; e ) . Tq ~ L i . o o ",': 3
A I . T ‘ Ct ey . k t:' . %"r ‘,A“ R
B “F?,&x;'“ -, ' 4 . DOCUMENT, RESUME o ,;*,{»gﬂ :
,’z& 199 452 e T cg ooi'rl 30; DAL e
- !—-,—" ) ’ - " ) A .‘- * f P ‘§- :{’ '4‘:' ﬁl '.‘. :'
A HOR e 1?'Wha¥en, Gary Yy “ASkibeny Hllllam B. RUEN DALY

TITLE -

- . Impact . af Dészgn Trade Stu‘dles oﬂ“s»yste“m :Human te
_ \I - " < Réspurces:’ - = .
_INSTITUTION Air Force Humahn Resources Lab.‘,'wr:.ght Pattérsoﬁ "kl’:p
' Ohio. ‘Adwanced Systems Divii" McDonmell Dougl&s Fleseand, 1
Astronautics., CQ.‘.._ Fast St Louls, Mo. o :"‘ ,L'--"

Y

"{

3

* REPORT NO AFHRL-TR-74~- 89’
~ PUB DATE Dec T4 o
NOTE . 69p. A

-, DESCRIPTORS Conceptual Schemes”tos* Effectlveness"*ba'ta .

11
- - W .
EDRS PRICE MF-$0.76 HC-$3732. @Lus“9Q§szE\ T ATl
S Cclﬂ.ect& ﬁ Englneers' agurpment Halntenance'- e A

e Prnti).ctlcsn- *Systems Analysus,,.,?a.sk —i@ﬁ?}'s;s.,.:: -t ,.-fjf"'f‘;
.—+< *Techpical. Occupati LOR&; :méchnical Keports ‘

. b ‘ 4
N IDENTLFiERS«'¢-w3%1r Forcé~~kvloh{b§‘ . e e e

.
. ..
R el 4 B .. %

- B * STt
Ll - . P L. ¢ el

3 ABSTRACT L R TG DRSNS W
I ’ 'rhls. study focused on two- objectlves.vThe flrst <L
: _,objoct:nzo was to J,dentl_y_ -and classify the, charactaristlcs of & Y
.7 . .coOnceptual- de51 trade -studids ttht have Bigh })otertlal 1mpac.t‘ om. ‘-"?':\3\}”;.
.o humanﬂreé’éurce 1 g,ulrements of Air Forteé.meapon systems, The ppr;oa.cln, ‘,r’;‘
~ used’ was a case history reneu and analysi‘ “oft 129 P—15;,a1rcr5a£t Jv"'» ~§:
: “ e 1g2» ade stddies,. -The" analysis 1nﬁ1ca;e‘di’£ﬁ:a%\j;he Aviontesysits t?‘in' ff ¢

, J g,emon ratedft'he greatcs*' potential’, mfpa "ot h L ,rﬁg‘owmcea. T *waé st A
Tt ‘al,so und that' trade’ studies’ deafzng Iwifh 895195: ~akte nutr{,és,.t ‘;t.’{i':‘ N
U,’,." Sncompass widely-different’ techno‘log;ws hawe” mﬁanﬁlg,lmwm T
e d » ,humaﬂjresources. The typss o ,,hunra“n«resmrrc’esa&&t}‘ @R, most
p n..nfi“uﬁnce by ,altsrnaxlvezé s:.gn g;i**o -fere-mAintenane

/,-«) and pérso/}z 81" jtosts, 'T'h,e sIecoad | study. ob j‘n'?:{lve wa)s/f?)/}
U Yacduracy of us/g,sub ctive-sStimites as a techniqu

e tbzm/HRD' impaet Of %L de’ st options.—-u&ing on e
a»tl/Ba T- six(;:vx hics subsy—stﬁijs/’&f e ;’CW iﬁ {4
eqKir F’é;;e«m’ifnten;/rnghﬁtj sgnggé)hé ’;}e Wtes af -

-td(a:ﬁpac.tfé'f the /egugn%ﬁ se.le ,/,Bi?’,k*emsa, I r 'f@jfﬁ& fhat’ A

_~- Xéchiicians can-Wake ag:;waté mEEilhs¥eE off thz*ggounikfof»tlme ,’,gar_’,;:., -

- ~Kir Force- e;capa“t;pka‘lv_sg%c}gity?thé Ig‘fe.x/ off £€chiinal %p’IL;anc‘i P

the- *mrmber{ gé,,s,o@‘nei‘;gﬂég‘déd, to: pe L HATH, fleﬂ.’,;fi» ma.mpena oe"task?s .

4
H

e

'\ ’\.‘ \ \\\\' : ‘.‘: .

e
\‘ \Q

Y

\\\

-

L - >
- :

ok )"‘_
- I ".’f _/ |
1770 R AR g 3 Y 'r-,-,""'*:u

-
T
(RN
\.

\

RS
\\
= ...(..

ne -
"\
A
b\
»
Yia

.1\i~"\

ML

R l.\
AL
™

|

L9
s
3
Y
Ty
egh\
l’..
o IS
\' ;‘
g
A
o\
N
o
N \“\.‘L’
\"‘"1\ "‘3’ WA
NN
N .
EAN RSN YN\
1ot \
'\.
\ -
.
.“
, \
"'V‘r\

JN

F ad -
"R -
g
Wt
*

ey

h ]
ey
3

t -

)‘ g
/u/%/ byfﬁR}Q,iﬂallf yinfoma}, Wpabiished > ¥ o
t oM .gSth;er sgmrzc ;;4 ERHE m@lﬁésrév""mffoxx *
© b)/st co ,ava able. ‘ne& 3: § ,.;:‘temsvof g;ag,‘.’glrgal-- *, T
1ty are o tten” gncq,un,ien: & and i;;fociﬁ’ ‘tha':’gfpai% »
K9 Ahe ] rp iche’ and;*}aa;nﬁ QP . zeproducitio 5« G mwikes avAilabiaT * |
gfzjﬁ’@f ﬁ %c;ximetﬁ: Re’pjductloq ?Kerv;c;/éﬂl Yoo "E@Bﬁ FElMos LIl ket
* PO :g:he-'q(\t,a. IEY of-the ‘origimal SCHERE - ‘R&pré'&het'-renswﬂr 1,

T

l" &~ : -:
*** E:ﬁ***;: *, ,**a*rm*m****** -

iy
¥
%
%§§
p
\*
3
’-‘l-
*

b
a8
m

e,

PO
x

O\l Ml %
=] ool
.\?, S
\p et
Ly }&

Nor
g

|
¥
r Tk 4 ! -‘_:‘\
y
mATRTEL

A\
Bk
SRS

Ny

SO, G

L S
N
N\ E
A\
R

_ ﬁ; BS aré £hé‘bebkk £ £ dax He- pade fronthe o,mganai‘-w* s
ok y’*i#x;w*#ﬁh*j" gMﬂfwM*i" *********m********w_; ) 7‘—“::—
i g Ze , A R

* »,{L\ .."‘

RS- Rl vl s e, et e a
- LI o .-.' ‘o bt oe wy \.
-~ . oo




' : . i ) )
{  AFHRL-TR-74-89 - LT
S v _— . .
AI R FO R c E *~IJ-' IMPACT OF DESIGN-TRAGE STUDIES -~ :
\ ON SYSTEM HUMAN RESOURCES - -
L T ot - B
|~ U . ,

_:r . 3 . By .

o> Gary. V. Whilen, ' e
O ' ) McDonnell Douglas Corporation - o '\‘

—i ) ~ St. Louis, Missauri 63166 et

£ . ’ ! '

v
. .

William B. Askren -

“ ADVANCED SYSTEMS DIVISION ’ :
’ anht-Patterson Air Force Base, Ohio 45433 |

. M
- ~
- .

4}
-

b -

P
‘ Iy
. . .
: - . .
E0% 359 ’ . T
DOXE e f
wrs.-oh? ' P
8EL o ? .
.‘%;gﬂ‘;-«f‘ .
o<~g”5; f L
on, 0O3zIm MRl
ITTIIPLEZ Eo .
Pondnes e
=%E :O!E:'?\ . . . .
_it-‘;;f, ant -
LATD eem
~Eaxh<s 0OF
j«c}"' o -
22300 .
ezt * LN * - .
. ~RAOR - . . & «
o9 Y - ¢ :
532% i - . ® ., -y
REthat e P S
[T » .
by At ) .
,\—,) [ et ’
i? FREIN . v . Approved for public release; distribution unlimifed.
& + 1
o . - L) K
o ': 3 - - ~ -
;
(%) * .
! -7 s

.
\
\
e
v
v
©

o

- LABORA

.J-~\‘
. . [ 2al i L
: - 2 . - e
‘f"-ﬂ)' iy , ‘. : k Yo
o Ay

TN e 4y

o
s

(2 1o

340

vt i _AIR EORCE svsTE“Nfs COMMAND |

Gisra e 5t :BROGKS. AR, FQ@C&&Z; TEXAS 78235

)1 :.n s%v‘s'g /\4-2 -

K & ) ™ ,o . <
RO, g : RO . 2
- i ‘ - BN R R\T Co




N N, ) .
~ad i A .
L. TWIRMIRY NOTICE ‘

BN “ay Wl - S -
. : o - -
- . ~ . e

t. ™~ " . .

- When US Gove?ﬁﬁlcmdréwing.x, specifications, or other data’ are used .
for any purpose other than a definitely related Government
prpcurement operation, the Government. thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished, or in any way supplied
the said drawings; specifications, or other data is not to be regarded by

# implication or otherwise, as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use or sell any patented invention that may in any way

\ be related thereto. : .

I Thus final report was submitted by McDonnell Douglascxrxaoration, St. .

] Louis. Missouri 63166, under contract: F33615-73-C4150, project ..

1424, with Advanced Systems Division, Air Force ‘Human Resources

> Laboratory (AFSC), Wright-Patterson Air Force Base, Ohio 45433. Dr. -
- & William Ry Askren, Advanced Systems Division, was the task scieptist.
/ ’ ) te .
, This report has been reviewed and cleared for open publication and/or -
. . public release by the appropriate Office of Information (OI) in
X accordance.with AFR 190-17 and DoDD 52309. There is no objection
, to‘unlimited distribution of this report to the public at large, or by .
. DDC to the National Technical Information Service (NTIS),
o . . ’\ui
N This technical report has been reviewed and is approved. . . P
. ) GORDON A. ECKS%RAND, Director ", ‘ ‘ .
* Advanced Systems Division  * ¢ :
. . | f—.’.“ - ' ¥ 8
. ' " Approvéd for publication. -
) ' HAROLD E. FISCHER, Colonel, USAF " 7
Commander el )
o B . -
» . ’ - . , ‘ ( . R
‘ - ‘ »
‘,: ‘ v b
Lo . : /
. " X
. ? RS
- H

Qo ' ’ \ L
ERIC . 3 .

