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AN OPERAT1IONAL ANALYSIS OF DAIRY PLANT EQUIPMENT
Cari Wifiiam Hall

The dairy manufacturing industry has been forced to
carefully analyze 1its procedures to assure a financial re-
turn. The competition 1s keen and the vrofit small. The
analysis was made to aid the dairy industry in improving
its operations.

A study was made of tre costs of each operation in the
process of bottling fluid milk. Plants were selected for
study which were considered to have an efficient operation.
Charts were prepared showing the relationship between the
operational cost and capacity of eguipment in 1952 for
dairies with capacities from 20,000 to 100,000 pounds per
day. The charts may ald the plant overator in selecting the
most economical plece of equipment for an operation.

Each individual operation was studied to determine
methods of decreasing the cost. Time studies were made to
determine the time required by different operators on the
same Job. By comnaring different operators the easiest and
least time-consuming method for completing the work was
recormended. The item of major cost in each operation was
selected and suggestions made for decreasing the cost of the
operation. In many cases eqgulpment was either too large or
too small. to efficiently utillize labor, utilities, building

space, or other equipment.
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A check list was formulated which could be used by the
manufacturers of daliry equipment, dairy plant planners, or
dairy plant operators to analyze present or proposed opera-
tions.

Most of the equipment used in daliries is at least a
year old. The cost of overation of the older pleces of
equipment would not necessarlly be the same as the costs
figured for 1952. A series of charts were prepared which
can be used by the plant operator to calculate the opera-
tional costs of his particular equipment. The data can be
used as a8 guide for economically selecting new equipment.

After the equlpment 1s selected, a satisfactory lay-
out must be used. Tangible methods were l1lllustrated to aid
the vlanner in selecting the best arrangement by use of an

operation schedule, utility and man analysis charts, and

layout with block models.
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I. IPPHCDUCTION

in 194S tre total milk rroduction by cows on farms 1in
the United Jstates was 11¢,136,000,000 nounds. ¢l trls
gquantity L5,000,000,000 rounds ol milk and cream were con-
sumed in tcwns (1l). ihe remainder of che milk was consumed
on the farm and made into tactcry products. Jtre “ureau of
Census has rerorted s uetalled treakdown of -anufactured
vroducts, btut has not summarized the gquantities of fluld
milk sold. I're numter of dalry plants processing flula
milk is reflected ty tre number of milk dealers in the
~“nited States. There were a total of 15,736 milk dealers,
of which 5,655 milk dealers had over four routes (2). There
are also the follcwing:
€360 tutter manufacturers;
3661 cheese manufacturers;
1561 condensed, evaporated, and dry
ml1lk manufacturers;
7122 ice crearm rmanufacturers.
ichiran lies in tre bLast Yortk Central district of the
""nited .Jtates for census rurnoses. 1this district wmroaduces
25,61%,000,000 nounds, or twenty-nine ver cent of tre total

milk nroductlion in the United >5tates. !'ichigsan ranks

1. Dailry Industries Catalog, [lte Glsen Fublishing
Comvany, Milwaukee, ~isconsin, 1951, v. }6.

2. Ibido, De €:3‘



seventh in tre "'nited States in tre rnroduction of fluid
milk, being nreceded by wisconsin, llew York, Calitornisa,
Iowa, Minnesota, and Fennsylvania.(1)

f'rom tre vrevious data, 37.6 rer cent of the milk rro-
duced on tre farm 1s sold in thre city. 1t can be assumed
crat nractically all of tris milk is rasteurized and oro-
cessed recause of ttre realth regsulations. Assuming thrat
there 1s a daliry for each milk route, tre averace daliry
handles 21,000 rounds of milk per day. Michipan ranks sixth
in the mimter of milk dealers, teing tehind Vew York,
Fennsvlvania, Talifcornia, [llinois, and Chio (Z2).

The egquinrment required bty tre dalry incustry 1s spe-
clalized, and manufaccired ty a ~roun of arrroximately
37,000 meorle who are enraced in the manut'acture of food pro-
cessinr equinment (3).

The daliry industry does not make an exortltant vrofit.
e comretition 1s keen and the rrofit is small. Accord-
ins to tre Fennsylvania Milk Comrission, 565 companies
made an average vrofit of thrree-fifths of a cent a quart
after taxes, 1in 199, and 127 companies showed & net loss

for tre year (L). A similar survey by the Indiana University

l. See Arrendix lasble I

2. See Arrmrendix Table II

3. 19,47 Census of NManufacturers, Vol. 1I,
. L. serartment of Tommerce, Statistics by Ilndustry, 7. S.
frintine Office, 19L9.

L. VYNeeley, Jecr~e m. "iroblems in “Milk Distritution,”
Talk rresented tefore the iNational aAssocliation of Sanitary
1'1lk Fottle Clcsure "anufacturers from an undated publica-
tion by Lhe same title.




Bureau of PRusiness Research on a nationwide basis cover-
ing 313 companies showed an average net profit of two-fifths
of a cent ver quart (1).

The fact trhat the mortallity of dairies in the last fif-
teen vears (1935-1950) has been about fifty per cent (1)
i1illustrates the importance of analyzing the problems involved
in tre dairy ovlant.

Flanning the many ovperations involved in a dairy plant
is difficult because of the riany variable 1nvolved. Once the
equioment 1s iInstalled in tre plant, the main concern of the
mena~ser is to assign the nroper amount of work to each em-
rloyee. A Ptetter job is performed bty workers who are re-
svonsible for a definite activity. In order to assign a fair
share of work to an emnmloyee, standard times for each opera-
tion should be avallatle tc nlan the work schedule.

Flant rlanners frequently encounter difficulty in oplac-
ing equirment 1n a vlant, elther new or old. The efficiency
of a plant can often be lncreased mcre bty the rrooer arrange-
ment of equlvment than by improving the work methods. In
order to mrovide an efficient pnlant layout, standard times
for each overation should be availatle.

“ngineers who design dairy plant equipment could do in-

dustry a service by designing simplified methods and motion

1. leeley, (Georwe k. Loc. cit.
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economy into the machinery. Many of the strained relations
which often develop when management attemnts to 1improve the
workers methods could tren be avoided. Thus, the operator
and planner of dairy plants, and the designer of dairy plant
equioment can tenefit by a thorough analysls of the time and
cost of each operation. After analyzing each operation, it
is often found that stevs iIn the operation, or the entire
overation may te eliminated. Time studies also aid in lo-
cating the ¥Ybottlenecks" in a process, and rermit a person to
visualize tre need for and the rossibllities 1in develoving
new equioment.

Many processes may be carried out in a dairy plant. Ex-
amnles of nrocesses are bottling mlilk, producing ice cream,
manufacturing cheese, and churning tutter. *“ach of these proc-
esses consists of several ovnerations. he receiving, prcces-
sing, and bottlins of milk will be the only process investi-
rated in tris wissertation. TI'he various operations may be
listed in order of occurrence 1ror ease in visuallizing the
successive steps in processing milk. A crart 1llustrating
these steps with amnropriate symbols 1s called a flow vrocess
chart. Not all dairies are alike in treir operations. A
tynical flow rrocess chart for the processing of whole milk
i1s shown in Fig. 1. The same iInformation nlotted on a floor
nlan sives a flow diagram.

One objective will be to obtain time values for various

elements of work in each overation. The next step will in-
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volve obtaininge time values for each of the onerations as a
whole. Tre time values can be obtained for different plant
and equlorment caracities to calculate part of the cost of tre
orneration.

Standard times for each overcstion, together wlith the
necessary time tetween ownerations, are established to assure
manarcrement that the worker 1s doing his share, and to assure
trhe worker that he 1s not doing more than his share. The
standard time represents the time, in minutes, trat a worker
should require to verform a certain task, whrich includes al-
lowances. The total allowance varies withk the plant and the
task, btut 1s generally twenty rer cent of the actual work
time. Allowances are for rest tc rrevent fatigue and for
nersonal items. 1t may te necessary to add additional time
for conditicn factors as cold, heat, slivrery floors, etc.
The work time varies accordine to the nace of tre worker, so
wrile makins & time stucy it 1is necesssry to rate a workert's
sveed. This 1is a difficult task which requires exrerience.
Cne method suggested by Carroll (1) 1is to define a normal
nace a8 being eguivalent to dealin~ €2 cards in four riles
around a tridre table 1n 0.L,5 minutes.

Fv cormarinc the standard times for different wnieces of
egulnment, a check 1list of desiratle features can be formu-
lated. oo often egulvment 1s natterned from trat of a

comnetitor witkhout formulating new a~proaches, and conse=-

1. Carroll, ihil, Vow to Chart Timestudy Tata,
McGraw-Fill “ook Comrany, New York, 1550, vp. 57.




gquently void of new 1ldeas. 'he time study results offer a
new aonnroach to desligning equivment--an avpnroach which should
lead to imrroved equipmrent and methods. Cf course, the
equirment must first be desigfned to perform a function, tut
time study results should be an avproach to imeroving a‘design.
The fact tlat standard times often benefit the worker
as well as the comnany 1s often overlooked. An example 1is
the result of a time study which showed that a man can shovel
the maximum tonnage a day if he 1lifts 21.5 nounds on each
shovel full (1). I(he worker would be less fatigued, in addi-
tion to accomnlishing extra work, and nossibly greater vay,
if his skovel were desipgned to hold only the optimum weight.
Time study metrodus rave nreviously been wildely annlied
to Industries with revetitive overations. Ire nrocessing ot
rottled milk consists of continuous overatlions wrick do not
readily lend tremselves to time study mettods. Cremicsel
Industrlies are similar to the daliry industry in this resrect.
Ada»tin~ time study mettocs to tte dalry Industry vrresents a
challenre. '"any onerations are controlled t:; thrhe canaclty
of tre egulm»ment in tlre cdalry. i1t is imror.ant to secure
values for the relatlionshin btetween overating and rated ca-
racity. <Cne of t e objectives in plant design is to minimize
Handling. ‘'he same objective can Lte sought in dairy plant
aesirn. inimum handling would 1Include mlnimum pire length

wrich is desirable from tre standmoint of lower 1Initial costs,

1. farnes, K. M., Motion end Time Study, Wiley and
Sons, lew York, 194f, ». 11.




reduced labor requirement, and in reductlon of fat
I'hre relationshin of one oneration to another is of
imrortance in considering the handling nroblem.
he cost of an oreration 1s a fanction of the
required, the cost of the egquipment, tre layout of
labor required for the overation, snd thre services

ities required in trhe form of electricity, steam,

losses.

prime

floor area
the nlant,

and util-

water, etc.

A mathematical relationship among these various factors would

be of btenefit to the neople connected with the dairy indus-

try in order to determine tr.e etfficlency of orveration. Threse

costs could be exrressed best iIn terms of tle equivpment cost

and cavacity, which are usually xnown to the dairy nlant

onerator or encineer.



I1l. MRV LIWW o' Lo ki

Juring cre last few years the cairy industry has been
forced to increase the ef'liclency of 1its overation in order
to ottain a vrofit tecause lavror costs have increased
markedly and tre publliec has demandea that orices for dairy
nroducts be held down. 1t 1is cifflcult to evaluate exactly
the efficiency of a dairy vlant bty mettroas otrer tran from
the rrofit-loss column, wtich includes plant and delivery
ornerations for most dairles.

Tre erficiency of an overation, as far as the rlant is
concerned, derends uvron tle lator costs, utilit: costs,
bulildines srace regulirement, equipment costs, and interest on

investrent. irach of tvese factors has been scuzied sernaracely

for each mniece of eguinmrent.

A. Labor
Time studles were first used in 1&81 by r. w. ravlior
at the '"idvale Steel Commany (1l). rrank and rLillian Giltreth
are credlted with orieginasting motion study as we know it
todav (2).
Time and moticn studles have becen aprlied to industries

ctker tran the dairv 1irdustry for several yesars. I'hese

1. Parnes, on. cit., o. 7.
2. Ibido, r\o 12-1,/0
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industries were rainly of the remecitive tyve in which the
machine operator worked continuously on one machine rereat-
ing the same task during short intervals. The chemical 1in-
dustry, which is very similar to tre aairy industry, 1s made
urn of continuous orerations. Time studles came into use 1n
tre chemical industry during the early part of che 1940's.
Fjorksten (1) in 1943 nmointed out many advantages to thre
chremical industries from the use of time and motion studles.
kossmore and Aries (2) prointed out that even though the cost
of manufacturing for mechanical industries where time and
motion stuaies are usually used included fifty per cent lator
cost 1n commarison to twenty ner cent lavor cocst for chemical
Iindustries, trat tre chemical Industries could benefit great-
ly bLecause of the following factors:
1. As an independent expense item, labor costs have
a declding efrfect on plant location and
economics;

2. Many ornrerations are mechanical;

R T"Tnit overations could be simnlified, thus re-
quirinr less surervision and time;

. Teveloorent of new tyves of equivment;
Se. Jse for arrangerent or rearrangement of egulivment.
Altbhough time and motion study methods were develored

many Yyears ago, these metlhods have only been arrlied to the

1. Yjorkster, J., "i'ime and “otilon studies for Chemists,"
“remical and rngineerirngr News, Volume 21 (1943), n. 132L.

S e Fossmore, *., and E. &S. Aries, "Time and Motion
3tudy in the Chemical Irocess lndustries,'"Chemical and
ihnglneering Yews, Volume 25 (1647), »or. 31[2-31TLL.
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dairy industry recently. 'he most recent study was made by
shiffermiller (1) in 1950. Fe I'ound that t'e cleaning
orerations in a dairy reculred seventeen to twenty ver cent
of cre total rnlant lator, anad made recommendations for reduc-
ing the lator recairements for cleanling.

. s Food and Sons Comnany has bteen adaoting time and
motion study analysis to the dairy industry since 1942, and
they have teen aktle to decrease ttreir labtor requirements
consideravly (2).

In srite of tre fact that many onlant executives feel trat
time study 1s not needed, “adler (3) csives tre following
tenefits of time study, wrich were taken from "undel (L), even
trourh tre ~roanuct 1s machine-controlled:

1. imrrcve schedules
2. Determline job regiire-ents
3. ~“reck work efliclency
e Distritate work unircrmly
%« ~staklisl 1lncentive
. TLeterrine test methods
in an sustrallan cheese 1acteory, anrl:in- rrincirles of

motion study in wranrning, a 1'ifty nmer cent decrease in lator

was renorted and the outrut was 1lncreased two rundred ver

1. Shiffermiller, ~illiam t., "4 lire ard Votion
snalysis of “leaning Crerations in Milk Flants," Unoutlished
i'hesis for “"aster of Science Defree, “ichiran Jtate Collepge,
1250, r. L4.

2. Dunlop, V. G., "Jork simplitication Fays Off,"

#cod Industries, Cctober 1949, pr. 1256-1359; November 1clG,
n~. 154 E-1552. _

3. Nadler, Zerald, "I'ime and “otlon study in Cannin;
"lant," rood Industries, [etruary 1950, pp. 236-237.

L. *™andel, M, E., Motion and Time Stud:, lrertice-Tall,
Inc., New York, 1S50. - o




cent accordin~ to ¥felling (l1). &although not carried out,
as yvet, “orrison ewphasizes the nced for apnlying work sim-
nlification to tre 1ice cream industry, in tre face of rising
laktor costs (2). e »oints out trat studies srould be made
with tre 1ldea of making trhe Lest use of rresent facilitles,
e also cautions against simelifying one overation at tre
expense of others.

ecent studies =2t Turdae showed tlrat trte averare worker
Iin t*e recelving room wasted forty-tlrree rer cent of his
dav (3). Thre tirme wasted ran as ri~h as seventy-six ner cent
in some dairiles (L). Trhe jot was analvzed by breakinc it
downr into small narts, and »nlcttin~ tre time values of trese
rarts by uase oif & rmultiman crart. T redistrivuting the
work tre lator recuirements were reduced tfrom “&.& man-
minutes to 27.l. ran-mirutes fcor receiving a 1CO-can truck
load.

Van ! echinan emvrraslized tre importance of otbttaining
creratirng stanaards tor teaclh:ing a job to an untrained

rerson (5).

l. Iellins, c. Ce., "ZTranged Layout Saves ..2500,"
ssactory "‘anage-ent, Febtruar)y; 1940, pn. 64-£F,

2. Vorrison, . J., "iJork simplificaticn in an ice
"ream Operation," Ice Cream Heview, June 1951, nr. 1%2-1%3,

3. French, Crarles L., "work simplification in the
Dairyv rlant," Cherry-Burrell Circle, T'arch-Arril 1952, on. 3-7.

L. ¥rencr, Crarles [.., "Streamlining ‘eceiving
cnerations," Fcod "nrineering, January, 1952, np. Q9.

5. Van fechman, ~., Nirevision and _xransion of
(reraclin~ Stanaards,"" Chemical and wngineerins “ews, (ctober
10, 1943, vp. 1621-16285.
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United States Department of Apgriculture studies of 115
dairy vnlants, handling an average of 62,000 vounds of milk,
showed that 3fl; gallons of milk were received per man-hour
wren the milk was handled in cans from trucks (l). An average
of 3.9 men srent ;.6 rours receivins the milk. 1in the same
studies, dairies of the same size handled 1309 gallons of
milk per man-hour when the milk was received from tank trucks
or tank cars. In the latter case 1.5 men svent L.l hours
receiving.

Much of the Jata rerorted on lator studies 1n dairy nlants
was secured during trose years when the lator cost was not as
rreat, comaratively sneaklings, as 1t 1a at the present time.
“any textbooks have quoted tre data of iables 1 and 1I, which
would not arrly to nresent modern dalry nlants, but wkich are
useful for comrarison. fhese data were obtained before tre
use of the srort-time vasteurizing unit.
table 1. Felation Fetween cthe slze ol' Jairy and labor

irequirements for rfasteurizin:- and Ccoling '1ilk and
Cleaning tgquipment in 112 rlants (2)

Milk pnasteurizea cally, gallcns (a) {b)
3000 or 1less 2L6 3.7
3000 - 5000 341 5.0
5000 - 10,000 L3y 9.3
10,000 - 15,000 416 17.3
over 15,000 L 50 24 .1

(a) Gallons of milk vasteurlized and cooled per man-hour,
including labor for cleaning

(b) ¥an-hours of lator required for cleaning vasteurizing
equirment

1. Pabecock, C. J., "Cperation and “"anapgerent of Milk
Tlants," 'nited States Derartment of Agriculture, wvashington,
e ., Clrcular “o. 260, %“evised, 1947, . 8.

2. Clement, C. ., "OUreration and “Yanagerenrt of Milk
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l'able Il. Number of en kmpnloved in 194 City “ilk tTlants (1)

Averace numter ¥I1k handled
3ize of tlant, of emnloyvees per plant
gallons inside plant employee, gallons
2000 - 5000 15.3 216
SC0C - 10,000 34L.5 213
10,000 - 15,000 L6 249
15,000 - 20,000 76.6 221
over 20,000 103 267

In 19323, Jormer listed tre major rrocessing exmense as
lator (2). irom his firures, }C.5 per cent of tle rroccssing
cost consisted of latcr.

're use of rermanent rime lines offers ~reat nossi-
tilities in decreasing che lator reguired for cleaning. Tests
rave shown that nermanent glass lires can te cleaned effec-

tively in rlace v recircailatory means ().

B. ‘itillitles
In crcer to calculate tre uatility cost, the guantity of
tre resoirce recuired can te calculated frcm tre thcecretical
reguirements and the etfficiency ol the equirment in using
thre utility. Data on utilitlies used ty various ~ieces of
equipment are racrer limited. <Cheical englneerin: texts and

randbooks were consulted for i values, or heat tr«nsfer

l1. Clements, ibid., on. 3.

2. Sommer, Fugo F., Varket '"ilk and :related I'roducts,
Second rdition, Clsen Fubklishing Commany, 16, p. 606.

3+ Zleischman, r. e, Jr., J. ©. Write, and k. K.
olland, '"tlass Lines: Lo 4-1 Job," rcod bngineering, Vol.
22, 1970, nr. 16PE6-1€00, 1P21, 1R23.




coefficients of standard nleces of equinment. Where aata
were not available for water to milk heat transfer, weter to
water data was available, and used 1In the calculstions.

Tre information relating srnecifically to reat transfer
in milk was oublished by *owen (1) (2). 2n oren-jacketed
kettle rad an efficlency of €9 »er cent if t'e condensate
was returned to the roller, and 7 nrer cent if tre condensate
was discharred to an ovren drain (1). TIbe U value of a
jacketed kettle with a stirrer was 300 Fritish thermal Units
ver square feet-hour (2). this agyrees witk Zte data listecd
in Ferry (23).

.Ye coll vat, v1 .~ . .23 a heating surface of é6£5.5 sguare
feet for 2C0 gallon capacity, had a U value of 176, and an
efficiency of 75.6 per cent (4). Fowever, in calculations a

U of 20C 1is reco~mended (3).

C. Eullding
Mueh material has teen writbtzen arout trhe size and de-
sign of tuilding whick stroula ke used fer rhousine the dairy
equinment. The size cf bullding is usually designated by tre

number of scuare fecet of floor area. Mitten made a survey

—— e — e

1. “owen, John, "teat-{ransfer in Dairy “acrinerv,"
Arriculsural inglneerins«s, Jan. 1930, rrn. 320, 31l.

2. 1bld., p. 27.

3. Ferry, John F., Crhemical *“ngineers' Landbook,
Melraw-1i111, MNew York, 1950, r». LF.

L. Towen, op. cit., Keb. 1030, rn. T1l-74.
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of twentv-eicsht milk nlants to determine the svpace reculire-
ments of different dsiries. Ie repcrted an averaye of one
sguare foot of floor area ~er gallon for tre lar~e nrlants
{over 1C00,00C vounds daily) and three :ziLuare Ileet ci’ floor
gres rer -allon for ¢ie osrull »lants (less vran 20,000 noanas
caily) (1). icten .ives auli.lonel values lor lnaividaal
nrccessing »reas 1n tre aairy.

f.oss ras swrmarized utre area recuiremrents for tre various
orersastions for ceaeiries cof Zift'erent caracl.ltlies as shown in
ifable iil.

larle 111. Tumber of Scuare .eet 1n Various .Jork mooms of
~ive ./ell-arranced Vvilx Tlants (2)

Guantity ecelv- ~ottle Tasteur- 11k Slass
bottled ing wasking 1izing bottling Storage bottle
daily, room room room room room sTorarge
g8llons sq. ft. sq. ft. sc. ft. sg. ft. sgq. ft. sg. ft.
1300 LCO 6C0 500 300 450 L OO
1500 -- 700 =00 375 550 --
2000 S00 1050 1300 1200 1200 750
L;CCO 1,60 1686 5,0 7CC 142¢ <0
€0C0 120C 160€ 720 720 1110 720

A relationshin» between —“he total 1'lcor area of the

rlant ernd tre area occuried ty tre egiirment was »resented

l. WMitten orace L., "runctional .esi;n ci r1luid
'"il«x Flants," _nnablisrecd tresis fcor ester of 3cience
derree, “icrhiran ..tate CTollege, 194¢, n. 16.

2. ©+"ata taken from ross, '. t., Care and 'andling of
»ilk, rance Judd To., Yew York, 193¢, p. 325. Koss ottalned
rFis cate from ":'ited _-tates T.ersart—ent of L ricul:cure,
“asrin~ton, T. ©., Tualletin 842, by relly.




b rim (1). Fe sur-ests that the l'loor area reguired Lty
tre eqguirment should not exceed one-1'i1rth ol trte total {loor
area.

Ltrhe cost of .tYe orveraction of tre .airy olant cerends
rartly on Ttre invesc-ent 1In the Lullalng. vvertuilding hras
teen the cause ol several failures ol cairy plants.

're tullding may ce a one or mialtivle floor structure.
resalts from Fabcock (2) show how ctre labor reguirements in-
crease as the numter cf floors increase. or one story
tuildinrs, 26.2 emnloyees were recguired to hanacle ©,000 to
10,000 rallons of mIlk vrer day; for a two story building,
2.4 emrloyees; uand for trhree or mcre floors, 5 errloyvees
were regulired. i1t is reco~mended trat all ~rccessin- orera-
tions e cone on one flcor level. anccordines oo “~1tten (3),
wren Fandlings 500 to 12,000 rallons ner car, & rlant having
one story randled 361 rallons ver emrlovee; those with two

(%

stcries rhandled 252 rallons ner emplo.ee; and three stories,
23% fFallons ner employec.

Sarveys bty tlre Unlted States Denmarcrment of Azxriculcare
arree closely with trose rerorted from otrer sources. The

averare fl.or s—ace for 24 rlants rrocessing over 20,000

vrounds of milk was 2.%4 scuare feet ver fallon of milk (L).

=

. Trim, G. W., "3anitary Tonstruction in Dalry
in-s," Milk Flant “ontkrly, A~ril, 1539, nn, 73-FC,
2e fabtcock, T. J., Or. Cit., P. 77,

3., '""itten, Forace I., ov. cit., v. L3.

L. cabcock, T. J., On. Ccit., D. L.

¥21ld
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'he question of btuilding for future exmansion has al-
wavs teen a difricult rrotlem to answer. TIte lcecat'on of the
rlant and rossitle future marxkets are Imvnortant tfactors to
consider. Tased on a survey of severazl nlants, .le safecst
armroacr for selectin - the size cf nlant is to tulild the plant
for tre existings volume rlus any foreseeacvle aucitlional vol-
ume In t*e near future, and to arranye and locate tre vlant to
rermit exransion wren necessary (1) (2). *lombergsson onre-

sented a dla-ramatic layout for dairy plants in osweuen which

would allow IrTor exnansion about a central ares (3).

D. Egquivrrent

The over-all orerationsl cost is affected bty tre cost of
the ecguirment, the atilitlies and srace reguired, and ttre
lator required to orerate 1it. Eguairrent manufacturers are
faced with the task of Jdevelo~ing ~achinery that will do tet-
ter work at a lower cost. Comonly, the rediiction of steam
and water, electrical ener;y, and refri,eratlicn are consicered.
Yowever, -re individual ormeration should te studied from the
viewroint of tre nerson wro is acing tre work (L). Lhre
e 1lmnment stouald te cesi~-ned to save tle time and energy of

tre orerator.

1. Mitten, or. cit., n. 33.

2. "otes on flant Lavout," Cherry-Furrell Co.,
"Vicarfo, I11lnols, “imeo ra-h, Novemrkter &, 19409.

3. “lomtergsson, Y., "Ciscussion of General Frincinles
ffor “te esirsn of TJairies of Tifrerent Size and lroduccion
“e-scityv," Froceedings Ail International Dairy Congress,

Vel. 3, 194%, »n. 573.
L. rTarnes, *. M., on. cit., n. 72
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It must be remembered that tle cost of trhe equivoment 1is
usually not the most immortant factor, btut rather how the
unit fits into tre eccnomics of thre srstem (1).

'tYe usual rraccice in selection ¢t eguirment is to start
nlarnin~ witr tre boctle C'iller and work 1rrom trere(2). 4n
examrle bty Thomvson (1) lists tte eyuipment ior a LU=50
tcttle rer minute riilling overation handling €00 g¢allon ner

Pour in che folliowingz manner:

a. MNumter of vat vnasteurizers -—-----c-c---- L

b. Size ver unit —ccccccmcrr e 2CC gal.,

c. Trereatinc temrerac ire —-—-——--—-—cccecee--= 130° &=,

d. Clarifier or filter cavnacity==-ceecececaa- 5200 1t/nhr.
e. Vat fillline time ----cccccmc e e m 20 min.

f. Ieating time 1In vats —--cccccccaccca—-aa 10 min.

g. Yoldin~s time In vatS cccccccccc e 30 min.

he &bmrtying tilme —cccccccc e 20 min.

fre develonment of tre short-tiwre vnasteurizer ras done
mach to make tre straight-line flow more efficient as tre
milk is held fcr only rifteen seconds, and is forced to the
next oreration withcut a »amn (3).

“ecause so muck cf tre total rlant labcecr is regulired ior
cleanins rurrcses, cairy egquirment should be purchased after

considerine its ease cf cleaninc (l4).

1. fhom~son, C. L., "Ilant (rerations and :{ficiency,"
“i1l< lant “ontrly, ‘ay 194&, pr. 3C-4L1.
2. *~itten, Forace L., "¥ilk Ylant Lajyout," !"ilk Ilant
ontrlv, “arckr 1949, rn. 73-7.,.
. Taiulre, ‘jalter, "Flant cfrficiencies Ikrouzgh .ork
3i~-11ficetion,'" '"ilk Ilant ""onthly, ~fet. 1947, p. LE.
L. Terkin, . E., "Daliry ilant Yousekeevin~-," 'ilk
“lant 'ontrly, “ay 1949, ». 6C.
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“e ITIlant Layout

The lavrout of thre equinment has a derinite eit'r'ect on the
floor area and lator regulreqrentis.

I't.e egquivrrient war vbe lzid cut accordin~ ve ulfterent
flow arrancements, as L-stared, U-shapred, ard straight-line
flow. ire straigrt-1line flow nlan ollers tre tollowing
advantages (1):

a. ILess confusion in working;

ke Gives workers feel of orderliness;
C. Less ripe running across flow lines;
d. laslier suvervision.

In small ard mecium sized nlants walking distance may be
decreased Yty 18ing tre L-s3tared flow rattern wrere workmen
surnervise several cifrerent nleces ol eculnrent (2).

in leyvinge cut a milk rlant, thre historical develorments

and trencs ci tre mast can te used as & -3ide to ~lsnnin- tlre

4

nlants oI tcmorrow. “"lerent llists tve U'cllow

b‘n

ne

‘

k-/.

ters feor

cecnsiceraticn wren parcrasinT new egiir~ent ()

a. LeW ecCulirment 1ls mere ccmrmacth;
. Tilkh Yesnudlin~ egiilvoment 1s taster, more automatic;
Ce. sewer and simrnler narts, aeslnca rcr

accessliclility 1n cleanin
Ge imrrcverents 1in contrcls;
e. ‘'ore effective utilizat_.on of &lloys.

l. *itten, Yorace L., "runctional ..esign of rluiag ilk
Tlant," T"nmuklisred tlresis for Vaester of Sclence =ze.ree,
“ierican Ltate “ollere, 1o4f, pn. BE=-E7.

2. Lroc. cit.

2. ~1ement, ". ‘., irgulm-ent r'or 7ity ' 11k I lants,"
ed ~rates Ternartrent ol Arfricualture, -as'in-ton, D. T.
lar 'o. GO, .evicgea, June 1941, vr. 1-3.
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¥fficlent layouts do not necessarily dictate that the
rroducts move in a strairht-llne, as a circle may be just as
cocd 1f backtreckin~ is eliminated (1).

{ne of che major objectives of nlant layvout 1s to util-
ize labor effectively. rre follewins items have teen ¢ 137>3t01
4¢1 reetirg tris objlective (2):

8. “educe manual randling to a minimum;
be Minimize walking;

c. Falance machine cycles;

d. Irovide for effective surervision.

An iwmrortent function orf' nlant layout is tc »lan fcr
future exvmansion cf tle -lant and for chances in ecuirment (3)
(L). £ staterent wrich summarizes Lre i1deas of seversl
authors 1s wrlicten Ly Tarns (%)

"Iie 1deal arran-e ent of ecgilvment will rermit tre

material to travel 1ir tie stortest rath, jyet
coorcinate manuracture with administration and
insmection regairementszs."

e ormecration of & cre~ical nlant mcre closely rarallels

tre dairy rlant tren :t»e mecranical industries. err; (6)

states trtat freguently the »lant layout is sco inetricient

l1. Caldwell, rurene, ""reck Levouts "efore You xrand,"
factory ‘anagerent and “Yaintenance, Jaly 1S41, »n. 87,

2. n~nle, James, aterials landlinpg znd 7lant Larout,
Fonald rress Comnanyv, MNew York, 1650, ~~. 13=-1L.

3. 'srks, Lionel, Yeclsnical inrineers!'! Vandbook,
MeGraw-Y¥11ll Fook Comnany, Jew York, 1GL1, »n. 1-6C,

e Arrle, Jzmes, on. cit., n. 299.

<, ‘“arks, Llicnel 3., loc. clt.

d

{. terry, John, cn. clIt., r. 1725,
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that as much as forty ver cent cf tre workers time is srnent
needlessly. 'e lists four elements ol task determiration

which shoulad te studled to decrease tve lakor regulrements:

a. -nalyvsis of task elenents;

. imrreoverment ol metl ods;

C. sbom watelr reucinisg

a. idjastrent cf stor watel reaalin r'or aosrmal
s~eec.

'te rnlant srYould te rrorerly 1l ttea to aid tre workren

in increasing the cleaning efficiency (1).

Fe T eterials Tandling
‘‘etrhods cof Yandiliro the rroducts Iin a rlant are im-

rortant factors tc tbte ccnsicerea in “re dosin of tre rlant
laxout. 1t L1s difl'lcalt to adivorce the two. lexttooks on the
subt ject of ~lant laycut acevote at least ralf of t eilr srace

to materiels randlin+e devices. iYe autror can recall milk
rlants i wrictr trere were no ccnveyors, or ctr ites, and a

*

mirirmur cf ~iring z2nd ramms., ucr cf e rmilk was randled in
17" -allcn nins S recarroit --e ~lant, and carrizada frcr one
oreration to tre otror. irere are onli: a8 few riants c¢f tris

tyre 1in use tocar.

in £ cairy nlant, witth a legss ctostle orersation, the
ranclin- ol ¢*e Lot-les stouxla ¢e Fela tc a minimm to nre-
vent treaasage. iY.e 1mrortance of t*ls r'sctor 1s shown in
faktle 1iV.

1. }ar’kin’ _i_. '.’ or\' cit.’ Y\. 60.




Table 1V. ILff'ect of l'ranst'errins Tottles on Eottle
Treakacre (1)

ottles Slass troxken rer 1000 tottles filled

Iransfer filled Tefore At discharfe Total olant
of bottles Flants daily washirpy of wuster breaskare L
Tone S 36,467 4.9 5.6 11.¢€
1 10 56, S04 o3 e 3 12.3
b 16 e, 775 6.C 7.4 15.3
3 o 25,9185 9.3 15.Y4 27.1

[he nallet method of handline in trhe milk nrocessing
nlant does not rave wlide accertance as vet. ihe saving in
lebor requirer~ents ty use of ralletized loads woild te ob-
tained —ainly in loadings and unloadine tre delivery trucks.
(rdlnarily, tro~ seven tc ten minutes are reguired fcr loading
a delivery truck, 1In acultion tc atbtout i{ilfteen to Lwentv-five
mninutes for waltine. “len usinege a railetized load witrh a
fork-11rt truck, two minutes are required ifcr locading, and
atout five minutes for waitin- (2) (3). iPere would be a
savins of twenty to 1'ift; minutes vrer day ver aelivery truck.
A total lstor saving uar to avout fift; vrer cent may be re-
allzed ty usling a fork-truck-pallet system. +Ihe cases can
te stacked higher, trus lncreasine storace in cooler and

tottle washting room 1if acequate Yead room is availatle.

l. Foss, FP. k., Care and landling of Milk, OUrange
Judd “omwrany, Yew York, 1939, p. 322.

