources, and also show, by
reverse or due date scheduling, against established
manufacturing or purchasing lead times the point at
which each part must be started, or ordered, if it is

to arrive at the correct time for kitmarshalling and

assembly,

In a business concerned with production of "one—off"
specialised equipment, production organisation is
likely to talee the form of.tempﬁrary project teams,
drawn from the relevant departments. This will provide
the most efficient method for handling any problems
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that occur and for monitoring progress made against

the production schedule or individual jobs. Where
standard machinery lines become established there may
be a case for making such teams more formal, perhaps
under the leadership of product managers. This will

be determined by the scale of demand for the standard
lines - whether they are capable of providing full-time

occupation for such a team,

e Production Control

Because the emphasis in this kind of business
is on accurate and meaningful planning, production control
is a relatively simple process. This is not to say that
it is without potential problems, however, as the assembly
time required for a cusiom made machine may be as un-
certain as the manufacturing time for a part of it in a
jobbing shop. But, because of the factors noted below,
over-running on the assembly time allowance for a
machine will not have far-reaching disruptive effects on

the whole production programme:-

-~ Although there is a long interval between receipt of an
order and despatch of finished goods, only a small
percentage of this time is taken up by the assembly
of the machine, Indeed this time is kept to a minimum
and job idle time eliminated as far as possible in order
that capital should be tied up in the expensive kit of

parts for the minimum time,
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— Because of the high value of the jobs and their
requirements in terms of site for building, relatively
few orders will arrive at the assembly stage simul-
taneously which means that priority decisions, and the
effects of those decisions wlere resources are scarce,

will not involve complex calculations.

- The probl:ms of resource management are significantly
alleviated because machine assembly involves one less
variable than jobbing production:- Site,labour and
finished parts, but not machining operations. Theoreti-
cally the mechanical and electrical fitters have complete
mobility between jobs, and the allocation of labour bet-
ween different products can be adjusted as a first stage

in dealing with any orders falling behind schedule.

- Whereas overtime working may be required, because of the
unpredictability of assembly times, particularly at
times when there is a high work load, it will be possible
to plan overtime taking into account other possible
methods of handling the problem, such as using temporary

contract labour to assembly electrical panels.

- Another alternative method is to increase permanently
the capacity of the assembly area. This involves only
the limited extra cost of taking on additional labour;
there will be no outlay for production equipment,
although eventually it will be necessary to expand the

site,
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- Because the actual assenbly operations do not make up a
major part of the job cost, completion within estimates
is not critical to the profitability of the job as a
whole. Also it is completely unpredictable how much
time will be needed for testing and commissioning the
machine, There is no point, in this situation, in
programming the production of succeeding machines down
to the nearest hour. The number of days, or even weeks,
to be set aside for machine assembly will probably give
a sufficient degree of accuracy. Only a full order book
will produce pressure to progress as immediately as

possible from one machine to the next.,

~ Collection of data on assembly operations is straight-
forward because of the limited number of jobs in progress
at any one time. Computerised aids will be more useful
in the pre-production stage, assisting with network

planning and kitmarshalling,

However, all the above factors are based on
consideration of an assembly area alone, and if the firm
is producing some or all of its own parts for machines,
then the complexity of the overall production control
function is increased. It now becomes a question of co-
ordinating manufacture with the assembly start date, and
in the case of non-standard part; high contingency
factors must be built into the programme because of the

potential cost of delay.
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This means that items will be started at an
artificially, early date, that their throughput time
will probably be extended, increasing work-in-progress
stocks, "job idle" time and the length of queues at
machines, It will probably also lead to loading to a
lower percentage of capacity as a guard against poor
performance to estimates, In sum, the production
control procedures required here will be as complex as
in tooling production, with the one difference, that
planning of production will be possible over a longer
term because of the very long throughput time of

machine assembly orders.

2.4.2:h Production Activities

The finished product as a whole will be
expected to perform its function %o a high degree of
accuracy, Thus, although some of the parts which make it
up may have high manufacturing tolerances, high quality
workmanship will be required of the fitters and electri-

cians,

Not only will individual parts be inspected, but
total finished job will be subjected to rigorous testing
and commissioning to the satisfaction of the custemwer's
engineers, Installation service, or at least supervision
of installation and ex site testiﬁg, will form part of
most contracts, and after sales servicing of equipment
may be an important selling_factér as well as a lucra-
tive method of using any spare capacity of commissioning

engineers.
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On the shop floor, jobs will be assigned to
teams of fitters with a variety of specialist abilities,
The size of the teams will partly depend upon the most
economical building method, partly on the amount of time
assigned for assembly completion, and partly on the amount
of free labour in the assembly departuwent. It may be that,
to avoid downtime, a large team of fitters will be initially
used to work on a number of sub-assemblies and part of the
team re-assigned as other projects reach the assembly
starting point. The ideal will be to have each distinguish-
able assembly stage carried out by the most economical

size of team.

Outputs
2. 4.3:1 Products

These could be of either or both of two types:-

3 i a standard range of machinery

25 machinery which is custom made

In the latter case, the variety of the product
range would be ever increasing although the product type
would in all cases be restricted to special purpose

machines and ancillary equipment.

The patterns of the business will be fluctuat-
ing and unpredictable if it cannot establish at least
some set "lines" and gain the advantages of the increased

certainty of costs with repetitive production. On the
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other hand, complete involvement in a single range of
machines, or association with a gingle industry, will
leave the firm highly susceptible to the effects of tech-
nological innovation or the economic decline of that

industry.

Production will always be in unit batches, for
even if two of the same type of machine are on the shop
floor at the same time, a separate team of fitters will

be employed on each one,

All products will have a high wnit value, and
production will be to specific customer orders, and not

for stock.

2,4,3.2 Sales

Where set lines are concerned there may be
some degree of demand predictability. Because of the long
throughput time of orders, and the high number of expen-
give indirect staff employed, forecasting horizons have
to be long term, To this end, market research has a
continuing function:~ It is essential to investigate any
areas from which orders might be forthcoming. Marketing
must be backed up by efficient and rapid procedure for
analysing the costs of new projects, in order that ft
is quite clear what degree of conéession, in terms of
price, might be made in the course of negotiations with
prospective customers, Negotiations might be lengthy,

but the high value of contracts to be won justifies the
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time spent,

Delivery on time may be less crucial to the
customer in this type of production than it is to the manu-
facturer, The latter has a capital investment, as well as
floor space, tied up in the product, though of course the
customers may suffer through lost production potential
if the delivery is late. The key, perhaps, will be the
manufacturer's reputation for meeting fixed delivery
dates: Where this is good, the customer may include the
machine in forward planning his production progremme and
will be keen to accept delivery at the earliest date;
if not good, or variable, it may be that an on time comple-
tion finds the customer unready to accept delivery and
looking to delay acceptance of the product and thus also
avoid the necessity of paying for it or storing it.

Regular customer liaison will help to make sure that this

gsituation does not occur.

2,4.3.3 General Fconomic Characteristics

Machine assembly is a capital intensive
business where the cost of the component parts used
greatly exceeds the cost of the direct labour by which
they are assembled inte a finished product. The essence
of successful operations is, thus, to maximise the turn-
over of capital resources, This is not simply a question
of maintaining minimum stocks of parts, and of minimising
the time between order input. and ﬁelivery ~ the two are
not always compatible — but also of making provision

on major contracts for instalments of the agreed selling
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price to be paid at given stages of progress on a job,
thus passing some of the burden of committed capital

resources on to the customer,

Feonomic forecasting starts from a fixed
target sum for the year, which will produce a given level
of profit, but it subsequently examines the method by
which this svm is to be reached on the basis of individual
contracts secured and those which market research identi-
fies as the most promising. The value of work invoiced
will be expected to vary considerably from one month to
the rext, although progress payments or payment by
instalments will have a smoothing effect on this fluctua-

tion.

The firm's capital reserves require careful
shepherding in order that interest payments on any funds
which it is necessary to borrow are kept to a minimum,
The basic size of the working capital available must be
quite large — how large will depend on the size of the
assembly operation - because capital may be tied up in a
number of projects at the same time, and may also have to
be set aside for expensive development work, the cost of

which might not be immediately recoverable.
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2:5 A Comparison of Jobbing Production and Machine Assembly

Considerable differences have been identified, in the pre-
ceding pages, between these two types of manufacturing, Rather
than referring back to the summaries given in figures 2.1 and

2,2 an abbreviated list is included (figure 2:3)

It now remains to examine this list and pick out which
of the differences look to be seriously incompatible and would
be likely to cause problems for a business attempting to combine

the two sorts of operation.

2,5.1,1 Site

Two separate units will be required because
of the different usage of floor space, but there is no
reason why these should net be contiquous or make use of
some common materials handling equipment - fork-lift trucks

or overhead hoists for example.

2.5.1,2 Labour

Independent direct labour resources are needed,
except that there could be mobility of fitting staff
between the jobbing shop and the assembly area., Separate
specialist supervisory staff will be needed for each type

of manufacturing,

The real problem area concerns pre-production

and administrative staff, The number required to be
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involved in these areas differ greatly and there is
little scope for aggregating numbers to serve the fluctua-
ting demands of both types of production, because of the
degree of specialisation required of many of the staff
and thedifferent pre-production throughput times for eac:
type of job., For example, a central pool of estimators
might, because of a lull on the jobbing side of the busi-
ness, all be put onto various machine assembly contracts
which will require many days of work. If a number of
short-term tooling jobs then arrive at the section, are
these to wait wntil estimating has finished on the machines?
Or are specified estimators to lay aside their current
work and risk the chance that it may, because of a continued
flow of tooling work, have to be re-assigned to another
estimator? On the other hand, to set up completely
isolated groups of estimators for each product area

risks the possibility that one group will be overloaded
and the other underloaded. The best solution teo
utilising the time of the estimators might be to have part
of them on fixed allocation to each type of work, and a
central percentage mobile between the two types. But

this leaves the danger that the estimator might produce
both types less efficiently, The organisational structur-
ing of the organisation is considered later, in section

2.7.

Y ) Equipment
The types of equipment required will be

different except for small drilling machines and, as
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mentioned, some of the materials handling equipment,
although it should be noted again that if manufacture of
non~-standard parts for machine assemblies was undertaken
internally the same general purpose machines would be
used for this as for jobbing toolmaking, Difficulties
may be encountered in the Accounts Department when the
question of apportioning overheads comes to be considered,
Depreciation of equipment will be almost totally charge-
able against jobbing orders, but other overheads such as
the cost of maintaining pre-production departments may be
more difficult to divide, Without realistic attempts to
apportion overheads as they are relevant to each type of
product, however it will be very difficult to assess the
performance of each, and to decide future strategy for

the whole business.

2.5.1,4 Materials

While there is a complete difference between
the material inputs to each area there are potential
advantages of each to the other:- Outputs from the job-
bing shop could form part of the inputs to the assembly
area; the one gains a market for its talents, the other
a close and, hopefully, controllable supplier, This will,
indeed, be an important consideration in the decision as
to whether to make or buy non-standard component parts
required by the assembly shop. ihe advantages are standard

to most decisions of this kind:-

1.  Provided the jobbing shop is working at a similar

CS)



2,

3.

4,

5.

variable factory cost to the sub-contractor, the

parts produced should cost less, because of the sub-

‘contractor's profit margin,

Fasy contact between design and production makes it
possible to offer the maximum design flexibility,

and to cope with last minute modifications.

Production of parts to an appointed assembly start

date can be controlled.

Dependence on outside suppliers is reduced.

Faults can be rectified swiftly, saving potential

delay to major contract completions,

Production of these parts can be planned well in
advance - lead times are almost certain to be
shorter than those on special assemblies purchased
for the same job from outside suppliers - which will
provide an element of predictability in the work

loading of the jobbing shop.

But the potential disadvantages are equally

common to this type of decision:-

1.

There will be a temptation to fill any spare capacity

in the jobbing shop with parts manufacture which might
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2,

3.

L,

De

be available at a cheaper rate outside; this may

camouflage overmanning and prevent alternative

solutions -~ such as short-time working or

redundancies -~ from being considered,

The risk and cost of Overrunning estimates
in the production of parts will be carried internally
instead of a fixed price being agreed with a sub-

contractor.

If job priorities are not clearly identified, there
is the risk of the effects of other short-term jobs
on the production of parts by a due date:- If the
jobbing shop falls behind on scheduled production,

parts will be delayed unless arrangements are made

‘to move them forward in the production sequence but,

if such arrangements are made, there may; be important

effects on the jobbing shop's other orders.

Because machinery parts will be ordered from the
Jjobbing shop well in advance of their need in the
assembly area and will be introduced early into the
shop load as capacity ¥fillers", their throughput
time will be longer and consequently the risk of

parts getting forgotten or lost is increased.

In assessing the relative performances of the two
types of production, a formula will :ave to be worked

out to assess the credit which is due to the jobbing
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2,5.2

shop on account of the parts it manufactures for the
assembly area:~ This transfer price or opportunity
cost evaluation may be difficult to work out if the

problems above should occur,

Processing

2.5.2.1 Layout
Given the separate siting of the two units,

the different layouts required do not present a problem.

2.5.2.2 Production Planning
One of the problems in this area has already

been mentioned above under "Labour", The two types of
production have different requirements in terms of the
number of specialised pre-production staff and a decision
must be taken both as to whether to aggregate the staff

in an attempt to maximise labour utilisation or delegate
them to specific production wnits and as to how, as an

overhead, their costs should be apportioned to each unit.

Clearly, sufficient pre-production staff must
be maintained to deal with the greater requirements of
the machine assembly unit and there may possibly be
savings on the number of senior administrative staff
employed where common functions, such as purchasing, can
be subordinated to a single departmental manager, Methods
of grouping together activities in this type of firm will

be proposed in detail later, in section 2,7.2.
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2:5.2:3 Production Control

Here, also, there is a great difference in
the numbers of staff required, More indirect staff will
be found on a jobbing shop floor than in an assembly
area, Besides foremen, labourers and storemen{which are
required in both, progress chasers, production control
staff and booking clerks will also be found in the job-

bing Shop-

The data processing requirements of the two
arelalso different but, if it is decided to computerise
data processing for the jobbing shop, data collection for
the assembly area - which would not justify computerisation
on its own - might, with saving of clerical time, be
incorporated into the same suite of programs. If a limited
budget is available for computer aids, it may be difficult
to evaluate objectively the comparative advantages of
expenditure to assist production planning in the assembly
area or to aid production contrel in the jobbing shop

area,

2:5.2.% Production Activities

That all products are expected to be of a
high standard allows a single policy to be adopted for
quality control. A single Inspection Department can thus
deal with all work, though the aésembly area has an
additional requirement in the form of testing, commission-

ing, installations and servicing engineers,
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2.5.3

Outputs
2.5.3.1  Products

All products are highly specialised and there
is a considerable degree of variety in each type of produc-
tion. There may, however, be some degree of repetition
in both types of manufacture:- Larger tooling contracts
can involve the staged delivery of a number of identical
products, over a fairly long period of time; it is logical
to expect that a machine which has proved to be successful
for one customer in a certain industry will be in demand
from other customers within the same industry. In the
latter case it has been noted already that a firm's
growth potential may depend on its ability to establish
a set range of machines which will produce the basis of

each year's turnover.

2eDe el Sales

A totally different sales approach is required
for the two types of manufacture. With the exception of
possible major tooling contracts, individual jobs will
not have a decisive influence on the achievement of the
output target, which is likely to be set at an average
level for each month, aimed at an anticipated profit for
the year as a whole, The emphasis will be on dealing
efficiently with incoming enquiriés and on post-order
sales liaison to keep customers informed of progress and
any delays. Price negotiations ;re only likely over
major contracts, and market research and sales forecast-
ing will have little value after the initial study to
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identify the potential demand for the services offered.
The geographical area of the market will be limited, at
the most, to the country in which the firm is based, since
the value of the products will not justify high transport

charges or importation tariffs,

Fall down on delivery on any machine assembly,
on the other hand, will have a significant influence on
the achievement of output targets for a given period,
since these targets will be composed of the individual
pridea of jobs scheduled for completion during that
period. In this type of manufacture, the number of expen-
sive pre-production staff employed and the long through-
put time of orders make long term forecasting essential.
Market research and an active marketing policy of in-
vestigation and megotiation of potential orders become

very important,

Accurate costing of jobs ensures both that the
firm will be as competitive as possible in its quoted
price and that the risk of losing money on the contract
will be as small as possible, It also gives those
negotiating with the customer a measure of the leeway for
offering a discounted price., Post order sales liaison
remains important in order to keep the customer informed
of progress and any changes from fhe original scheduled

date for delivery.

The geographical area of the market is not as limited
as that of jobbing shop machining and toolmaking. The
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value of the finished product will justify transportation
over greater distances and, according to the degree of
specialisation of the machinery produced, markets may be
world wide. This will naturally result in greater out-—
lay in the pre-order period to cover the negotiating
procedure and will also increase the cost of providing

installation and servicing engineers.

2.5.3.3 General Fconomic Characteristics

Here also there are essential differences
between the two types of production., Jobbing machinery is
labour intensive where machine assembly is capital inten-
sive. A combination of the two, in which the jobbing shop
is producing some of the parts required by the assembly
area, increases the labour content of the total job cost
but does not significantly affect the total amount of
capital which is tied up in the kit of parts Zor any

machine,

One potential adventage is that "in house"
prodiction of parts might lead to a lower overall cost
through the saving of sub-contractors' profit margins,
but this depends upon the ability of the internal facility
to complete in terms of the variable factory cost, amd
efficiency against job estimates. The costing advantage
of buying machined parts from suﬁ—contractors is that a
fixed price is agreed beforehand and it is the sub-
contractor who then takes the riék of any machining in-
efficiency, Use of sub-contractors would thus make costing
of enquiries more predictable and accurate,
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2,6

Funds need to be set aside for the replace-
ment or addition of expensive general purpose machines
which are used in jobbing machining, whereas limited
provision for equipment needs to be made in the machine
assembly budget, The amount of capital invested in plant
makes the jobbing shop much more expensive to set up,
but once set up it requires a relatively smaller pool
of capital to keep it going: Despite high work-in-progress
stocks, capital will be tied up in this type of work in
smaller amounts than in the extensive kits of parts for
machine assemblies, although if a system of payment by
instalments can be introduced for the latter.. the
customer will be providing some part of the capital

investment,

On the other hand, in machine manufacture it
will be necessary to set aside some portion of annual
profits for use in research and development, both to keep
existing machines competitive. and to finance investiga-
tion of potential new products. No such arrangement will
be necessary in jobbing toolmaking, where the customer
will provide or directly finance any design work necessary

and development work will not be required.

Relating Characteristics to Organisational Structure

The remainder of Chapter 2 outlines briefly the way in

which the above characteristics of the two types of manufacturing,

and the problems envisaged in their combination within a single

business, might be most appropriately handled in terms of internal

organisational structures
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Two possible approaches were examined:-

1. A total systems, or cybernetic, approach.

2, An organisational analysis approach,

2,6.1 Total Systems Approach

For two basic reasons it was decided that this approach,
as laid out in various works by S, Beer (50), was not appropriate or

practicable for use in a single division within a firm:-

1. Cost
The small scale of the business under examination
meant that a limited budget could be designated for the
provision of control and information systems,
However, given the highly complex production control
protlem, noted in the characteristics @ ove, sophisti-
cated computer "software" would have had to be developed,
A total system such as Beer suggests would also have

required a large initial outlay on "hardware",

2.  Unproven Nature of the Theory

Clearly there was a risk involved in making an
experinent in cybernetic management, since there
was no successful precedent to follow., In Chile,
under Allende, Beer had attempted to put his ideas
into practice at a nationalﬂlevel. The results,
in terms of the effectiveness of the system, were
inconclusive, but the fact %hat the method was

unacceptable enough to a portion of the population
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for it to be discontinued following Allende's fall
casts doubts on its applicability in a complex
industrial environment where the human factor was
so important., Without substantial re-education

of the people involved, such that the system was
accepted as beneficial to all, a microcosm of
polities, in the form of industrial relations or
even individual workers, might render the system
inoperable, Taking into account the specific finan-
cial situation of the subject firm (outlined in
section 1,6) therisks involved in attempting to

adopt a total systems approach were unacceptable,

A number of important observations are made by Beer in
making out his case, however., These will largely be referred to
vhere relevant in the rest of this section, but two warnings which

he gives are worth noting at the outset:-

1. "The firm is always dangerously short of information,
about itself (and) about its enviromment",51). He cites
the example of two British Prime Ministers whe, in
1952 and 1972, noted that their economic policy
decisions were based upon data which were respectively
twelve months and six to eight months out of date., (52)
The problem is also noted in a paper by Bostock:

More up to date information ia expensive, and it is
hard to justify the need for it by cost/benefit

analysis. (53)
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2, Traditional control systems are not swift enough in
reacting to changes. What Beer refers to as the
"relaxation time" [time required for the systems
to be returned to ahhomeostatic.or stable aituﬂtion)
is now longer than the interval between "shocks'" to
the system, because of the greatly increased pace
of change. This could lead to exactly the wrong
control decisions being taken (illustrated by Beer's

figure 1, appended to "Fanfare for Effective Freedom'"(54),

2,6,2 Organisational Analysis Approach
The remainder of Chapter 2 adopts this approach in

suggesting what form the internal organisation of the firm should

take, TFour basic areas are examined:-—

1, Hierarchical Structure - the number of levels of manage-
ment. and the spans of control
of managers,

2, Horizontal Structure -~ the method of grouping activities

together within the business.

3. Integration and co-ordination - information systems.

L, Decision and Control Systems

The contingent factors upon which assessments must be made
in all these areas concern both the characteristics of the firm
as noted aove ~ diversity of product
size of organisation
production technology

personnel
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and also the firm's operating environment, since it does not and
cannot exist in isolation but depends upon services and a market

outside itself.

