




FOREWORD

ThiS-mla' is a revision of an earlier report of the same
'type issued in· 1.955. This revised version includes current
costs Q·rf labor, macbiner:r, equipnent and supplies, as well as
add1:tional informa.-tion relative to engineering, training,
sat"e1;y., markets-, sales, 1'1nancial and econcmic factors.

* *'* * * * * *

This muus' isd.esigned. to provide a general pi.cture of the
fectorsW1ch must be considered in establishing and operating
e. _'] -scale factory of' this type. It shouJ.d prove usefUl. in
crea:tlDg 1n'teres't in the subJect, and serve to give enough
understand1Dgofthe related considerations to help government
otf1cials, otberleaders and bUsinessmei.l to determine whether
the poteD'tia1 deserves more-detailed attention.

liowe'Yrer., it is 1mportan.t 'to note 'tbatin most cases plans for
'the'actual d.eveloplleJ).'t and ins'tallation of' a plant will require
expert engineering and financial advice in order to meet specific
J.oca.lsi'tUatlons. For turther informa:tionand assistance,
readers should contac't their. local Prod.uct1v1'ty Center, ·Industrial
Insti'tute, Senicio, or United States Operations Mission.

Mention of the nae of' an;y firm, product, or process in th1s
manual· is not to be considered a recClllllendation or endorsem.ent
by the International Cooperation Adm:fnia'tration, bUt merely a
ei'tation thati. typical. in its field.

********
The or1g1uaJ report was prepared by the V01.f Management
Engineering Canpany, Chicago, Illinois.

Tecbnieal information, as well. as review, vas provided bT
R. Pollakoff, Inch1strial Consultant, 126 E9..eventh Avenue,
New York il, New York.

********

1b1s .an.ual bas been revised and rewr1'tten by
~~ge H. AndreWB EngineeriJ1g. Associates, Inc.
411 SOU'tbera ad.l.d1Dg, Washington 5,. D. C.

kWri1. 1959



TABLE OF CONTENTS

In:troduction

General Assumptions

Specific Assumptions

Cast Iron

Foundry Processes

Manufacturing Operations

FlOW' Chart

Production Tools and Equipnent

Plant La¥out

Plant Site

BW.1ding

Power

Water

Fuel

Truck

Diagrammatic Lqout

Ma;teriaJ. Requirements

Supplies

Direct Labor

Indirect labor

Depreciation

Manufacturing OVerhead

Manufacturing Cost

Fixed Assets

"lorl'~ng Capital

Capital Requirements

~

1

2

3

3

4

7

10

II

13

13

13

13

13

13

13

14

15

15

16

16

17

17

17

18

18

18



Short Tem Bank Credits

Financialc. Plan

Bibliography

Abbrevia1iions

MaY.ingCores

Ramming Molding sand in1io Flask

Touching lJp Mo1d before CJ.?sing

Cherging Coke and Limestone into Cupola. Hoist

Pouring Smel' J(olds



II In a broad sense, the art of founding m~ be described as maJ~ing a
hole in sand annJ:'illing it with fluid metal. In the cold state, the
metal retains the shape and contour of the hole and is to that extent
a metal casting.!n

GRAY !R 0 N JOB BIN G

INTRODUCTION

FOUNDRY

So simply does the Encyclopedia Britannica, describe the art, yet
today's found.1'"ies,J'. casting steel, iron, brass, aluminum, and other
metals, can be highly specialized and utilize the most modern tech­
niques in metaJ.ltirgical. science, testing devices, and mechanized
equipment.

There are over 4,000 foundries in the United States alone,employing
over half a, million workers. Although same establishments employ over
a thousand lilorkers, most foundries, especia.J..1y in the gray iron classi­
fication, are sm/3J.l operations with less than 100 workers.

"

Almost every machine for war or civilian purposes is dependent upon
castings. Automobiles, dwelling houses, public utilities and rail­
roads all require castings, thereby maki.ng foundry products of' basic
importance to the existence and progress of mouern civilization.

Because of the ·rariety of metals used and the limi.tless number of items
that are cast, .J.t is difficUlt, if not impossible, to made genet'alized
statements regarding cost of production and eqUipment requirements that
are canprehensivelyaccurate. Because iron castings are most widely
used, the present discussion will concern itself with wat i~/known as
'lgr~ ironfJ castings.

A further canp.lication arises in' that foundries are:; of two general
types: production and jobbing.

Production foundries ~ be departments of .large esta.blishments en­
gaged in the mass production of items, of' which the casting is onl;r
one step in the eI'tire process of manufacture and assembly; or they
maybe independent foundries making many identical castings Where work
is repetitive and the :foundry process is highly mechanized in order to
securemin1mum costs. Not only is much of the work done on machines,
but "the handlil).g of materials isa.1most canpJ.etely conveyorized.

The job :f'oun.d.r;y, on the other hand, stands re~ to produce for any
cuS'taner who comes along, provided the :f'oundr,y has facilities suit­
able to :make the castings required.



Under the circumstances, this manual will be predicated on establish­
ing a small gray iron foundry doi.ng a general or jobbing business, and
turning aut a production of about 8 tons a day of finished castings.
This production level ~s selected because it represents a small, yet
econcmical und.t, employing 30 to 35 men.

