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Pref 108

Rapidly advancing technelogy :nd managerial oompe tence
are ohanging the nature and form of production planning
and control. The economis faots o¢ industrial workshope
lifo — increacing raw materiil prioes for imported and
indigenous 1 ¢m3, inoreasing wages due to variable
reasons, tixation and ganeril overall costs - makes it
esgantial to institute also gtindardisation while
maintaining product quality costs

Computerization, numerical control, ncw materials that
allow alternative and cheaper methods of manufacture
ar> affecting the tyie and kind of production planning
orginisation ind axpertize requirede.

However, even in industriilly advance oountries, at the
present time, it is nod always possible nor feasable to
introduce such simplifizd yet gophistiocated methods,
without a greit daal of resarch, re—design of products
and maohines, ind considerable c:pital expenditure.

This paper therefore consentrites on less advanced
labour intensive production planning ~nd control
organisation :nd methocs, :hat will probably remain
suit able for Ui« fc- 2. least inotrer decado.

Tha paper pl (o3 amphusis on production planning and
control for the enginse.ing factories, but the
principles and systems outlined oan be readily modified
s>nd adapted t~ suit most mnuf soturing seetors.

The detailed orginisation, and tha amount of training
of personnel reguired to oreate an effective production
planning and control unit, will be undcrstood is this
paper is reid. In the smaller factory, it is possible
to combine planning funoction 1ind individual tisks, but
every step disoussed in this paper will have to be
inoluded to oreate an efficient ocentral production
planning organisation.
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PRODUZTLON PLANMING AND CONTROL

INTRODUCTION

Mass production in the sense of minuiacture of sncnessgive identiocal
artioles within what c.n properly ve calied a facsory appears to have
begun in £ngland abou? 160 years agoe. Haniy Maudslay, designer and
maker of some of tha finest m- ‘. tools early in the 19th oentury,
built a plant al Portsmouth te.wsen 1802 and 1807 for the manufacture
of ships' pulley blocks. & geries of machines oonoeived by Maro
Brunel took the place of laborious produestion by skilled wood-workers,
and these machines were so well designed and construocted that these
are still in use. By 1808 this factory was turning out 180,000
pulley blocks a yeare

Today, manufacturing has become an hihly esomplex matter, yet mass
produotion, in t¥he true sense of ihe phrase, occurs in very few industrial
enterprises. Production is ac~naplished mos3 usually by organising work
into batohes. B&§§§u8539u°ti°“ Laens the manufacture of between an
hundred and severa YGentioal parts, and taking 2 speoifio ease, this is
normally aocomplished in the lignt :nginearing sestor by breaking down
the work to be done an any part into betwcen 5-30 operations. Analysing
these operations one would find that the aotual metal outting time
required, or any other actual maohine time required, to change the nature
at form of raw material into the finighed part im very brief in duratione
Yet a survey made covering a large numoer of medium sige faetories his
revealed that the part manufacturing oyole itime is between 3-6 months
{(from raw material issue to entoriny the finished goods store) with an
average of around 100 days, even when only a few operations are involved.
And it his been estimated that only 1% of this tins is usually reguired
for she machine work of all operation3 re uired to turn raw material

into finished part. BEven in the smallar machihe shops, it is difficult
40 avoid a full day's delay between one machining operation and the next
eoperation.

The need for effective production plunaing and control is therefore
evidente A srstem of scheduling production and controlling the workflow
pays for itself in the better use of manpower and equipment, better
understanding cf tua job by the worke.s, avoidance of overmanning,
reduotion of overtime 2ind rush work. It should allow the most economioal
oombination of resources to be devised and the effeotive use of oost
control.

Planning means preparation for ths future and the best apportunity for

oreating a good planning system is of f{ered when a new factory is built.
But planning mus® be cairied on contiauously throughout the entire life
of the industrial enterprise.

Production planning is an understandiag of all the ways and means which
make manufacture possible in aocord.nc: vith plans made in advanoej
these plins aim to deliver the produots in oertain quantities, in
oertain qualities and at certain dites by the most eoonomie utilization
of the means of production. It means also even and oontinuous work with
minimum of eapital tied in stores and stoeks inventories.




