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The OPT system keeps the levels of WIP low by releasing
jobs to gateway work centres as late as possible for them
to arrive at the assembly line in time for use. This is
in keeping with the JIT approach. However, WIP is speci
fically provided in two areas and this means that WIP
levels are higher than would be considered ideal under
the JIT philosophy. Fiistly, each bottleneck is provided
with a 'time buffer' of, for example, x hours worth of
parts awaiting processing This serves to insulate the
bottleneck for x hours from problems occuring at other
processes upstream, and since the upsiream processes are
non-bottlenecks, they can presumably 'catch up' once the
problems are resolved. Hence this time buffer is a pro=
tection against loss of throughput caused by the bottle-
neck standing idle. The other time buffer is provided at
the assembly line in the foim of parts that are not pro-
duced by bottlenecks. This means that even if there are
delays in producing these parts, they will be already
available for assembly once the part from the bottleneck
arrives, This ;ime buffer protects due date ) .rformance
since delivery dates are premised relative to the output

of the bottlenecks.

These two time buffers undoubtedly make sense in the con=
text of a conventional production system, but they are in
contlict with the JIT philosophy adopted by GEC Small
Machines. The problem is that in providing time buffers,
the continuing existence of wastes in the preceding

non-bottleneck processes is accepted as a fact of lifae,
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There is no incentive to make improvements to eliminate
the wastes becauase the factory's throughput is insulated
from them by the time buffers. If these are removed, the
problems in the preceding processes will begin to
receive serious and urgent attention, because t ; will
begin to jeopardise the throughput of the plant. Once
these wastes have been eliminated eantirely, there is no

need for any buffer stock at all.

The OPT system could never be considered seriously for

GEC Small Machines because as Haylett [28] points out:

"..« OPT 15 not a cheap option, Fees are on a sliding

scale and start off at several hundred thousand pounds."

Also, OPT is a far more powerful software package than
the company required because the scheduling of a job
shop is extremely complex. This underlines one of the
most important benefits of the GT approach used by

the company. The change from a job shop configuration
to a cell configuration vastly reduces the complexity of
the control systems required. The need to consider al-
most every machine in the factory disappears and is re-
placed by the need to consider only the bottleneck ma-
chine in each cell, as discuss~d earlier. This approach
is in line with the JIT philosophy's emphasis on
simplicity, which was discussed at the beginning of this

chapter.
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The purpose of this discussion of OPT has not been to
congider the use of the software package, but rather to
consider the applicability of the ideas that the software
package is designed to implement, These ideas represent
a significant departure from conventional thinking and
are, for the most part, applicable within the JIT philo-

sophy. Bicheno [29] concurss

""he prime requirement for a JIT echeduler is to know
where the bottlenecks are and what their throughput rates
are, Bottlenecks muat be kept busy, but non=bottlenecks
must occasionally be idle, and this is the desireable

state "

The Periodic Control System at Kumera OY

Kumera OY is a Finish producer of a broad range of gear=
driven, speed-..ducing power transmissions. The com=-
pany and its control system are discussed in some detail
Py Vellmann, et al [30) and the quotes that follow are
derived from that source. The company's business

Appra s somewnat similar to that of GEC Small Machines:

“The typical product would consist of a housing, moun=-
ting vices, shafts, gears, assembly hardware and per-
haps a motor. Some 50 aifferent part numbers would be
usual ... (of which) one third to one half would be manu-

factured (generally the large items such as gears,
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shafts, housings, etc.), and the rest purchased ..... The
large number of potential end items possible means vir-

tually no tinished goods inventory can be carried .....

Kumera's MPC system is in many respects similar to a
typical MRP II system and component production is con-
trolled by a material requirements planning (MRP) ap-
proach. The applicabi.ity of MRP to GEC Small Machines
will be discussed later. However, the structure of
Kumera's master production schedule is substantially
different from that of a typical MRP II system. Several
similar ideas were used in the development of a master
production schedule for GEC Small Machines. The

important concapts are as follows:
|

i) "Five product groups have been formed on the basis
of production process similarities. Within each
group, divisions exist for product options. The
groupings do not exactly conform to the catalogue
product families, but it is easy to translate from
customer orders to the groups for order entry pur-
poses .... The product groups provide the basis

for master production scheduling."

