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FOREWORD

4 WORD ABOUT THE FOURTR ANNUAL
FAA MAINTENANCE SYMPOZIUM

The Man In The HMaintensnce Reliability System is the
key to aviation maintenance safety,

Are we keeping up with technology or hsve gaps developed
tetween the advanced design and construction technigues
and the man who performs the tasks that ke~ o the airersf
in an sirvorthy condition?

Experts in their respective fiuius gathered at the fourtk
annual FAA paintensnce symposium, &t tha Skirvin Hotel,
Oklahoma City, Chklahoma, on Declnuer 3, 4, and 5, 1968,
to discuss The dszn In The Msintenance Reliability System,
This publication i3 s compllation of the papers presented
at that symposium, -The papers indicate what is belng done
ta keep the msn in the maintevance relisbility system
current in hisz vecation sud siso fore..st future trends
and needs,

Papu.-s presented at this fourth annuasl FAA maintenance
semposium represented “he opinions, ddese, practices
and proposals of each individusl panelist who in turn
reflected the policies and prsctices of his respective
company. The speakers have granted permlesion to the
FA&L to ve,int and publish thelr papers ac presented
£ the 1568 meintenance eywposium,

A4 st of the symposium sitondees will be found fin
the back of thie¢ woiree,

Ixye ,:;,,,Z" .




EROLOGUE

WHelcome to the 1968 Msintenance Sympoc'um, 'The Man In The
Palnte. ance Relfsbllity System -~ A Positive Visaw." This even:,
which spnually bdrimgs together the top people nationslly and
internationsily in aviation maintenancs, begen fairly smodestly
in 1965 te exchange information about maintenance reifsbility.
Tt has been successful not omly aun terms of aitendsuce and pay-
ticipation but alsc in the guelity of the icformation exchanged.
Our first symposiuve featured the maintainsbiliity sud reliebilicy
of sircraft propulsion systeme, The second, in 1965, dealt with
airesreft structures. Lest year, alrcraif systens were emphasized,
This yesr, we will bighlignt the man in the system.

Zach of the paspers preosented durving this symposiue will deal with
some aspect of maintenance relisbilicy as i¢ aff-ats or is
affectad by the men in the svstem,

I will not attempt Lo compete during the prologue with the
professionals who are presenting the papers, but I would 1like
to say a few wordsn sbout why w2 are here,

Pirst, let us net forget the nan. We sye here (o talk abeut
agintenance reliabilicy but, wore impeorrentiy, about the man in
the system., If we stray too far afield, we will not have
accomplished our purpoge, I wonid be well for us to remembai
that "maintensnce” has 1ts ruats in owo Latin worde (msnu iene. 2}
thet mean ''to know for certain® but which, literally rranslated,
meat "to hold im the hsnd.'" Hew, I do unt see how we can come
move directly to the issurs than to discess the bands sn which
the reliability eyztem is held,

Secondly, where does the man in your maintensénce relisbility
system fi¢ in on your planning? ¥Whery doss he come frum, how

dz you select him, how do you trein him, how do you make rhe

beat use of him, L.tu from your wiewpoints and his? We shall
lnarn, I think, that he knows or can be made 2o know, what is

to be done and how to do {v, == but does he know why he i& defug?

Preesnted by Harry A, Turnpsugh, Chief, Maintenancs Divisicn,
Flight Standards Service, federsl Aviation Administvarion,
Department of Transportetion, at the FAA 1968 Maintenance
Symposium, Oklahoma City, Oklehoma, Decamber 3-53, 1968,




Bewe he understend what your reliabiiity system neede to accom-
7i.ish to be successful? We must remember thet ne wmatter what
procedures; ressurces, or standards are prescribed o make 2
waintenance reliabilicy gystem function, its ulitimate outcome
+will depend upon whether the pesple who perform the necessary

sections and nake the juagments "get the word.”

fneoy the oarly days of large scale relisbility programe, & lot

¢ thought, action, and vesources have been expended to cenvince
wanagemeat end plenning levels in indusatry and government that
melntenanes relisbility systems not only a e gocd busincss sense
but praduce che desired results in terms of safety, In & very
real ssnge, wansgement hes sold reliability concepts to management.

But, couversely, not much hés been done to help the men who "hold
e veliabllicy systems im thear hands' to understaud what seort
i

£
gf thing ther arve dealing with and what it iz producing.

3 g

t is frue that time and exposure are grest teachers, but many

£ the avery~day decisions and judgments tha® wst be msie down
at the working level depend upon & knowledge ) what is intended
to be sccomplished by the whole system. My mesesge is thig —
"When you #re talking maintenance reliability, remember the man.®
It couid mean the difference betwsen success and failurs of the
program or even between safety aond disaster.

Ag you have noiticed, the subticle of this symposium is “A Positive
Yiew.” L&t me opesk a few moments about a pozitive effo:~ that

is intended to oifer some recogniti~n to the wven who have contri-
buted #o muck to aircrsft meintecarce end relimbilitv. Each

vesy gince L9673, FAA sod industvy have engsged in 2 cooperstive
venturs o provide some rocoguition to the aviation mechanic
through the Annual Aviatiou Mechsnic Safety Awsrds Program,

The purpoese of the swards grogrem ie to give recognition Lo
avigiion mechonics who are making outstanding contributions
teo aviation cafety by malatenance practices.

it enables the public to ~ecognize the importance of the mechanic
s aty salety snd serves to focus the attention of the mechanic
nimsell upon nig vital safety role,

Nominations are accepted from mechanics theamselves or from oile:
persons who konow of original snd significant contributiong to

air safety by msintenance practices. Entries are judged in three
categories: fmprovements or sirframes, engined, or comporents;
improvenents 70 mainienance or inspection procedures; and out-
standing demos rration of professionalism in carrying out a
mechanic’s dutles,




State awerds are pade to general avistion winners whe are, in
turn eligible ¢o cowmpete fov reglional swards  Regicnal ewards
ore mide to one 8ir csrrier mechanic and one general aviatien
zachanic in each of the elg " FAA regiuns, Peglonal winners
~xppete for the national awards. HNations! awards sve made to
on- genersl aviation mecharic and one sir carrier wechanic,

Each winnaxr ig given & cexrificatc or plague, end in the case
¢f the national winneras, an especially crested medallion sad
other wovs-tengib.« rewarde frea various industry associstions
and coOmpani« 3,

The Avistion Mechanic Satety Awsrds Program can be judzed to

be a succe~s in every way., Through {t, we bave been able to
glve some much-deserved recognition te a few of the outstanding
contributisns being made by aviation mechanics. Your support of
the progrem ig invited. If vou know of originsl an? significant
contributions to eviction safety by maintenance practices, make
& nominstion, If you would like to participate in other ways,
let us know,

While I have spoken prawevily aboul the mechanics in the system,
this sywmposium is not limited to him., For a system to be succeas~
ful all wer in the system must be considered. The man, the asuper-
visor; the teacher, the one who prepares maauals of instruction,
the computer man, the parts man, the plaanner, etc,, =~ they are
all part of the system and they ar= all necessary

I would like to thank sll the people in the industry who have
offered to pressnt peoers during the limlted tine avallable.
The moat difficklt task during the planning of each year's
syuposium fg the selection of papera from the many that are
offered, We have made a sincere effort to select papers rhat
will offer ycu &8 well-balanced agenda and te representative of
those i{n attendance.

I will now cell upon Mr. Robert Burbick, who heads the Regulatiocns
and Directives Branch of the Malntenance Division, io give u. 2
brief over-view ¢ the complex that makes up the regulatory portion
of the maintenance reliability system. Perhaps we can use his
remarks as & soit of lsunching pletform from which we will proc o
diractly with the business »t hand.

Thank you for coming. e look forward to exchanging views ~nd
information with you for the next 2% days,




ATRMAN CERTIFIL ‘TION

oo

The major missions of tha FAA are:
*Promots safety
*Tngure e¢fffcient viiiization of alrspace
*Promote air commerce and civil eviatfion st home and sbosrd
*Pulfill nstional defense vequirements

*Administer programs eificiently and econcmically

%

Qur sponsoring this svywposium {alls maiuly under the first mission;
i.e., Fromote safety. We trust all of you will leave our fgurth
annual maintenancs svapoeiuvm sotivwated by the various pressnta-
tions and discussiong = thsat you will have & better understanding
of the many roles played by the numercus men and wimen in the
reliability system and why we must continue to work rogethey fov
continued growth and safer sir transpovraticu.

The Man In The Maintensnce Relisbility Syztem is the cgtal
in &1l of our FAA safety programs. By nc means do we wich
ignore the ladirs,

They are an integral part of the total system that makes ovr U.S§.
Civil Aviation snd Asvospsce industry the largest and mosf success-
“ul in the world,

There is an old saviation axiom that goes 1ike this:
"Aviation is noi inherently dangerous -~ but to an sven
greater exteat ths he sea, it 15 terribly unforgiving

of eny carelessness, incapacity, or neglect. Safery of
sircraft {s delegatad thirough various levels but in the
finai analvais, it {8 the mechanic working on the aircrait
who has this responsibility.”

The efforts of many cf these artisansz, the enginee s, pilots, and
managers on the reliability team go unrecognited. As th» varigus
panels make thelr presentations, one should realize that while we
in regulation business of FAA are inclined to point our rules a:
those persons or sgencies hcolding FAA cert.iicates -~ we ghould
not lose sight of the maay thousands of non-certificated pevsons
who wmake it possible for cur {irdustry and safety programs t»n be
the success that they are.

Presented by Kobecrt A, Burbick, Head, Regulations and Directives
Branch, Meaintenance Division, Flight Standards Service, Federal
Avistion Administrstion, Cepariment of Transpuriation.
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At thiz time - the atart of our symposium -- we nead some
seri of & benck wors {rom which we can mecizure the scope of the
gysten, sapeclally frow the manpower and dollar point of view,

First, iet's ‘dentify the number of persuns holding FAA
certi{ficRter, =~

Dur ilstest, rvecowds (1966) indicate there are cover
88% tnousand sctive certificated atrmen. Of thisz
nunber appyonieately 20% are certificated mechanics,

Filots and rlight engineers account for an additional
70%. .

Loutrnl tower opersaters, dispatchers, ground inspectors

parechuis riggers and o hers make up the remaining 1GR. .

The serospace industry 1s the nation's ldargest manufac-
turing emcloyer; last year theilr pasroll alone tetaled
i2.4 billion dollars or 9.2% of the total U.S, munufac-
turing payroll.

Adircraft and engine manufacturers emploved 367,000
production workers in 1967, The aserospsce industry
employed 371,200 engineers and scientists, Other
associated jobs emploved 100,000 men and women. The
waisrile and space Iindustry emuployed an additional
620,000, This adds up to cver 2 mtllion persons,

The U.5, civil sircraft fleet numbers spproximately 142,000,
“ore than 72% of the 3,561 aircraft vperate’ in the world's
civil sirlinges weve designed and bulit {a the UI,8, to our
standarde,

Lasi year, genersl aviation msnufalturers produced 13,577 alvcraft
valued at over 3159 million dollsrs. Major mauufaciurers of
servnavtical products report a backlog of «0.6 biilion dollsrs,

e, I{n FAA, consider il of these persouns and facilities play a
asjor role in the total maintenance reliabllity system, Once

the aircraft {9 dasigned, built and wmarkefed the primary responsi-
bility for its safe operstion rests upon the owner and the
cercificated glrmen &nd maintenance facilities.

Time wiil not permit a discusgsion of all ot theiv activities.

However, we do want * . sp.tlight the ceriificated mechanic
becsuse he {s the “.rman identified in the Federal Aviation Act
of 1¥58 .s the inuividual whe is directly in charge ¢f the
iaspection, malntensnce, overhsuiing, or repalr of sivcersaft,
sircraft engines, propellers, er appliancss.