GENERAL ASSUMPTIONS

In. order to make realistic estimates in this manual, cert~in assump­
-tions are made. These are:

1. The costs of the building and general facilities
are based on United states Prices.

2. Material costs are based on sizes and specifications
of materials used in the United States.

3. LabOI1 costs are based on the average for the in­
dustr,y as recently published by the United States
Bureau of Labor.

4. Adequate powe...: and water are available at the
plant 6ite.

5. Adequate transportation facilities are available
at the plant site.

6. The plant operates eight hours a ~, five days a
week, andfif'ty weeks per year.

7• No special provision is made for the training of
new personnel. It is assumed that learner's rates
are paid in such cases.

8. The following items cannot be est:Imated realisticaJ..ly:

A. land value
B. Distribution and l:>elling costs
C. In-freight and out-freight
D. Taxes

While general estimates will be made of
each of these i tens, for the purpose of
canpleting cost estimates, adjustment
should be made in accordance with actuaJ.
local costs.

In fact, all cost estimates contained in
this manual should be adjusted to conform
to l.oca1 conditions.
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9. Columns are provided in the tables included in
this manual to facilitate the conversion of
cost figures to conform with local costs.

SPECIFIC ASSillvIPTIONS

The following factors were considered in planning the proposedf'ound.ry:

1. It would operate on a 11 jobbing" basis" that is .. it would get its
business from a considerable number of customers "W'hoV1ould natura.l.lY
order castings in a great variety of shapes and sizes. It is aJ..so
assumed that the customers would supply their awn patterns to the
foundry.

2. The foundry would be a small unit .. turning out fram 5toi0 tons
a day of finished castings; the tonnage for -:my particular day"
would be determined by the type of work being done; the average
ou~put is estimated at 8 tons. Such a foundry would employ £'rom
30 to 35 workers.

3. AlthOUgh the majority of work would consist of " smalr' castings
weighing :frcm half a pound to 50 pounds in weight" occasionallY
larger ones, ranging up to perhaps a ton in weight, "W01.'.ldbe
poured.

4. Because of'the relatively small size of the foundry, and the wide
range of casting sizes "mich could normally be expected in abusi­
ness of this type, no attempt has been made to recommend special­
ized machinery or elaborate mechanization. Such improvements could
a.l1d should be made only after the nature of the business is defin­
itelj-' known.. and where the cost of such equipment can be justified
because of increased productiVity or savings in labor cost.

5. Patterns will be furnished by the customers ordering castings,
except for possi~le proprietary items which the proposed foundry
may control.

CAST IRON

'The term tlcast iron" covers a wide range of iron-carbon-silicon alloys
c:ontainingfram 2~ to 4% carbon and O. 25~b or more of silicon in com­
bination with varying percentages of .1a!lganese, sulphur, and phosphorus,
and sometimes one or more of special alloying elements, such as nickel,
chromium, molybdenum, and vandium.

Ca.st tron contains 50 much carbon that, as cast, it is not usefully
malleable. It usua.lly contains from 1.7% to 4.0% carbon and in most
cases, an tmportant percentage of silicon.
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Cas~ iron is widely used in engineering and allied industries because
of the ease \lith "Which it may be cast" its low cost and \lide range of
usef'ulphysical properties. Due to incomplete understanding, the
attainable properties are not always appreciated and are f'requently
b'Ubordinated to secure low cost, with a corresponding decrease in
utility.

Cast iron may be broadly grouped j.ntofour classes:

Gray Iron

This is cast iron which has a gray fracture as cast. In general, it
is readily machinable \lith ordinary tools. The combined carbon usually
d0es>not exceed 0.810 and may be much lower.

Hhite Iron

'l'his is cast iron haVing a -white fracture. It is very hard and diffi­
cult t.o machine. The carbon i.s practically all in the form of iron
carbide. Most white iron castings are produced in malleable foundries,
,.;here. they are heat-treated to ma.l{e malleable cast iron. Some white
iron casting are not heat-treated but are used in "White form for such
products as grinding balls, where resistance to \fear is of greatest
importance.

Mottled Iron

Cast iron haVing a mottled structure and f'racture, showing a mixture of
gray iron and "White iron.

Chilled Iron

Cast iron with same section purposely cooled so fast by chills that the
carbon is retained in combined form, or as white iron, while other sec­
tions are allm·red to cool naturally, so that the carbon is retained in
the form found in gray iron. A chilled roll is an example of this type
of iron.

FOUNDRY PROCESSES

The manufacture of iron castings include the following major steps.;

1. Design

2. Preparation of pattern or core equipment

3. Molding or core making

4. Melting and pouring

5. Cleaning, finishing and inspecting

- 4 -



Design

In designing castings, the engineer must consider such f'actors as type
of' metal, section size., moldability, and ease of' cleaning.

Patterns

Plarming and making the proper patterns and core box parts, :fran engi",
neering drawings, have an importarit bearing on the production of good
~astings, especially when minimum cost is considered. Even when the
purchaser is to supply the patterns, the foundry staff shQuld be con­
S1i.:~.:t-=d as to the type and details of' patterns and core box parts.

Nolding

Nolding consists in making the f'orm into "Thich the metal is to he cast.
The most cammon type is sand molding, in which the sand is used in a
II green" or moist s'::;'ate, or in a "dry" state. Loam molds are used in
certain cases. Other mold forms are "permanent," or long-life molds.