Aruitoxt provided by Eic:
0




Unclassified -

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) K .
READ INSTRUCTIONS
REFORT DOCUMENTAT'ON PAGE BEFORE COMPLETING FORM
* -1 REPORT NUMBER 2. GOVT ACCESSION NOJ 3 RﬁClPdENT‘s CATALOG NUMBER
AFHRL-TR.74-89 “ ,
4. TITLE (and Subtitle) s : . 5 TYPE OF REPORT & PERIOD COVERED
IMPACT OF DESIGN TRADE STUDIES Final
ON SYSTEM HUMAN RESOQURCES May 1973 — July 1974
6 PERFORMING ORG. REPORT NUMBER
. \ " . o
“{7. AUTHOR(s®) . B o . 8 CONTRACT OR GRANT NUMBER(s)
Gary V. Whalen F33615.73:C4150
William B. Askren ’ . . -
9 PERFORMING GRGANIZATION NAME AND ADDRESS ~ |70 PROGRAM ELEMENT, PROJECT, TASK
. E:mnell Douglas Corporation : AREA & WORK UNIT NUMBERS
‘ McDonnell Douglas Astronautics Company—East : 62703F
Life Sciences Division , 11240105
St. Louis, Missouri 63166 -
11. CONTROLLING OFFICE NAME ANO Aoonsss v - T |12 _REPORT DATE [
. X Decergber 1974
. Hq Air Force Human Resources l.aboratory (AFSC) . =
¢ F] BER OF PAGES |
Brooks Air Force Base, Texas 78235 ‘. '22‘ A
5 . . » - [ 3 A
‘: MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 1S SECURITY CL ASS, (of this report)
Advanced Systems Division . . "] Undlassified .
Air Force Human Resources Laboratory )
: * - . Sa, DEC F "TDOWNGRADING
Wnght -Patterson Air Force Base, Ohio 45433 15a. DECLASSIFICATION/DOWNGR
a
16. DISTRIBUTION STATEMENT (of this Report) . T
Approved for public release; distribution unlimited.
. “ " R -
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
B . L ;
.o 1 . .
' . » -
18, SUPPL EMENTARY NOTES ; . . .
A1 / Y 4 l° . ’
. . . IR
|9 KEY WORDS (Continue on reverse stda-:lnacassary/and ldantlly by,btock {)umbar)
deSign trade studits . . aircraft design s
system desngn . = . av1omcs systems
subjective estimations . L * . % conceptual phase
' human resource requirements . ) " maintenance personnel
human resource data (HRD) *
20, ABSTRACT (Continue on reverse side !f Mecessary and Identlly by block numbar)

This study was undertaken to accomplish two objectives. <The first qbjective was to identify and
classify the characterigtics of conceptual design trade studigs that have high potentjal impact on human
resource requirements of Air Forfcesweapon systems. The approach used was a case history review and
analysis of 129 F-15 aircraft desigh - ‘trade studies. Th analysis indicated that the %vionics system
demonstrated the greatest potential mpact on human resourCes. It was also found that trade studies dealing

, with design alternatives that,encompass widely different technologies have substantial impact on human
Tesources. The types’ ‘of human resoprces data (HRD) most influenced by alternative design options were

DD J?S”?; 1473 eorhion oF 1 nov esifossoeTe - Unclassified ~ » | -
Q - - ! LI i
l: L R SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterod)
N K - - A . .
. . R
. « . A
14 . . A 4 .




. . r'SUMMARY ' -
N . .

'Problem I : ’

Human vesources (HR) refer to the man-related variables of a system.
Such considerations as manpower quantities, skills, occupational categoriess®
and training requirements are included in the term. Although HR account for "
a major portion of system costs and efféctiveness, they are not. included
early in major system design decisions. This study sought to define the
categories and characteristics of trade studies that. have ‘potential- jmpact
on human resources. If HR information is to be used in early design deci-
sions accurate data must be made available to the-design engineer. One
source of such data is the subjective estimates of experienced maintenance
technicians. The accuracy of subjective estimates of the impact of design-
a1ternatives on human resources was investigated using conceptual phase
design packages as stimulus materials., ' s
Approach and Resuifs ¢

.

A case history approach for identifying trade studies with HR implica-
tiof's was employed. One hundred twenty-nine F-15 aircraft design trade

' studies were analyzed and fitted into five -system categories. The HR

influence of trade studies assigned to each category was evaluated. The
"Avionics System" was found to have.the greatest effect on HR; the "Basic
Aircraft System" was found to have the least influence. Further analysis
revealed that maintenance task times and personnel costs were the components
of HR judged to be most influenced by conceptual design decision options.
HR items of maintenance location (flight line or shop), methods of instruct-
ing technicians and career fields were.least effected. A cluster analysis
of trade studies showed that a wide technological disparity between design
alternatives was associated with high impact on HR. . .
The accuracy of subjective estimates of HR was evdluated using four
groups of experienced Air Force technicians and conceptual design engineers
ing packages af, avionics &utopilot and’ fire control systems: “Checking their
subjective HR estimates with &riteria data obtained from field supervisors
_resulted im.accurate predictions of crew size, skill level, career field and
task completign times for flight 1ine maintenance actions.

Conclusions

Trade/studies with potential HR impact can be %dentified. Avionics, as
an Aircraft subsystem, was found to offer the most fruitful area for intro-
duding the HR considerations.  Maintenance task time and personnel cost dif-
fefences, emerged as HR:items most sensitive to’impact by design alternatives.
Y . / . -
"Eiéﬁrienced Mir Force technicians were found to be able to respond to
imited descriptions of avionics systems with accurate estimates of mainte=
ance task completion times, sk?\? levels, career fields dnd crew sizes. '~
The results Serve as'a preliminary indication that technicians can and will,
make. reasonably accurate estimateg of important HR items using conceptual-
design phase information. ’ ) ' :
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“at the expense of increased manpower,

- © INRGDUCTION

.Human resources.are a major determinant of an Air Force weapon system's

operational effectiveness and 1ife-tycle costs. Askren (1969) has estimated

that 59 percent of system performance- and cost may be accounted for by human
resource considerations.’ In spite of the importance of man-related factors,

- data on human resources usually are not introduced into the system develop-

ment process until after fien design decisions have been reached. The design
engineer tends to‘gain equipment simplicity, compatibility, and availability
the need for new 'Specialty areas, vari-
ation in’'skill levels and diminished #eé]ings of job satisfaction. When
human resources are examined, their implications are often identified too
late to have major impacts on system design. R )

Recent research has demonstrated that human resouéz;/égta (HRD) can
beneficially inftuence desjgn if personnel manning, skill constraints, and
the supporting task information are givgn to the design engineer at the
beginning of his assignment (Meister, Sullivan, and Askren, 1968; Meister,
sullivan, Finley, and Askren, 1969a). Design engineers consistently trans-
late personnel skill constraints into certain system characteristics such as
test points, troubleshooting procedures, and types of test equipment (Meister,
Sullivan, Finley and Askren, 1969b). Askren and Korkan (1971) found that’
system design choices can be predetermined and described in decision-tree
schematic form, providing a means for relating HRD*to %ﬁéhific design optigQns.

Lintz, Askreny and Lott (1971) demonstrated that design engineers can and will °
include HRD in engineering design trade studies, and that the trade off, prbcess
. 1s_very much dependent on the personal style and judgments .of the ‘engineer.
" A11 of the research results point to one conclusion: HRD .can be introduced

into the system-design process, and can be expected 'to enhance the design

product. ) , . .

Equipment selections and designé are made continuously throughouts the

.development of every major system.” HoWwever, the most significant decisions

in terms of hardware and software are typically arrived at during the initial
and early phases of development, often referred to as conceptual and defini-
tion phases. Once a system progresses toward full scale production, major -
design changes must be held to a minimum because .such changes would jedpar-
dize programméd tomplietion schedules as well ag add to the procurement costs
of the system.. - N 0 : :

.

ConseqUenE1y; two questions were addreéﬁéﬁ by this étudx.

“ (1) Are there categories orf types of trade studies performed during
’ the early phases of design which have particularly significant
impact on subsequent personnel requirements and. should, theréfore,
include human resources 'data as a design parameter?, If these
trade studies can be categorized, then attention may be ﬂlrected
at obtaining the necessary quantitative data that engineers need.

to make trade off decisions.
y . ) b
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Categor1es of dés}gn trade stud1es One‘hhndred twehty-n1ne tradevn,

studies were sfnitiated during the early. concebtﬂa]/def1nft1on phases oiithe

F-15 . (Appendd’% B).- The  task statement" for each‘wa§.rev1ewed by the senior |,
author and an F-15 personnel -subsystem spe¢1a11st, and’ 1%& relevance to~one i "
or more of tbe §1rcraft«s Systems. was determwne& In  this Way, a distri- |

T =~ bution of t;§de,stud1q§ Was assemb]ed under-the. f0110w1ng headings: . basic. R
a1rcwafi“avﬁon1cs,,br/pu351on yt111t1es and, @11 a1rcraft systems ST

Ty - -

TN L

_‘-..\..‘ A
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~\Tab1e 1 ntaﬂns € .d7g flbut1on of the trade stud1es across system. - —lul

T areas” The. c]assnf1cat1o dﬁ’“a]l systems" containg. four trade\stud1es that =~

were.of such a broad. scope,that they 1nf]uenced the des1gn charatter1sfﬁcs oL
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. DESIGN, TRADE' STUSTES INVOLVING THE BASIC AIRCRAFT, LT
AVIONLCS PROPULSION, UTILITIES AND ALL SYSTEMS I

. ~
» . . . ‘.

T =l (TRADE BASIC/‘ R R 2 AL ‘
el ‘““451E8E§\ AI?CRAFT AVIONICS | PROPULSION | UTILITIES SYST£M§_ TOTAL
n.v “{, .\[ . " x, . R 3
w T, o Total . 43 ~ 34 25 » 23 4w 129 .
S S AR . 5. y \
L Percqntage =383 26.4 | 19.4 .| 7.8 | 3.1 ] 100
. :"?‘ﬁ“:‘\‘.\ : ' :::.‘1" \" E ’ . l . \ ‘ N k\ t
: ~~\;¥?K‘ TS L\
SO A ?he maJor1ty Qf trade studies, 43, dealt with design issues 1nv01v1ng e

u,f?f .the .basic.aircraft, WW1th the design quest1ons primarily focused on a1rfngme
~i-land: fﬂwght‘controT Suhface cbnf1gurat1ons A considerable number of trade

o L= studz% {34, were: dnrgcxed atithe avionics systems; i.e., the electronic .
. ’ qnvlces used for nay1gat1on andcontrol of the aircraft and associated wea-
s? fAh additional, f%ndTpg wa5¢that only 2 of the 129 trade studies, con-
ta1ned human factar'evaiuét1on parametevs except for flight crew cons1dera-

tions; TR e

v ‘ e\\
\ ~‘i
Tn&de studies whzch 1hf1dence Human resources. Next, the trade studies

were eyatuated for thg 1eve1{of infTuénee the engineer's cho1ce of a des1gn

; alternative would havei.gn théghuman esqurces that would eventually be .
needed ho\ma1nta1n the’ syste %ithe gystem 1n qn1s study refers to F=15 - *
aircraft hgrdware and.sdftwamh chponenfs‘ Human resources may be viewed
.as an entity compr1s1ng t e pe%sdnnel requ1¥ements associated with a system. .
Human resourées in this case we¥e Specifiédhas personnel attributes and a
‘maintenance &Q?racter1st1c§ Ten\sﬁch 1tems\wpre identified as follows:

- ~(a) numbér of techn1c1a S negded;to ma1ﬁb§qn a system

' 1\\ \ ! . \ .
(b) occupqimona] spec1aTt of‘the techn1c§ans . S
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(c) skil% level within an occupational speéié]ty
(d) time that would be required to perform typical maintenance tasks ‘
' (e) ’ppbbabi]fty of errors ip task performance .

(f) location of maintenance activities (flight-line or shop)
e ! ) . :
A ~--.{g) “training .time needed to teach fechnicians to perform required .
~ TEEr T e~ mdintenance X 4
- el C ; -
‘{Efiihélatraning content?-
AT o - e

i*nffzﬁﬁﬁ*Qmethods of instruction
¥jj)§'overaﬂl personnel’ cost.

At f

i

‘The task statement for each desi
ive McDonnell DbugTas-Corporation
.+~ 7iar with human resource requirements.
o independently asked to-make a Jjudgment

gn trade study was submitted for review
(MDC) engineering psychologists famil-

The psychologists (Table 2) were - .

as to the.potential influence the.

ontained in each of the 129 task

ioselection of trade 'study alternatives c

'~ statements:woiikd. have on the above 10 h
»alternatives>appéahed to, be choices tha

uman resource items.

