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INTRODUC'f I ON 

Since the turn of the century, interest in 

mechanization of the dairy industry has grown (49). 
One of the best definitions of mechanization and 

automation is the definition given by Ripma. He 

states that mechanization is taking the "muscle" out 

of the operation, and automation is mechanization with 

the addition of controls enabling the piece of equipment 

to perfonn additional functions without the attendance 

of an operator (36). 
One of the main factors which has resulted in this 

interest by management has been the necessity to become 

more efficient in attempts to remain competitive in the 

face of the price-cost squeeze. Some of the concomitant 

resul·t;s of managerial decisions to bring about efficiency 

are: 1) progress; 2) reduction in labor cost, 

3) increase in gallon-per-man-hour, and 4) improving 

the morale of the employees. The belief exists that 

the plants which produce less than 13,000 gallons per 

day are inefficient and cannot be automated. However, 

there are degrees of automation available to all plants 

for improving efficiency and cutting labor costs (37). 
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In recent years, changes in union contracts, 

resulting in ever-increasing labor costs, have given 

dairy operators incentive to automate. Unions have 

become aware of the fact that mechani zatio:n and 

automation are reducing the labor force in dairy plants. 

Many union contracts state that the labor force will not 

be reduced with the installation of more automatic 

equipment. This could urevent the increase in gallons-

per-man-hour in many dairy plants. 

Lack of accurate standards by which t,o measure 

costs frequentl~r contribute to management's difficulty 

in determining the extent to which a plant should be 

mechanized and automated. 



REVIEW OF LITERATURE 

In ·the review of literature, the author has 

investigated three areas believed to be important in 

making the decision to utilize equipment in a dairy 

plant. These ."l.reas are: 1) plant personnel problems 

caused by automation, 2) plant layout, and 3) the 

question of whether to buy or lease. It is realized 

there is much more information pertaining to the above 

areas, h1:>wever, material in this review of literature 

pertains only to this thesis problem. 

Plant Personnel Problems Caused by Automation 

The ·three main problems with v!hich management may 

be con.fronted as a result; of automation are: 

1) employees resist job change, 2) employees are 

unhappy with job content, and 3) employees fear 

displacement (20). It is vital for management to 

establish and preserve good personnel relations, since 

the employees vdthin a dairy plant are its most important 

asset (25) (26). Many of these problems are the result 

of sudden changes due to automation rather than gradual 

changes. 
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Another problem is the retention of' unneeded 

workers. Probably one of the most important problems 

is the effect of unions on automation. 

Product quality improvement can be made through 

modernization by improving adequate facilities for 

competent people to produce a high quality product. 

Cost reduction is attained through more efficient 

handling of the products before and after packaging. 

The improvement of public relations by presenting 

to the public a plant of pleasing appearance, which 

leaves the customer with an image of efficiency and 

cleanliness, is important. This is, therefore, a 

powerful sales tool especially in ma.rke·jjs where price 

is controlled and sales are heavily influenced by the 

public image (1). 

When rebuilding an old plant or building a new 

plant, plans are ui.ade several years in advance. ~Iany 

of the men employed, aft,er plans for a new operation 

are initiated, are told that their positions may be 

temporary in view of the proposed shift to more 

automation. By the ·t;ime t,he plant construction is 

well under way, a m.·unber of the older employees are 

retired, disabled, or have become incapacitated. 
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Therefore, what might have seemed at. first a major 

problem will have dwindled to one of lesser 

importance ( 48). 

Many of the new plants require only a third of 

the original work force. The personnel department may 

reduce the problem of unneeded personnel in the new 

plant through notification of new employees that their 

jobs may be temporary, and through the retirement of 

older employees (48). However, sometimes it may be 

desirable to retain certain employees because of their 

potential value in the future. 

Displacement causes the most severe difficulty 

when viewed on a short-tenn basis. This is no comfort 

to the employee who suddenly loses his position, 

paycheck, and domestic and community prestige (20). 
'rhe older employee who is resistant to job change 

often is given the opportunity to be placed on another 

job within the plant, or is relieved of his duties 

with the company. When this occurs the personnel 

department may make an effort to locate another job 

:for him in the community. 

It is not unlikely that organized labor will 

sometimes freeze the productivity of its workers at 
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a certain predetermined level (48). The tool that 

unions sometimes employ in the prevention of 

automation, is the attempt to attain contracts 

reducing the work load on each individual employee. 

This t.ends to force management to employ the same 

number of men as automation is introduced. 

It behooves management, therefore, to exert every 

means possible through the building of better designed 

plants and the applicatj.on of automation to raise the 

productivity of labor to higher levels (li-8). The fact 

that automation may displace an employee today is more 

real to him than the industrial or plant benefits of 

automation which will be his tomorrow (20)(48). 

"A worker takes pride in his role on the work team. 

He gains a sense of satisfaction and security from 

.familiarit~r with relation to the work cycle and to 

fellow workers" (25). The lack of job content is 

associated with unsatisfactory workmanship that 

sometimes appears in conswner goods produced by modern 

assembly line techniques (25). 

The plant personnel requires a sympathetic and 

understanding approach before and during the introduction 
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of automation if the plant is to achieve full advantage 

of automation (20)(26). 
Seinwerth suggests ten steps as a partial solution 

for easing personnel problems of automation (20). 
1) Proper timing of all steps for introducing and 

effecting change. 

2) Full, timely, and complete communication of all 

facets of change to all persons involved and provision of 

opportunities for participation in two-way discussions. 

3} Recognition of and allowances for prestige 

factors which involve name, titles, status factors, and 

includes washrooms, lounge facilities, etc. 

4) Careful planning of working conditions including 

heat, light, ventilation, location, colors of paint. 

5) An orderly and logical job evaluation system 

for evaluating job content and establishing rates of pay. 

6) Attempts to maintain work team relationships 

and thus avoid such problems as the steel companies' 

"lonesome" pay bonus. 

7) Departmental as well as plant seniority. With 

this arrangement the youngest people in point of service 

in the plant are those affected by layoffs or 

technological changes. This makes for an older group 
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1.vho can perform many different jobs and v.rho have 

excellent employment stability. 

S) A liberal separation pay policy. 

9) A non-contributory pension consideration for 

older employees whose jobs are eliminated by 

technologice_l change, and who because of age, health, 

or other reasons, a_re unable to take oth2r ·work to 

which their seniority would entitle them. 

10} Full application of Unemployment Compsnsation 

Insurance and .Federal Old Age and Survi vo1,s Insurance 

benefits when applicable. 

Management ts Job today lies in ·thG building of an 

effective secondary management tGam, and improving the 

one now in use. No championship team dGpends solely on 

the "first string" members; depth in an organization 

determines the lasting quality of the business (25). 

From the beginning, a ne't'J' employee reflects the 

attitudes and ideas of management. He is what he is 

taught, or not taught, in the organization (25}. 

Such training can be of tlvo types: 1) that of 

a parameciura type in ".\'hich the employee is allowed to 

drift along with the tide of in-plant operations, 

shifting for himself, and depending on the process of 
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osmosis for the absorption of information, guidance, 

and education, or 2) an organized and planned program 

in which the employee has a charted course, with an 

objective, supervised by a qualified counselor (25). 

Management's job today is one of selling rather 

than telling ( 2 5) ( 26) • '!'here is no panacea f'or 

personnel development. 1rhe desire for such a program, 

its plans, and the efforts exerted, must originate with 

management if it is to be successful (25). 

Personnel leadership, experience, training, and 

attitudes, reflect in the products produced and the 

efficiency of such production (25). The hwnan factors 

involved in automation are perhaps more complex than the 

mechanical and engineering factors (20). 

During the past two decades, through fields of 

education, research, technology, and machine design, 

our industry has reduced the mechanics of milk 

production, processing, packaging, and delivery, from 

an art to a science (25)(26). 

Milk plant automation has not yet reached the 

degree of perfection desired. The most efficient 

plants are processing 100 to 125 gallons-per-man-hour. 

A reasonable goal for the present is set at 200 

gallons-per-man-hour (38). 
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A.s production per man-hour increasos in one industry 

through the application of automation, ·there develops a 

need for similar appli0ation in other industries {48). 
Companies must modernize and continue to perfect 

efficiency throue;h the application of automation if they 

are goi.ng to survive the highly competitive era that is 

ahead ( 1+7) • 
l Boyce in Bittel (16) points out that there is a 

bel:tef that automation <rill destro;r jobs, put people out 

of work, and create a recession or depression. He states 

in his reply that this thinking is a waste of time. 

I113.ny fear unemployment from automation because they 

are looking at on.ly a segment and are not looking at the 

whole picture of automation (16). 