At GEC Small Machines this approach made sense
since there are three distinct machine winding
cells and a machine assisted handwinding cell.
Bach of the four cells winds a specific range of

stator sizes and types. Even non-standard,
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customer specified windings can be assigned to one
& these groups. At Kumera the five product groups
are produced sequentially, but at GEC Small Machi-
nes all these cells operate independantly and
simultaneously. Therefore it was logical to use
four separate winding schedules at GEC Small
Machines and to divide each winding schedule
further into groups of products which would be
produced sequentially in a particular cell. Thus,
the approach is similar to Kumera's except that
four schedules are produced instead of one. The
rest of the discussion of the Kumera schedule and
its yroups is thus apnlied to each of the four
schedules at GEC Small Machines and to the groups

of products within each of the schedules.

The year is divided into equal periods. "Each of
the groups of products will be scheduled once

during a period."

Exactly the same approach was applicable at GEC
Machines, but the question arises as to how many
periods to divide the year into; that is, how long
should each period be. The period length 'trade-
offs' for Kumera are given as follows (with com-

ments by the author):

Longer Period Shorter Period

= "Manufacturing effi- - "Quicker custo-

ciency"" mer response"
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Perhaps some learning
curve effects will

occur

"Larger purchase

quantities"

Under JIT this is con-

sidered a disadvantage

"Fewer set ups"

Th. could be an
advantage in the short
term until the set up
reductions envisaged
under JIT are imple-

mented.,

A definite advan-
taage and one of the

objectives of JIT

"Lower inventories

(cycle stock)"

A definite advantage
with all the resul-

tant JIT benefits

"Higher potential

market share"

A possibility due to
improved customer re-

sponse.

Kumera decided on a five week period, for the year

under discussion, meaning that each group of pro-
ducts would be scheduled (and therefore produced)
10 times per year. The choice of period length
for GEC Small Machines was not immediately appa-
rei. and required analysis of the physical

ct .aints involved. This will be further
discussed in the implementation chapter. It was
clear at this stage, however, that the JIT

philosophy would recomnena the shortest possible

period,
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iv)

4?2

"The sequence of production sets (the specific
products to be produced within each group) within
a period is vased on manufacturing efficiencies in

changing from one group to another."

Under GEC Small Machines' current constraints this
idea was certainly useful since the machines in the
winding cells had not yet received any attention
with respect to sctup reduction. Stator winding

is a bottleneck operation and so the factory's
throughput is dependint on its output, which can be
improved if less time is spent on setups. Thus it
was decided that this simple first approach to re-
ducing setup time, by intelligent sequencing,
should be used. 1t was also evident that if this
sequence was fixed and repeated in each period,

the demand for component parts would tend to be
more level. This is highly desirable from the
point of view of controlling component production
and so it was envisaged that this fixed sequence
concept would not be changed, even after some

setup reduction had been performed in the future.
The determination of the optimum sequence

will be discussed in the implementation chapter.

"An attempt is made to assign each order to the
production schedule that will meet the delivery date
requested by the customer .... This order promising

is done in accordance with the commitment between
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marketing and manufacturing. No more orders may
be entered into a production set than the period

quantity."

Kumera limits the number of products that can be
loaded into each group in the schedule since
certain components have lead times longer than five
weeks. These components may therefore be in
process before the forecast guantity for the group
has been consumed by actual customer orders. This
makes it necessary to limit the maximum quantity

of orders in a group per period, or else the
necessary components will not pe available to

complete all thc orders.

At GEC Small Machines it was expected that a system
could be “eveloped to control components which
would reduce their lead times to less than the
length of one scheduling period. In this way

the only constraint on each schedule would be the
total capacity available at each winding cell
during the period and there would be no constraint
on the mix of products loaded. This could mean
thet in a varticular period, due to customer
demand, certain products in the fixed sequoence
would be missed out and others produced in larger
quantities than the average. Thus, it was expected
that the GEC Small Machines system would be more
responsive to customer demand than the Kumera

system,
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v) "Kumera looks at the timing table as a train sche-
dule. When the launch date rrives, the production
orders for the set are released (the train leaves).
The sales department can make any allocation of
schedule dates among customers until the train lea-
ves for the factory. After that no more changes,

they have to wait for the next train."