If the design

t would influence significantly -the

characteristi

€s ;and/or:procedures of th

e personnel that would

be needed for

systém mainténance; the trade study was ¢
Data (HRD). Influgnce™ On the other hind
trade study offered 1ittie or no potentia
teristics, it was placed in the "No HRD I
tton was based solely upon an ‘individual

athe trade study's apparent effect on fiel

ategorized as having "Human Resource
, if the design alternatives of a,

1 impact on field personnel charac-
nfluence" group. The dichotomiza-
reviewer's subjective appraisal of

d maintenance personnel requirements,

Y f © TABLE 2 Tl °
CHARACTERISTICS OF TRADE STUD ‘ )
A " REVIEWERS (n = 5) . JTos
| o HUMANFFACTORS L
, | “ZAGE, YEARS “ "EXPERIENCE, YEARS GRAE' LEVEL*
L ol y 4 . '“r ! .
| maivee | -ME%// RANGE: | MEAN RANGE MEAN
: ‘4’-’::{1.;: ’, ’ ,".‘: \"’ :-. {/ . ‘/I /?I -
31367 -:*}14],;@7/ 5%7 | 0.2 413 | 9.3 -
* .
S

O I — .
*MDCEh§y6hdigg§7t Grade Levels: "2 = Associate Psychologist, ‘
7 = PSycho]’ gist, 10 5 Senidﬁ%?s chologist, 11 = Group Psychologist,
13 ='Seto Group Psyéhologist © - '
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- When four of the five reviewers were found to have independently con-

curred with the amount of HRD influence for a given trade study, it was
assigned to the.agreed upon category; i.e., "HRD Influence" or "No HRD
Inf]uenc:é;EﬁJ$480% agreement was rot.reached with regard to the trade
study's tial effect on HRD, .it was classified into the "Influence on

-HRD Not Clear" category. Figure 1 summarizes the results of the evaluation,
of the impact of the 129 trade studies on human resource factors in general,
and_shows that 39 trade studies were judged to influence HRD and~ 36 trade’
studiés would not. effect HRD. ‘For 54 trade studies, it was unclear whether

.or not there would be any effect. '

. a7 )

Relationship between system areas and trade study influence on HRD. The
relationship between the ‘assigned HRD category and the five airCraft system
areas (basic aircraft; propulsion; utilities; avionics; and, alt systems) was

_ examined. Table 3 summarizes the frequency distributions of trade studies by

)

HRD category and aircraft sxétem.
. /

> TABLE 3 s
-l‘ ; / . , ‘g a
FREQUENCY DISTRIBUTIONS OF HRD CATEGORIES
- ACROSS TRADE STUDY SYSTEM AREAS .
SYSTEM INVOLVED WITH : HRD CATEGORY
TRADE STUDY INFLUENCE | NO INFLUENCE | NOT CLEAR | TOTAL
*\: ‘ T
Basit Aircraft 6 19 5 ‘18 43,
Avionics 16 6 12 34
. | Propulsion 8 4 13 25
o | utitities” 6 6 1 23
A1l Aircraft Systems 3 1 0 4
é LSRR :
©o|Y ToTAL 39 36 Yage o | 129

&
<v

T, v

~..

~

>~

-~

F:;:;\\\systems was omitted because of the low cell frequencies.

A chi square analysis was performed oh this frequency distfﬁbutiQn. For
spurposes of the chi square analysis, the.fifth system category of all aircraft
Table 4 presents the

“1:s :gbserved (0)

and expected (E) values. The .chi square statistic (x2 = 15.08)

 Thiwgs significant beyond the .05 Tevel.

PR}

A}

. "The greatest differences between observed and expected frequency values
occurred in the basic aircraft and avionics rows. Fewer trade studies were
judged to have HRD influence in the basic aircraft area than would be.expected.
In the avionics area; a greater number.of trade studies were found to have HRD
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*FIGURE'] FREQUENCY GROUPING OF F-15 CONCEPTUAL PHASE TRADE STUDIES -
BY POTENTIAL INFLUENCE OF HUMAN RESOURCES REQUIREMENTS
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o 14

¥ © . . . TABLE4 S

OBSERVED AND EXPECTED VALUES OF THE CHL SQUARE* SUMMARY MATRIX.
 HRD CATEGORY - '
© SYSTEM AREA INFLUENCE NO INFLUENCE " NOT CLEAR

T - S

0 R E 0 E X
BASIC AIRCRAFT %6 | 14 Bgddi 36012004 18 186
AVIONICS SEATRERE HERY e I 95 12 14

o o4 D SO te o [ ) v \'

PROPULSION . - -1 8 7.2 4 1w | B 10.8
UTLITES . . 6 66 6 64 | i 94
o = “15.08;dt = 6 <.05 O - .
0= OBSERVED FREQUENCY; E =, EXPECTED FREQUENCY .~ - e

RN

fnlluence than wou]& be expected. These results indicate that for the F-15
system, trade studies in the avionics area.have the greatest potential effect
on Kuman resource requirements. . ‘

-

- Impact of trade studies on individual human resource data items. The
research was also aimed at identifying the individual items of human resource
data which are effected by trade study, decisions. Toward this end, particular
attention was directed at the 39 trade studies that were identified as having
an influence on HRD. The task statements”for these 39 trade studies were
evaluated for impact on individual human resource items by using a six point
rating scale (Table: 5). - — ‘

* Ratings of impact were obtained from six MDC engineering psychologists.
Table 6 contains biographical information on thé evaluating psychologists. Four
of the six psychologists had also participated in the initial trade study
review described in the previous section. An average and a measure of vari-
ance was computed for each of the'ten HRD items across.-the 39 trade studies.
These results are presented in Table 7. : .

Based upon’ the average ratings, "Time to Complete Maintenance" and '
"Overall Personnel Costs" were the items most heavily influenced by the - Lo
~design trade studies. The items "Maintenance Location," "Methods of Insfruc-
_tion, and "Air Force Specialty" were the’ least influenced. Based upon the
standard deviation values, there is best agreement on ratifigs for "Maintenance
Locatjon," and poorest agreement on "Number of Technicians."
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, TABLE 5 o _
©©* SIX POINT RATING SCALE USED TO EVALUATE e L .
 POTENCY OF TRADE OFF STUDIES ACROSS HRD ITEMS =

A
- -

"
.

. I‘ndicate your appraisal of theé nature of the trade study's impact on operational '
unit maintenance personnel requirements. '

SO U o] > >
. = & SPlc =)
a c o (=L B g ~ ) L9 o c o
‘ 2a }@ 251202 ¢ -2¢
R 5 o= — — o O
X . , wa a wnb|na < ae
. The trade study involves alternatives that ()Y ()Y (YL o)y )Y ()
would vary the nymber of maintenance tech- - N
Qo nicjans assigned to the operational unit. \ .-
Personnel i pecialties or career ()Y () OHrrt o)y () O)
’ fields vary with the design alternatives,
The trade study'decision involves alterna- () () () (). ¢ 2@ ()
+ tives that would require djfferent skill : 4 B2

leiels or degrees of technical competency.’ .
The amount of -time needed to performi typical (X ) QL0 () ()

maintenance tasks (Suchc as” inspections, ;
checkout, or troubleshooting). would be . : y -~
different far each alternative_design.
. ngmprobability‘o} likelihood of a*technician () ') () '( ) () ()
’ c

itting maintenance appears as &
factor in the a]ternativg degign choices.
The maintenance location (i.e., field, shop, (Y €)Y O)r2p Oy () ()
or depot) differs with alternative designs.

Tie design alte;'natives differ from each other ~ () () () (’) () ()
witheregard to ini ime for
mainienance personnel, i.e., the duration of ‘

Courses, 0JT, or field training would be
© affected by the final design selection.

-~

<, The training content or course subject matter )Y )Y )L Oy ()Y O
would'be quite different for each alternative. ,
The methods ‘of instructi’ng technicians to o0y Y O)yp o)y () ()

perform maintenance tasks appear to differ
across the alternative design options.

The design decision involves options that Y () (YL )y () ()

e influence_overall personnel costs due to o

L training considerations, technical profi- -
ciency, number of technicians and/or the
ease of performing maintenance.
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TABLE 6

CHARACTERISTICS OF HRD IMPACT EVALUATORS (n =_ 6) . ’

> \\ .
. KB HUNAN. FACTORS
AGE,VEARS, © 'EXPERIENCE, YEARS GRADE LEVEL*
RANGE - | MEAN® - RANGE AEAN RANGE | MEAN |
31-65 | azg v [ o732 " 14.8. 4-13 | 10.0

*MDC PsychoTog1st Grade Level
7 = Psycholagist, 10 = Senio

s: 4=
r Psychologist.

Assdéﬁate,PsychoTogist,/

-11 = Group Psychol-

'ﬁ ogist 13 = Senior Group Psycholog1st "L
AN TABLE 7 '
) IMPACT of TRADE STUDIES QN HRD ITEMS* _
8 Mt
Q‘HRQ ITEM . ‘ MEAN RATING** | STANDARD DEVIATION
| Time to Comﬁ]ete°Maiqten5hCe 4.59 86
. bvera]lggér§oqpe1 Costs 4.46 77 ,
Cbntept of Trqiﬁing‘CouTses "3.98 > .78
Nuber of Teghnicians 3.98, 95
Training Tine Requirements 3.94 .74
MaintenancefEﬁEﬁrs‘ 3.94 % .80
Skill Leve] 3.47 .82
AF Specialty, 3.12 .88
Method of Instrﬁgio? 3.06 75 :
Maintenance Locatfon .75+ .67 .

*Based on 39 trade stud1es‘Judged as hav1ng an’ effect on human

resource Qata 3
**Rating form used a six poin

t scale:

o6 = StrongTyxAgree that HRD item influenced by trade study.
1 = Stroneg D1sagree that HRD 1tem influenced by trade study.

.




Cluster analysis of trade studies. A cluster analysis was performed on
the 39 trade studies with potential HRD influence. The intent of this analy-
sis was to identify those trade studies that received similar ratings across
the ten HRD items. The assumption was made that trade studies with identical

or very similar profiles might have some common traits or characteristics.

" The average rating given each of the teg HRD elements for each trade

study was compared with the overall mean obtained for the respective HRD i;em "

across all 39 trade studies. If the HRD item mean for a trade study was
greater than the overall mean for the HRD item, ‘it was @ssigned a value of 1.
" If the HRD item mean has less than the overall mean for that item, it was
assigned a value of 0. 1In this Way, the impact of each trade study on the.
ten HRD items was reduced to a series of ten binary notations. A ten item
profile was computed for all 39 trade studies (Table 8). - T ,
The binary profiles were then examined for similanjty. When trade study
profiles were found to share a commonyprofi?e on 8 or more of the 10 HRD
items, the studies were established”as a cluster or group. ‘Trade studies
with 8 or more values of "1" were considered to be "high impact" HRD profiles;
8 or more values of "0" were considered to be "low impact" HRD profiles,
Table 9 presents the results of the profile examination. Twelve trade studies
made up the high impact cluster; eight trade studies made up the low impact
cluster. The titles of the trade studies in these two clusters are given in
Table 10. * .
» ¢ Ct
Analysis and evaluation of trade studies in high and tow clusters. The
12 trade studies in the high cluster and the 8 trade studies in the Tow
impact cluster were reviewed by the Senior author and one other engineering
psychologist familiar with personnel requirements and, aircraft hardware.
From a content analysis of the trade study task statements it was hypothe-
gized that the high HRD impact trade studies were dealing with alternative
design choices that involved wide departures from one another in technical
characteristics. For example, a trade study dealing with the flight control
system design received a very high HRD profile rating (10 values of 1). The
design evaluation considered alternatives ranging from a baseline manual
flight control system to a fly-by-wire'system ip which the pilot would actuate
flight control systems via electrical impulses.l By contrast, the design
alternatives in the low HRD rating cluster dealt with alternatives not nearly
as diverse. For example, the Tow profile group includes a study of the eval-
uation of-navigation equipment. The study involves a baseline tactical air
navigation (TACAN) system with range and bearing as opposed to a TACAN with
bearing only. The degree o;technological disparity between the TACAN alter-
natives appears to be minimdl. Based upon the content review of the high and
Tow HRD impact groups, the fQl®owing hypothesis was generated: The greater
the technological disparity bedween trade study design alternatives, the

greater will be the potential impact of the design decision on human resources

requirements.

18 C 23
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-
NUMBER OF TRADE
STUDIES WITH PROFILE

i

-

STUDIES WITH IMPACT ON HUMAN RESOURCES
HRD PROFILE

*HIGH CLUSTER CONTAINS 8 OR MORE VALUES OF 1
**LOW CLUSTER CONTAINS 8 OR MORE VALUES OF 0

CLUSTER**
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\TABLE 10 .
TITLES OF -DESIGN TRADE STutﬁEs IN HIGH o

AND LOW HUMAN RESOURCES INPACT CLUSTERS :

~

Evaluation
Evaluation
Evaluation
Eyaluation
Evaluation
Evaluation

1 Evaluation

Eva]uation
Eval ugti on
Evaluation

*Evaluation

Evaluation
agvaguétion
Evaluation
fya1uatfoﬁ
Evejqation
Evaluation

*Evaluation

*Evaluation.

Evaluation

.HIGH .IMPACT CLUSTER (n =

12) -
of Auxiliary Power Units | '

of Flight Control System Des1gn Contept

-

Tive ot
of Quant1tat1ve d Qualitative AGE Determ1nat1on

5.

of Escape System EJect1on Seat$ vs.
of Built-in- Test Equ1pment

of Fire Control System ~ - E .
of Flight Controi\Actuator Configuration
of Eield Shop Automation Control - o

of Oxygen System

of Integrated CNI Control and D1sp1ays

R N

of 1dent1f1cat1on System _ #y'-'

of Stahility A Contrdl Requ1rements

LOW IMPACT CLUSTER (n = 8)

of Crash .Data -Recorder

of Avion{c Ingfrface and Computational Analysis
.’ N :

of Traiter and Training Eeuipment (Airprew)'( . %

of Navigation Subsystem ' . : N
of E]ect}o-optical Identification Tracking

of Inflight Engine'Restarttng Methods
of.E1ectriéa1,Qenereting System‘

of'Aircraft'Mouhted AuxiTiary brivev

Escape'Capsule |

8
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"~ ", In order to check the hypothesis, the trade studies contained in the two
clusters were randomly submitted to systems engineers for a technical evalua-
tion of the degree of disparity among design alternatives. Five experienced
systems engineers (Table 11) reviewed each trade study. For a given trade
study, they were first asked to identify the two design choices' that con=
tained the greatest differences in technological content. Then the degree
of disparity was quantified by setting one of the two design choices at "@
and having the engineer express ¢he extent .to which alternative design vaeigg..
in-technology on a 100 point scale. If the disparity was largd, it was
expressed by a high number; a small difference in technalogy was reflected by

.2 low number. ' *

SN Ttmlen . .
CHARACTERISTICS OF TECHNOLOGY EVALUATORS (n = 5) \
X = :5'
ENGINEERING . . b
AGE,"YEARS |, EXPERIENCE, YEARS | EDUCATION; YEARS | -GRADE-LEVEL*
Range Mean Range Mean Range Mean " | Range Mean
41-55 | 47.0 | - 21-27 | 23.4 | 16-20 | 18.0 13-16 | 14.4 oy

*Engiﬁeering Grade Levels: 13 = Senior Group Engineer; 15 = Prpject Engineer;
16 = Section Manager ’ .

] The five estimates of technological difference assigned to the alterna-
~tives of eaCh trade study were averaged. The averagé estimate of technolog-
ical differences for the twelve trade studies in the high HRD impact clustgr
was 38.7. The average estimate of the technological difference for the 8
trade studies in Tow HRD impact cluster was 17.7., A t-test was performed ‘to B
test a null hypothesis regarding the significance of the difference between
evaluations given the high and low cluster trade studies. The difference
" between clusters was significant at the & < .10 level. Table 12 summarizes
© the statistical results. o 4

o

o,
.
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o \ . A companison .of human resources for tho.operational systems. A compari-
sdp_bf two fighter aircraft systems from different time periods.was performed
. tQ\de@ermine which subsystems showed the most change in manpowé; requirenents.

Thgktwo system$ chosen were the older F-4 and the more, recently developed
F-111. The apﬁkoath used was to compare changes in the manning assigned to
« - the ommon career- fields.used to.support both aircraft.  Table 13 contains :
the Q§stribution\of‘authorized manpdwer allocations for an F-4 and an F-111- °
.tactical fighter Wwing, as reported by the Air Force Manpower and Organiza- .
tiona]éDirectoraf , Tactical Air Command (as of June 1973).! The manpower
allocéaﬁons diffé' quite noticeably in the iavionics systems career-field.
These, findings cgnfirm the earlier reshits that avionics systems have _
the greatest imPact ofi human resource\consiﬁqratibns. . It is speculated that -
--this change is accounted for by a substantial disparity in ayionics equipment *:
- . designs between the \two ajecraft./ tt is further speculatéed that the technol-
gical differéﬁéés*be§wggnnthe other subsystems were not as great.
A e ¢ . .
Table 14 illustrates the skill level distributions of personnel, assigned :
to the F-% and F-111 avionics career fields. It is interesting to note that
‘although the number of téchpici&ns assigned to F-111; avionics was greater
. than_ that assigned-to the F-4, the average skill levels of F-111 avionics .
technicians was less. This factor has implications for other human resources -
data such as training time, availability of personnel by aptjtude level, and -

. conseqyent costs associated with manning needs. v .
] S —— ‘ . ‘/ ) . -

{ 1Reference: 22.Juné 1973 letter to Air Force Human Resduices Laboratory,.
- Advanced Systems Division, Wright-Patterson Air Force Base, Qhio 45433,
%”ﬂ . from Headquarters Tactical Air Coqmand, Langley Air Force Base;fVirginia. ;
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- MISSILE ELECTRONIC
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ADMINISTRATION ; ™
AIRCRAFT ACCESSORY
SUPPLY ‘ ,
MAINTENANCEA&ALYSIS '
INTRICATE EQUIPMENT

EDUCATION. M TRANING Lo
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FIRST'SERQE?NT Gl F 4 0
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, (OF AVIONICS TECHNICIANS ASSIGNED TO \\
| F-111 AND F-4 AIRO@@{T' Y

: Y

. " . ) ‘ ‘ . ::\‘{ ‘
- SKILL LEVEL F-111 Clan
a-&-‘y' ; 2\

by - 65
' : ’ ) 7 -
329,
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» *AF Skill Levels:
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Ale ) ~ o w
[}

* k4 o,
L i Technician
' ’i:'“ lt"' - " %
[ Logaese Tes R T
LA v L e . 9iz:Superintendent
‘ ; . ' ; I ; ,: . g \\.‘.
o -
. { I
\ N ;e
, . .
, , ; f .
N )" :
’- . ! K ¢
. ; . . B
H . N .
L'. o ' "‘ \ «.
- M B .
e ¢ : (O G e 2 . )
i : ' oot o “ \
1, A i £y X
o PO Y \ ;(l . .
,L’ . ‘,', . , . 'f " ‘(; . ‘ b §
N L b o * :
v - v s
A y \ [ o . )
N 1 RN .\;[ 1 H‘ i. o, ‘ y
o . : . - :
ERIC %5 704 S A
T v N \K . L st o ﬂﬂ
.t l e . - s




..... e - e
Rl 'ei ’

N v N . '

NPT S . o

-~ . Y%, :
Summary and Discusisidn. & ~ 5
REATL SR

- 3 PR et .
This part of"thaéftqdy used a case history approach to first identify
and then analyze tradevstudies that have significant impact on human resource
requirements of an aircrift system. The approach was primarily descriptive
in nature, and was intended to point out Tikely areas for including human
resources data as a paré@eter in arriving at final design decisions. ’

¢,

The 129 trade studi€s from the F-15 system were fitted into 5 categor- °
ies. Approximately 60% of the studies were categorized as "basic aircraft"
and "avionics" tradeoffs.. The remaining 40% of the studies were "propulsion,"
"utilities" and "all systems! investigations. Thirty nine (30%) of these 129
trade studies were judged as: definitely having the potential to significantly
influence human resoutce requirements. Thirty six'gé8%) were rated as '
definitely having no influehce. on human resources. For the remaining fifty |
four’ (42%) it was uncertainias to their influence. The group of 39 trade
studies showing the gréatest 'effect on human resources was ‘primarily concerned
with studies of avionics isystéms. The group of 36 with Teast influence was
primarily concerned with ba%id aircraft studies. Further analysis of the 39
trade studies with the greatest influence showed that human resources data ..
items of maintenance tas%:time\and personnel cost were the most severely '
impacted. Human resource ‘items’of maintenance location, method of instruc-
tion, and career field were' the<least effected. Theré& was jum impact on'
training course contenty quantity: of maintenance technicianir't(aining time,
skill level, apd task performance ‘errors. v

/’3

*

“The cluster analysis of the 39 trade studies with' greatest potential
influence on human-resources résulted in two dominant clusters: one which
isolated 12 studies with the most powerful effect on the individual human
resources data item and the second which isolated 8 trade studies that had
the lesser effect on the indiwidual human resource items. It was found that
the two clusters of trade studies differed significantly in terms of the

~amount of technological difference that existed between design alternatives
for the trade studies. The cluster with greatest impact on the individual
human resources data items had the ‘greatest technological difference between
desigp options, viz, the avionics:systems. The analysis of manpower changes
from an older to a newer fighter airtraft system showed the greatest quantity
change occurred for avionics systems. ' A - .

.These results strongly suggest that subsystems with rapidly changing >
technologies, or subsystems with design alternatives involving distinctly .
diffg;?nt technologies should be examined closely for HRD fmpl+ications.

" The avionics area appears to be an area of rapid change and a high degree

N of influence on the human resource requirements of new systems. The ten

- human resqurce data items were-variously effected by trade studies. Mainte-
nance task time and personnel costs should receive priority attention as -
data to be provided to engineers for use in design trade studies. .
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ACCURACY OF SUBJECTIVE
ESTIMATES OF THE IMPACT OF
DESIGN ALTERNATIVES OM SELECTED
HUMAN RESOURCE DATA ITEMS

Approach v : { ¢

If HRD is to be used as a parameter in the trade study procéss, it must
be supplied to the engineer. Engineers have neither the time nor the back-
~ground to develop HRD. One potential source for.HRD is subjective estimates
by experienced maintenance tecfnicians. As a specialist in the daily main-
tenance and utilization of systems equipment, he appears to be in the posi-
tion to offer predictions on the impact that alternative conceptual- designs
might have on personnel, training, and maintenance factors. Since mainte-
nance task time emerged in the first part of the study as a top rated human
resource factor for design trade Studies, it was decided to test the accur- .
acy of the subjective estimate method for predicting that class of data.
In addition, since data on Air Force specialty careers (AFSC), crew sizes, and
skill levels are used to calculate personnel costs (the second most impor-
tant HRD item in Table 8) an effort was made to determine,\the accuracy of
subjective estimates of these kinds of data. yhereas avioRics emerged as
the system technology area with thé greatest impact.on HRD,\ it was chosen
as a test bed system for this phase of the study. ’

the avionics systems for two aircraft at a conceptual phase of\ development.
Using the historical records fet the F-4E aircraft at McDonnell Aircraft
Company. and the F-111D at General Dynamics Corporation, the engineering
packages were assembled.” To insure that only information that normally

exists during the conceptual design phase was included, avionics systems

for a third aircraft, the advanced tactical fighter (ATF), were used as ~
conceptual models. At the time of ‘this study the advanced tacticak fighter
was in the conceptual design phase and‘served as an operational definition

_for what was, and what was not, conceptual phase engineering data (Agpendix C).

MDC aviopics engineers compiled engineering data package;\describing
1

The completed engineering packages were then reviéwed: for consis
and standardization by-technicians from the MBC Product Support Department.
The conceptual data packages were then ready to serve as stimulus material
for HRD predictions. '

- » R -
Air Force technicians, with training and field experience in aviqpics
. maintenance, independently reviewed the conceptual packagés and made subjec
- tive estimates of the maintenance task times, career fields, crew sizes and
skill levels of personnel that would be required to Support such a system
at an operational base. Their predictions were averaged and checked for
accuracy with the actual human resource requirements reported by shop super-
visors who controlled the ﬁgi]y‘maintenance\for operational F-4E and F-111D

avionics systems. .
. |




~

Procedures .

Engineering data packages: used as stimulus.material for subjective -
estimates. Using the ATF system as the model, six packages were assémbled '
describing the design data available during the conceptual phase of the
following avionics subsystems: (1) F-4E autopilot; (2) F-111D autopilot;
(3) ATF autopilot; (4) F-4E fire control; (5) F-111D fire control; and (6)
ATF fire control. The ATF data package is contained in Appendix C.

Description of personnel making human resource data predictions. Six
groups,of experienced Air Force technicians from the avionics maintenance
career field served as sources for the human resource predictions (Tables
15 and.16). .Each group made estimates for one of the six avionics concep-
tual designs. Special care was taken to insure that no technician had
actual field experience with the subsystem for which he was to make task
time predictions as would be the case d%ring a conceptual design effort.

Type of human resource data predicted. Utilizing only the information |
contained in the design data packages, the technicians made predictions on.
the amount of elapsed time that would be| required to perform the following
flight 1ihe maintenance tasks: prepare;\troubleshoot; remove and replace:
adjust; align; functional test; and, closé-up. These estimates were recorded
on thé form shown in Figure 2. Estimates were made for each component of the
subsystem. For example, for the F-4E autopilott, predictions were made for
-the followihg components: control amplifier; transducer; g-1imit acceler- *
ometer; lateral accelerometer; pitch rate gyros roll rate gyro; yaw rate
gyro; and, controller. Estimates were also made of-the career field, skill
level and quantity of the personnel required to perform the maintenance
tasks for each component. L )

Following their predictions, each technician was individually interviewed
and asked to critique the information contained in the engineering design
package. He was asked to suggest changes to the data package which would
increase his cenfidence in his human resource data estimates.