If there are enough people employed to buy all of 

the goods and services being produced, the economy is 

in good condition. Demands of a rapidly growing 

population for industrial products will prevent any 

shrinkage in manufacturj_n.g employment o Changes in both 

products and processes to meet consumer demands for 

different or better products at lower prices are being 

1. c. W. Boyce is Associate Editor of Factory. 
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made more rapidly than ever before. With each change, 

certain jobs, certain skills, and sometimes whole plants 

are made economically obsolete (16). 

'foday t,he total active labor force is 41% of the 

total population. Except for the war years, the average 

for the past 30 to 40 years was approximately 41%. 

Projected to 1975 this would be 41% of 220 million or 

about 90 million workers (16)o 
The years until 1975 will not be normal (16). 

Economic patterns and the age distribution of the 

population are changing drastically. Both of these 

factors will act to reduce the active labor force to 

far less than our old concept of normal (16). 

Here is how Mr. Boyce figures it (16): 

The bulk of the labor force is in the age group 

of 20 to 65 years. Those now living under the age 

of 45 will compose this labor force of 117 million 

in 1975. But mortality tables indicate 10 million 

will die before 1975, leaving a net increase of 

15 million. In 1975, 23 million women will be in the 

child bearing ages of 20 to 35, compared with 

18 million today. This reduces the labor force 

another five million. Still others will be 
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"involuntaryn dependents, physically or mentally 

incapable. Increased enrollments in school will cut 

the labor force further. 

If immigration continues as it has in the past) it 

will add from two to three million addi tiona.l workers 

to the labor force. The number under 20 1;.Jill depend on 

the birth rate in the late 1950's, probably two million, 

discounting those in school under 20. 

Looking at the f1gures in this manner, there would 

be an increase of 14 to 15 million in tha work force 

in 1975. This :means that there would be a labor force 

of 86 million in 1975, up 22 .million from the present 

64 million. 

Automation will destroy 9 to 21 million jobs in the 

next 20 years if we are to raise our living standards 

at t.hc present raJce and also "l'lOrk shorter hours. 

'£here are two alternatives: 1) cont~inue to raise 

the living s-tandard at the present rate allowing 

automation to make up the deficit of workers, or 

2) slo'1J" our progress towa.rd higher living standards 

with reduced automation. 
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Plant Layouts 

.Many plants constructed during the last ten years 

were designed so that automated equipment could be added 

gradually. Many of the older plants, however, are 

inefficient, not only due to the lack of automation, 

but also because of unsatisfactory plant layout and 

design. It is customary for the older plants to expand 

as the volrune of business increases because of 

consolidation, mergers, and increased population in 

markets served. In many cases land area was not 

available for the expansion of existing plants 

according to an orderly and well-designed layout which 

results in an inefficient plant operation (48). 
Allinson (1) states that the three basic aims in 

modernization of a milk plant are product quality 

improvement, cost reduction, and public relations. 

The processing phase has, in general, kept pace 

with rising costs. Today, the mechanization of the 

processing phase is approaching automation (38). 
The package handling phase of the dairy industry 

has only recently been introduced to mechanization 

through automatic case stackers, pallet loaders, and 

unloaders, casers, infloor conveyors, unstackers, and 
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other pieces of machinery. The dairy plant handling 

system from filler to truck is divided into five parts. 

They are unloading empty cases and bottles, Hashing 

bott.les and storing cases, filling containers, 

refrigerated storage, and loading trucks (38). 
'l1he jobs range from a one-man operation to the 

largest operation in the plant. The several parts must 

be properly related to each other in order to ha v·e an 

efficient plant. The capacities of each machine should 

be approximately equal so t.hat a continuous flow of ·work 

is achieved (38). 
Many plants have a relatively high handling cost 

in one or more parts of the package handling system. 

This results in reduced profits through overtime, 

excessive man-hours, low line efficiencies, and profit 

loss (38). 

It is incumbent upon managemen·~ to know what is 

occurring in each area of its package handling operation. 

rrhe manager should know the efficiency of the equipment 

as well as its bottlenecks. 'rhen a workable schematic 

layout should be planned to make the packaging routine 

smooth. ·rne layout should be started where the most 

savings per man-hour can be realized (.38). 
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The step by step system, recognizing bottlenecks 

in the operation, may take several years to complete. 

But each of the steps is in the direction of reduced 

plant handling cost. 

There is ny. way in v1hich all pl:J.nts Ni th different 

individual bottlenecks ca.n be grouped into one inf3.llible 

layout ·.-;hich would yield the lowest ma."l··hour requirements 

per day. Many mistakes are made in pl.;mt layouts, such 

as wasted space, minimum or lack of flexibility-, excess 

movement necessary in production, crowded space, and 

poor accessibility (33). 

Buy or Lease 

The volume of milk in a plant does not always 

justify the expenditure for autom&ted equipment. If 

the objective is a reduction in product loss, or labor 

cost, then various degrees of automation may be 

justified. 

A one-step plan for automa:tion is difficult 

because of the large investment involved. Normally, 

hm·v-ever, any firm can gradually add machinery. Definite 

objectives in bringing about automation will eventually 
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save money and manpower. The company must decide the 

amount and type of equipment to buy (21). 

The solution to this problem and the more complex 

problems that lie ahead depends upon the manager's 

access to facts and his skills in using them. With the 

facts in hand he can obey the ·three basic commands of 

cost evaluation (21): 1) locate and identify the costs, 

2) measure alternate costs, and 3) compare actual and 

alternate costs. 

Years ago accounting systems dictated that cost be 

spread out on a manpower basis. 'roday, because of 

technological changes, different bases must be used for 

comparisons (21). 

The four typical problems related to mechanization 

are: 1) the calculation of system reliability. Storage 

space should be designed to take care of the 'percentage 

of time the equipment is down; 2) the control of 

possible scrap inventory; 3) the proper timing of the 

installation of automated equipment. Time will be lost 

in getting the machine installed and working properly, 

as well as product, carton, and direct and indirect man-

hour losses which occur during the installation period. 

Highly mechanized systems involve many pieces of highly 

synchronized equipment. When one piece of equipment is 
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not functioning the entire line process may be delayed; 

l~) the 1J.se of the break-even principle in comparing 

highly mechanized equipment ·with the present operation. 

Conventional ope:cations might be able to perform beyond 

this point at no extra change in investment. 'fhis simply 

means that the d.egree of mechanization must not exceed its 

ability to produce a reasonable return (36). 
Another aspect of automation to be considered is the 

pay-back time on investment. The pay-back time on 

investment should not. be set too rigidly since the 

objectives will vary between investments. However, when 

a change of method is considered, such as automation, 

certain cost factors must be considered. If the life 

of the equipment is to be ten years, then the 

depreciation cost plus interest, repairs, taxes, 

insurance, and operating expenses, averages 20 to 22% 

of the annual investment. When a worker's annuc.l wages 

and fringe benefits range from six to seven thousand 

dollars, then this would be equivalent to an invectment 

of approximately 30 to 35 thousand dollars in 

automation (36). 
If a corporation pays a 50% excess profit ta.x, 

only one-half of the savings over the 20 to 22% can 

be considered as a net gain. Therefore, a gross savings 
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of at least li-0% of the additional cost is necessary per 

year to pay out :tn .five years. Most operators believe 

automation is worthwhile from the cost standpoint i.f 

the investment is returned in two and one-half or three 

years (36). 

Once management bGgins to think in tGrms of 

automation, the question of lease or buy must be 

con[;idered. A firm should carefu.lly consider the 

cost before leasing. Each firm should weigh the 

advantages and disadvantages of leasing before making 

any definite decision3 concerning the use of new 

equipment. 

Leasing is another form of financing. The 

difference beti.·rnen leasing and renting is that leasing 

is for long-term use a.nd renting is for short-term 

use ( 28). 

The tax benefit is probably the greatest 

attraction to leasing. A straight lease with a 

leasing firm enables a company to deduct all of the 

payments as a 100% busln,~ss operating expense. The 

company is not asked to follow the depreciation 

guidelines which ;night require ~!mi ting five or more 

years to depreciate a piece of equipment. Ho11ever, 

tax collectors sometimes think that if the contract 
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establishes an equity for the company, it will then be 

difficult to claj_m as a 100~{, business operating 

expense (47). 

There are several reasons why businessmen lease (44): 
1) Long-term financing is obtained without impairing 

the company's short-term credit. 

2) The cost of equipment is paid out of earnings 

made during its use. 

J) Leasing charges are legitimately deductible as 

operating expenses. This permits a company to dispose 

of equipment more realistically and replace it when 

business economics demands. 

4) Long-term financing is obtained through 

leasing without diluting the equity of the owners. 

5) Leasing protects a firm against possible early 

obsolescence of equipment. 

Leasing makes it possible for a firm to obtain 

immediate use of new equipment. This enables the 

company to compete on an equal or superior basis 

with other dairy operators (28). 