This principle was considered essential for GEC
Small Machines. The new system nad to inspire
confidence on the shop floor and there is no better
way to undermine this than to issue a schedule and
then alter is whilst it is in progress in the fac-
tory. The future schedules would always be open to
changes and revisions by the sales managers, but at
a specified time on the day before a production
period began, the upcoming schedule would be frozen
in its present format and issued to the factory.
The sales managers could then concern themselves
only with the schedules for the upconing period and

beyond.

Theoretical Model of the Master Production Schedule

The conclusions that can be drawn from the various dis-
cussions up to this point lead to a thecretical .wdcl
of the design of an appropriate MPS for GEC Small

Machines which will have the following features:
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The design of the schedule will avoid unnecessary
complexity and its basic mechanism will be simple
encugh to be clearly under stood by shop floor super=-

visors.

It will be a finite capacity schedule,

The total workload scheduled will require less than

the full capacity that is theoretically available.

The schedule will be derived from exact customer re-

qQuirements for the period in question.

The schedule will be designed to load only the stator
winding section of the factory. From this MPS an

identical, time offset, FAS will be derived.

The schedule will thereby drive the entire factory,
and the component control system must be designed to

respoud 'irectly to the requirements of the FAS.

There will, in effect, be four separate master pro-
duction schedules; one for each winding cell and the

range of products produced by it.

The capacity of each winding cell will be determined
by the capacity of the slowest operation in the cell
(the bottleneck). The loading of the other machines

in the cell will be ignored.

The MPS will be divided into fixed periods of time

(or time buckets) of equal length,
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The full range of products will be available for
production in each time bucket, but the mix that
is actually produced in a particular time bucket
will depend on the customers' requirements for that

time bucket,

The complete range of products produced in each cell
will be arranged into a fixed sequence which will be
followed by that cell during each time bucket. The
sequences will be designed to minimise the total
setup times involved. The length of the time
buckets will be as short possible but dependant
primarily on these total setup times, as well as on

marketing considerations.

Customer orders will be loaded directly into the
soonest available capacity space (unless the re-
quired date is specified as a later date) in the

MPS for the cell which produces the motor's stator.
Once a ~ticular time bucket has been filled to the
specitied percentage of theore: ;al capacity,
subsequent orders must be loaded into the fol-
lowing time bucket or a later one. This procedure
will be controlled by the sales managers and subject
te trade-offs at thei. discretion. For example,
they may decide to remove an order from a fully loa-
«ed planned time bucket and replace it with one that
they consider to be more important. They will have
c¢omplete flexibility in this regard, right up to the

last moment before the MPSs for a particular time
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bucket be  me current. When this launch date is
reached, . - ‘PSs for each of the four cells which
pertain to * . time bu ktet, will be frozen and
issned to tha . op floor. Once this point has been
reached, no further changes to the schedules will

be permitted.

The sales force will be given daily updates of the
current lead times for each cell and theireby for
the range of products associated with it, These
lead times will vary according to the current work=-
load awaiting each cell and will be used as a guide

in negotiating with customers.

Once a customer's order has been allocated a space
in one of the schedules it will be possible to give
that customer a delivery date promise. This will
be derived from the date of stator winding plus an
appropriate allowance for assembly (i.e. the FAS
date), plba shipping time. If the order is later
rescheauled due to some trade-off decision, the
customer will be advised immediately of the new

delivery date,

Using the above framework, the company's master
production scheduling system was developed and

implemented.
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implemented.
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pevelopment of the Component and Raw Material Supply

System

From t

he foregoing MPS discussion, three points concer=

ning the con, 2nt and raw material control system were

already appa.ent:

5

ii)

iii)

The system had o respond directly to the produc=
tion requirements of the motors in the FAS and to

do so whilst discouraging overproduction.

A procedure would have to be developed to decide
what batch sizes should be run in component produ=
cing cells. The objective would be to utilise the
spare time available at non bottleneck cells for
doing oxtra setups. The pbatch sizes would be as
small as possible whilst still allowing sufficient

capacity to meet the demands of the FAS.

The fixed production sequences to be built into the
MPS would to some extent alleviate the unpredicta-
bility of demand for certain components. Alth 1gh
the quientities ‘emanded would be variable, certain
groups of parts would only be required once in each
time bucket. This demand would come at fairly
regular intervals (approximately the length of a
time bucket) depending on the quantities of motors
not requiring these parts, which had been scheduled
in two succesaive time buckets. Unfortunately,
certain parts are required by all the motors in a
production seguence or by more than one group of
motors in the sequence and so these patterns would

not occur for all components oOr raw materials.