2.6.3 Definition of Major Terms

Brief descriptions of major terms employed above and to
be used again in the remainder of the section, are given below.
Selection has been made from various sources (55) according to
relevance to this project. It is not intended to suggest that
those listed are in any way necessarily definitive or more correct

than other definitions which have been given to the same terms.

1. "Organisation Structure is a means for allocating

responsibilities, providing a framework for operations
and performance assessment, and furnishing mechanisms
to process information and assist decision-making"
(56) . Structure is thus taken to mean much more than
simply the pattern of hierarchical status within the
firm:- It is the total pattern of its internal
mechanisms devised with the intention of assisting

or facilitating the attainment of its objectives.

Kast and Rosenzweig draw a distinction between "the
static aspects (the structure) and the dynamic aspects
(the processes)", but the difference is largely
academic - the same authors note that structure and
functions (processes) cannot be looked at in isolation

from each other (57).

2. "A system is a set of objects together with relation-
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ships between the objects and between their attributes,
connected or related to each other and to their
environment in such a manner as to form an entirety or
whole" (58). Any firm dealing with outside agencies

is classed as an "open" system, although this is
implicit in the above definition. Mallen stresses

the need for a "definable overall task to accomplish
or goal to achieve" (59) - a "raison d'etre" - but: this
could be interpreted as a means of establishing its
"wholeness" or "oneness". The term has been defined
much more broadly:- "Any organised and coherent body
of knowledge"(60): "A combination of things forming

a unitary whole" (61). These, however, are considered
a little too general for the present purpose, especially
as they lay no stress on the part played by the
environment.

. System boundary is purely a term which "clearly dis-

criminates between what is in the system and what is
in the environment" (62). The boundary may thus be a
matter of convenience or strategy, as was the case in
the setting up of this project: Management of the
subject firm decreed that work should concern Plant
and Equipment Division's Coventry operations and

that both the Division's Leicester subsidiary and

its quinéerinq Group colleagues and overloads were

to be treated as part of the system's environment.

An interface is "the area of contact between one

system and another" (63). Internally this is an area
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where it will be an important role of management to
ensure efficient integration between various depart-
mental sub-systems, Between a system and elements
of its environment, interface or "boundary spanning
positions" control exchanges of energy, materials,
people, money and information, and also attempt to
balance possibly conflicting needs of internal and
environmental factors - for example customer demands

against efficient production requirements. (64)

"The enviromment of a system includes not only that
which lies outside the system's complete control,

but that which at the same time also determines in
some way the system's performance".(65). In theory
everything outside a system is potentially part of

its environment, but in practice a firm can only
afford to concern itself with what Heer terms the
"relevant external world" (66). Both Ashton (67) and
Kast and Rosenzweig find it useful to draw a distinction
between factors which affect business as a whole - the
"ge-eral" or "societal" environment - and factors
which have a more direct effect on an individual
organisation - the "specific, task enviromment". (68)
In the former category they place such things as the
national and international economic sithuation and
government policy deciaiona.. The task environment
contains, for example, changes in customer demands,
competition for customers aﬂd suppliers and the
corporate financial situatian. In the caselof the

subject firm, as will be detailed later, the "petty-
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political" environment of the Division and its status
within the Group and the Union was one of the most

important features of the task environment,

2.0.4 The Operating Fnvironment of P & ED

In order to keep discussion of features of internal struc-
ture to relevant areas, it is necessary to make general reference
to the type of operating environment which any structure has to
work within, The subject firm had a "variable operating
environment" which meant that there was increased uncertainty in
managerial decision making. Child (69) notes that the available
research suggests that variability might affect organisational

structure in the following ways:-

1, Arrangemeni s to reduce uncertainty - attempts to gain
greater control over the conditions under which in-

puts are acquired and outputs disposed of.

2. A relatively high level of internal differentiation -
employment of more specialist staff than internal

contingencies would normally make likely.

3. Intense integration through flexible and participative

rather than formalised processes,

Child notes an important reservation:- There is a "lack
of conclusive evidence to demonstrate that matching organisational
designs to prevailing contingencies.cont£ibute importantly to
performance ..." (70). Both the Woodward research group (71) and

C. Perrow (72) have failed to provide conclusive proof for their
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theories attempting to link technological contingencies to per-
formance, Perrow stresses the lack of proof for his theories,

while Woodward's practical field research culminated in several
observations which were unfortumnatel y not based upon any precise

neasures of performance,

The sterctural model which is laid out below is not thus
proposed as the definitive and sole solution, but merely as a
suggested pattern which seems to be logical., It will be the busi-
ness of later Chapters in this thesis to identify any ways in

which this structure might be inappropriate..

2,7 An Orgenisational Structure for the Subject Firm

Figures 2,4 and 2,5, are organisation charts expressing
exactly the same structure in two different ways. The former
perhaps shows the hierarchy of authority and status and direct
lines of responsibility more clearly, while the latter (figure
2,5) gives an idea of the way in which the structure is expected

to function,

Before roting the reasoning behind the proposed structure,
it is worth noting that there are drawbacks to the organisation
chart approach, No two dimensional chart can hope to show the
whole picture of a three dimensional gituation. Both Hicks (73)
and Kast and Rosenzweig (74) criticise aspects of use of the chart,
but conclude that it provides a useful sfarting point. Beer (75)
considers them solely "competent to apportion blame" or "show how
the chain of command is organised", . Howéver, his alternative
"Multinode" chart seems to sacrifice clarity in these respects

in search of a method more closely demonstrating the pattern of
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Figure 2,5

Outlime of a Mixed Structure for a Machine Assembly

and Jobbing, Toolmaking Business
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internal commmications and inter-relationships, which mdoubtedly

exist, across the straightforward lines of responsibility,

Figure 2.5 represents a form of compromise, showing actual
lines of direct authority, and superimposing lines delineating
the various sub-systems, and dotted lines accepting the absolute

necessity of commmications between the sub~systems,

2,7.1 Hierarchical Structure

In line with Woodward's conclusion on umit manﬁiactuming
firms (78) it is suggested that there should be three levels of

management -

1, Chief Executive
2,  Departmental Managers

3. Section Supervisors

The size of the business under consideration makes it
essential on grounds of economy to keep the management group as
small as possible, It is also suggested that the "flatter" type
of structure, giving increased discretionary power to subordinates
results in a better motivated workforce, though (hild notes that
behavioural theorists have not yet produced any quantitative

data to back this up (79).

The span of control of the Chief IxecutiVe is five, as
against Woodward's average of four (80), The increase results
from the establishment of a matrix or mixed type of structure in
which there are both two Product Managers and an independent Produc—

tion or Manufacturing Manager responsible for resource alloeation
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and capacity planning in the machine shop, TFigure 2.4 does not
gpecify all individual supervisors, but it is envisaged that the
span of control of Departmental Managers would not exceed six:
I'or example, the Production Manager would have a Production
Controller, a Chief Inspector and four foremen reporting to
him, Supervisory spans of control would be different from one
area to another according to different job content: Whereas

an Estimating Supervisor would also have his own job estimating
duties to perform. and might only be able to deal with work
allocations and problems of a staff of about four, a shop floor
foreman acting solely in a supervisory capacity would be expected

to manage not less than 20 operatdives.

Child (81) notes that research suggests that the more
complex the work and the greater the variety of products, the lower
in fact will be the supervisory spans of control. Against this,
however, it must be noted that more complex work will of necessity
require more skilled machinists and fitters which might be expected
to decrease the number of problems which need to be referred to
the foreman., Also, whereas unavailability of a supervisor to sort
out difficulties in a flow line production environment will have
an immediate effect in the form of lost production, in a umit
manufacturing sitw tion, especially where there are more machines
than men, the machinist can move on to another piece of work until
the foreman is free to deal with the problem, The effect of these
two points would be that the management in the flow-line environ-
ment would "play safe'", employing more supervisors than it genuinely
needed in the normal course of eventis, while the unit producing

firm would be inclined to look for savings by minimising the number
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of staff in this area., As a result less of a difference could
exist between supervisory spans than judgement purely on produc-

tion technology grounds would suggest.

2,7.2  Grouping of Activities or "Horizontal Differentiation" (82)

The method of grouping activities together which appears
most logical for use in a small firm with two such distinet types
of product is the "mixed" structure (figure 2.4).

Economic considerations make it appropriate to centralise some
services, while at the same time diversity in markets served
argues for division of marketing into product or area groups., In
this situation, services would not be guaranteed to be available
immediately to individual operating umits but the number of

specialist staff required could be kept to a minimum, (83)

For example, Engineering Group, at Coventry, had established
a central computer together with a service staff of programmers
and analysts available for the use of all operating divisions.
The capital cost of the computer would have placed it beyond the
budget of, certainly the smaller divisions - Suspensions, Redditch
Mouldings and P & ED, By centralisation a sophisticated range of
hardware and software was made available, and costs were shared by
the users according to the proportions which they could afford to

bear,

P & ED itself was an example of another problem which a
pooling of resources could create in that potentially the other
Ingineering Group Divisions, and P & ED's own assembly area for

that matter, were in competition with each other for toolmaking
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capacity, whereas a strictly functional grouping of activities
would be suitable for jobbing toolmaking. or, with the addition

of the temporary project teams, for machinery manufacture indi-
vidually, a combination of the two into a single division of limited
size will produce "cross-cutting strains and stresses": Adopting

a matrix structure becores a matter of convenience, it "is simply

reflecting a situation which objectively exists in any case", (84)

A product structure for the horizontal grouping of
activities could not be justified unless the demand for services
of each product type was predictable, allowing precise allocation
of the necessary specialist resources. In any unit manufacturing

businesses, predictability would be umlikely.

The problems of taking "make or buy" decisions on non-
standard manufactured parts for machine assemblies have been
noted in section 2,5.1.4. An increased isolation of the tﬁo
manufacturing units, under a product structure, could exacerbate
these problems - benefits to the firm as a whole might not be
considered if they favoured a policy which did not maximise the
profits of a machine assembly product group. On the other hand,
functional organisation could lead to overdependence of one wmit
or the other, which again might be against the best interests of
the business as a whole, A simplified example of these potential

situations is given in Appendix 1 to this chapter.

2.7.3 Integration and Co-ordination -~ Information Systems

The difficulty with these "make or buy" decisions amply
illustrates how essential the co—ordination of internal efforts

is in a business such as the one under consideration. Three types
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of integrative mechanisms are identified by Thompson (85) and
by Litterer (86) and these amount essentially to the same

principles:-

1, Standard orders and procedures

2, Semi-formal, flexible plans and schedules for
inter-departmental co-operation

3. Integration through mutual adjustment in whatever

way may be expedient.

" As size and predictability of operations increases, so the

a%ent is placed upon more formal and impersonal procedures, The
wicertainty and variety of the subject firm would be expected to
result in more use of the second and third mechanisms:-~ Lawrence
and Lorsch found that strictly formal, programmed integration

was less competent to co-ordinate activities in such a situation

and that laterdl commumnications and group meetings tended to be

used instead. (87)

Formal procedures can be laid down for the flow of paper-
work between departments, but an inter departmenfal committee will
be more appropriate to help to co-ordinate job progress through the
pre-production departments., FEven less formal word of mouth
commmications may be the best form of feedback on machine shop
progress and the best method of giving a job an over-riding
priority. Major machine assembly projects, requiring the full-
time atlention of at least a project engineer and a group of
fitters, might be handled entirely optside the normal channels

of the organisation by a temporary "task force", from which a
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Figure 2.6 Integration of Subject Organisation through
Liaison Officers
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total picture of progress would be reported from time to time.

In the subject business this was less likely to happen because
pre-production departments were involved at different stages

and for varying lengths of time: There was no need for a continued
full-time involvement on the part of an estimator, or a buyer,

beyond the performance of his specific function.

Thus, inter-departmental committees would be expected

at two levels:-

1., The executive committee; framing general policy and

ensuring unity of purpose.

2, The progress liaison committee; dealing with specific
joba.aud containing a liaison representative from

each area involved (as suggested in figure 2.6).

But this would not be expected or wanted to eliminate
"third level" informal inter-departmental commmication, necessi-
tated by the large number of "exceptions" which inevitably occur

in wnit manufacturing.

Beer suggests that a central control room, along the lines
of Britain's World War Two operations centre. or America's Mission
Control at the Houston Space Centre, should be set up (88), and
(hild has a similar, if more limited, ideﬁ in mind wi th his sugges-
tion of a special integrating role, or "co-ordinator". (89),
Figure 2,7 shows how such a "clearing hoﬁse for information"
might help to reduce the number of relationships within the

organisation, but this again would be able to cover only formal or
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Figure 2.7 Integration Using A Central Co-ordim tor
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semi-formal information processing and could not replace important

low level communications.

One of the major reasons for this conclusion was that economical
use of computer aids, because of the variety produced by the
one—off character of the business and thus the high number of
exceptions to any routine reporting procedures, was not likely
to be possible. Beer's cost estimate of £10,000 (90) for the
necessary hardware is not backed by any hard data and in any
case, it is basically irrelevant since the main factors in
costing a system would be the cost of developing the software
and the ongoing expenses of the system (personnel, maintenance

charges, etc.).

2.7.4 Decision & Control Systems

The limitations and potential expense of computer aids affect
also the selection of decision and control mechanisms = indeed,
this area and the question of integration are essentially
linked together. The difference between the two is that
whereas control is concerned with the vertical or hierarchical
dimension, the transmission of orders, integration works in
the lateral or horizontal dimension ensuring that departmental

activities are orientated towards the same goals(91).

The central problem faced by a unit manufacturing firm of the
type under discussion is quite precisely that:- "The greater
the system's variety, the greater the control variety, and
the greater the costs" (92). A small firm will not be able
to afford heavy investment in control aids, or even perhaps
the exhaustive studies preceding the recommendation of aid

programs.
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Nor will it be able to afford the higher managerial
overheads required to allow decentralisation of important
decision making. The Chief Ixecutive will remain in sole charge
of all strategic, policy decisions and there will be limits to
the discretionary power allowed at each managerial level, though,
in the interest of senior managers having time to look at wider
issues, noOt every single decision will require their personal
authorisation. (93). A Purchasing Manager, for example may elect
to have all orders over a certain value referred to him, or all

orders exceeding the job estimate,

Uncertainty and wnpredictability, it has been roted earlier,
make formal methods of integration amd control less applicable

in the enviromment under study. There are likely to be a number

of distinet levels making up the control pattern of the firm. Not
only will matters above a certain level be beyond the authority

of an individual, but also matters below his level will be more
effectively dealt with by his subordinates: One would not, thus,
expect a General Manager to know which machinist was best suited

to doing a certain turning operation as well as the foreman of the
turning section. The General Manager, probably in consultation

with his executive committee sets production objectives; departmental
managers make general decisions about production methods and the
order work should be done in; Supervisory levels specify the details

of production and allocate the work as appropriate.

Combination of the two product types produces a problem
when considering the amount of discretion over job selection to
be allowed to individual machinists. Whilst it is true that fore-

men will be able to judge the suitability of work for an operative,
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the operative himself is probably the only one who can determine
which of the available work is best suited to his particular
talents. Because of the development of specialist skills through
experience, maximising utilisation of the labour force depends
upon allowing discretion to machinists, with the proviso that
the foremen retain the right to allocate when necessary - to cover
urgent work, for example. As machinists' wages in the subject
firm were based solely on the number of hours worked during a
week , maximum utilisation represented probably the only method
through which P & ED's machine shop could be competitive with
outside sub-contractors.* While a system allowing job selection
by machinists would work adequately in most cases for tooling
Jobs, it would create major problems with parts for machine
assemblies where the assembly shop was relying on the arrival of

all conponents by a set date.

Machinery parts thus require control through due date scheduling,
but are produced alongside tooling work which is largely un-
programmed. There is a definite case for having two different
types of identity tag to distinguish between the two types of
work and make clear for the foremen and progress chasers which
jobs might require action from them if not selected by
machinists by given dates. This would also have the advantage for
the Production Controller that he would be able to see, through
a glance at section material racks, the amount of work in each of

the two categories which was on the shop floor at any given time.

Actual control of shop floor activities by the production

* for reasons explained earlier, in section 1.2.4.
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supervisorf staff would be reduced to a process of "managing the
excepiions" if it did not prove possible to devise an economical
and effective computer scheduling system, Control, then, would
depend upon monitoring feedback on actual shop floor events and
taking action in a small number of cases where there was a danger
of not meeting a definite delivery requirement (94) - internally
this would make kits of parts for the assembly area the most
important items to monitor., The provision of accurate and up to
date feedback reports to the production control section would be

vital in making timely and successful corrective action possible.
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CHAPTER THREE

DEFINITION OF THE PROBLEM AREA

3.1 An Overview of P & ED & Its Problems

Chapter 1 introduced the operating enviromment of P & FED, the
historical development of the Division and the resources at its
disposal at the time the project commenced. Chapter 2 described
the characteristic features of the types of bhusiness in which

P & ED was inwolved and, taking into account some of the general
features of the operating environment, proposed a possible pattern

of organisation for the Division.

In both chapters, some general and some specific observations
have been made regarding potential shortcomings or difficulties,
either inherent in the attempted combination of toolmaking and
special purpose machinery production or noted by previous
researchers as being comon in intermittent manufacturing. This
section will examine in detail the problems identified in the
subject division's organisation and operations under the

following headings:-

1. Quantification of P & ED's problems.
2. Evaluation of the existing product range.
3. [Examination of resources employed.

4. Problems with the chosen internal organisation &
structure.

5. Deficiencies in internal co-ordination.

6. Processing control problems.
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All of these problems will then be put in perspective against
the influence of the most important part of P & ED's operating
environment - its petty political position, or status within

the Engineering Group.

Ultimately, the aim is to find the root causes of the Division's
problems and thus each individual problem area noted above
must be considered, not just in its limited context but as a
part of the whole. The above headings are proposed as a
matter of convenience and attention will be given to showing
the obvious links which exist between them. The need for
such a holistic approach was pointed out in the preamble to
the previous chapter, but is worth re-emphasising here. Buffa
sums up the position excellently:~
"To understand the whole, begin with the whole, not
with the components! This is not to deny the importance
of understanding the components, but it reorients the
focus of our examination of the components; in a systems
orientation we view a component in terms of its reason
for being as a part of the system. Thus, systems
concepts take advantage of the results of both viewing
the system as a whole and analyzing the proper role of

components within the system". (1)

While it is acceptable to breakdown an organisation into its
elements for the purposes of study, therefore, these elements
or components must be considered with reference to their place

in, or contrilbution to, the whole:-
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"In its functioning and behaviour, the whole system
is greater than the sum of its parts. One subsystem
affects the others; therefore, system performance

will not be represented adequately by simply summing

up the performance of each subsystem". (2)

The management of the subject firm suggested that the starting
point for the investigation should be the P & ED machine shop.
It was here, they felt, that the Division's problems were most
apparent. Initial observations confirmed that there seemed to
be a total lack of control over events on the shop floor: The
Production Controller was unable to predict,with any accuracy,
the expected completion dates for jobs or indeed to state
which jobs were in progress on the shop floor and which were

being held up for any reason.

However, observations in the machine shop suggested that P & ED's
problems went beyond the question of control over processing:
Demonstrations of the importance of P & ED's petty political
situation were apparent in the form of interference by
procurement officers from other divisions in the Group and there
was a lack of co-ordination between the shop floor and the
administrative departments of the Division shown, for example,
in the failure to communicate vital information to the shop
floor on expected and revised delivery dates for materials or

component parts.

The investigation proceeded to an analysis of the organisation
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of the administrative departments and the flow of information
between the various component subsystems of the business.
The total structural framework of the Division was also
examined. It was then possible to begin to draw some con-

conclusions as to the root causes of P & ED's problems.
As a prelude, however, it is important to develop a quantified

picture of how serious the problem was, both in financial terms

and in terms of production performance.

3.1.1 P & ED's Overall Financial Problem

An introduction to the size of P & ED's financial problem was
given in section 1.6, with reference to statistics produced

in figure 1.9, and a few points were noted where the bare
figures seemed to indicate that problems might exist. This
section examines in greater detail, although still in terms

of total annual figures, the financial results of the Division

in the five years between January 1970 and December 1974 (3).

In figure 3.1 two tables are produced as the basis for an
examination of the three elements which would be expected to
hold a dominant influence over the Division's finances:-

i) turnover;

ii) contribution (turnover less allocated costs);

iii) apportioned costs, or, as they were called
within the Division, constant overheads.

The colums in the two tables have been numbered for ease of

reference in the text.

(129)



FIGURE 3.1 P & ED ANNUAL RESULTS 1970-1974

(Source - P & ED Product Results Tables, 1970-1974
- Appendix 1 to Chapter 1)

TABLE A TURNOVER & CONTRIBUTION FIGURES, 1970-1974

Planned Actual Percentage | Planned Actual Percentage
Year Turnover | Turnover | Of Plan Contribution | Contribution | Of Plan
(£'000s) (E'000's) | Achieved (£'000s) (£'000s) Achieved
1970 3,034 2,242 74 995 437 44
1971 2,754 2,184 78 770 584 76
1972 2,870 1,981 69 7 596 77
1973 2,711 2,524 93 782 710 91
1974 2,290 1,895 83 619 466 75
5 Year
Totals 13,659 10,826 79 3,943 2,793 77
*
TABLE B CONSTANT OVERHEADS & FINAL RESULTS 1970-1974
Planned Actual Actual As Actual Con- | Actual Planned
Constant Constant Percentage | tribution + | Net Profit/ | Net Profit/
Year Overheads | Overheads | Of Planned | Grants & (Loss) (Loss)
(£'000s) (£'000s) Royalties (£'000s) (£'000s)
(£'000s)
1970 749 819 109 443 (376) 254
1971 856 729 85 590 (139) (80)
1972 765 649 85 631 (17) 15
1973 741 719 97 742 23 61
1974 717 850 119 473 (377) (63)
ERacl JE T 3,766 98 2,897 (886) 187

* 'Constants' is the term used in P & ED to signify apportioned

costs or fixed costs.
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The plan ovér the whole of the five years shows a total expected
profit of £187,000 and an actual loss of £886,000, which makes a
total variation from plan of £1,073,000. 1970 was obviously a
disastrous yéar, accounting for £630,000 of this total variation
over the five years (59%). Thereafter, predictiohs seem to have
been more accurate, until the final year, 1974, when there was a
huge loss of £377,000, representing a £317,000 variation from
plan (29% of the total for the five years). The figures from
which the variations, listed below as figure 3.2, are calculated

are given in colums 5 & 6 of Table B.

