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INTROLUCLION

Iiaterial handling 1s en a2lmost universal business func-
tion. It affects the cost of maklng, distributing, =2nd
selling every kind of product. iiodern m=zterial handling
methods are directed at accomplishing the needed movement
with a minizum of tiue, labor, weste, and cost.

White(51) exvlained thet material handling is tne pick-
ing up and moving of things. It applies to the movement of
raw materlals, parts-in-process, and finished products. Pka-
terial handling goes on all the timne in every plant. In
some rlants 1t gccounts for as much as 50 vercent of the
manufacturing cost. The rlant leyout englineer conslders
naterial handling essentisl to @2ny cost reduction prograum,

The anajor objectives of a study of materlal handling
are to reduce hendling costs, to increase the capscity of
production, to improve worklng conditions, and to imnrove
distribtui~-n of materials. All areas of an oreration need
to be considered whnen studylng nsterial handling. These in-
clude the methods of handling used, the plant layout, the
equipment, the workiny conditions, and the trzining of the
personnel,

Food production menazers ere lesrning to apply many of
the principles developed by engineers for the solution of
food service problems. DManazement has recognized the neeld

for efficient equlirument layout. Nore consiierstion has been



accorded mobile equiprment for food nreparation(and storagze
in an effort to reduce hendling.

With zpproximately 50 percent of the on-campus college
and university students hdbused in residence halls, manage-
ment 1s confronted with the myriad vroblews involved in the
materlal hendling of subsistence supplies, work oroduction
1oads, and clean and coiled table service.

A good program for msterial hendling can recult in a
reduction of xnen hours, better utilizstion of cubic storage
space, reduction in handling of materials a2nd psrts, mini-
mum s:zlvage and scrap nandling, better rnaterial inventory
control, and less cheance for injury to employees. Tnils
paper discusses the materiel handling crocedure for subsis-
tence supprlies =zt Brody Residence Hall, Michnlgan State Uni -
versity for the perind April 9-15, 1962, znd summerizes the

informsztion.
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REVIEW OF RELATED LITERATUKE

Industry, business, and governmnent &zencles recosnize
the necessity for continuelly improving methods wnicn will
assure profitable operation. Thls means thnere must be cre-
ative thirking. There must be teamwork between managzexnent
and lzbor assurinz hisgh rverformance of both narties, Be-
cause of increzsing coumpetition =2s well a2s unparalleled ex-
ransion in this country, only the most vrogressive business-

es can expect to continue vrofiteble operation.
Time and Motlon Study

Time and motlion study has steadlly improved since 1930
untll today 1t 1s recognized =s s necessary tool for effec-
tive operation »f business snd industry. Neibel (37) stated
that the far rezching cossibilities of time study and work
siarlificatlion were tremendous, Government agencles, de-
partment stores, retaill stores, and the transvortatlon in-
dustry offer fertile fields for its application.

Dr. Frederick W. Taylor (47), the father of tiume study
in the United States, stazrted his work at the Fldvale Steel
Compzny 1in Phlledelphiz in 1881. His emphaslis was on time
study in relation to material, tools, and equlpuent. Barnes
(4) gave credit to the Gilbreths (14,15) for the next im-
rortant steps in time znd motion study. Frank Gilbreth had

an englneering aand construction bhackzround with a talent for



analyzinz the motions 1sle by workwmen. Llllizn Gllbreth was
a2 rsychologist, who emphasized tre need for underst-nding
the sttitude of the worker. Frznk and Lillian Gilbreth d=-
veloped techniques of studylng work, fetigue, monotony,
trensfer of skill, 2nd work for the handiceapped. Barnes (4)
felt that the fundnmental character of their work was indi-
cated by the fact thet the princirles and techniques wnich
they developed about 1911 are being studied and adapted by
rresent Zzy 1industry as e bessic tool of overastion. Today
uwost speclelicsts in the fileld of work simnlificztion are
students of ctudents of the Gllbreths.

The uses of time and motlion study are not lianlted to in-
dustry; they are slso utilized vy offices, retailinz, hounes,
ferms, food service orwenizations, hospitels, end even den-
tistry end surgery. Apple(3) included in the zp-licstions
of motlion =nd time study the planning of new methods, the
simplifyins of work to be done, lu- roving present methods,
comraring methods, estahlicshing wirk standarfs, Jetermining
the number of workers a2nd machines reaqulred, znd establish-
ing beses for scheduling and for wz:e va,ment.

Current specialists (3,4,33,34,35,37) in the field of
tice 2nd motlon study have recommended tnat to do this type
of work a persosn shnould have an open mind, a questioning et-
titude, and training in the use of tﬁe verious esnalyticsl
techniques. These techniques include the process syubols;

therbligs; charts such as operstion rrocess, flow process,



ran &nd mechine orocess, garng rrocess, and operator rrocess;
principles of motion ecouomy; wlcromotion study; memod-
motlon study; end synthetic motlion times.

The vrocedure universally (3,4,%2,34,35,37,) recorrended
to the anelyst for meking a tine and motlon study involves
five cteyps.

(1) Pick & Job. Chonse one that needs to be iiuproved;
e.g2., one whicn 1ls very time consumirg, 1s a bottleneck in
the oreration, requires much chesing 2round, has a hizh
turnover rete, is not safe, 1s a wonotonous t=sk, 1s costly
of moterials, sr is too diversified.

(2) Break the job ¢own into detall. This is doane by
nesrs of & process chart., Neibel(37) defined the process
chart as @ grapnic presentstion »f any msnufazcturing pro-
cess., In wethods analysis one of five tyres of charts is
used: operatlon process, flow process, msn end mnachine pro-
cess, geng process, znd onerztor ~rocess.

Tne operstlion rrocess chart zs8 exnleined by Neihel(37)
shows all operatinans, inspectinrs, time ellowances, znd mote-
riegls used. The comnletec chert helps visuallizs the precent
metrod with all its detzils so that & new and better proced-
ure may he developed.

