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.~ n analysis of the skills and knowl edge
required to maintain advanced avionics
systems on the fli ght line to provide a
basis for evaluating existir 1g train ing

methods and career structure . Since this
information was not availab le from Air
Force sources , the author~ devised a unique
data-gathering procedure. By debriefing
maintenance teams as they can~ off the job,
the authors wer e dble to describe in detai l
the flow of specific job steps. Analysis of
this data revealed the impnrtance for job
pei formance of knowledge of the way components
of specific avionics systems ~re tied together
(system integration) arid the uninlport 3nce of
knowledge of electronic princiD les. Thus ,

training should stress system integration and
be specific to particular models of aircraft
These conclusions provided the basis for eval-
uation and redesi gn of training , (R-l8~4-AF

and R-2049-AF). (Author)
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PRF. FA( E

T hi ’-. work ~.is und er taken  in response to a request f rom

the T I r t ac a l Air Con~nand for help in resolving support

problems ~‘ith the Mark 11 avionics system in t he  F - f l I D

aircraft. Rand init iat ed research in t~~~~~ ’ i r i ls: The Project

AIR FORCE (formerly Project RAND) Logistics Program undertook

studies on avionics hardware/software reliab il i t y. The Pro j c t

AIR FORCE Manpower , Personne l and Training Program undertook a

broad inquiry into personnel and training support for adv~’nced

avionics. The present report is the result of the latter effort

and was done under the project titled “Personne l and Trainin g

Support for Advanced Avionics Systems .”

Althoug h TAC ’s original request referred to the Mark

II avionics system in the F- h ID , the basic problems are

observable in all models of the F-Il l and in the F 15. It

is very l ikely that , unle ss pol ic ies are changed , similar

problems will be observed in the future in the F-16.

This report is one in a series ; the other reports are :

R-1894-AF , The Relevance of Training for the Maintenance
of Advanced Avio_njc,~~ Polly Carpenter-Huffman and Bernard
Rostker.

R-2049-AF, A Proposed Course for Avionics Technicians,
R i chard E. Duren.

A

B ~~ -~
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SUMMARY

When Rand began to u r i v + ’- t i R a t e  p ro b lem s  ‘~f p e r sc n i i r l

support 1 ( 1  t h e  t e c h n i c ; t l l y  advanced av i ~~t i i c s  in  th’ F — h I D ,

i t  soon bec imr apparent  t ha t  S i m i  I i  r p rob lems  p l l g u r t .~ I 1

adva n ced avion ics s y ste m s , i n c l u d i n g  t h 4 ~~e just Com ing in t~

the inven tory . Many of these pr ~ h le m s  suggested that .  t h e t e

was a m i s m a t c h  between the pe r for m ~i n e  o t m a i n t e n a n ~~ , t i I the

way t r a i n i n g  and personnel  procedures  were designed to suppor t

ma in tenance  tasks .

Detai led knowledge of the p e r f o r m a n c e  of f l i g h t - l i n e

maintenance of advanced avionics was not •iv,~ilahle at the

inception of the study. To f i l l  this need , the authors

conducted the job content analysis described in this report.

The analysis determined that the general skills and know ledge

needed for fli ght-line maintenance of advanced avionics have

the following characteristics:

o Much of the job is simple and repetitive , particular l y

in the Instrument/Autopilot and Conmiunicatioas/

Electronic Countermeasures shops .

o The most demanding part of the job is finding

defective components of the avionics system (fault

isolatiou) in the Bombing/Navigation shop.