Figqure 3.2

ANNUAL VARTIATION BETWEEN
PLANNED & ACTUAL TURNOVER RESULTS 1970-1974

Vais Variation Percentage Of
(£'000s) 5 Year Total

1970 -630 58.7

1971 -59 5.5

1972 ~32 3.0

1973 -38 3.5

1974 -314 29.3
ol 100.0
Total

The 1974 figures are probably sufficient to eliminate the idea
that the 1970 figures are totally unrepresentative. What must be
noted overall, however, is the unreliability of forecasting future
annual output totals by using projections based on figures
averaged over a number of years. The mean loss over the five

year period was £214,600, but the standérd deviation from this



figure over-the five years is £232,886. Clearly the margin which
needs to be allowed for error makes average figures inappropriate
for forecasting overall annual results, although this will not
necessarily be found to be the case with all the individual

product groups when these are examined in section 3.2.

In each of the five years, there was a failure to reach the planned
turnover figure (Table A, column 3) and consequently it is hardly
surprising that the actual contribution figure fell short of the
plan (Table A, colums 4 & 5). More significant, however, is the
fact that contributions were at a lower percentage of the plan than
was turnover for four of the five years (comparison of colums 3 & 6
in Table A).

Examination of the constant overheads (Table B, columns 1=3) shows
that they had only a marginal effect on the overall five year
total figures, but that they were an important influence in
exacerbating the very poor figures for the years 1970 and 1974,
and similarly figures lower than those planned were important in
keeping down the losses made in 1971and 1972. If the constant
overheads had been at the planned figqures, the results for the
five years would have appeared somewhat differently, as figure
3.3 shows. In this case, 1970 might well have been seen as a
freak year: With that year excluded, the standard deviation

for the other four would be down to £49,700, which is still too
high to be very useful for forecasting, b_ut is only a little more
than one-fifth of the actual standard deviation for the five years

noted in Figure 3.3.
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Figure 3.3

HOW THE ANNUAL RESULTS 1970-1974 WOULD HAVE LOOKED
IF CONSTANTS HAD BEEN AS PLANNED (£'000s)

e ACTUAL VARIATION FROM
NET LOSS PLANNED RESULTS

1970 306 560

1971 266 186

1972 134 149

1973 1 62

1974 244 181

TOTALS 951 1138

The histogram of the five years' production, see figure 3.4, perhaps
provides an easier means of recognizing that there is not really any
significant pattern, inoverall terms, to explain why any given year
was better or worse than another. Even the obvious statement, based
on the 1973 figure,that the lower the shortfall on planned turnover
or contribution, the greater the chance of having a good year, is
subject to the point that figures may be significantly influenced by

any alteration from plan of the apportioned overheads, or 'constants'.

Individual product group performance may provide some indications of
trends which are reflected in the Division's financial performance
and these will be considered in Section 3.2, which deals with each

product grouo individually.

As a profit centre operating division, P & ED had been a total
failure for the whole of its short life, with the exception that

the figqures for 1973 gave a glimmer of hdpe that it was actually

A =~
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Figure 3.4

GRAPH OF P & ED PLANNED & ACTUAL OUTPUT

& CONTRIBUTION LEVELS 1970-1974
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possible for the Division to operate at a profit. The fact that the
Division continued to exist at all after such a run of bad results
supports, once again, the conclusion that its ability to make a
direct contribution to Group profits was not regarded as vital,
despite its theoretical existence as a profit centre. However,
losses of the size of that recorded for 1974 were clearly un-
acceptable and impossible to justify in terms of the convenience of

an on-site servicing and toolmaking facility.

There were two possible explanations for the failure to reach the

planned output levels during each of the five years:-

1. An insufficient workload existed to justify the resources

employed within the Division, and/or

2, 'The Division's performance on work undertaken was inadequate.

General observationson both of these are made below, although
more detailed comments will be relevant in Section 3.2, which

considers P & ED's existing product range.

3.1.2. Workload

One measure of the sufficiency of the workload is the amount of
downtime booked during the year. In 1974, the cost of time booked
"waiting for work", amounted to 5.6% of total variable factory costs.
However, it would be false to assume immediately from this that the

Division was loaded to 94.4% of capacity.

First, as Parkinson suggested: "work expands so as to fill the time
available for its completion". (4) "In a tooling business with a

highly skilled workforce, it is quite reasonable to assume that, if
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Job queues on sections were small, operatives would spend more time
on their current work, seeking to achieve a greater degree of per-

fection, rather than taking advantage of allowed machining tolerances.

Second, the mixture of work performed was also important in the case
of P & ED. There was a pool of 39 mechanical and bench fitters
available within the Division at the end of January 1975 (5). These
could work either in the machine-shop or in the assembly area.
However, because the number of indirect enployees retained to support
the machine assembly operation was proportionally far greater than
the number supporting the tooling operation, the actual distribution
of the workload between the two types of product was a matter of key

inmportance.

Third, the degree of mobility of the machine shop labour force had
been reduced, in practice if not in theory, by the development of
particular specialist skills amongst the machinists. It could thus
Occur that one section was short of work while another was overloaded.
No transfer of labour would take place between these sections, in
spite of availability of machines in the overloaded area, unless

the situation was expected to continue for a long period - a matter

of weeks rather than days.

In an attempt to draw some conclusions as to the extent of P § FD's
workload during 1974, a theoretical calculation of the capacity of
both the machine shop and the assembly area was prepared. The
results of this were then applied to the planned and actual output
of the Coventry factories during that year. The calculations them—
selves are included as Appendix One to this Chapter. For both
manufacturing areas, labour was the limiting resource ¢ 1though

it must be noted that had extra labour been required for assembly
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area operati;ms, this would have been available on a fixed term
contract basis from outside. The Division chose, indeed, to
maintain a permanent staff of electrical fitters which was less
than adequate. to support its normal minimum of 15 mechanical fitters
and to make up the balance with contract electricians. Whereas it
was possible to re—deploy mechanical fitters in the machine shop
"bench" area during a shortage of work electricians had to be

carried on unproductive time, or downtime, at such periods.

The conclusions of the workload calculations are considered to be
valid in general terms if not, because of several assunptions which
it was necessary to make, in detail. In 1974, there was insufficient
machine assembly work to meet the costs of the large indirect labour
force which was retained to support this type of work. Machine
shop work, however, even given that one-third of the labour force
was producing, at cost value only, parts for the assembly area, was
doing slightly better than paying its way in terms of the con-

tribution made per indirect employee.

The reason for the less than adequate machine assembly load was

one, Or a combination of, the following:-

1. Restricted capital expenditure by industry at a time of difficult
economic conditions.

2. Insufficiently active marketing policy on the part of P & ED.

3. Inability of the Division to match competitors in terms of
price.

4. Poor reputation within the market in terms of quality or

delivery to given targets.
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3.1.2.1. Restricted Capital Expenditure By Industry At A Time
Of Difficult Economic Conditions

The first of these was beyond P & ED's control and there can be no
doubt that it did play a part in the low volume of machinery orders
handled during 1974. This is particularly relevant in the case of
Dunlop, or "Union", business, where the other three factors were
likely to be less important: An active marketing policy was not
necessary, since the Division would almost certainly be informed
of any work available; transfer price arrangements and a Union
policy of keeping business "in the family", where possible, gave

P & ED an advantage over competitors; the quality of products was
controlled by central union standards and allowances for late

delivery could be made by placing orders earlier than required.

The actual level of union business in 1974 was only 70% of the planned
total (6). Having said this, however, it should be added that

P & ED might have been expected to have predicted more accurately

the effect of the prevailing economic climate on its union machine

assembly business.

3.1.2.2. Insufficiently Active Marketing Policy On The Part Of
P & ED

Certainly, one would have expected extensive liaison with Union
customers in order to establish what demands they were likely to
be making upon the Division's capacity during a coming year, to
precede estimation of planned ocutput levels. Indeed, with the
larger machinery contracts having long pre-production load times,
a number of orders would be expected to have been received by the

time the plan was drawn up.
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From figure .3.5, which shows the percentage of planned output which
was achieved for each business category, it appears that only Union
tyre machinery business, of the four types of special equipment,

was at all predictable in advance, in the years 1972-1974. This
supports the conclusion that the Division paid insufficient attention
to research into the potential market over the period or, alter-
natively, that it was not able to command the expected share of the

markef 5

P & ED in fact, retained only a very small marketing department at
this time (a Marketing Manager, Sales Manager and Sales Engineer),
and relied very heavily on other members of the Union, not merely
to provide the majority of machinery orders, but also to pass on
information and enquiries regarding possible outside contacts. 1In
terms of outside customers, it had only established a continuing
relationship within the Nuclear Processing Industry. If the policy
of expanding equipment manufacture was to succeed, a more active

policy would be necessary in this important area.

3.1.2.3. 1Inability of the Division to match Competitors in terms
of Price

This problem should only have affected P & ED in negotiations with
customers outside the Union because of the favourable transfer prices
offered to other Dunlop divisions. Quotation records were not
maintained for 1974 and it is thus difficult to come to any definite
conclusion as to P & ED's competitiveness in this respect. The 1975
figures will be examined in Section 3.2, when the existing product
range is evaluated. Some comment will also be relevant at a later

stage on the length of time taken by P & ED in preparing a machinery
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quotation - this might be over 6 weeks from receipt of an enquiry.
For the present, it is sufficient to note that the Division's

management was of the opinion that its ability to compete on price
was ham'ed by.the need to fill spare capacity in the machine shop

with parts manufacture for the assembly area.

3.1.2.4 Poor Reputation Within The Market In Terms Of Quality Or
Delivery To Given Targets

In terms of the quality of the finished product, P & ED enjoyed an
excellent reputation; this had been the principal influence upon

the capture of contracts within the Nuclear Processing Industry.
Aside from Union quality standards, the Division also had its own
inspectors and commissioning engineers to ensure that both parts and
conplete machines were produced according to the specifications laid
down, and could indeed be swiftly and efficiently modified, if this

proved necessary, by the support staff of engineers and draughtsmen.

P & ED's reputation for meeting delivery targets,on the other hand,
was far from good and brought complaints even from Union customers.
It is not possible to quantify just exactly how much business was
lost by the Division as a result of this poor reputation. However,
the effect, in terms of lost production potential and late receipt
of equipment was definitely quantifiable for the customer and this
might be weighed against P & ED's, perhaps lower, price and result
in a decision to purchase elsewhere. Alternatively, as already
noted, P & ED's probable lateness might be taken into account by
ordering early, with the result that if completion should be
managed on time, the customer would find reason to stall delivery
and thus final payment, until the date at-: which the equipment was
actually required.
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The reasons behind inability to meet delivery target dates are
given within the next subsection, which considers the Division's
performance on work undertaken between October 1974 and September

1975.

3.1.3 Production Performance Evaluation 1974-1975

The system of issuing monthly production schedules and monthly
output reports with weekly progress updates, which was introduced
by the Production Programming Manager from October 1974, provided
the basis for an evaluation of production performance. The
figures were collected and collated at the end of 12 months and
the Production Programming Manager issued a report based upon them
during November 1975. The report is included as Appendix Two of
this Chapter. The figures which appeared as appendices to the

report are omitted as unnecessary for its present usage.

Main concern here is with the "Major Findings" and "Conclusions"

at the end of the report.

3.1.3.1 The Division's Business Mix

The Report lays great emphasis on the supposed decline of the
machine shop's "traditional tooling business output" during the
year and also upon the "rapid increase" in Assembly Shop output.
This is described in terms of a "major change in business mix".
The assessment was based upon the comparison of late 1975 figures
with an end of the 1974 situation which proves, upon examination,

to have been far from typical.

Figure 3.6 traces the changes in thé business mix throughout the

(142D



Figure 3.6 , Planned and Actual Business Mix, in terms of
Output and Contribution.(ny.manfmuhﬁﬂa;amu.lmml)
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period 1970-1975, as measured in terms of the percentage of the
total amwal output and contribution brought in by each product
code. Whereas the percentage of annual output produced from
tooling worklfell away in 1975 as compared with 1974, the
proportion of output which it made up was higher than in any of
the years 1970-1973, and conversely machinery rose as a proportion
of total output by only a half of one percent in 1975, as against

1974, and was below the level of 1970-1973.

Looking at the rather longer term picture one is led to conclude
not that the Division was experiencing a new development in terms
of its business mix, but rather that in an unusually poor year for
machinery sales, the Division attempted in 1974 to cover its
fixed costs by expanding tooling output. The huge end-of-year
loss which was recorded demonstrated that although direct labour
resources might be moved from one type of manufacturing to the
other, tooling businesses could not be looked to support the
very large indirect labour force required for machinery manu-
facture at times when machinery demand was low. The natural
result of this was that the importance of actively pursuing
machinery orders became more obvious; along with assessing the
potential and limitations of the machinery market, it was logical
to examine the possibilities of expansion into new product areas;
against the end product of all this market research, a re-
evaluation of resource requirements would have been expected.

The continuation of the end of 1974's level of machinery output
for the first 6 months of 1975 augured badly for the year's

total results. The upturn from August was essential if the

1974 loss was not to be repeated.
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The late 1975 business mix analysis should, therefore, be seen
not as a departure from a tradition of majority involvement in
tooling business, but rather as a sign of a very necessary

return to an earlier situation.

3.1.3.2 Short Term Forecasting

Forecasting over nore than four weeks was "totally unreliable and
unpredictable". It would be expected that tooling forecasts would
change significantly over a four-week period, with the output of
new short-term orders adding to the effect of slippage against
scheduled output. Predictably,assembly shop work changed a

good deal less. In fact, as Table 3 in the Report shows, apart
from the October figure, explained in the Report as resulting
from work brought forward, the highest variation is an increase
of 30%. However, new orders for this type of work could have
exercised, at most, a minimal influence on short-term schedule
variations, and thus, almost all of the increase shown in the

table representsslippage from one month to the next.

One would have expected the Report to lay a much greater emphasis
upon the lack of basic information on the workload situation in
the manufacturing and pre-production units and on job progress
and hold-ups during processing. These, as well as Poor manu-
facturing performance, represent possible reasons for failure

to conplete work on time. However, the Production Programming
Manager concentrates his criticism on poor performance and a
failure of management to pursue the programme, laid down in the
schedule for their departments, conscientiously and in true

knowledge of the effect of any shortfall.
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3.1.3.3 Output Performance

Without some analysis of the Division's potential capacity, the
performance statistics offered in the Report are much less meaning-
ful: Wwhile éverage monthly output "increased from 52% to 64%" of
schedule over the 12-month period, no evidence is offered that the
52% did not represent a higher percentage than the 64% in terms of
the potential output of the Division. The Report does note that the
actual amount scheduled does not seem to affect the percentage
achieved, but with build times for machinery being longer than one
month - so that one month's labour is reflected as a different
nmonth's output - the maximum potential value of output will also

vary from one month to the next.

The measurement of performance in a one-off jobbing type of business
is indeed a difficult task. To compare labour actuals against
operation estimates is scarcely more satisfactory since, in the
majority of cases, estimates can be little more than "experienced

quesses".

A different standard of measurement should really be applied to
the two types of business in which the Division is involved.
Whereas it should be clear, at the start of a given month, what
machinery and special purpose equipment may be expected to be
finished by the end of the same nonth, considerable fluctuation,
on account of the introduction of immediate short-term orders,
would be expected on tooling figures. Essentially, slippage of
equipment would thus be a matter of considerable concern, but
slippage of tooling might be regarded as a fact of life for this

type of husiness. Potential capacity for the second type of
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production -' given especially that only Group tooling and general
outside tooling were being measured and that no account was,
therefore, taken of movements in servicing and breakdown repairs
demand, or of adjustments to machinery parts demand - could
fluctuate enormously during a month. Thus, for example, if, as
noted in the "Conclusions" to the Report, Group tooling work in
September 1975, achieved twice the predicted output level, we
should expect outside tooling to fall well below plan and also

machinery parts to suffer.

An improvement in the percentage of the schedule achieved would
also be expected as machinery came to make up a higher percentage
of the schedule. The actual amount of the increase - 12% - must
be regarded as very disturbing in view of the "change in business
mix" from only 41% machinery in December 1974, to 86% in September

1 FASTS

3.1.3.4 Orxder Backlog & New Order Load

A distinction must surely be made here between short and long-term
orders. Given a backlog in short-term tooling contracts - the
extent of which will be examined in Section 3.2 - it would be
hardly surprising to find that customers for this type of work
reduced the amount of new work placed on the Division, particularly
if they were also the customers who were waiting for a large part

of the overdue work.

Reduction of the backlog of tooling work over the first months of
1975 should thus be seen in terms of an alteration of policy by

the procurement departments of other members of the Engineering
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Group, leading, because of P & ED's tardiness, to a larger
percentage of work being placed with outside sub-contractors.
Again, it must be noted that there was never any proof that the
sole, or even the major reason for the development of the backlog

of tooling work was poor performance by the shop floor.

Long-term orders for machinery and special equipment were less
likely to be affected or discouraged by the immediate short-term
backlog within the Division. However, it was possible, depending
upon the priority scheduling system which governed shop floor
operations, for machinery parts designated for manufacture "in-
house", not to be started at the required time, in advance of
their need by the assembly area for the parts kit to be completed
to schedule: Hence the poor performance by the machine shop on

parts required for machinery to be delivered later in the year.

The conclusion which should have been drawn from the latter fact
was that either a different priority scheduling system should have
been used for machinery parts such, for example, as the use of a
different type of job ticket mentioned in Chapter 2, or that if
the machine shop was filled to capacity with tooling work, the
machinery parts should have been sub-contracted to outside suppliers.
The central problem,once again, was the lack of definitive infor-
mation on the capacity of the machine shop and the on-going state of
its load. This meant that there would always be a tendency to
place parts manufacture "in-house", because of the risk that ;
otherwise, the double cost of sub-contract prices and internal down-

time would be incurred (7).
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3.1.3.5 Divisional Capacity

There does not appear to be sufficient evidence in the Report

to substantiate the conclusion which is drawn, or indeed any
conclusion at all, about the potential annual output of the
Division. In particular, it has been shown, in Appendix One to
this Chapter, that the business mix had a crucial effect upon the

potential maximum output level.

3.1.3.6 Conclusions About The Report

The intention of the criticisms aired in the pre;:eeding pages

was not to devalue the usefulness of what was essentially the first
attenpt made to evaluate the Division's operations. The concern
has rather been to point out significant weaknesses in the
observations made and also, to note what appears to be rather more
logical conclusions which could be drawn from the date collected.

Many of the points investigated will be the subject of further
discussion under appropriate later headings within the present
Chapter. From quantification of the Division's problems, it is
now the intention to proceed with an investigation of areas in

which it was felt that these problems had their roots.

3.2 Evaluation of the Existing Product Range

Section 3.1.1 noted the absence of any identifiable pattern in the
general overall financial performance of P & ED from 1970-1974.

The present pages attempt to find such a pattern by examining the
output and performance of individual product and customer categories

up to the end of 1975. Section 2.5 of the model pointed out some of
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the major incompatibilities between jobbing, toolmaking production
and the manufacture of high value specialised "one-off" units.

The actual situation within the Division was further complicated

by a distinction between privileged, "Union", customers and outside
customers. A list of the resulting 12 categories into which

output was differentiated was given in figure 3.5.

It must be established at the outset, that nothing noted in what
follows is meant to contradict the fact that expansion and diversi-
fication of the product range of a business is a legitimate and
commonly used method by which to seek growth or, more basically,
economic survival in an environment of continuing technological
change and alteration of customer demands. However dis-similar

two products are, neither will be discarded by a company solely

on the grounds that it is difficult to produce one alongside the
other. To the economist, Beer's words no more than state the obvious.
"What matters to management about two entirely different products is
not whether they look alike, but whether they are profit-earners or

net"™ (8).

Although it is the intention in this Section to question the wisdom
of P & ED's involvement in so diverse a range of products and types
of product, the essential nature of the enquiry as a whole is to
determine whether it was possible to combine the various types within
a single operating unit without each having a disruptive influence

on the others.

Tables showing the actual figures for the various types of business

over the period 1970-1975 are included as appendix three to this
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chapter, and a few specific comments will be made below as a

preface to general conclusions upon the Division's product range.

Three basic categories of work are distinguished :-

1. Tooling and servicing work for Engineering Group customers.
2. General tooling work for all other customers.

3. Rubber technology equipment and other special purpose machinery.

No mention will be made in this section of the "new products" intro-
duced during 1975, since these are considered later, in section
4.2.2., as a potential solution to some part of P & ED financial

problems.

3.2.1. Tooling and Servicing Work for Engineering Group Customers

The figures underlying the observations made in this section are given

in tables 1A & B of appendix three to this chapter.