1. Green Sand 1-10lding

Hhere the mold material is a moist ref'ractory sand
a....""ld the metal is poured into the moist mold, the
process is known as green sand molding. This method
is used in producing most iron castings.

2. Dry Sand Molding

When the mold material is kept moist during molding
but is sUbseq.uently dried before the casting is
poured, the process is known as d1~ sand molding.
This method is extensively used in the production of
large castings, or where the contours must be accu­
rately preserved, 5uch as· in the m~~ing of air-eooled
cylinders for gasoline engines.

Sand casting methods are applicable to the production
of' any number of molds :from a single pattern. Sand
molds are made by hand or by machines, the method
used being dependent on the size arid shape of casting,
number of castings to be produced, and the facilities
available.

3. Loam Molding

The mold f'orm is built of a brick backing coated vTith
a special loam and sand mixture. The loam is applied
in a wet condition, and the mold is dried beforef'inal
assembly.
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4. Permanent Molds

This term is camnonlyapplied to that type of foundry
mold which is made of metal and fran 'Which a large
number of castings can be made. Centrifugal castings
a"e a special type in which the molds are rotated
rapidly wile the metal is being poured.

5. Core Making

The interior surfaces of castings aregener~ formed
by cores of sand and binding materials "Thich are made
in special boxes, then baked, B...'1d inserted in the mold
after the pattern has been 'dthdra'\ffi.. In some molding
operations, baked cores are used to form exterior sur-'
faces of castings .

.CUpola

The cheapest, oldest type,. 8-l'1d most extensively used is
the cupola, which is, essentially, a vertical steel
cylinder lined ..11th ref'ractor,f material. Hithin the
cupola is placed alternate la¥ers of coke and iron; air
is forced through them and the iron is melted by contact
,dth the hot gases. The molten metal drips dO\ffi thrOUgh
the incandescent fuel to the bottom of the :furnace, and
"\olhen a plug is removed, the iron is run into ladles,
ready for the pouring operation.

2. Air Furnace

This has long been used in producing certain hi0-'1-grade
cast irons, because tests Ca..11 be made during the melt­
ing process and because the metal is more subject to
control than in the cu:pola. The entire charge is placed
in the furnace at one til'TIe, melted dmm in one mass on
a hearth, and tapped when the proper temperature and
composition are reached.

3. Electric Furnace

Because qUality can be quite accurately controlled and
higher temperatures secured, the electric furnace is
sometimes used in melting cast iron. However, since
the· cost is ordinarily greater than in the cupola, the
electric furnace is generally used only when special
high quality iron is desired.
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As the metal is .vi.thdra"m from the furnace ~ it is transferredtolaclles
and poured into the molds. When the metal has cooled stU':f'iciently, the
molds are broken open and the castings removed for cleaning.

Cleaning, Finishing and Inspecting

Adhering sand is removed by brushing or tumbling in a revolving barrel~

or by abrasive action of sand or steel shot. The gates, risers, and
fins not already broken off in handling~ are removed, and rough places
on the casting smoothed by chipping or by grindi~.

I. Inspecting

A quick inspection is generally made when the cast­
ings are received in the cleaning roan so that no
further labor may be 'Wasted on defective work.
After the cleaning, a thorOUgh inspection is made,
and the perfect 'castings are ready for shipnent
to the customer.

2. Heat Treating

In some foundries, and for special purposes, the
finished castings are placed in armealing boxes,
heated in a furnace and then cooled very slowly
to room temperature. This process makes the cast­
ings stronger and more resistant to shock and
fatigue.

NANUFACTJJRING OPERATIONS

Molding sand~ 1-rl'lich has been properly conditioned by having water and
certain binders added to it., is packed around the pattern~ Which is
placed wi.thin a box-like frame -- the flask, generally made in two
sections --by the molder. The larger and heavier types of castings
would be molded by hand, but the usual run of worl<;: would be done on
molding machines that eithersqueeze or jolt the sand around the
pattern, thereby saving much hard labor and getting more productivity
from the molders.

Specifically, the molder makes sure tha-t -the sand iscaref'ully packed
around the pattern; cuts the pouring holes (sprues) and grooves (gates)
-to act as paths for the molten metal to flow into the cavity of the
mold; cuts holes (risers) in order that the mold may fillcompletel;}T;
and punches additional holes (vents) to alI01-T for the escape of gas
and steam. "y]hen the mold is campleted~ the molder removes the pattern
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fran the sand, carefully repairs any dam~es to the surfaces of the
mold; and when there are to be any hollow spaces inside the casting,
he sets the cores in place before the mold sections are joined and
ready for pouring.

The molders are assisted by helpe'rs, who do much of the 'WOrk requir­
ing a minimum of skill.

Previously, the cores, wich f'onn the inner surfaces of hollow cast­
j ngs, have been made in the core room by -the core malr.ers, 'Who take
conditioned core sand, which has had binders added to it, and pack
this sand into a core-box exactly the size of the finished core.

Core making is the reverse of molding. In the first case, the core
is made by packing sand into a pattern, while in molding, the sand
is packed around a pattern.

As the cores are fragile , it is necessaI"Jto bake them in a core
oven to give them the necessary strength. The core oven tender
operates the oven, which may be either oil or gas fired.