o Fault isolation is often performed by recognition of

patterns of clues. The key to this method of fault

~~~~~~~~~~~~~~~ 
flu

_ _
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isolation is fam i liarity ~ ith the patterns ot failure

ot Ihe avionics system.

o Fau~t isolat ion often requires generation of sequen es

of .‘ viriet y of system displays (many of which are

amb i guous) and interpretation of the~ r meaning. The

key to this method of fau lt isolation is knowledge of

how the components of the avionics system are tied

togethe r (system integration) and how the displays are

generated .

o Electronic princip les are ilmos t never used for fault

isolation .

o Direct use of the techn i ca l orders is infrequent.

Our analysis provided principles for design of a forma l

training program for flight-line maintenance of advanced

avionics systems , particularly for the Bombing/Navigation

shop . These principles are :

o The essential features of even the simp ler tasks

should be taught formally because they are not part of

the average person ’s repertoire .

o Fault isolation should be taught formall y so that the

student can become familiar with a wide variety of

failure modes and fault isolation techniques.

o To insure that the gamut of failure modes is taught ,

the student should learn fault isolation on a trainer
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or s i m u l a t o r  in  w h i c h  a l l  systems i n t e r a c t  t h a t

in t e r ac t  on the a i r c r a f t .

o Training must be speci fu  to p a r t i c u h i r  mode ls of

a i r c r a f t  because ( 1) d i f f e r e n t  mo dels  of a ll! raft fail

in different ways , and knowledge of patterns of

failure is a prima ry fault isolat ion technique , an~h

(2) avionics systems on different models of aircraft

are integrated differently, and knowledge of the way

the system is integrated is crucial for complex fault ’

isolation .

These principles provided the basis for redesign of the

training program for flight-line maintenance of advanced

avionics bombing/navigation systems. This revised approach is

described in A Pr~p~sed Course for  Avionics Technic ian s ,

by Richard E. Duren , The Rand Corporation , R-2049-AF.
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I. I~ 1k~ I)~ LTI ()N

This pr ject ~ ss initiite d when The Rand Corporat ion

received a request from the Tactic il Air Conunan~t fot a

dis int erested Igency stud y of problems in supporting the Mark

11 avionics system in the I-Ill !) aircraft. As part of the

effort , the ,iuthors undertook an in-depth SUI\ey of the job

content of the flig ht-line maintenance occupations--Air Force

Specialty Codes 326X2A , 32hX2R , and ~~~~~~ The survey was

desi gned to provide a detailed account of flight-line

maintenance procedures to be used as a basis for evaluating

current training methods and career structures. The

procedures developed and the results of the survey are

described in this report.

Maintenance of advanced avionics systems is designed to

be carried out at the organizationa l , intermediate , and depot

levels. Avionics systems are composed of in’iividua l Line

Replaceable Units (LRUs); malfunctioning LRUs are identified

through the use of on-board , integrated test equipment using

minima l external flight-line Aerospace Ground Equi pment (AGE).

Removed LRUs are analyzed in the intermediate maintenance shop

on test stations that check interna l circuitry against

predetermined tolerances. Intermediate maintenance actions

extend to the removal and replacement of LRU subcomponents ,

Shop Replaceable Units (SRUs), whose repair is usually the

responsibility of the depot.
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TUE N FE 1 FOR A JOB ~TFNI ANALYSIS

A f t e r  s t v ~~i a l  v i s i t s  t ,  F - I l l  u n i t s  i t  Cannon , M o u n t a i n

HomeS , and Ne l l is A i r  Force  Bases , and a v i s i t  t o  the Lowry

Technical Training Center , it became apparent that, there ~~~iS

not a consistent. View of the job content ot avionics

flight-line maintenance activities. The Rand study team

considered .a job content descript ion crit i cal in any

evaluation of F-ill training .

To obtain a job content description of the F-Ill

naintenance activit ies required a unique data collection

effort. A review of the maintenance data system showed that

the existing Action Taken Code structure fails to provide a

deta iled account of job content. The codes are so aggregated

that they do not describe what the job consisted of--e.g., a l l

troubleshooting is assigned one COde. In addition , codes are

not app lied consistently; the same action may be coded

“renove-install ” at one time and as “troubleshoot and

remove-install” at another .

Occupationa l Surveys were not available for avionics

fli ght-line maintenance (the first flight-line job inventories

for the 326X2A , 326X2B, and 326X2C occupations were administered

in April 1976). Eve!! if available , Occupationa l Surveys

would not have provided the required job content information.

As discussed in some detail in a previous report ,* the Air

*M . B . Ca rp ente  r , Hainta ini~ g Efficient Traini~~~Pro~ rams
fo r  Air Force Technical Specialties , The Rand Corporat ion ,
R-527-PR , September 1970 , pp. 8-11.
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Force ’s Occupational Surveys are not training oriented .

In genera l , the information they gather concerns only the

percent of people (at various skill levels and with

various backgrounds) that perfo rm a given task and the

percent of time spent on that task in their current job.

The translation of such an inventory into a training

program is not obvious or. in most cases , strai ghtforward .

For examp le , on the flight line does the task “trouble-

shooting ” require a knowledge of circuit analysis , Zener

diodes , or video amplifiers? Does one need to know how

test equipment works , or only how to use the test

equipment? Perhaps “troubleshoot ing” cons ists only of

operating the BITE (Built-In Test 2quipment) and declaring

an LRU defective if a light comes on or a meter reads too

high or too low . To evaluate a training program , one must

know if training adequately provides the knowledge and

skills needed to perform the acts and make the judgments

required on the job .

Of the severa l ways available for gathering job-related

information--occupational survey, questionna ire , checklist ,

individua l interview , and observation interview*__the Air

Force rates the observation interview highest in terms of the

specificity , completeness , and accuracy of the information

*See AFPI 50-2. An observation interview is conducted
at the work site and concerns the work being done at the time
of the interview .
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obtained , to w i t  ‘ the observation intervi ew is preferr ed

because it reveals unique tasks and provides a better

understan !lln& of the work performed ”~ In many cases , thi s

better understanding Consists of an appreciation of the

knowled ge requ i red for task performance , the most signif icant

aspect of the task as far as training is concerned. This

information can rarely be elicited in any but a face-to-face

interview because of the potential variety of responses and

because of the disinclination of most job incumbents for

writing accurate descriptions of any length. As a res ult , a

modified form of the observation interview was used in Rand’s

job content survey .

THE SURVEY POPULATION

F l i g h t- l i n e  maintenance in F - I l l  (and F-IS) Avionics

M a i n t e n a n c e  Squadrons is divided among three shops . The

Bombing /Navi ga t ion  shop m a i n t a i n s  the navigat ion and weapon

control  equi pment . Personnel assigned to that shop carry

the 326X2A AFSC. The Instrument/Autopilot shop is

responsible for flight controls , engine instruments , fuel

indicators , and the autopilot. Airmen with 326X2B AFSC are

assigned to this shop . Conmiunications and Electronic

Countermeasures (ECM) equipment is maintained by 326X2C

personnel assigned to the Coimnunications/ECFI shop .

*AFfl 50-2, p. 28 (emphasis addedj.
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Personnel from one of the three shops are normall y

dispatched in teams of two or three to correct a system

malfunction , which is usually reported by the aircrew

during the postf light debriefing. To facilitate rapid

maintenance action before an aircra ft launch or immediately

after an aircraft lands (while power is still applied to

the various avionics systems), a special multishop

team was established . At Cannon Air Force Base , this team

is referred to as “Roadrunner .”~ The Roadrunner team ,

stationed on the flight line , has its own truck , carries

its own spare LRUs , and is made up of exper ienced

personnel from each shop . In effect , the Roadrunner unit

acts as a fourth flight-line shop . Roadrunner duty p laces

greater emphasis on treating the avionics system as an

integrated whole and on quick turnaround action than does a

conventional shop .

The remainder of this report describes how data were

gathered to determine the job content of flight-line

maintenance for advanced avionics systems and what analysis

of that data showed . The report concludes with a general

description of the job and its training implications .

The complete interview swmnaries are included as an appendix

because they provide specific explication of general points

*A t Mountain Home Air Force Base, the team is known
as Big D, the D standing for diagnostic , and at Plattsburg
Air Force Base the team is called the Big Apple .
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made in the text , illustrate the productivity of the

flow-chart debrief technique , and can be used for

analysis of additiona l issues , such as the resi,lts of the

expert review of the interview data .
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II. DESCRIPTION OF THE SURVEY

GENE RAL STRATEGY

The primary goal of the survey was to describe

flight-line maintenance accurately in terms of the knowled ge

and skills it requires , so that the nature of the needed

training could be determined. Orig inally the study team

planned to make direct observations of personne l in the course

of their norma l activity in all three shops plus Roadrunner to

obtain the most accurate information. Trial runs would be

conducted at several bases to test the feasibility of the

approach and to develop effec tive procedures and form s for

collecting the data . Attention would be concentrated on those

tasks requiring substantial job knowledge and sk ills rather

than on tasks of a less demanding nature such as clea ning and

painting . After data collection , each job would be reviewed

in detail by at least one job incumbent rated as an expert by

his peers. These reviews would establish the completeness of

the job description and the competence with which the job was

performed , thus assuring that valid data would direct the

team ’s fina l conclusions .

INiTIAL DEVELOPMENT OF SURVEY PROCEDURES

In early January 1975, a Rand team visited the 474th

Tactical Fighter Wing (F-lilA) at Nellis Air Force Base for a

general orientation to F-Ill flight-line procedures and to



g

consider alternative approaches for conducting the job content

survey . This v i sit was followed by a trip to the 27th

T4 c tl (al Fighter ~ irig (F-HiD) at Cannon Air Force Base in

1at~’ Jan uary to test the feasib i lity of direct observation

techni ques. It soon became apparent that , in order not to

disturb norma l work patterns and to maximize the number of

cases an interviewer could efficientl y handle , the best

approach was to debrief the ma i ntenance team immediatel y

after comp letion of a job . It was decided to test the debrief

techni que further at another F-Ill base to avoid biasing the

responses to be elicited at Cannon Air Force Base , where the

study was to be focused . A three-day trial run was made in

January with the 366th Tactical Fighter Wing (F-IIIF) at

Mountain Home Air Force Base.

Following the test period at Mountain Home , data forms

were prepared for use at Cannon. Figure 1 shows the field

observation (supplemental data) form . The form was designed

to record and dup licate the data normally recorded on Air

Force Form 349. Later several comparisons will be made

between the 349 data and the job content analysis data.

Figure 2 shows the main data collection instrument. The

form was designed to allow the interviewer to record the exact

sequence of steps performed by the maintenance team . The

flow-chart nature of the form enabled the interviewer to