BASIC PRINCIPL:S

There is no ore good system of planning, but there are certain basio
prinoiples which can be universally applied. A planning system already

in use at one place ghould not be copied antil it has first been gubiected
to critioal examinatione.

a)

Different ways of planninge.

Tha planning of f .ctor, ~“rsio.ions can be cirried out in three
differant wayset

1)

i)

iii)

By direot personal gupervisions Thig is the oldest method
and is used only for gmall-scale production.

Nowadays everyone ippreciates that all enterprises, except
small ones with a simple type of production, cannot be well
managed by personal guoervision alcne, although good
leadership is, of course, always nesded.

By mechanical "pace-setiing"

Meohanioal pace getting may be provided by power cenveyorss
1t elininates much of the paperwork rthorwise needed. In
other wordas, the plannini was more or less already done when
the conveyors wers {nstalled and the jobs evenly loaded by
methods and time studies.

Motivity is mainly conoantrated on planning of materials.
If material is delivered to the conveyor and the operations
properly balanoed, the planning of operations is almost
eliminated.

By paper work, that is by the uce of gystems 3and routines.

A paperwork system must be used in those cases where 23
mechanioal paoe getting system does not exist. This syste:
varies 20cording to the diffarent kinde of production
systems.

Pypes of production systems.

The three main types of produstion systems from a planning point
of view aret

iv)

v)
Vi)

Jobbing and miscellaneous = produstion of special orders
of ons Or small number of uaits.

Batch production — in gmaller or sometimes larger batohes.

Continuous production — either proces: work or flow (mass)
proiuctione.
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The first two types require more complex 'papervwork' systems
than the oontinuous type-« Different coloured cards/paperwork
Wwill be uged for easy identifioation by all.

An organized planning and cor.trol system muet be estiblished
on clearly defined functionil lines and adipted not only to
the type of production system but 1lso to the plant in whioh
it will be used.

No two plants are 2alike 80 it is dangerous to oopy a system
unler: it hae first been subjected to ocritical examinatione.

The principles wnioh cin be universally applied must be followad
but there is no good universal system of plinninge

c) Basic principlese.

The baisic principle of any planning system is the funotionaliza-
tion of all plinning activ.ties. This means that the mental
offort of produciion is roluced to a minimum by olanning bafore
work his started. This i3 doue by cenpralizing the various
functions and allocating thea to specialists and this also
releaises the line people gron most of the plimning work.

Other general prinociples ars concerned with planning in advance s
WHAT is to be donej HUW it should be done; WIBRS it should be
done; WHEN and oy WHOM.,

The following genaral procedure has to be observeds

vii) No work is started without proper suthorisation from
a reoognised sourca.

viii) Products, methods (operations) and processes ire
oarefully analysad.

. ix) The operations are routed in advance: this meains
determining whioh operations are to be performed and
where.

x) The production of all items is scheduled in advanoe -
where and when the operations are to be performed.

- xi) 411 paperwork relating to jons and operations is
distributed, thus pui.ing the plants into effeol and
gtarting the actual jous.

xii) Tue prngresa of 2all plans aud crders is controlled by
the follow-upe

d) Practiocal rules.

Some practical rules to be borne in mind when applying the
generil prinoiples are:

xiii) Plans ocan be made only for normal conditions - only
normal rejections, stc. oan be foreseen.




xiv) Plans shonld be mide to ensure 111 parts are ready
for agsembly at the sams time, when this 1is relevinte.

xv) Plans should be made 80 hat all machines ind/or
workers are evenly and continuously loaded if possible.

xvi) It is impossible %o produce more than nottlenecks
pel‘mit.

CO~ORDINATION OF NEEDS AND PROLUCTION

Reliable estimates of probable need3 are the best bases for planning.

In order to ensure the proper utilization of equipment, plans should
therefore be drawn up in the produotion departments by close oooperation
with the marketing or g1les departmente.

The planning depar*men® provides = 1in: betwian siles ind production.
It has to co—ordinate the ~ctivities of the marketing and siles
department and the production departientse.