This work had been the original reason for the establishment of a
central tooling resource, as noted in section 1.2.2. However, while
it was still regarded by Supervisory staff and some middle managers

as the Division's "bread and butter", senior management voiced the
opinion that its dontinuation was against the best interests of P § ED
because of the actual priority which it carried on the shop floor in
comparison with machinery parts production. It has been argued in
section 3.1.2. above that the Division's output potential increased

nore rapidly as a large proportion of it's business was within machine
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assembly categories, and thus, if it can be proved that this type of
business was being harmed by work for Engineering Group customers,
the senior management case will be substantiated. The essence of the

case is shown in figure 3.7.

3.2.1.1 Financial Performance

Despite the fact that estimated annual output could only be approx-
imated on the basis of the previous year's actual figure, total
output on Group work from 1971-1975 was only just below the planned
figure. By its nature, breakdown servicing work was completely
unplannable, and the other divisions of the Group were not usually

able to predict their tooling requirements either.

The level of contributions received was above the planned percentage,
whereas the other three types of business to be discussed fell below
the planned percentage. The reason for the success in this respect
is the high contribution on service work. Since the customers were
charged for this work on a "cost plus" basis - i.e. a fixed charge
for each hour of machining required, totalled at the completion of

a job and increased by a settled percentage contribution - such work
would be expected to achieve its targets. The fact that it did nore
than this reflects P & ED's adoption of a modified charging policy
which might be best described as getting "the best of both worlds".
Service jobs were estimated by a planner situated on the shop

floor and the Division's Accounts Department invoiced at whichever

was the higher, the total estimated time or the total actual time.

Tooling work was charged for on the basis of fixed price piecework

estimates, which in reality amounted to little more than experienced
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quesses. Rates were governed by internal transfer prices and the
Division was expected to compete with the prices which would have
been charged for the same work by outside sub-contractors. In

view of this, it should not be regarded as surprising that total
actual contributions were more closely in line with planned levels.
Performance on individual tooling jobs varied a good deal: An example
of particularly bad performance is found in the four largest jobs
which formed part of the backlog of work for the Wheel Division at
the end of March 1975. Their total value to P & ED was £10,800,

and already an excess of 615 hours of machining and fitting had been
booked on them by that date, making an irrecoverable cost of £1,600
to the Division given a variable Factory Cost of £2.68 per hour.

But such instances should be expected in view of the difficulty of
estimating tooling work accurately and the overall figures show that
they were more than made up for by jobs producing a better than
estimated contribution.

3.2.1.2 Performance In Terms Of Offsetting Fixed Costs

The Division's adoption of a system of apportioning fixed costs
arbitrarily across all product categories tends to devalue the
amount of the contribution produced by this business. Whereas
tooling categories thus carried a lower amount in respect of site,
depreciation and power consumption, they received a far heavier
burden in terms of the indirect staff maintained by P & ED. With
this in mind, the performance of Group work, as detailed in

figure 3.8, should be seen as particularly remarkable and good.

It is worth noting that had all product groups succeeded in off-
setting 95% of their apportioned share of the 'contract' overheads,

the Division's actual loss over the 6 years would have been £221,150,
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less the amount received in capital investment grants and royalties
(E106,383) , which comes to a total of only £114,767, against the

actual total loss of over £1 million.

Total FIGURES FOR ALL WORK FOR INTERNAL CUSTOMERS
Yons Actual Planned % Amount of Actual Net profit Contrib-
s Apportioned of total apportioned amount of or loss to ution

Overheads contrib- overheads contrib- division overheads

(constants) ution to be offset ution %

4 £ ¥ €
1970 B18,785 34 278,387 194,913 -83,474 70
1870 728,501 26 189,410 158,643 =30.,T67 84
1972 648,737 2.5 178,403 155,698 ~22,705 87
1973 718,649 21 150,916 125,221 =25,695 83
1974 549,643 18 152,936 225,203 72,267 147
1975 658,675 14 92,215 128,537 36,322 139
TOTAL 4,442,990 23.5 1,042,267 988,215 -54,052 95
FIGURE 38

Annual Contribution Against Planned Percentage Of 'Constants' Or Appor tioned
Overheads - Work For Internal Customers 1970-1975

It would thus seem that, on purely economic grounds, the Division should
have been encouraging and expanding this type of work to the utmost and
seeking to persuade the other divisions to sub-contract less of their
tooling requirements. The dissatisfaction of P § ED's management with
this business area must be explained in terms other than their simple

economic performance.

3.2.1.3 Particular Problems Associated With Work For Group Customers

As well as the difficulties normally encountered in a tooling type
husiness, which were identified in Section 2.3, there were several
additional problems resulting from the customers being part of the same

Group, situated on the same factory site.
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By its very nature, demand for service-type work is bound to fluctuate
unpredictably and tooling demands will also vary according to the need
of customers to prepare for new contracts which they themselves have
secured. The urgency of service work makes it a disruptive influence

on work schedules and makes it virtually impossible to predict accurately
conpletion dates for all other work. Therefore, part of the reason why
P & ED was generally behind schedule with its Group tooling work may

be put down to the influence of other more urgent work for the same

customers.

Necessarily, service work enjoyed the highest priority on the machine
shop floor and for this privilege the customers were charged at a
premium rate. In theory, Group tooling work took its place in work
quéﬁes with all other business and was processed according to the
principle of earliest due completion date. In fact, the proximity of
the customers and their status in relation to p & ED gave them an
unwritten priority second only to that of the service work. One of the
complaints of P & ED's management concerned the disruptive effect which
this had on all other work being processed. The situation could be
particularly serious when any of the limited specialized machinery
resources, for example P & ED's single Jig Grinding machine, was
heavily loaded with Group work. At such times, indeed, there was often
an unhealthy competition between Group customers for preferential

treatment.

Service jobs also had a disruptive effect on the data collection system
because delivery was generally required and achieved during the same
shift in which the job appeared on the machine shop floor. This meant

that inputs to and feedback from any work scheduling system used,
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concerning ad:.just:rrents to the workload, needed to be more immediate,
which would naturally increase the system's cost. However, only with
such information would it be possible to take early decisions to sub-
contract future work, or to add an appropriate delay factor to delivery
promises for new orders in order to avoid the development of a backlog
of work. P & ED's response to this control problem will be examined

later in Section 3.5.

The possibility of breakdowns in other divisions was also the reason
for the existence of a night shift, even during periods where there
might be insufficient work to keep even the day shift machinists fully
employed. A method of retaining management control over the night
shift's operations needed to be developed if the shift was to be pro—

ductive at times when it was not required to work on service jobs.

3.2.1.4 General Conclusions About This Business Area

The position was thus that in Group tooling and servicing work P & ED
had a product area which consistently achieved a good financial per-
formance, but at the expense of increasing the complexity of an already
difficult production control environment by the addition of two classes
of job with overriding priorities. This naturally made the organization
of production control administration even more vital if the delivery

progranme was to be achieved.

Although the value of an internal tooling supplier would be expected to
have offered some quantifiable financial benefits to other members of
Fngineering Group, through internal transfer price arrangements, it
must be stressed that the real advantage for them lay in the fact that
the one uncertain and potentially disruptive area of their operations

was being handled by an external agency, but one which it was within

Us7)



Figure 3.9
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their power to influence considerably. P & ED's contribution in this
respect is expressed diagrammatically in fiqure 3.9. The production
control problem for the other divisions was simplified: Aviation and
Suspensions Di{risions produced a defined range of products in batches,
the size of which dould be economically determined, for which the
required machinery times were reasonably accurately known from previous
experience; Wheel Division operated on a mass or continuous production
basis; all their unpredictable and uncertain tooling and servicing
requirements were handled by clerical procurement staff , Who retained
freedom of choice as to whether the internal tooling resource offered
by P & ED should be used or the alternative of production by an outside

subcontractor.

As a central resource, P & ED's machine shop was able to maintain a
machining capacity in line with the gross requirements of all the other
divisions taken together and could thus offset their fluctuations in
demand for tooling work against each other. It could also maintain a
wider range of machining facilities than could have been justified by
each individual division. However, whereas the success of the machine
shop in the eyes of other Group members depended upon a combination of
the cost and the quality of the service provided, P & ED as a whole
was judged as a profit centre and thus it evaluated all work for Group
customers, first in terms of whether or not it produced a profit and
second whether it had a disruptive effect on other work and reduced
potential profits. Was there, in fact, a lost opportunity cost to

P & ED as a result of the work done for Group customers? The Division's
management felt that there was, and it was supported to a certain extent
in this by the fact that there was some degree of correlation between

high output years for Group work and high loss years for the Division:
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Table 1B in Appendlx Three shows that output of this work was highest
in 1970 and 1974, the years in which the two worst losses were made,

but this pattern is not followed in the other years and the conclusion
must be that particularly high output on Group work is symptomatic of

problems elsewhere.

It has already been noted in Section 3.1.3.1, that 1974 was a very bad
year for machinery sales and that Group tooling work provided a means

of keeping at least the direct labour force of P & ED almost fully
employed (downtime bookings made up only 5.6% of the variable factory
costs for the year). As the machinery load increased in 1975, however,
sO P & ED's attitude to this work changed, and the quality of its tooling
service to Group customers declined. From January to March of 1975,
Group tooling output averaged only £21,350 per month - barely half of

the monthly average throughout 1974. A serious backlog built up on
these orders, as figure 3.10 illustrates:

Value Of
Date Group Tooling Orders % Output Total
Overdue For Month

Overdue Total

£ £ £
1st Jan 28,700 71,500 40% 15,060
1st Feb 45,600 97,600 47% 24,800
1st Mar 49,500 91,300 54% 24,200
1st Apr 66,900 98,000 68% 23,730

Figure 3.10 The Growing Backlog Of Group Tooling Work In The First
Four Months Of 1975
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At the existing output rate, there was a three month load of overdue
work by the beginning of April. As the machine shop was not thus
providing the service on tooling work, other members of the Group
naturally reduced the orders placed with P & ED: The remaining 9
nonths of 1975 yielded only a further £90,600's worth of Group

tooling orders (excluding any orders for delivery in 1976).*

The other effect of reduced tooling output is summed up excellently

by Beer:

"Now suppose that for complex reasons (Division) A's capability falls.
Its productivity will then be affected..... Suppose that not only
Division B, but Divisions E, F and G also use A's product. Suddenly
we are in a competitive situation instead of a collaborative one, and
experience shows that this is where communications break dewn. For

an element of gamesmanship is introduced into an already complicated
situation..... all concerned diverse rules and procedures for handling
the situation which are supposed to be fair, supposed to be collabora-
tive, supposed to be original. But by now, people are playing poker
with the situation; trust is lost; informal rules are adopted at the
divisional level which are intended to secure local satisfaction....

and oscillation has set in" (9).

Internal conpetition for machine shop capacity was obviously not healthy
as far as the Group as a whole was concerned, and even though it might
be in P & ED's best short-term interests, as a method of ensuring that
the machine shop was always loaded to capacity, it was certain to
damage relations with Group customers. They could be expected to

react byi=

* This calculation is based on: Total Group tooling output for 1975 -
(Total value of orders at April 1st + total output up to the end of
March),

(1e1)



1. Putting more of their tooling work out to sub-contractors, and

2. passing only urgent jobs, or ones on which sub-contract prices
were set at prohibitive levels - probably because profitability
was at a high risk to the internal tooling manufacturer.

The conclusion is obvious: Neither Division nor Group were satisfied
with the situation; P & ED because of the opportunity cost of pro-
ducing these jobs and their disruptive effect on the production of
the more lucrative machinery parts; the Group, because its operating
division were no longer getting the kind of tooling service which

justified Group subsidising of P & ED's operations.

3.2.2 Tooling Work For All Other Customers

As Section 1.2 explained, tooling work, first for other Dunlop Divisions
and then for outside customers, was taken on in the first instance as

a means of using up spare capacity in the P & ED machine shop.

Although a part of such work was subject to the same unpredictability
in terms of forward planning as Group tooling work, there were also
some longer term tooling contracts where production could be planned

to fit in wherever suitable up to 3 months in advance. This included
orders on which substantial contributions were made - a series of
vibration testing tools for an electronics firm, for example, regularly
yielded a contribution of over 40% - but by definition, it was to be
expected that any contribution on orders in this area would make them
acceptable as capacity fillers. Naturally P & ED were looking to offer
advantageous terms to other Dunlop Divisions, but the figures

(Appendix 3, Table 2 A & B), show that this did not turn out to be the
case. For Union work, there was no restriction on either the amount of

information supplied for estimating a job or on the time allowed for
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preparation of a quotation and the customer was more likely to respond
favourably to a later request to adjust the price because of discrepan-
cies between estimated and actual labour hours required; for external
work, P & ED had to conpete with other possible suppliers and, once the

contract price was settled, there was little chance of re-negotiation.

Thus, in 1974 and 1975, the overall contribution on outside tooling work
was only 9% as against 24% and 37% respectively for other Dunlop tooling
work over the same two years. However, given that contributions were
positive, it would appear that such work was justified. Again, the
difficulty is that there are no figures upon which to determine whether
such jobs were genuinely capacity fillers, or whether there was an
opportunity cost involved in accepting them in terms of lost Group

tooling orders or machinery parts manufacture.

In specific areas of the machine shop, some jobs of this type did cause
extended work queues to build up. Manufacture of squash, golf or tennis
ball moulds and inserts for the Union's International Sports Company
(I.8.C.), required a high degree of precision and would tie up the
Division's single jig-grinding machine for weeks at a time. Because
the same machine was required extensively by Aviation Division , it often
proved necessary to break down a part-finished mould and incur a second
set-up time when the job was later returned to. The moulds also had to
be sent tol a sub-contractor for plating and the lead-times for this
varied so much that it was not possible to plan in advance for fine-
finishing. Together these factors led to an average delivery of moulds
to the customer 2 or 3 months overdue on the original promise: Indeed,
one tennis ball mould originally scheduled for March 1975 was still

Outstanding in November of the same yéar.
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In view of the; potential loss of production for the customer from such
delays, it was predictable that I.S.C. should look elsewhere for supplies.
Actually, the summary figures given in Appendix 3 mask the true perform-
ance of the Coventry factory on this type of work, since they include
also less intricate tooling work for the same customers done by the
Leicester subsidiary. Analysis of P & ED's order records shows that

only £54,360 of business was received by Coventry from these customers

during 1975 (Appendix 4, Table 1).

In tooling work for outside customers, P & ED had a business area which,
if developed successfully, could increase its degree of independence

in line with its profit centre status. But typical of such orders

were a series of tools produced for the nuclear processing industry:
Operation time estimates were exceeded in the cause of perfection and
the higher customer contributions agreed at the outset were whittled

away leaving only enhanced prestige to be gained from such work.

On the other hand, the small number of lucrative jobs - such as that for
electronics firms noted above - presented management with a conflict
between the best interests of the division and those of the Group, through
the possible delay of tooling work for other operating divisions.

Indeed, the situation could be further complicated if production to
schedule of an outside tooling order involved delaying the completion

of a kit of machinery parts for the assembly area.

Ultimately the reason for the division's failure to perform according
to plan on this product type certainly resulted from its sales
department being insufficiently selective about the orders accepted.

Again, as there was no definite knowledge of actual machine shop capacity,
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this departnerlt may be justified in its reluctance to turn away work

on which it felt that any contribution might be made. Also, it is
clear from an analysis of the orders placed with P & ED that it

relied very heavily on a small number of reqular customers - 6 accounted
for 5 of all orders received in 1975 - and could not risk the wider

effects of turning down an order from any of these (Appendix 4, Table 2j .

3.2.3 Rubber Technology Equipment & Other Special-Purpose Machinery

The historical background to the development of this type of husiness

has already been dealt with (Chapter 1, Section 2.4), and many of the
problems were mentioned in the introductory part to the current chapter
and exenplified by Appendix 1. The points may be summarised, as follows:-

e These were potentially the most profitable product areas to the
Division itself, since there was:-

a) a captive or semi-captive market provided by other members of
the Union; '

b) limited external competition in this specialised market - for
example, there were only 2 other firms in the U.K. producing
rubber technology equipment;

C) a greater ability to predict job costs as a smaller proportion
of the total was made up by internal labour hours - there were
also some repeat orders, with minor modifications, in the
rubber technology area, which allowed reference to previous
costs for greater accuracy.

Profitability of rubber technology work was also enhanced because
the Research and Development's work was carried out and financed

by the internal customer, U.K. tyre group.

e Conflicting objectives thus existed: ‘Any sales of tyre-making

equipment to outside companies would boost P & ED's profits, but
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would presumably affect future sales of Dunlop tyres by increasing
campetition to U.K. Tyre Group. Since orders of this kind were
passed to the Division by Tyre Group, one assumes such implications

had been carefully considered.

It is obvious from the product results given in Appendix 1, Chapter 1,
that although the internal tyre machinery work provided a base for
this area of the Division's operations, it offered little prospect

of substantial expansion. P & ED's future depended on the other
three groups within this category - i.e. on the expansion of the
external market for rubber technology machinery, or expansion of

the range of equipment made for both internal and external customers.

At a lower level, conflicting priorities existed in the machine shop
between the best policy for:-

a) Maximising the Division's own profit and establishing its
position as a genuinely autonomous profit centre, independent
of other members of Engineering Group and, ultimately, of the
rest of the Union. This would lead first to a pramotion of
machinery parts to the highest priority within the shop, at
the expense, where necessary, of Group tooling and even
servicing work, and second, to a concentration on developing
its position in the external machinery market, perhaps at the
expense of providing such a good service to internal customers.

b) Maximising Group profit, which could mean subordinating
divisional interests and delaying completion of machines as
assigned capacity became needed for short-term tooling and
service work. One of the principal conplaints of P & ED's
management concerned this policy: Machinery parts manu-
facture could be planned long-term, but the programme might
then be disrupted by the arrival of short-term tooling work;
no allowance for this was given when the Division's annual

performance was under consideration.
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¢) Achieving the superordinate objective of goal congruence
with the rest of the Union as a whole, which meant assessing
the comparative opportunity cost of raising the priority of
either Group tooling, Tyre Group machinery, or I.S.C. moulds
above any of the others. It would not be possible to deal
with such a dilemma effectively by establishing rigid priority
rules, since the opportunity costs would not be constant.

The situation was further complicated by the fact that a large pro-
portion of the machinery parts, placed for production in the machine
shop, did not require the high grade of skill of the operatives
there, but were, in theory, capacity fillers which could have been
obtained at a lower unit cost from external sub-contractors. This
resulted from the fact that there was no definite knowledge of the
MinesmPcapacityanditmonlyposaibleboglmswmt future
tooling loads might be. P & ED's management thus arqued that use
ofthemachinesmpinpoaedadditimlaloostsonitsmachinery
products which might make them less competitive in this field and
certainly caused reduced net profit.

As far as P & ED was concerned, these product areas were much nore
than a sideline. The lull in production in late 1974 caused by a
shortage of orders which led to capacity being concentrated on
tooling work is one of the major reasons for the loss shown for that

year.

It was noted in Chapter 2, Section 5.1.2 that parts of the labour
force are not directly transferable from one type of production to
the other. In particular, back-up staff, such as draughtsmen and
project engineers were not needed by ﬂae tooling side of the business.
One might have expected them to be switched to development work during
such a lull, but it has already been noted that R & D for the nore
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reqular rubber-technology machinery was carried out by U.K. Tyre

Group.

An analysis of Buying Department activities (details in Appendix 5),
showed that 51 out of every 100 orders placed by that department
were directly concerned with machinery construction. In Estimating
& Technical Department, the division of work was similar to this and
the Marketing Department concentrated almost totally on this part
of the husiness except for occasional major outside tooling orders.
Reduction of work in these product orders left the administrative

departments of the division seriously under-employed.

P & ED was dangerously dependent for such work, first on tyre
building machinery orders - which left it wvulnerable to any tech-
nological improvements in this area - and second, on Union customers.
Both facts are evident from the product result figures (given in
Appendix 1, Chapter 1), though the latter is masked in the 1975
order statistics given in Appendix 4, which show the influence of

2 larger "one-off" orders from non-Union customers for rubber

technology equipment.,

The Division had not managed to establish a reputation or a definite
product line associated with any other industry, and any work out-
side the rubber technology area involved greater risks, since sub~
stantial variation would be expected between estimated and actual
costs - particularly in the labour hours required for the manufac-
ture of the non-standard parts of what was always, in essence, a
prototype machine as far as P & ED was, concerned. An admittedly
extreme example of this is provided in figure 3.11 which concerns a

line of machinery for the steel industry.
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Figure 3.11, Analysis of final figures for jobs DB852-860 concerned

with non-rubber technology machinery

Representing an extreme example of poor labour
performance on a group of related contracts to

supply a line of machinery.

Quotation date ; End of 1974
belivery scheduled for : End of February 1975
Delivery achieved : In stages from 2nd week in March to August 1975,
Labour hours Estimated cost (2) Invoice Value (3)
Job no, Estimated Actual & contribution (£) (£)
DB852 & 860 996 1,070 15,480 25,385
853 301 307 8,366 6,480
854 136 211 2,889 3,078
855 243 411 4,708 4,240
8556 197 382 2,399 3,240
857 2273 - (1) 22,676 13,770
858 697 1,798 27,901 13,823
859 508 797 11,533 4,752
DB852-857 2,492 (1)
TOTAL 3,305 7,668 96,422 74,768
Agreed extra payment of 14,585 (4)
TOTAL RECEIVED FROM
CUSTOMER 89,353
NOTES

(1) A part of the hours for jobs 852-7 were taken together due to
difficulty of identifying painting costs of individual machines,

(2) The cost estimates on these jobs were worked out after agreement
of prices for the contract with the customer. It is exclusive of
V.,A, T, and assumes a customer contribution of 30%.

(3) The Invoice Value if made up of the fixed contract price for the
Jobs together with subsequent modifications requested by the
customer, The figures are inclusive of V.A.T. at B8%.

