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" PREFACE

«  This report is one.of & series based on shipboard oveervation of elec-

tronics personnel aboard shipa of the destroyer class. The titles of these

reports at'e given here along with a brief indication of the content of each.

Security restrictions do not permit the general circulation of all of these ,
reports but the accompanying list will help the rseder place the present re-

port in oontext,

1, Shipboard Observation of Electronics Personnels
_|I Description of the Research.

A general presentation of the problem, its background, and the
obgervational techniques which were employed,

2+ Shipboard Obseryation of g;ecgrénicn Peraonnels -
tailed Descriptions of Observational Techniques.

A report for the professional worker who desires preclise de-
tall regarding the forms and instructions used and the dscisions
underlying their selection. The sumarized data are provided
in a classified supplement.

3« Bhipboard Observation of Electronics Personnel:
Implications for the Training of Electronics Personnel.

Various problems of training are formulated and related to the
observational data. (RESTRICTED)

4, Bhipboard Observation of Electronics Persomnel:
pboard Activities of Electronics Technicians,

Detailed accounts of the activities of electronics technicians
are presented. Topics such as the materials, duties, problems,
and future plans of the technicians are discussed. (RESTRICTED)

5. Shipboard Observation of Electronics Personnel:
Brief Descriptions of Related Electromics Jobs.

The Jobs of the Sonarman, Radarman, and Radioman are briefly
described. The areas of overlap between these jobs and the job
of the ET are discussed. (RESTRICTED) -

6. Shipboard Observation of Electronics Personnel:
dmplications for Certain Operational and Administrative Problenms.

Problems ¢f Shipboard administration, policy, and the operation-
al requirements of the electronics situation are related to the
observational data. (RESTRICTED)
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A 4 .
7+ Shipboard Cbservation of Eléctronics Personnel:
General Conolusions and Recomondat‘m for Jurther Resesrch,

vhL . The: o'bJocuwc of the ‘reiedrdh are reexamined and general
: ' ‘conolusions aré drséwn. Promising’ rouaroh hypothoun and
methodl ore prn@ﬂod. (MSTRIOM)

' s

' Y- '_»

tom N ot N
B L T S R
ACKNOWLEDGMEXTS .

T P

The research reported in this series refleots the contribution of a
- large muber of persons within the Military Bstablishment. Grateful ap-
preciation for this assistance is extended to the Cruiser Destroyer Force,
Pacifioc; the Training Command, Pacific, and the Underway Training Element
of that comund; the Training Division and the Research Division, Bureau
of Naval Personnel; the Personnel and Praining Branch of the Psychological
.+ Bervices Division of the Office of Naval Research; and the Electronics
Coordinator's Section of the Office of the Chief of ¥aval Operations.

" ABSTRACT

This report contains a bdrief, yet ‘detailed and o‘bjoctivo. account of
the electronics technician at work aboard ships of the destroyer class,
After a short general description of the technician's job, consideration is
.given to the general maintenance situation -~ the types of repairs perform-
-0 and the activities associated with electronics repair. Material, as well
as behavioral, factors influencing repair are discussed. Detailed consider-
ation is given later to conditions which limit electronics maintenance, such
as contributors to unsuccessful maintenance, equipment limitations on re-
pair, and factors kesping personnel from doing a better job. Finally, an
evaluation is made of the critical requirements of the electronics technician
in terms of general abilities, and job knowledge and- skills,
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SEIPBOAED (BSERVATION OF ELECTRONICS PEHSOWNEL:
SEIPRONID ACTIVI?IES OF ELEOTRCWICS TRCENICIANS
‘“" 1, INTRODUCTION |

This report yresents a detailed ploture of the electronics tochﬁtcim
a8 he was observed aboard Naval ships of the destroyer c;nl during fleet
‘rttninc d:orci.un. The description is a composite derived from some eighty-
fwo men serving asboard twenty different ships. These are the men on whom
the responsidbility rests for msintaining in good working order a major por-
tion of shipboard electronic oq;upunt .‘.

An sppreciation of the genersl position of the alectronics technician
aboard a ship of the destroyer class can be achieved by a eonsideration of
the equipment with which he works and the function of that equipment to the
ship., Comsunication must de maintained between the ship and land, aircraft,
and other ships. This requires receiving and transmitting systems which are
highly diversified and specialized of purpose. Long and short wave equip-
ments are needed for distant reception, very high and ultra high frequency
devices for ocloser work. Signals may be carried by frequency or amplitude
modulation in forms ranging from CW to phone conversation and teletype.

Badars are numerous and diversified. They serve navigational and tacti-
cal functions with special forms for searching ths sea, searching the air,
and controlling fire power. This means that the presenes of many different
uodels of radar instruments, each with ccapletely different design snd per-
formance charact‘eristics. is common. To this radio and radar comwlex na} be

adthd specialized equipments for underwater detection, direction finding,

4»1.
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ﬂw most of thes were mambers of the ‘ship's engineering ddpartiént.
st tho tine they were observed, the electronis technician teans vo!‘kod very
mch e 3 d#lrhnnt of' thely mﬂth ru;biﬂ.bn&tiu wome of uh&ch were
“‘el.bi.r cu% and ebndntb. ‘others ubldwus ancl likdy to vary frbn dup %o-:
ship. "The vethidolan’s munco wer'e: chiefly VALY the personnel’ \hc opei
 ate the equipment ahd With whom thw slare' the u-ponmuuy tor kuyiu
at & Mm\\tﬁt\coninhtion of eleotronics tb the woltaro ot the ship:

moiﬂc ‘squipments with which the technicians’ vork most cften wor§

W

surface and air search radars} several radar’ rcputor:: and AK and ¥X
‘comminidations tranamitters and Feceivers. Others inciudod fire control
radar, sonar,” ioren, IFF, radio direction finder, infra red, and céuntér- -
measure *oqnipnéixto; !uf ‘instruménts most commonly used were multimbtérs
aid vaouun tube voltmeters, wattiéters, tube testers, cathode ray oscillo-
graphs, wud‘o'-cnutor'o. signal gemirators, freqiéncy meters, rangs cali-
brators, and condenser checkers,

- The aversge electronics technician spends ‘about 20 per éent of his tuty
- time on preventive mainténance and 50 per cent on corrective ’nai’ntq'n'ance. '
The remainder of his working hours are divided between Yook work¥ such as
record keeping (1l per cent), and non-slectronic shipboard duties (16 per
cent). Each of these classes of &uty varies considerably with conditions of
watch and operational readiness. '

Much of the success of preventive maintenance depends upon the techni-
cisn's ability to perform operatiné adjustments on the equipment: to turn it
on and off, tune it, calibrats it, and most importantly to be sufficiently
familiar with it's output characteristics to detect when equipment perfor-
nance is below it's peak value. A few ufters of preventive maintenance are

-3~
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: moro rout:m. requiring only a dnigont pursuit of sone ks.nd or uintmm
lchodn.).o. .

‘,“lr L \ st

On comniut 1on| und. ro.du oqui.wnt. corrocuvo n&ntomnoc oxtoual

to tho d.mno-h apd ropo.ir of any ultunotion. vhether it bo u.dor or minor..
mpropritto teats are m to locate faulty components, lhorto. or: ntn.ugn-

"‘mﬂ: lnd proper remedial uouon is taken. Such repairs n].uto hrgoly to
, ulootronic circuttl und. thoi.r mnction. although a very ligniﬂmt portion
cmcorn nochonical fo.unre- and extend to antonu systems, tunoninion

unu. mtorn. and notor generators. ,
Rupoui‘buity for oorroctivo mntqunco upon sonar an& ﬂ.rp control
oqt;ipn;nt is nbt unifornly invntod. 13 tho electronics tochucim. &hip
to ship diftu'oncu u thtu regard are vu.o and. are dctmuud. mgely 'by
nvuhbn.ity of nkulod maintenance men uonc the nnh of oomcn und firo

aontrolnn and tho adninhtratin orcmiution of the po.rticulo.r -hip. Ia
tho amage case, tho XT services only certain classes of ﬁ.ro contro]. uhr
. uml. lom failures, no-t froquontl: those wvhich the lomun chnrgo& \dth
'oloctronics uintmnco or the fire control tochniohn 10 um'blo to rqur
: !hc technician's™ook work® consists moetly of ordni.n; and accounting
for npu-o pa.rts. and maintaining failure report forms o.nd equipment ropair
) ro,cords. In addition, reference mamals need to be kept up to date, as do
oquipmt histories and field change records. Non~electronic duties vary
vidsly with the ET!'s rate. Working parties, shore patrol, and m watch
are nost common,

'.l'he nannar 1n which general duties were observed to distribute thon-

ulve: according to the rate of the man 1' :hwn in the outlino lhovn on

the next page. On tho left is listed the duty and the squipments involved,
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and on the right the rate of the man performing the task, abbreviated as C,
1, 2, 3» Thess data were obtained £rom checl: lists £411led out independently
by three claeses of parsons (m- themselves, elcotronicc mtorm cfﬁcerl. ,
s.nd cbservers from the research team).

4 Vhere a particular rate is noted as performing a given taak. 1t 1nd.1-
cates two things: <first, that 50 per cgnt or more of the ships visito:l ro-
ported the rate as performing that dnty, lnd noond. that an aeraemant O;p

" {sted among all three classes of persons reporting. It is mportant to nove
thet this outline indicates what the men sotuslly do and not what they

should be able or qualified to do.

Teble 1
Summery Outlines of Work Performed by Rates

Activity Rates to Which Applicable

ggu'ate and st?
0 receivers and ujanmitterl

Search radar

Fire control radar
Teletype

Sonar

Loran

IFF

aaa oaao
TETYRS N T
PR PN

Calibrate and shift frequency of:

Radio receivers and transmitters c 1 2 3
Search radar (v 1 2 3
Teletype 1l 2 3
¥ire control radar 1 2 3
Toran and IFY 1 2 3
Measurs sensitivity:
Radio and radar receivers c 1 2 3
Does preventive maintenance on:
Badio receivers and transmitters c 1 2 3
Search radar ¢ 1 2 3
Teletype 2 3
Fire control radar 1 3

Wwl W W

A oran and IFP

5= RESTRICTED
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N " Tedle 1

x

(cont md)

naku minor rgga.irs ons
T RRdto reoeivers and trunmittdﬂ
Search radar
Telotype
Fire control radar
Toran and IFP

Disgnoses major camltiu and makes _l_l_q__

s on:
‘-ﬂmo receivers and transmitters
8earch radar
Pire control radar °
Teletype
Sonar - .
Loran
IF?

Supervise and train persomnsl in preventive
maintenance on:
Radio receivers and transmitters
Search radar
Fire control radar
Teletype
* Loran and IFP

naintena.nco on:
T Radio receivers and transmitters
Search radar
Fire control radar
Teleotype
Sonar
Loran and IF?

Uses test equipment desisnated below:
Iuitimeter
Oscilloscope

Fube tester

Audio oscillator
Signal generator
Yattmeter
¥requency meter
Condenser checker
Echo box

Range calibrator
Wave meter

ggorviso and train personnel in corrective

a Qaaaa aaagaad

Qo

aaaooaaaaaaaaaaaa

1 2
1 2
-

1 y
1 2"

1 2 3
1 2 3
: L

. 2
1 |
1 2 3
1 3
1 2 3
1 2 3
1

1 2

1
1 2
1 2
1 2

1

1
1.
1
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2




M'fmmmon Table 1 o
‘ (contimod) S N . oo
; a.mu.tuun 2_0_,2 3 designated N |
- -"ﬁoorda on ehctron&cs oquipmmt o 1. 2 - '3
. Replacemetit parte orders ¢ 1 2 3
Stores or parts. montory c 1 2 '3
J'o‘b and vork orders c 1 2
Draws’ and refers. ot
Block d.hgram 0 1l 2. -3
Viring wgram ¢ b 2 3

w

ﬁog thi_a autlino it may be seen that the principel ielponnibil,iﬁen of
eioctronics tec.hnicia.ni are with radio and radar equipment. There is a teqq-
ency for the higher rates to do less minor repair work and more supervigion
and training. Asida from this eswntial differonce. the technicians share
common activities. Vlﬁh reference ‘:’, sonar and fire control radar the
highprll' fgtes appear to contribute most to diagnosis of major .casu'alt-i'e'if'
and ;upmision and tiai.ning in corrective maintenance. The lower rates aro‘
ndre 1ikcely to make the more routine repairs. A éonp,ara.ble situation exists.
for teletype, loren, apd IFF. | "

II1. THE GENERAL MAINTENANCE SITUATION

By collecting detailed accounts of corrective maintenance situations in
the form of written diaries and repair record forms it 1is poss:lble.,’t’o exam- 2
ine many aspects of the electronic repair process in terms of relative fre-
qency. Among the questions which are considered below are: On what‘equip-
ments di.é. the observed electronic failures occur? What is the relative fre-
quency of various causes of failure?  What ‘are the chief symptoms from which
Hto diagnose the difficulty? In what repaii"activities (&hgnostic and cor-

rective) do technicians engage?

-7
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‘;7, formed sfter the cbservers boarded the ship, Trom this table it is readily.
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A Drpes of Bepaire Performed VT

Teble 2 presents a summary oﬂ*-%ﬁé‘:"‘Q\;ib!;'iitvll‘u‘eﬁiﬁ‘e&':in"'l.."olw’l'i of,
torty repairs rocord.ed oh a repair record) rorm dnisnod 'by the ruuroh : O
growp, Xach tochnicm oomplotcd such 2 form on the’ ﬁrlt ropair he mr- |

seen that the niaority of repair instances occun-od. on comunicutiom oquipe
ment and thtt search radar repalrs were neariy as troquont, None was To-

ported on sonar and only s few on fire control radar.

" Pable 2

 ‘Bquipmerits on Which the Failures Occurred
(Sexple of 40 repairs completed while cbservers aboerd)

Equipment, : . .+« . . | Trequency |Per Cept
Redio trmmittorn . 1 13 32.5 .
™7 (5), TBS (2), TBL (3), w/ARc (3) 0
Search radar 9 22.5
‘88 (3), 8¢ (2), 80 (1), 8A (1), SO (1), sa (1)
Radio receivers 6 15,0
BB (1), RAO (2), EBB (1), KBC (1), AN/ARC (1)
Search radar repeaters 5 - 1245
vJ (3), V¢ (1), WD (1)
Tire control radar . R 10.0
MK 25 (W)
Test equipment l 2.5
ME 11/U , .
Oountermessures (BOH) 1 2.5
AN/AFR-1 = .
Speaker amplifier 1l 2.5

; P . . -

‘ An a.t_:glysis of causes of equipment falilure has been made from these same
data and from a sample of 20 directly ob,u;vod'ang. recerded diary situations.
The relative frequency of various classes of equipment failure is indicated o

in Table 3 (page 9). The most significant cause is electronic tube failure

which accounted for over one third of the d.tfﬁ.cultiu.‘-. It is interesting to !
-8
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,noto tha.t uiluru of other cwpomtq chf ag !Jreaiatou and cond.ensers are
BT ‘ WA R ;"‘ 1,
mah Jion frequont thn.n faﬂ ms duo to Ms; b %‘ a teart l'u.ch as dirty con-
\ ‘i Ty '
taotn. loon or |hortod. 100,3 u. a.nd. ‘nrokon )g} ;
iy ‘, . ‘ }( b e f;l 3 ‘ - /¥
' v R Sk '{/ - e "‘V"""' f L J’/\‘ E ‘.5\‘{" ’ ’ . - o
(\ - Tabls .3/ \_j‘ A LIPS
: N < "',, 7";;‘._”.
Analysis, of Causes of l?%xipment l‘ailuro - !
(Balplo of lIO rop@.irn ccw].oto«lf while observers aboard)
Sy“,r‘ v
2 o l‘regunn_cz of |
Class of Yailure z §_.~3g, {;[ currence | . Per Cent |
‘Defective tubes N Y 31,5
(gassy, low emission, opfsn tilmnt) /,/ |
Paulty contacts. e 6 15.0

(d.trv and errasic rohm, Mtch. ma. tontio- ;

‘meter contacts, 1oose 14&1. and looq’ tube socket) ‘ i
Circult: shorts ; e 13,5 e

(componants shiorted to emuh. lhortdd. lma. o o .

shorted Jagk) .. i | R
Resistor failure ¢ !3 12,5
" . (open, short, chluodn»movithhutudago) o
Broken controls {t, ) 1.5 .

(potentiomster shaft, yirdnctor rouu' lnmso , -

roller on PPI yoke) . - | T AR
Condsnser failure : (Ef jf’ .2 - 540 .,

(leaky, shorted) o L o e
Open leads or oadbles {ad '7 S S 5.0
Transformer failure -~ - L 2.5

(overflow of internal gmmtion dnq to heut) L :
cmtal breakdown . . : X 2.5 ‘

These general rooul* ‘s are upheld"in fable 4 vhere the snallor sampls of T ?

cases from direct o‘burvaz,ion is ﬂluiaﬁm%ai with reference to relative tre—

quency and per cent of foka.l down til!lﬂ 'ﬁich 1- eontribnted by mch clatcs ot

malfunction, the median dm t::’iw ;37 z’ { go.ia.n time remira -%0.. ih@a\ ta'. z’?*

the troudble. Since all df t:was q tiﬁu ﬁgures ars influenced by the mumbes

of instances in waich eanh 5.' b Lsad it iy difficult to make comperisons,

>
except for such limited wnc; m ons ‘as that six instances involving dsfec~
./' \‘ . :! ”—9”_ e
1N B
'
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“%ﬁﬁ%ratae A 1111 be seen latnr.
. '1

.u.avs.":\.cmh.y viowot!, 3. torm @f tho troub:lo » ﬁ o
pd.-pwtmuu:[.; with rofgronco to the mm‘b‘r of
/'to the cauwe Gf the Aifficulty which are held vy i
. . {l . ‘ P . .. -
. Tabl.e lI-
¢ from Differsiit Types of Bquipment mmncuon L
20 trouble-orijented uuin)
i 5 ‘ i
4 ' { Por'Oont | Median time
¥re-'} Median | of total| "tc lsoiate
o asncil  down tima | down timd Trouble
; Detective = === =
Capacitor or 1916 - 6 {1 br. 17nin. 20.0 58ain.
Paulty cont: lesistor failure 3 } 1 hr. 4Omin. 7.3' © Usain, o
Isproper wir} "3 /|3 bre20min. |° 2754 | 2 hre.2Omtn,
.| Transformor 2 SImin, 1.9 - 37-1::.
. Interm 2! 47uin, 1. ‘f;in.
. 0 2 58min, 1,9 |- "ii5min,
i h, 7’p’:1nc1pa7, 1rzﬁ@mtion t jo- which the BT wust make hio hvpothnn
. / /
4 mnw:' the' wﬁmlty ure/f summarized tor the repair records in Table 5.
~(':,’:f . -
e ‘fable 5 _
2 ,7 A ”"&mival !@i‘ﬁgaat m'tou Accowing tho lhlmnctiou
- ‘Bupair Records)
Classes of Symytom I Lo ‘| Xrequency | Per Cent | .
Reduced or varisble output ' 10 25.0
lmproper reading on fronmt paisl mater i 8 2.0
Y (No H.V.; no Xmtr current; "di Xtal ' :
R current, no PA curvent, ;ns\@_sr reading unstable)
RO - . =10-
. /
-
§ ;‘ ~ S " ) ¢
b — e f“"“"“"""'* R e e
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St mevle§ -
4 o (cgntiq;pd,_)l | |
N Dofoctivo ‘sweep qi;ml 1. 8 1 . 20

" {nc, sweep, abnormal rotation. no rotatmn, S
Jumpy or Jerky) T . . .. b

Low sensitivity | T SR . 10,0~
(receivers) R o .

Defective vids: other than sweep SRR R 1.5

" (intermittent pulsing, orratic ugnal, A , .
no signal) B |

Loss of ability to sdjust or alter signal 3 ‘ 7.5

(no focus control, intsrmittent volume
control, equipment won't turn off) : , .
Yo video, scopes blank ‘ ' 2 5.0

Bquipment completely dead N - 5.0
~100.0

. It is significant to note in this connection how olosely the information’"

forsed by the technicians, the repair activities have 'beon, grouped into two

_general classes: one concerned with diagnostic ad'tivities, the othef vith

t oos

available is related to the partioular class of equipment imvélvel. Px-

upies of this are output levels of transmitters and senditivities ~o£_v'é‘onm-"-

nication receivers. In most instances only partial loss of funstion is in-

volved, o _.