For example:

a) It has to strike 1 balanoe betwoen the o1ll of the sales people
to 'maike what is pold' and the call of the produntion departments
to 'sell what is made'.

b) It has to try to level out saisonal variations in gsales through
production for stock, eto.

o) When demand exceeds productive oapioity it i9 facel with
altarnatives - gich as refusing orders, using sub--contractors,
or expanding oapaoitye On the other hind, when produotive
oapacity exceeds demand, it may plan to minuf 1oture for stook
or suggest an intonsive marketing campaign to gtimulate siles.

POLICISS

Produotion planning oalls for the devclopment of poliocies ae 1 guide
for day to day decisions. Some commo: nolicy matters which arise ares

a) Whether to make various ~arts in the plant or buy from outside
sources.

b) Whethsr to use continuous or intarmittent proocesses.

o) Whether to make for stock in order, for inatinos, to shorten
delivery datese




e)
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a)

Whether to segregite reprir work from regular production.

Whether orders from different oustomars oin be nombined %o
form the optimum size of 1 manufacturing order.

(The optimam size of 31l manufacturing orders should be
oaloulived in 1ny cige.)

NTRALIZ&D PLANNING FUNC.TON

Bigic requirementse.
Basic requirements of 3 planning depirtment aire that:

i) It must be capible 1t all times of supolying informition
regarding yvailable ocapacity in relation to incoming
orders and planned prcluction.

ii) It must be abla C- “i+3 1oourato dites of delivery.
i1i) It must discover delays, 1n time for action to be taiken.

iv) It should be 3ble to .3sist the production departments
to take quiok and accurita decisions.

v) It must inoreise productivity and co-operation within
the undertakinge.

Organisatione

Planning usually ocomes under the chief production manager. The
responsibility and authority for personnel must be olearly
defined, by the use of orginisation oharts and job descriptions,
etc. FProocass oharts should be oarefully prepared. Human factor
is also a basis of any workshop undertaking.

A oareful system and routine nust be drawn upe The system should
not be made either too rigid or too complex. Centralization
should not go too far and supervision should be given a certain
amount of freedcm, for instance in the seleotion of individual
machines for particular jobse

The plamning department has a central position and therefore

hais to co-operate with 1lmost every other dapartment in the
enterprise. Plirning and control oparations are usually organized
in three main seotions - over~ll pliiningj work preparationj and
detailed planring seotions, respectively. Sometimes, and especially
in smaller companies, it is impossible to distinguish the job of

one caotion from that of another. The funotions of the different
geotions are briefly described below.




THE OVERALL PLAVNING S3CTION

a)

Functionsa
The functions ¢® this sactiong ares

i) To give a rough pioture of the total oapacity of the
plant and its possibilities for diffarent types of
production at differant times.

1i) To give probable dates of delivery on request.
i1i) To make up broad plans for production.
iv) To reserve ocapacitye

In a continuous and gimilar type of produotion, the ocapacity
is more or less fixed aind t!o department gshould know for how
long in advanoe the output is required.

In batoh production one user may suddenly require an order

to be inoreased, 1 second m1i1y require informition om delivery
dates. The alteration to the first order my necessitite 2
ohange in the delivery date of the second nd it is obvious in
this oase that slose co-operation between user and planning
departments is necessirj.

In jodbbing production, the diffioulties are greater. The first
time that a produot is mide, dat: on operition ind times may
not have been kept. It may only have been estimated when the
tender was given. In this case, it is 1lmost impossible to
make the best ure of aviilable oapacity and d.y to day planning
ig very muoh incre aged.

Types of orders

Planning usually gtarts 18 soon as an authorized order is
received from the departments. There are four main types of
orders.

1) Rush orders ire orders which will not be available for
despatoh at the required time if they follow the regular
routines Speeial haindling, overtime, eto. is therefore
required. 1% seens $hat these types of order oin never
be entirely eliminited. Thor irpslude 1lso0 regular orders
which are behind schadule and hova to pe rushed to meet
railway accident requirements.

2) Re pair orders are orders against goods already indented.
If they have to be placed in regular manufaoturing shops,
they may be plaoed in the rush order oategory. They eo2n
also be pliced in 3 speoil repair divieion.

3) Regular orders are orders that have delivery dates whioh
fit into the planned programme and routine.