2. VPeckendorn, L. V., "The fallet Lvstem of Fandling
for .re "1lk !rocessine 1lants," “ilk Tlant “onthly, June
10°C, rm, 2823,

3. Cermill, Artrur, "Iher “all it tre Jorld's “ost
“odern [airy," Focd rnoineering, July 1951, mn. £0-71.
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Tottle breakage can be reauced trirty ner cent bty the pallet
method of handling (1). A soft-drink manufacturer recuced
the loadins time el-~rty-twc mer cent kv crangins from manuaal
to vrall=tized truck randling (2).

e latest acveloovment in raendling of milk from te ftarm
i1s t! ¢ use of bulk randliny methous. ihe ten rallon cans are
renlaced 7y a tank truck. 1re wilk 1s collected i holdling
tenks on the farm. 're farm tank may be an insulatecu tank or
a cold wall tanxke. Jhen using tt e former; the milk 1s cooled
over & surfeace cooler vefore 1t 1is vlaced in tre tank. in the
later tyre, the milk is cooled in tre rarm tank. Zulk hand-
lin~ of milk 1s beling nreccticed in lccsaslities of tih e Jestern
and restern states. 4 conventlonal milk truck normally hseauls
about 100 cans; tre b1k tank on the truckx wrichk collects
milk from tre farm ras a larser caracity, usually eqguivslent
to 30C cans of milk. In tre [os Anfeles crea tre minimum
nick-ur trat has rrcoved eccnornical is 250 rellons (3). An
econoricel comrarison of can and bilk randlings is shown in
[atle V. in sareas wrere tle av.re-e mroduacer sends less ttan

250 rallons tc tvkhe Joiry, siiir-a-day mnickun 1s »nracticed.

1. “ecwendorn, L. FE., loc. cit.

2. "Prucks Loaded L0 Tuses at & i1ime,"
rood .neilneering, rebruaary 1949, vn. 173-175.

3, "Fulk lendling ot “ilk," western bailry

Journal, June 1, 1952, . 1l1l.
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ihe advanta res to tre aslr; vlant of tualk tandling over

tre mse oi 1lU fallon cens in tihre Lcs aneles area gsre listea

relow (1):

~limination c¢l' s~uce reculred i'cr receilving rcomr anc
can sterace at nr o owslry;

c1liminaticn ol raw mil« cooling et <Zxe _airy, sav-
ing tons ol refri~eration;

“limination of cen was in- &t tre ~lant;

canitatlcn at tre l'arr is encoura.;ec tecause of
eesicr and taster jotb

climinetion of milk can insrection and maintenance;

.ampling can be cone at tre furmg

11k can te received taster ( a 2,000 rellon tanker
can bte unloaded in 10 to 12 minutes);

*limination of carrying inventory of new cans for
nro¢ -i1cers;

lower tacteria count tecsiase milk 1s ccoled almost
irmediately and guality ¢f —ilk is usuzally better.

This 1s illustrated in latle V.

1.
Jcarnal,

"rtalk Yendling of ilk," Jestern
Tine 1, 1552, rn. 11.




fatle V. Unic “osts of ilx Collection in Cans anc by tarm-jank [anker
S

tems (1)

'ruck C'ixed costs:
'raccor and treiler for 350 cans
[ractor anéd tanker for 3500 csal.

Iruck oneration cost
Drivine time

Triver's .ime at rench:
rixed, mer rench
Variartle

Yenaline cens
Purrins mili

Flant time:
“rleedine cars
Tormine rilk
-ecelvinrs rcom:
rer natren
cor ~allon ceily
as¥in~ Lenxkser

1. Terry, %, L., "iank i(ruck Tollecticn of il {ro:> rarms,’
.nrinzering, senterber 1971, », LEO.

soriculiaral _cono-ies, fnlversic:
0. Ol

Cen collection

fanker collectlon

2y 123 ver r.

1:. 07(:'¢ ner Tr_'io

2.727 min/mi

2.12 min.

"7 win/ral

~ N
e (."'L'

G.0e37 rin/ral

<6l min.
.0206 min/¢al

tatle Continued

:2,7°5 ner w1,
16.22¢ ner mi.

2.727 min/mi

10.1 min.

~

0.01¢7 min/al

0.01¢7 ~in/;al

25.3 ~in/trio

Aoericultaral

vriginally rrepared .y uJlanninl Foundetion of
of "alifornls, and rercrted in “irmeorrarr ierort

92



Jatle ¥V "ontinued

Can collection lanker collect.on

"an r'ixed and mainterance costs 0.0707¢/ral
1C vr, 1ife, 2 cans ner
10 ~&l neak caracity

farr tank fixea cost ner jeer,
tesed on 2CC ral. Insdated tank with
rumn (not cold wail) »190 —er yr.

L2
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G. Other practors

A tynilcal rlant witkh a daily cenacity of 26,000 rounds
carried an investwent of fifty dollars ver czllor of dallw
camaclty on a sinc-le-shift tasis in 1948 (1).

"1lk trottle Zreakagse ace.1::bts lor somne ol tle nlant costs.
L m1I14 bottle makes f'rum 20 to 20 trins befcore bLeing troken,
and 1In 1922 tests cne-tkird of tle treasnaye cccurred in the
nlant (2). 1n 19,7, tre average numcer of trins ~er rottle
was 37. the cecrecse In treakace can bte attrikuted to the
fect that ~rc-ress a alnst breakare took nlsce in tre lJalr:
nlants (3).

It 1s dirfficult to evaluate many of tYe tazctours trat

enter Into tre zelecton snd ar-an~eent of egulr~ent. Cne

T

cf trese 1is tte ir»mrecssion tie rmlant Yas on tre vatlic. i'bis
includes disnlay c¢f racrinery, arrancerents IJor visitors,
eand cleanliness cf tre sial'f (l).

Cfren ecuinmert crranserents cannot ve ca»ried oit wrich

(24

cre icdegl from an en i1n.erirn - ctena-olnt, tec.. 'se resltnp
re~ulctions wrobhibit, often of necessity, tre arrlicat on ol
~any en~lneerin~ metto.us.

‘e shrinka e of millk 1s of.en used &as an inaication ouf

tre «fficiency of an overation. 1in 1¢>53 tle strinkare was

1. mhem~zon, C. 1., OP. Cit., ©. 22,

Ze ~lement, ~. .., lOC. Cclt.

S arcocr, 7. J., 0Or. Cclt., . IG.

li. Dlerckx, iLeo, "'Ians de lLalcerles de itfercntes
“argecities et ue T'znufacoures de divers iyres du ‘‘eme

.enre," Troceedin~cs »1l International 7aliry

Yy ~Tongress,
Volame 3, 1oL, n. GE2,
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renorted as four ner cent (1). Several mnlants now report a
shrinkazse of one rcor cent. lLioss revorted a shrinka.e of 2.29
ner cent i1 192G (2).

in 1933 the nrocessing exvenses (cost of rut.ing tre
rroduct in saleatle form) conslsted of 1.8 ver cent of the
total cost involved 1in tle distribution of milk (3). A

breakdown o0f the rrocessin~ exrenzes i1s shown in able V1.

lable VI. Costs Involved in Vilk Frocessing (L)

Fer cent cost of Fer cent cost ot
total »rocessinfr total exmenses
o COEt
ILator U1.G €.0E
"Tower =nrd refrireration 1¢.F 2.L9
ernairs SO C.7¢%
erreciat on Te23 1.07
faxes ani rent 2.70 O.hu
imsurance U Gl Cely
Autorotile 1.22 Ueal
Jartons, boxes liy.¢ 2.20
“ottle cors 2.76 Uil
Fottles Cece C.23
-urmnlics 337 O.5C
“"iscellaneous 1.41 0.21

£

1. Clement, ©. “., Loc. clt.

2. loss, Y. ~., On. cit., n. 259,

3. sommer, Fupro 7., !'erket Milk and %Yelated Iroducts,
second odition, vlsen Tublishince To., Milwaukee, 1646, n. €0€.

L. Calculated from data vresented in (3)
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in 1¢;3 a survey of 92 comranies srowed tlat tre cost of

~roducin~ a guart of milk in a naner contalner was 2.7 cents,
and in the rlass container, 2.98 cents, w'en nroduced in

trose containers only. hen coth glass and rmaner containers
were usecd, thrhers was a ccst of 3.2 cents ver cuart for mlillk
in class ana 4.025 cents nrer cuart fcr milk in varer (1). A4t
the »resent time many cairles charpge cne cent extrz a ¢aart
for m1lk iIn a verer carton. Teata are needed, based on rre-

sent cday rrices, cov rarins tre~ two ornerations witr slass

and m&gnera.

1. fartiett, clana .., the 711k Industry, :oncla
JTCSS TCay, e Ves 1956, mtie 4T
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iile. CiJelivas

l. Develor matrematical relat . onsrirnrs ol tte cost of
cackh oreration to enatle tvte _alry nluant operator to compare
his costs to calculated costs i an el't'icient ormeration.

(a) ''se to illustrate economic factors ot ecuip-

ment selection.

(t) “evelcr nomorrarts wrich plant versonnel can
use to determine quickly from eguloment sveclifications, with-
out an extensive mastrematical bvackground, the cost of a rar-
ticailar omeraticn.

2. Determline standard times for var!ouas oreretions
wrich can te used for arrargsins a work scredule.

3. tevelon chreck 1lists wrickh will enacle ecuinrent
rmanifac Tarers Lo do & tetter job of cesion &and will ensatle
tte nlant creracor tc ac & retter Jjob of egulorent seleculion.

L« Srow how tre standard times may re used as an ald to
zair; ~lent planrin—-, lncormoretin:-

(2) Jranhs anc crtarts to comrmare aifferent nlaens

(b) Ilant layoat to utilize srace and arrange-
ment of eguipment for convenience of workers

() I'omer nlecement ¢t dralns and water valves.

E, Discuss ncssitllitles of imrrcving e

1in~ent to

coril'orm to vnlant onerations and nlent workers.
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iv. et oD O AJALYSIES

‘he metbhod of ortaininge the data tor tre overationsal
costs will be discussed in trls sectione. ire omerationsl
costs consist ol labor reguirement, interest on investrent,
taildins recuirement, and utilities. Ltre actasl cslculations
involved will bte discussed In tryre next section.

‘everal comranies rnlan trelir work scredale sco trat each
incdiviinial worker tYas a clear, delin=d tesx tc reriorm in &

“iven time, with adidcd gllowances. Ve arraner-ent ol tre

o

-

wory withr tre ald c¢r & work simlilication nlar &as reducec thre
letor regnuirements as mact as one-third (1). she technigque

of otsearvins tre rath tollowed k7 each 'orxker, timin, lhis
o~erat ons, a2nd revisin.o His work rattern, 1Is called a multi-
—man gralrsis.

I're next ster in retf'inins the orersztion 1is to time the
serarate marts of t*e overation, and to comrare different
workers and develon metrods bty wrich the lator reguirements
can te rediced, or mace easier. (ris olf'ten entails an irm-
nroved desipn of eguinment. Tertainly 8 workoer weula ke more
lizel: tc accert work sim—lificat on ettods, &nd develon

t=chnicies trrcurh »is own Initlative, if tLFe eculnerent is

1. .rencr, “rarles .., "iJork Sirmlitication 1In tre
eiry :lant," “rerry-"nrrell Circle, “arcrh-inril 1¢-2, »n. 3-7.
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desirnea for his cons aeration. leaning dairy equinment is
an outstsanuins cxamrnle of an omeration which stoui1ld be sim-
~liflied tc rake tre wcecrker's job easier.

'wo metrods of recoraing sre time withr 8 ston watecr may
re "18ed. itese are tre continuous snd snap-tack mreltods. In
trye continious method the stor watcl rins continicasly and
rca~in"s z2re taken as aesired st varicus intervals. in the
sner=-tack met:od, tre 'and of tre vatech 1s snarred tach to
zero for cech interval. ’'te intervsel corf tlme 1is called &n
element. ite elerents ~oinsist of work done in a time inter-
val exceedin~ v.03 minates. t‘otl. methocds were -ised at vari-
cusS v mes. .ith thre continmious reacing trere 1is no danCer
of omittin~ rart of tle time, even tlouch a small element may
not te recorded. vrve continuous timine mectlhced ~ives tre
most satisfsctecr: resalts on most or=raticns (1). ke sran=-

taclkk mretrod eliminates a lot of calculstions, rLecaise LHte

i
3

reod

W]

s ¢cttained sre cf ar element cf work, whrereas tre

sucecessive reacin s ol tr stop water oy tre continuous

metroac must e subtracted t¢ obtein e elemental times.
Syntresized tire stancarcs are oktitzined bty erglyzing

tvYe «ats t'rom several Jorkers. Jre standards are estatlistrec

T tslin- tlre scuaaY dste for ceveral cotems of an oreralion.

iFe Inetricient sters are elli~inated, «wd Lvhe eft'icient sters

~cr? "ned to obttain an ef'r'icient ot oo, tb.is »rocecare was

: , irme Lstady and ‘otion oCcnomy,
> 9 . . 3 lchf), b . 1(1\'1-103.




usea 1n bt ls reosenrc: L'or ~ccer:-irnins L e Yime stonlard {or
can devm ', ana sar-lins ana welshine of rilk in tre receiv-
nt roor. e sttt etic tloe stocles s ast rove LYo t'cllowine

~Mursnosoriotlios Lo o e licacle vo ottor sitieLtons (1),

(a) . eqact wri.ten stanaard rrec..ze itk well-
cel'ineca element end roints

roken cwn intu ¢cimilar elementus

Sirmilar melroas usea

zivlilar ecalrment uced

*omoreneous elements

ratec at a uanifor~ raute ot =ctivity

Tomraratle allowances used.

L NS g WIS NI S

The time stuiles were taken in several cair: wnlants to

csteclisth tre lencth of tine recuaired t'or ecacr oreration. I're

tire staiv data ¢y rirfermiller (2) was atilizea on several
or~eretions. ‘everal wor<sers were otserved, snd tre inerfi-

clent mecrods of carryings out tre oreration eli~inated te-

ey

L OY

5

n~ it as a rasis f'or cost stuaLlos ¢ Jle creratlon.

®
0
e

1t 1s ci'cen 2acgy Lo note v ¢ tetoi=r worsinr tecrnigues after
ciservine in tail sve worier's wovecerts,

Lossicilicies o Irrrooversnt L oiilierent nlanbs were

cl.gervec W lle rerln, LPe T Led and recorcaca 1.0 L:e crech
lists. e atv.ert waes made tLe et tve worxer tc adont dit'-

TeELYOUuS .

-
D
i
W
ot
[us

.rn allowance oI twenty —er cent was mrade atove *“ro

reele time at ¢ normal race. ‘'re allowance consists cf five

~zr ~ent cr =mersoral eeds, [ive mer cent tor . eleys, and
e 3 R A La F
. anage 1, e ey ON, ClL., ™. 344 .

N =

loc. Ccite.



ten mer cent for teati~ue. 1'Yis arees closely withk thre

findain's ¢t a ¢cuestionnaire answerea :; =zevrral comrenies (1).
‘e ffollowings 1tems are co monl: included in allowances (|

(a) “elayvs virirpg wrich cke overatcr is idle te-
caise of macrire Lreckdowh.
(t) Ilreraring work essen.isl to —aintalin flow ot
WOTHK e
) "aintenance and lavrication.
i Idle t'ire during wrieckr orcra-or is waitin- for
macrine.
(e) “rcduact ultmately rejected btuat on wrier
ncrmal work 1s wone.
(£) J{reorator muzt werk slcecwl; tezesuse of slow tflow
of materials.
Froeuction redaniced tecanse o added wanusl
work--as l.ooserin. rsn lids ©y S rrer.
(r, 1 scti:zl tlre.
(1) Jatime.
(3)

sneTrtive Ifsctors.

~
3
~—
T

Tata for v oarea reounlirerencs oI Sre eculvnoont were ci-

talne. frc: %le ocntlle acs O+ tre co rarvies manuafactarin  tre
cairy ecuirmert. eversl rleces ol ecuivrent of tle same

clize were avera -ea Lo :ctlker tc ottelin rerresencetive values
of tre vailadinrs srace ro2cuirea.
e 2¢cst ~rices 10 te ecuinent were otteined from ttre

.

sales rerresentatives cf variois manaitscourers. i'tYe rtasic
~rices were cttsined so trat tre costs weuld be s uniform

as rossitle. ‘e accessories commonly murcresed with thre

-~ .

eciirment vere sdded tc tre rese nrices. rre s:me rtasis was

uged for ccmraring citferent vileces of ecuinrent. -

Ls cSiscussed uncer Tre rrevicus sectlon, witlh reard to

s, .roachkries wsre isaslly Troaunea Inte Titrer

Y

0

ti~e stacle

1. ~ orrcw, .orert i., Lr. ClCe, . &1
2. tresrrave, _&lrr, .le Uinamlcs ol ii~e .tudy,
e sraw-'"111 Fook Comrany, . Y., 1.5, p. 1GE.




continuous or
would core

severgl oreraticns in

rervetitive orerations.
u-der tre former division.

» the milk nlant

3¢

e dairy Industry

Vowever, trere are

whrich are reretitive

ffer the worker. tt*ese are aumnin.r, welrcrin-, and sammllin;
of milk, »l=2cinr filled tccttles into cre.es, ~lacin;s tottles
intc thke tottle washer, and steckin~ tilleac cottle crates

in tte stora~e rcor. V'he

of s a reretitive oreration
lones vericd oi tire.
tions.,

I're guestion of selectin:
most mromise for furtrer stady;
thre orerct . ons most —~romisin:
wrichr are costly,
trose
in~ oreration vividly
of rarvestinr ensils e witv =g

tre armount of tirme t1sec in

man-roars rer ten, which

Farvestin—~ anc »ea1linc tre hey

ocreraticn was sticdiled, ara
unloadin- tirme
,o facilitate nlart layonut

information was assemtled wrichk

1.
"leccr Daty
roineering,

Navidson, J. ¢, . X
in tte ‘'arvescing

.erperter 12L3, v.

cleaning

“+turles wWwere

freguently
f'or
ttese wrichk recuire
wrich sre ren~titive Iin nature.
11luastretes tris item.

ffcrare rarvester
nnlcadine
was lconrer sluaun
(1).
eculvpment develoned,

wes reaaced to O.

of

oreration c¢oald be troutt

7wren 1t 1s consiadered over a

maae on toth tyvmes of overa-

tre ovreration wrich cffers thre

arises. enerally,
imrrcverent are trose
~orsideratle lator, &nd
‘n exammle of a farmwm-
<n analrsis
srowed trat
t*e ensila~e was 0.6F
tre time reguired for
the time consuning
SO tret tlre
G man-hcrs ver torl.

and ecuin~ent arranpgerent,

e 1sea to nlan tlre

~
(O & W]

Sheaud, *o J. "0llins,
“nsilece," A-ricaltaral
293.
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movements and work schedule of each worker. By charting the
path of each workcr, the efficiency of labor utilization can
be ascertained. ["he equipment can then be moved to posi-
tions which may apoear to te a more efficient layout. By
applying the availlable information, a tangible means may be
used for comparing equipment locatioas.

The efficiency of labor utilizaetion 1s paramount in
rlant planning. Fowever, a minimum floor area, and short
utility lines are cesirable.

A visual means of studying the plant layout 1s very help-
ful. Scale models were used in this study. A scale of
1/4 inch equal to one foot was selected for the models and
floor plan because it 1s the standard scale usually used for
plant layout (1). Block models were developed for each
piece of equipment. 1In most plant planning, the worker
stands in one place or works in a limited area during his
work. Consequently, the flow of the product receives major
attention. In a dalry plant, the worker must move from work
area to work area; therefore, the path of the man must re-
ceive pnrimary consideration, with the nroduct receiving
secondary consideration. In a dairy plant, the flow of the
product will be considered indirectly in minimizing the
labor requirements because the plpe line requires consider-
able cleaning time.

A grid is used as a background for the floor plan. The

grid is laid off in one-fourth inch squares to aid the

1. 'Apple, James, op. cit., D. 229.

y |
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observer in noting the distance between equipment and various

overations.

for the floor is one foot.

In evaluating a plant layout,

The distance between lines of the grid used

an activity chart was used.

An activity chart provides a gravhic method of 1llustrating

the individual steps of the work performed by men and/or

machines (1).
right and left hand movements,
distance 1nvolved in each individual step.

Table VII are used to 1llustrate the individual

and may 1indicate

The activity chart may be broken down into

the time and
r'he symbols 1n

steps.

Table VII. Symbols for Activity Chart (2)
Symbol Name Man Activity Machine Activity
Overation Doing something Machine working
at one place
Operation Not used Man operating
machine
Ferson must
Quantity determine Not used
determination quantity of
item opresent
InspectlIon of
Inspection product or Not used
container or
equipment
Delay Idleness Machine 1is

1l

idle

Each step 1in the present operation and proposed opera-

tion can be criticized with resvect to the check lists

l.
2.

Mundel, M.

Eo, O L] Cito’ pO
Adapted from ManEeI, op. cit.,

171.

p. 186.
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provided. A new chart can then be developed for the pro-
rosed on the basis of the check list suggestions and re-
checked.

The handling of the cans, milk, etc., in the plant
should be studied to see if che cost can be reduced. TIhe
materials handling for different equipment locations can be

analyzed by collecting the data to complete Table VIII.

Table VIII. Analysls of Fandling of Froducts

Number of Time
Distance 1in units Number of in
Method feet moved persons hours

In order to utilize the data fully it i1s necessary to
anticipate production, apvly princivles of efficient handl-
ing, and orescribe changes. Fach of the following handling
methods should be investigated for each of the items handled
from the time of entry into the plant until they leave the
plant:

Manual

Conveyors, chutes
Pipe line

Irucks and carts
Trolley and monorail

Fallets, 1ift trucks
Elevators, hoists

B Xane Tame Tann X Ran P
memooo®
S Nt S Ve gt st et
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V. CALCUL..I'1ONS

The method used for calculating the data included in
Tables V to XXVII in the Aprendix, and illustrated in
numerous figures in the discussion of results, 1s discussed
in this section. All equipment costs are based on 1952
prices. The figures presented in later sections on opera-
tional costs apvly specifically to new equipment. When the
new cost is less, tre ensulng cost is less. The operational
costs of used equivpment can be calculated by use of the

charts rnresented in the later section on equipment selection.

A. Fixed Costs

l. Taxes, insurance, and licenses. The taxes, in-

surance and license costs were figured at three per cent of
the original cost of the equipment and building. In 1930

the federal and state taxes amounted to 0.5 per cent of the
investment (l1). A survey of ninety-two companies in 1943
showed the annual taxes, insurance, and license costs to be
about one elghth of the building and equipment depreciation(2).
Thls would amount to about one per cent annually of the first
cost of the building and equipment. Taxes are often as high

as five ver cent of the investment (3). At the present time

l. Eidman, fF. L., Economic Control of Engineerigf and
Yanufacturing, YcGraw-Fill Book Company, New York, 1931, p. 29.
2. Bartlett, koland W., op. cit., p. L46.
3. Grant, Bugene L., PrinciEIes of Engineering Economy,
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insurance rates are higher tran those reported in pre-

vious surveys, and more money 1is required for licensing

and inspection. With an increase in the rate of taxation,
and recognizing that the tax evaluation is often one-half of
the first cost, a value of threz per cent of the original
equipment and building cost was chosen.

2. Life of equlvment. 'When calculating interest and

depreciation 1t 1s necessary to estimate the 1life of the
equipment. ihe calculations in this dissertation were based

on Federal Tax Guide keports (1), as shown in rfable IX.

fable IX. Estimated Life of Dairy Equipment

Chain conveyor ~eecceccccccceccccccccna= 15
Roller ConveyoOr~---weccrcccceccccc e e 1l
can Dump ----<cccceccecccmmccccccccrcaaa 17
Yeigh Can --e-ccccccccaccccc e 12
Milk Scale8 ==—--ceccmecm e e e 18
Stralght-away Can Washer ---c-ccecccec--- 17
Rotary Can Washer -—----c-ccccccccccacaa- 12
Piston Milk Pump ---cecccccacccccacaa- 1<
Centrifugal Milk Pump -------ccccccca-- 18
Sanitaery Piving and Fittings -«eccecw--- 14
Clarifier —ecececceccccmccccmmcc e 14
Surface Coo0lér ~=-emcccmcccccccccccccaa- 12
Internal Tube Cooleér --ececccceccacace--- 18
Coill VAt ==cccecccccccccccccccccccccne- 20
Storage Equipment for Receiving ------ 18
Glass Lined Milk Storage --—--cececcec-- 20
Coll Keaters ~ececcecceccccccncccccce==- 20
Forewarmer ----—-—-ceccecrcrcccccccc e 12
Cream 3Ieparators =e—e-e=ceccccceccca--=- 16
Homogenizer -----cccccccmmccccccccceea 17
Pasteurizer ~c-cceccccccmccaccccccccce—- 15
Bottle Soaker Unit -==--ceccecccccaccaaaa 15
Bottle Capper ---—-—cececcccccccccccacccaa 17
Carton Machine eeeccceccccaccrccac—c--- 15
Ammonia Compression System --==cecc-a-- 22
Brine System -----cccmeccmcceeeecee e 15
Other Fecelving Equipment «---ve-ec---- 15
Milk “ottle CaSeS —=---cmemcec—cco—oa——- L

l. Federal l'sx Gulde Feports, Commerce Clearing House,
A[nc. a 1Qh8. DO o 286_2880
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3. Depreciation and interest. The annual depreciation

of most equipment 1s figured by the stralght-line method in
which the salvage value of a vpiece of equipment 18 sub-
tracted from the initial cost and the difference divided by
the life of the eguipment.

In figuring equiprnent costs the interest should be in-
cluded because the money 1s beilng used. Otherwlse, the money
could be invested in stocks or bonds where it would be ex-
vected to give a financial return. The common method of cal-
culating the annual interest cost is to multiply the interest
rate times one-half of the original value of the invest-
ment, or times one-half of the difference between the origi-
nal and salvage value of the equipment. The interest rate
varies with the size and tyve of investment. The large in-
vestor expects about two per cent interest; whereas, the
small investor expects about six per cent interest (1).

The straight-line method of depreciation is an approxi-
mate method, but the simplest. The annual cost of capital
recovery which includes the depreciation and interest may be

calculated by exact means (2). The exact capiltal recovery

n
factor is ¢ 1 (4 + i) )» in which n 1s the estimated 1life
(1 + 1) - 1

of the equipment in years, and i1 1s the interest rate. Ey

multiplying the first cost of the machine by the capital

l. Grant, Eugene L., Principles of Engineering Economy,
Ronald Press, Y. Y., 1950, pop. 71-8L.
2. Ibid.’ pn. 86-870
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recovery factor, the annual payment necessary to pay for the
equlpment with interest 1s obtained, if there is no salvage
value. Table X gives the capital recovery factors for four
per cent interest. Values of the capltal recovery factor
for other rates of interest are available (1).

Table X. Capital Kecovery Factor for Uniform Annual

Depreciation and Interest for an Annuity whose
Fresent Value 1s one with Four ver cent Interest

n_years _CRF n_years CRF
1 1.0400 11 0.1141
2 0.5302 12 0.10€6
3 0.3603 13 0.1001
L 0.2755 1l 0.0947
5 0.22L46 15 0.0899
(3} 0.1908 16 0.0858
7 0.16€6 17 0.0822
8 0.1485 18 0.0790
9 0.1345 19 0.0761
10 0.1233 20 0.0736

Many of the pleces of dairy equipment have an appre-
ciabtle salvage value because they contaln valuatle materials
of construction such as stalnless steel, copper, motors, and
other accessory parts such as switches and control cdevices.
A selvage value was selected for each piece of equipment,
ranging from zero to ten per cent, depending on the item.
When a salvage value 18 anticivated, the annual capital re-

covery is calculated as follows (2):

. Ibid., bn. 596-€£13.
. TIbId., c. f9.




Canital Recovery = (First Cost - Salvage Value) (CRF)
+ (Salvage Value)(Interest kate)

The difference between the straight-line and accurate
method of calculating the depreciation and interest is not
great for equioment with exvected life of twenty years or
less, considering the assumprtions which are made for taxes,
insurance, repairs, etc. For a large investmrent, over a long
veriod, the difference is large, as 1s shown by [latle XI.

Tre straight-line methoa was used for thre calculations in this
research so that tre results could te obtained as simply as
vrossible and still te as accurate as the data on which the
calculations are ktased. I'he methocds used in the calcula-
tions have been kept &8s simple as vossircle so that they can

te used by Interested dairy personnel who might not have an
extensive mathematical background.

The annual interest charge is the product of the
interest rate and the aversage investment. The average in-
vestment 1is equal to one-half of the sum of the first cost
and the salvage value. This method was used for the calcula-
tions in this dissertation. Another, slightly more accurate
method for calculating the average interest 1s as follows (1):

Average interest = (first cost - salvage value)(é)(ﬂ_i_l)

n
+ (salvage value) (1)

lo Ibido, po 95.
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Table XI. Annual Depreclation and Interest on an Investment
of $1000 at L per cent Interest by
(a) straight-line devreciation plus average
interest
(b) accurate method using Capital Kecovery Factor

ver cent

Years (=) (b) difference
Y 220.00 224 .60 2.0
10 120.00 123.30 2.7
20 70.00 73.60 L.9
30 53.40 57.80 7.7
Lo 45.00 S0.50 11.0
50 LO.00 L6.60 14.0

L. Building costs. The cost of the building was cal-

culated for each operation in the dairy. In a few cases,
added bulilding svace 1s regulred to decrease the labor re-
guirement, as exemrlified by the storage tank design. Ihe
saving in lator was comnared to the additional cost of oro-
viding more building spece.

In 1930 bullding costs varied from $0.25 to $1.10 per
cubic foot for brick construction, with tre more exvensive
esti~ate fcocr stores (1). In 1946 the cost of a mercantile
tuilding was estimateda at #0.70 per cutle foot (2).

Most dalry plant equipment 1s located in processing
rooms which have a height of twelve feet. The volume oc-
cunied by a plece of equipment was calculated on the basis
of a room of twelve foot high (3), at $1.50 for each cublic

foot, or £18.00 for each square foot. This estimate was

l. Ekidman, r. L., op. cit., p. 67.

2. Fulver, ¥. E., CTonstruction kstimates and Costs,
Mc Graw-F1ill Book Company, N. Y. 1947, p. 4C35.

3. ¥Yitten, ¥Forace L., oop. cit., p. 30.
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obtained by calculating the cost of constructing a dairy with
a capacity of 60,000 pounds per day. The estimate agrees
closely with the value obtained by applying the 1930-1950
building indexes to the building costs of 1930 (1). PRuild-
ing depreciation is assumed to take place over a fifty year
period (2). No salvage value 1s allowed for buildings be-
cause technological changes often decrease the value of a
structure to such an extent that it 1s often a liability

rather than an asset.

5. Repairs, maintenance, supplies. The repair,

malintenance and supply cost was considered to be four per
cent of the first cost of the equipment. It 1s true that the
repalr cost 1s expected to be low when the equipment 1is
relatively new, and large after the equipment has been used.
The repair cost will vary considerably with different pileces
of dairy equipment. Data are not available for individual
pleces of equipment. 1In boller operation, one to two per
cent of the original cost is required for repairs, mainten-
ance, and supplies (3). However, this cost would be ex-
vpected to be higher for dairy equipment which overates 1in
moist conditions, constantly being assembled and disassembled,
and requiring consideratle soap solution for cleaning. The

repair and meintenance supnlies for the whole plant

l. See Arpendlix Table III for economic indexes.
2. Federal lax Guide Peprt. op. cit., p. 274.

3. Perry, J. F., Op. cit.
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amounted to about one-half of the depreciation of the build-
ings and equipment in a survey of 92 companies in 1943 (1).
On this basis, a value of four per cent of the original cost
of the equipment approximates the normal plant charge for
repairs and maintenance.

The exvense for repairs would be expected to depend to
some extent on use, and these costs might be included in the
opverating costs instead of fixed costs. In the case of farm
tractors where the equipment is used a reasonable amount
under average conditions, there is justification for in-
cluding repairs as a fixed cost (2). The same assumptions can
be made for dairy equipment which is used with more regu-

larity and care than much farm machinery.

B. Overating Costs

The costs for electricity, water, steam, and refrigera-
tion will vary considerably in each plant, depending on the
quantity used, and the location and operatlion of the plsent.
The calculated values for the utlilities were used throughout
the calculations, so trat all equipment would be on the same
basis. These figures will give an accurate relationship for
comparing equipment, but can only be used as an average

value, or as a gulde for figuring plant costs.

1. Partlett, Roland W. op. cit. p. L6.
2. Rarger, é. Ley, We M. EarIeton, E. G. McKibben, Roy
Eainer, Tractors and Their Power Units, John Wiley and Sons,

New York, 1952, po. [5l-452.
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l. Electriclty. All electrical energy costs were

figured at $0.0125 per kilowatt-hour. It was not possible
to place meters on all the pleces of equipment employing
electric motors. Data were taken from the manufacturer's
speciflications for the equipment, and converted to kilowatt-
hour values based on motor power requirements of induction
three-phase motors as established by Ibbetson (1), and the
length of time the motor was 1in operation. No attempt was
made to calculate power requirements for controls, the cost
of which is small, and which 1s included under the cost of
supvlies.

2. Water. The commercial water rates as of April 1,1952
Lansing, Michigan, were used as the basis for the water costs,

25¢ per 100 cu. ft. for first 500 cu. ft.

12¢ ver 100 cu. ft. for next 1500 cu. ft.

1ll1¢ per 100 cu. ft. for next 3000 cu. ft.
9.5¢ per 100 cu. ft. for all over 5000 cu. ft.