record the logical decision/activity process. At each step,

the form prompted the interviewer to inquire about the source
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of knowledge to perform the step. Appropriate (-heck boxes

were provided at each step f o r  knowledge received from one or

more of the following: forma l technical school (TS), Field

Training Detachment (FTD) course , participation in the wing ’s

own maintenance training (MISD), or on-the-job training (OJT)

program . A record was also made of the extent to which

technical orders (T.O.) were followed . The following

categories were provided : complete and direct use (E),

partial reference (P), from memory (M), and no direct

reference or no use at all (No).

After completing the field observation form , the team

prepared a summary form , as illustrated in Fig. 3. It

provides for a narrative to accompany the flow chart and for a

consolidation of the Form 349 data. A complete set of these

final summaries may be found in the appendix.

CONDUCTING TIlE INTERVIEWS

The observation-debrief interviews were conducted at

Cannon Air Force Base during the first two weeks of April

1975. Immediately after completing a’ maintenance assignment

and the required 349 form , the maintenance crew joined the

interviewer in a room adjacent to the flight-line shops. The

interviewe r copied the 349 data and indicated his desire to

know , step by step , how the crew performed the assignment just

completed . The activity sequence was drawn out by asking such

questions as:
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What lid you do first ? Why?

What d i d  you do next? Why?

Have you l e f t  out any steps?

Did that complete the job?

After the Rand interviewer obtained the sequence of steps

from start to finish , the interviewee was asked to comment on

each step regarding his use of technical orders and where he

learned to choose and perform that step. An example of a

completed field observation form (supplemental 349 data and

activity sequence) is provided as Fig. 4.

During the interview period , April 1 through April II ,

1975 , the team completed a total of 141 interviews . Since

some maintenance assignments consisted of more than one “job”

(entry on the 349 form), the interviews yielded 188

entries--86 from Bomb/Nay , 39 from Instrument/Autopilot , 47

from Cotnm/ECM , and 16 from Roadrunner. When we refer to a

“job ,” we mean one of these entries. Each entry includes one

Work Unit Code (WU C , major system or LRU worked on) and one

Action Taken (AT) code .

In May 1975 , the Rand team revisited Cannon Air Force

Base to validate the field observations. One (or more)

experienced maintenance men (MM) from the appropriate shop was

interviewed on each job write-up . With only two exceptions ,

the experts were sergeants with current flight-line

experience. The experts were asked to comment on the

comp leteness of the write-up and , based on the write-up , on
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the app r~~ riateness of the ., t i~~~(iS t.iken - These comments •l re

1n lude l in the fin a l observation summ aries under “Expert

Comment

In addit ion to the expert evaluation , the team tried to

r eiltI ’ each recorded maintenance ,1 t ion to the original a ir—

crew discrepancy report and subsequent maintenance actions.

Sp e cific a lly, we wanted to know if LRUs were found to be

defective or serviceable when checked on the test stations

and whether the original comp laints reappeared on the flight

subsequent to the maintenance action . Unfortunatel y, onl y

slightly more than half of our )obs were listed on the

“Debr ie f / AFTO 349 R e c o n c i l i a t i o n  Repor t , ” and o f t en  these d id

not include subsequent shop actions. Even so , where a v a i l a b l e ,

we included the information on the field observation summaries

under “Aircraft Followup .”

Figure 5 presents the final field observation summa ry for

the job (Rand ID 130) in Fig. 4.

RE PRE SENTAT IVE NESS OF THE JOB CONTENT SIJRVE Y

A major concern of the Rand team was that the job content

survey be representative of the norma l work of the avionics

f l i g h t - l i n e  shops . The interv i ew-debrief  techniques , followed

by expert review , were designed to assure comp leteness and

accuracy in recording the job content of those jobs surveyed .

There was , however , no built-in a priori guarantee that the

sample would be representative . The interviewers made it a
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point to work all shifts , but there was no attempt to

prescreen interviews to insure a representative sample. To

determine whether the sample was representative , the team

checked the avionics subsystems involved in the survey

observations against BUS (Ba’~e Level Inquiry System) data

for all of April 1975.

Table I shows the makeup of the sample by major avionics

subsystem (usually an LRU), as recorded on the Form 349

extract .~ Also shown are the totals for Cannon for the first

two weeks of April 1975. Table 2 compares the frequencies

with which avionics subsystems appeared in the job content

survey and the BLIS data for all of Apr il 1975. As noted

previously, the sample did not include any maintenance actions

w i t h  “ general support ” Work Unit  Codes , and we deleted those

from the BLIS data . Also shown are the percent of BU S

jobs that involved subsystems not appearing in the survey

(“Others ”) .

Although the team did not try to draw a representative

sample , the frequencies shown in Table 2 are reasonably

comparable for the jobs falling into the Bomb/Nay and

Instrument/Autopilot shops . Couinunications/ECM jobs compare

more poorly, possibly because of the large number of BLIS jobs

on subsystems not appearing in the survey sample as well as

maldis t r ibut ion  among those subsystems that did appear.

*The system codes are defined in T.O. IF-lllD-06 . Also
see Tables 4, 10, and 14 of this report .
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Nevertheless , the sample of jobs in the most important

shop , Bomb/Nay , and in Instrument/Autopilot , was sufficiently

representative to allow us to draw general conclusions about

the content of these jobs .

Table I

N1J~1BER OF JOBS IN JOB CONTENT SURVEY BY SYSTEM ,
CAN~4ON AIR FORCE BASE , APRIL 1-11 , 1975

Inst rument/
_ Bomb/Nav Au~~pj~lot Comm/ECM Roadrunner

System No. System No. System No. System No.

73C 2 14A I 61A 7 73H 5
7311 24 14E 1 61B 1 73K 1
73K 12 1411 7 610 1 73P 3
73N 1 140 1 63A 6 73R 1
73P 20 23Y I 52A 2
73Q 3 46A 4 64B I 52B I
73R 10 51A 6 640 1 61A 1
73S 14 SIC 2 65A 4 630 I

51F 2 71B 4 64B 1
510 1 7lC 5
52A 11 76D 5
528 2 76K 6

76L 4
76M 2

Sample to ta l  86 39 67 16

Cannon total 1004 432 314 135
(April 1— 11)

% samp led 8.57 9.72 14.97 11.85



21

Table 2

FREQUENC iES OF AVIONICS SUBSYSTEMS APPEARING IN JOB CONTENT SURVEY
AND IN BLIS DATA FOR APRIL 1975

( Percent )

Bomb ! v Ins t rum ent/Aut op i lot Communications/ECM

System BUS Survey System BLIS Survey System BLIS Survey

73C 2.3 2.3 l4A 0.4 2.6 61A 22.0 14.9
7311 23.0 27.9 14E 0.1 2.6 61B 2.1 2.1
73K 11.0 14.0 14H 14.1 17.9 610 2.1 2.1
73N 2.8 1.2 140 0 1  2.6 63A 5.8 10.6
73P 23.4 23.3 23Y 5.4 2.6 630 0.5 2.1
73Q 5.0 3.5 46A 7.0 10.3 64B 6.4 2.1
73R 18•3 11.6 SIA 17.4 15.4 640 1.1 2.1
73S 12.6 16.3 SiC 8.2 5.1 65A 3.9 8.5

51F 7.6 5.1 71B 3.9 8.5
510 0.2 2.6 71C 3.4 10.6
52A 22.1 28.2 76D 9.5 10.6
528 7.8 5.1 76K 10.3 12.8

76L 5.9 8.5
76M 9.3 4.3

a
Others 1.5 0 Others 9.7 0 Others 13.7 0

a
Subsystems not appearing in job content survey .
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I I I .  ANALYS I S  oF THE .JOB CONTENT SURVE Y

The purp o se  o f  t h e  j o b  c o n t e n t  su rvey  was to make  an

accurate record of the major steps followed in the

ma intenance of’ avionics equipment on the fli ght line and to

identif y the decision aids used in performance of the job .

The following discussion examines each shop separately to

determine the nature of the job . Since most of the jobs fell

in the Bomb/Nay shop and since maintenance of Bomb/Nay

systems is more complex than maintenance of other systems

(as we shall show), the discussion for the Bomb/Nay shop is

more intensive .

BOMBING/NAVIGATION SHOP JOB CONTENT

The job sample for work in the Bomb/Nay shop included

eight major systems . Table 3 shows the number of jobs on the

various systems . The Roadrunner jobs on bomb/nay systems are

included in the suimnary to insure that a more complete set of

326X2A jobs is analyzed .

The 96 bomb/nay jobs resulted in maintenance actions in

the following eight work citegories : AGE setup ,

troubleshoot, operationa l checkout , remove/ install , minor

repair , checking (less than full operational checkout),

adjus tment/ a l ignment , and tes t/ inspect .  Table 4 gives the

distribution of major maintenance actions by major system .

For ex ample , of the 29 7311 (DCC / INS) jobs , 19 resulted in
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Table 3

NUMBER OF BOMB/NAV JOBS BY MAJOR SYSTEM

Work Unit Number
Code System of Jobs

7311 DCC/ INS (D igital Computer
Complex/Inertial Navigation
System) 29

73K TFR (Terrain Following
Rada r) 13

73P ARS (Attack Radar System) 23

73Q DRS (Dopp ler Radar System) 3

73R IDS (Integrated Display Set) II

73S Data Panels and Controls 14

73C AS (Altimeter Set) 2

73N HSD (Horizontal Situation
Display) 1

Total 96

some form of troubleshooting , five in an operational

checkout , one in checking, and three in adjustment/alignment ;

there were 20 jobs with removal or installation actions , and

on 16 jobs the maintenance crews set up the flight-line AGE .

Since several maintenance actions can be taken on the same

job , the to ta l  number of actions does not sum to the total

number of jobs .
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Table 4

BOMB/NAV SHOP JOB CONTENT: NUMBER OF JOBS
WITH EACH TYPE OF ACTION BY SYSTEM

Type of Action 73H 73K 73P 73Q 73R 73S Other Total

AGli setup 16 1 8 2 2 7 2 38

Troubleshoot 19 7 16 1 7 4 1 55

Operational checkout 5 4 4 1 2 10 1 27

a
Remove/ ins ta l l  20 6 16 2 9 12 2 67

Minor repair 0 1 0 0 0 0 0 1

b
Checking 1 2 7 0 1 1 0 12

Adjust/align 3 2 0 0 0 0 0 5

Test/inspect 0 0 0 0 0 0 0 0

Total jobs 29 13 23 3 11 14 3 96

a
This statistic counts each removal or each installation

(B/I) as one action , thus “remove and rep lace” is two R/1 actions .
b

Less than f u l l  operat iona l checkout .

The most s i g n i f i c a n t  maintenance  ac t ions  observed in the

job survey were troubleshoot or operational checkout. (AGE

setup primarily i nvolves supplying external power to the

aircraft and will not be discussed further.) Troubleshooting,

involved in 57 percent of the jobs , is any action undertaken

to isolate the cause of a discrepancy . Generally it leads to
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the replacement of an LRU , i.e. , a remove/install action. In

a small number of cases , the LRU is adjusted or calibrated

without removal from the aircraft . An operationa l checkout

(or ops checking) is the following of a prescribed procedure

to verify that a system is performing properly. It generally

follows troubleshooting and the installation of an LRU or a

repair , al ign , adjust , or calibration action . Twenty-eight

percent of the jobs involved ops checking .

The least prevalent job actions were repair , check ,

align , and inspect; they occurred in only 17 percent of the

jobs. Table 5 presents the 16 jobs in these job categories.

(On two jobs--25 and 127--two minor actions occurred.) In

most cases they were routine and undemanding activities.

The troubleshoot category , in terms of the frequency

with which it is performed and in its requirement for job

knowledge , is by far the most important for maintaining the

a i r c r a f t  in good working order. As part of the job content

analysis , the Rand team was particularly interested in the

techniques used to per form these tasks . Table 6 presents the

major diagnostic techniques used in the 55 troubleshoot jobs .

Although specific techniques differ by type of system , the

major patterns are clear. On average , nearly two diagnostic

techniques were used on each t roubleshoot ing job . The

diagnostic technique used in most jobs is addressing the

computer through the Navigational Data Entry Panel (NDEP) and

observing the numerical readout . This procedure uses the
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Table S

ROMB / NAV Sh OP A C TIONS IN M I N O R  R E P A I R , CHECKING ,
AI )~J t ’ S I / A l . I G N , AND TEST / INS P ECT

System Ac tion Rand ID No.

Minor repair

7 1K Rep l aced  f u s e  25

a
~~~~~~~