The proper preparation of sand plays an important part in reducing
trouble and preventing casting imperfections. "Mulling" is the
process of kneading the sand, water, and binders into a hanogeneous
mixture, and provision should be made for the proper conditioning
of both molding sand and core sand.

The finished mold» having been placed on the floor, is ready for
pouring. It would be normal practice for the molders to work for
about five hours, and then spend the next three hours pouring their
own castings. This keeps the responsibility for perfect castings
in the hands of or~e individual, and less defective work will prob­
ably result.

During the morning, the meTter, or cupola tender, with his helper,
have examined tht~ inside of the furnace, and patched any cracks or
broken spots in the lining that may have developed during the pre­
Vious heat. They Will then weigh and load. into (charge) the cupola
the pig iron, scrap iron, flUX, and any special alloy metals, in
the proportions determined by the foundry superintendent as. being
necessar,y to produce the castings desired.

Shortly before pouring time, the cupola tender ignites the fuel,
turns on the air blast, and regulates the pressure so that· tl:>~

melted iron can be tapped out in the right quantities and at the
proper temperature, about 2,500 degrees Fahrenheit. Ordinarily,
the metal is tapped into large ladles 'Which are suspended fran a
tram-rail, and can be readily moved to various positions on the
molding floor. Fran these large ladles, the iron is poured into
the small hand ladles which the molders use in pourirLB their
castings.
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As a casting should be poured in a continuous flow, a large
ladle, 2,OOO-pound capacity, is provided to handle the extra
large work. A:1so, a speci.al hoist, or crane, i.s necessary
to handle this ladle.

As a great volume of' steam and disagreeable fUmes are given
off' when the metal is poured. in the molds, suitable exhaust
fans should be installed so as to remove them fram the molding
floor.

Shaking-out is heavy and dirty labor; it could well be done,
a.:fter the castings have coC)led sufficiently, by a second-shift
gang. The shake-out men YJlock open the molds, pullout the
castines vith hooks, and move them to the cleaning roam. Then
these men remove all old cores fram the sand, pick out the
tramp metal, and recondition the molding sand for the next
~'s use. Core sand is destroyed and not recoverable. Con­
ditioning could either be accomplished by a sand-cutter plus
screening and hand shoveling, or by means of a mulling
machine.

Cleaners remove the adhering sand and excess metal that is
not part of' the finished casting. Castings of ordina:ry size
would be tumbled for smoothness in a revolving metal barrel,
and excess material in the form of fins, gates, and risers
would.. be chipped or ground orf.

The finished castings are inspected by the superviso~ in
charge of the cJ,eaning roam and also of the shipping roam.

A schematic flow chart is included on the follovling page show­
ing the progressive steps "mieh materials and supplies ma1{.e as
they proceed through the founCir'J operations.
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FLOW CHART
GIAY .1RON FOUNDRY



PRODUCTION TOOLS.AND EQU!P.MENT
"""""-- ...,

.For a job foundry of this capa.city the

2,500
1,lQO

500
600
800
200

3,000
2,500

Estimated
Cost
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4
2
3
1
3

10
1
1

Units
Nee!iedDescription

l\'lolding Machines
Air Jolt Hand RColl-Overs
250-lb Trolley ladles
One-Ton ladle
Ladles
50-1b Sha.n..~s and Ladles
Tram Rail Installation
Crane System,3-ton Hoist
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ProductIon Tools and Equi~ent - Continued

Description

Flask Equipment

Pop-Off Flasks, Aluminum
Loose Flasl;:s, "lood
Jackets
Bottom Boards
Cover Plates
Air Hoses and Nozzles
Shovels, Riddles, Screens

Cleaning Room

Double Grinder
Tumbler
Air Grinders
Chipping Hammers
Chipping Benches - homemade

General

Ey.haust Fan~, 36-inch
Air Compressor, 1,200 Cfl1
Pic1:-Up True;·:

Total

l·iaintcnancc Tool;.;

De:.:;:~s, chair';:;, typm:J::'i tel',
files, bool:casc

Units
Needed

12

84
1,200

500

1
1
2
2

2
1
1

Estimated
Cost

$ 1,200
1,200
1,344
1,440

800
200

1,200

$ 2,200
3,000

260
260
200

100
3,000
2,500

$ 1,384

5,920

6,200

1,500

800

Actual
Cost

Total Equipment Cost
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PIAIIT' IAYOUT

BUILDING

PlANT SITE

A diagrammatic layout is shown on the following page.

tf'ne 'flower consumption in a small. founCir'J is not verJ" large.. T'ne cost of
power is estimated at $1,200.

HATE.B

A building of this type ca...t'l be built in the United States including adequate
viring and plu.mbing at $4.00 per square foot 01' floor space. The cost of this
building is estimated at $30,000.

T'ne loTaterconsumption for production, sanitary purposes and fire protection
is estimated at $400.

The diagrannnatic layout indicates the approxi.?J1ate area that
and the approy.i.mate location of this equipment required.

A one-story fireproof bUilding 100 feet x 75 feet or 7,500 squa::::-c feeti,;'ith
an 11AU roof, or monitor roof and a minimum of 16 feet for side \ro.lls would be
reqUired.

To provide for eventual exparlsion, a t.Ji;act of level well drained land approx­
imately 1/2 acre ,muld be adequate. The site should be as advanta.geous~~

located as possible "lith respect to transportation facilities, pm1er, ......-ater,
fuel, sources of labor and markets. T'ne cost of the land isestima:ted at
$2,000.

