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FOREWORD

This manual is B. revision of an earlier report of thessme
type issued in 1955- This revised versIon includes current
costs of labor, ms.chj nery, equiIJllent and supplies, as well as
add.1:tiona! information relative to engineering, training,
safety, markets, sales, tinancial and econanic factors.

********

This manual is designed to previde a general picture of the
factors 'Which must be considered in establishing and operating
a small-scale factory of this type. It should prove usef'ul. in
creating interest in t.hesubject, and serve tn give enough
understanding of the related considerations to help goverment
of:ficials, other leaders and businessmen to determine whether
the potential deserves more-detailed attention.

However, it is important to note -that in most cases p~ans f'or
the actual deve~opnent 8.!ld insta.1.lation of' a plant w1~1 require
expert engineering and financial advice in order to meet speCific
loeal situations. For further information and assistance,
readers sbouldcontact their· local Productivity Center, Industrial
Instit~te, Servlcio, or United States Operations Mission.

Men'tion of the name of any firm. product., or process 1n this
manual is not to be considered a recCllJlDendation or endcrsement
by the International Cooperation Administration, but merely a
citation that is typical in its field.

********

The original report 'W8S prepared by the Method::; Engineering
Council, Pittsburgh, Pennsylvania.

Technical information, as well as review, was provided.by
R. Poliakott, Industrial. Consult8.'P:~, 126 Eleventh Avenue,
New York 11, New York.

********

This manua!hasbeen revised. and re\l'ritten by
George H. Andrews Engineering Associates, Inc.
4ll Southern Building, Washington 5, D. C.

April 1959
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BUILDING HARDWARE

In the United S'ta'tes,ll'u.ildi.ngbarchiare prodUction for dnora
split into tvo categories. "They are: .. (1) lockside of "aoOr; .w

(2) hinge side 01" door and accessorie~.

The· .l.ockside grouP. i.ne~udes padlocks, door lockS, and door
knobs.. The hinge group includes binges,. hasps t mending plates,
and :f'J.at or angle corner brackets. Individua.lcanpanies nor
ma1.ly specialize in. one of these categories. However, this
manueJ covers. both •~..lps including 'the.most cc::amon sizes of
h.a..r:&"lre and. J.oeks ot the Ward 'type -- those. where the key
guides and slots .&re part of the casing.

To racl~1tate convers1or~ W loceJ.f'igures and costs, columns
.bea4ed ftAc'tUalft are incJ;wl~ in ttle appropriat.e tables.

GmmP.AL ASSU!·1PTIONS'

Ino1"der 'to make realistic estimates. certain assumptions are
made.. 1bese are:

1. The costs of building, equi}'J!lent, and. material
necessary are based on United States prices.

,2.. labor cos'ts used are the average labor costs
for "t!:o.~ industry and SY..ill desc:ribed, based on
reeen"t1y published figures of the Un.!:ted states
Bureaa of Labor Statistics.

3.. All. other costs, s'tatistics, and figures are
based on cur:rent United states prices.

4. Adequa:te heat, 1ight, vater, and electricity
are available at the plant site.

;. Adequate transportation facilities· w1ll be
ava.11eille at the plant site..

6. The pla."tt v:Ul operate 8 hours per c:'iq.. 5 c:'iqs
per week, 50 weeks per year.



7. The follov:i.D& items cannot be estiItlla:ted realis
tica.lly:

A. land value
B. Distribution methods and selling costs
c. :n-:t.reigbt and out..,freight
D. Taxes

"'''hi~e generaJ. estimates will ~ made of' eacb of'
1;hese i 1;.ems, for the purpose of completing cost
est:L"la'tes, adJustll:ent shouJ.d be made in accord
ance vi.'th aet:ua.l ~ocaJ. costs.

In fact, all cost esti.:rna:tes contained 1:1 this manual
should be aJjusted 'to conform to local conditions.

B. Each machineVill be set up and camplete a week t s
nUl before die changes are made. Apart from
slight adjustments and die changes, no setup t:ime
Yill be required and none Yill ·be aU1.owed in the
unit cost calculations.

PROIUC'T SPreIFICATIONS-
A realist.ic basis for the start of manufacturing 'WOU.l.d be 1:0
maY.e one size of' each item listed. Other sizes can be added
by the purcbs.se of additiona.l dies as the immediate market is
explored and specific needs are determined.

In order to minimize in.vestment, the pacllocks" doorlocks" and
door knobs illustrated in Figures 1 and 2 are to be made of
zinc aJ.lqy castings.. These castings require very little addi
tional machining as canpared to products made by extrusion or
other mecharJieal processes.

H1nges, hasps, anu other accessories are to be manufactured
.freD 14 gauge bot rolled steele ':.&.ese items are shown. in
Figures 3 and 4.

Pa.dlDck sbaekl.es" hinge pins, doorknob sba:f't.s" and hasD staples
arete be made of 3/B" round or square bright hard 'Wire ..

OPERATIONS THE EqUIPMmiT WILL PEBFOJM

'Ibis rept)rt includes detaUed costs on several. typi:al hardWare
i'teB6 'Which could be produced in ~1B plant. The equ1pnent nec
essary 'to produ.ce 'these 1'te1ns C3.tl be used f01" many other i:tems.
Therefore, 'the descrip't1onG of the various opers:tions vill ';)e

general. for each 'type of mecbine.. The opera't'1ons end equiPDeD:t
required for the 'typica.1 ha:r.'dware i'teals se1ec'ted are given la'ter.
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In a sma.l J phw:t of this 1;ype 1;he operations requiring a high
degree of skill are die set:ting, machine se"tup" and "tool dress
ing. This york Vill be performed by two main-tenance men. The
macb1ne operators will have to be only semi-skilled workers,
a1.though the majori'ty of 'them should have a high degree of
manual dexteri-ty".

ine fol1<Tw1ng opera'tiondesCriptions app,q "to most products
made on thel~e machine~, aJ..1;hough 'the number of opera"tors re
qUired vill vary.

