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ILPORTALICE

Dried milk, similar to condénsed milx, is a form of concen-
trated milk, Each form of fluid milk vproduct and fluid nilk
by-product lends itself to conversion to the powder form. Thus,
to-day we have dried whole wilk, dried cream, dried skim milk,
dried buttermilk, dried whey, dried ice cream mix, dried mzalted
milk and dried sweetened condensed milk.”

In most dairy countries volume nroduction of milk powder
began with the drying, not of whole milk but of skim milk. This
has been true especially of countries that convert a large
portion of their milk production to butter and cweet market crean,
thus being confronted with the problem of finding a profitable
market for large volumes of surplus siim milk, The reason for
volume production of dried skim milk is obviously an economic one.
But there appears to be only one answer to the nroblem of pro-
fitable exploitation of the creamery skim milk énd that is to
market it in suitable form for human consumntion or animal
consumption.

With the advent of dried sxim milk supplied not only as such
to the kitchen of the consumer, but esvecially to the »prepared
food factories, (such as for the manufacture of ice cream mix,
candy, confections, milk chocolate, for bread making, as =
constituent of sausage, in premred soups, etc.), hundreds of
millfgns of pounds of surzlus fluid skim milk are annually
diverted from channels of complete waste and financial loss and

turned into chamnels for human nutrition, orofitable returns,



and vromotion of public health. Thus, the obvious features of the

economy of dried skim powder anzear as follows:-

(1) Reduction to winimum bulk to facilitate economicel transpor-
tation to a2l1ll parts of the world.

(ii) Dependable keeping quality of the finished product.

(iii) Optimum conservation of the natural properties that are
characteristics of fresh milk, during storage.

(iv) Yo refrigeration necessary for storage and long transport.

(v) Use in manufacture of sevéral »rexred food stuffs like
ice cream, candy, confections, milk chocolate, ectc.

(vi) The economic utiligation of surnlus adding flexibility to
the operation of the plant and resulting in a higher »rofit
at the same time.

(vii) Better source of serving the community with reconstituted
milk from period of wnlenty to the period of lean supnly as
well as from the areas of plenty to the areas of scarcity.

In sharp contrast to the nhenomenal production of dried

skim milk, the annucl output of dried whole milk has been limited,

and prior to World War II it anpneared relatively static. Forcmost

anmong the volume retarding factors has been the problem of +the
devendable keeping quality. Dried whole milk is subject to
oxidation of the milk fat, accompanied by quality - destroying
undesirable flavor. Dried skim milk is practically free from this
danger. Extensive experimental research was necescary, therefore,

to establish means of preventing costly aze spoilage of dried



whole milk, sufficiently dependable to justify upon embarkation
upon a large scale production of this important food product.

Due to the food urgency of World War II, these efforts in the
interest of quality improveuent were redoubled. This has resulted
in improved methods of manufacture and »ackaging, methods that
are »roving effective in delaying or »reventing damaging fat
oxidation. These accomplishments have dcfinitely diminished the
risk of storage and increaséd the volume of the manufacture of
dried whole millk., Thus, from a production of 30 million pounds in
the year 1940 it increased to 217 million pounds in 1945.

In the presence of the marked develo»nment that has been made
within recent years, in volume of production, and in the ner-
fection of flavor, keeping quality and solubility of dried whole
milk, and of the properties of its reconstituted products, it is
interesting to note the early verdict of the eminent German dairy
Scientiét, Dr. W. Fleischmann (Hungiker, 1949) of the University
of.Gottingen, on the future pcssibilities of whole milk powder.
This investigator commented upon the po&r keening quality ,
quality, unpalatibility, insolubility, and denatured condition of
the protein of dried whole milk made in the latter half of the
nineteenth century by the firm Dalsom, Blatchford and Harris, in
their factory near New York City. As a result of this failure,
Fleischmann rezched the following conclusions: (Translated from
the German by lr. Hunziker). ¢

"As a result of this feilure, the question whether it is



possible to produce a marketable product worthy of the name milk
by dehydrating milk and reconstituting the dried mass, is thus
answered conclusively and finally for all time".

World War II and the early nostwar years saw a rapid shift to
the selling of whole milk by farmers rather than selling of farm
separated cream. This shift was greatly accelerated by the relati-
vely favorable prices paid for non-fat dry milk solids in that
period. To process the resulting increase in the supply of milk,

a nummber of new centralized drying plants were built and nroduction
facilities at the existing plants were expanded. llany marketing
problems have accompanied this rapid growth in the dry milk industry.
They have intensified since the close of the Korean War. The supoly
of non-fat dry milk solids has greatly exceeded the demand in recent
years, and much of the outout has Been purchased by the government
under the price support program. Under this surplus situation the
difference between cost and prices received for dried milk have
narrowed.

In view of these conditions operators of milk drying »lants
have shovn an increased interest in possibilities of decreasing
costs in processing. Increased efficiency and lowver costs should
enable the nlants to return to the farmer a higher percentage of
the price which consumers pay for dry milk products.

In the United States the production of only non-fat dry milk
solids has been increasing rapidly since 1951. Production in 1955

set a new record high of 1.48 billion pounds.



Table 1 shows the large increases in production of non-fat dry

milk from 1947 to 1955 (U.S.D.A., 1957).

TASLE 1. - Production of dry milk products in United Ctatecs,
1000 pounds 13547-1955.

Yecr Type of Dryer Totel Wnole milk Diy butter milk
Spray Rollerxr

1947 418,704 253,237 677,941 164,838 45,437
1948 435,071 245,461 681,532 170,087 418,39
1949 627,942 306,292 934,934 125,541 99359
1950 623,957 257,111 631,078 124,986 18,668
1951 5464387 156,083 702,476 131,017 45,467
1952 665,076 198,144 363,220 101,732 47,067
1953 971,578 242,196 1,213,774 104,352 574424
1954 1,158,537 243,837 1,402,374 93,874 56,348
1955 1,282,060 202,600 1,484,600 103,22C 58,350

In 1953, the three leading Steates, Wisconsin, hinnesota and
liew York produced respectively 28, 21 znd 11 per cent for a combined
total of 60 percent of the total United States »roauction of non-
fat dry milk solids.

The rate of utilization of skim milk for human food has in-
creased from 51 percent in 1924 to 74 nercent in 1952 and there

has been a continuing trend aweay from farm separated creams,



Dried milk in India. — In Incdia the procuctivity of dairy cattle

increases and decreases according to cheange of climatic conditions
end growth of pasture land after rainy season resulting concen-—
tration of cattle at different places. liost of the dairy cattle
fced on the naturel growth and abundance of grass land and
agricultural by-o»roducts. Because of this concentration, the mili:
nroduction in such areas increaces greatly and sells at a lower
rate in abrence of sufficient transport facilities to the arezs of
creater de.aand. In additicn, with the recent agriculturalidevelop-
ment and cattle improvement program launched in the Five Year Plans,
the rroductivity of milk is likely to increazse. The above described
surplus areas will have the increasing problem of handling the
surnlus millk thus produced to points of utilizaticn. Since the
distribution of milk from surplus rural areas to urban areas still
remains a problem‘due to insufficient facilities of transoort, it
asnears that the immediate solution for useful utilization of milk
at the surnlus nockets throughout the country is to convert it to
products like butter, ghee and skim powder. Thcse three products
can not conly be transhoried easily but will immediately add to the
econcuy of farmers and crezte a scope for development of deairy
cattle and deiry industries in the country. The skim milk sowder
will be easily reconstituted with whole milk usually having 6 to t0O
nercent butterfat. This reconstituted nilk if standardized to

3 sercent butterfat will not only result in increased quantity

ut wi be 1 s exmeisi mpe i milk o i~
but will 1t uch less exnensive compared to whole milk of high



nercentage of butterfat, readily enabling more cxtensive uce of
milx.

It is understood that tnis idez of maling uszefvl and
econcmical utilization of milk from various sur~lus pocizots in
India for benefit of maxinmnuwm populaticn, has been receiving the
active consideration of the government and that a muwber of
creaiieries and nilk drying plants will soon be set up. At »resent
2 huge quantity of milk vowder is being imnorted in India ané

the requirement ic increasing day by dey.
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OBJECTIVES

To determine time standards for the required eleuments of
drying vlant operations.

To recommend conditions pertinent to efficient overation.
To recommend improvements in the layout of the working
place and material handling for efficient oneration, in
reference to plants investigated in study.

To suggest means of increasing the effectiveness of
effort throuzh application of »rinciples of motion

econony.



REVIEW OF LITERATURE

riotion and time techniques. - The science of motion and time study

has been widely practised throughout the world for the last 70
years., In about 1881 vhen Taylor pioneered this science, it was
not realized that his words of wisdom would in later years meet
with such universal acceptance by all of the major industries of
the world. Excent for the initiative and ambition of those vho
would make any nation the greatest and most productive industrial
rnation, motion and time study might never have been recognized as
one of the finest tools of management. The largest and strongest
labor unions in mass production industries have alco recognized
the value of motion and time studies as through the years they
have gradually developed an accentance of this art as an accurate
technique for establishing standard of performance for man and
nachine., Industries have used wotion ond tine studies exteusi-ely
in eanalysis of thelr »rocessing and asseinbly operations. It must
be acknowledged that use of this valuable tool has contributed to
ever—increasing efficiency, which in turn has procduced better
merchandise at lower cost, and at the samne time has rrovided a
nore equitable means of paye.

The dairy indusiry has been somewhat tardy in applying this
valuable tool of manageisent. (nly in receant yeors have several
dairy companies throughout this country ceen the onportunitics

afZorded by use of wmotion and time study techniques in analysis of
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nrocesring, clean up and delivery operations. The results of these
studies have reflected improveirents in already existing plants and
have aided immeasurably in design and layout of new plants, in
determining product cost, and in improving methods.

The questions in the ninds of the tynical dairy plant overator
when contemplating the nced for time studies in his nlant are many.
What will the time studies accomplish? Will such a study help in
determination of accurate cocts? Will information resulting from a
time study help in control of labor cost, and if so how? Is time
study only for the nlant processing helf & million pounds a day, or
can it be used by small plants? What is the reaction of the plant
worker with resnmect to time studies? Will I be able to do better
job of running my business than I am now doing? The answers to such
questicns are not categorical but are dependent upon meny factors
of »erscnnel and complexity of plant operation.