Criteria for evaluating the accuracy of the human resource data
Eredictfbns. Visits were made to operational Air Force Tactical Air Command @
ases® to collect criterion task completion times, crew sizes, career fields, .
and skill levels required to perform flight 1ine maintenance actions for both
the F-4E and F-111D autopilot and fire control avionics systems. The cri-
terion data was first sought from base-level Air Force Manual 66-1 time
records, however, these data were expressed as manhours rather than total
elapsed times for maintenance actions. Direct observation and timing of Y
maintenance actions would have entailed resources and timk expenditures
beyond the scope of the study. For these reasons, the information was

2Seymour Johnson AFB, NC
Cannon AFB, NM
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TABLE15 - ‘ f

CHM&AC¥ERIS,TICS OF TECHNICIANS WHO ESTIMATED THE IMPACT
\OF CONCEPTUAL AUTOP|LOT DESIGNS ON

’ | HUMAN RESOURCES DATA
Personnel Making F-4E Predictions h ’
. AGE (YRS) GRADE TITLE® AVIONICS EXPERIENCE (YRS) |+
' AVERAGE | RANGE AVERAGE RANGE AVERAGE RANGE
- 5| 2.6 -3 | V54 . 5 19 31-128
) Personnel‘Making F-111D Predictions .
AGE (YRS) 'GRADE TITLE* . AVIONICS EXPERIENCE (YRS
AVERAGE | RANGE AVERAGE RANGE | AVERAGE RANGE
08 25-3 5.5 56 8.3, 6.0-12.0
’~
rersonnel Making ATF Predictions
. AGE (YRS) GRADE TITLE® - AVIONICS EXPERIENCE (YRS
7 AVERAGE- | RANGE AVERAGE RANGE AVERAGE RANGE
R B - 3% 52 . 56 9.8 4,5-18.0
‘\ y : —3
, d , (.
*AIR FORCE GRADE TITLES: - -
1= AIRMAN BASIC 5 = STAFF SERGEANT
2= AIRMAN ‘ 6 = TECHNICAL SERGEANT
.3= AIRMAN 1ST CLASS 7 = MASTER SERGEANT |
4= SERGEANT * = SENIOR MASTER SERGEANT
. - 9 = CHIEF MASTER SERGEANT
- ’ r“
. 4 ‘

e




CHARACTERISTICS OF TE

2

'TABLE 16
CHNICIANS WHO ESTIMATED THE IMPACT

N

* OF CONCEPTUAL FIRE CONTROL.DESIGNS ON
' HUMAN RESOURCES DATA

Personnel Making F—4E Predictions .
AGE (YRS) GRADE TITLE* AVIONICS EXPERIENCE (YRS)

- AVERAGE | RANGE | * AVERAGE | RANGE AVERAGE RANGE
312 . | 2837 66 | 57 1.1 10.3-137

. * _Personnel Making F=111D Predictions

AGE (YRS) GRADE TITLE* " - AVIONICS EXPERIENCE (YRS)

AVERAGE | RANGE AVERAGE " RANGE AVERAGE RANGE
3 25-39, | 5.6 B 133 5.5-21.2

(N~ .
_ | DPersonnel Making ATF Predictions -

. AGE (YRS) >~ GRADE TITLE* .| __AVIONICS EXPERIENCE (YRS)

AVERAGE | RANGE AVERAGE | | RANGE ,_AVERAGE RANGE
ey 06 23-40 5.2 -7 9.0 1.7-20.0

.?.g’ . : ¥ . . ‘ ,
o v, ;?‘ . -
*AIR FORCE GRADE TITLES:
1= AIRMAN BASIC 5 = STAFF SERGEANT
. 2= AIRMAN § = TECHNICAL SERGEANT
3= NIRMAN 1ST CLASS 7= MASTER SERGEANT
. 4= SERGEANT . 8=SENIOR MASTER SERGEANT
’ : 9 = CHIEF MASTER SERGEANT
‘ \
~
i
@ * 4 '}
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1

obtained from th# shop supervisors responsible for stheduling, directing and
administering the activities of their maintenance work center. Their judg-
ments were considered to be highly accurate as the supervisors were senior
enlisted personnel who had frequently monitored and performed the maintenance
tasks of interest. 6 Each supervisor's HRD judgment was’ further-reviewed by
the senior technician assigned to each F-4E and F-111D Chief of Maintenance
Office. '

v, -
Results .

’ Accuracy of predicted mainténance task times. A comparison of the
predicted times from design engineering data with actual times reported by
supervisors for the completion of flight 1ine maintenance tasks is provided
in Figures 3 and 4. Figuré 3 compares predicted with actual times for the
‘altopilot subsystems. Figure 4 compares predicted with actual times for
the fire control subsystems. The accuracy of the average time predictions .
was within 8.3% to 66.8% of the actual times required to perform the tasks

* (Table 17). Three of the gstimates were less than the actual values. The
worst estimate occurred fon the F-111D autopilot system. With regard to all
four.avionits systems, the ‘technicians made &n overall underestimation of

*

. actual task times by 29.4%. . _ .

One application of these results could be to apply an adjustment to the
. estimated task time values for a-conceptual phase design. Such an adjustment
in estimated values would serve to compensate for the tendency of technicians
to underestimate ual times. The correction equation would take the follow-
ing form:\, ;T;} . - :

L Subiéctive Estimated Time
Corrected Task Time = y25c cant of Underestimation

. v

_SET
. CTT = v=Zo% )
|
. ‘ __SET '
. - T =55 '

z )

For tﬁe ATF the corrected task time for the autopf]ot systemgdesibn would
be 1878 mirutes and for the fire control system the corrected task ‘time would
be 1356 minutes. . : ‘

iy
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FIGURE 3. COMPARISON OF PREDICTED AND ACTUAL TIMES TO PERFORM FLIGHT-

LINE MAINTENANC{TASKS ON AUTOPILOT SUBSYSTEMS _
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FIGURE 4. COMPARISON OF PREDICTED AND ACTUAL TIMES TO PERFORM FLIGHT-
LINE MAINTENANCE TASKS ONAFIRE CONTROL SUBSYSTEMS
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;% TABLE 17

@

PERCENT DEVIATION OF MEAN PREDICTED TIMES'FROM
ACTUAL TIMES TO PERFORM FLIGHT LINE MAINTENANCE

A - , Deviation of Mean
System Predicted from Actuals
F:)E Autopilot 8.3% Greater .
' \
F-111D Autopilot : 66.8% Less
F-4E Fire Control 79.4% Less .
SO F-111D Fire Control . 14.3% Less~
' Mean Deviation s« 29.4% Less
\ - .
, — o . b

Accuracy of predicted career field, skill level, and créw size. Little

® variation within rating groups dccurred with regard to prediction of Air Force
-Specialty Cpde (career fie]dg, skill level or crew size. In all cases the
avionics career field was listed. Skill levels were set at a mix of 3 and 5 -
levels. Crew sizes for most flight line maintenance tasks were set at 2 men.
These data'matched almost perfectly-the actual flight 1ine manning as reported
by the maintenance supervisors (Table 18) at th operational units. The Air

. Force's maintenance philosophy and safety program tends to set minimum crew

Y

o

) TABLE 18 |
COMPARISON.OF PREDICTED AND ACTUAL FLIGHT LINE CREW SIZES ,
AND SKILL LEVELS FOR SELECTED F-4E AND F-111D MAINTENANCE TASKS
AUTOPILOT SYSTEM FIRE CONTROL SYSTEM
" HRD F-0E F-111D F4E F-111D ,
CITEM . : '
Estimated|Actual | Estimated|Actual |.Estimated|Actual | Estimated|Actual
° ;|Average : ' ; ‘
Skill 4.2 4.5 4.0 3.8 4.0 | 4.6 4.5 4.2
Level | - ’
Average| . ' 0 ) .
Number| 2.1 2.4 2.2 2.6 1.9 2.0 [. 2.0 2.1
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: e ) -
sizes for specific tasks at 2 men. The accuracy of the predictions, in this
area of human resource requirements may be interpreted as an awareness on

the part of the technicians of the way in which the Air Force provides ‘man-

- power for maintenance on avionics systems. This knowledge of the Air Force
policy regarding assignment of career field, sk+11 {evel and crew ‘size

resulted in highly accurate predictions of personnel requirements for field
majntenance activities. ' - :

"Critiques of engineering data packages. The'stimulus data paékages for §17'
the autopildt and fire control subsystems for the F-4E, F-111D and ATF air-
craft contained data set to the conceptual phase of hardware design. Air
Force technicians, who made human resourte predictions were askel to critique
the completeness of the data package in-a follow-on interview. They were
asked to make suggestions as to how the data package could be improved so as
to improve their confidence in the human rgesources.estimates they made. .
Tables 19 and 20 summarize the number of times -a given category of informa- .
" tion was mentioried as needing more detail or needing to be more fully
explained. Approximately half the technicians mentioned that there was some
informatjon that was of 1ittle or no interest to’ them when making their
predictions. Data.on pircraft flight parameters, general fuselage and pro-.
pulsion descriptions, fand performance envelopes were considered "nice to
know" but not particufarly relevant to the prediction task.

¢ With regard to data packages on the autopilot syétéms, the lack of
detailed information on component locations and access requirements was'most
frequently mentioned as hampering the accuracy of task completion time fore-
casts. This could be corrected by using a drawing of the fuselage and illys-
trating the proposed location of system components. : . ‘

Descriptions of type and negd for aerospace ground equipment (AGE) such i
as electrical and hydrdulic power units, air conditionigg units, and specidl
stands -was 1isted as too general or not described.. The remaining deficiencies
were related to lack of information on: shop level maintenance equipment;
built-in-test €quipment modes, operation and test time lengths; component
adjustmeig requirements; access panel location, number and design; fuller
descript®ons of components; flight-line test equipment; and a more tomplete .
explanation of system redundancy. ‘ Y , .

' - ! ' P

" For the fire control system data packages the lack of detailed descrip-
tion of the built-in-test equipment was mentioned most frequéntly as lowering
the confidence of human resources data predictions. The technicians also
reported that additional information on coponent adjustme alignment and ¢
pressurization requirements, shop level mdintenance equipmenty agcess Ppanel >
lTocation, number and destgn, AGE requirements, radome opening, descriptions
of components, functional checkout and block-diagrams would have improved
-their prediction of human resources requirements for the system.. 2?
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s e Development of future ddta packages for use as stimulus materials. The ". )
/...  critiques obtained from the -teChnicians can be used to form a picture of what -

.~ a good data package should indlude. The items presented in Tables 19 and 20.
point ‘out Speciﬁ{b,subjects th§t should be addressed in detail by the data + -
package. The type of illustra ion contained in Figure 5 would be a suitable

e fornfat for presentfiig’ informatida on component location. . “J

. . v 8T AL

4 Al

R R . .
. Thé feasibility;uf applying the guidelines for conceptual designdata
packages remains to’Pé demonstrated, It is possible that the level of detail L
» . 'requested for test equipment.operatisn, the exact location of a component, T
and the ‘relative locations of other system hardware_{such as hydraulic 1Tnes) .—
. ~at T e LT T
would not be-afgilable;st the conoeptial phate, — L T e
Qualifications of personnel aking human resource data predictions.. - | .-
" Most of the technicians who participated in making.the time-éstimates-Telt ... -~
that the- approach was va]id‘Hﬁdlihaﬁld-bErexpéhaéq,,—ﬂ@rjng"the-qdurgg,gﬁi-'
¢ the interviews several .sugdestions. were made-on Row- the accliracy. of prédic- .-
¥ tions might be improved.. g@bg‘QEneration{Qfaa{MOfa.cémplef package of .7
“  ~equipment characteristics w%&:bhegﬁpgbggrggjabﬁ\wg§,d%§CE§§éd above. The)’
' careful selection of experienQé@;;é;hnﬁe%qgs:ﬁﬁgéandfher. Based-upon thg”’;
/ experience gained in this studys:the fo]]owfng*qéa]ificationszsgguld be, -
/ applied to technicians ‘who make, \Huidn resourcé predictions from/design.engi-
/ neering data packages: (1) reéékt;ﬁﬁgjd experience’ in performing mainte-  »
"< nance on subsystem equipment wiﬁhgdééj”n charactéxistics .similgn to the, - .
* conceptual system being studied, and; 32) high aptitghéytechnikjah&nshou]d:
" be utilized. The forecast proceddfe’ nvplves formulating subjective assump-
tions that appear easier for high aptityda technicians to make.?fg% addition,

technicians should be motivated to part t}pate in the predictive process<and
be“assured that their opinions will be given. serious consigeration. /T
~ R D . R L S o -
. - . . . . : ) A.\l“‘ \ vl‘ i B .
’ Summary and Discussion ) A Y g ) - ‘
: \ - . Y \ . v . i

. AN L -

This part of the study was concerned with .¢hecking thé&gﬁcuracy of
subjective - predictions of human resource requirements for é?@pnics;equipment
still in the conceptual phase of design. The intention was 'to determine the
validity of using experienced technicians as a source for human.resource data
gha? could then be used by a design engineer to form des'ign trade-off -

ecisions. ! ) ' : ‘

[N \

24
.