FUEL

The cost of fuel is included in the r·laterial Requirer.lents.

TRUCK

A one-ton picl~-up truck is included in the General Equipment. The cost of
gas, oil and reli'9.irs ::'5 included in Supplies and the cost of a truck driver
is included in the Indirect Labor.
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MATERIAL REQUIREMENTS

5,000

$152,500Total Cost of One Year's Materials

Other SUpplies:
Fire Brick
Fire Clay
Parting Sand
Limestone or other

Flux
Sea Coal
P1'tch
Corn Flour
Core Oils
lUres
Rods and Chaplets

Units Estimated Estimated Actual
Item Needed Unit Cost Total Cost Cost

Met.al* 2,000 tons $ 10.oolton $140,(0)

,Coke 120 tons 33.33/ton 4,000

Core Sand 528 tons 2.15/ton 1,400

Molding Sand 192 tons 2.65/ton 2,100

* Includes pig iron, scrap, manganese, silicon; and alloy briquettes.

SUPPLIES

,Description
Estimated

Yearly Ccst
Ac'tuaJ.

Cost

Ma.1nt~na.nce Materials

Truck Gas J Oil and
Repairs

Iubricants and Hand Tools

Power

Yater
Office Supplies

Total

500
600

1,200

400
;00

$ 4,200
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DIRECT lABOR

Personnel Hourly Annual Actual
Occu~tion Requi:-ed Rate Cost Cost

Molders 7 4> 2.25 $ 31,500
1-101der Helpers 3 1.60 9,600
Core Ma:kers 3 2.25 13,500
Core OVen Tend.er 1 2.00 4,000
Cupola Tender 1 2.00 4,000

CUpola Tender Helper 1 1.60 3,200

Shake-OUt Leader 1 2.25 4,500

Shake-OUt Men 4 1..80 14,400

Casting Cleaners 4 1.80 14,400

Pattern Maker 1 2·50 5,000

Total 26 ~lO4,lOO

INDIRECT IABOR

Personnel Hourly Annual Actual
Description ReqUired Rate Cost Cost

t"1anager 1 $ 10,000

C':caning Roan Foreman 1 6,000

Ma.intenance 1 $ 2.00 4,000

Boo~.keeper 1 5,000

Secretary-Clerk 1 3,600

Janitor-Cleaner 1 1.60 3,200

T:t'Uck Driver 1 1.60 3, 200

Total 7 $ 35,000
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Description

Indirect labor

ActUal
Annual Cost

$35,000

17 200

400
4,200

5,682

$467 482

Estimated
Annual Cost

DEPRECIATION

Estimated Years' Estimated Actua.l
Cost Life Per Year Per Year

$30,000 20 $ l,500

46,454 15 3,097

1,500 5 300

800 5 160

2,500 4 625

$ 5,682

NANUFACTURING O\l"ERHEAD

Item

Total

Depreciation

Total

Water
Supplies

POi-rer

other Tools and
Equipment

Furniture and Fixtures

Production Tools and
Equipment

Building

~WUiUFACTURING COST

Direct labor :1> 104,100
Direct Materials 152,500

ManUfacturing OVerhead 46,482

Total $ 303,082

Pounds of Castings per year 4,000,000

Manufacturing Cost per pound $.07577
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FJXED ASSETS

Estimated Actual
Item Cost Cost

Land $ 2,000
Bui1diJig 30,000

Production Tools and
Equipment 46,454

other Tools and Equipment 1,500

Furniture and Fixtures 800

Pick-Up Truck 2,500

Total $ 83,254

WORKING CAPrrAL

In some locations it may be necessary to import a large part of the
materials. In such cases about two months of direct material in­
ventory should be maintained.

Estimated Actual
Item Cost· Cost

Direct Materials - 60 days * 25,400 ,)

Direct Labor - 30 days 8,675
Manufacturing Overhead - 30 days 3,740

Reserve - Sales Collections - 30 days 40,000

Total $ 77~8l5

CAPITAL REQUIREMEPrrS

Item

Fixed Assets
ilorking Capital

Total.

- 18 -

Estimated
Cost

$ 83,254

77,815

$ 161,069

Actual
Cost



SALES RE\TEl'illE

Tile price per pound actually received depends on many factors; for ex­
ample~ fly 'Wheels 'Which have a high average weight sell at :\>0.10 per
pound" ,mile radiator grilles bring $0.60 per pound. In 'the latter case"
of course" the scrap rates and finishing costs are higher per pound. To
make a realistic estimate of sales revenue" it is necessary to know the
sales volume of each type of casting to be sold.

In order to make a conser'V'ative estimate of potential revenues in this
manual, an average price 01' $0.12 per pound has been assumed.

At an average price of $0.12 per pound the annual sales volume would be
4,000,000 x $0.12 or $480,000.

RECAPITUIATION OF COSTS, SALES AND PROFITS

Item

Direct labor
Direct Materials

Manufacturing Overhead

Total Manufacturing Costs

Interest on Loans

Insurance

Legal

Audj~-ting

Unforeseen Expense

Total Administrative Costs

Sales Commissions, Travel
Freight Out, Bad Debts,
Discounts and Allowances

Profit before Taxes

Total Annual Gross Sales

Estimated Actual
Cost Cost

$ 104,100

152,,500

46,,482

:I> 303,,082

$ 5,000

2,000

2,400

3,600

13,918

26,918

60,000

90,000

$ 480,000
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:BUIX;Er CONTROL

A requisition form designed to provide accurate records of procurement
and indicate the purpose of procurement with the least amount of time
and effort is shown on the following page.