One unfortunate rrejudice among industrial viorkers is that
time and motion ctudy is a means apnlied to exploit the labor.

Time and motion prorerly used is not a means of exnloiting the
worker. It is a means for exnloiting his capacity to work and in the
benefits of vhich he is one of the largest sharers.

Fo matter how uncertzin the management of a plant may bve, one
thing is certain, namely, that it can still increase its »rofit and
production by reorganizing the work accorcding to the vnrinciples of
time and motion study.

It is a well known fact that the outnut of work to be exvected
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from any two of the imen worxing in the plant mey be as varied as
the quantity of milk given by the highest and the lowest procduction
cows in a herd of dairy farm. Why whould one man do more work in a
given hour than another? Is it that higher producing worker is
stronger? Quicker? Defter? Better trained? Has better tools?

Likes his jcb? Likes his boss? Or a combination of all these
things and wany more? Whatever may be the rezson, management neceds
now more than ever to look closely at the work and the workman.
Work is a vague termj; hard worx is more vague. It is only comra-
ratively recent that scientists have been trying to mecasure 'work!
in a plant and even so a 'work unit' differs frcin one vart of the
country to another, from one country to another. A pound of work
in U.S.A. may not be the same as a pound of work in India because
the working conditions in the two countries are diflferent.
Nevertheless, it is easy enough to compare the work done by two
ilen in the same plant by measurement of work performed by each
man even with altered equipment and their layout plans,

Among the various forms of cost are reduction in activities
in a processing plant, work simplification, linear programming,‘
overations rescarch, budgetary control and time study. The
determination of time standard by a nethod of tine and mction
study, for each operaticn in the plant at its maximum efficiency,
has been felt to be of paramount importance in innroving plant
operations.

Time study can be a precise, expert measuring technique for
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labor analysis, but the term "time study" can easily lead to a
confusion of terms. Stopwatch study, motion picture analysis,
micro motion analysis, simultaneous motion study, synthetic
standard develonment and standard data are all related to the
study of time.

The use of time and motion study in milk plant operation is
so new that very little reference to it can be found in the
literature. No reference was found specificelly on motion and
time study in s»ray drying of milk.

Therefore most of the references cited have been taken from
other industries that have more or less similar operations. The
nilk industry has always tried to practice some work simplification,
although it was never given exactly this methods engineering
nomenclature. Some literature on millk drying is available but

dealing primarily with the costs involved.

Time and laotion study acplications in allied industiries.- Apnnlica-

tion of time and motion analysis to non-rewetitive oconercticns wes
demonstrated by Sadoff (1944). lle made time and moticn studies of
21l the clean-un and maintenance ovnerations at the large Swift and
Comnany meat packing »lant in Chicago. Six senior time study men
devoted three years to this study. They wvere able to ciinpnlify the
operations and ectublish standerd tiaes for each oneration,

Gobb (1937) alco established ctendaid times for truckers wnd

vee-ers and o>ut these men on an incentive pay plan vhich reduced

4
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the man nower required from 19 to 11 men.

Eaons (1937) abplied time and otion analysis to the
jeniitors in a factory building, and was ablc to estzblish a
schedule of operaticns that resulted in large savings.

In his work with time and motion applications to job order
shops, Tidball (1936) proved that it was possivle to have time
standards for specizl order shops.

The continuous flow procecces of the cheimical industries
have much in common with milk »lunt operation. Von Pechmznn (1943)
and Roccmoore and Aries (1947) applied time and nmotion analysis
to these industries with great succes. They reportéd savirngs in
time up to 34 percent on some overations.

In the liguor cdistilleries, a large aaxmosunt of time is svwent
in bottling end clean-upn operations nuch like milk plant onerations.
Tlissinger (1941) cpplicd time and motion studies to these
cnerations and revnorts savings ac high s 32 sercent.

All operations in the food industry have much in ccmiaon. The
use of time and naction studies in food plants other thun daixy
slznis hes becone guite cowmion in recent yeors. Eagel (1940) reports
some very interecting saviugs mace in an Bnglish walnut food

fuctory. Ladler (1950) appslied time and motion study to canning

(=]

vlent oneretions with a great deal of succes. iHe lists soue ol
the rcsults of thece ctudies as:

l. Im»roved schedules.

2. Predcteruinaticn of job rcquirenents.
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3, Checlts on woriter efficiency.

4. Deteruination cf best methods.

lundel (1944) has devoted & large zimount of time to anplica-
tien of timz and motion study to farm operations such os doing
farn chores. These operations in the »nast have taken & lérze
amnount of the forumers tiice In some cases lundel was a2bls to
recuce the time required by 50 nercent.

Another interesting time and motion a»w»nlication by lundel
was on the hand peeling of tomatoes in a canning factory. By the
use of micromotion canera studies, he was able to effect large
savingce in this opneration.

That time and mnotion study heas many uses other than rate
setting wes brought out by Stearns (1945) when he explaincd to
the plent managers the use of time and mction ctudy by controlling
schedules, man vpower requirements, and methods of overation.

Teranes (1937) made a study of the walking reguired in a
factory pacliing departiient. By the use of time and motica analysis
he was able to reduce the walking required per man in an 8 hour
dey from 12,Cu0 feet to 18CO feet, with z resulting saving in

labor of over 30 »nercent.

Snecific time and motion as:licetions in the dairy industry. - Pro-

bably the most extensive use of time and motion study in the
dairy industry has been made by H.P. Hood and Sons Coupany. This

dairy firm has established a full time methods engineering and



work simplification deosartment. This devartiment has been in
overati:n for more than 8 yecars, and during this time they have
been able by the use of time and motion analycis to reduce their
operetion tine considerably.

Dunlop (1949 a) explained his method of trzining nersonnel
in work simvlification by the uce of compony schools.

Pelling (1940) reported the usce of time and motion analysis
apnlied to wrapping cheese in an Australian cheese factory. He
saved 2500 dollars yearly by an imoroved method.

Liorrow (1947) g8pnlied time and motion study to the retail
delivery of milk with good results.

The use of time and motion study in a Britich milk bottling
plant was discuseced by Proctor (1949) in a paper vresented at the

1949 World's Dairy Congress.
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SPRAY DRYING INSTALLATICHNS

Over the last several years operating nroblems in dziry plants
have changed considerably. kodern, high suveed, automatic equipment
is available now as never before. There has been a significant
change in the last ten years in the tyne of equinment and »rocescing
of productc.

The cavacity of the various pieces of equinrment used in the
plants is selccted to allow the equipment combination, as a unit,
to operate as clocely as possible to the hourly capacity. The
spray dryer, the size of which is determined by plant volume, is
the key piece of equipment in this combination. The dryer canacity
is determined by evavorator size, heater sizé and boiler size.

Bven though equipnent is selected that will provide wintmua cest

at present, excess capacity may exist in a plant because it is not
in o»eration 24 hours a day. Jowever, this excess capacity exists
in all pieces of equipiment in the combination and the volume of the
nlant can increase without changes in the equipricnt combination.

By selecting equipment in this manner, n»nrocescing cocts are kept

to a minimum, flexibility is retained, and futu?e expansion is
possible without prochivitive cost.

The selection of the snecific vnieces of eguimniazent uced in the
combination is bascd unon the following fectors:

1. Sanitetion and quality requireients.

2. Operating efiiciency.
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3. Space requirements,
4. Cperating cost.

5. Imitial cost.

6. Futurc expansion,

Sanitation and quelity requirements were the first consider-
ation. All equipment svecified is of stainless steel construction,
both on contact surfaces and exterior surfaces. Discussions with
representatives of sales outlets, manufacturers, and users,
indicate that there is no significent difference in quality and
acceptibility of high heat nowder produced by different brands of
stainless steel equipment. All equipment combinations.are capable
of »roducing extra-grade powder acceptable to the trade or
government, Under these conditions there seems to be no basis for
preferring one brand of equipment to another because of sanitation
or quality differences except the operating efficiency differences
due to specific individual designs.

The different brands of dryers available, all have the sane
basic thermodynamic »rinciple underlying their operation. The
drying »nrocesc is carried on in a turbulent mixture of heated air
and miik at a relatively high velocity. The efficiency of the
dryer and the hourly capacity is, however, affected by the desigm
of the component narts of the dryer. Counter-current dryers, in
which the milk and air enter from opposite sides ot the dryer,

heat the milk to a higher temperature and do not dry the narticles

as xapidly 2s in a parallel flow system. lLlany dryers on the market
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at the present time use the narallel current systen of drying.
The desimn of the povider-air serarators also influences the
cavacity and efficiency of the dryer. Dryers using single large
diaseter separators cannot opercte a2t as high a temderature and
velocity as dryers using a series of cmall diameter separators.
This occurs because as the diameter of the separator increzses the
exhaust velocity increases, the smaller particles of ~owdcr are
then carried out the exhaust stack. In order to avoid excesszive
povders losses, it is therefore necessary to install cloth powder
collectors in drying systems using large diameter »nowder-air
sepvarators. These cloth collectors sift out the entraincd povder
in the exhaust air. If the size of the individual separator ic
decrecased, the exhaust velocity from each separator is decreased
and the velocity of the entering drying air may be increased
without loss of nowder. This increase in velocity in the entering
air reduces the time the milk »narticles remain in this drring
chaizber end because of this reduction in time in the chamber the

air heat may be increased without damaging the milk protein in the

povider. Alco, drying systems using small diameter powder air

©

separators do not require cloth powder collectors to sift out the
cntrained wovider in the exhaust air.

These differences in dryer desizn result in differences in
space requirenents for various brands of dryers. Dryers using a
ertical drying tube, large vpowder-cir scparators and cloth

collectors require from 12 to 20 feet more ceiling heisht than
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horigontal tube dryers using multicone collectors. At »resent most
dryer manufacturers use a horizontai drying tube and multiclone
nowder-air scparator coupled with increased air velocity. By this
means a reduction in initial cost and in operating cost have been
achieved because the equipment requires a small floor area and
attains a higher operating effiéiency.

