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FOREWORD

This brochure is one of a series of reports resulting irom over­
Se-illt) technical inquiries on factory or commercial estabHshme:D.ts,
operation, .management, and engineering. The repo'::'t is desig:Ded.
to provide only a general picture of the factors that must be r.o~.­

sidered in establishing and operating a factory of this type. In
most cases, plans for actual installations will require expert en­
gineering and financial advice in order to meet specific local con­
ditions.

Mention of the name of any firm, product, or process in this report
is not to be considered a recomInendation or an endorsement by the
Agency for International Development, but merely a citation that is
typical in its field.

* * * * * * * *
The original report was prep:lred by Morris and Van Wormer, New
York, New i"ork, for the technical aids program through the facilHies
of the Office of Technical Services, U. S. Department of Commerce.

* * * * * * * *
This report has been revised and rewritten by
Vitro Engineering Company, a Division of Vitro
Corporation of Atnerica, Washington Branch.
1025 Connecticut Avenue. N. W., Washington b.
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For further infonnation and assistance. contact should be made with
the local Productivity Center. Industrial Inc;titute, Servicio. or' United
States Aid Mission.
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INTRODUCTION

The purpose of this report is to p=esent basic information relative
to the establishment of a plant to manufacture mechanical springs
in a foreign country.

Springs Inay be produced in a wide variety of shapes, such as coiled,
spiral, flat, leaf, ring, and numerous special shapes. They may be
of various type s, depending upon their intended use, such as tension,
compression, torsion, extension, cantilever, etc. The ends may be
formed to most any shape desired, such as tightly coi led, looped,
squared, hooked, open, etc. A plant may manufacture only stock
type springs for general purpose use, or it may manufacture a wide
~.-ariety of shapes, types, a.nd sizes to a customer1s individual speci­
fications. The plant described herein has been planned and equipped
to produce initially the six general groups of spring products listed
under "Product Specifications." This production can be varied to
suit local conditions.

A plant of this type will require a substantial capital inve e;trnent and
a relatively skilled labor force. Obviously, an economically under­
developed country could not profitably support a plant of this type,
as a market for spring products will not exist until general industri-
al development is quite advanced. However, in a suitable environment,
a plant such c S tl:~s can realize substantial profits with efficient man­
agemenl., production controls, and sale s effort.
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GENERAL ASSUMPTIONS

In order to make realistic cost estimates in this report. it is neces­
sary to make the following assumptions:

1. The costs of the building and general facilities are
based on the United Stat:es prices

Z. Material and equipment costs are based on sizes and
specifications current in the United States.

3. Lahor costs are based on the average for the industry
as recently published by the United States Bureau of
Labor Statistics.

4. Adequate and suitable water, powE"r, sewerage, aDd
transportation facilities are available at the plant site.

5. This plant operates eight hours a da)f, five days a
week, and fifty weeks a year.

6. The plant manager, foreman, and engineers are capa­
ble and experienced men who are able to do all the
labor training that is necessary with the aid of the
other skilled workmen, It is assmned that learner's
rates will be paid in such cases and that the costs
can be charg ~d under unioreseen expenses.

7. The following items cannot be estimated realistically:

a. Land value
b, Distribution and selling costs
c. In-freightand out-freight
d. Administrative costs
e. Taxes

Approximate estin1ates are made for each of these items,
with the exception of taxes. for the purpose of completing
cost estimates; however. adjustments should be made in
accordance with actual local costs.

8. All cost estimates contained in this report are to be ad­
justed to conform to local conditions. Columns are pro­
vided in the tables included in this report to facilitate
conversion of cost figures to those existing locally.
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PRODUCT SPECIl'''ICATIONS

The iI..formationand costs contained in this report are based on pro­
duction of the following six general groups of flat and coiled springs.
The se spring products are manufactured by both hot- and cold-forming
methods, and an infinite variety of shapes and sizes is possible within
each of the groups. Figure 1 shows some typical spring shapes which
might be considered.

1. Cold-fanned tension, cOJnpresision or torsion coil
springs (wire outside diameters from 0.003 inch to
O. 625 inch oil tempered or O. 7' 50 inch hard drawn)

2.. Cold-formed open/closE:d rings (wire diameters from
0.041 inch to 0.307 inch)

3. Bowden cable casing up to 3/4 inch outside dianteter

4. Hot-formed tension, compress,ion or torsion coil
springs 1/2. inch to Z inches

5. Hot- and cold-formed £la". springs and torsion bars
up to 3/4 inch by 2 inches

6. Special shapes

Spring products are fabricated from a wide variety of carbon or al­
loy spring steels, depending upon their desired characteristics. Raw
stock can be obtained in coil, strip or bar form and the following spe­
cifications are available for the better-known grades of spring stock.

American Society for Testing Materials (ASTM)

A 59-49 Silicon-Manganese Steel Bars for Springs

A 60-49 Chronriurn.-Vanadiwn Steel Bars for Springs

A 68-49 Carbon-Steel Bars for Springs, with Silicon Requirements

A 12.5-52 Heat-Treated Steel Helical Springs

A 147-51 Heat-Treated Steel Leaf Springs
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A Z2.7-47 Hard-Drawn Steel Spring Wire

A ZZ8-51 Steel Music Spring Wire

A 2.2.9-56 Oil-Tempered Steel Spring Wi.re

A 2.30-47 Carbon-Steel Valve Spring Quality Wire

A 2.31-41 Chromium-Vanadium Steel Spring Wire

A Z32,-47 Chromium-Va:aadhun Steel Valve Spring QuaUty
Wire

B 2,60-56T Brazing Filler Metal, Tent:ative SpecificatioD for
(American Weldiug Society (AWS) A 5.8-S6T)