Further, Section 6i0{2)(4) of th. A .t statesz -

"It shall be unlewful ~— for any person t. s&rve in

any capacity s &n airman in connection with any civil
aircraft, aircraft :mgine, prepeller, or applianc: used
cr intendad for use in air commerce without an airman
certificate authorizing him to serve in such capacity,
or {» vioiation ~f any term, condition, or limitation
thereof, or in violation of any order, rule, or regula-
tion issued under thilsg title; ()"

The first Faderal Regulation involving the issuance of mechanic
license was contained in Section 72 of the old air commerce
regulation effective December 31, 1926, It provided for an engins
mechanic license an< an airplane mechanic license., The €irst
license #1 was i{ssued to Frank G. Gardaer of Conllege Park, rcd

on July 1, 1927,

After adoption of the Civil sero Act of 1938, Part 24 was
implemented. It provided for the issuance of an aircraft
mechanic rating and an aircraft engine wmrchanic rating.

Amendment 109, effective May 16 1941, provided for the issuance
of a factory mechanic rating.

Ic the fall of 1944, the C'‘vil Aeronautics Boeard proposed to
amend Part 24 to provide (or sdditiconel mechanic ratings and a
higher degrea of specialization. This proposal was not adepted
and since that time, there have been numerous efforts o
recoynize in the regulations (hat industry has developed a
nighly specizlized cadre of mrintenance persconne. whog=
utilizatiosn is somewhat restricted because of the alrmen
veguirements of the Act,

Morecver, gince the end of Worl) Wer 11, we paviodically receive
petitions to amend the rules to provide for further specisl{zation,
The latest involves such areas as avionlcs, heiiccpters, iet engines,
and certsin nondestructive test oparations,

While we are sure these petitinsners are sincere, thoy heve not
provided & very strong argument or compelling safety -sascen why
it i{s in the public interest to expand the msintanance siroan
certificaticn system.

Actually, we hive a vary effective method of recognizing
specialized mechanics skilis. This {s the repsirmsn cercifi-
cete, Tt ig used to .ate personnel in specialized areas whare
both skill &nd fscf{lities are neeuded and personnsl do not
normally meer the full requirements for A&P certificate.




Bfficient and effective urilization of fechnicel menpower is

a must for the future; therefore, we must continue to search
for the answers or solutions to th - tecinfcal manp -er shortage
in cextain areas of civil aircraft maintenanc-e.

Te gein a broader understending and f{ndustry arnreciation for
the probless facing wmaintenance alrn.n, ¢ TAA in 19H) was
irstrumental in causing the California Avigtion Educe.ion
Asrociation to undertake a study {in Calilornie to determine

the 1. Juatry requirements for sirframe and powerplant mechanics.

Thie activity subscquently resulted in 2 wuch more comprehensive
studv kuown as "A National Study of the Aviation Mechanics
Occupetion,” This study will be discussed by Dr. Allen on Panel
IV Wednesday.

While ther» has been no significant change in the mechanic
certificate requirement, there have bee. wscjor changes in
other FAA rules snd operating procedures, Today, repair
stations and mechanics with inspecti.. wsuthcsizations ke s the
general aviation fleet opr-eting on a day-to-day basis,

Taey return the majority of major maintenance work to sevvice,
Various FAA dzsignees perforr & .arze portion of the examir <tione
and tests required by the airmen certification regulations. Repair-
ren perform very vital speciclized ssfety functions st repair
station eand alir carriar maintenance bares,

Jiiie thsse airmen programs 4o generate problams, they sre without
guastion an esseniial part of our safety progras and provide a
palsn-s between safetv snd taxpayer burden, It's hard to knock
auccs3s and theve Is little guestion about the success of the
pressnt svsisam., Even so0, there is 2lvays roce for iaprovement.

The various presentaiions may prompt specific questions iavolving
ot maintensace and Rirmen coriificaetion Tulaes, procedures or
future plans, ¥We fovite you to mske & note of the question and
premant ir o the FAA Maintenance Division Branch Chiefs 2t the
Thursdsy morning gquestion aud answer session,

We hope the svwposiom snd {(ts frae axchangs of idsas will provids
vt withh additional jnsights intc the proper training and certi’ .-
cation and swwilizetion of asintenance sirmen., That {n snme way,
£t will mata the maintensnce reiiabii ity avstem betier and :hst
811 of us who hsve had & part or the action will leave Jklehoma
City and this symposius activated to d- & botter job ror safety
gnd our smployer.

&




s CNEERINGI/MAINTAINAB LLITY INTHERFACE ON THE <-5%A

INTRODUCTION
%S A PART OF ITS CONTINUING PROCKAM OF AIRLIFT DEVELOPMENT ACTIVITIES,
LOCKHEED-GECRGTA COMPANY BAS DEVOTED MANY YRARS TO DESIGN STUDIES IN TUE

CATEGORY OF HEAVY LOGISTICS TRANSPORTS.

1964 AND 1365, UNDER UNITED STATES AIR FORCE CONTRACT, THE COMPANY
REFINED ANDT FURTHER DEFINED ITS DESIGR CONCEPTS IN COOPERATION WiTH THE
MILITARY . . . AN EFFORT WEICHE EESULTED IN AN OCTOBER 1965 CONTRACT AWARD

PROCTREMENT OF T7E C-5A. TFR UNIQUF TOTAL PACKACE CONCEPT AZSIGNE
RESPANSIBILITY FOR ENCTNEERIVG, DESIGN, MEVELCOPMENT . TESTING, AIRCRAFT

PRODUCTICH, SPARES AN TUTAL SYSTYM PERFORMANC: PO TEE PHIME CONTRACTOR.

DESIGNATED TFE £-54 BY THE T, 3. ATIR PORCE, THE AIRPLANE IS NuW 3ETRG MANL.

J807 0 AND ROLD

IT OMAY WELL REVOLUTIONIYE TEE
CCNCEPT OF FPLEXIRLE RESPONSE AND RAPID DEPLCYHENT OF . §. MILITARY PORUES
ARQUND THZ WORLD, THE LOCKHEED-G CUMPANY, A DIVILILR COF THE LOCKERED

ATRCRAFT IORPORATION, IS r350UD TC BE THE INLUSTRIAL MIMEER QF THE TEAM

(NG THE UNITED STATES AL PORCY Cw- 4. PARTICTTAR IMPHARIB

HAS TEER JIVEN IC THE .54 IN THE AREM OF MATETAINABILITY.

SURVEYS CONDUOTED BY TWE AR FCRCE SEVERAL YEARS &G0 IN CXUIUNCTION WITT
THEE DSVELOGMENT OF A GUIDE TO MAINTAINABILITY ARE QUITE REVRALING, THE
¥ORE SISNIFICANT JIRTINGS OF THE SURVEYD INDICATED "HAT, LLVHQOUDH HAIETAIN

AND TE® TRDENLYING U CRPTS afE WIDELY ACCEPTRR.

MoAhee art Thomas Hall, Youran Salt s Vaginewr,

TeEvgteTs nogine NRteedese 0T ta U0, &
todorp., tar Paver presented Dy Wil il N
RIS S LoVl e Lhs




THERE 1G ROOM FOR IMPROVEMENT. THE FINDINGS /LSO SHOWED TasT A BASIC
PROBLEM OF MAINTATNABILITY, AS IT IS CONCEIVED, UNDERSTOOD AMD FRACTICER
TODAY, I8 TYE LACE OF CCMMCR ACREEMENT IN THE FOLLOWING:
{1) THEY FATURE, 9CURCES, AND CONSEQUENCES CF THE PROBLEX, I.E.,
WHAT REALLY IS THE PROBLEM OF MAINTAINARILITY?
{2} A METHOD FOR ¥PASURING M&INTAINARILITY I[N CRDER TC %VALUATE
AND DIRECT EFFORTS INTINDED TO IMPROVE MAINTAINABILLTY,
{3} A CONSOLIDATED SET OF BASIC DESIGK REQUIREMENTS TEAT .S DIRETTLY

RELATED T0 THE EXPLAEATION AND THE KETHOD OF MEASUREMENT,

BACE OF TRE TRREF PROBLEMS, ACCORDING TO THE RESEARCHED LITERATURE, ARE THEE

FPROBLEMS WITE WHICH MAINTAINARILITY SECOULD BE CONCERNXED,

THE INFORMATION IF THE NEXT SECT..” PRESEWTS A BRIEF VIEW OF TEE MORE BARTS
MATNTAINABILITY PROBLEMS. ALTHOUGH MOST OF THL ITEMS EERE HATW BEEM DIS-
CUSSED I¥ OTHER SQURCES, THE FRESENT SFPORT IS SIMPLY TO COLLECT THEM IN 4
GaOUP TO PROVIDE & "BIRD'S-EYDT VIEW® WHICH DEMONSTRATES TEF WEED FOR 4

HUMAN ERGINETRING /MAINTAINABILITY INTERFACE.

SCOFE OF THy PROBLEM

THE EMPHASIS UPOR MAINTAINABILITY HAS ARISEW IR RECOGNITION OF THE TREMFED-
OUS COSTS OF FAILURES AND MAINTEWANCE T0O THE AVIATI™™ INDUSTRY, MANUFACTUH-
ERS, ARMED SERVICES, AND OTHERS, AND THE ALARMING RATES AT WHICH THESE COSTS
ARE INCREASTNG. MARY CF THESE "COSTS" ARE WOT READILY DEFINABLE IN TESMS COF
DBOLLARS AND CENTS: THEY SHOW UP AS LIVES LOST OR FAILED MISSIONS. 1IN (GENWERAL.
HOWEVER, THE MOIT ACCHEPYED INDICATORS CF THE PROBLEM SEEM TO BE THE DOLLAR-
CUST, TIME, AND MANPOWER REQUIRED TO FOLFILL MAINTENANCE REQUIREMENTZ. A

FEW ARMED SIRVICES FIGURES WILL 3FRVE TO ILLUSTRATE THE MAGNITUI® OF THE

PHOBLEM.
w2




f1)  ONE-THIRD OF ALL AIR PORCE OPERATIEG COST IS FOR HMATWTENANCE

/ —_ - - PO o -
{2) OFE-TEIRD CF ALL AIR FORCE PRRSONNEL ARE ENGAGED IN MAINTINANCE,

TACUGH & LARGY PORI

[}
M
)
=4
)
izj
e
o]
. 4
b
o
L&
2
e
kA
(]
™
pos
Ui
g
e}
N:
I
=
i;ﬁ
o
-
IV

(3) THR DEPARTMENT OF DEFENSE ANNUALIY PROCRANS APPROXIMATELY
7 BTLLION DOLLARS FOR MAINTENANCE 0P EXISTING BQUTEMENT.
(4) MATNTENANCE COSTS, OVER Tue [ZRIOD OF RXISTENCE (5-10 YBAKS} OF

&4 GIVENY FIECE OF EQUIPHENT OFTEN RANGE FRCM 10 TO 100 TIMES THE

ORIGINAL PRCCURERENT C OF THE EQUIPME:

{5) "UP TO 35% OF THE PROCUREMERT COST OF FE' SYSTEMS IS FOR KAIR.
TEFAFCE RELATED FEATURES ARD GRCUND SUFPCRT EQUIF

{6) TEE KAINTENANCE MAN-HCUR REQUIRSMENT HAS STRADILY INCREASED FROX

rJ
D)

» BAIRTENANCE EOURR PER FLYING HOUR FOR THE B.17 TO 120 HOURS

i

CR THE B-52. VWITE THEE EXCEFTIOR OF TRANSPORTY, SIMILAR CO¥PARI-

SONS ARE POSSIBLE FOR HOST COTHER TYPES OF EQUIPMERT.

FATLURES IF THEMEELVES EXACT HBAVY FENALTIES. THAY EFDANGER 7.1VES, JECPAR-

IZE THE SUCCESS OF MILIT MISSICES, AND CAUSE T4 DESTRUSIIOR OF COBTLY
TRUIPHENTS. OFTEN TAEY ARR RESPONSIBLE PNR LIMITING THE AVATLARILI?Y OF

MEN AND EQUIPMENT FOR STRATEGIC QR COMBAT USE

THE MAINTENANCE REQUIRED TC PREVENT OR CCORRECT FAILUZES EXAOTS MASTIC
ECONOMIC PENALTIES THRCUGE HEAVY UFKEEP COST3. EXAMPLES:
{1

~—r

A HANDICAF T2 PRODUCTION BECAUSE RESLACEMENT PARTS AND EQUIFMERT
HAVE TO BE PRODUCED.