(1) An extra payment was negotiated with the customer at the end of
the job because of the disparity between contract prices and

calculated costs.
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Total labour hours were more than twice what was estimated, 7,688
compared to 3,305. Such a vast difference cannot be accounted for
simply by inefficiency in the machine shop, but rather reflects

the inaccurate estimating.

P & ED had an excellent reputation for the quality of its workman-
ship, but a poor reputation for delivery on schedule. This was
bound to affect the sort of orders it received, which tended to be
for precision equipment not urgently requir;zd by the customer. The
orders from the nuclear processing industry are excellent examples
of this type of work, but P & ED was not attractive as a supplier
to customers outside the rubber technology area, who wanted more
straightforward equipment with reduced processing risks or un-
certainties and, thus, a more predictable constitution. It was

toth expensive, because of the high grade machinery labour used,
and far too unreliable on delivery for customers who wanted to gain
maxinum returns from capital assets by programming future production
from them.

The key factor in the manufacture of machinery was the lead time

on the major bought out items. Special motors and gearboxes, for
example, might take as long as 12 months to be delivered by the
supplier. The complete network for the construction of a machine
from the receipt of the order is shown in figure 3.12. It is
somewhat sinplified since it does not show continuing Design &
Estimating Department involvement, dealing with modifications to
machines, but the critical path identified remains correct:
1,2,3,4,8,13,18,21,22,23,24,25. In theory, there was a considerable

amount of slack in the time allowed for the machine shop to produce
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the kit of non-standard parts. Rather than produce a detailed network
with specific start dates for each of the parts, so that all arrived more
or less at the same time at the stores for transfer to the assembly shop,
the parts were managed "by exception". It was assumed that all would
reach campletion by the due dates and the Assembly Shop Production
Controller notified his counterpart in the Machine Shop of any missing
items, or "shortages", about two weeks before building was due to
commence. Whilst this worked reasonably well in most cases, it did

lead to last minute 'panic' processing of machinery parts at
artificially raised preferential priority. Where major manufactured
parts had remained unprocessed, assembly start might be delayed, but

it was usually possible for fitters to make a start on some sub~
assemblies before the kit of parts for a machine was conplete. The
procedure also produced the maximum chance that parts, material for
parts, or job routing cards for parts would get lost within the machine
shop. Table 6 in the Production Evaluation Report, Appendix 2 to this
Chapter, shows the consistant failure of the machine shop to deliver
conplete kits of parts on schedule during the latter half of 1975.

Once again, the complaint wvoiced here was of the disruption caused to

machine projects by short-term tooling orders.

3.2.4 Conclusions

The subject firm experienced even greater problems than were suggested
in Chapter 2, Section 5, from the combination of tooling and special
purpose machinery product types, because of the added complexity of
preferential treatment for some of its customers, in particular its
responsibility for providing minimum delay servicing for the other

Operating divisions within Engineering Group.
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3.3 Examination Of Problems With Resources

3.3.1 Site

Far from being contiguous - a possibility suggested in Chapter 2.5.1.1 -
in order to allow shared use of expensive materials handling equipment,
the manufacturing units of P & ED were situated in different parts of
the Engineering Group site, approximately 400 yards apart. A materials
transfer system was thus needed between the two units to handle kits of
manufactured parts. A particular problem was encountered with fabrica-
tions purchased from outside suppliers for machinery jobs. These would
be delivered direct to the assembly shop stores, where they would remain
because it was not known whether the Machine Shop were due to perform
fine-finishing operations. At the same time, there would be no progress
enquiry from a machine shop Production Controller managing "by exception".
Fabrication - especially machine main frames - were exactly the sort of
part which could delay an assembly schedule. This problem had been
identified in the 1969 Management Service Report: "Storemen have
difficulty in progressing missing items, as deliveries from Goods
Inwards can go to one of several stores. Consequently an urgently
needed item can be lying unused in another store. A single store, or

closer control of movements into stores, is required" (10).

Nor was it easy for management to keep in touch with shop floor progress
when the administrative block of the Division was so far removed from
the two processing areas. What made this more serious was the poor
quality of information provided by the data collection systems in use.

This will be examined later in the current chapter.
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3.2.2 Labour Force

While it was true, as noted in Chapt.er’ 2.3.1.2., that there was
potentially high mobility of machinists between the different sections
on the shop floor because they were skilled mfkers, in practice, the
very specialised skills which they came to have, through experience, on
the machine which they normally worked on, discouraged re-allocation of
labour on a regular basis, in the interests of making the best use of
available machinery talents. Movement between sections thus only
naturally took place when there was a serious disparity btween the work-
load and the existing labour allocation - a disparity which would
justify a fairly long-term novement of labour. Machinists were rarely
noved for periods of less than a week at a time.

Mobility also encountered human problems. Most of the direct labour
force regarded it as a mark of enhanced prestige that they were no
longer just "skilled machinists", but rather skilled turners, millers
or grinders. To be the one asked to move to another section was almost
like being told you were not as essential to your own section as your
colleagues! Machinists also disliked changing supervisors or foremen,
and shop floor management found it necessary to concede on this point
in confirmation of the fact that section changes were to be regarded

as "tenporary" expedients. Men switched to the turning section because
of its heavy workload thus continued to be responsible to the milling
section foreman, a situation hardly likely to ensure that the best

use was made of the additional processing capacity.

The low level of machinery orders meant a very unequally distributed
workload amongst indirect employees. Given the higher than usual level

of tooling orders, it was not surprising that informal specialisation
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and habitual division of labour between machinery and tooling work
within the Estimating Department disappeared during this period. The
unpredictability of order inputs,indeed, presented a difficulty with
regard to attenpting any move towards a functional system of organisation

within the pre-production departments.

In general, it is evident that the expansion of the latour force,
particularly of staff members, which had taken place during 1969 -
statistics were given in figure 1.8 - had not been justified in terms

of increased turnover by the Division. By the end of 1973, the labour
force had been reduced from the December 1969 peak levels by 39% in
terms of operatives and 32% staff, but it is clear that this substantially
resulted from closure of the Ramsgate plant at the end of 1971. From
that date, there had been only a 6% reduction in operatives and no
reduction in staff, leaving a staff:operatives ratio in December 1973

of 1:2. Such a ratio could only be justified by an expansion of

. machinery production, yet, as tables 3 & 4 in Appendix 3 illustrate,
actual production during 1974 was scarcely more than half (51.7%) of

the 1973 machinery total. What is perhaps nore significant is that

it was only planned to reach 87% of the 1973 total. Clearly there
needed to be a re-evaluation of the labour resources employed, unless
management saw the order shortfall as simply the result of a short-

term demand recession caused by the prevailing economic climate, and
especially by the Division's dependence upon orders fram firms associated
with the automotive industry at a time when O.P.E.C. price increases

were having particular savage effects upon its prospects.

3.3.3 Problems With The Processing Machinery Available

In line with the suggestion in Chapter 2, Section 3.1.3, it was found
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that the comparative states of loading of the various machine groups
(itemised in Chapter 1, Appendix 2) varied considerably from time to
time. To hel_p cover this, the Division retained in the machine shop

a greater number of processing machines than of operators to use them.
Difficulties with nmobility of labour, noted above, reduced the effective-
ness of the policy. At least, however, there was little theoretical
problems with under-utilisation of machinery resources since the

spare turning, milling and grinding machines had already outlasted

the time allowed for their value to be written off by depreciation.
Indeed, there were few machines remaining in the machine shop with
anything over residual or scrap value. Whilst the absence of book
value in no way proves that there was little opportunity cost involved
in retaining excess numbers of machines, it does at least indicate
that their remaining serviceble life in full usage was limited, and
that it would have been unwise to depend on their continuing to
function beyond occasional usage, without breakdown problems occurring

The age of the machinery may, indeed, be seen as a contributory factor
to the machine shop's problem in competing with the production
efficiency of sub-contractors. However, while the Division's financial
position remained so weak, there could be little thought of under-
taking the capital investment on new machinery. In fact the latest
acquisition, resulting from continued overloading in the large milling

area, had been a machine rented on a yearly basis from the manufacturer.

In general, the machines capable of manufacturing to the lowest toler-
ances, or highest accuracy - the numerically controlled machines and
the jig grinder and spark eroder - were consistently loaded to capacity

as were the large milling machines. It was these on which P & ED
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conpeted rrt:):st favourably with outside toolmakers. This was because,
whereas the latter had different rates for different types of machinery
operation, P & ED assessed all labour hours at a single rate £2.65p
per hour in iate 1974, compared, for example, with £7 per hour quoted

for large milling work by outside sub~contractors) .

3.3.4 Problems With Establishing A Material Stock Policy

The material requirements of the Division were unpredictable (as noted
in Chapter 2, Section 3.1.4), in terms of both total amounts and the
specific dimensions to be used. Stock-holding policy for the Steel
Stores could thus only be laid down in the nost general way and there
were always the risks of steel remaining unused for long periods, or
not being available as required. At a time when the policy of external
steel stockists was to cut material to size as directed, inclusive

in the price charged for the material, the only justification for
holding an average of £40,000 value in material stock was the element
of convenience which this gave in meeting the urgent breakdown servicing
demands of the other operating divisions within Engineering Group.
Those divisions also held material stocks, but there was no attempt at
Group-wide co-ordination to reduce the risks of over— or under-stocking
certain types of steel. Group management evidently recognised this
problem and directed that all stocks be combined during 1975 into a
central pool, from which member divisions could make purchases as
required. This relieved P & ED of an unsatisfactory situation where

it had not only the cost of capital tied up in stock to bear, hut

also the cost of the piecework bonus schg'ne for its own staff of

three material cutters.

In theory, the Division's policy on machinery parts was to hold zero

stocks in the assembly stores. All items arriving there could thus
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be allocate& to the kit for a specific job. In practice, it was found
sensible to keep stocks of standard parts, such as nuts, bolts,
washers, bearings, insulated wire and electrical connections. The
stocks were built up partly also because of bulk discounts available

On such items and the minimum order quantities defined by some suppliers.

The Buying Department's procedure when procuring parts thus included
early reference of the parts list to the storeman and his records.
However, rather than asking for his examination of the total parts
list, specifying items in stock, the Estimator or Buyer picked out
those items expected to be in stock and merely required the storeman's
confirmation that this was indeed the case. The time required for a
full check of parts was not felt to be justified in terms of the
savings on orders achieved. But some parts could thus remain in the
stores almost indefinitely!

Figure 3.12 identified one further allowed variation on normal zero-
stock policy. This concerns the purchase, prior to orders being
received, of some of the longer lead items for tyre-making machinery.
Furthermore, it was net unknown for complete machines to be built,
without orders, in periods of order shortage in the assembly area.
One instance was noted of such a machine having to be partially dis-
mantled for repainting in a different customer's colours and in two
other cases in early 1975, completed machines were 'cannibalised' to
provide earlier customers with spare parts. Clearly building without

specific orders could have expensive consequences .

3.3.5 Conclusions On Resource Problems

The dispersed siting of the units of the Division was unsatisfactory

and indeed unnecessary, given the existence of a factory area adjacent
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to the administrative block (see figure 1.2), suitable for use as an

assembly area and currently rented to an outside firm for storaae.

The Division may have been unwilling to re-evaluate the labour resources
required given the expenditure in training such employees undertaken by

the Group as a whole, but such a re-evaluation was undoubtedly needed.

There was little chance that the sale of the 0ld machinery assets
would realise a substantial revenue for the Division. The space
freed on the machine shop floor could not be readily put to any other
more productive use and the excess machines did at least provide a
hedge, if labour nobility could be increased, against fluctuations
in inter-section workloads.

The Group was already taking steps to rationalise internal material
stocking policy. Advance purchasing of long-lead items for tyre-
machinery might certainly help to make the Division more competitive

in its delivery-time quotations, which could assist in winning outside
contracts. But this masks the real reason for which the Division
established this policy. The truth is that it was always short of
future orders for machinery and without such "experienced quesses",
each year's predicted sales would have been woefully short of the level

needed to pay the Division's costs and justify its continued existence.

It must be stated that such examples as those given at the end of
Section 3.3.5, above, were the exceptions. In general, the "provisioning
policy", as it was called, worked fairly well. However, wrong fore-
casting left P & ED with part of its working capital tied up in

expensive kits of parts. The most expensive equipment manufactured
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was a "Giant Radial Tyre-making production line". Of two "provisioned"
in 1974, one remained as an unsold kit of parts in the assembly stores

at the end of the following year.
Until the Division became able to work on an order load horizon of
more than the next 12 months, such problems were found to recur,

if only as expensive exceptions.

3.4 Problems With the Chosen Organisation Structure

A suggested organisation structure for a firm attempting to combine
tooling production and special purpose machinery was offered in
Section 7, Chapter 2, and the purpose of the following, is to examine
ways in which the subject firm differed from the model and to assess

if such differences made it more, or less,efficient.

The basic structure of P & ED is illustrated by the organisation
chart offered as figure 3.13. This diagram was constructed from
personal observations. The drawbacks of such charts have been noted
already (2.7) and it must be confessed that this one appears much
clearer on paper than it was in actual practice, where there was a
degree of confusion of subordination which will be demonstrated below.

It is evident from comparison with figure 3.14, which shows the
hierarchy at the end of 1969, that changes had taken place as a result
of the expansion of the machine assembly business, principally the
enhanced status of the Production Planning & Purchasing Managers and
the development of a Marketing Department. What remains common,

however, is that the Division was still organised on a functional
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basis, as a:gainst the mixed structure suggested in Chapter 2. A
comparison with figures 2.4 and 2.5 exemplifies the difference. It
is also perhaps significant that four unit production engineering
firms studied by Woodward in Essex, and identified as "average, or
above average performers”, were all organised on a product basis

and moreover that "The linking of the responsibility for planning and
control with the responsibility for execution, persisted right down

the line"(11).

Figure 3.13, being based on a practical situation, shows subordinate
levels in much greater detail. An attempt has been made to differentiate
between the comparative status of subordinates within departments, but |
positions on the chart are not directly comparable between one
department and the next. Status tended to be gained by seniority within
a department, and to be meaningful only within the boundaries of that
department. Even the departmental heads did not share equal status:

the Works Manager, for example, was called upon to cover day-to-day
general administration during any periods when the General Manager was

absent.

3.4.1 Levels Of Management & Managerial Spans Of Control

The number of managerial levels varied from one department to another,
largely as a result of the different numerical strengths of such staff.
The Works Manager, for example, had a total of 12 other supervisory
staff in his department. To awoid having a span of control of 11,
which,given the variety of the msiness,_muld surely have been
inpossible to work, these men were organised into two levels and a
Machine Shop Superintendent delegated tq be responsible for the seven

supervisors or foremen on the shop floor. The inclusion of this one
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extra man and the seniority given to the mechanical assembly foreman
in the assembly area reduced the departmental manager's span of
control to four and removed him from the day-to-day running of pro-
duction areaé. The Marketing Department, on the other hand, had a
total staff of six below the manager, all of whom had well-defined
and largely independent functions. There were, thus, no subordinate
managerial levels in this department. The enhanced status of the
Sales Manager was merely the official recognition of the fact that
because that manager would be absent a good deal from the workplace,
visiting potential customers, a formal delegation of authority by

him to a subordinate would only be sensible.

In practice, therefore, the number of managerial levels varied from

2 to 4 within the subject firm because departments were of unequal
sizes. Organisation on lines of a mixed structure would have helped
to reduce this latter inequality, since the two production units

would have been the responsibility of different managers. One practical
difficulty with making such a change was that it might be seen to
reduce the status of the General Manager's effective deputy, the Works
Manager, through reducing the size of his department.,

The span of control of the Chief Executive was 5, one nore, as already
noted in Chapter 2, than the median found for firms of this size in
the Essex research (13). The General Production Planning Manager was
a recent addition, brought in by the new General Manager because of

a desire for greater forward planning and pProcessing control. Spans
of control of departmental managers were not consistent; but this is

natural given their different functions.
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3.4.1.1 The Works Manager

The Works Manager was responsible for everything directly associated
with manufacture, from the time that the raw materials or parts
arrived on the shop floor to the time that the finished job had been
prepared by the Despatch Storeman or the Plant Engineer's staff for
transportation to the customer. He had a staff of 4 reporting

directly to him.

3.4.1.2 The Production Planning Manager

The Production Planning Manager was expected to plan and control all
manufacturing within the Division, to monitor progress and to feed
back information to the Executive Committee on weekly and monthly
production performance against the plans set by his department. He
had 6 subordinates of unequal status. The Estimating and Technical
Department Manager and the Design Department Manager were virtually
autonomous. The Production Administration Manager acted as Deputy
Head of the Department and had an accepted authority over the
Machine Shop Production Controller, mainly because of a sales liaison
role which he also performed with reference to tooling work other than
for Engineering Group customers. The two Production Controllers,
however, both made their regular weekly reports direct to the
departmental manager. Both naturally had close cross-departmental
ties with the production supervisors. The Order Controller kept
quotation and order registers and records, and it was his job also

to prepare invoices for non-Group jobs, which led him to work closely
with the Accounts Department. The following diagram, figure 3.25,

shows these relationships.
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3.4.1.3 The Purchasing Or Buying Manager

The Purchasing or Buying Manager was responsible for procurement at
the lowest possible cost of all materials and parts needed by the
manufacturing departments as specified on requisition forms by the
Estimating Department. He did not operate solely through his Deputy
Manager, although the latter was responsible for the day to day
allocation of work amongst the buyers. The Deputy took personal charge
of the provision of parts for major machinery contracts, including
progress calls to suppliers for latest delivery information. An
order progressing diary was kept in the department and each buyer was
responsible for making the calls to those suppliers whose names lay
within a set alphabetical range. With an Assistant Manager, 4 Buyers
and 3 Storemen, the Departmental Manager thus had a total span of
control of 8, but formal procedures were laid down for the work of

all subordinates and it was only in exceptional cases, where the buyer
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was unable to meet the cost target given on the estimator's
requisition, or where a consignment arriving in the stores was not
as specified on the order placed, that reference was made to the

manager .

3.4.1.4 The Chief Accountant

The Chief Accountant had two direct subordinates: the cost Accountant
responsible for classifying, recording, allocating to individual jobs,
sunmarising and reporting to management on current and future costs
(14) ; the Financial Accountant recording the revenue received and
expenditure incurred by the Company so that its overall trading
position could be ascertained at the end of each month (15). These

two provided the data needed for the regular "control accounting”
function - comparison of the actual performance with plans and budgets -
leaving the Chief Accountant relatively free for his main function of
"decision accounting" - promoting decisions on the basis of analysis

of the profitability of alternative allocation of resources (16).

In P & ED, the failure of orders to fill the available capacity meant
that decision accounting was concerned with evaluating the profitability

of expanding the product range into new areas.

3.4.1.5 The Marketing Manager

The Marketing Manager had a span of control of 6, including 3 com-
missioning engineers who were concerned also with after-sales service
on machinery projects. Marketing may be defined as "the management
function which organises and directs all those business activities
involved in assessing and converting ¢onsumer purchasing power into
effective demand for a specified product or service ..... So as to
achieve the profit target or other bbjective set by a company" (17).

In these terms, P & ED's Marketing Department was somewhat of an

(87)
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anomaly. Its function was under-developed and active pursuit of
orders tended to concern only the machinery side of the husiness,
and indeed even here only really with competitive negotiations

for contracts with non-Union firms.

Elsewhere, the function was essentially one of liaison by the
Sales Engineer with customers on order progress. In practice,
this necessarily also involved the Production Administration
Manager, since it was one of his functions to maintain a record
of progress on all ordersother than those for Engineering Group
customers. Liaison for the latter types of orders was handled
by the Production Controller and service work estimator on the
shop floor. An attempt to illustrate the variety of marketing
policy on different types of business is given in fiqure 3.16.
Essentially, the marketing function had the form and type of
personnel noted by Woodward in the Essex research (18): the
Departmental Manager had previously been Desion and Development
Manager; the Production Administration Manager had been Technical
Sales Engineer.

The Marketing Manager was also given a general brief to look at
prospective new products for the Division and during 1974 had
visited the United States to negotiate European manufacturing
licences for products connected with oil pipelines. These attempts
to take advantage of the expanding North Sea Oil Industry are
dealt with in Chapter 4 of this Thesis,-as one of the methods

examined for improving the Division's position.
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3.4.2 Particular Problem Areas With The Defined Structure

i

To promote the necessary integration of pre-production activities,
it was necessary that the control of the Production Planning Manager
over the Design & Estimating Managers should become very much nore
real. It was insufficient,in the case of machinery contracts,
merely to plan the processing stages if maximum efficiency and
minimum order throughput time were to be assured. Rather it was
essential to ensure, for example, that estimators would be avail-
able to work on projects as soon as the project engineers were
ready to pass drawings to them. This would ensure that the

Buying Department, in turn, were given the maximm time to purchase
any required parts and materials. The central role of the Production
Planning Manager needed to be developed along the lines of the
central co-ordinator noted in figure 2.7, at least for the
machinery side of the business.

Production Control staff in the machine shop did not plan or control
the progress of jobs through the shop. Rather they monitored and
reported actual processing activity. They acted merely as a feed-
back channel. This resulted from the fact that,as subordinate
levels of the Production Planning Department, they had no actual

authority on a shop floor governed by the Works Manager.

Section progress chasers were effectively under the foremen, even
if they were supposed to work alongside them. As one noted

accurately: "We're just glorified material handlers or labourers!'"
At daily meetings they reported developments on certain prescribed
jobs to the Production Controller, but the latter was left in the

unenviable position of supposedly cohtroll:i.nq the actions of people
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over whom he had no direct authority. To impose a required order of
processing, he had to work through the shop superintendent, but to
avoid the necessity for this, he generally operated in practice, by
making requests for 'favours' to section foremen, who were normally
responsible. It was the foremen, and not the Production Control
Department, who issued work as they saw fit to their machinists,

based upon balancing job requirements against the particular specialist

skills of machinists available.