Leasing is a benefit to those dairies that are not 

of size to make use of public stock issues, bond issues, 

or institutional borrowing. It permits the use 0£ bank 

financing for shorter term requirements (28). 
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The major disadvantages of leasing are loosely 

drawn agreements, unethical leasors, and disappointments 

in tax savings (47). Also at the end of the lease 

period the equipment is not owned by the company. This 

is only a disadvantage when, at the end of the lease, the 

used equipment is ·worth more than the additional profits 

earned as a result of leasing (44}. 
There are three types of companies that will not 

find leasing advantageous (44): 
1) The company that has all of the working capital 

it needs, and does not require any new equipment. 

2) Companies that earn less than 10% on working 

capital before taxes (4.8% after taxes) should not lease. 

It is not an advantage for such a company to pay a 

leasing company for the use of outside capital. 

3) i\larginal companies should not lease. Generally 

leasing firms will not lease equipment to any company if 

the value of the equipment is greater than 50% of the 

company's net worth. 

Other cautions to consider are that most lease 

contracts start with high rents being gradually reduced 

as time passes. In the beginning the company can charge 

the higher rents against profits, cutting taxes; later 

the company will pay more taxes (47). 
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Most leasing firms discourage a conditional sale in 

a lease agreement because it means that the company may 

deduct only the regular depreciation on the equipment 

instead of taking a 100% business deduction each year. 

Leasing is a legitimate deduction as an operating 

expense, where the conditional sale is only deductible 

at the rates specified in the government depreciation 

tables (3 5). 

Leasing cannot provide a firm wit;h equipment unless 

it is able to demonstrate, usually by means of financial 

statements, that it is capable of fulfilling the lease 

obligations. It means that reasonable ratios between the 

various items of the financial statement should be 

shown (28). 
Usually in a lease finance plan there is no down 

payment and the lease payments extend over a period of 

six years with the option to renew the lease each year. 

The renewal is usually based on the estimated residual 

value of the equipment at the end of the lease. 

Norm.ally the renewal is based on from 5 to 10% of the 

original cost of the equipment (28). 

Generally, in most lease agreements, maintenance 

and repairs are handled by the lessee, and the 
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warranties given are settled between the seller and the 

lessee p1"ior to leasing (35). 

It has been stated that leasing is an expensive 

met,hod of financing capital equipment. This conclusion 

is based on cost estimated considering the following 

factors ( 29) : 

1) The total amount of rental payments. 

2) The total investment by purchase. 

3) The difference in terms of dollars between 

ownership and rental. 

4) The comparative cost of borrowing from a bank. 

An illustration of this reasoning is shown on the 

question of leasing or purchasing a. milk easer. The 

outright purchase price is approximately $12, 500. The 

standard lease agreement is $1$,100 and the conditional 

sale is $13,765. ThG difference in the standard lease 

agreement and the outright purchase price is $5,600. 

The comparative cost of borrowing from a bank and the 

tax advantage, if any, depending on the profit, have 

not been considered in this calculation. 

Another illustration involves a company in which 

the equipment desired cost $100,000 based on the 

corporate tax rate at the time of purchase. After 

the equipment was fully depreciated, only ~~70, 000 was 
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retained by the company earning more than $25,000 per 

year. Due to technological changes the price of the 

equipment increased to $150,000. This firm vms then 

confronted with the problem of raising the needed 

money (29). 
A company utilizing equipment may ask how leasing 

can be a form of financing when it does not acquire the 

equipment. Dairies are not in the business of acquiring 

and eventually selling equipment. If they can realize 

its full use during its competitive life at a reasonable 

cost that permits them to make a profit consistent with 

their business, then the objective has been accomplished. 

A fairly priced lease of proper duration can help reach 

a profitable lease (28). 
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SCOPE OF INVESTIGATION 

The broad purpose of this thesis is to analyze and 

develop a method for applying the break-even principle 

in comparing manual casing and stacking with automatic 

casing and stacking of fluid milk products. The 

break-even principle will be applied to models of 

casing and stacking equipment developed in this thesis. 
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PROCEDURE 

Visits were made by the author to four dairy 

processing plants having automatic casers and stackers. 

The purpose was to learn the procedures involved in 

making; the decision to install aut~omatic casers and 

stackers. 

Upon arrival at each plant, t,he visit was 

conducted in two parts in the following sequence: 

A tour of the plant facilities was first co.mpleted 

to observe the equipment arrangement and to observe the 

methods and procedures which were being used in each 

plant. An additional benefit of the tour was that many 

of the questions included in the formal interview could 

be answered by observation and, therefore, reduced the 

length of the formal interview period. 

The second part of the visit involved. an interview 

with one or more persons in mana.gerial positions in order 

to obtain detailed and specific information. In most 

plants, the bottling supervisor was included in a 

portion of the interview. 
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During the interview, routiw~ questions were 

asked with respect to: 1) how the decision was made 

to install the automatic casers and stackers, 

2} estimated physical life of the equipment, 

3) depreciation perlod of the equipment, 4) number 

of units processed D<~r day 5) amoun.t of down time 
'· ' 

due to malfw10tions, 6) amount of maintenance required 

on the equipment, 7) environmental problems, such as 

moisture, with respect to the equipment, 8) number of 

employees i:n the operation before the installation of the 

casers and stackers, and the number of employees in the 

operation after the installation of the equipment, and 

9) possible suggest.ions for improvement. of the layout 

after having some experience with the equipment. 

Development of Models 

Upon analysis of these data, the combinations of 

filling equipment models were derived. The basis for 

this was ·che ratio of one-half gallon containers filled, 

compared to uni ts filled on the quart fillers. A to·tal 

of nine models as outlined below were submitted ·to the 

manage1 .. of each plant visited. 



Model I consisted of two filling machines T.v-ith 

manual casing a.nd stacking of cartons. One filler has 

a capacity of 75 units per minute (quarts, pints, or 

one-half pints),.the other 33 one-half gallon units per 

minute. 

Model II included th-9 sarne combination of filling 

equip£uent as ilodel I except that av.comatic casers and 

stacker::; vrnre extended at the end o.f the filling 

machinas. 

l'llod.el III was comprised of the same combination of 

filling machines as 1'.fodel I excep"i; that the automatic 

casers and stackers were located on the side of the 

filling machines. 

Model IV consisted of three filling machines having 

manually cased and stacked cartons. '11ivo fillers had a 

capacity of 7 5 uni ts per· minute (quarts, pints, or 

one-half pints), the other 75 one-half-gallon units per 

minute. 

Model V was comprised of the same combination of 

filling machines as Model IV except a easer and stacker 

were extended at the end of the filling machines. 

Model VI included the same combination of filling 

machines as Model IV except a easer and stacker were 

located on the side of the filling machines. 
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Model VII consisted of four filling machines with 

manual casing and stacking of cartons. Three fillers 

had a capacity of 75 units per minute {quarts, pints, or 

one-half pints), the other 75 one-half-gallon units per 

minute. 

Model VIII was comprised of the same combination of 

filling machines as Model VII except three casers and 

stackers were used. One easer and stacker, by use of a 

bottle combiner, were attached to two 75 units per 

minute (quarts, pints, or one-half pints) filling 

machines. The remaining two filling machines each 

were used with a easer and stacker. All of these 

casers and stackers were extended at the end 0£ the 

filling machines. 

Model IX included the same pieces of equipment as 

Model VIII, except this model had the cases and stackers 

located to the side of the filling machines. 
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Questionnaire 

A set of these models was sent~ to each dairy 

processor visited with an attached letter requesting 

that the models be evaluated with respect to: 

1) number of men they would employ in each model, 

2) each production personnel's title and job 

specification, 3) hourly wage to be paid each 

employee in the model, 4) any measures they thought 

would improve the model, and 5) their preference of 

the models containing the casers and stackers as to 

whether they pref erred the casers and stackers located 

beside, or at the end of, the filling machines, assuming 

that adequate space was available and that such a 

layout posed no problemso 

Analysis of the Questionnaire 

With the exception of minor conveyor changes, most 

of the operators preferred the models having the casers 

and stackers ex.tended at the end of the filling ma.chines. 

This arrangement was preferred because less turns in the 

conveyors were required resulting in a slightly lower 

capital investment. Secondly, with less turns, there 
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would be less wear on the conveying equipment. Thirdly, 

with the employee fw1ctions, any malfunctions of the 

casers and stackers could be easily observed. 

Models to be Used in the Study 

From the above comments, Models I and II, IV ci.nd V, 

and VII and VIII were used. 

From these models, the fixed, variable, and total 

costs of the casing and stacking phase were obtained. 

The fixed, variable, and total costs of each combination 

of filling equipment (casing and stacking phase) of the 

manual and automatic methods were compared. 