A 313-55 Chromium-Nickel Corrosion-Resistmg Steel Spring
Wire

A 332.-56 Nickel-Cbromium..Wolybde:DWD Steel Bars foJ'
Springs

A 4'01-58 Chromium-Silicon Steel Spring Wire

United. States Federal Specifications

QQ-W-412. Wire, Steel Alloy (general purpose quality) for
Mechanical Springs

QQ-W-42.3 Wire, Steel, Corrosion-R.eistsling

QQ- W -42,8 Wire. Steel. High Carbon. Round. Uncoated f'or
Mechanical Springs (general purpose)

QQ- W -470 Wire. Steel. High Carbon. Spring. Bright. Music

Society of Automotive Engineers (~)

1956 SAE Handbook

Recommended Practice:

Helical Compression and Extension Sp:iDgs Cold.­
Coiled for Automotive Use

Helical Springs for Motor-Vehicle Suspension

Standard

Leaf Springs for Motor-Vehicle Suspension
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DEFINITIONS

Flat Spring .. E••eDtially any .pring made of flat strip or bar stock
which deflecta as a cantUever.. or a .imple. beam. Flat sprm,.
may be of the following tYF'!s: siDgle or laJnlnated leaf. semi- or
double-ellptic" .piral-coiled. and :rpany others.

Helical Compression Sprtr.:s .. AD OPen-coil spring that offers re­
sistance to a compre.shre force applied axially. Generally. com­
pres.ion springs are cyUndrlcal in fonn. however, they JDaJ be
conical, tapered, concave, convex, etc.

Helical Extension Spring .. A close-woUlld or open-woUDd sprlDg
that oHers resistan.ce to an axial force tendinS to extend its length.
Springs of this type are fitted with ends suitable for attachina the
sprins to the assembly.

H~lical Torsion Spring - A sprina that offers resistance to or exerts
a. turning force in. a plane al. right anales to the coil axis.. HeUcal
springs are senerally fabricated from. circular wire.. However.
wire with a square or rectangular cros.-section may be employed
for certain applications.

Spiral Torsion Spring - Gene'l'ally made by wiiDdiDg :Oat material
on itself in the form of a spiral. These spriJJJgs are designed to
wind up and exert pressure in a rotatina direction aroUDd the spring
axis.

Torsion Bal" Spl"ing - A atl"aight hal" or rod of definite cross-section
that offe ros l"esistan.ce to a twisting moment about its longitudinal
axis. The cross-section may be round. square. rectangular. or
hexagonal. as required.. The ends usually are upset to diameters
lal"ger than the body diameters. with a transi'ltion section between
the body and ends to keep stress concentratio:ns law. Couplings
such as spUnes and serrations are cut on the upset end. to provide
anchorage.

Bowden Cable Casing - Consists of flat or round. wire coiled con­
tinuously in. long lengths in the form. of a casing. It is generally
supplied. in standard lengths and. wben fitted. with an interior wire
or rod and suitable end connections. is used for flexible Bhafting
and control cables.
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Load - The force exerted upon or by a "pri,.. to reproduce ~r mocUfy
motion, or to maintain a force system in equilibrium. The lOi.dma,
be either static or dynamic in nature..

lnilia! Teuion ... The load wound into SPiring. during the coiU"1 op",
eratlon. Thls keeps the coUs tightly c14C)sed until it is exceeded 'by
an applied load.

Total Deflection - The movem.ent of a spriDgfrom it. free polliU.oJll
to its maximum operating position.

Deflection Per Coll - The total deflectlc.n of the spring divided! by
the number of active coils.

Set- The permanent dlstorti,on from the mcmuJ'act'.Jred dimens iio'lIllJ
which occur. when a spring is stressed beycmd the elastic limito!
the material.

Solid Length - The over-all length of a compression spring whe.
all coils are fully cODlpressed.

Free Length - 'rhe over-all length of a spring in an unloaded con­
di'tion.

Spr~ Index - The ratio of the mean spring diameter to the diameter
of the wire.

Spring Rate - The load required to d·eflect a co.'"Dpresaion or exten­
sion spring one inch. or the load :requi:rteci to deflect a to:rsion spring
one degree o:r one :revolution.

,!.?rque - The turning force about an axis m.ultiplied by its C: istiiQIce
from the axis. usually expl'essed in poUBd - inches or oune ~ - mc:hes~

Spr~ Tc~erance - The alJawable deviations from a given dimension.
such as the oll:':!lide di~eter or number of coils of helical springs.
position of arms for torsion springs. free length for c:om.p:ress:ion
and extension springs. alignment of ends and loops,. and. load d.e­
flections.

Direction of Helix - When viewing a spri.ng from one end. the direction
of helix is considered to be :right-hand 'When the coil recedes in a
cloc:kwise direction and left-hand when it recedes in a counterclock­
wise direction.
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TeraperlDg .. A .10w temperature heat treatment, after coai. or
bendia.g, to remove re.idual stresses caused by the formi. m,etbod.

Hardening .. Heat treatina ahove the critical temperature ami quench..
In. in oU to harden the steel"

ReIstone Effect .. The cbanle in shape that occurs when sq:uare or
rectangular wire ie coiled. A trapezoidal section results becausle
some of the IDaterial OD the outside diameter is drawn iDto the wire
while the material on the inside diameter ls upset. The origiD&1
thickne•• of the wire ia preserved at or near th.e pi.tcb diameter of
the coil.

Heat Treatm.ent - An operad.oD or combination of operations. In..,
volvlng the heating and cooling of a metal or an alloy in the .olid
.tate, for the purpose of obtaining certain desirable conditions
or properties ..

Quenching - Rapid cooling by immersion Ul Uqu.ld .uch .s oil. water,
brine, etc.

PRODUCTION CAPACITY

This plant C&l1 produce about 800 pounds of :mechanical springs in
an eight hour day or about 100 to:ns in a year. ApproxiJDately 120
tODa of raw stock per year will be required to :meet this production
rate.

The plant should reach full production. in about two DlOnths, with all
labor training being accOD1plished by the manager. forem.an. and
engineers assisted by the skilled machinists.

