UNIT 9—-PULL VS. PUSH SYSTEM

Sructure

9.1 Introduction
9.2 Manufacturing Resources Planning
9.2.1 MRP Revisited
9.22 MRPto MRP ||
9.2.3 IsMRP I the Ultimate Manufacturing Planning and Control System?
9.3  Just-in-time Production System
9.3.1 Push VsPull System of Linking Work Centres
9.3.2 Repetitive Manufacturing
9.3.3 Kanban System
9.34 Coreof JT
9.3.5 Enablingof JT
9.4 Mixed Strategies
9.4.1 MRP with Elements of JIT
9.4.2 MRP with OPT
9421 Optimized Production Technology (OPT)
94.2.2 Integration of MRP with OPT
95 Concluding Remarks
9.6 Bibliography and Suggested Textbooksfor Further Reading.

9.7 Answers to Check Your Progress

Objectives

Inthisunit, wewill discuss manufacturing planning and control system. Thetwo systems
of manufacturing planning and control are the push and the pull systems. The push
systemisexemplified by manufacturing resources planning (MRP 1), and the pull system
by just-in-time production system (JIT). Accordingly, MRP 11 and J T will be discussed
indetail inthisunit. MRPII iswidely used in the batch production environment. However,
it has some discernible limitations. To overcome these limitations, elements of JI'T and
optimized production technology (OPT) can be incorporated. Mixed strategies, such as
these, will also be discussed in thisunit.

9.1 INTRODUCTION

Thisblock of the course material on materials management is devoted to the discussion
of the materials planning and control function. The block consists of two units, namely,
units8and 9. In unit 8, we had discussed the activity of materials planning and budgeting
asit appliesto manufacturing and production of end products/finished goods. Also therein
we had noted that material requirements planning (MRP), which isthe most widely used
techniquefor materials planning and budgeting, isincompl ete, sinceit does not carry out
theactivitieswhichit facilitates. These arethe activities of material control, planning of
capacity requirements (determination of man-hours and machine-hours required), and
capacity, or shop floor, control, which is referred to as production activity control” in

* We feel that production activity control (PAC) must also include material, or vendor, control, since unless the
materials are available from vendors, shops cannot produce components and carry out the assembly tasks.



some text books. In this unit, we will discuss the activity of material control, together
with materials planning and budgeting, and thusfulfill the requirement of thetitle of this
block. But this, by itself, will beincomplete and inadequate, since we are discussing the
function in the context of manufacturing and production of end products. We have to
include herein the discussion of capacity requirements planning, capacity control, and
the necessary feedback of information from materials and capacity checks and produc-
tion activity control (includes both vendor and shop floor activity control) to ensurethe
viability of the master schedule (MPS). Materials planning and control is done, in the
final analysis, to ensure that the end products of the company are produced as per the
MPS. Also, since materials and production capacity (in the form of man-hours and
machine-hours) are the two basic resources for manufacturing and production of end
products, we will, in essence, discuss the manufacturing planning and control (MPC)
systeminthisunit. Thefunction of materials planning and control isapart of thissystem,
and we must look at the whol e picture (MPC) to truly appreciate thisimportant function
of materials management.

The student must have noticed the title of this unit. Push and pull systems are the two
possible systems of linking the production of work centres in a manufacturing setup/
organization. Essentially they are the two systems of operating the manufacturing/ pro-
duction organization, or the two basic approaches used for manufacturing planing and
control (MPC). MPC brings to mind manufacturing resources planning, which has the
same acronym as material requirements planning and because of thisis commonly re-
ferredto asMRPII. MRPII isan example of the push system of production. As opposed
to this, the just-in-time (JIT) production system, also sometimes known as the Toyota
production system, is an application of the pull system. Instead of discussing the differ-
ences between push and pull systems here, we will take up the discussion of MRPI|
straight away and then bring out the difference between the two systems through the
discussion of the JIT production. Thisway, it isfelt that, the difference between the two
systems will become much clearer to the student. We will also discuss repetitive manu-
facturing, the operation of the ‘kanban’ system, and then the core and enablers of the
pull system Thereafter, we will discussthe mixed strategies. Thusin this unit, there are
three main sections, namely, MRP 1, JI' T, and mixed strategies of manufacturing plan-
ning and control, in that order.

9.2 MANUFACTURING RESOURCESPLANNING

In unit 8, we have discussed the technique of material requirements planning (MRP).
We have noted the difference between independent and dependent demand inventory
items, and thereafter having realized that the bulk of the total production inventory (ex-
cluding items of maintenance and tooling inventory) isin the form of raw materials,
components and subassemblies, we have noted that MRP is the most appropriate tech-
nigue for planning and budgeting of production inventory items. MRP is used for the
planning of production inventories, since production inventory itemslike raw materials
and purchased components are procured and kept in stock to support planned production
of end products, and are items of dependent demand since the quantity required de-
pends on the number of end products scheduled for production. But manufacturing op-
erations also require manpower and machines (and other production equipment). Hence
one has to take into account the capacity constraints, which must include man-hoursin
the required skills, such as welding hours etc., and al so machine-hours on the required
types of machines, namely, turning hours, milling hours, horizontal boring hours, shot-
blasting hours etc. required and available in any given time period of the planning hori-
zon. In some cases, it may be necessary to consider other constraints, such as funds
required for procurement of materials and even storage space required for in-process
and finished goods inventories. Thus for the effective planning of manufacturing and
production operations, as an obvious and logical development, capacity requirements
planning was also incorporated and integrated with the detailed planning of material
gequirements. Moreover, a closed-loop system was also conceived so that the control



function and feed-back of essential information were also incorporated to make it a
complete manufacturing planning and control system. Thisrefinement and extension of
M RP was named manufacturing resources planning, and to differentiate it from materi-
alsrequirements planning, itiscalled MRP-I1.

This section of the unit will be devoted to the discussion of manufacturing resources
planning. But before we can take up the evolution of MRP 1| from MRP and the detailed
discussion of the manufacturing planing and control system enabled by MRP 11, we must
necessarily revisit MRP. The MRP subsection will not just be arecapitulation. Instead of
repeating what has already been stated in unit 8, we will concentrate on (i) the things
which led to the development of MRP — the basic MRP concepts, (ii) the outputs of
MRP and the basic MRP record, and (iii) the deficiencies (or shortcomings) of MRP.