Die ca.s"t!ng

The :tom.ing o:t low 1Jle1ting point metals by the die casting pro
cess is almost entirely a machine process.. Metal is first
mel-ted 1n a separate fUrnace and then transferred to the hold
ing pot of' the die casti.ng machine. 'nle usual sequence !It; a
d:1e casting o~ratlon, starting .1r.i.th an open, empty mold, is':

1. The opera'tor pushes the start. but-ton. The
ejector pins are au'taDa'tiCalJ.y; wi'thdrawn f'r<m
the cavit.y, 'the cores move int.o pJ.a.ce, and the
die is elosed and locked. The p1unger then
ejects a fixed amount of melten metal i.."1to the
cavity and at the end of a pre~et time' interval
the plunger vithdravs, the cores mOVe out, the
die opens, and ejector pins force the casting
out of' the di.e.

2.. '!be operator then cl.eans and lubricates the die
as necessary and pushes the starting butwn for
another au'taas:tic eycl.e. T.b.e entire cycl.e re
quires on.qseconds 'to canplete.

A die casting machine, as shown in Figure 5, relquires an oper""
a'tor of sufficient skill. 'to malt',.e minor adjuswen'ts to the
maclline and recognize obvious me.lf'Unctions.. He usua.l1.y has a
belper vi:th 11tUe skill to aid in material handl1."1g.

Tr1Da1;l§ FJ..ub and Finisb!§ on Die castings

There a:re vat'7Ulg amounts of f'lash on die castir.gs at the part
ing l:ine of' t.be mold haJ.ves, at core open1.."'1gS, ejector pin
locations, andw.ere the metal enters the mold. Sane of the
f'lash can be easi33 broken off' b:f band but sane of' it must be
tri!!Ded off in a die on a pu.."lCb. ;";)ress, see Figure 6. The part.$
are placed in the trimmi.."\8 die by band and the press actuated
by afoot pedal. A-i"ter tb.e press ccmpl.etes its stroke, the
trimed part is removed fran the press and the trimmed flash
bI'UShed .fraI the die.

The f'inishir.g is by hand filing using several grades of' f'iJ.es
to ob'tain a fZOO"""~ surface. The pa......t;s arc 'then ready for plat
ing, assembly operations, or machine opel"ations.
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The trimming and f1n1Shing are perfomed. by one opera'tor with lOY
skill.

Shear, Cui; to ~, and Grind

The special shapes are cut to l.ength on a power hacksaw.1 see FigUre 7:f
as they are moved :fran th.e rav material storage to the forming opera
'tions. Burrs resul'ting :fran the saving operation are ground off on a
pedestal grinder, see Figure 8. The steel shee'ts are sheAl"ed t.osize
ana power shear.1 see Figure 9, as they are moved fran the raw mat.erial
stcn-age.

These operations are perfor.med by two material. handlers who have little
or no skilL

Punch Press Operations

The operations pert'ormed by a punch press, Figure 6, depend on the dies
used. They ve:ry :fran a simple <lie where the part is posi'tioned by hand.
a.."ld only a single operation is performed on it., to very canplex dies
'Where a strip of steel is fed aut.anat.ics.::tly to the press and a partre
quiring flve· 'to seven operations is produced every stroke ot' the press.
These canplex dies are very e.x;pensive and, therefore".ec.onanical only
f?r very high production. All Or the parts discussed in this manual
are made on relatively simple dies. This keeps the original investM.ent
cost low until th,e demand. t'or a particular item can be determined.

Each punch press is operated by a worker wifu Iit't.... ~lti.ll.

Drill Presses

Both the ncar model and the bench model, Figure ll), drill presses are
"sensitive" drill presses. They are ma.n.u.ally oper~a;ted to perf'orm opera..
t10ns such as dr11.J.i.ng, tapping, and countersi~~hol.es. On single
spindJ.e, hand-fed machines, the operator moves onepa....-t a.t a t1Jl1e under
the tooll lovers the tool to perform the operationl raises the spindle,
and :rer:DOV'es the part. The part is 1.0cated in -the correct lX'sitipnunder
the spindle by a. simple jig or fixture.

Each drill press is operated by a worker with little skill.

S1ngle Sp1ndle· Hand SCrew Machi~

On a. screw machine, see Figure 1.1, 'the ma:terial is fed 'tbraugb. "the chuck
vhich holds 'the ma:teria.l whiJ.e i.t is being formed. Since.~ operations
can be performed on thi.s machine, it will be very use:t"u.l in a plant of
thi.s q,ope.. It 'Will b1rn diameters, cut. off "to l.ength, face ends, drill
holes, cOWl"terbore holes, tap h01esl and the like.

On simple operations the machine ean be operated by a varker vi.th little
skill.
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Heat Treat Fu.rnace

A heat treat fu.rnaCe, see Figure 12, is an oven with sutticient
heating capa.ci.~ to produce temperatures up to 2,OOOOp.The
temperature and treatment required depend on the ana..lysis of'
the ma:terlal being trea.ted and the resu1.ts desired..

Genera1.ly the parts to be treated are p1aeed in 'the fUrna.ce
a:rter it has been heated to the desired temperature. 1'he parts
are left in the :1"U1'nace for a definite length of time ar.d then
re.mo¥ed. They~ be dipped in va.ter" in oil, or lett in the
air to cool, depending on the phySical characteristics desired
in 'the :finished parts.

The operator :.for the heat treating furnaces has J.ov skll1.but
must be very dependabJ.e, as 1.ack of' attention or f'a:Uureto
remove -the parts at the proper time can ruin them.

Pla:tiDg Equipnent

Plating equipnentconsists of a number of tanks con"ta.ining
cleaning solutions, plating solutions, and rinsing so1.utions ..
The number ot tanks and the order in which the parts enter
them depends on the type of' plating being done.. A schematic
V1ev of' the plating equipnent in this pl8nt is shown in Figure
J.3. The parts are contained in baskets which are moved f:rtm
tank 1;0 tank by use of' a hoist mounted on an overhead rai1...

The opera1:ozos of' the plating equipment. Jm.lst have considerab1.e
knowledge of the plating process. ~ey vi.ll set up and main
tain· the proper so.lutions in the tanks ..

Rivet. SpUming

Spinning a head on a pin or rivet by use of a special. machine,
see Figure 1.4. Shaped rolls" carried in a rapidly revolving
ho1der, cause the me'tal to spread and assume 'the desired shape ..
Since the pressure applied on the pin can be controlle6.~ it is
not dist.orted and the joint remains flexible ..

AssembJl atJid Paekiy Operations

Tilese operat.ions take the canpleted individual parts and assemble
and. package them for de1.1very to the custaners ..