The break-even principle was used in obtaining 

the break-even point of the models based on cost and 

number of units produced or the point where total 

cost of the automated and that of the non-automated 

operations intersect;. 

Analytically the break-even point may be obtained 

by the foliovJ'ing method. 
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At the break-even point the total cost for one 

model would be equal to the total cost for comparative 

model; i.e., 

where: 

Then: 

where: 

TC = FC + VC(x). 

m = manual casing and stacking models 

a = automatic easing and stacking models 

FC = fixed cost 

·vc = variable cost. 

Let x equal the number of units at the break-even point, 

then 

Models I and II 

2.946 + .00069x = 35.330 + .00056x 

.00069x - .00056x = 35.330 - 2.946 
.00013x = 32.384 

x = 2,491,077 
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Models IV and V 

.3.420 + .00064x = 52.941 + .00039x 

.00064x - .OOOJ9x = 52.941 - 3.420 

.00025x = 49.521 
x = 198,084 

Models VII and VIII 

4.000 + .oooggx = 54.421 + .OOOJ9x 

.00088x - .00039x = 54.421 - 4,000 
.00049x = 50.421 

x = 102,900 

Basic Assumptions 

The basic cost data for these models was developed 

from information obtained from equipment suppliers, plant 

operators, and published reports. It was assumed that 

adequate space is available for the addi·tion of case 

stacking equipment. 

The efficiency of the models is 80% based on a 

study by Sharkey (42). The remaining 20% includes the 

time for maladjustments of the equipment, lack of 

product, lunch breaks, wash filler and change product, 
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movement of cases to nnd from fillers, and miscellaneous 

items. 

No remodeling costs are included in the comparison 

of these models because of the different changes that 

would be required in each individual plant and the 

geographic location of the plant. 

Interest, insurance, taxes, and maintenance per 

year are based on the initial cost of the equipment 

installed. The percentages used would be higher if 

they \rrnre calculated on the basis of the average annual 

investment. 

The depreciation of this type of equipment is 

based on an estimated economic life of ten years. This 

estimated life is used by the dairies visited and a.lso 

was used in the published reports reviewed. 

The economic studies reviewed assumed no scrap 

value. This is due to the fact that it is difficult 

to estimate the economic life of the equipment. This 

assumption of no salvage value gives a more 

conservative production cost estimate. 

The daily costs are based on 260 operating days per 

year, each consisting of eight hour shifts. They were 

obtained from published reports and equipment suppliers. 
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RESULTS AND DISCUSSION 

The cost data applied to the models on the 

following pages are approximate. These cost data 

would vary depending on the location of ·the dairy plant. 

The break-even point of the comparative models was 

illustrated by two means. In the first instance, total 

cost and num.ber of hours were used to determine the 

nwnber of hours of operation required to break even 

for the two systems. In. the second procedure the cost 

per. unit. was used in determining the total output at 

which the break-even point was obtained. These tim 

methods give the identical break-even point since the 

cost per unit was determined by mult,iplying ·t.he output 

rate by the mm1ber of hours of operation. 

Diagrams I and II illustrate the layouts for 

Models I and II, respectively, which i,rnre earlier 

described. The cost estimates determined for these 

models are presented on pages 41, 42, and 44, 45, 46, 
respectively. 

With the introduction of full automation in the 

casing and stacking operation for this combination of 

fillers, the work crew was reduced from 3 to 2-1/4 men 
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DIAGRAM I 
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Cost Estimate of Model I 

Investment in Equipment Ready for Operation 

9 ft. double chain at $10.00 per ft.4 
25 ft. straight conveyor at :µ35.00 per ft.4 

3, 90° turns a.t ~~280.00 ea.3 

2 case stops at $75.00 ea.3 

1, 2-h.p. drive unit with take-up3 

1 lub. dispenser3 

2 tables at ~15.00 ea. 

All cost in connection with equipment 

Installation cost - 207; of initial 
imrestment 

Total equipment investment 

$ 

~~ 

s• tJ.j> 

90.00 

875.00 

81+0.00 

150.00 

1,250.00 

90.00 

~O.OQ. 

3,325.00 

662.0Q 

3,990.00 

Estimate o;\ Annual Fixed Cost of the Operation 

Depreciation - 10 year depreciation life7 $ 399.00 

Interest ... 31; of initial equipment cost 7 119. 70 

Insurance - 1% of initial equipment cost7 39.90 

Taxes - 1.2% of initial equipment cost? 47.88 
Maintenance - 4% of initial equipment cost7 159.60 

Total annual fixed cost 

Total daily fixed cost5 

$ 766.08 

~~ 2.946 
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Estimate of Hourlv Cost of Operation 

2 assistant operators at 
$1.70 per hour $ 3.400 

2 h.p. electrical requirement 
for conveyor motors at 
$0.02 kw-hr2 6 
(l h.p. .746w-hr) .030 

lubricant - $0.125 per hour 
based on 8 hour dayl .122 

1. 

2. 
3. 

5. 
6. 

7. 

Total hourly Yariable cost $ 3.555 

Actual cost value obtained from Cherry-Burrell 
Corp., Pittsburgh, Penn. 
Appalachian Power Co., Roanoke, Va. 
Approximate price quoted by Cherry-Burrell Corp., 
Cedar Rapids, Iowa. · 
Approximate estimated price quoted by the Planning 
Department, Pure-Pak Division of Excello Corp., 
Detroit, i\lich. 
Based on 260 operating days of 8 hour shifts. 
Farrall, A. W., Da_iry ;Engineering, Second Edition, 
1958. 
The Economic Feasibility of Additional Milk 
Manufacturing Facilities in North Carolina, 
Agricultural Economics Information Series No. 99, 
Department of Agricult;ural Economics, North 
Carolina State College, Raleigh, N. c., 
February 1963. 
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DIAGRAM II 
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Cost Estimate of Model II 

Investment in Equipment Ready for Oeeration 

35 ft. double chain at ~~10.00 per ft.6 $ 350.00 

47 ft. straight; conveyor at ~t35.00 per ft. 6 1,995.00 

2 automatic casers at *~10 J 000. 00 ea.7 

2 au'ciomatic stackers at $4,500.00 

1 conveyor uyn4 

l conveyor ttTtt4 

3, 90° turns at $318.00 ea.4 

l traffic contro14 

1 case diverter4 

2, 2-h.p. drive units with take-up 
at $1,400.00 ea.4 

l central lub. control 4 

2 lub. dispensers at $115.00 ea.4 

ea.a 

5 bottle conveyor legs at ~~38.00 ea.3 

33 ft. top track bottle conveyor 
at $45.00 per ft.3 

1, 3/L..-h.p. bottle conveyor drive unit3 

1 air dryer at 100 cfm at 100 psi 
1/3 of $400.oo5 

All cost in connection with equipment 

Installation cost - 20% of initial 
investment 

Total equipment investment 

$ 

~~ 

20,000.00 

9,ooo.oo 
500.00 

425.00 

954.00 

335.00 

950.00 

2,800.00 

375.00 
230.00 

190.00 

i,4e5.oo 
150.00 

13;2 ·2~ 

39,872.34 

Z 2 2Z!i:· !i:Z 
f...7,846.81 



Estimate of Annual Fixed Cost of the Operation 

Depreciation - 10 year depreciation life 

Interest - 3% of initial equipment cost10 

Insurance - 1% of initial equipment cost10 

Taxes - 1.2% of initial equipment costlO 

Maintenance - 4% of initial equipment 
costlO 
Total annual fixed cost 

Total daily fixed cost9 

$ 4,784.681 

1,435.404 
478.468 
574.162 

1,913.872 

$ 9,186. 587 

$ 35.333 

Estimate of Hourly Cost of OEeration 

l assistant operator at 
$1.70 per hour " ~ 1.700 

1/4 maintenance man at 
$2.10 per hour 

4, 3/4-h.p. electrical requirement 
for conveyor motors at 

.525 

$0.02 kw-hr2 .071 
14 h.p. electrical or equivalent 

requirement for 2 casers and 
stackers .209 

lubricant - ~~0.125 per hour per 
systeml .250 

drying agent - $0.01 for 
18,000 cf air5 .003 

clean-up - at $1.70 per hour-
l~ pieces at 10 minutes per 
piece ($1.132 per day) .142 

Total hourly variable cost ~~ 2. 900 



1. 

4. 
5. 
6. 
7. s. 
9. 

10. 

