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At a time when industry was small, with the Jwner as _perator, no
necessiiy existed tor manatacturing contrul. The proprietor could keep
maay detsils in his Lead or in a memorandam book. Tuday s volume of record
keeping §is vurgeoning. During the past half cenuiry, the nmter of clerical

srkers has risen 4t more than double the rate oo ndastrial .-'o:'ke:'s, Wi
the .~ 0! such labors constaaily increasing. Tne entire ield o planaing
{s more dif{icult and Intricate than {n the pas:.

These Jaciors have resulted in a trond to-ard mecranization >t e
munilacluring control system. Induastr -, however, hus been slow *: adopt
completely mechanized methods, and towally aulomated proauction control

5. are wduy the exception rather than .he rule. T,pical areus 'hicl
.ve becn aatomaied include payroll, sales analysis, und accoaating where
Ae duts cun bte c.llecved {n batches and processed. A coatrol 3 :.em  ends
w the integratioa cf sctivities.

I. is the purpose of this paper t0 presea:t in adriiged fom s
synthesised prozedure for comtrol of production asing punched-curd methods.
The system may e comsidered a framework for application 0 any meniface
turing entorprise eagaged ia the fabricatioa and assemdly of parts, regard-
less of product. Machiawo are used to record and cuordinate all papervork
involved in manufacturing from time Of rav mnterial receipt through
trensformation lavy finished produst. A collatersl objeetive of -his
preseniation is to indicate that mecheaisation 6f the produstion coatrol
system {s a logical role for the Industrial Engineer.

SYSTIN
Those responsidle for the development of a management coatrol system
miot clearly undarstend the objestives of the tota’ system, pacrticularly
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vhere pechanized methods are employed. The following principles have
been generally accepted as deairable attributes £or 3 good prodiction
conirol system:

1. Purnish adequate, uccurate, and timely information - this is

posaibly the raison d'etre for a mechanized production control

aystem.

2. Be simple to operate < assuaing the existence O a eonpetenut
data processing organizaticn, this, too, is & favorable aspect
of the mechanizel system.

3. Be economlicsl 0 maintain - some companici: have rand chat
costc have iacreased rasther than decreased af'ter installing
datla processing equipment, common mictakes being mechanization
of an installation with insifitcient volume w Justify cost
of uhe machin=s, or partial mechanizati.n ru&.tinq n none-
optimum utilisation of the dataedrocessing s)stem.

4. Be flezible t0 shange = flexidility way bc an advanteg- o
e 4igital eomputer applieasioa dut fs posaidly less
charasteristio of punehed-card eqiipaent.

S. Foree advanee plamniang - aa autemated system i{n meny wys
serves a8 & catalyst to forvard plamning.

6. Provide mansgemeat by "exeeption” - much detail 1s eliminated
ia a properly designed data-processing system 80 that msnagement
Juidgneat can be applied vhere needed vith mo waste of time.

Once managemeat has established objeciives for its system, the Industrial
Ingineer may then determine dats noeds and flovs throughout the organisation
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and ascertaln ihe reports and analysis reqiired for achieving these goals.
This is the systems s.udy and should not be confused #ith detailed data
programming whick occurs mach later. A graphlic portra;ml of some of .he
basic inputs .0 and oitpits of the aitomatea production coatrl proced e,
which 7111 te described subseyusatly, is shouvn in Plgure 1. This diugrom
also signifies the .cope and complexit; >: .hre s5.i.um.

The ; inched card has been onsldc.ed the inpit document o Lix
4 1tumated productiion contr:l oystem deplcied in this paper 1.4 cleciro=-
mectanical equipment ised [.r data processiag. The rationule o~ this
{. .ha: the digiial cmpuier is not av.iilstle in 1l entarpriscs Loda,
.n¢ L ine proceduires developed .0or a paiached-capd apilicat on -r¢
s} Latle L ow cunseyient compaterized installation. Auatumatic coaverii s
can l. Led w0 transfer duta from cards i) magnelic sare. Nemor, of the

junched-ca~d sys.am is contained 1a {ts csrd files.