Several types of evaporation equipment are available. The
coummon types of evaporation equipment in use in the dairy industry
at present are the single-~, double~, and the triple-effect evapo-
rators. The princinle involved in these evansorators is essentially
that of heating milk under vacuum, wvhich reduces the boiliné point,
and cenarates, condenczes and withdraws water vapor. In the single-
effect evanorator the steam is used once in the heating vrocessz.
In the cdouble-effcct evanorator the milk enters the first effect
and is heated to ap roxinately 16¢° F. It then enters the second
effect, whecre the vacuum is.greater and the temperature lower and
there it is heated by the vapdr froan the first effect. The sane
process is used in the trinle—-effect evavorator as in the double-~
effect except that the temierature in the first effect is hi:her.

In recent years a low temperature ammonia system of eranora-
tion and a recompression syctem have been introduced. The low
tempefature system is used in the procescing of concentrated fruit
Suices wvaere very low temcerature is required to reduce the possi-
tility of heat dama~e. At present no performance data are avzilable

on such equinment in use on wide scale in the milk industry. The
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milk industry. The recomoression system of evaporation compresses
the vavors used in evaooration. This raises the heat of the vanor,
and thc vavor is then recirculated and used again for evavorating.
This system reduces the fuel and water requirements necessary for
evaporation. Relatively few of these recompression systems are in
use in the milk industry at present and no performance data are
vailable for comvarison with sycstems in common use. Because of
thesc considerations the low temperature aixionia system and the
rccomnprescicn system were not concidered for this study, although
their installation and use affects the time standard in oreration
and production of milk powder.

The selection of evanoration equipment was therefore reduced
to a selection of either a single-, double- or triple-effect
evaporator. The single-effect evarorator has the lowest initial
coct. Since the steam is only used once, however, the operating
cost is greater. The double-ecffuct evarorator reduces the steam
and water requirements by about one-half, and the triple effect
reduces the fuel and water cost by about two-thirds. The noscible
saving in fuel and water requirenents would dictate that triple-
effect evanorators be installed in all sizes of »nlants for the
salte of econony. lowever, triple-effect evaporators necessitate
unduly high milk temmeraturecs in the first effect and this greatly
increaces the »ossibility of heat dawage to the milk »rotein,
Double effect evaporators have been installed in most of the plants,

The opecrating cost of equipment is a function of all the
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inputs which are necessary to operate efficicntly. Labor is the

largest item of manufacturing expense in the marufacture of dry

milk. A careful study was made in 1953 by Linley B. Juers and

E. Fred Koller in 18 large spvecialized drying plants in Minnesota
in order to obtain the cost of drying milk in specialiged cdrying
2lants. For the 18 »lants in the study, labor costs averaged

34 per cent of the total manufacturing cost. Labor costs for the
various Hlants ranged from 0.68 cent up to 2.03 cents for each
?ound of dry milk produced. The largest number of plants showed
costs between 1.00 cents and 1.10 cents a pound.

Table 2 shows the eaverage labor cost per pound of dry milk for the

18 »nlants grouped by annual outjut,

TABLE 2.- Relationship between ammnual dry milk outnut ner
plant and labor cost for 18 linnesota millk
drying plunts, 1953.

Ammual dry milk sumber of Averocge labor cost per
outnut ner plant plants pound of dry milk
Million pounds ’ Cents

Inder 2.5 1 2.03

2.5 to 4.9 3 l.21

5.0 to 7041 7 1012

7.5 to 9.9 3 1.02

10 and over

|

91

Average all plants 18 1.10
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The averzge labor cost per nound of dry nilk for the 18 plants
in 1953 was 1.10 cents as combared with 1.16 cents in 1G47. This
reduction in labor cost amounts to quite 2 substantial saving. On
the bacis of 1953 production, it amounts to an average of over
40C0 dollars per plant. With an estimated 38 per cent incrcase in
hourly wagc rates betwveen 1947 and 1953, this reduction in labor
cost reflects a very substantial inprovement in labor efficiency.
luch of this increased labor efficiency is »robably due to large
output in 1753 than in 1947 since the minimum zmount of labour
becomes the fixed cost of omerating. As output is increased this
fixed porticn of labor cost is spread over uiore units of outnut
and the resulting average cost of labor per unit of output is less.

The relation between annual volume of vroduction and the dry
millk output per hour of pnlant labor is shovm in Fizure 1. It is
aprarent from this figure that, in general, the slants with larger
volume have a higher dry :milk outnut ver hour of labor than do
olants with low volume. But with most of the »lants producing in
excess of 5 million pounds of dry milk in 1653, some of the
relatively smaller plants had achieved manufacturing cost just as
low as vplants having twice the volume and at the same time there
were large variations observed betveen plants of neacrly the same
out-ut. These plant to plant variations indicate that factors
governing the labor efficiency varied from one »dplant to the other
and that the labor cost was one of the largest variants in deter-

mining a plant's costs,
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PRCCEDUKE

The milk drying overaticn falls into the non-repetitive class
of industry. It is one of the most difficult operations to which
to apply time and motion analysis. The ordinary time and mcticn
study is made on short cycle onerations of a few elements or steps

reveated many times ver daoy.

Broed stevs in nilk drying operation.-— The skim nilk was preheated,

noicsture eveporzted by boiling under vacuum, condensed, spray

dried and pacliaged. The operations were carried on meinly in three

secticns: namely, »an section, dryer section and peclka ing scction.

Steps in overation of pan section:

1. Sanitizing, testing and heating the line.

2. Prehecting the milk in tvwo stages: first in the tubulcr hezter
and second in hot well (cuclosed type) with direct injection
of steam,

3. Preparing tac pan for boiling the milk uader vacuunm,

4, Boiling of milk at rezgulated rate to desired consistency.

5. Laintaining rate of voiling under specified temperature and at

- desired consistency with control over stieanl, facuum a:r.d other
nechanical operations.

e Supplying of condensed il to storage tank for further drying.

Steps in operation of aryer sectiomns

1. Sanitizing and testing the conderrod milk lines, pumps, and
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motors.

2. Heating the drying chamber of the dryer and fitting the spre;
nozzles with pine pieces in working order,

3. lloving condensed milk after preheating.

4. Raising the temperature of the drying chamber to vorking order
and spraying of condensed milk at desired prescure.

5. Resulating the drying temperature in chamber and spraying rate
for desired moisture content.

6. Testing the moisture content of the vowder and making necescary
adjustment in operation.

T« Checking of operation.

Steps in oweration of the packaging section.
1. Packeging of powder (filling in bags).

2. Weiphing.

3. Stitching the bag mouth,.

4. Handling to the warehouse.

Three commerciél plants were selected according to reprecent-
ative sice of the milk drying unit. A brief sketch of work place
layout, showing the floor plans of these three plants, are placed
in Appendix A. All of them are multiple products type deiry plants.
Dziry 'A' has a drying plant capacity of 400 pounds of powder per
hour, Dziry 'B!' has a drying plant canacity of 1000 pounds per
hour. Dairy 'C' has two drying units having canacity of 12C0 pounds

1er hour and 2200 pounds per hour,



6 -
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The three planfs under study nhcove different layouts of
equipment and working conditions. Dairy 'A' plant is in an
institution and is used for the purpose of training and production.
It vorks casually as and when necessary according to éemand. It is
a compact unit comparising of a single effect pan and horizontal
dryer with wdrking platform at a height of 12' from the ground
level. It has »owder »acitaging unit at the basement floor. Dairy 'Bf
is a very old olant pan operation, drying Opération and packeging
each being done.at different floors and separated from each other,
It has a double-cffect pan and a horizontal dryer. Three operators
are required, one at each section of operation. The plant works
most of the time of the year. Dairy 'C' has fairly large plant.
Trere is a new dryer of 2200 pound ver hour canacity. It works for
about nine nonths of the yecr. The dryer is used regularly and the
other serves as standby. Both of the dryers and the novder
rackazing unit are installed on one floor and in one hall. The tvo
single—effect and one double-—effect vacuum pans are installed at
the second floor away from the dryer hcuse. All the threec cections,
i,e. pen, dryer and packaging have one onerctor working at ecach
secticn,

Congiderable crecdit must be given to the managenent of these
comvanies for granting wermission to melze such a study so unusuel
to the cairy industry. The first thought of a2 dairy worker on
having a stop watch check his work is that the menazer is checlking

on him end is dissatisfied with his production. It was necescary
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to use a great auscunt of diplomacy and sell the worwker on the
vurnoses of the study. By proceeding on this basis, the entire
study was comnleted without incident and in a2 spirit of mutual
good will., In the mass production industries, this problem would
not »rese:nt itcself as their workers are faniliar with the use and
functions of time and motion study.

Xotion study is commonly defined as the study of the motions
used in the verformance of an operation for the purpose of
eliminating all wnecessary motions and building up a sequence
of the most useful motions for maximum efficiency. When cdetermining
the method of greatest economy for a snecific job, consideration
must be given to all factors affecting the work and the operator
such as materials, tools, equipment and the work place layout,

Fof developing 2 better method, the following four approaches are
generally used during the stucdy of existing operztion:

(a) Eliminate all unnecessary work. (motions)

(b) Combine overations or elements.

(c) Change the sequence of ojerations.

(d) Simplify the necessary operations.

In order to make above approaches there are various tools
generally used such as process chart, flow diagram, activity chart,
man and machine chart, operation chart, and sino chart. Of course,
not all of thecse different methods vwould be used on any job. After
developing the improved method, the time standard is determined

for each clement of operation. The next sten involves training



the operators.

In the present study of motion and tine, an attemHt has been
mnade to determinevaccurately the standard nuaber of minutes or
hours that a qualified worker should take to nerform drying
opefation. The time is determined for working at 2 normal pace
with the present available tools and equinment under the normal
viorking conditions prevalent in milk drying plants in U.S.A. It
vas not possible to train the workers nor was it desired as the
object of the present study for rate setting or wage incentive
design.