3.2.1.

49
Thus the demand for components would certainly not
be termed level, tha*t is, regular in timing and in
quantity; which is the JIT ideal. However, it was
expected that there would be some improvement on
the totally raundom component and raw material

demands experienced in the past,

The Reorder Point System

The oldest and probably the most widely used inventor,
system in the world is the reorder point system (ROP).
The classic reorder point is a perpetual inventory system
because every time an issue is made (perpetually) the
stock level is checked to see whether it is down to the
ROP. This can be a physical check or, in the more formal
situation usually found in larger stores, the stock
record balance is checked. This is the basis of the
"Kardex' system that was currently in use at GEC Small
Machines to control raw material and component stocks.
Another common version of ROP is the two-bin system,
where the stock must be drawn ‘rom one of the bins

first. Once this is empty, an order is placed and the
second bin, which contains the ROP quantity, is then

uged,

The ROP is calculated as that level of stock which will
cover the average expected demand over the average reple-
nishment lead time, plus some safety stock to protect
against non-average surges in demand or lengthy reple=-
nishment lead times. Schonberger [31] points out the

disadvantages of this system:
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" . .ssss ROP results in high inventories. More parts
and raw materials are ordered for the sake of the (reor-
dering) rule rather than because of need. Manufacturers
that use ROP do so because of a difficulty in associating

parts requirements with the schedule of end products."

GEC Small Machines certainlv suffered the high inventory
problem with its associated redundant and slow moving
stocks, but Schonberger doesn't mention the other major
problem, This was that the stock record balances on the
Kardex system were almost always incorrect. Consequently,
many mistakes were made in ordering parts or raw mace-
rials that were not required, even by the ROP system,

and failing to order those that were. The stock balances
wer-e corrected twice a year after stocktaking, but within
weeks would be totally unrenliable again. As a result,
when planning an important order, the planners would be
obliged to go into the factory to see for themselves

what was available, This was not usually an easy task
gince storage areas were disorganised and so the

reGuired parts might be held in more than one location,
buried undor other parts, etc. Thus there was a tendency
to avoid physical checking and order "just in case",

which led to still higher inventory levels.

It was pointless for GEC Small Machines to try to improve
their use of the ROP system since there would, in fact,
be no difficulty in associating parts requirements with
t'e FAS once the new MPS system was implemented. Thus, a

superior system could be utilised.
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Push vs Pull Systems

The American Production and Inveni» v Control Society
(APICS) gives the following definitions of push and pull

systems [32]:

"push System .... In production, refers to the prodvction
of items at times required by a given schedule planned in
advance. In a material control context, refers to the
issuing of material according to a given schedule and/or

issund to a job order at its start time."

"pull System ... In production, refers to the production
of items only as demanded for use, or to replace those
taken for v-2. In a material control context, refers to
the withdrawal of inventory as demanded by the using ope-
rations. Material is not issued until a signal comes

from the user."”

From the above definitions it is clear that any schedule
based system, such as MRP, is a push system. Kanban
systems, on the other hand, which are driven by actual
consumption and use synchronised replenishment signals

for control, are pull systems.

A pull system appears to have the potential for more
accurate control since it responds to actual demands and
usages, whereas a push system responds to a schedule of
expected demands and usages. This schedu.e could become
inaccurate due to deviations in the perfcrmance of the

factory, or the demands of customers, from what was
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expected at the planning stage; when the schedule was
drawn up. For example, if the usage of parts at a par-
ticular work centre has been temporarily halted by a
problem, a pull system will automatically adjust to this
by not requesting parts from the upstream work centre. A
push system however, will continue to push parts forward
according to a planned schedule. 7".: it is logical that
a pull system will result in less WIP inventory than a
schedule based push sysem, Hall [?3] likens a pull sys-
tem to a pipeline which conrects the work centre where
the stock is made with the work centre where it is used.
The pipeline can only contain a certain fixed volume of
inventory and it synchronises the movement of material
with the rate at which it is withdrawn for use at the
output end of the pipeline. If the producing work centre
has no place to put inventory except in the pipeline, it
can only produce when the using process has withdrawn

some inventory and created a spacc.