ThiB estimated production rate of ZOO. 000 pounds of m.echa.nical
springs per year is based on the :man'UfacPll.re of a "'J'ariety of spring
sizes and shapes lbnited to the six gener&! groups previously dis­
cussed. HoweverJ many other types can be !abricl!ted. Not O&y
are springs almost infinite in sizes. weiglts. 8ha~ '!:8, styles, ends,
treatlnents. finishes. ";.c., but there is also a grc:;....t diHerence in
manufacturing cost between mass proo.tu"ed, st...ndard or st,~ck de ...
signs and those custom-made to comorm. to certain specificatioD,s.
Thua, production rate and manufacturing cost can vary greatly
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depending on the specific types being fabricated. Proper,ly c,onil:roUed
production line labor skiUs, efficient plantmanagem.ent, quality en­
gineering of spring designs" and an active sales force can c01mbine
into a profitable high capacity t>peration.

MANUFACTURING UNIT

The manufacturing unit for the produ-::tiion of mechanical springs is
the pound.

MANUFACTURING OPERATIONS

Sprinl£8~Ybe either cold- or hot-foJ"rned.. depending upon the raw
stock f :,ze. Stock sizes up to about 1/2, inch may be formed cold..
while l~"rger sizes should be formed hott. These two processes. and
details of the operations involved in fabric'ating the various type 8 of
springs.. are given i- the following paragraphs.

COLD-FORMING !"ROCESS

Tension.. Comeression... and Torsion Coil Sprinss

Types. This group of light duty &~rings includes aU var­
iations of helical coil springs - tension or compre5sion...
single or double taper.. squall"ed or hooked ends; a,nd aU
types of torsion coil springs.

Material. 0.003 inch to O. 150 inch diameter steel spring
wire is used in the manufacture of these springs.

Coiling. This operation is performed on autotnatic coil­
ing machines equipped with auxiliary reels and wire
straighteners. The Dlachine draws the wire from the
wire reel and Passes it through the straightener to re­
Inove the set taken by the wire during winding and ship­
m.ent. The straightened wire is fed int? the coiling
machine which automatically delivers the type of spring
determined by the preset controls. The spring ends are
either ground square.. booked by the coiling machine..
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looped in a separate operation by a specia1100ping machine ..
(Such a machine.. called "Modular Looper n, .. i8 manufactured
by the Torrington Manufacturing Co.. ). Figure l. sbOW's two
sizes of segment-type coile...:. for producing ten8ion and
compres8ion springs.. Figure 3 shows two .rJifferent sizes
of automatic torsion spring winders..

Heat-treating and Teme:rins. Cold-wound spring. are
normally heat-treated and tempered to remove residual
stre'sses and to increase their fatigue life. T'bis process
consists of heating the springs to the proper temperam,re
in a furnace and then quenching in aU to obtain: the reqr1ired
crystalline structure and hardness.

Surging, Set.. When requi~eel.. this 0i eration is used to
give a coil spring the specified free bei2:,,~t. For eXaD1.ple"
a compression spring may be surged in a setting machine
by closing the spring solidly and then releasing it. This
operation is repeated until the spring attaius the proPer
free height.

Cleaning. Pollsloting.. The formed springs are cleaned
either by degreasing in solvent tanks. or by burnishing
in tumbling barrels. if required.. they are then polished
on grinding and buffing wheels.

Finishing" If !!"equired. for appearance or corrosion. re­
sistance, the sp.ri:tgs may be dipped in oil or coated. with
enam.el or lacquer.

Quality: Control. The production line operations should
be checked. periodically to insure that the equipment is
operating properly" and. that the c.om.pleted springs will
meet specification requirements.

Inspection Packing. The cleaned. and polished. springs
are visually inspected for defects before a.pplying the
finish coating. Characteristics such as dUnensions and
tolerances.. hardness, load deflection, and set are meas­
ured 0:1 precision instrwnents. H a coating is applied,
tbe finish is inspected and the springs suitably packaged
and transferred to stock or to the shipping departm.ent.
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RinGs

Types. This group includes both open and c~osed type rings.
Standard sizes range from 1 to 3 inches in outside diameter,
and special sizes up to 14 inches can bf:: fabricated.

Material. 0.041 inch to 0.307 inch steel spring wire is used
it: the manufacture of these rings ..

Fabrication. This operation is performed on automatic ring
coiling machines equipped ",ith auxiliary reels and wire
straighteners. 1 to 3 inch rings can be produc~d with stand­
ard tooling, but the la:-ger sizes require special tooling. Th~~

rings are produced in the open condition; when closed rings
are desired, they are made from thelpen ones by brazing
the ends togethe.iL·. The machine oraws the wire from the
wire reel and passes it through the straightener to remove
the set taken by the wire during winding and shipment. The
straightened wire is fed into the ring coiler which automat­
ica.lly delivers th.e proper size open ring. The rings then
follow the Satne production procedures for heat treating and
teInpering, cleaning" polishing, inspection" and packing as
previously described for coil springs.

Bowden Cable Casing

Types. This group consists of flexible cable casings up to
3/4 inch outside <iiam.eter.

Material. Round or flat steel spring wire, of the appropri­
ate ASW gage, is used in the manufactu-e of these casings.

Fabrication. This operation is performed on an automatic
Bowden cable coiling m.achine e:quipped with auxiliary reels
and wire straightener s. The straightening and coiling op­
erations are similar to those performed by previously de­
scribed winding machines, except that the wire is continuously
coiled in long lengths. The cable is then cut into the required
lengths and the end fittings attached by brazing or silver sol­
dering. The finished cable is then cleaned. coated. inspected,
and packed as previously described.
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HOT-FORMING PROCESS

Tension, Compression, and Torsion Coil Springs

Types. This group of heavy duty springs consists of heli­
cal tension or compression springs and all types of torsion
coil springs.