According to the above described method the operations of
three plants (4,8 and C) were studied repeatedly and with the
help of process chart. An analyses‘of each step in the nmanufactur-
ing process was made for devising an improved method. Careful
study of »process charts shown in Appendix B will reveal that in
the gravhic picture of stevs in the old method certain unnecessary
operations were climinated, one operation was combined with
another, a better route for the‘movement of overator was found,
delays between overations eliminated and the scquence of operation
changed under the usual practice. The »nrocess chart usually should
ve based on either the nan, showing in sequence the activities of
onerator, or the product showing in sequeiunce the steps that the
product goes through. The chart in this study is the nan type

since efforts were mmade to indicate the standard man-hours reguired

L4
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for cycle of operation with resnect to variation in layout of the
equipment in different plants under study. From the swanary of the
imnrroved method process chart, as in Apvendix B, it was found that
in deiry plant 'B' in milk drying operation the number of operations
werc reduced from 23 to 18, number of movenents reduced from 23 to
16, and the totel novements decrecased from 1009 ft to 321 ft. The
total ohserved time for the cycle of opnerction was reduced from
383,69 minutes to 25.4 ninutes for a saving of 34.3 nercent of the
tine.

The next step was to make reneated obscrvaticne of the nrocess
with each equionent. Each operactiin was broken dovm into elements
or steps that were convenient to time. When it vas reasonably
certain that cach step of a narticular operation was followed by
the worker without change, a time study of the operation‘was nade.

The watch used was a decimal minute watch with one sﬁeep of
the hand divided into one hundred parts of one huridredth of a
minute each. All time recorded was in wminutes snd hundredths of
a minute.

Thic method of timing used wezg the "srap back method"., This
method is open to some criticism in thet some sn2ll anount of
time is lost in the snapping of the hand back to zero ot the end
of ecch elenent, even though the watch automaticelly starts again.
riost of the criticism of the system occurs vhen it is used for

r-ate setting. In this study, rate setting was not involved. Carroll

states (1943) "While obcerving a long series of wvery fast elements,



lajman to understand. Ia 211 industiral anplicatiors ¢f time =tucdy,
it is desired to fiud the tine required for an averzge worker to

verform o given task. For this reason, the nerformence ic rated

[
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to the effort of the articular worker. Viorkers vary greatly in
their method and speed of nerformance, this range usually being from
ne=third of normal performence to twice normal »erfeormence.
(Carroll, 1943).

In this study it ves decireble to arxrrive at the time required
for the average worizer to perform the task. All the cperators wvere
reted on a basis of 1005 to 1205 for an average operation. The
rating of the verforacnce made it possible to arrive at noimal
time for the elements and the cycle.

Allovances were then considered and applied to the normal
tine foxr the cycle. The concept of allowances is one that may come
es a surprise to some of the plant managers. lany of the managers
like to believe that they receive cloge to sixty minutes vorik per
hour from each plant worlier, but such is far fronm actuzl cocze.
Allowancec must be made for nersonzl needs, fatigue and uncvoidable
delarse.

The vzlue of these alloviances deypends very much on the type
of work involved. In some tynmes of work such as blast furnace
work in steel mills, the allowance may run as hi h as 50 vercent,
vinile in ligzht work under good conditions it could be as low as
5 percent. Liost shop operations fit in a class for which 20 percent

is normal allowvance. (Carroll, 1943).
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the continuous method is inveluable. For practically zll other
studies, the encp=bacit method is wmuch preferrcd. The enap-back
includec a guall error in each reading. This is inconcequential in
comrnarison with the probable errors in hunon judgment included
vhen rezting the performance",.

The elenents of such operatiocn was recorded on the regular
tine study sheets used by the Industrial Eagineering Section of the

ilechanical BEngincering Department at Kichigen State University.

Five elemental time values were tcken for each step. Recording
the ti.ne for five couplete cycles required considerable time be-
cause the occurrence is of the non-repctitive tync and takes place
only once in tweanty four hours. The five eiemental times vere then
everaged crithmetically ond the zctuzl time for coch celewent
calculated.

Only for the powder uackaging odcration, which was of the
repetitive tyre @i1d of shiort cycle, was the "continuous methoed"
of tining adopted. Elemental time values viere recorded for ten
circles, Also it could be nossible to analyze this cycle according
to the lawvs of motion eccnomry into nececsary THERILIG ac develojped
by Frenk Be Gilbreth in his early work in motion study, as in
Apvenaix - C',

The most inportant problem of thce =ztudy wos cucountered in
determining how to rate the perforawice and the rethod of epzlying

allowzncess This will be the wost difficult part for the dairy
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The total allowance generally used in dairy industry is
20 percenty 5 percent for rersonzl needs, 10 percent for fatigue
allowances, and 5 percent for unavoidable delay allowance. (Hall,
1952). But in the present study since the operator has enough idle
time during the cycle of operation of the equipment for the deay,
the writer is inclined to assess 10 percent of allowance for the
total; i.e. 3 percent for pcrsonal needs, 5 vercent for fatigue,
and 2 percent for unavoidable delays. This seemed to be a reasonable
allovance for this type of work which is unlike manufacturin: for
mariket milk. The vackaging sectiorn of povider plant involves
repetitive type of work and consequently the alliowance for the
overator should be 20 percent.

The system decided uoon to calculate and illustrate the total
otandard time was by graphical representation. Included are the
standard tine for the manual operution and automatic time required
by machines., The chart illustrates the percentage utilization of
the time of overator and his idle time.

The most significant fecature in the operation was the auto-
matic time required by machine at different stagcs entirely
denendant upon the design and recommended method. These were the
nain ceterminant of the duration of the cycle of owveration. Efforts
wrere made to accommodate the mazximum of manual operations to their
best fit during the automatic time of the machine to reduce the
length of the cycle of operation and at the sae time the idleness

of the operator. In the graphic representation of cycle time the



manual onerations performed before and after the automatic time of
machines have been termed as “external time" and that performed
during and within the period of automatic time of the machina as
“"internal time". In order to reduce the cycle of oneration and
idleness time of onerator, efforts were made to reduce the external
time, internalize the external time as well as rcduce the automatic
time. This method of reduction in cycle time of operation resulted
in minimum manhours required for production of a unit quantity of

powder in the plant.
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RESULTS

TARLE 3.- Blemental times for operation of vacuuin nan.

PLALT A

Elemental description

Blemental

1

2

time,mminutes .
3 ’ 4 5 Averasze Rating

l.Sanitize and preheat
first stage

2.Preheat second stage
in hot well

3.Prepare the pan for
boiling

4.5tart boiling and
adjustment of steam
and vacuum

5e.Balance the normal
rote of boiling

6.Checlt consistency of
condensed milk and
pwiap to storage tanlic
for drying

PLALT B

1.Sanitize and »rehcat
first stage

2.Preheat second stage
in hot well

3.Frenare the »nan for
boiling

4.3tort beiling and
adjustment of steuan
and vacuun

5e.Rzlonce the nornal
rete of boiling

6.Check consistency of
condensed wmilk and
vunp to storage tank
for drying

3.1
.92
3.6

2.0

058

.82

3.8

1.15

3.5
.21
3.1

1.80

.81

3.0 3.1 3.3 3.20 1206
.85 .95 .87 .90 "
3.0 3.8 4.0 3.5 "

1.70 1.90 1.85 1.°5 "

«50 52 .55 55 "

LT3 .79 .80 .0 "

3.0 3.7 3.9 3.5 "
1.0 1.06 1.13 1.10 "

5.1 4.3 4.7 5.0 "

81 .86 .85 .85 "



TABLE 3 (Cort.)
PLAIT C

Elemental timey,minutes

Llenental description 1 5 3 1 5 Averuge Ratins

l.Sanitize and prehect 2.9 3.2 3.1 2.8 3.0 3.0 1207
first stage

2.Preheat second stogce 1.1 1.18 .90 .92 1.0 1.0 "
in hot well

3,Prepare the pan for 5.9 6.2 6.6 6,7 6.6 6.4 u
boiling

4.Start boiling and 56 5.9 5.0 6.0 5.5 5.6 "

cdjustment of steam
and vacuum

5e.8alance the normal 2.2 1.92 2.0 1.88 2.0 2.0 "
rate of boiling :

6.Check consistency of 1.151.12 1.0 1.13 1.10 1.10 L
condensed nilk and
unn to storage tank
for drying

TABLE 4.~ Swamiaary of pan operation in »nlents A, B and C.

Elenental descrintion Average eclemental time,minutes
Plant A, Plont 3., Plant C.

l.Sanitize @nd prcheat first 3.20 3.5 3.0
stage

2.Preheat second stage in hot 0.90 1.10 1.0
well

3.Prepare the van for boiling 3.5 5.0 6.4

4.Stzrt boiling and adjustment 1.85 5.0 5.6
of steam and wvocuum

5.Balance the normal ratc of C.55 0.85 2.0
boiling

6.Check consistency of con- 0.80 0.95 1.10

denced milk end pump to
storzge tank for drying



TABLE 5.- Elemecntael times for operation of aproy dryer.

PLANT A

Elemental Descrintion
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Elenental
1 2

time,minutes

3 4

5

Average

Rating

l.Start heating the
drying chomber

2.S5anitize, test, and
maxe the condensed
milk line ready for
drying

3.Preheat the condensed
milk and create press-—
ure in the line

4.,7it the spray noszles
with pipe pieces in
working order

5.5tart pumping condens-
ed nilk, open spray
partielly, check spray
and oven full

6.Adjust sproy with temp-
erature

T.Start vowder conveyor, 11.0

set powder samnle,

naize noisture test
8.iake final adjustiment

of hi-h-vressure »umd

PLANT B

1.5tart heating the
drying chamber

2.8nitize, tect, wid
malze the condenced
milk line rcady for
drying

3,Prchect the condensed
nilk and crcate nprecs-
ure in the line

4,Fit the s»ray nozzles
v.ith pi»ne rieces in
vorking order

.88

.
D
P
.
O
A

1.1

2.1

105

o2 W3

(9]
40

2.1 2.2

1.3

3.2

5 1.10

.80 .89

<99

1.0 1l.4

2.C 1.68

2.20 2.12

=

.98

> 1.22

o
o=

10.0

L]
~
\

2.13

1.7

120%

n

"
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TATLE 5 (Cont.)
PLATT

Elemental tineyminutes

g a 2] o i i
Elementzl Description 1 > 3 s 5

Average

Reting

5.5tart vumplné condene- 2.1 2.1 1.90 2.2 1.E0
ed nilk, open siyre
partially, check spray
and oven full

6.Adjust spray with +52
tenerature

T.5tart nowder conveyor, 14.0 13.3 12.0 13,2 13.0
et powder ssndle,
nclze mointure tes

8.cke fincl adjuctuent
of hiph-prescure pump

.49 .51 .50

1.1 1.3 .85

.90 .85

PLANT

[§¥]
s
.
(Y]
r
[3
N
()
L]
N>
e]

l.3tert hecting the .
drying; chamber

2.5ocnitice, tect, and
inalze the condenced
milk line ready for
crying

3.Prcheat the cendensed
milk end creute press—
ure in the line

4e"it the coray nogzlec
vvith pipe wieces in
weriing order

S.5tart wumoing
ed milx, open
and open full

6.Adjust s»ray with
tempe*~ture

T.Start powder conve
et novder twiple,

oisture tcet

?.;ake fln 1 cdjustient
of hish-»rescure -wad

1.1

2.12 1,96 1.98 1.95 2.C5

.98

conuens—
Soroy

>0 7 ~ [oh]
e <) e Py TX») -

6.1 ‘:). ’::/ 5..:5 6.0

y-n’:l’.

