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MANUFACTURING RESDURCES PLAMVING - A STUDY

by

Prof. M.G. Korgaorker
I.1.M., Ahmedabad.,

Manufacturing Rusources Planning can be said to be ons of thes most
significant-deuelnpments to have taken place in the area of manufactu=-
ring softuware in recent ysars. It is also termed as MRP - II, to dis=-
tinguish it from Materials Requirement Planning (MRP), from which it
svolved. In effect, MRP-II provides a comprehensive framwork for
integrative planning and control of manufacturing resources, within
the context of a specific type of industry and for a given firm. fypi—
oally it adopts a modular approach and gererally includes ths followimg
main planning and contrel modules:

1. Resources Reguirement Planning (RRP)

2. Production Planning (PP)

3. Master Prq&uction Schedule (MPS)

4., Materials Rugyuirement Planning (MAP)

5. Capacity Requirement Planning (CRP )

6. Shop Loading and Shop Floor Control (5FC)
7. Inventory Control (iIC).

MRP=11 framework attempts to integrate the above planning and
control modules into a single whole. Like avery good system for manu-—
facturing planning and control, MRP-I1 too focusses on the key many=-
facturing tasks of dependability, flexibility and cost. The central
concarn of MRP=II could be summed up as cne of ensuring manufacture
in the right quantity, of ths right product, at the right time with
right quality,



T Manufacturing R-sources Aanning in diffarent Industries

MRP-11 as a broad comprehensive framework of resources plannimg
is applicable to any type of industry. Nevertheless, special charact-
sristics of a specific typs of industry or fimm need to be taken inte
account so that the framework could be modified to make it most appro-

priate for the industry under considseration.

. In the subsequent discussions ws attempt to discuss salient as-
pects of MRP-II as applicable to different typas of industriss. Ffor
the purpose of this discussion, we find it convenient to_glassify the

types of industries as followsi

Ta Continuous Process Industry like chemicals, pharmaceuticals, stc.
2, Industries engaged in repetitive manufacture like consumar dura-
bles, slectronic products, mass produced items, stc,

3. Industries engaged in speciality manufacture like speciality
metals ectc,

4. Jobbing type engineering industries like machine building,
~ custom built products, etc,

MRP~II began its early svolution in the Jjobbing type industry,
wharein it comprises of all the mndulas.mentioned above. In this
industry it was looked upon as a matural successor to material resquirg-
ment planning. Soon its relevance started being recognized for other
industries as well, although the spucial charucteristics of these

Industries neceseitated some revisions in the framework.

2. MRP-11_In Process 1ndustry
' Important characteristics of the process industry with reference

to manufacturing snviromment could be briefly summarised as follows:

Manufacturing capacity is wall def inad

they frequently have dedicateg storage facilities
= they require long lead times for procurement of new equipmant
‘= they nave a shallow bill of material

the product yields often tend to vary widely

they often experience large demands for intermediateos.



p:8uit the above mentioned characteristics.

the generation of by-products complicates inventory management

- the product routings are often fixed by process design.

- they generally do not allow warchousing of work in process (WIP)

they often have in house computer systems

- thoy have to deal with situetions involving variability

in raw material quality, variability in bill of material,

limited shalf life of products and xaw materials.

Manufacturing Resources Plannimg therefore needs to be adapted

In particular, thers

hould be compleste clarity as to the mature of the important interfaces

hich MRP-II should have with production and invantory contral £PIC)

n the praocess industry.

Table 1 summarises one possiblc approach to

nterfacing MRP-II with the PIC environmont in process industry.

Tabio 13

Process Production & Inventory Contrpl Problems and MRPA=11

*oc8ss Shop Situation

Intoerface with MRP

Allocation of production among
various plants and machinos

tconomical uses of Bye Products

somponents (liquids, rolls, ctc)
stored on.shop floor

Poor batch quality resulting in
entire batch scrapped

“Dafinit ion of units for Master Pro-

duction Schedule and Bill of
matorial

Portion of Putput sold or transforrod
at various points in production
processes

Nature of materials regarding handl-
ing costs, shelf life, storage, stc.

Uses ORP outputs/sales forecasts
as Inputs to Master Produetion
Scheduling. T

Time phases gross requirements
generated for bys products pro-
vide plarmning information fer
schoduling the bye=product
ProCosses.

Provides floor bucket as woll as
store room buckot in inventory
record to maintain data integrity.

Maintain safoety stock at cconpw-
mical plant or incre2se load
time to keep schedules valid.

Usc same units as DRP Units/
customer order.

Treat demand for output as ser-
vice part demand in standard
MRP

Detorming overhead costs of
such factors based on histori-
cal data and factor into
plaming lot sizes.




Based upon the above donsiderations of industry characteristics and

MRP-II interfaces a suggssted framswork for manufacturing resources

planning in Process Industry is depicted in Figure 1 below:
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In the abova framework, hierarchical integration is providsd
by the relationships betweesn the iong range resource requirement plan,
the intermediate range production plan, and the modules for short
range plannirmg, scheduling and control. Table 2 gives a comparison
of levels in a hierarchically integrated production planning system.

Tabis 2: Comparison of levels in the hisrarchically
integrated system of MP - II

Resource requiremsnt Production_gﬂﬁoduction

Planning ( RRP ) Plamning  Scheduls
( PP )
Llagsification Strategic Tactical Operational
Output Resource Acquisition Resourcs Exscution
Plan Utiliza- Sohedules
tion Plan
Time Hwrizon Long Intermedi~ Short
ate
" Detail Highly Moderately Detailed
Rggragated Aggregated
Managerial Level Senior Middle Low
Degree of Un- High Medium Low

certainty

—-—-———-—-—-————-.-——-———-———--‘———-————_—

thile RRP and PP modules provide for planning of entire mater-
ial flow, operatiomal integration is necessary for co~ordinating the
short range plans of purchasing manufacturing and distribution.
The material flow ie ususally from purchasing to manufacturing
to distribution. The information flow is howsver in the reverse
direction. {ften the short range planning and schaeduling modules
are divided intc functional arsas. Figure 2 shows a possible
division of short range pdanning and scheduling modules into functional

areas of purchasing, manufecturing and distribution.
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Since MRP~II adopts an essentially modular aporoach, it is of

crucial importance ta keep in mind detailed design considerations for

aach of the modulss.