This form has an account number for each type of the variousexpendi­
tures which the manag~; will review in detail, monthly or oftener, in
order to control his expenses. Sane items, such as power and water,
are usual.ly under contract and are easily checked by reference to
monthly bills. For simplification, items (marked with an asteri,:..k
below) are CIIlitted fran the purchase requisition. Variations ill the
la.bor costs are easily reviewed by examination of the p8\YI"oll vouchers.
Thesimp1ifiedtype of control thus provided makes certain that the
manager can control expenditures pranptly.

FollOW'ing the requisition form, a sampie voucher check is shown.
Voucher checks should be used for thep~ent of all expenditures and
the appropriate book account number placed on each voucher.

At the end of each month the ma.n.ager will receive a statement of aJ..l
expenditures broken down. by budget accounts. If the· expend!tures· ex­
ce~d the budgeted monthly allowances of any of the accounts, the
bookkeeper 'Will :furnish the manager with a break-down of all expendi­
tures relative to the bUOgeted accounts exceeded. All these supporting
dataca.nbe secured by reference to the purchase requisitions and the
check vouchers. This reference 'Will enable the manager to determine
what caused the over-expendi.ture and take corrective action.

If at any time during each month it becanes apparent that expenditures
will exceed any of the budget accounts, the bookkeeper will bring this·
to the attention of the manager for his information and action.

BUIXIE.-r· CONTROL ACCOUNTS

Account Number

10 Administrative
20 Sales
30 Direct Materials
40 Supplies
51 Power*
52 Water*
53 Fuel
60 Unforeseen Expense

(Reserve Account)
71. Direct Labor*
72 Indirect Labor*
80 Deprecia.tion

(Reserve Account)

Monthly
Expense

$-----

Monthly
Budget

$ l,084
5,000

l2,700
350
lOO

33

1,159

8,675
2,916

Annual
Budget

$ 13,000
60,000

152,500
4,200
1,200

400

13,918

104,100
35,000

5,682

Actual

$---

Note: Administrative includes interest on loans,
insura..."l.ce, J.egal and auditing.
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PURCHASE REQUISITION I COMPANY NAME DATE

D 010 ADMINISTRATION 40 SUPPLIES

D 20 SALES D 50 UTILITIES

0 30 MATERIALS 0 60 UNFORESEEN EXPENSE

INDICATE BEIDW THE USE OF MATERIAIS

0 DIRECT MATERIALS 0 MAINTENANCE SERVICES

0 MAINTENANCE MATERIAIS 0 OPERATING SUPPLIES

DELIVERY r~:u'rrED
PLEASE ORDER THESE MATERIAIS OR SERVICES

QUANTITY DESCRIPrION UNIT TOTAL .

-
..

f-.

I
.

,
I

I -

1 I .

I I
I
J I

I
I +--

I II
I II
I .

I , :

I
I
I

REQUISITIONED BY
.

QUOTES
FROM

I

I -
QUOTES j I APPROVED BY

.

FROM

-l------------------J .

QUOTES

I
ORDER NO.

loRDEa~FROM
I

i
"\



R. W. MI'tCHELL MANUFACTURING COMPANY
t 422 BOSWORTH STREET. S. E.

65-22
514

ANYWHERE. U. S. A .. _ 19__ No. 10000

I

PAYTO""H;;E~O~R~O;E~A;;-;;O:;F:---------------------------------Do L LARS $
r

R. W. MITCHELLMANUFACTU RING COMPANY

RS

L
TO FIRST NATIONAL BANK

AN'Y'W;BKRE, U. S •. .A..

..J

BY
SAMPLBCHECK

VICE flAE8IDIE",T

A.CCOUNT NUMBER

Semple voucher check to be used for the .p~ent of
all expenditures in connection with Budg~t Control.

R. W. MITCHELL MANUFACTURING COMPANY



ENGINEERS

The services of professional engine~rs are desirable in the
design of this plant, even though the proposed plant is smal].

A correct design is one "Which provides the greatest econ~
in the investment of funds and establishes the basis of opera­
tion that will be most profitable in the beginning and will
also be capable of expansion without, 2xpensive alt~ration.

The addresses of professional engineers Who specialize in
industrial design, some of W(4 m8¥ be willing to undertake
such 'Work on 10'W cost projects overseas, can be secured by
reference to the published cards in various engineeringm.a.gazines.
They may also be reached through their national orga.nizations,
one of which is the

National Society of Professional Engineers
2029 K Street, North'West1

~-lashington 6, D. C•

Manufacturers of industrial eqUipment employ engineers :lamiliar
vith the design and installation of' their specialized products.
These manufacturers are usually 'Willing to give prospective
customers the benefit;. of technical advice by those engineers in
determining the suitabili+;y of :their equipment in any proposed
project.

The equipnent manuf~turers also kilOV, and. can recanmend,
professional engin:eers in private practice, 'Who are 'Willing and
able to prOVide ~'ppropriate consulting services.