A typical 25,000 pound per day dairy uses about 60,000
cu. ft. of water per month (2). Based on these values, the
average cost of water in different slizes of plants 1s as
follows:

20,000 1b. per day dairy, $0.10 per 100 cu. ft.
40,000 1b. per day dairy, 30.099 per 100 cu. ft.
60,000 1b. per day dairy, $0.098 per 100 cu. ft.
80,000 1b. per day dairy, $0.097 per 100 cu. ft.
100,000 1b. per day dairy, ¥0.096 per 100 cu. ft.

3., Steam. Most of the references available which give

the cost of boiler operation were written at least twenty

T. 1bbetson, N. S., Electrical Fower IEngineers!
EFendbook, Chemical FublishIng Comvany ol New York, Inc.,
N. Y. 1939, p. 134. (Appendix Table 1V)

2. "OCperating Time Schedule," Planning Flants,
Sales Engineering, Cherry-turrell Corporation, Chicago,
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years ago, or gave costs based on fuel costs only. Two
methods were used for determining the steam cost, based on
different references, and averaged to establish a reasonable
cost for steam. |

A plant l1nvestment of eight dollars per pound of steam
making cavacity ver hour 1is required (l). O the tasis of a
10C boiler horsepower (BHF) boller, or 3,,50 pounds of
steam per hour, the investment would be $27,600. All fixed
costs in a boiler plant are figured at twelve per cent of the
investment (1), or $£3312. The daily costs of operation of

the boller are as follows:

Fixed CoStS =-cccccccccec-a $9.10
LALOY -=m-mece-mecmmeem—mee 10.90
Electriclity ---c-co-vccceca- 1.C0C
Nater —------ v cr e e 2.00
Fuel —c--ccccrcccrc e e e 15.00

Total Dally Cost & 38,00

The total cost 18 calculated on the basis of providing
13,800,000 Btu. wer day. The total cost would be $2.75 for
1000 Rtu. or one vound of steam.

A cost of $2.25 per pound of steam was quoted by
Gaffert (2) in 1946 for a high cavacity boiler above 1000
boiler horsepower. Correcting this figure on the basis of

the 1950 Economic Index for fuel and power cost (3), the

1. FPerry, J. H., Op. cit., p. 1631.

2. Gaffert, Gustaf A., Steam Power Stations, McGraw-
F1ill Rook Comwmany, New York, 1946, p. 506.

3. The Economic Almanac, 1951-2, The
National Industry Conlerence Board, <4 Park Avenue,
New York 12, New York, p. 110. (See Appendix Table III).




50

equivalent charge for one pound of steam in 1950 was $3.32.
The average of these two values of $2.75 and $3.32 1s $3.03
which was used for all steam cost calculations. A boiler
efficiency of elghty ver cent was assumed in determining
fuel costs.

Unless other data were available for particular pieces
of equipment eighty-three per cent of the heat output of the
boller was assumed to be converted into useful heating en-
ergy at the equlvment. Thls assumed efficiency is not un-
reasonable when the condensate 1s returned to the boller.

The cost of steam 18 considerable higher than that
given by many references for plants with capacities above
10,000 pounds per hour capacity. Values between {0.40 and
$#0.70 per pound of steam are reported (1) (2).

The steam requirements for the various voleces of equip-
ment were calculated from published data and manufacturer's
recommendations. The time required to accomplish the heat
transfer was evaluated from the U (3) values of the differ-
ent nieces of equivment. The U values were used for com-
paring the heating times for the batch processes. For the
continuous processes with low U values, such as heaters and
coolers, the heating surfaces would have to be larger to
give the same capacity as equipment with high U values. The
larger heating surfaces would be reflected in higher initial
costs.

L oridited in'dSRaTSkreteii, B G., and W. A. Vopat,

"Applied Ener Conversion," McGraw-Hill, N. Y., 1945, p. 347.
3. See Glossary lor explanation of U factor.
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4. Refrigeration cost. In 1943 the cost of operating

a compressor was $0.53 per ton-day (1), excluding cost of
rental. The opersting cost includes a labor cost of $0.08
prer ton-day, which will vary considerably with the size of the
system. Corrected on tlre basis of the 1950 Economic Index (2)
the labor charge 1is #0.12 per ton per day in 1950.

An investment of }1500 per ton 1s required for a re-
frigerating system (3). The annual fixed cost figured at
nineteen per cent of the first cost (L4) 1is $285 per ton, or
$£0.78 per ton per day. A total cost of {l1.35 per ton-day is
gotten by adding $0.78 for the fixed cost, $0.45 for the
overating cost (calculated ty subtracting $£0.08 from $0.53),
and $0.12 for the labor cost. This 1is equivalent to an hour-
ly cost of $0.056 ner ton of refrigeration. Thre total cost
will vary considerably with a change in plant size. Based
on a comvarison of operating costs for ice-making equip-
ment of different sizes (S5), Table XI1 gives the cost of
operating the refrigeration systems of different sizes of

dairy plants.

l. McCoy, Danlel, Editor, hefrigerating Data Book,
3rd edition American Society of FRefrigeration Englneers,
1951, p. 641.

2. The Ecqgoméc Almanagé loc.Ig§§.

. PFPerr . s OP. C e Do

i. Moyeg: J. A., RefrIgeration, McGraw-Hill Book
Company, New York, 1928, p. 255.

5. Motz, William F., Principnles of Refrigeration,
Nickerson and Collins Company, Chicago, I1llinols, 1926,
pp. 590-616.
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Taeble XII. Cost of Operating Refrigeration Systems
in Different Sizes of Dairies

Dally Capacity Fefrigeratlon Cost

Pounds Dollars per Ton-hour
80,000 . 0563

60,000 .0563

50,000 .0575

40,000 . 0605

30,000 .064L3

20,000 .0675

15,000 .0766

10,000 . 0860

The most efficient method of refrigeration in a dairy
is by means of an ice bullder sweet water system. The
initial cost of one small comoressor and an ice builder tank
is the same as the total cost of & larger direct expansion
system (l). The total operating cost, however, of an ice
builder system 1s much less than for the direct expansion
system because the demand rate 1s much less. The energy
charge 1s theoretically slightly more, but practically the
energy charge 1s about the same because of the inefficiency
of the compressor motor from starting and stopping caused by
rlant delays. The sweet water system was considered to
operate at s8ixty per cent of the electrical cost as the
direct expansion.

water 1is often used to do prart of the cooling in the
nvlant. It 1s usually necessary to circulate from three to six

times as much water or sweet water as milk to remove heat.

1. Xampman, W. J., "Principles of Mechanical
Refrigeration® Mimeograph, University of Illinoils Extension
Course, 1949, p. 15.
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The quantity of refrigeration required to accomplish
the cooling 1n different types of cooler was calculated from
the efficiency and the U values.

S. Labor costs. All labor costs were figured at $1.75

per hour. Any time a plece of equipment has a capacity that
required the attention of a man, but only the actual physi-
cal labor of one-half a man in a later operation, the wasted
or inefficlently used time was charged to the improperly
sized machine. In conventional analysis, i1f the man is not
kept busy, the implication is trat he 1s not doing his share.
Some of the evils of time study can be elimlinated if the
lack of work of the employee 1s attributed to the machine
which he is attending. The fault then lies with the engi-
neer for improverly designing the equipment. Penalizing the
incorrectly sized machine aids in selecting the proper plece
of equivment on the basis of the operational analysis.

Even though equipment may not be designed to utilize
fully the worker's time and attention, an efficient plant
operator will organize the work schedule to utilize labor
fully. Such a procedure requires additional traveling be-
tween egquivment for the worker, and is not efficlent 1rf 1t
can be avoided. On the other equipment, such as a can washer
which is too small, the worker could not vossibly utilize a
small fraction of the delay time when the equipment is
slower than the worker.

The cleaning time of each plece of equipment includes

the disassembly and assembly of the parts.
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Dairy equipment which 1s normally thought of as being
automatic 1in operation, as a heater, high-temperature
short-time (HTST) vasteurizer, cooler, etc., had a super-
visory labor charge added to the cost. The supervision labor

was determined on the basis of a vercentage of the total opera-

ting time of the equipment.
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VIi. DISCUSSION OF RESULTS

A. Recelving Room Operations

l. Dumping. The rate of dumping the ten gallon milk
cans 18 the key to the various operations in the receiving
room. The size of weigh can, receliving tank, and cavacity
of the can washer should be determined by the sveed at which
the overator can dump the milk cans.

In the one-man receliving operations one worker dumps
the milk cans, weighs and records the weight of tre milk,
samples the milk, and releases the milk from the weigh can.
The equipment in a one-man dumping operation 1s 1illustrated
in Fig. 2.

Two different arrangements for the workers were used in
the two-man receiving rooms. In one work arrangement, one
worker dumped the mlilk cans, weighed and recorded the welights,
and released the milk from the weigh can, while the other
worker sampled the milk from the weigh can. In another work
arrangement, one person dumped the mlilk while the other
worker weighed, recorded the weight, sampled the milk, and
released the milk from the welgh can.

Two different work arrangements were used in the three-
man receiving rooms. In one work arrangement one person

dumped, one person welghed, recorded, and released the milk
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from the weigh can, while the third person sampled. In an-
other three-man work arrangement, one man loosened 1lids, one
man dumped, and one man welghed, sampled, and released the

milk from the weigh can.

Fig. 2. Equipment in a Typical One-man
Dumping Operation

The rate of dumping the cans is influenced by the num-
ber of cans per producer, particularly for the one-man
onerations and the multiple-man operations where there 1s a

delay for weighing and sampling. The two- or three-man




overation can only be justified if the subsequent pro-
cessing operations are slowed down or stopped because of a
slow rate of dumping, which might occur in a one-man
oneration.

The average of several hundred readings in various
dairies is used for the basis of the standard time for re-
ceiving room operations in Table XIII.

Table XIII. Standard Time for Receiving koom

Cverations
(Dumper checks qualifty, unless otherwise specified)

57

Mins.
A. PFor one-man operation

Dumping time per can, 0.10 min.

Welghing, recording weight, emotying weigh can, 0.13
Sampling time, 0.07

B. For two-man operation
(1) One man dumping; one man welghing and

sampling
Dumring time per can, 0.091
Dumping delay time for welghing and

sampling between producer lots 0.06

(2) One man dumping and weighing; one man

sampling
Dumping time per can, 0.10
Nelghing time for dumper, 0.13

C. For three-man operation
(1) One man dumping, one man welghing,
one man sampling
Dumping time per can 0.091
Delay for draining weigh can between

producers lots, 0.02 to 0.06

(2) One man loosening lids and checking for
quality, one man dumping, and one
man welghing and sampling, same as
B (1) above
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The time for weighing may be decreased from 0.13 to
0.095 minutes by using a print-weigh device on the scales.
At 1952 prices, with labor at $1.75 per hour, apprroximately
L .8 years would be required for a 0,000 pound per day dairy
to pvay for the added cost of a print-weigh device. The pos-
sibllities of decreasing welghing errors and the ease to the
weigher should be considered in addition to the time saving
when consldering the purchase of a print-weigh device.

For the maximum dumping rates to be attained, the milk
cans must be avallable to the dumper. The trucker cannot be
expected to unload cans steadily and loosen lids to supply
the dumper with cans at a rate exceeding seven cans per
minute. In order for the faster operaetions to te successful,
the truckers must helv each other in unloading the trucks
and loosening the lids. 1In a three-man receiving operation
where a worker is 1inside the plant loosening lids and check-
ing odors, as outlined in C (2) of Table XIiI, the worker!s
productiveness would be increased i1f he were placed outslde
the receiving room and assigned the task of setting the cans
on the milk can conveyor, loosening lids, and checking for
odors. Improving the receiving room operation, where the
worker is actually 1dled, while being envied by his co-
workers, may result in unsatisfactory labor relations. 1In
such a case, changes should be vplannec, but not carried out,

until an appropriate time.
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The dumpling procedure has much to do with the rate of
emptying the cans, recording weights and sampling, parti-
cularly for a one-man operation. The ease of carrying on the
work and preventing milk loss by providing adequate time for
drip are imrortant.

There was no correlation between the rate of dumping the
cans and the amount of milk in the cans. It was found that
there was an average of 60 pounds of milk in a can, except
during the svring months when tre weight of milk per can was
72 pounds.

If the arrangements in the dairy are such that the
trucker does not loosen the 1lids, tre dumrer should loosen a
series of can 1lids around the conveyor, dump the cans, and
repeat, rather than lcosen the lids individually as the cans
come to the dump rail. The time required to loosen only one
1id §is 0.07 minutes; wrereas, the average time regquired to
loosen each 1id while walking around the conveyor where
several l1llds are loosened 1is 0.02 minutes.

2. Weligh can and receiving tank. Weigh cans are normal-

1y manufactured in 500, 750, and 1000 pound sizes. Similarly,
the weigh can may be supported by a 500, 750, or 1000 pound
scales, predominately of tlre Toledo scale type. The 750 or
1000 pound scales may be used for tre 500 or 750 pound
welgh cans.

A question is frequently ralised by daliry plant opera-

tors as to how large a weigh can should be used, or the
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practicability of replscing a 500 pound with a 750 pound
welgh can, or larger.

The size of welgh can should be determined according to
the amount of mlilk handled dally and the number of large
rroducers. If all tre milk producers shipped less than 500
pounds there would be no advantage in using a weigh can larg-
er than 500 pounds. As the per cent of producers over 500
pounds increases, and as the number of pounds of milk hand-
led daily increases, the value of the labor saved through
dumping, increases. Fig. 3 relates the size of dairy in
pounds per day, ver cent of producers less than 500 pounds,
and the cost of replacing (including installation) the 500
pound weigh can with the 750 pound weigh can to the years
required to ray for the added cost by the labor saved. This
chart may be used for selection of a new welgh can on the
same basis. Fig. 3 may be used for a one-, two-, or three-
man overation. Although the actual lengtk of time saved be-
tween weighings is less for a two-man operation there are two
or three men involved in the time saving, makling the total
saving practically the same as in the one-man operation.

In the one-man receiving room, there 1s sufficient time
for the weigh can to drain while the operator 1s recording
the weight of the milk. In the two- and three-man operations,
the speed of dumping 1s controlled by trhe time reqguired to

drain the weigh can. It 1is necessary for the person weighing

. el
‘
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Per cent of milk Years to pay for with
received in lots hourly 1ladbvor at
less than 500 1bv. $1.75 ’2.25

A1

S0

~

(W)
6

100,000

-
Rerlacement P 7
Cost, Dollar / 6 Y
£0,000 //r 5 e
-1
4 a
800 *r
s
Handled
Daily,
Pounds

40, 000

N 20,000

\\\\

1.5

\

o)

Example: A dairy receiving 60,000 1lbv.
of miIlk daily with 60 per cent of the.A
milk in less than 500 1b. lots. The
replacement cost for a 750 1lb. weigh
can is $350. lLabor is $2.00 ar hour.

Solutions Locate A as shown above, de-
termined by size of dairy and size of
shirpers. Locate B, which is deter-
mined by the rerlacement and labor
cost., Along line AB locate C at the
arpprorriate hourly labor charge, and
read 3.6 yr. to pay for the 750 1b. \
weigh can.

Interpretation: Even though the normal

e of a weigh can is 12 yr. the dai
should plan to pay for the new equipment
by the labor saving within 6 yr. to avoid
the possibility of loss through 1
obsolescence.

¥*I1G., 3., LHART FOR DETERMINING YEARS REQUIRED TO OWWSET
ADDITIONAL COST OF 750 LB. WEIGH CAN IN COMPAR-
ISON WITH A 800 LB, WEIGH CAN RY LAROR SAVED.

CWH
6/3/52
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the milk to observe the mllk draining out of tre weilgh can
or to observe the hand on the scales before closing the valve
after each weighing.

In all the plants studied, the milk was released from the
weigh can through a valve controlled by a manual or air
operated hand lever. The lever was again manipulated to close
the valve. The speed of the operation could be increased
and the work of the operator lightened with a foot operated
air valve.

The time for draining the weigh can varied considerably
as shown by Fig. 5. This variation could be eliminated by a
self-closing valve. The average saving in time would be 0.02
minutes per welghing on one-half of tre weighings. A 100,000
pound per day dairy would have an average of 330 welghings
per day. The yearly saving would‘amount to (3.3 minutes per
day) x (365 days per year) x (3 men) x (1 hour per 60 minutes)
or 60 hours. At 1952 vrices, three years would be required
to pay for the additional cost ($315) of the self-closing
feature of an alr-operated valve.

Sampling 1s usually done manually with a small hand dip-
ver, but can be done with a vacuum sampler. There should be
no obstructions to sampling. (See Fig. 4). The sampling
time was found to be 0.07 minutes by either method. The
vacuum sampler 1is often given credit for quicker sampling
than the manual dipper method. In fect, because of vpoor

teckniques, the vacuum sampler often requires as much as 0.05
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Fig. 4. Obstruction to Convenient Sampling

minutes longer for sampling than the manual dlorer method.

It isn't necessary to Justify trhe additional cost of the
vacuum sampler by a saving in labor, however, because the
overator's work 1s lightened. TIhere 1s still a guestion by
some plant overators regarding the accuracy of sampling. The
sample is always taken from the same vosition in the welgh
tank with a vacuum sampler. The vosition of sampling is
claimed bty some plant operators to favor a high test for the
small producer, and a low test for the large producer Le-

cause of the tendency of the fat particles to rise tc the
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top of the milk. This undesirable feature could be elim-
inated by fastening the sampling tube to a float which would
move up and down with the milk.

On the other hand, tre reliability of wacuum sampling
has been established by tests of various other dairies. The
results of a large Indiana Dairy Plant, in 1948, are shown
in lable XIV. Although this data was furnished by the
manufacturer of the vacuum sampler, the data may be obtalned
from tre cairy.

Tatle XIV. Comparison of Vacuum and Fand Sampling (1)

Tests obtalned ©
Vacuum sampler ﬁang sampler

FNNO WOV NOWOVWWOONHN KM

FErwEE R wEwEwwEoEEE e
FonhoOrHwoOoONNOWO MEEEOENHNN
FErwErrwwEwEFwE o E Wi

l. Information suvplied by the Lathrop-Faulson Company
in private correspondence of Vay 8, 1952.
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The size of the receiving tank should be large enough to
permit continuous dumping without delay, which 1is usually
from two to three times as large as the weigh can. Although
usually not attained in a plant for a perliod of over 15
minutes, the maximum rate of dumping for an average of 5 cans
per ovroducer is (7.1l cans per minute) x (60 pounds per can)=
;26 pounds per minute, or 25,560 pounds per hour. Because of
the many variables i1nvolved, it is difficult to determine the
smallest size of receiving tank needed. In the plants
studied, the 1500 pound receiving tank was large enough for
the 750 pound weigh can, and the 1000 pound receiving tank
was large enough for the 500 pound weigh can.

The receiving room should be well-lighted to add to the
comfort of the workmen. A well-lighted room 1is usually kept
clean and neat. An examnrle of a properly lighted receiving

room by natural and artificial 1light is shown in Fig. 6.



67

Fig. 6. A Properly Lighted Receiving Room With
Natural and Artificial Light

The cost of operation of tre conveyor, welgh can re-
ceiving tank, scales, and dumping accessorlies is shown in
Fig. 7. The cost of operation includes the cost of labor
for cleaning the equipment and for dumping the milk. Fig. 8
shows the unit cost per 100 pounds of milk for the opera-
tion. I'he data for the total and unit cost of the various

overations are included in the appendix.
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3. Stralght-away can washer. The capacity of the can

washers varied greatly in different dairies, ranging from 6
to 1} can per minute capacities in the plants studied. The
size of can washer which should be installed is limited by the
rate at which the cans can be dumped at the weigh can. The
one-man operation was much more efficient than the two- or
three-man operation for receiving. One man can easily handle
up to 80,000 pounds of milk per day. Even though more labor,
usually exvressed in man-minutes per 100 cans, is required
for larger receiving stations, it may be imperative to speed
up the receiving operation so that the processing which fol-
lows the receiving of the milk 1is not slowed down.

The rate of dumping, where the cans from the truck and
the weigh can are not the limiting factors, 1s shown in
Tables XV and XVI, and Fig. 9.

Table XV. Rate of Dumping, CFM, for (a) Manual weighing
(b) Vacuum or hand

sampling
Average number of cans per

Number minute for Worker's

of Dairy 2.5 can 5 can 7«5 can 10 can tasks
workers (1) producer producer producer producer (2)

1 A 5.2 7.1 7.6 8.2 A

2 F 6.5 7.9 8.5 8.9 B(2)

2 E 8.7 9.7 10.00 10.3 B(1)

3 B 8.9 10.0 10.5 10.9 c(1l)

3 G 8.7 9.7 10.0 10.3 c(2)

(1) See Avrpendix for tyvical layouts of dairy equip-
ment concerned, excluding equipment sizes.

(2) See Table XIII for description of tasks of workers
in different layout arrangements.
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Table XVI. Kate of Dumping, CPM, for (a) Print-weigh
(b) Vacuum or hand

sampling
Average number ol cans per
Number minute for Worker's
of Dairy 2.5 can §© can 7.5 10 can tasks
workers (1) producer producer producer oroducer (2)
1 A 606 7-9 80% 8.8 A
2 F 7.2 e.l 8. 9.2 3(2)
2 L R,7 9.7 10.0 10.3 (1)
2 E £.9 1C6.0 10.5 10.9 c(1l)
3 G 8.7 9.7 10.0 10.3 c(2)

See previous tatle for description of (1) and (2)

The size of can washer must te larger than the dumping
rates shown in lables XV and XVI. While the sampling, weigh-
ing, and recording 1i1s being cerried out, there are no cans
fed into the washer for a one-man operation. I'he can washer
is not used to capacity during the welghing and sampling
overation for two- or three-man overations. Table XVII
gives the size of can washer necessary to vermlit desirable
dumping rates. It 1s necessary to select a can washer with
an operating capacity equal to or larger than the dumping

rate of the worker.
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Table XVII. Dumping Rates Obtainable with Different
Sizes of Can Washers in CPM, Manual
Oneration, Five Cans per Producer

Can
washer
size One-man Two-man Three-man
CPM operation operation overation
6 S.5(1) 5.6 5.8
8 6.1 Te3 T7
10 Tl 8.9 9.5
12 7.1 9.7 10.3
14 7.1 9.7 10.3

The size of can washer can be selected on the basis of
the data in lfabtles XV and XVI which give the standard rate
of dumping the cans. From these data it is evident that the
eilght or ten-can-per-minute washer will sufrfice for a typi-
cal one man operation in Michigan. A can washer larger than
ten cans per minute cannot be justified and would be an un-
eccnomical investment. A six-can-per-minute washer would be
too slow to utilize fully tre working ability of one man. A
twelve-can-ver-minute washer would be recormended for a two-
or three-man operation.

In order to select an economical can washer, see Fig. 10
and 11. The size of dairy 1s considered in determining the
correct selection. The labor requirement charged against
the can washer includes preparing the unit for operatilon,

cleaning the area between loads, and the daily cleaning of

1. The calculated value is £.0 CFM. EKowever, one
operator was able to obtain 5.5 CFM by moving a can into
-he washer with an extra movement of his arm between the time
of mempling and the time of recording the weight.
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the can washer. In addition, if the can washer does not

move the cans through as rapidly as the worker can dump them,
a charge is made against the washer. For example, assume

the worker can dump 7.1 cans per minute in a particular dairy.
The six-can-per-minute washer will permit one to dump 5.5
cans ver minute. In this example, the difference in time re-
quired for dumping the milk at 7.1 and 5.5 cans per minute

was charged against the washer.

L. Rotary can washer. The rotary can washer is usually

recommended for plants which handle less than 20,000 pounds
of milk per day. The rotary can washer 1is built in three and
six-can-per-minute capacities. The rotary can washer does
not overmit as efficient utilization of labtor as the straight-
away washer, but has a much lower initial cost.

One of the major dairy machinery companies claims that
the three-can-~per-minute rotary washer is as large & unit
as one man can operate. This 1s undoubtedly true in some
dairy plant layouts. In an efficlently arranged layout, with
conveyors going to and from the can washer, tests showed
that one man can conveniently handle 5.85 cans per minute, or
nractically 6 cans per minute.

The entire cost of the receiving operation with the
rotary washer can te calculated from Figs. 7 and 1l2. The

data for both of these figures include charges for one man.
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For the rotary washer to be used efficlently, and the dump-
ing to be carried out rapidly, a minimum of two men are needed
in the receiving room for a rotary can washer.

The entire cost of operation for the two types of washers
which includes all costs, can be compared for different sizes
of dairies and different sizes of equipment, to use as a
guide in selecting the prover can washer.

5. Conveyor. The design of the conveyor equipment will

often 1limit the efficiency of the other operations in the re-
ceiving room.

In most plants where both gravity and power conveyors
were used, the cans would lodge at the junction of the two
conveyors. The conveyor should be located on the same level
or slightly above the truck bed to facillitate unloading. The
incoming conveyor should be close to the empty can conveyor
at the dump position, if the dumper is checking for quality,
so that a short reject line is required (See Appendix, Fig. 3).

In some plants considerable difficulty was encountered
from the cans pinching at the dump. The least difficulty
was observed when the cans were dumped at a right angle to
the conveyor. When the cans were dumped in the direction of
conveyor travel, the cans would pinch into the dump. The
better arrangement of the two possibilities is shown in
Fig. 14 and Aovendix, Fig. 3, L, 5, 6, 8.

The length of the conveyor varied greatly in different

plants. An analysis of the optimum length of conveyor was
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carried out and is summarized in Fig. 15. The results are
based on receiving a 100 can truck load, with the trucker un-
loading cans and loosenling 1ids at the rate of seven cans per
minute. Two minutes were allowed to move the truck to the
empty can conveyor from the unloading position. A conveyor
speed of fifteen cans per minute was assumed. The time for
emptying the can for different incoming conveyor lengths

from zero to ninety feet for different dumping rates was cal-
culated and plotted. The total length of conveyor was ob-
talned by adding the incoming conveyor length to the empty
can conveyor length necessary so that the dumping rate was not
slowed down because of an accumulation of empty cans on the
conveyor. The emvuty can conveyor 1includes the length of the
washer.

For a dumping rate of six cans per minute, the dumping
time 18 the same, regardless of the length of 1incoming con-
veyor. Whenever the dumping rate is slower than the speed
at which the trucker can unload, there is no advantage to a
long incoming conveyor.

A very interesting and important relationship exists be-
tween the conveyor length and the dumping time at dumping
rates which are above the rate at which cans are placed on
the conveyor. For example, for a dumplng rate of eight cans
per minute, the dumping time is reduced from 14.3 to 12.5
minutes as the conveyor length is increased from zero to

thirty feet in length. When the incoming conveyor is thirty
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feet in length, a total conveyor length of 130 feet is re-
quired. As the length of the incoming conveyor is 1increased
from thirty to ninety feet, the time required for dumping
does not change, but the total length of conveyor required
decreases from 130 feet to 118 feet. As the length of in-
coming conveyor increased, the number of cans remaining for
the trucker to unload from the truck decreased. Thus, the
trucker could unload the cans, move the truck to the empty
can conveyor, and remove cans from the empty can conveyor
sooner than 1f a short incoming conveyor 1s used. The total
conveyor length 1s decreased as the length of the incoming
conveyor 1s increased beyond thirty feet for a dumplng rate
of eight cans per minute.

In a large operation, with more than one man in the re-
ceiving room, where the trucks arrive at the plant on a
schedule so as to prevent receiving room delays, the trucker
can unload the cans without loosening lids, at a rate of ten
cans per minute. Another trucker can loosen the lids. A
rate of ten cans per minute is fast enough to keep the dump-
er suvplied with cans in most operations. If the truckers
cannot help each other, a double incoming conveyor could be
constructed with a Y-feed at the dump. Two trucks could be
unloading at the same time, although the dumper would take
only one locad at a time. Such a procedure would require long

incomlng conveyors.



18 - CAN DUMPING RATE
<100 2 2 12 12 e . u2 6 cPMm
16 —
-IOO
14 -
DUMPING - —
TIME |2 -
IN ]
MINUTES
FOR 10 4 I0 CPM
100 GANS -
8 12 GPM
) 14 CPM
6-
4 -
0 NUMBER REPRESENTS TOTAL CONVEYOR LENGTH NECESSARY,
INCLUDING CAN WASHER, CANS
T | 1 | B I CWH
0 15 30 45 60 75 90 Ty

LENGTH OF INCOMING CONVEYOR, GCANS
FIG. |5. RELATIONSHIP OF DUMPING TIME AND CONVEYOR LENGTH FOR
DIFFERENT LENGTHS OF INCOMING CONVEYOR AND DIFFERENT

cg



83

Fig. 1l4. Cans Dumped at Right Angles to the Conveyor

Long empty can conveyors often require the truck
driver to wait for an excessive length of time for the emp-
ty cans for small loads. This 1s often of particular im-
vortance in the spring of tre year when the truck driver may
have half-loads because of highway load regulations. Long
conveyors, as shown in Fig. 16, may require eight minutes for
the cans to travel its length. To speed can delivery to the
truck, the truck drivers would often 1lift the cans over one
of the conveyor loobs, so that the can would travel only
one-half of the empty can conveyor length. A cross-wgver
could be designed into the system to facilitate the move-

ment of the cans.




8y

Fig. 16. Long Empty Can Conveyor (130 ft.)

6. Over-all efficiency of receiving room. The over-

all labor efficiency in the receiving room can be expressed
in terms of the man-minutes required to handle 100 cans,
which represents an average truckers load. The results of
several dairies which were studied are listed in Table XVIII
with the theoretical expected labor requirements for the

numter of men being employed for the operation.
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Table XVIII. Over-all Labor Efficlency of Receiving Rooms
(Manual weighing and recording)

Goal
Actual for 5 Ma jor
verform- Size ofcan prod- causes
ance Cans vper can ucers, Workers for
Number Dairy man-min minute washer, man-min tasks delays
workers (1) 100 cansobtained CPM YOO cans (2)
1 A 17.9 5.6 10 14.1 A a
1 B 16.6 6.0 12 14.1 A b
1l C 21.8 L.6 8 14.1 A c
1 D 18.2 5.5 6 4.1 A d
2 E 30.4 6.6 7 20.6 B(1) e
2 F 35.0 5.7 13 20.6 B(2) r
3 G 3.2 8.8 1L 30.0 c(2) g
3 H 31.2 9.6 13 30.0 C(1l) h
3 I 78.6 3 5l1.2 b R
L J(3) 58.8 (L) h

& Low capacity clarifier, cans not supvlied to dumper
rapidly enough, can washer 1lid discharge not
functlioning properly

b. Can washer 1id feed not functioning properly, cans
vinched when dumping

c. Vacuum sampler used inefficiently

d Small can washer

e Cans supplled to washer too slow, small can washer

f Same person dumping and welghing; sampler should
welgh

g Cans suprlied to wash-r tco slowly for multiple-
man receiving room, man loosening lids not fully
occupled

h Cans supplied to dumper too slowly

i Not a continuous operation, small rotary can washer

j Grader not fully occupiled

1. See Appendix Fig. 1 to 9 for typical layouts of
dairy equipment.

2. &See lable XIII for description of worker's taska

3. French, Charles E., ov. cit., v. €.

h. One erader, 1 dumver, 1 welght recorder, 1 sampler.
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B. Processing Room Operations

Many different selections and arrangements of equipment
are possible in the processing room. The charts included
in this section should aid in selecting the most economical
combination of equipment with the correct capscity to carry
out the desired operations. Suggestions are included for
imoroving the design of the equipment. Check lists give
particular items which should be given attention in plant
layout and operation.

T'he equipment from the storage tanks back to the receiv-
ing tank should be selected on the basis of the speed of the
receiving overation. The egquipment from the storage tanks
to bottler should be selected on the basls of the speed of
bottling or vrocessing which will comvletely utilize the
abilities of the workers.

The time required for cleaning, including the time for
disassembly and assembly, various items of dairy machinery
is shown in Fig. 52.

l. Clarifier. The clarifier may be placed between the

receiving tank and the storage tank (See Fig. 1) so that the
sediment 1is removed from the cold milk as it 1is brought into
the plant. The clarifier 1s usually placed in or near the
receiving room (See Fig. 19).

The largest clarifier generally used 1in the dairy plant
has & capacity of 20,000 pounds per hour. The capacity of
the clarifier 1is regulated by the positive displacement
pump placed after the receiving tank and just before the
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The optimum dumping rate for a one-man manual receiving
overation is 7.1 cans ner minute for an average of five cans
per producer. With an average of sixty pounds of milk per
can, dumring at a rate of 7.1 CFM, a 25,560 pound per hour
clarifier would be recguired. ['he rate of dumpling in some
rlants 1s definitely slowed down because the capacity of the
clarifier is too small. This 1s not a serious matter from a
labor standpoint, in a dairy of small or medium size handling
less than 80,000 pounds per day. More important than the
labor requirement is that trere is more mlilk lost from run-
ning the receiving tank over because of the small clarifier,
as i1t takes only thirty-five pounds of unorocessed milk to
vay for an hour of lator. The value of tle unprocessed milk
is often overlooked by the worker and management.

In a three-man receiving oreration the ortimum rate of
dunring is 10.0 CPM, which is equivalent to 36,000 pounds
per hour. In plants with two- or three-man receiving room
ocreration, where the raw milk 1s clarified, 1t 1s necessary
to replace the conventional 1500 pound receiving tank with a
1000 gallon receiving tank located on a floor below the re-
ceiving room. Jhe clarifier received the milk from the re-
ceiving tank and can keep within 8000 pounds of the dumping
by clarifying milk during delays while waiting for farm
truck deliveries. A larger clarifier could be used, which
would eliminate the necessity of using a storage tank as a

receiving tank.




88

The clarifier may also be placed before or after the
homogenizer, as the milk leaves the storage on the way to be
pasteurized.

The total and unit cost of operation of a clarifier
are shown in Flgs. 17 and 18. The cost includes supervision
amounting to one-tenth of the operation time.

As long as a preceding or following operation is not
hindered, the small clarifier with a capacity of 5000 pounds
per hour 1s the most econamlical for dairies handling up to
50,000 vounds per day. The medium sized clarifier, with a
capacity of 12,000 pounds per hour, i1s the most economical
for dairies with a daily capacity of from 50,000 to 90,000
pounds. For large dalries, with a capacity above 90,000
pounds per day, the 20,000 pound ver hour clarifier 1s most
economical.