B. Classes of Repair Activities _ ' R ‘
In amlys.’mg this information for indications of the actual work per-

corrective action taken after the cause of failure has been located. This
information is presented in Table 6 (page 12). Here it will be noted that
over M of the diagnostic activity concerned basic electrical measurenents
and the {esting of tubes either by replacement or by using a t{me tester.

Corrective action, as indicated in tlie same table, can readily be di-

vided into the replacement of defective parts and the making of circuit or

mechanical adjustments of various sorts. Of these, the replacement of parts

wlle
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is most frequent, with the roplnconnt of w.bu Possessing three times the

trcqu.ncy of replacement of any othor alun ot parts,

‘In this comstion.

howwor. it 1 nacenury to roxun‘bor that u tond.oncy cnlt- to ro;plp.co tubn

! 1n ‘yituat imu vhere such rophcmnt unmy not be ouentia.i. A%y tor cnnph.

i tuting tubot by replacement md then f&iunc to. return. the oricinah onn

thouch thoy turn aut to be ututactcry

.

Table 6
Com nopur Activittu Reported on

(Repair Record) .

le of l'orty nopairl

A Disgnostic Activities

Measured resistance

Tested tube by replacement

Testsd tube by tube tester

Neasured voltage across circuit conponento
Made cirouit contimiity tests B

Checked or measured grid or plate current
Checked condenser

Tested components (transformer, choke, etc.) by conttmuty test)

Took wave pattern on oscillograsph
Check tubes visually for gassy symptomm

Measured power output

Tested switch contacts

Tolt tubes to see if warm

Traced signals

Measured sensitivity e Tl e

Mezasured Xtal resistance .
Tepped tube for effect on si.gnal
Tested relay operation

Checked for loose connections
Checked generator bdrushes

Heasured ocutput of motor generator

03
- . . "'; ... . . N -]
HE HHEEODN DRSS e R ‘95;55"' §

Check voltmeter readings against standard

=12=
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SECURITY INFORMATION
:  edle 6
. (contimed)

gg ctivc Lction o S
’1. -E—-m}-p—. | : \. O : ,
 Tubes ,‘ - S

CResistors . o oo oo LT
Capacitors, ‘ : ‘

“Potentiometars :i '
cry.tnl

. Trtn.fornor

. Wawe galde.
Roller on in&uctor
Fltexr choke .
Tube socket

2. yg!tnont aml Other m gora.tion

cloamd. rohy or switch contactn
Tightened 1oose roller on FPI yoke
Made replacement shaft for potentiometer

- Dismantled and deaned volume ocontrol pot
Secured leads ‘
Cleaned variadle condenser with crocus cloth

T

HEHEFM OO SR o

e e

MR

c. Tiie Irouble Shooting Process

The tank of locati.ng and comctin; troublo in malfunctioning equipment
is one of tho noat important jobs of the cloctronics technician. No matter
how effective a preventive maintenance program may be, major equipment cas-
ualties will occur. Becsuse of its central position in the Job of elec-

tronics tecﬁnicians. the general nature of the trouble shooting ﬁroceu is
worth careful study and should be subject to contimued hﬁrove.ent. In fact,
an adequate understanding of the maximally effective coﬁrse of events lead-
ing to repair can help in reducing future casualties by contributing under-
standing to a better prograﬁ of preven‘tiv'e maintenance, ,
There are many ways in which the trouble shooting process can .'be studied.

In one way, it can be identified with the general class of behavior most
-1
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commonly labelled "problom nolvin;" Qnd. an attempt made to understand its
oqntributinc variadbles in terms o:t ‘bauc ;rinciples discovered in labon-
.‘tory atudiel of problem solving. A second method conlhn of cuemily
‘watching troudble mootors at work in the field. It is thil ncond way,
'which raflootl the specific tasiks performed by ITs as thoy v.ro oburvod
to per!orm them on the Job. that is considered here,

' The essence of the trouble shooting process is to holato the stege or _

circnit vhich is malfunctioning and then to mlyu that ltaco for dofoctin o

coqponontn. Vhen asked to desoribe what he dou in trou’blo -hootiu a ruhr.
~one IT responded as follows:
*1f someons comes to rcport ihat tho au is out. “the ﬁ.:ut
thing I do is see if there 1- 'Y prounto.tion on.the scope,
_ If there is not, I check all of the controls to see if they
P are properly. sst, particularly battle switches and the like.
" If that dossn't help, I get out the instruction books ua uork
down through the different stages. First, you dheck yanr e
tubes and yocur Mou. Then, if you are vorku‘ throuah tho
ioéoim. you get a signal gensrator and work back through the
different stages until the signal is lost or drops off. Or.'
. 1! you u-on't getting normal mqn or trigger pulses m
' li;bt take n.nrforu at various spots in your video or mod~
generator uction..
The general classes of activity for isolating the difﬁcnty ware fourd
to include the following:
1. Genmeral inspection for cbvicus difficulty evident to the
senses (i.e., smell of overheated component, sight of

-l
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.;uuy tube. oy - chu'rod. resistor).
2. Preliminary hnothnu based on front panel huucatiou
and past experiences with tho same equipment. '
3. Parts substitution. | ‘
4, Measurement of basic eleotrical quantities within the
circuit (voltage, resistance, and ocurrent).
5. Signal substitution.
6. Dynamic 1¢na.1 tucing-\dth vacuum tube voltutu' or
cathode ray o-cnlograph. ' ) '
It would be 4difficult to give aw gensral ltog by step prodod—:.:;o'_,_..,v _f;:r
the sequence followed differs greatly from person to pereon and f;‘o-'ut-'
uation to situation. In general, the less experienced men are .noro’it a
loss’ rmrding where to look first. !lu&v are more prone $0 "poh' arouna®
in the set -or maks rather widuyrud tube ohaicu. More o:poﬂqncod men
are more qotoutic and are a‘blc'to roiy heavily on past experience with
the pnrticnhr oqnimt i.nvolvod. ot infrequently they are adble o0 pro-
ceed imod.htoly to tho troublesome unit or colpomt. This is made pos-
sidle by two lines of rouoning One is ouonthlly "the last time this
happened the csuse vu tho XY coqonont; thcroforo. I will first check
that component.? The other 1ine of reasoning proceeds to a hypothesized
chuse based on an nﬂda-tanun‘ of how the gur functions and on ability
to deduce possible causes from @tm.
It is of interest to note the relation which exists dbetwsen thq mumber
of f'ailo starts or wfong lvpothuu and the time required to meke the re-
quired repair, These have been tabulsted for twenty trouble-oriented

15
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diaries in Tab;o 7. Of thess twenty repairs thirteen ‘,“roqui.rod. an avpiuo - ‘ £
of léws than one hour to complete and had less than oxe incorrect hypothe- a
ses per repair. Of the other longer repairs all possessed two or more false
hypotheses about the cause of the trouble. | |

Table 7

suuat ions with Umisually :bon; Repair Mnu
(Buplo of - 4] dia.riu)

Nature - Time to E_n_ber of - To
" of Isolate Incorrect | ﬁ
Trouble Trouble Hypotheses Dime
Transformer burned ocut, 36 hr, 2 39 hr.
- shorted HV condenser :
Broken lead on crystal 24 hr, 5 - 26 hr,
holder - ‘ :
Defective magnetron 1{ . z 16 nre O
fhorted capaciter hr. . 6 hr.15nin.
Shorted choke coil 2 hr.3 . 2 3 hr.30min.
Dirty switch contacts 2 hr.20min. 3 3 hr.20min.
Loose prongs, CR tube 1 hr, 5min, 5 2 hr.
Average of all other
repairs in sample '(i = 13) 35min, 0.6 53min.

The types of conditions luding to the diagnosis of troudble vary greatly
as can be seen from this sample of situations from these ﬁnnty diaries.
1. Noticed that jiggling set disturbed scope pattern. Guessed that
some connection was loose. Discovered loose prongs on CR tube.
2. Replaced tube which if bad might have caused the difficulty. Set
returned to normal.
3. Accldentally noticed a HV condenser arc when high voltage applied. O
4, Located a faulty condenser by making systematic voltage and re-
sistance checks.

5. Recalled that a similar difficulty had occurred before. Tried the
-16- RESTRICTED




rmu.d mtion which e ottoouvc tlun. Ist worked, . 4
| 7 D.tnctod. q wn'o Jumper mmu ;nto Qot ta ihort aut o'nrl.oad.
relay. It was b1ov1n¢ fuses. o
7. Unable to looate Mty ooloomt. docidcd. to try wuoting
' alignment.
. ?8.' '. Iotic.d & chlrrod ruhtar.
_' 9. | Dhcmrod. phto voltugo of ono tube to bo lov. h ,
) 10.-. 'Looatod s voltqe dro;p scross & croup of couponmtl which s .
o ha:l.t of normal oporating voltaco. !ncod to s uhortod. ohoke cou.

t [

m.’e..z..___.aﬂv &Mzs_nm__hm
By coxparing the abbreviated case histories of repairs, aono of the

basic diffqroncn between oftoc.ivo and 1noffoct1n rqmirn can b. mn.
Two such contrasting suxmaries are pruontod Yelow, ‘ ' '
Diary 1. Complaint: No sweep on radar repeater.

1. Tests tubes in sweep circuit. . . . . . . + « « Normal
2. Makes visual check of tubes, resistors, etc.. . Normal
io Checks waveform at 1mt to driver unit . ¢ o« o NOo inmput
e Tests tubes in delay unit which feeds driver. . Normal
5. Takes waveforms at test points within delsy N
nnit-...............-....Inocltilpointl
betveen which

signal is lost

6. Rechecks tu:bo in isolated circuit in delay unit.lornal

{e Measures voltages at pins of this tube., « . + » Plate.voltage low
8. Checks capacitor.in‘plate circuit . « « « . . . Shorted

9. Replace capacitor « « ¢ ¢ ¢ ¢ o ¢ ¢ ¢ s ¢ o o« o Set normal

Diary 2. co-pla:lnt:‘ Search radar has weak returns, '11-_1“4 fanco.

1. Replace most of transmitter tubes. . . . . .  No change
2. Rsplace power supply tubes « « ¢ ¢ ¢ ¢ ¢ » o o Normal
i. Take voltage tests off tube pins in receiver . Normal
.B@hcem’nmb'--.-ocooooooooomma
5 Measure crystal current and A¥C current. ., . . Both low

17~

RESTRICTED

(@]



60!@““’““0 )‘.000;01*‘0060.“' 'OMC

Y e e e oW
7+ Replace looal ogoillator tube and adjust Ve ee s e e : ¥o change
8, Check voLbagee 10 LO 008208 o « ¢ i v o o 0 ¢ o 0o s NoPMAL
9_0 D.Cphcomtron...................‘.-lb}chthce

10, ‘fteke ring time, makes alternate adjustments of IO and \
o m/nboxunm-.umrmhoa. cesr e e g::uu:n
L , | ToVve

!
1

One detinctive feature of the uhl.p’bonrd truu’blo -hootl.n; nituation 1- '
that work 1. typiodly wcoq»ltuhod by o. tm of persou. mo-t n-equ-ntly by
a ruponci‘bh tochnichn md om or tvo helporl. !’hio fa.ct a.nd some. fnrther
highnchtl of tho uhnl hdnvior 1m1vod in repai.r ca.n bo seen in the fol-
iloving dotauod (or -t.p by ltop) account of an BT chiet ropairing a fire
control radar with the help of two fire control technicians.

Colph:lnt; rul;o m- cut m eight hc'mrs of contimous operation.
lquipmt concerned: l‘iro control radar,

Personnel participating in repair: 1‘0/2 ¥C/s% 2/C
_Btepwise activities of n/c:

1. Tells m/a £o go get pna. -
2. Studies instruction dook, '
i. Reads various material; looks at oircuit diagran.
o Looks at preseatation on MOD-3; turns operating knobs.
5e Shulln instruction book: studies 'schematic.

6. Instructs ¥C/2 to pull out V109 and check tube on ‘tube tester.
7. ©Checks set, twrns knobs, watches presentation.

8. Puts tubes back in set..

9. Closes set. part way, turns it on, watches presentation., -

10. lhni.pulatu knobl.a ntchu pmuatntion. '

11, Opens set up, atarts exploring back of scope.

12, . Makes adjustments on scope. - .

13, Directs FCs to pick up a target.

14, J‘“l‘. set,

15, Turns lights on; opens set; exploros back of scope; watches -
presentation,
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16, mm out lights; adjusts pnunumn.
17. Turns light on.
18, Opens set; explores back of scope.

. 19, Wiggles bYack of scope,

- e Pun- set cleax open.

2l. Removes socket from back of nt. :

22, Tightens parts of socket with ccrovdriver. locuring loadn.
g. ' Puts socket back in rear of scope. - ‘

4, Clones up set part ww. .

250 M. Qn ..to .

26. 'Directs ¥O/8N to' hirn o!f lidxh. e T

27. Pokes at socket at back'of scope. T e
Mekes screwdriver adjustments inside thl ut. .

29. Closes up set. Says the trouble is probably in the lcopo. ‘He
figures the prongs are loose. He says he'll go ses if he can
£ind another tube. ' When asked about chocldnc out. tubes, "and
told that they had been checked out not over 50 hours agd. ays
not to bothér with them.

30. m“.o

31. Returns with new cathodo ray tube.

32. Turns off the power,

‘'33. Opens set.

34. Removes back of tube. .

35. Takes tube FC/2 has removed; hands it to FC/sN.

360 Gets a new tube.
37. 8lips the new tube in, secures 1t, and fastens the leads,
38. Takes tube which ¥C/2 has pulled out.
zo.’ Looks the tube over.
o Sets new tudbe on floor.

41. Testsé tightness of prongs on old tube.
42. Decides prongs on new tube are loose.
:‘lﬁ. Directs ¥C/SN to get another new tube. ’
» Takes second new tubde out of bdox, inspects 11;. puts it into
rlace, and holds it while FC/2 secures it.
45. Puts the socket in place. _ .

46. XLooks scope over.

47. Turns on power.

48. Observes presentation on scope. ,

49. Makes adjustments of presentation.

50. Instructs :I'C/Z to tighten down clup that holdi scope in position,

51. Closes set.

52. Makes adjustments of presentation.

gi. Directs ¥C/SN to put plate back over front of scope.
» Makes more front panel adjustments,

550 wenl set. -19‘.
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~ Vatches acopo.

Jiggles b;ck of tubo. ST Ty

Oloses set. . . ‘ '
Observes set, ‘ L
Grads set and shakes it hard. * ' -

4

Looks oyor stand that set. sits on,’

"""Mucanu wiys of ucurinc ut %0 it won't lhake when nhip is at

‘high speeds.

Dirocto ¥C/2 to keep set in stand-bty and watch scope to see if
anything happens when the vibration becomes bad. Bays that the
- csuse of the tubes going bad is pr@bubly the vib;ntiw.

Picks wp old tubes ua. luvu. : ) . o

) activities of rc/a'

Upon boing told by tho M/c to g got paid 1'0/2 lu.vu.
Returns snd plays with knobo.

' Under instruction of Er/C oponi unit, pulh at 7109, degins

checking tube on tester.
Looks on vhile BI/C turns on set and watches pruentation.
Makes adjustments of prnentatiou.

Tells FC/SN to go up in director and try to get on a target.
AdjJusts presentation.

Makes further Imod adjustments.

Vatches presentation and tells MP/C what is happening.
Observes scope while B/O pokes at sockst at back of -copo

Reports to BT/C results of chief's sciewdriver adjustments.
Asks ¥/C if he wants him to check all tubes in the set.
Alds Br/C in opening set.

Alds Br/C in removing back of tube.
Alds ¥7/C 1in holding plate while ¥C/S¥ loosens it.

-

Removes tube and hands it to nlc.

Aids ¥T/C in putting in new tube, securing and futuu.ng leads,
Under chief's instruction, loosens tube again, pulls it out and
hands to chief.

Alds Er/C 1n slipping another tube into place.

Secures it.

Under BT/C instruction, tighteus down clamp that holds scope in
position.

 Alds ¥P/C and ¥C/SN in putting plate beck over front of scope

and tightening it down.
Looks at presentation and reports effects from jiggling.
Observes scope.
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thpwiu activities of yo/sms ¢ ' ' .

Tt

1, Helps J0/2:t0_test tubes on tube tester. .
2. Watches ¥T/0 observing Presentation.
. i- ‘AdjJusts presentation. ‘ '
5. B -Directed by ¥0/2 to go up in director and try t6 mt- on &«dsip. ‘

e !urnl out th- 1icht|. | : S

6. Turns on lights. O o
"7 . Yooks up" ‘{riformationn ih his note ‘nopk cowunm'%hc mnm .
~ tubes were checked. LT t ; R
8. Takes plate off front of scope, ‘ VPR
9. Under instruction of ET/C, goes for another new tu‘b‘“o. L
10. Returns with new tube.
11. Under instruction of ¥r/C, puts plate back ovet fron,t of acopo.

‘ rurther incight into the factorn prodncing good or dfoctin uinto-

,nanco bohavior may bo gainod by emlniu 1n£omtion vhich vu ucur.d. :

during critieal 1ncidmt 1ntorv!.m with electronics tochnic:l.lm. lach )
man was asked to relate an 1ncident in which he or someone ho vas worii.nc
with was able to complete a repair which was completely new. for nu 8it-
uations were sought where ETs had to solve some maintenance problem he had
never onccuntorod before und vhere his training and e:porienco ‘a14 not apnly

dd.roctly. Vhen these mcid.onts are tabnhtod. and cmsiﬁoa thoy shov

cl.oarly the uportance of folloving sy:temtic procodm'u and tho dnpond.nco

upon nchmtic diagrau a.nd 1natrucuon 'booka. lqually uporta.nt 13 s de-
pendance upon basic electronics knowledge, particularly knowledge 9f CORs .
ponents and circuitry. Characteristics such as 1ngmit: and ability to

improvise were less important, see Table 8§ shown on page 22.

-21—
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Ta.‘blo 8

nohtivo l‘rcquonciu of .Clagses of . Incihntl in Vhich
!h Bol% lonl lh#nhmoq Problm Lo

.Lm.eim.n . e Uy s | dzegismoles
~ Solved by using bntc electrical and dootrouc kno\aedgo 10
Solved by nhu!yinc schematic . 8
Srm-;a owed steps laid down in m-t:mtlon ‘book- L Z :
 Used "axperd ence vi , O knowledge of, -mm gonT” D D
Bystematically traced cirouit 1 : ‘ é
,:Pm.d.mw“_ . e ' * 4. . ..‘;,,2‘ - ~' “
 Improvised L o T e
Usad uprocogq,,cf onnmuon : e T w 2
Dcpondod on olp from civilian engineer ‘ 2

In mﬂ\or quntion. ﬁ-n were ukoa for .'uutmu of umlunlly success-
fnl uintmnco baluvior. nmu havo allo been cla.niﬁod. and. are }rountod.

» ‘,‘
K ' bo].ov. In a.d.dition to tho genoral chuu and frequnnciu. the actnal inci-
B dm- u-e nltod in a‘bbreviatecl form.

+

PR - S hbl.s

A Classification of Incidents of Umisually Suocessful Maintenance Behaviors
f‘ (Bach incident is rggrountod bLa brief statement) -
" 7 ] ‘ . . Io.,
‘4 __ggo_gz and fncidents ‘ Incidents
s

Achiavod. ygir by Unusual Snbotitution Mhen no Spare was Available 10

Substituted ré%ater for dang;z console of radar.

Substituted amplifier power supply for burned out dynanotor‘

Combined six transformers to replace burned out one for which
there were no replacements.

Put in a jury rig for a bad rectifier unit that had no
replacement.

Rigged up a temporary blower motor to replace burned out one.

Replaced shorted out wires in a circuit by using graphite pencil.

Substituted TDZ generator for an unfixable AN/ARC generator.

Substituted a tudbe with different characteristic to eliminate
recurring trouble.

Combined five transformers to replace one burned out one when
no spare was available.

Rigged up a fuse holder to replace a bad one that had no re-
placement.

-2~
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( cont l.mod)

I) (1 nod Oircu:lt 0% ul ¢
: utup to y.p;" arne

Calculate"d change in voltage divider network to oorroct trmblo. .
Figured out circuit change to repair gear an engineer could not fix.
Devised a rectifier circuit to replace a faulty motor gensrator,
Designed a bias suwpply to eliminate faulty thyratron op-uuon. .
Devised a squelch circuit to replace faulty ons. . ‘

Increased length of antenna in ordor to get ou.t on higher

troquonciu. ‘ . b

| D14 Prectus, Patient, or Gareful York in Makisg s Dirgiowts o 7

Tedious Repair
Tocated Enternittontly shorted capacitor which others fulcd to.

locate.