{?) A STRAIN OF SUPPLY, STORAGE, AND SHIFPING FACILIWIKS.

(2) A HEAVY PERSONNEL BURDEM TO STAFF The STPPLY AND MAINTENAMCE SYSTEM.
(4) A CONSTRAINT CX RESEARCH AND DEVELOPMENT FUNDS USED TO FROVILZ
MATWTENAN"® EQUUPMINT, ACCESSORIRS, AND DOCTMENTS, AS TART OF NEW

WEAPON SYSTEMS.
-3




AVERACE ATR FORCE MAINTEHANCE MAX

A MAJOR PRCBLEM IN DEFINING THE DOMATN AND OBJECTIVES (OF KAINTAINABILITY
I3: WHAT PERSOYNEL FACTCRS SHOULD BE CONSIDERED IX DESIGH FOR MAIFTAIR-

ABILITY?

TEE REAI¥ OF "PERSONNEL PACTORS® IS VINTUALLY INEYHAUSTIBLE. AS CUIDANCE
TO THE SELECTION OF FACTORS AND DATA WHICH ARE APFLICABLE TO ANY GIVE®
DECISION, IT IS RRECOMMENDED THAT DESICN FOR MATNTAINABILITY:
{1) CONSIDER ONLY THCGSE FACTORS AND DAT. “3iCH - -
ARR DIRECTLY RPLOYABLE BY THE DESIGFER OR MAINTAINABILITY

ERGIN=ER,

HAVE A DIRECT AND MEASURABLE HELATIORSHIP QR ! .MONSTRABLE
SIGRIFICANCE, TC THE FEATUREZ AND CHARACTERISTICS (F DESIGH,

ARD

ARE SPECIFIABLE AS DESTGN LIMITS R REQUIREMENTS.

{2) ALLOW THE REQUIRED MAINTENANCE TO BE PERFORMED BY ANY OR ALL OF
THOSE MAYWT™WANCE MEN BETWERN THE 5® ARD 95* PERCENTILES ON THE
RELEVANT PARAMBTERS.

{3) BE BASED UPC. 1JE ASSUMPTION THAT THE FQUIPMENT WILL BE MAIN
TAINED BY THE AVERAGE AIR FORCE MAINTENANCE MAN, AS DESCRIBED

BELOW.

THE SKILLS THAT ARE AVAYLABLE AT ORGANTIZATIONAL AND FIELD LEVELS Ahke: AN
AVERAGE ALfMAR WHO I8 A HIGE SCHOOL GRADUATE, HAS 4 YEARS OF MILITARY
SERVICE, HAS CUMPLETED ONE BASIC TECHNICAL SCHOOL AND OFE ADVANCED TECH-

NICAL SCHOOL OF APPROXIMATELY 3 MuNTHS DURATION.




TEE AIR FORCE MAINTENANCE MAN OFFERS AN EWRQHMOUS RARGE OF POTERTIALY.

TIES AND CAPABILITIES. THE REALICATION AXD UTILIZATION OF THESE DEFENDS

i3
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JPON THE KNOWLEIGRABLE CARE THAT 0ES INTO EQUIPMENT DESIGH
AND TEE SYECIFICATION OF MAYRTENANCE ROUTYNES, PROCEIURES, 3JCEEDULES,

JOB AIDS, AND SUTPORT EQUUPMENT. 1IN A VERY REAL SENHSE, THE ABILITY OF
THE MAIRTENAKCE MAN IS A FUNCTION GF TEE DESIGH AND SUPPFORT CORSIDERS-

TIOES THAT CONSTITUTE Tui ENVIRONMENT IN WHICH H¥ MUST WORK.

GPERAY (ONAL PROBLEMS ARD PRACTICE]

COMMON DESICW DEFICIENCIES

SOME COF THE MORE COMMONLY MENTIONED DESICY DEFICIENCIES THAT CONTRIBUTE
TO TEE TECENICIAN'S PRCBLEMS AS REPCHTED BY MILITARY TECHIICIANS THEMSELYES
ARE:
(?) FASIENERS - "FASTHRERS CONTIN™® TO COME TN A VAST VARIETY OF TYPES,
SIZES, AND LENGTHS, AN DESIGNERS INTERMIX THEM UNWECESSAHILY.®
{2} CONNECTORS - "THERE ARE aN EXCESSIVE WUMBED OF PLUG TYVES AND THEY
PECOMF TADEN WITH POREIGN MATTER ARD MGISTURE."
(3} ACCESSIBILITY - "ACCESS PROVISIONS ARE A CONTINUED PROBLEM. APPAR-
ENTLY TEE CONTRACTCORS SUILD THE FRAME FIRST, THEN PROCEED TO CRAM
STUFF INTO I7.*
(4) SERVICING « “A LOT OF TIME I5 WASTED BY UNNECESSARY MOTTONS IN
SERVICING."
(5) CALIBRATION . "CALIBRAT.J¥ IS A REAL PROBLEM BECAUSE THERE LRE FEW
REAL STANDARDS. AMD STANDARDS SHIFT. ‘TCLERANCES PTACED OF EQUIP-
LENT (™ MANUFACTURE ARE OFTEN INTOLERASLE IN THE PIELD."

(6) INTERCHANGEABILITY - "EVEN THE BQUIPMENT BUILT TO THE SAME MILI.

TARY SPECIFICATYONS BY DIFFERENT CONTRACTORS DOESH'T CCNTAIN

INTERCHANGEABLE PARTS. THIS MAKES CANNIBALIZING IMPRACTICAL.™
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{7y TOOLS ~ “TOOLS ARE ROT SUFFICIENTIY STANDARTIZED AND TO0L REQLIRI-

MENTo ARE BOT SUFFICIENTLY COORDIRATED.®

POTENTIAL MAINTERANCE DESICN DEFICIENCIRS

THIRTY-NINE (39) FOTENTIAL MAINTENANCE LESIGN DEFICIENCIES WERE IDENTIFISD

DOP™ 0 wavcEGORY T TESTING OH A CENTURY SERIES NUMBERED PIGHTER ATRCRAFT.

THESE DEFICIENCIES WOk SUBSEQUENTLY CCNFIRMED AND COMMENTED UPQH BY AIR

FOR™T, KRAVY, AKD CONTRACTOR PERSONNEL.

THIRTY-TWO (32) OF THE TEIRTY-NISE {39) POTENTIAL MAINTENANCE DESIGN DE- ;
FILIENCIES WERE FOUND TO BE IN THE AOTAS OF ACCESSIBILITY, SERYICING, 4ND

SAFETY. THESE FINDINGS ARE CONSISTENT WITH THE ATR FORCE SURVEY REPORTS

DISCUSSED BARLIER IN THIS PAVEE AND FURNISH USEFUL GUIDELIN®S OF COMHON

DESIGN DEFTCIENCIES THAT SHOULD BE AVOIDED TN ARY MAJOR AIRCRAFT DEVELOP-

MENT PROGRAM.
C-54 HUMAN WNGINEERING/MAINTAINABILITY INUERPACE

ORGANIZATION

TLovKHEED IS RESPONSIBLE TO T..0 PROCURING AGENCY FOR INSURING THAT ADEQUATE
VUMAN ENGINEERING IS ACCOMPLISHED (A) DURING SYSTEM DESIGN T ACHIEVE AW
EFFECTIVE ASSIGNMENT OF SYSTEM FUNCTIONS TO MAN AND HMACHINE COMBINATIORS
THEREOF AND (B) THROUGHCUT THE DESIGN *ND DEVELOPMENT OF SYSTEM HARDWARE

T OBTAIN EFFECTIVE ARD SAFE MAW MACKINE INTERACTIONS AND COMPATIBILITY.

BASFD UPON PAST EXPERIENCE WITH THE £~130 ARD (-141 FROGRAMS, AIR FORCE

STHVEYS, AHD KNOWLEIGE OF rurENTIAL DESIGN DFTTCIENCIES, ORGANIZATIONS
AND WORKING YROCEDURES WERE ESTABLISH  ON THE C-5A PROGHRAM TQ ENHANCE
MANTAINABILITY. ™HE CRGANIZATIONS WHICH EVOLVED (HUMAN ENGINEERING

AND MATINTAINABILITY) ARE DIRECTED BY QUALITIED LEADERS WHO IN TURN REPORT

2 CENTRAL LEADERSHIP IN THE PERSON OF A DIVISICN LEVEL ENGINERR.

6.




THE LOCFEEED HUMAN ENGIREE

RING

SECTION, TERSONNEL SURSYSTRME EMNGINENRING

DEPARTHEET  APPLIES BALLC INCYLENE OF MAN'S URIQUE CAPABILITIES AND
LIMITATIONS TO RQUIFMENT IRSICK B

>
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DPACKAGE SIGW-COF7 PROCERURE.

{#) PARTICITATING !N PUELTMINARY DESIGN REVIEWS.
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(5) PARTICIPATING 1Y TIBILTTY TESTS.
{6) RECEIVING PSTE Fnif-~BACK.
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SOST MOCK~0PS DEVELCFED TC TEST POTEN-

TIAL PRODLEMS (OF ACCESSIBILITY, FEaASE OF MAINTENA¥CE, AND SAFETY
BEFGRE THY DESIGN I8 TROZEN.
{8Y ORGANIZING 4ND STAFFING ITS OR3ANIZATION TOWARD THE GOAL OF TNTE-
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, HUMAY ENGINEERTING

AMATNTAINABILITY 'S CONSIDERATION THROUGH-

OUT THE DRVELOPMENT AND TEST CYCLE OF THE SYSTEM.
(a)  CONDUCTT D DETATLED TASK ARALYSES ON MAIRTENANCE FITACTIONS AND
SELECTED DESIGN PROBLEMS OF THE C-5A ApD ITS SUPPCRTLIHG SUSSYSTEM.
(10)  ONTERACTION wITH HUMAN FACTORS PERSONNEL.
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TIRE INFLA&:ION SYSTEM

A TURBIKE DRIVEN COMPRESSOR, LOCATED BETWEEN THE RIGHT MAIN FORWARD AND
AFT WHEEL WELLS OF THE C-%A, PROVILES LOW PRESSURE AIR PO LANDING GEAR
TIRE INFLATION. HUMAN ENGINEERING EVALUATED THE PERSONNEL NOISE HAZARD

GCENERATED BY THIS TURBINE.

SLIDE 1 - PREDICTED SOUND PRESSURE LEVELS

THI3 FIGURE SHOWS THE PREDICTED SOUND PRESSURE TEVELS TN AKD AROUT THE
RIGHT MAIN WHEEL WELLS. I7 CAN BE SEEN THAT EVEN WHEN USING EAR MUFFS
AN™ PLUGS, PINSONNEL WORKING IN THE AFT WILL COULD BE EXPOSED TC AS MUCH
A8 120 DB. EXPOSURE TO STEADY KOISE OF TEIS LEVEL TSUALLY LEADS 70 A
SENSATION OF DISCOMFORT IN THE EAR AFPTER A FEW SECCHDS. DUR.NG EXPOSTRID
TN STEADY SOURD FIELDS WITH PRESSURE LEVELS OF 150 DB OR HIGHER, UNDZSIR-
ABLE NOR-AUDITORY EFFECTS ARE EXPERIENCED REGCARD.ESS OF THE AMOIUNT CF

FAR PROTECTION USED. THESE EFFECTS RAWGE FROM DISCONCERTING BCDY VIBRA-

i

TIONS TO DISORIENTATION AND WAUSFA AND ALWAYS INCLUDE EXCESSIVE FATISUE

=

POLLOW! -G WNFQSURE,
TOE OINFLATION PROCESS REQUIRES APPROXIMATELY 4 MIWITES TG 2RIRG ALL

WHEELS IN T o« RIGHT AYT WILL U7 TC THE REQUIRED '20 FSIC

! [N AL MEagUd L S Dol

NG THIS

TIHE THE MATNTENANCE HMaN MUST CONSTANTLY MONITOR THE 3

TEM PHESSTRE

GFAUGE AND MAINTAIN A1R FLOW TONTROL BY NEA S OF 4 DAl MAN SWITCH.