7311 Equi pment clock 92

73K F’use conditions 25
Frequency separation (TFR) 127

73P Inertial navigation system (INS)
tolerance 2

Main t enance  control  uni t  (MCU) tape
opera t ion  22

A i r - t o - a i r  r ang ing  to lerance  100
Continuously computed impact point

(CCIP) (by partial simulation) 101
Circuit breakers , equipment clock 125
Antenna torque 137
Pressure check 204

73R Right  des ignator  cursor disp lay 16

73S Switch condition 53

A~just/a lig~

73H Correct switching error 3
Calibration of ABS range markers 206
Reset circuit breakers 44

73K Angle-of-attack disp lay 55
Tuned TFR antenna/receiver channels 127

a
Less than full operational checkout .
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l i b l e  6

NU M BE R OF B O MB/NA V TROUBLESHOOTING JOBS WIT h EACH ‘I ’V1 ~F
OF DIAGNOSTIC TECHNIQUE

D i a g n o s t i c  T e c h n i que 73H 73K 73P 73Q 73R flS Other ToLil

Computer addressing 17 0 13 0 2 1 0 33

Built- in test 5 5 5 1 0 1 1 18

Video or display
observat ion 0 4 7 0 7 3 1 22

Audio observation 0 3 0 0 0 0 0 3

M a i n t e n a n c e  cont ro l
unit 0 0 0 0 1 0 0 1

Diagnostic remove
and install 10 2 8 0 5 0 0 25

a
(43) (4) (16) (0) (21) 0 0 (84)

Special test
equipment 0 1 0 0 0 0 0 1

Number of different
jobs 19 7 16 1 7 4 1 55

a
Numbers in parentheses are actual number of Rh actions.

computer memory ’s ability to retain information on LRU

malfunction . The technical order contains numerical input

codes--error t rap  a d d r e s s i n g - - f o r  the va r ious  systems and

output codes with a list of likely LRU failures. This

technique , however , was not always part of official

troubleshooting procedures. Computer memo ry address codes

were orig inall y used in the development of the computer
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programs (software) by the contractor ’ s systems programm ers

and were first published only in the operationa l checkout

manual for aircrews . Through local usage at Cannon , the

codes have become an accepted flight-line troubleshooting

procedure and were recently incorporated in provisional

maintenance technical order revisions .

Unfortunately, however , the computer does not provide an

unambiguous fault isolation capability . Often more than one

LRU can be responsible for a given computer readout code , and

further diagnostic aids must be used. Individua l judgment is

needed in the selection of the appropriate code and in the

interpretation of the computer readout. Knowledge of system

integration and system data flow is required to utilize this

diagnostic technique properly.

After diagnostic R h ,  the next most common diagnostic

technique was the interpretation of video and other displays .

These procedures usually require a high degree of j idgment

and knowledge of how the integrated avionics components are

tied together. Improper output display could be caused by

the display unit itself , the computer , the sensor device , or

the wiring. This technique is analogous to troubleshooting a

home television set when the main indication is the quality

of the picture .

Operation of the BITE and the Avionics Test Panel (ATP)

also constitutes a major troubleshooting technique . Either

automatically or in response to a test initiated by the
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a i r c r e w  or ma in tenance  personne l , the BITE causes a fault

legend l i g h t  to appear  on the AlP or a meter to deflect and

revea l the operationa l status of an LRU . Although the tests

are s imp le  to operate , l i k e  computer  a d d r e s s i n g  they can lead

to ambiguous or incorrect conclusions regarding LRU status .

Usually the BITE/AlP indication is verified by replacing one

of the indicated LRUs .

Use of the BITE system was designed to go hand in hand

with the MCU . According to the Attack_Radar and Terrain

Following Radar Systern_ hnical xal , “Troubleshooting

consists of observing FAILURE STATUS lamps on the AV1ONICS

TEST PANEL and reading the printout of the 1ICU ... to determine

malfunctions.... [Howeverl, further troubleshooting may be

performed if built-in tests do not isolate to the

malfunction . “~~~

The PICU is a unique diagnostic aid on the Mark II

avionics system . The system is desi gned to print fault codes

indicating specific LRU failures. It is used as part of the

BITE system and complements the ATP fault iegend . However ,

the MCU is not always reliable. The F-Ill technical order

notes , “MCU printouts may occur due to hard LRU failure , as

well as faulty interconnect wiring, intermittent LRU

malfunction , or momentary interference in the aircraft wiring

or power .”**

*T.0. IF-II1D-2-19 , p. 4-4B.
**T.0. IF-111D-2-5-2-1 , p. 2-4.



The surv ’ v s ~t d  that th e 9C1~ is not being ~i ile I y used

is h i i g n st ic i i i .  It ~‘ .is m e n t i o ned i n  o i l y  t~~ j f , (inie

is a d i . i g n o s t . i a id m d  nut as an LRI t o  he r , p m  m red . In

t h e  Lit t or  i i s o , it ~.i s r epa i  red l i st , m n s t o  i~~ of f i r s t , ‘~h t n

it m i g h t  h i ve  t,erii ised in  t. r o i ih l o s h t i n g  th or sys tems .

h~ MCI p r i n t o u t  i s  not  used becaus e t h e  i i  rmen have f o u n d

t h a t  m a ny  of the  pr in t ou t s refl ec t transient m a lfunctions m d

can n ot h~ re l i e d  upon to  p i n p o i n t  LRU f a i l u r e .

T he u se of the ~1CU by f l i g h t — l i n e  personne l is d i r e c t l y

r e l a t e d  to t h e i r  e v a l u a t i o n  of the  q u a l i t y  of M C L i n f o r m a t i o n

as an a i d  in  t r o u b l e s h o o t i n g .  Because of g e n e r a l l y  poor

f a u l t  i s o l a t i o n  capability on the Mark Il/F— h ID , the F—Ill

Spec ia l  P r o j e c t s  O f f i c e  contracted with General Dynamics for

an i n v e s t i g a t i o n  of f a u l t  i s o l a t i o n  on the F - h ID.  T h i s

resulted in ear ly 1974 in the Fault Isolation Verification

Program ( F I V P ) .  Genera l  Dynamics concluded t h a t ,*

The fault isolation capability has been found
inadequate because:

I. Avionics Test Panel (AlP) legends and Maintenance
Control Unit (MCU) printouts occur indicating
failures when no faults are present in the system .

2. Faults occur which are not indicated by the AlP
and/or MCU printouts.

3. Failures occur and the incorrect Line Replaceable
Unit is indicated as faulty.

~Tfü3 Mx II Fault isolati Verificat . ion Prog,~arn(FIV P),_ Fina l Report: Voiwne L Anal ysis , FZH-1 2-8308,
General Dynamics Convair Aerospace Division , 1 July 1974,
pp. 1-4.



4.  The I I  i g h t —  I moe  t e c h n i c i  I o r d e r s  and sp eci al
t rouh I t s h o t  ing ire incomp [etc or tr r ’ i i t coms i i  ~i mmri y
cases .