Repaired umsually bad transmitter by precise, wouruto worke . |

Make difficult motor gensrator repair ly patient work.

Completed tedious job without quitting.

Worked steadily for long hours in order to repair radar.

located soap on motor-gensrator comtator- by careful and
thorough trouble shooting.

Atteapted mmerous procedures in ordu- to remove faulty dlower
motor from inaccessidle spot.

Used Exceptional Speed in Making a Repair 6
~ Worked rapidly in order to got fire control gear repaired. .
Used extrems speed in repairing gear.

Used exceptional speed in repairing a fire control gear.

Vorked steadily and carefully in order to locate source of trouble.

Combined mumerous trouble shooting procedures in order to locate
burned out resistor.

Used schematic skillfully in order to locate bad capacitor.

Rewired or Rewound Circuits, Motors, or !ramfomc 6
T Did outstanding job in rewiring circuit.

Rewired high voltage unit,

Revound burned out transformer.

Rewound motor field.

Rewired power supply.

Revound transformer when no replacement was available.

Mamufactured Unavailable Part y
¥amufactured barrel clips for dameaged radar.
¥ade up chemical compound to eliminate corrosion in wave guide.
Mamufactured clamp to hold antenna together.
Made brushes for motor generator when none wvere availabdble,

23 -
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Table 9
( cont M)

M Unusual Mechantcal EQ ir of I
~ Performed difficult Jo r,quiriu nical skill, 9!
repairing bdroken helipot, - o
Repaired badly damaged toluoopi.c ow!.tor M no apn.ru o
were available.:
Made umisual repair on dsmaged :vitch. ‘ '
Repaired bad tuning mechanism in mrgonoy by oﬁttu‘ ant
section givinc troublo.

~Pagsed Circuit or Comg t to Keep Set on the Air ' 3
;zahortea out faulty switch to maie utio-ferato without d.alv-
By~passed burned out seéction of high voltege power spply 'bon .

no spnru “were available, -
By-passed coils when no replicement was availadble. S s

I-ohted Trouble by Umisual.Means f- 3
sed light b to isolate trouble spot that vould not -hov
f up on a meter.
Developed device to measure high voltage when no lotu' was -
available.
ghorted qut 1ntorlocks with power on and doors open. !

Used Cooperative or Coordinated lffort in mﬁ # 3
xq#m_in minimm time by wor ifts for meny ,
hours. _
Repaired set in minimm time by coopmtion. ;
" Repaired three fire control radars in a short time by coorcuut-
ing wvark.

Made Difficult Repair Under Difficult Conditions 3
~ Remained undisturbed in trouble shooting despite outside pressure.
Made difficult antenna repair under extremely cold and difﬁcult

conditions.

Repaired antenna under fire..

These behaviors may be compared with gsome that reflect faulty or poor
maintenance behavior as they were observed in the diaries. m folloving
instances in Table 10 were extracted from the same twenty dia.ﬂu which
were discussed earlier. Yor purposes of convenience thsy have been divided O
into two general classes, one of which reflects lack of care in handling or
working with electronic equipment, the other reflects generally Ineffective

maintenance procedure. Dl
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; Obasrved Listasiaes df Tusttestive Natnténinoh B m'dor ch oy

| §1t\ution§ nvol ing Lack hck ar caro in w or m with nogtronic

" 64 Uned Llashltght toctep Aube. - i iiLE oo 1, s

B Supm——
t L
v"~~'¢“o 3”“" "‘ ti )
* - : v-mv PEEANY »e

« Xo ‘Inproperly Temoved tube osp, dréaking m,a from- m. L v
2. Tossed tube to another man. :
3 Bent ‘weve! guide when prying loose trsxsformer with' -mm

: Leansd against tube, breaking it at base.

" 5 Handled metal tu¥é with set b, aw® sheeks . i o niiowt

7. Tool not handy, so0 removed mu. from a.n oporating net \dth hando.
- B Vool lorévdri.m %o tap tubes. Ve ‘
9. Shorted out overload relays with jumpers uo that thay would. not work.
10. Attespted 'switching leads with ‘scréwdriver when ‘set: was -operdting.:”

11, Bent contacts for lighthouse tube by not taking sufficient caré 4
putting it in.
12, Shoved drawer violently in set causing loose terminal board to short _

mrvthing to ¢rouml

‘» N ' ot

s:.tun.tions nnnectig‘ Indtoctivo Procod\u'u

1. ma not correct a basic troublc. hs contont to replace conponent
© &8 1% periodically went dad.

2. Replaced most of the tubes in a radl.r trannitter in an a.ttoq)t to
correct the trouble.
o Did not know where spare part- were.

-, Had troudble finding tools and parts because of a disorderly work shop.

5. Had difficulty finding a capecitor. Did not use instruction book to
h.lp. ’ C .

6. Wasted thirty-six mimtes by putting in a new presentation scope
without first checking 1it.
. 7+ Decided wattmeier was at fault when actually the set was not proporly
tuned,
8. Delayed repair by extensive arguing over symptoms.
9. Neglected to recornect threes leads.
"10. Forgot to replace tudbe previcusly removed.

. Repair confused by four different people working on it without CoOY~-
dinating their activities.

12. Replaced components before others were tightened down, requiring that
components be removed again in order to tighten down others.

13. Spent an hour and one-half trying to locate trouble in driver unit
cansing repeater bearings to be 180 degrees oui of phase before remem-|
bering that they had not lined up the synchros the last time they
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‘Table 10
(contimed)

-

thoy vorkod. on the rcputon
” 11&. Had no record of last bive chegiked tudes in ses, - . -
16, nopair 1ntorwptod vhnowomou borrowoa tooll. : ¢

L rT“v S )
e . .
{ v o

w u-«n--v' 2 Laa [T . L e - - b -
R o F

mmmmw

One often huﬂ the statement that the bDest index of & uooulm paine

tounu program is not Mv quiom ogupnmt 1- mur«l vhen u bruku ‘down o

b\\t how little it dresks Qovn. !lu nlmlh u pmed on tho pmontion of
oloctronic fuluro. a.nd. the slectronios technician is viewed as & nn.n with &
vatchm m on the oquinnnt. contimlly alert to the ﬂ.rct Mdmcn of
rqdnood. Mctton. In thts vq;r equipment 1. oomtantly boing trutod. tor
minor malsdjustments which, if allowed to persist, would result in major
casualty, . - ]

‘Vhen questioned about such provont:lvo uintenanco a.otiviu”. tho oleo-
tronics technicians reported that thev spent,  on the average, abaut 13 per
cent of all of their time adoard ship doing preventive uintmnc,o. This is
approximately 20 per cent of their total work time, In addition the ETs,
particularly those with greater soniori.ty. expreas & felt responsidility to
train and mporviu operating personnel in the care and upkeep of the gear.
Because there was some anticipated smbiguity between cperating and mainte-
nance personnel on the rosponiibi.lity for :;antino preventive ndntonanco.
several atteapts wvere made to observe this division of responsibility.

Bquipment instruction mamuals frequently differentiate between bj:erator
maintenance and preventive maintenance. The most typical maintenance re-
quirement of radio and radar operators is cleaning, although in soma in.

w26
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"atances: their. Muumu sronranubili’ty ;extends to the correction -9£ :tybe
o? Mo Zatlure :grmnﬂ“ saintenance; ‘on ﬂw othex Mnd congists of
wiuimmnru »-oom:oal and ‘electrLoal’ ohwufmd test procw\n‘ou
« -W to- hup*t)!d éjuipment contimaously on the af¥, Such procedures are
typtoally éompleted by the’ electronics technician. ut aFe in sdme fiatances
toquird& ‘of- quﬁnng beriomr SA% BRTH A Y N N a o
The nmor in which the attitude régarding: re-ponuunty for certain
Olaapes ¢f abtivities wm-: from lhip to' ship 'can be seen in !l‘a.ble‘ll
where theipércentiges of men wiio Indtoate being Fequired to do éach acti-
vity 1s indicated. I
pege DL e PR T
R ©. mablell. v e

Percentages of Indicated Groups Who Checked Various Equipment Maintemance
Activities as Being Either Required, Forbidden, or Neither

Dust Exterior Dust Interior
¥ 80 RD BN EF 80 RD M
Required 29 718 8 15 Uk 70 66 62
Yorbidden - 1l ee o« - 3 "2 -6
" Feither- 5 10 9 k4 1 16 15 9
"“FoResponse 17 A1 .9 2 .. .k 1 17 3 ...
. : ' Replace
Replace Juses Replace Tubes - Soldered Compo. mt
2* S0 RD MM X* S0 RD BX PP SO HD . EM
Required 1 5 19 10 H M 5 12 7 31 1.2
 Forbidden - 9 17 ,12 -— 9 37 2N -— 15 k2 32
Neither 13 29 38 11 3!;‘ 32 38 10 25 3 36
¥o Response 16 10 26 29 15 14 26 26 12 23 21 3

Sizes of Groups: #F = 52; S0 = 116; HD = 202; X = 112,
(Source: Job Questionnaire, item No. 29) .

The most significant facts observable here are that EFfs are less fre-
quently required to do cleaning than are the operators, although in no cases

2]~
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are they forbidden to d0 so.. Very few radarmen or radiomen are required to
replace fuses or tubes, and & fairly large portion are forbidden %o do mé.
Pr;p?,tmlg no RDs or RMs are g;oquiroq to replace oomomntlfmmiﬂu'ﬂk-
dering, and many are forbidden to 4o so, The table proesents. a clear picture
of ,&ncx,"cﬁling BT rusponsibility for activities as they rn‘q from routine-
cleaning operations to working ¥inside the gear." The situation f.o;‘; sonarmaen
lies between that of the techpicians and the cperators. .

The differences of opinion among officers regarding the amount of aduty
ti.m" oloctrqnics techniocians should spend on preventive maintenance are shown
in Table 12, It is of particular interest to note the much higher estimate
of time stated by communications, engineering, and executive officers as cow-
pared to the electronics officers, and to note that the ETs give the lowest
estimate of all,

Table 12

Opinions Concerning Per Cent Duty Time Electronic Technicians Should
Spend on Preventive Maintenance XExpressed in Terms of the Median of
the Percentages Assigned by Zach Respondent Group

Respondent Modian Per Cent of Duty Time That 4 be fpent on

) | _gar T Preventive Maintenance by Xfs be -
70 = 15
1 B0 22
12 c1c 22
11 ASY 21
10 COEDE, 45
12 OPER. 22
T GUN, -3
12 s, I
10 EXEC 50

(Source: General Questiomnaire, item No. 1lt)
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The imorMo of the prmnﬂv‘o utntommo mmm- to the volfa:o
of the nmrq oloqtroniop Risture cay readily be non 4n the rupgﬁu o!
elgctronics, mterisl offigery wien they were asked in “‘“'*""!'-‘-‘2““ :
100 what hey SAGWRS ves Thy key 40 sffective electrontos Ralutenancs a-
board & destroyer,, fayle A3, Fhe Boss requently mmiioned factors tuvoly

s A

M praventive mintenance debavier, Ll e e

gq,'bl, 13

Lb-tmtod JAnswers of Electronics Magerisl Officers o stion Goncerning
thé Key t6 Effective nﬁe&?ouc sintenatoe m.?i' &' Destroyer
. (10 otﬁcuu, each ghut upproxiutoly 2 ruponnn)

[ o S P YR - I
- s - - - .- - ,:

cmhhl BD and X¥ efforts in prcnntin uinummo R

LI
into a cooperative effort rj' L RCEREEES K
Proper -indoctrination of personnsl in preventive ' ¢ 1 'ttt Ty b

minfansnce procedure R A
ore familiarity vith geer (radio and radar men)
Establishing incentive in porlonnol . L i
Adequate supervision A o S
Constant checking to see tlut prmntivo maintenance is done
Good preventive maing - : . : -],
Cooperation of CIC o iccr and S R T
lnztunng attitude of regponsibility in Xfs S ¥

ter trained more responsidble personnel B
Put s in gperations departiment : ‘
Adoquato test equipment
Leading petty officer of B should be at least an ¥¥/1 =

4

.y

O e

.

One way to encourage anonphuil on preventive maintenance is to ew-
ploy a‘1 formalized meintenance test schedule. This is ti‘qu a tabulation
of the periodic checks which should be mads into 2 time schedule accoraing
to which the tasks may be accomplished. In an attempt to determine the ex-
tent to which such schedules were used, questions in the interview were di-
rected at the present status of preventive meintenance; and questionnaire

~29-
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'nnu inquind of tho troquomy of rocuhr 1n¢ntion§o of ‘elechronics oqutpa

ment and ssked who prmrod. the utuﬁma ‘sdhiolitle,  TH redponses of n o
olootrontc- tochntcimc :wuu who prmrod 'théss maintensnce échedule ‘
1s compared with responsss of electronics material officers im Tadle b,

Trom thh 1% {s evident that the chiei rpiﬁénqiﬁuiﬁi‘“’for”61"1&&1:1“ pre-

ventive maintenance activities rests on'thé leadiig electronics techridian.

Tavle 14

rormu Iho Proparo the noctronicl mintomcn lchoduu
. Tabulated by Ghim S

-zs-._ar.m-chml- o ' — !.e.e.f.m

Louung electronics technician . o ‘:. ' z .

‘Blectronics material officer ' o B - 5

Electronics officer and lead B . . T o
None is prepared ' ‘ A + :

( Source: Gonu-l Questionnaire, item No. 28)

It was the volunteered response (unsolicited) from some géth:em- that
in meny uu;ancu the completion of thruintpﬁ_moi lghqdnlo s célphto_h
perfunctory. It vas viewed as "paper work" by some, oOr n"lu.ttir of a fovw
check marks on paper, A‘fov supervisory men were very diligent in their -
support of a systematic preventive -igtomwé progras, bdut the situation
was by no means uniform, Some of this can de seen from the tabio below which
1ists the percentage of persons responding "yes® or "no® to the question
whether regularly scheduled inspections of equipment were made by electronic
material officers, and the frequency with which they were made if they o

occurred at all.




BB oo

h’ble 15

N oy
LR L SN OV, SR

S

- Answers, to Question "Are Rccuhrb' Soheduled Inopoouonq of tho -
“Blestronios Iquipnout lb.do 'by tho moctronico Otﬁ.o&n"‘ bt

3

[ v¢1

L Rn'p'onm ‘ ﬁlof’.s"
Rupondent $Yes %¥o |Response
Electronics Tochnioim b2 55 | 3 :
Tlectronios Material | 50 50:f = -} " & oo '
Officers T o SRR EESY 3

( Bourcet 'Genoral leoltioﬁuif;: : '_1‘tlen‘llo. 27)

-~

Yhen uked to rank several clunl of activitiu \hloh l’fn céuld. on-
gage in when a.u oquipmnt is mnctionin‘ au ¢ronpo of rnpond.ont. 1u-
dicated prevonti'u uintombo ‘as the most mrmuto. Othor llhrnl- -
tives 1nc1ud.od (a) work on uintmnco rocord.o (v) prtioiputo in. orpn-
ized slectronics training. (o) otudy ol octronicl pn'bncatim unl. (d.) on~
gage 1n non-slectronics activitiu. &on a co-pu'ablo quntion ot uhothor |
there :houlo. be one oloctronic: tochnicm who is trained lololy ana. lpocl-
tica].ly for _preventive uintemco was asked, thore was & nu.r].y umninous

| opposition expressed by the ¥P and oloctronic otﬁcer groups.

Before leaving the general topic-of preventive maintenance it may be
appropriate to list some of the activities which were observed and which
fall into this class of behavior: These are listed in Tabdle 16,

Pédle 16

Observed Activities ¥Which Yall Into the .
01au of Prevontive l(aintena.nco Behavior

General Lctivitlos
iodic measurements of transmitter power output and receiver un-:ltivity
Frequent determinations of ring time -
Routine equipment cleanings

312
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Table 16
( cont haml)

R

drmsmismanaigiimmie

3 Iupiu ofa ldg: om. uchf M\ﬂpunt in ntdn to rocora tm twtou

-~ the operation and upkeep of the Qwiy-ont

Routise viwual inspections of equipment for signs of physical: dungo.
‘ :uoh u burned: runtorl. dmcbd. oupuitoﬂ. frayed 1nou1¢.tion.

uuu. otc. i

More Boecific Activities - ' S e
"Tld\u% ontrols to see if opontion smborb and *en o
. Test for loose controls, loose plugs in Jacks ' .
Test mountings and tube- noohtl. ‘$ighten if loose - - - - -
Clsar air filters e el Ty
mbriuto mechanical moving pu-tl

‘Inspect wvave guides ' v B RS
Tighten terminal board connoctions ‘ '

Check motor and gemsrator brushes L - A
Compare front panel meter readings miut norul rudingl
Pori0dio twde checks (keep an hours of service record)

Olean fuse ends '
Check switches, relays, and. 1ntorlocks for gcmal opu'ltion. burned or
- pisted comtacts i :
Check uu'bntiou-nngo marks, troqnoncy. trackinc
Neasure temperature of comtrol ovells . -
' Ohock antenna roution tor nlimont himlin‘ or noiu clurin; oporation

If. mmmams: mmmmnc!mcmmnms

Representativensss of the Sub-tasks
A description and analysis of the specific activities of :the electronics

techniclan.may be accomplished by use of the card sort. The card sort meth-
od, descridbed more fully inaprevious report, consisted of presenting to the
technician a large mumber of job activity statements printed on individual
cards uhiph were to De sorted in various ways. The toclu_ucm wvas required
to make judgments about the job statements according to relevance, frequency
of performance, comprehension, and skill, Since all P rates participated

32
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3o e ot

in the card sort, certain ooupuruon may be made between rates or groups of

‘ratu as $0 tho uttoronou tn Jo‘b »tiﬂuu. Treaquenoy of. ;énr:o‘rhmoo .

305

‘md complexity level nay allo be culultod. U e
" e card sort will firet be used to obtedn infornation on the actm-

tiu that are ropz'euntativo of all ITs. In tho first lortinc "of the cardo.
tho l'h were asked to select all, job uttvitiu thoy htd wer dnno ubou‘d

| lhlp. The cards selected usually inoluded mctivities. thnt woro rarely dono'
| ‘or h'rolmt; therefore the ETs were roquirod. to roﬂno tho uloctod. ca.rdo

in -. second sort to activities that "best" d.ncrfbod. thojr Job. It 1. P
nong - these activities rotunoa by each ET on the _u.cond,«sor.t that a na.rch 2

~will be made for representativeness and for inferences concerning the come

.ion characteristics of the activities,

- Table 17 lists the activities that were selected Yy nurlrall BT,
Only the results of rated personnel are included, and only dctiv;.tiu :"3-
ported by at least 756 of the group are incluled. This high oriterion of
seleotion (756 or more indicating the activity) was chosen ia owi.u' to
achieve a select list representative of "nearly all® 2Ts.

Table 17 ‘ '
Activities That "Best® Describe the Efs Job. Card Sort Items

Selected by at Least 75% of the Rated ETs .