4)

at~ck orderse Thess orders are usuilly bised on a
manuf acturing progrimme or stock record. A factory
manufaocturing for etock has usuilly more flexibility
in its sohaduling than a factory whioh minufactures
against ouciomers' orders.

o) Proocedures

i)

ii)

Mister schedule

For eich of the lirger ordcrs it leist, 31 mastoer chedule
is mide up which sho.s briefly how production must be

timed in order to meet proaised delivery dates. The
achedule is the ideil ind it is one which 111 should

gtrive to follow and to demonstrate the methods to be used.
Proocess sheets should be made use of, if bised on past
three years produstion available.

Overall load chart
An overall loid ohart shows the total load of 1ll orders

agiinst availible oapioitye Cne is usuilly made up for
eaob lirger group of machines or workers and is built up [

succeasively as orders pass through the process planning
sectione

It should alwiys bs borne in mind that such a load chart

oan only give in overall picture of the lead, and it may

be used to give probably delivery dites to a oustomer when !
an enquiry is received. I oin be drawn in many wiys, and

it may include figures ragarding times of work performed,

obtained frcn the accounting department.

Figures produoced by the prooess plinning seotion may be
approximate and some of these may even be oure estimation,
but the ohart will be suffioiently oorrect if the overall
error is within 10%.

If may be suffioient to investigate oertiin maonine groups
only for enquiries relating to small orders that will not
require the use or 1ll m:cininase.

It is important thit the figurss uied on the overill load
ohir+s are properly recorded on scpirate sheets.

The overall planning seotion freguently faces the problem
of estim:ting the totil tine from start to finish of
certain items or produots. For this work it should be
borne in mind that time is dependent oni

- The batoh size

Number of shifts

Number of parallel machines or groups of werkers
Number of similar tools

Time of delay between opevations

Sequence of operations
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When a long operation follows a short one, usually no delay
oocurg, but when the sitnaition 13 reversed it is advisxble
not to stary the second operation before the complete batoh
has gone through tha first oper:.ione.

§ii) Order ohert

Irrespective of how detilled the plinning is, 3n order ohart
should then be mads, ghoning when the different orders should
. be started and their dates of deliverye.

Most of the charte mentioned above oan be made in small graph
forme

iv) Past annual gtatistical manufacturing data and time motion
study will assist congider-bly, if already done in Railway.

¢) How far to plan in detail.

Having dealt with overall planning, the question now arises as to
how detailed plannirg should be. There are two extrems casest

1) 1In the first caase the analysis should indioate what is to
be produced: when and ho:: it shall be manufactured; and it
should list the work for the production shops, including
the collection of drawings, material, tools, work orders
and operation shee's with sequence of operations, job
tiokets etc. It should ensure broadly that available
corresponds to the 0tuarl load at all times. The production
shops are then responsible for the performance of the jobs .
at tne right time. The planning ie on 2 broad basis and
there is nro attempt to d:rect the production shops in detail.

2) In the seoond oase planning covers everything mentkoned
above but also directs tle production in detail from day to
day or week to week. Orders are only sent to the production
ghops immediately before the job should start.

Petween these two extremes miny types of planning are
possible depending on economicil and psychologioal factorse
Qenerally spsaking, 3 ce.tral planning department has 3
petter pioture of the wouik t+han individual supervisors and
it can, therefore, direct the work in a better waye. It
ghould, however, allow guparvisors to dire>st the work
within thair own departrients a8 much as pHsesible.

‘PHS PROCESS PLANNING SSCTION

a) Main funotions and organisation.

Phe miin function of this section is that of analysing three
major faotorss




- The produot intself
- The opertions or proosss charts
- The proocesses

Its position within the organis~tion differs from one company

to another. In the lairger fictory it is vsuil for this section

to be combined with the work study departmenu unier one hexad,

who reporta to the chiaf of the plainning department. But in

plints with 1 more complex t, < of productions its work may be ;
performed by 3 separate depirtuent under tha produotion minagere

b) Oritic:l anilysise.

Its first task is to oriticise the design or epeoifioations and
to ensure production a. minimpum oost. It may suggest ohanges in
» design or specificitions to reduce manufaoturing times, the use
of oheaper tools, etc.