There was bound to be a difference of approach between subordinates of
the Works Manager and those of the Production Planning Manager, since
they adopted different achievement measures. The former were con-
cerned to 'keep the machinists in work', or to maximise productive
occupation of latour; the latter stressed the need to process jobs in
a particular order, minimising throughput time of complete jobs, and
thus keeping down the amount of working capital tied up in works-in-
progress stocks, to avoid the possibility of cash~flow problems.

In assembly area operations, as noted in Chapter 2, Section 4.2.2,
planning is the key factor, and control becomes relatively sinple if
the planning has been done competently. Here the Senior Foreman in
charge of the assembly operations was thus reliant on the area's
Production Controller and order progress clerk. It was these who
kit marshalled the parts for a job, checked and progressed shortages
and signalled when it was possible for assembly to commence. Yet
here again, in theory, the foreman and the production control staff
were responsible to different departmental managers. Clarification
and rationalisation of lines of authority and areas of responsibility

was needed.

(1o1)



3.4.3 Conclusions On Structural Problems

The purely functional structure chosen by P & ED was ill-advised
considering the essential differences, noted in Chapter 2, Section 5,
between its two types of work. It tended to produce exactly the sorts

of problems noted by Drucker:

"Even proper functional organisation ..... makes it difficult to
focus on business performance. Every functional manager considers
his function the most important one, tries to build it up and is
prone to subordinate the welfare of the other functions, if

not of the entire business,to the interests of his unit"(19).

However, there is a limit to the contribution which structure "per se"
can make in improving organisational effectiveness. It cannot be
expected to resolve political problems or conflicts over objectives
within an institution. Nor can it provide solutions where there is
not the will or campetence among managers or employees to conform to
an appropriate pattern of behaviour (20).

Consideration of structure is closely linked with the question of
internal integration of departments, the subject of the next sub-
section. Formal structure provides little more than a basic frame-
work for performance assessment and the allocation of responsibilities,
However, one must conclude that,in the subject organisation, structural

deficiencies did cause serious problems 4 f W

3.5 Deficiencies In Internal Co-ordination

As a means of explaining the interaction between departments in P g ED,
and of illustrating the existing co-ordination problems,flow charts
showing the Quotation and Order proéessing procedure within the

businesss have been prepared. Use of these charts also allows reduction

(192)



WY¥ORId ™Mo d — W3ISAS NoLluviond L1 3wnoig
T

1L

T
7153
Saomany L Sanmomy
= aa.uﬁ.._ - aweng 0oy|)| -
3
-
2 R,

F39.1S | INFw 1IYJII ] AN3W_ 1 wvdI d ANDWLYYI IA 321440 P3IoYnNvW ¥3Wolsn?d
__ ONILINPYW  SLNNODDY [ TmIiNM2L 3 IVLYWIST | NSDIS3a MOWANOD PI0X0 | ONI_LINIYW

(Ex)




of the accompanying narrative, since the charts are reasonably self-
explanatory. None of this procedure relates to service jobs for
Engineering Group customers; because of their urgent nature, they

were dealt with directly by an estimator stationed in the machine shop.

3.5.1 Quotation Processing Procedure

This is shown in figure 3.17. The problems with the operation of
this procedure basically turned around the fact that it took such a
long time to prepare a quotation and return it to the prospective
customer and that, given the percentage return of orders on quotations
graphed in part 3 of Appendix 4, a large proportion of the design and
estimating time spent preparing quotations was wasted. Indeed, the
graph shows that usually fewer than 1 in 4 quotations sent out on
machinery work, and fewer than 1 in 2 on outside tooling work, resulted
in an order being placed. However, given that the Division was almost
always dealing with unique jobs and that accurate price quotation was
essential if it should both make a satisfactory contribution and be
as competitive as possible, the time taken in the quotation procedure
must be accepted as a necessary evil.

What perhaps could have improved the situation would have been some
preliminary vetting of enquiries to see how serious the proposers

were. The problem once again, however, was that in its under-loaded
state, P & ED could not afford to risk losing any orders - no matter how

unlikely they might seem on the surface - by declining to quote for jobs.

One habitual procedure which was likely to cause difficulties if an
order should be received was the specifying of actual dates for

delivery to the customers,rather than the nore sensible system (to
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which the Division changed in late 1975) of quoting a certain number
of weeks from receipt of an order. With the tooling business, orders
arrived, if at all, very shortly after quotations were issued, but
on machinery husiness protracted negotiations, often including price
adjustments, could take place after the formal quotation had been
received by the customer. The Division simply had not altered its

methods in line with its changing business.

3.5.2 Processing of Customers' Orders Through the Pre-Production

Departments

Figure 3.18 describes the progress of customers' orders and associated
internal paperwork through the Division's pre-production departments.,
Once again, it replaces a narrative description. The Buying Orders
have been included to demonstrate the use made of several of the files
kept: the Accounts Department Job~Cost file; the Purchasing Dept.
order progress record card and progressing diary; the Goods Inwards
area's orders outstanding file and job kitting progress file. A
subsidiary piece of paperwork, called the "Order Progress Report" has
been omitted. Such reports were made out by buyers immediately after
progress calls to suppliers. They were passed to the departmental
manager or deputy manager, who removed those specifying "No Change"

to expected delivery date and forwarded all those with changed dates
to the Order Progress Clerk in the assembly area stores, so that he

could amend his job kitting record.

The main problems with the operation of this system centred around
insufficient inter-departmental communication of supplementary infor-
mation and the purely informal systems whereby shortcuts were taken

to allow finished parts of a job to proceed from one department to
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the next. It was very similar to the situation noted by Rackham, of
the Imperial College research unit, with reference to a firm in
Essex:=-
"before production had actually begun, the Works was operating
on the assumption that short-cuts would have to be taken if the
delivery date was to be met. Both the Methods and the Order
Control Sections felt constrained to go ahead with their part
of the procedures before they had as much information as they would
have liked. The going ahead before being really ready was
reflected at almost every stage in the process".
The result in the case under consideration was the eventual delivery
of the ordered item about 9 months after it was required. Rackham
notes that the firm under study had a "high degree of variation in
product range", and that the example concerned "the first run of a
new product", both of which supported his case that "in this type of
production, problems of time control are almost insoluble", and
that difficulties were exacerbated by an "unrealism", which crept in

"at the outset in the negotiation of delivery dates between the firm
and its customers" (22).

One must note, however, that the firm which Rackham was describing was

a small batch electronics firm. It would thus be expected that the
problem with P & ED, a unit production firm, would be even more com-
plex and unmanageable. Woodward notes that one of the features of

4 unit production engineering firms in Essex was "good inter-departmental
relationships" resulting from "close integration of functions". All
these firms were described as average or above average performers (23).
In P & ED, however, perhaps that very "below average performer", which

the Essex research workers did not have available to study (24), -
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inter—departmental relationships were marked by a degree of insularity
which on occasions approached "empire-building": the Production
Planning Manager, for example, was very conscious of the prestige
associated with the only department which really knew what progress
was being made on orders, and the Buying Manager that only his
department knew the latest delivery position on vital purchases from

external suppliers.

The basic task of the pre-production departments was to get requisitions
to the Purchasing Department and manufacturing paperwork to the shop
floor as rapidly as possible in order to give the maximum chance of
conpleting the job on schedule. On machinery projects, for example,

the estimator assigned would first produce all requisitions for the
purchase of parts or materials; second, manufacturing paperwork for

the machine shop, including computer input forms for the data collection
system in use; third, time allowances for assembly operations; and
finally a costed parts list for the Accounts Department. It was

comon for the estimator, during periods of heavy workload, to change
to another job after completion of stages one and two, and return to
caplete his work at a later date. As the Accounts Department did not
use the costed parts list for intermediate monitoring of jobs progress,
but merely totalled the estimated against actual costs for conpleted
jobs, this did not cause any problems. Lack of monitoring by the
Accounts Department did mean, however, that there was no feedback

on a problem job from then until it was too late to do anything about it!

Because there was no co-ordination of activities between draughtsman
and estimators, there was no certainty that work passed on by the

Design Department would receive immediate attention in Estimating g
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Technical Department. Recognising that his staff, as with the
draughtsmen, had particular ability with certain types of job, the
manager of the latter department organised his staff informally

along product- lines - there was, for example, one estimator who always
dealt with nuclear processing industry contracts and three others,
recruited from the shop floor, worked only on Engineering Group tooling
orders. But with the balance of orders between machinery orders

and tooling work far from constant, permanent allocation of all

staff was felt to be unwise. At times the manager was found to be
faced with the conflicting priorities of Divisional, Group and Union
best interests in deciding whether to allocate staff to tooling
orders or machinery projects. Normally the latter would lose out
because tooling orders generally required only a few hours of work

as against days or even weeks for machinery projects. On occasions
when tooling work was forced to queue for attention, the situation
could arise where the Production Controller did not receive manu-

facturing paperwork until after the promised delivery date for a job.

The establishment of delivery dates was indeed a haphazard process,
and had changed very little since 1969 when the Management Services
Report on Clerical Procedures had commented:
"The (Production Planning) department accepts orders and
assesses delivery dates. MAcceptance is not formally related
to capacity, but lead times are always applied. The lead
time is built up from the job estimates with allowance for
paperwork processing and movements between operations. This
does not prevent jobs being accepted inside the lead time,
especially where the Planning Department has had to do detail
drawings after the order was accepted. In such circumstances

more orders ought to have their delivery dates re-negotiated 239,

(129



On machinery contracts the customer was at least kept up-to-date
with delays caused by late delivery of bought-out components. With
tooling jobs it was not considered worthwhile because the Production
Controller in the Machine Shop, like the Commercial Department in
1969, was working with insufficient information:
"The department tries to progress jobs to ensure that agreed
delivery dates are met, but has insufficient information to do
this satisfactorily. There is a high rate of failure to meet
the promised delivery date, estimated at 30%. -
Tables 4 & 5 in Appendix 2 show the situation had gone way beyond this
unsupported figure by 1975 and figure 3.19 supports this with figures
for November of that year.
"Causes of failure are many. Too little is known about avail-
able capacity by the Planning Department who decide the delivery
dates. Many orders reach the Shoploaders after they should
have been despatched. Reporting back of shop progress to
Commercial Department is not on a formal basis, though this is
really the task of the Progress Department itself. An
exception report from the Progress Department to Commercial
Department showing all jobs in arears would be valuable. It
would also enable the failure rate to be monitored, in con-
junction with Commercial Department's order register. Lack of
information at present creates an indifference to breaches of
delivery promises, an attitude which is general and not con-
fined to the Commercial Department. Short term gains in
turnover followed by poor delivery performance are not in the

long term interests of the Division" (26).

The situation had improved very little by the beginning of 1975.

Theoretically, the Production Planning Department now received a
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Figure 3.19 Analysis of November 1975 Output Schedule According
To Original Delivery Promise.

Delivery Schedule For Jobs Other Than For Engineering
Group Or Spares

Total of 45 orders due for completion during month of November 1979.

Of these 12 worth a total of £23,510 were on schedule

g = i " £37,887 were 1-4 weeks overdue
13 o 2 " £48,335 were 5-8 weeks overdue
and 14 E " " £21,416 were 9 or more weeks overdue

The total value of orders due for delivery in the nonth = £131,148.

Current orders were 18% by value and 27% by number
orders 1-4 weeks overdue 29% " % 13% iy
" 5__8 n 1} 3 ?% n L1} 29% n

" 9 01' mre n 16% n n 31% n

Current Orders: Influence of low value, short-term round ooling jobs.

9+ Weeks Overdue: Low value problem jobs allowed to drift. Single job

where customer encountered problems, accounts for ¥ value shown.

job progress report in the form of the weekly Work in Progress report
from the data collection system then in use. In fact, as the next

Section (3.6) will note in detail, this report provided insufficient
information and had to be backed up by manual expedients such as time

consuming progress meetings between the Machine Shop Production
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Controller, the Production Planning Manager and the Production
Administration Manager and the multitude of phone calls from the
last of these to the first every week. The Production Controller
generally dealt with such enquiries by delegating one of his
progress chasers to conduct a manual search for all items on a job
around the machine shop. On occasions when he was too bugy to do
this, he would make an estimate based upon the most recent work in
progress report. This latter procedure could be disastrous because
the report gave no indication of any problems with particular items

on a job.

If the Production Planning Department hierarchy had reason to bemean
the quality of intra-departmental feedback from its shop floor progress
officers, its own activities as a department were certainly not free
of blame for actively discouraging an atmosphere of inter-departmental
co-operation. On the whole, it is understandable that the new
Production Planning Manager - by several years the junior of the rest
of the Executive Committee - should attend first and foremost to
establishing the importance of his function and confirmation of his
status within the organisation. But he had been employed mainly to
develop that very integration of pre-production activities which

some of his actions seemed designed to prevent. He regarded the
department's monopoly on job progress information, for example, as a
sort of ammunition store providing the correct tactical weapons for
probing the weaknesses of other departments, rather than as demon-
strating faults in the overall system for which he might suggest
solutions. The comments on overdue jobs in the monthly delivery

schedule thus often referred to the shortcomings of others,
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The Production Planning Manager was actually well-placed at the start
of 1975 to loose off a few salwog, since it was exceptionally
difficult to detect any area for which he bore specific responsibility.
Marketing Departxmnt had accepted that a given job was suitable for
the Division; assessments of time required for design work and tech-
nical estimating had been proposed at the quotation stage by the
staff and ultimately the managers of those departments; Purchasing
Department had identified the lead time of the longest lead bought out
items; despite the fact that delivery promises were made by the
Production Administration Manager (for all tooling work) and the
Production Planning Manager (for major projects), the responsibility
for meeting the dates set for tooling deliveries lay solely with the
Production Department, and for completing the various stages of
machinery projects on time with the various departments, from whose
estimates the project plan had been drawn up.

The procedure on tooling work was to ensure, irrespective of current
load conditions, that a minimum of two operations on each item of a
job would be carried out during a week. Computation of a throughput
time thus took the simple form of halving the number of operations on
the item with the greatest number of Operations. There rarely
seemed to be allowance for four practical problems with this system -
problems other than the basic one:

"More study of the load position should be made before orders

are accepted if the delivery failure rate is to go down..." (27)
on which there had been no improvement since the 1969 report, despite
employment of a fairly expensive data collection system. The

problems were:-
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1.

An operation which, for example, was estimated at 80 hours,
would receive an "exceptional" allowance of 2 weeks for com~
pletion, a target which could only be met if the actual
Operatinql time was less than or equal to the estimated time.
It was rare for this to happen in practice with operations of

this duration.

External sub-contract operations were counted either as one of
the two operations for a week or, exceptionally, as a week's
work on their own. Outside sub-contractors rarely met such
targets - nor was there much chance of them doing so when it
took P & ED a day to arrange the necessary paperwork and
perhaps another day to fix transportation to the contractor's
workshop. Common sub-contract operations included plating
work and gear-cutting, neither of which had short processing
times, even if the contractor should have no current work

already queueing at operating stations.

Internal heat-treatment or hardening operation lead times
depended upon the build-up of an economical furnace load.
Because of this it might have been more sensible to count such
Operations as a whole week's work. This was not done because
the preceding and following operations to heat treatment were
both inspections, theoretically not requiring a great deal of

time.

In fact, all inspection operations represented a subsidiary
problem. As with heat treatment, thése operations were not
given time allocations on job routing cards. It was thus

impossible to tell from the computer' reports whether these

operations had been completed or not, a difficulty increased
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by the fact that there was no progressing of the Inspection

Department.

To find the due completion date for stages in a machinery project,
the Production Planning Manager simply referred to the contract
delivery date and back-scheduled all other operations from there.
This would indicate both when assembly would need to start and thus
the parts kit be complete and also, at a much earlier point in time,
by what date the Buying Department would need to have received
details from the draughtsmen or Project Engineer of required long
lead bought out items,

All stages in machinery projects were bar charted on a large display
board in the Production Administration Manager's office, but there
was no established system either for monitoring progress within the
pre-production departments against this chart or for up~dating the
Chart either to show slippage against the schedule within the
departments, or indeed to remove old jobs and insert new ones. At
the time of this researcher's arrival, one job delivered late in 1973
and several others delivered earlier in 1974, were still shown on
the chart. Comparison of the plans for those still in progress with
the newly instituted delivery schedule confirmed that the plans
shown were hopelessly inaccurate. It was explained that nobody had
the time to keep the chart up-to-date and that no one ever used it
anyway: Members of other departments were not required to commit
themselves to the schedule and feedback on their progress only came

in the form of occasional ridicule of the displayed plan.

There was no attempt to employ a network model for planning machinery

projects - even one as basic as that offered earlier in figure 3.12 -
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but the display board could have been useful, had it been used properly.
Part of the difficulty lay in the method used for recording the initial
plans. Strips of different coloured insulating tapes, representing
different departments' involvement in a given job were placed on the
plastic screen overlaying a graph divided into production weeks for the
year. To amend these schedules took an unjustifiable amount of time
in view of the use made of the chart - but then, of course, no nore

attention would be paid to them unless they became more accurate.

Because of the unrepetitive and therefore uncertain nature of jobs,
departmental heads were loath to allow themselves to become committed
to a definite completion date for jobs and thus the idea of central
co-ordination and integration of their several activities was not
popular. Fach preferred to be individually responsible for the work
of his own department in isolation and to deal with new tasks as and
when these arrived. But this meant there was no sense of urgency
except where specific direction was given by the General Manager to
his executive committee on orders where, for example, the Division had
accepted penalty clauses in order to secure contracts.

The 1969 Management Services Report noted that:

"The informal methods of communication are proving inadequate,

as the division has expanded rapidly. In some areas new

procedures should be set up" (28).
By 1975, this communication problem still existed and is exemplified
by the problem at the interface between the Purchasing Department and
the Production Planning Department. Despite the fact that late
delivery of components bought from outside suppliers could obviously
affect possible completion dates of Iwork by the Division, there was

no formal system for communicating revised delivery promises received

through progress calls to suppliers from the Purchasing Department to
(206)



the Production Planning Department. On machine assembly projects,
because the Assistant Purchasing Manager personally nonitored progress
towards a complete parts kit and was also in receipt of a monthly
delivery schedule from the Production Planning Manager, it was expected
that he would draw the attention of the latter to any problems envisaged
with respect to outside purchases. This pre-supposed that he knew the
build sequence of any late items and also the total assembly time allowed
for the job. Because he did not have this information he was not really
placed to assess which late deliveries would affect the whole pro-

duction programme and which would not.

He reported problems only to his own departmental manager, who would then
refer them to the Production Planning Manager if he thought necessary.
In most cases this informal link worked well enough, but the high value
of the machines concerned and, therefore, the potential cash flow
problems created by holding kits of parts longer than necessary, meant
that the cost of any failure would be high. One exanple during 1975
concerned a foreign-made motor for tyre making equipment for an overseas
Dunlop subsidiary. At the kitmarshalling stage it was discovered that
delivery of the motor was overdue. Subsequent enquiries showed that a
revised delivery date had been received and that this date was in fact
over a month after the equipment was scheduled for delivery to the
customer.,

A different exanple of the "ad hoc" growth of systems within the pre-
production departments is provided by the records kept in the Order
Control office. One got the impression that, because order input rarely
reached capacity levels, this department multiplied its workload by

establishing separate records to cover each and every conceivable purpose,
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rather than holding a single reference file with all the information
relating to a given job. Figure 3.20 exenplifies the duplication of

data held on the various files.

The difficulty in this area of the research is that although one can
say, with reference to the Essex examples, that unit production firms
which do comparatively well are generally characterised by close
integration of these pre-production activities (29) it is difficult
to quantify in precise terms what exactly the financial cost of poor
co-ordination was to the subject division. On tooling work, admin-
istrative procedures certainly played a part in causing late deliveries,
but how large a part, compared with production problems, is difficult
to specify. It is also impossible to calculate the number of orders in
this type of business which were actually lost because of a poor
delivery reputation. The Division's customers were usually primarily
concerned with quality anyway.

The key nature of lead times on bought out items on machinery contracts
has already been noted. Given that such items were identified in the
earliest stages of the design work, inefficiency in handling the rest
of the pre-production side of these jobs should not have caused problems.,
Indeed, during periods of low order loads it is difficult to see how

it would have any practical effect. The cost of the inefficient
co-ordination would only really be seen for this work when the order
load was heavy, when the actual maximm load handled during a given
period would be below the potential maxim.m for the personnel concerned.
In the subject firm this could be masked by moving staff away from the
other type of husiness because of the fupctional Oorganisation of

departments.
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The problems in the administrative departments really need to be
considered in terms of the disorganised base which they provided for
all other activities: their lack of urgency could hardly help but be

reflected in the processing units of the Division.

3.5.3 Problems With The Control Of Workflow Through The Production Unit

This section concentrates on the Machine Shop unit of the Division. In
the Assembly Area few jobs were processed at the same time and, as noted
in Chapter 2, as long as the planning had been accurate, control of
assembly operations was fairly straightforward. An order progress clerk
monitored the arrival of parts against the parts list for a project and
made out a list of all shortages at the kitmarshalling stage, divided
into outside purchases and internally manufactured items. The Assenbly
Area Production Controller forwarded copies ©of this to the Purchasing
Department and the Machine Shop Production Controller respectively for
latest delivery information to be added. When the Assembly Area Senior
Foreman decided that sufficient of the kit existed for a start to be
made, he arranged issue to the shop floors.While in theory this should
not have happened until the kit was camplete, in practice he was so short
of work for his fitters towards the end of 1974 and in early 1975 that
he arranged issue at the earliest time possible, even if this would

meanr: that at some time assembly would have to be halted pending arrival .
of a part. At times of reasonable load, throughput time was equal to
the sum of all assembly operation times.