The flow process chsrt contelns more “etaill than the
oreration process chert. The forwer zives a3 presphic descrip-
tion of 211 orerations, trensportetiosns, insrections, delays,

and storare occurring durlnzs & crocedure,






Fen end 1n:chine process cherts zre Jdescrihed hy Nelbel
(37) for use in studyirg, erclyzing, and lmorovinzg cone work
station. An anzlysis of the chart informatiosn should indi-
cate the best relation hLetween the working cycle of the man
and the operating cycle of his machine,

The gang vrocess chaert was clted by Neilhel(37) &s & use-
ful tool for determining the exact number of orerztors needed
to service z machine or nrocess effectively.

The overztor trocess chert 1s sometimes czlled the left
and right hend chert. Neibel(37) pointed ocut that the over-
stor process chert clearly revezls the work done by eacn
hend in performing an operation and shows the relctive time
and relstionshlips of 211 motlons performed by the hands.

In breaking & job down the enalyst will need to becoue
femllizr with these charts ¢nd the specific function of each
one,

(3) Question every detail. Kipling's saying:

I keep six honest serving ren

(They tought me 211 I knew);

Their ncmes are WiaT end WHY and WEEN

end HOW end WHEZE and WHO,
1s very epprroprizte to the 2ttitude needed in aprroacning
metnods lamprovement. DNazynard end Stezenerten(31) sugzested
z sequence of exhaustive cuestions fqr the analyst. WHAT is
done? WHAT is the purrose of the overstion? WHY 1s the
work done? WEAT wnuld hactren if it »ere not done? Is every

cart of the job necessary? WHO could do it better? Can



changes be made to rermit 2 rverson with less skill and trein-
ing éo the work? WHERL is the work done? Could it ©be dcne
somewhere else more economicelly? WHEN is the work done?
Would it be better to co it &t some other time? FEOW is the
work done? When the znslyst is satlisfied thet there zre no
other znswers t> his aquestions he is ready for the next step.

(4) Levelop a new methos. It is generally(14,15,34,35,
37) accepted thzt this 1s done by eliminesting & Jjob or vart
of it, combiring jobs, changing the seaquence of job eleaments,
or erplying the principles of motion economy. Barnes (5)
has divided the rriaciples of motion economy into three sec-
tions: those related to the use 5f human body, those re-
l=ted to the azrrengement of the work vlace, znd those re-
lated to the design of tools and equipment,

(5) 1Instell the new method. The new methnd is tried
out for effectiveness. Neilbel(37) declezred tnzt it is human
to resist change regerdless of the level in the organization.
In order to overcowe this natural resistance Lillien Gil-
breth(15) recomrxended that the employee involved in the
chanze be approsched with genuine sincerity. Everyone asso-
cleted with the method should participete in the imorovement
and be helped to understend the necessity for it. Fundazmen-
tally if the employee can be made to see the neec for a
change gnd works 1t out he is nroud of his accomplishment.
The rnew method cen mean increzsed production, less fatigue

for the worker, end imoroved emrloyee .adorale,
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haterial Hzendling

Neibel(37) ctressed the fcct thet ~ne of the rrimery
arproaches to oreration 2nelysie is wm2terisl hzndlirg. To-
dey, materlal handling hzs developed into a full sclence of
methods end equirment, which ties to.etner seguential oper-
atlons and cevelops them into a2 large production unit. The
Americen Materisl Eandling Soclety(37) defines uwaterisl hand-
1ing ¢s being the ¢rt and sclence involving the movernent,
r=cks:ing, end storing of subztances in any form. This def-
inition includes &1l substences from the tiniest par-ticle to
the lersest unit. DlNeaterial hsndliry =2z33s nothings to & pro-
duct but cost; the mnore tnls cost can be decreas=d, the low-

er will be the vrice of the finished product.

The flow of materizls

Apple(3) expleined that mzterial handlinzg begins with
the flow of mrtericls., The flow nzttern is the nsth, or
veths, which mzterizls follow in movinz throuzh a series of
steps or orerstinns in & prrocess. The objective of ¢ flow
pattern should e to facilitete the orderly flow of uateri-
els through the rrocess, from receivinz through shlpring,
A 1o21czl flow pzttern will fascilitste the wmesnufecturing
rrocess an’ will minimize handling by reducliag the distesnces
asterliels will have to be icoved. iore econowlicel use cun
be wzde of the operator's tine., Overaesd costs will be low-

erel throush more effective movements of mesterials throush



the process. FProduct co=t will be lower ces & consenuence
of the szvinzs incdlic=ted ghove,

Apvle(3) decl:cred that the fzctors affectinz tne flow
pattern incluie externzl trensportetion fecllitles, the nurn-
ber of parts in the vrroduct, the numher of operations on
each rert, tne s=ouence »f overations on esch rart, the nun-
ber of sub-azsserblies, the nurher of units to be rroduced,
tr.e necessary flow between work ¢recs, the amount and share
of spece pvailadble, &nd tne ctore;e requirements.

In rlenning the flow vettern Arple(3) sugrested that the

2

-

three zrecs to be considered are the receivirg end storege,
the in-process, and the pscking =nl sihlpplay. In each of
these zreas tre scopre, the feoctore, and the space requlred
shoulc be considerecd,

Dernberger end Rice(1C) aeintzined that anplication
should be un&ade of the rrinciples of asaterisl bandlirz ond
congiderztion gliven the tools used to determire the pst-
tern. The to0ls for rlenrirg flow retterns are the essen-
bly chart, the oper=sticr rrocess chart, the flow process
cnart, snd the flow dla-rau. Tane hrcic flow ratterns are
the ctrel-ht line, the serpentine or zigzag, the U-chaped,
the cilrculer, 2znd the 533 engle., In clennirg the flow
pettern ecch indivifusl overation 1s considered ir the over-

ell ricture.
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Objectives of ueteriel hendlirg

Apple(2) declezred tle objectives 27 umgteriel handlirg
ere to Tower the unit cost, re’uce oroduction tive, reduce
overt esd, conserve floor ep-ce, 'revent streirs =nd eccl-

dents to workers, ani lmrrove emnrloyee ncrzle,

Lowerirz unit cost. Tnrough rroper pleénrnirs unit costs can

be lowered by =lil.iretirg unnececs:ry hezndllrg. A48 many
tleces zs ross=ible should be henlled 1n one unit. Reliandling
time can be reduced to & mirlmum by coarleting aovemenrt of

we terizles in one trir; delliverirny ucterizl to the risnt
rlece the first time; using unit occkeses such as sectlonsl
caers; usling skids, psllets, gondoles, end recks; e&nd bulld-
irg e&sseablies on skids used for shirrirg. Existing aate-
riel h&endlirg eculrment cen be replaced with & better type
whenever the new ejuipment will yleld grester efficlency or

savirgs.

