G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Uritea Natvens owiostnanr Developroent Organization

LIMITED

1D/w5.15/1¢

23 “eptember 14669

At
Yrecacasting wod o teevision

LA |

o

s 13 = J4 Octobter 1900

DESIGMNING ANT MANUFACTURING LOW-00ST EZCEIVERS

od i

OF RADIO BROALCASTS IN DEVELCPING CGFNTRIESL/

by

Dai j1 dara,
Managing Lirector, Toyo Kadic Co., Ltd,,
Tokye, Japan

L
+3

=K

@er.t has beern reprcduced without formai cditing,

CRIGINAL: ENCLISH
———
e L Neo TR GRS A%
EINL RV (RS S0 WART W VIR O R SR VIF S A0 A
RO NN ca= ARt YeCelva T T T souna

s and opirinns exuressed ir this paper nre those of the author
ot necessar:iy reficct the views of the secretariat of UNIDO,



We regret that some of the pages in the microfiche
copy of this report may not be up to the

proper
lepibility standards, even though the best possible
Copv o was used for preparing the master fiche.




Dictr.

LIVITED

ID/MG. 15/1C/Corra
16 Octoher 196G

ORIGINAL: DLNGLISH

(S i t
(1nalvis RS . L
Soode el o clen
slemny, 13 = ¢ ctuaren L
DO N T

Lol )
R |
. P S T Y . A
Dominn JITeTL T, (SR e
-t
o -
LT

o . o L ,
hoge vurtt o T DN, line e
re.d o e o !

e i ———

ed o Mevize , o onitile
Yo oy N R .
Fisce 22 ite, ‘e g = 1T 17

id.69-5353

&







(11)

Contents

INTRODUCT ION

GENERAL

DESIGN

MATERIALS & COMPONENTS
FACTORY FACILITIES

TRAINING ENGINEERS & WORKERS
WMANUFACTUR ING

GUARANTEE & AFTER-SERVICE

12
15
25

32



l.

INTRODUCTION

Most radio receivers spread over world markets
are presently manutactured in developed indusirial
countries with adeguate production Jacilities under
well-controlled conditions. Also, the radio indust:ry
is highly competitive~-the same as any other industry.
This simply implies that by all means raedio receivers
must be merchandise which reflects vigorous efforts
to reduce costs.

Although radic receivers are generilly included
in the category of durable consumer goods, it may be
inevitable for a consumer to adopt the inherent buying

psychology of adding its external appearance to his

[+4]

selecling basis as well as its performance aud reliability
when he sbops {Hr a radio. That is, consumers are apt

to form the basis of their buvinz decision on a balance
between price, verformance, and aprearance.

Generally, surronnding market conditions may not

be disregarded even in newly desimning and manufacturing



radio receivoers in o developing country to gain the
accertance of the geaserai public in that country.
Additionally, tie most ampoctant joal as tihat planning
& radio product.on program must he basea on nogitive
data of poteni’cl Ademands and purchasing ability of
thé general public in that country; otherwise, the
products may not goiu public approaval.

The main factors deternining the cost of radio
recejﬁers are (1) design~--berd performance and external
appearznce; {2) productinn qguantities per day oY month,
and size of each mroductron let; {(3) purchasing price
of material and componéants; (4) skill and wages of workers;
(5) manufacturing facilities including testing equip-
ment; (6) quality control; (7) after-service or
guarantee; and (8) investment.

The anove items are discussed in detail in the

following chapters.
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GENERAL

Radio receiver structure, in fcneral, is divisible
into two categoriecr--{1) . cirentt (ono nratio:
which effaocts novfornance of the ¢ 2iver card {(2)
an enclosure ¢~ rihinot oo o, tirviiras external
dppearance. In raviewing ..csc ine coctagories from
A cost standpoint, althouall 1 raiio or (U o (2)
varies widely based o incivitusl afses, regarding
comparativaly simpla 1 eeoivers o he Lorket, the
ratio is around O =o 40, on s4loe. vords, the cabinet
cost of suclh rrceiversy nay oceuny annrronimately 40
percent of the {oital facto:v cost.

