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THE IMPACT OF JUST IN TIME ON
BILL OF MATERIAL STRUCTURING

Konrad Balcerak, Eaton Ltd — Truck Components, Manchester (North West Region, kFellow)
Barrie Dale, Department of Management Sciences, UMIST, Manchester

Introduction

During the last two decades there has been a concerted

effort in manufacturing companies to reduce manufacturing
lead times. Nowadays, the popular jargon for such efforts
is just in time {JIT), which simply means more effective
management of the manufacturing activity. As a result,
production plants have become more flexible and able to
respond better to the dynamics of market demand, with
the minimum of inventory.

This articie describes the historicai development of biil
of material (BOM) structuring and considers whether the
long held premise, that BOM should be structured the way
the product is built, still holds true in a JIT environment.

History of Bills of Material

The origins of the BOM lie in the simple parts list which
ly itemised all the components required to manufacture
gle product. Such lists were frequently unstructured

or, in modern parlance each product was defined by one
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requirements planning (MRP), and the associated BOM
processors, it was quickly found that these simple BOM
structures were inadequate. There were two main reasons
for this. Firstly, it became necessary to identify sub-
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scheduled for manufacture. Secondly, the BOM based on
simple parts lists were cumbersome and wasteful of file
space when many of the same parts were repeatedly

specified in several products. This was the launchpad for
tha davelanment of tha cuhiact of ROM ctrmicturing (i o
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how the components reqmred for manufacturing should be
grouped or orgamsed)

It is widely assumed that a product’s sub-assemblies
can be easily defined and that each sub-assembly can be
represented by one single level BOM (as shown in figure
1). For some simple products this may be the case and,
where it is, BOM structuring is not a problem. However, in
practice, the definition of sub-assemblies is frequently not
so straightforward. The crux of BOM structuring is the
definition of what each single level BOM should contain.
At the component level this is rarely a problem; purchased
components by definition have no BOM (except when
work is sub-contracted) and manufactured components
are usually only made from one piece of raw material. Most
of the confusion surrounds the definition of sub-assemblies.

Taken literally, a sub-assembly is a group of components
which is pre-assembled in an operation which is both
discrete and separate to the final assembly process.
However, the product design engineers, who traditionally

are the people allotted the task of compiling BOM, often
have little knowledge of the eventual assembly process
whilst designing a product. Their attention is focussed on
the function which the product is intended to perform and
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the product in a different way from that which will be used
on the assembly line. Typically the product specification is
broken down into a series of design features and the
engineer tends to construct specific solutions for each
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assemblies”, long before any serious consideration has
been given to the method of assembly in the factory. These
are not sub-assemblies in the physical sense, they are
elements of the product design; convenient groups of

nAamnnananta ﬂ“f‘ ﬂ‘re+ﬂmﬂ “'h‘.ﬂh nﬂﬂk “"‘f\("’f‘ﬂ (2} “GF+:ﬂI‘IﬂH
COMPONENnts &ana sysweins wWililil acla proviGe a paruluial

design feature. Only if the original désign specification
particularly requires that these be physically removable,
are the engineers’ “sub-assemblies” likely to resemble

those used by manufacturing. Since the definition of the
anth-agssamhblise ar sinelalayval BOM iz tha foundatinm
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upon which all BOM structures are based, this is the
cause of the conflict between “engineering BOM” and
“manufacturing BOM". :

During the 1970’s, this dilemma was resolved by

comnanies who converted their “énginserine RGM “'ltO

companies who converted their “engineering B

“manufacturing BOM” by identifying the physical sub-
assemblies and coding design “sub-assemblies” as
phantoms. Today, with the increasing application of the
JIT philosophy, identification of thé manufacturing sub-
assemblies is becoming less important. For example, at
Eaton’s three European fransmission plants, almost all
sub-assembly is integrated with the final assembly
process; sub-assemblies are only built as required and are
therefore neither scheduled nor stocked. Therefore, there
is no need to identify sub-assemblies with part numbers.
This view is supported by the fact that employees of the
company are rarely heard discussing sub-assembly numbers;
all problems and decisions focus on either finished
products or components. In the few cases where
sub-assemblies are scheduled and stocked separately,
identification by part number is of course essential; for
example, control units which are manufactured at a UK
plant, and stocked in the French plant. Only by identifying
them with a part number is it possible for MRP to produce
schedules and allow the appropriate lead times. However,
this is an exception; the majority of components can be
assembled into a complete transmission within a few hours
which, for the purposes of MRP, is an insignificant lead
time. Because of this, the BOM is no longer used as a
complex critical path network, for netting off sub-assembly
stocks and stacking their lead times. Eliminating many
sub-assembly and phantom numbers would greatly simplify
the BOM and make them much easier to use and interpret.
JIT is therefore increasingly becoming associated with
shallow or even single level product BOM.