The remova l mii i i nstallation (RI I I of an LRU is not only

the  u l m i n a t  ion of troubleshooting hut  in many cases is a

d iagnostic techni que itself. A diagnostic RI! sometimes

consists of using an available spare from supply or the shop

to confirm a ma l function . When spares are  not  a v a i l a b l e ,

LRU s a re swapped betwee n ai r c r a f t , t h e p r esumab ly  good LRU

being returned to the original aircraft after confirmation

of the malfunction. In some cases , when spares are not

ava i lable  and swaps are made , LRUs are  removed and sent to

the shop on the bas i s  of a best guess , w i t h o u t  s t rong

supporting information .~

The job content survey i n d i c a t e d  tha t  ( I )  there is  a

significant underreporting of remove or install actions in

o f f i c i a l  A i r  Force data , and (2) a m a j o r i t y  of Rh a c t i o n s

are for diagnostic purposes. Table 7 compares Air Force data

from Form 349 with data collected as part of the job content

- 

~F.xamp1es of diagnostic Rh occurred in both the job
content survey and FIVP. For example , in the appendix see
Rand ID 19 for multip le R&R actions and ID 14 for “best guess
removal. ” As part of F1VP , the team first “substituted EPU
lElectronic Processor Unit) even though a sequenced test
indicated all LRUs GO. (Borrowed EPU from A/C 68-177.
Borrowed EPU had same indications as EPU originall y installed
on AC 68-176).” Since the problem could also be caused by
the MRU, that unit was removed. The expert comment was , “The
troubleshooting for this type problem was by the process of
elimination (MCU/ATP/computer readouts were of no
assistance). When ~IRU repla ced in A/ C , problem cleared .”
FIVP Final Report: Volume III. Appendix H, pp . M-138-139.
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Table 7

NUNBER OF BOMB/NAV REMOVE AND INSTALL ACTIONS
BY SYSTEM

a
Survey Jobs 

— 
Rh Actions

By Job
No. with By Form Content

System Total R/I Actions 349 Records Survey

73K 29 20 27 65
73K 13 6 8 10
73P 23 16 31 32
73Q 3 2 2 2
73R 1 1 9 13 25
73S 14. 12 13 14

Other 3 2 4 3

Total 96 67 98 151

a
Each Rh (removal or installation) is counted

as one action (e.g., a “remove and replace” is taken
as two Rh actions).

survey . Of the 96 bomb/nay jobs included in the survey , 70

percent contained at least one Rh action . The Form 349 data

showed 98 separate R/Is; the job content survey revealed 151

such actions , an undercou~it of 35 percent. (This is a

conservative estimate because swaps were counted only on the

r ece iv ing  a i r c r a f t .  Unfor tunate l y ,  a fu l l e r  count is no~

poss ible beca use the survey did not cons istently record

swaps. )
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A majority of the R/l actions in the job content survey

(58 percent) were for diagnostic purposes , as shown in Table

8. Forty-five percent of the troubleshooting jobs used the

diagnostic Ru as a.i important t roubleshooting technique . On

these jobs an average of 3.5 remove or install diagnostic

actions was recorded . The Rh average is 1.82 on trouble-

shooting jobs where no diagnostic R/Is were performed .*

The prevalence of Rh actions for diagnostic purposes

has important imp lications for maintenance and requirements

for spare LRUs . Exchanging LRUs for spares can be very

time-consuming , with time lost waiting for spares to be

delivered to the fli ght line . If deliveries are made through

normal supp ly channels , the wasted time can be significant.

(The use of a forward flight-line supply distribution point

initiated at Cannon Air Force Base reportedly reduced wait

time for spares considerably.)

If spares are not available , which happens frequently, a

diagnostic R/l often involves borrowing an LRU from another

aircraft. Such actions generate additiona l work on the

lending aircraft and greatly increase the wear and tear on

the LRUs themselves. In addition , there is always the

possibility that the borrowed LRU is itself malfunctioning ,

so that the diagnosis it provides will be faulty .

*The overall Ru average on nontroubleshoot jobs was
0.50, and on jobs with R/Is the average number of Rh
actions was 1.08.
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Table 8

1 B t ) 9 B / S \ V  REMOVE AND INSTALL
\ 1 IONS BY TYPE (F JOB

% umbe r
of l t d  Diagnostic

I V I r  of lob l b s  R ’ ! s  R / I s

Tr u b l e sho o t i n g  a

~ith K/Is 42 12f 88

Oper it m onal checkout

~ m t h R/Is 14 11) ——

Other jobs
w i t h  R / I s  i i  12 --

Jobs without
R/!s 29 -- --

a
D iagn os t i c  R/! occurred on only 25 of the

troubleshooting jobs. The total R/Is for diagnos-
tic purposes on these 25 jobs was 88.

Because of the importance of R/I as a diagnostic

techn ique , maintenance personnel should be thoroughly trained

in its use; this is discussed in more detail in the

concluding section.

In the next section , we discuss at some length the

effects of the integrated nature of advanced avionics on

flight-line maintenance . Here , we need only note that the

Mark II is the prime example of an integrated avionics system

and that the effects of system integration are particularly



evident in the Bomb/Nay shop . Although we speak in terms ot

ind ividua l systems such as the Attack Kad .m r System (ARS ), the

Integrated Disp lay Set (IDS), or the Digital Computer Complex

(DCC ), malfunctions often occur in several systems at once.

For examp le , on one job (interview II) lOs) problems wore

encountered on the following five major systems :

o The Data Panels and Controls

o In e r t ia l N av iga t ion Set

o T e r r a i n  F o l l o w i n g  R a d a r  Set

o Altimeter Set

o Attack Radar Set (Electronic Processor Unit)

This is not u n u s u a l .  In f ac t , ma l f u n c t i o n s  in one system

o f ten appea r to a f fect th e performance of to ta l l y d i f f e r e n t

systems . Of the 76 work assignments on Mark II systems

on w~iich we obtained interviews (including 9 from Roadrunner),

22 indicated intersystem effects other than. the use of the

computer fo r  d iagnos t ics  .*

So far the discussion has concentrated on major

diagnostic techniques used by bomb/nay personnel to

troubleshoot the Mark II system . Equall y important is the

identification of diagnostic techniques not used. Forty-four

*Intersystem effects are suggested on the following
f i e l d  summaries (see the appendix) :  ID 2 , 13 , 15 , 17 , 19 ,
22 , 25 , 44 , 45 , 71 , 75 , 87 , 90, 105, 108, 110 , 124 , 125 ,
126 , 130, 137 , and 205.
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percent of a 326X2A ’s technical school training is in basic

electronics. The job content survey , however , revealed that

diagnostic techniques requiring basic electronics , compared

with those requiring a thorough knowledge of the i ntegrated

avionics system itself , were rarely used . This was hardly a

surprise given the design of the LRUs , which , for most

purposes , can be viewed as sealed containers. Flight-line

maintenance personne l do not have access to the internal

circuitry of the LRU . In fact , in only one case (summary ID

105) was a knowled ge of basic e lec t ronic  p r i n c i p l e s  used.  In

that case , a technical representative from General Dynamics

used a breakout box* and an oscilloscope to examine wave

forms associated wi th  a Terrain Following Radar problem .

Most 326X2As do not have the training or experience to use an

osc i lloscope properly, nor do they have access to a breakout

box.

The use of a breakout box , togethe r with added knowledge

and training, could provide additional flight-line diagnostic

capability . However , breakout box use by Air Force personnel

was explicitly recommended against by the General Dynamics

FIVP . It stated in part:~~

No known maintenance action justifies use of breakout
boxes for other than engineering analysis. Recommend

*A breakout box is a connection device that gives
access to internal test points.

**FIVp Final_Report:__Vol ume III.__Append i x M , p. M-327.
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use of the breakout boxes for engineering analysis
o n l y ,  and not for standard flight line
troubleshooting. The reasons for not using breakout
boxes are:

I. Other equi pment must be carried to flight line .

2. A breakout box requires a PSM-6 (VOII meter) or
oscilloscope that requires externa l power.

3. LRU substitutions usually easier and more
reliable.

4. Experienced technical representatives quickl y
available.

5. Addit ion a l training needed to use breakout box.

The tenuous connection between basic electronics and

f l ight-line troubleshooting was also made clear by the

responses of 326X2A personne l to a TAC questionnaire in 1974.