Material. Round, square, or irregular cross-section steel
spring bar stock, in sizes larger than 1/2 inco, are used in
the Inanufacture of these springs. The bar stock usually
comes in straight lengths about lO feet long.

Cutting, Heating, Swaging. The bar stock is cut to the re­
quired length with an alligator shear. Both ends are heated
in a forge and swaged to a taper in a taper rolling machine
to ass.st in the forming of square spring endf'. Figure 4
shows two sizes of taper rolling machines suitable for per­
forming this operation. The tapered bar is then placed in
a tunnel-type furnace and heated to forging temperature.

Coiling. The heated rod is attached to the winding mar~drel

of a hydraulic coiling machine which winds the ba::- into the
spring shape determined by preselected settings of the ma­
chine cont!'ols.

Heat-treating and Tempering. The hot spring is stripped
froIn the winding mandrel and quenched tn oil, water.
brine, or caustic. Subsequently, the spring is reheated
and drawn in the heat-t.reat department tel obtain the re­
quired crystalline structure and hardness.

Surging, Cleaning, Coating, Inspecting, Packing. These
procedures are essentially the same as those described
ior cold-formed springs.

COLD- OR HOT-FORMING PROCESS

Flat Springs and Torsion Bars

Types. This group of flat springs includes single and la.:rn­
inated leaf springs, eliptic springs, flat spiral-coiled
springs, torsion bars, and others.
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Figure 4. Two Sizes of Typical Taper Rolling Machines
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Material. Steel spring stock, in strip or bar fonn and
sizes up to 3/4 inch by Z inches, is used in the manufac­
ture of these springs.

Fabricatio~. Either hot- or cold-for~ingmethods may
be used to fabricate these springs. The method used wUl
depend on the type, size, a.nd gage thickness of the raw
stock. General machine shop equipment such as punch
presses, taper rolls, engine lathes similar to the one
shown in fi~u1t:'e 5. aT~vlls and forging tools, forming rolls,
and milling machines such as that shown in figure 6, are
often used, either exclusively or in C'onjun.ction with the
autoIr..atic equipment, to produce thest'! springs. Although
these items are formed mostly by manual operations, the
procedures followed in their fabrication, heat treating,
tempering, cleaning, coating, inspection, and packing are
very similar to those d~scribed for the hott- and cold­
forming of other spring types.

Special Shapes

Special spring shapes are always made to a customer's
individual specifications and no details can be given for
their fabrication. It is assUIlled that lot sizes will be
small, that general-use spring equipJnent and manual
methods will be employed, and that the prices for these
special itern.s will vary according to the operations re­
quired in their rn.anufacture. A Verti-Slide wire and strip
forrn.ing machine, illustrated in figure 7, is a very valuable
adjunct for a plant rnanufacturing springs of this nature.
It is included in the list of equipment for this plant to
increase its versatility.

Any manufacturing plant of this nature lUust rn.aintain a well
equipped tool and die shop to fabricate special jigs and dies and
the forming tools required by the autom.atic spring winding ma­
chines, as well as to repair and rn.aintain the production equip­
ment. A heat treat department, equipped with furnaces .. tern.pering
baths, quench tanks .. etc., and an inspection departtnent equipped
with the necessary m.easuring ins~ruIIl.ents and hardness testers ..
will also be required.
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'Figure 5. Typical Engine Lathe with Preselective, Autcnnatic Shifting Headltock



Figure 6. Typical Universal Type Milling Machine with Vertical
Head
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Figure 7. Typical Verti-Slide (Four-SUde) Wire and Strip ForJn­
ing Machine
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PLANT SITE

Approximately one acre of land wiH be required to accommodate
the building and to allow iornormalfuture expans;ion. It shou.ld
be located as advantageously as possible with respect to trans­
portation, power, water, fuel, sources of labor, and a substan­
tialmarket for its finished products. The cost of the land is
esUmatedat $2,000.

BUILDING

A one- story fire proof building with a co.."1crete flc)or win be re­
quired. Suggested. dimensions are 106 feet wide by 115 feet long
giving 12, 190 squa.refeet of floor space. The cost of the buUc:Hng,
including all utilities. is estimated at $60, 000. Ji"igure 8 gives a
proposed. plant layout and figure '9 the suggested flow of work
through the plant.

POWER

The total connected power require.ments f",r this plant are approxi­
mately 150kUowatts per bo..':.r. The annual power cost is estimated
at $3,900 bat'ed on 1. 3 cents per kilowatt hour. Even in the United
States. fower costs vary considerably with locality.

WATER

Approximately 800,000 gallons of water are requared a:ll.1lD.uaUy for
production, sanitation, and fire protection. The cost of water is
estiD'lated at $240.

FUEL

'The annual rcqui reD1ent of fuel for heating is estitnated at ~:,. )0.
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DIRECT LABOR

Nwnbe.r
Occupation Required

Hourly
Rate

Annual C.c>st
Esti.mated J'ctual----

Sem.i-skiUedWorkmen '9

_Sk_i_l_le_d__Ma__c_h_i_ni_s_t_s 6;... ~$.;;;.Z;.... ;;;.SO.;;..__.....;$;:;.;3;;..;1;;.:"";;Z;",;;0..;;;.! _

1.75 32,,760

Unskilled Workmen () 1.50 18,,120

Totals 2.1

INDIRECT LABOR

$82.,,680

Occupation
Number
Required

Hourly
Rate

AnJ'llual CQ:l/s;t
E~timatea A/inuall

Plant Manager 1

Supervising Forem.an 1

Senior Engineer 1

Junior Engineer 1

Bookkeeper 1

Stenographer-Typist 1

Typist-Clerk 1
Receiving -Shipping
Clerk 1

Maintenance Foreman 1

Maintenance Mechanic 2

Tool and Die Maker 2

Fork Lift Operator 1

Warehouse Man 2.