S

o The approach used was to develop conceptual phase engineering packages
' . to serve as stimulus materials ‘for subjective estimates of human resource ,
_data items. Experienced*Air Force avionics techniCians’ madg the estimates, Co
and were then interviewed for their opinions'of the pgproa¢h~as well as the o
completeness of the stimulus materials.: ’ g ’ Rz /
Lo A s L . /! ]
X “ The subjective estimates were checked for accuraggghz comparing them

7 with data reported by avionics shop supervisors. OVerall™the technicians; . Pt

—

i

¢

underestimated flight lifde maintehance task times by 29.4%. In additiony: ,
. the predictions of crew sﬁze,'specia]ty;code and skill levels were found
, /40 be highly aceurate. o . o
w’, . [} I v " ! . 'lf =
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" the data. - Some 'suggested procedural changes are:

1

i

‘ .
W N
SN, Xﬁ

. .

Tt is most probable that the predictive accuracy of the human resources
data cou®d ‘Be improved still further by altering the procedure used to collect
; more thorbugh briefing of
technicians on the subsystem; discussions between design engineers and the
technicians who do the. rating in the subsystem of interest ?especia]]y with
regard to airframe design and.tharacteristics of access point lacations); and,
cross-talk and time for detail8d discussions among technicians. A major

consideration that accouhts qu'diéparities<between predicted task times and
actual times are the numerous,+and sometimes major alterations between concep-
tual designs and full scale profuction models. This~aspect probably cannot

be accounted for when usjng thea§ubjective estimation technique.

. Lo A
. The results should be interdret%d as a preliminary indication that
experienced technicians can and will ‘make reasonably accurate estimates of
several human resource data items based upon conceptual phase design
information. ' g
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SUMMARY AND” CONCLUSIONS

Two questions were addressed by the study: (1) C&n design trade studies
with potential mpact on human resource requirements be identified and cate-
gorized? and, (2) What is the accuracy ofisubjective estimates of the impact
of design alternatives on human resource requirements?

, In an attempt to identify and categorize trade studies that have bearing
on the human resources of a weapon system, a descriptive case history approac
was utilized. F-15 aircraft design trade studies were reviewed and analyzed
for potential influence on personnel variables. Those judged to have influ- >
ence were further analyzed to determine where commonality existed. The

- degree of technological disparity between design study alternatives emerged
as amr important factor in setting human resources impact. An independent
evaluation of technological differences between trade study alternatives lent
confirmation ‘to the hypothesis that distinctive technologies should be closely
examined for human resource implications. Prime human resource considera-
tions were found to be maintenance task completion times and personnel costs.

m

At the present time in aerospace Rardware development, the avionics
system emerged as the system area with the greatest concentration of design
decisions with impact on maintenance ‘task times and personnel costs. This
system repﬂ&sents a rapid]glgmxdng technology, and should, more so than the -
other system areas examiped, take into consideration the man-related impli-
cations of equipment configuration and design. .

- . f

The <second question dealt with accurate forecasts of human resource
needs based upon conceptual designs and engineering descriptions. Exper- '
ienced technicians made estimates of maintenance task completion times,
numbers of personnel, skill levels, and, career fields that would be required
to support several avionics systems.

A comparison of-the human’resource predictions with the criterion data
. showed that experienced technicians coufd respond to conceptual descriptions
of avionics systems with sufficiently accurate estimates of maintenance task
times, crew sizes, specialty codes and skill levels to justify use of these
data in enginegring design studies.- The predictive accuracy of subjective
estimates might be further enhanced by developing more detailed conceptual
{ engineering pactkages, altering the procedures followed when making pre-
dictions, “and better controlling the characteristics of the techpicians
(such as experience and-abi]ity? asked to make the forecasts. - B

“
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C0C. ENGR

.

. SYSENCR

REPORT

MODEL

DATE

APPROVED

APPROVED : .

. SYSTEM ENGINEERING TASK STATEMENT .
: TRADE-OFF. STUDY PROCEDURE

TLE o ‘

PURPOSE = v

A brief statement defining the objective (the "what") of the study, i.e. ,'
feasibility study of--, evaluate'methods of--, define requirements for--,
etc.; the reason (the "why") for condurting the study, i.e., satisfy re-
quiremehts for--, practical applications--, detcrmine the effect (or effect-
iVeness? of--, provide improvements--, .tc.; and the affect of the study on
w/s performance, i.e., mission definition/effectiveness, air vehicle perfori-
ence, crew effectiveness, subsystem ’nterfaces/1nterrelat10nshlos, equlonent
selection etc.

BREVITY and CONCISEIESS throughout this form are required to deronstrate

., ¢ation for allocating budget.
BASELINE/ALTERNATIVE SD[‘.UTIOJS

- State the baseline coﬁfiguration and the alterﬁative'solutions selected for
study. Tabulate these for ease of identification and evaluation. Proposed
solutions must be briefly stated yet definitive. Two or more solutions mist

be identified to qualify as a trade study, i.e., baseline plus one or -more
alfernatives, or two or more.alterrative solutions (baseline TBD).

1

?’.‘

FUNCTIONS/SYSTEAIS/OATA (NVOLVED IN THIS STUDY  ° - c

* Functions: a. Tabulate all applicable functions from Cysten Engineering's

- functional block diagrams.

In the absence of inputs from functionzl block dlag;ams, de-

fine the function(s) of the subject of thé study. ({Use the

verd -~ adjective (if required) - noun form for functional

definition, example: drop torpedo, provide altitude data.)

Systens; Tabulate the systems/subsystems which interface with this study

' or will be affected by the results of this study.
Tabulate in outline heading form, (1) the data inputs required
frbm supporting organlzat;ons, customer, and/or suppliers to
complete this study. These data include analyses, par,me*rlc
plots, layouts, inputs,for weight, malptalnablllty, safety, re-
liability, cost, etc.; supplier proposals/data and so on, znd (2)
applicable eX1st1ng documents, i.e., MIL Specs, draw1ngs, reports,
etc.

Enter the dete that, the decision resultine from thls study ig required by the

by

Data:

.

your understanding of tk> proposed studj and provide mznagement with justifi- .

cognizant(requesting)eprineer to meet hlS sch 2z2ulea
REQUIRED STLDY COPLETION DATE ©O% (requesting)ey Sl tnents

-~ ]

OOYHANICS
ERATHONS ANALYSIS

STUDY SUPPORT REQUIRED FROM:

{J STRENGTH st
[ LOADS ~

ELECTRONIC SYSTE™'S ENGG

i VEIGHTS

~

[J AEROOYHALICS
HUMAN FACT ORS

C)STRUCTURAL DYMANIGS
CJ GUIDAKCE & CONTROL MECH

ENGG LABCRATORIES

AIRTATHARILITY ENGG
QGISTICS &HGG

AGE ENGG

ENGG RELIABILITY
FLIGHT TEST
ELECTRICAL ENGO

'

STRUCTURAL EGG

) MECHANICAL ENGG

) PROPULSION  ~  *
FLUID SYSTE*S ENGG
AUTOMATIO CO.
SAFETY ENGG

£

Q !
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2] 1. Statement of Ground Rules:

- =
o -

FACTORS INFLUENCING EVALUATION - Y

Tabulate the factors which will become pertinent in evalﬁating the merits
of the alternatives @nder study. Typical factors include mission effective-
b ness, performance factors, cost, safety, weight, installed volume, schedule
febrication/procurenent problems, testing, logistics,- crew interface °
problens, reliability, maintairability, support requirementsz ete.

4

-

©
¥t

. - »
© -~

i . . N
EXPECTED RESYLTS © : . ]
. Summarize briefly the expected results or gain from the study for the

of the baseline or of alternative solution "n", (2) the influence the de-
cision may have on interfacing subsystens, {3) the nature of the impact on
performance, ¥ & R, revisions to customer date requirements, cost, etc.,
(4) the possible need for associated trade studies, and (5) procurement/
design specification requirements, "Gain" includes the negetionsof the
estimated consequences- of" making the wrong selection. T

»
¢

.

| TASK DEFINITION K - )
+Task Qefinitidh consists of two parts as follows:

List all of‘the constraints, factors held

constant, common denominators, etc., which form the premise for con-

. ducting this study. .

2. "Statement of Work: Briefly state in outline form the tasks of the .
w Bupporting organizations. Enter them as separate line items to facili-

°:d té4ge project evaluation and,scheduling. ’

¢

1 - _W

vS(X) program. "Results" include as applicable, (1) the probable superiority

TOTALWARHOURS REQUIRED: STUDY START DATE ___ -

o -
Enter manhours required for your discipline to support the study.

- ?ﬁ . . . . 2

A
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APPENDIX B
TITLES OF F-15 TRADE STUDIES
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* Evaluation

" Evaluation

Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation

\

TITLES OF F-15 TRADE STUDIES
(1968)

of Arresting Hook Configuration

of Trailing- Edge Flap Actuation

of Wing Fuel Tank Drainage Provisions
of Leading Edge Flap Actuation Methods

¥

.of Brake Heat Sink Material

o

of Wing-to-Fuselage Splice
of Nuclear Survivability/Vulnerability

of Structural Strength Level

of Maneuver Load Factor

of Field Shop Automation Control

of Trainer and Training Equipment - Maintenance Training Equipment
of Trainer and Training Equipment - Aircrew Training Equipment

of Additional Hard Points - Armament Suspension )

of Auxiliary Power Units“(APU)

ofi Cockpit Noise Reduction
of Lubrication and Cdling S

e’

stem for the Airframe Mounted

Accessory Drive System (AMADS)

Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation

* Evaluation

Evaluation
Evaluation
Evaluation
Evaluation
_Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation

* Evaluation

. Evaluation
Evaluation
Evaluation

Evaluation

Evaluation
Evaluation
Evaluation

of Oxygen System _ ) ?
of Canopy Transparent Enclosure ° ’
of Canopy Actuator Concepts ;
of Canopy Motion Concepts’ -

of Windshield Transparent Enc]osure

of Gun Placement

of Flight Control System Des1gn Concept - ¢ .
of Optimal Allocation of.Subsystem MTBFs ] ;

of Quantitative and Qualitative AGE Determ1nat1on

of ‘Hydraulic Reservoir Design - .
of Hydraulic Filters

py
“

of Hydraulic System Cooling Methods 4

of-Hydrau11c Tubing and Fittings

of Hydraulic System Configuration

of Leading Edge Flap Mechanization

of Rudder Pedal Adjust System )

of Low Stage Bleed Air vs. Low and H1gh Stage Bleed Air >
of Flight Vehicle Power Extraction Method N
of Engine Combat Damage Protection Methods ,"

of Flight Control System Precision Flying

of Tactical Nuclear Weapon- Delivery Capability
of Voice-Warning Hazard Alerting System

of Integrated CNI Control and D1sp1ays .

of Cockpit Lighting . .
of Red Line Display ) .

/

Lt
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Eva]uation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation

¥

of Aircraft 0i1 Cooling System Hydrau]ic ard Lubr1cat1on
of In-Flight Refueling Receptacle Location
of Use of Bleed Air from APU for Ground o&ihng Chart
of Design, Construction and Materials .

of In-Flight Monitoring (IFM) of Non-Avionic Systems

of Environmental Control Systems - Use of Hot Air vs. Electrical

GoAductive Coating for Defogging the Windshield

Evaluation
Air s,

of Environmental Control System - Use of Compressor Discharge

Interstage Bleed and Compressor Discharge Air for the Environmental.