Although opinions were not uniform , the majority were

critical of the teaching of basic electronics and the lack of

opportunity for using that knowled ge on the job . For

example , one airman assi gned to the 27th Tactical Fighter

Wing at Cannon said ,

Actually, it {electronic fundamentals) was a
waste--not that the training itself is at fault ,
but rather the career field. Electronics is not
utilized. IWe l went too deeply into wiring diagrams ,
etc., for doing this job . ~~~~~~~~~~~~~~~~~~~ still

~retendi~~ that the 326X2A career field involves
electronics~ and it doesn ’t. No more so than turnipg
o n a 1 ~ g~~ switch would involve workinj~ on a
g~nerator . TEmphasis added.)

In summa ry , the key to effective and efficient

maintenance in the Bomb/Nay shop is the ability of the man to

make use of all diagnostic tools to increase the accuracy of
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,li agnos is and to dec rease the time expended on ma i ntt’nancr

.~~~ tions. ho sing the appropri ate soq iloiR e of actions is the

most Iom 4nd ing aspect of bomb/na y m aint enance. Although

designed t o  indicat e the systems a t  fault (fui (kly and

l e ar ly , the Mark II avionic sys t em ’ s diagnostic aids do not

p rovide une quivocal information . Thus , the bomb/nay

maintenance man must p lay detect ive , develop ing clues and

interpreting t hem as he works throug h a mix of diagnostic

techniques in his search for the one or more defective LRUs ,

or to insure that the system is fully operational.

INSTRUMENT/AUTOPILOT SHOP JOB CONTENT

The job samp le for work in the Instrument/Autop ilot shop

involved 12 major systems . Table 9 shows the number of jobs

on the various systems . Roadrunne r jobs on instrument/

autopilot systems are included in the summa ry to insure that

a more comp lete samp le of 326X2B jobs is analyzed.

The 42 Instrument/Autopilot shop jobs resulted in

maintenance actions in the following nine categories: AGE

setup , troubleshoot , operational checkout , remove/install ,

minor  r epa i r , check ing ,  a d j u s t/ a l i g n , tes t/ inspec t , and

safety wiring. Table 10 gives the distribution of major

maintenance actions by major system. The various maintenance

actions are not mutually exclusive and do not necessaril y sum

to the total number of cases.



39

Table 9

NL’NBER OF INSTRUMENT/AUTOP I LOT JOBS
BY MAJOR SYSTEM

Work U n i t  Number
Code System of Jobs

14A Flight Control , YAW Channel

14E Flig ht Control , SLAT System 1

14H F l i g h t  Cont ro l , General 7

140 Fli ght Control I

23Y Turbojet Power Plant (TF3O),
Engine Instrumentation

46A Fuel System , Fuel Quantity 4

SIA Instruments , Flight
and Navi gation 6

SIC Instruments , Auxiliary Flight
Reference Sys tem 2

51F Instruments, Pitot-Static
Sys tem 2

510 Instruments I

52A Autopilot , Automatic Flight
Control Systems 13

52B Autopilot , Central Air Data
Computer 3

Total 42
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Table 10

INSTRUMENT/AUTOPILOT SHOP JOB CONTENT:
NUMBER OF JOBS WITH EACH TYPE OF ACTION BY SYSTEM

Type of Action 14H 46A 5lA 52A 52B Other Total

AGE setup 2 2 2 4 1 4 15

Troubleshoot 0 3 2 6 2 5 18

Operationa l checkout 5 0 3 6 1 1 16

a
Remove/ ins ta l l  6 1 2 8 3 4 24

Minor repair 0 0 1 0 0 1 2

b
Check ing 1 2 1 2 0 2 8

Adjust/align 0 0 2 0 0 0 2

Test/inspect 0 0 0 1 0 0 1

Safety wiring 3 1 0 2 0 0 6

To tal 7 4 6 13 3 9 42

a
This statistic counts each removal or each installation

(R/I) as one action , thus “remove and replace” is two R/I actions .
b
Less than full operationa l checkout.
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Like the bomb/nay work , the most signific ant maintenance

actions observed in the job survey were troubleshooting and

operational checkout. Troubleshooting was involved in 63

percent of the jobs; ops checking in  38 percent .

The more routine and less demanding activities of

repair , check , adjust , align , inspect , and safety wiring

occurred in 38 percent of the jobs. (Safety wiring entails

inserting steel wires in screws or cannon plugs to insure

that they remain secured ; no electronics knowledge is

involved , but the operation does require some manua l

dexterity.) Table 11 presents the 16 jobs in these job

categories (three--33 , 132, and 133--had two minor actions

each).

The troubleshoot work category is by far the most

important , in terms of frequency performed , for maintaining

the aircraft in good working order and for requiring job

knowledge . As part of the job content analysis , the Rand

team was particularly interested in the techniques used

to perform these tasks .

Table 12 shows the major diagnostic techniques used in

the 18 troubleshooting jobs . Clearl y,  the Instrument/

Autopilot shop does not use the range of diagnostic

techniques available to the Bomb/Nay shop . Most notably, the

computer is not used as a diagnostic aid , nor is the

diagnostic R/I widely used. The BITE is the only standard

diagnostic aid employed , and that is primarily with the
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Table II

INSTRU~WNT/AUTOPILOT SHOP ACTIONS IN MINOR REPAIR ,
C H E C K I N G , ADJUST/ALIGN , AND TEST / INSPECT

System Action Rand ID No.

Minor repair

23Y Put range markings on tachometer
indicator 27

51A Replace wires on inclinometer 132

a
Che~ kiJ1ig

1411 Control stick button 37
46A Fuel quantity tolerances 96

Fuel probes ( v i sua l)  133
5lA Barometer seal (visual) 33
51F Pitot tube (visual) 128
52A Circuit breakers 107

Feel and trim (physical) 118
140 Assist other shop--move aircraft

flig ht controlss 39

~4~~~~/ali n

51A Inclinometer 132
Barometer 33

Test/inspect

52A Flight control 65

14H Contro l stick 30,36 ,119
46A Fuel probe 133
52A Roll rate gyro 47,72

a
Less than full operational checkout.
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Table 12

NUMBER OF I NSTRUI~1ENT/AUTOP I LOT TROI RI.ESID 0T I NG JOBS
WITH EACH TYPE OF DIAGNOSTIC TECHNIQUE

Diagnostic Technique 14H 46A SIA 52A 52B Other Total

Built-in test 0 0 0 5 1 1 7

Video observation
(Horizontal Situation
Indicator) 0 0 1 0 0 1

a
Other visual observation 0 2 1 0 1 2 6

Diagnostic remove and
install 0 0 0 1 0 0

Special test equipment 0 1 0 0 0 1 2

Number of different jobs 0 3 2 6 2 5 18

a
Lights , i n d i c a t o r s , or equipment cond i t ion .

Automat i c  F l igh t  Contro l System and Cent ra l  A i r  Data Computer

(52A and B) systems . In most cases , an evaluation of the

system ’s performance in norma l operation is the primary method

for identifying defective LRUs. Note also that in the sample

only one diagnostic technique was used per troubleshooting

job .

In Rand sunvnaries ID 34 and 129 , a test set and multi-

meter were used to test the fuel quantity system and slats ,

respectively. Although the design of the test equipment

.~~ ~~~~~~~~
—
~

- -~ ~~
. ..
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r e q u i r e s  a kn ow l edge of electronic theory , its u s e ent a ils

on ly  t h a t  the teu~inic ian read a dial to jud ge toler ances. In

effect , the met~ rs are used to indicate go/no-go situations ,

and the di a l pres (~ntations could he so redesiglA (ol. The

analog from civili a n life is the commerci al vacuum tube

tester. Although the tube tester is a precision measuring

device , it is easy to set and provides an easily understood

good/bad readout. Such devices permit novices to check

vacuum tubes adequately.

COMMUNICATIONS/ELECTRONIC COUNTERMEASURES SHOP JOB CONTENT

The job samp le for work in the Comm/ECtI shop involved

ten major systems . Table 13 shows the number of jobs on the

various systems . Roadrunner jobs on comm/ECM systems are

included in the summary to insure that a more complete sample

of 326X2C jobs is analyzed.

The 50 jobs resulted in maintenance actions in seven

work categories. Table 14 shows the distribution of major

maintenance actions by major systems . (Four systems that

appear only once each in the data sample are not included.)

The various maintenance actions are not mutually exclusive

and do not necessarily sum to the total number of cases.

The more routine and less demanding activities of

repair , check , adjust , and align occurred in 24 percent of

the jobs ; Table iS shows the 12 jobs in these categories.