IN QHDER TC REMOVE THE MATHNTENANCE MAN FROM THIS HAZARDOUS Ex{VIRCWMENT .,
THE CAUGE AND CCYTROL WERE PLACED SEQUENTTALLY IN TEE HOSk LINE AND THE

HOED 1IWE LENGCTHERED TO FERMIT JONTHOL FROM QUTSILY THE WHEEL WELL ARBA.

SINCE THE HOSE LINE IS ON-BCARD BQUTIM THUS TONTRIBTTIRG TCO ATRORAFT
B
=, a
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N
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1

AT, ITS LENGTH HAD TO BE TRADED OFF AGAINET

WEIG

ACHIEVED, IT WAS DECIDED TO LIMIT LINE LENGTH TQ THAT POINT AT WHaCH,
WITH 1ng USE OF EAR MUFFS, MAINTENANCE PERSQOSBNTI WOULD BE EXPOSED TO

NO MORE THAN 85 DB, THIS ®FING THE SOUND PRESSI.

4 £

SONMEL CAN WORK CONTINUCJSLY WITH RO DANGHR UF Wi L3S,

ENGIME FIRE EXTINGUISHER BOTTLES LOCATION
A HUMAN ENGINEERING WVALUGATION WAS PERFORMED TO DETHERMINE IF ™UE ERCINE
FIRE EXTINGUISHEr BOTTLES LOCATED IN PYLONZ NO. 2 AND NO. 3 COULD BE
REMOVED AND «EF. A/CED WITHOUT UMDUk DIFFITULTY.

2.I1DE 2 - FIRE EXTINGUISHER BOTTLE

Fé7]

CTURES, THE POOXIMITY OF ADJACENT ERUIPMER™

LIMIATIGNS THNHERENT 1IN THE PYLON LAFATED 4 HIGHLY

n e - S My T
CUR THE Y, IT WAS DISCOVERED
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RUDLDEE HEMOVAL ARD NEPLATEMENT

THE UNUGSUAL EEYHT QF THE C.5'S EMPENNAGE RESULTED IN & RuQUIREMENT FOR
SPECTAL AGE IN TFF ERMCVAL AND RuLPLACEMENT OF TnE RTDDERS. SUCH A FIECE
¥ EQUIPHENT WAS COMMERCTIALLY AVAILAF I: HOWEVER, IT WAS N KNOWM WHE. . ER
AY OPERATCOR COULD SUCCRSSFULLY EXwCUTE THE PHECISE MANEUVERS REQUIRED TO

TE THE RUDDER TC THE VERTICAL STAITLIZiR., TIH THE EXPLORATORY STAGE, A
USMORSTRATION OF THE MATING CUEZRATICH WAS PLANNED FCR SHIP Ni. .. BECAUSE
N7 THE APPARENT HIGH RISE OF DAMAGE TC ThE AIRCRAFT'S STARILIZF . JHE
TRIAL OPERATVION WAS NCT ACCOMPLISHED. HUMAN ENGINEERING PERSCNNEL 0N«
GTRUCTED & S0FT MOCK-UP OF THE ESSENTIAL MATING PUINTS AND POTENTIAL AREAS
QF COWTACT U8 THE UPPER VERTICAL STARILIZER

SLTOE 4 AND 5 - MITING

USING & PRODUCTION RULDER AND THE SOPT ROCX-UP, THE MATING OPERATIVN WAS

DEMOFSTRATYD SEVERAL TIMES WITH NO INCIDENTS WHICH
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Touk,  HOWEVER, THE MOCHK-UP DID UNCOVER A SIGNIFICANT ERROR IH THE DESIGN
OF THE RUDDEH.

REMOVAL OF THE RUDDFR, BECAUSE OF THE MATING PROFILE OF THE RUDDER

AND THE ¥

PTCAL STABILIZEH, THE RUDTER MUST BE PULLED STRAIGHT OUTBOARD

IN ORDER TO CLEAR THE STABILIZER. EXAMINATION OF THE KOCK-UP DISCLOSED TH

Fs T THAT THE SKIN OF THE RUDDER COUID NOT PHYSICALLY CuLEAR THE RING

PCINTS IN THE REMOVAL MANEUVEK. CCORDINATION OF TH1S FINDING W1/H THE

DESIGN GROTPS RESTLTED IE A PROVISION TPOR REMCYABLE SXTW PANELS ADJACENT

TO TEE ET¥GE AND ACTUATOR POINTS

SLIDE ACCESS QPENING
™ IS MODIFICATION, SHOWN TN THR SECOND PI.TURE, EAS [HE 4DDED ALVANTAGE OF
[HCREASING TE SIZE OF THE ACCESS OPENINGS, TMUS IMPROVING MAINTAINABILITY.
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ns BOLTIRG OPERATTON CA¥ THUS BE PERFCRMED 3¢ TWC MER WORKINCG IR JOMol¥a-
TIOW AND UTILIZING OFFSET (0ML3. ACCEPTANCE CF THIS DESIGR 7V THE AR

FORCE HAS RESULTED IN A SIGKRIFICANT WEIGHT SAVING FUR THE AIRCRAFT.
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ACCESS OFENING Id THE IOWER SURFACE OF THE RADOME. THIS WORK #AS & CO-
CPERATIVE EFFOAT INVOLYIRG HUMAN ERGINEERING, MATNTAIF:BILITY, AND AGE

DESIGN.

STATION KEEPING EQUIPMERT (SKE) TEST SET

ONE IMPORTAET FACET OF HUMAN ENGINEEAING'S CONTRIBUTION TC MAINTAIHABILITY
I3 THE REVIEW OF, AND RECOMMENDATIONS FOR, DESIGN OF TEE NUMERCU3 PIECES
OF TEST EQUIPMENT REQUIRED TC SUPPOKRT SUCE A SYSTEM AS THE C-5. AN EXAMPLE
OF THIS ACTTVITY IS THE PANEL LAYCUTS PCR THE STATION KEEPING SYSTEM TEST
SET.

SLIDE 14 - PANEL LAYQUT FOR SKE TEST SET

THIS PICIURE SHCOWS A MOCK-UP OF A PORTICN OF THIS TEST RQUIFMENT.

BRIEFLY, THE STATION KEEPING SYSTEM IS AN FIECTRUNIZ PILOTING AID WHICH
AUTOMATICALLY MAINTAINS THE AIRCRAFT IF A DESIRED POSITION RELATIVE T0
OTHER AIRCRAFT WHIlE IN FORMATION FLIGHT. THY DESIRABILITY OF THOROUGH,
PRECISE MAT™TENANCE ON SUCH EQUIPHMENT IS CBVIOUS WHEN ONE CCNSIDERS THE
SIZE AND SPEED OF THE C-5 COUPLED YITHE THE REQUIREMERTS OF FORMATION FLY.
ING.

NOT 30 OBVLOUS IS THE ATTENTION TO DETAIL REQUIRED IN THE DESIGK OF EQUIP-
MENT FOR TESTIRG THE SYSTEM. THE IMPACT OF SUCH DETAILS AS STORAGE PRO-
YISIONS FOR TET™ AIDS AND MAINTENANCE MANUALS, PACKAGING, ACCESSIBILITY,
LABELING, ADJUSTmS, TEST POINTS, FASTENERS, BUILT-IN SELF-TEST EQUIPMENT,
FUNCTIONAL ARRANGEMEn: AND GROUFPING OF CONTROLS, READOUTS, ETC., CAN BEST
BE UNDERSTOOD WHER ORE CONSIDERS THE CAPABILITIES OF THE USER - - THE MAIN-
TENANCE TECHMICIAR. AS POINTED OUT EARLIER, HE IS: ™TYPICALLY A KiGR

SCHOOL GRADUATE WITH FOUR YEARS OF MILITARY SERVICE, HAS COMPLETED ORE

-14-




BASTC TATENICAL SCHOOL AND CONE AIVANCED TECHNICAL 3CHOOL OF ArPROXIMATELY
THRET MONTES DURATIOR". TRE TEST EQUIPMERT SHOULD BE DESIGNED A§ AN AID
TG THIS MAN - - KOT AS A SECO#DARY "TZZLE FOR HIM TG SOLVE BEFORE EXl CAN

ATTACK THE PRIMARY PROBLEM.

TEE 3S0FT MOCK-UP SHCWN HERE WAS USED BY HUMAN ENGINEERING AS A DESIGN TOOL
IN ANALYSES AND EVALUATIONS PREREQUISITE TO FINAL DESTGN. THIS APPROACH
RESTLTED I¥ TEL INCCRPORATION OF BETTER THAK TWENTY EUMAR ENGINZERIRG HEC-
OMMENDATICNS WHICE NOT ONLY ZNHANCED THE MAN-MACRINE INTEAPACE BUT OBVIATED
A GREAT DEAL OF DESIGK BACK-TRACKING IN DEVELCPENT OF THE SKS TEST SYSTEM.
TRE MOCK-UP ALSO SERVED ADMIRABLY AS A VISUAL AID TO DISCU3SIOK WITE AIR

FORCE REPRESENTATIVES DURING CRITICAL DESIGK REVIEY.

RUDDER SERVO CHEST PACK

A SERVIJE LADDER, MOUNTED IRSIDE TEE VERTICAL STARILIZER, PROVIDES ACCESS
TO THE RUDDER SERVC MANIFOLDS., TO REACE THE UPPER RUDDER MANIFOLD THE
MAINTENANCE MAN MUST CLIMB APPROXIMATELY 27 FEET. IF REPLACEMENT OF THE
18-POUND MANIFOLD IS REQUIRED, THE MAINTENANCE MAN IS FACED WITH THE
PROCLEM OF HOW TC HANDLE THE MANTFOLD AND HIS TOOLS WHILE ASCERDIRG OR

DESCENDING THE LADDER.

A JOINT EFFORT BY HUMAN ENGINEERS AND MAINTAINABILITY ENGINEERS RESULTED
IN THE PACK SHOWN HERE.

SLIDES !5 AND 16 - RUDDER SERVO MANIFOLD CHEST PACK

USING A PROPERLY WEIGHTED MCCK~UP COF THE SERVO MANIFOLD, IT WAS FOUND
MORE DESIRABLE TO HAVE THE ITEM SIUNG IN FRONT OF THE MAN RATHER THAN OR
HIS BACK SO THAT HE DOES NOT HAVE TG REMOVE THE PACK YN ORDER TO BRING

THE MARIFOLD AROUND TO HIS WORKING POSITION. SINCE THE LADDER IS CARTED

~15.
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AWAY FROM THE MAN AT AN ANGLE OF 32° FROM VERTICAL, sMPLE CLEARARCE I3 PRC-
VIDED BETWEEN THE CHBEST PACKX ARD THE LADDER WHILE CLIMBING,

C-5A MAINTERANCE TRAINERS ARD TECHNICAL PUBLICATIONS

MAINTERAKCE TRAINERS

THE SXA¥PLES GIVEN THUS FAR BAVE BEEX PREDOMINATELY IN THE DESIGN AREA.

WE REALIZE THAT THE ABILITY OF THE MAINTENANCE MAK IS ALSO A FUNCTICN
OF THE 3UPPORT CONSIDERATIONS TAAT HELPS CONSTITUTE THE ENVIRONMENT IX
WHICH HE MUST WORK.

PLACING EMPHASIS ON THE ABCVE PRINCIPLE, WE PLANNED EARLY IN THE C~5A
DEVELOPMENT PROGRAM FOR RELIABLE SUPPORT EQUIFMENT AND JOB AIDS, INCLUDING
MAINTENANCE TRAINERS AND TECHNICAL PUBLICATICNS. A REVIEW AND EVALUATION
OF TWENTY-NINE (29) C-5i MAINTENANCE TRAINERS AND PANELS WERE CONDUCTED
DURING JUNE-ATUGUST, 1968,

BY ADMINISTERING A EUMAN ENGINEERING CHECKLIST; INTERVIEWING TRAINER TECH-

NICIANS, ENGINEERS, INSPECTORS, AND SUPERVISORS; AND BY OBSERVING MAIN-

TAINABILITY DEMONSTRATIONS, THE ADEQUACY OF THE FOLLOWING TRAINER ELEMENTS

WAS DETERMINED: .
(1) VISUAL DISPLAYS
{2) CONTROLS
(3) 1ABELYNG
(4) WORKSPACE DESIGN
(5) MAINTAINABILITY

(6) HAZARDS AND SAFETY

OUT OF 420 COMMENTS AND RECOMMENDATIONS, 378 ITEMS (90%) WERE IMPLEMENTED.

MAJOR CONTRIBUTIONS TO THE TEST PROGRAM WERE STANDARDIZATICN OF TRAINER

~16-




NAME PLATES AND LABELS, IMPROVED QUALITY CORTROL, IDENTIFICATION OF THE
NEED FOR MORE PRECISE DIRECTIVES TO SUE™NNTRACTORS, AND IMPHOVEMENTS IN

CONTROL/DISPLAY, TRAINING EFFECTIVENESS, A¥D SAFETY.

TECHNICAL FUBLICATIONS

REVILW AND EVALUATION OF TWENTY-THREE (23) C-5A PRELIMINARY MAINTENANCE
TECENICAL MANUALS (T.0.'S) WERE COMPLETED IN OCTOBER, 1968. THE FOLLOWING
FACTORS WERE USED AS CRITERIA:

4

\1) ACCURACY

(2) COMPLETELESS

(3) READABILITY AND SIMPLICITY

(4) FASE OF USE (CROSS-REFERENCING AND INDEXING)

(5) FORMATTING

A TOTAL CF 509 COMMENTS AND RECOMMENDATIONS WERE MADE. ONE HUNDRED AND
EIGHTY (180) OF THESE WERE RANTOMLY SELECTED FOR FOLLOW-UP ANALYSES AND,
AT THE TIME OF THE ANALYSES, IT WAS FOUND THAT 60% HAD BF Y IMPLEMENTED.

SLIDE 17 - C-5A MAINTENANCE TRAINERS AND

TECHNICAL PUBLICATIONS SUMMARY

TH MANUAL PRODUCTION PROCES3 HAS A BUILT-IN TIME LAG WHICH SUGGESTS THAT

THE CURRENT 60% VALUE SHOULD ULTIMATELY IMPROVE.
ARE THERE ANY QUESTIONS?

I WANT TC TAKE THIS OPPORTUNITY TC THANK YOU FOR YCUR ATTENT1ON, I'VE
ENJOYED PRESENTING THIS PAPER TO YOU AND I HOPE YOU HAVE A BETTER INSICGHT
INTO THE HUMAN ENGINEERING/MAINTAINABILITY INTERFACE ON THE C-5A. THANK
YOU.

REFERENCE
MCABEE, W.H. "15 THERE A NEED FOR HUMAN ENGINEERING/MAINTAINABILATY

INTERFACE?", LOCKHEED-GEORGIA (OMPANY, MARIETTA, GEORGIA, NOVEMBEK 1967.
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THE MAN IN THE MAINTENANCE RELIABILITY SYSTEM

Roll of Design Enginees
In Maintenance & Reliability

I. INTRODUCTION

A. Growth of Maintenance & Reliability as a Design Discipline --

The Aviation i.ugustry, as everyone knows, ir siightly more

than fifty years old, and until recently the mere fact that the
aircraft flew on the day it was delivered was sufficient miracle
it itself to justify the procurement. The earlier aircraft with
simplified systems were not usually subject tc service problems
of a scope beyomd the maintenance capability of the field
mechanic or the pilot himself. Since the early 1940's however,
the aircraft have become more and mcre sophisticated until it
became evident that guidelines were required to establish
maintainability requirements. These maintainability require-
ments, such as MIL-STD-470C dated 21 March 1966, are being
applied as a integral part of the basic procurement contrac

for new aircraft. In order to achieve the specified level

ctf maintaintability in each new design, the designer must
therefore apply the specified portions of these specifications
in the initial design phase.

B. Estabilishment of Malintenance & Reliability Priority in De-
sign --

1) Customer input through Marketing Department --

Assumling that a new aircraft design is the result of a
customer request for contract, the customer must specify
in the contract the degree of maintainability and relia-
bility required. Seldom is a military standard such as
MIL-STD-470 applied in its literal interpretation; there-
tore, interpretation must be made in the text of the vpro-
curement contract. AS an example: a gear to drive a
tachometer transmitter could be made of sufficlent size
to have infinite life with infinite reliabiliity. This
approach to reliability would obviously produce an air-
craft so overweipght that performatice would be unaccept-
able. On the other extreme, weight could become such a
factor in the design that each part would be so light
that the life and reliability would be reduced to an
unacceptable 1+ el. Compromises o this type nust be
made and it 1s the user’'s ultimate responsibility to
define the missian requirement and adjust the other
factors dccordingly.

Prevented at the VA0 Marotena, ¢ Syoy
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2) Prior Experience in siallar types --

In almost every new aircraft there are system elements
which are carried over from prior aircraft. In many
cases these components are the end result of years of
development in similar applications with several air-
craft models. Common sense and experience are irre-
placeable virtes in a design engineer.

II. CONSIDERATIONS FOR MILITARY VS COMMERCIAL PRODUCT

A. Milivtar- Product --

1) The definition of Military Mission Environment --

When a contract if issued to procure a military air-
craft, the mission of the aircraft is obviously the
prime consideration of the new aircraft and usually
the mission environment can be defined at the same
time the mission is defined. In the case of Naval
aircraft, it is obvicus that salt air corrosion would
be a prime consideration. In the case of an Ammy
alrcraft, mor: than likely dirt and conditicns asso-
ciated with army operations would govern. These
factors all must be considered by the designer in
the develcpment of the new aircraft.

a) Military aircraft are usually mission oriented

} above all other considerations and in some cases

‘ as I am sure you are all aware, the aircraft can

} be considered expendable at the completion of a

f single operation,and in scme cases can be con-
sidered expendable at the completion of a single
misgion. These micsicns are not judged on the
basis of dollar profit, but as a degree of military
gain. Consequently, endurance of components is
net always a primary criterium in the development
of military aircraft.

\ b) Pride of Ownership --

Most military aviators are active military aviators

for & relative'y ahort time. Ewven in the case of ’
World War II,most of the piiots were cdischarged

after no more than four years service. During their

tenure of aciive duty, mest pilots flew several types

of aircraft, trerefore, except in certain relatively

short time overseas assignments the pilot never re-

lated toward his aircraft with a sense of ownership.

2) Definfition of Military Maintenance Environment --
&) Known maintenance skill level -~

Military aircraft are procured to fulfill the equip-
ment requirements of a Table of Organization es-
tablishment. In this establishment, there are pre-
determined levela ¢f maintenance skill defined Dy
MDS qualificaticns.
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d)

Known maintenance facility level -- H

In conjunction with the known skill level dei‘ned
above, the riintenance facility level also is es-
tablished prior to design of the military aircraft.

Known maintenance logistics system

During the 1initail steps of design, provisioning
conferences are conducted to define the logistics
systems which will be used to support these air-
craft.

Reacting time to Product Improvement Changes

After the aircraft are put in scrvice ard the de-
sign defects begin to become evident, maintain-
ability is cowmpromised by the time lag normally
associated with ECP action for product improve-
ments.

B. Commercial Product

1) Definition of Cocmmercial Mission Environment

a)

D)

The commercial operation environment I~ infinitely
varled when compared to military applications. In
military usage comparatively large numbers of air-
craft are usuallyv operated from the same bare, wheve-
as commercial users frequently have one or twe ship
operations throughout the world.

In the commnercial market, a market survey or similur
system 1s used to determine the requirement for a
particular alrcratt. Almest all commercial aircraft
are developed for speculative sales. Therefore, the
development of commercial aircraft 1s usually based
on assumed missions for unknown users.

Known operu®ions tor specitfic customers

It should be pointed out that the assumed operatlons
lListed above whille comprising a majority of the
market do net comprise the entire market. Obviousty
many commercial alreraft are developed for specific
customers to fultill stated missions. A case in
point s many o! the airline operatlions throughout
tne world.

'}



2)

Defination of Commercial Maintenance Environment --
a) Maintenance Skill Level
1) Assumed for Typical Customers

The maintenance skill level for commercial
operatcrs 1s regulated to the extent of A & P
licensing. However, as everyone knows, there

are mechanics and then there are ‘mmaster mechanics®
A twenty year old man with a new A & P license is
not the equivalent of a mechanic with twenty-five
years service cn similar types of aircraft. On
the other hand, the retirement age is such that a
qualified 0X-5 mechanic may be in the position

of ser.icing turbine engines. Therefcre, the
designer must assume an average skill level for
all maintenance personnel.

2) Known for Specific Customers

Seldom does a dasigner have t-e befcrehand know-
ledge of the skill level of specific customers;
however, the designer 'may assume that the main-
tenancs people will be 'standardized' by a
decision to require special schooling at the
manufacturer's facility. This can, thevefore,

be more or less partially succes~ ul In .asuring
a specilfic skill level.

b) Maintenance Facility Level
1) Assuued for small cperator

The designer must assume a number of al: -

craft sold commercially wLLL he aperated by
smalli customers. This type of .peratlion Ls
occaslonally based at a tacility camparable with

the best in the world, but usually n the helicopter
indusiry the small operators are ope~ating trom
temporary facilities. Therefore, the desiguer
must assumne that a large pa.t of the sir-raft
belng manufactured will require malntonance with -
cut the benefit of suitable fa ilities.

5]
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Assumed for fleet operators

In the case of the large or fleet operators, a
lieison can be established during the design

phase which would enable the Jdeslgner to have
complete knowledge of the facility to be available
for the aircraft.
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Maintenance logistics systems ~-
1) Small operators using BHC Spares Department as depot

Most small operators rely on the manufacturer's
Spares Department for an inventory of spare parts.
The penalty that this type coperator must pay 1is
the time lost in procuring these parts f{rom the
factory.

%
N
3
¥

2} Authorized service station for field depot --

Many manufacturers find it expedient to establish
service stations or dealerships. In the case of
these ''field depots', the small crerator can look
to local sources for spares.

3) Fleel operators semi-self-contained --

T- many cases, the fleet operator can establish
a spares depot ess~ntially equivalent to the
manufacturer's spares department. Except for
restocking these depots, these ope:ia' rs are
virtually self-surficient.

4) Forelgn operations --

The toreign operator has in addition ro the
problems Listed abcve, the problem -1 export

and import of spare parts. In some so-called
backwdara countries the local customs oftiicials

rely on “on the spout' quality for o source ot
income. Until the operator can establish

pulitical contacts, the delav Or spare parts

can wvirtually groung his cperations. Most countries
dare honest in the’r customs sectlons, but still the
delav can be a4 severe penaity on a commercilal
operaticon. The situations tvhat can be eoncountered
in foreign operations are so varied that each
operation presents Individual problems.

SPECIAL FEATURES TC IMPROVE MAINTENANCE AND REUIABILITY

AL

Advantayes of Diapnoest{ilc Systems --

In recent vears, emphasis has been placed on ciaggnestic

systems 1o Lanrove mdLntdanbiLity by constanily monitering

the ceritlcal parts. The advahtages o7 this svstem are obvious

In nost respects, however, a subtle advantage mavy be overlooked.

Many components are overmaintalved with the result that puits

are actually damaped during the disassembly and redassembly

\;L:A*’vns. An etftective Jdlagnostic svstem woule Improve
Liintainability without compo.mising reliability in these

cdses.




Disadvartages of Diagncstic Systems --

The diagnostic systems have disadvantages in that frequently

a failure of the diagnostic system wil. prompt an over..aul
when the component in question was performing properly. The
opposite situation can alsc be a disadvantage when the faillure
ot the diagnostic system does not irform the pilot that an
overhaul is required. Unfortuna -~.y, designers seldem apply
the same relisbility criteria to the diagnostic systew as

they do to the critical aircraft systems.

IV. SUMMARY AND CONCLUSION

A.

The maintenance and reliability criteria has an ever
increasing role in the basic design of new aircraft. The
importance of this role is directly proporticnal to the
degree of sophistication of the air¢raft systems.

Aerospace technical progress is advancing at an exponential
rate, therefore, maintainability and reliability must progress
at the same rate in order to obtaln aircraft availability

or utilization factors comparable to pre Werld War II
availability rates.

Role of Maintenance and Reliability in Reducing the Cost Pe:r Cycle

Maintenance and veliability criteria can become an efiective
tecol In reducing the cost per duty cvecle of an aircraft. As
an example, let us assume that a helicepter transmission re-
quires a 602 overhaul. A detailed study of this trursmission
may reveal that two or three components couid achieve an
improved reliability if the heat treat were increascd. There-
fore,the reliability study may well increise the transmission
overnaul interval to 1200 nours bo o3 en the improved re-
liability of the critical components. The obuvious vost
savings per duty cycle mipht well be the ditfferencs between
protit and loss tfor a commercial cperator or muipht well wi
the day for a battle fiel! commander by inor

craft avallability raie.

The linitations to designing for improved maintenance and
reliability are usually the users retusal to accept
time, wely'.t, or pertormance penalty in develeoping the best
possible system components.
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Beech Alrcraft Corporation
Harry S. Gregory

The Men in the BEECHCRAFT Reliabiliry Program

There are 21 dilierent third level airlines in the United States using the 99
Airliner. Most are located on the East Coast. The number, however, is increasing
daily and use is spreading to the South and West.

As . f November 15, 1968 there were 43 BERCHCRAFPT 99 Airliners delivered and in use
in the United States and through.ut the Free World. We have two BEECHCRAPT 99
Airliners in use in other countries. The aircraft we have in service have flown

a total of 20,000 hours or 5 million miles.

The first 99 Airliner to reach 1,00C hours flying time was Serial U-8 belong’ng
to Air Wisconsin., Last month, Mr. Frank Hedrick, President of Beech Aircraft
Corporation, presented Mr. Ed Godec, Operations Manager of Air Wisconsin, with a
plaque which read:

"In recognition of the first 1,000 flight hours accomplished by a
BEECHCRAFT 99 Airliner. This was accomplished by Serial U-8 ia &
months of Commuter Alrline Se.vice to communities in Wisconsin,
Illinois, and Minnesota. 1,000 flight hours represent approximatelv
250 thousand miles of fiight -- equivalent to a tcip to the moon.

It alsc represents 8 significa-t milestone in maintaining a v.tal link
in modern transportation.”

The schedules of thes= third level airlines are quite different from those of the
major airlines, who have lengthy routes with usually an hour or more between stops
The wajority of 99 Airlicers have 10 to 45 wminvre block-time schedules, with the
average “eing abou: 30 minutes.
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There are also various types of operaticns. From the 1 aud ? airplane ~,erator t.

the fleet owner of 25 or mo.. airpianes. Commuter Alrlines, cus of 7 .jca s, has ®
99's in service and more ¢ order. I- additicn to the use the BEFHCRAYT &9
Airliner, these operatois are using the vther heav:. twins ce BEECHCHAFT Quaen

Air and many are using the BEECHCRAPT faron and cther sms .or sircrafy,

One of the programs we plinted out last vear wes our Mair enance Rocfabilfoy
Programs and how we .aticipacted fast sction an problems. We have had three major
oppertunities for i{wmprovement or the 99 Airliner.

The first of these i{nvolved the landing gear actusror. The problem stommed from

the fact that a nevwly designed actuator used on the BEECHCRAPTT 99 Airiiners wes

such that {f the landing geer was not rigged exac:ily ripght, 1t was possible for (ne
Rctuator screw to reverse ltself and cause the gesr to retract. The r 4 scrustor
was very similar to the cne used ¢a the King Air and Jueen Ailr Mcodels which had
thecusands and thousands of hours of service. However, as sometimes bappens when you
heve 8 brand new program and try to increase efficiency, vou make thin~s too good.
Thris {8 what happened with the iack screw. We incressed the gesr speed, but with
the change there simply was not sufficient drag on ths internal mechanism (o make

it totallv trreversibie.




As an interim fix we actvally put & mechanicel drag brake on the acruator. This
prevented free movement of the actuator so that it could not reverse itself, but
was not enough drag "~ put an overload on the motor. I think it's interesting

to note the amount of time it tock from investigatiorn of the prcblem until the fix
was in the fieid.

A meeting of all concerned was held on Tuesday. It was determined that &
permanent type fix would be g long, drawn out affair requiring a new type
actuator and parte that could not be supplied immegiately; and, therefore,
it was necessary to have an Iinterim fix, The iob was given to the Design
Group to develop the interim fix on the same day.

By Friday night the Design Engineers had developed a pony Srake, and orders
vere delivered to cur Manufacturing Department. FPour unitr were manufactured
over night.

n Sacurday morning the system was instailed by the Flight Department in an
eirpiane on which trcuble had previocusly been experienced. Tests were run
and the pony brake proved satisfactory. F.A.A. personnel were on hand during
the tests and cthey approved the €ix., Production continued on additional parts.

On Sunday morning Service Personnel were on airplanes with perts enroute to
various users. The remaininc parts were shipped Sunday evening.

By Monday evening parts were in the hands of all users. In less than a tcrtal
span of 7 days, we came from tpe problem to the solution, to field retrofit,
This cannct always happen, but it can happen eesier whan the program i3 set up
to handle this type of quick interim fix.

A simllar instance happened on the stabilizers and elevators of the 99 Airliner.

We found, after 400 to 500 h-urs of operation, small cracks developed around cert2in
flush rivets in both stabiiizers and elevators. 1t was determined that cvs. .8
developed because, i.. some cases, the rivet heads did not get full engagement with
the skin. In other words, the countersunk porticn of the hole went clear through

the gkin and into the structure, so the head had insufficient bearing surface with
L@ oKin.

Por field fix it became nocessary in sowe instances to drill out the countersunk
rivets ~nd replace them *ith Brazie- head rivets of a larger : ze. On some in-
service vnite it was necessary to repair cracked stabilizer anc elevators. On
Serials U-58 and after chenges were mede which el!minated the problem altogether.

The third major challeage arce that has developed is in Avionic equipment, and, I
feel that this is a problem in many airplanes. However, the Avionics equipment
used in the 99 Airliner Iis not the exotic type equipment used in the larger air-
liners. Nevertheless, a few bugs were expected and they did arise. Primarily, the
prcblems were caused by certain conrections being loose and by antenna locations.

A team of two Avionics Perscnnel was dispatched to each Alrline having difficulty
and the proble-s were soived on ctns spot.

With the major items Fehind us we look for ways to iaprove reliabilitv and
maintenance overhaul periodsi. OCne of the items we are continually trying to
iacreagse 1s the PT6 engine overhaul period.
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The P & ¥ PT6A-2C engine used in the 99 Airlirer has proven to be as reliable in
this application as it is in the King Air Program. While the engine TBO is set
at 1,900 hours for inicial users, plans have already been developed to up time to
2,300 hours, with future plans for progressive engine maintenance.

The progresstve pian calls for hot section inspection and minor compouent replace-
ment at 1,000 hours and 2,000 hours respectively with major componert replacement
-+ 3,000 hours,

Gentlemen, ""The reliability of any reliability program depends con man."

P P S

We feel that at least part of cur succesz started with our instructors both in
Maintenance Training and in Operatioral Training. We feel that training ie the
key to our Reliability and Maintainability Program, and we have our Instructor as
a key man in getting this program started,

It is up to the instructor to mske sure personnel know how to oparate and maintain
the iirplane properly. Many of the maintenance personnel have worked cn less
complicated aircraft and it is quite an indoctrination to move them up to sintain-
ing the BEECHCRAFPT 99 Airliner with its more souphisticated electronics, different
type retractabie gear mechanism, movable stabilizer trim, and other innovations

new tc the smsll airplane maintenance man.

We have found it most imperative that you get a good start with a good training
program. That is why we say a key man in our Reliability Progrem is the instructor.

Where do you get an instructor for mechanics who are going to be working on airline
airplanes? 1Tt isn't easy to find one man with all the qualifications, 80 we have
three. All are excellent maintenance instructors but each has something additional.
Scott Hutchinson has an impressive background including working for the F A A, He
can point ocut the need for, and ways to comply with, reguiations. Bill Faltoner is
a retirec military maintenance officer who can help provide the know-how for
organization which is so badly needed in all shops today. And Bruce Addington, who
has previous airline shop and fixed base cperation management experiznce.

The Training Program, a8 we now have it, consists of 2 weeks schooling for the
mechanic. This covers troubleshooting s«nd operation of all systems, the power plant
and electronics. It does not include avionics.

Also in order to have good maintenance reliability, it is necessary for the A & P )
. mechanic to become skilled in his job. Our Service Engineers work with the A & P '
mechanic &t his home base to make the A & P mechanic a key man in his organization.

1'd like to read a paragraph from Air Wisconsin's House Organ. Quote: The unsung
heroes of Air Wisconsin seldom receive credit for cur "on time'" record performance.
Obviously we are talking about our mechanics -- but not often enough. Unquote,
Thus the A & P mechanic becomes ancther key man in our Reliability Program. How do
we help this A & P who is such 3 strong link in our reliability chain?

B
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In eddition to our own training on the airpiane, we have set up an Apprenticeship
Program, sanctioned by the U.S. Department of Labor, Bureau of Apprenticeship and
Traioing. Through this program we will help develop future craftsmen for our
industry. We have worked with one schnol and will work with others to set up
special programs geared to General Aviation and the 99 Airliner Program.

Our Apprenticeship Program is based on initial ctraining in good approved schools
followed by on the job training. This type of program iz necessary, for many in
third level airlire business are located in smaller communities than the maior
airlines. We need to train home town boys who want to stay in the community, so
they become gkilled aircraft mechanics.

We have outlined a program of instruction that can be used by an airline operator
to start a man on 3such an Apprentice Program. He is paid while working -- but not
while going to school. The program is approved so that if he is a G.I. he can get
government bencfits. After completing the program, he becomes a qualified & & P
Asro-mechanic,

Some of the airlines were formerly smaller operators and had only one or two
mechenics, shop management was not a problem; however, now that they have schedules
&nd more airplanee, shop management becomes extremely important. Because o~ this
we are outlining a proposed course for service menagement.

We will have management council meetings where various aspects of usage of time,
mansgement 8kills and cost accounting will be discussed. The airline maintenance
man .is certainly & key man in reliability.

In the middle, trying to help both the instructor in getting the correct information,
and then into the field to make sure .ne maintenance man is using the information
correctly is the Service Engineer. le is a combination salesman, father coufessor,
mechanic, pilot and an all-around troubleshooter.

At BBECHCRAFT we have the General Service Engineer and then we have the Specialist
on engines and on avionics. Their average experience in the aircraft bus.uess is
17 years.

They are all holders of A & P Mechanics Licenses and most of them have some airline
maintenance experience. They all hoid at least a private pilot’s license. All have
college degrees or trade school backgrounds. Men like John Lawler from Northrup
Institute; Larry Hamlet formerly with American Airlines and cthers with similar
experience.

These men make regular scheduled visits to sirline operators, plus +:tended visits
on call. Because of the fact we have our own transportation fleet ¢! ajrplanes
available, and our location puts us but a few hours from any place {n the L ited
States, we have not assigned a Service Representative at each airline operation. We
are as close u» the operator's telephone -- and, believe me, they use it 24 hours a
day.

We are, at the present time, considering the possibility of assigning representat!ves
to certain areas to provide service to a particular group of airline cperators, and
making periodic visits to only his own area.




This Service Engineer is the key link between the Factory and the user in our
Reiiability Program.

RPN

At home the Service Engineers' duties include the writing of discrepancy notices
so that information may be passed on to the Engineer and to the Workman in the
Factory to help correct any deficiency that might be found, be it design or work-
manship,
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I mentioned tc yocu previously that we had three major challenge areas. These are
not &ll the chailenges we've had. During the first six wonths period the 99
Airliner was in service, our Service Engineers have written 73 discrepancy notices
on which Corrective Action was requested.