Totals 17
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$12,,000

$3. 51[) 1,,280

4. OlL) 8" 3Z01 -
3. 00 6"l4~

3. 00 6.240

l.OO 4. 160

l. 50 3" 120

1. 50 3. 120

3. 00 0,,240

3. 50 1.280

z. 50 10.400

3.25 13, 520

L 75 3,,640

1. 25 5,,200

$96,,160



DIRECT IdAT ERIALS

Item Unit-
No. of
Units

Uniit
Cost*

Annual CCUJts
...- ~,!,,,

Estimated A,.ctual

Spring Stee. Stock ton 120 $20,400

lie Includes in-freight. and handling charges

SUPPLIES

Item

Packaging Material

Cutting Tools" Wheels" etc.

Lubricants and Hand Tools

We~~ing Rods and Gas

Brazing Alloys and Flux:

Maintenance and Repair Parts

Office Supplies

Heat'-lrcatin; Materials

Finishin; Materials

Retainers for Flat Sprinss

Total
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Annual Cost
Estimated Actual

$ 2,,800

1.. 000

ll.OOO

ll .. 000

2:.000

500

1,,200

500

500

$14,,500



PRODUCTION TOOLS AND EQUIPMENT

Description
Suggested
Model No.

Nutnber
ReqUired

Estimated Cost
Unit 'Total

Actual
Cost-

Z-inch 11Jligator Shear ­
Secrest Machine Corp.

Spring Coilers"
Complete, T,orrington ­
4 Models

Torsion Spring
Winder .. Complete ..
Torrington - 4: Models

Tunnel-type Heat.ing
Furnace

Open-type End
Heating Forge

Taper Rolling Machines,
Coulter &: McKenzie -
2 Models

Ring Coilers"
Torrington - 2 sizes

Spring Setting Machine"
Light Duty

Hydraulic Hot Spring
Coiling Machine s,
Coulter &: McKenzie ­
2. sizes

Cambering Machine,
Coulter &: MicKenzie

Verti-Slide Machine,
Complete, Torrington

Flexible Casing
Coiler, Torrington

Miscellaneous Heat­
treating Equip.rnent
and Accessories

Belort
G-3

W-IIA
W-IZ5A
W-ZZ5
W-Z3

W ..3000
W-3001
W-3015
W-300Z

2-1/2
3

24-inch
48-in(;.h

40A

V-80

I

1
1
1
1

1
1
1
1

2

1

1
1

1
I

1

1
1

1

1

I
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$ 6.. Z50

6.1bJ
7.915

Z3.. 605
Z6,305

6,430
8,,015

11,,630
ZO,180

3,000

3,,000

16,590
31.. 500

11,000
12" 000

4 .. 200

36.. 230
41,911

32, 180

15.. 518

10.. 000

$ b, Z50

64.005

52." Z55

6,000

3,,000

48,,090

23,,000

4 .. 200

78" 141

32., 180

15, 518

10,000

32:,000



PRODUCTION TOOLS AND EQUIPMENT (Continued)

Description
Suggested
Model No.

Number
Required

Esti.mated Cost
Unit Total

Actual
Cost

End Hooking Machb~t:,

1 $ 5,000 $ 5,000
Disc Grinder I(End
Squaring), 1 1,500 1,500

rorming Rolls, Belort
Secrest Machine Corp. lOB 1 7,400 7,400

Universal Milling
Machine, Vertical
Head-Elliott Co.

Total

U. S. Burke
Quartet
No. l 1 11,000 11,000

$400, 139

OTHER TOOLS AND EQUIPMENT

Desc ription
Nwnber
Required

Unit
Cost

Cost
Estimated Actual

General

1 $ 7,500 $ 7,500

3 2,500 7,500

2 500 1,000

4 250 1" 000

l 250 500

1 750 750

1 1,000 1,000

1 250 250

2 150 300

Power Punch Press, 5 Ton

Eng,ine Lathe, Medium
(LeBlond Regal)

Cut-off Shear, M:anual

Drill Presses

Kick Punch-Presses

Anvils and Forging Tools

Bench Lathes

Acetylene Burner Outfits

Electric Arc Welder, Portable --------------------

Tool and Die Department

Vertical Miller #2 1 12,000 12,000

Horizontal Miller #2 1 10,000 10,,000
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OTHER TOOLS AND EQUIPMENT (Continued)

---------------------------------------,-

De sc ription

Surface Grinde r 8 x 24 inch

Lathe, 16 inch

Shaper

Precision & Hand Measuring
Tools

Platform Scale

Clean-Finish Department

Tumbling Barrels

Hand Buffer

Grinding Wheel, 10 inch,

Number
Required

1

1

1

1

Ut"d,t
Cost

$ 8,000

10,000

6,500

1, 500

2, ZOO

zoo

Cost
Estimat~~d-:f\('ttU.~U

$ 8, 000

10,600

6,500

3,000

1.500

zoo

Heavy Duty

Paint Sprayer

Degreasing Tank

Paint Dip T nk

Rockwell Hardnc-ss Tester

Hand-lift Trucks, Hydraulic

Pallets

Lift Fork Truck

Fume & Smoke Exhauster

Miscellaneous

Tools, Bins, Vises, Racks,
Surface Plates, Carts, etc.