9.21 MRP Revisited

The flowchart of the MRP techniqueis given as Fig. 4 in unit 8. We will not reproduce
it here, and instead the student is advised to refer to this figure of unit 8. As we have
noted earlier, MRPis essentially acomputational technique for bill of materials‘ explo-
sion’ (or, disaggregation ) and then deriving the net requirements from the grossrequire-
ments (obtai ned through explosion) through the use of theinventory statusfile. Oncethe
net requirements of all sub-assemblies, components and raw materials are known, lead
time offsetting is done for determining the time-phased requirements of the individual
subassemblies, components, and raw materials. Thisis also done by the M RP processor.
Thereafter, the manufacturing, or shop, orders and purchase orders are released. Thus,
the three inputsto the MRP processor are the MPS, BOM file, and inventory statusfile.
The MPS triggers the processor, and thereafter, the BOM file and inventory status file
data are accessed and used by the processor for each and every end product listed in the
MPS, one after another. Thetime phasing isdone by lead time offsetting, or back sched-
uling, by the amount of the relevant lead time.

The MRP technique is based on four basic concepts. Of these, in unit 8, we have al-
ready discussed the first, namely, the difference between independent and dependent
demand inventory items, and we have duly noted that this distinction is fundamental to
MRP. The remaining three concepts are the following:

1) Existenceof lumpy demand.
2) Existence of two kinds of lead times.

3) Need to take due account of common-use items.

Inareorder point system (used nowadaysfor independent demand inventory items), itis
generally assumed that the demand for an item in inventory occurs at a gradual and
continuousrate. Thisassumption isfundamental for the derivation of the economic order
guantity (EOQ) formula. However, in amanufacturing organization, the demand for raw
materials and components of an end product occur intermittently in largeincrements (in
lumps), rather than in small and almost continuous amounts. These lumps correspond to
the quantities needed to make agiven batch of the end product. The student isadvised to
refer to Table 1 of unit 8 and observe the pattern of demand of end products given in the
MPS. Notice that the demand for the end products is aso lumpy and not continuous.
Thusthe EOQ formuladoes not apply, and use of MRPistheright approach for dealing
with inventory situations characterized by lumpy demand. The lead time for a job, or
task, is the time that must be allowed to complete the job/task from start to finish. In
manufacturing, there aretwo kinds of lead times, namely, procurement lead timefor raw
materials and purchased components, and manufacturing lead time for in-house manu-
facture of components and assembly operations. Procurement lead time is the time
required from theinitiation of the purchase requisition to the receipt of theitem from the
vendor. Manufacturing lead time, on the other hand, is the time needed to process the
part through the sequence of machines/operations specified in the process plan, or the:>3



route sheet. It includes not only the operation times but al so the non-productive time that
must be allowed, under the given circumstances. Reorder point inventory control prob-
lems only consider the procurement lead time, whereas in MRP, the existence of two
kinds of lead times s recognized, and the lead times are used to determine the starting
times for (i) ordering raw materials, (ii) ordering purchased components and
subassemblies, (iii) manufacture of components in-house, and (iv) starting dates for
subassembly and final assembly operations. In manufacturing, basic raw materials are
often used to produce more than one component/component type. Similarly, a given
component may be used in more than one end product. MRP collects these common-
use items from different products to effect economies in procurement of raw materials
and purchased components, and in-house manufacture of components and subassemblies.
Thiswill not be possiblewithout the use of acomputer, since amanufacturing organiza-
tion usually makesanumber of end products, including afew multi-model products, and
collecting these common-useitems manually will bevery difficult, if not totally impossi-
ble.

Part Name Drive Shaft

Part Number FAG159342M XP

Time Period 1 2 3 4 5 12

Gross Requirements 10 40 10

Scheduled Receipts 50

Projected available 4 54 44 44 4 44
Balance
Planned Order Releases 50

Lead Time= 1 period

Lot Size=50

An example of the basic MRP record is shown in Table 1. Thisrecord, or statement, is
produced by the MRP processor for each individual item (of raw material, component,
and subassembly) for all the end productslisted inthe MPS. For each time period of the

Table I: An Example of the Basic MRP Record

planning horizon * , the record shows the gross requirement, scheduled receipt, pro-
jected available balance, and the planned order release for the item. At the heart of the
manufacturing planning and control (MPC) system enabled by MRP (and MRP 1) isa
universal representation of the status and plans for every single item (part number),
whether itisaraw material, component, subassembly, or finished product. The explanation
of theterms used in the record is given below:

Gross requirement is the anticipated future usage of (or demand for) the item. These
are time phased, or in other words, gross reguirements are stated on a period — by —
period basis. Theitem must be available at the beginning of the time period.

Scheduled receipts are the existing replenishment orders for the item due at the begin-
ning of each time period.

Projected available balance is the current and projected inventory status for the item
at the end of each period.



Planned order releases are the planned replenishment orders (purchase orders/shop
orders) for the item released at the beginning of each time period.

Theimportant point to note here isthat the gross requirement in a particular period will
not be satisfied unlesstheitem isavailable during the period and the timing convention
used comesfrom the question of availability. Theitem must be available at the beginning
of thetime period in which it isrequired, and the availability is achieved by having the
itemin inventory, or by receiving either ascheduled receipt or a planned replenishment
order in time to satisfy the gross requirement. This means that plans must be made so
that any replenishment order will beininventory at the beginning of the period in which
the gross requirement for that item occurs.

Purchase orders and shop orders are released based on the MRP record. The order
release notices, thus, constitute the first of the five primary outputs of MRP. The other
outputsarethefollowing:

1. Reportson inventory status.
2. Reports showing planned ordersto be released in future periods.

3. Rescheduling natices indicating changes in due dates for open orders — shop
orders as well as purchase orders.

4. Cancellation noticesindicating cancellation of open orders because of changes
in the MPS.

The secondary outputs of MRP include the following:

1. Performance reports on product/component costs, item usage, actual versus
planned lead times etc.

2. Exception reports showing deviations from schedule, namely, orders that are
overdue, scrap etc.

3. Inventory forecasts indicating projected inventory levels (aggregate inventory
aswell asitem inventory) in future periods.

Whereas thefirst four reports are primarily directed at the materials management func-
tion, the three secondary reports are meant for the senior management personnel.