Table 3 provides a summary cf specific design

considerations invclved in sach of the modules of MAP-1I, particulérly

with reference to process industry, although the ceonsiderations are

ganeral snough to be applicable toc the ménufacturing industry in

gensral.

MODUW E FORECASTING

DESIGN CONSIDERATIONS INVOEVED I

=

UARIUUS MODULES.

-~ whether to forecast demend,

UF FRE-II

- e Wk s wm e

sales or both

P

~ what level of product and geographic detail is Tequired

- what time horizon should be covered

= what time intervals should be used

- How freguently forecasts should be updated

-jAccuracy of alternative forecasting techniques

~ Lpst of altermetive forecasting techniques



~ Cost of forecast srrors
- Avallability of historic data

= Ability to combine mamagerial judgemant and market
intelligenca with Quantitative technigues

- Motivation for sales and marketing perseonnel to provide
detailed and accurate judgemental forscasts

- Regponsibility for each forecasting activity

« Performance measures for each forecast.

- - — R e o s

MOOWE: RESDURCE REQUIREMENT PLANNING

At

- What resources need long range planning

- What time horizons should be used

- What 1éuel of product, time and geocgraphic detail is required
- How frequently shauld plans be updated

- What modelling techniques can be used to aid decision making

- How should probabilistic svents be considered in the decision
making process

- What data is required
- What costsare associated with wrong decision
- Who should be responsible for each planning activity

-~ How closely lirked are thas Long Range Resource Requirsments
Plans and the Intermediate range production plans.

- - . r—— e, ——

MOOW E; SROCUCT ION PLANNING
= UWihat time horizon and update intervals should be used

- What levelof product, process, time, and geographic detail is
required .

.= How ghould demand be allocated among multiple plans.

- What strategy should be used for meeting ssasonal demand.

- How should aggregate production be matched to aggregate demand

= How should safety stocks be determined

= What is the customer service policy regarding stock availability.

= How should probabilistic events be accounted for in the produ-
ction plans

- How much tycle stock is reguired
-~ Whers should inventories be positionsd in the material fiow

- What products should be made-for-stock and what products
made to order,



Can the sales mix of finished products be ontimized
Can finished product Hecipes {blends) be optimized
Is there a natural production scheduling sequenct.

Should requirements for Major Raw Materials be planned
directly from preduction plan?

Uhat is the cost of obtaining and maintaining the required
production plaming data

Who should te responsiblae for each production planning activity.

— BT e en o S e 8 M e e g kb 4 i vy
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———

MODWEs DISTRIBUTION {(FINISHED GOUDS) REQUIREMENT PLANNING

How many distribution centres ars required and in HP?t locations
L

Should Private, Public, or Leased Facilitiss and Equipment be
used Tor storage and transportation activities

What transportation mode should be usad for replenishing sach
warshouse.

How should bethe primary supply pelnt and transportation mede
for sach customer location be determined

How should the size, timing, and mix of replenishment shipmants
ba determined.

How much in transit inventory will be requiroed?
How should safsty stocks bhe determined

Will emergency shipments be pzrmitted from near-by warshouses
or only from the Mastor Warehousa.

ilho should bo Tesponsible for ocach activity.

e e ——

MOOW Fs MASTCR PRODUCTION SCHEDUW ING (MPS)

—

-

LI |

What items should be master scheduled

What timo horizon should tho MPS covor

What time horizons should bo used

What time foncas should be usad

How frequantly shouldthe schodule be updated

How closely should the schadule be linked to the Production Plan
Will the schedule be disaggregated further beforo its exXacution
Can gquantitative methods, such as LP, help in dovaloping a schodule?
What techniquus should be used for Lot sizing 2nd saquancing

Which activities should be computcrized and which should bo manual.
Uhat is thoe cost of Obtaining and Maintaining Schoduling Data

Who should De rosponsible For MPS

Ak —— ot L TR T b

e — i ———
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MOOULE 5 MATERIAL REWWIREMENT PLAMNING (MRP)

et g — b A A e b e L ———— - g — —

~ What items should be included in MRS

~  What ﬁime horizon should the MRP covar

- What time intervals should be used

- How freguently should the plan be updated

- Bhould @ net change or regenerative approach be used
=~ 5hould farward or backuward scheduling tbe used?

= What techniques should be used for Lot sizing ancd Sequencimg broducts
ch machines

=  How should safety stocks be determined

- dhere in the Processing sequence are inventories requirsed to
buffer sequential operations

-~  Shouid Material Planning be computerized

- Uho should be responsinle for material planning activities,

i = A R o S b b A A e e R 1 e MR T R g i

MODULEs [MATERIAL DNTROL

———

- Is a final schedule havimg smallsr time incremasnts than the
master production schedule or the material olan reguired

- uWhat formal procedures and documents are raquired to give operzting
personnel the authority to produce or purchase materials.

-  How should production and consumption of materials be measured and
reported.

=~ How should receipts of purchased materials be reported

- Uhat tachniques should be used For verifying inventory record
SCCUTABCY »

~ How frequently should inventory records be verified.

- How should customer sarvice data on stock availability be captured
and repprted.