As with the other shops , the team was particularly
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Table 13

NUMBER OF COMM/ECu JOBS BY MAJOR SYSTEM

Work Unit Number of
Code Sys tem Jobs

61A ,B&O HF Receiver/Transmitter 10

63A&O UHF Receiver/Transmitter 7

648&O Intercommunication 3

64K

65A Air-to-Ground Interrogation ,
Friend or Foe (1FF) 4

71B Tactical Air Navigation (TACAN ) 4

7 1C Instrument Landing System (ILAS) 5

76D ECM Radar Receiver 5

76K ECu Set 6

76L ECM IR Receiver , AAR-34 4

7611 ECH IR Receiver , AAR-4I 2

Total SO
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Table 14

C OMM / E C M SHOP JOB (:(‘NTE:NT : NUMBER OF JOBS
WITH EACH TYPE OF ACTI O N BY SYSTEM

Type of Action 6lA 61A 64B 65A 7th 71C 76D 76K 76L 7611 Totil

AG E set up 2 2 0 2 0 2 2 1 4 0 15

Troubleshoot 4 4 2 3 1 1 1 2 4 0 22

Opera t i o na 1
checkout 1 2 1 0 2 2 1 1 0 0 10

a
Remove/install 9 5 0 3 1 1 2 5 0 2 28

Minor repair 0 0 1 0 0 0 0 0 0 0 1

b
Checking 2 4 0 2 0 0 0 0 0 0 8

Adjust/align 0 0 1 0 0 0 0 0 2 0 3

Number of different
jobs 8 6 2 4 4 5 5 6 4 2 46

a
This statistic , in this survey , counts each removal or each

installation (R/I) as one action ; thus “remove and replace” is two
k/I actions .

b
Less than full operational checkout .
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T a b l e  15

CONfi /ECH SHOP ACTIONS IN MINOR REPAIR , CHECKING ,
ADJUST/ALIGN , AND TEST/INSPECT

System Action Rand ID No.

Minor r~p~~r

64B Temporary cord installation I

61A Control box lig ht 59
Broken knob 103

63A Air pressure with gauge 29
Broken knob 102
Circuit breakers and fuses 85,202

65A Incorrect 1FF installation 112
Circuit breakers , wiring 212

64B Interp hone cords 9
76L Recycle JR system 40,115
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ir.t~ r~sted in the techni ques used to troubleshoot the

comm/ECH equipment . Troubleshooting is the second most

frequently performed task , occurring in 48 percent of the

jobs . It is the most important for maintaining the aircraft

in good working orde r and in the knowled ge required for the

job . Table 16 presents the major diagnostic techniques used

in the 22 troubleshooting jobs. Note that the Comm/ECM shop

uses fewer diagnostic techniques than does the Bomb/Nay shop

and that only a litt le more than one techni que was used on

the average job .

The built-in test equipment is used primaril y for ECH

systems ; the main diagnostic technique for troubleshooting

the communication systems is to try to operate them in their

norma l manner and to listen to the quality of the audio.

Special test sets , whose operation is specified

st ep-by-step in the technical orders , are used to test the

ultrahig h frequency (UHF), ILAS , and TACAN systems . In one

case , the set provides a go/no-go indication; in the other

two , the technician observes and interprets displays in the

aircraft that are activated by the the set. A multimeter is

sometimes used to check tolerances (again , go/no-go) printed

in the technical orders. Use of the test sets m d  the

multimeter requires ability to follow the technical orders

and to interpret displays , not knowledge of basic

electronics .

The survey of the Comm/ECM shop contained instances in
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which avionics systPm ma l functions (rcssed the division

between this shop and the Bomb/Nay shop . Both the TACAN and

the ILAS , for example , can be affected by failures in

bomb/nay systems , as illustrated in summary ID 60.

Table 16

NUMBER OF CONH/ECM TROUBLESHOOTING JOBS WITH EACH TYPE
OF DIAGNOSTIC TECIENIQUE

Diagnostic Technique 61A 63A 64B 65A 7lB 7lC 76D 76K 76L Total

Built-in test 1 0 0 2 0 0 1 2 3 9

Audio observation I 2 2 2 0 0 0 0 0 7

Video observation 0 0 0 0 0 0 1 0 0 1

Diagnostic remove
and install 4 0 0 2 0 1 0 0 0 7

Special test
equipment 0 2 0 1 1 0 0 0 0 4

Number of different
jobs 4 4 2 3 1 1 1 2 4 22
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I V .  ( U ’i( L( SIu~S

The j o I ~ ontent m a  l ys is a I l iwt l the team t o  dr a ~

sec, r ml cute I us ions about the nature of f t  i ght — I in c

m a t  n t e n a t u  e . Whi I~ these cow l us i ons  a r c  most , val i d for

th~ F— Il 1D , v i sits to N e ll is (F—I l 1 ), Langl ey ( F — I S )  and

Pl attsbu rg (FR -li lA) Air Force Bases , together with the

ini ti a l data cot le (tion and Pretest at Mountain Home Air

Fo i c  Base ( F — 1 I 1 F ) ,  indicate that th ese conclusions are

app licable to a v i o n i c s  m a i n t e n a n c e  in general.

As back ground for the conclusions , we first describe the

etfect of systems integration on the operation of avionics

systems and on fault isolation. Next , we characterize the

nature of flight-line maintenance in the three integrated

avionics shops. Finally, we draw some imp lications for

tra in i n g .

SYSTEMS INTEGRATION

All avionics systems can be thought of as consisting of

sensors , computationa l devices (analog or di g i t a l computers).

and functional control and display units. Spurred by

advances in computer technology , avionics systems have

progressed from simple “redundant ” systems , employing

separate sensors and computationa l and display units for each

function , to complex integrated systems . The first , and

simplest form of integration combined all computational



re~~ui i r enm ent  s in a s i rm g I e e xe c ut  i V e  computer. W ith the advent

of p w e r t u u l  di g i t a l c o m p u t e r s , t he  next step was to provid e

s e p a r a t e  a n a l o g  or  d i g i t a l  c o n v e r ter s  for each senso r .  The

p r e sent  s t a t e  of the  a r t , i n c o r p o r a t e d  in t he  M a r k  I I ,

p r o v i d e s  a c e n t r a l  d a t a  c o n v e r t e r  and co m p u t e r  comp l ex .

The i n c r e a s e d  c a p a b i l i t y  of i n t e g r a t e d  a v i o n i c s  sy s t ems

.mnd the  c e n t r a l  r o l e  the  compu te r  p l ays  in such sys tems  i r e

i l l u s t r a t e d  b y the  f o 1 l o w i n g : ’~

[ I n  modern t a c t i c a l  a i r c r a f t  systems ) n a v i g a t i o n a l
computations based on inputs from airborne sensors ,
inertial platforms and radio aids ... become more
comp lex as demands for inflight ali gnment , filtering ,
smoothing errors , inflig ht calibration , inflight
compensation for temperature differential(s )
become more prevalent. When terrain avoidance is
introduced , the computer problems Ibecome l the
largest hurdle , since optimum choices must be
made.... Attack radar provide(s ) inputs tha t requ i re
coordinate conversion and close coup ling to
navigation computation(s ); i.e., radar and navigation
sections of the computer “talk” to each other. The
disp lay “freeze ,” so important to improved
identification of objects and to improve (dl accuracy
with which cross hairs fix a target , would not be
possible without the computer. The computer must
also calculate target position for offset.

Accurate control of strike using bombs or missiles
u s )  also a computer function , since all data on
present position , velocity , ballistics and air data
go to the computer. Attack computations in
air-to-air engagements are also computer functions.

As shown previously, malfunctions often occur in several

systems at once in the Mark 11 , the foremost examp le of an

~See: Harry 1. Davis , “Military Avionics--How Much
Integration?” , Astronautics and Ae ronau t i c s , Vol. 5, No . 6 ,
June 1967 , p.  53.
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integrated system . In addition to the examples in our data ,

Table 17 shows the number of system malfunctions per sortie

flown by just one aircraft as part of the General Dynamics

FLVP test program. In this program also , as in the job

content survey , malfunctions in one system affected the

performance of totally different systems . For examp le ,

Table 17 shows an ARS malfunction on flight 13. The ARS

discrepancy was “ARS video weak and lost sweep on ground .”

The FIVP team found that “weak video seemed to be related to

STU (Signal Transfer Unit , an LRU in the Integrated Disp lay

Set).” However , an EPU (an LRU in the ARS) was removed

because “malfunction seems to indicate that the EPU was

failing intermittently.” On a previous flight , the FIVP

team attributed this same discrepancy to a bad MSD (Multi-

Sensor Disp Lay , another LRU in the Integrated Display

Set).