¢) Examrination of miterials.

It is the task of the designer to desida the qualities of the raw

myterials to be used. But the process plinner is often more

sapible of deciding the most economicil shape or form of the raw '
material using estaiblished st-nd:rds as far 218 possible. Keeping

in mind the specifications ind gestation period for import or

looal bulk purohage/availability stores.

d) Operations iand sequence.

Tha next step is to devide whiok items should be bought and not
produced taking into account manufacturing cost, quality and
available machines.

The main task of the seotion is to determine the operations
pneoessary for tho making of eaoh item, the best methods and
machines to use, inspection positions and the estimation of
gstandard times of these do not cxiste.

Its work is ombodied im 3 drafi operation shaet whioh contains
21l the information needed by tie shopse In this way the
information given on 1 siles order or drawing is translated
into ‘operation shop language's Tne she:t should contain the
following datas

- Name of part or item in parts list
- Nuw.ver of part in parts list%
~ Number of drawing
- Raw material and specifications
- A11 operations in sequential order
— Departments where the operations should be
perf ormed
-~ Whioch operations should be inspected, if not
all operations
— Machine numbers or groups of machines
- Estimated or fixed standard times or piece rates
including set up times (time motion study done or mot?).
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It ie usuil for the parson who naa decided the operations to
mike the eatimates of the gt indard timac- T is ~atimite is
fioilitated if a proper record is kept of old opseration sheots,
work study data, 3tc. on gimilir jobo. Naturally, closs
co-op:rition should be ik’ oshad with the supervisors and
industrial engineering sectione

The work of the section ghould ba oarried out by men with
good przctioal production shop axperience ind commOon 8sensa and
gechnical educations

Jrdering sp:ciil "colse

One duty of the process plinning saotion ig to ensure that all
gpecial tools are re:dy ia the tool stores when required.

g) Ctage inspection after "first off"™ approval 1s needed.

h) "Salvage section" should be witl. inspection progress gsection
for speedy replacement werk ordors to meet target.

THZ DATAILID PLANNING SILCTION

a) Punoticns.

Onoe the procass plinning aaction has dacidel how the work
should be done, iu is the task of +he detailed planning seotion
to deoide where and when the work will oe carried out, and
finally, to put the plane into effeoct.

The main funotions of this gsaction are:

To ensure the supply of material

To order the standard tools required iand ensure that they
are avallatle when needed

mo gohedule the making of the parts without overloading

of m3iohinery

To prepare the paperwork 18 soon 18 draft operition sheets
are received.

b) Basioc toolse.

As basis for its work it should have the following:
i) Drawings, specifications ond paris list.

A oheck should be mide to sce that all parts going into
manuf 10ture are listed so that there will be no shortages
in the final assembly siage. Bill of materials should be
re—checked.
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11) Material plan.

For larger units, the parts list miy be oompleted by

a speoial bill of matsri:l which is a summary of all
material going into the produot. Thie contains the
whole quantity of each kind of matarial, 1lso quintities
alreidy ordored or reserved, rirts to he puarchased and
from where, quantities re- _uired from own stores, >to.
and finally speoifiecation of testsg or inspections to be
mida during processiug - on completion.

iii) Estimates.

It is imoortant that the planning department should
know on which estimates of labour and material the
tender (when this is relevant) is bised.

iv) Reoords of capaoity and manufaoturing times.

These are the same rscords as those used by the prooess
planning seotion. The age of machines play wvery
important role for exeouting targetted worklosd.

v) Draft operatvion sheety or prooess sheat.

This is the most important sheat produced by the process '
planning section.

vi) Master sohedule. ‘
The sohedule kept by the cverall planning section.
vii) Overall load ohart.

This is the sohedule kept by the overall planning seotion
and it must be oconsulted to deoide appraximately at what
dates the planning must load the machines to maintain

the planned schedule 3nd targetted production.

o) Prooedures.
viii) Materials.

If standard material is kept in stook, this should be
re-ordered on 1 minimum stook system. The 4ask of the
deteiled planning section is tien to reserve material
in a perpetual inventory file. If material does not
exist in stook, a purohaso reguisition should be sent
to the purohasing departmonte.