Total

1 ZOO ZOO

1 lZ5 lZ5

1 500 500

1 ZOO ZOO

1 500 500

3 200 600

100 12 1" 200

1 6,,500 6,500

1 200 ZOO

4,000

$89.425
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FURNITURE AND FIX1'URES

Description

Executi.ve Desk and Chat r Sets

Standard Desk and Chair Sets

Typewriters and Tables

Calculators

File Ca':>inets

Storage Cabinet

Locker Sections

Coat Rack

Water Fountain

Chairs

Nwnber Unit
Required Cost

Z $130

1 100

3 110

2 110

3 50

1 30

30 ZO

1 30

1 100

6 15

Cost-'Estimated Actual

$ 260

700

330

220

150

30

600

30

100

Miscellaneous

Total

DEPRECIATION

$2..600

Estimated
Description Cost-----
Buildins $ 60.000

Production Tools and Equipment 400. 139

Other Tools and Equipm.ent 89.425

Furniture and Fixtures Z.600

Years
Life

20

10

10

10

Per Year
Estimated Ac:ltual

$ 3" 000

40.013

8,,942

260

Total $552.164
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$52.215



Item

MANUFACTURING OVERHEAD

.ActtuaJ

Depredatio~. $ 52~ l15_..:-_----------------------:;----::----_._--
IncH .1I"cCIt Labor

Power

Water

Fuel

Suppiiies

Total

},.:tANUFACTURJING COST

D1 rect ~1atedals

Di reel Lab!()r

1I.fanufachlJrlng Overhead

Total

-29-

240

300

Cost

Eshm,di,tted AculJJan



FIXED ASSETS

Item
Cost-Estirnated Actual

Land $ 2,000

Building 60,000

400,139Productir.>n Tools and Equipment___-o!.~~ ~_..::_ _

Other Tools and Equ_i,.;:p_m_....e_,n...:t 8....9::..:,~4_2.....~5 _

Furniture and Fixtures 2,600

Total $554,164

WORKING CAPITAI..

It<cm
Cost-Estimated Actual

Di re~·t Materials. 30 Days

Di reet Labor, 30 Days

Manufacturing Overhead. 30 Days

Reserve +-:>1" Sales Collections, 30 Days

Total

$ 1,700

6,890

13,993

1,667

$ 24,250

CAPITAL REQUIREMENTS

Cost
Estimated Actual

Fixed Assets -C;<', '1 ,~J.,.,. .. _..i-.L:::"'=~ _

Working Capital 24,250

Total
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SALES REVENUE

The annual production capacity of this plant is rated at 200, 000 pi(~unds

of springs with an estimated average selling price of $2. 00 per p(~und.,

giving a total annual sales revenue of $400, '000.

RECAPITULATION OF COSTS, SAI"ES AND PROFITS

ANNUAL COSTS
Item Estim.ued Total ActlllaJl

Direct Materials $ 20,4,00

Db'ect Labor 82,680

Manufacturing Overhead 167, <)115

Total Manufacturing Costs $270,995

Interest on Loans l, ()I00

Insurance M)O

Legal 1,500

Auditing 500

Unforeseen Expense, Bad Debts, etc, 4" 000

Total Administrative Cost S" 600

*Total Sales Costs 2.0" 000

Profit before Taxes 100" 405

Total Annual Gross Sales $400,000

Note: *Includes Sales Commissions, Tl'a.vel llJ Frelight-md,
Discounts, and Allowances.
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BUDGET CONTROL

A requisition form designed to provide accurCi.te .records (:lIf pro­
curement and indicate the purpose of procurement with the D.east
amount of time and effort IS shO'Nn on page 3,4.

This, form has an account number for each type of the villrious
expenditures which the manager wiH review in. detaU. monfhly or
oftener. in order to control his expenses. Some items" such as
power and water. are usually under contract and are easily checked
by referenc(~ to monthly bUls. For simpHfu:ation" Items (marked
with an asterisk in the table on page 33) are omiUed froJn the purcbasl'~

requisition. Variations in the labor costs are easBy reviewed by ex­
amination of the payroU vouchers. The simplified type of controD. tbUe5i

provided makes ce rtain that the manager c:an c:ontroR expendHures
promptly.

In addition to the requisition form. a. sample voucher check ~s sho'\1l~n

on page 35. Voucher checks should be used for the payment of aU
expenditures and the appropriate book: ClICC'Oll.uat :number placed on each
vouc:her.

At the end of each month lthemanager win receive a statement of aU
expenditures broken down by bud,ge1t accounts" as shown on page 33.
If the expenditures exceed the budgeted monddy aHowances of amy of
the accour.ts. the bookkeeper wlll furnish the manager wlI1tb cal break­
down of aU expe-ndduresre[ahve to the budgeted accounts exceeded.
AU these supporhng data can be secured by r'eference to the' purchase
r.:oquisitions and the cheCk ~,"ouchers. This reference wiU enabTIe tth.e
n1dnager to determine what caused the o,"'cr-expenditture and t.ake
cor recti ,"'e action.

Ii at any ume during each month ~t becomes apparent that expenditures
wiH exceed any of the budget aCCOUIlts, the bookkeeper win bring this
to the aU,ention of the manager for his lurJorrnatiion and acltion.
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BUDGET CONTROL ACCOUNTS-
Ml(mUdy
cE);;p~n:se

Monthly
Budg~t

..~J1inuaB
B\Uldgt'-t

30 Direct Materiials

40 Supplies

1,,100

51 Power* 3253» 91()){))
-----------------,-------~---,_ .._--
52 Water*

53 Fuel

60 Unforeseen Expense
(Reserve Account

71 Direct Labor:;..;: ---------_.::--..:..-_--.....;;..--_.._---
72 Indirect Labor*

80 Depreciation
(Reserve Account)

Total
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o lOA04nUSTMTIOR

o 20 SAUS

030 MATDWS

o lao SUPI'LUS

o 50 tlmll1TlfS

o 60 fJ!!li!lO'RiSlDI !lXPEl!ISE --
INUIC.ATE BBIJ.)W TdE: USE OF 'CA'T'I'P:IA!S

[] MAI~E SERVICES[]
o KA1M_NICE MATERIAlS

t- +---<;P;..;:::~;:;;:=SE O~DER TftESE MA'T'ER1A~ .~,::.;;.R..;::9;.:::::av::.:;.;:..=I~':.:Ci!S=:....·----i---_- -----t
.Df.SCRIPrlai

" ,-",,".--,,~,,"._"---1I---I

i,. ,'.' ,,,,,--,,.,'r--'--tt----t

i

t------+--------~-~~,--------"~'-----~-.-....._r_--_+_~
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ENGINEERS

rhe services o,r prole!ufional engmeers are desira~ae in the design of
this plant, even though the proposed plant 18 small.