Recucirx rroluctior time. Apvle(2) indicated thet azterial

handling equlipaerct will evold 2elsys of wechine overctors;
pwalrtein a continuous, uniform, mexlmum rete of .ovement of
work; &nd vrovide for @utometic rrocecssing of rarts, To
avold bottlenecks en? to essist Iin keepirg work contiruous,
the cepecity of seteriel hendling equirment uust zs nesrly

gs roselble enual that of pacnires znd mer. Asscmbtly lines

vith veriehle sreed drives vernit ednersnce to schedules
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cince they umcy be reguleted, Conveyors to cesrry yerts to

end from workpleces help to increase yroductlon,

Reduclng overhezd. By coordirested henclirg, overread cen be
reduced(3). Thies will cut down the neeld for stock chzsers,
stock boys, ancC exrediters, Otner reductions can be wade

by installir; weterisl hendlirg egulrment to rermit workers
to svend [ull time on production. Accldent demweoe car he
prevented to rerte in trensit by usirg the right kind of
equipment, thus zvolding scrarvirg or reclaiming which adds
to the cost of the ~roduct, Reducticn in cost may be done
effectively and efticiently if all mcterial hendlinzy is co-
créincsted into & systemr., If it is rlenred, the verious
systems mzy be lIntegret-d to operate in synchronizetion
whereyer rossible znd to £id or suovplement esch other., When
equlipment is rurchesed 1t should be s nesr stenderd s ross-
ible to permit use for vurroses other then those for whnich
it wes ori-irelly intended, but =zt the seme time grovide
verlety intended, -ut at the scme time provide variety in

use in order to meet all situztions.

Conserving floor spsce, Floor spesce cen be szved if there

i1s enough eculpment to correlete msterizal hencdling with rro-
ductlon schecdules znd so rrevent excessive ctock storaze in
rroduction erees (3). Floor spzce czn 2lso he saved if

equiruent is used such ss conveyor racks s=nd ur-enders whnich
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carry m:teri=ls in en urrizht rosition. The ucse of over-
hezd systemrs znd infustri=zl trucks lessens the need for
fixed floor spsce. By studyinzg =211 mrterisl hrendlinrg prob-
leme in relation to rlant laycut and vice-verss unnecessery

use of floor space cen he eliminated.

Preventing streins snd sccidents to workers. Mechernicsl

equliiaent cen replece heevy rhyslcal laror in the irovenent
of nzterial., Apgle(3) outlined the teasic rules employed by
one plent to safeguerd worker's heclth end safety were to
uge mechanicel equlipmenrt:

1. Whenever ¢ men has to 1ift enything from his feet to
& rolint ebove his hezd,

2. Wherever 2 1sn has to 1ift wore then 40 nounds fron
his feet to hkis shoulcder,.

2, Whenever = wen hes to 1ift nore then A0 rounds frouw
r'is feet to hic welst.

L, Wnerever z men has to 1ift more tren 75 rounds froa
his feet to his knees,

£. Whenever 2 men nsg to stend In »ne rlesce steadily
moving waterizl for more than 30 minutes.

5. Wnenever & man has to wove uweteriel more than six
feet, which 1s epproximately two sters.

7. Wherever & wmen or group >f aen, clth-uzh moving
eround 1ln & smull radlus, .aust wdove 1ore then ten tons of

neterisl rer hour.
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Iaproving errloyee 12rsle, Avple(3) stzted th:st .stericl

randling equiyrwient cen helr inrove exrloyee norzle because
it repleces effiort with xachinery. lilecrerizetion sssures

2 constent rate of rroductiosn and thereby 2dds to 2 worker's
sense of cecurity cbout his jok. Ironerly r~lenned meterizl
herndlirg equipment places & foir stcre 5 work on each em-

vloye=,

Princirles of mecterizl herdling

The rrincirles of materiel hzndling cen be <Zivided into

those zffecting methods, plant lsyout, and eguipment.

hethods of production. The rules of anzterlal handling as

outlined by Lernberger znd Rice (10) for metrods of prroduc-

tion are:

[ey
L]

Perform only necessary operations.

Letermine the hest methods.

Reduce the smount of handling hy production workers.

Synchronize related vrroduction operstions,

Avold trensfers,

Avold sorting.

Utilize packazing, contalrere, znd unlt loading.

Use mechanical aids.

O @0 N W & w 3]
L]

Utilize men and equipient fully.

10, Schedule and control.
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Plent leayout. The vrrirncirvles of matericl hendlirg thet ere

concerned with rlant lasyout stress these directives: keep
tre over-z11l rroblem in mind, nlen straizht line routes, and
combine handling with processing wherever rossible,

When laying ocut shlpring eni receiving the following
factors need to be considered: csdequate czrez, locestion of
area, bulldinzg limltations, unlozding leycut, cepaclity and
fecilities, meterisl harcling equipment utilizstion, check-
ing, welghing, receiving, insvection, locsl containerization,
distributlion facilities, distribution arrenzements, and ascces-
slbility, vrovision for schedule chanzes, cverloads, under-
loads, end fluctuations(1C).

DCernberger and Rice(10) exphesized thzt when storage
erezs were vlarned the follownirg conslderatiors ere imror-
tant: dimensions of stcresze creccs, bullding limitetlors,
location with regard to receiving, shipring, 2nrd production,
warehsuce arrangement, rste of stock turnover, maxlimum-ain-
imum cerecity, first-in firsct-out rler, ~ese of identifica-
tion and inventory, sccescibllity; of fest moving 1ltems, locel
contzalinerizstion, standerdlzztion of contelners =rd unit
loads, utillzatlon of meterisl hardlir: cquipzent, safe ctor-
age to highest point, rrovision for schedule chanves, over-
loads, underloads, and fluctustiors.