. , Per Cent
Item . i . Selecting
¥o. Activity Statements Item
15 Read schematic disgrams =~ 100
1l Check circuit-continuity 100 -
101 Replace rectifier tubes 98
157a Replace fixed fuses . 96
178 Determine value of component from color coding 96
~33-
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- (oonﬂm&) Ry o
186a luumo “vube trmconductmo \Mh tubp tutu‘ %6
225 Viwally inspect tubes forgss ' 0 0 oo 096 f
aO . Tune ¥D3 unm.uy . S - 95
147 © Use voltmeter:: - - ' SRR v el w95
#“1590. v‘mph« tixed ruhtor e e ‘ 92
1 23aa Use lhortinc bn.r L - 95
1758 - Test vacunm tibde for 1num“¢m’ shorbls T Lt T g8
| 182 Fil1l out failure report- 9
F-TT “Repadr términal posts, plugs, nd “mmlm BESRENRET - » 1
, 158-.' Rophco fixoa cupacitorl . 91_’
1§ ‘ clun Mtch contact ;pointo o 91
, © 7. Yisally inepect tubes for opﬂl ﬂ.lmnt R ) §
1 12 Replace lighthouse tubes o o &
* 32+~ - Replaed potentiometers SRR RO VS BRI 9
4 noph.oo m;notron tubes : ' &7
L5} naphoo indcator laaps ‘, :Z ‘
20 Meagure ring time . T e i 8

152a  Check for open ooil

280 ' --Meg-antenna lines -

155 ',lhunro tr-mtorm voltago .
25 Adjust antonu eoupling

180a ©  ‘Repair headphons and headset
20la _Clean interior of equipment
22; "~ "Measure transformer resistance

JDEER

Check crntﬂ.o
81 Requisition spare parts
a2 Replace transformers

228 ~  Obtain information from operators on how gear droke down

79 Repair phone cable
238 . Replace crystal detectors or rectifiers

224 Visually inspect brushes in generators
14 .. Observe waveforms with portable scope
§2 ° = Replace TR tudbe

o SiNNNY SI8Rs

Further information can be gained by comparing tﬁoa; foprosentative
items vith‘those vhich were selected by only a very few men. Ilater the

manner in which the representative activities divide between high and low
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© rate groups ‘wui be 50@&04. Tor cxn‘zplo. tadble 18 lists the thirteen f

“souvitiu which mo chonn 'bv oaly 3 ot th, m, or abaw five per cent

oF

280 Replace tuning cspacitor in three band RF coil

N Lctivitiu ‘lolof:'tod ;Tth Lowut l‘rqmuw - ‘ 7, !
SR A (hy 3 indivldmll only) . v e
B i "1 Bawalld electric movors . .. o 0

34%. | Inetall commnications trtnnﬁtor e N
50 ¥ind coil } te
: 26,: | Compute power factor , R
' b&a Caloulate output ulpodanoo of trmnttor L -
106? o o t.Q N R o T § . " '
107a: | Repair cooling system M- m linn oj.octronic m -
' 1098 Measurs Q of individual circuit : e
121a .| Compute shunt resistance in order to oalg.)m\to neter :
- 123 Compute siznal traverss ttm : -

206 Charge battery
241 . | . Vary tank circuit capscitance ly installing another.fixed
capacitor

~

The quality of 'iqoi-unco" " Wgommonness® on the Job can be observed
in anotiuriitu’auoxi. These vere & nunbor of utivitiu vhich were uhctod.
by ut lout a third of the ETs as being part of thoir Jo‘bn. lmt vere htu‘
dimdod by half of these men as not "bub' ducribiu their job,
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1 1% | Deplace servo motoys - :° - Bg - 7 M) hef® |
e Install coaxial ou%ln B % 3 2,35
9 | Dry out veve guide S ‘a Lo 1,&?
55 | (Compute capacitive reactance 20 . | 2.
72 | Hepalr aooliu system fans and 26 ¢ . 1% ° 192
lines in electronic geay, == TR B
120 Compute ruistmo-npultﬂo 2 T 20007 |
» ! time constans o o N |
122a Compute resonant trmuin i a - ,1}5 o B30 ‘
- tank circuit A - ‘
139 | Mako mechanical adjustment of wors 24 15 9.36 .
, gears in equipment like VP or VO . T
in Ocsputs current Tequirements fnd o8 15 | 2.5! !
‘ gl circui Loy . s ' )
27 !m'ztmy tgr lov cells 35 16 2 55 ' O

‘!'or desoription see text following.
The substantial drop in mmber of M's selecting the activitiu uvnutul
adove is supported by the relatively low frequemcy with vhich these activi-
ties sre purformed (right hand colu-. Table 19). Many ¥fs hm performed
thuo activitin at onc time or another But appu-ontly not ofton cnou;h to

_ warrant couadning thu iqwrta.nt to the B's jodb. The n-oqumy index

mnbers ginn 1n the lut column are a.mqn of the Judgunn of how often

the activity h done on a five-point -caJ.o vith the category of 'nry ottm

done® given a valus of 5 and "rarely or never done?® given a value of 1, The
frequency index musmbers given above roughly indicate that thess activities

i ‘ o

In summary of the characteristics of those specific activities that i¥s

are¥geldom® or "sometimes" done.,

do not consider important to their job the following may be noted:
-36- ERSTRICTED
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¥, 1NEORUAPION L &

Ttﬁlo‘#:]s
Activities Orii;,inally'&loc’toi as Descriptivo of tha Job
cf the ET and Later u:-‘ol;' Digcarded .
or
) 5 ina Euhu on*
1tem Activities A ecting “Dlacerded
1 Replace wervo motors 4 i © 29 i 13 1.78
9 Install coaxial cables - ¥ . MO 2.35
ﬁg Dry out wave guide F T 11’ ) 1.& _
55 Compute capacitive reactanse 22 - 1h.. 2.62.
72 Repair cooling system fani'and ' 26 1k 1.92
lines in electronic gesr, ~ = ' N
120 Compute rosiatanco—capaotmo‘ - - 2.00"
tine constant ) :
122a Compute resonant froquonciu 1n 2 11 2,30
tenk circuit ' -
139a Mako mechanical adjustment of worm 2k 15 2.36
gears in equipment like VF oy VG o
171 Compute current roquiruodh 1n . 28 15 2.62“
glven circuit - ‘
207 Test battery for low cells’ 2% - 16 2. 56
*For description see text following.

Tho gubstantial drop in mumber of BPs selecting the activities indicated
above iy supported by the rolat:lvolj low frequency with which these activi-
tios are performed (right hand column, Table 19). Kany ETs have performed
those activities at oi\e time or mothar but apparently not often erough to
warrant cons!dering them immortant to the ﬂ's Job. fho frequency index
mitbers given in the last colm ar? av‘angos‘ of the judgments of hov often
tho activity 2ne c’m & five-point ;;alo with the category of ®very often
dono® gsiven a value of 5 and "rarely or never dcne® ziven a valus of 1. “ho
Zrogusicy index musGers givon above roughly indicatc that these cctivities
aroty i oa® or ¥gomotinos® dows,

Ia ccazary of the chrracteristica of those .o2oific activitiss that ST

diy o7 soider Smpoxtid Lo thodr Job the o0 Lo w7 Be ot

uw’

bes

——

ol 3
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(1) Activities that are ususlly dons in the shipyard; these include

rebuilding and installation of cquipmt.

(2) Lctivithl ‘that rdquh‘o test equipment not *wully ;nﬂﬂn.p
aboard .hipc :

(3) vActiﬂ.m- of & computational nature tha.t u'o not uud. by tho
. ¥Ps in these trou'blo-ohootlnc prooodnru, ' N

(\.‘) Activities that depend on cortain typu of oqutpmnt mm.
tbay rarely ooour,

A coqm'ilqn of two groups of Rf's. (one composed of chiefs, ﬁrnt-. m ‘:

.. .seconds; tha otuor &rowp uh up only of thirdl) was mu in tm of tlu
(ditfcrcncu JAn ulqction of 'the card sort a.ctivitin. ‘m wtivi.tiu ihnt

tho two groups havo 1n cozmon have alrudy been muutod. Ulina l loworod '
criferion of uloction at 5o$. those activities that are 'u.ni.m" tq the .
0-1-2 groups o,nd. thon act:lvi.tiu that are "uniquo' to thn 3rds hnvo b«n
singled out. Mhen 508 or more of a growp selected an activity uul less
than 50$ of the other group selected the activity, the activity has been
termed "unique® to tho group with th. higher porcontago of nlection.

Using this criterion of uniqueness there wvers 33 wtiviti.u unique to
the C-1-2 group and five activities *nniquo to the 3rds. These are listed
in the following two tabdles. |

Table

Activities that are Unique* to the Group Composed of
Chiefs, 1lsts, and 2nds

of Or Ire- | o-
ect on

—Rotivity | Totes | Tades

Item| Activities C=1-2 3 ‘
183 | Supervise corrective maintemance 9k 36 3.81 | 117
. actitities

74 | Instruct ETs in maintenance fine points| 88 32 3.78 | 136
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Tabie :
. (contimied) .o
| 184 | Bupervise preventive maintensnce 81 4 |'3.86 {102
| schedule |
T3 | Instruct personnel in salety % U3 3,36 | 100
“precautions ' ' ‘
€3 | Replace ATR tube.. lg u6 2,76 82
63 | Measure cutput frequency of radio ‘ 36 3,67 99
‘ transmitter. S o
237a| Determine front to back ratio of 69 U6 | 2.97 91
crystals ‘
240 | Syashronize PPI sweeps in corrective 62 3 2.62 - | 100
mintenance :
11 | Adjust pulse frequency - 62 az 2,67 -] 117
19 | Adjust local oscillator coupling 62 1 3.38 | 113
60a | Repair chameter I I T 224 | ‘82
76 | Tune transmitter unaor radio .uonc. 62 39 3.18 95
using dummy antennas ‘

104 | Replace helipot assembly 62 25 a.gg 103
1162 | Kechanically adjust scope foous coil 62 3 |::3.80 | 87 -
221 | Oorrect instruction buoks when field 62 39 2,85 55

‘change is made - . : : 1 -
223 | Budbmit field change report card 62 28 2.95 58
1 | Replace variable cspacitors - 5 - ;z : 2.& g2
3 | Adjust range mark gating multi- 56 2. 120
vidbrator ‘ '
2la | Calibrate range markers according 56 36 3.00 | 106
to a fixed range — h E ' '
855 | Reinstall parts of gear &us to new 5 25 2.10 | 110
: ‘specifications as in making field R :
change ]
101 | Align helipot tracking 5 - 18 2.63 | 124
123 Align synchro systems 56 28 2,21 | 117
1 Calibtrate radar range marks according 56  39°] 3.00 | 105
to a given known range ,
170 | Compuse voltage requirements in a 5 28 2.84 | 124
€iven circuit
217 | Make monthly revort of operation and 5% 39 3.79 )
performance of certain electronic I
equipment
273 | Teke inventory of all portable 56 46 2.79 I
testing equipment
27% | Take inventory of ordipary hand tools 5% U6 2,81 36
| .2a} 8ynchronize FPI sweeps in preventive 50 5 2.9 103
. maintenance
22a | Adjust mumber of pulses of range mark 5 43° | 2.8 |.117
mltividrator
88. | Adjust magnitude of STC 5 21 3.06 | 102
156 | Keasure oscillator outpus 50 gg 3.18 | 107
179 | Instruct radar operators in msintenance | 50 3.04 | 111
| Determine receiver sensitivity 043 2,81 ! 116

2he criterion of "uniqueness” is given in

-

the preceding paragraph.
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3

Itew’ | Activittes™ ™

1178 | foterning Gower output of commis- [' 75 W4 | 5867 99"
. . cations '‘transmitter T et Lo me i b g
f?&" ‘Malo ‘€lectrical loudspeaker repairs| 68 W 172670 86
3o, | Beplace electranioally cperating | 50, 38| 203, 1 9T,
8 Felays in .
~ 2338 | Ohack the grounding of slectronics | 50 W },5}{3 4 T
T dydipment by using voltmeter | S e R “
239 mm of repair mechanicsl keying} 50 38 2.5 | 8 .
. r. ‘ 'Y - » ST

-

,‘;

; ‘o .> s . .o . . * o v
BTl AT ,"f - ' % - L I .y

The ﬁrlt four activities "unique' to the C-1-2 granp han to do wi.th
supervision and instruction. In faet the greatest difference between the
two groups of W's for all sctivities occurs with the top item: "Bupervise
corrective -aintomco activitiu." Vhen an atto-pt is -ada to £it the ac-

tivities here under the cluufication nduu that is uged 1n tha lhmal of .
- Saalificaticns for Advancement 13 Jptipg. it.1s found that mw practi-

ca.l.]: all the acti‘ritus in the first list are expectod. of the 0-1-2 grorup

only. four of the five activities in the second 1list (unique® to 3rds) are

al s0 expected only of the C-1-2 group. In the first list ¥repair ohumeter®

is expected of a 3rd as well bdut f.his wag selected by a greater percentageh
of the C-1-2 group as "best" ducri‘b;ng their job. !hi- mey be dn.e to the
infrequency of cccurrence of a need for such an activity and the greater
chance for the higher rated group to have had occasion ?od) it.

| The activitios. in ther second list are of a type likely to be delegated
to a lower rate. In general, the tasks are more routine, many of them

mechanical.

«30-
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It is profitable to examine the abpve activities from the standpoint

of the level of .electronics coq:roheuion that each roqu,iru. The most
likely pradictlon would. be that tho uctivitiu uniquo to the 0-1-2 group
vma. tem.gd norb oomnhonuon than those for the 3rds. To check on this
tho comprohmion lml scores (as Judged by the ETs themalvut sen ,Il?qrt
No. 2 ‘of ‘this -er:.n for dotl.ill) for tho activities uniw.o to uch sro\p
were u'nnch 1.nto troquoncy diltrtbutionn. hbh 22. Ihno data. indicate
.that nost of the sctivities "uniquo" to the higher ratu n.ro 1n tho uppor
 balf of tho conprohon-:lon scores, whu'ou the activities of ‘the lower uto ;
cluster u'bout the contor ot the coxprehension scale. The conoluuon cm bo E
sade that activities uniquo to the 0-1-2 group tend to require more tlun '

tnraga conprohonucn.

Table 22

coaprohmuion Level of Activities Uniqu‘ to
. .High and. Low Rate Groups

stridbution of No. of Activities Uni ‘B0, tivi
Comprehension Scores fo iz orap o | B & g Unigue

Highest Qn.rtor 12

Third Quarter - : 12 p :
Second Quarter 2 ' 2
Lovest Quarter .8 . 3.

B. ZFrequency of Performance of Sub-tasks
A presentation of the specific activities rated highest by the ¥? group
for frequéncy of performance is made in Table 23. Thirty activities are

"&iven in rank order., The ranking is based upox_i the frequency index mumber

of each activity computed as an average of the juigments of the ET group.

~ho- '
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Table 23
T Most l‘rcq\lontly l‘ortomﬁ luintomnc. Aotivitiu -
RN B L Yot et oo B D st L nh“q“.ncy
Jts) gouns , [ T
1 " Read schematic dilgruu P Y ¢
180a| Meamire tube tmnconducumwlth m. %uur FIOBLE B S %
147 | Use voltmeter . - Me6L
“175a] Test vaouum tube £or'intermittent shorts by rodkib‘ 1t 4a k.4
) ‘tube tostor ety ' co
151a| Check circuit contimuity uu3
178 ‘Deternine value of cdqonont from color coding ' < ']’ il'.“jz
226 imn inspect tubes for opep filament . “u,g.
162 | FiI1 out failure repdrt i,
225 | Visually inspect tubes for gas Lg
81 | Requisition spare pn.rtl
232a Use shorting bar " 4,13
- 157a| Replace fixed fuses k.06
| © 99a] Ohéck tube ‘for gaseous breskiown by meter ‘4,00
210 | Measure ring time 3.89
369-| vary tank circuit capacitance with variable capacitor 3.87"°
- 90 |- Tune TDZ mamually b o T 3.8
184 | Supervise preventive maintenance qchedulo 3.
117a] Determine power output of communications transmis ter 3.
222 | Xeep file of stock tally cards 3.8
211 | Use RF sighal meaitor to determine transaitter froquemy 3.
161 | Replace rectifier tubes | 3.82
183 | Supervise corrective maintenance activities 3.5
217 | Make monthly report of operation and performance of 3.79
certain electronic equipment
74 | Instruct ¥f's in maintenance fine points 3.78
25 | Adjust antenns coupling 3.76
98a| Estimate and check to see vhether frequency is within 3.7
desired limits
53a] Measure interelectrode capacitance by means of tube checkery 3.7!
187 | Review records for possible cause of fallure J.Z
141 | Replace indicator lamps 3.67
63 Measure output frequency of radio transmitter 3.6
180a] Repair headphone and headset 3.

rarely done to 5.00, very often done,

. M-

*Location of the item on a scale ranging from 1.00, very seldoa or
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The first 12 activities correspond. closely with those of Table 17 which
listed the activities which were designated vy the largest percentsge of the
T group. This supports the genersl conolusion that the tasks wmch?'.ro
"done by the most pecple sre sleo the tasks vhich are most: troquanﬁ;r dnna. :

S

§ 'Qomrehension levely of fhe Asgivities . .
’! 1 ‘l'ho ou,rd. sort activitien are cminoa, 'bolow. in torm of tho cmpro- ,

m;on that is required in their performance. The quution of ‘the level of

' olootron:lol comprehension was mentionsA in & previous nction in oonnoction

wlth the activities fanique® to the C-1-2 growp and thou 'unique" to the

Jrds. noro. all the activities that meet tho criterion of . ul»oct.io,n by o.t ‘

least three indiyiduals will be considered. There are 208 of them, " -

It had been hoped to get independent measures of btoth the d-;ru of con-
prclimion apd the smount of skill required to sccomplish the activithl. o O
Althouch comprehension and skill were defined at length and exsmples ot .the ’
diﬂoroncu 1nvo1nd were given, the n'l sesmed to make 1ittle ultimtion
between the two. Bither the measures were not defined clearly enough, or,
ir ﬁo data is to be accepted at face value, there is no real difference de-

tween the comprehension and skill required for most activities, .

O

In order to get a better estimate of the amount of rdaiionship between
the comprehension and skill judgments, a tetrachoric correlation was computed.

The following procedure was used. Score distributions vere mads of the 208 !
activities for comprehension and skill, and the midpoint of each distribu- |
tion was dstermined. On the basis of the scors given ty each midpoint any

activity could be tallied for whether it fell in the upper or lower half of o
comprehension and the upper or lower half of the skill distribution. The

tetrachoric correlation computed in this way amounted to .96. 1In view of
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this high correlation value it was sssuped that essentially the sams -unhrd.
vu uud, in mu‘ tho activitiu. foxj this reasom, only tho oomdmuiqn

RS T ‘; Y' [ Y ;1(-‘“' " ,‘?

lod.e vau conaid.ored mrehor. L e \ |
I rIn Gylllniuﬂho co-p:mum lovgl of cortl,tn .cumm if bpcbuo o

noonuxy 140 ch‘cy tox‘ a poni‘bh rohtion 'botwoui tho Jw)‘nnt' M’ colm } |

prohonﬁ.on level snd he d.o‘i'eo of tmhi.a.rity of the non with tho tu‘k '

..... .‘ ‘ri

»4"

u ltkoly that tuh leich are. ‘;ntroqu.nm don lw bp mu d_uferoptly-
frgm tb.ou which pn ao trom;ﬂy,,, Motero. u tho dumuoi wh!.ch 5 :

i PISIC ¥ ST il s ’3};*
toi‘.lon, tho aotivitﬁ- are divided into tm clauu or nb-xroupu thou

v . ,‘ S5

non neq&ontly dgu g\d those less froqun*&ly dom, , ,;: Cor ‘-,':s:»‘»
)
,,_;f H:nt. tho a,cuvitteo have been arran;ul in wd;r o( th. ohctrenu.

A

coq:ohuuion tha.t thq are.judged to ;;pguzrn m!ho Mnﬁ aml lm?t 25

)

9

per cent of the items mo been sdparated as 111u-trat1n of huh an& lov
cowohmion lcvpil. hblo 2“ ihtl mzvitiu rocoivhg h!;hnt captn-
hensfon ratixgs vhich were also sélected by more thasn 20§ ot the BTs; amlr ‘

!l'abl‘o. S5 usts the hidx coqpxghqutbn ":I.teu vhieh'me ulocted, 'by léu th‘an
one £ifth: of the men. Comparable data for the activities rm!.u?g lw oon-

prdmuion rati.n;n are gi'un in mu. 26 and 27. L .l

- - — - PR -

- ' Pable 24

Activities in the Highest Quarter of the Comprehension Ratings
Which Were Also Selected by More than 20 Per Qent :

of the Man as Representative of Their Job

¥o. of Ms" Comprehen~
selecting item | sion Rating

Item | Activity ' as part of job |Score®
7% | Instruct Brs in maintenance fine points 23 136
216b | Check frequency spsctrum of magnetron 13 128
170 Coxpute voltage requirements in a 25 1%
: h3~ RESTRICTED
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gable U
(con* 1nuod)

s, ,(.;";.‘ .

ghdne g

113

o

- | %,

3%a Neuttaliwe or mim pom ot wpliﬁsr

1" drav schematic’ diagram SRR ¢
- “ﬁ’"‘“ "”" Wk Cﬂﬂnc nultiﬁbutor |

" Align merhotorodyno roceim \
. Matoh impedance of tranikission line - - '

- ‘Readl schematic diagras =

'comto current roquiremontn in a ginn
circuit ‘
Alien helipot tr

stage by mtrllizinf upacitor,. .