A correct design is one whicb provides the greatest economy in the
investment of funds and establishes the basis of operation that wiU be
most profitable in the be linning and win all10 be lcapable of expianllion
without expensive alteration.

The aclJtc~siC:S of urofessionaD engineers who specialize in industrial
design. some of' whcmmay be wiHing to und,ertake such work on law
cost projects overseas, can be secured by referEmce to the published
cards in various engineering magazines. They may also be reached
through their national organizations, one of which is the

National hoci~'y of Professional EJ'll.gineers
Z02.9 K Shlf"el. No'" ~hw ~ "f

Wash,~ngton b. D. C.

Manufacturers of ill"dustrial eqll:upmen1t employ enlgineers familiar with
the design and instaUatlon of their speciiaHzed pll"ooucts. The.u~' m<iU'llU'·

iacturers are usually wiUing to ghwe prospective cu.stomers the benefit
of technicaL advice by those engineers in determining !the 5uitabdityof
their equlpment in any proposed project.

The equipmenllmanufacturers also know, and can recommend. profes­
sional engineers in private practice who are wining and able to pro­
vide app--opriatte consulting services.
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TRAINING

Manufacturing an inierior quality of product during the trainingperio.li
could create sales resistance that might be dlfficult to cope with later..
To avoid such possibilities!, the quabty of the product should be mai.n~

tained at aU times!' includlng the training period..

In some areas skilled operators may be avaUablf''': locally.. In other
areas aU the operators may have to be trained ..

If skilled ope rators are not a vaHable. adequate training would be
assured by using one or more o!tthe foHowing metbods:

A. If the plant is deSigned a,nd linstaUed O}I a competent
engineel'1n!~firm, the contrad shouldbe' l!'llegoHatted~if
possible. (:111 a turn-key basHli.. On thiS31 basIls the cl!,)n.1trac:­
tor agrees to operat.e the plant alflid pr(lduce the quality
and quanth"l of the produc,t stated in tb'e COflrJi1tract .ror ami

ag.reed period of time. Such a conltrac:t would ae'sur£"
adequate person.nel training. since fuU quanlliity and quaJ.ii1ty
could not be produced wdh an unt rained organllza'¢ion.

B. The engineering firm that designs am! irllstaUs the plan.tt
can usually make training arrangements to have key person­
rtt"l placed!' for traimng purposes~ in a foreign lndllun.ry that
produces the same t)-pe of product. This would provu:Re
training for the key personnel while the plant is being
installed.

c. H neither of the above methods is jposs'lble;> Ulen quabiiledl.
and experienced individuals should be €,:"mpRoyed for the key
positions. either permanel!lltly or 1t.emporariRy. to perlorm
the key ope rations and aSSIst Ull 1t.rainilllilg the organization.
even if they must be secured outside the country.

D. The manager :should have year:s of successful expenence in
this type of business and be fuUy qualiLiied In aU phases
of management.. inc luding the training of e:m.ployees.
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There is al.ways danger 0.£ acclde!l"~t and i.njury in any indll:u,lltrial !)IUant.
Because of this. the marllager should take specific action to bring to
the attenhon of each employee the importance of safety precauU:ioJuJ;
and inteUigc:.ntfirst aid.

Practically aU machines have safety applia.nc.e.lI' and the mana.ger
should see that these are in good working ~ondttion and that the
operators aremakingfuU use 0.£ them.

In addition to ',:,:onstant watchfulness to make ~Ul"e that anD praC'tiC'a.bD~

safety precautions are takenll' first crud supplies sh.::>uUd be readdy
available. One complete fll.rst aid kIt should be maintcuned near the
manager·sofflce., and others at appropriate place!! throughout the
planlt. Some of the employees should be trained to provide :first aid
service.

The use of accident posters in the plant have prove:d to be of •...aUne in
reducing accidents. It is recommended that such poste.rs be used,. and
that some direct special action be taken by tthe Jna~~ger" at least once
each month, to bring to the attention of aU persoJIiDel ~h.e hnportance
of safety prc'cautions.

A nrc brigade should be established and each memiber trained as to
his responsibility incase of fire. Fire driUs sh«:ndd be conducted
periodically.

It is recommended that the employees be encouraged to ofieJr s'ugges­
tions or recommendations relative to prevention of' accidents,. reJnovalt
of fire hazards and maintaining genera[ interest in aU safety factoJrs.
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SUMMARY

A small plant, built and operated according to the assumptions made
in this l~eport would be a profitable undertaking.

Provision is made for inserting local cost in connechon with aU cost
figures shown in this report. A careful analyslls should be made of
aU cost figures to determine the local potential profits in a.ny location
where such a plant is being conqidered.

There are some determinations, however, that should be made before
a decision is reached to build and operate such a plant.

Fot' exanlple, \9hat arc the pos:Ll.t;Hities of future ex:pansion witbin the
country for this industry?

What other products could be manufactured with the machinery and
equipment specified in thi s report'1

Ie there arnarket for such additional products?

How d'~s this industry compare with other industries that may be
neede ~ in the country relative to the foHowing factors:

L The economic value to the country.

2. The needs of the majori~-y of (he people.

3. The an'lount of investment capital required.

Consideration should also be given to such factors as :

The a:mount of power required and the availability of
a dependable supply. If an adequate supply is not
available the tnstaHation of power equipment may be
required.

The water requirements for aU purposes including fire protection and
potable water for drinking purposes.

The fuel requireUlents and a.vailability. If local fuel can be used
the boiler should be adaptable to such fuel.