2% W21 .2

A
.
o

13.1

1.0

«30

1.0

1.C

n
(O3}

5.0

3
(%)
(]

n

"
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TATLE Be= Zuosvy of drer o czotion oliat Ay Vel C

3 zrles with 2.C 2.0 2.C
sine icces in verliiing order
Se3tert onwaning condensed :ailk, 1.2 2.C . 1.0
onen onrey porticll;r, check
soray enc onen full
5.AC5uct shrey with tenrer-turce
Te3tart nowier conveyor, jet ]
oDovider sample, nate r.oloture
test ,
CJlale finel adjustizents of C.50 1.C C.2C
high rreccure swap

v O
.

N
O
.
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TABLE So= Sunnory of novdcr packoging of 100 1lb, =naner boo
in »lants A, 3 and C.

Eleciental descrintion A z-e eleuental tine,winutes
i vht A, I'lent B, I'lent C.

l.Reuiove thc bar frow shifter .20 25 .18
to wei.h-bridge

2.7it a fresh baz end stort .48 o 37 o3
the chifter

3.Weich the bag end »nrepogition .70 ) .50
the spout

4A.Close the mouth of liner, 1.0 1.20 .28

tie it with cord @nd »ush
it below

5.Close »ncier bog, stiteh it
and set aride the stitching

=

.52 1.9 1.10

nechine

6.31ide the bos o trey znd e % 125
cociticn it

Te3tacls the boag, ware houce 245 3.0 3.5
ond nositien frech troy (twelve bors)

(tleruel) (Ciezmal) (Lechanized)

Totnl tine retuirel for comnlete c¢vrele of

.onerction ineluding the ctec’ting of bas in
virre honne iss

Plont A= .1 ninutes ner b

Flent 3- £.02 ninutec ser hrg

Plant C— 4,75 =zinutces wer hog
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3ol 11 g = The stenderd tile of the roouwel orerctin in three

cgctions of the manvlreturing opeorution cyele ia e zlant, vary

froa one »lint to the other vien conrareld viti cceh cther during
this otudse The voriation ic Cue wmeinly to the &iffcrence in plent

1ayout, size of the rlont, =ond to the difference in cesign of
equinnent., The nanufeccturing process is the same in all tho three
plants. It moy be ceen thet the pan, dryer and bazsing section
ecch located 2t different floor zna at 2 cdistwice in a nlaut
result in increasce of manhours ~er unit of »roduction,

A study of the floor plen of the luyout in cppendiz 'A' (2),
(), (¢) of the thrce plumtsc 4, D cud C under oiudy indicates the
following:

¥lint A. Fann end éryer are housed in ciily one room with
overative nlatfora et & height of 12 £t above sround level. The
ﬁowder voclzaging scetion is located in the basement having a
circuitous worliing path to it from dryer houre. Only onc operztor
cttends the.ogeration in 11 the thrce sections since the plent
ig very siall :nd oneciiaging section reguires only o small anount
cf hwndling ot intervzlce. The location of woriiiang platfern of pan
snd dryer 2t different level and neckaging section becing located
at the basement and at a conciderable distance from drycr recult

in the increase of the movement time of the operator.



o

The location of pan and dryer in & comnact unit in this plant
result in the standard time in minutes for manual operuation of
both the units (i.e. 2.90 +#15.63) in much lecs thcn the corres. ond-
ing time of both the units combined in the other two plants B ~nd

C vihere pan and dryer arc located in different rooms some distonce

apert.

Plant B. All the three sections of oweration are located
separately on different floors and operated indepencdently by three
onerators, one at each scction. In this »plant the totzal stendard
time for manual operation is the maxiiwum z2lthoush the plant sige
and »nroduction volume ere less than the »nlant C. The standard time

of each section is also the nighest in this plant due to old design

of equipment znd defective layout.

Plant C. In this olant the drying cnd caclkagzing sections are
located together on one floor with the imbdroved ccuinment and
layout. The »an section is located in & different hall =t a con-
siderable distance with clumsy fittings of old ty»ne. The result is
that the drying and nackaging sections either sewarately or combin-
ed together have lowest standard time., If the nan section with
modern design of equinnent would have becen located together ar a
compact unit with dryer ond vackeging this nlant would hzve been
more efficient. Three sections are involved with three operztors,

one at each section. The drying and packajing sections are together



at one floor ond ordinarily one operator should have been able to
hondle the oneration of both the sections. However, due to higher
volume nroduction requiring the full time attention of an operator,
due to a nroduction higher than optimum quantity which can be
handled by one orerator, each of the stations require attention

of an operator. This occurs even though the overator at the dryer
has amnle idle time which could be utilized for zttending the
evanorator if located at the same place.

The reduction of standard time in manual operations, as
obhserved in the present study, is denendant on tvio factors. The
first is that the layout of the plant ac a comract unit to minimise
the movenment of operztor and avoidance of unnecessary motions.

The second is the use of improved tywe of equipient with automatic
control devices resulting in the saving of manual o»eration and

reneated inspection.

Labor requirenents.— The standerd time required for comnlete cycle

of operation during the manufacture of nilk powder is comprised
of man and machine time. The standard labor time required for
nanufacture of a unit quantity of powder is comprised of actuzl
working time of operator vhile the machine is either worliing or

at rest and idle time of the onerator during automatic working
time of the machine. The total tiwme required for manufacture of
unit quantity of powder starting from iilk to the finicghed product

in warehouse with certzin rate of productivity of the man and



machine devnend on the length of cycle time of the comnlete ope-
raticn.

The graphic representation and measurement of the cycle of
overation of a section, as well as combined together in a »nlant,”
indicate the totzl man-hours required for manufacture of unit
quantity of powder taking into consideration the standard time,
automatic time of machine and total time for comvlete cycle of
operation in each plant. This graphic measurement of the work
indicates also the productivity of each plant besides indicating
the sercentage of useful utilization and idle time of operators
in each plant under studye.

The graphic renresentations enumerated in Figures 2 and 3
are based on sequence of operaticn by man and machine according to
the process chart followed during normal working conditions es
observed.

Definition of the terms used in the grayhic repnresentation:

External time - Manual operation time hefore or after the
automatic working of the equipuent employed
during operation,

Internal time - llanuel operation time perforized during automatic
working time of the equipment.

Automatic time-= Working time of machine or equinment with the
aid of steam, electricity, gas or any notive
power. Such time may be devendant uvon the pro-

cess design for the product or design of equip-
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nment or both.
Cycle time of operation - External tiﬁe and autowmatic tine.
Total service time of operation - External time and internzl tize.
Idle time of the onerator during cycle of operation - Automatic

time minus internal tine.

Graphic reoresentation of cycle of overetion.- Externzl, intcrnal,

elements as in time observation sheet and automatic times are va-
riables depending uvon the wrocess, equipnent design and layout of
the »lant,.

I1i Ficure 2 the observations for »Han section overation are in:
. (&) -

Plant A. BExternal time = Element no. 1 2 4
Time in min, 3,204 .90 + 1.35 = 5.95
Internﬁl time - Dlement no. 3 5 6
Tine in min. 3.5+ .55 *+ .60 = 4.C5
Autonatic time - 5.0+ 10.0 + 30.0 = 45.0 ain.
Cycle tine = external + automatic = 5.95 +45.0

56.95 min.

Total labor cdevoted = 5.95+% 4.55 = 10.30 inin.
Idle time of onerator during the cycle of manufacture =

25,0 = 10,80 = 24.2 nin.

Plant B, Bxternal time - Zlcument no. 1 z 4
Tine in mine 3.5+ 1.10 +5.0C = $.,5C
Internzl 4i e = Blement no. 3 5 6

6.‘30

Tine in min, 5.0 + .85 + ,95



Plant C.

Plant A.

Automatic time
/

Ciycle tie =
slanuel labdbor =

Idle time of the

External tine

Internal tine

Automatic ti:e

Cycle tiue

Lanual labor

[}

Idle time of the

5.0 + 10.0 + 30.0 = 45.C :1in.
external automatic = 9,60+ 45.0= 54,60 nin.
16.40 min
overator during the cycle of manufacture =

Blement no. 1 2 4
Time in min. 3.0 + 1,0 + 5.6 = 9,6
Blement no. 3 5 )
Tine in :in. 6.4 + 2,0 + 1.10 = 9,50
5.0 + 10.0 + 20.0 = 45.0
9.6 + 45 = 54.6 nin,

9.6 4+ 9.50 = 19.10 min.
operator during the cycle of manufacture =

45.0 = 9.50 = 35.50 nin.

Similecrly for the drying section. In Figure 3 the

followings are the observations:

Externcl time

Internal time

Automatic time

Cycle time =

Kanual labor

Jdle time of the

Element no. 1 5 T 8

Tiune in min., .856+1.2 +10.0+5.0 = 12,56

Element no. 2 3 4

Tine in min.1.0 + 1.2 + 2,0 = 4.2
25.0 min.
2.56 +25.0 = 37.56 :uin.

12.56 + 4,2 = 16,75 nin.

operator = 25.0 = 4.2 = 20.8 min.