- 23 -





There is always danger of accident and injury in any
industrial, plant. Because of thiS, the manager should
take specific action to bring to the attention of each
employee the importance of safety precautions and in­
telligent first aid.

Practically all machines have safety appliances, and
the manager should see that these are in good working
condition and that the operators are making :rull use of
them.

In addition to consta.'1t ~tch:f'u1ness to make sure that
all practicable safety precautions are taken, first aid
supplies should be read2.ly available. One complete
first aid kit should be mai~ltainednea.r the manager f s
office, and others at appropriate places throughout the
plant ~ Sane of the employees should be trained to pro­
vide first aid service.

The use of accident posters in the plant have proved to
be of value in reducing accidents. It is reccmrnended .
that such posters be used, and that same direct special
action be taken by the manager, at least once each month,
to bring to the attention of all personnel ~l:le importance
of safety precautions.

A fire brigade should be established and each member
trained as to his responsib;Uity in case of fire. Fire
drills should be conducted periodically.

It is recommended that the employees be encouraged to
offer suggestions or recommendations relative to preven­
tion of accidents, . 'emoval of fire hazards and maintaining
general interest in·all safety factors.
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SUMMARY

A small plantl built and operated according to the assumptions made
in thismarra.al would be a profitable undertaking. ..
There are sane determinations 1 however 1 that should be made before a
decision is reached to build and operate such a plant. Among the
necessa...ry determinations to be made are those with respect to the
following items:

MATERIAIS AND SUPPLIES,

,1.
2.
~'

..;, ~~

4.
5·
6.

Are all materials and supplies available locally?
Is the local material market canpetitive'?
Are satisfactory delivery of local materi~s assured at reason­
able prices'?
What materials and supplies must be imported?
Are they available in world markets at campetitive prices?
Would pranpt~elivery of imported materials and supplies be
assured so tha.t .large inventoriesW'ould not be reqUired?

MARKEr FACTORS

L Is there already a demand fer the profiuct?
A. Who are the principal consumers?
B. Wo are possible new consumerrs?

2. y~~W' is
A.

B.

C.
D.
E.

demand for the product now satisfied?
By .localproduction'l If SOl what is the volume of annual
production?
What percentage of consumption is filled by local produc­
tion?
B"Jimports? If SOl what is the volume of annual imports?
What percentage of consumption is met by imports?
FrOOl what areas are imports derived?

3. What i:; the estimated annual increase in local consumption over
the next-five years?

A. How -were such estimates made?
B. By reference to official figures on population growthl

family budgets, imports, etc. 'i
C. By consultation with trade' Or industryl ministries,.

associations, bankers, commercial houses, wholesalers l
retailers 1 industrial consumers, etc.?
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SUMMARY (Continued)

MARKETING PROBLEME

EXPORT MARKETS

1. In calculating costs of the product, has adequate allowance been
made for th~ expense of a sales department, advertising and pro­
motion that might be required?

to the new product?
they be overcame and what
do so?

against locally manufactured products

If so, why?
Would they apply
If so, how could
would it cost to

Do consumer prejudices
exist?

A.
B.
C.

5. Would the estimat.ed sales price and quality of the new product
make it competitive with an imported equivalent?

A. After adjusting cost to local conditions, is the
estimated sales price of the product so high that
tariff protection is necessary to protect it fram
imports?

2.

1. Could the product compete in export markets on the basis of
price, quality and dependability of supply?

2. Ca..'1 export markets for the product be developed?
3. If so, In what areas and i.n what armual volume7
4. What procedures would be necessary to develop export markets?
5. "lhat would it cost?

4. If the product is already being manufactured, can the existing
and estimated future local market absorb production of the
new plant without price-cutting or other dislocations?

3. Do marketing and distribution facilities for the product exist?
A. If not, can they be set up?
B. What would it cost to do so?

4. Will the product be sold to:
A. Wholesalers?
B. Retailers?
C. Direct to consumer?
D. Other industries?
E. Government?
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SUMMARY (Continued)

ECON(J(ICFACTORS

1. How much foreign exchange (and in what currency) is required to
import :machinery, equ1paent and supplies:

A. How much foreign exchange (and in what currency) is
required for annual interest plQDlents and amortizat.ion
of any loans contract.ed to import machinery and equip­
ment, or for P8\YDlent of royalties and technical servicest

B. How much foreign exchange (and in what currency) is
recvrlred for annual import ot raw ma'terials and suppliest

C. What are estimated annual foreign exchange earnings.and
in 'What currenciest

D. Has carefUl consideration beeng1ven to the pos81bili"t,y
of depreciat10n in the fore1gn exchange value of the
local currency?

E. Has careful consideration been given to the possib1li'ty
of import con'trols, or restrictions on availabilities of'
:foreign exchange necessary to operate t.t.e business?

F. What benef'its would the new business bring to the e~onaDY

in the use of' local raw materials: i..1 employment and in
technology?

G. Do dependable facilities exist tor transportation, power,
fuel, water and sewage?
(1) If' not, can existing deficiencies be eliminated

satisfactori~

(2) What would be the cost to do so?