Sevaral means cre considerad i1 raducing theo
cost of radie raceivers for a specit purpose manua-
factured and distributed in o developing country.
Sters in desirning lov-cost soceivers inclvuda (1)
simplifying cabinet censtiucting to an oXtreme without
lovwering pertormance, (2) lowering receiver per-
formance rpecifications te an cezentable limit in
accordance with zircumstiances . cach country,and
(3) using the leoast exnansive components withont

affecting product reliability.




ilowever, in dosigning receivor cavinetn,
general pullic preferenc. o tho comiry involved
cannot Le gntirel, dinrogucled, Oicrwise such products
may have l.ttle 1 .0 appaal,

Regordin g recoay or serolrance speciflications,
the Peculunr Crvcuuistane os o f the ceuntlv--jocation
of broadcasting Stalive®, pomulat ion Justribution,
power supr.y eONCLtions, und ventter conditiouna
(especz,:.*.Llj,' tovnder v 0 eguenyle-ust Lo taken

Into consideraiing, Additionally, conditions of
neighboring counteieng sheule rot be i1gnored,

Nowaduys, low-cost radio receivers can Le
desigied oy Using semiconductor devicues instead of
vacuun tules, resulting in lower rrices, higher
reliability, and 1ower pover consumption,

Concerning the desagn procadare of -tronsistorized
radio recciver circvuits, appropriate Jescrintions
are available in ceortain text hHooks sold in boolkstores;
thuas, in the JUrvey, descoiplions are olfered on a
fow definite ¢Xamples., Receiver categories and
specifications nay be reviewed Ly referring to

Recommendation 415 op the CCIi, 1962

Three repirroseniative models (A, B, and ¢) are




ni*oacnted, a1d dotails of those models are doscribed

horean,

Referencaos;

a. Transiator Civcuit Eng.neering by Tichard F.
Shea, nuh!’shed by John Viley & Sons, Ine. 1957

b, Transistor Circuit Design by Jousenh A, Yalston

et al. Publicl¢d by dcuraw-liil Book Co., Inc.

‘Most circuit componern.s and materiais (including
transisiors, dicdes, electrclyiic capac tars, ceramice
capacitors, variable capacilors, fixcd and variable
resistors, nmulticuontact switches, spnsal.ars ard
ferrite compuuents) sare manufactured irn developed

industrial naticus under & mass-production aystem,

placed on the markei at reasonable prices. Manu-
facturing these cowpornents and naterials reguires
highly developecd and ekilied tochnology, using vell-
controlled facilities. In producing low-cost radin
receivers in developing cocuniries, pecrnssary come-
ponents are pu. Jhased {ow develoned industrial
nations, at least for the time being.

i

ladio receiver production cost is largely

influenced by total and da.ly production guantities.




Especially i the cose o7 rclatively s—all-lot nroduc-
tion, the influence 1s remeriiable. In certilr circunstiances,
wnere daily procdu-ticn 1s lass <han 00 savs, factorv

0ogte rise siraptls end tae Tinin of s g auwi0s’ fuily prodastion

rate mey oo cround 00 aots L U000 gt
Bascd ¢ the avove voason, - sanufacLuring plant

for 10,000 scts 1t 1l

4

1 LassusLed nrrean,

In seloctons o factory ats, locaticos cornditions
Jncluding tihe ti1a7fic situation, DOWer sSunrply, water
supply, and job ordeirs aust Le cansidero.d.

Meoeting a projected procuction schedule lepends
upon factory facilities t{ogether with level ol skill
and ability of the engincers, tecunicians, and workers.
When radic receivers ara o be wnanufactured in a
developing countiy fo.© the Tirati “i.¢, Spec:al train-
ing of factory personnel muy he recuired.

After tac design wors vancluding detailed drawe~
ings) and the parts listing (with specifications) are
completed Ly the design scetion, a few trial production
sets are monuflacturced and rov.sved from all angles.

A8 a result, ths origina! design Gidergses nscessar, modificattion,
Following trial pircductiiocn, 30 evr 60 preproduction
sets arc 1unx turoush Lhe procduciion line, basad on

the modified drawings. After the same nrocess of

3
%
é
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5
%
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revicw 1s& a;plied 1o thesc preprocuc ts, rejular
production is staricd v en rosulds D.7ove sarisfactory.

Assumlly worlk iz brate. Aovn antle certnain jobs
of each worier, and assenbly uildance is nranared
by the Prcduction Shgivecrine Section. The wirxload
varioty for eacih « .Ker =m.:: conforT owith his skill.
For the time being, abour 74ve tyves off moustiny or
wiring  pro -duras LRy Ye aypro _riste. T e My wOrd itens
are loaded on a worker, it is zpr tu roster discrepancies
in production.

A belt conveyor system four asscobling wors
(including maunting, wiring, and intermcdiate teoeting)
is appropriate for producing more than several hundix-ed
sets per dav,

Guarantce and after-sales service on products

must be taken into consideration vhen preraring cost

accounting estimates.




3. DESIGN
SPECIFICATIONS:
It is imgperative that fhe design of radio receivers
be hased upern performance spacifications. The degree

of strisciness excraiced ir waintaining perforicance
spe;ificationg slay aitect the cost ol the products on
a large scnle, Vhore ficle intenoities of the radio
broadcasting statisns are strcng)or where homes and
apariwents are limiceac to arcas comparatively close to
the stations, receivers of lower sensitivity--to 2

certain extint--mnay suijrce in practical usa2., Whele

only a few broadczstins stations exist and severe

interf{erence from other radio trainsmitters and simalar

sources are not /nticipated, receivers of lower selectivity

may be nscful. 3Siace those conditions are singular to

each countiry :-nvolved, 3t may not prove praciical to
estabiish peirformance stecifications of tha lowest
cost reccivers. ccordingly, coucerning the lowest

icatione which can Le depended upon

| )

performan:e speci

V]

in such a piroject it iz advisable to arrive at a

decision by reviewing wach individual cuse after giving

due consideration (o local conditions.




In this accouni, certein performancoe specifications

for Type "A' (standard brcadcast band;, type "B"

(standard brbaccast anc short wave bands), and type

i s R O

"C" (VI{F frequency wodulaticn Land) are assumed as
Shown i "adeadum 2 as tie w2t 3 deaif prooed re,
referring to CCIR Reccumendation No. (153, 1962. Also
takea iute cousiacration are tie rosults of our own
broad experience, wherain assuaed performancs specifica-~
tions differ somewhai ‘rom SCIR‘s sbiicatiorn,
deduced from actual resul.s of maany examples of lowe
¢ost radio receiver:s in sevcral developainz couniries
which have met with pullic avproval.

The most important point in designing low-cost

L ol 20

radio receivars is ts provade sui{icient alliowance

e}

1

in specifications; otherwise, marulacturing proceduros
may raquire a coritical allignuent, cansint the need for
excessive manufucturing man-hours ard exira components.
Both tliese faciors must be asscc.ated with higher cost,
Economy~-priced radio receivers are nct always dependent
on siuple circult ‘'esizn,

Radio receivers have hLeen designed by using either

conventional vacuum tubes or semiconductor devices

(transistors and semiconductor diodes); however, today,




seniconductor devices muest be utilized frcrn every angle--

economy in manufacturing and operating costs, and
reliability and safery 1in opera.ion.

The theosretical procedure of ciarcuit design for
radio receivers has basn adeauvzaiely discussed in many
books availabhle at coch stores (sce cliapter 2).

Success of desaignins low-cost racio rece.vers
deponds upon circaii desien couiplaed with designing and
selecting tnno con; "»nents and material: to Le employed.
In selecting circuit compen 'nts, design mmst be reviewed
from cvery angle--cosi, peviormance, xreliabilily
climate resistan®t and availability., Using iow-cost
compounents only by virtue of (heir low cost, while
disregarding their performance and reliability, wmay
cause receiver defectes whicn inevitably lead to added
expense, Certain odilainab.liity mu.st Se confirmed at
the design stage ir sels:.t'ng eaczh component.

Cabinet design should desirablv be simple and
sturdy in construction, conforming to the general
public's tastes. \herc adeguate plastic moulding
facilities or wocdworking facilities are avalilable,

it is advisable to design cabinets by considering the

utilization of such industries,




In actually designing radio receivers, it may
Prove rational to conduct test ang review every possible
angle on certain working samules pioduced on a trial
basis, the original designsg subsequently reviged to

thoroughly reflect improvements Suggested by the trjal

results,

The Design Section must submit detailed design
drawings and a Complete pairis listing with ehocifica-
tions to the Manufacturing Section. An exanple of
items required for low-cost radio receivers

are included in Aadendum 2 to thig dovumsnt,
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MATERIALS AND COMPONENTS

Certzin corponents of radino receivers are produced
on the basis of a wide rauge nf technclogy in developed
induatrial axticaa.  TNooving this in mind, when dnvelop-
ing «ouatrics manufacture low--cost radio receivers, it
wey be ifficult Lous- thew tu domestically produce the
recessary whola vomponenis at the start which are
required.

Accoraing (o circunsiances oi the country's
condition, it wmay prove adivisabl¢ to initially manu~
facture receivers by asseabling most of the varts,
relying cn impo%tud circuit componsnis.

In the following discussion, the subject of com-
ponentp 1is Jdivided inlo two catezcries-~components for
cabinety and those for circuit ¢unfiguratioa,

Mogi econuvmy-prics-d radio receivar cabinets
manufactured in developad sndustrial nations and
placed or the mirikat are made of plastic, simply to
effect mass producaior and Low lahes cost. However,

14 may e advis.ule 1o censider ihe usa of wood or
plywocd as caniae*r waterials, uiiiizing existing
domestic incustry if there are suitable woodworking

facilities avallable. Utilizing this procedure, the

-12 -
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initial stage or manmfacturing tne receivers would

be cased, even though a suitadle depree of plastic

i

moulding his wot yaot duciwe available in it country.
It may not 0o econowical to install $h2 necvosaary
plastic wovloirge gsouipirat acsely Yor the purpose of
localiy producing plagt,e radilo cebioels, Three
factors detotwine the eifectiye ucsien of low-cost
radio cabinots in thiyu inscance:
(1) the usae of ensily procured motecizls, {2) samplified
design without 2rien<ive crieneniation, ald (3) facile
assembiing without the nced of caplicated processes,
Thoso parts utilizsd in roeceiver cabinets, such
83 the chassie, Lrackets, etc. can be &0sily self-
produced by previding comparatively simpice machines
and tools,
Conversely, anong tae circuit coimponents, there
are nony whose manufactuva deaands higher tcchnology
and expensive installation, Yoreover, mont of these
components can Ye produced competilively ocriy through
pass produciion of vhigh eCOnGILC ALY mintaum auantities
far exveed the individnal requirements oi a receiver
nanufacturer.

In the ahove cazegory would be included seniconductor

-13 -




Cavices. Varisble capacitors for tuning coatrol,

“lectrolytie capacitors, ccramic capacitors, ferrite
coiponerts, wulticircuit switches, spaakers, and other
components.

Develaning covntries possessing conparatively
simple muchlnes and “ools may be able to produce AF
and iP tranaformers, & coils, film capacitors, simple
gwitches, and 5¢ on. Howaver,delicale materials guch
as ferrite cumponents, rosilient materials and chenicals
must be imported from developod industrial nations to
produce such components,

In conclusion, in {ha initial stage of ranu-
seubUring economy-priced radio reseivers in Jdaveloping
sountri¢z, the above-mentioncd celicale components and
materials necessary for produstion shuuld ve tewperarily
inported, and it ie advisalble .o graduanlly increase the
categories of self-supporiing cumponents.

Concerning imporis of components end wurerials,
of course, the nvcessary specificatioas uust be thoroughly’
reviewed, Utilizing cuaponent kits imported from
7. celoped industrial nations may preve to be a con-
venient method. lz tiis case, use of only tuose kits
’which have already attained actual good results in mass~

produced receivers is desireble.

- 14 -




5.

FACTORY FACILITIES
Site and Scnle:

The site and scale of factorios for producing
radio veceivers are cétermined Lased on the typo
of reccivers to he manufacturea snd the¢ wmaximum
déily production rate, estimztiing the power supply,
water supply, end wraffic. licidental facilities
such as mrplojyees quarters may be roviewed,

Teking a produc .cion copacity of 10,000 receiver
gets per month {(o. %00 sels per day) as an example,
the necossary not floor space €or the agscnbling
works may total around 2,400 square wmolers. In
addition, arffiliated facilities such as warehouses
for products and purchased materials, a testing
room, tool roowm, air compressor rocm, laboratory,

office space, and dining hall will be required.

Installataion:

Belt convayor: In producing 10,000 raceiver
s8ts per month, a belt conveyor system should prove
economical. Considearing the space factor, a dual
belt conveyor is éonVenient. with work benches
arranged ajong each conveyor belt., As an example,

a8n arrangement of belt conveycrs and wolri benches

-15 -




are shown in Figs. 1 and 2, their specificetions

listed in Table 1.

Tabla 1 Specifications of Dual Belt Conveyor

Vork benches

Length of beit convevor {(mm) 30,000

Effective total length (mm) 60,000

Datt width (um) 300

Felt height above fluox (mm) 750

welt speed (m/minut055 Adjustable within
0.5 - 2.¢C

Driving motor 0.75kW

750mm (H)
Plvvwood tops
(48 required)
Wiring and piping: From a viewpoint of employee
safety, it is advisable to use AC, IOOV'~ 120V for
the powar supply for soldering irons, iest instru-
ments, and rcow lighting. For easy ataptability
in changing the assempling piocess, overhead wiring
may prove cecnven .nt. lagh-prressurc air piping
from the air corpressor room for operating pneunatic
tooln is required, its auaptability to subsequent

layout changaes also to be considered.

900mm (W), 700mm (D).



Shield rcos: ¥roaouct precisa parlovuance tests

must be conducted in 1 roar frae from oxternal
electrical.disturwancUs. When strong interference
{rom radio hroadeasting siznals, radjo comrunications
stations. 1ndnctrial radie CRGUUTMEN Ly, nnd S0 wn is
anticipacved, on Auaguaie " hiela~d roon having 100dB
attenuation is required for testing, To attenuate
radio intoerferecice witlin a raage of frequencies
of 400kHz through 400 xmix by 100dL, the test room
may be constructaed by vary careful douule shielding,
utilizing wire resh. The initer mesh and outer
mesh are insulated and grounded at a common point,
Where excaessive interfercnce i: vrevalent at the
factory, tho external power supply, must be
introduced to ihe ahield room through a low-pass
filter; claerwigse, alignment processing on the line
may be disturlied, In t+uch eases, a movable shielded
room sized 1.0 % 1.8m % 1.8m may be required.

Alr cempressor: Cne air compresscr set for the

neumatic tools is racuirad its aspecificationg~~
1 ]

Compresscd air pre ssure 10 kg/sq.cm
Power kW
Tank capacity 120(

-17-




Measuring instruments: Specifications of measur-

ing instrumente required for producing low-cost
radio receivers are shown in Table 1. The necessary
quantity cf sets for each receiver type is listed

in Table 2.

- 18 -
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Table 1 Brief

Specifications of Measuring Instruments

IT24 | CATEGORY | SPICIFICATIONS
X0. | L
1 { Signal ! Frequeacy 200iiz
Injector f Lutput 1 - 2V peak
(Pulse | Pulse width : 0.01 - 0.02msec.
Gencrator) |
2 | CRT: : 5 inch
i
Oscilloscope Seansitivity :
: V - laV/en
' f i -~ . 10mV/cm
! Ext -- PP 40mV/cm
3 ! Freq. range : 30iiz - S00kHz
V.T.V.M. ! Sensitivity : 0.0inV - 100V at input
; imp. of 500k ohn
4 ' Freq. range : 1000z - Soomis
j
RF V.T.V.M I Voltage range: lmV - 1ov
' anput Less than SPF.
" 1mpedance
5 Stabilized . Vutput : 0 < 23v, 2%
DC power : 0 - 24
Supply ;
i




6 : Ohmmeter - R range : Up to 1MQ
i or V range : Up to 100V (100kQ/V)
! Voltohmist .
! ' A ruange Up to 1A
7 i VIIF M ‘ frcq. range : 9.7 - 11.7MHz
Signal 53 - 151MHz
; Generator
; Output s 0‘3PV - 0.1v
Z = 752 or 50Q
; Modulation i FM -~ O ~ 100kHz Dev.,
AM -~ O - 30%
i Mod. Freq. : 400Hz & 1000Hz
8 req. range : 10Okliz - 30MHz
aM signal Gutput luyv - 1V
Generator Flat within +1dB
Hodulation 0 ~ 100
Mod. Freq. :  «400llz, 1000lz
| f Including Test loop
9 | Freq. range 26?1.: - ..J0kHz
}
Distortion é Distortion O.1n - 30/
Metor | Fanat
; Level : 0.3mvV - 10V
10 Test Loop % FTe&T_range 400kﬁi - 30MHz
z Loop diam :  250mm
| Cable Length : 1l.2m

-22.
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11 455kiiz Center freq. 400 - 500kHz
Sweep Sweep : 0 - +50kliz
Generator ‘
Marker 443, 4C0, 105, 460 & 465kHz
Sweep rate : 1/2 of line freq.
Output control: 10CuV - G,1v
12 | 10.7MH2 Center freq. : 5.5 - 11.suns
Sweep Sween P 0 - *+5C0kile
Generatopr
| Marker freq. 10.35, 10.625, 10.7,
; 10.775, & 10.85M12
} Repetition rate: 1/2 of line freq.
! Cutput control: lcCuv - 0.1v
13 ; F;;quency‘ ': 10CkHz ;‘ESBQEZ
g Shield Roon Attenuation :  00dB
; No. 1 Dimensions : 180 D x 180 % x 180 H (em)
| 14§ Shield Room frequency i  400kiiz ~ 200MHz
i
i ; No. 2 Attenuation : 1004
! Dimensions ¢ 180 D x 360 ¥ x 270 H (em)
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6. TRAINING OF ENGINEERS AND WORK:=<S

Each enxineers' or technicians' denree of personal
skill and experr knowlcd;eiganufncturing radios through-
out the factory's various Sections--as well as irs
prodaction iacilities--are main factors roverning the
effectiveness of prodiucing low-cost radio receivers,

If experienced enrineers or technicians are not available
for producine low-cos*t radio receivers in countries under-
®0ine oeveloprent, instruetion art/or trainine far the
Applicable parcannel is a Prime requisite, Twn wavys
deemed appropriate far cuick, effecrive rrainine “~r such
personnel ar~: (1) raceivine instruction at an qualified
radio manufarturer's plant in a2 deavaloped indusrrial
nation, dispatching several promising personnel; or on the
contrary, (2) ceceivinz instructions in their cwn country
from eXperienced, capable instructors dispatched fror a
developed industcial nation, It is advisable ro give
ample consideration to avoiding troubles which may arise
as a result of differing livine habits in both countries
c¢oncerned: otherwise, the anticipared adequate results of
instruction mav not materislize,

Technicians reauired for nroducine radio rersivers

are rouehly classifiead into desien encsineers, productinn
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enzineers, 2n” gqualitv ennrrol encine~rs. Zach rechnicisn

alized instracrion ane troainine

’_.\'

reaquirecs certain znec
dependineg an thelr wwn job at the radlio factory, workers
engeped 1n the workshop also reguire certain technical
trai&ina.

The desisn enrinenrs--both circui desiz2n»rs and
cabinet designers-~require the longest instruction period.
For those treshly graduated from electronics, mechanical,
or industrial desirn courses of technical colleges or
universities, several vears'! practice at an aporonriatre
works in a develoned indusrrial nation mav be necessary
to become full-fledred dnsien ereinasre, Cirecnit desien
cneinecrs mast be thorourhly familiar with rthe fundamental
theory of radio receiver circuirs, characteristics of
various materials and electronic conponents and produc-
tion technolorvy, quality control techniques, and value
analysis. Cabirnet design engineers require an inherent
sense of art, a knowledpe of nroduction techinology, inechani-
cal ensineerinz, qualitv control, and value analysis.

The production enpgineer prevares assa2mbliine gnidance
and supervises factory operations, constantly reviewine
production line conditionc. If he uncovers certain dis-

crepancies causced by desian derects, he rust ‘eed back the



informarion to the Aergicn sectinn, He must cultivate a

wide ranee o knrwledee covericr not only production
technoleny but &lso tha newest electronie circuits  and
quality cortrol,

Technicians requiring special trainin- are thore
engaged in repairing rejecced works from the production
line and intermediate or final testing. Especiallv,
durinz the earlv davs of producine  a new rodel] these
jobs mav be demanded of technicians very freananrle,
Their important rask is to trace the causa of malissenbly
and to qiicxkly eliminate the sou=ce hy thoraienly exnlain-
ine to the line chief, The qualiryv eoantrol ernv-ineny,
responsible for nroducr  final quality manu©acrired at
the works, naturallv controls rhe qualitvy of tne comro-
nents purchazed. Low-cost cotvonent s are lishla to cause
defective products. The QU earinecr is forced to mal,
decisions on acsepting or rejectine fron the standnoint
ol the enterprisc, and at the sano time, the user's point
of view. lie must nhave a reneral knowled«e of caaiity
control and is required to be “amiliar with a wide ranze
of knowladre similar to the desien enaerinaer.

Additionallv, rechnicians exnloved as chia‘s »f pra-

duction lines, includinz alienine and resrine . reanuire




to some extent instruction and training similar to

enginecrrs,

workers enrazed in soldering operations on the pro-
duction line also require snecial training. The decree
£ firmness of soldered joints in radio receivers exerts
a great influence on product reliability. In some cases,
{mnerfectly connected joints soldered by unskilled workers
may account for 70 to 80% of all defective work,

For %he purpose¢ of to bring up lcvel of technology of
concerned personncl, it will be e~fective to have occasional
meetings of Jroups to discuss on their daily jons, The items of
discussion mey be problems in trouble met or method of improvement

of their working.
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7.

MANUFACTURING

When initiating the mass production of radio
receivers at a factory, its rational organiz~tion and
operation must have been previously established.

As an example, a simple organization and its
operation are exemplified and discussed in this
chapter.

For example, under control of the factory marager,
each section dealing with design, production technigue,
purchasing, manufacturing, and quality control are
established.

On receiving finalized drawings complete with
parts listings and specifications, the Production
Technique Section starts trial production of about ten
sets, intent on thorougihly examining accuracy of the
original design and productivity of the designed
product from every anzle.

At this stage, value analysis technique may be
applied. The Production Technicue Section inforus the
Design Section as soon as rrssible of the examination
results, especially highlizhting defective design
points wiili the aim ol revising the original design.

The section prepares a detailed production schedule by

- 29 -




making an analysis of the manufacturing process, and

i{ssues working ainstructions for the other scctions
concerned. *Details of the above procedure are discussed
in Addandu. 1 to thie deaioent,

e Purchasing Scction procurces materials and
components required for produciion conformirz to the
production schecdulv in accordance with revised final
drawings and parts listinrs with specifications.