Actm.ll cost. value obta.:i..ned fro:11 Gher17-BurrGll Coi"'p., 
Pittsburgh,· Penn.· 
Appalachian Po.·1er Go., Roanoke, Va. 
Approxiiw.Ate price quo·(jed by Ampro Di vision of Yorde 
Machin€; Products, Columbus, Ohio. 
A1)J>:coxim1;i.to price cfuotc~d by Cherry ... Burrell Corp., 
Cedar Rapid~, Iowa. 
Approx.Lnate price quoted by Frank Howell Co., 
ki chn:ond., VG... 
lipproximat;(.;- price quoted by the Planning Department, 
Pure-Pak 'Ji vision of Excello CtH'l)•, Detroit, .V.dch. 
Avcrr;.ge price {~uoted by fou:c easer manufacturers. 
f.i.ver~e;~ price qi .. wt~u by three s·tacker manu.facturers. 
B~;,5ed o.n 260 Op(~r·ating d~\ys 1•.;ith $ hour shifts. 
ThB H;conomic Feasibilit:.y of Additional l;.filk 
l"'ianufucturing l"a.cili't~ies in North Gur,olina, 
Agricultural Econ.o.mics Information Series No. 99, 
Depci.rtmant of Agricul't:;ru·al Bconomics, North 
Cnroltna St~te College, Haleigh, N. C. 1 
February 1963. 
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while investment increased by about t;j;44, 000. As a 

result of these changes fixed costs increased from 

$2.95 to $35.33 per day. However, variable costs per 

hour declined from ~~3. 56 to $2. 90. 

The determination of the break-even point between 

Models I and II is illustrated in Chart I using the t,otal 

cost of the operations. The cost per unit is used in 

Chart II to show the break-even point of these models. 

In Charts I and II, the break-ever1 point of the 

comparative models did not occur wi'Ghin a. 24 hour 

period because the aut.omated equipment opera.ted below 

its rated capacity in order to synchronize with the 

lowGr output of the filling equipment. Operating the 

equipment at this lower rate for lQnger hours was n.ot 

a potential for reducing cost belm·r the cost of the 

non-automated system since the fixed cost por unit is 

not reduced sufficiently to obtain a break-even point 

at this output. 

The opera"l~ing conditions underlying these two 

m<>dels indicate ·that it was undesirable for the 

operator of Model ;r to consider all of the au.tomated 

equipment used in Model II. There was a .0655-cent 

cost per unit difference at eight hours of operation 
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CHART I 

Dc,ter::,~.nac:i.on of J31.·2ak Even Point Ush1g TutcJ-L Cos'.: (TC) 
aml F'Lx,2<l C0st (FS) for Mod0ls I 'lnd TT 

() ,, 12 15 20 

HOURS 

24 



.580 ~ I CHART II 

.560 
Deter~ination of Break Even Point 

• 540 -t- I Using Total Cost per Unit (TC/U) in Models 
I and II 

I I 
.520 
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• '160 

20,736 41,472 62,208 82,944 103,680 124,416 

UNITS PROCESSED kr FOUR HOUR INTERVALS 



-50-

and a difference of .0264-cent cost per unit, at 16 hours 

of operation favorlng the 11on-automated model. This 

does not rule outi the desirability for the operator of 

Model I to consider some of the components of automation 

to reduce the cost of the casing and stacking phase. 

The desirability of smaller plants considering partial 

automation is supported by Ripma (36)(37)(38). 
The alternativ-e plans concerning automation. for 

Model I are limited to a plant which has one one-half 

gallon filling machine and one quart, pint, or one-half 

pint filling machine. An alternative plan -vms to 

install an automat~ic easer on the 75 uni ts per minute 

quart, pint, or one-half pint filling machine, but 

manually case the output of' the one-half gallon filling 

machine. The employe·a manually casing the units from 

the one-half gallon filling machine would also be 

rE;sponsible for any malfunctions of t.he aut;omat.ic easer. 

This plan would eliminate one man from the operation 

in Model I, resulting in one man operating the fillers 

and one man manually casing the one-half gallon cartons 

and correcting the maladjustments of the automatic 

easer. The results in terms of investment would be 

a $10,000 increase for Model I instead of a $40,000 
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increase as would occur in Ivlodel II vdth all of the 

components installed. 

This limited automation would bring the break-eve11 

point within the range of output a dairy plant of this 

size could attain. 'rhe break-even point of this 

alternate model vmuld be at 68,146 units. Additional 

pieces of equipment, such as an additional automatic 

easer or case stacker, would not be feasible because 

of the increased equipment investment as compared to 

l.fodel I. A stacker would result in mixed stacks of 

cases. Another easer would not reduce the number of 

employees in the operation. 

Diagrams III and IV illustrate the layout for 

Models IV and V, respectively, which has been 

described earlier. The cost estimates for these models 

are shown on pages 53, 54, and 56, 57, 58, respectively. 

With the introduction of full automation in the 

casing and stacking operation for this combination of 

fillers, the vmrk crew was reduced from 6 to 3-3/li- men 

while investment increased by about ~~68, 000. As a result 

of these changes fixed costs increased from $3.42 to 

$52.94 per day. However, variable costs per hour 

declined from $6. 96 to ~P4• 26. 
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DIAGRAM III 
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Cost Estimate of Model IV 

Investment in Equipment Heady Jor Operation 

8 ft. double chain at ~~10.00 per ft. 4 $ 80.00 

38 ft. straight conveyor at ~~35.00 per· ft.4 1,330.00 

3, 90° turns a.t ~;:2L10.00 ea.J 840.00 

1, 2-h.p. drive unit with take-up3 

1 lub. d:lspenser3 

3 tables at $15.00 ea. 

3 case stops at $75.00 ea.3 

1,250.00 

90.00 

45.00 

225.00 

All cost in connection ·with equipment $ 3,860.00 

Installation cost - 20% of initial 
investment 772.00 

Total equipment, investment ~? 4,632.00 

Estimate of Annual Fixed Cost of the Operation 

Depreciation - 10 year depreciation life $ 
.· . 6 

Interest - 3% of initial equipment cost 

Insurance - 1% of initial equipment cost6 

Taxes - 1.2% of initial equipment cost6 
6 Maintenance - ~.;,; of initial equipment cost 

Total a11nual fixed cost $ 

Total daily fixed costs 

463.20 
138.96 

46.32 

55.58 
185.2§ 
889.31.i-

$ 3.420 
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Estimate of Hourly Cost of Operation 

4 assistant operators at 
$1 .. 70 per hour 

2 h.p. electrical requirement 
for conv9yor motors at 
$0.02 kw-hr2 

lubricant - ~;;o.125 per hour 
per systeml 
11otal hourly variable cost 

$ 6.800 

.030 

1. Actual cost value from Cherry-Burrell Corp., 
Pittsburgh, Penn. 

2. Appalachian Power Co., Roanoke, Va. 
3. Approximate price quoted by Cherry-Burrell Corp., 

Cedar Hapids, Iowa. 

$ 6.955 

4. Approximate estimated price quoted by the Planning 
Department, Pure-Pak Division of Excello Corp., 
Detroit, :Mich. 

5. Based on 260 operating days of 8 hour shifts. 
6. The Economic Feasibility of Additional Milk 

Manufacturing Facilities in North Carolina, 
Agricultural Economics Informat.ion Series No. 99, 
Depa.i"'tment of Agricultural Economics, North 
Carolina State College, Raleigh, N. c., 
February 1963. · 
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Cost Estimate of Model V 

Investment in Equipment Ready for 0Qeration 

53 ft. double chain at $10.00 per ft.6 $ 530.00 

85 ft. straigh·t conveyor at $35.00 per ft. 6 

3 automatic casers at $10,000.00 ea.7 

3 automatic stackers at $4,500.00 ea.8 

2 conveyor "Y" 's at 4~500.00 ea. 4 

2 conveyor "T'"s at $425.00 ea.4 

3, 90° turns at $318.00 ea.4 

2 case diverters at $950.00 ea.4 

2 case traffic controls at $335.00 ea.4 

l~ 1-h.p. drive unit with take-up4 

2, 2-h.p. drive units with take-up at 
$1,310.00 ea.4 

1 central lub. control4 
3 lub. dispensers at $115.00 ea.4 

47 ft. top track bottle conveyor 
at ~~45.00 per ft.3 

1, 3/4-h.p. bottle conveyor drive unit3 

7 bottle conveyor legs at $38.00 ea.3 

1 air dryer - 250 cfm at 100 psi 
1/3 of' ~~700.005 

All cost in connection with equipment 
Installation cost - 20% of initial 

investment 
'l'otal equipment investment 

2,975.00 

30~000.00 

13, 500.00 

1,000.00 

850.00 

954.00 

1,900.00 

670.00 

1,260.00 

2,620.00 

375.00 

345.00 

2,115.00 

150.00 

266.00 

233 .34z 

$ 59,743.34 

i1,24s .. 6z 
$ 71,692.0l 
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Estimate of Annual Fixed Cost·of ·the Operation 

Depreciation - 10 year depreciation life ~~ '7; 169. 201 

Interest - 3% of initial equipment cost10 2,150.760 

Insurance - 1% of initial equipment cost10 716.920 

Truces - 1~2% of initial equipment costlO 860.304 

Maintenance - 4% of initial equipment 
costlO 2,867.680 
Total annual fixed cost 

Total daily fixed cost9 

$ 13 '764.86; 

Estimate of Hourly Cost of.Operation 

l assistant operator at 
$1.70 per hour $ 1.700 

3/4 main"Genance man at 
$2.10 per hour 1.575 

5, 3/4-h.p. electrical require-
ment for conveyor motors 
at $0.02 kw-hr.2 .086 

21 h.p. electrical or equivalent 
requirement for 3 casers and 
~M~n JU 

lubricant ·~ $0.125 per hour per 
1 ~375 system 

drying agent - $0.0l for 
18,000 cf air5 .004 

clean-up at *1.70 per hour-
6 pieces at 10 minutes 
per piece .212 

$ 52.941 

Total hourly variable cost $ 4.265 



1. 