Some authors have not quite come to terms with the full
impact of this. For example, Prather (1984) suggests
that:

“Just-in-time manufacturing, in its pure form, makes
every manufacturing sub-assembly a transient sub-
assembly or phantom BOM,”

But why stop there? Do these manufacturing sub-
assemblies really need to be identified by a part number at
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all? Surely many of them can be completely eliminated
from the BOM.

This brings us full circle. If all non-essential sub
assembly and phantom part numbers are deleted, what
remains is a simple single level BOM for each product (i.e.
an unstructured parts list). In this way JIT has largely
resolved the tremendous engineering versus manufacturing
BOM conflict which was rife during the 1970’s. The
manufacturing department no longer has any need to
identify most sub-assemblies. The BOM structure can
therefore be greatly simplified by reducing the number of
part numbers and BOM levels.

_Alternatives to Sub-Assemblies

However, there are also disadvantages arising from the
elimination of all these sub-assembly numbers. For
example, the current BOM structures for Eaton's
transmission products happen to contain nearly 30% of all
components at level one (see figure 2). The experience
gained from using these product structures strongly
indicates that all components should not be promoted to
level one. This is because engineering changes (EC)
involving commonly used components, which are at level
one, are cumbersome to record on the BOM since the
structural link between the component and every product
in which it is used has to be individually changed. Although
it is realised that many BOM packages now contain a
“mass change” facility to cope with such circumstances,
this merely tackles a symptom of poor BOM structuring
rather than the root cause. The aim should be to
permanently reduce the heavy work load of BOM
maintenance. The “mass change” facility only shifts it onto
the computer. Another problem with oversimplified BOM
structures is that where-used reports (or implosions} tend
to be very long and unhelpful. This is because the
implosion of a component specified at level one of several
preduct structures, will simply list all these product part
numbers. Such a list says little about the component’s
funetion. So although JIT largely temoves the manufacturing
constraints on BOM structuring it is unwise to eliminate
sub-assembly numbers without due regard to these
negative impacts. The current interest in JIT manufacturing
should be regarded as an opportunity to provide more
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useful BOM structures.

If only the product/component relationship is defined,
without any intervening grouping or structure, then
forecasting and scheduling become complex to manage,
because of the requirement to consider large quantities of
numbers individually. Therefore one function of the BOM
structure is to break down the products into more
manageable chunks, each of which is represented by a
single level BOM. Unless marketing and production
personnel become actively involved in defining these
structures, -there may be a tendancy for engineers to
develop an organisation which is merely intuitively
pleasing (e.g. by grouping pneumatic, electrical and
mechanical items separately). However, such structures
will have little relevance to the needs of the business.
Through detailed analysis of the product/component
relationships, many manufacturing companies may be able
to identify component groups which are fewer in nu
than either the products which they constitute, o ,_/,‘ue
components they represent. This concept is frequently
represented as an “hour glass’ (figure 3). Furthermore,
with JIT manufacturing these new groups need not
necessarily represent physical sub-assemblies. They may
simply be groups of components which are convenient to
schedule together as a matched set.




Bill of Material Modularisation

In 1965 Starr defined the then new concept of modular
production:

“The principle of modularity is to design, develop and
produce the minimum number of parts that can be
combined in the maximum number of ways to offer the
greatest number of products.”

Starr saw this as the only, indeed inevitabie, response to
the increasing demands of consumers for greater product
variety. Throughout the 1960s and 1970s this philosophy
became widely implemented and consumers became
familiar with product ranges offering a wide variety of
choice and options. This demand for preduct proliferation
has given rise to everything from modular furniture to
customised computer installations. However, initially the
modular approach tended to only be implemented where
demand for product variety was sc great as to justify
radical product re-design. For such products BOM
structuring is not a problem since engineering design the
modular sub-assemblies, which production schedule and
make to stock. The final assembly often being carried out
by the customer. The single level BOM are well defined
because they reiate directly to tangibie discreet sub-

mblies. '

wever, customers are relentless in their demand for
diversity and market competition ensures that consumer
choice is not limited to simple bolt on attachments. In
particuiar Original Equipment Manufacturers increasingly
demand variants to parts which are integral to the basic
product. An example from Eaton’s transmissions is the
choice of gear ratios. A particular set of gears cannot be
pre-assembled as a module, they can only be fitted into the
gearbox case during final assembly. In a JIT environment,
where the final assembly lead time is much less than the
competitive delivery time, it is quite feasible to offer this
kind of product variety, without large inventories. A pre-
requisite however, is the availability of the necessary
matierials, What is needed is a BOM siructure which most
effectively records all the components required for each
option and variant. Such a collection of parts may of course
happen to be physically sub-assembled in the factory, but
with JIT this is no longer a significant factor.