- Should inventory investment be reported by replacement cost as well
as bock valus

-~  What systems and procedures should be used to monitor ard contrcl
yield, scrap, and quality

.=  HopWw should preductivity be msasured and contrglled

~  lha should be responsible for sach activity

- e T i1 T PR T P
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MODWLE, CAARCITY PLAMING AND CONTREL

T e b

. e e A —— e

- Are master productign schedules and material plans fedsiole
- What Factors constrain opsratiors

- Uhat capacities Will be reguired of syuipments, storage facilities,
work force size and skills, effluent and noise restrictions, ersrgy
availapility; limitstions on eXposurse of employess to toxic
substancas,

~ Are resource loads in confarmity with the svailabls capacitias

- How is monitoring and control achieved of i) equipment utilization
- and mechanical down time, ii) man power utilization, iii) energy
utilization, iv) weste generation and disposal.

= How should the necessiry data be captured. How shouyld it
be reperteds.

-~ Who is responsible for each activity

- Ars lead times, work in process and capacities in conformity?

ek A L e b Atk —— A e w e g v et ik e = P o e

It will be observed from the detailed description of ths congi=~
derations of various modules of manufacturing resources planning, that
the framework lays épecial emphasis on c¢ertain areas 1in plamning,
scheduling and control of process industry operations. Mention may be

made of the following such arsas:

HFroduction Planss 1) Sourcing decisions; ii) sequencing products

through facilities; iii) optimizing product blemds, iv) determining
target safety stocks; v} coordimting production and mainterance nlans;

vi) temporary shut down of plant or line to reducs invantory; exchange

- or swapping agresments; vii) determining materisl requirsments; viii)

developirng aggregate production plans.

Schedulinmg _and Contral - 1) Gre2ter use of caparity oriented
MPS methods, ii) more omphasis on OAP and Interplant transfer planning;
i1i) cleser coupling of MPS with forecasts, production plans, and DRP;
iv) Less customer interfersnce with MPS, v) Lot sizes dictated by
facilities dasign or manufacturing practices for ansuring product

quality; vi} schedule is in ruality the authority to produce; vii)

‘seyuencing gererally accomplished in PP/MPS; viii) schedules generally

have smaller time intsrvals.
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s Marnufacturing Rescurces Planning in Rgpetitive Manmufacture

Tha important characteristics of repatitive manufacture eould be

described as follows:

= Long centinuous production runs of high vclume, rather than

runs of discrete lots

~ production lines tend to bz fixed, machines and geople groupsad

according to the product produced.

i

Standardized products are produced,

- Thaere are blanket schedules instsad of manufacturing orders

intarml lead times are relatively short

products are commorly processed in line

cperations are often combined

- Ina steadily flowing process, lead times are difficult to be

agsociated with products.

-~ For opsrations, capital intsnsive and special purposa eguipnent

is pften used.
- work centres provide highly specialisad cperations

~ fixed costs are ralatively high, but still direct easts are louw.

Figure 3 gives the framework of marmufacturing resources planning
suitable for rapstitive manufacturing situation. It is noteworthy that
in this case, it is the marketing plan and the operating budget
derived therefrom which drive the MRP-II. The other modules remain

more pr less similar to those of procass industry casa,

VIEKRAM SARABHAI LIBRARY
NIMAN INSTITUTE OF MANAUrsEMNT
vASTRAPUR. ABMEDA HADLIE 1
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# MARKETING PLAN

i
Operating Budget

N

Production Plan

-—-——-——~—-€>{ Master Production Schegule

¥
MR P

Inventory
Ma nagemfht

< | Bill of Material

RR P ]é Rout ing
\l{ ¥ Labour
CR P K—— Work Centr

Capacity
N >
Yes
SFC <
Customsr
Orders

Figure 3: MRP-II Framswork for Repgstitive Manufactyre:

MRP - Material Requirement Planning
'RRP ~ Resources Requirsment Planning
-.:CRP Capacity Regquirement Planning
iSFC = Shop Floor Control.
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The implementation of MRP~II in the repetitive manufacturing en=—
vironment must be modified to deal with the highly specialised problems

Created in such a system. Some of these problems are as follows:
= Material 1ot integrity is ndt always maintainabls
- Maintaining shop floor reporting is dif ficult
=~ Detailed job status reporting is not possible

= Performance must be monitored withogt dependence on discretas
manufacturing order mechanisms.

- Work performeq (but not completed) against ons sehedule is
often transferrad to updated schsdule.

=~ Inventory racord balances are oftan less accurate than those
kept by discrete manufacturers.

= Schedule changes may be frequent and are very rapid.
We now briefly discuss the MRP=II modules for ra etitive many-

facturing situation.

3.9 MUDWE s MASTER PRODUCT ION SCHEDLL ING (MPs)

The main goals of the MPS module are: i) to translate the produc~

tiun'plan into a marufacturing rate, ii) to validate the available
plant capacity at a gross level, iii) to assist in resource planning,
Translating the production plan into a manufacturing rate is accom-
Plished by exploding the production schedule using the standard bill
of materials to creats 9rcss raequirements for the MPS., Ths results
of MPS are:

—- Component issue requiremants for items on production scheduls

- Regenerative systom which relieves the user from having to
maintain requirement rocords.

= Provides a safoty stock of 20 - 25% of WIP inventory

The method is Teasonably accurate but doesn't require any massive

'record keeping affort.