2. 
3. 

6. 
1. 
8. 
9. 

10. 
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Actual cost value obtained froi~1 Cherry-Burrell Corp., 
Pittsburgh, Penn. 
Appalachian Power Co., Roanoke, Va. 
Approximate price quoted by the ~npro Division of 
Yorde Machine Products, Colwnbus, Ohio. 
Aµproxima.te price quot,ed by Cherry-Burrell Corp., 
Csdar Rapids, Iowa. 
Ap!Jroxirnct.e price quoted by the Frank Howell Co., 
Richmond, Va. 
Approximate price quoted by the Planning Department, 
Pure-Pak Division of I;;xcello Corp., Detroit, Mich. 
Average price quoted by four easer manufacturers. 
Averaga price quoted by three stacker manufacturers. 
Based on 260 operating days with 8 hour shifts. 
rl,he Economic Feasibility of Additional J)!Jilk 
Manufacturing Facilities in North Carolina, 
Agricultural Economics Information Series No. 99, 
Department of Agricultural Economics, North 
Carolina State College, Raleigh, N. c., 
February 1963. 
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It was observed that the break-even point of Models 

IV and V occurred at 18-1/2 hours of operation based 

on an eight hour shift with no overtime. If Model V was 

considered at 16 hours of operation, there would be a 

cost difference of .0373-cent cost per unit favoring 

Model IV. If the models were operated 22 hours per day, 

there would be a .0407-cent cost difference per unit 

favoring Model V. 
The break-even point of 18-1/2 hours would be 

difficult for many dairy operators to obtain. Plants 

operating within the range of 16 to 20 hours per day 

might find overtime pay for the extra hours a more 

acceptable alternative. If overtime was paid for all 

hours worked in addition to 16 hours per day, a new 

break-even point would be obtained. The new break-even 

point would occur at a lower out put since ·the overtime 

pay would have a greater impact on :Model IV than 

Model V. 
An alternate plan of automation for Model IV 

would be the illustration of the type supported by 

Craumer (17). In this plan, two of the 75 units per 

minute quart, pint, or one-half pint filling machines 

supplied cartons for an automatic easer and stacker. 
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The one-half gallon filler supplied cartons for 

another automatic easer and stacker. The processing 

schedule of the operation was planned so the two 

fillers supplying one automatic easer and stacker 

would fill the same size unit of the sa.me product 

the major portion of the day. When the two fillers 

were used to fill cartons with different products, the 

casing operator would manually case and stack cartons 

utilizing a casing aid at one of the two fillers. 

He would also be responsible for eliminating the 

malfunctions of the two casers and id th assistance 

from one of the filler operators to eliminate any 

major malfunctions which might occur. The plan would 

result in the employment of the same number of men as 

in Model V, but at a lower equipment investment of 

about $10,000. The new break-even point would be at 

an output of 175,760 units or slightly more than 16 
hours of operation. 

Diagrams V and VI illustrate the layouts for 

Models VII and VIII, respectively, which was explained 

earlier. The costs for these models are presented 

on pages 64, 65, and 67, 68, 69, respectively. 
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Cost Estimate of Model VII 

Investment in Equipment Readv for Q.2eratio.n 

9 ft. double chain at $10.00 per ft.4 $ 90.00 

51 ft. straight conveyor at ~~35.00 per ft.4 1,785.00 

3, 90° turns at ~;280.00 da.3 s40.oo 

4 case stops at $75.00 ea.3 

1, 3-h.p. drive unit with take-up3 

l lub. dispenser3 

4 tables at $15.00 ea. 

All cost in connection with equipment 

Installation cost - 20% of initial 
invest.ment 

Tot.al equipment investment 

$ 

$ 

300.00 

1,260.00 

190.00 

60.00 

4, 525.00 

205.00 

5,430.00 

Estimate of Annual Fixed Cost of the Operation 

Depreciation - 10 year depreciation life $ 
Interest - 3~& of initial equipment cost6 

Insura.I.;.ce ... l~~ of initial equipment. cost6 

Taxes - 1.2~~ of initial equipment cost6 

Maintenance - 4% of initial equipment cost6 

Total annual fixed cost 

Total daily fixed cost5 

543.00 
162.90 

54.30 

65.16 
217.20 

l> •j~ 4.000 
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Estimate of Hourlv Cos~ of OReration 

5 assistant operators at 
$1.70 per hour 

3 h.p. electrical requirement 
for conveyor motors at 
$0.02 kw-hr2 

lubricant - $0.125 per hour 
per systeml 
Total hourly variable cost 

$ s.500 

.045 

1. Actual cost value obtained from Cherry-Burrell 
Corp., Pittsburgh, Penn. 

2. Appalachian Power Co., Roanoke, Va. 

~, S.670 

3. Approximate price quoted by Cherry-Burrell Corp., 
Cedar Rapids, Iowa. 

4. Approximate estimated price quoted by t.he Planning 
Department, Pure-Pak Division of Excello Corp., 
Detroit, Mich. 

5. Based on 260 operating days of 8 hour shifts. 
6. The Economic Feasibility of Additional Milk 

Manufacturing Facilities in North Carolina, 
Agricultural Economics Information Series No. 99, 
Department o.f Agricultural Economics, North Carolina 
State College, Raleigh, N. C., February 1963. 
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Cost~ Estimate of Model VIII 

Investment in Equipment Ready for QPeration 
. 6 ' 60 ft. double chain conveyor at $10.00 per ft. $ 600.00 

3,325.00 
954.00 

i,000.00 

850.00 
1,900.00 

670.00 

1,260.00 

95 ft. straight conveyor at ~/i35.00 per ft.6 
3, 90° turns at $318.oo ea.4 

2 conveyor "Y'" s at ~~500.00 ea. 4 

2 conveyor "T" 's at ~~42 5. 00 ea. 4 
2 case diverters at $950.00 ea.4 

2 case traffic controls at $335.00 ea.4 

1, 1-h.p. drive unit with take-up4 

2, 2-h.p. drive units with take-up at 
$1,310.00 ea.4 

1 central lub. control4 

3 lub. dispensers at ~~115.00 ea.4 

3 automatic casers at $10,000.00 ea.7 

3 automatic stackers at $4,500.00 ea/~ 

1, 3/4-h.p. bottle combiner6 

1, 3/4-h.p. bottle conveyor drive unit3 

58 ft. top track bottle conveyor at 
~;45.00 per ft.3 

2, 90° bottle conveyor turns at ~~45.00 ea • .3 

10 bottle conveyor legs at $JS.OO ea.3 
1 air dryer - 250 cfm at 100 psi 

1/3 of $700.005 
All cost in connection with equipment 

Installation cost - 20% of initial 
investment 
Total equipment investment 

2,620.00 

375 .oo 
345.00 

30,000.00 

13,500.00 
550.00 

150.00 

2,610.00 

90.00 

J8o.·oo 

233.34 
·~ 6 ~l l, 412.J4 

12,282.Jxz 
$ 73,694.81 
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Estimate of Annual Fixed Cost of the Operation 

Depreciation - 10 year depreciation life 

Interest - 3% of initial equipment cost10 

Insurance - 1% of initial equipment costlO 
10 Taxes - 1.2% of initial equipment cost 

$ 7,369.481 

2,210.g44 
736.948 
gg4.337 

Maintenance - 4% of initial equipment 
cost10 
Total annual fixed cost 

2.947.792 
$ 14,149.402 

Total daily fixed cost 

Estimate of Hourly Cost of Operation 

1 assistant operator at 
$1.70 per hour 

l maintenance man at 
~~2 .10 per hour 

6, 1/2-h.p. electrical requirement 
for conveyor motors at 

2.100 

$0.02 kw-hr2 .970 
21 h.p. electrical or equivalent 

requirement for 3 oasers and 
stackers .313 

lubricant - $0.125 per hour per 
systeml .375 

drying agent - $0.01 for 18,000 
cf air5 .004 

clean-up at $1.70 per hour -
6 pieces at 10 minutes 
per piece .212 

$ 54.421 

Total hourly variable cost $ 5,674 



1. 