Plant 3, External time -

Internal time -

Automatic tine

Cycle tine

YManual lzbor =
Idle time of the
Plant Y, External time -

Internal time -

Automatic time

Cycle time

Manual labor =

Idle time of the

- 50 -

Element no. 1 5 6 7 8
Time in min.2.16+2.0+ .,5+1.,0+13,1= 18,76
Element no. 2 3 4
Tine in nin.l.5 +1.9 +3.0 = 6.4

23.0 nin.

18.76 £28.0 = 46.76 nin.
18.76 + 6.4 = 25,16 nin,
operator = 28.0 = 6.4 = 21.6 min.
Element ho. 1 5 6 7 8
Time in min. «3041.C +.25+6.0 +3.0 = T7.85
Element no. 2 3 4

Time in min, .85+1.0 +2.0 = 3,85

20.0 min,

7.85 420.0 = 27.85 min.

T.85 +32.85 = 11.7C min.
overator = 20,0 = 3.35 = 16.15 min.

Since the work of the packaging section is of a renetitive
O =3 -

type, the cycle time per bag has been studied for each ol the three

plants as indicated in the sumiary of the time sheet and total

tine recuired. The man-hours required for handling the volune

production per working shift of 8 hours has been calculated and

shorvm in the following pages.
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Standard time for cycle of manual overation.-

Plant A.

Plant B.

ilanual standard time in pan operation in minutes.

Normal time for cycle of operation = 10.80 min,
Allowance 10 percent of the normal time for the

operator and considering observed performance rating

at 120 percent, the standerd time = %9§%= 9.0 min.
= 9.0 +0.9 (10 percent
allowance)

9.9 min,

Standard time in dryer operation.

Normal time = 17.06 min.

%7-50—6 = 14.21 min.

Allowance et 10 percent normeal time = 14.21 +1.42 =

at 120 nercent rating normal time

15,63 nin,

Standard tiize in »nacxaging oneration.

Hormal time = 6,1 min,

Performance rating at 120 percent

Allowence 20 vercent of normal time

Standard time = g*%-= 5.08 + 1.01 = 6.05 min.

Standard time in pan section

Normal time = 16.40 min.

- Performance rating at 120 percent
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(Continued)
Plant B. Allowance at 10 percent
Standard time = lgf%% = 13,66+1.36 = 15,02 min.

Standard time in dryer section.

Normal time = 25.16;
Perfornonce rating at 120 »ercent
Allowance at 10 percent

2 .l6

Stendard time = -%}?;- = 20.96+ 2,09 = 23,05 min,

Standard time in packaging section.

Jjormal time = 8.08 min.
Performance rating at 120 vwercent

Allowance at 20 percent

Standard time = §T—% = 5.73+1.34 = 8.07 min.
Plant C. Standard time in pan section.

liormal time = 19.10 min,

.Performance rating at 120 pércent

Allowance at 10 percent noraal time

Standard time = -l%é—l—o- = 15,91 +1.59 = 17.50 nin.

Standard time in dryer section

Normal time = 11.70 nin.
Performance rating at 120 percent

Allowance at 10 pcrcent normal tirne



Plant C.

- 53 -
(Continued)
Standard tiwme = 1%4%9 = 9.75 .97 = 10.72 nin,

Standard time in packasing section.

e
e

lormal time = 4.7 min.
Performence rating at 120 percent
Allowance at 20 »rercent of nornel tine

Standard time = %4% = 3,91 782 = 4.692 nin.

TABLE 9.- Swanary of standard times of manual oneration

Plant A

Plant B

Plant C

from starting to manufacturing, ixinutes.

Pan Section  Drying Section  Packaging Section

.90 15.63 6.09
15.02 23.05 8.07
17.50 10.72 4.69
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Time for manual overation per shift of 8 hours and man hours re-

quired for unit vproduction of 1000 lbs. of powder.-

After completion of the cycle of oneration in the nrocessing
for converting milk into the powder stage, the operator has to do
the packaging of powder as well as the routine inspection of the

processing at intervals,

In Plant A

First operation cycle = 36.11 nin.

Inspection at 2.5 nine. per hr, for remaining veriod of the

shift of about 6.5 hr. = 6.5 x 2.5 = 16.25 min.

Bagging at 6.1 min- per bag of 100 1lb, each for four hundred
pounds per hour i.e. four bags per hour for 6.5 hr., = 6.5 x 4 x 6.1
= 158.6 min,

Therefore, total hours worked in the shift = 36.11 16.25
158.6 = 210,96 min., = 3,51 hr,

Teking performance rating at 120 percent and allowance at
10 percent a total standard time = 3.21 hr.

The production of 26000 1lb. during 6.5 hr. requires 3.21

man-hour. Therefore, production of 10CC 1b. powder requires =

3.21 x 1000
2600

Since only one operator attended all the three sections, the

= 1.23 hr.

man-hours ver thousand pound production = 1.23 man-hour per 1COC 1b.



In Plant B.

Operation cycle = 52.14 min.

Inspection at 2.5 min. per hcur = 16.25 nin,.

Bagoing at the rate of 8.C8 min. per bag for »roduction of
1000 1b. per hr; i.e. 10 bags ver hour during 6.5 hours production

6.5 x 10 x 8.08 = 525.20 min.

Therefore, the total hours worked for the shift = 593.59 =

9.89 hr.
Taking observed performance rating, at 120 percent and allow-
ing 10 percent over all personal, fatigue, delays, allowances,
the total standard time per shift = 9.06 min. |
Since three operators worked one in each section of the plant

ac described earlier, the total man-hours required for the shift

9.06 X 3 = 27018 man-hre.
For nroduction of 1000 1lb. powder, the man-hours required ics

27.18 = 1000
65C0

i}

= 4.18 nan=hr per 10CC 1Y,

In Plant C.

Operation cycle = 38.C5 unin,

Insnpection at 2.5 mine. ver hr. = 16.25 nin.

Pagcing et 4.75 nine per bag for 2000 1b. rer hry i.e. 20 bogs
ser hour during »nrodiuction veriod of 6.5 hourrs, time = 4.75 x 20 x
% 5.5 = 617.5 1zin.

Totzl wommacl hours reguired fer -rolucticn of 12000 1b. »ovder

3(}.05 +1").:5 +617.5 = ‘:‘71.’9’0 I;lin. = 11.19 hr.



Perforuiice rating ot 120 vercent and TFD allowance ot the
rote of 10 mexceant. Totrl ctanderd time for manual ozerition in
the chift = 10.25 hr.

Since three corerators worled one in ecch of the three unito
for the complete onerciion in one chift, the total men-hours =
= 10.2% 2 3 = 20.75 man-hours.

Therefore, for production of 10CC 1b. of powder mon-hours

. 20,75 x 10C0
required = = = 2,3 nan-h ; .
renuired 130CC 36 man-hr per 10CC 1b

The labor reguired for the drying oneration varies zs equin-

mert size and volume vary. But this dees not vary »roportionately
but increcces in discrete stens as dryer capacity or volume passes
certoin mognitudes,

In this comnection it is worthwhile to mention the recults of

tuwo studies dealing with spray drying costs. (Koluer et al, 1957)

(Juers =:d Koller, 1957).

Towe results (Kolmer, et al, 1957).- With any dryer, the opercting

labor cost per hundred-veight of non-fat drying milk declines ac
volume increcred until the volume becomes great enough to require
arother labor chift. Only onc man is nceded to o:erate the dryer
and evaporator on dryers having capacity of less than 750 1b. wer
hr, At this and larger volumes, it is necessary to add a2 helper to
handle and store the non-fat dry milik. Because labor is hired in

units of 40 hr., the labor cost ner unit of output increace

©
.
o
H
3



as new labor shifts are added with a particular dryer, or as a plant
changes from a smaller dryer to a dryer with a capacity of 750 1b.

rer hour.

¥hile enumerating the procecscing cocts in three :mcdel plants
studied, of different cuapacity, it wis indicated that procecsing
costs nmer unit decreases within the volume range of ezch eguinizent
combination as volume increases. Dach equimaent combination, when
operated ct its optimum (lowest unit cost) volume, had a lower unit
cost than a smaller equipaent combinaticn-operated at its optimun
volume. The rate of cost declide, however, decreases as volume

0

increases. The processing costs decline from 5.283 »er hundredweight
for z 500 pound dryer combination to 5.06 ver hundredweight for
€50 pound dryer COmbinatidn to 4.99 ver hundredv.cicht for a 750
pound dryer combination.

This decline represents a 4 percent cost reduction hetveen
the 500 and 650 pound dryer combinations and on 0.8 percent reduction
between the 650 and 750 pound dryer combinztions. The volume increase
was 18 percent in boith the instances. Figpure 4 sives the cost of
sopray drying sliim milk with scveral equipnment coibinetions at

various volumesce.

Linnesota results (Juers and Koller, 195C).= For 13 &xying plants

the labor costs averaged 34 percent of the total manufacturing

cost. Labor cost for various »lants ransed from C.68 cent to 2.03
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cent for each pound of dry milk produced. The largest number of
nlants had a cost between 1,00 cent and 1.10 cents a pound. It
was found that labor was the largest item of expense in the

manufacture of dry milk.

TARLE 10.- Relationship between annual dry milk output per
plant and labor cost for 18 lLinnesota milk
drying plants, (1953):

Annual dry milk Nlumber of Average labor cost
output per plant. plants. per pound of dry millk.
¥illion pounds Cents
under 2.5 1 2.03
2.5 to 4.9 3 1.21
5.0 to 7.4 T 1l.12
Te5 to 9.9 3 1.02
10 and over 4 0.97
(1) average all plants _1-8-) 1_.;

The average labor cost per pound of dry milk for the 18 plants
in 1953 was 1.10 cents as compared with 1l.16 cents in 1947. This
reduction in labor cost amounts to quite a substantial saving. On
the basis of 1953 production, the saving amounts to an average of
over § 4,000 per plant. With an estimated 38 vercent increase in
hourly wage rates between 1947 and 1953, this reduction in labhor

cost reflects a very substantial improvement in labor efficiency.
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The relationchip between volume of dry milk produced and
average manufacturing cost ner pound in 17 Minnesota epray drying
plants, 1947 and 1953 may be observed in Figjure 5. The greatest
reduction in manufacturing costs occurred in those plants which
increased output from about 3 million pounds to about 5 million

~c

53« Those »lants which

pounds during the interval from 1947 to 1
were in the 4 to 5 million pound output range in 1947 and increased
to around 6 million pounds in 1953 showed only slight reductions in
nmanufacturing costs.