Ha'ﬁng relaxed the nesd to deuuu.y puyou.al sub-
assemblies, the BOM can be re-organised {or re-structured)

its components allocated to new groupings which are
yxl for both scheduling and BOM maintenance.
odules represent groups of components which together
schedulmg because many customers reqmre the same
product features but in different combinations, and the
modular structure enables the demand for any one feature
to be aggregated. This structure is also useful for BOM
maintenance, since whenever a product feature is subject
to an EC then only one transaction is required on the
module concerned; the EC is then automatically reflected
wherever the module itself is used. Although modules are
represented in the BOM by structural links, similar to
thase used for traditional sub-assemhlies, the two should
not be confused. The terms module and sub-assembly are
only synanymous where a product feature is designed to be
physically removable from the product as one unit; a
transmission example is the control which can be removed
and replaced by an alternative design. However, it is much
more likely that design features do not equate with sub-
assemblies. They must therefore have zero lead time
because they cannot be built.

Defining all the options available in a particular product
line is a complex task requiring input from a wide variety of
company functions. In particular the process of BOM re-
structuring raises questions which only marketing and
production control personnel can answer. It is now time for

BOM users to actually participate in BOM structuring
instead of always expecting engineering to take respons-
ibility for it. JIT manufacturing has already made manu-
facturing plants more responsive and flexible. This needs
to be reflected in the BOM structures so that companies
can use their business planning systems to take full
advantage of this new found flexibility. This opportunity
must be grasped and used. If it is not, orgamsations may
find that customer demand increasingly fails to be
satisfied; and they will not be able to blame the plant.

References

Prather, Kirk L 1984, Streamline manufacturing costs
via better Hills of ..m.,enaa’, Readings in Computers and
Software, APICS 27th Conference Proceedings, 25-28

Starr, Martin K, 1965, Modular production — a new
concept, Harvard Business Review, 43(6), 131-142

Balcerak, Konrad J, 1985, Structuring and maintaining
bills of material for material requirements planning, MSc.
Thesis, Department of Management Sciences, UMIST

Garwood David, 1986, Bill of material workshop, April,
Coventry
Authors

Konrad Balcerak graduated from the University of
Warwick in 1974 with a BSc in Engineering Science. He is
a Chartered Production Engineer and Member (North
West) of BPICS. His current post is Divisional Engineering
Change Co-ordinator with Eaton’s Transmission Division.
In 1985, he was awarded an MSc from UMIST.

Rnrnn Dale ig a lecturar in Praduetion Manacement a

R wisiviALy GAw

UMIST and was Konrad Balcerak s supervisor during his
research period.
Acknowledgements :

The authors acknowledge the financial support of the
Science and Engineering Research Council through a
CASE award. They also wish to thank Mike Sidgwick for
his comments and suggestlons during the preparation of
this article. :

=

S oftware

i ante
\-vl lﬂul N1 l-)

¢.£20,000 + car
Manufacturing & Distribution Systems

Biuebird Software is a successful and expanding software house
and 18M agent, specialising in customnised as well as off-the-shelf
manufacturing and distribution systems.

We have a number of openings for experienced manufacturing
consultants in Manchester, London and Bristol, to provide support
and advice to ctients in pre and post sales situations, ensuring systems
are implemented and employed effectively.

Candidates with a good track record in manufacturing systems,
either as a supplier or user, must be abie to think and act decisively
and communicate convincingly with senior management. An [BM
background is jess imporiant than broad-based, relevant experience
as full training on our products will be provided. ’

A very competitive package is offered which includes generous
salary, company car, medical care and share purchase scheme. For
more information and an application form please contact our
Personnel Department at Bluebird Software Ltd., Sutherland House,
5-6 Argyll Street, London, WIV 1AD or telephone 01-434 4155,

\‘ Bluebird Software Ltd.
’
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