HOF ORPER PRIPAMATION ART OQNTROL

T™he starting poiat for produstioa ooatrol thiakiag should dbe the
produst 0 be manifestured, and this exists oaly after it has been designed.
Complete druviags, specifications, and materiasl 1ists are necessary froa
the engineeriag deparwment for the preodsecion shops. Ohanges ia specifi-
cations may ceewr betwesn the time of the origiml sebediling of s product
and {ts manufasture. An fategral requiremeant for sweocessful operstion of
the mechanised production coatrol system {s that the bluepriat de thoroughly
searched for possible improvemsats prior to its release 0 avoid exsessive
changes.
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After a product has reached the manafacturing stage, planaing or
process shects are prepared. The plunning sheetl becomes aithority for the
prodiction of a part and the busis for collectlon of costs. The ge.esis
2?2 the mechanized prodiction control system may be considervd the paachiag
ol dara irom the plinning sheet into w master deck o cards. Fraom this
deck, a printed rlaaning sheet 18 generated and distribaicd 45 regilred
and .he cards are used sabsegaenily for printing aio} .ice:d.

~ prime input o: the design engineering finction (se: Figire 1, 1,
the w.talated basic purts 1ist by subassambil.. This 11.- ‘s enalyzed by
.re mas.cr schedule group Lo develop v master proauciion sched de, 1 lch
shoda vt eswullishea simaltaneously .k .he planning sheel. Thls ccheaule
se's forth the rate and completion date of vach prodact as well as alldwea
-ime for matecrisl procuremeat, machiaing, essamtly, anc tes:.

3hop orders may be .hought ol as secondar, achedules, since ithe, ure
producis O the muster schedules. The manufacturing release crder
vstablishes variables for s speeific ovder: quantity, accoumting charge,
1oL number, and schedule data. PFrom the sompleted Nl.cuc order form, wn
order deck is punehed:. The order deck 18 weed 0 extraci uppropriate cards .
fron e sforamentionsd asster deek and to priat & shop order which
diplicates the planaing iaformation plws variables.

T™he folloving s a partial lletiang of conitrclliang and utility eards
generated mechaatioally 0 acompany the "traveler ocopy” of the shop order
to the prodiciion depariments:

1. Materisl vithdrewsl card sed o vithdrav materisl from stock and

provide debit .remsecticn dats 0 msterial coairol iaventory.
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2. Material identitication card attached to material issied from

stores and used to provide positive identificution throwghoat
the operational cycle.

3. Tool witndrawal card used as zithority to ~iihdr.v %“>0ls and

provide data for crid recorags.

4, FProdiction operations ca.'d used %o record completed . perations

and pruvide earneu hours for prodictivity repo:ts.
5. Inspectlon summary card used to record inspection data .or
qumality control.
The folloving are aome representative managoement conilrol rceports
geasrated froa infcrmatioa awailable in the tabulating taciliies:
1. _bop load report used 0 drov aew jobs recelved during the sched.le
period, completed work, and stat.s of backlog.

2. Dehind schedule orders used W repoct department ind’or arcas
behiind schedule.

3 Shok eflisisngy Coports svailable by machine group, operator,
product 1iae, aad 00 oa for aay givea period.
Special reports may aleo be requested by management %O cover an, special

situation.

A copy of the priated planning sheet is trunomittel > the too0l desiga
departaent. Folloving the determimation >f mmnufactiring methods, touling
Bist be plamned early 71tk the i{aitiation of designs or toolmaking by
oitside suppliers. NMetheds 8ad to0ling studies cun be undertaken ~t the

same time &8 Procureneat and rev material storege studies but may de

delayed by finmal relense of eagimsering dravings.