22 MRPtoMRPII

MRP provides disaggregation of the MPS into the resultant detailed plans for each
manufactured and purchased part number. This, by itself, was a major breakthrough
made feasible by random access computers and database management systems. But
the problem that was first encountered was one of the need for frequent rescheduling of
orders. MRP does nat take into account the capacity available in a given time period/
periods (and does not even determine the capacity requirements) before rel easing shop
orders. Theresult isthat the capacity may be exceeded during some periods (that is, the
required capacity for agiven production lot > available capacity). Moreover, the manu-
facturing lead timewill be longer than what was used for time phasing. Because of this,
the actual manufacturing schedule will be different from the planned schedul e hecessi-
tating rescheduling of orders. Thus, the viability of the MPSisessential for theintegrity
of the MRP technique. This, inthe first instance, not only requires the determination of
capacity requirementsfor the output from the material planning module and incorpora
tion of a capacity requirement module, but also calls for feedback from the capacity
planning module before the release of shop orders. If the capacity is not adequate, then
thisinformation must be fed back to the M PS for necessary correction/amendment. The
data from the amended MPS can then be fed into the MRP processor for detailed
material planning and thence the material planning module datafed to the CRP proces-
sor for detailed capacity planning. This ensuresthat the MPS isfeasible, or viable.

5



MRP 1l evolved from MRP through a series of extensions to the functionality of the
MRP technique. We have, in the preceding paragraph, discussed the first series of ex-
tensions, through which MRP was extended to support the following functions:

1. Resource requirements planning (RRP) (also called ‘master planning’) —
derived from long range forecasts’ of product demands (recall that the long range
forecasts look ahead 3-5 years or more).

2. Aggregate Planning— based on the resource requirement plan details (recall
that these resources do not change in the intermediate range), intermediate range
forecasts of product demands, and firm orders for products.

3. Capacity requirements planning (CRP)— derived from the material require-
ment planning output, which in turn, isbased on the MPS (and MPSisderived from
the aggregate planning output and changesin forecasted demands as obtained from
short term forecasts). Capacity requirements planning (CRP) iscarried out through
the use of a CRP processor (like the MRP processor).

4. Production activity control (PAC) — consisting of material, or vendor, con-
trol, and manpower and machine capacity, or shop floor, control.

The closed — loop MRP denotes the stage in MRP Il system wherein the planning
function of MPS (master scheduling), MRP and CRP are linked to the execution func-
tion of purchasing and shop floor activity control.

Thereafter MRP |1 was extended to support business and financial planning. The MRP
Il software package also includes an extensive ‘what if? capability. Alternative busi-
ness and manufacturing scenarios can be assessed through the use of the package. The
further extension of MRP Il involves the integration of financial, accounting, and per-
sonnel dataand information with the manufacturing planning and control activitiesof the
basic MRP Il system.

1.1 IsMRP Il the Ultimate Manufacturing Planning and Control
System?

Whereas MRP, by itself, isonly atechnique, or an algorithm, MRPIIl isasystem. Itisa
manufacturing planning and control system and it carries out all the necessary planning
and control activities needed to support the manufacture of end products demanded by
customers. Theflowchart of MRPI1 isgiveninFig. 1. Thetop part of thefigure upto the
MRP processor isthe same as that for the MRP technique (a comparison with Fig. 4 of
unit 8 will show that herein we have included the forecasting block and resource require-
ments planning, and this has been done since we want to stress that MRP |1 represents
a manufacturing planning and control system). Thereafter, the material requirements
planning output is fed to the capacity requirements planning (CRP) processor to calcu-
late the specific types (skills and machines) of labour and machine capacity require-
ments, in man-hours and machine-hours, for each time period of the planning horizon.
Thisisdonewith the help of two important input files, namely, the production, or shop,
routing” files, and work centre status file. After thisis done, the net requirements of the
purchased components (and subassemblies) and raw materials, and also the capacity
requirements, in terms of man-hours and machine-hours, are known. Accordingly, the
material and capacity plans are prepared. However, based on these plans, the purchase
ordersand production, or shop, ordersare only rel eased after adue check to see whether
funds (for purchase of material) and man-hours and machine capacities required are
available. If any one or both are not available fully, then such information isfed back to
the MPS for necessary amendment(s) and rescheduling. The control process and the
feed back from the control process finally closes the loop updating both the inventory
and work centre status file.



[FIGURE 1 SHOULD PREFEREBLY GO HERE]

From this point on, in thisunit, the term MRP will be used for MRP 11 (whenever MRP
isused, wewill actually mean MRP I1). MRP isacompl ete manufacturing planning and
control system. Benefits of MRP include thefollowing:

1. Reduction in inventory — raw material, purchased component and WIP inven-
tory.

2. Quicker response to changes in demand and the master schedule (MPS).

3. Productivity increases and labour requirementsare also correspondingly reduced
—thisisobtained through areduction of lead time.

4. Improved machine utilization.

5. Improved customer service — better delivery performance and reduction in the
number of late orders.

6. Increased sales.

SI.No. Work Element Description Percent of the total time
1.  Moveto work centre 16.7

2. Waitinqueue 51.6

3. Being Set-up at work centre 6.3

4. Being processed at work centre” (run time 151

5. Wait to be moved to next work centre 10.3

MRP highlighted the fallacy of applying reorder point inventory control techniques for
dependent demand inventory items. MRP also showed that hierarchical planning with
multiple levels of representational detail of the manufacturing process (RRP ® aggre-
gate planning ® MPS® MRP® CRP® PAC) isahighly effective way of coping with
the complexity and variety of manufacturing systems. Another important lesson from
the MRP approach is that through the use of a computer and a manufacturing database,
thework of peoplein many different manufacturing functions can be better coordinated
and also volumes of common information can be shared by these functions.

However, MRPis, by no means, the ultimate manufacturing planning and control sys-
tem. The key failing of MRP is that it does not address (and does not even attempt to
address) the design of the manufacturing process for the product(s). It accepts the
actual manufacturing process, or the production methods used, and the product structure
(design of the product) as they are, and uses what is primarily a paperwork system of
planning and control. No attempt is made to either redesign the production methods or
the product structure. In this context, consider what is generally referred to asthe “push
system” of linking work centres. MRP is based on the push system, and in the push
system, when thework on slot/batch of items (say, componentsin process) is completed
at awork centre, thelot is pushed to the next work centre where it waitsin aqueue until
the work centre is free and the lot is selected to be worked on at that centre. In this
context, the break-up of thetimeatypical job spendsinaplantisgiveninTablell. From
the table, it is clear that a great portion of the time is spent waiting in queues. In some
cases, it may even be more 7



Table I1: Break — up of Time a Job Spendsin a Factory

* Run time includes inspection and other such (unavoidable) work operations.

than what is given in the table. Thus the manufacturing lead time of the component is
asovery significantly affected by the queue, that is, the amount of work that buildsupin
front of awork centre. With a given capacity, awork centre can only perform afixed
amount of work per hour, or per shift. If work flows to thiswork centre faster than this
rate, without achangein the capacity, then the queue will becomelonger. This pointsout
the need to design (redesign, in many cases) the production methods to facilitate unhin-
dered flow of material through the manufacturing processes. The flow is most affected
by the amount of imbal ance between production operations. If stressisgiven on process
balance and the operations are designed such that the operation times are approximately
equal and all the operations finish within a given cycle time, then the amount of work
build up can be effectively kept under control. The next important element isthe layout
of the shop. It affectsthe movetime, which, the student will notice, isalsofairly signifi-
cant.