3+2 MODULE:s RESDURCE REQUIREMENT PLANNING
The RRP analysss a manufacturing facility's capebility to executs

the MPS, This allows the management to examine the impact that critical
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resources have on the proposed schedule. PRRAP generates a resource
loading report that summarizes the resource requirements of the MPS,
which helps locating areas where resource constraints will most likely
take place. RRP defines the supply and consumption of the critical
resources in the manufacturing facility, and indicates the best imple—
mentation of the MPS to fit the capacity limits. The main purpese is
thus to evaluate tha overall impact of a given MPS. 1In repgtitive manu-
facture, RRP is conducted at @ macrolevel by using rough approximations
of load. It is accomplished by exploding load profiles and bills of

labour from the MPS. Some positive features include the following :

— 8ince RRP utilizes load profiles which identify only a few key

resources, massive supporting data is not required.
= RRP's plamning horizon, untike other MRP II modules is unlimited
~ Rrscheduling tha MPS to compensate for over/under loads is
reiatiuely 248Y.
.= Routings are not essential for wvery itsm on the MPS.

- Guick simulation of capacity reguirements is provided since RRP

is the only availatle tool which permits advance testing of the MPS.

- RRP is gross hours anmalysis in which all hours or capacities

required for the MPS are included in the construction of load profiles.

Because RRP is a pre-MRP analysis, the load projecticns do not
reflect 'on-hand' component balances or completed WIP, 1In addition
since MRP assumes capacity is available, RAP is the only available tool
which permits advance testing of Production Planm and MPS. RRP'g purc-
poss over the short horizon is to kesp loads within the bounds of
available capacity. Over the long run, it helps in decisions as to wher
‘Af any, additionmal capacity will be nsadad.

33 MODWE:  MATERIAL REQUIREMENT PLANNING ( MRP )
The purpose of the MRP is to determing the materials needad at

®ach point in the production process from procurement through work=in=

process to end product shibment. Tn be affactive in repetitive manufact
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MRP must recognize thet tracking material by location against require-
ments in that location is more meaningful than tracking compcnent
issues to spscific marufacturing orders. This status information is
Provided by establishimg WIP inventory, buckets and tracking the movams
of material through the WIP buckets as it is issusd and consumed on thea
marufacturing floor. Material requirements will determine the rumber
of WIP bucksts in sach case. Items are assigned to WIP buckets as a

function of item inventory control classification.

~- Controlled items are gpecific line items on MPS. Quantity re=

quired to support thes MPS requlates the quaﬁtity issued.

= Bulk items used in general support of marnufacturing activities

are issued in convenient quantitioes and are not tied to requirements
in the MPS.

- Expensed items issue requiruments are assumed to be met when
issued to the shop floor.

Figure 4 shows the material flow model for MRP~1II in continuous
Production. The model provides a definitc distinction between the WIP
inventory buckets wherc material comtrol is difficult, and the stores
inventory buckets whers maintaining tight control is common. As '
degres of control increases, so does the precision and integrity of data

required. This inuvitably involves increased paperwark, time and money.

CONTRG= Requisition WIP PROD

. ﬂ li%_g:s (controlled item )gEE?ETLIN é

S [sux | Exploded N

“ | 15SUE issue 9
15 1Tems COMALETED &
s | PARENT Completiog =
g EXPECTED (Bulk Is- A SSEMBL ¥ reported ¢

| trems j °*° ibams, - Exploded Issue

Requisition | EXPENSE
( Expensed Items)T

L A ——

- LIGRE 4: MAP Matorial flou medel for repetitive mapufacturing
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3.4 IMODWE 3 CAPACITY REQUIREMENF PLANNING (CRP)

CRP performs the function of astablishing measuring, and adjusting
lavels of capacity that are consistont with the production plan. CRP
is the procags of determining the amount of labeur and machinas rasources
required to mest projected production levels. The basic tool which pro-
vides information on loads is the load report. After all load profiles
are calculated through RRP, the resulting roguirsments are compared with
known prfoduction capacity of the manufecturing arasa. For scheduling
purposcs, CRP assumas that there is infinito production capacity, and
then after comparcison with the known capacity indicates work centros
with projected opverloads ¢r underloads. bLika MRP, CRP also must recog-
nize that trackimg work load hours by location against roguireoments
in that location is more meaningful than tracking time phased labour
required by work centres to specific manufacturicog orders.

khen capacity cequiromonts exceed available capacity, there are
twp altermativess i) increass rapacity, ii) revise the MPS. The altor-
native finally chosen must be determined from dstmiled studiss ofs i)
the ares in which excess capacity is required, ii)} sales forecasts,
ili) the sconomic status of the company, iv) evailability of manpowsr,
v} technolegical advamces in production processes., CRP is an itcrative
process that considers capacity on three different time horizons: i)
Long Rangs Planning, ii) Medium rangs capaeity planning, iii) short
rango capacity planning., Exoected improvements aro:

~ Managing capacity improues the ability te control loads and
invertory. '

- All work centres that ara dafined on the load reports are

congidorod.

- Batter communication betwesn manufacturing and marketing, resul-

ting in lowsr inventery levels, fewsr stockouts, decreased overhged costs.

3¢5 MOQWE ; SHOP FLOOR CONTROL { S F € )

SFC is a control tool and containg only limited planning elements.
Repet itive SFC is implemaentad through 5 functions:
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- Data collecticn for feogback

~ Monitoring progress of manufacturing orders
- Priprity assigmment and dispatching

= Monitoring work center performance

= Manufacturing orfder costing and analysis.

S5FC must take into account gpecial needs of mass production which

include the following:

i) Meaningful data must be gernerated at reasonabla cost
1i) WiIP must be controlled '

iii) Performance must be monitored without rolying on the discrete
manufacturing order machanism. ’

Data Cepllection: Each employee completes a document indicat ing
product, lot number, hours worked, guantity completed, for sach day
worked; and due dates, gquantity reguired, and hours workod.

Monitoring progroess: This is done through information on current
scheduls, routing and operation completions. Prograss rsports ars nor-

 mally work centra oriented or assembly corientad.