The problems caused by the high degree of integration in

advanced avionics systems are even more critical because ,

unlike the maintenance of previous avionics systems , F- ill

avionics require flight-line technicians to rely on the fault

isolation capability built into the system . If the BITE

provided unambiguous indications of LRU failure , the job

would be easy and routine . Such is not the case. At the end

of the FIVP test program , General Dynamics concluded that

“there are many system problems including intermittent

malfunctions , each with a low frequency of occurrence

V ,,— — - — - -
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Table 17

FIVP AIRCRAFT 68-150: NUMBER OF MALFUNCTIONS
(Number of Writeups)

a
_____ 

nct ioning System

Flight Total
Number ARS DRS 105 DCC INS HSD SMS MCU OFP Reports

1 1 1
2 1 1
3 0
4 1 1
5 1 1 2
6 1 1
7 1 1
8 3 3
9 1 1
10 1 1
II 1 1 1 1 4
12 2 1 3
13 1 1 1 1 4
14 1 2 1 4
15 1 1 1 1 4
16 1 1 1 3
17 1 1
18 1 1 2
19 1 1 1 1 4
20 1 1 1 3
21 1 1
22 1 1 2
23 1 1 2
24 0
25 1 1 2
26 1 1 2
27 1 1

a
See Table 4. The SMS is the Stores Management Set, and

the OFP is the Operational Flight Program , i.e., the computer
software .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _- - - _ i - .--



54

re tat ice’ to t o t a l  O (  curren e “
~~~ l)ependi ng upon the specif ic

circ um st an e , th ey ch.-m ract eri zed the BITE as “insufficient

amb i guoiis . . . erroneous ... jan d j inappr opri ate.

(ii fortu n atel v for maintenance personnel , the FIVP was also

high l y critic a l of “insufficient or incorrect inf ormat ion in

tech orders. ”’: This may be one of the reasons why , as

i n d i c a t e d  in  Tab l e  18 , the Rand survey found that airmen

seldo m make  d i r e c t  use of the t e c h n i c a l  o rders  on the job .

THE NATURE OF FLIGHT-LINE_MAINTENANCE

Jobs in the bomb/nay specialty can be very comp lex for

several reasons:

o :he avionics systems are highly integrated.

o The avionics systems are relatively unreliable.

o Maintenance personnel must rely on indirect

indications of faults (provided by the system)

that are ambiguous .

A large fraction of bomb/nay jobs (over half in our sample)

requires troubleshooting. In many of these jobs , maintenance

personne l must know how to use a combination of diagnostic

techniques to resolve ambiguities. Proficient fault

*FIVp Fina1 p~port:__Volume 1. Anal ysis ,  pp. 3-4 , 3-5.
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Table 18

THE USE OF TECHNICAL ORDERS AT THE JOB SITE
(Number of j o b s )

Degree of Use of Technical_Orders

Shop Memory Only Moderate Use Extensive Use

Bomb/Nay 74 14 6

Instrument! 30 6 6
Autopilot

Comzn/ECM 33 4 12

Total 137 24 24

% of total 74 13 13

isolation of bomb/nay systems often also requires knowledge

of the idiosyncrasies of the avionics package , that is ,

how the components and the LRUs within them interact in

various operating modes .

The instrument/autopilot and comm/ECM specialties are

less difficult , partly because the sys tems they deal with

are more reliable. Relatively routine activities occurred

on 38 percent of the jobs in instrument/autopilot and on 24

percent of those in con~ /ECM, as opposed to 16 percent of

the bomb/nay jobs. Troubleshooting is required somewhat

less of ten, and fault isolation usually requires the

application of only one technique . There is more stress on

I — “.- ~~.~~~~~ _— —--- —- — - — —.- -



56

interpretation of video displays in instrument/autopilot;

more on audio in comm/ECII. Neither specialty uses the

computer as a diagnostic aid, Both , especially comzn/ECN ,

occasionall y use special test sets. Systems pertaining to

these specialties are less highly integrated than are the

bomb/nay systems , although there are some interactions among

systems and between comm/ECtI systems and bomb/nay systems .

IMPLICATIONS FOR TRAINING*

To overcome the basic shortcomings in the fault

isolation capability , given the present state of the art of

advanced avionics systems , and because of the idiosyncratic

nature of each advanced avionics system , maintenance

technicians need a thorough knowledge of the particular

avionics system they are going to work on. For example , on

the F-h iD the ARS feeds data to the DCC and the IDS.

Depending on the type of signal , mode of operation , operator

action , and timing of output , the fault status indication of

a particular LRU may or may not be valid.

The key to effective and efficient maintenance is the

ability of the man to use all diagnostic tools to increase

*For a more detailed examination of avionics training ,
see Polly Carpent.er-Huffman and Bernard Rostker , The Relevance
of Training for the Maintenance of Advanced Av ionics,
R-1894-AF, The Rand Corporation , and Richard E. Duren ,
A Proposed Course for Avionics Technicians, R-2049-AF , The
Rand Corporation.
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the accuracy of diagnosis and to decrease the time expended

on maintenance actions . Choosing the appropriate sequence of

actions , including diagnosti - R/I , is the most demanding

aspect of maintenance , particul arly in the bomb/nay specialty .

Use of such complex techniques , composed as they are of

combinations of logical deduction and pattern recognition ,

requires both the development of cognitive skill in devising

strateg ies for fault isolation and interpreting the results

and also extensive exposure to patterns of occurrence of

clues to LRU failure. These processes are particularly

suitable for forma l training where the controlled environment

permits concentration on the development of i ntellectua l

capabilities and where a large number and wide variety of

failures can be generated.

Review of technical school curricula , however , indicates

a lack of specific training in the use and interpretation of

diagnostic techniques. This was particularly true under the

representative training concept , where specific training was

not given in troubleshooting the F-lllD/Mark II avionics

system.

The lack of specific training on Ma rk II systems

performance is indicated in the job content data . In 138 of

141 job interviews , the Rand team questioned the maintenance

personnel about the source of pertinent training. Table 19

shows their responses. Their options included on-the-job

training (OJT), field training detachment (FTD) course , Task
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Table 19

SOURCE OF PERTINENT TRAINING
(Number of times mentioned)

- - - Ira
Number

Shop Interviewed OJI FTD TOT Tech School

Bomb/Nay 67 67 14 5

Inst rument/
Autopilot 37 37 1 -- 7

Comm/ECM 34 34 21 -- 3

Total 138 138 36 5 15

Oriented Training Program (TOT, originally MISD), and tech-

nical school. On-the-job training includes all experience

acquired while a person is assigned to the flig ht line ,

whether or not he is under the guidance and direction of an

official OJT trainer. Since in comm/ECPI, the FTD conducts

the second half of a three-leve l technical school , the

distinction between technical school and FTD may not be

clear. Nevertheless , technical school was mentioned in only

6 percent of the jobs.

In sum , the job content analysis helped us derive the

general skills and knowledge needed for job performance in

ma intaining advanced avionic systems on the flight line .

Almos t all of these must be learned bec ause they are not par t

of the average person ’s repertoire . For examp le , the proper
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R/! of LRUs should be taught formally because of its key role

in troubleshooting and repair and because improper procedures

can be seriously destructive . In addition , since nothing hut

a small subset of what needs to he learned can he derived

from fundamental princi ples , virtuall y all job performance

in these specialties is job specific; it cannot be derived by

application of general princip les. The performance of tasks

that are idiosyncratic to specific systems should be taught

either on exact copies of the systems or on adequate

facsimiles of them . Whether a facsimile is adequate depends

on what is being taught. For example , a mockup might be

sufficient for teaching the R/I of LRUs , the aircraft itself

might be best for ops checking , and a simulator best for

teaching t roubleshoot ing .  For in tegra ted  avionics , i t  i s

p a r t i c u l a r l y important  that  a l l  systems that  in te rac t  on the

aircraft interact on the simulator , especially for teaching

troubleshooting.

The importance of having training content be specific to

particular models of F—Ill a i r c r a f t  fo r  the ins t rwnent/

autop ilot and comm/ECM specialties is less obvious . Some

knowledge of this type would appear to be u seful  for  coinm/ECM

(and should not be ruled out for  i n s t rumen t/ au top i l o t ) ,  but

less depth of understanding of systems integration is required

than for bomb/nay.

;: T : _ ~~- ’- -~~~~~~~~~~~~~- 



61

Appendix

FIELD OBSERVATION SUMMARIES

NOTE : Each Rand ID number corresponds to an
interview , which may cover more than one job .
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