The product structure also affects the manufacturing lead time of the product. The
concept of BOM has tended to encourage the development of numerous stages in the
build up of the product. The greater the number of stages, the greater will be the move
time, in-process waiting time, and the time spent by components in storage waiting for
other components. These and other issues stress the importance of the design of the
manufacturing process and the end product, and in recent times, the emergence of JIT
has focussed attention on the need to look at the basics of manufacturing engineering.

3.JUST -IN-TIME PRODUCTION SYSTEM

Just — in — time production system (or JIT) is aso known as the Toyota Production
System, since it was devel oped in Japan at the Toyota automobile plant in the 1960’s. It
iscurrently being used by avariety of industries, including automobile, aerospace, ma-
chine tools, and computers and communication system manufacturing industries. The
philosophy and full intent of JI T isexpounded by thefollowing definitionof JT":

JTisadisciplined programmefor improving overall productivity and reducing waste. It
provides for the cost — effective production and delivery of only the necessary quality
parts, in theright quantity, at the right time and place, while using aminimum amount of
facilities, equipment, materials, and human resources. JI T isdependent upon the balance
between the supplier’sflexibility and user’s stability. It isaccomplished through the ap-
plication of specific techniques, which require total employee involvement and team-
work.

Many people consider JI T asanarrow shop-floor based technique concerned with mak-
ing very small batchesjust in time for the next production processusing a‘ pull system’
of production scheduling called ‘kanban’. To them JIT is just the use of the kanban
technique. However, it should be clear to the discerning student (in the light of what we
have discussed) that making of very small batches just in time cannot be done unless
accumulation of inventory between successive operations is removed and unhindered
flow of material is achieved. This calls for a highly integrated production, sales and
distribution system leading to continuous flow through thewhole supply chain. Thisbroad
view of JIT is held not only by the Japanese but also by some Western companies like
IBM, who have successfully implemented the JT production system.

These companies use the term ‘ continuous flow manufacturing’ for J'T. Kanban tech-
nique is the most visible part of JIT, and thus this misconception. However, before we
can discuss the kanban technique, we must identify the basic differences between the
push and pull systems of linking work centres. We will also discuss repetitive manufac-
8



turing, as opposed to batch production used in the push system (recall lumpy demand), to
realizeitsimplicationfor the JIT production system.

3.1 Push VsPull System of Linking Work Culture

The basic objective of the pull systemisto produce the right components/subassemblies
needed, at the time needed, and in the quantities needed, or that the right component/
subassembly should be at the right place at the right time. The primary goal isthe elimi-
nation of all kinds of wastein the production system. Inventory isalso asource of waste,
since there is no value added by allowing the accumulation of inventory between work
centres. Thus if one gets the component/subassembly to the next work centre just in
timefor the next step of production, then the inventory between the production stagesis
reduced. The attainment of this objective of minimizing the stock accumulation between
successive manufacturing is enabled fundamentally by action on two fronts, namely,
redesign of production methods, and use of an information system for production sched-
uling supported by the kanban technique. Thisisshownin Fig. 2.

[FIGURE 2 MUST GO HERE]

Instead of pushing a lot/batch of completed (processed components/subassemblies to
the next work centre, the pull system adopts a reverse method in which the following
work centre, or operation, withdraws the components/subassembliesfrom the preceding
work centre, or operation. To understand the reason for this, let us consider our example
of manufacture of an automobile. In this case where the end product of the company is
an assembled car, only thefinal assembly lineisthe work centre which knows the exact
timing (of receipt) and quantity of the required parts (in this case, major assemblieslike
engine, transmission, suspension etc.). Therefore, the final assembly line instructs the
preceding work centre to supply the necessary parts, or in other words, it goes to the
preceding work centre to obtain the necessary parts. The preceding work centre then
produces the parts withdrawn by the following work centre (the final assembly line, in
thiscase). Similarly, for the production of these parts, the preceding work centre obtains
the necessary parts from the work centre preceding it, and so on.

The student will realize that this simple method of production scheduling can only be
achieved if the production methods are redesigned to ensure smoothened unhindered
production in which the parts (or components and subassemblies) are manufactured
quickly and with the minimum amount of non-productive time on account of in-process
waiting and set-up, a balanced production system in which all jobs (operations) finish
withinthe cycletime, and multi-skilled workers and flexiblefacilities. Such aproduction
system can achieve asmooth, synchronized flow of small lots of partsat auniformrate.

3.2 Repetitive Manufacturing

In addition to the pull method of linking work centres, quick and inexpensive set-ups,
multi-skilled workers and flexible facilities, one of theidentifying characteristicsof J T
production system is a pre-set uniform production rate. The JIT system works best
when the production rateis kept level, and inside the plant, the objectiveisto achievea
smooth, synchronized flow of small lots of material at an uniform rate. Thustheimple-
mentation of J'T requiresthat the lumpy demand of batch production (please see unit 8)

be transformed to aleveled demand to enable the uniform rate of production of repeti-9



tive manufacturing. Please recall ‘user’s stability’ in the definition of JIT; repetitive
manufacturing ensures user’s stability and JI T is thus dependent on repetitive manufac-
turing.

Repetitive manufacturing is ' the fabrication, machining, assembly and testing of discrete
standard units produced in volume, or of products assembled in volume from standard
options' to enable the repetitive manufacture of components and sub-assemblies (of the
product) and the product (every day and every week during a part of the planning hori-
zon) at a constant rate. Repetitive manufacturing is characterized by long production
runs, or flow of parts. Thusthe end result of rigorously applying the JI T approach and of
using the J'T production method is to move a manufacturing system away from batch
production, characterized by lumpy demand, towards repetitive manufacturing with uni-
form production rate and leveled demand. Repetitive manufacturing falls in between
batch production and mass production (in the product variety and production volume
grid), and istheresult of emulation of mass production for manufacture of large batches
of products, in the automobile and applianceindustries.