Layout rlerrirz for the wroduction zresz involves thece
besic &pplicetions cccording to Dernberger :=nl Rice(10):

lecst zmount of hendling, best -ossible flow of ueztericl,
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reduced work in rrocess, in‘cke end Jlscherge roints &t or
cessing zné esserbly arecs, cdenucte alsles, »rorner use of
materisl handling equiprment, rositioning mstericl &t work
level, insvection needs, scrsp rerovzl and hendling facili-
ties, local corntainerizestion end sterdsrdizstion of contain-
ers, identificzti-n and xe2*terisl auzntity, sch~dule chenges,
overlosds, underloads, fluctuetlons, and alterncte methods

of handling.

Equipuent. Dernberger a2ncé Rice (1C) stzted that the rules
for choosing equipment for msterisl nandling +ere:

1. Use mecieanicel eaulroent.

2. Utilize rresent equipient.
3. Select sterderd eaulprent,
L, Integrzte the eaulpzent,

5. Provide eltern:te uetuols.

. Provide suitarle ruildiny coriitiors,

é
7. Consicer the unit cost.

8. Plen for the future,

G. Do not overlock xelntenence.

When selecting weterisl handline =214z thet effect work-
ing conditions the rules zs emvhasized by Lernberzer =rd

Rice (10) included mechnenizinzg hendlinz to decrezse fetigue,

snd neking the eaqulpament scfe,



16

Indicztors of meateri=]l hnendling rrcblens

Aprle(3) re-orted srecific indicators of uaterisl hend-
ling croblems included high overhesz? cost, high indirect
labor rayroll, unexvlcineble delays, 1dle time, demazed wa-
terlals, eccumulating demurra:e cherges, truck tile-ups, and
stock control difficulties., Another grouv of indlcators
listed were excescsive in’uries due to materi=l handling, ce-
creased production in an srea, unexplain=ble cost lincrecses,
emnloyee comnlezints, crowded conditions, lerge numbers of
men movinz materizle, end herd, hrzardous work rerforued by
heand.

Additionel opersting difficulties noted were handling
by skilled lzbor, bottleanecks in rroductiosn, back-traecking,
excessive materisl hendiipg equirment repzirs, excessive
temrorary storece, Taterirls beirg riled directly on the
floor, &nd unrececsery handlinry., The last series of prob-
lem indicetors rerorted were ohrstacles in materizl flow,
scheduline difficulties, sefety hazerds, evcesc<ive screzp,

lonz haule, 2ad weested "cuba" ~r third dicensior.

Anzlysls 2f nzteri-1 nendlins rrobless

Cernberger &rd Rice(10) meintained thet in aatericl
hendlirz as in any enzireering, the prcblem must first be
defin=d. Tnese zuthors consijered thet material hardling
problems in themselves were usuzlly not too difficult, but

were often surrounded by so meny varlable fectors thet the
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solutiors were rot reedily cpperent., If -rocduction 1=z .&-
4

teriels in mztiom, *then crrlying motion study 2nl process
tnelysls to mcterisl hardling vroblems shoull zive the &n-
swer. Tne four auestions csked in work simrlificatisn can
¢l1so be used for ineterizl hendlirz. These cre: can the job
be simr1ified? car the job re combincd wilth erdother? cean

the iob be eliminat-d? csn the sequerce be chasnged to ad-

ventege,

Fectors in meteriz]l lLandling rlorring

ling Aprle(3) corntended thne

Qs

In placnine weterisl her
fzctors to be considered cre the psterial, the move, :nd
the wethod.,

In studylng tre first fector conslderstion must be
given to the type >f materizl, wherher liquid or ges, =s
well as how 1t 1s neckzzed. Trne chcrscterictics of voluwe,
size, welzght, shepe, end nature ffect how the rsterisl will
be hendled.

The type of wove 1is contlincent on whether there 1s &
fixed pzti: or ¢ verlzhle pstn 2ad the 3istence the msterlal
is moved, The cherzcteristics of the ove are Ceclded by
the distence involved, the source znd “eactinstion of tre ma-
terizl, the auentitles ver move, the rote or time ¢lloweld,
the reture of the route, tulliin- fectors, the flow pettern,
znd the cross traeffic,

The bulliing fectors thot need to *e consldered are tre



~

—
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floor 1ned cagaclity; the aisle width; be, size, the celillng

neizut; wnetiner or not thnere =re eleystore, ratups, or col-
unns; the %inds =z2nd sizes >/ doors; end tne aucber of
floors.

Trhe methiod of handling uwaterials msy be m~nugl, mechan-

icel, or & coHrablinetion of the two.

Eaulpment selection nrocedure

A preliminary determination of the tyre »f equirment
to be used for mrterial handling will »= bssed on a knowl-
edge of eculpment, & study of the 1tems to be handled, in
anelysls of the nuth the item 1s to trevel, =nd the flow
vattern.

Herrington(17) recomiended that the gensrzl type of
equipuent selected for hesvy industry shoul? come {rom one
of three major srours: conveyodrs, crancs, Or industrial
trucks, Conanveyors unsy be selected wihen the unit 1los3s ure
relctively uniform; when the rete of movement, unit 1lozds,
and location of route szre not likely to vary; where cross
treffic cen be by-passed by the conveyor; where trere is a
fixed peth; ond for rolnt-to-roint moveuent.

Crenes or noists mzy be celected for internittent wove-
ments within & fixed zreg; for ancterlizls of verli:zble size
or welzht; for movemnent of materiels regsrcless of cross
treffic or uniforuity of 1oed.