- e men ave i

i




For in-house manufactured tcollng, a complete tool design 15 prepared
based upon information in the planning sheet. Upon compietion of the
atsirn, whe tool engineer writes the ool order airectly oato a muiltipart
curbon interleaved torm. A hundwritien copy is satisfoactor., since o
.aibseguent reprocduction is needed for reordering. All informaillon trom
Ll tocl order 1s punched into u master deck. This deck I, used o
renerate controlling and utility cards, including labtor aisuribation,
me wrisl reguisition, rinal disposition, and tool recelpt.

M.n-hours expended for tooling are collectea iran ihe prepunched
ot wime cards and throagh use of tubilailing equipment translaied into
2311:rs. Eventanlly the manpower cost is combined with 00ling materi i
crpense and Lhe aata automatically posted into a master ledger.

From the duta available in the punched cards, managemen. control
ceports stmilar .o those descrided for shop control are gen=rated. As
e uy0ling data are processed, both through the tool aad material conivol

o, .

sibuystems, 8 complete history of the tool is posted automntically int:

the master ledger.

b

For tools to be purchased outside the -company, u control sketch 1
presared to provide detailed information t> the vendor. Coples of the
order serve as a requisiticn and are handled in the same manner as uny

parchased material,

MATERIAL CONTROL SYSTEM

Material control bezins betore the physical goods are prirchased or
recelved. It cons.'sts of both the physicel control of materials and

maiintenunce of records.
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Requisition information is punched int. tabulatiag carss which are
used to provide a report o requisitions held in open il: pending place-
ment of the purchase order. This repori provides a basis for follow-up
of outstanding requisitions.

Bach item of a purchase order is entered on a separaie card O provide
4 means of entering 'on order" records, for recording recuiving iqformation
and for follow-up by material or to.l number. These curds are also ised
to purge the open req.isition f{la.

From the master deck of curas muiniained by .he tabalaiing function,
the tollowing typical utilit, carcs are generated:

1. Duck receipt card, which provides a report of incuming msterial.

2. Purclase order receipt used to provide inventury data and pusge

open purchase order file.

Management control reports, such as open requisitions, purchase os-ders
behind schedule, and orders due in a specific time, may be 1snued at
established intervals. Suock trunsfers, requisitions, and other trans-
actions are automatically debited and credited.

Kiscellaneous operating reports are also generated {rom the punched
cards, including, for example:

1. Excess material usage report indicating percentage of excess

material ty department or cost center.

2. BExcess scrap repor: comparing weight of scrap to issued material.

3. Material commitment re,urt showing monthly procurement activity

priced av actual (or standard) valie for use in estimating purpnses.
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CONCIUSIONS

The punched-card system for produczion conirnl is particularly adapiea
to cperations which are characterized b the use of thousand:s ¢ pur.s,
many ol wnich are common tc more than une asscmbly. Aulomutic .atilui)ng
eguipment is fusier than human perlormunce and results can te sbuainea
atl lower wmit cost where vol minous data mist be processe. uald feporiel,
The preparution 2. reports considered important but te,ond the .ime :na
phyiical 1lmics o. manual operations is a prime awvaniage.

Punchec-card methods provide a good m=alm for rec,raing speciiicu-
vions, A permanent record souce is provided [rom which all neceusary
compata.ions, documents, and reporis mey be prepured. Limilar advuntlages
are revlized in .cheduling upe:aticns and material coatrol.

Machines, however, shoild act be considered a panacea for solving all
production control prodiems. An easouragiag aspect is the inirodaction of
many small Aigical ocomputers in receat yJars, some for ipecialized applica-

tLions.

EPI100UE

The Industrial Bagineering Symposia sponsored by k2 A.I.I.K. repo-ted
in part that the Indusirial Emgineer, in addition to Lis treditiomal roles,
should in the future be cracerned with:

1., Analyzing, developing, and implomenting eantirely nev systems

consiztent with modern decision methols and computer technmology.

2. Improving the design of exisiing controlling systems.

Aithin the time limits, wn atiempt has been made here to {ndicate or
sugges. that in many organizations the production contrcl = stem may
presen. such an opportunity and such a challenge.

TR G P RN e e o
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