2. 
3. 

7. 
8. 
9. 

10. 

Actual cost value obtained from Cherry-Burrell Corp., 
Pittsburgh, Penn. 
Appalachian Power Co., Roanoke, Va. 
Approximate price quoted by the Ampro Division of 
Yorde Machine Products, Columbus, Ohio. 
Approximate price quoted by Cherry-Burrell Corp., 
Cedar Rapids, Iowa. 
Approximate price quoted by Frank Howell Co., 
Richmond, Va. 
Approximate price quoted by the Planning Department, 
Pure-Pa.k Division of Excello Corp., Detroit, I!iich. 
Average price quoted by four easer manufacturers. 
Average price quoted by three stacker manufacturers. 
Based on 260 operating days with 8 hour shifts. 
The Economic Feasibility of Additional IJiilk 
Manufacturing F.acilities in North Carolina, 
Agricultural Economics Infonnation Series No. 99, 
Department of Agricultural Economics, North 
Carolina State College, Raleigh, N. c., 
February 1963. 
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With the introduction of full automation in the 

casing and stacking operation for this combination of 

fillers, the work crew was reduced from eight to five 

men, while investment increased by about $68,000. As 

a result of these changes, fixed cost;s increased from 

$4.00 to ~?54.42 per day. However, variable costs per 

hour declined from $12.67 to $5.67. 
It is shown on Charts V and VI that the break-even 

point of these models was at some point above seven hours 

of operation per day. This corresponds to an output of 

102,900 units with a cost of about .092 cents per unit. 

The cost difference between these two models would be 

.0097 cents per unit at six hours of operation in favor 

of Model VII. If the models were operated 12 hours, 

there would be a cost difference of .0195 cents per unit 

favoring Model VIII. The total cost of Model VII 

increased at a more rapid rate than for the other models 

using manual casing and stacking because of the increased 

nwnber of employees required. When the equipment was 

operated near its rated capacity for a reasonable 

period of time, as in Model VIII, even though the fixed 

cost was quite high, the unit coErt was reasonably low. 
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CHART VI 

Determination of Break Even Point 

Using Total Cost per Unit (TC/U) in Models 

VII and VIII 

rc/u vu 

5?,6CXJ 115,200 172,800 2J0,400 288,000 345,600 

mar:.> PRCCESSED AT FOUR HOU!i ll\TEHV ALS 
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In this illustration it v~as ad vi sable for the 

operator to install the automated equipment if the 

equipment operated at or above seven hours per d.ay. 
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SUMMARY AND CONCLUSIONS 

The objective of this study was.to determine the 

potential for reducing costs in milk plants by automation 

of the casing and stacking phase. As a basis for 

analysis in this study, three combinations of filling 

equipment were assumed and two models of the casing and 

stacking phases were constructed for each combination, 

one a manual operation, the other automated. The first 

combination was composed of two filling machines, one 

a quart filler, the other, a one-half gallon filler. The 

second filler combination consisted of two quart fillers 

and one one-half gallon filler. The final combination 

for which models 1.rrnre constructed, included three quart 

fillers and one one-half gallon filler. 

A break-even point for Models I and II, which were 

associated with the two-filler combination, was not 

reached in thin a 24 hour operating period. 'l'his was an 

indication that it would be undesirable for the operator 

of Model I to consider all of the automated equipment 

used in Model II. 

Under the conditions assumed for the automated 

model, an increased investment of $44,000 would result. 
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This would cause a cost difference of ~~7, 0 .58. 22 per year 

based on an eight hour operating day in favor of ·che 

non-automated model. If the models were operated 16 
hours per day, there would be a cost difference of 

~6,461.'78 per year favoring the non-automated model. 

An alter-nate plan of automation for Model I was 

the installation of an automatic easer on the quart 

filling machine, with manual casing and stacking of 

the units from the one-half gallon filling machine .. 

This plan would result in a new break-even point at 

64,146 units. It would also employ one less person 

than Model I with an equipment investment of only 

$10,000 nore than Model I. 

The break-even point for Models IV and V, 

illustrating the ca.sing and stacking for ·Ghe three 

filler combination, occurred at 198,081.:. units or at 

18-1/2 hours of operation. This break-even point 

vmuld be difficult for many dairy operators to obtain 

unless they were operating nearly 2li- hours per day. 

The annual operating cost of the automated model would 

exceed the non-automated model by ~f>?, 280. 26 when 

operated. eight hours per day, or $1,68.5 .. 06 per year 

when operated 16 hours per day. 
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An alternate plan using limited automation would 

provide for combining the output from the two quart 

filling machines so as to be cased and stacked by one 

automatic easer and stacker, and. installing another 

automatic easer and stacker ·t;o handle the output of' 

the one-half gallon filling machine. Thi~ \i'JOuld. result 

in a new break-even point at 175;760 units or slightly 

more than 16 hours of operation with an increase of 

approximately ~t50, 000 equipment; investment instead o:t' 

a $68,000 equipment investment as in Model V. 

The break-even point of Models VII and VIII which 

were associated ·with the final combination of' filling 

equipment occurred a.t 102,900 units or slightly above 

seven hours of operation. Compared to the 

non-automated mod.el, there would be an operating 

cost savings of $1,440.92 annually based on an eight 

hour operating day, or $15,993.90 annually on a 

16 hour day if all of the automated equipment were 

installed as in Model VIII. 

It is apparent for these models that cost savings 

are not likely to be obtained by full automation w·ithin 

a reasonable length of time per operating day unless the 

casing and stacking equipment is utilized near its rated 

capacity. 
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APPENDIX 

Model I 

Hours Units at Fixed Variable Total 'fotal 
80% Cost Cost Cost Cost/Unit 

Efficiency 
(Operation) (Dollars) (Dollars) (Dollars) (Cents) 

1 5,184 2.946 3.555 6.501 .1254 
2 10,368 2.946 7.110 10.056 .0969 
3 15,552 2.946 10.665 13.611 .0875 
4 20,736 2.946 14.220 17.166 .0827 
5 25,920 2.946 17.775 20.720 .0799 
6 31,104 2.946 21.333 24.279 .0780 
7 36,288 2.946 24.885 27.831 .0766 
8 41,~.72 2. 9L~6 28.440 Jl.386 .0756 

9 46,656 2.946 31.995 34.941 .0748 
10 51,840 2.946 35.550 38.496 .0742 
11 57,024 2.946 39.105 42.051 .0737 
12 62,208 2.946 42.660 45.606 .0733 
13 67' 392 2.946 46.215 49.161 .0729 
14 72,576 2.946 49.770 52.716 .0726 
15 77,760 2.946 53 .325 56.271 .0723 
16 82,944 2.946 56.880 59.826 .0721 

17 88,128 2.946 60.435 63.381 .0719 
18 93,312 2.946 63.990 66.954 .0717 
19 98;496 2.946 67.545 70.491 .0715 
20 103 ,680 2.946 71.100 74.046 .0714 
21 108,864 2.946 74.655 77.601 .0713 
22 114,048 2.946 78.210 81.156 .0712 
23 119,232 2.946 81.765 84.711 .0710 
24 124,416 2.946 85.320 88.266 .0709 

1. Units are the combination of quarts, pints, one-half 
pints, and one-half gallons used in this study. 
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Model II 

Hou.rs Units at Fixed Va.riabla Total Total 
80% Cost Cos·c Cost Cost/Unit 

Efficiency 
{Operation) (Dollars} (Dollars) (Dollars) (Cents) 

1 5,184 35.333 2.900 38.233 .7370 
2 10,368 35.333 5.800 41.133 .. 3966 
3 15,552 35.333 8.700 44.033 'Jl}31 . ""'"·) 
4 20,736 35.333 11.600 46.933 .. 2263 
5 25,920 35.333 14;.500 49. 833 .1922 
6 31,104 35.333 17.400 52.733 c.1695 
7 36,288 35,.333 20.300 55.633 .1533 
8 brl, 472 3,.333 23.200 58.533 .lbrll 

9 46,656 35.333 26.100 61.433 .1316 
10 51,840 35,.333 29.000 64.333 .12Lr0 
11 57,024 35.333 31.900 67.233 .1179 
12 62,208 3 5 .333 34.eoo 70.133 .1127 
13 67 ,392 35.333 37.700 73.033 .1083 
14 72,576 35.333 40.600 75.933 .1046 
15 77,760 35.333 43. 500 78.833 .1013 
16 82,944 35.333 46.400 81.733 .0985 
17 88,128 3 5•333 49.300 84.633 .0960 
18 93,312 35.333 52.200 87.533 .0938 
19 98, li-96 35.333 55.100 90. 43.3 .0918 
20 103,680 35.333 58.000 93.333 .0900 
21 108,864 35.33.3 60.900 96.23.3 .0883 
22 114,048 35.333 63.800 99.133 .0869 
23 119,232 35.333 66.700 102.033 .0855 
24 124,416 35.333 69.600 104.933 .0843 
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Model IV 