3.3 ‘Kanban’ System

Kanban is the Japanese word for ‘card’ or ‘signal’. Kanban system is a system of
scheduling based on the pull system and uses kanbans, or cards, sent from a down-
stream operation to trigger production (or supply) at an upstream operation (or by the
supplier). As noted earlier, JIT is often considered synonymous with this system, and
that this system requires astabl e, repetitive manufacturing environment. The pull system
looks at the manufacturing process from the perspective of the finished (or end) prod-
uct. The production controller works on the basis that his’her orders represent firm
customer requirements. The controller checks whether sufficient components and/or
sub-assemblies/assemblies are available at the highest level of the product structure, as
for example on the final assembly line, to produce the finished product. If they are, the
product is produced. However, if they are not, the necessary components and/or
subassemblies/assemblies are pulled from the preceding work centre. A similar proce-
dureis followed right back through each production stage, and extending al the way
back to include outside vendors.

[FIG. 3 MUST GO HERE]

The kanban system generally usestwo kanbans, or cards, namely, the move and produc-
tion kanbans. The operation of the systemisshownin Fig. 3. The kanban system focusses
on making only what is needed to replace components and/or subassemblies soon after
they are used. The use of subassemblies from their container” triggers the issue and
delivery of the move card on that container to the source work centre’s IN station. The
removal of acontainer (with components or subassemblies) from its OUT station (and
the transportation of the container to the IN station of the succeeding work centre, as
shown by full linein Fig. 3) releases a production card to the source work centre, and
10



another lot of componentsis produced tofill one container. Thisisdelivered tothe OUT
station when compl eted, usually within oneto three days. The use of componentsinthis
work centre’'s IN station to make thelot, in turn, triggers move cards and production
cards in upstream work centres. In this manner, all production in the work centresis
geared to making only what is used.

Kanbans, or cards, constitute asimple and flexible system of scheduling that promotes
close coordination among work centresin repetitive manufacturing. The amount of ma-
terial in the system is controlled by having a prescribed number of containersin circula-
tion at any time. A user work centre ‘pulls' containers from asupplier work centre with
amove card. Thus, asupplier work centre cannot ‘ push’ acontainer out to a user work
centre until the user is ready, and its readiness is indicated by the arrival of the move
card. Moreover, the supplier work centre cannot produce until it receives ago-ahead in
the form of a production card.

Thereare clearly somelimitationsto the kanban system. Kanbanisintrinsically asystem
for repetitive manufacturing. Also, since each daily assembly schedule must be very
similar to al other daily schedules, it becomes essential to be ableto freezethe MPSfor
afixed time period, generally at least one month. Thefinal assembly schedule must, thus,
be very level and stable. Kanban will not succeed without modification in a batch pro-
duction (non-repetitive manufacturing) environment. It requiresaleveled schedule, standard
containers and very strict discipline. It may be considered inflexible in that it cannot
easily respond to irregular changes (in the MPS) and to large unexpected changes in
market demand. Also, theimplementation of kanban scheduling requires great coopera-
tion from outside suppliers (recall supplier’sflexibility inthedefinition). Moreover, from
the perspective of the manufacturing process, it places emphases on process technolo-
gies, such as product-based flow configurations, and may, therefore, require consider-
ableinvestment of time and money in devel oping new production methods, procedures,
Jigs, fixtures, etc. and perhaps even new capital equipment.

However, if well implemented, kanban stimulates productivity improvement, reduces
inventory and manufacturing lead-time, and within the constraints of the product design
and manufacturing system design, allowsthe plant to respond to predictable small mar-
ket variations. Moreover, kanban isasimple system of flow control with avisible means
of inventory control. It is smple to understand and involves very little paper work as
compared to atypical MRP system.

3.4 Coreof JIT

The core of JIT consists of the following three parts:

1. Fow
2. Hexibility
3. Developing the chain of supply.

The contributorsto flow include layout, material handling, cellular manufacturing, afo-
cus on process balance, and use of a number of small machines rather than one large
machine. The production steps must be tied closely together. The layout must be like a
tree, where the final assembly is the trunk and the subassembly and component manu-
facturing steps flow smaoothly into the trunk like the roots of atree do. The order quan-
tities of each kanban must take the same (or about the same) amount of time to manu-
facture. This ensures that each production step isin balance.

Flow issupported by flexibility. Thetime required to change over from the manufacture
of one part to another must be kept to an absol ute minimum, so that each production step
can readily adapt to new orders. The change-over time of a given production step must
also bein balance with the other production steps to avoid bottlenecks. Many Japanese
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companies use flexible automation to support JI T, but flexibility ismore often gained by
use of very small batches (made possible by reduced set-up or change-over times),
flexibility in theworkforce (made possible by training theworkforce to be multi-skilled),
and availability of spare physical capacity.

Having devel oped flow in manufacture, companies, who have successfully implemented
JIT, emphasize devel oping the chain of supply. Thisincludes getting suppliersto deliver
to the point of use, frequent delivery in small lotsat precisetimes, and giving necessary
data to suppliersto allow them to do so. At the manufacturer’s end, this includes ‘ mak-
ing today what is needed tomorrow’, and rate — based production scheduling. Closely
associated with thisisthe great attention paid to devel oping good forecasts and produc-
tion plans. MPS is prepared very carefully and used to drive J T manufacturing.

<u) Enablingof JIT

The striking aspect of JT implementation by the Japanese companies is the extent to
which the necessary preparatory steps are taken to enable JIT to occur. The following
are the important enablers of JIT:

1. Maintenance of plant and equipment

This removes the need for buffering against machine breakdowns. In the Japanese
companies, the routine maintenance tasks were handed over to machine operators, and
therol e of the maintenance function included mai ntenance planning, major repairs, train-
ing of machine operators, and ensuring that the new machinesare properly installed and
fully debugged. Thus the implementation of productive maintenance and TPM is an
enabler of JIT.

2.Management of product and process quality

Minimization of scrap, rejectionsand rework also removesthe need for buffering against
poor product quality and quality losses. Quality assurance (the implementation of aqual-
ity system like 1SO 9000, or QS 9000), statistical process control, and use of participa-
tory approacheslike ‘kaizen” and quality circles are necessary pre-requisitesand imple-
mentation of TQM is an enabler of JIT.

3 Design of manufacturing process and selection of production equipment

Although flexible automation iswidely use, the selection of equipment should lay greater
stress on having appropriate and properly used plant and equipment rather than goingin
for unnecessary and heavy automation. Also, instead of having specia purpose ma-
chines and a few large ‘super’ machines, it may be better to use general purpose ma-
chinesand have many small machines. Thiswill enable ahigh degree of routing flexibil-
ity. Moreover, the stress should be on devel oping flexibletooling and simplified set-ups.

4, Development of people and training of the workforce

The steps under this head include thefollowing:

(i) development of teamwork,
(if) education, particularly of supervisorsand also of operators,

(iii) on-the-job training to devel op appropriatelevelsof skill intheworkforce,
and

(iv) flexibility of work practicesand development of flexibility inskills, through
multiskilling.