The plants in the 5 to 6 million pound znd 6 to 7 million
pound ranges showed increased manufacturing costs. This indicates
that, for this type and scale of plant, the greatest cost recduction
through increased volume occurs at volumes under 6 million pounds
ner year. Beyond this output, cost reduction resultings from
spreadihg fixed costs is slight and other methods of increasing
efTiciency are needed to achieve further cost reductions.

The average cost of manufacturing dry :ilk in 18 lidnnecota
soray drying plants has decrezcsed since 1947. Data from these 18
plants indicate a total manufacturing cost of 3.23 cents per pound
of non-fat dry =ailk solids produced in 1953, which is a reduction
of 0.32 cent from the 3.55 cents reported in 1547.

The two wost imp.rtant cost factors are labor and fuel, which
represent about 34 and 20 percent of the totzl manufacturing costs
respectively according to the Minnesota results. Even with sub-

stantial increases in wage rates, increases in labor efficiency
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viere large enough to cauce a reduction in the per unit labor cost.

The outnut of dried milk per hour of plant labor varies con-
siderably from plant to plant. In general larger plants are more
efficient in the utilization of labor although there are large
variations between plants of nearly the same outnmut. These plant
to plant variations indicate that mznagenent as well as volune,
plays an imnortant role in maintaining labor efficiency.

The fact that labor cost is one of the largest variants betveen
plants suggests that the quality of management is a major determining
factor in a plant's costs.

The bigger wages demanded by managers of excentional ability
sre often, in fact, very low vwhen viewed on a per unit basis and
comnpared to the cost reduction that can be achieved. Even in the
smaller plantc, managerial wages account for only about 0.1 cent
per nound of dry mill »roduced while varicticns in labor cost due
to labor management mey be twice this amount. ZEconomizing on
menzoerial costs by accenting less capable managenent is a false
CCONOMY »

Larger economies can also be achieved in many cases by the
adovtion of new tynes of equipmernt or new techiniques vhich improve
labor or fuel efficiency. Advances in bhoth procescing and product
handling eauipaents nave been quite ranid in recent years and »lant
managers should stand ready to appraice and adont any advance vhich

can improve their plant efficlency and reduce costs,
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9.

CUBCK LIST FOR ILPRGYIL.C OPERATICI

Can the solid content of the s%im milk be stonderdized uniformly
throushout the process cycle?

Can the unifornity of the rate of flow of milk be maintained
from reservoir tanx to the »rocess?

Can gravity feed eliminatg the use of pump between recervoir
tank and the preheater?

Can the ingstant heating arrangenent be made to attain 200° F in

few seconds without any damage to protein of the milk?

Can air operated values be used to operate the flow of milit in
the ﬁroccss to avoid walking and manual operation and thus

save labor?

Can milk ve prehéated before evaporation while flowing through
2 jacketed pipe with steam under high nressure and temperature,
from storage tank to the evaporator in order to eliminate the
tubuler heater end extra pump?

Can steam be injected directly in the above crroanzcuent of nilk
flow in order to acrate the milk ~nd increace the temprecrature?
Can the hot well be eliminated by direct injection of stean

and hot air in the pipe in the above arrangement?

Can the inlet of milk into the evaporator be resulated according
to the rate of evanoration with the helyp of a regulating velve
acting according to the velocity of wvapour flow from evanorator

to the condenser?



10.

11.

12,

13.

14.

16,

17.
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Can the above inlet milk regulating valve oneration be linked
to overate directly the steam inlet valve into the evaporator
and the water inlet valve of the condenser for aduitting the
proportionate flow of steam and cold water?

Can the above three valves for miliy, steam, and water be
overated by an adjustable governor hydraulically or thermosta-
tically operated for quantitative and qualitative control
during condensing nilk into the evaporator?

Can the investment in installation of the above control
equipnent be justified by the savings?

Can the evanorator be fitted with an indicator to show the
nercent of solids of the condensed milk or vpercent of the
nmoisture content of the condensed milk automatically with
recording devices?

Can the above recording pen be used or connected to give a
signal after crossing the 1limit of certain required consistency
of the milk either through an electric bell or glow of red
lamp?

Can an indicator of above type be fitted to give alarm signeal
in the event of difficient sunply of steam into the evaporator
or of its sudden fzilure?

Can the s»ray of milk into the dryer be regulated through the
ovening and closing of delivery value of hi:h pressure pump
governed by the fluctuation of temperaturc inside the dryer?

Can the spray of milk into the dryer be rniade to attain nore
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19.
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turbulent flow to »erform drying under the principle of high
temperature short time taking care to pnrevent danage of nrotein
of the milk?

Can the spray of milk into the dryer in multidirection be
adjusted in a manner so as to attain maximum utiligation of
heat under ontirmun condition?

Can a saturation noint be fixed for maximum utilization of heat
under dryer operation with optimum output of powvder and for
different vroducts under different woriking conditions?

Can a characteristic curve be drawn on the fixation of =zbove
saturation point and a direct relation of variation or nercent-

+

age deviation of this curve in relation to .the fluctuation of

j8]

exhaust temperature of the dryer be established, for recording

and exnressing the dryer control?
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RECCLIEITDATICH

The layout of the eguipment should be designed for the nost
couapact unit in a milk powder plant to cnable the operator
work et meximum efficiency and at the least man-hcurs required
per unit of w»nroduction of milk powder.

All the units under operation should be located on one floor
with least »ossible distonce from one unit to the other with
control rancl in the middle.

Reduce cycle of starting ovmeration to zain longer nroduction
hours by elimination of waste motions and rearranging the
csequence of ovneration.

Internalize external time; i.e. perform maxiium amcunt of
moanual work during automatic operction of the equinments into
the process.

In the process of nanufacturing milk powder, the condensing
of milk by evavorator requires the longest time zuong 211 the
elements of ovneration. Efforts should be made to nerform «ll
other elements in the starting oneration during the longest
element of condensing ovperation. When beginning the heating of
eveporator, the preheatins; of milk by instant heating »rocess
for the fraction of a minute and heating of the dryer cshculd
be completed before the condensed nilk is ready for asnray
dringe This arrangement will reduce the cycle of starting

overation and recult in more production hours with increased
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plant efficiency.

deduce labor by cfie:ting improvenent in methods, emn»rloying

imoroved design cf equipment and by emnloying automatic control

devices as far as practicable.

For smooth working of the operation and efficient :iaintenance,

the imnrovement in design of fittings is necessary to meet the

Tollowing defects normally experienced in a dryer.

(1) Soray nozzsle gasiiet gets damaged due to fitting defects.

(ii) Sproy nogzles get choked due to burned or come foreizm
narticles in the milk z2lthouch there is strainer over the
nressure pumd. There should be a goge to indicate the
sradual chokxing of the nozzles. Bvery ei- ht hours sproy
nozcles have to be taken out one by one and cleaned of
denosited solid particles.

(iii) Gland leakase of high pressure pump along circulating
water.

(iv) Gland pecking for plunger made of comprecsed fibre lasts

about two wecks. It can be replaced by spring tyrne metallic

(v) VWhen the electric motors driving the intcke 2nd exheoust
fens into the dryer fails, the high »resrure »nump floods
the dryer with milk. There should be device to ctop the
hizh pressure pump when the fons fail.

(vi) Unless the pre-heater is full of woter or mill, the ctean

inlet should not o.en for prelhesting the liquid.
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™e following eutomation cen be used for attnining imcrovenent

in cuality end guantity althouch not necessarily cconowy of

the »Hroduction of milk »novder ot hisher worliing efficiencys

(2) Instant heating of milit 2t 30C° P in fow scconds ond
climination of tubulcr heater ond hot well.

(b) Usme of theriao-compresrion for zttaining fuel econony.

(¢) Use = liguid controllcr between »reheater mnd evescrater.

(2)

Y

!

Mlov—diveraion valve ot the delircry of evenorctar to

i
<

ok
O
H

A .o a PR Yo aeed > PLIey
cendenced il with in

control the concistency of

cuarte.

¥y

(e) Ticaontoiic contrnlled velve to balance tlhe ~roportion o
veewdn cnd stean suanly duto the evororztor to enizure

or: cunlity of condenged illn cnd »rovest frecuent

chec’zing cnd odjuctient.

(f) Uzme of llechazllis trap for suuning condenced =il fron i

evesorntor oocinst vocvwn, This will orer:te sutoraotically

with the hel» of steawn and vecuum cnd will owveid the une of
rniotive power for the »und.

It has previously becon reported that only onc mnan is receded to

&}

orvercte the evanorntcecr ond dryer having dryer of 750 1b. =er
nr. canecity, but thie nresent study cnables the acuthor to sny
that in en idecl plant heving cavzcity up to 100C 1lb. wer hr.
only one ixzn vill be umceded to operate 21l the three unitco

from cvaporator to the Towder »nzclicgini.

Deternination of standerd time foxr cach elcrent of oreration
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for mawufncture of clidm milx powder is subject to further
nodification based on more refined and accurate duta,
Furtlier tiue stucy as-ears necessary for determining the
rronetary losses sustained per unit production of milk »owvider

in unbzalanced and »lonts outnoded.
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SULIIARY AUD CONCLUSICLS

To iaaike the rost profitable investment in & new set-up and
to make useful utilization of the invectiaent alrecacdy made for
manufacture of miliz nowder, deiry plant menagers and directors
need reasonably accurate information on fundamentals of manageuent.

In the present study it was found that the standard time of
overation and work required for production of 1000 1lb. of povder
varied considerably from l.23 man-hr. to 4.2 men-hr. The smaller
plant was rnore efficient in utilizetion of labor than the larger
nlant which had units on different floors with a sepzzate onerator
for each unit.

The reason for the layout of such outmoded »nlants is that the
milk% dr;-ing untis vere accommnodated in multi-product nlants as
subsidiary units in the available space without the scientific
planning cesired.

In & multi-product plant in vhich the receiving and sevarating
cquipnent for milk are required for other products, the drying
overation is used as an outlet for the plant surplus (without
additional innuts) with a view to maxiuise the nrofit.