If a 20,000 pound per hour clarifier is used in a one-
man recelving room, the clariflier would have to be penalized
for delaying that operation. The results of calculations
including the penalty for delayling the receiving operation
are shown in Appendix Table X, which 1llustrates the 1im-
portance of considering the other operations when planning.
The total cost is smaller for the larger machine because the
cost of the labor saved 1s more than enough to pay for the
added initial and operating costs. The total cost would be
smaller for a clarifier with a capacity up to about 25,000

pounds per hour, depending upon the cost of a larger clarifier.
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A standardizing clarifier will be of great value in
increasing the efflicliency of the receiving operstion when the
milk is collected in a tank truck. It cannot be used for
the vpresent ten gallon can recelving room onerations, be-
cause all of the milk fed into the unit must have the same

test.

Fig. 19. Equipment Located in the Keceiving Room

2. Filter. The cost of filtering can be compared to that
of clarifying without regard to the amount of sediment re-
moved. The capaclities of the fllters normally go up to 30,000

poainds per hour, and would not retard the one-man receiv-

ing operation.

Figs. 20 and 21 show the total and unit cost of filtering

milk, which includes a charge for a motor and positive pump.
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Filltering 1s about one-half as expensive as clarifying
because a filter costs about one-sixth &s much as a clari-
fier, with the dally fixed costs being two dollars less, and
the labor required to clean a filter being about one-fifth
as great as for a clarifier. TIhe cost 1s not the only factor
to be considered.

The milk should be filtered while cold so that none of
the sedliment dissolves in the milk. Cream must be filtered
hot (170° F.) to prevent the filter from clogging (1).

3. Raw milk plate cooler. When an insulated tank 1is

used for storage, without refrigeration, the milk 1s cooled
before it is placed in the storage tank. A plate cooler 1s
usually used for this cooling. A plate cooler 1s compact, has
high efficiency, and becsuse the number of plates can be
easily changed has great flexibility. The cooling is usually
done with sweet water becsuse of its economy. It 1s usually
not necessary to cool more than ten degrees F.

The cleaning time used for the calculations 1s based on
an entirely manual cleaning operation, that 18, wilthout us-
ing eirculating methods. Manual cleaning is required once
a week when the cleaning is done dally with circulatory
methods (2). The plates of the cooler have about one-third
the area as the HTST pasteurizing plates. The time required

for cleaning & cooler vlate 1s 0.28 minutes.

I. TFTarrall, A. W., Dalry Englineering, John Wlley and
Sons, ¥Yew York, 1942, pv. -326.

2. The Michigan Milk Ordinance, Bureau of Dalrying,
Lansing, Michrigan, 19,5, does not permit recirculatory
cleaning. On p. 17 is stated, "Equipment shall be disas-
sembled and washed after each operation and - - -."
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The total and unit cost of operation of the raw milk
cooler for a one-man continuous receiving operation are
shown 1in Figs. 22 and 23. ihere 1s little difference in the
total cost for either a 10,000 or 20,000 pounds per hour
vrlate coocler for a 20,000 pound dairy. For dairies with
capacities above 20,000 pounds per day, up to 100,000 pounds
per day, the 20,000 pound per hour cooler is the most econ-
omical for a one-man receiving operation, in spite of the
fact that the dumper is slowed down slightly.

. Storage tank. There are three general types of

storage tanks: the insulated, the cold wall, and the insula-
ted with expansion coils placed in the milk. The storage
tanks can alsoc be divided into vertical and horizontal tanks,
usually cylindrical in shape. The total and unit cost of
operation of the three types of horizontal storages are

shown in Figs. 24 and 25.

There is little difference in the total cost of opera-
tion between the cold wall refrigerated tank and the stor-
age tank with expansion (DX) coils. If sweet water is used
in the cold wall tank, the total cost of operation is reduced
sixteen per cent.

The cost of using the insulated tank and the cooler may
be added together to compare their cost of operation with the
refrigerated tank.

The time required to clean the storage tanks was given

special attention. The time of cleaning storage tanks is

y
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shown 1n Fig. 26. The small 600 gallon storage tank re-
quired more time for cleaning than the 1000 gallon tank. This
difference 1s attbributed to the difference in dlameter, which
affects the ease of cleaning. The 3000 gallon storage tanks
are manufactured in 8 inch and 96 inch diameters, and these
two tanks sell for the same price. All the tanks above
3000 gallons have a diameter of 96 inches. The 84-inch
diameter 3000-gallon tank required five minutes less to clean
per day than the 96-inch diameter tank. These figures would
certalinly not aprly to all workmen, regardless of height,
who clean the tanks, but it represents an average time re-
quired of workers who were between S5 ft. 8 in. and 6 ft. tall.
The saving in cleaning labor for the 84-inch diameter
tanks must be balanced against the additional building space
required 1n comnarison to the 96~inch diameter tank. The
annual and life saving of the 84-inch diameter tank as com-
pared to the 96-inch diameter tank are shown in Table XIX.
Table XIX. Saving in Operational Cost of 84-inch Bilameter
Compared Jith a 96-Inch Diameter Horizontal
Milk Storage Tank. (See Appendix Table V for
a complete analysis.)
Note: None of the storage tanks above 3000

gallons are made in Bl-inch diameter at the
present time.

Capaclty Annual -~ Life (1B yr.)
84 in. dia. Saving Saving
(gallons) Dollars Dollars
3000 62.0C 1116
L 00O 25.52 L59
5000 - 7.30 - 131

6000 -25.50 - 459
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The dairy plant operator can justify the saving in
labor, even though more floor area is required for tanks up
to and including L,OOO gallon capacity. For tanks with a
capacity above [O0O0O gallon the added area required for the
8Lh-inch diameter tank is more costly than the labtor saving at
1952 nrices.

It may not be necessary to change the tank diameters 1in
order to save cleaning labor. The times used in Fig. 26
were taken from overators using their own and not imoroved
methods. Ey usings a cleaning brush with a long handle, and
imoroving the technigue of cleaning, it might be possible to
clean the large dlameter tanks as rapidly as the small
diameter tanks.

The storage tanks with direct expansion coils required
from seven to ten minutes more time per day for cleaning.
fhe additional lator cost 1s offset by a smaller refrigera-
tion cost in comparison to the cold wall tank. FKowever, the
ease and comfort of cleaning, and the possibility of con-
tamination, i1f improperly cleaned, are factors which should
be considered.

The vertical cylindrical storage tank offers a possibil-
ity of saving floor area. The number of dairy plants using
vertical storage tanks with capacities over 2000 gallon 1is
limited. The dally cleaning saving for the vertlcal tank,
for c¢Ltrer kuttomr or top orening, was four minutes. iThe

daily total fixed cost for a 2000 gallon vertical storage
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tank 1is $1.92 as compared to $2.05 for the horizontal tank.
The total dally saving of the 2000 gallon vertical tank 1is
¢0.25, which amounts to a yearly saving of ninety-one dol-
lars. In plants where both horizontal and vertical storages
of 2000 gallon capacity were used, the workers favored the
vertical storage. The room ceiling height must be considered
for the large vertical storages. About two minutes more
were requlired for cleaning the 1000 gallon with an outside
finish of stainless steel in comparison to the enamel finish.
The use of air for mixing tre milk in storage tanks of-
fers a method of decreasing the energy requirements for mix-
ing and for shortening the time required for agitation.
When using mechanical agitation, twenty minutes 1s usually

required to agitate a tank of milk with a two horsepower

Fig. 27. A Cut-away View Showing Air Agitation in
a Storage Tank (1)

T, Stork, Ralph E., WAIr Agitation of Milk," Milk
- - ~ 7 ———
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motor. With alr agitation (See Fig. 27) 1t takes about three
minutes and requires one-half horsepower motor (1l).

S. Internal tube heater. Milk may be standardized for

butterfat by mixing the correct proportion of low and high

test raw milk. A more common method, when permitted by law (2)
is to separate the cream from the skim milk and make the milk
at the correct test by adding cream or skim milk.

For separation, milk is usually heated to 90° F. (3).

If the milk 1s to be vat pasteurlzed, 1t may be heated to
140° F.

The 1nternal tube heater is generally used for heating
the milk before separation. The total and unit costs are
shown in Figs. 28 and 29, and are based on heating the milk
from L40° to 90° F. A steam heating efficiency of 75 per
cent was used for the basis of the calculations.

The cleaning time depends on the number of tubes and

amounts to 1.20 minutes per tube.

1. Stork, Ralph E., op. cit. p. 36.

2. Fouts, E. L., and T. R. Freeman, Dairy Manufactur-
ing Processes, Wiley and Sons, N. Y., 19,48, bp. 107.

3. JSee discussion under separation.
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6. Separator. ihe total and unit costs of the opera-

tion of the separator are shown in Figs. 30 and 31 for
sevarating milk at 90° F. The costs are shown for separation
rates up to 11,000 pounds per hour. One-tenth of the total
overating time was charged against the operation as super-
visory labor. This could be attained with one separator and
heater operating together. However, the supervisory time in
some plants 1s as high as one-third to one-half of the
overating time when two or more separators are connected
together.

The 3,500 pound per hour warm milk separator is the most
economical for volumes up to and including 15,000 pounds per
day; the 7,000 pound per hour separator is the most economi-
cal for 20,000 to 40,000 pounds per day; the 11,000 pound
per hour separator for volumes above 0,000 pound per day.
For cold milk separation, the 2,000 pound per hour unit 1is
the most economical for volumes up to 10,000 pounds per day;
the l;,000 pounds per hour unit for from 10,000 to 20,000
vounds per day; the 6,000 pounds per hour unit for volumes
above 20,000 pounds pver day.

The 3,500 pound per hour separator requires three-fourths
of an hour for cleaning and the 11,000 pound per hour separa-
tor requires seven-eighths of an hour for cleaning, which
amounts to a considerable charge to the operation. The
larger separator does not require provortionately more labor

for cleaning.
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There are several possibilities of reducing the clean-
ing time. There should be a parts rack upon which the parts
can be placed as they are washed and on which tre parts can
be rinsed. The narts rack should be near the separator. A
separator for a dairy vlant which would not have to be taken
avart every day for cleaning should be the vrime objective of

manufacturers. A drain should be close to the sevarator
because of the long rerliod of time required for washing, dur-
ing which the water 1s running. The possibility of decreas-
ing the cleaning time by having two men work together while
cleaning the discs should be investigated.

Cold milk separatlion is comling into use. The capacity
of the sevaracor at }0° F. is aporoximately fifty-five per
cent of the capacity at 90° F. The problems involved with
auxlliary equipment as heating, cooling, and piping, as well
as floor space requirements, are considerakly less with a
cold milk separator.

The conventional and cold milk separator can be com-
vared by referring to the data in Fig. 30. 1If it is neces-
sary to sevarate 20,000 pound of mlilk per day at the rate of
11,000 pounds pver hour, the tfollowing daily costs are

obtained:

(a) Separation at 90° Fr.
‘Eﬁost‘af"Separating, 11,000 1b. per hr. $5.04
Cost of heating 4.97
Total (not including
cocoling) 10.01

M i
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(b) Cold Milk Separation, L0° F.
Need two separators, each at 5500 1b per hr.

Cost of each for 10,000 lb. per day L.85
Total cost 9.70

The advantage in favor of cold milk separation would be
greater if cold milk separators were availatle in larger sizes
to eliminate the necessity of more than one unit. The clean-
ing time required for a unit twice as large could be ex-

rected to be one-sixth greater.

7. Homogenizer. In the continuous process using the

HIST (1) pasteurization operation the milk is heated in the
first stage, then it 1s homogenized at a temperature between
130° and 145° F. The milk goes to the plate heaters for
pasteurization after homogenization. With this arrangement
the capacities of each should be the same.

Bomogenizatlon of milk is carried out at 2000 to 2500
pounds per square inch pressure. The cost of homogeniza-
tion could be reduced seventeen per cent with the 2000 gal-
lon per hour unit when homogenizing 40,000 pounds per day
at 1000 pounds per square inch. An experimental valve de-
signed to homogenize at pressures of 1000 pounds per square
inch has been studied, and offers considerable promise (2).
Not only will a saving in electrical energy result, but a
saving in floor space and initial cost will be realized.

The total cost of operation includes a labor charge of

one-third of the operating time for supervision. It appears

T. Figh-temperature short-time (See explanation in
Glossary)

2. Loo, Ching, The Utilization of Cavitation for
Homogenization, UnpublIIshed Doctor of rhilosophy dlsserta-
tIon, Vichigan State College, 1952, p. 73.
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that the supervisory time could be reduced considerably by
using a prressure regulated control valve to assare constant
rressure at the homogenizer.

Thirty minutes are required for cleaning the 500 gallon
per hour unit and forty minutes for cleaning the 2000 gallon
per hour unit. Thirty-two per cent of the cleaning time 1is
devoted to assembling the unit for use. A parts rack should
be close to the homogenizer for holding the parts as the
homogenizer is disassembled. Manufacturers have done much
to improve the ease of cleaning the hmomogenizer. Much more
can be done.

The cost of homogenizatlion 1s shown in Figs. 32 and 33.
The cost per 100 pounds ranges from $0.011 to $0.095. This
agrees with the estimated cost stated by Fouts at 0.10 to
0.20 cents per quart {1). The cost 1is important because
many dairies charge an extra cent per quart for homogenized
milk.

8. ©Pasteurization by the holding process. 1In this

process the milk is placed in vats, heated to 14,2° F. and
held at that temverature for thirty minutes to accomplish
pasteurization. The milk may be preheated before it 1is
placed in vats. Three types of vats are used: the coll vat,
the water-jacketed vat, and the spray jacketed vat. of

these three types the coll vat 1is not being installed

Y. TFouts, E. L., and T. R. Freeman, Dairy Manufacturing
Processes, Wiley and Sons, N. Y., 1948, p. 1G55.
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extensively and 1s favored because i1t heats the milk raplid-
ly with low temperature water. The milk is usually cooled
over a surface cooler after batch pasteurization.

The total and unit costs of operation of the holding
vats are shown in Figs. 34 and 35 for heating and cooling
through 120° F. and 100° F. The 120° F. temperature dif-
ference 1s used for cream whereas the 100° F. temperature
difference i1s used for milk. The process tank 1s less ex-
pensive to operate than the coll vat because of a lower
initial cost and a lower building charge, wrhrich makes the
fixed costs lower. The utilities for reating and cooling
are more costly for the coil vat tecause its efficiency 1is
75.6 per cent as compared to 89 per cent for the jacketed
unit. In addition, the labor for cleaning the coil vat 1is
twice as creat as that for the jacketed vessel, as 1s shown
in Fig. 52. As the heat transfer rate through the coil vat
is only two-thirds that of thrhe process tank, the area of
heat transfer of each plece of equipment was calculated, and
the coll vat was penalized for the extra heating time re-
quired.

It is difficult to select the correct number and size
of holding vats. For small batches it is best to have a
small pasteurizer rather than to fill a large unit partlally.
The cost of thre overation of the various sized units with
different numbers of fillings can be comvared by use of the
cost charts. The pasteurizers are normally filled three or

four times a day.
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Regeneration 1s being used in the holding process by
a few dairies. If used, the saving in steam and refrigera-
tion requirements would be gquite noticeable. Fig. 34 1llu-
strates the comparative costs of using the holding method
for processing with and without regeneration. A similar re-
lJationship exists for the coll vat. The added cost of
equipment for regeneration, including a pump and motor, has
been 1ncluded in the analysis. This accounts for the fact
that for one filling per day there 1is no economlical advantage
of using regeneration in vats of 700 gallon cavacity or smal-
ler; for two fillings per day there is no economical advant-
age of using regeneration in vats of 300 gallon capacity or
smaller; for three fillings daily there is no advantage
economically of using regeneration in vats of 250 gallon
caracity or smaller; for four fillings daily there 1is no
economical advantage of using regeneration in vats of 150
gallon capacity or smaller.

For the larger tanks, and the greater number of fillings
per day, or the more milk handled daily, the greater the
economic adventage of regenerative heating and cooling. 1In
order for the holding process to comrete with the HITST method,

regenerative heating and cooling must be carried out.
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9. High-temperature short-time pasteurization. The

HTST pasteurization process consists of heating the milk to
not lower than 160° F., holding for fifteen seconds, and
immediately cooling to S0° F. or lower. In actual practice
tre milk 1s heated to a temperature of from 160° to 163° F.
The heating and cooling operations are carried out in a plate
unit, similar to the plate heater, with appropriate controls.

The cleaning labor, which varies with the number of
plates, 1is 0.65 hours for the 4,000 pounds per hour unit, and
1.95 hours for the 20,000 pounds per unit, exclusive of the
positive displacement pump, a8 shown in Fig. 52. The first
part of the cleaning is best accomplished by a centrifugal
pump, which recirculates water through the plates, using the
balance tank for a supply of cleaning sclution. Two men can
wash and inspect the vlates with a total saving in time.

One-third of the total operating time was charged
against the operation for supervision. The total and unit
cost of tre operation are shown in Figs. 38 and 39. The
utility cost for heating and cooling is muck less than with
the holding process as commonly used, because of the. benefits
of regeneration. The cost of the utilities was based on
seventy-five per cent regeneration, with the milk entering
at 4,0° F. and leaving at 38° F. for bottling.

The HTST unit should be of a size to supply milk to

keep the men working at the bottle filler fully occupied.



122

DAILY COST YEARLY COST
DOLLARS DOLLARS

-

-

LB./DAY

T~ 100,000 _ _

ol
o
I

T

— 10,000

l | T |

80,000

60,000 —

80,000

e

20,000
— 5,000
10,000

5,000 —

N
o

14 | Y l J 1 [ |

I

o
I,.Llllll

|

—

-
3

.

LJ v LS L]

v ' v L A | ’ A 4 L v ' Aj L ' 1 §
5000 10,000 15,000 20,000
CAPACITY, LB/HR

FIG. 38. TOTAL COST OF OPERATION OF
HTST PASTEURIZER

CWH
576752



COST PER
100 LB.
DOLLARS
LB./DAY
0.08 -
20,000
0.06 -
40,000

0.04 -
\ 60000
\ 80,0_92___.—

— 100,000
0.02 -
¥ 1 | ¥ r LS L) l L L4 || R T 1 T 1T 1 ] ¥ T
5000 10,000 15,000 20,000

CAPACITY, LB/HR

FIG. 39. UNIT COST OF OPERATION OF
HTST PASTEURIZER

CWH
5/6/52




124

One man at the glass filller can handle and inspect 63 quarts
per minute or 7560 pounds per hour (1l).

The question 1s often ralised as to how small a dairy
can jJustify having a HTST unit, which at 1952 prices costs
$8,000 for a 4,000 vrounds per hour unit as comvared with

%,OOO for a 200 gallon process tank. The question can be
answered from the economical viewpolnt by referring to the
cost figures for the holding and HTST methods. Kven if re-
generation 1s used with the holding vrocess, the FTST method 1is
lesa expensive for any size of dairy down to 5,000 pounds
per day. The cost of the additional equipment and labor re-
quired, makes regeneration more exrensive for low volumes of
milk in the holding process. Only at a volume of 8,000
pounds per day are the costs of both holding methods nearly
equal. TI'he economic advantage of the ETS[ unit and of re-
generative equipment for the holding process is shown in
Table XX.

When using the figures in Apvendix Table XX for regener-
ative heating and coollng, the fact that only one set of re-
generative equipment 1s needed, should not be overlooked.

For examvle, if two 200 gallon process tanks are used, with
two f1llings daily for each, the cost for one tank with
regenerative equivment is $6.22, as shown in Apvendix Table XX.

The daily cost of the other 200 gallon tank 1is $3.72 which

1. See discussion of Glass Bottling and Paper Carton
Operations for the rate of filling.
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1s obtained by subtracting $2.50 for the fixed cost of re-
generative equipment from $6.22. Thus, the total cost of
opveration of the two tanks is $9.94, which is obtained by
adding $6.22 and $3.72.

Table XX. Comparison of Cost of Operation of FIST and
Folding Method for Pasteurizatlon, Dollars (1)

Sfze of Dalr lbs. per da
Method 5,000 15»566 26:666

HTST unit, 4,000 1b. per hr. 5.71 8.20 11.57
Folding Process, regeneration
Using 2-200 gal. tanks 8.69 12.%& -
Using 1-600 gal. tank T.32 9.83 14.85
Using 2-600 gal. tanks 12.14 17.16
Holding Process, no regeneration
Using 2-200 gal. tanks 7.83 13.35 --
Using 1-600 gal. tank 6.56 10.08 16.34
Using 2-600 gal. tanks -- 13.10 20.16

10. Cooling after pasteurization. Milk should be

cooled as quickly as possible after pasteurization, within
thirty minutes at the most (2). The cooler is located be-
tween the pasteurizer and bottler to cool the milk. Surface,
plate, or tubular coolers may be used for cooling. The
cabinet surface-type cooler is usually used after the hold-
ing orocess. The HI'ST unit employs & plate cooler on the
milk discharge side of the pasteurizer, which is an integral
vart of the unit.

The total and unit costs of the cooling operation with

a surface cooler are shown in Figs. 4O and 41. The cool-

1. Apvrroximate value ol costs may be calculated from
Figs. 34 and 38. Accurate costs can be calculated on the
basis of the data in Appendix Tables XVIII and XX.

2. Fouts, E. L., op. cit., p. 123.
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ing was calculated on the basis of using water to cool the
milk from 145° to 80° F., in which four times as much water
as milk was circulated to do the cooling. The remainder of
the cooling was done by an ammonia direct expansion system.
The size of the cooler should be selected on the basis of the
equipment with which it must function, and not on the basis
of the individual costs presented in the chart.

A large reduction in the cost of cocoling the milk can
be accomplished by regenerative cooling, as has been dis-
cussed in a previous section. The surface cooler will then
need to cool the milk from approximately 65° to 38° F.

l1l. Glaas filling and capring. The bottling operation

is the key to all the operations from the storage tank to
the refrigerated bottled milk storage tank to the refrigera-
ted bottled milk storage. The selection of a bottler of the
correct capacity for present and future use should recelve
special consideration.

Individual glass fillers are made so that they can be
adjusted for a wide range of speeds. The change of speed
is practically a necesslty when changing size of contalners
when using a continuous pasteurizer. The size of a bottle
filler is designated by the number of valves and number of
capning heads, respectively. For example, a 1llL-L bottle
filler and cavpper (1l valves, L capping heads) has a capa-
city of from 33 to 85 guarts per minute, and 90 pints or

half-pints per minute.
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It is very difficult to estimate the running capacity
of the filler because of variations of products, cleaning
time for different products, bottle sizes, and filler sizes
in different plants. However, most fillers operate at less
than 90 per cent of their rated capacity and 95 per cent of
the vackaged milk is in quarts (1).

On the basis of the data taken, one man can inspect

and case quart bottles at the rate of 63 bottles per minute

(BPM), and half-pints at 99 bottles per minute. One man can

case 80 quart bottles per minute. These are the maximum
speeds at which a person can be expected to perform. The
values were obtained when the prerson doling the casing had
an adequate supply of bottles in front of him, and he was
working at top speed with good methods. The cases were
placed so that the bottles could be easily placed in them.
A foot trip was rrovided for releasing the cases to go into
the cooler. Previously reported data gave a value of forty
to fifty bottles per minute for the rate at which one man
can inspect and case quarts (2).

If a bottler is operating at 90 bottles per minute,
two men would be required to inspect and case the bottles
in an operation where only one and one-half men would be

required. It would be difficult to utlilize fully the work

1. Thompson, C. L., "Plant Operations and Efficiency,"

Milk Plant Monthly, May 1948, pp. 38-41.
P lbld.

p
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capacity of these two men by other productive labor, unless
another bottling or carton machine was feeding into the
same table. The filler should be run at 60 bottles per
minute for one man, or 120 bottles per minute for two men.

The charts in Figs. 2 and 43 for the total and unit
cost of operation are based on 90 per cent of the milk in
quarts with the remainder in half-pints. There 1s little
difference in the cost of the operation with different filler
sizes. Table XXIV in the aprendix gives data for the bottling
operation for 100 per cent quarts and 100 per cent half-pints.
These values may be used for calculating the cost of opera-
tion of any provortion of milk in gquarts and half-pints. The
cost of the bottling operation for 100 per cent pints 1is
approximately the same as the cost for 65 per cent quarts and
35 per cent half-pinta. The cost of the bottling operation
includes the interest and depreciation on the bottles and
cases, and the cost of the caps. Calculations were carried
out for an average of twenty-five and fifty trips pver milk
bottle.

The botéling operation is one of the most expensive of
811 thcse involved in milk processing. Yethods are constant-
ly being improved to reduce the cost of bottling. The bot-
tle is the major item of cost and emphasis should be placed
on increasing its life. Dairies can work together 1in re-
covering each others bottles through a bottle exchange.

Employees should be educated and trained to handle the bottle
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with care to lengthen 1ts life. A saving in the cost of
operation of $0.05 per hundred pounds of milk can be re-
alized by increasing the number of trips per bottle from
twenty-five to fifty. This saving is greater than the cost
of such overations as clarifying, cooling the raw milk,
storage tank, lnternal tube heater, and homogenizer.

Several glass comnanies have developed a lightwelight
glass milk container which weighs about three-fourths as
much as the regular btottle and costs about four-fifths as
much as the regular bottle. If these bottles, which are
more fragile and require easier handling, would make as many
trips as the regular bottle, they would give a saving of one-
fifth. The following quotation summarizes the general ac-

ceptance of the lightwelght bottle:

"We put approximately twenty-five trucklcads of
lightweight bottles 1n circulation last fall. +“hen
we first put trese in circulation, most of tie dairies
did not want tc use tlre regular ovottle. The men on
the washers like them better because of a lighter
weilght and the routemen liked them because of their
ease in handling. After the bottles were out for
about five trips, we pregan receiving comrlaints and
some dairies began returning the lightweight bottle---
It (lightweight bottle) has done one thing in this
market ---1t has taucht all of those who handle
the tottle to be more careful with them." (1)

The cost of the bottle can 1s nearly as expensive as the
tottle. ™any plants not only cap, but also hood the bot-
tles to prevent contaminating materials from collectling or

the cabv. If tre bottles are to be hooded, it wculd seem

1. VHey, T. D., agent for USERVO, Inc., Fort wayne,
Indiana, Private Communication on June 19, 1952, in
answer to letter addressed to the Fort Wayne Milk Dealers
ifssoclation.
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logical to select a hood which would suffice to serve as a
cap as well, thus eliminating an operation. The more opera-
tions which can be eliminated at the bottler, the greater
are the possibilities of keeping the machine running at
rated cavacity. The hooding and cappring operation accounts
for practically all the delays at the bottler. The bottles
with smaller openings, manufactured at present with outside
diameters as small as 38 millimeters, require less material
for the cap, and thus reduce the cost.

The labor cost amounts to about one-sixth of the total
operational cost, including cleaning, of the bottling opera-
tion. As the bottler is the final plece of egquipment, and
often the only one after pasteurization to touch the milk,
it is very important that it be kept clean. In these tests
the daily cleaning time for the fourteen and twenty-eight
valve vacuum filler was 1.05 and 1.19 hours, respectively,
exclusive of cleaning tetween different products. Five
minutes are required for cleaning between different products.
One and one-half minutes are required for changing the filler
from quarts to half-pints, and vice-versa.

One fifth of the cleaning time of a filler is consumed
in getting a hose and rinsing the inside of the bowl. A
series of cleaning jets placed inside the bowl would de-
crease the cleaning time and add to tre comfort of the
worker between runs of different pbroducts, as well as at the

end of the day.
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Froperly placed case conveyors to the storage room,
and an adequate space for holding the filled bottles, are
necessary to utilize labor efficiently. The empty bottle
conveyor from the washer to the ktottler should be covered to
prevent foreign material from dropping into the clean bot-
tles. The conveyors must be the correct height to prevent
worker fatigue.

The cost of the bottling operations in Fig. 42 1s based
on an entirely manual handling of the bottles from the filler
to the cases. The need for reducing the labor requirements
&t the filler has been recognized by the equipment industry.
Dottles may be equlippred with shoulders which may later be
utlilized for mechanical handling.

A semi-automatic casing system has been developed which

an overator can use to increase hls casing rate. Xnown

as the “apes system, Fig. Lli, 1t consists of a device which
will enabile the operator to case 12C to 14,0 bottles per
minute, thus doubling his working rate (1).

New handling methods which will increase the rate of
casing, and reduce btreakage, will 1nevitably be used in the
dairy industry. This factor must be considered in selecting

new ovrocessing egquipment, not only the filler.

1. "Rottle Fandlers Cut Lator, Preakage,"
Food Fngineering, June, 1952, pp. 127, 18L4. ‘
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Fig. 4ly. The Mapes System of Casing Fottles (1)

12. PFPaper carton former and filler. Much discussion

has evolved around the advantages and disadvantages of the
use of paper cartons for milk containers. The discussion
will be limited to tangible factual data. At present, only
a limited number of commanies manufacture the carton fil-
lers, which are made in cavacities of from twenty to sixty-
five cartons per minute.

From the data shown in Figs. ;5§ and L6 the cost of the
vraver carton forming and filling machlne operation can be

compared tc trhe entire bottle filling and bottle washing

1. Cn. cit.
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oneration. The vpaver carton operation costs approximstely
#0.€L4 more ver 100 pounds of milk than the glass filling
overation, and $£0.584 more per hundred pounds of milk than
the glaess fillinge and bottle washing orneration. The 4dif-
ference 1in cost has been realized bty the dairies and has re-
sulted 1n a charge of an extra cent a quart for milk in the
paver carton.

Two methods are used for financing the paper carton
machines. T['hey may be purchased or rented. The permanence
of the use of thre paper carton 1n the dairy industry was not
seen at first. Consequently, most dairies rented their
machines. The cost 1s conslderably cheaper, however, for
a purchased machine, if it i1s used throughout its l1life. The
unit cost ver 100 pounds 1is from $0.05 to £0.10 more for
the rented machine.

Usually an attempt is made to recuce tre cost of opera-
tions by replacing a series of operations with one operation.
In the case of the raver filler the production costs have
increased, and the l1tem has stayed on the market teceuse of
customer acceptance, in splite of a righer price.

The hicher cost of operation 1s attributed to the fact
trat the single service paper containers, whose initial
cost 1s less than glass bottles makes only one trip. The
total cost of a quart paper caerton is #0.0001 for closing

wire, and $0.0025 for wax (1).

1. FRased on operational costs of a medium-sized dairy,
May, 19%52.
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The cleaning time 1s practically the same as the glass
filler. The sixty-five carton ver minute machine requires
1.10 hours per day for cleaning. The labor requirements could
be reduced by increasing the ease of assembly and disas-
sembly of parts. Further, labor saving could be made by re-
ducing the supervision necessary while the machine is oper-
ating. The employee cannot convenliently suvervise the
mactrine overation and case the cartons at the same time, as
can be done with the glass filler. Further reduction in
labor regquirement can te made by laving tre cartons and ac-
cessories stored close to the machine. Conveyors of the cor-
rect helght, placed so the caser can quickly inspect the
height of milk in the cartons are necessary. One man can
handle 65 gquarts in the carton per minute.

The paper cartcns must be stored in a room with a tem-
perature of 75° F., and a relative humidity of JO per cent.
The cost for ceses and case handling 1s less ver paper car-
ton than for gless vpottles kecause the same case is used for
gquarts and half-pints.

A substantial reduction of the cost of the operation
of the carton filler to compete with the glass operation on
an economical basis will be made possitle only trrough a re-
duction in the container cost. Less expenslve containers may
be develoved in the future, but with increasing paper costs,
this seems doubtful. A substantial reduction in the cost

of the carton per gquart could be accomplished bty con-
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centrating the milk. Altkhough consumer acceptance of milk
concentrated to one-third of its original volume was not
satisfactory in tests during 1949 and 1950 along the

rastern coast, such a procedure would offer excellent op-
portunities for recucing the cost to compete with glass bot-
tles. The carton cost per quart could not be reduced great-
ly by using half-gallon containers (1).

13. Pipe 1line and accessories. The cost of the pipe

line and accessories is shown in Fig. 51. The total cost in-
cludes interest ara deprecliation on the pipe line, vealves,
counlings, elbows, and labor required for cleaning, calcula-
ted on the tasis of & survey of those items included in
several plants. The length of pipe line will vary from
plant to plant, but the values included are for plants which
are consldered to be well-designed. The total daily cost

of a pipe line for a 60,000 pounds per day dairy 1is $13.47
of which #12.90, or ninety-five ver cent is for cleaning
labor. Seventy-five per cent of the cleaning time is re-
guired for the assembly and disassembly of tre pipe line.

£ quick-couprling would be of great value for decreasing the
labor requirements and increasinz the ease of employeets
work. The time required to clean difl'erent pipe line

lengths and fittings 1s shown in Filg. 47.

1. Rased on price list A-10, June 25, 1952, the
International Paper Company, N. Y. 17, N. Y., quotes quart
containers at $10.40 per thousand, and half-gallon containers
at 519.80 ver thousand.
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It will be »ossible to reduce the cleaning time con-
siderably by using oipe which can be cleaned in place by
recirculating methods. Fased on the data of Table XXI,
and assumling an equel investment for glass and stainless
steel lines, glass lines cleaned by recirculatory methods
would vnermit a daily saving of §8.90 for a 60,000 pounds per
day dairy in comparison to stalnless steel lines. Present

health regulat ions do not permit universal use of permanent

class lines.

Takble XXI. Comparative Time for Cleaning Permanent Glass
and Conventional Stainless 3teel Lines (1)

relative time

Length, ft. Steel vs. glass
Lo 1/1
100 2/1
200 3/1
500 L/1
1000 5/1

1. Fleischman, . F., Jr., ana h. F. Holland,
"Fermanent Fipe Lines Cut Cleaning Costs," Food Englneering,
Novemter, 1951, or. 5E&-60.
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C. Fottle Washing Room

Gless bottle washling. PFractically all plants use a

soaker-tyve bottle washer which immerses the bottles in a
strong alkali solution for about fifteen minutes. Figs. 48
and 49 show the total and unit cost of overation of a socaker
bottle and case washer. The costs include the help neces-
sary in receiving the empty bottles and a charge for broken
btottles of four out of a thousand for quart bottles, plus
utilities. The cost includes the cost of storage space for
tottles and cases. Selection of the washer should be based
on 1ts operation in conjunction with the bottler.

The delay time at the washer 1is controlled by the de-
lay time at the bottler. The tottler must be started about
fifteen minutes before the bottles are needed. Flanning
must be done to assure the bottling operation that it will
have the size of bottle desired, at the right time.

One man using good methods can feed 100 quart bottles
ver minute into the tottle washer. In order to do this,

a washer of a width in multiples of four bottles 1s most
satisfactcory because four bottles are handled at a time.