A necessary pre-requisite for these is a management which understands manufacturing
12



systems and production methods.
5. Design for manufacture and wide use of modular designs

Design for manufacture and assembly reduces much of the uncertainties in manufac-
ture, and the use of modular design enables the production of alarge variety of finished
products, while maintaining simplicity in manufacturing. Thesetwo together contribute
to greater flow and flexibility in manufacture and at the same time maximizing respon-
siveness to customer needs.

6. Provision of adequate technical support
7. Development of management controls

M anagement control s are essential for minimization of machine breakdownsand quality
losses in the form of rejections, scrap and rework.

Asaphilosophy, JT’sprimary goal isthe elimination of waste in the production system.
Rework and scrap, and loss of production capacity due to machine breakdownsarevery
visibleforms of waste and should quite obviously be eliminated. However, asasource of
wasteinventory islessobvious. The namejust-in-time epitomizesthe objective of mini-
mizing inventory and this is done by getting the material to the next work centre, or
(internal) customer, just in time for the next production step. This way the inventory
build-up between production stages (work-in-process, or WIP, inventory) is minimized.
Moreover, the J T philosophy carries with it an objective of continuous improvement.
The goal isto be getting better, and the way to measure a plant’s performanceis to see
how little WIP inventory it requires to operate. Since inventory protects a plant in case
of problems, in essenceit hidesthe problems; so they go unnoticed, and unsolved. Prob-
lems must be found before they can be solved, and a sure way to find these problemsis
to reduce the WIP inventory.

4. MIXED STRATEGIES

In section 2.3, we have noted that although MRP 11 isacomplete manufacturing planing
and control system and isalsowidely used in diversekind of industries, it isby no means
perfect and has afew basic shortcomings. Thefirst shortcoming isthe result of its being
based on the ‘ push’, rather than the *pull’, system of linking work centres. Accordingly,
although the use of MRFP" is quitelogical, particularly in instances of batch production
characterized by lumpy demand (as opposed to repetitive manufacturing where JIT is
the obvious choice), considerabl e advantages can be derived if some of the features of
JIT production system are incorporated, while maintaining the general structure of the
MRP system. In this section, therefore, we will first discuss a mixed strategy in which
elements of JIT production are introduced into the MRP system.

The second shortcoming of MRP is that it is a ‘poor’ scheduler, that is, in MRP, the
scheduling of shop order releases is quite ineffective resulting in a situation where
rescheduling and frequent changes to the MPS are necessitated, notwithstanding the
use of hierarchical planning of capacity. Thisis primarily because MRP (i) hasrigid lot
sizing rulesand does not permit splitting of lotsand sending ahead partia lots, (ii) lacksa
finite scheduling logic and does not explicitly recognize the existence of ‘ bottleneck’
work centresand give them due consideration during scheduling. Optimized Production
Technology (OPT) is a new technique of production planning and scheduling which
explicitly recognizes the existence of such constraints and schedules to maximize the
utilization of thesework centres. Thusthe other mixed strategy of importanceiscombin-
ing MRP and OPT, and thiswill aso be presented and discussed.

41 MRPwith Elementsof JIT
13



An example cited in the book by Vollmann, Berry, and Whybark (Manufacturing Plan-
ning and Control Systems, Galgotia Publishers (P) Ltd., Delhi, 1998, p 284) is repro-
duced below:

“....aJIT approach used by afirm that has successfully implemented MRP. The com-
pany wanted to use JIT for some of its products, while maintaining the MRP system.
The firm schedules these products in daily buckets using firm planned orders (FPOSs).
The FPOs will, of course, generate dependent demand for components. The firm does
not use a stockroom for the components, the FPOs are never converted into scheduled
receipts and the components are not issued to any shop orders. The FPO data are
communicated to the floor for build purposes and are used to sequence the assembly
line. As assembled products are compl eted, they are received into inventory using nor-
mal procedures for MRP inventory transactions. These receipts are also netted against
the FPO quantities. Consequently, requirementsfor corresponding components are also
reduced”.

Thisexample clearly showsthat since many companieshave adiversified product range,
even in manufacturing establishments engaged in batch production, there do exist some
products which have amore regular and continuous demand. In such cases, leveling of
demand isfeasible and the final assembly can be scheduled on adaily, or weekly, basis,
with each daily assembly schedule being quite similar to other daily schedules. The
manufacture of these products can be scheduled on a‘pull’ basis, while maintaining the
general control and paperwork of the MPR system. This example points out that the use
of such amixed strategy can help reduce the WIP (component) inventory level drasti-
caly.

Many Indian manufacturing companies are seriously considering the use of the JT
concept in purchasing. In JT purchasing, the manufacturer prunes the number of ven-
dors(towork closely with supplier firms, it isimportant to limit the number of suppliers)
and treats a vendor exactly like another work centre of the plant. The manufacturer
needs to achieve, to whatever extent possible, a stable schedule. Then it worksin close
cooperation with the vendors, gives them excellent information and instructs them to
deliver small batches of material more frequently than before. In many cases, the stock-
room inspection processis bypassed and the material isdelivered directly to its point of
use. Herein again, an example cited in the book by Vollmann, Berry, and Whybark (on
page 277 under J T in Purchasing) is reproduced below:

“A computer disk drive manufacturer has a system, wherein, each day at about 4. PM .,
an assembly line worker calls (telephones) a key vendor and tells it how many of a
particular expensiveitem to deliver the day after tomorrow. The unitsdelivered never go
into any stockroomfor into any inventory records. They are delivered directly to theline
without inspection and are assembled that day. The vender is paid on the basis of deliv-
eries of finished disk drives into finished goods inventory. Stability is handled by the
customer providing the vendor with weekly MRP projections, using time fences to de-
fine stability guarantees’.

Theuseof JT in purchasing helps overcome poor vendor deliveriesand givesthe manu-
facturer much greater control over inputs to its manufacturing processes. Where the
cost of transportation issignificant (and with frequent deliveries, it may become signifi-
cant) the manufacturer can request its important vendors (vendors of critical compo-
nents for its products) to locate their factories near its plant. The vendor will readily
agree to such an arrangement if asignificant, and large, fraction of itstotal output (out-
put of the vendor factory) goesto just one customer. Obviously, only very large compa-
nies can have important vendors build their factories near their plant. In conclusion, use
of JT in purchasing, while otherwise maintaining the MRP system, can, and does, pay
rich dividendsin thelong run.
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4.2 MRPWith OPT

OPT was developed in the 1970’s by Eliyahu Goldratt primarily asamethod of increas-
ing the output of a plant, whose capacity constraints prevented it from fully meeting
demand. Like JIT, OPT also seeks to reduce the WIP inventory by synchronizing the
flow of items through the plant. However, it does not also rely on having downstream
work stations pull items from feeder stationsto make their rate of flow equal to therate
at which they are used in the final assembly schedule. Instead, OPT seeks to maximize
the utilization of the ‘bottleneck’ work centres and devel ops coordinated schedules to
synchronize the flow of dependent items so that the flow rates are matched to the
production rate at the bottleneck. It isacomputerized modeling and simul ation technique
capabl e of determining schedul esthat will maximize throughput and minimizeinventory
for agiven production process, containing its own set of operational constraints. Wewill
present a brief exposition of OPT before discussing the strategy of integration of MRP
with OPT.