The receipt of each item rurchaseca must be strictly

in time for the planned schedule; otherwise, confusion
may result on ‘he production line. The most important
target for this section is purchasing necessary materials
and componecnts at the lowest possible cost for tne
required specifications, and to ensure supplying all
items on .chedule,

The Manufacturing Section assembles necessary
workers, instruments and tools for meceting tlie produc-
tion schecdule. In the first step of mass-producing
newly designed receivel, scveral tens of preprocduction
sets are assembled on tue norr:al production line helt
conveyor to cffecct a unifors cxemination of procduct
performance and to clieck the accuracy of manufacturing

instructions. This examination may be conductcd under



o

cooperation of the Piroduction Technigue Secticn,
Should any defeccts be discovercd in the preproduction
stazc, the necessary revisions. st be nade. This
preproduction procecdure also serves as excellent on-
the-job training for all personnei ccencerncd.

A thorourlr cxawination of trial products and
preproducts ~re inportant preparatory steps in the
mass production systecm. Most walfunctions and bottle-
necks occurring on the production line may be contributed
to insufficient examination during the above-mentioned
procedures togcther with a delay of receiving materials
and componrnents.
After comnleting the examination and making the
necessary revisions, normal mass production is started.
The Quality Control Scction is responsible for
the performance of [actory procducts together with the
materials and¢ components supplied to the works,
This section conducts examinations on received materials
and components in accordance with cstablished quality
control tecinnigues. Final inspcctions ol completed
products may be conducted tiirough cooperation with
the section concerncd.

Details of the above-cdescribed procedures are

discussed in Addenctas - to tnis docwuman?,
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GUARANTEL & AFTIR=5ALES SLERVICE

GQuarantec against product defects and the
attitude toward afier-sales service become the
responsibil.ty o{ individual manufacturers in

proving thcmselves worthy of main taining customer i

b
reliance. The teri of guarantee should ve reviewed

*
from the standpoint of reliability and product cost, W
the manufacturer aszumiag the responsihility for "

repairing product defccts without charge within

by
the terms of guarantee (except where caused {he
user's carcless handling). Generally, the term of
guarantec should not be less than one year for
common radio receivers, based on conventional
comrmercial customn.

The reliability of radio receivers depends

upon the technique of quality control, and in turn,

manufacturing workmanship including performance of

the components used. Design technique may also be

SR

responsible for reliability under certain circumstances,
It is advisable to constantly keep an eye on

the defects of receivers sold to customers, and to

Pass on thesc results to the design and manufacturing '

sections--this applies especially to those very young

in the business.,




Products during (te Fuarantee term must pe included
in Product cayt, The imount of repair ¢Xpenses

may be estimited statisyi«:ally, based on actual
market resuyl t¢q and facrory Quality €ontrol data,
Generaliy, around on, Percent ¢r product factory
host May be taken 1nto account 4s expense incurred
for fuarantee,

Most Product troublcs arisang durlng the SUarantee
term are Usually minor oncs, easily repaired by
ordinary Service techniciang (except bad defactg
due to desim and/cr manu,acturing technique),

If rkilleg Bervice teciiniciang are not available
at dealer or distrlbutor shops, Manuf acturersg must
impleaent @ repair nroup to effect centralijzeq
repair wq -, Thi s §roup rmust pe independent of the
design Section ang Producticn line, These Service
techniciang require Special skijil} in dealing with
repairs neatly ang Guickly,

Regarding after-salesg Service, replacement
Parts for ayl ecciver mode]s--including those
diacontinued--must alwaysg pe kept in stock at the
repai Station, Generally, replacement parts
totaling about one Percent of the total number of

shipped Productsg Proves adequate,




Repair stations must be equipped with test
instruments such as voltmeters, ohmmeters, audio
oscillators, RF test oscillators, and cathode-ray

oscilloscope equipment,
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