A reduction in labor requirements will be accomplished
by automatic uncasing of the bottles and loading of the
washer (Fig. 50). One person would be required in the re-
ceiving room to creck and stack the bottles, and at the

same time supervise tlre ormeration of the automatic machine.
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A bottle uncaser and washer-loader has been developed which

will ovrerate at cavacities up to 576 bottles per minute and

1s priced in various 8s8izes to sell from $11,000

The automatic equipment would pay for 1itself by

rlaced 1n a three year period.

UNCASER AND WASHER-LOADER
PRINCIPLE OF OPERATION

&a,:"’i\\ § ) —

RCA Mux Bor

* "1‘1 1 g
@ ;11“1.1-U=r"" Y o 3 “‘!‘g‘/"«-) :
ol T @ 3
/( v - )* i“ \
ﬂw’ a '

@) owTER mOWS ARE DELIVERED @ osornies anz srmead
T® secono OICHLATING ALIGNAMENT

@ casa 13 3&T RrONT S0 W OUIDES ASSURE FULL
® ~* CNANNELS.

) CASRS CONTAMENE EMNPTY
SIVILES SNTER OW LOMIR
(8) caASES ARS SEATER
SOTTLES AR NELD W ALACE
3\ CANPER AP &F

SOTTLES
ARE PELIVERES TO FARST
TRANSFER WNEAS .

@ cAsE can ax DaLIVENES
WONT, L8” AEAR. BANN OF SOTTLES REANY
aronr. Tan ® 7O ENTER WASNER
@ sorrIES ARE PACED O AMAGAZINE.
SOYTLE CONVEYOR FOR
OELIVERY TO REMOTE OR
CLOSE COMNED WASHER-LOANR.

to $20,000 (1).

the labor re-~

Fig. 50. Automatic Unit for Uncasing the Bottles

and Loading of the Washer (2)

1. "Automatic Uncasing and Washer-Loading
with RCA Machine," Milk Plant Monthly, May, 1952, pp. 22-23.

2. 1Ibid., p. 23.
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D. Refrigerated Storage

Refrigerated bottle and case storage. The total cost

of ormeration of the refrigerated storage is shown in Fig. 51.
The area of the coocler and the quantity of refrigeration
required were based on the experience of refrigeration
engineers in industry (l1). The refrigeration cost 1is based
on the use of wooden cases. The cost of conveyor and labor
cost of fillling tte cocoler were included, tut the cost of
loading-out was not included. The load-out lator require-
ments, nearly equal to the labor cost of locading-in, are
shown in Fig. B1l.

The possibility of reducing the labor requirement in the
cooler is excellent. The milk should be stacked for easy
load-oat. TIhe cases should first be stacked away from the
conveyor and then stacked between the conveyor and stacked
cases. Observations were made where the operator started
stacking cases next to the conveyor, ten walked around the
cases for the subsequent stacking. A conveyor placed
through the length of thre storage 1s more desirable than one
across the width, so that tre cases need not be carried so
far,

One verson can handle a storage receiving 40,000 vounds
ver day in & six hour day with ninety ver cent of milk in
guarts, in a conveniently arranged storage. Many plants use

twice as much labor.

1. Kampm&n, ~. Je., 'tfrincivles of “echanical hefrigera-
tion," Creamery Fackage Co., “Mimeograph of Dalry Engineer-
ing Short Course, University of Illinols, 1949.

il
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Even with a pallet system of handling, it would be neces-
sary for a person to place the cases on the pallets. The
time saving would come 1n loading-out the milk to the de-
liverv trucks. A labor saving of fifty per cent could be
realized (1) by using rallets. An over-all saving of five
dollars a day could be made for a storage handling 40,000
pounds ver daye.

Fallet loaders are available in other industries, which
rlace the cases on nallets. I'he use of a pallet loader is
not desiratle for tre aalry vlant kecause of the necesslity
of making un vallet loads for tre delivery trucks of several

different rroducts.

1. See discussion of Materials T'andlins in ttre
teview of Literature.
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Vii. CF¥FECKX LIST

A. Receiving Room
l. Dumping

Cans should not pinch while dumping.

Jater on the floor srould drain away from the operator.

To secure a ravid dumming rate, the trucker should loosen
the can 11ds; two truckers may work together in un-
loading the cans and loosening lids.

If the trucker does not loosen the 1ids, the person doling
the dumning should loosen several lids at a time; not

Just one.

An automatic can 11d loosener should be used for receiving
at rates faster than 7.0 cans per minute.

Cans should be permitted to drain berore going into the can
washer; an extension should be provided on the can
washer to catch the drincvings from the cans.

2. Welgh can, scales, welghing, sampling

A self-closing valve on tre welgh can should be given con-
silderation. TI'here 1s justification for a self-clos-
ing valve on the weilgh can, particularly for a multinle-
man oneration.

An air-overated valve shoald be used to lighten the work of
the weigher.

The correct size of scales and weigh can should be selected
according tre the size of dairy and the size of the
producers.

A scales installed 1n a dairy should have a capaclty of
eicher 750 or 1000 nounds.

* permanent table should be placed near tre sampling posi-
tion for recording weights.

A foot-operated welgh can valve control sho:ld receive con-
sideration.
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The receiving tank need not be more than three times as
large as the weigh can; a receiving tank two times as
large as the weilgh can 1s usually sufficient.

There is little Jjustification for a 1000 pound welilgh can
unless the vplant has a capacity of 60,000 pounds or more
ver day with fifty ver cent of the producers shipping
less than 500 pound lots.

'he use of a rrint-welgh device on the scales should be con-
sidered to speed up the receiving operation.

fhe dial of the scales should be positioned so that it is
easy to read.

A permanent place should be provided for the weigh sheets
where they can be kevot in order.

In a two-man overation, the welgher should be able to see
can numkters easily, without t*e dummer retating the can.

Dumvmer should be akle to see recelving tank so that he may
avold running it over.

Make sure that ttrere are no obstacles to encounter when
obtaining the samnle.

“Yan dumolng the cans should be able to see discharge from
can washer to see 1f cans are veing removed from the
washer.

samnle bottles should be easy to obtain, clearly marked,
and fitted with a 1id which 1is easy to manipuilate. *oth
hands should be used simultaneocusly when sampling.

3. Can washer

Can washer should operate as rapldly as worker's normal
dumping speed.

The water and steam valves should be withlin easy reach of
the overator.

The can washer should bte checl4ed regularly to see if 1ids are
feeding through properly.

The speed of tre receiving omeration may be affected by
direction in which the l1lids are taken into the washer.
ihe cap (flat side) of the 1id may bte fed 1nto the
can washer to the right or left.

Tre 11d rack from the can washer should be extended so that
it is within easy reach of tre dumner.
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The safety devices on the can washer should be crecked
pveriodically to prevent breakage in case of an
obstruction.

4. Conveyor

The connections between the gravity conveyor and roller
conveyor should be carefully designed and vneriodically
inspected to prevent lodging of the cans.

The nossibility of including a cross-over between conveyor
loovs to facllitate handling small truck loads should
be investigated.

The incoming conveyor should be level with or slightly
higher than the bed of the truck.

Tre outcoing conveyor should be close to the incoming
conveyor, but there srould be sufficient area for one
truck to be unloading and one truck to be loading at
the same time. In large orerations, the possibility of
having two inconing conveyors so that two trucks could
unload simultaneously should be investigated.

Conveyors should not "btox in" the workmen.

Conveyors should be arranged sc that a short reject line 1s
required.

The 1ncoming and outgolng conveyor lengths should be
selected so that tre durving will not be delayed.

Conveyors should be lubricated regulasly.

The vinching of tre cans at the dump can be eliminated by
dumning at right angles to the conveyor.

If the dumper must remove the lids, the incoming conveyor
should te asrranged sc that he can easily travel
around 1it.

'rere should be a conveyor control for the truck driver
near the unloading vplatform.

*"inimize cost of conveyor system by utllizing a single

chain whenever possible.
If conveyor ~oes to tre otside of c¢'e btuildlng, & metrod of
lockine the can pass doors must be provided. 1ihe
doors should be easy to omnen and close.

Conveyor should be placed about 30 to 32 in. above the floor.
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5. General receiving room

A truck door should te vrovided which can bte either ovened
or closed or both, from the cab of the truck to
eliminate the trucker from getting in and out of the
truck at the loadling and unloading platform.

'he handling of two grades of milk should be considered
when designing the receiving room.

A wash basin should be in the receiving room for the dumper.

The washing of ten gallon cans from nrocessing room which
may have been used in other overations should be con-
sidered.

The total and unlt costs of the operation should be used
as a gulde to egulprnent selection.

The recelving orerations should be balanced with the pro-
cessing operations.

The trucks bringing in the milk from the farms should not
interfere with the milk route loading and return
vositions.

The receiving room srould be planned so that it can be
easily adapted to bulk handling.

If a storage tank 1s placed in the receiving room, a door
should be nrovided with adequate size to move the tank
through.

idequate ventilation should te rrovided--a minimum of 300
cubic feet ver minute of air movement for each can
ver minute cavacity of the washer.

¥indow should be placed by cthe unloading nlatform so that the
trucker can see into the receiving room.

The receiving room should be well lighted--natural and
artificial llight.
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RB. Frocessing Room

1l. Pump

A pump of adeguate csavaclity should be selected to move the

milk as ravidly as the milk is dumped in the receiving
rooms.

A vositive vump 1is recommended in thre receiving room to avoid
excessive milk loss. The centrifugal pump will leave
some milk in the receiving tank.

2. Storage tank

Adeguace canacity should be availacle for storage. 1n one
vlant six veople were delayed for one and one-half hours
In one day because of insuffiiclient storage.

A sSstorace tank 1s needed which 1s easy to gcet into.

3. Fomogenizer

£n automatic device for adjusting and maintaining trhe homo-
cenizer pressure 1s needed to decrease the suvervisory
time.

Efforts should be directed toward decreasing the time of
assembly and dlsassembly of the unit.

Low vressure —means of homogenization offersa method of re-
ducing tre power reguirements of homogenization.

L. 3lass filler and carrer

irere should be sufficient svace around the filler for a
few emnty cases and tottles.

The vossitrility of using rutber tase crates or a rnad uncer
tre hottles to rrevent bottle treakage curing casing
$hoa1ld be investigated.

ire glass fillers timed overated at atoat eichty per cent
of the rated cavaclty.

{ns man srould tLe etle to inspect and case €60 tc £5 cuart
cottles mer minute.

“ne man srould re atlec to case &0 guart bottles per minute.
L foot o—erated conveTor control shoald te used bty the

verscn doing tre casing to release the cases to go to
tre storage room.
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A water valve and drain should be close to trhe filler be-

cause 1t 1is necessary to wash end rinse the bottler
several times a day.

Tre hooding operat.on should be checked regularly because
it is the major source of delays at the filler.

Tre bottle caps should be close to the place of use.

The use of a self-cleaning and/or rinsing device for the
filler should be investigated.

5. Paper carton former and filler

There 1s a tendency toward inefficilency when both the glass
and vaver fillers are used. Check to see if maximum
efficiency is belng obtained.

*enting a cartcn filler -costs about ten cents more per 100
vounds of milk than when nurchasing a carton filler,
if the filller 1s used throughout its life. Cereful
analysis should te made to determine whicl metrtod of
financing a carton filler would be most economical in
a pvarticular olant.

t waver carton machine runs at about eizhty per cent of 1its
rated canacity.

Tre vnarer cartons, wax, a d wire should Le stored clouse
to the filler. A two-wheeled cart is test 1or moving
the sumrlies reca 18se 1t can cte roved over & hose
easier tran a four wheeled cart.

he carton shthould be insvected for fullness by the rverson
dolng t'e casing.

Storage for paper cartons shoula te maintained at 75° F and
LO ner ~ent relative humildity.

6. General vrocessing room

Equivpment should te nlaced so trat the pipes can be easily
lined up for assembly

There should be 2 minimum number of hexagonal nuts aid
cecnnections.

Instruments should be mounted where ttrere 1is no danger
of rresking whlile cleaning egi1ioment.

Instruments and gages should bte placed where they can be
easily seen.
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Flant should bte designed to permit all processing on one
floor.

Dry storage should ke near processing room.

#loor dralns should be vroverly placed so that workmen need
not walk through water.

Doors should te fitted so trat trhey open and close easily.

Doors to tolilet rooms must not open into the vrocessing room.

S111s should slone down from the window at a forty-five degree
angle on trhe inslde Yo prevent accumulation of dust.

Milk leakage and wastage should be eliminated.
he number of manufactured nroducts should be held to a

minimum. Too many manufactured products will increase
the unit cost of mrodaction.

711 returned to trhe plant from the delivery routes should

be utilized.
Tre equiprment shoulc be laid out for function.
An oreration tlime schedule should be prepared.
The nrocessling should ve dorie in one shift.

C. Fottle wasling

Yich post cases sreouald ke used tc rnrevent .ottle breakage.

Bte bottle wastring room should kte laid out so that one man
can handle cases egnd tottles at the filler.

Clegn tottles should bte rrotected from tre contaminating
srray cf btottles being fed into the machine.

L cover should be placed over tre clean tottle convevor to
keep dirt from f«lling into the rottles.

2 means should be nrovided for 1lnsvecting the cleanliness of
the tottles.

The tottle washer should te started from ten to fifteen
minutes before tre bottles gre needed et the filler.

in extra case of emrty bottles should be nlaced besice ttre
ktottle filler onerator to supvly tottles to revlace
the btroken cones. In a8 twelve tottle wide washer there
is room for four cases 1in front of trle overator.
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The conveyors and bottle equipment should be inspected for

sherp edges which may scratch the tottles and later cause
breakage.

"he conveyor line speed from the washer to the filler should
be syvnchronized to nrevent clashing of bottles.

Tre possicility of cuashioning the work surfaces wrere bottles
are handled stould bte investigated.

D. FRefrigereted Storage
Conveycrs should go all the way into the storage.

2 long narrow storage, comraratively sveaking, with the
same conveyor for incoming and outgoing milk is desiratbtle.

I'he crates should be rlaced away from the conveyor, and then
thé storage filled toward the conveyor.

If there are vossitillities for exrnanding tre bisiness, the
storage should te cesigned to be used for cases con-
taining quart tottles to te stacked five cases high,
tren may €0 to seven or eizht cases hipgh to expand the
use of the storazre; pints may o un to ten cases high.

Loading-out time may ce reduced by use of pallets.

Fefrigerated storage designs should 1include consicderation
for rresent or future use of vallets fcr lcading out.

E. Ttilities

l. Steam recuirements

The cleaning water should not be heated excessively for
trhe first rinse.

Cren steam lines should be used for easy maintenance.
Condensate should ve returned to the boller.
rguipment srould be used a8 close to rated caracity as possitle.
Tre feed water should be checked and treated conscientiously.
[te exhaust gas from the roller should te crecked to de-

termine efficiency of burning of the fuel and measures

ctaken to imrrove utilization of fuel.

[he agitator in tre recular pasteurlzer should te started
before heating to prevent rurning-on.
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The steam valve of the can washer should be turned off
after use and tetween loads for some washers.

teonomical toiler units should be selected. ''he initial
cost of a single boliler is less expemsive than two
smaller ones. The lower operating cost of two smaller
toillers 1s often sufficient to balance tre difference
in initial cost tecsuse of seasonal variations in use.

2. Refrigeration

fwo small compressors should te used instead cf one large
one. One for sweet water, one for storage cooler.

The metrod of *»andling the milk should be analyzed to
minimize ovening of the doors.

Can-vass doors should be used whenever possible.

Cold water should bte uased generously for cooling when
availatbtle.

3. Water

The uce of a coolirg tower for condensing water should be
considerec.

Valves should te ucsed cn tre end of tre cleaning hose for
turnine off and on.

FF. Miscellaneous ltems
1. Clesning
«“xcessive rinsing of ttre outsice nurts sroula be avoilded.
[te eguirment rnarts skould te randled as little as possitle.

AsS rarts are disassemtled ar.d washed, they sthould be placed
on & wash reck on whictk the varts may be rinsed.

Weter shculd e convenient for cleasning &'d rinsing.

T're mossitilities of using tiegh velccity jets for clean-
ing egquivpment shonld te investigated.

Tre nossitility of vlacing the water hose on a self-wind-
ing reel should te investig¢ated. r'rom three to four
minutes are recuired to wreo itlhe hose after use.

i water vslve should te rlaced on tre cleaning end of tre
rose.

Tre water hose shculd not cross an alley.
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2. Milk losses

The dump raill in the receiving room should not be too high.

Prover gasket connections on the plpe line and equipment
should be used.

The bottles should not be filled tco full.

A drip extension should te used on the washer to prevent
the soclids and fats from entering tre sewer.

Adequate drainage of the milk can into the weigh can should
be rrovided.

Adequate use should te made of the milk returns.

The clarifier end auxiliary equivment should be large
enough to take the milk from the receiving can as
quickly as it is dumned so trat milk will not run on
the floor.
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VIII. MACHINERY SELECTION

It 1s ususally necessary for an industry to Justify
changes 1n equivpment by economical returns. At least, Just-
tification for a change 1in equipment can te completed more
intelligently 1f a dollar value of costs and returns is
available. 7These costs Include not only the daifference in
the original cost of tre equlipment, but the difference in
labor, floor space, utilities, etc.

One of the most popular items in the jargon of manu-
facturing concerns is "la wor saving." In order for lator
saving to te profitatle, the worker must be gainfully em-
rloyed on another operation, once his original task 1is
simrlified.

There are beneficlal changes which do not show a
financial return. Changes that provide leisure, add to the
comfort of the worker, and reduce the hazards of the worker,
are often necessary even though tre changes would not be
justified from a rurely economical analysis.

The over-all brocess cost should be used as the econom-
icsl basils of equlipment selection. I'he same equloment would
not be chosen for an oreration in all plants, as an opera-
~ion is only one pvart of c¢kbe entire nrocess. A form, similar

to that of Tatle XXII, filled out and totaled for several
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CWH
8/3/562
Tavrle XXII ‘a)
UNIT COST ANALYSIS
DAIRY PLANT OPERATIONS
Plant Av1~ Chart No. 1 Sheeti: Nc, 1 ]
Ar~engement i'ro. o0osal I Charted dy C'VH —
Date June 025, 1952 _
Fstimsated
cost per
Step Miscellaneous 100 1bs.
No. Equi pment Type Capacity | Information (Dollars)
Conveyor, lconvantd 5720 1» [592,% milk in
1 |EEd%h canslional  feizh can|lots 1ess 531 o0.o018
T3 1 -
2 CArn wrs"rer| away 8 CiM 0.014
20,000 1Y
3 Clarifier }er hr D.0145
29,990 1%
4 Ccoler rlate Fer hr N.7104
Stora z= Insul-
5 tank ated 070 znl DeN146
2910 1b
6 TST ilate 1T "r 0.92406
1797 zal
it Tomogeniret }Jer hr 2500 ¥si N.0131
Stein. Inciuiling
A ripe line Istesr] cl~ning e ND7E0
Jlass
9 filler Tacuur £ T 957 ~urrts D.760
Tottle= ani
10 case woasghetl3oaker 6D ™Il 977 aua~t- N.101
Rafriz.
11 ctora e N.0€E78
Total 0.5950




Table XXII (b)
DNIT COST (NALYSIE
LAIRY PLANRT OFERATIONS

Plant Able

Arranpgementiro; ocsal I1

Chart No.

Charted by

1
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CWH

6/3/52

Sheet Noe. 2

X1

Date_ June 25, 1952

Fgtimated
cost per
Step Mi{scellarsous 100 lbs.
No. Zquipment Type Capacity | Irformatinn (Dollars)
N o on ona. | convantl 509 1b.[507% milk in
ot icnal weigh callots less 859 0.7218
traight}
2 Can weeher! away 8 CPM D.014
20,700 1P
3 Clarifier }r hr N42148
Storaoe Cold
4 tank vall 3700 gal 0.N241
£991 1%
5 HTS3T z1atm= Fer hr N.0406
17970 <gal
& Tomcganizepr }jer hr 2500 1si 0.7191
- r~Cirou}hto5§
7 t'ije line | 31z s clmaning 0.010)
£ {11 - araer €5 OTM 9N7 auarts 0,998
Rafricg.,
9 cstor . ge DeNETSE

Mot -1

l1.1161
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different comblnations of equiprment, would serve as a guide
to determine the combination which would give the most
economical selection.

If all the equirment were opurchased in 1952, the charts
and tables in this dissertation could be used for obtain-
ing the unit cost of each oreration. Yowever, the ovroblem
of egquipment selection usually entaills replacing used or
obsolete equipment. The original cost of the eguivment, and
the charges tased on the cost, would usually te different.
Jhe same 1l1tem of equipment manufactured by different com-
ranies have different snecifications. For these reasons
crarts were develoved to aid the delry plant overator or
englneer to calculate tre fixed and vroduction costs of
egquivment. The fixed costs are based on the original cost
of the equivment and tre production costs are btased on the
srecifications of the egulpment and the ovrerating time. These
same data cen be used for comraring new pleces of equlo-
ment. No consideration has been glven to the possibllity of
taking advantage of certaln lncome tax laws 1in buying new
egulioment .

An example is vresented to illustrate tre use of the
cost charts. Lqulpment may be replaced in a plant before
or at trhe end of its estimated useful l1life. Equivment which
needs excessive repairs, requlires excessive utilities, or

reqgiires excessive manual labor may need replacement.
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Two machines which operate 365 days per year will be
compared. The o0ld machline has not teen used through 1its
estimated useful life, but 1s being considered for replace-
ment because the new machine requires less steam and lator
to do the same job.

Machine A. ©01ld mactine
Total estimated life is 15 yrs., present age = 10 yrs.
Original cost = $8,000, salvage value = $500
Fresent area requirement = 200 sg. ft., at $1.50/cu. ft.
mlectrical consumpntion = 3 kwh at 2 cents per kwh
Steam consumntion = 20 RFP
Labor requirement, overating = 1 man per hour
cleaning = 1 1/2 hr. per day
Daily overating time = 4 br.

Machiline R. New machine
Total estimated 1life is 15 yrs.
Crigrinal cost = $12,000, salvege value = $700
Area reguirement = 175 sq. ft. (other 25 sg. ft. can be
utilizred for an other overation)

Flectrical consumption = 5 kwh.
Steam consumption = 15 PFP.
ILLabor requirement, ovperasting = 1 man per hour

cleaning = 1/2 hr. per day

Deily orersasting time = L hr.

The annual ovperating costs of each plece of equiprent
are summarized in latle XXIII. For the comnarison to be
valid, the present piece of equipment must be sold for %3,000.
Otherwise, the annual cost of the devreciation and interest
1s greater tran estimated. In addition, the cost of the
new plece of ecgulpment must include tre cost of instal-

lation.
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Dairy Plant Planning

1/52

014 Vew
Fquipment [Equipment
A, Annual Pixed Costs A B
1. Taxes, insurance, licenses, 3 % >< /
a. Building (Fig.53) 11" 30
b. Equipmert (Fig.5 ) 223 2ED
2. Deprecistion, I B
a. Building (Fig.55) "5 55
b. Equipment (Tig. ¢ ) 509 £70
5. Interest, 4 ~
b. FEquipment (Fig.5f) 1€0 250
4. Repairs, maintenance, supplies, 320 40
L% (Pig B4 )
Total Pixed Costs 14¢€3 21lod
B, Arnnual Produoction Costs
1, Labor
a. Operating ~ED 2558
b. Cleaning, assembly, diseassombly 298 212
2. FElectriecity (Fig. ") £ o 145
3. Steam (Ai¥Ffarenca) 24D
4. Refrigeration i
6. Vater
6. Other, itemize: (e)
(v)
(c)
Tctal Production Costs 3823 ICEoh e
Cs Tctal Annual Operaeting Costs S520¢ Slas
D. Difference in Annual Operating Costs, 120
Teest Fxpe1sive Equipment _

Carl W, Hall
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ANNUAL COST OF
TAXES, INSURANCE,
AND LICENSES

NEW COST OF (Dollars)
BUILDING 25
(Dollars per cu.ft.)
— 600
4.00 —
— 500
3.00 — L 400
- é‘ r
<. - 300
2 00— Q,
2t
B R
1.00 — o 200
) \[- 100

FIG. 53. CHART FOR DETERMINING ANNUAL
COST OF TAXES, INSURANCE, AND
LICENSES FOR BUILDING

CWH
5722752
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ANNUAL COST OF
NEW COST OF () TAXES, INS,, LICGENSES
EQUIPMENT (2)REPAIRS, MAINT.,SUPPLIES
(Dollars) (Dollars)
25,000 .

FIG. 54. CHART FOR DETERMINING ANNUAL
COST OF (1) TAXES, INSURANCE,

LICENSES (2) REPAIRS,MAINTENANCE,

SUPPLIES FOR EQUIPMENT

CWH
5/22/52

y |




Salvage  Original Value ANNUAL
Dollars per GCu. Ft. DEPRECIATION

1.00+
(Dollars)

3.501 — 400
0.50"
3.00 1

2.501

2.00+

F1G. 55. GHART FOR DETERMINING THE ANNUAL DEPRECIATION OF

A BUILDING CWH
5/22/52

94T
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SALVAGE ORIGINAL ANNUAL

VALUE VALUE DEPREGIATION
Dollars Dollars Dollars
8000 A ’
6000 30000
. . -200
4000 ]
T 20000 3
2000 ] - 400
o 1 .
10,000 3
. - 600
o -
— 800
Key -
1 - 1000
L :
—
- 1200

FIG. 56. CHART FOR DETERMINING ANNUAL COST
OF DEPRECIATION OF EQUIPMENT

CWH
5/721/52

-




Salvage Original value

value of of building
building  Dollars per
cu. ft.
Dollars
3.00 1
per
cu. ft. ANNUAL
4 INTEREST
0.
200 | pollors
- 400
| 300
0] - [
Key 5200
/ i
M -
Al/ /’ ‘J-c "|00
/ =
o
FIG. 57. CHART FOR DETERMINING ANNUAL GCOST OF INTEREST
FOR A BUILDING INVESTMENT
CWH -
3

§/23/52 o




SALVAGE
VALUE

Dollars

0~

-

Y I

10,000

J E—

FIG.

ORIGINAL
VALUE

(Dollarsg)

Key

58. GCHART
COST OF
INVESTMENT

Dollars
. 0

FOR DETERMINING ANNUAL
INTEREST ON EQUIPMENT

CWH
5721/5

y
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ANNUAL
INTEREST

2
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COST, DOLLARS

YEARLY DAILY

ELECTRICITY
WATTS HP.

6 000 A 4060

5000

4000 -

FIG. 59. CHART FOR DETERMINING COST
OF ELECTRICITY

CWH
6715752

y



FUEL COST OF

(1)

GAS STEAM
Dollars per (3) COST
1000 Gu.Ft FUEL  Dollars
0501 (2) oIL per
COAL Gents 1000 Lb. HEATING VALUE OF
per 1.80
0.40 - Gallon E (1) (3) (2)
t
— '5 E ‘-50 FUEL
Dollars L—l.30 GAS oIL coal
per
Ton - Bf:r Btu
0.30 1 * — 100 Btu. P on per
151 | i per 9 Ib.
] 10 cu. ft. NO. | -10.0C
] L 9 — 0.80 137000 )
a 4001 No.2
- 8 i 142 000 -
I — 0.60 NO. 3
10 - T - 149,000 - -11,00
0.201 ] B 152,000 -
9? - 6 500 - NO.4
81 | 5 —0.40
7- | - 12,0C
1 <1 | . i
1 . 600 | i
5 L 13,0(
1 -3 —0.20
4 700 -
0.10- - 14,0C
8001
3- ~15,0¢
TO OBTAIN TOTAL COST:
ADD LABOR AND 900
FIXED COSTS ]
1000
FIG. 60. CHART FOR DETERMINING FUEL COST

OF PRODUCING 1000 LB. OF STEAM
WITH BOILER OPERATING AT 80% EFF.
CWH

5/24/52 '
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IX. LAYOUT FLANNING

After the rrorer sige of capacity of egquioment 1s
selected, the equipment must be placed in the plant in a
position to utilize fully the labor and smace. Methods are
rresented in this section for analyzing the equipment
lavout.

The test way to visualize the plant layout 1s to use
scale models of various equipment. Sceale models which show
most of tre details of construction can te used. A less
elatorate method is to use clock scale models. 1hrey are
easlly made and are advantageous (or dairies because dairy
nlant equipment is usually simnly contoured, aprrocaching a
cvlinder or varallelovriped in shape. A scale of one-fourth
inch equal to one foot is used in nlant layout. The eguip-
ment 1is rlaced on a grid background for a fioor. The grid
is marked off in one-fourth inch squares. Fach scuare
represents a square foot. The grid system facilitates de-
termining the distance between equlpment. An example of a
lavyout of block models on a grid background is shown in
flg. 61.

After the eguipment 18 tentatively placed in the rlant,
each item of the check 1list 1s commared with the layout.

Cranges are made to conform with the check list and judge-
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ment of the planner and plant personnel. The workmen in
the plant have good i1deas and their ovinions should be
sought and considered.

It 1s desirable to take a picture of each layout which
is submitted to a check 1list or activity analysis. A pro-
posed one-man receiving room layout is shown in Fig. 62.
When sutmitted to a check list analysis, the layout has the
following characteristics:

l. Trucker can unload on short or long leg of incom-
ing conveyor, as shown at points A and B of
Fig. 62;

2. #“orker is not "boxed in" by conveyors;

3. 3hort reject line;

L. Cans dumred at right angles to conveyor;

5. Conveyor next tc building so trat i1t can be placed
under roof;

6. Can washer in a nosition so that it is more diffi-
cult to wash ten gallon cans from the orocessing
room than if the washer were tarned end for end.

he next step 1s to make an overation analysis of ttre

lavout. An analysis is oresented in Figs. 63 (a) and

63 (b). Fig. 63 (a) represents the work of the present onrera-
tion of a one-man receiving room. Iig. 63 (t) represents

cre vrroro.ed work schecule of a one-man receiving room based
on tre data in previous sections of thls dissertation.

fhe symbols given in lable VIl are used to illustrate

tY~ ac.lvity of a worker in tre receiving room. I'he work

should te nlanned, and tre eguiovment nlaced so that the
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Rlock Layout of Dairy Flant Equlioment

Fig 61.
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symbols are as close to being completely blacked-1in as
rossible. Refore the changes can be made, an analysis must
be made of tre delays and plans made to eliminate tlhem. An
analysis of rfig. 63(a) shows trat tle following chaneges
would be required to imnrove the work schedule to obtain the
work plean as srown in Fig. 63(b).
1. Increase conveyor length to avoid waiting by re-
ceiving room worker when there are a large

number of cans ver ovroducer.

2. Scredule the farm trucks to arrive at a desiratbtle
time for both the trucker and nlant nersonnel.

3. Pave clarifier parts on a cart near the clarifier.
Yo not store vparts of other equipment on
clarifier cart.

L. Store samnle tottles in receiving room near
vosition of sampling.

. Fave nine line rack close to place where they are
used.

6. liepalr washer to orevent cans or lids from jamming.

7. Assirn laboratory man tre resvonsibility of check-
ing fullness of storage tanks.

“hether all of thrhe suggested changes should be made
derends on tre work schedule of the other workers. In a
vplant an activity analysis should be made of each worker.
Consider balancing the work of the emnloyees by:

l. Combining steps

2. Simrlifying steps

3. OCranring layout

L. Cranging ~roduction schedule

5. Changing position of controls
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6. Redistributing the work

7. Eliminating unnecessary work

8. Changing equipment.

A production schedule should be developed, similar to
the one shown in Fiz. 6L4. The overation analysis of each
worker should be based on the oroduction schedule. Changes
can often be made in the production scheduls to balance the
work. The utility use should also be balance, particularly
for steam and electricity. Filg. 65 illustrates the steam,
electricity, water and refrigeration required for the oro-
duction schedule shown in Fig. 64. Consider balancing the
utility requirements by:

1. Changing nroduction schedule

2. Changing equipment

(verational nlans and nroposed layouts should be made
for exnected future cavacities. If this is done, expansion
will be miich easier and less exrensive to carry out. The
orerational plans should be recorded and the proposed lay-

out photographed so that new management personnel can be

aware of the plans.
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X. SIMMALKY

The one-man receliving room operation with a straight-~
away can washer 1s the most efficient for labor utility. The
size of weigh can and can washer should be selected on the
basis of an over-all economical analysis--not just on the
labtor requirements. A minimum numter of man-minutes per
100 cans in the receiving room should not be the sole ob-
jective, although it 1is an immortant one. The overations
in the entire plant must be nlanned to function together.
Each plant manager must use the data as a guide to his de-
cisions.

One man cannot convenlently unlocad cans from the truck
and loosen 1lids raridly enough to steadily suvpply a can
washer at a rate above seven cans rer minute. The speed of
unloading cans from the truck, conveyor trip, weigh can
size, clarifier capacity, and sampling and weighing methods
are factors which often rrevent the can washer from working
at full capacity.

Several multiple-man operations with various arrange-
ments were observed. 1The dumper should not be assigned any
additional task except checking the milk for quality as he

dumrs the cans.
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For a dumping rate of eight cans per minute, the dump-
ing time is reduced from 1lL4.3 to 12.5 minutes as the con-
veyor length 1s 1lncreased from zero to thirty feet. When
the incoming conveyor is thrhirty feet in length, a total con-
veyor length of 130 feet is required. As the length of the
incoming conveyor 1is increased from thirty to ninety feet,
the time regquired for dumning does not change, but the total
length of convevor required decreases from 130 feet to 118
feet.

The slze and caraclty of equipment from the storage
tank rack to the welgh can should bte selected on the basis
of the rate of ihe receiving oneration. the equipment from
the storage tank to the refricerated storage should be
selected on the tasis of the rate at whrich a person can case
end insrnect the tottled milk. The clarifiiers manufactured
at the present time are too slow to keep ur with the receiv-
inr oreration. TIhe receiving rate is slowed down and milk
wasted from running over the receiving tank when tre clari-
fier has too small a capacity. A 25,560 pound per hour
clarifier would be regaiired for a one-man oneration.

The time reguired to clean the storage tank varies with
the cavacity and diameter of the tank. Ilhe 600 gallon tank
reguired longer for cleaning than tke 1000 gallon tank. The
3000 gzallon tank is manufaccured in 84-inch and 96-inch
diameters. ‘1The 84-inch diameter, 3000 gallon tank reqgulrecd

five minutes less to clean each day than the 96-1inch
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diameter, 3000 gallon tank. The tank with the smaller dia-
meter requires more building area. The additional cost of
the building area should be compared to the value of saving
in cleaning labor. The use of air will considerably reduce
the power and time requaired for milk agitation.