4.2.1 Optimized Production Technology (OPT)

It is assumed that the plant makes discrete assembled products and that the demand
exceedsthe capacity of the plant. Certain critical work stations, or bottlenecks, will limit
the production rate of some components of the product(s). Since the products must
contain these components, the bottlenecks actually limit the rate at which products can
be made. The number of all other components needed (in the products) is determined by
the number of components that must flow through the bottlenecks. The use of the non-
bottleneck work stations beyond the amount required to match the bottleneck—produced
components will produce needless WIP. Thus a large part of the OPT logic is directed
towardsidentifying bottlenecks, ensuring that these resourcesarefully utilized, and sched-
uling the use of the non-bottlenecksin synchronization with the bottlenecks (that is, the
rate at which the plant is capabl e of making complete products). Thus, the application of
OPT principlesinvolvesthefollowing three steps:

Step 1: The company must identify its bottlenecks.
Step 2: 1t must then schedule and operate to see that these bottlenecks are fully utilized.

Step 3: It should schedule the non-bottleneck operations so that they keep the bottle-
neck operationswell supplied while holding the WIPinventory at alow level.

The bottlenecks are easily identified since they will have the largest quenes if the de-
mand exceeds capacity, or otherwise they will be the busiest work centres. During the
stage of planning, the bottlenecks can be identified by cal culating the load on the work
centrein standard hours (= S (forecast monthly demand x number of components speci-
fied in the BOM x standard hours of work per component) and checking whether it
exceeds the work centre capacity. Thereafter scheduling of these critical resources is
doneto ensure that these bottlenecks arefully loaded. Relatively largelot sizes (process
batch sizes) are run on the bottlenecks to save set-up time and provide more run time.
The non-critical resourceswill have excess capacity and will provide greater flexibility
in scheduling. The componentsthat will flow to the critical resources (bottlenecks) can
be loaded on the preceding non-bottleneck operations by backward scheduling. In this
regard, it must berealized that thelead timeisafunction of thelot size rather than some
pre-established fixed estimate. Thisimpliesthat lots may be split. This brings up one of
the important principles of OPT scheduling which is that ‘the transfer batch may, and
should, differ from the processbatch’. Thiscan significantly reducethe lead timesfrom
what they would beif each operation had to wait until the prior operation had processed
the entire lot before it could begin. Thus, additional set-ups may be scheduled on some
operations to keep the lot size small so that lead-times and WIP are also small These
extra set-ups will not result in overal increase in cost because these resources have
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excess capacity.

OPT, as a philosophy, embodies nine basic rules of manufacturing that differ signifi-
cantly from the traditional practice. The ninerules are asfollows:

1. Balance flow, not capacity,

2. Thelevel of utilization of anon-bottleneck isnot determined by itspotential but
by some other constraint in the system.

Activation and utilization of aresource are not synonymous.

An hour lost at a bottleneck is an hour lost for the total system.

An hour saved at a bottleneck is a mirage.

Bottlenecks govern both throughput and inventories.

The transfer batch may not, and should not, be equal to the process batch.
The process batch should be variable, not fixed.

. Schedul es should be established by looking at all the constraints simultaneously.
Lead-times are the result of a schedule.

© o N o o b~ W

Based on this philosophy, different schedules are prepared for critical (bottleneck) and
non-critical resources. The first step in the algorithm is the preparation of a detailed
product network with the help of the MPS, the BOM files and the routing files. Thisis
then compared with the resource description and the required resourcesis divided into
two parts — critical and non — critical. Serve schedules for non-critical resources start
with due dates, assumeinfinite capacity and are backward scheduled. The OPT, or spilt,
schedules for critical resources assume finite capacity and are forward scheduled. A
fundamental principle of OPT scheduling is that the bottleneck operations (resources)
are of greater concern, since increased throughput can only come through better capac-
ity utilization of the bottleneck resources. OPT calculates different batch sizes depend-
ing on whether awork centreisabottleneck, or not. It also followsthat the batch sizefor
one operation on apart may be different for other operations on the same part. The key
tolot sizing in OPT is distinguishing between atransfer batch (the quantity that moves
from operation to operation) and the process batch (the total lot size released to the
shop). In essence, no operation can start until at least atransfer batch is built up behind
it. Also, whatever the build up behind the work centre, it only produces atransfer batch
unlessthe finite scheduling routine calls for multiple batches. The basicideaisto move
material as quickly as possible through the non-bottleneck work centres until it reaches
the bottleneck. Therework is scheduled for maximum efficiency (large batches). There-
after, work again moves at maximum speed to finished goods. Thisresultsin very small
transfer batches to and from the bottleneck, and alarge process batch at the bottleneck.

4.2.2 Integration of MRP and OPT
The OPT concept of scheduling can be used in association with MRP |1, and a software

can be designed to integrate the front and back ends of MRP 11 with the OPT scheduling
algorithm. Theintegration of MRP I and OPT is shown in Fig. 4.
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[FIG. 4 MUST GO HERE]

AsshowninFig. 4, the' FRONT END’ generates the master production schedule using
the intermediate range forecasts and resource requirements plan, just asin MRP 11
(please see Fig. 1). Thisisused asinput by OPT. Moreover, the MRP datafiles, such as
the bill of materials, routing information and work centreinformation files, are taken as
input to the OPT scheduling moduleinthe‘ENGINE'. Thereportsthat are generated in
the ‘BACK END’ are typical MRP reports, which constitute shop — floor control and
vendor control systems of production activity control (PAC). The outputs of the inte-
grated systems are as follows:

Order release notices.

Report on inventory status.

Report on available capacity.

Report regarding planned order releases in future periods.

Rescheduling notices.

o o M 0w D E

Performance report.

7. Exception report.

The closed loop and feedback concepts of MRP |1 are used to update inventory status
and work centre status files.