Industrial trucks meoy He crelected where m=teri:zles rust
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be ~icked ups #nd poved irtermlttently over verinias routes;
where rzterlals cre either of nwixed size anil welizht »r of
uniform size; vhere distances gre annderate; when cross
traffic exlsts; where there zZre zultzable runnin: surfecces
and clearences; wheres the operation is orimsrily hendling,
not transportirz; and where unit loszds zre cprlicable.
The tentetive selection of equlrument can be fecllitsted
by such alds s the Check List of laterial Hendling (22),
the Conveyor Selector(22), the Industrisl Truck Selector(24),
the Flow Directory (13), =znl the Productiosn Eandbook(1).
after studyin; the equipment szvailable Avrle(3) be-
lieved 2n evzlusatlion »f alternstiv~ wethdids should be male,
Conslderation <should he given to the intsngible fsctors,
the cost fectors, 2nd the unit nateri-l handling costs.
Intenglible fectors to considered incluce the 2s<lble
future exnarsion or cortraction 2f veroductlions plans or
variztions in production, the flexibiilty or zleptablility
of enulraent to other uses, the safety considerations, &#nd
the estim ted length > time equipment will be used. Otner
intengible factors to consider ore the ~e-~cent of time the
equir:-ent will be in oreretior, the =2vzilzbility of the
selected equipment, the manufecturers' reputzticn, the zveil-
abllity of rereir pasrts, and the com-lexity of the equipuent.
Stocker(45) stated that the cost fzctors to he consid-
ered besldes the nurcnzse vtrice were ths derrecistion rete,

tne (aintenance costs, the tezxes ani inter-st, the 1l:-0or
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costs for operztors, the rower costs, the operztirn; effi-
clency, the emxortlzotion tlae, thie pos-ible sevings over
¢nd above endther method, end the operating cost per unit

h&andled,

Filelds of study for improvenent

Fields for future study of materisel hendling &s out-
lined by Aprle(3) incluéed the raw and ccmronent psrt stocks;
delivery to rrocessing; handling to end from workplaces;
amovement between workolaces, between departuents, and to
finished stock; flnished g oods; controls; end orgenize-
tion., In rew and cowpgonent part stocks the storeroom leyout,
the acteriel hsndling methods, the assembly of orders for
processing, the inveatory end vurchzsing mey offer possibil-
itles for improvement. When studying delivery to processing
mathods &nl eculprment, schedulln: ¢nd dispatchlng sre flelds
to conslder, Review of hendlinz to end from workrlace
should include methods =nd eculpuent, end =21so 1dentiflce-
tion and controls.

Improveisnts for finished goods may be found for pack-

iaz #nd unitizing, layout of cstorsge zrez, methods eni equlp-

D

D)

ment into storze, @ssemhbly of orders for stlicplnz, lnven-
tory control, and methods =#rd equipment to snirring. Con-
trols of 1ethods @and ejquliruent for processing czperwork, lc-
bor, snd comirunicetions offer fertile fields for study.

Scrutiny of the organization should 1Incluie development of
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smcterlel handling cdepartment, cost =zccuuuletisn ¢nd gnzalysis,
zad tne relztion of xeterisl hznillin: to the rest of the or-
z=nizatlion.

N
o=

A z00od rrogram for asterisl hzndlinz cen result in a

M

reductlion of weén hidurs, better utilizetion of cublc store e
spece, reduction in nendliny of mecterisls end rerts, mini-
num salvsyse end scrap hendliry, better zsterizl inventory

control, and less chence for injury to earloyees.
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A UNIVERSITY aESILENCE EALL CRGANIZATION FOR

nATERIAL HANDLING

Since World Wer II collegms end universities have

4]

X=
pended housing facilities for racidly increasing student en-
rollments. At the time of this =tudy lMichigen Stete Unlver-
sity provided nousing znd food service for approximately
twelve thouszné students in the fourteern residence halls for
men sni women,

Housing 2nd foo? service zctivities #t hichigen State
Unliversity were directed by tne HMenacer of the Livision of
Doruitories and Food Services. Under his supervisicon were
the respective ménz _ers of Kellogy Center, the Union Bulld-
ing, Fzrrled Houslng, the Recldenpce izlls for MNen &nd Wouen,

end trne Food Stores.
Foo@ Stores

4 centrel Food Stores whilch was established in 1648
served ¢s the nerve center for =211 residence hzll food ser-
vices. The mencser of Foo? Stores wes rescornsible to the
Unliversity Vice Presicent for Tusiress end Finance for pur-
cnasing crocedures end sccounting meathods end to the laneger
of the LCivision of Zoruitories and Food Services for nencge-

nent of the operation,



Orsenlzetion end phiysicel plent

The orgenization of the decertment 1s shown in Figure 1.
Each department hesd wes resvoasible to the Fond Stores man-
z:er for quotetions, curchesling, receivirs, end delivery of
merchendise for his perticulzr depertment.

f thre= floors

(@]

The Food Stores tulldlrns vhich consisted

z2nd & bzsemxent wes loceted on th= south side

9]

f the cemyus

within & one mile racius of 211 fodxd service units and was

J

adjaccnt'to & rellro

Iy
S

sidiny to spe~d receivinz #ni unlosd-
ing of cerlosd lots of wmerchendise, The facllitles in the
warehsuse 1ncluded dry store;e for stecples, refrizercted stor-
sge for czeat end fresn rroduce, and frozen storage for fruits,
vezetables, Jjulces, meats, end fish. In 27dition to these
grecs & c20l rooa for mest febrication, offices, 2 confer-
ence ro2oi, and dry storege for pzper zoods and disnhes were

provided,

M:teriel hendling facilities

Food Stores was rlenned to incorporete inodern meterisl
handlingz equipment. The bullding had zn elevator directly
orroslte the freight sidinz trnat orensd bLotn onto & dock
for five trucks eni the weln corricdor of the buillding.

Ilercnendise was hardled on platforam skids(Figure 2) or
pellets(Figure 3) by either a fork 1ift truck(Figure %) or by
nend opereted lever-11ft trucks(Figure 5). Cercass meat

wzs recelved =t the truck dock 2nd moved into refrigeration
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Figure 4, Fork Lift Truck
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Figure 5. Lever-11ift truck



or the fabriceting room »n ¢ mororell, Produce was aoved to
the besexent on £ roller conveydr(Fizure A) directly from

the dock trap door,

Production activities

A1l subsistence suprllies for University food services ex-
cept dalry products and brezd were hasndled tnrough the Food
Stores., Ordsrice for escn Jderzrtuent >f Food Stores wes done
ty the resceactive derartiert re.d. Steaples, frozen frults
ané vegetables, sni uest wera purchssed by specificztion from
quotetions submitted. Fresh rroduce wzs prurchese? four tiaes
weekl, et alther the Teruinal rzrket »r the Faru~r's Erstern
nerket In Detroit =ud treosyorted to Ezst Lensicz in Univer-
sity owned trucks.