When a discrepancy notice is marked for action, it goes lmmediately to the

Corrective Action Committee. The Committee and its function was described in

detail during last year's meeting, but I will review it briefly here. The

Comnittee is composed of representatives from Engineering, Manufacturing, Inspection,
Service, Tooling, Procurement, and Planning. The problem on which action is
requested {s assigned to the person whose department is responsible.

It then becomes his responsibility to see that an 2nswer is returned to the Committee
&8 soon as possible. By &n answer we mean & complete answer. If a change is in
order, it includes the design change, schedule of incorporation of the change in

the airplane and the field service retrofit requirements. It is the responsibility
of the Servi-e Engineer to follow through on action he has requested to see that
action 1s taken.

And now we come to the last, but far from the least, link in our Reliability
Program - the Design Engineer. It is the Design Engineer’s job to look at his
design and see how he can better it. He is always concerned that the way the
aircraft is being used and the design is compatible. Needless to say, we are
learning each and every day. 1In fact, it is like no program any aircraft menu-
facturer of this size airplane has ever encountered. The information we are now
recelving through our field service organization and directed through our data feed-
back system to vur Engineers is being used in design of present and futuvre aircraft.
This then, makes the Engineer the key man a% the Factory.

What kind of motivation do we provide the Engineer to design the reliability we
need into the airplane. The easiest motivating power we have found is to put the
Engineer on the firing line. We have taken our Engineers to the Airline to witness
inspections and to discuss problem areas. This way they hear first hand what the
problems are and actually see how they rela::. to the opera*_on. They return home
with sore posteriors and renewed viger.

We have also uad Engineering set in on our Mainter-ace Review Board sessions with
he Tzderal Aviation Administration and the Operators. As you know, we are not
ctually operating under FAR 121 which requires Mrintenance Review Board action.

However, Beech took the lead and developed un iuzpection guide with the help of

the F.A.A. and then had a Maintenance Review Board Seminar w. rh Operators and F.A.A.

in attendance.
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We have received fine cooperatioa from all concerned and the F.A.A. has now
pubiished a preliminary copy of their maintenance inspection recommendations for
the BEECHCRAFT 99 Airliner. The inspection guide will be used as 2 basis for
all new operators maintenance. When they can show cause, these requirements can
be chenged to fit their particular-shop. This guide is also a help to those
already In operation to act as a check on their maintenance procedures.

I would like to take this opportunity to officially thank the Federal Aviation
Administration for the cooperation.

So the Engineer now completes the cycle in this Re "iability Program, When I

talked to you a year 880, the Engineer was the first man in our program, and the
ultimate user, the last. Now, with the airplane in service, the situation reverses
and the user becomes the first man in the program and the Engineer the last.

We say agaln the reliability of any reliability program depends on man.

The key is to keep him motivated. 7This cannot be done by salary alone. It must
be domne through sincere pralse and recognition for the job thart is being done.
Whether this be an instructor, the A & P mechanic, the Service Representative or
the Engineer -- he must be treated with respect and his importance recognized.
Each of these people must know their role in the big picrture to work efficiently
with each other and with their fellow employees.

They must be able to communicate! This skill in communication cannot de over
emphasized, We are stressing in our programs tc make your point by being not only

good at ycur job but by being able to transmit¢ the information concisely, simply

and correctly. The machine is impersonal; we can feed it material without thoughts

as to whether or not it likes it. The man, however, has feelings and if he 1s going
to be a reliable key in our Reliability Program, he must be given the proper attention,

In our program we use modern statistical management guidance systems for planning,
development, tr .ning, follow-up, feed back and service correction.

We have a computerized reporting system and fast action follow-up.

We also have a sincere desire to give good, honest, fast service to the customer.
We have a program to recognize the men and the job they are doing.

These, along with a lot of good, old fashioned, hard work, are getting the job done.
We will goon be coming into the phase in which the number of aircraft we have in
servi.e will exceed the number .ur Service Personnel will be able to handle under

the present system.

So we cannot sit still resting on our laurels. Changesare required, and we are williuny
to change.

We are looking at new programs, and are here today in hopes of getting information
from the reliability men in the airline business. Perhaps we can pattern some of our
m&intenance programs after theirs.

But rest assuvred, we will find the answers and, through maintenance men, provide
continuing service to our customers.

Thenk you.

e}




GE ADVANCED CONCERPTS FOR POWER PLANT MAINTENANCE

LNTRCDUCTION:

General Electric welcomes this opportunity to discuss some of

the things we have been working on in the way of advanced
maintenance concepts to go along with our advanced technology
erigines, For the purpose ¢f this discussion, we will concentrate
on maintenance mostiy as it avplies fo the CFH power plant for
the DC-10 rsacher than the GE4 supersonic transport engine for the
Beeing 2707 since the CF6 is closer to operational status. Also
the talk will try to concentrate on the efforts being placed on
"human engineering" -- the men in the maintenance reliability
system., To intermix a little philosophy intoc our thoughts ~-- the
discysgion has been broken into several concept sections ~=- each
introduced by a liitle raxim,

FIGURE I, MAXTM MO, I

"Mini-Maintenance take:z Maxi-Flanniopg'

Tow often maintainability hes been su after-thought. Weight periform-
snce, integrity, and cost have received most of the emphasis. Goed
design standards and personal undevstanding of airline meintenance
requirements have resalted in engines that have been reijiable and
fairly maiotainable.

But surely 8 more disciplined look st meinienance requirementsz

durins “ne esrly design phase couid have made the airiine msinte~
nance man's job a bit easier. Tnis is especially true of the power-
plant instaliation, Here dusigners in the pget have La2en so concerned
with weight and nacelle drag that msiptsinabiiicy has likely been of
secondary consideration,

FIGURE I1 = DC-1Q NACELLE

O the CF6 engine {nstallation of the DC-10, GE instaliation
engineers worked directly in the atfrcraft manvfacturer's pilant for
many months to optimize maintainebility. We bhelieve the resulrs
show the worch of this combined effort. First, after many
discussions with potential airline users, it was :ecided tc place
the accessories on the fan casing; extra welght -~ but far meve
maincainable, To take advantage of this location, nacelle deaignevs
devised quickly opened fan cowl doors.

Presented at the FAA Maiuntenance Svmposium, THE MAN IN THE MAINTANANCE
RELIABILITY SYSTEM, at QO¥lahoma City, December 3-5, by David R, Yoss,
Me ager, CF6 Support & Field Engrg., General Electric, Cincinnati, Ohio
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FIGURE II1 - QUYCK ACCESS

72% of the CF6's line replaceable sccessories are exposed by
simply xaising these doors. The doors weigh 100 lbs. each, but
becsuse of the top hinge, one man can easily swing them open.
Much care has been given to the arrangement of the control of
accessories to assure simple in..sllistion end removai. The fan
reverser assembly splits to quickly expose the remsining access-
ories and the core engine.

FIGURE IV - ACCESSORY GEAREOX

Mock-up studies made with airframe manufacturer and airlines

hgve been directec &t arriving at an accessory gearbox configu-
ration which will provide accessibility aend fewer nicked knuckles,
With large .an casing to spread the accessories over, the accessory
spacing has been mode quite wide with this considi-ation in mind.
Accessories are also positioned to optimize piping lengths and
retating. Result: less chance to mangle the plping.

FIGURE V NTING

An example of how manufscturers now put stiff —ainteaance require-
ments on designers -- most CF6 accessories are raquired toc tske
less than 30 minutes to change, One good means to better this
goal is to use quick attach-detach mounts on accessories., This
QAD mount is used on GEB4 accessovies ~- but is typicsl of one

type used on the CF6, It is perhaps appropriate to note here that
the GB4 designera are, of course, every bit a&s concerned with
maintainability as the CFS6 deeigners. However, there is still
quite 2 bit of the GE4 installetion design which is flexible,

FIGURE VI DESIGN FOR MINIMUM MAINTENANCE ERROR

There are just a few examples of planning ahead for waintenance.
Other ways in which the maintenance men has been considered in the
detailed design of the CF6 are shown {n this example (Figure VI),
The design requirements of all General Electric engines under
developuent now contain such maintainebility rules.

Large engines, in addition tc detail raintsinadbility .eatures
wust consicer the probiems of sheer size. Which leads to the

nex. meaxim,

FIGURE VII MAXIM 11

40,000 + 1bs. thrust engines are big unlegs divided into smaller
pleces”.

.
'}
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FIGURE VITI ~ CF6 ENGINE IN TEST CELL

The CFb size is typicel of the advanced transport engines o7 fered
in the 1970's, Almost 8 foot in dimmeter st the fan end -- and
weighing about 3 3/4 tons without QEC, and over 5 tons when
equipped with complete QEC, All such engines seem to exceed the
current 96" highway transport limit for shipping when couwled.

FIGURE IX GE4 ENGINE

The GE4 is not as large in dimneter, being a turbo-je: instead

of a high vy-pass fan., However, being & 67,000 1b, thrust engine
equippad with an augmentor aud subsequently two nozzles, it is
over 25 ft. in length, The weight without the inlet or cowling
forward of the augmentor is about 6 tons, Handling of such

large engines can certainly be a problem. One way fo minimize
this problem is to modularize, Both CF6 and GE4 are therefore
designed with modular maintenance and shipment in xind.

FIGURE X CF6 ENGINE MODULES

The CF6 separates into several major componenis, as will the GE4.
The CF6 is shown here in exploded view, Let's look at the modules
separately.

FIGURE X1 THE FAN FRAME

The .Jan unbolits from its drive shaft at the front and -~ permitting
handl ng the fan seperately, cr the fan, its casing &nd beerings

as & complete module. For mainctenance, fan blad=s, fan &nd blace
assembly, or complete fan package are removable .ith engine instellied
on elither wing location. The gearbox {: a separate module, readily
detachable from the fan casing.

FIGURE XI1 - COMPRESSOR + HP TURBIME (CORE ENGINE;

The CFé and TF39 C5A engine are unique among transport engines
being built around a core engine, which can be run and tested
separately. More of this larer -- but this core engine consists
of two separate modules -~ the compressor and the high pressure
turbine,

FICURE XIXIXI THE LP TUKBINE

The low pressure turbine module consists of a 5 stage turbine
rotor with a mid frame, rear frase, casing and its own bearings,

The modular breakdown provides & number of interesting and

important changes to the concept of engine maintenance, First,

as one xirline has pointed cut to us, neither the CFb, or any of

{ts rivals wiil fit {n any current commercisal transport excent the

Lockheed Hercules. They won't iit in cargc versions of 707 or

DC-8; not as a whole engine -~ but break the C¥Fé& into modules and
3




and all pieces except the fan frawz wil' fit in the belly hold
of a 727. Kven the fan rotor itself is readily de-bladed and
the hub, properly protected, wculd fit into a belly hold.

FIGURE XIV ON=-WiNG MAINTENANCE

Modular design readily makes this tvpe engine more adaptable *o
on~wing maintenance, Here we have pictured & concept being worked-
on to permit removel of engine components down to combustor,
Maintainability studies {ndicate it may be possibie to make such an
on-wing combustor change easily during &n over-night maintensnce
chesk, Why not?

FIGURE XV CJ805

This is a2 photograph of the change of a CJ805 turbine by TWA

at their LAX maintenance buse during an "cver-night’ check. The
elapsed time to drop the engine to the floor, perform the turbine
package change, re-assemble and -e-install the engine, including
run-up was i>ss than 8 hours, This was accomplished on &n engine
designed before there was a need for field disassembly, And this
vas the first time attempted, All of which indicates that new
waintenanca concepts are feasible if understcoda end planred for,

FIGURE XVI MAXIM III

"If wodules are changed on the wing - intarchangeability is king"

FICORE XVII CROSS SECTION OF CFé

Advanced techneclogy engines are very high compression -« &nd

their performance depends upon cluse clearance control, Purthermore,
they have large mass fans and roiating systems -- sc balance can be
criticel. The CPF6 had to consiier this carefully {o its basic design,
It's length, for instance, is recessary tc permit jus "d{fferent”
character. It is basicslly a simple separate core engine -- s tiree
bearing turbojet gas generator much like its J79 predecessor =~=
serodynamically separable frowm both the fan and the fan turbine.
Interestingly enough, the demonstrator for the T¥39 and CP6 was a
GEl 65 lb./sec, turbojet with fits centar bored out to accommcdate
the fan shaft.