Priority assignment and dispatching - priorities are establishad
and managed by the MRP system, 5FC schedules and dispatches work in

response to the priorities. The system can respond to priority changes
by rescheduling andfor changing the preduct currently scheduled er in

product ion.
Monitoring work Center Performance —~ To achieve this, routing

and work centre files must sxist in the system. If routingare detailad
to the cperation level, it will be necessary to identify each operation
with the work center in which it is performed.

Manufacturing order costing and analysis =~ Costing and apalysis
by order is not possible in this system., Avorage costs are accumulated

by product.

Utilization of this SFC module results in the following:
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a) meaningful dats is collected through smployees completing

daily reports.

.h) preduct status is determined through a limited amount of

information.

c) Lot integrity is not critical

d} The system can respond to priocrity changes by rescheduling,
ard changing the product currently schedulazd.

a) Record keaping is minimised.

4, MANUFACTURING RESOURCES PLANNING IN BATCH PROCESS INDUSTRY -

CASE Of METAL INDUSTRY
Soma of the important characteristics of this industry are as

follows

There arg fow bill of material levels.

There are few ravw matarials but many finished goods items.
There are dual units of measurs (units and kg.)

increasing pieces are produced at cartain in protess operations
Teim and scelp (yield loss) ars expected.

the traceabhility is low

The cost of ocquipmont/labeur hour is high

The capacity is rather inflexibla.

The incidence of independent demand is at a high leval

Sometimes, product must be custom tailored to individual
spocifications. ,

Figure S shows the typical product flow through the various processes. The
pFoC83388  gonerally include smelting, refining, remelting, forging,

~extrusion, rolling, heat treating, pickling, and & wide varigty of an~

- cillary metal processes. In many cascs, intermediate products are sold
diractly, cresting lLowar-levsl indspendent demand similar to the spara/
servics part activities of many assemhled product mamufacturss. The
trim sbrap is & normal and natyral part of the procasse It can total

mp high as 25-50% of the original raw material input, and needs to bo
;'t_igwtly controlled. One of the major challenges is to manage the indo-
.pendent demand reprosantad hy finished goods ond itoms and the First
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or second levels balow that, Speciality motals is conceptually simila:
to other 'batch process industrics such as manufacture or spociality

chomical s.

Figure 6 shows & typical framowork for manufacturing rosources
plamning (MRP=-1])/spucialitymetals. As will be scen in the figure, the
MRP=II comprises of tho following important moduless

1+ Sales forscasts
2. Distribution Reguirsment Planning (DRA)

3. Budget and Production Plans; including validation for resource
roquiremaent s

4. Mastor Production Schedule (MPS)

5« Material Roquirement Planning (MRP)
6. Capacity Requirement Planning (CRP)
7. Shép Floor Control (SFC).

The sales forseast drivss through DRP into MPS package for maxkea

to stock items and directly into MPS for make-to-grder items. The fore-
cast also drivaes a preduction planning process that operates at a level

of aggregation of production familics. MRP is drivon by thoe MPS. It

is used to control raw materials, to plan smelting and melting operations
and to control twe to throo levels of lower level intcrmodiate st ock
requiremontse The combiretion of DRP/MPS/MRP assumizs good response

to tho market placo with a minimum of slack rosourcose CRP is usod

to control shop loading. It is based on standard infinite loading
‘technique. Tho preduction control and cperations maragament porsonnel

then deal with over or under loads as they ocour.

The most important module is Mastor Production Scheduling (MPS ).
It fseds the matorials plan, managos independont domand and introducos
tapacity planning into the integratod systom. MPS need not nocossarily
bo dono only at the ond item lcvel. Often it is porformed at a lovel
of aggregation of 'MPS itoms! in which cach individual ropraossnts a group
of ond iteme all having common matorials and capacity impact profiles,

as shown in Figure 7.
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Cartain other cheracteristics of manufacturing resouroes plarmning

in batch process industry (like spesiality metals) are noteworthy.

1. Metals industry is heavily dependent on capacity managementa
Capacity normally comes in very large pieces. 1t is often relatively
inflexibla. This is becauss of long and expensive set up times on
mills need to optimise furnace temparature changes whilaplanning
rolling seguences, contimgous oparation of processes likae snelting, stc.
Thus, the important issue is how to change capacity that outwardly
appears to be inflexible into a relatively Tlexible system. Henca, the
gmphasis is on modules like shop=floor control and olant 1aad1ng rather
than plaping as such. This points to capacity control as ane of the
central tasks of MRP-II in metal industry.

2. The metal industry lends itself to optimization of cperations
through technigques like linear programming. LP models Find application

in optimisation of mix of raw material and scm@p used in 3 fhivat in the

malt shep; calculation of real~time least cost adjustments based on moltan

metal amalysis; development of seguencing models, stc.

3. In the metal industry, like every other industry,lack of adequate
planninc systems must be compensated for by addition of slack resourcas.
This can take the form of either investad capital (extra capacity),
workinmg capital {extra invertory), or extra manpower. The cost of slack
is much more sighificant in matals than it is in a2ssembly ang fabri-

cation. Hence, the need for a good planning systam.

ED IMPDRTANT PREREQUISITES FOR MARF=-II

Tho MRP~11 pperates the production/cperations system on a time
critical basis. There is a nesd to have strong temporal synchronization
at all levels. Figure 8 ghows the mejor decision arsas and how MRP
Creates temporal depandence betucen them. A pre-requisite for the MRP

S¥stam to bg able te maintain the temporal depandenca is that

- there should be sound lead time estimates for all decision levels
from capacity planning to purchasing, and each dacisicn level

must deliver on these lead times.