F1.f'teen operators vith low skill .but considerab1.e manual dex
'terity are required for these operations.
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OPERATIONS TO MANUFACTURE THE ILLUSTRATED PRODUCTS:

Door Knob.
Shaft Knobs Pin Plates

Cut strips
(Shear)

Plate
(Plating tanks)

Pack

Pierce and
form
(Press)

Countersink.
holes
(Drill press)

Assemble

Spin pin
(Rivet spinner)

Cut to length
(Hack saw)

Grmd
(Grinder)

Trim
(Hand. file)

Assemble &: pack

Die cast
(Die casting
machine)

Trim
(Press)

Screws

, Grind
(Grinder)

Drill Ie tap 6
(Drill preas

Padlock

Die cast
(Die casting
machine)

Trim
(Press)

As.:::emble
and pack

Trim
(Hand file)

Turn diameters
(Screw machine)

Cut to length
(Hack saw)

Shape
(Press}

( -.,} Heat treat

.~I (Furnace)

(' Plate
'r . (Plating tanks) -- J

Shackle .eT~

Shackle

Cut It form
(Press)

Cut strips
(Shear)

Heat treat
( Furnace)

I

l

Punch. form
(Press)

#

Cut.strips
(Shear)

Plate
(Plating tanb)

KeyaDd.
Key Guide



-, -

Trim
!i (Press)

/" ') Trim
"-. . (Hand file)

Trim.
(Hand fil~)

Cut strips
(Shear)

Plate
(Plating tanks)

Blank & form
(Press)

Die cast
(Casting machine)

Casing

J Di t! '\ e cas.
, ) ~Casting macbi,ne)
I--

prtngs
Serews

'- -1

J

Blank. &: pierce
(Press)

Cut strips
(Shear)

-1-

;
,...J. C .

, ". ut str1PS
. ) (Shear)

I
(' .. ,Blank & form
""-l CPre s s)

!

I
I

Lock bar
catch

Dotf;r Lock

Trim.
(Hand file)

Cut strips
,('(Shear)

" -, Blank & form
./(Press)

Yoke

Latch bar Lock bar Throw

:l,Die cast A· Die cast ;J,
,,'(; (Casting machin~(Casting macmnej!

.. Trin1 .. / Trim ...-
j (Hand file) , (Hand file)r ...(
IL -----------__----I



HcJ.sp

Shackle

Cut. to length
(Hack saw)

Form
(Press)

{ \, Heat treatV (Furnace)
l~"l,
" J Plate
"y (Plating. tanks)

Plate

Cut strips
(Shear)

Pierce & form
(Press)

Counter sink holes
(Drill pres s)

Plate
(Plating .tanks )

Assel'Xlble

Stake shackle ends

Pack

Mendine Plates

Flat Plates

~cut.~triPS
..•• • •••• y(Shear)

Q..... Pierce. II< form
(Press)

Xcounters:J..nk holes
• (Drill press)

Platey..••••••• ,(Plati~ tanks)oPack

Inside Corner s

Cut strips
(Shear)

Pierce &. forl'Xl
(Press)

Countersink holes
(Drill press)

nBendU (Press)

/1.
( ) Plate'''Y (Plating tanks}o Pack

-8-



NA"1JFACTURING UNIT USED

Hm'dware items are sold to jobbers on a per dozen basis. There
fore, costs and production ratios are based on the use of the
dozen as a unito The following production ratios are based on
full equipment utilization and corresponding necessary market
demand0

Item

Padlocks
Door~ocks

Door knob sets
Hinges
T Hinges
Hasps
Flat corner
Inside corner
T Plates
Mending p1.ates

Dozen
Per Day

174
88
88

312
188
125

34
66
66
66

DIRt.""CT MATERIAL3

Dozen
Per Year

43,500
22,000
22,000
78,000
47,000
31,250
8,500

16,500
16,500
16,500

Actual
Per Year

Material

Zinc Alloy
Cold Rolled. Steel
Bright W1!"e, round
Bright wire, square
Spring Steel
P.l.ating, cadmium
Packing Materials

Total

Pounds
Pe:- Year

316,000
560,000
105,500

56,500
3,100
7,000

Cost
Per

Pound

$ .155
.060
.010
.070
.600

2.000

Estimated
Cost

$ 48,980
33,600
7,385
3,955
1,860

14,ocO
5,800

Ac-:;ual
Cost

".11
])esCri.f.tion

SUPPLIES

Estimated
Cvst

Actup...l
Cost

Cutting Tools
Dies
lubricants and Hand tools
Fac"tory Bepai.rs and Maintenance
Truck Expense
Office Supplies

Total

.. 9 ..

$ 500
5,000

700
1,000

500
300

$ 8,000



PROIUCTION TOOIS AND EQUIPMENT

Description

Die casting machine

Press, 50-ton

Press, 75-ton

Shear. 6 :ft

Drill press - floor

Drill press - bench

Power he.cksav 16" x 16"

Plating equiJlllent

F\lrn8.ce, heat trea.t

Stand grinder

Universal grinder - too~s

Rivet spinner

Zinc melting 1\1rnace

Hand truC.K

Hand files, work benches,
vises and ham::1ers

Total

Estimated
Number Unit Total. ActUal

Required Cost Cost Cost

1 $ 23,000 $ 23,000

1 4,500 4,500

5 7,100 35,500

1 2,500 2,500

2 700 1,400

2 350 700

1 900 900

1 22,000 22,000

2 3,000 6,000

1 1,500 1.. 500

1 200 200

1 1,700 1,700

1 500 500

1 2,000 2,000

2 50 100

500

$103,000

One-ton cab pick-up and delivery truck

- 10 -
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ProdUct

Padlock
Shackle
Key andg'.l1de
Spring

Door lock
Key and. gu.ide
Bolt.

Door knobs

Hinge
T·Hinge
Flat. corner
Inside corner

TPla'te

Mending plate

Hasp
Staple
Stc.\ple plate

cast.ing
Press
Press
Press

cast.ing
Press
Press

Casting

Press
Press
Press
Press

Press

Press

Press
Press
Press

Estimated
Number Unit Total

Required Cost Cost.

1 $5,000 *5,000
1 500 500
1 1,000 1,000
1 800 800 't

1 5,000 5,000
1 1:,000 1,000
1 500 500

1 3,W<> 3,600

2 800 1,600
1 800 800
1 500 500
l. 400 !fOO

1 500 500

1 1lOO 400-

2 800 1,Eoo
1 500 500
1 500 500

$24,200

Actual.
Cost.

De~cription

T",.r.pewr.it.er

Addir.gma.ehine

Total

llumber
Req.lired

1

1.

• 11 -

Estimated
Unit Total.
Cost Cost

~ 700 * 700

150 150

150 --!2Q

$1,000

Actual
Cost



E~"t1mated

Description
Number

Required
Unit Total.
Cos't Cost

Actual.
Cos't

:Bench 30t x 6t for packing 1
Desks and chairs 4
Filing cab~e'ts 3
Chairs ..1

TotaJ. 13

DIRECT IABOR

$ 200 $ 200
125 500
75 225'
15 75

$ 1,000

Operators

Die cast and Tr1m locks
PUl1ch press operators
Assemblers and packers
Dr.illpress operators
Material handlers
Heat treat and nlating
Utili~y man

TotaJ.

Number
Required

3
5

15
4
2
3
1

33

Hour~

Rate

$ 2.00
2.00
1.•80
1.80
1.60
2.00
1.60

Annual
Cost

$ 12,000
20,000
54-,0Q0
14,400
6,400

12,000
3,200

$122,000

Actual
Cost

DIDIRECT tABOR

$ 10,000
, 1.• :;0 3,000

2.00 8,000
,,000
3,000
3,000

12,000
1.50 3,000

$ 47,000

Description

Ha."l8ger
Reeeivins end ahippi.D8
l~ntenanee

Bookkeeper
Clerk
Secreta.r'!l'
:Foreman
Trock driver

Total

Number
Required

1
1
2
J.
J.
1
2
1

10

-12-

Hourly
Rate

Annual
Cost

Actual
Cost



PIMrf lAYOUT

A plant }.qout indicating the .location of machi.nery and operations is
shown in Figure 15.

PlANT SITE

To provide for eventual expansion" the land for the plant site should con
tain at. least J.0,000 square feet~ The site should be level, well drained,
and should be located as advantageously as possible nth respeettot.rans
portation, power, vater, fuel, sources of markets and labol". The cost of
such a. site is estimated at $2,000.

BUILDDiG

A one...story build:i.ng 60' x 60', or 3,600 square fee;t, will provide ample
space tor all oper:a:tlons 1nclu.di.ng an office. It~ be constructedW'itb
any suit.able bUilding materials. It is estimated that the. ccmplete build·
ing, inc.luding adequate plumbing and virLlg, will cost about $3.50 per
square foot, or a total of about $12,600.

POWER

About 830 kilawatt hours per daN of power vill be required. Based· on. a.
cost ot ,$.023 per kilowatt hour the annual cost of power for all purposes
1s est1ma.ted at $4,750.

Ii; is estimated that the fuel. consumption for production, heating and
sani'ta...-roy purposes v.:U1 amount to about $3,000 per year.

WATER

Very I1ttle vat".;%' is required for production purposes. Wa.ter requiremellts
for 'the purposes of heat, sanitary fac11ities, drL&king purposes and fire
protection 1s estima:ted at $300 per year.

TRUCK

A one-ton cab pick-up end delivery truck is included in tools and equi}Dent
required" other t.ban production,. The maintenance and operating cost is in
c1udedin supplies and the cost of 'the truck driver is included in the
indirect labor.

- 13 -



DEPRECIATION

DescriptiC'tl
Estimated

COst

$ 12,600

Years' Estirca:ted
Per Year

630

Actua.l
Per Year

Production tools and
eqt1ipnent

Dies

Other "tools and
equipnent

Furniture and :fixtures

One-ton pi<:k-up truck

Total

103,000 10 10,300

24,200 5 4,840

1,000 10 100

1,000 10 100

2,500 4 625

$ 16,595

I·WIDFACTURING OVERHEAD

Item

Estimated.
Annual
Cost

Actual.
Annual

Cost

Indirect Labor $ 47,000

Power 4,750

Fuel 3,000

Water 300

Supplies 8,000

Depreciation 16,5~

Total };(.anuf'a.c-
turing
Overhead $ 79,645

- 14 -



Item

Direet Ma.:tet-ia.ls

Dire:::t Labor

Manufacturing OVerhead

Total

1'tem

IWIDFAC'roRING cosrrs

Estimated

$ 115,.580

122,000

79,.645
$ 317,.225

FIXED ASSRrS

Estimated

Actual

Actual

Land

Building

Produetion Tools and
Equirment

Dies Required

Other Tools and Equipnent

Furniture and Fixtures

Pick-Up Truck

Total

Item

$ 2,000
12,600

103,.000
24,200

1,000
1,000

2,500
$ 146,300

WORKING CAPITAL

Estimated Actual

Direct MateriaJ.s

Direct labor

Mamlf'a.c'turing OVerhead

Resenre SaJ.es Collections

To'taJ.

- 45 ~s
- 30 days

- 30 da\Ys

- 30 dB¥s

$ 14,450
10,150

6,600

36,600
$ 67,800

Item

Fi.Xe~ Assets

Working Capital
Total

- 15 -

Estimated

$ 146,300
67,800

$ 214,100

Actual



S~ PRICE TO JOBBJE:PS
~...

IJ
0,

Itan

Padlock
Ibor lock
D:>or knobs
Hin~s

T Hinges
Hasps
Flat corner
Inside corner
T Plate
Mending plate

Size

1 5/8"
.3 7/8" x .3 1/8n

2"
an x 2" x 2"
8n x 2"

~ 1/2" x 1 lIS"
3" x 3"
6" X 3/4"
3" x 3"

3/4" X 3"

Estimated
tw1anufo.cturing
Cost Per Dozen

$ 2.00
2.00
1.70

.64

.76
1.00

.46

.67

.38
·35

s.Al.83. REVENUE--'

Jobbers
Price

Per Dozen

$ 2.84
2.8J.
2.4J.

.85
1.08
1.42

·71
.95
.54
·50

A.ctual
Manufactur..

1ng·Cost

Actual
Jobbers

Price-,

Total Annual Sales

Item

Padlocks
Door locks
Door knob sets
Hinges
T Hinges
Hasps
Flat Corners
Inside Corners
T Plates
Mending Plates

]):)zen
Units

43,500
22,000
22,000
78,000
47,000
31,250
8,500

16,500
16,500
16,.500

Estimated
Price

Per Dozen

$2.84
2.84
t!.44

.85
1.08
1.42

·71
·95,54
.50

Estimated
Annual

Sales--
$ 123,540

62,480
53,680
66,300
5OtT&J
44,375
6,035

15,670
8,910
8,250

4> 440,000

Actual
Annual
Sales



This prodUct is usual.1¥ sold to wolesaJ.ers wo in turn. sell toretailers~

except where the product 1s used by o'therindustries in le.;:-geqtlant1ties.
In such. cases direct sales to industries is recoomended.

~rrU1ATIONOF COSTS, .SALES· AND PROEITS

Item

Direct Ma:terlals

Direct labor

Manufacturing Overhead

Total Manufacturing Costs

Interest on 1DBns

Insurance

Legsl

Audit.ing

Unforeseen Expense

Total Adm1n1strative COsts

SaJ.es Ccmm.1.ssions, Trave1
Fre1shtOU,t, Bad Debts,
Discounts and Al.1.owances

Profi:t before Taxes

Total Annual Gross Sales

Estimated

J22,000

1,000

2~OOO

3,000

11,775

... 11 ..

$ 317,,225

40,000

60,000

$ 440,000

Actual



~ CONTROL

A requisition fozm designed to provide accurate reeordsof procurement
and indicate the.purpose of procurement with the least amount of t:I.me
and .efiort is shown on. the :f'ollowi.ng page.

Th1sformhas an account DUIIlber· for each. type of the varlous~ndi

-tu.res which the manager Will review in detail, monthl.y or o1"tener,·j.n
order to control bis expenses.. 5aIle items; such as power and water,
are. usua.l.qunder eontraet· and. are easily checked by reference to
mont.b.q bills. For sUipll.:f'1cation,i'teme (marked With an asterisk
below) are aDi"t'ted 1"r<m the purchase requisition. Var1at~ons in the
labor costs are eas1ly~evedby exam1nation. of the plqrollvoucbers ..
ihe s1mplified type of .eontrol thus provided'makes.certain that the
ma.t18ger can control expendi'tures praaptly.

Follov1Dgthe requisition form, a samp1evoucher check is shown.
Voucher checks should be used for the ~ent of all expenditures and
tbe .appropriate· book account number placed· on each voucher.

At the end o:f each month the manager Will receive a statement of'all
expenditures broken down by bUdget accounts. If theexpenditu.resex
ceed tile budgeted monthly allowances o:':.amy oftheaccounts,tbe
bookkeeper Will turnish the manager Witha break.-down of all expendi
tures. relative to tile budgeted. accountse:xceeded. All these supporting
da'ta can be secured by ·referenee to the pu:rcbaBe requisitions and •• tbe
check vouchers. This reference Will enable the manager to determine
vhat •caused the over-expendj.ture and take· •corrective action.

If at anytime during each mon'th i'tbeeanes apparent thatexpendi.t.ures
vUl exceed sn:y of the budget accounts, the bookkeeper nil bring this
to the attention of the manager for his information and action.

KJOOE'.r CONTROL ACCOUNTS

Monthly
Ex:fense

Mon~

Bu~et

AnnuaJ.
Budget. Actua.l

$----

122,000
41,000

$ 11,000
40,000

11.5,580
8,000
4,150

300
3,000

ll,TI5

916
3,333
9,631

666
400
25

250
950

10,166
3,916

$---10 Administrative
20 sales
30 D1reet Materials
lao SUpplles
51 Power*'
52 water*'
53 FUel
60 Un1"oreseen ••Ex::pense

(Reserve AccOW&t)
11 Direct. labor*
12 IndireetLabor*
80 Deprecia:tlon

(Reserve Account.) 16,595
Uote: AiDinist.ra'tive includes interest on. loans,

in$Unmce, legaJ. and audi,ti.ng.
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•
PURCHASE .. REQUISITION

o 10 AIMINISTRATION

o 20 SAUS

o 30 MATERIAIS

l DATE

o 40 SUPPLIm

o 50 UTILITllS

o 60 UNFORl!SEm EXPmiSE

mnIQ\TE BELOW THE USE. OF MATERIAlS

o MAINTENANCE SERVICES

o OPERATmG SUPPLIES

o
o MA1lfl'EN.ANCE MATERIAts

UNIT ,
-+-............;:=--:::r---fDE.SCRIPrION

,--'--'.-'--_._-......--

PLEASE ORDER '!'HESE MATERIAIS OR' SERVICES

QUOTPS
F'RCIf

---+----11-'----"""'t----t
II-----!--------------------r.-.-----'----.......k.----'"--....R.E:QJISITIONED BY

....... BY

- 19 -



R. W. MIT'CHELL MANUFACTURING COMPANY
l.a2 .O.WORTH STREET••~ E.

~f

ANYWHERE. U. S. A. 10__ No. 10000
PAY __"~__• _

TOTMCOlltDI:MO,.. r ., DOLLARS $ _

R. W.~I'TC,,*ELL MANU'ACTURINO COMPANY

~

L ..J

ToFmST NATIONAL BANK
ANYWHERE, U. S. A..

OIIrPil!tllj:,,,,,,.,,,

.v SAMPLE CHECK.
YfCIl 'fllQIDIN1'

• f::;: i-

ACCOUNT NUMBER

S.ple voucher. check to beuse.c1. tortbop81'Dlentot
all e¥Pend!tures in conneotion Yith .BudgetControl.

;::a:;s z ~ ii:iii1iZl':-Q!4j14A-A ~iQiIil:iiAii- _:-.~_,.;;;

R. W. MITCHELL MANUFACTURING COMPANY



The services of' professional engineers are desira.ble in the
design or this plant, even though t~e proposed plant is small •

A correct design is OUE. "Which provides 'the greatest econC'!DY
in the inves"tment of' fUnds and establishes the basis of' opera
tion t.hat w:ill be most profitable in the beginning and 'Will
also be capable of' expe:insion w:1thout expensive aJ.teration.

The address~s of' professional engineers· who specialize in
indnstriaJ. des:'gn, scme of wan~ be 'W'illing to undert.ake
such work on low cost projects overseas;1 can be secured \ry
reference 'to .1;he published cards i.n.various engineering megazines.
They~ also he reached through their national organizations,
one of Wich is 'the

National SOC"iety of Professional Engineers
2029 K Street, North:west,
Wa.sbington6, D. C.

Manufacturers of indn.strialequil,1llent employ engineers familiar
with the design and insta.llation of their specialized products.
'1hese manufacturers are usually Wil.ling·1;o give prospective
custcmersthe benefit of technicaJ. advice by those engineers in
determining the suitabili'ty of ::.t.heir equlpnent in a:rxy proposed
project.

?:he equipnent manufacturers also know, and can reeanmend,
professional. engineers in private practice, 'Who·· a:re 'Willing and
able to provide appropriate consu1t.:ing services.

-21-



Manuf'acturing an 1nf'erior quali't,y of' prodUct during the tra:1n1ng
periodcouJ.d createhles resiatance that migb.tbe diU1cult to
cope yj:thJ.a'ter. ToavoidsuchpossibUities, 'the qual1'tyof' 'the
product should be ma.1D'tained stall 't11QeJI$, including the training
period.

In sane areasskiUed. operato..~~ be available local.ly. In. other
areas all the.· operators ma;y have to be tredned.

If sldlledoperators ~ not ava.i.1able,adequatetra1n1ng would.be
assured by using one. or more of' the f'ollow:l.ng methods:

A. I:tthe plant isdes1gned andinstaUed byaccmpetent
~neer1ng 1'1rm,. the con1;ract should benegotiai;ed,. if'
possible, ona. turn-key basis. On this basis the coz:'trac
tor agreeS 'to operate the plant and produce the. qual1'ty
and quantity of' the product stated in the contract .f'or an
agreed ·period of' .t:tme• Such a contract vouldassure
adequate pe2"sonnei trajning, since full quantity .and qual1ty'
could not be produced with an untrained organization.

B. The. eng1neering fina that designs and installs the ... plant
C4J1 usua.1JJ·· maite tre..1.n1n6 arrangements to 11ave ~ey ~erfJ!mf\el

placed, for tr&1n1I:1g. porposes, in a •f'oreign ;tndust17that
produces 1:.he same -type or product. This wouJ.d provide
trajnjng for the key personnel. whlle thep.lant 1sbe:1ng
installed.

C. Ifneither of' "';he above 'JJethods is ppssible, then ~fied
and experienced .1nd1v1duals .Bhould be employed for the key
positions, ei'ther :permanently.o~~~~1~", to perform
the key .operat+e!lfJ &Zld· assist in tn.1n:1ng the organization,
even it' .tD.e;,y •. DmSt 00 secured ou:tside 'the COWltr;y.

D. ~manager should have ;years of successfU].experience in
this type of business and be f'ullyq&e.l1fied in a.ll phas~8

ot managEment, :1neludingthe training of employees.

- 22 -



There is al....'ays danger of accident and ir".jury in any
industrial p.lant. Because of this, the manager shoUld
take speci:fic action to bring to the attention o:f each
employee the importance o:f safety preca.utions a.."ld in
telligent first aid.

Pract,ically all machines have safety appliances ~ and
the manager should see t.hat these are in good working
condition and that the operators are ma.1<ing fu.ll u~e of
them.

In addition to constant watchi'ulness to make sure that
all pract.icable safety preca.ut~.ons are taken, :first aid
supplies should be readily available. One complete
first aid kit should be mhintained near the manager's
office,? .:md others at appropriate places throughout the
plant. Sane of the employees should be trained to pro
vide first aid service.

The USe of accident poster's in the plant have proved to
be or value in reducing accidents. It is recamnended
that such posters C~ used, and that sam~ direct special
action be taken by the manager, at lease once each month,
to br~ng to the attention of all personnel the importance
I)f sa£ety precautions.

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

It is 1"'ecamnended that the employees be encouraged to
offer suggestions or recommendatiC'ns relative to preven
tion of accidents, removal of fire haza:rds 8J.ld maintaining
general interest in all safety factors.

- 23 -



StlMMARY

A small plant, bUilt and operated according to the assumptions made
Inth: s manual would be a profitable undertaking.

There are sane determinations, however, thai; should be made before a
decision is reached to build and operate such a plant. Among the
necessary determinations to be made are those vith respect to the
folloWing items:

MATERIAIS AND SUPPUES

l. Are all materials and supplies available locaJ.1.y?
2. Is the local material market canpetitive"l
3. Are satisfactory delivery of local materials assured at reason-

able prices?
4. What lllate:-ials and supplies must be impor-ted?
5. Are they available in vorld markets at ncmpe.titive prices?
6. Would pranpt delivery of ilnported mster'ials and supplies be

assured so that large inventories \IOu~d not be required?

MARKEl' FACTORS

1. Is there alree,dy a demand for the product?
A. Who are the principal consumers"l
B. Who are possible nev consumers?

2. How is
A.

B.

C.
D.
E.

d~ for the product nov satis~ied?

By local production? If so, what is the volume of annual
production?
What percentage of cons'...unption is filled by local produc
tion?
By imports"? If so, what is the volume of annual imports?
What percentage of consumption is met by imports?
l'''ran "What areas are imports derived?

3.Wbat is the estimated annual increase in loca.l consumption over
the next five years?

A. Rov-vere such estimates made?
B. By reference 'to official figures on populat.ion growth.,

f'emily budgets, imports, etc .. "?
C. By cQnsultatiQo with trade or indUStry, ministries,

asscx'1ations, bankers, camnercial houses, wholesalers,
retailers, industrial consumers, etc. '?

- 24 -



SUMMARY (Continued)

h. If the product is already bei l'l..g manufactured, can the existing
and estimated future local market absorb production oi'the
nev plant Vithout price-cutting or other dislocations?

5. Would the estimated sales price and quality of' the new product
make it. eanpetitive With an imported equivalent?

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

1. Could 't.l).e product cc:mpete in export markets on the basis of
price, quaJ.ityand depend:ability of supply?

2. Can e~'"Port markets for the product be developed?
3. If so, in 'Wha:t areas and in 'What annual volume?
4. What procedures would be necessary to develop export. mm:'kets?
5- What would it cost?

1. lIt calculating costs of tr:.:e product, has ade-quateal.lowance been
made for the expense of·a sales department, advertising .and pro
motion thatmigbt be required?

2. Do consumer prejudices against locally manufactured products
eXist?

A. If so,.\.~
B. ~jul.d they apply to 'the new product?
c. If' so, how could they be overccme and what

vould it cost to do so?

3. Do marketing 8.."ld distribution facilities for 'the product erls't?
A. If not, can they be set up?
B. WJ:lt;Lt vou1d 1t cost to do so?

4. Will 1;be product be so1d to:
A. Wbo1esalers?
B. Ee'tai1.ers?
C. Df-rect'to consumer?
D. other1ndus'tries?
E.GcwerlT'2nt?

... 25 ...



ECONOttC FAC'l'ORS

1. Rev:mnch :toreign exchange (and in wba:t .C'UI"r'emT) is required. to
iJDport UdJiDe17, equ1pent and supplies:

A. Hev much :tore1g:l excbaDge (and Inwha't currency) is
required :for 8m11181 · interest p&iJJRenW and aortization
o:t a:oy loans contracted to import macb1ner,y and .equip
D;ent, or :tor PfVJIlent o:t royeJ.ties and. teclm1ca.l .serrl.cest

B. How much foreign exchange (and in what currency) is
required :tor annual import o:t raw materials and.supplies?

c. What are e.st::lmated annual :toreign exchange earnings and
in what currencies?

D. Be.s caref'ul consideration been gtvento the possibilit,y
ot depreciation in the foreign. exchange va.lue or the
local currency?

E. Has caretul consideration been given to the possibility
of import controls, or restrictions on ava:1labili'ties o:t
forl!ign exchaDge necessary to operatetbe·buslness?

F. What benefits vould the new business bring to the ecoDCII,Y
in the use of local rav materials: in employment. and in
technology?

G. Do dependable tacilitif:s exisT. tor tr8nSPOrt&t1OD, power,
ruel, l!fl;:.ter a.n<.~ sewage!
(1) It not, can existing deticl,enc1es be eliminated

sat1s:tactor1~

(2) What·vouldbe the cost to do so?

1. Is there an adequate labor supply near •the pla~1t location!
A. If not, hovean theprob!em be solved?

2. cant,be problem of' 'training caupeten't m~en't and super...
visory personnel be soJ.vedt

A. Also, 'thetra1n1ng of s.td.lled J.aJ)or?

B. Is technical ad:v:lce available in the local1t.Y'?
C.. !:tnot, 'Where can it be obtained and what will it cost?

lAWS AND .REGtJLATIONS

L Do eXisting labOr laws, government reguJ.a:ti~ns, laws and taxes
f&vorestabl1sJ:mlent of new 'business!

A. Ifnot~ can existing obstacles be removed?
B. It 80, how and whent

... 26 ...



stJt.MARX' (Continued)

FINANCIAL FACTORS

J.. 'l'echn1cal adVice on seJ.ect1on of machinery and equilJllen't.
A. In seJ.ect1Dg the machinery and equilJllent for the

new plant, havereputabJ.e and canpetent engineers
and techn:1cl8DS been consulted?

B. Have 'they been asked for advice on the most sU1tabl~

'types of machinery and equipnent for the proc.ess and
J.oealltyt

c. Have they carefuJ..ly canpared costs of various 8uppl.iers?
D. Credit terms offered purchasers?

FINANCIAL REQtJIRl!){ENTS OF THE PROJECT

J.. In est1mat1ng the cost ot'the project, has caref'ul cons1dera"
'tion been given 'to:

A. 'lhe effec't on cos'ts of del.8¥s in construc'tion schedul.es?
B. In de.livery and install.ation of JIlI8.cbinery and equipnentt
C. In import of essential ~v material.s and suppl.les'Z

2. In ealcula'tit.lg cash fiow and worldng cap!'tal requirements, has
carefUl consideration been given to:

A. Maintaining adequate inventories of ray materials?
B. SUpplies and &pare parts?
C. 5ea8onalf1uctuatlO11s in the business?
D. The t1me required to liquidate cred1t .sal~sto

cwstc:mers and bad debts?
E. '.lbe pcriodnecess&ry 1".0 get the plant into

produC'tlODt
F. CUb required 'to amortize its prinCiple loans?

3. If the econaa;,y 1s 1n a per10d of inflation, bas fUll a.llOWllllce
been made for 'the 1nt1uence of rising prices e.nd wages· on the
cost of t.~e project and on wo.rking cap1tal. requiremen'tst

1. .Bas 1't been posslbl.e to make~ntsnth local banks to
finance short·t.ime vorldLg capital requtrsents ot thebwllnes8t

.l..Hua defim:teplan to :t1mmce the project 'been worked. out?
A. Is sufticlen1; capital avaUable locallTl
.8. If not, what is the plan 'to ob'ta1n "the required

capital?

~Y7
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Chuck

Cores

Countersinking holes

Die

Fixture

Flash

Jig

Mole}

Sensit.ive drill press

Tapping boles

GLOSSARY

A device in a lathe or similar
machine to. hold the part being
worked on.

Inserts into the mold cavity that
help produce the desired shape .• of
the casing.

Enlarge the opening to adds1.oping
sides that fit flat head. screws.

Tool for shaping or stamping parts,
usually a metal block.

A device for holding or positioning
a part being worked on.

Exc.~ss metal forced out at azry open
ing into the mold cavity.

A device :for holding apart and guid
ing a cutting tool.

A hollow shape in which parts. are
cast. l-Ielted metal is put into the'
mold to harden into shape.

See Figures 9 and 10. .AJJ.y drill
press on which the cutting tool is
band fed.

Cutti:1g "threatis for a screw into the
sides- of a bole .
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Textbooks

Press'W"orking of ~1eta1s

Factory Management and
Maintena.'1.ce

Periodicals

Mechanical En~ineering

American Machinist

BIBLIOGRAPHY

McGraw-Hill Publishing Co., Inc.
330 West 42nd Street
Hew York 36, New York

McGraw-Rill Publishing Co., Inc.
330 West 42nd Street
New York 36, Nev York

'fue Americcm Society of'
Mechanical Engineers

20th and North Hampton Streets
Easton, PennsyJ,.'Tania

l>1cGraw-Hi.ll Publishing Co., .Inc.
330 101est iI-2nd Street
I'lew York 36, New York

ABBREVIATIONS

Inch or inches

Foot or i'eet

Degree Far~e~~eit

Kilov<~tthour or hours
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Male
Casing

Casing .. zinc alloy

Key

Key Guide

Female
Casing

Shackle
Tension
Spring

Key
Spring

JShackle

• bright
hard
wire

Figure 1 .. Padl /'.:k - (Ward ,l..ock)
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A Cover Plate

B Spring

C Latch Bar

fl·..
·.··,

" ,'"

I"~

~ft
H~

~
~
~

D Cas1ng

E Throw

.F Lock Bar Catch

D

G Yoke

H Spring

J Lock Bar

Figure Z - Door Lock and Parts
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/A ~

V/.~./~
;",.,P-' OJ ~
if ~.

l' rII OJ.·.·....·..·
j, 1,,'I

ilOJ I
1

1,', ••• , ...• J~,
··.·'r//

t

Flat Corner

A 2 1/2" 3" 6 tl

B 2 1/2" 3" 6"

C 1/2" 5/8" I"

Each size requires (1) Z-stagedie.

Cost per die =$500.

Inside Corner

All fZu 311

B 1 liZ"~ 3"

C ~ 1211 3/4u

Each size requires ~1) Z-stage die =$400.

Eacbsize requires.(l) angle die =$600.

T - Plates

.Each size requires (1) 2-.tagedie :: $,500..,
A

13

C

)U 5"

3" 5"
5/8" I"

.Figurel
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(lJ 2-sta.g~die per size

Inside pair Outside pair

A

R

A

B

Mending Plate

:1:411 1 I/SlI

3" 6"

Door Hinge

I 3/4"

3 1/211

2"

= $400.. 00

(1) 3-stage die per size :::

Use B die from door hinge.

(2) 3-stage die per size

(2) 3-stage die per size

(1) 2- stage die per size

$750Jdie

$750

$750

$500

--

=

,:

lO"

2"

1 1/2"

8"

T - Hinge

6~'

1 1flU

1 1/81 •

3 Itlu

Safety Hinge Ha.sp

A

A

B

C

-13-
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Figure 6 -- Punch Press
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Figure 7 -- Power Hacks;:tw
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Figure 8 _.. Pedestal Grinder
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Figure 10 -- B.ench Mod~l Drill Press
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F:gure 11 -- Single Spindle Hand Screw Machint



Figure 12 -- Heat Treat Furnace

Tank No.

1
2
3
4
5
6
7

°eeration

Hot alkaline solution
Cold rinse
Hydrochloric acid pickle
Cold rinse
Cadmium plate
Cold and hot dnses
Basket for parts

Figure 13. Schematic Vi",;w of Plating Equipment



r .gure 14 -~ Rivd Spinner



60· -_. __.~-----_.~--~~

[J ~F~r l~eiseDs [] I Shear I Main
tenance

Screw
Drill Presses Machine

DO DOD

Die I ICasting 1-... _

Machine

o0Heat Treat
Furnaces

OHack
Saw

OUniversa~ Stand
. Grind.er U Grinder

OMelting
Furnace

Raw
Materia!
Storage

[J Trimznin.g
Press [] Rivet

Spinner

Plat
ing

-,
I

C I [: J
Assembly and Packing

Benche~

1 1 1 :1

Rest RooUls

Finished
Geods
Storage

Office

I

Figure 15 - Preliminary Plant Layout



SERVICES OF THE
Itr-.oUSTRIAL TECHNICAL COOP ERAnON PROGRAM

TYPF III - TECHNICAL AIDS FOR ..lVERSEAS

Provides bas ie informc.tion regarding:
I Data and reference materials relating to private capital mobilization and its

in economIC developJnent.
l Reqmrements for establishing and operating small factoties in basic industries ..
3. ""ian-hour requirements, <>perationaJ characteristics, and equipment utilization

m n~pre5entahve U S. factories in selected industries.
4, l\1an -hour an" r:late:rials savings through standardization, simplification, and

til pc ,9 tudies ~

,:>, and other specialized traIning proc;edures and techniques.
6. D. S. expenence specialized fields.

Gin 1J
digests and abstracts, tul. length articles, and bibliographical references

dl"v('lc'Dlnenta in products, processes. and work Lchniques dt;1"ived from U. S.
and trade periodicals. and ether pertinent sources.

• IrXHNICAL INQUIHr SERVICE

I::>ruvl,j<~.. answe t'S to Indbndual questions relating to products, processes, Il1aChInery
a. operations, work techniques, managernent practices and
UHIC"pis, LH.:lOfj.' engllleedng, and basic requiren\ents for industrial production.

• IH
11\1.,,5 SERVICE

PrOVIde", baSIC Ill'ltenal.. tor "Be by sFeciahzed technicians in the conduct of man
Bupen,.. ory and speCIalized tr",ioi08 courses in hOf't countries.

L LlTERATUH E

Pn)\ ide.s re·co.rur.encathH's and guidan .. e regarding current useful world-wide pub·
).,.:\'>1:8 to and productivity inlprovc,nent; distributes carefully se
,,<I,·d a,n,; representatlve new publlcahons of particula.r v""lue for prc'graIl1 use; and

l.iCllll.des Ill1lHllOll lit'!I·ature procureJnent.

." . BOOh EXCHANGE 5

Pn nd(,!l. un :!I.lls ,non approval, technical and scientific books and periodicals Oft

,'x. b,UI!" to o';~rae;'!. libra.ielL

MEDiA

<;f:R VIC t:.

PrOVIde" te,'hnical and ~uidance to nli8810ns c" new industrial visuals. Pro-
v:det for program adaptation and use a vad~ty of visual materials, in~

loan exluluts, silk-'Jcreen display panels, graphic brochures. slide and ",CIUnCl
lnt .. , ,H'd related UJalelallL

•
f::'r::)'.·l.<:h~", guidance for and facilitates 9rocurement of U. S. technical and tl';~ining

films tor program UliH'; pr')vide.s represen;.ative U. S. technical industrial film,; and
hh""tnpl:l on lnan ba.llie for short-term program requixements; '1ud facilitates ada.p
rah<>n of films mto {ore1gn language venlions for program use oversea•.