Recelvicz dte=rsti ns wrre directsd hy the hecd of the Ce-
prartmeat for whou the merct:ndise wes ordered, He checked
snecificeti-~as for zoo0ds, directed unlosdinT end autunorized
tane locatisn of storege.

werehouse storcge was divided sccordiing to the tyve of
mercnandise ¢né the temrerature reculred. Sterlez were sen-
#rally received in {relzht cars 2nd unlozded fromw the rall-
rosd siding. Cz-ned goods wrre rurcaecsed once & ye=cr since
there was edequate spece to store theses comnodities.,

reat wes purcnased in the cercess or Triasl cuts on &
weekly brsis and delivered in rurveyor owned trucks to> the

dock where 1t wes unlosded t» the xondorsil which rorn into



Figure 6. Roller Conveyor
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refrigrration or the febricoting roon. In tue febriceting
ro>n merat wre cut into rortlion silzes zecd stored ir stezinless
steel rans wvhich were rlaced or skide., From this »oint the
sitlds could be uoved to the n21lfiny roox or to the delivery
truck.

Frozen foods were rurchzsed in lots for one ye:r direct-
ly fror the processor. There wes edequste frozea storege
spece to recelve the entire srhiomeant et one tice.

The distributi-n of the verious com.odities wes the re-
sronsibllity of the respactive dencrtient neads. All goods
were heandled o5a rlatform ckids ss .uch #s rossible #nd wmoved
onto Unlversity owned trucks for deliver; to the various

Universit, food service unite.

8rody Hell

The 3rody nesidence Grour woas couvleted in the fall of
1956. This rroject consiestel of six residence tralls to hdouse
three thouszrd stuients with Brody kell es & centrzl building
designed for food service =nd recreation fzcilitirs for these
students., The mein floor of R2Rroady Hall w=s vplanned for re-
cr=atlom roouss, lounzes, a sols bsr, vslet services, uphol-
stery shou, anl office srace for tre :3dmiristrative stoff of

the recsidencs halls.
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Orzenlzetior and rhyeslcel rlent of fool service

cErody Hell food service orz

o)

anlzstlon was nezded by 8
nanager, See Figure 7. renu Flanniny wes done by & comnlt-
tee of residence hell uenugers or thnelr rerresentatives witn
the Assist:znt hans_ er 1o chesrge of Foodd Service., All resi-
Jence halls used & three weeks cycle seleactive menu.

The food treperetion sres vss locsted ¢rproxiasztely in
trz cernter of tre ceconl floor. Seven =ervin g courters @nd
dirnir; rooins, one for ezch of the six residence h&ll units
erd one for einployees were on the rerichery of the kitchen
es showr 1n Filgure 8, The vrreperati-n egrees includeld =
renze sectlon, & bake shdp, & secled end vegeteble preoevara-

» zvellehle included

tion srace, end storzze, The stors

~
hed
o

dry, refrigereted, and freeszer srzce. In 2ry storzg= 1288

Al

squsre feet wes utllized for st:pl-s, cerezls, crnned gools,

~

erd laundry; vrefrigerated storese included 247 square feet
for dalry rrolucts, 223 sausre feat for [resh mzezts, 20F
sqjucre feat for fres produce, end 1463 square feet for left-
over foods; 160 squzre feet of rotato storaye svace were

aveileble; 341} squsre feet were &llocsted for freezer srece.

l'starial hendlicoz eaulg.aient

The materisl hendlirz @ids used in recelivirz incluled s
steel plete bricdge (Figure 9), &n el=vetor, numerosus rlat-

forr skxids, 2nd trree lever 1ift trucks.
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lierchandica received fro. Fool Stores czie on platfora
skids #nd wes re.oved frou the truck by use of the lever_1ift
truck. The go20ds were moved to the elevetor by the lever-
lifte end trinscorted to the cecord flcor, The items were
celivered to t eir various storsse Zleces in the kitchen ares

by the storeroom .uen.

ratericl nendlinr cctivitlies

ordering food surplies wss the resconsiblility of one
e¢ssistant fo23 productlion surervisor. Cleanirz &nd naper
suryliesr were kert a2t per stocl end reordered by the store-
rcow nen &s needed.

Two full tiluie uwen were eunloyed for the storerooc. Tuey
kac coples of €11 reculseitions =nd viere resronsible for re-
celvirng &nd 1lnventory. Drivers of dellvery trucics giznilled
b, wezrns of & bell vhen they arrived ¢t tie receivir, dock.

A storerndu aesn rerorted to trhe Jockh to checx the merchiencles
end sigzned tre 3elivery sli;s. Le tr:enceferred tne 2253 to
rroductisns or to storeze on the cecond floor, Befors unlond-
ins tre ->500¢, the ancsletent f20d service supervisdor in
cherge of ordering recrectied the zo2%c 2-ozinst his rcequisi-

tico. Luring tre week of April 9-15, 1952, with the material

Fardling elds avsellable ¢t 3rody lisll the two storeroom aer
woved all rrovisions for en svers-e of 5,000 meals “¢ily (se-

Tsrle 1) for & selective cycle menu(Aprendix Exhibit 2),
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In this seven Cay period two wmen transported from the cCock
to the :oint of rroducticn 10,708 roumds of starles, §,650
pounds of frults and Julces, 12,595 pounds of vegetebles,
8,328 pounds of xzest, and 34,339 pounds of dairy rroducts
for & total of 75,A20 pcunds of subsistence supplies. See
Tsable 2.

Mezt wes delivered to Brody Hall in stainless steel rans,
These pans were stscked on skids end moved from the dock to
thhe reat refrigerstor for storsze until time for prepsretion.

Flour, suger, &rd =z1t were s'ored on & platform skid
in the dry storaze room &né mcved to the beke shop on the
skld when they were needed, If space prermitted, these items
were delivered directly to the bzke snop when receiveld in
the buildirg.