24

Lead Time for .
Capacity Chamga ____{ Capacity Flan
Production Rate Aggaregate Production
¥ I
Exchango Plan
L2ad Time ~
Customer Delivery - Mastsr Production
Datusg 1 Scheduls (MRS}
A
' : :
Supplier Lead Order Launching )
Times 1 Fflan

b9 F4

—

Production Qperations
(Shop Floor Gontrol. )

Figuroc 83 [odel of temporal dependsnce in MRF

A second prerequisite is a metural consequence of thoe MRP=II

approach. This can be simply statasd as :

= Strong interfunctiomal interdopordencs isabsolutely
necessary for MdP-II philcsophy to succeed.

MR P=~11 forces coordination of lead times at differant planning
and control levels. &ach type of lead time is affoctoed by decisions

taksn by different functional groups in the firm. Thusg, because of
two way interbocking of lead times, there follows a two-way intepe
loeking of functions. Thus, MRP ~ II leads to a tight couplin of all
decisions affecting the level and flow of materials in the systam.
Hance the need for intsrfunctiormel interdependsnce. Figure 9 shous the
model of inter~furc tional interdependence in MRP-I I.
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Figure 9; Model of inter-functicnal interdependence in MRP=-II

The third prerequisite for MRP-I] is what can be referrgs.to ass

Lo

the existencs of Mamagement Discipline. This has six elements.

1.

2,

3.

&,

3.

discipline required to make frequent, accurate forecasts

discipline top maks freguent and timely revisions of all
plans, particularly of MPS,

development and maintemance of current anmd valid bills of
matarials.

disciplineg to extend supervision of MRP-I1 needs beyond the
boundaries of a givan Company into supplier prganizations.

discipline to guote valid customer delivery dates cleared
with production

discipline to apply constant and detailsd supervision of MRP~I]
system at all planning levels.

Apart from the prequisités discussed above, it may be worthwhiles

to note that some other factors dlsp datermine the suitability or other-

wise of

MRP~II approach. Among these are:

1. Bills of materials complaxity

2,

Continuous versus intermittent production,

Bills of materials (B80M) complexity - A bill of materials is

complex if:

1.
for tha

2,

3.

There is a large number of end products that are candidates
MPS.

tach product uses a large number of different materials

The materials composition of sach product is to some extent,
unique.
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A bill of materials is simple if:

1. There are very feu materials even if therec is a large rumber
of product s.

2. Most materials are common to most ard products,

MRP-11 approach is almost inevitable, when the bill of materials
is complex. Howevar, if the same is simple, MRP~II may be raplaced by
the traditional Order Point Order Guantity {0POQ) systems. For instanco,
clectronics/electrical componants manufacturing involves complex bill
of material. By contrast it is simple in petroleun refining, «delpite
4 large number of products. Thus, OPOQ systems could be used in the
latter case while the formor will need the MRA-II approach.

Continuous versus Intermittont production - the traditional OPCR

Systems can be used quite effectively in case of continuous product ion.

But whan production is intormittent, MRP-II is far more suitablo. For

OUT purposcs, continuous production is sajd to exist when the production
rete is relativoly fixsd over the medium term and the demand rate is

very closs to thuo production rata.

IL must, thorofore be apprsciated that while MRP-I1 umndtoubtadly
leads to tighter ard more efficiont control of opcrations, it impesas
tertain m2@nagemont roguiroments that cannot readily be met by some
Companies in the short run. Thess requirements for coordination and

discipline noed to be met if MRP is to be successfully implemontad.

6. PLANNING, ORGANIZING AND IMPLEMENTATION OF MRA=I1T PRODECTS

Implemcnting a Manufacturing Resources Planning (MRP~II) systom
is a major programms which will affect and involve people from all
arpas of the company. Hence, it is important to consider the peopls
orientod sido of planning, organizing and doveloping an MRP II
sYstem. Tha process of planning involvaes sestting goals, seclecting
and dUUBlOplﬂg mothods to achieve thuso geals, and presenting the

plan te begin its oxscution.



6.1 Jhe proc f organizing MRP 1l Projecteg
The process of organising comprises of;

1) specifying the task to be performed

2) Breakdoun of the total task into maregeable componant s
3) Establishing clear responsibilitiss

4) Selecting people to executs tho task.

Figure 10 shows a typical orgdnization chart for exscution of MRP=I]
project.

Steering Committes '

Project Manager

Bm mes Inventory ther :}

Pro ject Project Control ub=project

Leader | Leader Project 4
" L. sader

gﬁs'act I¢ Pro-
Te:; ject team
S e

figure 10: Typiosl Qrgenization chart for MRP-11

Projects

Stesring committes: The steering committee is responsibis for
overall management of MRP-II project. It may comprise of ths heads
of memufacturing, ergineering, finance, marksting and ths MRA=II
Project manmagsr., The primary function of the steering committse is:

i) to provide active leadership for the project

ii) to staff the project team
iii) to define the project scops.
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iv) To stimulate company commitment and dedication to the goals.
v) To allocate resources
vi) To approve project budgets

vii) To develop overall strategies and policises

viii) To review projsct status on @ regular basis

ix) To attend top menagement classes.

6+2 Project Manager Assigmmentss

The project manager has tuwo basic functionss to develop a project

plan ard to implement that plan the specific regponsibilitias #nclude:

i) Organising the project and coordinating the efforts of team
membars and other departments,

ii) Calling and chairing team mestings.
iii) Monitoring and reporting project status to top management
iv) Dbtaining policy decisions from top management
v) ldentify resource requirements

vi) Providirg the project schedule and ensuring compliance with
schedule dates.

vii) Coordinating user education and trairing programmes.
viii) Ruprasenting the team to other functions.

ix) €nsurimg that problems outside the scope of the project
do not distract team efforts.

x) Identifying critical issues and ensuring that the right
psopls are involved with these issues,

Ideally, the project manager should combine in him abilities as
organizer, motivater, communicator, diplomat, and educator. He
should be persistent and knowledgeable about the company and MRP-II.

.3 Team member assignments
The teams should bo madae of key ussrs - repressntatives from

many-facturing, production and inventory control, design engineering,
accounting, purchasing, industrial engingeriny, marketing and data
procaessing. Team members should have the following desirable qualitiess
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i) positive attitude, ii) good conceptual ability, iii) be good communi-
catprs, iv) ensure availability to contribuca effert in tasks, v) be
dependable, vi) have complete understanding of MRP=11, vii) be knowledgeable
about the company. Generally a team of 5-8 members is desirable.

64 prgisct Charter: & project charter is a formal document which givas

the project team authority and defines its responsibilities. The project
is best oroanised intg sevaral sub-projocts,; correspording to furctions

of the system or modules of the scftuars package. Thess include:

i) Master production schedule
ii) inventory comtrol
iii) B8ill of Material
iv) Routings
v) Costirg
vi) Capacity Planning
vii) Shop Floar Control,

viii) Data accuracy, etc,

Figure 11 gives an example of a charter of Bill of matarial project

taam.

A gms e R A L, M WA e v Wk wm wE oam VR g sk e e b W mh we e MR we me W ol el M Wt e e g e

Figurs 11s Chartor of Bills of Materials Projosct Team

Chartsrs
- Define systam objectives and requirements
- Davolop ard implemant an automatad bill of material

- provide education end training for all users affocted by tha
systam,

- Disband when the system is running toc the steering committez's
satisfaction.

An Example of Individual mumber responsibilities
h. Design Engineering Xopresgentative

1. Establish and maintain 80M structurs

2. Devise emgincering changs control systoem

3. Ensura 95% BOM accuracy

4. Administor part numbering and revision level assignmant

9. Coprdinmata user accessibility of EOQM data.
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Es Dufine angineorirg dapaftment gata rcoguiroments
7. Rispansible for all design engineering facots of the project.

B+ Coordinats user sign-off approvals of system designs and
specifications '

9. Approximately 20 hours/waek will be required to complste the
project.

W em e gm Ny Er W omm m MR M e W MR A R me mm W

6D yUsing a_Consultant; If no onz on tha oreject has had provious

exparicente in successful installation of an MBP=-I1 system, qualificd gon-
auitant could by used., His role shoyld novertheless be limited tes

- perform an cbjective businoss amlysis te dotermine systom
roquiroments

- plan and assist the education program

~ pguidc the process of project nlamning

~ roviaw the project plan to ensure that it is complete and realistic.
~ provido profossional advico to provent expensive mistakos

- act as a catalyst to got things startod

- prevent reinvanting tho whosl.

646 Tho Project Plan
The projcct plan should bhe completely rovicwed et each phase of the

project. HAs the project progresses, the plan must be updated, to refloct
any significant changes. A toechnigue like Gantt chart can be easily

used for this purpose. The purposs of thoe project plan is tos

- to identify roguired tasks

- comnunicato tho tasks and ostimeted marndays

~ - assign work to project tcam mombors

- dptorming target datos

- Coordinate work activitics

=~ prevido & basis for ostimating dusc datus and cost
= provide a means to control project performance

- provide a mpeans fur determining rosourco Togquirements.
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e

7«  PROCESS OF FLAMYING FOR_MAP INCORPORATING SVSTEMS VIEW POINT

In effect ths process of planning for MRP-11 can be loovkad at
from a systom viewpoint. 7Thoe process is bascd an 3 primciploss

1) The planning procuss is an itcrative process and swguent ial
in nazture. The process bogins with @ 'wherc arz we'? 2nalysis and

progrcssas to addrossing objectives, costs, rosourcas, otc.

2} The planning procoss can be oconverted to, a PERT-type diagram:
projoct revisw must take place in a furmelized Fashion, no lass fre~

quently than once cvery 3 montha,

3) Tho pilamning procoss will progress through a scries of
'refinement! stages. )

Figure 12 illustretes the logic and the iterative mature of
the planning protoss.
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The significance of the above steps to MAP=I1 is as Follouse:

Whegre are we 7 = Why MRP=I1 is being investigated. Reviewsg the
current optional practices and procedures, etc. In short, this step

aims at self-assessmant.

Where are wa going? ~ This step aims at definition of quantifiable,

achisvable objectivas such ast= 90% cn time deliveries within 9 months
after MAP is implemented; 15% reduction in inventories during 1st
year of installation,; 20% increase in inventory turns, and the iixs,

How are we going to get there? - what has to be decne in order to af fe-

ctively implement MRP~II. Such considerations as cleaning up and/or

properly structuring 80M, building the item master file, defining work
centres, establishing rautings and standards are included in this cate=
gory. Thers are verdors manufacturing software packages. HNot all
these packages are designed for the same size and tyse of uses. There-
fore a comprehensive review pf hardwars/software combirations is

essential in assessing the 'How are we going to get there*? question.

Who is going to gst us there? -~ This step addresses to the ‘poople!

decision including composition of steering committes, project manager,
project teams, cotc. The sslection of people involved must bu cone

with extreme care.

When do wa expect to get thers? - This addresses to the timing aspect

of MRS-11 implementation plan. Specific time goals need to be esta-
blished for the accomplishment of projact tasks. Every one involved
in the project nweds to know when a specific activity is expected to
be accomplished and how the timing of one activity relates to other

activitiss.

What arp the costs involvaed and Issources reguired? -~ Installing an MRP=II

system is not cheap. Planning time does no. come chedp - nor do the
software and related hardware costs. Ruzsource requirements in terms

of incremantal costs of manpower, training, vendor classas, consulting
time, hardwarae and softwars relatod costs, otc., should be thought

through and itoemised.
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FIGUHE 343 MRP II PERT DLAN CONVERTED TD GANTT TYPE CHART

TIME PHASING OF PROOECT ACT VITIES

for vase of monitoring and review during implementation, the MRP~II

plan should boe converted

into time phasad action plan.

This may resambles -

aither a PERT Chart, a Gantt chart or sven a milestona chart. Figure

13 gives PERT chart for

a project implementation plan.



35

8. BEHAVIORAL DIMENSIONS OF MAP CHANGE
While MRP-II is without doubt one of the most significant develop-

ments in manufacturing software system, attompt toactually implement it
in-house have not always mot with unqualified succesgs. We have al-
ready'discussed sarlier tho prercquisites of MRP-I1. MRP-I1 succoss
depends on fulfillment of thoso preroquisites. Furthermore, analysis
of implementation failurcs has brought out soma other factors as the
main culprits causing MRP~II failura. These may be classified as:
- A

i) Twechnical inadequacies - inaccurate bills of materials, ang
inventory rocords; infoasible master production schedules; unresalistic
lead times; lengthy time buckets; and poorly designed computer systems,

to name a fouw,

ii) Ineffuctiva organizing and managing (loadership) — lack of
top mamagemont support; absence of full time task forces or project
schedules; absence of education and training; and lack of coordination

of affacted department s,

1ii)} Human resistance to change - management and workers' praforence

for the informal system or the status GUO

For succossful implemsntation, it needs to be recognized that
MRP=-I1 implies a major change procass. Ths nature of change brought
about by MRP-II nesds to be thoroughly understood. For instance, it
is of importance to arelysc questions such as tho following ;

i) does the change effort involve multiple subsystems?
ii) Does tho change involve learning now technigues and assimilating

now information
iii) Aro some membars likely to perceive a loss in pﬁwer or statys?
iv) Is the change complex?
v} hre tho results of the innovation immodiatoly visiblo?

vi) will the chenge make ond rosults or performance more visibla

or megasurablc?
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vii} Is the change likaly to requirs more than compliance i.0., a

high lovel of persenal commitment ?

viii) Is tha changs high in trialability?
ix} Is thoe change logical and tied to organization objectives?

It is, thereforo desirable to undortakes an MRP assassmant to deter-—
mine the organization's potential for installing MRP II. An MRP
Rssessmant questionmeire may be usaed for tho purposaWhile such a quas~
tionnaire can bs tailor-made to suit the specific organization undsr
considoration, it could be preferably designed around tho following'fa
key items of interast, namely:

i) mture of planning process in the organization
ii) communications within the organizations

iii) significant changes brought about within the organization, in
- the past '

iv) Support for change effort and quest for change in tho organization.
v) extent of use of computer data processing and infomation systems,
vi) goneral attituds to prusent system of handling materials/
product ion requircmert s.
vii) roputation of the organization vis-a-vis competitors (as
imovator, leader, atc.).

viii) roward systom for people significantly associated with MRP=11,
ix) Technological and market onvironments of tho busingss/industry
undsr considorations.,

X) Situation in the organization with roference to customer
sarvice, inventory imbalancas, change in product costs, shipping
performance, naturc of lead timces allowed for purchasing and manu=-
facturing, imbalanco in manufacturing loads, lcvel of marufacturing

of ficiongics,

SLMMARY .

- In summary, this study has attemptud to discuss salient aspoets
of a major manufacturing softwarc development to have taken place in
recont years - namely Manufacturing R:sources Plaming (MRP-1II). Being
@ modular in mature, it lends itself to floxibility in adaptation.
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The cantral aim of MRP-I1 can be described as gnsuring manufacture
of the right product, in the right quantity, at right time and right
quality. . The main modules of MRP=II includec. Foracagting, Production
Plan (PP), Rasource Ruquirement Planning (RRP), Master Production
Scheduling (MPS), Capacity Ruquirement Planning (CRP}, Material re-
guirement Planning (ﬁﬂp), Shop Floor Control (SfC) and Inventory
Control(IC ). MRP=II is applicable to any typa of industry i.ae., con-
timuous process, batch process repetitive man:facture and job lot
types The general MRP-II framswork can be gasily modifisd to suit ths
special characteristics of each industry type. However certain pre-
requisites and conditions must prevail if success is to bo ensured in
MRP~II implementation. Failures are known to have ocourred in the
absence of fulfillment of such prerequisites and conditions. Further-
more a systematic approach needs to be adopted to plan, organizs and
implement MRP-II projects, with meticulous attention being given to
8very detail. It is usaful to lock at the process of planning for
MRP-11 as an iterative process which centras around the 'whers,
why, how, when, what, and who! aspects of the process., For propor
monitoring andcontrol of the projeet during implementation, it is useful
to convert the MRD-II Project plan into a timo phased action plan
in the form of eithor a PERT plan, or Gantt chart type times phased
scheduls., Finally, it is important to recognize thet MRP-II involves,
in most casg a major, significant change and the naturg of the changea
brought about needs to be thoroughly cvaluated before implemantation.
For this purpose, it is useful +to assess tho potontial of thao organi-
zation for successful installation of MRP-II. A suitablc MRP
PAssessment questiomaire can be designod and used for this purposs.
Banefits from MRP=II have been known to be many and very significant,
These are mainly in the arsas such asg = i) improvoement of customer
sorvice, ii) Ruduction/lead times, iii) Reduction of inventory
imbalances, iv) improvement in shipping performance, v) reduction of
Product costs, vi) balancing of marufacturing loads, and capacities
vii) increase in manufacturing efficisncics.
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