The cost of sevaration of cold milk 1s less than heated
milk, 1n splte of the fact that the cavacity of a unlt used
for cold milk separation is only fifty-five ver cent of 1its
cavacity for reated milk separation. The advantage 1n favor
of cold milk separation would be much greater 1f larger units
were avallable, because the cleaning t me for a unit with
twice as great a capacity would be much less than for clean-
ing two smaller units with the same total capacity.

The homogenlzer has undergone very few changes since its
invention. The total cost of ovneration can be subtstan-
tially decreased btv increasing the ease of cleaning and ex-
rerimental evidence indicates that pressures may be reduced
under certain conditions which 1n turn would decrease the
cost of the overation. The labor regquired for supervision
could be decreased by using a ovressure regulated control
valve to assure constant homogenizer pressures.

Fasteurization can be carried out more economically with
the high-temperature short-time unit than with the holding
vatse. i'his is done in spite of tre fact that the short-
time unit has a higher initial cost because tre benefits of
regeneration are built into the unit. Separate equipment 1is

needed to utilize regeneration in the holding process.
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One man can case and inspect 63 gquart and 99 half-
pint bottles pver minute at the filler. The filler should
overate at a sveed to utilize fully the work of the men cas-
ing the bottles. Semi-automatic casing equivpment can double
the rate of casing. The major cost of the bottling ovpera-
tion 1s tre cost of the bottle and cav. “The cost of tlre
bottle can be substantially reduced by increasing the num-
ber of trivs per bottle. 1Lhe lightwelight bottle, even though
it has a lower initial cost, has not reduced the cost of
tre overation, hkrecause of greater bottle breakage. Cleaning
jets located in the filler bowl would facilitate the bot-
tling oreration. There is 1little difference in orerationsal
cost with different filller sizes.

The vaper carton overation costs $0.0108 per quart more
than the glass bottle washing and filling overation which it
revlaces. lhe use of a single service carton accounts for
the added cost. [re cost of the overation can be substan-
tially reduced only by decreasing the cost of the contalner,
or by concentrating the milk before 1t goes into the carton.

Larege savings 1in pive line cost and cleaninc can be
reallized by remlacing tre conventional pipe lines with
nermanent lines which can ke cleaned by circulatory methods.

One man can feed 100 bottles ver minute into a bottle
washer. Automatic uncasing and washer-losding eguivpment has
reen developed which will pay ror itself iy the iabor saved

o

within a three-year perilod.
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A labor saving of fifty ver cent in loading-out the
milk from the refrigerated storage can be obtained by use of
rallets. A careful analysis would be required to sacertain
the advisabllityv of converting ovresent storages for pallet
handling.

Check 1lists of the vartious vpleces of eculpment should
be used bty the dairy plant superintendent, plant aesigner,
and equipment designer to analyze vresent and rroposed
overations.

Refore new equipment 1s opurchased, or old equipment re-
vlaeed, the over-=zl1ll process cost analysis should be made.

A piece of equioment i1s usually used for one operation,
which 1s a vart of a process. The oprerational cost includes
a charge for interest and denreclation, taxes, 1insurance,
licenses, repairs, sunrlies, bullding space, labor, and
utilities.

The planning of a dairy mnlant srould be carried out by
as manv different veople as pnossible. No one person can
remember every 1ltem to be considerea. +the plan can be
visualized best with a model layout. the opmerations of
various lavouts can be compared with an operatlion analysis

chart, based on the standard time of each operation.
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XI. CONCLUSIONS

l. A one-man receiving room operation i1s more efficient
than the multiple-man operation if tre processing schedule
is not interrupted.

2. In a multivle-man receiving room operation, the
nerson durning the cans should not be assigned any addition-
al task, other than crecking for quality.

3. I'he standard time required for receiving room opera-
tions should ke used for vlanning schedules.

L. The trucker cannot normally unload cans from the
truckx and loosen the lids at a rate faster than seven cans
per minute.

5. The size of welgh can should bte selected according
to the size of dalry and the size of tte vroaucer.

6. A 750 pound scales, or larger, should be installed
in tre dairy, even thougsh a 500 pound weigh can is installed.

Te ‘he vecuum semnler, sgltrough an aid to the person
doinz the sarmrling, often requires more time than samvling
with the manual dirrer.

8. Rooms wrich are well-lighsed are more likely to be
ket clean and nsat.

9. In & one-man receiving operation, a can washer with
a caracity above ten cans ver minute 1s not used to capa-

citr and a six can »ner minute washer 1is too slow.
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10. The conveyor system should be arranged so that the
cans can be dumned at a ninety degree angle to the conveyor
to nrevent the cans from pinching while dumping.

11. In many rlant arransrements, the time required for
dumring the milk and the total length of can conveyor could
be decreased by lengthenlnz tre incoming conveyor.

l2. Horizontal cylindrical storage tanks with dia-
meters from 69 to 84 inches are easier to clean than trose
wilith smaller or larger diameters.

13. Cold milk separators srould be built in sizes
larger than 6,000 pounds per hour.

14. A saving of severiteen rer cent in the operational
cost of homorenization could be realized by reducing the
pressure from 25C0 to 1000 pounds per sguare inch.

15. 'he use of regenerecive heating and ccoling equip-
rent with tre holding vrocess [for pasteurization is less
exrensive tran without ttre regenerator equivment for capa-
cicties sbove 8000 pounds rer day.

l16. For a 5000 pound per cday dairy, ttre dail; cost of
usinge a srort-cvime unit for nasteurization is nearly one
ccllar less tran tre cost of uasing the holding rrocess. I'he
stort-time anit is more econorilcal for canacities above 5000
rounds per cay.

17. ~‘anagement verscnnel should cive svpecial attention
to traininc the workman in handline glass bcttles with care.
4 saving of £0.05 ver hundred could be realized by increasing

the number of trips rer tottle from twenty-five to fifty.

<
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18. Dairies are justified in clrarging an extra cent
rer guart for milk in raper cartons.

19. Methods must be developed, and amnrroved by health
authorities, to clean equipment and pipe lines witkrout
disassembly.

20. A new medium-sized plant could justify the use of
sutomatic easing eguipment, automatic uncasing and bottle
washer eeding eguipment, and pallet system of locading and
unloeding delivery trucks.

21. An overation should not be analyzed by 1itself. The
entire rrocess surrounding the operation must be considered.
A cost analysis stould be made wrich includes all fsactors,
not just the original eguipment cost.

22. 1t is imperative that all new layouts or revisions

in lavout be studied with trhe aid of scale models and opera-

ticnal analysis charts.
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Avpendix Table 1

Milk Ffroduction on Farms ty States, 19LG (1)

Wisconsin 15,568,000,000 1b.
New York €,700,000,000 1b.
vinnesota 8,320,000,000 1b.
california 5,972,000,000 10.
ILowa 5,921,000,000 1b.
Fennsylvania 5,800,000,000 1b.
Michigran 5,677,000,000 1b.

Aorendlx Tatle I1

“umber of '"i1lk Dealers ry States, 1949 (1)

ew York 16 37
Iennsylvania 1619
California 1602
l1llinois g95¢&
Ohio €56

‘utror's 'Yote: “Yinnesota and Jisconsin have only 515
and 61f milk cdealers, resnectively.
'hese two states carry on excensive
vprocessing of milk, whick 1s the reason
that tre numbter of milk dealers is low
even trough the milk rroduction is high.

(1) Dalry Industries “atalor, Clsen
"aklishin: Commany,




Amnendix Table [II (1)

kconoric Indexes for Different Iltems
ragse: 1926 = 100

AT Fuel and tMetals f1dg.
commod- light- and metal mater-
Year ities Foods ing nroducts ials Laktor
1920 1sh .0 137.4 163.7 149.4 150.1 102
1921 97.6 90.6 96.8 117.5 97 .. Sl
1922 S6.7 €7.6 107.3 102.9 97.3 €9
1923 107.6 g2.7 S57.3 109.3 108.7 95
1c2l 98.1 51.0 92.0 106.3 102.3 99
1925 1C3.5 100.2 96.5 103.2 101.7 99
1926 100.0 100.0 100.,0 100.0 100.0 100
1927 95.4 Q6.7 88.3 96.3 9L .7 100
1928 96.7 101.0 8L4.3 97.0 9.1 101
1929 95.3 99.9 83.0 100.5 95.4 103
1930 &6.4 90.5 7€.5 92.1 89.9 101
1931 73.0 Th .6 67.5 84.5 79.2 9L
1032 6l .8 €1.0 70.3 0.2 71.4 82
1933 65.9 60.5 66.3 79.8 77.0 82
193y 74 .9 70.5 73 .3 8¢.9 86.2 97
1939 80.0 83,7 73.5 6.1l 85.3 100
1936 80.R P2.1 76.2 7.0 86.7 101
1937 86.3 5.5 77 .6 95.7 95.2 112
1938 78.6 73.6 76.5 95.7 90.3 112
16329 T7e1 T0.l 73.1 al.h 90.5 113
12L0 7.6 71.2 71.7 95, & SL.*P 121
1941 e7.3 £2.7 76.2 99.l 103.2 123
19,2 9R.8 99.6 78.5 103.8 110.2 156
1943 103.1 106.5 0.2 103.8 111.4 176
9Lk 104 .0 104 .9 3.0 103.8 11%5.5 185
1945 105.8 106.2 ClLe0 104 .7 117.8 146
19L 6 121.1 13C.7 G0.1 115.5 132.6 19¢
1947 1r2.1 16E.7 1CE.7 14E5.0 123.7 226
19,4 ¢ 165.1 179.1 134.2 163.6 135.0 24t
1249 155.0 161.4 131.7 170.2 140.0 259
1950 16¢1.5 166.2 133.2 173.6 146.5 270
(1) The FEconomic Almanac 1951-2, The

Jational Industry Conference Foard, 24,7 Fark Avenue, New
York, '« Y. o 110.




Avvendix lable IV (1)

Currents and vJattage of Various [|ypes of Induction
VYotors at Full Load

I 1
single-~ three-
rhase nhase

BEF. 110 v. watts Lo v. Watts
0.5 5.6 €16 0.8 L 88
1.0 10 1100 1.4 855
2.0 20 2200 2.9 1770
3.0 30 33C0 L.3 2620
5.0 L9 5400 6.6 L, 030
7.5 67 7380 9.6 LEEQO
10.0 €g 9800 12.8 7800
15.0 13 111300 1.7 111,00
20 .U 176 19400 25.3 151,00
25.C 212 23200 30.5 1E€00
23.0 260 2E600 37 .. 22700
35.0 29¢t 22780 h2.e 26100
LC.O 33E 37180 LE.6 29600
5.0 382 ;2020 5L .9 33500
50.0 1,06 L 660 St .L 25600
75.0 620 68200 £9.0 S[200
100.0 12 £9320 114.0 72000
150.0 1220 13,200 175.0 116500

(1) Ibbetson, ~. 3., “lectrical iower Lng<ineers!
“undtook, "hemical Fablishing Commany of “ew York, 1lnc.
JG3C, . 134, source of current valunes.




Arrendix itatle V

Dally Cost of ¢meration and seving of &4 in. and 96 in. Diameter Forizontal
Insulated “ilk storagse lanks, dollars--¥ay 7, 1952

Cavacity, gallons 3000 1,000 5000 6200
Dlameter, inches Cly 96 ty 96 gL 96 ol 9t
Devreciation and interest on tanks 1.05 1.05 1.15 1.15 1.34 1.3} 1.51 1.61
Dernreciation and Interest on
buildines 0.3 0.23 G.Lé G.h2  ¢.56 0.50 0.68 0.59
laxes, insurances, licenses 0.£¢ 0.67 0.b62 0.7¢  0.99 0.93 1.1 1.06
hepalrs, maintenance, sunnlies 0.57 0.57 0.63 0.63" 0.73 C.73 0.62 0.82
Cleanin. lator 0.87 1,07 1l.25 1.LC 1.49 1.61 1.80 1.90
“lectricity 0.07 0.07 0.08 0.0& 0.08 0.0 0.09 0.09
Tetsl costs 3.70 2,76 L,30 L6 5.21 5.1G €.04 5.97
sinnual vearly savins of €l
in., dlameter 62 25.58 -7.30 -25.55
Life (1f yr.) saving 1116 [;59 -131 -1456

a. Labor at :"1.7%

b. came insulation and holding temnerature was assumed for toth tanks

c. Jame initial cost for large and small diameter tank of the same
canacity was assumed



Arpendix Table VI

Conveyor, weigh Can, Scales, ! -c21iving TanXk
DOamping Acrcesaories
(One~Man Fecelving Operation)
Daily Cost of Cperation, Dollars--NMay 28,1¢52

Size of vei h Can,lbs.
500 750 1000

[. FFixed Costs

Insurance, taxes, licenses 0.53 0.59 0.67
Derreciation and interest on tuilding 0.07 0.09 0.10
Derreciation and interest on weigh can 0.2 0.L1 0.57
Devrecliation and interest on scales 0.20 0.20 0.20
Dernrecistion and interest on conveyor 0.62 0.62 0.62

Denreciation and interest on
receiving tank 0.25 0.28 0.37
Derreciation and iInterest on accessory 0.07 0.07 0.07
~ernairs, maintenance, supnlies 0.64 0.7C 0.79
Total fixed costs 2.62 2.96 3.329

11. Troduction Costs
(a) SO vper cent of milk in less ttran
00 pound lots

20,000 nounds ner day 3.02 2.99 3,03
LC,000 pounds rer day .72 L.B7 L.&0O
€£0,00C rounds rer day 6.1 6.21 €.22
80,000 mounds rer day £.09 7.73 T7.74
100,C00 »ounds rer day 16.C¢ 92.60 9,K¢E
(b) 65 ver cent of milk In less than
500 pound lots
20,000 rounds rer aay 3.00 2,03 3.04
;0,000 rounds rer day L.76 L.73 L.75
(0,0C0 rounds rer day 6.67 6.53 6.53
80,000 pounds per day £€.1C 7.97 7.93
100,000 nounds rer uay 10.16 9.93 9.8
(c) €0 ver cent of milk in less than

500 pound lots
20,000 rounds rer day 3.09 3.13 3.17
40,000 rounds ner day 5.08 5,05 5.09
60,000 rounds ver day 6.71 6.€5 6.72
&0,000 pounds ver day g.Lo &.,LE B8.,48
100,000 nounds ner day 10.34 10.25 10.28

iI1. Total "Tost
(e) S5C ner cent of milk in less than

S00 vound lots
20,000 mnounds ner day .6l £S5.95 6.42
,O,C00 pounds ver day 7.2 7.53 7.99
6C,000 pounds rer day 9.03 G6.17 9.€1
€0,C00 vounds rer day 10.71 10.€9 11.13

100,000 pnounds vner day 12.71 12.56 12.97



snrendix Table 6 Continued

(b) 65 per cent of milk in less than
500 pound 1lots

20,000
1O, 000
60,C00
£0,000

100,000

rounds
nounds
pounds
nounds
vounds

ver
per
per
ner
per

day
day
dayv
day
day

(c) B0 per cent of milk in less than
500 puound lots

20,000 pounds per day
40,000 pounds ver day
60,000 pounds per day
0,000 nounds nrer day
100,000 pounds ver day
iv. Ilnit cost per 100 pounds, dollars
(a) 50 ver cent of milk in less thran
500 vound lots
20,000 pouncs rer day
40,000 pounds rer day
60,000 nounds ner day
80,000 pounds ver day
100,000 nounds w»er day

(t) 65 per cent of milk in less than
500 pound lots

20,000
1,0, 000
¢0,000
£G,000
100,000

rounds
pounds
roands
rounds
pounds

ver
De r
ner
rer
ner

day
aay
cay
dey
aay

(c) €0 per cent of milk in less than
S00 pocund lots

20,000
L0, 000
60,000
&0, 000

100,000

pounds
pounds
pounds

pounds
pounds

per
per
per
rer
per

day
day
day
day
day

5.62
7.38
9.29
10.72
12.7€

5.71
7-70
9.33
11.11
12.96

0.02€&
0.018
0.01¢%
0.01L4
0.013

0.02¢&
0.019
C.C16
0.013
0.012

0.029
0.019
0.016
C.014
0.013

5.99
7.69
9.49
1C.93
12.89

mVoOnw
.01
9.61
11.41
13.21

0.0G30
0.019
0.015%
0.013
0.C1R

0.030
0.019
0.C16
C.C1L
0.C13

C.030
G.020
0.016
0.01L4
0.012

6.43
.14
5.92
11.32
13.27

6.56
&.4u8
10.11
11.87
13.€67

0.032
0.020
0.016
0.01Y4
0.013

0.032
0.020
0.017
O.C1Y
C.013

0.033
0.C21
0.017
0.C15
0.014




Apvendlx latle VII

Straight-Away Can wWasher--Daily Cost of Cperstion, Dollars
Summary of Data--April 25, 1952
___Size ¢f "an JasYer, CHV
¢ 2 10 12 I 16
I. F'ixed Costs
Insurance, taxes, 0.58¢ 0.79 0.89 0.95 1.01 1.3t
licenses
Devrreciation and lnterest
on tuilding C.3L U.75 0.1 0.66 0C.71 0.ttt
Derreciation and interest
on equlvrment 0.82 0.93 1.11 1.1 1.21 1.7L
l'evairs, maintenance,
supnlies O.43 0.50 0.58 0.60 0.65 0.9¢(
Total 2.17 2.77 3.19 3.35 3.58 L.E]
II. Troduction Costs
Utllities
20,000 l1lbt.per day 0.8, 0.8, 0.84 0.84 AL 0.8l
LC,000 1lb.ver day 1.67 1.67 1l.67 1.67 1.67 1.67
60,000 1lb.per day 2.51 2.51 2.51 2.51 2.51 2.5
€0,000 lb.per day 3.33 3.33 3.33 3.33 3.33 3.3,
100,000 l1lb.rer day L.18 L.1& L.18 L.18 R R SE P
ILabor
20,000 lb.ner day 1.0 GC.73 0.67 0.67 0.67 0.¢
L0,000 1lb.per day 1.59 ¢.97 0.85 0.85 0.5 0.8
60,000 lb.ver day 2.13 l1.20 1.02 1.02 1.02 1.0
f0,000 1lb.per day 2.73 1l.49 1.25 1.25 1.25 1.2
100,000 lb.ver day 3,30 1.75 1l.45 1.45 1.45 1.4
rotal lroducticn Costs
20,C00 lb.rer day 1.6 1.57 1.%1 1.51 1.51 1.5
40,000 1lb.ner day 3.26 2.6L 2.82 2.52 2.52 2.5
£0,C00 lb.vper day L.6i 2.71 3.53 3.53 23.53 3.5
0,000 lb.ner day 6.06 L .E2 L.58 L.56 L.58 L.S
100,000 lb.ner day 7.L6 5.93 5.63 5.63 5.63 5.6
11t. Total Costs
20,000 lt.per day L.oS L.34 L.70 L.B6 5.09 6.3
0,000 lb.ner day S.2 5.1 5.71 .87 6.10 7.3
60,000 lb.rer day £.61 €48 6.72 €.88  T7.11 B.4
£0,000C 1lb.ner aay £.23 T7.59 T7.77 7.93 ¢&.16 9.4
100,000 1lb.vper day 9,65 B.70 £.82 8.9¢ 9,21 10.5
1V. T'nit Cost ver 100 pounds
20,000 1lb.per day 0.021 0.0z22 0.024 0.024 0.026 0.03
L4LO,000 1lt.ver day 0.014 0.014 0.015 0.01% 0.015% C.01
60,000 lb.ner day 0.011 0.011 0.011 0.012 0.01l2 0.01
£0,000 1lb.per day 0.010 0.010 0.010 0.010 0.010 0.01
100,000 1lb.ver day 0.010 0.009 0.009 C.009 0.009 0.01




Avvendix Table VIII

kotary Can washer--Daily Cost of Operation, Dollars
Summary of Data--May 8, 1962

washer Size, CPM

. 3 6
I. Filxed Costs
Insurance, taxes, licenses 0.31 0.37
Devreclation and interest on
buildings 0.20 0.20
Devrreclation and interest on
equipment O.46 0.62
hkepairs, maintenance, sunrnlies 0.22 0.30
Total 1.19 1.49
II. Froduction Costs
Labor
10,000 lb.ver day 2.19 1.3¢8
20,000 1lt.ver day 3.2k 2.19
3¢,000 lb.ver day 5.25 3.01
40,000 1lb.ver day 7.00 3.80
50,000 1lb.ver day 10.25 L .60
60,000 lb.per day 13.,40 c.82
Ttilitlies
10,000 lt.per day 1.15%6 1.16
20,000 lb.per day 2.30 2.30
30,000 lb.mer day 346 3.46
Lo,000 1lb.ver day L .60 L4 .60
50,000 lb.ner day 5.7h4 S.7L
60,000 1lb.ver day 6£.68 6.68
Total
10,000 1lb.vper day 3.35 2.54
20,000 lt.per day 5.54 L .49
30,000 lb.per day .71 6.47
40,000 lkt.mer day 11.60 g.,40
50,000 lb.ver day 15.99 10.3L
60,000 1b.ver da; 20,28 12.70
I1I. lotal Cost
10,000 lt.ner day L .Sh .03
20,000 1lt.ver acay €.73 5.9¢
3¢,000 1lb.rer day 9.90 7.96
,0,C00 1lb.ver day 12.79 a.Rg
50,000 1lb.rer day 17.1F8 11.¢3
60,000 lbt.ver cay 21.47 14 .19
1V. 7'nit Cost »cr 100 pounas
10,000 lb.ner day 0.0 5L 0.04C3
20,000 1lt.ver day C.0337 0.0299
30,000 1lb.rer day G.C2330 9.9%??



Avnmendix l'able IX
Clarifier--Daily Cost of Crneration, Dollars
Summary of Data--April 26, 1952

Size of clarifier,lb/hr

7,000 12,000 20,C00
1. r'lxed Costs
Insurance, texes, licenses o0.42 0.49 0.52
Denreciation and interest
on building 0.30 0. 32 0.32
Dernreciation and interest
on eguipnent 1.06 1.26 1.50
hemairs, maintenance, i
suvplies U.52 0.61 O.74
Total 2.30 2.06F - 3.08
II. Froduction Costs
Jtilities
10,C00 1b.rer day 0.06 0.04 .03
20,000 1lb.ver day 0.11 0.08 0.06
40,000 1lb.per day 0.22 0.16 0.12
60,000 lb.per day 0.35 0.24 0.19
80,000 1lb.per day o.L3 0.2 0.223
100,07 It .mer day 0.60 0.L0 0.30
Lator
10,000 1b.rer day 1.4F° 1.5 1.56
20,C00 lb.rer day 1.7% 1.71 1.68
LO,000 1t.rer day 2.2L 2.00 1.86
60,000 lb.rer day 2.75 2.30 2.08
0,000 1t.vrer day 3.22 2.5¢ 2.27
100,000 1lb.rer aay 3.7% 2.06 2.3%
Total
10,000 lt.rer day 1.5, 1.59 1.62
20,C00 1lt.rer day 1.8¢6 1.79 1.74
0,000 lb.mer day 2uih 2.1¢ 1.¢8
0,000 lb.ver day 2.10 28 2.27
£€0,000 1lt.per cay 3.66 2.67 2.50
100,000 1lt.rer cay L.35 3.26 2.65
i1T. Total Tosts
1C,000 lt.rer cay 284 L.27 L .70
20,000 lb.per day .16 LoL7 . &2
4C,C00 1lb.rer day L.76 L6l 5.06
€0,000 lb.rer day 5.450 .22 C .38
£0,000 lt.rer dax 5.96 5.5% 5.5¢
1C0,000 lt.rer dsy E.6F TL.Ql .73
IV. TTnit Tost rer 1CC vounas
10,000 lb.rer day C.02&L  C.CL27 0.0470
20,000 lt.rver da: C.020F (.0z23 ©.02L1
0,000 lb.rer dav 0.0119 0.0121 0.0126
66,C00 lbh.ver aay 0.0090 C.C0F7 0.008&9
£0,C00 lt.ver day 0.0667L 0.CLBG  Q.00€9
100,000 lb.rer day 0.0062 0.C058 (0.C00R7




Arrendix Tlable X

Clarifier--Daily Cost
(When used in one-man
volume received 1is

of Operation, Dollars
recelving rcom where
controlled by clarifier)

Summary of Data--June 1, 1952

Size of clarifier,lt/hr
7,000 12,000

I. Total Fixed Costs (See Table IX) 2.320 2.68 3.08
II. Tenalty for delaying recelving
of milk (add to oroduction
costs)
10,00C 1b.rer day 1.75 0.77 0.18
20,000 1lbt.rer day 3.50 1.54 .26
0,000 lt.per dav 7 .00 3.08 o 72
60,C0C lt.ner dav 10.50 L.6&2 1.0¢
£0,000 1lb.ver dav 1l . 00 6.16 1.%&
100,000 1lt.rer day 17.50 7.70 1.80
11I1. Totel Costs
10,000 lbt.per aay .79 5.04 L.&8
20,C00 l1lbt.ver day 7.66 £.01 =.18&
,O,0G0 1t.ver day 11.7 7.92 5.78
60,000 lbt.ner day 15.90 9.8L 6.L3
£0,000 1lb.ner cay 19.96 11.71 7.02
1C0,0C0 1lb.rer day 2L .15 12.64 7.83
1V. TTnit fost ner 1CO vrounds
1C,000 lb.rer dayv 0.05880 0.0500 0.CLEE
20,C00 lt.rer day 0.0383 ©€.03C1 0.0259
L0,00C 1lt.ner day 0.029 ©.019& 0.C145
60,C00 lb.rer day 0.0265 0.016L4 0.01C7
80,000 1lt.rer davy 0.0249 0.0146 0.0088
100,000 1lt.rer dav 0.022 0.013& 0.0075




Avpendix latle XI

Filter--Daily Cost of Overation, Dollars
(Including vositive pumn, motor)--June 16, 1952

Canacitg, 1b. ger hr.

1. Fixed Costs
Insurance, taxes, licenses 0.11 0.15 0.18 0.20
Devpreclation and interest
on building 0.02 0.02 0.02 0.02
Devrecliation and interest
on equipment 0.29 0.40 0.46 0.52
Kevairs, maintenance,
supnlies 0.1 0.20 0.23 0.26
Total . C .77  0.89 1.00
11. Iroductlon Costs
2C,000 1lb.per day 1.38 0.94 0.97 1.10
4C,2C0 lb.rer day 2.2 1.32 1.17 1.23
60,0C0 lt.mer day 3.LE 1.€9 1.27 1.36
&£C,000 1lb.mer day L.50 2.06 1.57 1.49
1C0,000 lt.per aay S.6L 2.43 1.77 1.62
1I1. lTotal Costs
20,000 lb.ver day l.9L 1.71 1.86 2.10
40,000 lb.per cay 2.98 2.09 2.06 2.23
60,000 1lb.per day L.02 2.46 2.2¢ 2.36
80,000 l1lb.ver day 5.06 2.83 2.6 2.49
100,0C0O0 1lb.mer cay 6.10 3.20 2.66 2.62
i1V. U'nit Cost ner 100 vounds
20,000 1lt.ver day ¢C.0097 0.0086 0.0093 0.0105
40,000 1lt.ver day 0.0075 0.C052 0.0051 0.0055
60,000 lt.ver day 0.0067 C.00L41 0.0037 0..039
€0,000 l1lb.rer dav 0.0062 0.,0036 0.0031 ©0.0031
100,000 l1lt.mer davw 0.0061 0.0032 0.0027 0.0026




Apmendlx Table XIi1

kaw M1lk Plate Cooler (with pump and motor)
(including venalty for one-man operation)
Daily Cost of Ovmeration,

Summary of Data--VMay 26,

Dollars

1052

Cavacity, 1lb. per hr.
10,00020,000 3C,0C0 0,000

I. Fixed Tost
Insurance

s
s taxes

on bulldings

Devreciation and iInterest

on equipment

hevairs,
sunnlie

II. Froduction

Labor (including nenalty
i'or rate of rectyg)

20,000
L0, GO0
60, 0C0
80,000
100,000

Total vnrocuction Cost for

10© .,

20,000

L0 ,000

6£0,0C0

&0, 000

100,000

II1. lotal Ccs
20,000
LG,000
60,000
80,000
100, 0G0
IV. "Init Cost
10° .
20,000
,C,GCO
£C,00C
£.0,000
100,000

3

s licenses
Denreciasation and interest

maintenance,

Totel

Costs

lb.rer
lb.rer
lb.pner
lt.per
lb.ver

Coolin
lt.per
l1b.rner
lt.rer
lb.per
lb.ver

t

lb.ner
lb.per
lv.mer
lb.per
lb.mer

ver 100 nound for
Cooling

lb.per
lb.rer
lb.rer
lv.ver
lt.ner

aay
day
davyv
day
day

{T -
aay
davy
cal
dayv
day

dey
cay
day
deyv
cay

cay
day
dey
aay
cay

0.35 O.h2 0.55 0.63
0.1l O.14 O.1llh 0.14
0.6¢& 0.87 l.24 1.47
0.232 o.u2 0.58 0.70
1.L9° 1.65 2.51 2.90L
1.7% 1.35 l.4h44 1.55
3.50 1.52 1.56 1.6l
.25 1.70 1.67 1.753
g,.7E 2.06 1.92 1.91
2.67 2.27 236 2.4U7
L.L2 2.231 3.35 3.43
6.17 L .10 L4 .07 .13
7.Q2 5.07 2. 00 =.01
9.67 .25 5.12 .11
L.16 L.12 L .87 S 41
5.91 5.16 £.86 6.37
7.66 .98 6.5 7.07
goL.‘l 6)09? 70;’1 7.0;
11.16 7.10 7.63 £.05
0.0210 0.0201 0.C2L0 0.0270
0.01%0 ¢.010L 0©.Cl1lLé6 0.0157
U.0128 0.QU6E U.CCEL C.0068
C.011& C.CULEE C.OUE2 0.0062
0.0)12 0.uu53 0.u0%1 0.00E1




Arrenalx lable Xill
vorizonval storspe rank (tased on one f1illing per day)
Summary of ata--Daily “ost of Operatlion, Dollars, Yay 1, 1952

vﬁhnacit%f Gallons

I. Insulated Storage Tank

/. 7ixed Costs
Insurance, [l'axes, licenses
Devreciation and interest on bulldings
henreciation and interest on equinment
“enairs, Malntenance, surnlies
fotal
B. Iroduction Zosts
~lectricity
Lator
fotal
C. [lotal Costs
D. 'nit Cost rner 1iC 1bs.
I1. Co0ld .all iank (DY)
Lo 1Xed Costs
tnsurance, taxes, licenses
Derreciaticn and interest on tuildings
Devnreciation and intercst on equipment
“enalrs, maintenance, surrlies
lotal
“. Iroduction “osts
“lectricity
refriceration

Labor
fotal

.35 0.38 0.53 0.67 0.78 0.93 1.06
.10 0.14 0.25 0.33 0.42 0.50 0.59
.67 0.68 0.82 1.05 1.15 1.3 1.91
.36 0.37 0.45 0.57 0.63 0.73 0.82
LB 1.57 2.05 2.62 2.98 3.50 3.98
.0, 0.05 0.06 0.07 0.08 0,08 0.09
.53 0.47 0.7% 1.07 1.40 1.61 1.90
.57 0.50 0.80 1.1 1.L8@ 1.89 1.99
.05 2.09 2.&%5 3,76 L.46 5.19 5.97
398 .0232 .0165 .0lyé .0130 .0120 .0116
O.42 0.6 0.62 0.76 0.91 1.05 1.19
.10 ©0.14 0.25 0.33 0.42 0.50 0.59
C.BE 0,88 1.05 1.25 1.48 1.6 1.84
046 0.47 0.5 0.68 0.80 0.90 1.00
If%j“T.gs*z.so 3.02 3.61 L.11 L.62
0.04 0.05 0.06 0.07 0.08 0.08 0.08
0.64 1.00 1.f1 2,05 2.44 2.73 2.88
0.53 0.47 0.74 1.07 1.40 1.61 1.90
1.21 1.52 2.61 3.19 3.2 L.[2 L.B6



.~nendix rable aii: Continued L N .
Capacity, sallons

TEOD  1.0C  2c00  30C0 LOC0  5C00 6000

C. Total Costs 3.0 3.47 5.11 6.21 7.53 €.53 9. s
<. T'nit Cost ner 100 1lbs. .0%00 ,03ff ,0297 .02)1 .0219 .0198 .0184

I11.DX Fefriperated Colls

L, rixed Costs

insurance, taxes, licenses 0.43 0.7 0.6 06.79 0.92 1.10 1.25
Secreciation, tnterest on bullding 0.10 0.14 0.25 ©0.33 0.42 0.50 0.59
Jempeciation and interest on eguipment 0.86 C.8& 1.16 1.34 1.50 1.75 1.99
renairs, malntenance, surrlies 0.47 0.48 0.63 0.73 0.F2 0.97 1,08
Total I.F6  1.97 2.70 3.1§ 3.F6 L[.32 4.9l

r, froduction Costs
vlectriclty 0.04 0.05 C.06 0.07 0.06 0.08 0.09
refriceration 0.0 0.59 1.00 1.%62 2.03 2.19 2.60
Lator 0.70 0.67 0.95 1,38 l.él 1.87 2.17
Potal T 1.21 2.01 3.07 3.72 L.1L L.56
C. lotal Zost 3,00 3.28 L.71 6.26 7.38 E.46 9.77
D. ''nit Cost ver 100 1lbs. .05€1 .0363 ,0272 .0242 .0215 .0197 .0190

|
!
I




Apnendix lable X1V
internal Tukte Feater
(heating from 4O to 90° ¥F. for separating)
su~mary of Data--Dally Cost of (peration, Dollars, June L, 1952

Cavaclty
_ lb. per hr.
9,000 11,000

I. FPixed Costs

Insurance, taxes, licenses 0.08 0.09
Devreciation and interest on building 0.06 0.06
Devreciation and interest on heater 0.09 O.11
evairs, maintenance, supnlies 0.05 0.06
Total 0.28 0.32
I1. Troduction Cost
Labor
10,000 lt.vmer day 0.40 0.45
20,000 1lt.ver day 0.59 0.€1
30,000 1lb.per day 0.78 0.77
L,0,000 1lb.ner day 0.97 0.93
T"gilities
10,000 1lb.per day 2.02 2.02
20,000 lb.pmer day lp.OL Ly .OL
30,000 lb.ner aay €£.06 6.06
40,000 lb.rer Jay €.0F &.08
'otal Iroduction Cost
10,000 lt.per day 2.b2 2. 47
20,000 l1lb.rer day .63 L .65
30,000 lt.per cay 6.8 6.82
LU,000 1lb.vner uay 9.05 9.01
iIi. total Cost
10,000 lb.vner day 2.70 2.79
20,000 1t.ner uaay L.91 L .97
30,000 lb.ner day 7.12 7.15
LO,000 lb.ver day 9.2 9.33
IV. 'nit Cost rer 1CO 1b.
10,000 1lb.ver day 0.027 0.028
20,000 lb.per day C.02% 0.025
30,000 lb.ver day 0.02, 0.024

0,000 1lb.mer day 0.023 0.023




Arpendix i‘able XV

Sevarator (milk heated to 90° F.)
Summary of Data

Daily Cost of Operation, Dollars, April 26, 1952

Capacity, lb. per hr.
3,500 7000 11,000

IJ. Fixed Cost

Insurance, taxes, licenses O.42 0.49 0.52
Devpreciation and interest on building 0.30 0.32 0.32
Derreciation and interest on
equiovment 1.06 1.26 1.50
erairs, maintenance, supnlies 0.52 0.1 0.74
lotal 2.30 2.6 3.0E
il. Yroduction Tosts
"tilities
5,000 lb.per day 0.06 0.04 0.03
10,000 lb.per dav 0.11 0.07 0.06
15,000 lkb.mer aay 0.16 0.11 0.08
20,000 1lb.per day 0.22 0.1 0©.11
30,060 l1lb.mner day 0.32 0.22 0.16
[J0,000 lb.per dav 0.L,3 0.27 0.22
50,00C lb.rer day 0.56 0.3 0.26
60,000 lt.mer aay O.A4 0.41 0.31
100,0C0 1L .mer day 0.68 0.51
Lator

5,000 lb.per day 1.58 1.56 1.60
10,000 lb.rer day 1.6 1.78 1.71
15,000 lb.rer da: 2.10 1.82 1.81
2C,C0C 1i.rcr daj 2.32 1.93 1.€¢
30,0C0 l1lt.per day 2.1 2.19 2.01
[C,000 1lb.ver day 3.33 2.42 2.18
50,000 lb.prer day 3.81 2.69 2.33
60,000 1lb.per day L.32 2.95 2.50
100,000 1lbt.ver dav 2.9¢ 3.13

Total Yrecduction Tost
<=,000 lt.rer day 1.64 1.60 1.63
10,000 lb.ver day 1.97 1.5 1.77
15,000 lb.rer uaay 2.26 1.93 1.F9
2C,000 1lb.mner Jay 2.5 2.07 1.96
20,0C0 lb.rer dar 3.13 2.L1 2.17
,.,0C0 lb.»er dav 3.7¢ 2.69 2..,0
25,000 1h.mer dal L3700 2.03 0 2.0
60,000 lt.mer wav .96 3.36 z.€1
10C,C00 1lt.mer da] L.€3 3.54

Continued




Arvendilx Tabtle XV Contlnued

Cagacit;! 1b. Eer hr.
d . > } J

1II. Total Cost

5,000 lb.per ‘a 3.94 L .28 .71
1¢,000 lb.rer day L.27 L .52 L.85
15,000 lt.rer day L .56 L .61 L.97
2G,C00 1lb.rer day L.8L L.75 5.0k
30,000 lb.per day 5.43 5.09 5.2%
40,000 1lb.per day 6.06 5.37 S.L8
50,000 lb.prer day 6.67 S.71 5.67
€0,000 lt.per day T.26 6.04 .89

100,00C 1b.rer day T7.31 6.72
IVe "nit Cost rer 100 1b.