A brief description of the variousfiles and modules, shown in Fig. 4, are asfollows:

PRODUCT NETWORK: Thisisformed by combining the bill of materials (BOM) file,
routing files and the master production schedule (MPS). Customer orders are linked to
the final assembly process, which, in turn, islinked to the completed components, de-
tailed manufacturing steps, and raw materials.

RESOURCE DESCRIPTION: Additional datatypically includedinthe OPT filesare
capacities, maximum inventories, minimum batch quantities, order quantities, due dates,
alternate machine routings, labour constraintsand other datatypically usedin finiteload-
ing models. Such data would be part of the resource description.

BUILDNET: This routine combines the product network and resource information to
form the OPT/SERVE master engineering network.

INITIAL SERVE ANALYSIS: The SERVE module uses this information to back-
ward schedule the order due dates specified in the product network. SERVE assumes
that infinite capacity is available at each resource. The system incorporates a rough-cut
capacity planning routine. Lot sizesat thisrough-cut stage are based on thelot —for —lot
rule. Theresultant capacity needs, when divided by the number of weeksin the planning
horizon, are the average capacity requirements for each resource. When divided by the
resource capacities, the result is the average expected loads. Thus a report showing
utilization of each resourceisdevel oped. The purpose of thisanalysisistheidentification
of bottleneck, or critical, resources. Those near or more than 100% utilization are iden-
tified as bottlenecks, and thisinformation isimportant to the split operation performed
next.

SPLIT: This module separates the master engineering network into two sections. The
lower section (SERVE network) includes all operationsthat precede the bottleneck, and
all succeeding operations. The upper section of the engineering network is scheduled
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using the OPT module. The OPT forward scheduling is based on the algorithm devel-
oped by Goldratt and it takes the finite capacity of the resources into account. Once the
critical part of the network has been scheduled, the non-critical, or the lower, part of the
network is scheduled using SERVE.

SERVE: Thisisabackward scheduling procedure, which assumesinfinite capacity of
the resources. In theinitial use of SERVE (initial SERVE analysis), the due dates used
are the order due dates. At this stage of the algorithm, the due dates used are deter-
mined by the OPT modulefor the bottleneck resources, in thecritical section. In particu-
lar, the purpose of this module is to develop schedules which will make the material
available for the first operation in the critical path of the network. Referred to as OPT/
SERVE schedules, these involve the composite schedules developed using the finite
forward loading OPT module on the critical part of the network, followed by infinite
backward |oading of the non-critical part.

5. CONCLUDING REMARKS

In keeping with the title of the unit, we have discussed, in this unit, manufacturing re-
sources planning (MRP [1) and just — in — time production system (JIT), which are
applications of the push and pull systems of manufacturing planning and control. Con-
tinuing from unit 8, we first recapitulated some important aspects of material require-
ments planing (MRP), and noted that in addition to planning and control of dependent
demand inventory items, MRP is applied to situations characterized by the existence of
(I lumpy demand (of products), (ii) two lead-times, namely, both manufacturing and
procurement, and (iii) common use items. The basic MRP record has also been pre-
sented and discussed adequately. This has prepared the ground for the discussion of the
evolution of MRP1I from MRP. MRP 11 is much more than just an obvious and natural
extension of MRP. Instead of being just atechnique, or algorithm, MRP 1l isacomplete
manufacturing planning and control (MPC) system. It has many benefits, but at the
sametime, it has some shortcomings. The discussion of these shortcomingsled usto the
pull system of linking work centresand JIT. The pull system and repetitive manufactur-
ing have been discussed adequately before presenting an exposition of the ‘kanban’
system. The core and enablers of JT have been enumerated and discussed.

After completing the discussion of MRP 11 and JIT, some mixed strategies of manufac-
turing planning and control have also been presented and discussed. MRP |1 is a poor
scheduler, and the recognition of this fact has brought up the need to introduce and
discuss optimized production technology (OPT). Under mixed strategies, the use of MRP
Il with JIT and MRP Il with OPT have been suggested and discussed.

Under batch production conditions, characterized by lumpy demand, MRP |1 should be
used as the chosen manufacturing planning and control system. Under these conditions,
it is the most effective. However, as noted earlier, MRP is a poor scheduler and to
overcome this defect, the use of OPT in the ‘ENGINE’ part of the MPC system is
recommended, with MRP |1 being used in the ‘FRONT END’ and the ‘BACK END’.
Thiswill help the user to overcomethis defect of MRPII to avery large extent. Further,
if either arepetitive manufacturing environment exists, asin the automobile and appli-
ance manufacturing industries, or the batch production situation can betransformed into
an environment with astable and level ed demand (with auniform rate of production and
leveled demand), then the use of JI'T ismuch more effective. But, in this context, it must
be noted that JIT isadisciplined programme, and in addition to manufacturer’s stability
(discussed above) and supplier’sflexibility, it requirestotal employee involvement and
teamwork. Flow, flexibility, and devel opment of achain of supply form the core of JIT.
But ensuring these three core elementsisnot sufficient. To enable the implementation of
JIT, themanufacturer hasto take up devel opmental and improvement activitiesin main-
tenance, quality, manufacturing processes and production equipment, product design,
t_ﬂg’nan resource development and training. Thus the enablers of JIT include, among



others, TQM and TPM, and it iswise to remember that the goal of zero inventory cannot
be attained without zero breakdowns and zero defects.

Certain elements of JIT, like J' T purchasing, can be incorporated in a batch production
environment using MRP Il, and MRP with JIT may be quite useful and effective in
bringing down inventory levels, particularly WIP inventory. Thus MRP with JIT is a
mixed strategy with great promise.
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* The number of time periodsin therecord is called the planning horizon. Time periods
can vary in length from a day, or aweek, to amonth, or even longer. A time period is
also called atime bucket.

* |n unit 8, we had noted that master planning is part of the strategic planning exercise
which checks the available resources — technol ogy, type of equipment, skills, machine-
hours and man-hours — against the requirements of products and product demands of
the long range forecasts.

* The term routing is used to refer to process planning streets. Thus the routing file
contains the process planning data for all in-house manufactured components, and as-
sembly operations (subassemblies and the final assembly). The work centre status file
givesthe actual status of all work centres — machines/equipment and assembly stations.

* Thisisthe word — for —word English tranglation of the Japanese definition. For this
reason, the language seems a little odd. We shall use this definition in the following
subsectionsfor development of the JIT philosophy and essentials of JIT production sys-
tem.

* Each item-component or subassembly — has its own container, and the container
containsthe required number of the component/subassembly.

* In this section, MRP will be used in ageneric fashion and will denote MRP 11.
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