This concept of a fixed-volume pull system has other ad-

vantages as Heard [34] notes:

"When the output end of a production process is tightly
controlled and upstream workers are only authorised tc
produce in response to a pull signal, areas with too few

and too many people are highly visible."



3.2.3

53

Clearly, any other capacity imbalances such as machine
capacity bottlenecks or bottlenecks due to guality pro-
blems, will also be visible. Other pull system advanta-

ges noted by Bicheno [35] are:

" ... the pull system automatically prevents overproduc=
tion at non-bottlenecks ... the pull system often allows
simplicity in scheduling since only end-items are sche-

duled with components simply being pulied as required."

The last point, especially, was of great importance to
GEC Small Machines, where a simple system was prefered.
If the master scheduling system already outlined could be
combined with a pull system of component and raw mate-
rials control, planning activities would be vastly sim-
plified. However, the search for the most appropriate
solution would have been incomplete without a thorough

examination of push systems.

Material Requirements Planning (MRP)

MRP is the most widely used, and developed push system in
existence. Tt is also the most sophisticated except for
0PT, which had already been ruled out due to its expense.
A large number of companies use various manual push
systems, but these cannot be expected to equal the

performance of MRP, This is due to the need to maintain
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accurate and extensive data bases and to perform numerous

calculations., MRP uses computers to handle these tasks.

There are many different versions of MRP software on the
market, but they all have the same fundamental approach.
The computer is used to perform thousards of simple
calculations in transforming a master schedule of end
products into parts requircments via a bill of materials.
These gross parts requirements are compared with data
concerning the existing stocks .n hand and those already
on order, to give nett requirements. Orders are then
placed for the nett parts requirements. Fixed,
predetermined procurement and wanufacturing lead times
are used to decide when orders should be launched by

means of a backscheduling approach.

Work orders, despatch lists and input/output control are
the major execution mechanisms. All of these are heavily
dependant on the collection of dava after every operation
so that the proéress of work orders on the floor can be
monitored and output can be measured. Substantial
information processing capability i3 needed to track work
orders and update pr orities. Work in progress is
limited by controlling the rates of input to gateway
operations and attempting to manipulate capacity where

possible,
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Harrison [36) points out some flaws in the MRP approach:

"To produce a schedule without recognising the bottle-
necks is unrealistic, but that is what MRP modules do!
The supporters of classic MRP claim that they get around
this by subsequently adjusting the demand pattern in the
Master Production Schedule (MPS) to avecid . bottleneck
that has been recognised by a Capacity Requirements Plan-

ning (CRP) module, and starting the process again."

He believes that this can have one of three results. One
is that the reallocation of the load will generate a
bottleneck somewhere else and the MRP-CRP-MPS route must
be followed repeatedly. Another is that the resulting
capacity plans will consist of minor over and underloads
everywhere, "This is freq. :at MRP practice and the re-
sultant mess of shop floor loading is left to shop plan-
ners and foreman to sort outi" The third option is that
all resources can be planned at underload with the re-
sultant loss of potential throughtput. Harrison advo-
cates, instead, the forward finite scheduling of bottle-

necks as part of the OPT system discussed earlier.

Mather [37) mentions these shortcomings as a part of his

discussion of complete MRP II systems:

"MRPII's scheduling logic is fundamentally wrong and
simplistic for all but the simplest of operations;
there is nothing in its scheduling process that even at-

tempts optimisation. Infinite capacity scheduling,
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frozen parameters, and an illogical attention to mate=-
rials without concern for capacity are just some of its

shortcomings."
Hartland-Swann [38] cautions:

"Our own experiences within numerous companies in Europe
and overseas suggest that there are inherent problems
with the operation of closed-loop systems which make them
almost impossible to operate as intended. Moreover, the
problems are far worse as a company develops towards more

responsive manufacturing, using JIT techniques."

Schonberger [39]) notes that MRP correctly calculates part
requirements by precisely associating them with the

master schedule of end products.

"But what is correct at the time of calculation is sub-
ject to error later., The reason is that lots are size-
able, and the production lead time is long, from one to
several weeks, During that lead time there will be de-
lays and schedule cha 'es so that the lot being produced
no longer is correct in relation to the master schedule
of end products. The lot size and lead time erode the
close association between parts requirement:s and end-

product schedules."

Due to these long lead times a substantial portion of the
MPS has to be based on forecasts; but these don't match
the actual customer demand. Then as Hartland-Swann [40]

observes:
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