Control System

Evaluation

. pAir Cycle
~Eyaluation

Recovery

of Environmental Control System - Simple Air Cycle'vs. Bootstrap

of Env1r6mmenta1 Control System - Area Modulation and Thrust
Outlets vs. Fixed Simple Outlet in the Ram Circuit-of .the Air

Cycle System

Evaluation

Ground Cooling vs. Use of Ground Cooling Cart vs.

of Environmental Contro] System - Use of Bleed Air for APU, for
Use of Internal B]ower/f\

Selection of Test Bed Airplane for F-15 Avionics Development

Evaluation
Evaluation

Evaluation.

Evaluation
Evaluation

Evaluation.

Evaluation
Evaluation,
Evaluation
Evaluation

of Escape-System - Ejection Seats vS.
of Fuel Booster Pumps

of Fuel Quantity Gaging Methods -
af Fuel Tank Inerting: System

of Smoke Detection Methods -

of Thrust Reverser/Contrqller vs. Speed Brake

of Optimum Aerodynam1c Systéms Concept

of Stability-@nd Control Requirements

of Back-Up Starting MeEhods : : ‘
of Modular Gun System oR%ppt ‘e :

Escape Capsule -

"Tactical Electronic Warfare System

Integrated
*Evaluation
Evaluation
Evaluation
Evaluation
Eva]uatjon
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
Evaluation
< Evaluation
- Additional
Evaluation

Avionics Interface and Computational Ana]ys1s .

Supersonic

CNI Antenna Analysis -’
of Integrated-CNI Controls and Displays

of Build-In Test Equipment (BITE) r

of Navigation Subsystem

0of Electro-Optical Identification rracking (EOIAT)
of IFF (APX 8] Type)

of Helmet Mounted Sight -

of Crash Data Recorder-

of Fire Control System -

of Engine 0i1 Tank Location _

of Communication Systems -

of Identification S % '
of Avionics Interfaces :
Longitudinal and Lateral Control Trade Off

of Radar Dish Diameter

Tank Trade- Study

Copfiguration Trade-Off

aluation
Evaluation
Pitot Boom

of Gun Sight Camera/Video Recorder
of Flight Control Seryo Actuator Configuration
Locat1on

48

.
»

'

'

reay .
T




<

Supplemental Heat Sink-Water vs. Regenerative Air vs. Fuel- s
Boresight Technique Selection ' ‘ '
Evaluation of .Inflight Engine Restarting Methods

Electric Generating System . s T
IR Suppression Trade-Qff '

Exhaust Nozzle Configuration Trade-Off -

Air Induction Configuration Trade Study ) =

Engine Evaluation Studies - " «
Base Drag Reduction Studies - . )
InlTet Aspect Ratio Trade Study ‘ T

Nozzle Jet Impingement/Expansion Ratio Study
Cascade vs. Alternate Type Thrust Reversers X
Bypass, Spill, Bleed Trade-Off .

" Bypass vs. No Bypass System

Inlet/Engine Anti-Icing Study . - '
Inlet Ramp Scheduling Trade Study o

Engine Scaling Effects ~ . QB_
Engine Flexibility ~

Evaluation AMAD Configuration
Evaluation of Wing Splices
Evaluation of Engine Insta]1ation/Remova]/Transportation AGE

-

Methods of. Providing Avionics: Ground Cooling . ’ e

Aircraft Weight Penalties vs. AviOnics Cooling Capacity
Windshield WashéF Requirements for Removal of Insects: and Salt
Engine Build-Up/Q.E.C. Kits-

Evaluation of Torque Box Joint Design and skin Fabrication Methods - Inbdend N

Evaluatien of Aileron Actuation

Evaluation of F-15 Canopy Jettison System
Evaluation of APU Inlet and AMAD Ventilation
Eva1uation50f.windshie]d Support Structure
Canopy Normal Actuation System Trade Study )
Forward Fuselage to Center Fuselage Splice )
Inlet First Ramp Actuation ‘Stygdy : ¢
Center and Aft Fuselage Splice. . ) ~
Stabilator Hinge Line Location Trade Study : -t
Escape System Initiation Trade Study - . Lo '
Emergency Stabilator Power - 7
Efficiency, Cost, and sTimé Reduction of Engine Insta]]at1on‘?rovislons

v

Manufactumg Test Equipment Trade . ég

“r

Alternate Emergency Hydraulic Power Schemes P uawt

¥ SR
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ENGINEER‘ING DATA PACKAGE WHICH
A
’ DESCRIBES THE CONCEPTUAL DESIGN
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o \_  FIRE CONTROL SYSTEM FOR THE
.. .ADVANCED TACTICAL' FIGHTER
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L McDonne11 Doug]as Corporat1on 1s under conttact with Air Force Systems.
#. Command to identify and evaluate approaches that may be used to better esg]-

o

$$. mate.manpdwer requirements associated with avionics subsystem hardware

'?; designs. One approach under consideration is to have experienced av1on1cs

.+ technicians review an avionics subsystem and then .comment on the probab]é *

E?' “number and types of personnel that w11l be needéd to ma1nta1n it v

&

{3' The information contained .in this booklet describes an av1on1ES'sub- _

& system. Based upon the equipment design, funckjons. and physical character-

.. istics, you will be asked to estimate-the prob§\*e time that will be required

L to perform common ma1ntenancq§iasks. We would also.appreciate having your
opinion of ;the AFSC, skill level - anhd training that would be needed to match

% ma1ntenanCe personne] with equipment character1st1cs

s ~ »

g - P1ease read thé technical descript1on. When you feel that ydu have a

v fair understand1ng of the equ1pment ‘indicate to the Study Investigator that "’

% you are ready to commeht on the subsystem.. For purposes of this study, we_

would prefer to have you form your opinions 1ndependent1y,.w1thout the -bene-

.

N
5

fit of d1scuss1on w1th other techn1c1ans .

v

F1na1]y, we want to thank you for your cooperation.

1 0
—

If you have-any

questions on the procedure to be followed or-the 1ntent1on of the study,
please direct. i?em to the Study Invest1gator at this time. .
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S

fy of ammun1t1on

LR
The -aircraft is a single place, twin engine supersonic, al]—weather,
f1ghter—bomber. Prime mission weapons are: two 2000 1b guided

tact1ca1
\ weapons, two short range missi?es, and gne 25mm iaternal gun with 700 rounds

The: propu]sinn System cosists of two mixed-flow, turbofan
The appyoximate overall dimensions of the airs

’

engines w1th afterburners

craft are: > 0
SN ' el
’Span \ 37 feet :7 dmches b -
[Length: 72 %eet : «*,ni &
2He1ght 17 ﬂeet, 2! fqthes. :

The approx1mate weigbts of thd a1rcraft arer

‘ 28 810 pound%

: 3 empty operatlng wewght
- operat1ng weight - 56 54écpoands

' ﬂhe-a1rcraft performs offensive tactical‘m1ss%ons in a chal enQ& )
defeﬁse efivironment.. The aircraft’s stability characteristics rely upon the.
“flight eontrel\system to provide artificial dynamic stability and positive’
‘Leontrol ‘of the?éirplane As.a control configured vehicle (CCV), the air-. '
‘traft relies heavnly upon _ the avionic computer for the systematic analysis ,
:.dnd synthes1s\techn1qyes demanded by the mu1t1—variab1e system. The computer
performs optimal ang sﬁbopt1ma] gain calculations and provid ; the control’.
ed static sta~

.gutputs to-the flight control system. A CCV’ resu]ts in ‘rel
requ1rements for the a1r raft and offe s1the fo]lowy g benefits:

bﬁ-’d‘ty
. .~'~ X !
"\ v \o, reduced contro] surface size // f\ W
. L oA - ."r‘
. e
¥ -0:. reduced tr1m requ1rements and 5 **a
o AN S ‘
Y “ifiproved maneuverability. I
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“system by depressing the vadar action switch. ) Do

)
e

.
ReA
“

INTRODUCTION

.

The ATF radar is a compact, highly reliable coherent air-to-ground radar

with additional capability for air-to-air search and target track. Physi<

cally, the radar incorporates proven, advanced high density packaging tech-
niques resulting in a basic radar configuration in the 350 ground category.
Excellent reliability is achieved through nﬁximum,uti1ization of digital
circuitry in the form of full wafer LSI, conventional hybrids and integrated
circuit designs. The system incorporates a Built-In-Test (BIT) system which
provides a continuous measare of system performance as well as fault isola-
tion capability. ¢ - .

The system provides the following air-to-ground capabilities:

; VAl

" (1) Real Beam Ground Map #
(2) Ai r-to-Ground Ranging

(3) Navigation System Update

(4{ Synthetic Aperture Map ’
(5) - Ground Moving Vérgét Indication/Track’

(6) Terrain Clearance
" v

(7) Terrain Avaidance.. - ‘ .
Ground Magi-_A real beam, 80, 40, éO or 10 mile ground map is included in tﬁe
baseline design.” “Improved range resolution is provided in the system through
pulse compression means. . 0
Air-to-Ground Ranging - In this mode, the radar is slaved to the target .. :
designa;on;symbo] which appears on the YHUD. The position of the symbol can
be controlled by the force controller throughout the VHUD field of view..;
The rgdar measures the range along the boresight to the target utilizing the
elevatipf monopulse difference signal‘as a range‘discriminant. The range;
me ement .is- enteréd into the weapon delivery computer by depressing thé.
action switch, ' 4!

3240
Lae
wL e

Navigation System Update - Angle and range information utilized by the ﬁ%ﬁjga-
tion computer can be updated by using cursor displacement signals and the;
ground map. The cursor is positioned initially by the navigation computer to

@ reference point on the display: the error as measured by the radar can be

reduced by manually positioning thé cursor to.the radar detected refergnée
point. The' new.range and azimuth coordinates are entered into the na{ngation

g




i

Synthetic Aperture Map - Synthiggé/aperture radar (SAR) utilizes coherent

« doppler gradient processing acroés the antenna beamwidth to achieve azimuth
resolution significantly improved over that wh#th could be achieved from
conventjonal brute force processing across the reéal beam. Two different
synthetic aperture modes are provided; a doppler beam sharpened (DBS) mode
and a squinted spotlight mode. ' \

The DBS mode provides 10:1 improvement in the azimuth resolution over
the foyward sector 10° to 45° off the velocity vector either side in a for-
ward sector scanning mode. This is illustrated in Figure 1. The DBS mode ¢

processed video would be displayed on a sector-scanned PPI type display
format.

The squinted spotlight SAR mode provides constant azimuth resolution fﬂf’q‘§
independent of range and fixed range resolution resulting from pulse’ compres-
sion. This mode can be used for passing scene mapping where the antepna is
held at constant squint angle or map & fixed ground sector by scanning the
antenna. This SAR mode could be used over squint angles from 30° to 90°.

~The number of looks refers to the number of map images which are non-coherently
" summed to alleviate target scintillation and homogenous .te¥rain intensity
variation,

Ground'ﬁsving Target Indication/Track - Ground moving target detection and
tracking\if provided by this mode.

Terrain Clearance - A method of sensing a terrain profile in a vertical cor-
- ridor, ‘the computation and display of maneuver templates that can be superim-
iposed upon the radar data as a visual warning and the generation of verggcal

Steering commands to the pilot is provided, M

Terrain Avoidance - A manually selected mode including radar sensing and
'display to aid the pilot in manually contrdlling the aircraft so as to avoid
:terrain features projecting above the clearance plane.

oS

The following air-to-ajr modes are provided:

Air-to-Air Search - The radar is mechanized to search a wide volume (+ 90° x
"% 60°) with 1, 2 or 4 bar $can. The operator may select the scan width and
number of bars and position the search pattern anywhere within the antenna
gimbal 1imits. During search, uhambiguous range and angle are presented to
the pilot on a clean (clutter free) display by.processing programmed multiple
PRFs during the time-on-target throughout the entire search volume, .

~Acquisition and Track - Target acquisition (or radar Tock-on) is initiated
-through use of a range and_azimuth cursor ang a computer controlled auto-
' jacquisition scan. After the cursor is manua 1y positioned to the approximate
% *range and azimuth of the target, a depression of the acquisition switch causes
" the radar to acquire automatically the designated target. Angle, range, and

3
-
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veiocity tracks are achieved within two seconds. Target illumination, pre-
launch timing signals, and tracking data needed for employment of the Sparrow
missile is incorporated into the system. -

Dogfight - The dogfight mode is designed to provide a head-up acquisition and
attack capability. Depressing the dogfight switch causes the antenna to
automatically scan a 20° x 20°.volume centered along armament boresight. A
symbol is presented on the HUD at the target look angle, permitting the pilot .
to verify visually that th&radar is locked on to the desired target. °

INSTALLATION - ' (/

The system con¥sts of six Line Replaceable Units (LRUs) as given in
Table I. The radar antenna installation is shown in Figure 2. The trans-
nitter and receiver/exciter are installed directly behind the antenna and the
remaining LRUs are installed in the avionics compartment below the cockpit. :
ladar parameters are contained orv Table-1I.