A problem did exist within the assembly stores area, however. Again, it
had been identified in the 1969 Management Services Report: "On same
machines a single part can be given different numbers for its different

applications within that machine. Different numbers for the same part
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on different machines also occur. In the majority of cases unique
identity is preserved regardless of the end use of the item.....
several bins in the stores can hold the same parts under different
numbers... unless storemen are aware of all the possible numbers

for a part, a fitter can be short of parts which are actually in
stock" (30. For ease in kitting out a job, stores held parts at
"bin locations" under P & ED part numbers, rather than manufacturers'

numbers: it was only the former which were given on parts lists,

The Division had never made use of the services of the Dunlop Coding
Section, which cross-referenced the part numbers used by a variety of
different manufacturers against a single number for company usage.

This service was available, free of charge, to all members of the
Union and indeed P & ED's lack of use of it presented problems when
spere parts were ordered by internal customers. The Division had to
refer to the coding section to find out what a given Dunlop part
number , which was commonly all that was given by the customer, actually
referred to.

The state of the assembly area stores by the end of 1974 was chaotic.
True, a record existed of all parts in stock, but there was still no
cross-reference of identical parts under different numbers and the
precaution had not even been taken of locating like items in adjacent
bin positions. But the main problem was that no authorisation was ever
given to dispose of obsolete items. Masses of these cluttered the
stores. The storemen had no way of knowing which were indeed still

in use and which definitely obsolete, but he did point out several
drums of 10-ply electrical wiring, imported from France for use on

a tyre-building machine which had not been made since 1970.

(2m)



STWTHEHLY W WIS 5O t.!st...l.w_u.uentﬂ

I DTNV Dl PRUSTT  FINOTIIpS Ctr._!. MOOSPPRLS
TISILS ML AD STMLLEWD WO FIMINILVW o L\..d.l.‘...u\c!
T TR BMLLINT -.....ni.....:? S13WOL W ___.BEo:.u

I AP L 3TVUND 4O s, OBTWUNG I9 2 S

“wRAiwed 41 :PI0M X

TGV oyl

LYW WL 40 IWIT HNLLON JOHS

-ﬂmx.mu@
IOV %LUSGOMKAN_. NS WIBYSIQ WIINHD2L

B OSNLYWLSST WON] M»0woavd 40 LNSwWIN0W BH]  _LPYUHD OhO1 4

|

IZ°¢ Jona |

A

Adorsd

ey p LM 9O ONedg Y oy
030950 ATieemhasYTe ong 'gar
IO T v (oey PIRESY D
TN SAFUS OBLIWT M) Wy

TPy A JwTY oSTy Ot S

ST imewmomy 9 sMIRIag

S0 OME ¥ WL pes SO L
WO SRAL ML JO ST PHL 9
BnerEaiay Ay wow e Ava wag
BONE1 ¥ IIND 4ONS Yommdw )
AN 221w A (OIWIMIIQ Sreey

SO L1 LI TR D SO ey
E..ik’»c?én.&. ‘e
AL WO B LD Aami 3wow
= TG SUNTYAYY FMLNON Ny Mo
TEHFAT WY TFTLAWT RIS B

W3 7903

asv)
P |

gy~ ¥

Tl WPt IR ATYWLLRS joy
Su FIa1 FY s ey geg
P ST 45PW TR 009 N9
AT SVH Wl T Y T TSIV
AVEL Ored Avie 3N A Dussiy

L1 sseeowy o

L FDY 30d TS W Uon
1ng s M BdaL Menwy 40
O&.!i)‘l!’ri‘ﬂ.
IOVCWOINY SWOT TRALS IO AL
jnﬂ.ii ‘rraviny | WOYD P XTRS VAL ¢ ATNO  BOL

Orne SOPYY VLY IHL SA0IIIFy | TRUIHT LIV Irvanag NSITevLsS
18N ' STEDRY SAFUS Iy

[ERET

¥ T T W ST T R vy o

e mt:aW/ “

295 =374 ‘0354 NO| |
o)
asa Snssaomy| |

FI AW TITHLNTD)

=
. E
|

Anmwomdaa
DA

SWIL AN WwrrELYW

S3WALS T13FUS

HMHITID SowsOIIY SIS IS

‘HOHS Brenoww | TNIHO
TOAMUNO D MNOLLINOOYd

NI

DMNUyIMang

A NIW_L w3
TIYINHDD | §
SMNLLYW o

(212)



Without rationalisation of parts numbering it was unlikely that the
Division's objective of minimum stock holding would be achieved, since
the storeman when presented with a parts list for a new order would not
be able to specify accurately what was and what was not in stock.
Possible added benefits of such a rationalisation were that it would
encourage the Design Department to standardise between machines on
parts used and that the Purchasing Department might be able to huy items
in greater bulk, where common to a number of different machines, and
thus take advantage of discounts offered by suppliers. Lack of such

a system precluded use of electronic data processing to perform mundane
repetitive clerical functions - a possibility examined in Chapter 4.

It was in the machine shop that the Division's management was convinced
that the real problem lay and, therefore, a large part of this research
project was concerned with the procedures for the control of processing
in that area. Figure 3.21 explains the transmission of manufacturing
peperwork from the administrative area to the Production Control Office
and also outlines the main practical problems with the method in which
the system operated. An earlier section in this chapter (3.4.2) noted
the problems of the Machine Shop Production Controller resulting from
his lack of authority over processing staff. This made it absolutely |
esseritial if he were to exercise a meaningful function that he should be .
in effective control of the release of all paperwork and materials
onto the shop floor. Only hy restricting the choice of jqbs available
could he ensure that foremen would follow the required priority order.
The thecretical operation of the system for controlling shop floor
Operation is shown in figure 3,22 No item should have been started
until the green priority ticket was received by the section progress

chaser from the shoploading clerk. In fact, the system never operated
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in this way, but rather as shown in figure 3.2 3. The green ticket
was merely a duplicate copy of the yellow route label. Thus, once
the latter arrived at the section material rack with the material -
direct from the steel stores in the absence of any pre-processing
material store - the machinist had all the information which he
needed to make a start on the job. At least the progress chasers
could monitor what work was actually done on their sections and this
required expeditious use of a handwritten list of work which was
done before any green priority ticket was received.

Work was scheduled for operation according to the due delivery date for
the conplete job. A large red number signifying this date was stamped
across the priority ticket. This alone represented an unsatisfactory
basis for determining comparative job priorities. The instruction was
sinply that the operation with the lowest number should be done first
with no account being taken of expected throughput time for different
items and no subsidiary instructions being given to indicate how choice
should be made between two items with the same due date. No latest
start date for itemswasgiven and,on parts manufactured for the assembly
shop, the due date marked again referred to the machine delivery date,
making no allowance for the required machine assembly time. The
deficiencies of the system were shown by the use made of red stick-on
labels to denote that a job was "urgent"; this was given official
recognition by the purchase of a supply of red labels with the word
"urgent" printed on them. Such jobs, it was decreed, should be

placed at the front of work queues. All  this really did was alter

the problem faced by the progress chaser and the foreman: they now had

to decide which of two "urgent" jobs should be processed first (31).
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Because the priority system was defective, supervisory staff were
called upon to use their own judgement and they operated, with a number
of variations, a rough rule of "first come first served". Figure 3.2 4
lists the variations, advantages and shortcomings of this system and
shows that the various levels of management were seriously out of tune
with one another on what exactly constituted valid reasoning for

establishing a priority sequence.

Given the type of production and the highly individual talents of the
direct workers a very rigid priority schedule would have been inappropriate
because it would not have maximised the usage of the labour potential,

With no meaningful sequence at all, however, all the production control
problems noted in Chapter 2, Section 3.2.3 were likely to be

aggravated.

Even if all jobs had been done according to due date priority, there

was still considerable room for doubting whether they would necessarily
be delivered on time. First, the inaccuracy of operation time estimates
(noted in 2.3.2.2 above) would have necessitated constant revision of

the time schedule for operations and the consequent adjustment of the
forward load schedule. Essentially, this means that it is possible to
establish a job sequence for this type of firm but not a rigidly planned -
operations time schedule. Under such circumstances, parts for machinery
contracts actually needed to be given artificially early "due dates"

if they were to reach the assembly area on time.

Second, the subject firm's basis for deciding delivery dates for jobs,
given that only the slightest and nost imperfect information on the

existing workload was available for the making the decisions, made those
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dates even xr.ore unreliable. Again, the 1969 Report had noted:
"More study of the load position should be made before orders
are accepted if the delivery failure rate is to go down"(32).
Elsewhere it notes the loading procedure:
"Work is scheduled up to 90% of theoretical capacity for 2 months
ahead ..... to leave capacity for urgent repair jobs ..... One
day's transport allowance is given between each operation......
These loading rules are not rigidly applied".
Remembering that these procedures preceded any use of electronic aids
to data processing, one is led to wonder rather at the size of clerical
staff which must have been required to manage this scheduling job.
What is certain, however, is that there was no such scheduling to a
given load capacity by the end of 1974.

A delivery date was proposed at the time the quotation was made, by the
Production Administration Manager. With the variable return of orders
on quotations issued - use of a 12-week rolling average in Graph 1 of
Appendix 4 to some extent conceals just how variable this was from

one week to the next - this was clearly a ludicrous procedure. It
amounted to scheduling against an unlimited capacity and it has already
been shown that in a period of unusually high Engineering Group order
load, at the end of 1974, it had the effect of producing an extensive
backlog of work. One cannot escape the conclusion that here the manager
concerned was acting in his sales capacity, using delivery dates, as

noted elsewhere, as part of the bargaining process with customers (33).

But the problem went further than this because there was no basis for
reassessing the delivery date accurately if and when an order should be
received. Largely because of problems with the data processing system

in use, which will be examined in 3.6, there was no information avail-
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able on the current or future load situation within the machine shop
other than the visual estimates made by the Production Controller
checking work queues by noting the amount of material awaiting processing

on racks at the end of individual sections.

Until the Production Planning Manager instituted his monthly delivery
schedule and some attempt was made to analyse the performance of the
machine shop against the plan - culminating in the report given in
Appendix 2 - the situation noted in 1969 still persisted:

"Little analysis ..... seems to be done of shop floor performance.

There is a tendency to record events rather than check that events

were as expected" (34).
Machine shop "control" policy was based upon the generally accepted
(though never proved) opinion of the Production Controller that roughly
80% of all items placed on the shop found their way without any pro-
gressing action to the finished parts stores and that at best his job
concerned dealing with the remaining 20%, neglected, lost or encountering
processing problems which might be foreseen in some cases - refer-
ence has already been made to the difficulties of particularly long
Operations (sub-contracting, heat treatment and inspection) in 3.5.2
above - but in general were the "many excepticns" inherent to special

purpose unit production (35).

The Production Controller thus waited until shortages were identified
On jobs either by his own bench fitting foreman or by the assembly area's
Production Controller. Such items would then be located on the shop
floor and progressed with an overriding priority to conmpletion. But
this situation of a general lack of urgency interspersed with a small
number of high priority "panic" jobs should not be seen as something

unusual in limit production. It corresponds closely to Woodward's
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description of such firms in Essex (36).

On Engineering Group tooling work the Production Controller, of necessity,
monitored events more closely. Here, as noted in figure 3.16, he was
involved in a customer liaison role. Because feedback from the pro-
duction area to the administrative departments was too slow or inaccurate,
it was considered that he was the only person in a position to answer
satisfactorily the progress enquiries of the customers. The Production
Controller's procedure here was thus to transcribe at the beginning of a
nonth the operation routings for all items on all orders for delivery
to Group customers during that month onto a list which he issued for
monitoring to his progress chasers. His source for these routings was
the data-collection work-in-progress report, but he had to up—date

this by adding any recent orders for which details were not yet on

file. Progress towards completion was monitored by daily meetings
between the Production Controller and all the progress chasers, The
effects of using these lists were that the due date priority system
became totally redundant; Group tooling work gained an actual priority
second only to service work; no progressing of any jobs not on the list
took place, since nobody ever checked on them; files of priority tickets
held by progress chasers were organized into job number sequence, rather
than due-week number sequence as had been intended, in order to
facilitate checking up on prescribed jobs.

There can be no doubt that the progress chasers favoured use of the lists
rather than the priority tickets. Their average age was over 50 and they
had become used to lists. One of them noted that the previous system
had been simply to write down jobs as they arrived on the section and

hand them out from as near to the top of the list as possible - virtually
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a first come first served system, In a survey of how the green priority
tickets were used, another cammented: "Ah well, we've got the list to
work to now ..... it's the last that's really important, so you just
try to get any parts on it off your section as quickly as possible. I
just clear the green tickets out every once in a while, or sometimes

one of the other lads comes for a ticket after he gets the job".

The Group tooling lists were also a useful expedient when the Production
Controller was preparing for progress meetings with his superiors,
usually occupying one afternoon per month. He was expected to report

on all work-in-progress, except for servicing work,and figure 3.25

shows that this meant upwards of 200 different orders. Some use could be
made of the data collection report, but this only appeared at the start
of each week and progress meetings generally took place on Friday
afternoons. Even the superficial visual monitoring of this number of
orders, the largest of which would have over 100 individually manu-
factured items, left the Production Controller little time to attempt

to exercise any sort of control function.

He was also hampered by the lack of information feedback from the
Purchasing Department to the Production Planning Department. It was
common for parts of & job to be bought from outside proprietary suppliers .
or from specialist sub-contractors. The Work=-in-Progress card noted
which items these were, but gave no information as to when delivery was
expected, who the order had been placed with, or what the number of the
order raised by P & ED was. Without the latter information, it was not
even possible for the Production Controller to check delivery dates
directly with the Purchasing Department, since the latter held their

records in order number sequence. ’ihe Production Controller thus had
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Figure 3.25 Number of Jobs in Progress in Machine Shop
During one month,

Example A - January I975

Product code No, of Jobs

i) January deliveries

scheduled; machine ASWR 128
shop responsibility: 5 I2
= XF 5
XT 34
XJ ly
XG L
XP I
XN 10
ALL 198
ii) February deliveries
in progress during ALL 2%
January:
iii) Machine assembly jobs
for which machine shop ALL L
was producing parts:
iv) Spares jobs: XE, XK 35
v) Total number of jobs on .
which the Production Controller,
machine shop, was expected to
give up to date information: 267

Example B - April I975

Product code No. of Jobs

i) April deliveries sched-

uled; machine shop AigR 183
responsibility: XD 11
XF 5
XG 8
XJ ly
XP 2
XT 32
ALL 250
ii) May deliveries in =
progress during April: Sk 2
iii) Total number of jobs on which
Production Controller, machine
shop, was expected to give up
to date delivery information,
excluding parts kits for the
assembly shop, and spares
orders: 285
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to contact the Order Progress clerk in the assembly stores who held a
record of all outstanding orders placed by the Division in the sequence
of the job on which they were to be used. Since the clerk's main purpose
was to keep up-to-date with the shortage situation on machinery contracts,
his information on orders for machine shop jobs was rarely up—-to—date

and the Production Controller would thus have to refer a given order
number back to the buyer for progress information. The procedure was
unnecessarily tortuous and time consuming. Inevitably, the Production
Controller once again restricted himself to dealing with exceptions:
shortages identified by the bench section progress chaser at the time the

work was allocated to one of the fitters.

Ultimately, the success of any shop control system depended on the reaction
of the shop floor workforce. Just as the progress chasers were habitual
list users, so also the machinists were used to freedom to select for
themselves the work most suitable to their talents and foremen had
always been appointed by seniority, in years or skill, from the section
workforces. Historically, the role of foremen was to make sure that

men had work to do and to sort out any actual processing problems such

as difficulties with the accuracy of drawings supplied by customers.

In a purely toolmaking environment, where the results depended on
maximising usage of the available specialist labour force, these

concerns were indeed paramount. But the introduction of machinery parts
required by a specific date enlarged the administrative role required of
foremen, unless they were to be guided by work queues established by the
Production Control staff. No such queues were ever organised, but one
must question whether, given the lack of authority of the Production
Controller over the shop floor operating staff, such an exercise might not

anyway have proved futile.
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The real key to the Production Controller's failure to exert a controlling
influence over processing was probably the lack of information at his
disposal. One of the main information aids should have been the elec—
tronic data cbllection system in use. Evaluation of this is the subject

of the following pages.

3.6 Evaluation of the Data Collection System as a Basis for Processing
Control

The Management Services Report of 1969, parts of which have been cited
above, was concerned to establish how P & ED's problems might be allev-
iated by making use of the Engineering éra:p Computer Centre. A suite
of programs was devised by the Group Management Services Department:
“In order that shop supervision, progress section, accounting
departments, etc., can keep up~to-date with what is happening on
the shop floor ....."(37).
This was in 1971, 3 years before the Production Planning Department was
set up, and the intention was to provide an information feedback system
for supervisory staff and administrative departments. It should be
noted at the outset that the system, titled "BEQ 3", was intended to
form the data collection base upon which a work scheduling system could

later be set up. The latter part of the project was cancelled by P & ED,

One of the major reasons for this decision was financial. Use of the
Greup computer involved the Division in carrying a part of the costs of
the Computer Department. Data Collection alone cost £30,000-£35,000

per year, which for a Division with an annual turnover of £2%-2km., and
a contribution of £500,000-£700,000 was already considered by management

to be excessive.

(229)



Schoderbek, Kefalas and Schoderbek note that the four detriments of

the canplexity of a control system are the number of elements com—
prising the system; the attributes of the specified elements; the
interactions amongst the elements; the degree of organisation inherent

in the system (established rules and procedures). They conclude that
"The greater the systems variety, the greater the control variety, and
the greater the costs"(38). Unit production has the advantage of great
flexibility of operation, but this together with the uncertainty inherent
in the type of manufacture means, as noted above, that a similar variety,
flexibility or complexity is required of control systems. The Division's
management evidently felt that the benefits of such an advanced system
would not defray the expense of it. Given that the Computer existed

(and therefore had to be paid for out of Group funds whether used or not),
and that it had spare capacity on which the system could have been run,
one might argue that in terms of the Group as a whole the economy was a
false one, if there were indeed any benefits to the Division. Against
this one has already noted the problems with rigid work scheduling in
the existing human environment. The difficulty with employing complex
and thus expensive, information programs is in quanifying their value

to the organisation (39).

3.6.1 Necessary Features of an Information System

The key characteristics of a successful system are identified by

Schoderbek, Kefalas and Schoderbek:-

1. Production of timely and accurate information.
2. Accessible to exception inquiries by the user.

3. Organised for exception reporting rather than reporting all events.
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4. Capable of additions at future dates to meet changed circum-
stances.

5. Acceptable to intended users (40).

These will be used as a basis for examining the EGO3 system, together
with the common pitfalls in the design of such systems identified by
R.L.Ackoff:-

1. Give users as much information as possible rather than merely
that which is relevant.

2. "A manager needs what he wants" - in fact the decision system
model should be the basis for selecting the information to
supply to a manager.

3. Decision-making will improve given the information needed;
this depends upon "how well the managers can use the needed
information".

4. More communication means better performance; but only if
appropriate measures of performance are used within a suitable
organisation structure.

5. A manager does not have to understand how the information system
works, only how to use it; but unless a manager is trained to
evaluate and control the system he will end up being controlled
by it (41).

3.6.2 Preliminary Comments on the Use of EGO3

Comments criticising the data collection system have been made on various
points in the preceding narrative, but the first point which must be
stressed here is that many of the problems stemmed from the way in which

it was used.

(22D



s

During the first 3 years of its life there had been no maintenance of
the system or re-evaluation of the requirements of user departments,
This led, for exanmple, to the continuation throughout the period
of 2 reports specifically designed for use with an incentive-payments
scheme which had never come into operation.

Nobody in the Division really understood the system: none of the

3 copies of the Manual Procedures issued to P & ED could be located.
Having secured a further copy from Group Management Services, the
researcher gained dubiously deserved recognition as "the computers
expert". A copy is included as Appendix 6, Chapter 3.

The only Department which seemed to have made significant use of
the reports produced during the first 3 years of the program's life
was the Accounts Department; as they oniy used the main work-in-
progress report for the tabulation of actual job costs against
estimates at the time orders were invoiced, the accuracy of all but
the total figures was irrelevant. Detailed inputs were thus never
checked. One particular problem created by the Cost Accountant's
requirements from the data collection system was that job details
were not cleared from the master file immediately after delivery

of an order, kut rather some weeks later, when the Accountant was

certain that there were no further late invoices to come from supplies

or subcontractors.

The main inputs were the job details and estimates, entered by the
Estimating & Technical Department, and the actual labour hours,
entered from timesheets made out by individual machinists. Neither
of these areas made any use of the reports subsequently produced
and both thus had no vested interest in the accuracy of inputs.
Shop floor foremen looking to awvoid excessively overrunning on

machining times often had their machinists book hours against jobs
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which they knew had been delivered but were still on the work-in-
progress file,

5. The newly arrived Production Planning Manager looked to use the
EGQO3 system as a planning instrument. He found it totally unsuit-
able and criticised it extensively; but the system had not been
designed for planning, but rather for monitoring and feedback.

6. By the time this project started, an extensive amount of erroneous
and redundant data had collected on the camputer master file,
which meant that the extent of the existing order load could not
simply be tabulated by extracting totals from the file. Rather a
total of 2 man-days was required to cross-check which jobs were
actually live and then tabulate totals for them alone, and the results
were still inaccurate because of a suspect method of allowing for
machining falldown against estimates* and less than useful because
the workload was not identified against any specific period. An
analysisoftheinaccuracyofthecarpaterreportsmichwasmde
in September 1975 is given in Appendix 7.