The transportation facilities to and froUl the plant. If they are not
adequate an inVestment in trucks may be required.
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OTHER CONSIDERATIONS

There are other important subjects, shown below, that should
investigated and considered. Information on these subjects 5

available from such sources as banks, government agene erg;
and importers, wholesalers, retailers, transportation corr:
manufacture r s.

lv'.ATERIAL5 AN,n SUPPLIES

1. Are aU materials and supplies av~dlabl..~ locally?
Z. Is the local material market competitive?
3. Is satisfactory delivery of local materials assured at reason-

able prices?
4. What materials and supplies must be imported?
5. Are they available in world markets at competitive prices?
6. Would prompt delivery of imported materials and supplies be

assured so that large inventories would not be required?

MARKET FACTORS

1. Is the re already a demand for the product?
A. Who are the principal consumers?
B. Who are possible new consumers?

2. How is demand for the product now satisfied?
A. By Local production? If so, what is the volwne of annual

production?
B. What percentage of consumption is fiUed by local produc-

tion?
C. By imports? If so. what is the vohune of annual hnports?!
D. What percentage of consumption is :rnet by i:rnports?
E. From what areas are i:rnports derived?

3. What is the estirnated annual increase in local consutnption over
the next five yea rs ?

A. How were such estiInates made?
B. By reference to official figures on population growth.

family budgets. imports. etc.?
C. By consultation with trade or industry. ministries,

associations. bankers, commercial houses. wholesalers,
retailers. industrial consumers. etc.?
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4. If the product is already being manufactured, can the existing and
estimated :future local market absorb production of the new pIa.n!
without price-cutting or other dislocations?

5. Would the estimated sales price and quality of the new product make
it cOlnpetitive with an imported equivalent?

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

EXPORT MARKETS

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

Z. Can export markets for the product be developed?
3. If so, in what areas and 1n what annual vohune?
4. What procedures would be necessary to deve[op export markets?
5. What would it cost?

MARKETING PROBLEMS

1. In calculating costs of the product, has adequlate allowance been
rnade for the expense of a sales de~artment. advertising and pro­
motion that might be required?

Z. Do consumer prejudices against locally manufactured products
exist"!

A. If so, why?
B. Wou~d they app I}" to the new product-:;~

C. If so.. how could they be overcome and what
would it cost to do so?

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. WJ:.olesalers?
B. Retailers?
C. Direct to conSUlner?
D. Other industries?
E. GavernDlent?
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FINANCIAL FACTORS

1. Technical advice on selection of mac'hinery and equipment.
A. In selecting the machinery and equipment lor the

new plant, have reputable and competent engineers
~nd technicians been consulted?

B. Ha,ve they been asked for advii.ce on the most suitable
type s of :macbine ry and equipment for the proce S8 and
locality?

C. Have they carefully compared costs of various suppliers?
D. Credit terms offered purchasers?

FINANCIAL REQUIREMENTS OF THE PROJECT

1. In estimating the cost of the project, has careful consideration
been given to:

A. The effect on costs of delays lin construction schedules?
B. In delivery and installation of machinery and equipn~.ent?

C. In import of essential raw materials and supplies?

2. In calculating cash flow and working capital requirements. has
careful consideration been given to:

A. Maintaining adequate inventories of raw materials?
B. Supplies and spare parts?
C. Seasonal fluct>J.ations in the business?
D. The time required to liquidate credit sales to

customers and bad debts?
E. The pe rlod necessary to get the plant into

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

3. If the economy is in a period of Inflation, has fuU 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 CREDITS

1. Has it been possible to Inake arrange.rnents with local banks to
finance short··time working capital requirer.nents of the business?

FINANCIAL PL.>\N

1. Has a definite plan to finance the project been worked out?
A. Is sufficient capital available locally?
B. If not. what is the plan to obtain the required capital'!
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ECONOMIC FACTORS

L Haw much foreign e.xchange (and in what currency) 15 required to
import rnachmery. equipment and supplies.

A. How Tr'J1l1ch foreign exchange (and IV1l what currency) is
reqwrc f r annual interest pay.mer~ts and amortu:.ation
of' any llOiUH» contracted to import machinery and equip­
ment~ or for paYTr'H;~nt 0 oyalties and technical servicest"

B. How much foreign exchange (and In what currency) is
required for annual import of raw materials and s1l.Irppnies?'

C. What are estimated annual foreign exchange earnings and
in what currencies?

D. Has careful consideration been given to the possibility
of depreciation in the foreign. exchall'~ge value of tbe
local currency?

E. Has careful consideration been givell1l to the possibiHty
of import controls. orrestri(:Hol~son a"'aHabihtie5 of
foreign exchange necessary to operate tbe business:?

F. What benefits would the :lew business br1ng to the economy
in the use of local .raw materIals iura employment auna in

technology?
G.. Do dependable facilities exist for 1transportation~ power~

fuel~ water and sewagf'?
(1) If not~ can eXIsftj~»g deficien.ciles be ehminated

sat! sfactori iy?
{2) What would be the cost to do so?'

PERSONNEL

1. Is there an adequate labor supply near the plant llocahon?'
A. If not; ~_ow can the problem be solved?

2. Can the problem of training competent managern;ent and super-
visory personnel be solved?

A. Also, the training of skHled labor?'
B. Is technical advice avaHable in the locall.i1ry?
C. If not~ where can It be obtaIned and what wl1H itt cost?

LAWS AND REGULATIONS

I. Do existing labor laws, government regulations, laws and '!taxes
lavor estabhshITlent of new bUSIness?

A. If not, can existnng obstacles be renlloved?
B. If so, l':ow and when-)
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TECHNICAL AND TRADE ASSOCIATIONS

Amerh:an SOciety for Testing Materi.als, 1916 Race Stree:t..
Philadelphia 3, Pennsylvania

Ame dcan Iron and Steel Institute, 150 East 42nd Street, New Yorlt.
New York

American Society {or Metals, 7301 Euclid Avenue, Cleveland ..
Ohio

Society of Automotive Engineers, 29 West 39th Street, New York
18, New York

Spring Manufacturers Association, Box 1440 Bristol, Connecticut

American Welding Society, 29 West 39th Street, New York 18.
New York
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