5,000 lt.per day .0788 L0856 .09 2
1¢,000 1lt.mer day .o 27  .OLE3 .0L 8%
15,C00 lt.rer day . 0304 .0307 .0331
20,000 1lt.per day .02L2 L0238  .0282
30,000 lb.vrer day L0181 .0169 .017%
LO,000 l1lt.per day L0151 .013Y L0137
£0,00C lt.rer dax .0123 ,011L  .0113
60,000 1b.rer day 0121 .0101 .0098

100,000 1lb.rer day .0073  .0067




Cold Milk Separator--Summary of Data

Anrrendix l'able XVI

Daily Cost of Cveration, Dollars--June 16, 1052

Capacity,

1b.

per hr.

-

2,000 _I[,000 6,000
I. Fixed “Tosts (See labtle YV) 2.320 2.68 3.08
1I. Froduction Costs
5,000 1lb.ver -ay 1.89 1.74 1.70
10,000 1b.mer day 2.51 2.20 1.96
20,000 l1lb.rer dav 3.53 2.51 2.21
26,000 lb.rer dag I .63 3.21  2.21
[0,CCC 1bt.rer day 5,78 3.73  3.1¢2
50,000 lt.rer aay 6.88 Ly« 3 3.4
11I. lotal Cost
5,000 lt.rer aay LL.1¢ Leli2 L4eTE
10,000 lt.rer day L.E1 L.EE 5.0l
15,000 lb.rer day 5.232 5.02 S5.13
2C)’C'OO lb.r.‘el" da}' (508'3 rw’.zq 5.39
30,000 lt.rer day 6.22 c.€9 Se77
L0,C0C lt.rer dav £.0E 6.1 6£.20
£0,C0C 1lb.vrer dav 9,18 7.02 6.52
IV. ©Unit Zost mer 1C0C »ounds
5,000 1b.rer cay LOF2F L0884 .0956
10,000 1lb.~er cay .OLF1  .OLFE .0S0Y
15,00C lt.rer rav .03g 0336 303
20,000 lb.rer cas .C202  .0265 .0269
30,000 lb.ver day .0231 .C1g7 .0192
40,000 1lbt.rer day . 0202 .0160 .01%55
C0,C00 lb.rer dasv . OLEL L0141 .0120




Acpendix lable XVil. Fomogenlzer--Summary of Data
Daily Cost of Cperation, Dollars, April 6, 1952

Cagacitz, Sallons per hour
) R ;)

1. Fixed costs

lnsurance, taxes, licenses 0.25 0.L3 0.49 0.55 0.69 0.74
Derreciation and interest on building 0.2 C.4l1 0.51 0.5 0.77 0.77
Derreciation and interest on equioment 0.37 0.60 0.68 0.77 0€.93 1.02
fevair, maintenance, sunolies 0.29 0.48 0.8, 0.61 0.7, 0.81
Total 1.15 1.92 2.22 2.49 3.13 3.3
II. Frccuction Costs

Ttilitles
5,000 ib.rer dav 0.16 0.16 0.1¢€ 0.17 0.17 0.16
10,000 lt.per da- 0.30 0.35 0.35 0.33 0.33 0,32
20,000 lb.rer day 0.60 0.67 0.68 0.66 0.67 0.66
40,000 lb.ver day 1.20  1.36 1.38 1.37 1.37 1.36
60,000 1lb.rer day 2.06  2.07 2.06 2.06 2.06
80,000 lb.per day 2.7 2.76  2.75  2.75 2.7
160,000 1b.ner day 3.4 3.26 3.25  3.26

Labor

5,000 lb.ner day 2,65 1.60 1.35 1.42 1.31 1.23
10,000 lb.over day L.28  2.26  1.7¢ 1.77 1.54 1.4k
20,000 1b.rer day 7.90  3.50 2.62 2.43 1.99 1.79
40,000 1b.per aday .80  6.25 L4.31  3.80 2.90 2.43
60,000 1lb.ver day 9.26 7.04 5.10 L4.15 3.12
80,000 lb.ver day 11.80  7.79 6.50 L.70 3.80
100,000 lb.per day 9.40 7.90 5.65 L.4é6

II1. [otal Costs
5,000 lb.ner day 3.96  3.70 3.75 L4.08 L.61 L4.73
10,000 1b.rer day 5.73  L.53  4.33  L4.59 5,00 5.1C
20,000 lb.ver dav 9.65 6.09 5,52 5,88 5,79 5,79




Arpendix iable xVil Continued

Capaclty, gallons ner hour

200 500 000 1,000 1,500 2,000

4G,000 1b.rer day 17.1€ 9,53 7.91 7.66 7.4LO 7.13
60,000 1lb.ner day 13.2L4 11.31 9.65 9.3y 8.82
80,000 1lb.per day 16.4L 12.77 11.74 106.56 9.E8
100,000 1lb.vner day 15.06 13.65 12.03 11.06
IV. Unit Costs
5,000 lb.ner day .0790 .0740 .0750 .0820 .0920 .0950
10,000 lb.ver day L0570  ,OLS50 .0L30 .0L60 .0500 .051
20,000 1lt.ner day LOLEC .OBO% L0276 .0279 .0280 ,0289
40,000 1lb.per day .Cli2e  .0238 .C19€ ,0101 ,O0165 .0176
60,000 lbt.ver day ,0220 .0170 .0161 .0156 L0140
80,000 lb.ver day L0205 .0160 .01lhy7 L0132 .0124

100,000 1lt.ver day .0151 .0137 .0120 .0111




irrmendix fable XVilI. ¥lgh [emrerature shortime Jasteurlzer--iummary of Data
Dally Cost of (neration, Dollars--Yay 6, 1952

U Caracity, lb. ver hr.

L,000 §,000 12,000 16,000 20,000

——————— ety e o -

I. #ixed Costs

insurance, taxes, licenses 0.73 0.59 1.09 <37 1.39
~enreciation, interest on btuilding 0.13 0.13 0.16 0.16 0.16
_erreclation, Interest on equipment 1.78 2.20 2.76 3.2, 3.58
enairs, maintenance, surrlies 0.85 1.06 1.29 1.54 1.70
lotal 3.L49 .28 5. 30 6.31 6.3
il. Iroduction Costs
Lator (no delay nenalties)
20,000 1lt.ner day 4050 3.92 14400 L.10 h.31
1.0,000 1b.ver day 7.30  5.50 L.87 L .96 5.01
60,000 lb.per cay 10.83 6.89 5.91 5.66 5.55
£0,000 lb.ner day 13.12 8.30 6.80 6.11 6.06
100,000 lb.pver day 9.86 7.8% 7.06 6.76
Utilities
20,000 1t.rer day 3.58 3.57 3.57 3.56 3.55
;0,C00 1lb.rer day €.l 6017 6.6 6.l €.42
0,000 1t.cer day 9.07  9.06 9,05 9,02 £.99
£0,000 lt.ner day 12.C6  12.04 12.03 11.98 11.92
100,000 1lbt.per day 15.06 15.0% 11,99 14.95
fo%al
20,000 lb.ner day 8,08 7.46 7.57 7.66 7.86
40,000 lb.ner dav 13.78  11.97 11.33 11.40 11.143
60,000 lb.rer day 1¢.90 15.95 14.96 1l .68 14.5
0,000 1t.ver day 25.1f  20.34  18.83 18,09  17.6

100,000 1b.ner day 2l .92 22.90 22.08% 21.71




ar~endix tatle XVILI Continued

Cavacity, lb. ver hr.

[,000 &,000 17,000 16,000 20,000

I1I. Total Cost

5,000 lt.rer day 0.71 8.04 9.41 9.80 10.77
20,000 1lt.ver day 11.57  11.77 12.87 13.97 14.69
;0,000 lb.ver aay 17.27 16.25 16.63 17.71 18,26
60,000 1lb.per day 23.39 20.13 20.26 20.99 21.37
R0,00C 1lt.per day 2F .67  2L.62 2L.13 2L .10 2L.E1

100,000 1t.ner day 29.20 26.20 26.36 28.94
1V, "'nit Cost rmer 100 nounds
20,000 1lb.ner day L0578 L0588 .06l L0698 L0734
,0,000 1lb.rer day 032 .0L06 .0L16 .ouL3 .0l 56
60,000 1t.ner day .0300  .0335 .0338 .0350 .0356
£0,000 1lt.per aay .0358  ,0308 .0302 .0305 .0310

100,0C0 lb.per day .0292 .0282 . 028l .0285




irmendix Javle Xuk. Trrocess fank (for temrnerature aifference of 120° F.b no
regceneration; mulvinly total cost by 0.93 for 100° F.)
Summary of Data--Daily Jost of (Cverstion, Dollars, May 15, 1952

Cavacity, gallons

100 200 LOO0 — 800 1,000

T, »~ixed Costs

Insarance, taxes, llcenses 0.12 0.20 0.28 0.43 0.5
Derreciation, and interest on tullding 0.03 0.09 0,13 0.18 0,18
“erreciatlion and interest on equivment 0.26 0.37 0.83 0.83 1,06
Potal 0.5¢ 0.8, 1.19 1.8 2.26
IT. ‘rocduction Costs
(a) Feating from 4O - 160° #,
tilities, daily
(1) One filling 0.3, 0.68 1.2 2.0} 3.33
(2) Two fillings C.68 1.36 2.72 L.08 E.86
{3) Trree fillines 1.02 2.0y  L.08 6.12 9.99
(l;) Four fillings 1.36  2.72 5.4  £.16 13.32
Labor, daily .
(1) Cne filling 0.66 0.68 0.72 .77 0.85
(2) I'wo f1llings 0.96 0.98 1.02 1.07 1.15
(3} Three fillinrs 1.2% 1.28 1.32 1.37 1.45
(l}) Four fillin-s 1.5  1.58 1.62 1.67 1.75
() “ooling from 160 - 40O .,
Utilities, daily
(1) Cne filling 0.35 0.71 1.41 2.12 246
(2) T™wo fillings 0.71 1.2 2.83 L.25 6.91
(3) ibhree fillings 1.05 2.13 4.23 6.36 10,38
() rour fillinzs 1.0 2.8y 5.6 E.L8 13.84
lator, Daily
(1) Cne fillins 0.30  0.30  0.30 0.30 0.30
(2) wo fillings 0.60 0.60 .0 0.60 0.60
(3) Three fillings 0.90 0.0 0.90 ©€.90 0.90
(L) wour £illings 1,20 1.20 1.20 1.20 1.20



srrendix ratle 1. fontinuead

2 Canaciby, gallons

100 200 4CO 600 1,000

1I1. total Costs
(a) “eating from LO - 160° &,

(1) ¢ne fillins 1.56 2.20 3.27 L.65 6.UL
(2) Iwo fillings 2.20  3.18 L.93 5.99 10.07
(3) rhree fillincs 2.8y  L4.16 6.59 9.33 13.70
(L) rour fillings 348 5.1 8.25 11.67 17.33
(b) Additional Cost for Toolins from 160 - L0°%,
(1) Cne filling 0.65 1.01 1.71 2.42 3.76
(2) Two fillings 1.31 2.02 3.43 L.85 7.51
(3) rhree fillings 1.95 3.03 5.13 7.26 11.28
(L) Four flllings 2.60 L.O4 6.8, 9.68 1v.04

(c) "eating and Cooling

(1) One filling 2.21 3.21 .08 7.07 10.20
{2) fwo fillings 3.51 5.20 £.36 10.8; 17.58
(3) Three fillings L.79 7.19 11.72 16.59 24.98
(L) Four fillings 6.08 9,18 15,09 21.35 32.37
IV, Uinit Tost
(1) 6ne filling c.25¢6 0.181 0.145 0.137 0.119
(2) Two fillings 0.205 (0.151 0.121 0.111 0.102
(3) rhree fillings 0.186 0.139 0.114 0.107 0.097
(4) Four fillings 0.176 0.133 0.110 0.103 0.093




Lrvoendix lable XX. Irocess [lank (lemperature dliference 100° F. Use of receneration)
Summary of Data--Daily Cost of ioveration, Uollars, June 17, 1952

Capacity, gallons
100 200 §6U 500" 1000

I. Fixed Costs (See Tabtle XIX) 0.56 0.8 1.19 1.8, 2.26
Feat exchanger with pump 2.50 2,50 2.50 2.50 2.50
Total 3.06 3.3 3.69 .34 L.76

1I. Frcduction Costs, using regeneration, labor
and utilities

One filling daily 1.27 1.63 2.30 2.98 .24
Two fillings daily 2.18 2.88 L.1&8 5,49  7.93
hree fillings daily 3.00 L.13  6.06 B8.00 11.62
Four fillinps daily .00 5.38 7.9, 10.51 15,31
III. Total Costs, heating and cooling
(ne filling daily 4.33  L4.97 5.99 7.32 9.00
Two fillings daily 5.2l 6.22 7.87 9.83 12.69
Three fillin-s daily 6.15 7.47  9.87 12.23L 16.38
Four fillings daily 7.06 .72 11.63 1L.8&c 20.07
IV, Urit Cost rer 100 pounds, heating and cooling
Cne filling daily 0.500 0.289 0.174 0.142 0.104
I'wo fillings daily 0.305 0.1€2 0.114 0.095 0.074
[hree fillings daily 0.240  0.145 0.095 0.080 0.063
Four rillings daily 0.205 0.128 0.085 0.072 0.059

“1ir ccoling is done with a comvnact-type surface cooler, add the fixed costs of the
ccoler to the total cost of the nrocess tank to ottain the total cost of opera-
tion of tre two prieces of equirment.




srrendix ratle XXI. Square and kectangular Coil Vat (Feating from L0 - 160° i)
Summary of Data--Daily Ccst of Ureration, bollars, May 15, 1952
Capaclty, gallons '

500 Lo0 600 800 1000

I. r'ixed Costs
Insurance, caxes, licenses 0.39 0.51 0.62 0.69 0.77
Denreclation, interest on bulldines 0.18  0.26 0.36 0.40 0.45
renreciation, interest on equipment 0.59 0.72 0.81 0.89 1.00
lepairs, maintenance, surrlies 0.3, o0.42 0.47 0.52 0.58
fotal 1.50 1.91 2.26 2.50 2.80
II. TFroduction Costs o
(a) veating from [0 - 160" F.
Utilitles
Cne filling dalily 0.80 1.60 2.40 3.18  2.98
Two fillings daily 1.60  3.20 L4.BO 6.36 7.96
Three fillings daily 2.,0 L.8o 7.20 9.5y 11.94
wour fillings daily 3.20  6.40 9.60 12.72 15.92
Labor
¢ne fi1lling daily 1.25  1.39 1.55 1.74 1.86
Two fillings daily 1.85 1.99 2.1 2.3h, 2.46
Three fillings daily 2.5 2.7 2,75 2.94  3.06
wour fillings deily 3.65 3.19  3.35 3.54 3.66
Total oroduction cost
Cne fi1lling daily 2.05 2.99 3.95 L4.92 5.8y
iwo f1llings daily 3.45  5.19  6.95 £.70 10.42
irree fillings daily L.R% 7.39 9.95 12.4& 15.00
vour fillings dally 6.25  9.59 12.95 16.2¢ 19.58
(b) Cooling from 160 - LoO p.
Utilities
Cne filling daily 0,83 1.66 2.50 3.31 4.l
fwo fillings dally 1.66  3.32 5.00 6.62 B8.28
ihree fillings daily 2.49  L.98 7.50 9.93 12.42
tour f1llings daily 3.32 6.6 10.00 13.24 16.56




“saendt s e YWD "oatinaed

S Capacity, gallons

500 LO0 600 ___BO0 1000

Tabor -
¢ne filline daily 0.60 0.60 0.60 0.€0 0.60
Two f1llings dally 1.20 1.20 1.20 1.20 1.20
hree fillinss daily 1.80 1.80 1.80 1.&0 1.80
#our f1llings calily 2,40 2.40 2.40 2.40 2.0
Total Iroduction Jost for coolln, atter
reating In coll vat
One filline daily 1.4 2.26 3.10 3.91 b7l
Two fillings dailly 2.86  L.52 6.20 T.82 9.48
Three fillings daily 4.29 6.78 9.30 11.73 14.22
Jour f1llings dally £.72  9.04 12.40 15.e[ 1€.9¢6
III. T[otal Costs
(e) Feating from L0-1£0° v,
‘ne filling 3,56  L4.c0 6.21 T.42 g.64
fwo f1llings L.05 7.10 9,21 11.20 13.22
[hree f1l1lings 6.35  9.20 12.21 1L.c®& 17.6€0
Four fillings 7.75 11.50 15,21 1f.76 22,38
(b) ~dditional cost for coolirn; same as 1I(k)
(¢) Yeatinr end coolinf
Cne filling L.GF  7.16 0,31 11.33 13.38
‘wo f1llings 7.61 11.62 1%.41 1¢.02 22.70
‘hree fillings 10.6L 15,08 21.51 26.71  32.02
Four fillinrs 13.47 20.%4 27.61 34.40  L1.3k4

iVe Tnlt Tost
(a) Yeating only
¢ne filling
f'wo fillirgs
‘rree fillings
reur fillings

0.143 0.121 0.109 0.100
0.103 0.089 ©.082 0.078
0.069 0.079 ©€,073 0.069
0.031 0.074 0.068 0.065

O
o

¢

oNoNeoX »)
L ]

CRED
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rmrendix latle XX[ Continued

Capacity, gallons

200 1,00 60C 800 1000
(c) Feating and cooling
Cne f11linp 0.200 0,208 0.1f1 0.165 0.156
'wo £11lings 0.227 0.169 0.150 0.139 0.132
Three fillings 0.206 0.155 0.139 0.130 0.124
Four fillinrs 0.19¢ 0.1%0 0.134 0.126 0.121




Avpendix lfable XXII
Compact Type Surface Cocler
(After pasteurizing, cooling from 145 to LO° F.)
Summary of Data--Dailly Cost of COperation, Dollars, May 27, 1952

C?Bacitgs i1b. per hr.
] & i 2 O

I. FPixed Costs

Insurance, Taxes, licenses 0.95 1.15 l1.25
Devreciation, interest on building 0.07 0.11 0.15
Devrreciation, interest on equipment 2.40 2.90 L .10
Renairs, maintenance, supvlies 0.98 1.16 _1.51
Total L .40 5.32 7.01
II. Production Costs
Labor
20,000 1lb.ver day 0.81 1.086 1.46
40,000 1b.mner day 0.83 1.09 1.47
60,000 1lb.per cay 0.85 l.1C 1.48
£C,00C 1lb.ver day C.87 1.11 1.49
100,000 1lb.per day 0.89 1.12 1.50
Total Froduction Cost
Z0,000 lb-ﬁer d.a‘\// 6'99 7026 7.6‘14.
LO,000 1b.rer day 12.66  13.12  132.50
£0,000 1lb.vper day 16. 80 17.05 17.43
£C,000 1b.per day 22.15 22.39  22.77
100,00C 1b.per daay 27.41  27.6L 28.02
1II. Total Cost
20,000 1lb.per day 11.39 12.58 14.65
,0,000 1lb.per day 17.26 18.44 20.51
60,000 lb.ver day 21.20 22.37  24.
80,000 1b.rer day 26.55 27.71 29.7
100,00C 1lb.per dag 31.fF1 2D, CF .02
Ve Urtn Tost car 200 Lls, 2oLl ng
N bt o ws ey F fj‘ e 2 PRSI Be W) ):)1.;.;8
witr X to 407 L,
20,V ia Yo, ae sy IR Yo 53 T3
L, T nr L3 L3 Ch R
60,000 1b.per day 0.035  0.037 0.041
80,000 lb.per day 0.033 0.035 0.037
100,000 1lb.mer cay 0.032 0.033 0.035




Appendix Table XXIII

Refrigerated Storage (with wooden crates)
Summary of Data--Daily Cost of Operation, Dollars, 5/27/52

Pounds of mllk handled dall
20;653‘357666—E57666—66:655_86¥OOO

I. Fixed Costs
Taxes, insurance,

licenses 0.20 0.30 0.40 0.57 0.79
Depreciation, inter-
est on building 0.46 0.69 0.91 1.36 1.82
Depreciation, inter-
est on equipment 0.12 0.14 0.17 0.22 0.26
kenairs, maintenance,
sunplies 0.08 0.11 0.lh 0.20 0.26
Total 0.86 l.2L, 1.62 2.35 3.13
II. Froduction Costs
Refrigeration 5.80 7.65 9.35 13.20 17.00
Labor cost (into
cooler) 8.22 12.30 16.15 24.50 32.50
III. Total Cost 14 .88 21.19 27.12 }J0.05 652.63

IV. Unit Cost (not
including load-out) 0.0744 0.0706 0.0678 0.0665 0.0658




Arrendix fable XXIV. Glass Filling and Capping--Summary of Data
Daily Cost cf Cperation, Dollars, “ay 21, 1952

Size
No. valves--No. Capping heads
10 14-4 2t=t
Filling rete in gts. ver min. 40 g 135

I. rixed Costs

[nsurance, taxes, licenses 0.652 0.6l 1.00
Deprreciation and interest on bullding 0.15 0.20 0.34
Depreciation and interest on bottler 1.07 1.26 1.04
Tepeirs, maintenance, suorlies 0.56 0.66 1.00
Total 2.30 2.76 L.2€
A. Based on 50 trips per milk tottle
II. Froduction Costs
Letor Cost
1. 100 per cent quarts
20,000 1bs. per day 7.20 6.02 6.10
40,000 1bs. per da} 13.90 10.20 10.40
6C,000 1bs. per day 20.60 1. 30 1L. 55
80,000 1bs. per day 27.50 18.60 1€.90
100,000 1lis. per day 34 .40 22.80 23.00
2. 100 per cent half-nints
20,000 lbs. per aay 22.10 13,90 14.10
10,000 1lts.per day Ll .00 26.00 26.25
60,000 1ts. per day 65.50 38.10 38,30
80,000 1bs. per day 87.00 50.10 50.60

100,000 1bs. per day 109.00 61.90 62.50




Arpendix Tabtle XXIV Continued--fage 2

S1ze
No. valves--No. caoring heads

10 Ig-ﬁf 2t-t
Filling rate in gts. ver min. Ny 5 135

Total Froauction Cost

1. 100 per cent quarts

20,000 1lbs.
40,000 1ts.
6C,000 1bs.
80,000 1bs.
100,000 1bs.

2. 100 per cent half-pints

20,000 1bs.
40,000 1lbs.
€0,000 1ts.
80,000 1bs.
100,000 1ts.

1il. Total fost

ver day
per day
per day
per day
per aay

per day
per day
per day
ver day
per day

1. 1C0 ver cent quarts

20,000 lbs.,
40,000 1bs.
60,000 1lbs.
80,000 1bs.
100,000 1bs.

2. 100 vner cent half-nints

20,000 1bs.
40,000 1bs.
60,000 1lbs.
€0,000 1lbs.
100,000 1bs.

per day
per day
per day
per day
per day

per day
ver day
per day
ver day
per day

33.7

66.9

97.22
133.€6
167.10

103.12
206.04
411.08
514.10

36.04
36.0L
69.28
99.52
135.96
169.40

105.L2
208. 3
310.86
413.38
516.40

32.54
63.2l
93.78
121,68
155.4L0

9L . 8L,
187.88
280.92
373.86
L66.€0

35,30
66.00
96.5)

127.44
158.16

97.60
190. 6l
283,68
376.62
1,69.36

32.61
63.42
94,08
12494
155.45

95.00
188.05
290,00
374.20
167.00

36.89
67.70
98.36
129.22
159.73

99.28
192.23

29%.28
378.48
[71.28



Avvendix fatle XXIV Continued--Fage 3

Size
No. valves--No. capping heads
10 -4 28=8
#11ling rate ln gqts. per min. L0 85 135

IV. T7nit Cost per 100 pounds
l. 100 per cent quarts

20,000 lbs. per day 0.180 0.177 0.185
40,000 lbs. per day 0.173 0.16¢ 0.169
60,000 1bs. per day 0.166 0.161  0.16)
80,000 1bs. per day 0.162 0.159 0.161
100,000 1lbs. per day 0.169 0.156 0.159
2. 1CO per cent half-pints
20,000 1bs. per day 0.527 0.488 0.496
L,0,000 1bs. per day 0.521 0.477 0.481
60,000 1bs. per day 0.518 0.471 0.474
80,000 1lbs. per day 0.516 0.470 0.473
100,000 1lts. per day 0.£16 0.469 0.471
E. PRased on 25 trips per milk bottle
Total Cost
1. 100 per cent quarts
20,000 1bs. ver day 47.31 L6.57 48.16
0,000 1lbs. per day 91.82 88.54 90.24
60,000 1bs. per day 133.33 130.39 132.17
80,000 1bs. per day 181.04 172.52 174.30
100,000 1lbs. ver day 225.75 214.51 216.08
2. 100 ver cent half-vints
20,000 lbs. ver day 127.80 119.98 121.66
40,000 1bs. ver day 253.10 235.%0 237.09
60,000 1bs. per day 378.00 350.82 361.42
80,000 1bs. ver day 502.90 L66.1L  168.00

100,000 1lbs. per day 628. 30 581.26  583.18




Arrendix Tatle XXIV Continued--Fage |

Size
No. valves--No. cappinﬁheads
10 1=l -
Filling rate in gts. per min. 40 85 135
Unlt Cost per 100 vounds of mllk
1. 100 per cent guarts
20,000 1lbs. per day 0.237 0.233 0.241
40,000 1lbs. per day 0.229 0.221 0.225
60,000 los. per day 0.222 0.217 0.220
80,000 1bs. per day 0.226 0.216 0.217
100,000 1lbs. per day 0.226 0.215 0.216
2. 100 per cent half-pints
20,000 1bs. per day 0.639 0.599 0.608
40,000 1lts. ver day 0.632 0.589 0.593
60,000 1bs. per day 0.630 0.585 0.602
80,000 1bs. ver day 0.629 0.583 0.585
100,000 1bs. per day 0.€28 0.581 0.583
C. Data for Figs. ;2 and L3--90 per cent of the
milk in quarts; 10 ver cent in half-vpints
Total Cost
20,000 1lts. per day Sl . 36 53.91 55.51
40,000 1bs. per day 107.95 103.23 104.93
60,000 1bts. per day 157.80 152.43 155.09
80,000 1bs. per day 213.23 201.88  203.67
100,000 1lbs. per day 266.01 251.69 252.79
Unit Cost
20,000 1bs. per day 0.272 0.269 0.278
40,000 1bs. per day 0.269 0.256 0.262
60,000 1bs. per day 0.263 0.254 0.260
80,000 lbs. per day 0.264 0.252 0.254
100,000 1lbs. per day 0.266 0.252 0.253




Arrendix Table XXV
Faper Carton Filling

Summary of Data--Dally Cost of Cneration, Dollars, 5/26/52
Cartons ner minute
20 35 65
I. N"Nhen rarer carton machine 1is
vurchased
A. Pixed Costs
Insurance, taxes, licenses 2.4,8 L.10 6.20
Cerreclation, interest on
buillding 0.24 0.30 0.59
Denreciation, interest on
filler 5.75 10.80 16.00
nepairs, maintenance, sunplies 3.06 ©5.15 7.70
Total . . L9
F. Froduction Costs
Ttilities
l. 1060 ver cent quarts
5,000 l1lbs.per day O.%S O.43 0.40
10,000 1bs.ver day 0.86 0.83 0.76
20,000 l1lbs.per day 1.65 1.57 1.38
40,000 1lbs.per day 3.16 2.94 2.60
60,000 1lbs.per day L.60 L.21 3.78
80,000 1lts.per day 7.14 ©S.58 5.03
100,000 lts.ver day 7.69 6.96 €.29
2. 100 mer cent ralf-pints
5,000 lbs.vper day 0.99 0.95 0.fR8
10,000 1lbs.per day 1.96 1.82 1.69
20,000 1lbs.per day 3.92 3.54 3.20
40,000 1bs.per day T 6.68 6.08
60,000 1bs.per day 10.8 9.62 8.88
80,000 lbs.ver davy 14.52 12.76 11.8&2
100,000 1lbs.rer day 18.18 15.92 14.7€
Labor
1. 100 ver cent quarts
5,000 lbs.ner day 6.75 3.88 2.15
10,000 1lbs.per aay 13.50 7.75 . 30
20,000 1lbs.vmer day 27.00 15.50 .60
0,000 1lbs.ner day 5L..0C 31.00 17.20
60,000 1lbs.per day 81.00 L46.50 25.80
€0,000 1lts.per day 106.00 62.00 34.40
100,000 lbts.per day 135.00 77.50 4L3.00

2. 100 per
5,000
10,000

cent half-pints

l1bhs.ver
lts.per

day
day

£.38
16.75




Avpendix Table XXV Continued--Fapge 2

Cartons per minute

2035 8%
20,000 1lbs.per day 108.00 62.20 33.50
,0,000 lbs.per day 216.11 124.40 67.00
60,000 1lbs.per day 324.00 1B6.60 100.50
0,000 1lts.per day 4L32.00 248.80 134.00

100,000 lbs.per day S40.00 311.00 167.50
l'otal rroduction Cost,
utilities, labor, cases
cartons, varaffin, wire
1. 100 per cent quarts
5,000 1lts.rer day 38.28 35.39 33.63
10,000 1bs.per day 76.51 70.63 67.21
20,000 1lbs.per day 12.95 141.37 134.28
40,000 1lbs.ner day 305.76 2f2.54 268,40
£0,000 lbs.ver day LE8.50 L23.61 Lo2.,®
£0,000 l1lbs.rner day 6l2.34 s6L4.78 £36,.63
1C0,000 1lts.rer day T€L .19 705.76 670.79
2. 100 mner cent half pints
5,000 1lts.rer day 132.71 121.22 113.9°%
16,000 1lts.per dau 265.4C 2L2.36 227.£¢
20,000 lbs.ner davr 530.80 48L.62 L355.58
LO,000 lbs.ver cax 1061.20 968.8L4 910.84
60,000 1lbs.ner day 1591.52 1,451.86 1366.03
80,000 1lbs.vcr day 2122.04 1937.08& 1821.3[L
106,000 1lbs.ner day 2652.58 2421.32 2276.68
C. Total Cost
1. 10C per cent qguarts
5,000 l1lbs.per day L49.81 55.74 6L .12
10,000 1lts.per davy 88 .04 90.98 97.70
20,000 lbs.per day 164 .48 1é1.72 164.77
40,000 lbs.ver day 317.29 302.89 298.89
60,000 1lbs.per day 4,70.03 h%% .96 432.97
80,000 1lbs.per day 523.87 22 567.12
100,00C lts.per day 775.72 726 31 701.28
2. 1CO ver cent rhalf-rlints
5,000 lbs.per day 144 .24 141.S7 14l ..L7
10,000 lbs.rer day 27€.93 262.71 258,37
20,000 1lts.rer day sh2.22 504.07 LB&.07
40,000 lkbs.ver day 1072.73 989,19 941.33
€£0,000 1lts.rer day 1603.05 1472.21 1396.51
20,000 1lts.per day 2123.57 1957.L.2 1&61.83
100,000 lbs.ver day 266k .11 24L1.67 2307.17
J. “nit Cost rmer 100 pounds
1. 100 ner cent quarts
5,C00 lbs.rer day 0.99¢6 1.11} 1.2F§
1¢,000 1lts.rer day 0.£00 C.210 0.077
20,000 lks.rer day 0.822 0©.£09 0.823




Arnendix Table XXV Continued--Fege 3

Cartons ver rinute

N 20 35 65
40,000 lbs.per day 0.793 0.757 O.747
60,000 lts.per day 0.783  0.730 0.722
80,000 1lts.per day 0.77¢9 0.731 0.709
100,000 1lbs.per day 0.776  0.726 0.701
100 per cent hrhalf pints
5,000 lbs.per day 2.88 2.83 2.89
10,000 1lts.per day 2.76 2.63 2.58
20,000 1lbs.rer dsay 2.71 2.52 2.L3
40,000 1lbs.ver dav 2.68 2.49 2.35
60,000 lts.cver day 2.67 2.48 2.23
80,000 lbs.rer day 2.66 2.45 2.31
100,000 l1lbs.rer day 2.66 2.0 2.321
II. Values for #ig. 4S5 and U6, Ninety
ver cent of the milk in quarts, ten
ver cent in half-rnints
Total Cost
5,000 1lbs.rer davy 59 .2¢€ 6l.23 72.16
10,000 1lbs.rer day 106.22 1C7.923 113,77
20,000 1lbs.per day 202.26 196.05 19€.90
LO,000 1lts.rer day 362.83 371.52 363.13
60,000 1lbs.ver day S€3.23 5J6.78 ©29.22
0,000 1lts.rer day 77L.8L4 722.25 695,59
1C0,C00 lts.per dav o¢l..F6 897.t5 £6l.22
Tost mer 100 pounds
5,000 1lbts.ver day 1.161 1.287 1.,03
10,000 1lbs.rer day 1.069 1.080 1.12€
20,000 lbs.rer day 1.011 0.9E0 0.935
40,000 lts.per day 0.982 0.929 0.90¢8
60,000 lts.rer day 0.272 0.911 0.882
80,000 1lts.rer day C.Q&8 0.903 0.869
1C0,0CC lbs.rer day 0.96é85 0.89§8 0.861
Vren vaper carton machine is rented
Cost
Insurance, tsxes, licenses 2.8 L.10 6.20
Derreciation, interest on
building O.2L 0.20 0.59
r.epairs, maintenance,suvplies 3.06 5.1%5 7.70
Total .78 9.%% 1L . LS




Arrendix Table XXV Continued--tage L

Cartons per minute

20 35 65
. Froduction Costs
~“ase vnlus nroduction rental
less discount) for carton
machkine
l. 100 ver cent quarts
5,000 lts.per day .56 19.70 27.70
10,000 lts.rer day 15.5C 19.70 27.70
20,000 1lbs.rer day 16.90 23.65 30.24
40,000 lbs.rer day 26.20 28 .30 L1.4C
60,000 1lbs.rer day 34 .50 37.€0 LL.70
2. 100 per cent half-pints
5,000 lbts.rer day 1c.52 12,70 27.70
10,00C lbs.rer day 17.8¢ 23.69 290.2
20,000 1lbs.pver day 26.25 30.22 35.8¢
0,000 1lks.rer day uu 90 L47.00 5C.E0
60,000 lts.rer dav cs 65.65 69 .45
Total Iroduction Costs
l. 1CC per cent quarts
5,00C lbs.rer day Lo .8y 55.09 61.33
10,000 lbs.per day 92.01 90.33 Ql .21
20,000 l1lts.prer aay 169.65 1€5.02 16elh.52
;0,000 lts.ver day 331.96 310.8&L 309.&0
60,000 lts.ver day LS3.00 L461.21 LL7.18
2. 100 mver cent half pints
5,000 lbs.per day 148.23 140.92 1L41.68
10,000 1lts.rer day 283.25 266.05 257.23
20,0C0 1lbs.ver day 5e7.05 ©S1iL.84 49l1l.46
40,000 lts.rer day 1106.10 1015.84 961.64
60,000 lbs.rer day 1655.07 1617.51 143%5.47
C. Total Cost
1. 1CO mer cent guarts
5,000 lts.rer day 55.62 6l . €L 75.82
10,C00 lbs.rer dey 97.79 99.f8 109.40
20,000 1lbs.per day 175.€63 17L.K7 179.01
40,000 l1lts.rer day 337.74 320.39 324.29
6G,000 1lts.rer day L9E.76 }[70.76 L61.67
2. 10C ver cent half-rints
5,000 lts.ner day 134.01 150.47 156.17
10,0C0 1lts.rer day 289.03 %75.60 271.72
20,000 lts.rer uvay T62.62 0 S2L .39 505.95
LG,000 1lbs.rer dayv 111].58 1925.3? G76.13
60,000 1lts.rer day 1660.65 1527.06 14119.96

dﬂii



Arrendix lable XXV Continued--Fage &

Cartons rer minute

20 35 65
D. "nit Cost rer 100 pounds
l. 100 mer cent quarts
5,000 lts.rer day 1.110 1.292 1.51¢€
10,0C0O0 1lts.ver day 0.97& U.9¢9 1.09L4
20,CCC lts.vrer day C.E78 C.&73 0.&95
40,000 lbs.ver day 0.64l 0.801 0.811
60,000 lts.ver day 0.825 0.785 0.768
2. 100 rer cent half-pints
5,000 lts.per day 3.08 3.01 3.12
10,000 1lts.ver day 2.69 2.76 2.72
20,000 lts.rer day 2.814 2.€22 2.529
,0,000 1lts.rer day 2.78 2.56 2.4
60,000 1lbs.ver day 2.76 2.545 2.417
IV. “ren 90 ver cent cof milk in quarts,
10 rer cent in half-vints,
macktine rented
A. Total Cost
£,000 lts.rer day 65.46 Th.12 £3.86
10,000 1lbs. prer day 116.91 117.45 125.63
20,000 l1lts.ver day 214 .35 209.¢ 211.70
LO,000 1lts.rer day L15.85 329C.8B6 389,47
60,CCO 1lts.rer day 61,11 S576.3¢ S560.5C
P. "'Tnit Cost ver 100 mounds
5,000 lis.~er dey 1.30¢ 1582 1.677
10,0C0 1lbs.rer day 1.169 1.175 1.256
20,000 1lts.rer da: 1.072 1.04¢6 1.059
10,000 lts.rer day 1.039 C.977 O.QZ§
€£0,000 lts.rer aay 1.025 C.961 0.934




Arvendix latle XXVI. Soaker ottle and ase .asher--Summary of Lata
saily Cost of uperation, Dollars--May 20, 1952

Capacity, EfV

2l 00 100 10 200 240
I. 'ixed Costs
Insurance, taxes, licenses 1.89 2.77 3.96 5.50 7.76 8.80
Devreciation, interest on building 1.43 2.04 2.81 3.19 5.5 5.80
cerreciation, interest on bottle washer 2.74 2.95 L. 60 5.71  9.49 11.80
Perreclation, interest on case washer 0,47 0.59 0.62 0,67 0.69 0.72
teralr, maintenance, sunnlies 1.1C 1.67 2.8 3.03  L.B1 5.81
Total 7.63  10.02 TI;J% 18,10 2E.29 32.93
II. "roduction Costs
A. Labtor
1. 10C ver cent quarts
20,000 1lbs.per day 9.45 .80 10.33 10.77 11.21 11.65
40,000 1lbs.per day 16.80 17.24 17.68 18.12 18.56 19.00
60,000 1bs.rver aay 23.%0 23.84, 24.28 24.72 25.16 25.60
80,000 1bs.per ia7 30.84 3t.2h, 31.68 20,12 32.56  33.00
100,000 lbs.ver day 37.30 37.74  38.18 38.62 39.06 39.50
2. 100 per cent half-pints
20,000 1bs.per day 30.20 31.24 31.68 32.12 32.56 33.00
[,0,000 1bs.ner day 59.00 59.1#; 59.88  60.32 60.76 61.20
60,000 lts.per dayv 1.,0 BR1.Ry 82,28 82,72 83,16 £3.60
R0,000 lbs.per day 115.00 115.L4 115.88 116.32 116.76 117.20
100,000 1bs.per day 1L8,00 1AP.LL 1L4R.FPE 140032 149.76 150.20
T, Ttilitles
1. 100 per cent quarts
20,000 lbs.per day 2.8 2.6l 2.17 2,06  2.01 1.96
;0,000 1lbs.ver day 5. 68 5.28 L34 .16 4.02 3.92
60,000 lbs.ner day 8.52 7.92 6.51 6.2, 6.03 5.88
80,000 1bs.rer day 11.36  10.5¢ 8.68 €.32 8.04 7.8
100,000 lbs.rer oay 1,.20 13.20 10.85 10.40 10.05 9.80



A~rendix fatle <XVI Tontinued--isre 2

Canacity, FFV

ely 60 100 1,0 200 240
2. 10C per cent half-pints
20,000 lbs.per aay 3.78 3.50 2.90 2.77 2.69 2.6
,0,000 1bs.per day 7.56 7.00 5.80 5.5 5.38 5.2
60,000 lts.ver day 11.34  10.50 §.70 8.31 E£.07 7.92
£0,000 1lbs.per day 15,12  14.00 11.60 11.08 10.76 10.56
100,000 lts.per day 21.00 17.50 14.50 11.75 13.45 11.20
C. [otal rroduction costs, including
bottle breakage
1. 100 per cent quarts
20,000 lbs.per day 14.58  14.73 14.79 15.15 15.51 15.90
40,000 lbs.per day 27.08  27.12 26.62 26.B& 27.1& 27.12
60,000 lbs.per day 37.82  3f.66 37.69 37.86 38,09 38.38
80,000 1bs.per day 50.59 51.00 L49.56 L9.6L4 L49.60 50.04
100,000 1lts.rer day 63.00 62.4 60.53 60.52 60.61 60.80
2. 100 ner cent half-pints
20,000 1bs.per day 36,76 36.94 36,78 37.09 37.25 37.84
1,0,000 1bs.ver day 70.96 70.8&4 70.08 70,26 70.54 70.88
60,000 1lbs.per day 99.3, 98.94 97.58 97.63 97.83 97.52
80,000 1ts.per day 138,92 136.24 136.28 136.20 136.28 136.56
100,000 1lts.ver day 180.00 176.04 174.38 172.07 174.21 172.L0
IITI. lotal Costs
1. 100 ner cent quarts
20,000 lts.per day 22,21  24.75 29.26  33.24 L3.80 4E.83
;0,000 lbs.ver aay .71 27.1 41.09  L4.98 56.47  60.05
60,000 lbs.per day 45.45 h@.ég 52.16  55.96 66.3f  71.31
80,000 lts.per day c8,22  61.02 €4.03  67.7% 77.89  €2.97
100,000 lbs.per day 70.63  72.46  75.00 78.62 (£.90 93.73



Arrendix fable xXVI Continued--lare 3

Capacity, "IV

2l 60 100 15,0 200 A
2. 100 ner cent half-pints
20,000 1lbs.mer day M%chl 6.96 51.25 55.19 65.54 70.77
1,0,000 lbs.ner day 78.59 0.86 84.55 £8.36 98,83 103.81
60,000 lbs.ner day 107.27 108.76 112.05 115.73 126.12 130.45
£0,000 lbs.ner uay 146.55 148.26 150.7% 154.30 164.57 169.49
100,000 lbs.per day 167.63 166.96 108.85 190.17 202.50 205.33
3. 90 per cent of milgs in quarts;
10 ner cent in half-pints
20,000 1bs.ner day 23.4,0  27.07  31.46  35.44 45.97 51.02
40,000 1lts.vner day 39.10 L0.50 45.44  49.32 60.71  6L.43
50,000 lbs.per day 61.63 SL.69 58.15  61.94 72.35 77.22
£0,000 1bs.per day 67.05  69.74 72.70  76.40 R6.56 91.62
100,000 1hs.vner day 82.33 €3.91 86.39 B87.78 100.26 104.89
IV. "nit Cos%s ver 100 pounds
1. 100 ver cent guarts
20,000 lbs.ner day 0.111 0.123 0.146 0.166 0.219 0.24
40,000 1lts.per day 0.087 0.092 0.103 0.112 0.141 0.150
60,000 lbs.ver dav 0.076 0,081 0,085 0.093 0,111 0.119
80,000 lbs.ner day 0.073 0.076 0.080 0.085 0.097 0.104
100,0C0 1bs.ner aay 0.071 0.072 0.075 0.07¢ 0.0f9 C.O9L
2. 100 per cent In pints
20,000 1ts.ner day 0.222 0.234 0.256 0.276 0.327 0.354
;0,000 lbs.ver cay 0.196 0.202 0.211 0.222 0.247 0.259
60,000 lts.rer day 0.180 0.181 0.177 0.193 0.210 0.217
£0,000 1bs.ner day 0.183  0.1f5 0.180  0.193 0.206 0.212
100,0C0 1bs.ner day 0.187 0.1€7 0.1f/9  0.190 0.203 0.205



Arrendix racle £AV1 Continued--iczge 4

Cavacity, EBIV

el 60 100 140 200 2L0
3. 90 ver cent of milk in guarts
20,000 lbs.ner dav 0.117 0.135 0.157 0.177 0.229 0.255
140,000 1ts.ver day 0.098 0,101 0.114 0.123 0.152 0.161
60,000 lts.per day 0.086 0,091 0.097 0.103 0.121 0.128
£0,000 1lbs.per day 0.084 0.087 0.091 0.096 0.108 0.116
100,000 lbs.per da: 0.082 0.08; 0.086 0.088 0.100 0.105




ine Line--s5umrary of Data
aily Tost of (neration, June L, 1952

Anrendix Jacle XVl

tounds of milk per cay

70,000 10,000 60,000 80,000 100,000

I. Stainless steel
A. Fixed Costs

laxes, insurance, licerses 0.06 0.08 0.11 0.13 0.15

Devreciation, interest on pine 0.18 0.25 0.32 0.40 0.48

Terairs, maintenance, surnlies 0.0¢ 0.11 O.L% 0.1° 0.22

fotal 0.32 0., 0.5 0.71 0.85

B. “roducticn Cost

Laktor 6.90 9.90 12.90 15.90 18.90
C. lotal Cost 7T.22  10.34  13.47 16.61 19.75
D. T'nit Cost ner 100 pounds 0.036 0.026 0,022 0.C21 0.020

II. Glass ILires Cleaned in !lace by Circulation

A. #1xed Costs, same as above
. Trocuction Cost

Lator 2.90 3.57 .00 L.FO c.18
7. lotal Cost 3.32 .Gl 4.57 5.51 6.03
D. "nit Cost rer 10C pounds 0.0166 0.0100 0.0076 0.0069  0,0060




XIII. GLOSSARY

Fatch or holding nrocess- a method of wnasteurization in
thEh the milk 18 held in batches at a temperature of
143° F. for 30 minutes to destroy the bacteriam. Ihis

method 1s teing replasced rapidly vy the BFTST method
of rasteurization.

“"FF represents boiler horsepower. A toiler is rated on the
basis of the quantity of water it will evavpcrate. A
boller horsevpower 1is equivalent to the evavoration of
3.5 rounds of water vper hour at 212° F.

PFTM  revrresents bottles rer minute. It 1s a term used to de-
signate the canacity of a bottle washer or bottle fil-
ler, or rate of handling bottles.

Carlital recovery- The uniform annual rayment necessary to
recover an investment with interest. The cavital re-
covery 1is calculated on the tasis of the following re-
lationship:

Carlitel recovery= (first cost - salvage value)(CkF)
+ (ssalvage value)(interest rate)

Clarifier- A centrifugal device which is used for removing
“foreilgn material from milk in much the same manner 1in
which cream is removed from milk. Many clarifiers and
senarators have interchangeatle parts.

Cold wall- A tyve of storage tank in which the cooling 1is
done ty circulasting the coolant in the walls of the tank.

CpM™ reoresents cans ver minute. The term is used for
designating the sveed of operation of a can waster,
and other ovrerations where cans must be handled. 1t is
also used to designate the cavacity of a carton filller
in cartons ver minute. CPM 1is also used to designate
tre canacity of a case washer in cases ver minute.

Crf¢ represents canrital recovery factor. It is a value whlich
multinlied bv the investment cives the annual ‘iniform
payment plus interest required tc remavy an investment.

DX rerresents direct-exmansion. It is used to descrike a
method of refriceration in whicl the refrigerant




changes state from a liquld to a gas to accomplish
cooling. Most large systems use ammonia as a refrigerant.

Fixed costs- Those costs which remain relatively constant
regardless of the plant production. Interest, deprecia-
tion, taxes, and insurance are examnles of fixed costs.

Callons per hour- It is a term which represents the equipment
canaclty, such as a homogenizer. Fowever, most con-
tinuous flow equlivment is rated in pounds per hour.

Cne gallon of milk welghs 8.59 nounds.

YTST revresents high-temverature short-time. The FTST 1is a
continuous metkrod of vasteurization. Fasteurization 1s

carried out by heating to 160° . and maintaining the
temnerature for 15 seconds.

Insulated storage tank- A type of storage tank which contains
three to four 1lnches of insulating material in the wall.
Milk is cooled vefore it is vlaced in the tank, usually
withr a rlate cooler.

Crerational cost - '"he same as tre nroduction cost in this
dlissertation.

F. Depump - revoresents ovositive dismlacement pumv, often
exnressed as positive pump. The P. D. pump is used for
moving milk whenever it 1s necessary to move a fixed
volume of milk ver unlt time.

Frocessing cost- the cost of putting the oproduct in a
saleatble form. It does not include the cost of the raw
material for tre vproduct.

Troductlion costs -Trese costs wrich dervend on ttre volume of
milk oprocessed in the plant. Labor, utility, and
bottle costs are included in »nroduct . on costs.

“weet water-The term is used to designete water thkhat has
been refricerated whick has no salt ccntent. ©Sweet
water caen be used tc ccol a vroduct aown 34° F. If
trere is salt in the refricserated water, the solution
is known as brine, which can be used for ccoling below
the freezing molnt of water.

Tfons of refrigerstion -This term 1s used to deslignate the
capacity of refrigerstion equipment. A ton 1s the
amount of refrigeration accomrlisred by melt ng one
ton of ice. It cooling 1s accomrlished at tle rate of
200 ®tu. per minute, the equivment is said noc have one
ton refrireration ceapaclty.

y



Total cost- Sum of fixed and nroduction costs.

Unit cost- The cost of an overation (or nrocess) exmressed
In terms of a standard unit gunantity of milk, such as
cost ver pvint, per quart, or per 100 pounds. I'lre unit
cost was expressed in dollars per 1CO bpounds in this
dissertation. The cost per 100 pounds can be con-

veniently calculated on a gquart btasis by dividing by
fifty.

7 value- represents the over-all heat transi'er coefficient

expressed in RPritish I'hermal Units n»ner hour-square foot-
degree rahranheit.

Variable costs- Those costs which are obttalned by accing the
cost of oroduction and tre cost of ttre milk.




XIV. LIST CF REPFEHENCES
I‘(L"\ cr
Feriodicals and hmlletins

rrench, Charles E., "Work Simplification in the Tairy Flant"
Crherry-turrell Circle, March-April 1952, pn. 3-7.

French, Charles E., "Streamlining Receiving Operations,"
Food Engineering, January 1952, p. 99.

Fleischman, F. F., Jr., and R. F. Folland, "Permanent Pipe

Lines Cut Cleaning Costs, "Food Engineering, November

vorrison, F. W., "Simvlification in an Ice Cream Overation,"
Ice Cream FReview, June 1951, pp. 152-153.

Nadler, Gerald, "Time and Motion Study in a Canning Flant,"
Foocd Industries, February 1950, on. 236-237.

Shiffermiller, Jilliam E., "A Time and Votion Analvsis of
Cleaning Onerations in Milk Plants,” Thesis for Master
of Science, “ichiesan 3tate College, 1950, v. ul.

Froctor, F., "Lator Saving Methods in EBritish Milk Bocttling
Dairies," Froceedings of XI1 Internetional Dalry
fon~ress, Volume 1, 1249, o. 145.

“unlopr, ¥. CG., "work Simplification Pars CIrf," Irood
Industries, Octovcer, 1549, on. 1356-1359; “ovemrer
19L9, pp. 1548-1552.

“Yossmore, ¥., and K. S. Aries, "Time and Motion Stucy in
tre Cremical I'rocess Industries," Chemical and
ingineering News, October 1947, ovo. 31L2-31LL.

ratcoeck, C. J., "Oreration &and “anage-ent of Wilk Flants,"
United States Derartment of Asriculture, Wastrington,
D. C., "irenlar 260, Kevised 1947, vp. 8.

Tsorksten, J., "iime and Motion Studies for Cremists,"
rhemical and Engineering News, Volume 21, 1943, p. 132L4.

Davidson, J. P., C. K. 3redd, E. 7. Collins, "Lator Duty
in Parvesting of Ensilarge," Agricultural Engineering,
1943, p. 293.

y




Van Pechman, W., "hevislon and Exmansion of Opcrating

Standards," Chemical and Engineering News, Octoker 10,

Felling, L. O., "Changed Layout Saves 2500," ractory
Management, February 1940, pp. 64-65.

Clement, C. #. "Opveration and Management of ™Milk Flants,"
United States Devartment of Agriculture, Washington,
D. C., Circular 260, 1933, pp. 16, 38.

Rooks

Carroll, Fthil, Fow to Chart Timestudy Data, McGraw-Fill
Book Co., 1950, v. 57.

Mundel, M. k., Motion and Time 3tudy, Ffrentice-HKall, Yew
YOI"k » lq ‘;O ’ D e 171 » 18’6 LI BBE e

dy, Wiley and Sons,
- 5’ 720

Farnes, k. M., Motion and Time Stq;%
New York, 194C, pr. 7, 11, 12

£tl1ford, L. P., and J. F. Rangs, Froductlion Fandbook,
konald Fress Comrany, New York, 19L7, op. 7LL, 769, LT76.

Zommer, Fugo, Market Milk and Relsted I'rcducts, Second
réit on, Olsen rublisring Commany Co., 1946, . 0606.

orrow, Kobert L. Time and "otion Study Economy, Konald
Fublishring Comnany, N. Y., 1l¢L6, mp. ©1, 101.

Pres-rave, Ralvh, The Dynamics of Time 3tudy, Mcsiraw-Fill

2ook Comvany, 1945, p. 195.

Carroll, Fhil, 1Time Study for Cost Control, Second Edition,
Me iraw-Fill Rook Comrany, New York, 1943, pr. 70, 82,
100.




Utilities

Periodicals and bulletins

Kamp—an, W. J., "Princiovles of MMechanical Refrigeration,"

Mimeograph, University of Illinois Extension Course,
i4©, . 15.

Kramer, A. W., "Fow Yany Foller Units for & Small Flant,"
Power Generation, Chicago, Illinois, November 1948, p. 82.

"Operating Time Schedule," Planning Flant

Sales En:ineering, Cherry-Burrell Corroration, Chicago,
1948, p. 1.

“owen, John, "HFeat Transfer in Dairy Mackinery," Acricultural

Enéineerins, January 1930, o»r. 27, 30, 31; February
’ 9 N o 1-71.'.0

Fooks

"rown, G. G., €et. al. 'nit Orerations, Wiley and Sons,
New York, 1951, »onrn. 419, L25.

MeCov, Daniel, tditor, hefriseration Data Fook, Third
"dition, American socociety of [ efrigeratling Engineers,

1951, o. 641.

Ferry, Jorn, ¥F., Chemical knginecers' Eandbook, Mcuraw-Hill
Book Comvany, New York, 1950, ovr. L&, 1631, 1633.

¥ent, %. T., Mechanical rncineers!'! Tandbtook, John Wiley and

i

Sons, Vew VYork, 1949, p. 6-165; 6-10.

BPvan, 4. ., "Fower llant Construction," Power llant
Engineering, August 1947, o. 1ll6.

Caffert, Gustaf A., Steam Power Stations, McGraw-Fill Pook
Comnany, New York, 19,6, n. 506.

Skrotzki, R. G., and W. A. Vopat, "Applied knergy Conversion,
Mciraw-Fill Rook Comvany, New York, 1945, ». 347.

Prown, A. I., and S. M. Marco, Introduction to Feat Transfer,
Me Oraw-Y111 Fook Comranv, New York, 1942, o. 1lhLl.

Itbetson, W. S., hlectrical Power Engineering Fandbook,
Chemical PutTIisring Comwany of New York, Inc., Vew
vork, 1932, n. 134.




Moyer, J. A., RKefriceration, McGraw-FEill Fook Comvany, Necw
York, 192¢, ». 2EG,

Fernald, Rovert H., and Georege Crrok, kngineering of Fower
Flents, rhird Ecition, *cGraw-+5111T Book Company, New
York, 1927, »vn. 303, LO2.

Motz, William F., Irinciples of Kefriceration, Nickerson

and Collins Comwany, Chicago, Il 'inols, 1926, pp. 590-616.

Gethardt, George F., Steam Fower Plant Engineering, Jorn
Wiley and Sons, New York, 1922, po. 88L-B98.

Puildings

Periocdicals and rulletins

"ftnnual Kevort on Construction Costs,"
FnglneerIng News Record, March 23, 1950, p. 1lLL-153.

"Notes on Plant Layout," ™Mimeogranh, Cherry-
Turrell Comrany, Chicago, Illinois, 1949.

®]lombergsson, ¥., "Niscussion of “eneral Frincivles for the
Nesirn of Daliries of Different Size and froduction
Ccavacity," Froceedines XII International Dairy Conseress,
Vol. 2, 1949, v. 573.

¥itten, Horace, L., "Functional Design of Fluid ""ilk Flants,"
Unoublished T'heslis for 'Master of Science, Michigan
State College, 194€, »n. 16, 30, 33, L3.

rgbcock, C. J., "Cpersat.on and '"anagement of ilk Flants,"
United States Devartment of ~griculture, Washineton,
7. C., Circular 260, 1947, pp. L, T77-.

Curry, Norval F., "The Adaption of Farm FBulldings to leet
Changes in Farm Operations,'" Unrublisked Thesis for
vaster of Science, Jowa State Colleze, Ames, Iowa, 1946.

Eooks

Means, Robert Snow, Puilding Construction Cost Data
Published by thre Author, Durbury, Massachusetts, 1950.

Pulver, F. E. Construction Iistimates and Costs, McGraw-Fill
Fook "o., New York, 19L7, ppr. LO3.

Koss, V. E., Care and Fandling of ™ilk, Orange Judd Co.,
New York, 1039, o. 325.

*idman, F. L., Economic Control of kngineering and
Manufacturing, McGraw-¥F1ll Fook Co., N. Y., 1939, . 67.




Equioment

Perlodicals and bulletins

Loo, Ching, "Utilization of Cavitation for Homogenization

of Milk," Unpublished thesis for Fh.D., Michigan State
College, 1952, p. 73.

CTarter, R. ™., and A. Bradfield, "Consider the Conveyor Line,"
Milk Dealer, January 1952, pn. 48, L9, 56-57.

"RBottle Fandlers Cut Rreakage," Food
Engineering, June, 1952, op. 127, 18L4.

Stork, Raloh E., "Air Agitation of ™ilk," Milk Plant Monthly
June 1952, o. 36, -

"Automatic Uncasing and Washer-Loading with
RCA MachiIne," ™Milk Flant Monthly, VMayv, 1952, pp. 22-23.

Fatchelor, R. L., "Porta le Receiving Koom Operations,"
Southern Dairy Froducts Journal, May 1951, oon. 70-72, 76.

Schwarzkopf, V., "Weighing, Sampling, and Testing," American
Milk Review, Aupgust and September 1950.

Farkin, 1. %., "Delrv Flant “ousekeeping," Milk Flant
Monthly, May, 194¢, p. 69.

"itten, Forace L., "Functional Design of Fluid ¥ilk Plants,"
TTnpublished Theslis for Master of Science, Michigan State
College, 194f, vn. T73=-Th.

Thomnson, C. L., "Plant Operation and Thelr Efficiency,"
“ilk Plant “onthly, May, 194f, vrp. 38-41.

Cornell, F. G., Jr., "New Dairy Machinery and Equipmrent,"
Milk Plant Monthly, March 1948, p. 92.

MaGuire, Walter, "Flant Efficiency I'hrough Work Simpnlifi-
cation," Milk Plant Monthly, February, 1947, v. Lb.

Schwarzkoof, V., "An Efficient Keceiving Room," National
Putter and Cheese Journal, February 1947.

Clement, C. E., "Eqguipment for City ""i1lk Flants," Tnited
States Department of Agriculture, Wasbhington, D. C.,
Circular ©9, Yevised, June, 1941, »pon. 1-3.




Rooks

Perry, J. H., Chemical Engineers' Fandbook, McGraw-Hill
Book Company, N. Y., 19871, p. 1631I.

Manual of Milk Plsnt Operators, Milk Industry
Foundation, Washington, D. D., 194,9.

Fouts, tE. L., and T. R. Freeman, Dairy Manufacturin
Processes, Wlley Frothers, WN. Y., 1948, pp. 107, 123, 155.

Partlett, Roland W., The Milk Industry, Konald Press Co.,
No Yo, 19).‘,6, p. Ll,?o

Farrall, A. W., Dalry Engineering, Wiley Erothers, N. Y.,
1942, vpo. 325-376.

Flant Layout and Materials Fandling

Periodicals and bulletins

"Fulk Feandling of Milk," .estern Dairy Journal,
June 1, 1952, p. 11.

Jemmill, A. V., "Four Eig Modernization Renefits," [ood
Engineering, March 1952, pp. L9=-52, 214, 216.

Alkire, ¥. M., "Flant Layout and the Use of Templets and
Models," '"imeograph of talk presented at the Central
Il1linois Section of Socliety of Automotive wingineers,
Sorinefield, Illinois, Cctober 22, 1951.

Ferry, E. I., "lank Truck Collection of *ilk for Farms,"
Agricultural Engineering, Sertember, 1951, p. L80.

Gemmill, Arthur, "They Call it the World's Most “odern
Dairy," Food Engineering, July, 1951, pp. 60-71.

Feckendorn, L. ¥., "Fallet System of VFandling, for the Milk
Processing Plants," Milk Plant Monthly, June, 1950,
pD. 28—3)4,0

Forne, R. C., "The Planning of Milk Fottling Dairies,"
Proceedings of XII International Dalry Congress,

1940, p. 598.

Farkin, I. %., ""airy Flant tousekeepingz," Milk Flant Monthly,
vav, 1949, b. 69.

"Trucks Loaded 50 Cases at a Time, "Food
EFn~lneering, Feiruary, 1949, on. 173-175.




Dierickx, Leo, "FPlans de Laiteries de Differentes Capacities
et de Manufactures de divers Types du Meme Genre,"
Proceedings XII International Dairy Congress, vol. 3,
1949, vo. 582.

Mitten, Horace L., "Functional Design of [luid Milk Flants,"
Unpublished T'hesis for Master of Science, Michigan
State College, 1948, pp. 56-57.

Gridlev, G. C., "Using a Combtination of Methods to Get

Effective Layout," ractory rianagement and Malntenance,
June 19,8, o. 120.

BRroughton, C. W., "Dairy Plant Layout," ™Milk Plant Monthly,

Foucher, RP. A., "Planning, Construction, and Maintenance

of Modern Dairy Flants," Milk Flant Monthly, May 1948,
p. 76.

Farley, J. W., "Factors to be Considered in Planning the
Milk and lce Cream Flant," reorint from Cherry-Purrell
Circle, March-Avrril 1946.

Caldwell, Euzene, "Check Layouts FEefore You Expand," Factory
Management and “aintenance, July, 1941, p. 57.

Pooks

Shubin, John A., and F. YMadeheim, rlant Lsyout, Frentice-
*all, Inc., W. Y., 1951

Arnle, James, Mgterlials Fandling and :lant Layout, tonald
Fress Z~o., 1950, oon. 13-1, n. 229.

Perry, John V., Chemical Engineers' FHandbook, McGraw-¥Fill
Fook Co., V. Y., 1950, p. 1t35.

Marks, Lionel S. Mechanical Engineers'!' Handbook, McGraw-FEill
Took Commany, ~. Y., 1941, p. 1557.

Foss, ¥. L., Care and Fandling of "ilk, Orangse Judd
Commany, New York, 1930, pp. 02, 259.




Economics and Statistics

Periodicals and bulletins

Federal Tax Guide Reports, Commerce Clearing House, Inc.,
1948, op. 286-286.

Rooks

zarger, E. L.,W. M, Carleton, et. al., Tractors and Their
Power Units, Wiley Brothers, 1952, pp. LGl-52.

Dairy Industries Catalgg, The Olsen Publishing
Company, Mllwaukee, WlsoonsIn, 1951, pp. L6, 53.

Grant, Lugene L., Frinciples of Engineering Economy,
Ronald Fress Comvany, 1950, pp. 29, 7§-BH, g86-87, 89, 95.

Bullinger, C. F., Engineering Fconomic Analysis, Second
Edition, McGraw-F11l Fook Company, New York, 1950,
op. 27-33, 175-178.

1947 Census of Manufacturers, Volume II,
United States Devartment of Commerce, Statistics by

Industry, United States Frinting Office, Washlington,
D. C., EQ&Q, D. 22

Eartlett, Loland W., The Vilk Industry, Konald ¥ress Co.,
N. Y-’ 19“.6, po E?o

Sommer, Fugo E., Market Milk and Kelated Products, Second

dition, Olsen Publlshing Company, Milwaukee, Wisconsin,
19,46, p. 606.

Eidman, F. L., Economle Control of Engineering and Manufactur-
ing, McGraw-Fill, 1931, p. 29.

Miscellaneous

Periodicals and Rulletins

Michigan Milk Ordinance, ERureau of Dairying,
LansiIng, Michigan, 10LS, p. 17.

Rooks

Foelscher, . F., S. N. Arnold, and S. H. Féerce, Graphic
Alds 1in Engineering Computation, McGraw-Fill Rook
Comnany, Vew York, 1952, pp. b2-75.

Maynard, F. F., and G. J. Stegemerten, Cperation Analysis,
Me Graw-Fill Eook Comvany, New York, 1939, pp. 2, 32, 72=77.