PERSONNEL

1. Is·there an adequate labor supply near . the plant location?
A. If not, how can the problem be solved?

2. Can the problem of' training canpetentmanagement and super-
visory personnel be solved?

A. Also, the training of' Skilled labor?
B. Is technical adVice available in the locality?
C. If not, 'Where can it be obtained and 'What will it cost'?

lAWS AND REGULATIONS

1. Do existing labor laws, government regulations, laws and taxes
favor establishment of new bUsiness?

A. If not, can existing obstacles be removed?
B. If so, how and when?
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SUMMARY (Continued)

FINANCIAL FACTORS

1. Technical advice on selection of machinery and eqU.1pnent.
A. In selecting the machinery and equipnent for 'the

neW' plant, have reputable and ccmpetent engineers
and technicians been consulted?

B. Have they been asked for advice on the most suitable
types of machi-cnery. and equtpr~'t for the process and
localityt

C. Rave they caref'tll.ly canpared ~ tsof various suppli.ers?
D. Credit terms offered purchf: ,:;~:r.~

FINANCIAL REQUIREMENTS OF THE PROJECT

1. In estimating the cost of' the project, has caref'Ul considera-
tion been given to:

A.. The effect on costs of delays in construction schedUles?
B. In del~very and installation of machinery and equipnent?
C. In import of essential raw materials and supplies?

2. In calculating cash floY and 'Working capi.tal requirements, has
carefUl consideration been given tQ:

A. Maintain.ing adequate invent6ries of raw materials?
\ B. Supplies and spare parts?

C. Seasonal fluctuations in the business?
D.The time reqUired to liqUidate credit sales to

eustaners and bad debts?
E. The period necessary to get the plant into

production?
F. Cash required to amortize its principle loans?

3. If the econauy is in a period of inflation, has :full allowance
been made for the influence of rising prices and Wages on the
cost of the project and on working capital reqUirements?

SHORT TERM BANK CREDIT'S

1. Has it been possible to make arrangements with local banks to
finance short-time working capital reqUirements of the business?

FINANCIAL PIAN

1. Has a definite plan to finance the proJect been worked out?
A. Is sufficient capital available loceJ..J.y1
B. If' not, 'What is tbe pJ.8n to obtain the required

capital?
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Textbool\.s

Cast Metals Handbool\.

BIBLIOGRAPFIY

American FoundrJ"Illans Society
Gulf and Wolf Road
Des Plaines, Illinois

Gray Iron Casting Handbook

Periodicals

F01ll1dry

Gray Iron Foundry Association of
America

930 National City Building
East 6th street
Cleveland 14, Ohio

Penton Publishing CarnpanJr
Cleveland 13, Ohio

Iron Age

GFN

Ib

Ibs

n

Chilton Compan~r

Chestnut and 56th street
Philadelphia 39, Pennsylvania

ABBH1WIATIOHS

Cubic feet per minute

Pound

Pounds

Percent

Feet or foot

Inch or inches
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Figure 2
a... ing molding sand into flask
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Figure 3
Touching up mold before closin'g
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Figure ~

Charging coke and limestone into cupola hoist
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Figure 5
Pour i ng sma II .•01 da
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INTERNATIONAL COOPERATION ADMINISTRATION

SERVICES OF THE
INDUSTRIAL TECHNICAL COOPERATION PROGRAM

TYPE m - TECHNICAL AIDS FOR OVERSEAS

• INDUSTRIAL REPORTS SERVICE

Provides basic inform5:l.t~on regarchng:
1. Data and reference l11&ee:riall;l r~~4tir:g to pri'.rate capital mobilization and its

application in economic development.
2. Requirements for establishingand'~perating'artl.all factories in basic industries.
3. Man-hour requirements. oper;>.tirmalcharacteristics, and equipment utilization

in representative U. S. factories in selected industries.
4. Man-hour and materials savings through standardization, simplification. and

specialization ,studies.
5. Supervisory and other specialized training procedures and techniques.
6. U. S. experience in specialized field s •

• TECHNICAL DIGEST SERVICE

Provides digests and abstracts, full length articles, and bibliographical references
on U. S. developments in products, processes, and work techniques derived from U. S.
technical, scientific, and trade periodicals, andother pertinent sources.

• TECHNICAL INQUIRY. SERVICE

Provides answers to individual questions relating to products, processes, machinery
and equipment, production operations, work techniques. management practices and
concepts, factory engineering, and basic requirements for industrial production.

• TRAINING MATERIALS SERVICE

Provides basic materials for use by specialized technicians in the conduct of Inan­
agement•.supervisory and specialized training courses in host countries.

• TECHNICAL LITERATURE SERVICE

Provides recommendations and guidance ree:a:o:ding current useful world-wide pub­
lications relating to industry and productivif;y improveInent: distributes carefully se­
lected and representative new publications of particular value for prograrnuse; and
facilitates mission literature procurement.

• U. S. BOOK EXCHANGE SERVICE

Provides. on Mission approval, technical and scientific books and periodicals on
exchange basis to overseas libraries.

• VISUALS AND NEW MEDIA

Provides technical advice and guidance to missions on new industrial visuals. Pro­
vides for cooperative program adaptation and use a variety of visual materials, in­
cluding loan exhibits,silk-screen display panels. graphic brochures, slide and sound
kits, and related materials.

• TECHNICAL FILM SERVICE

Provides guidanc~for and facilitates procurement of U. S.technical and training
films for program use; provides representative U. S. technical industrial films and
filInstrips on loan basis for short-terrn program requirements; and facilitates adap­
tation of films into foreign language versions for program use overseas.