A XEFREN T

Towoadx Y

Vary (set) pulse width

Supervise ocorrective uintounco adtivities| 27
) um cynchro oyntem '

¥ s P '

Mdult pulu froqnonoy B
Adjust mamber of pulsées ‘of range mark
mltividbrator

Determine receiver unuitivity ‘
‘Heasure ¥eoeiver performance with signal
pwator ]

Heasure signal to noin ratio ud.ng ;ccpo

!rwolicu.l'bymofwopo ! :

Trace sigmal by u-n- of vacuum m.
voltmeter

Adjust local oscillator coupling

AQjust diss of transmitter timing thyratron |

Check circuit contimity
Repair ohmmeter

L ':'t

Adjust transmissicn line slugs

|

a i e ;1 121 |
s - |, @
| u9
19 | .,m
7 BRI 117
¥ | ‘an
27 uy
21 LT
65 4+77116
27 116
13 , 11k
¥ gt
17 o uk
3 13
1l 13
65 ‘3
- . A2,
"15 112

*For a detailed description of the mamner in which this comprehension
score was achieved see Technical Report No. 2, of this series.

Table 25

Activities in the Highest Quarter of the Comprehension Ratings

Which Were Selected by Less Than 20 Per Cent of the

¥en as Representative of Their Jodb

B

NI N AT T

Ho. of ETs Comprehen-
: . select:lx_:g item | sion Rating
Item | Activity . as part of ;L__ Score
51 | Compute distributed capacitance 13k
70b | Match impedance of transmission - 133
lines other than with lugs
‘ - RESTRICTED
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. Teble 25

(oontimud) \ B
209b onwnto t4king nquoncn in oloctroniol 6 e 133"9' !
"] olvaalts . SRR Y g |
216a | Check frequency spectrum of tank circuit N . o 13;
| 198 | Oon;utq impedance rgguiromtl ot a ¢1ven S R SO o129
airoutt | LY SR
| 68| Oaloulate ocutput irpedance of yranemitter |3 126
l22a | Compute resomant frequencies in tenk circut (310 126
| 1308 | Messure selectivity (band pass) of’ com- 12 . 128 -

' ‘nications receiver L B o
~ 131; Check standing waves with .scope or voltmohri - I 123
125 | Compute amplification factor 1 6 123
52 Calibrate multimeters - 8- 123
75 Measure percentage modulation ulinc an b b ) 122

oscilloscope

15- | Repair anplidyne 1. 12
103 | Balance phasing dridge cireuit 1 9 120 -
213 Measure pulse width 10 118
37 Match impedance in doudle slug transmission 8 - 118
123 | Compute !18“1 traverse times 3 1"
25% | Repair range 1na.1cator recorders 8 us:
118 | Measure output impedance 9 115.
70 | Use panoramic adapter to determine froqnmy 5 11
126 | Compute standing wave ratio 10 b1
55 Compute capacitive reactance 113
56 | Compute power factor I 113
109a | Measure Q of individual circuit _ 3 d 112

Tadble 26

Activities in the Lowest Quarter of the Comprehension Ratings
Which VWere Selected by More Than 20 Per Cent of the
. Men as Representative d Their Job

,00 2£ Hl 10 shien~
Selecting ng ites Eg'ﬁ._ﬂ_is
Item | Activity as part of job | Bcore
142 | Replace lighthouse tubes 56 69
159a | Replace fixed resistor 58 69
192a | Measure generator voltage output zg 69
278 | Measure transformer resistance ]
77 | Repair terminal posts, plugs, and 58 68
connections )
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Table. - 26
(conts.um)

| 158a. .

’ -Rnpluo fixed capacitors . 57 . 22 .
] 100d"  Inmpect for -os,-m. luh in olectronioo 32 0
U7a. clun chm.,xor with lOlVQMl 3 | 2“; .
: Vigually inspect tubes for open filuont 5% - OR
[163 Pill ot instediation resord PR N CHUAS PRI <2
182 ,1‘111 out td.lnro report " o 28 .
|175a; Test yacuum tubes Lor. mtcmittpnt uhortl br, 6 . . 6
1 vooking in tube tester Ce | ‘
| 178 Determine valus.of component from coler I IR WO
: Lt 004156 PRI R N A ' N
185b Replace blower fans in oloctronic pgr . - 60
"1}161 : Replace rectifier tubes .. .. b5 ¢ 60
| 45  Check antenna for binding ‘18 .- 59
12328 Use sharting bar .62 ]
| 277a. Check contimiity of transmission lines. vtth }E . » .
chmaieter b .
: 223_. gubnit field change report card 2 58
/1220 Mog antenna lines ; 54 . 57-
79;+ Repair phone ocable _ R : 2
'1199a: Clean switch comtact points © B,
20la. Clean interior of equipment r 52 55
1193 Repair drushes in motors 35 ' 53 .
'{ 58 Clean or polish ferruled resistor 18 5.
81  Requisition spare parts 50 .5
137a Replace broken interlocks -y )
1 Replace brushes in generators 32 ) !
173 Inspect tube pins for burning or corrosion 39 %
272 Take inventory of all spare parts 32 .
17%  Inspect fuse and resistor clips for pitting | M1 yg
or burning - »
140  Imbricate gears - 37 ”3
222 Keep file of stock tally cardl E
8  Iudricate bearings R
157a Replace fixsd fuses 62 k2
102  Iumbricate shaft couplings 22 51
273  Take inventory of all portable testing -] 51
' equipment
229a Check spare parts bins 39 gz
6  Clean air filters 33
3 Clean exterior of electronics gear 36 34
) 141  Replace indicator lamps 54 34
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. Aotivities. in the I.owut Qu:rtor ot the comrchonqlon htinco
Vh:oh Were Selected by Less Than 20 Per Cent of m
. m s Repressntative of Their Job ' :

| Tvem gotivigz e e rt of 0re
.107a | Repair coonu system pulpn and linol 3 5{ .
in electronic gear : ‘ o
{28 | Imbricate spur gears in IFF coordina- .5 65
tor and indicator unit o "
48a |. Drain coaxisl.trensmission lines . 6 .65
206 | Charge battery S 60
49 | Dry out.wave guide L .10 60
12 Repair coonnc oyntem fans t.nd lines - 12 %9
. 4 dn'electronic gear . - . N . .
207 Test battery for low cells 9 )
265 | Repair hoist-lower systems on sound hqud.1_ . 5. 39

l'ho m-t otri.klu ruturu of ‘these tables are: (a)uont of the ITs!
tuh (thon vhich are portorud. Y tho most :pooplo) are Jndgod. o involve
a .-n ummt of oomrohmion. “fhis csn be seen lv coapu'ing Tables 24
and 25. ('b)lio-t of the activities which 1nvolvo caw.tation or caloulation
.of values are rated high 1n c’omr.homion. Bownr. thoy are also not high-
ly representative of the jJob in th(t' sense of boing chosen by a large “po’reent'-\-

"age of the FTs (note Table'25). (c)There is a defihite relation between the

rated compreliension level and the frequency with which the tasks are per-
formed, Of the activitiés that are nbtﬁ frbqnentiy’dbn'b. more are rated as
high in coq;rohension than are rateéd lov. (4)The activities which dcout
prg’;loninatei.y at the lower end of the conprehemibn scale involve the re-

placement of components, the cleaning and lubrication of squipment, and the

keeping of records of repairs and -toclé,. (e)Ratings high izi‘é'oliprahen-ion

wers given to the tasks of alignment and the more dslicate adjustments of the

N7
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cmtpnont- a.llo to ingtruction u.nd. tupmhion.
™he rqhtion of tho :-nto or tho uu M th6 bonprohondon level of the | ‘
mmzm rcpruontiu thoir Job h.l ﬂm:-.d uﬁhr. Table 22, This can

. }“‘ i
"

:‘"& ;n ﬂtl-l mthor way tmm tho use of a corrolation codﬁ- |

‘ ohni. lo.oh cu-d. cort Mtﬁty can bo could.-rod 2 a uu. udvh frqmm.

u-tummn can be made for sain of. tho tvo nte yadps (0-1-2, and 3 n‘-

‘ uncixt the itens ncorung to- tho nuaber ot nn ulecting ﬂi& dcti.ﬂty u

"but' dncribing their jo'b. u'hh ernits’ dividing tho ifuw 1nto two ,

togs Y

cmul' -one "ropruentatin' of the nto uonp. tho othdr ‘not !'eprennta-
t:l'n' of tho rate group. The items can 'bo divldod 1nto . ncond dichotony

WYYy

o -

nccorung to tho -coros on the coq:rdunulon uting. R A
This providu tho mterh.l for coutructing a 2 x 2 u'blo tor ach uto
am, correlating 1tenl uhich aro hid: or ].ov 1n rq:rountin‘ the Joh vith ’ 0

thou vhich have high or low couprehomion soore (uch m spl:lt at tho

’ lod.}an). Tetrachoric correhtiom t)m: rocoincl are =37 for tha 0-1-2
_group and -.53 for the 3rds group. They show a tendency tor low oonprebe_n—

sion ratings to be characteristic of the activities which are most often
chosen by both groups, There appears to be a stronger tendency for the low-
er rate group to have more }om colp:ah:ns_ion activitiei since the magni-
tude difference between the correlations is in that direction (tha.l:. is, the
negative relationship 1a greater for the 3rds than for the C-1-2 growp).
This suggests rephrasing the conclusion (a)above to read: Most of ‘the
Irs tasks are Juiged to involve a smell amount of comprehension, and the , o
tasks representative of the low rate group involve lower comprehension than

those of the high rate group,
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Any rcpur tho,t occur.. whothnr 1.1; bo completoly or only partuuy
mccoum' il mndmntuny d.opond.nt upon urioun mu that q\ cloctronic:
q toohnichn \uu in tho course of hh uintenn.nce l.ouvity. It M; oan ; bn

r o ¢

.o.uunod. that the mn trying to oftect the ropnir 1- traimd 1ntbe tl;oqrotiul

| npoct- ot h‘.ll Job. what are tho ulutional notoro thut d.troctly lnnuonco
tho otchtivonou of tho ropcirt . . . ; R

| nm. the ad-m and avaih'btnty of the amorm typu oz tooln
thnt he uses nut bo tahn mto comidmtion. Tools," 1n thu un. are -
'oomidorod in the ordiury u.x'u; of tho vord. vhnt 1-. e grwp of 1nltru-
sents which mcma. ncrovd.rinrl. pliorl. wrenches, and othorl of tho uu
general nature. Another type of tool which is oqun: worhnt is nlllllr
rotu'rod Y0 as test: eguipment.

In addition to thess instruments which are used in dtnct conuct vith
the equipment, there are a mumber of sdditional aids vhtch are htond.d to
ocontribute to & repair jobd. lquipont rocords and pubncatim are oonrcol
of information that -mey guide the electronics technicm in she r!ght direc-
tion at a very sarly point in his maintenance effort or act as gnidn for
preventive maintenance. -

The physical space within which a technicirn may work, its adequacy and
availability, as well as the problems encountered in obtaining spare parts to
correct defective equipment must also be taken into consideration if a real-
istic pioture of the electronics technician's repair activity is to de ob-

tained,
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The three BAJOf A1vANASR Of this'Aischebioh, . sasely (A) work speces
and. cparn pum. (B) pubuonnono und rocoru. and (C) tooh and tnt oqu.ip-

t
e oa ‘y ;_&#"f . '

unt u'o oquny upartnnt n t;r n th-ir rohtionnhip to ropqir 1. oon- ‘

Py "3'

o onud nlthwch tho d.cgrn to which tho!.r prolohcb or‘ lbunco ufec“d um—
IV A EATT

tmnco vnriod oonntd.oufbly uona tho nhipl ntudiod. ueu Géuru of tho pru-

N S A‘ym 3

‘ .nt r«uroh. in nou cun. uintounco wu a nll concronod Mion

e l

' hthm rocmh wers not koxat u:p aml tooh and tut oqupnn; rohi;tnly '
w’(’ ‘J:‘*{ “‘ ;y,‘

1»&.@.&... In othu' cuu. toola. rocord.o. uul vort qncu mo optim '

DI

for o.f.ticiont rcpur yot tho Qquipnnt m gmm a coutdou‘bh portion of

"

11'.0 uml opmtin; time. !'ho nin%mco pictnrc tor noat of tho ohipl.

4 i

hovo\vqr. 1- tmd uomvhu'o botvun thuo two oxtrnu. '

P

-mmsmm- . ST e e
One of the first considerations for the slectranics Sechaiocian is the
.wob}q of a work space or vorkshop. The attitude of all of the technicians
.An the sample ves investigated with s guestion in the geméral guestionnaire
vhich asked the technicians and the slectroaic material efficers to imdi-
_ cate vhether or not an _ohctronic- vorkshop was absolutely essential om a ,

destroyer or destroyer escort. ZTabdle 28 summarizes the responses to this

item.
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Opinim as to Mhop or lot u Ilootrontcn Vorkuhdp is )thm
‘ on Destroyers and on Destroyer Bsoorts Jxpressed in Terms
' of the Pmm\buo mmm 'y Gim nupouu :

P

3 ' . -
| Respondent | womm :mntm ?arﬁ-lgop lmngm:a
Groups : . on DB
¥ Designation | ﬂ'n flo $n° f!n _ﬁlo : ﬂn
71', > S 9z g o | & 1w 1
. 12 N0 ' 0 ) 58 0 W

'n E X Ruponu o
(8ource: Gomul Quouomlro. 1tol lo. m)

y
CoE

It is readily appu'ont thlt tho cntt ndortty felt the need of a work
space primarily dnuutod tor oloctrouol toohnicim In Mt. the elec~
tronics material otnmo wers unanimous in thotr opinto:u ropnnn‘ DDs.

' " A reviev of the data shows that an electronics workshop wes available
for the technicians on most ships -cbserved. !ho mmu size and localion
of thess workshops, however, varied considerstly. Mhether or mot the ex-

istence of & vorkshop vas & problem vas also investigated ands as can be
seen from tho tadle below, the alternative "mo electronics repair shop® was
neithar the most nor the least urim prou- mm cloctronio- technicians,
On the other hand, rupmn dnu to quntim in the gensrsl interview
included mumerous references to difficulties involving the work shop. Seve
eral of the electronics technicians felt that a crowdsd work space vas a
definite factor standing in the wy of their doing a Detter jod. Others
folt that the lack of skop facilitias w33 a 1ialting Zactor vhile a few
stated that the distance of the workshop from the electromics gear :'édnco&
their efficiency. in addition, 'one of the electronics material officers
£61t that the lack of a work shop stood in the way of his doing a better job.
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‘ Al s further co#sid.ox"o;tion,’ the oloctroniqsi'ochniciﬁu wers l}ukad:’to
indicate what the chief function of the woriuhop ihould be. Your alterna-
tives were provided in the general questionnaire and two were selacted mqlt
frequently. o '

B hbh“jo

°P1n19nl conoernixg What the. Chief Function of an mectronicu VorkIhOP
: “8hould VYe mpreu,oa in Tarms of the Percentage’ ot # ‘Respondent ‘
. L Group Solocﬂncuoivan Ruponn 2L e

s

4 Sclqcting the chh! Function of & Yorkohop to ﬁo a1
Respondent | Raqtrs.| Place to York | Store for Place to | % Giving |
Groups . +for on Broken Test Equip., | Stand BT | ¥o -
B Desig. MI | Gear Tubes, eto. | Watches .| Response
n.m 8 52 132 50 3
12380 -9 33 zg :0 Q-
13 -0IC 7 27 : 0 -
14 A8V 0 21 - 6% 0 ‘15
13 coMd, - ] 23 69 0 8
.13. " OPER." 12 62 ' 15 0 g
GUN, 22 50 0 22
12 NG, 0 ﬁg 3(5) 0 17
| 11 Exec.- .10 , 0 Q

(Source: General Questionnaire, item No,ll)

llo-t of the technicim and officers felt that a worklhop should be
either a placo to take broken gear to work: on or a central room for tut
instruments, pouor suplies, parts, and. tu_bu. Kost of the x:epair shacks
-o'bur'vod were found to function in either or both of these capacities,

More than half of the electronics technicians indicated .that they were
'raspons-i'ble for thé ordering, atori;)g. end inventorying of electronic spare
h parts and almost fifty per cent reported being renponsibJ:e for distrituting
and maintaining a full allowance of these parts. The technicians felt that
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spare parts diffioulties" was the mowt frequent contrilmtor to excessive
. shutdown time of electronic gesr as shown ﬁ‘,,lfpplo 31, |
u'bh n
Opinions as to the Most Frequeat contrs.‘butor to Excessive Mtdovn Time of

Electronic Gear Expressed in Terms of the Median of the Ranks Aukn.od
By the Members of. L nupond.ont Grcap‘ ‘

B

' A - Nedian w: t pa toy — .
Respondent |Insufficient ﬁuo — 1¥o Ihexperi- | Careless~
Groups |{Preventive [Party Dif- tm mhm enced _ Iness of
e nm;. uuntmm ficultles |8hip's Depts, |Persomnel .rmoml
169 @ | a8 | 2.3 ] %o 1. 21 ] 3.2,
12 '3 15 0. | 5] “?_.; 1 35"
13 CIC - ‘149 - 2.6 o ' g 2.6 | 3.9
| 9 -agM 1.7 | 3.0 | .use | 2.6 e
112 oo, 2.2 | 3.5 k.2 1.8 i.z
7 1.75; 105 ' llr.‘l' ' ' 203 a0 !
, 10 @ ) f l.2 z.s , (‘ ll.'l ; K 2-3 ) B
11 = 1.2 02 L Y2 ' 3.0 2.8
|10 e, 1.9 2.0 .8 2.8 Yo

*iost frequent comtributor was ra.nkod 1; least froqnm was raiked ;.:
(Smrco: General Questionnaire, item No. 29)

The eatu‘ory ¥spare parts difficulties® ig ¢onoral m to cover tl-
most any aspect of the spare parts situation, Bowever, the fact that it ‘was
ranked first by the electronics technicians warrants a more detailed study,
Questions involving spare parts could range from "How are spare parts ob=
tained!® Mhere are they stored?® and "Are there enough of them to cover
most maintenance jobs?* to a consideration of the quality of the parts ﬁxich
are available, Only a select few of the possible questions were asked during

this study, and a mumber of responses related to these are worthy of note. _
Neither the electronics technicians nor the electironics material officers
felt that the lack of spare parts was a serious problem. In fact, almost

..
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bal? of the officers Mutoﬂ thtt tm felt it to ba the 1uot serious
pro'blq (hbh a). / Mo:m to ﬂzc rrobln ot~ pase parte: cooury 4n Qm
. | of tho athn' htu oﬁumdo In the cmrd umnm, mum toc'hhi-
* clens ccosmtionally Yeferred o gpars prts: ser1oiletes as d m *.zfm. ‘

y ,‘ H N n‘(

‘f 1n¢ thet otftotendy. . Tuey nantioned; mnmunr mwm- Aarréqarinc' -f

ordar.d parts, hck of npo.ro partl. lo.ok of utbmo mco. w.ctivo sparo

M 5
.,,1'.. e Tied A s - ~4~-¢-hw’.’d o

: puts. ‘and d.lrﬂculty in obteining spere pu-e-. e T SN

-

Mo mo tvo ocuuonu 1n crltiou incid..nt mtorviow).nc that rotu'-

5 331

onco vn uh to npu-o 1fu-h. In ou cno. wo pu-tl bozn mo al:l.ovod

i

to ’oo -towod u'md tho oqupunt. lnd. 1n tho othor. a fanuro to ord.r
cpl.ro pu'tc runltod. 1n monin lhtdown tilo. A' s

' lhmrm muncu are roportod. uhorolh oloctronio- tcchnichnl had. to‘
iwro'du opar. M- vwhen tho uctm onn were ﬂot mubu. Bon of
these ustucu are abltmtod fro. the rupoun given ‘hy the tochn:lcim
to one of the questions uud. 1n tho critical mam method" ana ntted be=

lowt

Table 32

haqlu of the Isprovisation of Spare Parts When the Regular a
_Spares Were not Immediately Available -

1. Mamufactured bdarrel clips for damaged radar, :

2. Rigged up tomporary dlower motor to ‘replace burnod. cut one,

z. Replaced shorted-out wires in a cirocuit by using graphite pencil.
+ Mamfactured clasp to hold antemna together,

5. Babstituted TDZ generator for unfixable AN/ARC gomator.

O 6. Rewound transformer yhen no replacement. was available,
T Put in a jury rig for a bad rectifier unit that had no rophca-ent
8. BRepaired dadly demaged telescopic capacitor wvhen no spares were
available,
9. Devised a rectifier circuit to replace a faulty motor generator,
10. Rigged up a fuse holder to replace a bad one that had no replacement,

.~




} ‘ . ’ ¢ * o i oo ! oo Y hbl. “ g o e,
‘ - 4 (conumd.) ,
] i - - ’*, #tr_, -
111, cuabhnd nix truatonn- to rophoo u bumd out om thoy du not
A7 0 have & seplacensnt £0r. i 9 ; Faoo | .