In butter plants, the waximization of the zrofit is attemnted
by addition of a skim nilk drying unit and the dryins opercticn
becomes the major source of revenue. The priie consziderstion in
these »nlants is to have available facilities which will =2dd

flexivility to the overall plent operations and also dispoce of
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surplus skim wmilk as economically as possible. But the rate of
utilization of ckim milk powder for human food hos increased
trenendecusly making it a nmajor item of dairy product in the whole
world and milk drying operation is a major source of revenue for
the plant. As such it deserves all the more economic consideration
now than ever before eand the management nceds more to look closely
2t the work and worlanen,

This comment along with the nethod of motion and time analycis
used in the data collection for this thesis will give an excellent
basic for work simplification, methods improvement, cost reduction,
invaluable informetion on a company's operation and improved
engincering design of equipment and plant leyout. In a properly
designed plant one izan can 6perate spray drying equipment with
a capacity of 1000 1b. per hre.

The machine cycle time of an onerator varied from 45 to 55
minutes, of vhich the operator was idle from 34 to 38 minutes.

Suggestions zre nresented for decreasing the idle time.
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APPENDIX A

Floor Plans of Plants Studied
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APPENDIX 'B!

Flow Process Chart
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I'TLK PCVDER DRYINC OPERATICI

PLAIT A
Stev Cld ilethod Dig- Tine
tonce in
in ft. iin,
1 Oven stean by pass valve to heat the coil .18
"o snray nozzle of the dryer 35
2 Open 211 the nozzles by nass valves .C2
To contcining temp. recording chart =0
oven almira
3 Pick up reccording chart and close clmira .65
To tem»neraturc recorder 40
4 I'ix up chart on the recorder 25
To mechanical chaker 5
5 Start the shaker ' .10
To condensed :milk wrcheater circulating
punp sterting switch 25
6 Start circuleting punap with water for .58
circulation in nilk line
To pressure nump 12
T Start nrescure punp .24
To spray nozgles 70
8 O»en, wash and fix nozzles in pipe picces 3.0
and close all nogule valves
To circulating pump switch T0
9 Stop circulating pump N4
To spray nozzles &o
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JI:ILK POWDER DRYINIG OPERATICH
(Cont.)

Sten 0ld liethod Dis- Time
tonce in
in ft. Min,

10 Fix up pipe pieces with spray nozzles 3,0
in working order
To main steam valve for heceting the coil 35

11 Open the steam valve fully o3
To drying chamber exit air damrer 20

12 Cpen the dumner o2
To blowver fans starter 25

13 Start the inlet and outlet blower fans 1.5
and sahut ofl
To condenced nilk storage tonl 50

14 Oven the outlet valve of the storege tenl: )
To starting switch for nilk pump and 15
heater condensate »unin

15 Start milk »ump and condensate »unn for 1.0
the orcheczter
To pressure puad 12

16 Start pressure puun and develovn pres:ure 2.0
up to 1500 pounds and shutt off the
pressure nuiw
To blower fanc starter 50

17 Start the blower fans for raisineg .5
teaperature of drying choanber- avcit for
the rise of tenmperature in dryins chonber .16
To hi-pressure puad storter (altezncetive 5

mrrrngenent)



JJILK FOWDER DRYILG CPERATICLH

(Cont.)

Stev 01a licthod Dig- Time
tarce in
in ft. llin.

19 Restart hi-rrecsure vump 2

D

"o gnroy nozzlecs

Oven noscles nartly, check the srroy ond

cnen full
To vowder converor mvitch

Stexrt converor

Cet sample of nowcer frowm bag
To labeoratory for :olsturce tect

Teoting of moisture coutent in rowder

nd wecoxrd it

To hi-nrecsure nump

-~

)
@]
H
<t
o]
[
o
L)
}_l.
H
Q
jo )
t
o
jR]
k3
O
H
)
b
s
[

poellasing room for wouvder samsle

35

10

——

S/

(-]
-
1

l.lo

n)
L]
un
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LILK POWDZR DRYILG OrBIATICH
PLAUT A
Ston Inrioved J'cthod Dia- Tire

tonce in
in ft, 1ldn.

1 Cuer riecin valve to heat the ceil .17

To Qr;ing chanber cir outlet drmrer 25
< Crenn Couascry stert shaker, fix ud 1.6
teonmipe recording chort out of a worr

cttached to it

To blower fins starter

(Y]
O

3 Stert blower fans for heoting the dryinc « 25

chaunber

To condensed niliz »rchecter nuwns storior -G

& Stoart condensed millt nreheater ~wons vwith 5
witer
To hi-»recoure pumd 12

wn

Stort hi-vrecnure vump with vieter end 1.C
circulate it throush the norzle by »nmn
line ond chut off the —ump

To coroy nougles 70
G Tizx uy sorey nogsles with other pize

nicces in wvoeorizing order wnd onen by
nan valves

(W]
L]
o]

-

To conCensced nilk storzge tonlk 75

-3

Oven ztorage tenlt cutlet valve

.
N

co

To circulating pwnp for prehecter

(@}

Stort circulating wuwup vith condensed o3
il and also condensite pumd, cimml-
tuneounly

T0 Mi-odreasure wnd

(DAY



LILK POWDER DRYING CPBRATICL

(Cont.)

Sted Inaproved liethod Dig— Time
tance in
in fv. lin,

o Stort hi-preccure »ump, crecte prescure 1.0
in the line z2nd expel weter frowm the
line throu;h nozzle by pon
To nozulec Go
10 Stop hi-precsure pump .1
To hi-pressure pum 60
11 Close by pan velves aand open nosnles 1.0
vartially
To spruy nozcles 60
12 Start hi-osrescure pump and develon pan )
To tenperature rccorder 30
13 Checkkt sprey end onen valves full 1l.5
To npowder conveyor cwitch 2.5
14 Obgerve variction of teurercture cfter 5
svray cnd adjucst the demer
To powder pcocikaging room 155
15 Start vovwder conveyor 2.5
To leborutory 175
16 Get vowder samsle for moisture test )
To hi-prescure puiap 20
17 Tect noisture content of the ~owder and 12.5
rccord the recoults
Adjusct hi-precrure pwap to reguired 1.0
Ne

nrecsoure
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aPlUDIX O

111l Powder Puclzeing Cocration

"TISRDLIGY in Plont 'C!
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Plant C - Milk Powder Packa;inz Overation. (Cont.)

19.
20.
21.

22.

23.

24.

2T
28.

29.
30.
31.

32,

33
34.

35.

36.

Drav: liner mouth to
goose neck.

Hold gooce neclz,

Hold goose neck.

Push liner below.

Grasn bag mouth's
other end.

Lift the bag a little
and releasec.

Fold bag mouth.

Hold the fold of bag.

Hold the fold of bag.

Hold the fold of bage.

Hold the fold of bag.

Hold the fold of bag.

Hold the fold of bag.

Hold the fold of bag.

Move aside the bag on
tray.

Release.
Reach to sifter switch.

Push the
sifter.

switch to stop

Reach to bag.

TL

RL

TE

U

TL

RL

TE

TL

RL

TE

TE

22.

23.

24.

27,
28.

29.
30.
31.

32,

33.
34.

35.

36.

Dravy liner mouth to
£oose neci,

Grasp tag.
Tie lincr mouth.

Grasp bog mouth's one end.

Grasp bag mouth's one end.

Lift the vag a little

and releace.

Fold bag mouth.

Reach to stitching machine.

Grasp and move swinging
stitching machine to bag.

Stitch bag mouth.

Move stitching machine to
its position.

Release.

Reach to bagz.

Grasp the bag tray.

lMove aside the bag tray.

Release.

Reach to sifter platform

vibrator switch.

Push the switch for
vibrating the bag.

Reach to bag.
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Plant C - liilk Powder Packaging Operation. (Cont.)

37.
38.

39.

40.

Grasp the bag.

Move the bag to weigh
scale platform,.

Release the bag.

Move hand to empty bage.

TL

TE

TL

RL

TE

37.
38.

39.

40.

Grasp the bag.

Move the bag to weigh
scale platform,

Release the bag.

Move hand to empnty bag.
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2.

3.

4.

5.
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PLANT "CY
POWDER PACKAGING OPERATION

IN 50 POUND BAG WITH POLYETHYLEIE LINER

DESCRIPTICN OF ELELENT

CONDELSED DESCRIFPTION AKXD
END PCINT OF THE ELELENT FCR
TILING THE ELELENT

When the bag. is full of l. Stop sifter and remove powder
vowder close the sliding bag from sifter to weighing
door of the powder chute scale platform. End point of
under sifter by a shutter, element - put the bag on
switch off the sifter, un- weigh scale platform.

tighten the bag mouth from

the sifter and remove the

bag to weighing scale plat-

form behind.

Pick up fresh bag from the 2. Fit fresh beg in nouth of

side and fit in the powder
chute of the sifter for fill-
ing; tighten the mouth, and
start the sifter again.

Turn towards weigh scale,
pick up spout and take out or
£ill in powder in the bag for
correct measurement, read the
scale, keep away the spout

at pre-position.

3.

sifter chute for filling. End
point of the element -~

Push the starting switch of
the sifter.

Weigh the bag to desired
gquantity. End of element -
keep away the spout in its
position,

Close the mouth of poly- 4. Close and tie the mouth of
ethylene liner inside the volyethylene liner inside the
paper bag by making goose paper bag. End of element -
neck and tie with cotton Push tied polyethylene liner
thread knots. mouth below,

Straighten the bag, vibrate 5., Close the mouth of paper bag

it, fold the mouth edge of
paper bag for closing. Pull
the hanging stitching
machine and stitch the bag
mouth. Set aside the
stitching machine.

and stitch it. End of
element - set aside the
stitching machine.



Plant C

7.

(Cont.)

Hold the bayg from both 6.
hands and aside it over

the tray loaded on the

fork trucke.

Drive away the fork truck T
after lifting the bag tray

to warehouse. Stack the bag
tray. Pick up another tray

and place it near the

weighing scale for bag

piling.

Rewove the bag to tray for
further transporting it in
warehouse. End point of
element = release the bag on
'tra.yo

Stack the powder bags in the
warehouse with the help of
fork 1lift truck. End of
element = position fresh day.
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