7. Because of the lack of help gained from the system in use there was
a general apathy towards the idea of electronic data processing
amongst the staff of the Division which was to affect their attitudes
to proposed amendments aimed at making reports more accurate and

useful.,

* The procedure was to aggregate the hours remaining on jobs in progress
and then add an allowance of 50% for "inefficiency", since operations
were generally found to take about 1% times as long as estimated.
Assuming the latter figure was correct, the calculation should surely
have been based upon: (Aggregate Estimated Time + 50%) — Total Hours
-booked to date.

See also actual example in Appendix 7..
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3.6.3 Input Procedures

The procedure for the input of information onto the computer master
file is given in figure 3.2 6. Data basically consisted of two
types:-
i) Operation estimates or standards provided by the Estimating
Department .
ii) Operation actuals provided by the machinists and input by clerks
using a terminal situated on the shop floor.

3.6.3.1 Possible Sources of Inaccuracy On Setting Up Job Files

1. No use was made of the Manual Procedures to ensure accurate input
of estimates. This led to exactly the sort of errors outlined in
the Manual Procedures.* Job paperwork Inight be forwarded to the
machine shop before these inaccuracies were identified and rectified.
Machining operations could thus be booked against details not on
file and would thus appear as "unmatched time bookings". Only the
Division's Cost Accountant showed any interest in later relocating
such information against the corrected details on file.

2. Although three amendment forms were made available for making sub-
sequent alterations to the details held on file, the Estimating
Department, in 1974, only rarely used "No.3" and was not even aware
of the existence of the others. A potentially useful means of keeping
files up~to—~date was thus lost. In particular, if the delivery date
field was not accurate on the file, use of the computer for direct
load analysis was not possible.

3. There also existed the possibility of errors made by the Group

Computer Department's staff in punching operation cards from P & ED's

* See Appendix 6, Section 2, Pages 1 & 2.
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hand-written "Job Masters". The fact that those staff were not
familiar at first hand with the Division's operations meant that
they were placed less well to interpret uncertain figures or letters
on these forms. Punched cards were used because they were the
cheapest methdd available, keeping on-line computer time to a
minimum, and thus most practical for the small budget allowed by

P & ED. The disadvantages of this method of input were the

greater time it took to get information onto the file and the less

rapid access for exception inquiries to the user.

3.6.3.2 Possible Errors in Adding Actual Operation Times to Job Files

1

2.

The basis for bookings from the shop floor was the machinist's
time-sheet. Operators often did not fill these in as they changed
jobs during shift, but rather recorded all work done shortly before
handing their sheet to the foreman at the end of the shift. There
was a fair chance this way that they would not recall accurately the
item letters or job numbers and practically a certainty that the time
recorded by them would not be accurate.

The terminal clerks reported the following day the check numbers of
any operators who had not handed in time-sheets., If these men had
not made sheets out, they gave the foreman a list of what they could
remember and he would then arbitrarily select fram the computer work-
in-progress report sufficient extra work to fill up the 8-hour shift.
The inaccuracy of the report had been made so plain to them by the
Production Control Department that they retained no respect for it
whatsoever. Not only thus did work get recorded against the wrong
file location, but also it remained as "outstanding" at its correct
file location. Time bookings which appeared against operations for

which time estimates were not required represented the most obvious
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example of faulty recording on time-sheets. The work-in-progress
report issued on 2nd March 1976, contained a total of 440 hours
booked against such operations.

Informal discussions with machinists revealed that they generally
masked any particular bad performance against estimated time by
spreading the extra time taken amongst other jobs done during the
same shift. In the rare cases where estimators did look at his-
torical data on previous performances when estimating for new orders
they would thus be faced with artificially contrived performances.
Machinists were particularly negligent about signifying whether or not
particular operations had been completed. This made it extremely
difficult to use the work-in-proaress report to monitor the move-
ment of items on a job towards completion, particularly as it was
not always necessary or possible to adhere to the operation routing
specified by the Estimating & Technical Department.

The booking clerks who input the actual times for operations by means
of entering the pre-punched cards received from the computer center
into the shop floor terminal also occasionally made mistakes. They
might enter cards with incorrect serial numbers or for incorrect
operation numbers and,providing the correct keying procedure was
used, the faults could not be identified by the camputer centre.

The clerks would not identify incorrect entries made by machinists
since all they needed to make inputs was the job serial number and
operation number. All the rest of the information was pre-recorded
on the punched cards: there was no reason for them to check if,

for exanmple, the operation type or machine group was as shown on the
punched card.

Because the Division used different alphabetical two-letter prefixes

to distinguish between jobs for various customers, the numerical
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characters assigned to jobs were not necessarily unique: at a given
time these could be jobs number RE100, VH100, SA100, GA100 and DB100
in progress on the shop floor. Serial numbers for the computer cards
could not thug use the same numerical characters for ease of correla-
tion by the booking clerks. Since operatives did not fill the serial
number in on their time sheets, the file of work progress cards, which
should have been an aid to the Production Controller, had to be kept in
the booking clerk's office in order that they could be used to locate
serial numbers for jobs. Having to go through this process provided
another possible source of errors as well as unnecessary extra work

which a simple rationalisation of job numbering could remove.

3.6.3.3 The Deeper Root Of The Input Problem

It seems probable that all the practical problems noted in the previous
two subsections stemmed from a common root. This was a psychological or
human problem: neither of the two areas responsible for inputs had any
vested interested in the accuracy of the data fed into the camputer files,
since neither made use of feedback reports from the system. Since a
specific job was unlikely ever to be exactly repeated there was little
point in the estimator being fed information on performance against his
estimated times. Some broad feedback on the total performance over a
period of time of the different machinery sections might be useful, but
any detailed information would be of purely academic value. In the
machine shop, foremen and machinists alike knew that management's
interest centred firstly around the balance of productive as against waiting
time or downtime and only secondly on percentage performance acainst
estimates. The best way to make both of these look good was to "cheat"

bookings, using errors on the master file.
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Management's only chance of dealing with this problem was to impress
on all employees the essential importance of accurate information to
the success of the organisation as a whole. This would involve

making more iﬁforrmtion on how the Division was doing available to the
workforce, which management was unwilling to do - presumably fearing
that industrial relations problems might occur as a result of any move
towards industrial democracy. It is sufficient for the purposes of
this project to note that this view is far from unchallenged. Flanders,
for exanple, accepted that there appeared a difficulty in recording the
freedom of democracy with successful Planning, but added that the
manager deceived only himself if he believed he could still be the true
autocrat and concluded that the future success of industrial relations
depended at works level on institutions to produce "conflict-resolving
co-operation and sharing in responsibility" (42).

3.6.4 Reports From The Data Collection System

A conplete list of the reports generated by the data collection system,

EGO3, is given together with pages extracted from four of them in

Appendix 8 to this Chapter. A list of 7 common defects of reports from

management information systems given by Schoderbeck Kefalas and Schoderbek

provides a useful basis for judging these reports:-

1. Lack of trend analysis for examining the current situation;

2. Information gathered by different units within the organisation with
different results and analyses in mind; |

3. Reports arrive too late to effect the desired change;

4. Lack of sunmarising of information;

5. Failure to identify causes of variance;

6. Lack of confidence in the data;

7. Lack of understanding of the data(43).
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Since EGO3 was merely a data collection system, it would not be expected
to provide trend analysis or to identify causes of variance. The other
5 defects were all to be found in some or all of the reports produced.

For convenience, they are taken in a different order below.

3.6.4.1 Lack of Sumarising of Information

In the interests of economy, the same reports were used by different
departments within P & ED with substantially different requirements.
Thus, for example, the work-in-progress report,usually consisting of

more than 2 pages, was used not only by manufacturing supervision and the
Production Controller to monitor progress on orders, but also by the
Accounts Department, to monitor actual job labour costs. The latter
department, however, needed only a summary of total hours booked per job
and not the detailed information included.

The Production Planning Department also used the report to calculate the
workload. Defects with this have already been pointed out, but the
important thing to note here is that they also required summarised infor-
mation on, this time,total hours per machine group rather than the

detail provided by the report. In their case, a summary was also required

of the new job load as given in the "orders not started" report (EGO3 05).

The Cost Accountant also needed the total number of hours on unmatched
bookings for each job, but the Report, EGO3 02, detailed individually all
bookings. Ideally, one would have expected very few unmatched bookings
to occur and it is,in part, a sign of the.inaccuracy of inputs to the
system that this report often ran to as many as 30 pages. However, much
of this report was also taken up with boakings on service jobs, where,
because of the urgency of the work, fnachinery was started or even cam-

pleted before details of the job were entered onto the master file.
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These faults serve as evidence that the reports were not well-matched
to user requirements, a problem for which P & ED's failure to re-define
at some stage after 1971 just what the different Departmental require-
ments were must obviously bear a considerable portion of the blame. In
particular, one wonders why the two incentive payments scheme reports
had been allowed to continue throughout the period. Since the scheme
never came into operation, the detailed information it contained was of
no use and, if the summary sheets included.were of use as indicators

of shop floor performance, to have the same information re-produced in

two different ways was surely an unnecessary luxury.

The Accounts Department also noted that the 'operations exceeding estimate’
' report was less useful than it might have been because jobs were listed in
descending order of the "likely overspend" or number of hours by which
the estimated time was likely to be exceeded. On machinery contracts, the
Division often split a job into sub-sections or sub-assemblies by using
"stroke" numbers (e.g. DB0825/001), but these were taken as individual
Jobs on the operations exceeding estimate file. This did not merely

mean a tiresome addition sum for the accounts clerks, but could mean that
an incorrect picture was painted of the job as a whole: the extract
given in Appendix 8D, for example, shows 5 of at least 13-stroke numbers
on job number DB825, but if the other 8 did not appear elsewhere on the
report the accountant could not tell whether overall the job was one on
whicn there were any major problems or not. Certainly, the report did
not identify any causes of the variance on any of the jobs, but as noted

it could not be expected to do so.

The Machine Shop Production Controller was responsible for making out

requisitions for items which had to be sent outside for specific subcontract
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operations, such as gear-cutting or plating. Again, there was no report
summarising the items requi:ing these operations and thus the only way
advance arrangements could be made was by sorting through the "work-in-
progress" and "orders not started" reports. Despite the delay in getting
items sent out, the Production Controller preferred instead to be notified

by his sub-contract progress chaser that items were waiting an inspection.

3.6.4.2 Lack of Confidence in the Data

Given what has already been said regarding input inaccuracies, it is
hardly surprising that the Production and Production Planning Departments
were unwilling to rely on the reports alone as the basis for workforce
allocations or completion date predictions.

The extracts given as Appendix 8B & 8C exemplify some of the inaccuracies.
There are operations on 8B which have not been booked against at all, despite
the fact that subsequent ones have been booked as finished. There are also
a number not signified as finished despite the fact, again, that the final
bench assembly operation is shown as camplete and one may assume, therefore,
that the item was completed (Job number CCR 9178 item E). Indeed, given
that the CRR prefix denoted a service job and that delivery of the job

was due in November 1974, it was certainly not still in progress in

December 1975, the date of the report.

A more extreme example of file inaccuracy was found on the "orders not
started" report issued 12th September 1975. Here, there were a total of
23 service jobs over 1 year old and one of them had been scheduled for
completion at the end of April 1972. Without regular file maintenance,
there was no way for such data to be removed from the files and whilst it

existed there could be little confidence in the accuracy of the file as
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a whole. Also, unless the machinists could be relied on to fill in their
time sheets accurately, any analysis of actual times against estimates was

pointless.

3.6.4.3 Lack of Understanding of the Data

The data given in the reports was straightforward and easy to understand,
but two points might perhaps be legitimately mentioned under this heading.
First, there was insufficient understanding within P & ED as to exactly what
the purpose of some of the reports was. Potentially, for exanple, report
13, "Previous day's time-bookings, Job number order", could have been

used by the Machine Shop Production Controller to monitor against the
week's work in progress report the progress made towards the completion

of items and jobs.

This could have considerably eased the task of manual checking of progress
before his reports to his superiors and enabled him to deal more readily
with telephone enquiries on job delivery positions. Instead, it arrived
daily in his office along with several other reports and was piled in a

corner for use as scrap paper.

Second, there was obviously inadequate understanding on the part of those
who originally specified the reports to be produced of the Division's
type of business. Exception reports, such as 03 "Operations Exceeding
estimate for machine groups 1-26", only serve any genuine purprse where
"normal" or "predictable" circumstances exist for the most part. The
fact that unit manufacturing is character_ised by many exceptions tends

to make such reports pretty well meaningless. Report O3 in the case of
the subject division represented almost a total list of all work done:

in other words it was virtually a duplicate of report 13 mentioned above,

because time estimates in this type of business would be expected to
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achieve both little accuracy and a variable amount of accuracy. Thus,
the report of previous day's time-booking in clock number order (no. 12),
could not genuinely serve as an indication of which machinists were
particularly inefficient. Indeed, its use for such a purpose would merely
have acted as a deterrent to machinists normally prepared to accept the

challenge of a difficult operation.

3.6.4.4 Reports Arrive Too Late to Effect the Desired Change

The defects, in terms of the extra time taken, of the use of a punched-
card computer system have already been noted above. Because of booking
procedures, all reports were at least one day-shift out of date when

they were received.

Machinists’ time sheets were collected at the end of the day shift, but
not entered by the booking clerks until the following day. Daily reports
received each morning thus concerned work done two days previously. This
meant, for example, that if the Production Controller had monitored the
report of the previous day's bookings to check that jobs were not being
started before they should be, any action which he might wish to take

as a result would need to bear in mind the fact that such jobs might

now have progressed through further operations or be near to conpletion
of a single lengthy operation. The damage was thus done, in terms of a

disruption of the required sequence of jobs.

The work-in-progress report was further out-of-date. It was printed
each Monday, but would not arrive in P &.ED until lunch-time, or even
until Tuesday morning. It included all bookings made up to the end of
the preceding Friday shift - all work performed up to the end of the
Thursday shift. If it was then used by the Production Planning Dept.

to calculate the remaining workload, an oOperation occupying a further
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day, the resulting load figures were certain to include an element of

at least 2% shifts of work subsequently completed. Assuming that 100 of
the machinists_ and fitters were actively employed over this period of time,
a total of 2,000 extra hours would appear on the load analysis. On the
other hand, any new jobs entered over those 2% days would not be included
in the calculation and thus a detected imbalance in workforce allocation

between sections might already have been removed or even reversed.

Again, in defence of the EGO3 system, it must be repeated that by its
nature it was never intended to be predictive but merely an event
feedback.

3.6.4.5 Information Gathered by Different Units Within the Organisation
With Different Results & Analyses in Mind

Not one of the reports produced attempted to identify jobs which were
overdue on the specified delivery date. The operators’time analysis
reports 21 & 22, and the previous day's time bookings by clock number,
report 12, tended to focus attention on the amount of unproductive time
booked. Reports 21,22,3 (operations exceeding estimate) and 16 (potential
overspend) concentrated on what, given the nature of the business, was
surely an analysis of efficiency. Such things may have been of some use
or interest to the Works Manager's department and perhaps to the Accounts .
Department. However, by the end of 1974 the former made scant use of any
of the reports and the latter department made no use of any of those
mentioned above.

The main department using computer reports was Production Planning and
its interest centred around job deliveries, making the reports as a whole
of little value in their existing format. Once again, it must be stressed

that the fault lay probably more in the failure of the users to revise the
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specification of their requirements from the system; in their failure to
attenpt to discover what it could provide for them; in their unwillingness
or inability to understand or to use it properly; and probably in
insufficient involvement of the Division's higher management in the initial

phase of the project back in 1971.

Specifically, the Division made little attempt to hying its internal manual
systems into line with the computer system so as to make the best possible
use of it. An example of this is found in the method used for identifying
modifications or rework which was required on many of the larger jobs
undertaken. All such work, regardless of customer, was given the prefix
'ALT', but carried the same numerical characters as the job on which the
extra work was to be done. The Accounts Department complained that in
costing jobs they had to carry out a search of the work-in-progress report
to see if extra work had been sanctioned, but there was in fact no way
under the existing numbering system that the computer could establish
against which order the extra work should be allocated: was ALT100

extra work on RE100, YH100, DB100?

Another fact which suggests lack of liaison between the Group Computer
Centre and the Division at the time that the EGO3 system was set up was
the existenced anhistorical file, recording all orders which had been .

manufactured by the Division.

The analyst dealing with the system in the computer centre could not
recall a single instance of this file being used and indeed consultations
with staff in P & ED confirmed that they did not know it existed, nor
what proceedure should be used for recalling information. In unit pro-

duction there would in any case be little or no call for such information.
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3.6.5 Conclusions on the Data Collection System

It appears that the EGO3 system was devised without any detailed know-
ledge of the operating environment to be served. The reports seem
attuned to a mre predictable and repetitive form of manufacturing. The
system enjoyed neither the respect nor the interested participation of its
users. In part, this resulted in littledfuse being produced, but in part
it was itself the cause of the system being less relevant than it might

have been.

Without proper arrangements for periodic file maintenance and with no
vested interest on the part of those responsibile for the inputs in the
accuracy of their entries, inaccuracies were bound to occur and extraneous

data to build up on the master file.

3.7 The Problems of P & ED's Petty-Political Environment

Discussion of the Division's problems would be incomplete without refer-
ence to the difficulties posed by its position in relation first to

Dunlop Engineering Group and second to the Union as a whole.

3.7.1 Outside Interference with Processing Control

Naturally, any specific objectives of the Divison must be subordinate

to those of the Group of which it was a member, but similarly the Group
objectives must yield to the superordinate objectives of the Union. It
has already been shown in 3.3 above that this presented P & ED with an
exceptionally difficult problem in terms of establishing comparative

job priorities. The Division found it impossible to establish rigid
rules to govern priority conflicts because in no two cases were the com—
parative costs to the Union of giving precedence to Group or to other

Union businesses likely to be the same. Since tyre-making machinery
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was not necessarily immediately turned to productive use as soon as it
was installed, delivery one week late did not always mean a week's lost
production of tyres. Whilst Group servicing work merited immediate
attention to minimise production loss through machine or tool breakdowns,
tooling work was of a much more variable urgency. Manufacture of new
tools for development projects might be critical to the winning of new

contracts; replacement tools for future use were less urgent.

In the absence of formal rules, the other operating divisions of Engineering
Group took advantage of their proximity to the Division to press their own
claims for preferential treatment. Rim and Wheel Division's procurement
officer, for example, did not restrict his visits to P § ED's machine shop
to a regular progress meeting with the Production Controller. Rather he
would nove from section to section exhorting foremen, progress chasers

and even individual machinists to process his division's work before
anything else on the material racks. As a result of the previous, purely
service nature of P & ED, men on the shop floor were inclined to accept

the authority of such members of other divisions.

An outstanding exanéle of this concerned a piece of work being done by

P & ED Coventry for its Leicester subsidiary. The manager of the latter
factory, who had previously worked at Coventry, visited the machine shop .
and ordered the operative working on the spark eroder to make an immediate
start on the job. When this was later checked by the bench-fitting foreman
with the Production Controller and then with the Production Administration
Manager, it was discovered that the Leicester manager was in fact still
haggling over the price and thus that the order was not yet officially

confirmed.
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At other times an approach might be made by senior managers of other division
through P & ED's Works Manager, a man known to value the special relation-
ship of P & ED to the other members of the Group. On one occasion, for
exanple, an Aviation Division official visited the Machine Shop Production
Controller to enquire about the earliest delivery possible on a tool
requiring a single 20-hour operation on the spark eroder. P & ED had only
one of these machines and the Controller noted that unfortunately it was
loaded with other work for Group customers for the next 3% weeks. The
official went away dissatisfied with the 4-week delivery quotation offered.
Half an hour later, the Production Controller received a specific directive
from the Works Manager that regardless of the other work the Aviation

Division job was to be the next one processed on the spark ercder.

This case was exceptional only in that reference had been made back to the
Production Controller. At other times, on his frequent visits to the shop
floor, the Works Manager gave directives straight to foremen or machinists.
The Production Controller justifiably complained that he could not be
expected even to know which jobs were in progress, let alone to control
that progress.

3.7.2 The Limited Nature of P & ED's Profit Centre Status

It has already been noted in Chapter 1, Sections 2.4 & 2.6, that there was
considerable room for doubting whether P & ED could genuinely be described
as a profit centre. Its position as virtually a captive supplier to
Engineering Group customers gave it no genuine choice about the jobs which
it accepted from them and its system of pricing, based on fixed hourly
rate for all operations, where subcontractors charged different rates

for different types of machining, determined that the type of work placed

by other divisions would be that reqﬁj_ri_ng complex or intricate operations.
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In judging the Division's performance, however, no official allowance was
made for its tied position. It was considered simply as an operating division
and had continually to excuse the losses which it made. This situation

was bound to grate upon a General Manager brought in specifically to

improve P & ED's performance, especially when he could see the disruptive
effect which Group work had on his potentially profitable machinery

business. His response, which helped to produce the backlog of Group tooling
orders early in I975,shown in ficure 3.10, was to direct that tooling

work should not in future be allowed to displace machinery parts in work
queues. Because there were no recognised queues this was interpreted on

the shop floor to mean that machinery parts should receive preference over

tooling work.

There can be no doubt that the simple measure of financial performance
did not provide a true reflection of P & ED's contribution either to the
Group of which it was a member or to the Dunlop Union.

The conclusion is inescapable that P & ED's operating difficulties were
generated not so much by the, albeit difficult, combination of jobbing,
tooling production and high value purpose-built machinery, but rather by
the attenpt to combine work for privileged customers, which had previously
been handled by a cost centre operation, with profit-based work for

Other Union or external customers. The variety, or complexity,of the
situation to be handled was thus increased beyond that suggested in

Chapter 2 by the different standings of the Division's customers.
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