120 m motor field.

le. . Sodatituted ampkifier poven wpply for 'butu& ot mm. S
114 Rewound durned out transformer.

1185 M mm Mor mor vhon RONS;. m-o@mmum

..,'g

renk ,‘n.,y‘}' Loty SENERT IR ,.‘_‘k O N S TN L T AR
l- m._s}_u mmmy-_
. Wt B iy .

mum utorml uol kthonrco af woriation tor tho cloctrontcl
R IR ENRCI N ‘ P T T . j’ we
toohni m. lot only do pu‘bucationl givo ppociﬂc lnforutic.. a.'bout '
o oL Pl Ll CLHT o i

ptooo of gar. ‘w.t they ottcn mlud.o u.ny pointn o:t mtorution qpucablo

& ’\‘s‘ v ' Ty

to dootroni.o: mmt 1n comn. In ordu- to uternim the rolo that

-1 e AT

publications play in tho oiornl actmty of thq chotron:l.cu toehnichn.

. q% (',' N P ,I'V'# -

items 'mo S.nclud,od in hoth tho Job gzentionuiro and uu;ral cmutiomiro

-

IS RO A I w .

uthods to cmr s mbu- ot diffu'ont upocto. o O
!nnty-m pn'bliutions 'aro prnented. to the tochnichn. and ho m

uhd. to inuuto by a chachu-k vhich of thic group he uud in the courn

of his work sboard ship, Only seven publications were checked by more than

211ty por cent of the MPs, namely: general instruction books, Electron,
ltvﬂhi;u equipment mtmtion books, co-miutim nectronics Meintenance
BuJ.lot!n. Radar llalntmacc Mhtin. oloctronic- tctbookl (odncatioml
publications) and liuSh:lpc msnuals, |

,The -Jority of tho slectronics todmic:lm md. ofﬁcoro relt that

publications were doth adoquato and m:llable for their interded purpose, -

In addition to these two points, the technicians and officers were asked to O
indicate the major use they made of publications and what they considered to

be the most important limitations to the use of this material,

-. i ’ -
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Y INFORMATIO T el
Statmntp doncerning tha najor- uu “of phbncuuou a'oupw thenselyes
into four categories, namelyt (1) training’ ma 1nfdmtaoa. (2) reterence
for troufble‘ shooting, (3) roference for maintenance and opozjq.tin‘ of iquip¥
ment, and (4) keeping up on new develvpments. . fhere du;an approximately e~

., qual mumber of 'h&nichn"l responses in each of the.four um&ﬁ-. 0=

ficers! responuss are contained in the first three categories hut fione of
the ofﬁeu- reported that they uud publicaﬂono to kup \p. on. nev dovolop.

‘J B

ments.

nnost half ot all of tho ruponlu ginn to, tho 1tcn uhtch uk.cd n.baut

\ ARER
» na,&“ e -qo

" the 1mm1on. ‘of electronics pu'blicationo “oould be placed u uuur of the
following two utogoriu; (1) not dotnlod. oaou‘h. ua (2) too Mgﬂy tech~

nical. The rmindor of the rnponul are d.istri'b\xtod anong reportod lini-

. tations categorized as "tdo time consuming to’ kéep’ up on." 'nl&oquto in-

dexing, * and "too limited in applioation.

In a manner similar to the one described for pnbucationu. a grou; of
records were listed in the Job questtonmire. a.nd. the oloctronicn tnchnictm
were asked to 1nd.1cato vh:lc.h of these records they kopt as 2 part ot their

- Job. More than fifty per oent of the group ‘reported t'hg use of the follow-

ing records:
Yailure Report . Spare Parts Records
Repair Records - - < Cobrréotive Yaintenance Record
Electronic Equipment History . Standard Navy Stock Cards

Field Change Records : Xlectronics Service Repair Record
Monthly Check msts (lquip.) , ) ,

Bighty-seven per cent of the electronics technicians stated thut o=
quipment records were used in trouble shooting. When an individual stated
that equipment records were used in trouble shooting, he wes asked to indi-
cate how they were used. Responses to‘ the latter question grouped themselves
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into four. majow. miﬂv&oi. mnmﬂn mtg-m- are ahown vtthin each

. of the-cskegories Minted alows. . . - . e
Ve L '-’1’5..-"*'-‘""‘ ."; K ""*"A.. e x"' : I AR R ; ' ‘

i 'lotiu tt -wm- trm‘bln oomn proﬂu&nly hn& uhat corrontod then,*
. Miotlhg what $ype of troubles are Tacarreat in that plece. of gonul |

wetm» she same trouble appocl. Meis Tecords save time dn -
‘ locsting those vhich have occurred before."

I
WU&LM L&iﬁgfmm.‘s.—_ia

O L gy o

. P ohesk:of eqipment records mey well shov:ihat a similar trcuble had
‘ occu.rnd prwio\uly, and -muy how that traubh was olhimtud..'
AT
'If 1¢ 1: a difficult troublo \dth Just a few uy-ptou. yoﬂ can chock
. ta-see if it has appsared before in that piece of gear and what the
trouble was.,"

.= N . - : I

111

!I,'o attg _9_ ﬁx c reason or aﬁ for b_g_g.!g_m

'!o see 1f uv chronic trouble 1. ruppuring. ana hov lon‘ -mce tube
- was changed.*

- "Potal output over a period of time in mtain ming cirouits indi-
cates fallure of particular component."

IV
Zo cheok past parformance and condition of _am
. ,'ror noqnﬁcationa in gear, contimod troublu.
"Check on past failures and age of oquipnont.

The techniclians consider *work on maintenance records” as the second

most important thing to do when all of the gear is working. Host of them

w556
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‘report that tho‘:;r spend ten per cent of their time in the preparat’ion of’ ‘
these records; ‘some considered record keeping a factor standing in the way
o_tj'their doing a batter Jobs One stated, inthe courss of the general inter-
view that ™00 mich record keeping" reduced his efficiency vhile another -

. felt that Winefficient record keeping of previous I po:;sonnel" was ‘a fac-
tor affecting his work. ' o "

_ It is interesting to note that the spare parts record was the only one
which the alectronics technicians were observed using dnriné the courass of
the many diaries prepared by the observationsl teai'ns.‘ Although 87 per cent
.of the Xr's stated thatthey used equipment records in trouble shooting and
cio;o to 50 per cent indicated that these records were a good source of in-
.'fomtion for determining possidle causes of equipment failure, the regular.
use of these records was not apparent, Instead, instruction books and vari-
ous publications were used to establish reasons for equipment failure or 1o
initiate corrective maintenance procedures. There seems to be 2 wide gap
betwsen the appreciation of records as a guide in maintenance and the prac-

tical use of these records in repair probleas.

0. Zools and Test Equipment

The two principal aids of the electronics technician in any type of
maintenance activity are tools and test equipment. Practically every re-
pair calls for the application of either one or both., An effort was made
in this regearch to determine what types of instiuments were available to
the electronics technician, whether or not their quantity and quality were
adequate, and the frequency with which they were used,

59
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A st of tools was presentel to the slectromios technicians snd they
were asksd to indicate those vhich they used in their work aboard ahip.

. With the sxception of & fev wpecialized tools such as the power drill, -

lignment tools, and typswriter, most of the other tools checked dy more
than £ifty per gent of the technicians could be fegorized as common hand
‘tools to include such items as sorewdrivers, pliers, wrenches, and solder-

" .ing irons. These tools are also reported as being used xost frequently on

the sazple of forty repair records which wers discussed earlier,
__There was little difference of opinion with respect tc the quality of
these tools. More than eighty per cent of the electronics foo,hniohm n.nd

, officers felt that the quality of tools used was adequate. However, when
men were questionsd about the quantity of these tools, their opinions differ-

o4 markedly., The NTs opinions were divided almost equally, with 4l per cent

stating that the quantity wes adequate vhog.u 59 per cent felt that it was
not. The majority of the electronics majerial officers (75 per cent) fel
that the quantiiy was inadequate.

The fact that a pro‘blel‘ existed with rupoct.tp the Mtity,or tools
is also indicated by the responses of the technicians to questions in the
general interviev., When they were Asked to state which factors stood in the
way of their doing & better job, the most frequent rupomolrwu Ylack of
proper tools:® One of the officers also referred to flack of tools" as a
primary factor reducing efficiency. In addition, when XTs were asked to
rank six alternative vrodblems facing them in terms of uriouinon. the high~
est percentage of them felt that "inadequate tools and equipment® wag the
most serious (Table 29).
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m’«m”m Rads of test eqiipment used sboard ship vers very kintiar
to the onn d.nornml for tool.l. A st of di.frcunt pleces of tost uqu.lp.-
nent was given to the technicum. and. the men mo ukbd to muuto which
‘of these 1mtrunlent¢ they upa# in. thgir wor;:, In -.d.dmion. L frequomy |
count vn -.dn of tho tont otmipunt uud 1n the cmio of forty rmir re-
cordn. min. 'Y rohtivoly ¢ood a;romnt vas :‘auna botwnn tho tut oq\up- :
‘ nont tlut lh roport thnt thoy uu tml tho tut oqulpnnt rocordad as ‘boinq
' uud in nintonmo. Iutmlontq nolt troquontly retmod to 1n both n.
"AIQOM'I include ‘tudbe tutu‘. omnlo'copo. voltutu'. ohnotor. ngur.
‘nlthotor. linimotor. ﬁ'oqunncy lotor. onho box. :ignnl gonorutor, watt-
lotor. and vu\mn-tnbo voltnotor. S

" Whe -Jortty of Ws and officers felt that tho qmlity of available test
squipment wvas adequate. In ta?’t_.‘ tost ggw_ggu_t; was referred to sel-
dom in other, obsarvational data. : In a foy. inatances equipment was shut down
longer than 1% should bave been beomise the technician failed to consider the
Possibility of fanlty test equipment. |

. Om the other hand, only one half of the slectrcnics technicians and a-
bout one fourth of the alectronics material officers felt that thu-o wvas an
adoquate quantity of test otp.ipl-nt. "Lack of proper tools” was reported
most :l’roquppi_;lx by electronics technicisns dn.ru‘ the general interview as
the factor standing in the way of their doing a better job (ses Tsble 36).
And the factor of "inadequate test equipment® was reported with high fre-
quency. | | )

The dats do not contain any instance in which the quality of the tools
used 1is questi_oned or considm-ogl .bw anyone to affect electronics maintenance

activities, and only two minor references were made concerning the quality

~61~ RESTRICTED
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- of t.'l'; equipzenit . his i quite different froh the situation with roforoncc

Ly,

. Yo quantity,

VI - CONDITIONS LINITING MATNTENANCH - B

} i . vy
d

_ It 1- the purpou of thu uotion to neelk potentiu trou'ble -pot- a8

; thcy rohto to porsoml and. oloctronicn mintomco bohavior. Sy conald-

) out!.on of mch u-ou of vukmu 1t nay be poniblo to determine proopduru
tor uproving pruont conditionl. . who lurch taku umal oouwhat dlffor-
ont approaches. Ono mlmtu princ!pnl oauns for unncceum uintomeo.
Anothor o'burnl «mp-m uniutionn on ropsir. Still others dopond. upon
reports of the men regarding factgro lcuping thu from doing q“bottor Job,.

A, Contributors to Unsuocessful Maintenancé ' ,

In an attespt to discover and evaluate the relative igportance of. con-
ditions which differentiste between successful and unsuccessful maintenance
bebavior, critical incidents were collected to indicate "occasions when the
repair of electronics gear was not accomplished as quickly as it might have
deen - incidents where geser was shut down for a "1on¢er time than it should
have been.” The eighty-two situations collected cen be categorized accord-
ing to their salient differences. -This is presented in Tadle 33.

Table 33
Factors Contrituting to Unsuccessful Maintenance

Frequency of
Classes of incidents and examples of each occurrence

Yailure to make adequate viamal viml checks early in trouble shooting 15°
Failed to check fuses before proc proceeding
Failed to check switches before proceeding

Overlooked difficulties eegily %nﬂlg
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-, Teble 33

' | 'uc“ hooting ’
Failed to oonum ponibiuty of nulty tost .qui{w

Avoided a rupair beomse of its qnloxuy
D1d not complete repair due 4o lack of 1ntornt

Soager & faus to e sots Noway s LS

Checked ooq)omt incorreotly
Did not find trou‘ble in spite of ropoatad u.ttomh

Failure to te use or instruction bo !. schematics
] ’@1 % & EE— ' " A
Falled o consult approprhto sohmtico
Did not use iastrus$ion book in setting up geaxr
canld not understand instruction book

Vo
RIEE Y

ed faulty _mg_ without couiwig‘ a more 'buic csuse

nluro
.replacing tubes as they burned out uther tha.n
locato the source of troubdle
Replaced bdurned ocut msgnetrons betorc louting tho soyrce
of the difficulty

Auuud some was taﬂ.t vhen it actuall vis not
'—ﬁ on trouble vas e
Atteapted ropa.r lv adjustment of rohg- vhen source of
trouble was in a power stage

| Iailure to report fasult m |
Did not notify s when obtained jerky sweep on FPI

Failure to volunteer infor-stion that would aid in repair
d not report twisting band switch past stops

Interferred with ETs work
Got in Ws | way Ay wvhien he was trouble shooting gea.r

Ass %nt of 1nad.oggte personne to make repeir s without
sup sion

Failure to keep up book work
Failed to order sp spare parts

Did not record circuit change in instruction book

| Neglected to test a spare pm bofor, \um ap Teplac mnt e
ailure to begin or gco te r of unfaworabl 9
: L“m e ﬁﬁ-’?""""" ___z._.am

'.71 P

= -1
~
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éluus ot 1nc.1¢hntn And onmlu a u.ah :I‘ro( 60y
_l;!_e_f_t_t_g_e_gto asntiss of be asaisted u_eg_g_ N T
Improper itoum A i 2 "

T p—

| Bsfused to allow r gg to Lr Qa.i oo 2

" Bovieving thesé. aifnakions, 1% 15 evident that the mos$ importent con-
o ; o ) SRS |

. tributors relate to hck of lkill and thbroughnui on the part nt tho elec~.

" tronios technigien. Faotors associsted with work habits, wuch ae taking
care of ‘book work and. attomung to pu'ts lupply and -towa‘o, are also pru—-
: ent, Of less frequency btut couihra.'blo dgniﬂ.emo are adninhtutivo '
| matters such 9.; pot rqgorthg fa.ﬂ.uro prouptly and. in dstail to n-. or in
soms way hindprin; n-' vork.

B+ Bquipment Limitations on Repair -

One of the more obviocus limitations on oquiplontlrapair is provided by
the oquipment itself. Buipments vary widsly in the ease with which they
. can be maintained. Some of this is due to circuit complexity, althongh a .
" significant amount stems from considerations related to gquestions of layout
* and spacial design.‘ An analysis _of incidents cited as indicating restric-
tions due to equipment design is given in the following Fable 34,

s
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INFORMATION

- Tabdle 34

Behavior Rntrictibu );z"wsh‘t .L'bout by Rquipment Design

1

i x
.

Classes of Rostrictiom vith Typical Inciuntt' ,'

' I;‘oqim

Removal of unit or component rons._; gxoes ui rmn.'l.
of surroundig parts

Removal of the 8G high voltage transfaymer. mmuma
prior removel of mich of the transsitter unis

To get oscillator circuit in MK25 had to remove part
of wave guide and mixer chassis

TBL capacitor 0-).&5 difficuls. to replace hmu had to0
remove othor parts to get at i§.

Needed to remove PPI tube to get at some of tho torluml
boards 1n the V¥

e tas et s AT aber e 18 cmam

components and impossidle to test some without un-
soldering connections and taking them out
ME25 is so0 compact that 13 yeguires excessive removal
of coxponents in order to -locate intermittent shorts
Compactness of the RDZ makes it difficult and unsafe to
remove and replace some of the vacuum tubdes

P

Parts too difficult to reach because too far from panel or
aver or behlInd or under other parts — = =
Difficult to reach the leads of resistors and capacitors -
in the TBL to test them becamse of surrounding parts
Difficult to reach the tuning capacitar on the TDQ to
adjust it because of all the gears around it,
Difficult to loosen collar to unfreezre master oscillator

tuning control of the TBL because surrounding parts make
screws almost inaccessible

Inadequate provision for trouble ootm while se} ig operating
The fact that you u have to.use an extension to work on the

TDZ with the power on is an inconvenience and slows one
dowmn

Lack of battle short switch on V¥ makes 11: difficult to
trace troudble while set is running

Lack o systematic ement of parts makes set hard Yo work on

ganization of parts in the MK3U made soldering of parts
difficult

Unsystematic arrangement of parts on All/ SPS 6 created

difficulty

Soe - .

17

16,

13

9
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. Table 34
(contimed)

Olasses of Restrictions and i‘yplcn.l Iaoa.d.onta

, l‘requonci

}.Pooxr. ement 0f cabl
©« External cables on ﬂ]‘& nakes apeniu the draver Aifficult
and causes oxcoum -tu!n on the ublu ,

&ﬂ'ﬁﬁo‘ﬁ'ﬂﬁ Wﬂ rexoved in order to take _

it unt of the case.

Put.r%ﬁl oar orxﬁ%? e uon éﬁ?‘f equipmant

making it nocessary to remove drawer and shut down
equipment in order to get at it

Basoved of uodt %wm -ndmsse;_uss

console
AN/ARC single terminal -trip

Isproper scpstrustio of Jnoby, and avitches
o ridges on knobs; dial -yatu too unl

Parts secured .too strongly .

tubes in tripler stages
M3l locks on tubou

| Boor i g&tiog of parts or _ﬂ

Inadequate independence of function of geparate units
Parts too bulky ' '
| Parts fastened by improper fastenigg elements
Ingufficient or inadequate indicators

H O = e

C. Behavioral Causes of Equipment Breakdown

One further set of information of thismme type was collected in an

" attempt to deternine. the behevioral causes of breakdown of electromic oquip-

ment. HMost persons when considering the problem of reducing the .mumber of

failures of electronic equiiment think of improving the engineering design

of the instrument. In such cases, the way in which the behavior of the

- .
.
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operators end technicians comtribute is 1likely to be overlooked.

~this problem, 129 gnciq.ontrvd'ro oollected as rcpropontative of situations
whers somebody did nmthiu that "fouled ap" some duotro‘nic mupuwt.
The abbreviated statements !um 'bbon orm!.ua uto cutagoriu and are pro-

sented in detail below in !!tblo J5o

,Teble 35

Behavior Oontributm to Bruhmm of- nootronic mipunt

catgoriu of Abbreviated Incidonti

M.&M—EM& “m&&’.&

Jammed sliding capacitoy

Dropped hand sét on deck

Cranked range helipot into stops

Turned tuning knod past stops

Cranked range counter fast ingo .stops

Cranked range crank past szero stop .

Twisted tuning knodb past stops

Cranked range crank into stop

Twisted switch past stop

Twisted dand switch pasts stop

Turned range indicator beyond stops

Twisted receiver band switch past stop
- Xicked switches.on and off

Flicked switch past stop

Cranked mamual control on antenna roughly
. Oranked range crank past stop

Jerked cable looss on handset

Oonnected correct Mire or corroct cosponent to wr 1_1‘ place or in
wrong m-ItIon

nq»hcoa plugs in wrong sockets while cleaning gear
Connected power cables to wrong torl:lnals

Attached wire to wrong termipal

Mistakenly connected chassis to AC power line
Comnected leads to chassis backmch

Put RF tudbe in backwards -

Replacsd lead on wrong terminal

Made wrong comnections on patch panel :
Replaced wires without regard to proper connactions

RESTRICTED
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Toble 35
. (omm,za)

. Categories of Abbreviated Incidents: .

Replaced leads in roverse uswamm C coon
Connected a wire in the wrong place ‘

Connected transmitter-receivers to wrong terminals

Put tube in wrong position in socket

Replaced unit so that small gear rubbed acunlt frame

Attempted to gperate gear before mpiing proper checks and adjustoentsy

Feiled to throw gyro switch before operating gear
~ Fuiled to put antenna transmit Mtch in receive poution

-before keying ; i :

Porgot to turn on power switch

Keyed transmitter while there was a Jusger hetween s transmitter
antenna and a receiver antenna

Allowed operation of equipment before.rspair gear was rmoved

Yailed to check senith ucrch Mtch boﬂro sttqtm to
operate equipment _

Yailed to shut down ndution bdm chuil‘ wln wvidth

Tailed to put gear in stapdsby.defore applying power :

Fired up set before taking voltage checks on pover unit

Switched frequencies while tuning kpobs were unlocked

Neglected to adjust gain control when putting cquipnnt in
operation

Yailed to make operator adjustments on repeater

Failed to press start button before oalling an XT

Removed or replaced part of the equipment in & rough manner in ssintenance

Unscreved cable at solder eonnections end rather than at socket end

Pulled tube out of set too vigorously

Yailed to take proper precaution when opening megnetron carton

Forced a reduction gear which had a dent qu onto armature arbor
wvith a hammer

Shoved drawer dack into set too vigormly ’

Broke off metal rod from insulator when trying to remove it

Broke off three cbles when pulling out drawer of equipment

Manipulated wrong switch or switch in wrong dirsction

Turned on the regulating transformers instead of line voltage
Threw wrong switches on gear trying to turn it on

Turned switch in the wrong position

furned off wrong switch

Turned selector switch to wrong position

Threw synchro switch in wrong position

Opened switch while cleaning equipment and failed to return it

! toits original pcsition

RESTRICTED
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Table 35
.{oontinued)

Categories of Abdreviated Inoidents

mmwnmmm

'Used doth sutomstic and memual mm mzn a.t uu o

contrary to instrustions
After. instructed not to, daliberately placed Jumr betveen
receiver antenna and trsnsmitter antense = -
Adjusted relays contrary to orders ‘
Left transmitter door opem contrary to pootod uutmcuonl
Threv & switch which he was insgructed not to touch
¥illfully mads adjustments on transmitter contrary to.
instruction book

{%ﬁu"ﬁo m%%c%th)

Siored powdered sosp box on gensrator unis

Failed to close watertight cover on phonu on bridgo

Talled to secure Soffee pot

Failed to secure gear to keep it from falling to the deck

Negleoted to turn off steam in scullery before going to
battle station . .

Placed side panel of transmitter against olootr:lcallv
charged circuit

Attempted repeir or sifustment on equipmmt shen npeuthorized

Atteapted to tune director without suthorisation

Atteapted to repair gear when mot suthorised

Attespted to repair set wvhen unmuthoriszed to do so

Pulled all the tudbes from set without suthorisation

Used motor generator unit when not anthorised

Unauthorized person pounded on the IF section of a receiver
in attempting repair

Tailed to completely replace componenty or part

Reassemlled search switch leaving out certain components
.Jailed %0 replace critical bracket after repair of equipment
Failed to push plug dack in transmitter completely
Fatled to replace light shield on radar

Forgot to hook up leads when replacing megnetron

- .
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catocorigl- of Abbreviated Incidents

| Gasd & part of yoms slectsonto syuipment for reovesblona) purpeses -

Dialed girl friend's phone ‘maber on trmuttu' remote unit
Removed side panels of transmijter to play cards on

Used transmitter switch to indickts disler in card game
Keyed detunsd transmitter while'pliying around .

Wiggled neon tuld to see it M ‘

m&*oma&&s&m

Failed to resonate peak on IPA stage in tuning geer '
Attenpted tuning adjustment without. pr er oqni t
. Nade wrong adjustments in m&g
Loaded PA stage too high in tuaing gear
Indiscriminately -Multod knodbs 1n attomt to tuno up tranuittu-

Exceeded time limitations in operstion 'gg gesx

Keyed transmitter too long

Keyed sransmitter too long

Held sonar slew knod down too long
Slewed sonar too long

Inadsquate core vhen oving in vicinity of slectrenic equipment

Stepped on power cord pulling it from socket

Jarred equipment with boxes whem moving theu around
Buaped interlock vhen walking Wy set

Broke crystal meter when moving steel bdoxss

Did trouble shooting insids set when gear was operating

Propped shorting bar open with screwdriver whem trouble shooting
Jeft shorting bar across high voltage vhile troublo shooting
in set
Prodding for loose connection with a screvdrinrr vhen set was
operating
Tried to run test leads into difficult place with set in operation

Used equipment for foot rest

Rested knee against receiver
Rested foot on high voltage variac
Propped feet up on squipments

HESTRICTED
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Tedle 35
(coat um.a) "

-'mm;m of Abbromtcd. Inoidm. B

Put wrong cogonant inedroud¥ Uil L Lo Ll L Ll

Put transmitter orystal in receiver o.nd receiver orystal in
transmitter '

Put an overampersge fuse in a piage of gmr . . . . . .

Put wrong tu'bo in sockot ‘

Qverlooked someth gg in preventive ging o |

Failed to clean antenna insulators when porforun; prevontivo
sainterance checks

Yalled to clean inmulators in routine cleaning

Tailed to discover loosa-potentiomster on btulkhead &uring .. .. ...

* routine cheocks

Removod leads without identifying them

Neglected to identify leads when removing them for cluniu
Tailed to tag leads.when disconnecting them . .
nu.a to identity wires vhon removing thcn for cluniu

Uud. Used improper tools or materials in nrmntivo _-gi_g_gm

Used Dellows to clean dirt out of equipment
Painted antenna insulators .
Put anti-rust compound on rotating shaft

8oldered a short 'a.crou a fuse terminal
Made circuit change so antenna would operate mamally and
mtontically at the mo time

grmu’g adjusted test oﬂig

Took voltage reading without s\dtching to proper meter scale
Failed to switch ohmmeter to voltage scale before making
voltage measurements

Made untig rgair

Left large globs of solder when soldering connections
Left solder drippings in gear

<T1-
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Tadle 35 .
. (oontimod)

Oo.tngortn of Lb'brovh.tod. Incidents . . i

| A2loved removal of nesdsd seuipment

:mm transpitter while operator was tr_tnlnl.ttinc'

Authoriud. removal of needed sound po\nr cirouit

Threw refuse in gear
Throv ro:mn 1nto trm-ittor

&nmmmmmmm
Failed to lock tuning heads down on TDZ

. . e e

. s
-r -

Fectors Kesping Peracunel Frop Doisg & Befter Job
During the course of the interview with the Bf's and the electronics

_ material officers these men were asked to express their opinions compern-

ing factors which stood in the way of their doing & better job, The Te-
sponses received were varied as can be seen in the two accompanying tables
(Table 36 for the ETs and Table 37 for the officers). The list for the
technicians omits any factor vhich was mentioned on:l: onge, The remaining 17
different responses fall into three general classes (1) equipsent and ma-
terial factors (2) a’dninistrctin matters, and (3) training needs.

=72
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Rable 36

© Adseracted Angweirs $o' Interviev Quastion Conceritny Fuotors
SCAREd . TT N SMMM«? of mo m s Battay Job*

e

mtorl o ' ) T

E

b h& ot proper tools
Iudaquat. test equipment
Latk of experience e
Crowded work space AR T
!uk of schooling partiou.].ar typu of coar SN S

v

‘ e
L R
e j

* P
\

¥o factors standing in the w - '

Inability to get equipment secured to work on 1t \M.I. ot uﬁ

Iack of shop facilities
Lack of theory in training (went too fast im cotwol)

Inability to get further schooling (Class B and lpecm e

lchooll)

Distance of workshop from electronic gur
Iack of class A school training

Lagk of incentive (poor officer supervision)
Slowness in procuring ordered spare parts
Latk of spare parts

Lack of trained persomnel due to complements being filled
vith low rated men

Lagk of spare parts stowage space

-~

-4

L
| I

RIS ATV R Y 8 3 -3

N e -

*In terms of frequency of response

“!h.r-mbomothnmmtoraehrow Mon.

the musber of responses will not ogal the ¥ of respondents

Conditions affecting the electronics material officers are even more

diversified, Padble 37.
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Tadle 37

. Abstracted Answers to Interviev Question Asked of MiOs Opncerning
those Things That More Than Anything Nlse Stand in the Yoy

- of Their, ml: Better Job*

XS lise _

xnmu-m Fentors

'&ort timers® attitude

lack of proper test equipment

Too much peper work

Jesk of well trained XTs

LZack of interest by others (officers and men) in
preventive nuutonuco

s doing non-doctroalo dntiu (such as mess duty,
watches outside electronics, e%c.)

Owp inexperiemce

Diffionlly in obtaining spars parts

Lack of time to work with XI's

Zack of tools

Lack of ooopmuon between departments
lack of work shop

By-passing in chain of command

Poorly Srained radiomen

Poorly trained radarmen

A 1 L

Insufficient mmber of personnel

Operators! failure to report equipment malfunoctions
Unclear delineation of BID dutles

lack of knowledge of other officers as to WO's duties
ETs in wrong department (are in Nug. dut should be Oper.)

Overlsp between S0s and MFs making repairs
Poorly designed equipment

M e BRSO N

*In terms of frequency of response.
ssFor this item, there may de more than one answer for each respondent.
Therefore, the sum of the responses will not equal the l of the respondents,

Casual observations had suggested the possibility that maintenance
operations might bde hindered by demands dbeing made on the ET by persons
vho are perhaps not very intimately scquainted with electronics prodlems.

~T-
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Yor this xuou all M's vere asked vhath-r they felt suy- mum’blo
" maintenands Mndc were made of.,thnn. Ay can Be ssen from '.l‘tblo 38 most
mexi reported an absence of such demands, Those which were meutioned ave
interesting in that they suggest some sources of ALLLiculty;
Table 38 - R
Abstracted Answers to Interview Question Concerning Unruuonablo

l(untomco Daundn Mads of ¥¥s.
(In terms of Frequensy of Responus)

Unreassaable Demipds -~ - P 'thupncy

- &e NO unreasonable demands - s 3g

b. Officers demand repair sooner than it can bo dpne )

ces Officers lack knowledge of equipment ' : 1 3

d. Officers call ETs to make udJuntnenh that otﬂcu' or _ 2
operator can make -

6. Officers expect more from oqul.puont than it 1- capable - 2

of giving

f. B2 required to 4 all preventive maintenance that operator |
should do

" g+ Officers do not understand ¥* repair prodlems

h. Officer demeands time estimate for fixing gear before
BT can make diagnosis’

i. Having to maintain obsolete gear

Je Having to work under M0 vho doesn't know any electronics

k. Having to drop complicated jobs to take care of uniqortmq
duties

1l. Having BMO stand over ET asking frequently what is wrong
with gear

M, Red tape - having to secure OD pexrmission to shut down
equipment that isan!t working already

n. Drills interfere with maintenance work and cause Efs to
work at night

0. Safety precautions - 2 meh on gear when not enough XTs,
and must wear safety belt when climbing mast

I I = T T~ T W W R W A

An examination of the last table (¥o. 38) suggests many factors which
are related to the attitude of the Man and his interest in his Job. BSome

- <75
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of shese factors as. they concern training of the men have heen mentioned
- previcusly in & report on training implications. Others will de considered,
. later in the yepors on operational and aédministrestive prodlexs. One of the

most lxpartand of thess is the problem of turnover and the faot that train-
ing and the acquisition of on ;;ho Job skills takes up mich a significant
portion of the enlistmeat period.,

ne of the ¢oull ot tho last Low ncnonn hu bun to ssarch for areas
in vhioch uprovucntl u‘bt e ach&md.o .Soveral of these are evident.

. They ares (1) improved corrective and preventive nl.lntmu prooodnrn :
© (2) improved attitude and motivation of technicians (3) uomoa. adpin
" istrative cooperation pu-umhrl: bthun opontom and tochuohu and

(l&) improvements in aquipment layout.
Procednral veaknesses showed a tombncv to ovu'look n;qh checks (as

on switches and fuses) before beginning troudle shooting. Thers were a

. mmber of occasions where men would have equipment tori'dm. several tubes

Peplaced, or some similar expenditure of time whea another BF would come
dlong and motice that a svitch had acosdentally beea thrown or & high volt-
age fuse bYlown., BEgually important sppeaxs t0 be a lack of thoroughness and
ocarefulness. This is frequently sccospanied by an unsystematic approach of
Easter egging.”

Carelessness and rough handling of equipment were present in a signifi-
cant mmber of situations. In other instances, technicians showed a. ten-
dency to take the %easy way out," as for example when one group replaced a
certain tube as it bdurned out every twelve hours or so, rather than going
to the trouble of uncovering the underlying csuse of the tube failure.

~76-
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Lnothor prevelemt attitude of Netting &h‘n slids” was svident in the
L aomution oi‘ the ndntoiinco roccr‘u - 'Ia onl; s fow mtaum' was there
indication of work being portornd contrury to instructions.
- 1n some cases thare was comiunuo Foou tor Inrmnt in ipter-
dlpwtmtd relations, particularly Ntvuq the nn uho cpmta and the e

| vho repair the equipment. This 1. svident in mh behavioy n num to
Toport ocmip-ont‘ :tulun until ﬂ‘ﬂ gonr hn vgou’.og’; coq:l.taly. hold.tn;
back informetion which might help in repairing the gear, or in soae way
hindering the ¥ during his maintensnce efforts. The ooorﬁuﬁon 9,! -
operators and BPy.op prevensive meinkiosncs is AR isperteat poist in this
‘oontext. .

DAfficulties vhich oould be traced to the squipment itself, the way
1% was desigied or 1aid out, were readily apperent. foss equipmeists were
such that the men could not get At parts o test or replece them:.' Others
were hard to take apart or t0 remove sections or parts. 8till snother me-
Jor aifficulty concerned inability %o work with power on. o

One set of infomtion vhich was wountod earlier in the report is
relevant hers. It (Table 31) ranked the most frequent ountributors to ex-
cessive stmidown time. Nlectroniocs ntqm officers ranked insufficient
yrnntifo'-intmm as most frequent and inexperienced personnsl next,
with spare parts uﬁieulti;- least frequent. Xlecironics technicians rated
spare parts difficulties as most frequent, inexperienced persomnel mext, and
poor coordination betwsen departsents as least frsquent.
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. ViI, . CRITICAL REQUIXEMENTS OF THE KLECTROKIOS TECHNICIAN

" Osrtain requirements of the slectronics techaicisn a.ro highly oriticsl
to miocessful performance of the job. These requirements are vieved here in
Aires ways. First, general abilities are discussed as thq were observed
through an abilities u:tiu ‘soale. !ﬂ':oh_éth'or' ¢mrd. chdwtorhﬂcn. in-
oluding interest and attituds factors, are discussed. - Finally, these Te-
qvxirqin_satu are considered in job reference terms - with respect to on-the-
Job bebavtor, " o |
& Qritiosl Becyirements in AbAMICY Reforsige Serms

In order to assess the ability requirements of the NT a scale was de-
vised oonsisting of ninetesn ability traits. ZThe ability traits were each
_ dsscribed in .a single statement intended to give the ceatral mesning of the
ability. Judgments by the superviscry persqunel (lead Nf's and the WOs)

. ware #ede of the relative importance of these sbilities to the BPs jod per-
formance. Each of the ability traits was rated in terms of the amount.of
ability required for sucqessful mastery of the BT Job.. A five category
scale was used in which at one extrems the A category stands for an excep-
: tional amount of au‘li_ty required, amd, at the other extreme, the B cate-
gory ,qlbonng‘_vm 1,1::1, of the abﬂ;t; required. The tablo below pre-
go.nt- the abilities a.nd. the catuor{ of response which best describes each
ability. The items are a-oupgd into four gross classes according to the
rating received, and the juidgments of the lead FIs and the XEMOs are pro-
sented together for comparison. The agreement between the two groups of
Judges is generally good; the ratings (with one exception) are either the
same or in adjacent categories.
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Table 39

iR

The quu of Selected Abilities on a Tive Po;nt Bcalo o:t

Imornm to the 3T Job ‘

Ability N R . _‘.‘G;'ou;ﬁ Malgm “gut!’z
%5  Ability to recognisze and defire probles " B T A
- 6  Ability to show ingemuity o B AB .
7 Ability to plan an uucip:to pi'bblul ST s 3 -
8 Ability to make sound decisions A B
16  Avility to accept personal ‘résponsidility CA®
1  Ability %o understadd vervel materials 3 ‘B
10 Ability to accurately read and record date B B
19 Ability to work effectively with others B B,G
1] Ability to accept organizational rupon-ibinty . & C
2 Ability to learn and remember verbal materials - B c -
9. Ability to solve mechanical problems I 3,6
18  Ability to maintain proficiency under mtioul 3 c
stress. . ‘ .
i Ability to make mumerical computations ¢ c
Ability to use mathematical reasoning c c
.12 Ability to interpret spacial patterns C c
14  Ability to coordinate body movehents c c
15 Ability to meke accurate, quick, hand movements c C
11 Ability to interpret data from records and ) D c
instruments
13 Ability to meet sixe and strength requirements l )
*These item mumders refer to ths location of the item on the rating
scalo form, They are included for reference purposes only.

Key: A. An Exceptional Amount Required; B. A Above Average But Not
Exceptional Ability Required; C. About Average Ability 1s Yeoded;
D. Somewhat Less Than Average Ability is Required; . Very Little of
This Particular Ability is Needed,

The abilities that group themselves at the upper end of the scale may
be characierized as traits necessary in planning and decision making. It is
interesting that the abilities here represent different stages of the plan.
ning process involved in problem solving. There is initial recognition and

definition of the problem (5) which is necessary before the actual planning

-~ RESTRICTED
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may be done a.no. tho a.nticipntion of problems (7) which involves foresight

© that forms the buu for oopoimtu :um. tction. The nbinty to make
" sound’ mmm (8) and the mmy to show momm (6) are the suitability
upmg of ‘planiiing in vhich the technician demonstrates that he 2ot only
cln n.ot ;n the. faoo of s prouu tut oan. act otﬂchnt:l.y and even ingeniouse

1y, The mnty to scoept personal rmombnm (16) does not desl vith

" the pmmu; process, per se, Wt 1s ah exscutive quality mnury for ini-
;,*Ninc and carrying through & phn or dsolsion,

m next craupinc of adility tnttl involying average and. above av‘or-
sge amcunts of ability (B & 0) seems to be of two kinds. Aquu mmber-

- o4 1, 10, 2 and § deal with the comprehension of verbdal and mecanical data.
. The other type of abilities, mumdered 19, 17, and 18 deal with ‘the man's

dfcctimou on an orgnniutiom level ano. on a porsonl.l ldnl

n:. Job was rated as requiring only an average amount of uthauticd.
or mumerical opcutim -and spatial pattm .ntcprotatiou. This 4is also
trus of the rating of body and hand movements. Matters of physique and
physical strength are rated uniforsly low.
" the traits were considered also in terss of their relative ismportance
to the Is job, comparing one wWith the others in importance. The lead Mfs
and the EMDs ranked all the traits for importance vith the most isportant
ranked as 1 and the least important as 19. The table below presents the me-

- 'a4an rankings of the 19 ability traits in order of importance.
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Table 40 -

Ability Requirément Scale
Median Rank Values of Abilities Required for the Job of XT as

Banked by Blectronics Technicians

Rank] - , o -, Them . . Nedian
1. | Ability to recognisze end define prodlems : 00
2. | Ability to maintain proficsensy under emotional stress. L 4,17
g. | Ability to learm and remember verbdal materials 4,50
4o | Ability to acoept persdmsl responsidility o 5«75
2. Adility to make sound decisions ’ 583

o | Ability to plan and anticipate problems 7.00
T» | Ability S0 accept organisational responsidility : 1.5
B.Sb 4bility to understand verbal materials _ 8.00
8.5| Ability to show ingemity . o - . 8.00

10, | Ability to work effectively with others 8.50

1l, .| Ability $o solve mechanical problems ] - 9450

12,5 Ability to use mathematiocal 1easoning . 10,17

12.5| Ability $o asowrately read and record date o 10,17

1k, | Ability to make mumerical cosputations 10,83

15. | Ability to .coordinate body movements 12,50

10. | Ability to make accurate, quick,hand movements 13.50

17. | Abilisy to interpret spatial patterns 17.17

18, | Ability to interpret data from records and instruments 17.20

19. | Ability to meet sisze and strength requirements 15.03

Table W1
Ability Requirement Scale

Median Bank Values of Abilities Required for the Job of XT as
Ranked by Electrenics Materiel Officers

Rank _ Iten . , Median
1. | Ability to recognize qnd define problems , 1.%
2. | Ability to undersiand verbal materials 4,25
;5‘. Ability to make sound decisions 575

o | Ability to learn and remesmber verbal materiais 6.00
5.5 Ability to show ingemity 6.75
9¢5 | Ability to accept persomal responsibility 6.75
7. | Ability to plan and anticipate problems g.
8.5 | Abs1lity to solve mechanical problems 9.00
8.5 | Ab1lity to maintain proficiency under emotional stress 9.00

10. | Ability to accept organizational responsidility 9.25

11, | Ability to work effectively with others 11.00

=81~
HESTRICTED




SEGTIT Taromurion

Table Ul

(contimed)

Rank Item Median
13, Ability to make nmumerical computations 13.00
13.. | Ability to use mathematical reasoning 13,00
13. Ability to make accurate, quick, hand movements , 13.00
}2. Ability to accurately read and record data 4,75

. Ability to coordinate body movements ‘ 12.88
17. | Ability to interpret spatial patterns 16,00
18. | Ability to meot size and strength requirements 17.20
19, Ability to interpret data from records and instruments 17.7%

A comparison of the rankings made w'tho lead XI's and R{Os shows good
agreanent in the positions assigned the abilities in terms of relative im
portance. A few .omopt:lom might be noted, howevér. "Ability to maintain
proficiency under emotional stress" is ranked second by the ETs and about
nidway down the 1ist by the Ri0s. ™Me ability to undsrstand verbal materi-

_als," 1s ranked second by the EMOs and about eighth by the Xrs. Yor the

rost of the adbilities there are no great deviations in rank positions be-
tween the ETs and EMOs.

The rankings of the abilities indicate that relative importance is in
line with the judgments on the uom;t of ability required. Those abilities
concerned with prodlem recognition, planning and decision making, and

assuming personal responsibilities are among the first; whereas abilities

involving body size and coordination, hand movements, and interpreting
spatial patterns are low on the lilti.

¥hat can be abstracted then from the information derived from the Jjudg-
ments made on the ability requirements scale! For ome thing, those abjlities
esphasizing a general problem solving approach and decision meking are re-
quired in greater amounts and are highest in relative importance., The abili-

’ w82
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prob:l.on-nolving proeouu u'o umuy .umr on. tho uoun of mrtmo and

amounts necessary. - . - - iy e

Obhor Gomtd Jod __w

There are mmerous othor uouroon o: 1nfomtion on tho ¢onen1 char-
wtciatio- of mccouml » thvlot. !‘vo or these are prnontod Delowe-
ono bned on direct observation of the nen, tho othea' on judgments by the

men. Neither represents an attespt to remain in a singls frame of retoronco :

such as abilities or.jo> related skills. Instead they emphasize general .
consistencies of bdebavior such as motivation, attitude, and general work -
habvits,

In sn effort $o determine the job requirements which could be based on

first hand (direct) observation, the diaries were carefully swcrutimiszed and
a: 1ist assemdled of the behavior uniformities whioch were noted with consi-
deradble frocponcy'. Aﬁong the common elements running through the list is an
emphasis on good work habits, ﬁm--. mdﬁlmn. and tho use of or-

ganized procedures for ropair.‘ It is also noticeable that items of plan-

ning, foresight, and sound decision making are important, causing these
results to agree in general \d.th'tho-e suggested by the ability ratings
discussed in the last section. The 1ist of bdehaviors follows.

1. Using systematic procedures in performing a task.
2. B8Seeing that a job is completed before leaving it.
3. Accepting and carrying out personal responsidility in seeing
that a job is done,
4, Discerning the functional relationship between components.
2. Doing careful and precise work.
» Relaiing a symbolic representation with the material system.
7+ Realizing self-limitations.
8. Remembering and following instructions.

-
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9. Joreseeing remults of actions and making .mound decisions,
10, Assigning qualified persomnnel to get a Job done.
11, Bupervising a job adequately. t e
12, Considering all possibilities in uolving a problom.
13 Teking advantage of aids in performing the task:
Keeping up the necessary dook work.
2 Meking correct assusptions in performing a task,
Obtaining additional knowledge needed to complete the task.
17. Using cooperative or coordinated effort in malking’ ropair.
18, Using ingenious procedures in making repair,. -«
19. Bhowing exceptional skill and ingenuity in porform:lnc tuk
h vhich is not required of the personnel.
20, U-ingbbnic knowledge and provioun experience 1n so].vin; a. mw
problam,

Another source of information on these matters was obtained by asking

select groups of people to rate esach of nine charscteristics in terma of its

relative importance to the electronics technician, ‘This rating is.shown in

Table 42. There is a great deal of consistency among the rating groups.
A1l folt $hat a high interest in electronics is the most ixportant charac-
teristic., Next ars initiative, being a hard worker, and a high GCT score.

- lowest of all was the possession of above average stamina.

g._' critical nequiranents in Jod Rofu'once Torma

A further sourco of critical roquiremnts for the eloctronics techni-

cian's jo‘o is the specific beluwior involved in perf.orming the Job. 80vara1

of the obaemtional wethods yielded nta.tements of boha.viorl of m: .'m the
maintenance situation, These methods were the diary, repair record.. cri-
tical incident interview, and the card sort. The data from these mthodl
were examined, and statements of BT sctivities were abstracted. .

Al} of the statements were examined and categériud in texjms'of the
basic job requirements that might be 1nvoind. llgvon classes. and. thirty-

A3

six subclasses of job requirements were obtained from this categorization.

-8l

O



A

35

6 poAUweX SEA jueilodNy 9SVOT ‘T POIURX SR OTIBTINORVIVYD JUNLIOGNT 380N,

82 G°¢ GG 63 ol . ol €1 2'9 0°¢C | -omXE o1
02 l¢ 0°G 0°g : ¢°g 2l 't 6*9 2¢ ‘OXT 1
€2 2 . 2°¢ lg 2l 1l 2°1 0°9 0°¢ Ko €T
8°¢ .w.w 0°9 ‘1°8 lg €l €1 ] 12 ‘WD €1
2°¢ 8¢ 6°4 2'8 0°9 0°g €1 89 02 | woo 11
672 8¢ GG 2°1 0'8 8°l 7't 0°9 8¢ NSV 2T
m.w, 8¢ 6°G 18 o.w 31 21 :.m L2 010 €1
2 8¢ G°g m.w. 6* 0°g 2°1T 2 C T ORE 2T
2% | L€ 8°n o* Gl 18 2°'1- 0°9 T*h I Tl
SATYE | JeciTON | . TTOM L3718 |  ALuogouoy sUTWe3g | SOTUOIIIOTX | woTIvUTPXOC) | X005 | “Fyseq N

“FITUL | PISH | WOTIOSIF( | -wosIed| pueisyyM| Teorsfqd| up 3sexejur Teorsfyd| 09| sdnoxy
. : Beey | ywesweTd | 03 £3T11qV | *SAY 240qy u2tl *JAy ea0qy | YITH | quepuodsey

) 39T3STIej ORIV

(I1 w31 - exywuuciiserd TwIeueyn)

- «8dhox5 quapuodsey jo JoqUNMK ® JO YORE JOo STENPTATPUI ouy A poudresy sIUTHUCY oY} WOXE
TPeuTe3q) '$80880J PTNOUS URTOTUYDST SOTUCIFOOTT Ue YOTHM SOTSTI0I0WINY) OY3 JO 9WOS JO SIWSH WeTPOR

24 otael

&

ROTIVHEOMN]I XLIMMD NS

CILOITLSTE

Q

Pdie ¥




HESTRICTED
gg@:ﬂ’ INFORMAT ION

The complex nature of the activities made it impossible to categorise them
with no overlapping elements; therefore, the main differentiating charec.
terisitic of each activity wass used as a basis for categorising it., The
clagses of requirements are given below along with the mubclasses that
were obtained. -
I« Making simple discriminations
A Discriminating by visual cues ¢
Be Discriminsting by tactile cues - , '
0. Discriminsting by kinesthetic cues v
II., Making decisions -
111, Systems tracing and making logical analyses
A+ Tracing circuitn‘ or signals
B, Testing or checking circuits
C. Locating troubles by reasoning
IV, Using verbal and diagrammatic materials
A, Referring to information sources
B, Keeping records
C. Labeling circuitry
V. Making measurements
A, Using measuring instruments to determine circuit
or component values
B, Using measuring instruments to determine contimity
VI, Making computations
VII. Devising and improving

A. Designing electrical circuits
B. Making ingenious emergency repairs

VIII, Performing simple mamal operations

A. HMNoving buttons, switches, and knodbs

B, Tightening and loosening bolts and screws
C. Cleaning

D, Iubricating

E. Otowing and arranging tools and spare parts
¥. Shorting out components

&6~
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1X, Pewforntng disoriminatiys mamaal opurationa
A Making sdjustments |
B, Tepping, prodding, or Jiggling oomponenta to lbcata troudble
C. Aligning equipment
D¢ Tuning .
E, Operating gear o
X, Performing skilled manusl operations
A. BRepairing .
B, Manufacturing o ‘ ’
C. Connecting parts C o
D, Assembling compononts and unita
E. Making simple replacements
F. Making complex replacementa
G. Removing tomporents br units
H, 8Soldering electrical componentl
" XI. Directing and assisting - e
A. Supervising '
B, Instructing
C. ' Assisting
To more clearly define these job requirements, each of the major cate-
gories will be discussed in terms of the kinds of behavioral activities from
which they were derived. Included in this discussion will be examples of
the tehavioral statements obtained. ‘
Making simple di-cr:lninai;ionsQ In trouble shooting, there are a mumber
of checks that the repairman makes that imolva mainly percepiion and simple
discrimination of ¥is® or "is not.¥ For oxaiple. in iisuaily 1n5pect1ng a
tube, the ¥F may be interested in whether the tube is lighted or mot. In-

stances were observed in which the 2T made checks using the senses of sight,

“touch, and kinsgthesis. Visual inspection was found to be the most frequent

procedure in making these simple discriminations. This class includes such
behavior activities as the following:

| ~87-
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I. Disoriminating by visual cues '
A+ Checks to maks certain tubes sre in sockets

B, Checks antenna for ‘bindins - ®

C. Inspects tubes
- D» Inspects for moisture
E. Inspects fuse indicator
¥, Checks switches visually
II; Discriminating by"t;é‘:tii‘o cies

- As Fesls tube for warmth
‘Be Yeols output transformer to see ‘if werm

I111. Discriminating by kinuthoti’o cuu

A, Tingers external control for position
B, Yeels wires for: looseness

Making decisions, The trouble shooting procedure also requires the ET
to maks jJudgments as to the factors involved in a sitﬁation or the appro-
priate action to take. This job requirement can be inferred from meny mein-
tenance behiviors. but it stinds out in a number of activity statements that O
were abstracted from the data, Some of the typical statements that repre-

-sent this class are:

A, Doubts accuracy of tube tester

B. Decides set has too much output

C. Decides wattmeter is dad

D, Makes judgment that since windings are right, the
voltages must be in phase.

fystems tracing and making logical analyses. This class is concerned
with being systematic or following logical steps in the serial aspect of
trouble shooting. It is not concerned with the indiv:ldna:! activities that
are involved in sy;tm tracing, In order to locate a trouble it is fre-
quently necessary to trace a signal through verious stages of the gear or to ()
check out a circuit by testing various test points. Therefore, 1t is impor-
tant that the ET be able to follow an appropriate step by step procedure.

~86-
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Some of the activiﬂn thut are containod. in thil cuu ares
I. Tncing ciroults or signals o
A, mraco- audio signal through audio amplifier
B. Traces wires to determine patch panel circuits
C. Traces circuit with vacuum tybe voltmeter
11, Testing or ch_ockihé circuits
" A. Tests with selsctive analyzer at test points
B. Tests for shorts and open cirouits
C. Makes systematic check of all utagu
IIi. )Locating troubles bw rononinc
A. . Locates poor solder connection by systematic analysis
* of the circuit ;

B. Locates noise source by process of eliminstion
C. Locates bad capacitor by logical d.oduction_

Using verbal and diagrammatic materials. Included in this category are
activities that are mainly vorbalr in natureé. The use of reference 9ter1a1:
such as instruction books and schematics are included here as well as written
work such as keeping records. Referring to information scurces is concerned
with the reading and understanding of the verbal material and relating it to
the situation involved. ¥Yor mq;lo. in using a schematic the m.n studies it,
obtains meaning Irom it, and determines the relatiocnship between it and the
equipment on which he is working. The usiﬁg of verbsal and diagrammatic mate-
rials refers to such activities as the following:

I. Referring to information sources
A. Beviews records for possidle cause of failu-re
B. ¥ollows instruction book to locate troudble
~ C. Uses schematic to adjust set

D. Obtains information from an operator on how gear broke down
E. T¥inds part needed for repair by consulting instruction dook

II. Keeping records

A. Writes requisition for tender repairs
B. Prepares spare parts requisition

5 RESTRICTED
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0. Preparss work orders Ct ,
D. Records circult chenge in 1natruction book
E. Tills out fallure report :

111, Labelling circuitry' i ‘ , O

A. Dravs schematic . S
B. Identifies leads before romoving than

Making measuremontla.' The using of measuring 1nstm§ntu is an moréant
part of troudble shooting, The 1nntrum,nt|'a;-o used both for determining exe
act circuit or component values and for dctormlninc continmuity. Included
in this category are!

I; Using measuring 1nntrument: to determine circuit or component
values

A« Meusures resistance of resistor
B. MNeagsures cirouit voltages-

C. Tests meter

D. Tests tubes with tube tester

E. Measures synchro voltage
¥. Measures ring time ) ‘ © 0
G. Measures oacillator output

Il. Using ionuring instruments to determine contimity

A. Checks a capacitor for short
B. Checks fuss contimity

C. Tests for an open coil

D. Tests switches and relays

computations. This class of job requirements refers to per-
forming arithmetical computations. The BT activities categorized here are
such things as:
A, Computes voltage requirements for a given circuit
B, Computes wave length for a given frequency

C. Calculates change in voltage divider network
D. Determines capacitor needed to eliminate DC component of

voltage. _ o

Devising and improvising, This category includes behaviors that are
involved when an ET finds it necessary to design and build a circuit so tkat
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& repalr can be made, or uses some other ingenious neans for repairing the

gear, BSome typical activities are:
I, Designing electricel circuits

A, Combines six transformers to roplaca one burned out
transformer : .
B, Devises rectifier cirocuit

C. Designs bias supply
D, Devises test instrument .
B. Devises squelch circnit

II. Making ingenious eﬁorgenéy' i'opairu

A. Bubatitutes tubes with differont characteristics .
- B. Bubstitutes repeater for inoperative console

C. Bigs up temporary blower motor
D. Makes emergency repair by dypassing the troudle
E. ' Repairs burned out wiring with graphite

Performing simple manual operations. The behavioral activisles that
make Up this category are those with the major characteristic of a physical

manipulation of material by a simple movement or series of movements in
vhich thers is little control, coordination, and discrimimation involved,
The activities that were categorized here include such things as:

I. Moving duttons, uwitcbou.ﬂnd knobs

A. Presses operate button
B. BSwitches selector switch
C. Keys transmitter

D. Rotates range crank

II. %ightening and loosening bolts and screws

A, TUnscrews covers

B, Replaces set screw

C., Tightens tubs socket

D. Places screws in cable mountings

I11. Cleaning

A. Cleans switch contacts

B. Cleans exterior of equipment

C. Cleans varichle resistor with crocus cloth
D. Cleans antenna insulators

1-
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. 1V: Tudricating

A. Iubricates bearings SN . :
B, 0ils gears ‘ | O

Y. Btow.tng and arranginc toolo and lpare parts

A. Stows tools |
B. Arra.ngoo spare parts

vI. Shortinc out oomponont|< S : . o

A. Shorts out high voltago oopaoitor
B, Uses shorting bur

erforming dhcrimiutlvo unull operations. '.l'ho activities making up
this oategory are those mamal mn.nipulat ions that involve o great deal of
visusl discrimination. Varying smounts of eye~hand coordination and phys-
ical control are involved but in general these factors are an izportant
part of the activities. This job reqiirement consists of such activities
-asd . : ’ . . 0
I. Making adjustments .

A, ‘Adju-tl knodb while observing effect on scope

B, Adjusts transmission line slugs

C. Balances power of amplifier stage

. ‘ I. Adjusts local oscillator coupling
i E. Adjusts sensitivity of range spot

II. Tapping, prodding, or jJuggling coq;ononto to locate trouble

A, Jiggles set
B. Prods for loose connections
C. Taps tubes for loose elements

I1I. Aligning equipment

A. Aligns receiver .
B, Aligns helipot tracking
C. Synchronizes PPl sweep .

IV. Tuning

T s

| A. Tunes TDZ
‘ B., Tunes receiver to eliminate distortion
F C. Tunes director
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Ve Operating gear
A. Plcks up target on set

B, Bets up desired fuquoncy o
C. Bets up tube tutu " | ,

Porforming sikilled ggz_a_l_ gggr_g_t_g_x_xg. a'his cétégoi'y':is mads up of a
large mumber of Adifferent typu of complex adtivities that ‘demand & rela~
tively high degree of skill dbut little disorimiut 1on. A‘zair amount of

Physical control end various' kinds or coordimtion are necnsary for these
‘activities. The activities included. 1n.thu cctegory,includo such things
s oo Co e

I, Repairing
A, Repairs modulation and keyinc circu.{t in n.:lcrophone
. .B. Repairs motor generator

C. Repairs telescopic capacitor
D. Repairs cooling fans and lines -

PV

'I1. Mamifacturing’

A, Makes replacement shaft for potentiometer ‘ <
B, ' Mamufactures antemna clanp

Cs Rewinds motor

D, Rewires high voltage unit

I11, Gonnecting part.;

A. Hooks up signal gonorator

B,: Connects wattmeter t¢ output

C. Makes connsctions on patch panel
D, connents power cables

IV, Assembling components and units

A. Reassembles search afvii.:ch
B, Disagsembles crystal unit
C. Installs multi-jack plug

. V. JMaking simple replacements -

A. Replaces TR tube

B. Replaces meter front

C. Replaces fuse .
D, Replaces rectifier tube

93~ B!STRIGm
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VI. Making complex replacements

A, Replaces magnetron : ‘ :
B. Replaces reduction gesr

C. Replaces tuning capacitor ' ) ‘
D, Replaces :t'iltor choko

VII, Removing comonents or units
A+, Removes knob af yambly
B. Removes transformer
O« Removes slip rings in :t‘ocuz coil
D. Removes wave guide

VIII. Boldering electrical components
A. Repairs poor wiring in patch panel
B. B8olders rectifier in volt-ohmmetar
C. Resolders inmput ocable

mroctigg and assisting. This job requirsment category is made up of

such activities as supervising corrective and preventive maintenance acti-

" vities, instructing radar operators in maintenance, instructing personnel o

in safety precautions, instructing ETs in maintenance fine points, and

assisting the repairman,

These job requirements are the titles used to represent the classes of
behavioral statements that were placed in the same category. Of course, it
is possible to make other categorizations of these statements by changing
the frame of reference in vhich one is working. I$ is felt that the job
requirements obtained and the behavioral statements that define them will
be the most useful for the purposes that are usually intended for this type
of information. These job requirements are not necessarily exhaustive for
the job of electronics technician, for although an effort was made to ob-

tain descriptive information on all aspects of the job, the main emphasis

was on electronics maintenance.
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The Job ﬁquiromenta expressed in ability reference terms, that war#i
discussed earlier, ‘are independent of each other to a large degres. Such:
1s not the case when requirements are expressed in job reference terme,
since each job requiremsnt represents a number of Job activities, each of
vhich has more than one behavioral che.ra.ctarist:lc.' Although this differw
ence between the two references exists, the Job requiremente obtained by

the two references are in basic agreement throughout,

/

- The electronics technician is akey men in the maintenance of the elec
tronic equipment aboa.rci ship. Comprehensive accounts of his jJob provide
information to illuminate some of the chronic problems of maintenance, .
However, the problem of achieving and sustaining a maximum state of opera-
tional electronic readiness is not simply an BT matter. The noxt two re-
ports of this series bring the observational information to ber™ upon two
important factors which interact with the ET performamg to produce the
current situation, The next report (No. 5) contains descriptions of the

maintenance aspects of related electronics jobs, and Report No. 6 deals

with the influence of policy and shipboard organization upon the electromic

maintenance situation,
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