Hours Units at Fixed Variable Total Total 
80% Cost Cost Cost Cost/Unit 

Efficiency 
(Operation) (Dollars) (Dollars) (Dollars) (Cents) 

1 10,800 J.420 6.955 10.375 .09606 
2 21,600 3.420 lJ.910 17.330 .08023 
3 32,400 3 .ii.20 20.865 24.285 .O'l~-95 
4 43,200 3.420 27.820 31. 2Li.O .07231 
5 54,000 3.420 34.775 38.195 .07073 
6 64,E!OO 3.420 41. 7.30 45.150 .06967 
7 75,600 3.420 4fL685 .52.105 .06892 
8 86,400 3.420 55.640 59.060 .. 06<-~3 5 

9 9'1' 200 J.420 62.595 66.015 .06791 
10 108,000 3 .ii.20 69.550 720970 .06756 
11 118,800 3.420 76.505 79.925 .06728 
12 129,600 .3. Li.20 83.460 86.880 .06704 
13 140,400 3.420 90.415 93 .835 .06683 
14 151,200 3.420 97.370 100.970 .06677 
15 162,000 3 .~.20 104.325 107.745 .06650 
16 172,800 J.420 111.280 114.700 .06637 

17 183,600 3.420 118.235 121.655 .06626 
18 194,400 J.420 125.190 128.610 .06615 
19 205,200 3.420 132.145 13 5. 565 .06606 
20 216,00Q J.420 139.100 142.520 .06598 
21 226,800 J.420 146.055 149.475 .06590 
22 237,600 3.420 152.010 156.430 .06583 
23 248,400 3.420 159.965 163.385 .06577 
24 259,200 3.420 166.920 170.340 .06571 
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lVIodel V 

Hours Units a·t ~'ixed Variable 'l'otal 'l'otal . 
80% Cost Cost, Cos·t Cost/Unit 

Efficiency 
(Operation) (Dollars) (Dollars} (Dollars) (Cents) 

1 10,800 52.941 4.265 57.206 .5296 
2 21,600 52.941 5. 530 61.h71 .2845 
3 32,400 52.941 12.950 6 5. f.591 .2033 
4 43,200 52.941 17.060 ?0.001 .1620 
5 54,000 52.941 21.325 'l !+.266 .1375 
6 61+, 300 52.941 25.590 Td. 531 .1211 
7 75,600 52.941 ""9 ,-~55 fj2. 796 .1095 I'"" • 0 
8 86,400 52.941 34.120 ct7 O'l .1007 ,_;. . ' () 

9 97,200 52.941 33.J35 91.326 .0939 
10 108,000 52. 91+1 42.650 95.591 .0685 
11 118,800 52.941 46.915 99.856 • Ob'l:.l 
12 129,600 52.941 5l.130 104.121 .0803 
13 140,400 52.941 55.44-5 108.386 .0771 
14 151,200 52.941 59.710 112.651 .0745 
15 162,000 52.941 63.975 116.916 .0721 
16 172,800 52. 9ltl 68.240 121.181 .0701 

17 183,600 52.941 72.505 125.446 .0683 
18 194,000 52.941 76.770 129.711 .0667 
19 205,200 52.941 81.035 133.960 .0652 
20 216,000 52.941 85.300 133.241 .0640 
21 226,800 52.941 89. 565 142.506 .0628 
22 237,600 52.941 93. 8JO 146.771 .0617 
23 248,400 52.941 93.095 151.036 .0609 
24 259,200 52. 91+1 102.360 156.301 .0603 



Hours Units at 
80% 

Efficiency 
(Operation) 

l 14,400 
2 28,800 
3 43 ,200 
4 57,600 
5 72,000 
6 86, 400 
7 100,800 
8 115,200 

9 129,600 
10 144,000 
11 158,400 
12 172,800 
13 187,200 
14 201,600 
15 216,000 
16 230,400 
17 244,800 
18 . 259,200 
19 273,600 
20 288,000 
21 302,400 
22 316,800 
23 331,200 
24 345,600 

r\Q -o,-

Model VII 

Fixed Variable 
Cost Cost 

(Dollars) (Dollars} 

4.00 12.670 
4.00 25.340 
4.00 38.010 
4.00 50.680 
4.00 63.350 
4.00 76.020 
4.00 88.690 
4.00 101.360 
4.00 114.030 
4.00 126.700 
4.00 139.370 
4.00 152.040 
4.00 164.710 
4.00 177 .380 
4.00 190.050 
4.00 202.720 
4.00 215.390 
4.00 228.060 
4.00 240.730 
L~.oo 253 .400 
4.00 266.070 
4.00 278.740 
4.00 291.410 
4.00 304.080 

Total Total 
Cost Cost/Unit 

(Dollars) (Cents) 

16.670 .1157 
29.340 .1018 
42.010 .0972 
54.680 .0949 
67.350 .0935 
80.020 .0926 
92.690 .0920 

105.360 .0914 
118.030 .0910 
130.700 .0907 
143.370 .0905 
156.040 .0903 
168.710 .0901 
181.380 .0899 
194.050 .0898 
206.720 .0897 
219.390 .0896 
232~060 .• 0895 
244.730 .• 0894 
257.400 .0893 
270.070 .0893 
282.740 .0892 
295.410 .0891 
308.080 .0891 
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Model VIII 

Hours Units at Fixed Variable Total Total 
80% Cost Cost Cost Cost/Unit 

Efficiency 
(Operation) {Dalla.rs) (Dollars} (Dollars) {Cents) 

1 14,400 54.421 5.674. 60.095 .4173 
2 28,800 54.421 11.348 65. 769 .2283 
3 l.,3' 200 54.421 17.027 71.448 .1653 
4 57,600 54.421 22.696 77.117 .1338 g 72,000 54.421 2S.370 820791 .1149 

86,400 54.421 34.044 88.465 .1023 
7 100,800 54.ls-21 39 .. 718 94.139 .093l:-
8 115,200 54.421 45.397 99.818 .0866 

9 129,600 54.421 51.066 105.li-87 .0813 
10 144,000 54.421 56.740 111.161 .0771 
11 158,400 54.421 62.414 .116. 835 .0737 
12 172,800 54.421 6g.osa 122.509 .0708 
13 187,200 54.421 73. 762 128.183 .0684 
14 201,600 54.421 79.436 133.g57 .0663 
15 216,000 54.421 85.110 139.531 .0645 
16 230,400 54.421 90.784 145.205 .0630 
17 244,800 54 .• 421 96.458 150.879 .0616 
18 259,200 54.421 102.132 156. 553 .0603 
19 273,600 5L. .• 421 107.060 161.481 .0590 
20 288,000 54.421 113.480 167.901 .0582 
21 302,400 54.421 119.154 173.575 .0573 
22 316,800 54.421 124.828 179.249 .0565 
23 .331, 200 54.421 130. 503 184.923 .0558 
24 345,600 54.1+21 136.176 190.597 .0551 



Abstract 

RESOURCE SUBSTrrUTION: AUTOMATIC CASING 

AND STACKING VERSUS MANUAL CASING AND 

STACKING OF FLUID MILK PRODUCTS 

by 

James Edward Schad 

A study was conducted to determine t~he break-.even 

point of three comparative fluid milk casing and 

stacking operations. 

The first comparative models consisted of two 

filling machines. with the processed cartons manually 

cased and stacked~ compared with automated casing and 

stacking, on a cost basis. The second oomparative 

models consisted of three filling machines·with the 

processed cartons cased and stacked as in the first 

comparative models. The third comparative models 

consisted of four filling machines with the processed 

cartons cased and stacked as in the first and second 

set of models. 

The break-even point of the first comparative 

models was not reached within a 24 hour period based 

on 260 operating days per year. However, components 



of automation in the packing handling phase of the fluid 

milk plant operat.ion v1ere considered o 

The break-even point of the second comparative 

models was reached aft~r 18-1/2 hours of operation. 

I~ is advisable .for the operator of ·t;his combination 

of filling equipment to consider automation if he is 

operating the plant »1ore than 18-1/2 hours per day. If 

this is not feasible, then ·those components of 

automation should be considered that would result in 

the greatest reduction in the packing handling costs 

of the processed milk. 

The break-even point of the third comparative 

models was reached at slightly over seven hours of 

operation. The operator will reali:::;e a savings by 

installing the autoraatad equipment if it is op0rated 

at or above seven hours per day. 
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