<«

L3

S TABLE I
' é
. } ™~
LRU ! WEIGHT
Antenna: . 55° Lbs ,
) | Trgnsmitter e 165 Lbs
1
4 Radar Signal,Processor 40 Lbs | *
P ) »
% 7| Radar Data Processor 23 Lbs
Receiver/Exciter ) . 41 Lbs
Low Voltage Power .Supply ‘ ;‘ _26 Lbs
' ‘ T 350 Lbs
8 ~ — =
. , 3 - L . P
Prime ‘power is estimated to be 8600 watts. Liquid cooling-will be

required for the transmitter.~Forced air. cooling will be required for all
other units except for the antenna which will be free connection cooled.

ANTENNA . . \

The antenna is a 24 inch diameter circular XJBénd,p]anar array. incor-
porating a sum and difference network to provide a monopulse capability and
six dipole elements to provide an IFF capability. RN o b

o




) FreuRe 2

S

- ANTENNA  °

&

. ;o TABLE II
RADAR PARAMETERS

s

RF Frequéncy . ~X-Band
= . - |
Antenna - Sy
T)J/Pe i ‘ Planar Array
Diameter 24 Inch
Gain v 33.8 db |
Beamwidth 3.8° : .
Scan Limits ) + 90° (AZ) x + 60° (EL)
*| Average Transmitter Power 800 Watts :
PRF. ?
“ N
Low . 0.8 - 4 KHz ¢
Medium ' 8 - 17 KHz
| Noise, Figure - T 2.5 db
v,

p—




:5 ) . ‘J,\ 'lJ
The function of the planar array is to receive a high-power X-band RF
. .Signal from the radar transmitter and to radiate a narrow beam for target
illumination. Radar echoes are received and routed through the microwave
processing circuitry of the antenna. Three signals (a sum, an elevation
difference, and an azimuth difference) are obtainable firom the planar array
" sum-and-difference network on receive, so that two-plane monopulse capability
is provided. These signals are combined within the microwave processing
circuitry to provide a signall from which angular tracking information is
available. , ) | i

4

TRANSMITTER “ \

The primary function of the transmitter is to amplify and modulate the

X-band signals suithble for transmission 'through the antenna for the prin:

cipal radar functions. A gridded traveling wave tube (GTWT) is utilized as

= the final amplifier for the pulsed radar signals. A CW traveling wave tube
provides continuous wave RF signals for AIM-7E and F Sparrow Missile illum-
ination. TWT power supplies and protection circuitry, modulators, transmitter
control circuitry and various related microwave components are.located in
this-unit. Both the GTWT final amplifier and the CW TWT are-liquid cooled.
Thédhigh power portions of the waveguide, up to the: multipactor, are pressur-
ized. LT : ' ‘
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RADAR SIGNAL PROCESSOR

o~ 7

¢

. The tadar signal processor provides range gating, doppler fjltering,
post-detection processing, and timing and control functions. The synthetic
aperture processing o e digital signals for the high resolution ground

= map mode, and the GMTI processing are performed within this LRU.> Th range
gated doppler filtering required for the medium PRF air-to-air modes is
R " . included in this unit. In addition, the digital processor provides low PRF .
¢ outputs for air-to-air pulse operation, air-to-groimd mapping, and air-to-
ground. ranging operation. During tracking and air-to-ground ranging, the
monopulse signals are‘processed and,gated to the RDP where angle, range s and
doppler errors are derived. The digital processor includes 4 timing and
control, function that provides’ thé basic radar clock for range gating,
) processor timing, and medium PRF generation; in addition, it provides syn-,
s chronization for changes in RF frequencies..

Pa
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RECEIVER/EXCITER .
The ReCeiver/Exciter LRU performs-the low noise amplification and condi- .

tioning of the received signals and provides the coherent local oscillator =

- signals and RF drive signals for the traqsmjtter.

The radar receiver portion performs low hoise amplification and signal
conditioning on low level X-band energy reflected.from the target and received
by the antenna group. The receiver configuration is primarily governed by the
requiremerit for a parametric amplifier and two-channel Monopulse capability.
By various combinations of microwave and IF switching, the.receiver. provides
three distinct operational capabilities: (1) low noise parametric amplifier
and two-channel morgpulse receiver. The Tow noise parametric amplifier
operation is provided in the sum (z) channel anly. To ensure wideband mono-
pu]seq$erformance, identical components are used, where possible; in the two
channels. . ' : ' a

The exciter provides phase spherent, Tow noise, RF drive for the gridded
traveling wave tube (GTWT) and CW RF drive. for. the CH TWT in the transmitter
unit. This unit also generates and providés a local oscillator (LO) signal
to the receiver unit. The RF oscillator is capable of tuning the -transmitter
drive and LO signal to any one of six radar channels in the RF band while
maintaining a highly accurate frequency offset between the two signals. Six
' CW channel frequencies are also provided... The RF oscillator unit also provides
(1) the frequency modulation ranging (FMR) for the GTWT drive, (2) coding
oscillators for the AIM-7E and F missile frequencies, (3) binary phase shifter"
for coding-the GTWT RF drive during pulse compression modes and (4) RF blanking
of the GTWT drive output when commanded by the transmitter unit to® prevent GT
drive leakage during receiver listening time. Basically, this consists of §ix
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plug-in modu]es and a filter assembly. The modules are: (1) PD RF generator
control, (2) radar RF generator, (3) LO reference generator, (4) vgltage regu-
lator and channel control, (5) CWI RF generator control and (6) C F gener-
ator. A1l input and outpuf signals, except those supplied through coax
connectors, are fﬂtered & individual filters Jocated within the filter
assembly. ‘

LOW VOLTAGE'PONER SUPPLY

»

-The Tow wgltage power supp]y and antenna servo electronics are combined
within this LRU. . .

The funct1on of the 1ew voltage power subsystem is to convert and condi-
- tion aircraft prime power to the voltage forms required by the app11cab1e
units of the radar set. This subsystem consists of_ three modules in the low
voltage power supply unit, the power conditioner in the digital processor
and thirty linear regu]ators located throughout the radar. The power supply
processes the aircraft 115 Vac three-phase, 400 Hz power and provides eight
semiregulated, two regulated, and one special dc voltage output. Linear
regulators are located in the LRUs. The linear regulators provide the final
regulation and ripple reduction required, as well as current 1inﬁting.

The antenna sérvo system is composed of a-number of rotating components,
mounted on the antenna gimbals, and the servo electronics, which are located
in the low vo]tage power supply. The gimbal servos (e]evat1on and azimuth)
can be- operated in either a space-stabilized or an aircraft-referenced mode.
The space-stabilized mode is mechanized thrbugh the use of rate 1ntegrpt1ng
gyros. The airtraft-referenced mode is provided through the use of tachome-
ters. Azimuth and elevation positions are controlled by dc ana]og rate com-
mands from the radar, data processor.
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BUILT IN TEST ' ‘ .

BIT tests aré designed to exercise and analyze the radar set as it -nor-
mally would be used., BIT, uses system functions and BIT monitors in an inter-
woven test design consisting of continuous monitoring by on-1ine devices,
continuous (at the end of antenna bar and/or -frame) monitoring of the selected
mode and initiated testing at operator discretion. . Tests are mechanized which
provide the maximum test capability without weight’ or volume penalty or oper-
ational perfoirmance degradation.

The BIT provisions accomplish testing in all modes of operation whether
in flight or on the ground. The tests are organited into software sequences
which continuously test the mode of operation sélected at the radar set con- .
. trol. Additional tests which are either on line continuously or can’ be inter-
*.mittently inﬂtiated provide- fault ‘detection of critical element failures which

would not otherwise be obvious. Operator initiated.BIT tests are provided for -
those functional tests which would disrupt normal system operation were they
automatically commanded. .

The in-flight tests are designed to detect failures within the radar set,
communicate the failure indication to the operator, store the test result in
the RDP memory and set a latching annunciator if the failure can be isolated
"to a specific line replaceable unit (LRU). Failures detected in flight which
cannot readily be ‘isolated to a single LRU are fault isolated after completion
of the mission. this fault isolation test makes use of additional software
routines after the weight on wheels indication is received. The added tests
are required only for failures which occur in difficult interfaces Such as the
target acquisition checks, RDP input/output interfaces or Radar Set/extermal
avionics interfaces. Most common failures (> 80 pefcent of-total failures)
will be isolated to an LRU automatically; therefore, ground fault iselation
will not be required in most cases of radar set organizational level. mainte-
nance. Fault isolation consists of special software data reduction routines *
which search the test result matrix for logical fault assignments by deductive
reasoning. W e ] ‘
RELIABILITY .. - - ,

; ) ar N

The radar is' designed to have a system reliability in excess of 63.4
_hours. ~Experience in modern radar design and production plus advances in
microcircuit technology, improved thermal design -andpackaging techniques,
provide the basic guidelines to be employed in achieving high reliability:
Standardizatioii of- parts selection is#being achieved through close coordina-

" tion between: €omponent specialists and responsible design activities; particu-
lar emphasis is being placed on documenting cdiponent application and derating
criteria for refinement of starfdard parts lists. Specific MIBFs for the LRUs

and system are given in Table III. ° . R
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MAINTAINABILITY S , :
Maintainability design features incorpo{pxgﬁgjé the radar simplify main- .
tenance procedures as evidenced by the minimum SR¥YT 1evel requiremént of
persognel and the Tow system mean time to repair (MTTR) at the Organizationdl
and Intermediate leyels of maintenante. The pr diction for MTTR at- aircraft | )
is 1ess than 40 minutes where usually only one/apprent1ce mechanic perforﬁs - ce
the waintenance tasks of rep]ac1ng the faulty }RU and verify system repa1r P
LRU maintenance in the shop is performed by mechanic level personnef who . S
accomplish fault isplation to the shop replaceable assembly (SRA), rep]ace :“./.
the fau]ty item and verify repair in a mean ;1me of less than 40 m1nutes o
Bit and piece repair of faulty SRAs is accopplished.at the Depot eve] of -
maintenance. Organizational and Intermed1;te Tevel MTTRs are given 1n Tab]e
II1. . , /

.

.The most s1gn1f1cant contributor to the ease of maintenance and. 1ow MTTR
at-aircraft is the built-in-test (BIT) design of the radar. Thg BIT mechani- |
.zation enables both airborne and ground evaluation of the func#ona} charac- .
teristics of the radar and indicates the go-no-go, status to tHe pilot or. oo
maintenance personnel.. BIT detects 95% of radar catastrophic faildres and R
measuwed out of tolerances conditions, and provides fault 1so]at1on to. the , . .
WRA. BIT thus~ ‘eliminates, .the usual lengthy fault isolation procedUres asso-; .
ciated'with at-aircraft maintenance and the need for any at- a1rpraft test .
equipment. The proposed mechanizatioh is a proven des1gn similar to that now
incorporated in current product1on radars. ;}( ; Do

- A !

ORGANIZATIONAL LEVEL TEST EQUIPMEN . : ' .

\J
s L2

4. l
] Built-In Test (BIT) is used a]most.exc]us1ve1y for 0rgan1zat1ona1 !
(flight 11ne) lTevel support. With an absolute minimum of add1t1onai eqﬂ1

I
:
ment, BIT is fully capable of detect1ng and isolating faults to the a1r rai :\Q

bm -

rep]aceab]e LRU and verifying repairs. No external equipment , except a
craft services, is required to,operate BIT. It features both a1rborne aﬁ& .
ground continuous mon1tor1ng and initiated test sequences. All fa1Turq 1 X
information is preserved irn computer-memory for use by maintenance persohh%h o
Only a few items, in addition to BIT, are needed to support the ARS at th \ 3
Org#nizational level. These include hang}fhg equipment, means of- measur1§§b

aircraft cabling integrity and a waveguide pressure leak detector Failed,

LRUs are returned to the Intérmediate leve] shop for repair. No harmoniza-}
tion or other adjustments are required when replacing an LRU at the aircraft
In many cases, the stored BIT data (BLF matrix) provides enough information \
to isolate _below the LRU level - inf nnat1on that could be vital for emerﬁ\
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