Frozer ;o0ods were trarsrorted to the sacond floor on
rletfora sklds and moved by nand to the floor of the freezer,

The delivery schedule for prroduce was three tines week-
ly, for steples znd frozen commodities twice weekly, and for
meat four times weekly. DCally supplles for production viere
requlisitioned from the storeroom by each cerartment. The
storeroom iwen filled & skid by hand frou suprllies in stock
and delivered the merchzndise to the various rroduction aress
on @ rlatform skid by use of the lever-lift truck.

The methods emgineer uses varlcocus types of process
cherts for enelyzing problems, For this study the suthor

uged the Flow Procees Chert (Exhibit 1) for studying the
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Exhivit 1, FLOW PROCESS CHART Pagel _of2
PART NAME Milk Lo SUMMARY -
PROCESS DESCRIPTION ___ Delivery e =
DEPARTMENT ___Feod Serviae %—'::ff;ms 2
PLANT —Bredy Hall Y STORM?:)STAL STEPS 22
RECORDED BY R, Smyder oate 4/11/62 DISTANCE TRAVELED
g :é :g' g . 3 DESCRIPTION OF ]I?li::ci Mzitod
SEigizz METHOD movt .
hand
1 11ft te deoek frem t ruek 1! 1iftitru
2 onr deck
3 __rell om deck te lever 1ift truek 3! hanT__thQk__
L __om doek
5 _eount esms
[ __eheek requisition
i | _11ft te skid by hand
8 em skid
9 teo elevater 25'| lever-11ft
10 om_elevater
one |elevater
11 te second fleor floor
12 te mllk refrigerater 50' |[lever-1ift
13 move ol1d supply ef milk
Ll em skid
15 remove to fleor of refrigerater by ¥
16 refrigerator
two heelﬁi
7 | _plek up with dairy truek dairy tru
8 |_om twe wheeled truek
9 | te servimg lime 751
0 _em dairy truek 1
1 __te salsad refrigerator
2 on floor

JAMES M. APPLE Industrial Management Consultant



Exhibit 1.
(eoxtinued)

PART NAME_____ mi3)

FLOW PROCESS CHART

L1

PROCESS DESCRIPTION Lelivery

DEPARTMENT _Feod Service

PLANT Bredy Hall

RECORDED BY_____B. Sayder

DATE_L/11/62

Page .2_ of _2._

SUMMARY

NO.

(O OPERATIONS

> TRANSPORTATIONS

(] INSPECTIONS

D oELAYS

V STORAGES

TOTAL STEPS

DISTANCE TRAVELED

STEP
Operations
Transport

Inspect

Delay
Storage

DESCRIPTION OF
METHOD

23

15!

24

DDDV._hI_hlnd
oDV

oObvV
OodDV

25 he up t

- te milk dispenser

ooV

Ooodbv

Ooobv

Ooodbv

oDV

OoDV

OoIDV

OobVvV

OoDV

OBV

ooUbv

OoIbV

oodbv

oDV

oDV

Ooobv

OoDV

ootbv

JAMES M. APPLE

Industrial Management Consultant
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handling of one subsistence item, milk., By the Americen
Society of Mechsnical Engimeers stenderd definition(37) the
flow process chart 1s a '"grsphic representaticn of gll1 oper-
ations, trznsportations, imspectiors, delays, #nd storages
occuring during & vrocess or procedure, zrd lnsludes inform-
ation considered desirable for amalysis such as time required
ené distance wmoved."

From the cdsts obtained in the Flow Process Chart & Flow
Chart wes comstructed (Figure 10) which shows the psth fol-
lowed imr the delivery of milk from the elevastor to the rolxt
of comsumption.

All fresh milk was delivered from the University LCairy
in ten g&llon cans for use 1r bulk milk dispensers. The cens
were moved from the delivery truck to rlatform skids. After
recching the second floor the containers were removed fronm
the platform skids anc stored directly on the floor of the
dairy refrigerstor. The milk cans were delivered to the
verious limes by surply boys who used & two wheeled truck
designed for deiries. The cen was 1lifted by hend irnto the
bulk dispenser,

Efficient pleat layout eliminsted beck-tracking im mov-
ing ome subsistence item, wmilk, from receivirg to the roint
cf comsumption. Basic materisl handling equipment wss also
essentlsl for controlling £nd minimizing marm hours. Order-
ing srd dellivery schedules frequently made 1t possible to

nove neteriels directly to production without storsge,
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Meterial handling affecte the cost of mekirg, dlstrib-
utirg #nd selling every kind of vroduct. A study of uate-
risl herdlinz cer reduce hendlirz costs, lncrecse the cocpa-
city of rroduction, im:-rove worklirg condiitions, &nd improve
the distribution of msteriels, Such £ study will include
methods of handlinz, the plant lsyout, the equirment, the
working conditlons and the treinming of the personnel. By
zeans of much of the s:ime mechznicel equipment im both Food
Stores znd Brody Hsll this study shows that 75,620 pounds
of subsisterce supylies were moved by two men for the period
of April 9-15,1662 from the receivin: dock to the point of

production for 35,047 meals.
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Lg

Bansnas Oraagze Julce Aprle Julce
Farins Assorted Cereals
French Toast Fried Apples & Hem Eggs 2ny Style
Sweat Rolls Tozst Butter Jelly
Coffee. Tea Milk Cocoa
LUNCHEQN

Cream of Tomate Scun, Creckers
Beef Stew with Vegetables om Rice Grilled Chees=2 Sandwich
Pear and Crean Cheese Salad Sliced Tom=2to Salsd
rolded Crushed Pineapple Salad
Assorted Breads Butter
Gold Cake Vanilla Pudding Fruit Cocktsall with Bananas

Coffee Tea Filk

DINNER
Fried Chicken Corned Beef
Mashed Potstoes Rice
New Cabbagze Buttered Carrots
Relish Pleate Head Lettuce Peacih Pinwheel