In some oasaes, important m-terial may have been already
ordered by the dasign office. 4ds mentioned adbove, it is
important for the design ofiice to inform the planning
gseotion when this hias been dones
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Under 211 cireumstances, it is the task of the planning
gaction to follow up tha delivery dates and oheck that

they really oan be kepte. It must make sure that it

obtaine reliable informaticn from the buying office,

and naturally it is responsible for giving desired dslivery
dates to the buying offioce. How the deliveries are followed
up will be dealt with Hn gtock oontrol. It is oommon
practiee for material planning to be undartaken by a speocial
seotion, viz. Progr.oe acotion/stook oontrol seotion.

Toolse

3tandard tools such 18 inspeotion gauges, bars, milling

tools eto. may be re-ordered by sending a purohase

requisition direotly from the tool tsores. But all speeial
tools required by the prooess planning section should be
ordered by that sootion and the delivaries regularly followed
ap. It must be stressed that the supply of all neoessary
tools at tho right time is one of the most important functions
of the planning depirtments Tools repair shop should no$
beoome maohine shop as in Rly. workshops

Determination of manufioturing periods.

By the manufaoturing period is meant the iime {in hours,
woaks, oto) during which the production of a ocertain produod
or part is going on in a machine or shop, group of workshops,
or individual machine. Past statistical annual data with
wrogress oharts" will also agsiste.

For example, there may be availaible a number of maohine groupe
with certain oipacities znd a number of jobs of different
kinds whioh are to be produoced in these groupse The prooess
planning section on the operation sheets hae prepared standard
4imes for the respeotivs machine groups and it has usually
also oaloulated the total number of miohine hours required to
complete the jobs in questione The master schedule also
indicadtes the approximate dates at whioh eash important stage
should be compleved.

If there are no smb—agsemblies in the eompleted job, the
manufaoturing 'picture' of eaoh part is sinple. The total
manufaoturing time can easily De estimated by adding to the
manuf aoturing time, set—up and delay and fatigue times.

But if sub-assemblies eto. have to be made, it is neocessary
to make up a detailed 'manufacturing pioture! for all parts
oomprising the final assembly.
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The rext step is to study the machine load chart for

each group of michines, whic is usuilly a Gantt chart.
On this the new manufoturing times must be fitted-in
botween tines already plannade If possible, starting and
finishing d2tes should be fixrd. Difficulties often arise
in the form of 'bottle necks' which should oe avoidad by
one or more of the follcwing moinss

- Performing the cper:tions in other less loaded maohine
groupse

- Changing the sequence of operitions so that they fit
better into the michine load chart.

- By overtime Or adding a shift, partly or entirely in
the fully loaded groupse

- Placing the operations at laler datese.
- Plaoing alreidy plainnad operaitions 1t later dates.

- Using suo=contrictors for urgent meeting of Quarterly
Annual neads by uif- oiding.

- Buying new equipment and in this wiy expanding the
vapaoity of machine toolse.

It is usu.lly the responsibility of the manufaocturing
departments to take ‘hcse aotions but naturally it is
the task of th» planaing department to oall attention
%0 the difficulties and to indicate waye of solving the
problems to meet production target 1and deliveries.

xi) Summary of detiiled plinnin, prooedure.

Tha sequence of the iotivities of the detailed planning
gection can briefly be sumnod up 38 follovss

The material for eich part nust be ready by 3 certain
date. With the aid of the operation shoets and the
machine load oharts, the m:chines aire loaded 3s far as
available oapaoity existse. If neoeseary manufacturing
pioutrea are mide up in order to fit these in with the
previously plannad dates, vhich are obtained from the
respective machine charts. If bottle-necks oocur,
different aotion must be taken. ifian all dates are
fixe , tne overzll load charts ghould be adjusted
aocoruingly.

d) Preparins and issuing of paperminrke

This is done as soon 218 drafts of oparation sheets are received
or prepared.

The paperwork consistis of forma prepired and filled in by the
planning departmentj these are instruotions to the shops to
earry out the necessary oparations. There are many types of
orders used by different faotories but the following
information must always be givan:






