


FOREWORD

This brochure is one ofa series of reports resulting from
overseas technic,al inquiries on factory or commercialestab
lishments, operation, management, and engineering. The
report is designed to provide only a ~enelal picture of the
factors that must be conSidered in establishing and operating
a. factory of this type. In most cases, plans for actual
installations will require expert engineeZ'°.ng and financial
advice in order to meet specific local conditions.

Mention of the name t)f any firm, product, or process in
this report is not to be considered a recommendation or a.."l
endorsement by the ll\ternaticmal Cooperation Administration,
but merely a. citation that is typical in its field.

Industrial reports prepared for rCA under special contract
are customarily reviewed and edited before publication.
This report , however, like other technical inquiry replies,
has not been reviewed; it is the sole ~esponsibilityof the
firm that prepared the report.

This brochure was prepared in September 1957 by ,he GeIJrge
H. Andrews Engineering Associates, Inc., Washington, D. C.

For further information and assistance, contact should be
made with the local Productivity Center, Industrial Institute,
Servicio, or United States Operations Mission.
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RADIOS

INTBDDUOTIOIf

!!he IIDlAlI radio manufacturing plant described. in this brochure is
designed to produoe raclio reoeiving sets where the d--.nd for this
product e:.d..tf"l anel ...h.re suoh a 100&1. operation would be practioable.
It has IJ..,.eral particular oharacteriatios of .peci&lmerit in oonneo-
tior... '1"''i!')grams for eoonomio elevelopllumt. Some of' the.e atto::d
advantages whioh will beoome apparent in the DlO;re letailea. pr...
••ntation in the following pageaof thia broohureo '1'11,. moat 1JDporlSnt
ones. brietly .tated. are aatollowwl

fjuJ;1 inT••tact ot fixed. o&p1t&1 o
Bang. otohoio. &s to TolU1lle ot operation to b. undertaken.
The rapid.it:r with whioh the p.t"O~eot ID&7 be ohangecl.
Th. e.... with whioh operation" IIlAy 'be U,p&nded. in ID&Iq'

clifferent d1r.otions.
The apiled. with whioh unakilled. workerES oan become protioient

"en 'tho'\1gh they 40' not have a teohnical eduoation.
'!he so01&1. and 0111:turaJ. vaJ.ue of the produot, whioh should.

le&4 to ita W1de dfatributiono
'.rhe ea•• with whioh ftoh .. produot oan ). maintain_.
The high proportion of production 00.10 whioh goes to emplo11lltmt

ot looal p.op1••

'!'here &1"~ various elesign!! :;f radio ~:1'ec.iTing ••ts. !he rad.io reo.ivag
.et on whi~h· th••e e.timate. ot pNdnct10n eel oost are made, i. simple,
8to..trd.y and of exoellm't;,u.s.lity.

Thepla.n", and faoilitiesare, inf'aot, oapable o::a&ki.ngmore elaborate
models rAnd. other eleotronio equipment oftaany' kinde where the na'ture
o~ the ma:-ket make.. produotion ot suoh other model. and. equipment
dee'i~bl.o

'lhisrad.io.manutaotu:ring plant ia d••1gnttd. &8 & prototype, a:ttol'di.nt
a pattern to··be followed where the oonditions _hioh have been assumed
are matohed. It is intended, however, 'that 'the.e uaum.ptions should.
bemoditied. to contos to other oonditions whioh mq obtain whe:-e
aotu.aJ. initiation ot suoh an industrr is oontemplated. ':rhe appropriate
ohangesin the assumptions should. also be made if it is intended. to
start the raclio lIl&l1utaoturing plant on a _aller 80ale, or it &11Y othe:
iDlport8.nt ohange. are planned. To emphasise the.e oha.nges,8paoe.
have been provided, in the text, for new ••tiDl&te. to oon:t01'm to the
requiremen ws that are di:Cterento



GBNDAL A&SUMPTIOIS

In order to~ake realistio estimates, oertain aeswmptions must be made.
Theae are.

1. That a l'Jl&..1'ket analysis has p%'Oved that an"1ua1 sales of at
least 25,000 radio rfloeivers are poss,ible.

2. That &11 ooats, suoh as those for builcilng, equipment,
materials and wpplies,are bued. onourrent cost£., in the
United. States.

3. ~t the opezating oosta, inoluding labor used., are ",aken
t%'Om aotual operating experienoe in "he United Stat•••

4. It is &Lao assumed that adequate t:nnsportation :faoi1iti.s
an available for the imports.tion of Materials &1d parts and
fo1' the d1at1'ibu.tlon of the 1'iniahed. produot.

50 .l4equate power and 1f&t.r are avaUable at the plant aito.

6 0 All ••timat•• are based. on one B-hour work ahift per d.q:l
5 4q. p,Jr w••, or 40 houn per week.

70 Peak p%'Odnotion i.not likely to be atta.ined. until the whole
or£&n1sati~n1. thoroughly 'tr&1nea. It i. estimated that
",hi. trliining will require O~. J!lClnt~

8~ )fost of the JIateriala and. parts will not be Available locally
and DlU.3t be impol" jed.

9. The following items 'oannot be .stima.te<l realistioally.

J.. Land value.
B. height, in and. out.
O. Di.tribution and sal.s oost.
D. Taxe., intere.t, insuranoe and. other burdens.

Wh11~ general esiimat•• will be made ot eaoh of these items
for the p~o.e ot oompleting oo.t estimate., adjustments
should be made in aoooManoe with actual lo~al 00st80 In
fact, &1,1 costs oontained in this broohu:re should be adjust
ed to oonto~ to 100al oonditionso
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3

The SlDall radio manufacturing pla.nt deecribed in this broohureis a.••1g.n.a.
to produce a stl11"d¥, good quali1;y radio receiver, of a -type co-..pa.rable to
thos.made a.nd widely used in the United. Stateso The radioreoeiver on
whioh the estimate. are based. is a five-tube table model. .

Theba.i.o principles upon which .. radio receiving.et i. built are qUite
simple. Eleotromagnetio waves, usually called. radio wave. when spoken of
in "this CO~'"1.otion, oan be pioked up by an. improvised antenna of the
simplest f01"lllo All that is needed. to oonvert the radio.lgn.a.1.in1~ sound
is .. devioe to provide a path whioh will separate the audio frequencies from
the oarrier and. which will provid.eanoth-.r unit to convert the resu1ting
waves of audio frequency into sauna. In the earliest fo1'ms of .1"eoeivtJr-s
which had ~popu1aruse, tho transitlen trom radio waves to sound......
accomplished with a simple orystal .et that a ohildcould buila. fhe.e
.et., however, had limited. value beoause they provicled no amplitication.
a.nd could. not be sure topiok up wave. from sending .stations whioh ..er.
distant or wealtj. nor.ooUld. they .epar9-te the.ignaJ..of one .od,ing station
from that of another with nearly the sameoDA~ter1stio.. !he part. Whioh
·1ihe present projeotadds to those tirst type., or substitute. for le.s
sa'ti.:f'aot017' early pans, provitie power supply, amplifioation and. ••leotiouo
'!'he .sio prinoiples are, howevl;)%',stillihe s&meo

PRODUCT SPECIFICATIONS

The parts which are assembled. in .. modem ra.1io fa.ewr.Y, suoh all 'Ghe
proposed .radio manufaoturing plant, to make 8. modem ocmmercial r&\dio
reoeiving set, are made in v&Z"ious faotories, eaoh lIpeoia1izing in a
particul6.r part of suoh wozk. It would be impracticable 1;() incorporate
all the maohinery foZ" making these pans in one plaoe, pa:~:tioul&rly in
a 1IID&11 radio manufaoturing plant, beoause the oapital investment would.
be too great in proportion to. the volume of' the final produot and most ot
the equipment would be used only a small part of the time.

The cirouit of the rad.io Z"80eiv8r proposed for oon.struotion in this proto
type factory i8 a supeZ"heterodyne. .A superheterodyne reoeiver has an
antenna that piok. uj) a 1Uio signal whioh P&8.~. tbrough a radio frequency
tuIling sys"., and then -i;hrough a mixer tube where it is combined with the
signal 1"rom & looal oscillistor whioh is one of the oomponent panso The
output i. &n intermediate frequenoy signal whioh haa low oarrier frequency
and all the modulation pre.ent in the original s1gnalo This ohangecl signal,
when put through an int8J:med.iatefrequenoy amplifier, a deteotor, an audio
amplitier and speaker, has great advantages. Because of its sensitivity
and .eleotivity, this circuit is oommonly used in modern reoeive~ in the
United States and is recommended tor the receiver to be manu1'actured. in
the radio manufacturing plant desoribed in this brochure. Thero are sevft"&l
wa1's in whioh the wiring and the -i'ariou8 pa.rts maY' be arranged.



The most of the description herein is based Ot" using what i8 known as
the A.:l'mstrong type superheterodyne cirouit. Th"re are, however, other
oirouite, each of whioh has certain advantages. This radio is encloaed.
in a bakelite cabineto Terne plate i8 used for the ohaszisto avoid
rust which would attack untreated steol in damp climates, al80 to avoid.
ohAnges which extremes of moisture content oaus. in wood.. A high
efficienoy loop antenna and. high gain intermediate frequmol' tra:nsfo.1'llers
are also specifiedo The speeified frequency range is 550kilocyole. to
1500 kilocyoleso The powerzupply is 488W4ed. to be 110 volts, either
alt.rnating or direct current, where the reoeiver ia to be uaed"

The oompleted radio is about 5 inches by 5 inohes by 9 inohes and it.
weight is about 5 poundso

It r.;liould. be mot.a th.t speoial inhibiting treatmentshou.1.d. be given all
••t. 1t'hioh are to beuaed. in places where damaging fungus growth i.
11.ke17 to ocour. This. requires spray equipment and. a booth, whioh are
no~ inolud.ed. in thisd.sign. The added cost, including material, labor
and overhead is 25oentsperaeto

ti an illustration of the ad.va.ntage of buiing inBtead.of manufaoturing
oertAin parts, oonsideralion may be given to the ohassis. 'fbismaybe
made ot wood., metal or a synthetio oomposition. A prefabrioated. me'i;a.l
011&8ai8 is reco~end.ed.. Ketal chassis proVides electnoalshielding.
ThilS :is 1mnorlanto If'llOod i8 used, theoh&8.is wil~be 8ubjectto oh&n.ges
o~ shape or oond.itionl! whioh1JOuld have a. bad. .fteot on the YIiflJ" the tubes
and oth~rp&rts would tit into the en~emb1e. Ketal nve~ome. thiM
objeotion, but, if manufactured in the proposed. Jl~", the expense would
be inoreased beoause of ·the cost of fabrioationo ~'he ehas8is must have
many holes ot different.izea and. different shape.. To make these holes
by punohing one at a time, i. very expensive and there i. the danger of
error. This oan be overcome if. the holes are all punohed in one
operation0 The cost of a pres. to do this, not including die., would be
aboui 120,000 and it would be buay Ie•• than one ha.1£ of one perclent of
the time. The operator would have to be given other WOK and val.nable
floor space would be wasted.

~h.ae and other considerations make it eoonomioal for a small plant to
purchas••etal ohassia, ready for use•

.A. aimilar situation applies to thepla,tic cabinet. llthollghit might be
made in the p~posed plant, produotion equipment would cost about '50,000
and it would aotually be oheaper to blq the cabinet from another local
:plant or hav.- it imported.. The alternative, of possi.ble use of wood.,
should &1so be examined if unusual restriotions to importingplastioa
are imposed.

Some oountries have restriotions on 1.JD»o:rtation of it_s oomparableto
the metal ohassia 01' the plastic oabinet. The.e restriotions are
genera.:U.y adopted toproteot looal indusvies. Where such oonditions
obtain, it will be advisable to buy from the local industry rather than.
to establish a new, oompeting industry as part of the radiomanutacturing
planto
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There are sev$r&lways of a.ssembling the various parts
facture to ma.ke a mperheterodyne reoeive~o Theone described brien,.
Q-bove and illustrs.ted in the d.rawings is k.nown as tneArmstrong typeo
There arevariationa known 1&8 theiOolpitts, and the Hartley, and others.
Circuits may be printed and patented. Advantages are ola.imed. f'or~oh.
It should be noted that use 0.£ anypatentedoircuit formmayrequira per
mis8ion,partioularlyif' the produo,t.is to be sold in AmeriO&e The
general features involved in varioushook-ups may be quite '..n1ilar in a
number of modelso The one described, however, is used by many, and this
particular arrangement is used by :BadioXits, Inoorporated, :i1'1 the pre
paration o~ their A.1'kay Xitso Their desorlpt:l.on is followed here by
pem-ission of Mr. Irving Becker, President of tha.t Company. The ease with
whioh this .uperhetero~ecirouit can be built, is a feature. of the plan
that was worked out inpractioeb;y 1Ir. Becker in the suocess£u]. operation
of small radio :::,1ants in • .,%100, using Kexican labor and withfacilitie8
muoh simpler and muohmore liJidtel'l than those described herein. Assembly
was acoomplished at the rate of' one radio per man per hour.

Another a.rrangement,slightly different, 18 shown in "Eleotronios Vade
Easy". Mr. Lo1;hf;r Stern, the author of th&t book, describes a 5-tube
receiver and gives ali8t of materia.l required to build it.

Other satisfactory oircuits could be deVised. The cost woula: tuvtd.1ffer
greatly from the onGS shomin this brochure-;;

5

CIRCUITS

When e%;pansion of the small radio manufacturing plant b~mes.desfable,
it will doubtless be most praotioable to manufaoture additiona.l eleotronio
produots, and produots of asimila.r natureoSuoh expansionwow.du.etlie
same type ofperaonnel as a.re employed. by the smaJ.l radio. man11f'aoturing
plant. and would. require &1so relatively small amounts of fixed capital.

On. the other hand, if there is 8. potential market for other metal pro
duots oomparable to the ohassis and for plastio items oomparableto th.~
oa.b1net and if that market is great enough to keep the.e unit. buq on
productive wo:clc, it WQuld be profitable to installth_o Suo.h in.talla
t10n probably would, however, be independent o.f the tIDl&llrad10 manu1'8.CJ"'"
turing plant.



Inspection and testing of parle &nd materials as they &re reoeived ie
ver.r important. Sinoe it has to be done bT pez-iIOna ramiliar with r~re

menta st'ipulated :Cor all the par'ts and aoquainted with ph;ys1oal and. elec
trioal testing, the opera'tion ia inoluded as pari or 'the manufacturir..g.
All the items will be inspeoted ... to general ap~e&r&nce. Ten percent
will be given physioa1 apo't oheck and ten percent will be given an
eleotrical cheok.

A very IIID&1l ahop with benoh type machines has been included. as pari or
the propos_small radio manufacturing pUat. It ia not intended that
all parts will be routed. through the maohine shop. Some part. will be
r,eceived, complete, reaq- ror the ua_bly line. The faei1ities will b"
needed for 1'881111.1' plant and. equipment maintenance.. as well 1.8 rcr use
in oonnection with regu].arprod.11cts. They will &:Lso be needecl ~or specit'l
jobs, which will be part of' the activit:- of this plant, a1thow:h not in
cluded in the operating figure••

El.ewhere in this broohure, expansion cf production ia recommanded, when
the initial operation has become efficient. This ID&Chine shop equi.pment
will :faoi1ita'f,e that expansion. Two JlUl.Uhine8' are included. in the Machine
shop for regular use t'rom the beginning of' the plant operations. Thes.
a~e the rivetting or .,..eletting mach:i..n~~ that fasten the tube socket,. to
the ohas.is•.. This i. the .first step in the su'b-&ss.bly. From the qe
letting or rivetting maohinu, the work in process lBo-ve. to the .econd
step of su'b-aaws.bly•

• eanwhile, hook-u.pwires a.re out to length, stripped. on both ends and.
otherwise prepared in the maOhine shop, using jigs to bend them to the
required shaps. Three oolora of wires are usedJgreen coa.ted. W'irest'or
the powercircu1t,re4 ooated wires 'for the second stage, and black
ooatedwires for ~h. third, or tirial sta.ge. The.e wires in lots whioh
will be speoified, are placed at the proper points on the a....bly Ime.

STOCK: BOOJI

Lug., wires and other appropriate part. and supplies are al.o IlOved. tmll
stook to aub-&.s.blyJ and to the appropriate p1&O•• on the alls_blyline.
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In sub-a~sem.bly &11 meohanioal assembly ia done in three stag•• ,

Stage 1. All tube sookets are moun'ted on the 1)has8il'l, using
eyelettingmachine or rivetting maehine.

S1;age 2. Dial drive, volume oontrol, intermediate f'raq;llOllOY tnn...
former, and variable oondenser are mounted.. Dial cord.
is strung. Dial f~ce and. pointer are mounted..

Stage 3. Speeker is mountedo Cardboard is in86rled to.proiect
ape.er. Output transf'amer and line CON ~_.t are
mounted &nd. the line cord is knottedo

This manuf'aoturing step inolude8 wiring and soldering, inspecting. and
testing, repair1r..g, adjusting, p&OJd.ne1' or boxing, and storing.
wiring and soldering is divided into three steps, a8 follows,

lll.IN ASSDlBLY, STEP 1

Power cirouit hook-up wires (green 'tn:re8) ar. connected~ There are 12
h(~oit~'P.. When thia wiring is completed, the tubes are plaoed in t1l.flir
sookets, ~he d1&1 light is placed. in its sooke't. When th~ cirouit has
been oheoked., the line cord. is plugged. in"to ....he cutlet, the swi to! _41

the volume control turned. "to the "on" position.. All the tubes and the
pilot light will light up if' the assembly is correct.

JU.IN ASSlIlBLY, S'l'BP 2

Rectifier and audio-amplifier oircuit. (red Wire.) are oonneotedo ~e:r.
are 21 hook-up.. Step 2 is followed. by the first inspection. Inaula1;ed
sleering, spaghetti tubing, is then placed over the leads of' oondensers
and resistorso

JfA.IN ASSBlBLY, STEP 3

Complete the wiringo Theae hoo~~s (blau,rires) require 21 operations
to tie in intermediate frequency tran.form........, resiatoZ1r, condensers,
ground lugs and loop antenna. When thia step has been completed, i1; ijla
inspeoted.
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The f'iniahed radios are plaGed. in ai.:r O\,,,hio~'" c;artona. ~h.se provide
fuJl braoing all around the r.oeive~ with an inoh o~8paoe separating
the radio from the wa.l1 0:£ the oartonon wery si4e, as well a8 top and
bottom. The 08.rtons are e-.led with paper strips.

The radio reoeivers "th$n are moved o~£ the assembly line into nn ac!jaoent
rcce:n where they oan be given ~1na1 inspection and. ad.ju.tDumt, or !')o%".z-eo
tion and &irte.t. The &i1'test is a .tine..\ oheck over the complete 'WnUlI:
range. Per:tormanoe ia cheolted. by & peZ'S(ln ~amili&r with good. perfomanoe
o-ver that range.

Ft:EX.IBLE ·OPERA!l'!ON

AssemblyJ aa well a8 sub-aasembly, i. .et u:-p so Moh person in the line
haa a limi1;ed part of the 'WOrk to dot thus requiring the least emcun't of
detail to learn and re_ber. Each person on •••_bly wo1:ka oppoai~ ~

N1o.her persQn who is lioing 8D.otly the s... operation. Ineffioient
operation oan thue be quiolclydisooverecl and. oorreo~ed. It ia possible
to ohang. thediviaion o~ work between stag... In £aot, the.hole
pattern oan b. ohanged.. if 8Xp6rienoe discloses a bett.r 8yat_. The
relationships b.tw~·n steps ar. not so rigid. as they would b. if paoed
by ishe opttration of 80lAe large maohin.s.

The poai.tions shown for various workers are not rigiily fixed. !he t:rana4"9r
ofperaons])utting out.took parts and. supplies f~m the beginning o~ the
line in the morning to the final stepalater in thed&;y, and. to repair, i.
a practioalway to keep &n even cli3tributiono'£thework.

Per.ons8Dq)loyed. on inspeotion of goode being reoeived. &reuaed. on fin&1.
inspeotion and. ;repair, and. on subo-assembly, d.ependingon the need. at
eaohplsoeo

.rIGS

Full us. ia made of jigs on whioh the work 1D pro~e•• i~ supported. while
parts and. w1.re8 are being placed. and. while aold.ering i.s being d.on.. Th.
work is fitted at the angle ,whioh.experience has shown,enable. the
operator to J)roduoe best r ••ul1;8 with the greatest _S'E) of operation.

8
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'!h..oapaoity o-r this plant i8 100 five-'tube radio reoeiveJ:s perS-hour
wo%'lcingd&7o Prod.uotion capacity oan be increaaed. by working longer
hours, or bY' u.ing extra shift. as shown below,

100
125
200
250
200

Unitsper·da,y

8
10

8
10

8

Hours per shiftShitt.,»- w
I
1
2
2
3

PLANT SITE

PROlroOTION OAPAOITY

The plf.llt ahould be looated. where it oan be reached by vehiol~s and
pede.trians wi.thout great d1fiioul101' and where eleotrio power .ervioe
oan b. had. Th. faciliti•• reqUired for the small :radio plant desoribed.
in thi8 'broohure will not justify the l'lINha.e of a large IIite nor one
that is ooatly beoause ot i 108 locationo The requir«Dents for later
expan8ion oan be met by moving 100& new location when necesaary. The
e.timated. 00.10 of the required. land. ia 11,000.

9

The manufacturing prooe.s is one whioh can be l'earranged. to :1t auitable
building &pace alreacb- aTallaDleo It would require 1e8s oapital and may
'De de.irable for other reasons to rent one or more buildinga and post
}')O1'1. 1;heoonatzuot1on of a bu11cling un~i1 the nature o-r the ••tablished.
manufacturing plant. oan 'be aol". "etin11;el7 fixedo

Sino. the capaoity of equipment i. not a factor in an;y reasonable in
orease in produotion, that increase oan be &ocomp,lished by adding
personnel, providing appropriate hend tools are available. .1dd.itional
working oapi::;&l will probably be reqUired to take oare of the increaaed
inTeni:~:,"",f. No add.itional eqUipment or increase in fixed oapital will be
required from a produotion of 300 uni108 per day, if the plant is ope:rated
in aocordanoe with the above hours per IIhi~:?t and shifts per day.



Wh.ther rented, purchased, or built, the proposed small radio plant,
a••oribed in this broohure, inoluding storage and all other aotivities,

... oan be housed. in a bui:lding haTing about 4,000 square t.et· ot :f'l.oor
&paoe. It the potential sal.s are le.. than 100 radios per day, it
will be physioally possible to bUild fewer radio. in a smaller building,
but new. est1mate. must be made as the oosts will not' all be reduoed. in
proportion.

Th. oost ot .. zuitable .tructure, inoluding heating, plumbing and o1iher
it purchased or built, i. e.timated at 124,000.

POUR

A dependable supply of eleotrio power is required and it ia assumed: that
this will be available.. C"..trrent for lighting, for testing and for a
few8m&11 motors would be all that is. neededo The annual ooat ia
e.timated at not more than 11.,000.

Water is needed. for d.rinking, tor sanitary purposeaand for fire pro
teotion. The total 'annual oost should not exoe.d 1400

!Y1It

It is e.timated. that fuel for hea;ting p\11'Posel1 will cost, annually, not
more than 1200.

TRUCK

Piok-up and d.elivery will not require full time us. of a truok. Truck
servioe oan be supplied by rental, the oost of whioh,. yearly, will
probably be less than the oost of owning, maintaining, and operating a
truck. This would also reduoe the amount of initial oapital required.
For the purposes of this broohure, however, it is assumed. that a truok
will be purohased and used. The estimated oost ia 12,400.

10
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SUPER HE TERODYNE

RADIO RECEIVER

BL.OCK DIAGRAM

SUPERHETERODTIfE BLOCK DIAGRAM
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l. RADIO FREQUENCY TUNER.

2. CONVERTER, MIXER, FIRST DETECTOR.

3. INTERMEDIATE FREQUENCY AMPLIFIER.

4. SECOND DETECTOR.

5. AUDIO FREQUENCY AMPLIFIER.

6. SPEAKER.

1. OSCILLATOR

8. POWER SUPPLY.
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ONE DAY'S PRODUCTION"

SKID STORAGE - FINISHED CARTONS

13

DRAWING SHOWING SKID CARRYING ONE DAYS PRODUCTION.

100 CARTONS.. EACH APPROXIMATELY 71NCHES BY 1 INCHES BY 12

INCHES.

SKIDS PROVIDE A SATISFACTORY WAY OF STORAGE AND HANDl.ING
MANY OF THE CARTONS 'AND SUPPLIES.
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THIRD ASSEMBLY - DIAGRAM
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PARTS AND SUPPLIES

FLOW SHEET

Inooming inspection to stook room.
StoCk room to shopo

13 1. Rivet reoeptaoles to chassis
13 2 0 .Mount other parts

Shop operation B 30 Cut, strip and bend wires
B 40 Return to stock room

Stock room to sub-assemblyo
Sub-assembly ope~tions

Through stage 1 1 s'tage 2, stage 3
Sub-assembly stage 3 to assembl~·.

Wires to assemblyo

23

Assembly line handled on bel ii-conveyor.

Skids are used for the movement of materials -throughout the plantoSkfds
a.rs raisedplatfoJ:IDs, which are li£ted from the£loor' and moved about with
hydraulio hand-lift trucks. One skid will easily oarry finished oartons
for one day's produotion, 100 cartons. Skids oan be used for stors.geiof
stock and thus reduce handlingo

MATERIALS HANDLING

D.
E.

Green wires to step 1, red wires to
black wi~es to step 3

F. Solderingo Step 1, green wires.
a.Test power· oircuito
H. Solderingo Step 2, red wires.
10 Test audio oirouito
J. Soldering. Step 3, blaok wires.
x. Final inspeotion and air testing (in repair room)o
Lo Repair and return to final inspeotion~

~o To oa.rton.
No To finished stooke
~. ~lippingo



Actual
Cost

S;..__

1 _

Estimated
Cost

• 1,000
24,000
12,000
2,400

S 39,400

24

ESTDlA.TBD COST OF FIXED ASSETS

FIXED ASSBTS

This makes it possible to start operations with a relatively small fixed
investment.

One great advantage whioh the small radio manuf'a01turing plant has is that
it requires little, or no, oapital investment in fixed assets.

It is possible, in almost any communit"J, to find a. building which, with
a minimum of' alterations, can be made to serve the purposes of 8. small
radio manUfacturing business. Use may be made of unoccupied residences.
Suitable space may be found in an industria.l building where other activi
ties are carried on, provided there is no interference either by personnel
or by llnsuitable physioal oonditions, suoh as excessive vibration or dust
and dirt. Hired ••wioe may be depended upon instead of a purchased truck.
The combined weight of all the radios proposed as this plant·s initial
daily produotion would be 500 pounds, and the purchase of a truok exolu
sively for this amount of business is obViously not neoessary.

In any revision of these estimates, to show a lower capital investment
reqUirement, it should be kept in mind that a.-mual operating oosts will
need revision to show rentals of buildings and also to show the oosts of
other transportation facilities employed.

For the purposes of' this brochure, .fixed assets above the minimum require
mentshave been inoluded in the estimateso

Site
:Building
Equipment
Truok



Estimated Annual Ooat

• 10,000
32,500

5,000
15,000
50,000
31,5()0

100,000
93.000

It_s (Inolude related parts)

Resistors
Condensers
Hardwar.
Transformers
Oabinet
Carton .
Tubes (amplifiers)
HookPOup wire and other.·

TOTAL BSTIJU.'l'JD) ANNUAL COST .OJ!
PARTSAND1I.A.TDI.ALS

ESTD"..ATED ANNUAL OOST OF PARTS AND lIA.TERIALS

Uter the plant is operatingeff'ioiently, and producing 100 radio r.oei'~e
per day, consieleration should be given to the produotion of' other electro
equipment. For. this purpose, a careful study should be made to detel.'mine
the seleotion best adapted to small plant production, whioh, in addi t.ion
will provide the greatest additionaJ. business. It is· reoommended that, .
the same time, consideration be given to the production of' various .vp.
eleotrio equipment, 'lsing purohased parts, &s a means of developing an
panding the radio p;Lant' 8 p~duction capacity:. Other i t8lll8, the producti.o
of whioh require similar faoilities, should also be oonsidered.

It is intended that the radio parts will be purchased in bulk, not in sub
assemblies or kits. The exoeption would be in the oase otspeoial orders
tor e1eotronioinstruments t(j~ Whioh. the plant stook does not inolude
the required parts. Exoeption might be made tor other 'lode1s ot reo.- ,
of whioh the faotory will probably make a fe.. .These exceptions oonstitut
additional businellls tor the plant that is not; included in the estimates.
The following list is typio&1 and shows the parts in a single Arkay S5:i·
reoeiver. The parts fo.r other modela of' re<utiivere will not be the same,
nor will thoee o£ other manutao'turerso .The model to be made. in..th . p
plant may differ if, for ~ple, it is decided to manuf'aoture translato
equipped reoeivers, or it other ohanges are adopted. The list as given
however, illustrative, and is used as the basis of the estimates her.

The following parts, and items, will be required f'or the initial
the pr-ojectl

It would not be prao-ticable to manufacture in a small radio faotcry all
the parts requiJ:'ed to produce a radio reoeiver. The capital investm
would be prohibitive. Moreover, the .parts used oan be purchased for
money than they oan be produoed in small quantities. In some oountri
hcwever, where there i. a looal steel industry or a looal plastics pi
there may be legal restriotions against the produotion, purcha.e or us 0

items in oompetition with those industries. Suohmeasure. are enaoted. to
protect the looal industrie. in ~heir early. stages of development•. In 'i.
broohure, the assumptions are made that the parts oan bepurohased. atpr
comparable to those applicable in the United States and that suoh purohas
are therefore eoonomioal.



BA.DIOBECElvERPARTSLIST

QBantity

Oondensers
1
2
2
1
2
I

lteai.tors
I
1
1
2
2

Hardware Li8't

No'te, rive'ts may be used tor mounting
12
4
3

12
4
2
3
2
2

Additional Parts
I
I
2
2
1
1
1
1
1
2
1
I
.L

I
I
1
I
1
5

26

Description

50 + 30 (/I 150 volts
.02 miorofarads
.1 miorofarads
.002 miorofarads
.00025 mr (250 mmr)
.0001 mt (100 mm:r)

150 chms (brown, green, bro~)
1200 ohms (brown, red, red)
22X ohms (red, red, orange)
410K ohms (yel;Low, purple, ~ello.)
3.3 meg (orange, orange, green)

4/40 X 3/811 sorews
6Z32 x 3/8" sorews
6/32 x 112ft sor81r8
4/40 nuts
6/32 nuts
3/8u nuts
Spaoers #6 x 3/8"
37811 grommets
#6 x 5/8 self tapping sor....

Line cord
Chassis
I.F. trans:rormers
I.F. transformer olips
Volume control and antoh
Dial faoe pla1;e
Dial pointer
Osoillator ooil
Varia.ble condenser and drum
Knobs
Output transfomer
Loud-spe&ker
Loop antenna.
Dial Lamp a.ssembly
Pilot Light
Dia.l drive
Length of dial cord
Dial spring
Tube sookets



BADIO BECEIVD PAm'S LIST (oontittuid)

The wire will be reoeived. in ooils. From this wire
:faoturedthe required. hook-up pieces.

Hook-up pieoes

Desoription,

Cabinet
Dial Window
Cabinet baok
Trimounts (oabinet baok olips)

Tube 12&7
Tube 12SX7
Tube 12SQY
Tu.be 50L6
Tube 35Z5

PATENTS

1
1
4

1
1
1
1
1

54

Cabinet

Tubes

27

It shou~d be noted that some printed oirouita, used in oonneotion with
osoillator ooils, are p~teoted in the United. States by patentso Other
oomponent parts used. in the manufao'ture also may be patented. Patent
restriotions may be ·l)rovided in other countries also. The restriotions
apply in the oouniiry where the pa.tent is granted. In the oountry where th
smali radio manufaoturing plant is built there may be no restriotion on
oopying an article patented in another oountry, but this laok of restrictio
may not apply to goods that are exported. The restriotions of the oountr;y i

into whioh the goods are sent will apply. Similar oonditions apply to
speoial mark. and trade name. whioh are patented. Lioenses are usually
issued by the owner of the l)atent for small royalties on goods thus
oOl)ied and manufaotured and shipped. into the oountr.r where the patent
was granted.



SUPPLIES

-

'1.-_-

.-----
Aotual Annual

Cost

• 1,000

1,700
300
300

Bsti.mated Annual
Cost

It i.e i.mporlant to have on hand a oompJ.ete set of replacements for the
most vulnerable parls of the ope:ration. The.e and other es.ential
supplies 110te4 below should be replaoed whenever a caretully detemined
miniDlum is reaohed. The radio repair parts are for custom and repair
9O:rk.

TOTJ.L ETItiTD ANNUAL COST 07 SUPPLIES

28

Sold.er and. flux
Badio repair parts and.

plant repaira
Hardware, including tools
Office supplie.
Other, inoluding suppli.es for

truok operation

Item-



DIRECT LABOR

Bad.io reoeive1"B oan be oonstruoted from the various parts by wozkmen who
have the ability to handle simple tools and follo1t'instruotion. o&re:tul.ly.
It is not neoe.sary for them to have oompleted. eduoation in soienoe, nor
do they need long training in the teohnology of elect~nic projeot•• A
radio reoeiver oan be oonstruoted very simply by the method d.scribed. .in
this broohure. The ample spaoe allowanoe, the simplified wiring plan,
the step-by-step, three stqe prooedure, and the progressive inspeotion
and testing make it easy to isolate and oorrect any inoompetenoe. It luUJ
been demonstrated that women are often able to develop speed, aoouraoyand
quality in the soldering that constitute. a large part of this 'WOrk.

Manufacturers experienoe in the United States has established the faot
that the radi~s to be produoed in the proposed prototype plant oan be
buiJ. t up from the separate parts at the rate of one radio per person per
hour, as a sustained perrormanoe.

For the purposes of the prototype plant, with muoh smaller produotion,
it has been assumed that this assembly will not be done so effioiently. An
allowance of 44~ extra time i. made, thus requiring 144 man-hours work per
day for this assembly. On the basi. of an 8 hour dq, 18 persons would. be
required in the assembly line. If a team of workers is established. for
eaoh stage, eaoh item. would oomprise 5 unskilled workers and one semi
skilled.

In addition, 3 teams of 3 unskilled. workers each, would. be required for
the preparation of the sub-assemblies, and 1 semi-skilled person for
inspeotion.

Reoeiving and shippirlg would require two persons, one of them to be comp~

tent and responsible. :Both would use the handlift hydraulio truoks and
both wouldpartioipate in handling goods to and. from oonveyor and stores.
There would be one semi-skilled person as stock keepero

All would partioipate in arranging goods so as to faoilitate the work of
oreating sub-assemblie~ from the bulk packages of goods received.

The wage rates shown are higher than those shown
oation of the U0 S. Department of Labor oovering
may not be as high as eome top soales being paid
industries in the ourrent oomDetetive situation.
would be paid in other oountjoies.

DIRECT LABOR DISTRIBUTION

in the most reoent publi
these industrie.o They
in Amerioan ELeotronios

They are higher than

Funotion

Stor••
Reoeiving, shipping and final inspection
Sub-assembly and inspeotion
! ....blyand inspeotion

TOTAL .. 31 PDSONS, AS mLLOWSa
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Unskilled.

1
9

...15.....

25

Semi-SId.l.lad.

1
1
1

...L,



BSTDlATBD .A.NNtTAL COST OFDIRBCT LABOR

AlloWing tor holiday's, vaoations and lII&intenanoe,the direct l.abor will.
be paid tor about-2,OOO ho\U"8 per ..eek.

Tn.· of Work
Womera
lielJdeel

Hourly:.
Bate

Estimated.
Py

Actual
Pay

S_i-lIki.lleel
Unskilled.

6
~
31

TQ!J.I, 1S!nu.TD .A.NNUAL OOS! OF DIUCT LUOR

S 24,000
75.000

S 99,000

s _

The manager is the only person who must be a competent radio teohnologisto
H. is the key man.

The s.i-akillecl men should inolude at least 3 who have a working knowledge
ot the radio parts and who have acquired competence in the construotion ot
the reoeiver desoribed. in this brochure. It other work is undertaken, and
it is be70n4 the competenoe ot regular personnel, then arrangements should
be made to me.t the addi.tiunal r.quir~enta. The cost of such arrangement
ia not included in the e.timate.

ESTDIlTED .A.DUAL INDIDOT LA1lO11

Persons
It. Needed-
lIanager (Teohnology a~art) 1
Bookkeeper (Seoretary) 1
Utility ID&n (truck&: maintenance) ..l.....

'DOTAL ESTDIATED ANNUAL COST OF
INDlUCT LA:BOR 3

Bstimated
Sa1&r,L

1 8,000
6,000
4,000

• 18,000

Aotual
Salarx

1......----

.------
TOTAL BSTIlIA.TED .ANNUAL OOST OF LABOR

Direct labor
Indireot l ...bor

BSTID.TBD· .TOTAL. A.NNUALCOST OF
LABOR

Persons
Needed.

31
--L

34

30

BIItimated
Coat

'99,000
18'000

1117,000

AOtual
Cost

I........... .•



Special proVisions should be made for the treatment of burns, eleotrio
shook and outso

It is reoommendea. that the employees beenoouraged to offer sugge.tion.
or recommendations relative to prevention ot aooident., 'rcoV'&1 of fire
hazards and maint~ining general interest in all sate~ factor••

Radio receivers and. other eleotronicdevioe. are operated by eleotri.oi~

and in some ,)1.rouits the voltage is high. Praotioally all ot the pe1""'"
sonn.l w:i.llhaveooo&.ion to be careful in bis, 110m at one tim, or
another beoause ot the hazard ot eleotric shook. Por th.i. re.-on, ta~

may become indifferent and 80 the manager must, on hi.01lJ1 re.})onaild.1iV,
talce speoial preoautions with respeot to the plant'. "eleotrioal in.ii11......
tions, the electric soldering irons,in.truments and. other equipm8D.,,?th.e
hazards conneoted. with as._bling anel in.pfioting part. and. partiolJl~
wi.th reBpeot to the attitude of eaoh worker.

31

SPECIAL PBEC.A.UTIONS

Fire extinguishers should be easily available and fire drills should, be
conducted about once a month to train the employe.s as to the responsi
bility of each one in case of fireo

The manager should make frequent inspeotions to look for, and oo~t
fire hazards, accident hazards, and unsafe practioes. He should. be
familiar with first aid treatments and any aotion requir8d. in oase of
fire, eleotrir.s shook or other acoidents. The manager should talte sOlDe
specific action at least once each month to bring to the attention of
each employee the importance of safety preoautions and intelligentfirat
aid.

First aid. kits and. supplies should be readily available. one oomplete
kit should be kept in themanagerls office sotb.athe oan take i_ea.i..te
action in the case of acoident. Special kits should. be kept 010.e,to
the testing operationso The bookkeeper should be made re.poll.lble tor
routine cheoking o£ the first aid kits to make sure that &nysupplie.'

" which have been used are replaced.



Of -the 34 people -.ployed in the proposed. small radio manuf'aoturing
plant, i-t has been stipulated, in estimating the oost of personnel, that
the manageria the "only one who must be a oompetent raclio technologist".
It ia necessary that he &hall be M.1y qualified in order to be acoept
a.ble as manager. The bookkeeper and the utility man, both apeoialiat.
in thair field, also should be fully qualified betore the;r areemployeel.
Six a.u.-lI1t1lled persons "ahould inolude at least three who have a
woZ'king knowleclge ot the radio parts and who have aoquired. oompetenc~

in the. oonstruotion of the receiver de.oribed. in -this broohure. 1t Without
the &DUity to meet the.e requirements, -they would not qualif'y" for the
higher rate i't is p:roposed to pay them. .al -traine.. for the higher
rate should be paid the lo.er rat. until they are fully qualified, if
the;r are -.ployeclat all. Their preliminary training may be afforded. by'
p:revi.ous work, or at a suitable sOhool or may be undertaken by the
manager prior to the initiation of full-soale operation of the radio
lIlanufaoiuring plant.

'!'he..e six people 'Will be responsible for inspeotion, testing, repair of
part. an4 f1.nished :prod.uot and for whatever other tasks IIlIQ" be assigned.
Thq &1..0 will be rellPonaible for training the remaining per80nnel in
the variouataaka of mounting, aas.bling, and otherwise manufacturing
the reoeivera.

Ithaa been poin.tecl out that the work of aasembling the parts of the
adlor8Oeiver to be IDanuf'aoturecl in the proposed plant i. not the type
ot 1I'OJSthat 0&11.. for a1d.lled wo:rkmen. It is und.er the direction of a
skilled. workman who knon hoW' it is to be done, and who .hows a seleoted
group who have a working knowledge of. the radio parts and who have
acquired oompetenoe in the oonstzu-otion of the reoeiver. The wom of
tra1nJ.ng the other~loyee. oan be divided. among thememberB of this
oompeten-t group.

Eaoh o~ the.e 1ead.ers will show IUs share o-r tra1nee. how to do &ll the
prooe.se... The work will first be divided amonlVlt the 'teaohers 80 that
it is &1.1 oovered and none duplioated.. Then each trainer's work is
f'Urtheraubdiv1.ded amongst individual womera, 80 there ia no overlap
an4 no part about whioh &1.1 womers are unin.tru.otedo

The reaul-t wi.1l be that each person will do jU8t what his inatru.otor ...i4
shou1.d. be d.one. It is no't neoe88&Z7 forhiDl to know why' he doe. oertain
'things, nor is it neoeS8&1'7 for him to know 'What other th1n.gs.are done
and~. Re is not pe1"mitted to introduoe any variations. Speed. and.
aocuracy are quickly aoquired,or a dlt-rerent· person oha.ento 40 the
wom.

In JDa!!Y pll,oes 1IOmenuve d_on.tra'te4 particular aldll in the 110m.
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_reo" ...ter1&1a
.D1~eo" 1:abor • 403,009

29'000

J.otual
eoat

.~--

1,__-

Estimated.
eoat

!'QlUL .!'DU.9D ADU~ DIDCT
OPBll'1'DO COST

Indirect labor
Su.ppliea
Po....
.ate~

he1
hejght

TO!AL IS!IlU.DD J.J1fU.lL IDIDC!
OPBI"!!I1G COST

• 18,000
4,000
1,000

40
200

2.000

1 25,240

':...-_-

•._--.....

It_

»ireot operating ooat
In4ireot operating coat
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ESTItiTBP WOBlCDlG CAPITAL

It ia ...u.waea. that moat of the })&na,
mppli•• a.ncl other ma;t.riaJ. will req,uire
oonaiderable time for delivery. ~ cover
this, about one monthf~ proportion, or
about 1/12 of 1403,000 i. a...t.lowe4. (SaJr)

In view of the fact 'that it is imporlant
to maintain a steady produotion schedule,
at tiDl.. it JIUQ' be advisable to produoe at
a :taster rate than 4eliverie. &remade. It
i8 &1ao neoessarr to maate allowanoe for the
tiDle ftquired for oolleottons on sale.,
This would malte it advisable to have
all01lllnoe :tor 1/12 of the annual operating
oost &8 aurplus finished. stook, ~1U8

110,000 for .&1•• coll.ction., l~) 44,000

• 78,000

.~--

10;.-.. _

Total ••ti.ma.ted. fixed u ••ts
Total wozkingoapit&1 required.

f,l'OT.&L BSTDU.TBD CAPITAL UQUIUD

ESTDU!l'lm DlPBECIATIOJl

Bstimat!Cl

I 39,400
78.000

1 117,400

Actual

Life Estimated
Eatmated. in Annual

!!!!! Cost Years Depreoiation

:Bui14ing 1 24,000 20 t 1,200
~pment 12,000 15 800
lfiou.ak 2,400 4 600

TO'l'.1L ESTDQTBD .1DUAL DBPBECUTIOli I 2,600
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In some countries it might be advantageous to give a large
distributor exolusive s&1e of the radios. In o'iher
oountries it might be pret'errable to deal through several
d:istnbutors located in various oiti8S in the oountrr.

35

TOTAL ES'fID.HD JlD1UAL SALES_ 25,000 SETS AT 126.80 -1670,000.

There may alao be oonditions in come countries that wOuId
require the factorJ" to selldi.rect to the retaUer in at
l8&'3t some of the a.reas, in order to get £'ul.l 8&1.••
oove%"B~eo

There are seve:ral methods of s&1es distri.bu:tion
be used, depanding uponlooal conditions.

A very oare:f'ul. survey and. s'tud..v of aJ.l facilora pertaining
1;0 sal.es should be made before selling.po1.1oies ariCl·methOdJl
are established. One of the polioies to be dete19Bi.neet.1dl1.
be theret&:il price. One of the principle factors in
detel.'lDining the retail price will be \he oompetitive
retail prices ofil'llportecl radio••

The total estimated ooat, inoluding 8&1.es cost and pX'Ofit,
;-r on. radio receiver, pmd.t1ced in this plant is 126.80.

It is reoommended tha.-t 0119 O~ more distributors be usecl
where this is fea.sible. The.=-e r~l alwaY's be certain
technical questions asked by the customer. p8-~tioularly

in countries where eleotronio products are not in general.
u~eo Suoh questions would generally be anawere.i by' the
distributors and thus relieva the faci;t)ry of this reaponai
bUi.V.



.Actual.

.bmu&l
Oo.t.

.-------

.-----

• 403,000
99,ooq

I S 2,600
120
240
160

Depreoi&-4;ion
Inauranoe
Legal and &uditing
Bank oha~ge.

TOT.lL DIDOTOPBBlTING COST

It••

Direot Dl&t eriala
Direct labor

Ind.1r\)ot labor
Supplies
Othe~ indi~ect operating oost.

TOTAL COST OF :BUBDEN'S • 3,128 .,....._...

Sale. expen.e
Un~or8een

Profitb.r"re taxe.

• 30,000 • _
9,440

l02,OQ,Q,

SALIS, 25,000 Sfta AT ~6080
,670,C)OO ., _

The .&1e of parts r-md aoee••orie. will p:rovicie &e1clitional l'J!'Ofit, whioh
is not inoluded. in the figure .hown,
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BUDGET CONTROL

A requisition form, pag l! 39, is designed to provide accurate
records and control of 'oosts, both direct and indirect, with
the least expenditure of time and effort.

This form has an aocount number for eaoh type of the various
expenditures whioh the manager will review in detail, monthly
or oftener, in order to oontrol his expenses. Some items,suoh
as power, water, and fuel, are uS"'lally underoontractand are
easily checked byrefe:rence to monthly bills.. For simplifi
oation,these and some. other items (marked with an asterisk on
the attached list) are omitted from the purohase requisitions.
Variations in the.laba:r costs are easily reviewed by examination
of the payroll. r.Phe a:mplified type of control thus prOVided
makes certa.in that thE~ manage: oan oontrol expenditures promptly.

At the end of eaoh month the manager will receive a statement
of all expenditures broken down by budget aocounts. If the
expenditures exceed the budgeted monthly allowance on any of
the aocounts, the. bookkeeper will furnish the manager a break
down of all expenditures relative to the budgeted accounts
exoeeded. All these suppo~ting data oan be secured by referenoe
to the purohase ~equifJitiol!ls. This reference will enable the
manager to determine what ?aused the over-expenditure and take
oorrective action.

If, at any time duringea:o!h. month, it becomes 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.
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:BUDGET CON'l'BOL ACOOUNTS

Acoount Monthly Konthly Annual

lfyber Item KxJ?enditure :Budget Budge-t-
10 Administration S • 260 S 3,120

20 Sales 2,500 30,000

30 Ilaintenanoe - Repairs 17 200

*40 Power 83 1,000

*41 Fuel 17 200

*42 Water 3 40

50 Jlaterial 33,583 403,000

60 Supplies 333 4,000

*70 Labor - Direot 8,250 99,000

*71 Labor- Indireot 1,500 18,000

80 Aooessori.s

90 Unforeseen 181 9,440

lto Speoial Proj eot

S 47,333

NoteaNumber 10 includes legal, insuranoe, intereat anddepreoiation.

* Omitt.d from the purchase requisition.
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DISCBIP'!ION

NUMBER
'l'I'l'LE

DESCIIPTON

PLEASE ORDER 'l'HE FOLLOWING MATERIAL, OR SERVICES,

JlUagUSB UClJISI'l'IOI



A small radio manu:f'ao~ngplant built and operated to manufaoture
radios, aooording to the assumptions made 'in this broohure, would
be a profitable undertaking.

There are some determinations, however, 'that should be m&c1e be~ore

a cleoision is reaohed to build and operate suoh a radio lIl8lluf'aottu-
ingl'lanto Among the neoessary de__eminations are those with
respeot to the following itemsi

SALES

Will 'the potenti&l annual a&les amount to at least 1670,0001

OOSTS

After revising the estimates of oost and earnings shown in the
broohure, 80 they oont01'!l1 to aotual looal oosts where it is pro
posed to build the plant, will a profitable operation be indioated?

OOMPETITION

Is there potential competition whioh will reduoe the revenue below
a profitable level either by lowering prioes, or by reduoing the
volume of .&les?

ORGANIZATION

Is there reasonable assuranoe that an experienoed man will be avail
able for management to initiate operations? Will suitable trainee.
beavailable for the permanent organization? 'l1he man in the manager'.
post should be trained in advanoe of the ini:tial operation of the
plant.

A small radio manufaoturing plant, suoh as desoribed in this broo~e~

when installed and opera'ting, will serve as a goodnuoleus for a muoh
larger industry when a la:rger plant is justified. The transition
oan be made by gradual growth.

Additional types of radio and other eleotrio appa.ratuB oan be manu
T.'cotured and sold when the volume of sales would justify such apansion.

Sinoe the manufaoturing equ.ipment oomprises a number of items that
are standard in many faotories, it is quite possible that the plant
will develop a variety of produots in reS1>onS8 to tooal demands.
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A vast amount of referenoe material is available from whioh u.etul
information oan be drawn by those who are interested in establish
ing and operating small radio manufaoturing plants. It is not
praotioable to list in this broohure all the books and p.eriodioUs
whe%'e suoh information oan be found. It is intended to list 01111'
a few, seleoted. from among many, and to suggest that others, equally
useful, ma7 be found in looal libraries or book stor.s, or may b.
suggested in response to inquiries at any appropriatesouroe.

BIBLIOODPHY

Th. promotion, finanoing, oonstruotion a.lel operation of a small
radio r.oeiver manufaoturing plant appar9ntly haa not been the
subjeot of any reoently published. volume. Disoussions of80me
part80f the prooedlU'es involved are muoh "lihe same aa they would
be for any- other induat%"Y and in that form they oan be readily
f'ound. An informative review of the history of the development
of radloreoeivers is to be found in the Enoyolopedia Britannioa,
together with other information about seleotivity and quality of
reoeption, diagrams of oertain receivers, and other pertinentd.&ta.

The techniques tor assembling, rivetting, wiring and soldering are
widely used operations and most of them are desoribed. in standard
textbooks and handbookso Speoial details of some prooe.ses will
var:r aooording to the materials and equipment used. Suppliers nIl
furnish adequate instruotions for eaoh.

A partial list of other referenoe books follows I

The Badio Amateurs Handbook,
PUblished by the Amerioan Radio Relay League,
West Hartford, Oonneoticut.

Basic Eleotronios, 5v01umes, by Van Valkenburgh, Nooger and
Neville, Inoo,

Getting Started in Amateur Badio, Julius Berems,
JohnF. Rider Pablisher, Inoo,
116 We.t 14th Street,
New York 11, New Yorko

Manufaoturing P:rocesses, by No Lo Begeman,
Keoh&n.ioal Engineers Handbook,

John Wiley and Sons, Inool!',Porated.,
440 - 4th Avenue,
New York 16,New Yorko
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The Primer of ELeotronios by D. Po Oavelry,
Bl..ente of Eleotronios by Henry' V" Hickey,
Eleotronio Engineering by Samuel Seely,
Praotioal, Industrial Eleotronios Librar,y,
Plant Engineering Handbook,

KoGraw-Rill Eook Oompa::ty',
330 West 42nd Street,
New York 18, :New York.

Jige and FixTures for Mass Produotion,
Pitman Publishing Oorporation,
2-6 West 45th Street,
New York 19, New York.

El.eotronios Ilade Easy, Lothar Stem,
Popular )leohanios Press,
200 East Ontario Street,
Chioago 11, Il1inois~

Bleotronio Fund.am9ntals and Applioations by Professor John Do avder,
Prentioe-Hall,
Englewood 011££s, New Jersey.

Badio EleotronicsM8.de Simple, by Martin Sohwartz,
Amerioan Eleotronios Company - 1956.

E1.eotronio8 for Everyone, by Monroe Upton,
Devin-Adair - 19540

lIisoell&neousbooks on eleotronios maY' be seoured from the••, and
other pubiishersl

aernsbaok Library, Inoorporated,
154 West 14th Street,
N.w York 11, New York.
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P~i10.ophioal Librar,y9 Publishers,
15 East 40th Street,
New YOK 16, New Yor''&:o

Binehart and. Comp&nJI, Inoorporated,
232 Madison Avenue,
New York 16, New York.

Supreme Publioations,
1760 :Balllam Boad,
Highland. Park, nlinois.

Government publioations inolud.e some rela."ted. texibooka on
arm:1 training oourses, a broohure on A Plastios lIolding
Plant, by the Foreign Operations Administration, and,
particularly, thet"ollowingl

Shipboard Eleotronio Equipments,
:Bureau of Naval Personnel 0

Basic Eleotronios, Navy Training Courses,
Eleotronics"Technioian 2,
EleotrOnios Teohnioian 3.

These navy eleotronio books may be obtainedt"rom "the Superin
tendent of Doouments, Government Printing Office, Washington
25, D. C.

43



PDIO»Io.u.S

Information is publieed on ma.ny aubjeots whioh are of interest
to persona who are oonsidering the establishment and operation
of a small radio manufaoturing plant. lIuoh of this published
intomation appears in periodioals. 11; ls, of oours., onl7 a
relativelY' II1II&11 part of the material in suoh publioations as
none are devoted. exolusively to the publioation of data about
.uoh plants. Some of the information of interest maT be abOut
the finanoe. involved in radio manufaoturing, 80me IIl&7 be
aboutmanag..ent, or sales. In vie. of the unusual teohnio&1
oharaoter of the prod.uct, and due to the fact that the persons
a.eking into~tion on which to base deoisions are not generally
Ter.eel in the soienoe of eleotronios, it is probabl. "hat 1ihe
deaoriptions and. disou.siona written tor the layman will be of
most interest and will oonve;y the mos1; inf'omation. The folIo..
irig map.ine. ar8 &IIong those whioh oontain suoh materiall

Popular Jleohanioa )(agasine,
20Glaat Ontario Street,
Chioago 11, Illinois~

Popular Soienoe,
353 - 4th Avenue,
New York 10, Ne.... York.

Popular Eleotronios,
Badio and Television News,
Zitt-Davis Publishing Company,
64 East Lake Stre8",
Chioago I, Illinois.

Badio Eleotronios,
Gemabaok Publioations Inoo~orated,

Jlt. )(orris, nlinois.

Soienoe and. Keohanioa,
450Eaat Ohio Street,
Ohioago 11, Illinois.

Soientifio American,
415 Jladison Avenue,
New York 17, New YOKe
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.ectronio Industrie. and Tale-Tech,
Chilton Company,
Che8~ut and 56th Street_,
PhUad.elphia, Penn871vania.

m.eotronios,
J1cGra.-Hill,
330 We.t 42nd Street,
lie. York 36, N81f Yo1'k.

Electronic Technician and Circuit Dige.t,
m.ectronic Technician, Inoorporatecl,
BDmett Street,
Bristol, Conneoticut•

.Tohn F. Rider Publisher, Inoorporated,
116 West 14th Street,
New York 11, New York.

:'"nstitute of Badio Bnginee:ra (Prooeeclinga),
1 East 79th Street,
Ne" York. 21, N.. York.

Information, often of ateohnioal nature, ia to be touncl in
the publications of various teohnioal aooietie. and. in trade
journals. Some ot the Dl&lluf'aoturers &nd.suppliera also
publish house organa and oat&loga that are 8Ood. aouroe.
ot general info1'm&tion and data rega.zding speoific ooa
ponent parts and supplie••
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JWlt1J'AO'l'UUBS AND SUPPLIEBS OF BADIO PAJlTS.

BQUIllfIiiKT AND·· StJB-ioASfJBlmLIBS

There are a great JD&l1Y m&nufaotureJ:'!.,~d suppliers of radio paris
and equipment0 liIJ.ro" mor., in fact, .than would be praotioable to
inolude·1n a list in this brochure. The ~d.res.es of a few are
given, however, for oonvenient reference. Others can be located.
'})y reference to various direotories, and by inqu.izythrough the
approp:ria1ieorganisa:.!ons and assooiations.

Referenoe ia made to the trade direotory of the Eleotronio Industrie.
Association. The headquarters of this Association is 100ated at
1721 DeSal.s Street, NoWo, Wa.shington 6, Do Co The assooiation will
furnish info1"Dl&tion about whioh members will be the appropriate one.
to whom inquiries about speoifio e1eotronic needs should be addressedo
lIore than a hundred m_ber. are listed in the Parts Division Seotion
Kembership in "he current issue of their directory- and a few aze
given below. The assooiation has several departments, including
an Engineering Department, and an International Department, both
of which are oonoerned with overseas p%'Ojects, but not parlicu1arly
with the initiation of _all radio manufacturing plants in foreign
oountries. Not all of the oompanies whose addresses are given are
members of the Eleotronio Industries Associationo

Allen-»rad.ley- Company,
130 West Greenfield Avenue,
Jlilwaukee4;Wisconsin.

AmphenolE1eotronios Corporation,
1830 South 54th Avenue,
Chio.]44, nimois.

Centralab, A division of Globe Union, Incorporated,
900 Ea.t Keefe Avenue,
Jlilwaukee 1, Wisoonsin.

Chioago Condenser Corpo~tion,

32551Je.t h'mitag• .lv.nue,
Chicago 47, Il1inoiso

Claroa"at Kanuf&ctllring COmpany, Inoorpora;ted.,
W.ahington Street,
Dover, New lfamp.hire.

Collina Badio Company,
855 - 35th Street, N. ~,
Cedar Sapids, Iowa.
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Consolidated Wire and Assooiated Companies,
1635 South Clinton Street,
Chioago 16, Illinois.

Cornish Wire Company. Inoorporated,
50 Chureh Street,
New York 1, New York.

Drake lI&nufaoturing Company,
1713 West HUbbard Street.
C~ioago 22, Illinois.

General Cement lIanufaoturingCompany,
Division of Textron, Inoorporated,

400 South Wyman Street,
BDoltf'ord, Illinois.

General meotrio Comp~,

510 Lexington Avenue,
New .York 2~ New York.

The General Ind.ustries Company,
Taylor and. Olive Streets,
Elyria,Ohio.

International· Reotif~er Corporation,
233 Kansas Street,
BI. Segungo. California.

International Resistanoe Company.
401 North Broad Street,
Philadelphia 8, Pennsylvania.

Jensen lIanut'aoturing Company,
6601 South Laramie Street,
Chicago 38, Illinois.

J .F.D. Eleotronics, Inoorpo:t&ted,
6101 Sixteenth Avenu.,
Brooklyn 4, New York.

Litteltuse, Inoorporated,
1865 Miner Street,
Des Plaineo, Dolinoi••

P. L lIallory &: Comp8l17, Inoorpora.ted,
3029 Bast Washington Street,
Indianapolis 6, Indiana.
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Keri.'t Coll &= TranafollDer Co~or&tion,

4427 lIorih Clam St~.t,

Chioago 40, n1inois.

Ohmite lIanufacturiDg· CompaDl",
3601 West Howard Street,
Slwkie, n11noiso

Oxfom m.ectrio CoJ:j)ora'tion,
3911 Sou",;h lIichigan Avenue,
Chicago 15, Rlmols.

Badio Corporation of America,
30 Bookefeller PIasa,
New- York 20, New YoS.

1i&Ttheon lfaltufacturing Oompany,
WaJ.tham 54, lIa••aohu.etts.

Sprague m.ectric Oom;.pany,
81 Jlarshall Str~etJ
North Adama, )fasRchus.tts.

Sy-lvania m.ectric Products, Inoorpora;ted,
1740:Broadwq,
New York 19, New Yom.

Westinghouse Electric OoJ:j)oration,
3 Gateway Center,
P. O. BOx 2278,
Pittsburgh 30, Pen:nqlvania.

Attention is called to the following suppliers for the reasons shown.
One of the best methods of expan.ion of the amaJ.l ::radio manufaotUring
plant in a foreign oountry would be the ad.d:ition of othermodellJof
rad.io reo&ivers, and other eleotronio devicGS in add.1tion to the one
on Whioh the estimate. in this brochure are based. Suchexpansion
shoUld. be undertaken after the in;;' ti&1 plant has become estabiishK.
The potential s&lesof the adddlines might not be dete:rmined in
advance and initial produotionwoUld probably" not be great enough \0
warrant thepurcha.sema.teri&ls and parts in bulk. Purchase of
materials forsuoh small omera designed. for various oircuits can be
made fromfiJ!Dls speoi&1.ising in meetingsuoh d_andfJ. '!'he required
parte and materials for eaoh instrument ar9collected in separato
pao1al.geskno1ftl a8 kits.a.stipulated by the purohaaer and the
oompletion of'the manu1'aoturi.ng and &tJ8em-.>ling is done by \he p1eChaser.
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'fbis plan ia f'o1.lowed by JD&I:Y oompa.n.i~lt 3.":l~. indivi.clua1.a. Some o~the

suppliers of' radio parts sp.~lali,.e ill ~i. business. Som. do•••tio
source. af' supplY' for rtrliil$ -,,~ts &V4Uab1e to foreign manut'actureri
are listecl &s ~011oWBI

Eleotronio Ins'trwnent 001lJ1any,
330 Northern Boul.evartl,
Long Island, New York.

Heath Comp&n7,
Benton Harbor 20, lli.chigan.

Precise Development Corporation,
Oceanside, New York.

Badio nts, Incorporated, . .
(Build and supp1y small manufacturers abroad)

120 Cedar Street,
New York 6, New Yos.

Interna'tional General Electric Comp&n7,
(Exports r&dio "tub~s)

150 East.t$2nd Street,
New. York, N.... York.

Sylvan Ginsbury,-(Er;porta rad.iop&rts)
8 West 49th Street,
New York, New York.

DOge Oorporation,-(Exports radio parts)
East 44th Street,
ltew York. New York.

Such relatively sm&11 purchases oan also be made through othemanu
facturers and distributors.
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The services of protession&! engineers are desi.rable in the design ot
a radio m&nuf'aoturing plant, even though the proposed. plant is 1IID&1.1.
Thi. applies to 'the product, as well as to the plant.

A conectly d.e.ignedplant 1sonethat provide. the greate.t economy
in the1nve.tment of funds and .stablishes the basis of operation that
will be most profitable in the beginning and. will also beoapable of
ezpansion Without exo.ssive alteration.

PrOd.uot design ia of &Uob importanoe that it would not be und.ertaken by
per.ons "hoar. ine~erienoed. and. un:'train_ in this 'Work. This is
l'&rtiol1larly tro.e of radio reoeiver., beoa.use of their design, whioh
not orily has a great effeot on the ia.l:SS j .bu:tprobably will be just
a.~ort&ntindetermining the cost "f'manuf'ao1:u.reo Appearanoe has
an important part in the design, but a beautifU.l produot ma.y be worth
less in use or impossible to manufaoture 8co~omio&lly•

.Looordingly, the servioes of & prof'•••ional radio. engineer should be
employed. and. he should be responsive to the requirements of appearance,
as well as perf'o1'Ul&noe and oost of manuf'acm.u-e.

~e addresses of' professional engineers who speoialize in manutaotur
il1g plantd••ign, and. of others who speoialize inproduot d••ign, some
of whommaj" be willing to undertake such work in low cost projects ovel."'!"
.Gas, oan b.s.ourea. by reterenoe to the published. cards invar;~ous

engineering m~&zin••o !hey m~ also be reaohed through their national
organizations, one of whioh is the

National Sooiety ofPro£'essional Engineerst
2029 X Street, Northwest,
Washington 6, D. C.

Suohinquiries, toga~her with inquiries £'or inf'o1'm&tion on ma.nufaoturerst
~ beaddra••ed tOI

Instit".lte of Radio lihgineers,
1 East. 79th Street,
New York 21, Hew York.

The Institute of Badi.o Engineers is the major professional organisation
and. 1(Ould reach 'the majority of radio and eleotronio engineerso .A."ttention
ia oall..a.tc th.:tao't Jut prof'e8sion&1. o&rds appear in their monthly
joumaJ., whioh i8 oalled. "Prooeedings of -the Institute ot Badio liDgineerstt

•

~. partama.nu:f'aotw:'e1'samploy angineers on this tne of work anel. an
quite willing to&881st in the soluiion of' eng1.neering probler••,or in.
looating .. responsi".:>13 a.nd qualified. person who will und.ertake the
aolutiono
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GLOSSARY

This isa limited. glossary of tems and names whiohmay beuaed.in
oonneotion with the consideration or discu.sion of thia ~ce.t'"

p:rototype of' a 8Dl&l1 radio IIlAnufaoturing plant. JIa:nT of the••
definitions are inoomplet. or do not hav. suffioient definitive
d.tail to satisfY a radio t.ohnician or engine.r. Th.., shoUld
consult a standara textbook or electronicsdictionar,r. This is
intend.ed m.relY' to provide a layman'. version of aom. of the '"lulicd
tems used. inthia "broohure whioh will most likel7 b. of int.re.t to
'he gov.%"nJIl.nt offioial, 8IIl»loY'ee or advisor whoDl&3" have ooca.ion
to rMd it, but who is not versed. in eleotronios.

AKPLlfiCA.IfIION. The prooess of increasing the .trength of a signal.

AMPLIFIER. A d..vioe u.ed to inorease the signal voltage,ourrent,
or power, generally made up of a vacuum tube and a.sooiated. oircuit
oalleda stage. It may oontain several stages in or4.r to obtain a
desired gain•

.ANODE. The eleotrio element or eleotrode in a. vacuum tube to which
the eleotron stream f"lOWSI the plate of the vaouum tube, identitiecl.
bY'tho letter P.

ANTENNA. AneleotrioaJ. conduotor for picki.ng uP. 01' radiating 1"1410
wave. I an aerial. Kay" be on a to..er or pole. on theautomobU"or
roof' top, or Within the room. The loop-antenna, in the proposed ••t,
is a coil within theoabinet. Another self-oontained. antenna is
known as a oore antenna.

AUDIBLE. Oapable of being "heard, a signal or vfbI'iLtion&l disturbances
of audio frequGnoyandot suffioient strength to be heard.

AUDIO AlIPLIFIEL Devioe to increa.e the audio-frequenoY' signal.

AUDIO CQ.MPOBENT. That portion of &n1"wave or 8isnal whose frequenoi••
are within the audible range.

AUDIO FREQUENCY. A. frequenoy whioh oan be deteoted a. a sound. 'by- the
human ear. Th. range of audio fr.quenoie. extend.. apprcxiJu.'te1yfrcm
20 to 20,000 0701e. per .eoond.

AUTQIIA.TIC VOLUD CONTROL. A method of au10Jl&tlo&117reBU!a1ing 1he
gain or a reoeiv.r so that the output tends to remain oonstanj1h.f.Jas'h
the inooming .ignal ~ var,y in strength.

OAPACI'l'AIiOB. The a:bili.ty to sto1l'e el.ctr:l...._u merg, me&sur.41.n
farads, miorofarads, or mioromioro:f'arada.



CAPAOITOR. Two eleotrodes, or .eta of eleotrodes, in the form ot
pIa"es, separated. from each other by an insulating material o&lled.
thediele01rio.

OIJUlIBL S.e OARRIER WAVE.

OAlUlID FBEQUElOY. The frequenoy of an unmod.ula"ed. earrier wave.

CA.RRTD WAVE. The:r-t oomponent of atranllDl1tted. wave upon whioh
an audio signal, or other fom of L"1telligenoe,oan be impressed.

OATHODE. The eleotric element or eleotrode ina vacuum tube from
...Moh the electron stream floW'll' identified by the letter IC.

ORlSSIS. Base on whioh parts of a radio are mounted.

OONDBNSlBo A devioe to reoeive and hold an eleotrio oharge.

CONDUOTANOE. The ability of a material to oonduct or oarrJ an
ele01rio current. It ia the reoiprooal (opposite) of the resistanoe
ot the material, and is expressed in ohmso

CONTINUOUS WA~.Radio waves whioh maintain a oonstant amplitude
and a oonstant frequency, abbreviated o-w or CWo

DETECTION. The p:rooess of reoovering the audio component (aUdible
signal.) from a modulated :r-t oarrier wave.

DIELEOTRIC. An insulator. A. term applied to the insulating materil
between the plates of a oapaoitor.

FADING. Variations in the strength of a radio signal at the point of'
reoeption.

FIDELITY. The degree of aocuraoy with whioh a system, or portion of
a. system, repl:Oduoes in its output the signal whioh is impressed on
itQ output.

FILTEBo A oombination ot resistances, induotanoes,andoapaoi1;anoes,
or any one or two ottheae, whioh allows the oomparatively free flow
of oertain frequenoies or of direot current whileblooking the passage
otother frequenoies. .An example of~his is the tilter used in a
poweraupply, whioh allows thed.ireot ourrent to p"8S, but filters
out the ripple. .

J'Im(.J.l'ENOY. The number of oomplete oyoles per seoond existing in ~
tom of wave motionJ the number of' oyoles per seoond of an alternating
current. or sound wave.
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FREQUENCY MODULATION. The process of varying the frequenoy of· an ~f
oarrier wave in acoordanoe wi.th the amplitud.e and frequenoy of an aud.io
signal.

HETERODYNE. The aotion between two alternati.ng current,\ .ot dift.rent
frequenoies in the same o1rouit, they are alternately add.1t1ve and sub
tractive, thus produoing two beat frequenci.es which are the sumo!, anel
difference between, the two original :trequenoies.

HIGH FIDELITY. The ability to reproduoe all audio frequenoies between
50 and 16,000 oyoles per seoond, without serious distortion.

HOOK-UP. meotric circuit oonnections.

INTERMEDIATE FREQUENCY. A frequency of a mixer output signal whioh is
equal to the differenoe between the frequenoy of the antenna signal. and:
the frequency of the signal from a local oscillator.

KILO. A prefix meaning one thousand.

KILOCYCLE. One thousarld cycles per second.

LINE CORD. }. two-wire cable, and plug, to oonnect a set with a wall out
let.

LOOP ANTENNA. An antenna consisting of one or more oomplete turns of
wire, designed for d.irectional transmission or reoeption.

LUG. A metal strip for soldered oonneotion.

MICFD. A prefix indicating on~il1ionth.

MILLI. A prefixind:ioating one-thousandth.

OSCILLATOR. A radio frequ90cy generator; a device generating aJ.ternating
ourrent when fed direot current.

RADIO-FREQUENCY. A frequenoy a.bove 20,OOOoyoles perseoond.

~CHD4ATICDIA.GRAM. A diagram showing electric circuits by symbols.

SIGNAL. The controlled sound. or other intelligency that is carried> by
radio waves from the sending station to the reoeiving station.

SPAGHETTI TUBING. Varnished oloth tubing for insulation.

TETRODE. A four eleotrode vacuum tube.
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TRIODE. A three electrod.evacuum tube.

VACUUM TUllE. AlBa called radio tube, eleotron tUbe, tube, the1'mion1.c
valve, valve, di,ode, triode, tetrade or pentod~. A sealed metal or
glass tube from which the a.ir ha.s o been exha.usted and which oontains
eleotric elements called electrodes. They are used to oontrol the
now of eleotrons in an eleotric oirouit.

VOLUME. A tenn used. to denote the sound intensity of a rad.io reoeiver
or audio amplifier.

VOLUME CONTROL. A varia.ble resistor to ohange the volume of SOW'ld from
the loud. spesker.

WAVE. The progres15live movement (propagation) either of sound or
electromagneticwav~s through a oonduoting medium, asrhythm1.oal dis
turbanoes.
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SIGNALS ANp SYMBOLS

TUBES $
DIODE

TRIODE· ._~
TETRODE ---l:~
PENTOOE -1r 'cnr

RESISTOR (FIXED) ---I\...I\/'vAy--

-:::L--

RESISTOR (TAPPED)

GROUND OR CHASSIS CONNECTION

LOOP ANTENNA

LINE CORD, WITH PLUG :::::D~==

SIONA't-SAND SYMBOLS
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