Cherry Snuzres Chocolate & White Layer Cske Frozen Aprles

Coffeea Tea Milk

Exhiblt 2: Men's Residence Hall Menu for April 9, Spriag
Term, 1962



50

BIEAKFAST

Whole Orange Orange Julce Tomato> Julce
Ralston Assorted Cereals

Fried Potatoes Bacon Blueberry llot Czkes Ezgs zny style

Cinnamon Rolls Toast Butter Mermalsde

Coffee Tea Milk Cocoa

LUNCHEON

Chill Com Carne Crackers Chicken Tetrsazinni

Creole Egzs
Chopred Buttered Srinach

Grapefruit Juice Gracie's Cole Slsw Ciltrus Pimwheel Sslacd

hssorted 3Breasds Peanut Butter and Jelly
Gimgerbread, Lemcn Sauce Jello Cubes Fruit
Coffee Tea Milk
DINNER
Beef Loaf Liver ond Onions
Freseh Fried Potatoes Rice
Green Beans with Bacon Crumbs Buttered Green Beans

Carrot 2nd Balsia Salad Celery Cabbuge lolded Frult Cogiitsil
Assorted Bresds Hot Rolls Butter

Pinesprle Upside LCown Caske Grepefrult rielon
Orange Sherbet

Coffee Tea Milk

Exhibit 2 (contiaued): PFen's Residence Hell Menu for Aprril 1C,
Srrirg Term, 1942
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BREAKFAST
Arricots Orangze Julce Fineapple Julce
Malt-O-kesl Assorted Cereals
Brown and Serve Saussge Buckwheat Cekes Eggs any style

Fried Cekes Banana Nuffins Toust Butter Jelly

Coffeas Tea Milk Cocna

LUNCHEON
leat Pie-Potato Tepping Egg Salad Sandwiehes, Plckles
Buttered lMixed Vegetables
Pescnh 2nd Cresm Cheese Sglad Relish Plate Soriag Salzd
Assorted Breads Butter

Choeolate Ice Cream Slice Pinearpls Fluff Blue Plums

Coffee Tea M1llk
DINNER
Veal Cutlets, Wiscorsin Resst Leg of Lamb
Creamed New Potatoes Rice

Whole Grain Coara

Folded Banana Salad Sliced Cucumber ard Onlons in Vinegar

Arrlesauce
Assorted Breads Orsmge Breszd Butter
Peaech Blossom Pie Frezen Strawberries Jelly Roll
Coffee Tea Milk

Exhibit 2 (continued): tien's Residene Hall lMenu fer April 11,
Spriesg Term, 1962
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BIEAKFAST
Prunes Orange Jylce Grspefrult Juilce
Farina Assorted Cereals
Griddle Cakee Link Sausage Regul=r Bseon Egzs 2ny style
Apple Turnovers Rran Muffins Coffee Cake Toast

Coffee Tes Milk Cocoa

LUNCHEON
Beef Noodle Soup, Crackers
Barbecued Beef om Bun Here Sandwlches Tuma Salsd or Bun

Melded Strawberry snd Crushed Pineapple Salad

Tome.to zmd Cueumber Salad Orsnge sni Apricot Julce
Glorified Brezd Puddiag Pinezpple Chunks Cookle
Coffee Tea FM1lk
DINNER
Baked Ham, Sauce Neat Balls
Potatoes Rice

Buttered Green Pezs

Russlan Szled Grapefruit FKolds lMixed Fruit
Malted Milk Cake Frozen Peaches Iee Cresm Slice
Coffee Tea Milk

Exnibit 2 (cortinued): NMen's Residence Hz11 kMenu for Arril 12,
Serinrg Term, 1962
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BREAKFAST
Sliced Pineapple Oranges Julce Aprle Julce
Oatmeal Assorted Ceresls
Friec Potztoes Censdlsn Bscon Fot Czkes
Sweet Rolls Toest Butter harmelede

Coffee Tea milk Cocoa

LUNCEEON
Cream cf Potato Soup, Crackers

Yecaronl snd Cheese Sremish Rice

Cotta.e Cheese Tomzto Wedgze irolded Sliced Peach S1. Orange

Assorted Bresds Butter
Chinese Chews Fruit Cup Chocolete Pudding
Coffee Tee Milk
LINNER
Fried Sielt Turkey Ple Veal Cutlet
Mashed Potato Rice
Buttered Squash
Rhubzrb Banana and Cruched Fineapple Lettuce Wedge
Assorted Breads Bren iiuffin Butter
Lemon Pie Lime Sherbet Royal Ann Cherries
Coffee Tea Milk

Exhibit 2(continued): lien's Residence Hs1ll iMenu for April 13,
Spring Term, 1962



BREAKFAST
Fruit Orange Julce Assorted Julces
Hominy Sausage Exzs, H,C. or S.C. Ceresl
Grilled Cinnuadn Rolls Tosst SEutter Jam

Coffee Tea ilk Cocos

LUICHEON
Liveruwurst on dye, Pickles Cheese Sandwich
Hot lMeat Sarndwich with Grevy
French Fried Potatoes
Creamy Cole Sleaw Fruit Punch Pear and Cheege Sszlad
Cherry Cobbler Jello Cubes Sheet Cake

Coffee Teg Milk

Srezhetti-l'eat Ssuce Pork Cutlets-Avrle Ring
Potatoes Rice
Buttered Wax Besns

Scring Saled Jellied Ciltrus Fruit Spiced Aprle Ring =nd
Grapefruit

Assorted Bresds Vienre Brezd Butter

Coffee Tes hilk

Exhibit 2(contirued): kFKen's Residence Yall Fenu for Arril 14,
Srrirz Term, 1942
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BREAKFAST
Ealf Grzpefruit Orange Julce
Assorted Cerezls
Fried Egg Fried Lam
Coffee Czske Toest Jelly Butter
Coffee Tes Milk Cocoa

CINMEX
Torato Julce
Roest Sirloin of Beef French Fried Shrimp

[leshed Potatees

Buttered Asparagus Freach Cut Green Beans
Hesd Lettuce ficlded Red Cherry Saled
dot Rolls Assorted Bresd Butter
Fudge Surdee Fruit Cup
Coffee Tes Milk

Exaibit 2(continued): Men's Residence Hezll MNenu for April 15,
Scring Term, 1942
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