It ran first as a turbojet, then the rest of the engina was »ilt up
around it -- right in rne test cell, We didn't eveu have to change
the fusl control. The fan merely supercharged the core ~- the
controi sensed the change in ?, and T, and compensated,

FIGURE XVIII CECT RNGiNE IN TEST CXLL

The firet expsrimantel TF39 was built in the test ceil the same way.
More than {nterescing, this has permitted CE to ysio much valuable
l1fe exparience by running core angine cyclic undurance tests,

4




We believe this mey make it possible to develop malintensnce
concepte based on not iesting complete engines. Presently,K newly
overhauled engines are =lways tested ~-- partly to ussure it was put
together properiy, and partielly to trim the engine. Repaired
engines may or may not be tested, Meany airlines meke it a practice
to test every repair job because there have been many fost cell
rejects == too often just for balance or l:zakage.

Can test ces. -unning be minimized or (‘iminated? We believe

it must be the sbjective of a successful modular maintenznce plan
te permit change-outs of modules at other than main bases where
test cells exist. And, in fact, hot sections or change-out of
turbine packages in the field today require only on-the wing
run-ups to prove balance has not beeu distrubed, and to check out
system Integrity. Howevei 1t has taken a lot of work before
airlines convinced themselves they could interchange turbines,

or even remove &nd replace the ssme turbine during an overnight
check without a good change of missing & morniug schedule. It

is our aim to permit interchange of CFO6 modules in & few hours
without concern for run up rejection.

The core engine concept helps corsiderably in this objective,

Since the core 18 not matched ser:dynamically to the fan or low
pressure turbiae, & change of LP turbine or fan module has little
effect on performarce., For the CF6, {% is planned to utilize fan
RPM as the thrust setting parsmeter, and fan c¢r low pressure turbine
efficiencies have little effect on net thrust, Tt would take a 5%
change in low pressure turbine =2fficiency or & 10% chenge in {en
efficiency to change the thrust/fan RPM relationship by one percent.

Since such efficiency differences sre almost inconceivable belweea
serviceable modules, low ,ressure system modul+s «an be interchanged
without concern tor performance or serodynamic mismatch. In {act,
there 15 no azrvodynamic trimming of the CFb engine “ontemplated ~-
even for engines which have been completely rebuilr.

Balarce of the LP system is 2!so simpler with the CF6 design,
because both the fan module and LP turbine module run on their

own separately support2d beariny~ This system does &n sxcellent
job of {soleting vibrat.on and reducing chance of a resultisg
"shaker' when replacing one low pressure module .ith another :nat
meats balance limits, The possibili:ty of unanticipated vibration
{nteraction has veen a detevani to changing turbines without concern
on nur curvent engines.

Incidentally, since right vibration lixzits ere so important to
sssure trouble-f{ree en’{ne operstion, both the fan rotor system
ad low pressure turb’ne are separa&tely trix balanced on the CF6.

The ability tc interchange low pressure modules without concern for

performance or balance, combined with the care being taken to simplify

interchange, can mean whole new concepts of engine maintenance procedures
5
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may be develosed -- many c¢f these due to work between GE and
aivlirae customers accomplished before t“e CF6 enters service,
And 2c we come to apother maxim:

<9
S

"Rven asiconaurs don't work in & vacuum,'

FIGURXZ XX PICTURE OF TEAM UMDER CF6

During the early des. n 'evs of the SST competi*‘on, the evaluating
airliner under the able direction of Bill Ment. . of United focrmed
#rline teams which guided both airframe and engine manuiacturers
toward impreving their design tc achieve truly airline oriented
equipment, The real expert: in the airline business are the
people who sre under conatant pressure t¢ keep the machanical
delgy rate under sosething like one percent, De..y rates haven't
nad any significance at all to most designers. They also have
oftan thought of "life" more &s ultimate achievable life; not
rrimaril- as time vetween repairs. But not e&ny more! The SST
propulsion tesms carefuliv critiqued designs for mainteinabfiity,
durabiiity and reliasbili:y, and as the d:8igns are tested and

modified, they are continuing to look over the desiguner's
stioulders,

fhis zuccessfv] means of cuoperating to achieve optimum desigi
from the airline viewpoin: Ligs been carr.ed a step further with
the CF¢ Coordination Team, This iz a comhbined engine manufactu.er,
sirframs snufacturer and airline operator committee which has met
continuelly to critique not only the engine design, but alsc the
{n«tallation design, and the s oport plans of the manufacturers,
The results of sirline/menufacturer coordination gre coming :o
fruition, es teaw efforts opiimize the engine for maintenancs,
and the cainv:nance development olans to fit the envelopr 2f rhe
engine and inatallation limitatiois, The results will furthsr be
¢ombined both in the maintenance inetructions that become the
approved light snd hegvy meintenancs wsanuals -- and something new,
the trouble~shooting msnual, A true systems approach to msintenance,

~

ro

Simple? Of course, but until the SST competition, it was unhaard of.
And, we balieves it is carried to the pro, ar “pressurized” environment
with the CF6 {nstallsifon,

Only a couple wmore maxims and ve will have completed our viewpoint
in helping the man in the amaintanance picture.

FIGURE XXI MWAXIM V

"Diagnostic eguipment doesn’'t prevent - it anticipateas,”
Tois way be a little oversimplified - but the thema is {mportant.
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Reiiability comes frow proper design, adequate de.elopment testing,
and understanding of the basic csuse of failures when corrective
action programs ave instituted. Condition monitoring or diagnostic
equipment and techniques ma¢ assist in determination oi services-
bility but can't in itself {mprove reiiability The Genera.i
®leccric approach therefore ‘s to develop diagnostic techniques

and to test promiuing equipwent curing the development prograem, and
combine thie with a reliability program that is ~{red st making

the engine ready for condition moniterecu maintenance when {t enters
service,

Many promising types of equipment are under development both for
fault recognition and ‘aclt isolation., A good example of the
former is the presently used accelerometers == or the more craplex
vibration analyzers. We have teen doin much work with many types
of wibration devices and anticipate : improvement in the state of
the art ~-- proven during developmen. aad in flight evsiuation by
the time the CFé enters service., A second piace of equipment which
offers great possibilities in fault recognition {8 the oil analyzer
currently un.er develop~ .t &t GE.

FIGURE XXII OIL AMALYZER

Thig newsst version of the saslyzer uses an optical method of
determining 0il quality and type contamination if metal particles
sre present, Y. could be airborne or vlugged in for groun' inspec-
vion, The basic desizn will be further defined and tested duriag
the OFH davelcpment progyam.

Once wibration indicatfon, periorvance detericraifon ox oil
contamlaation indicate wugine difiicuity exists, the vroblem must
be isolated and evalusted. And so ¥e come to the irat aaxto,

FIOURE KXI1I MAYTH VI

"

"Looking frosm the outside heats the Dirskens out of teardown.

™iis ones is obvious, Hevevaer, it points cut one of the fastest
rowing &tts in the afrcreft indust.y -- the devel,paent of tre

FICURE XX1Y  BORESOOPE

A1l three sagine ma&.:iscturars nave baen cocperatinrg with the
optlcal hardwsre vecple to design borsscoped waich can twist and
plunge #74 zoom and focus sharply. The new designs &re A far Iry

.
froem the old proctes ope which we once used 7o see {f a valve was
buraed or ¢ pluton top-land wess miseing. T. Dborescope Jdoes,

however, hove limicEsi-ns. The 2 are U5 casing lgcations where a
horescope cfr be inazvied fa a TFb. But it can't see around all
s he coiners. Porthermore, 1t is realiy & time conuuming job to
tare. cope an enti.e engine. For this reason, it hesn’'t looked
fessible to -ourtiacly inspect for general engine condition during

?

£




perlodic inspections, However, +when a xnown problem exists, the
borescope can novm&lly detect che probliem without teardown regquire-
aent. Purthermore, the plcture resoluticn -- even when photographed
re 35mm flim -~ {8 touly excellent.

Should a decision be made that borescopes shouid be useda for
rourine inspections, there is & need for zutomated and photographic
means for recording the comdition.

FIGURE XXV  BORESCOPE TIME

General ERlectric hes tried seversal methods ¢f recording borescope
views on both phtotographic ind TV rape re~ording methods. This
view shows thdt &ivo-sco~ offers considerable time advantage over
conventional means of borescoping. When recorded on phote-film,
vhe system alsc offere the advantage of trend analysis through
vipgual deterioration time prog.eszion records. Combustor cracks,
for instance, are not slarming. It's the rate of crack progression
whirh determines when corrective sction is required.

FIGURE XXVI

Another promising means of external ipspection and fault isclation
is the well known radiogrephic method. Radiographic inspectiecn
technique developuent is the key to effectiveness. Borh CF6 and
GE4 are “'wide ooen' in radiographic terms, the GE4 engine hccause
of its size -~ and t-e CF6 because of it. 1l:ngth. This helps
permit the development of taking clear shots of possible critical
areg; thet the borescope might miss. Here we see the turbine area
of a G4 -- a shot taken radially. We have beer experiment’-g
with radiogrsphs taken at ~' laue angles and they have shown
excellent details of cool. hole features not visible in the
radial shot., Thus radiograpuic inszpection supplements the
borescope iu favlt igolation ~- #nd may in some 2reas uzke the

use of vorescope of secondary need ~- or only used to further
verify radiographic indications.

Aancther new ond very promising external inspection device is the
radiomoter., We sre actively pursuing this 88 a means of assuring
turbine blade integrity is not doteriorating. This device works
by photo~electric crystal measurement of infra-red emission
directly from turbine blades. This model is liquid cooled and
welghs a couple pounds. Lighter-weigit models are possible for
aivborne blade temperature inspection, and are currently under
deselopment.

FIGURE XXV*1 RADICMETER ANALYZER

The vea. trick to effectiveness of radiometer devices is to

have the capability of interpreting what the photo-electric

crystal sees, It presently takes a pretty sorhisticated plece
8




of elecrronic gear like this to wmeasure each blade separately, or
tc average the complete spectrim of infra-emission from all the
blades. ihe present thought to use trand informstion to detect
variation {n anticipeted infr-red emissicn -- and {soiate the
btade or biades ceusing the change in emission by an electronic
switching technicue,

THIS RRIMGS US TO THE CONCLUSIGN

We at General Blectric believe in the conditicn-monitored approzch
to maintenance, But it takes more than words and hope to "get there
from here.' It takes much pianning as maxim #i points cut. But it
&8l30 requires much cooperative s2ffcrt between msnufacturers

and airline customers during the developmen: phase of new equipmant.
And it takes tangible evidence through testing aad try-out of the
special equipment anc techniques. Probaviy mcst of all it tekes
understanding of the limitations of b..n man and machine.
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FMR ~ Fieid Maintenanc. Reliability

Amarican Alrlipes, Ing,
H L Antosh

Alr transportatiun has pecked its way ocut of the Stone Age of the
industry and by use of advanced technological developments and
discoveries, has emerged a® one of the most complex and dumanding
businesses in the space-ggs environment, American Airlines has an
aircraft landing or taking off every 35 seconds of the day - every
day of the wesk, a fact staggering to have envisiocned a few years
ago.

With the adrent of the new generation of aircraft - DC10 - 747 «

SST . we are at the threshold of infinitely more complex cperati.nal
challanges, Msthods used in maintaining aircraft in an earlier state
of the art are no longer adequate to assure the safs, on-tims service
required to keep pace with todey's economy.

The philosophy “fix when it breaks" is unacceptabie for effectively
maintaining today's highly compiex aircraft. Today's aircraft with
their many complex systems necessitates a new philosophy of "fix
before fault" involving a capacity to anticipate and isolate premature
protlem areas, In keeping with this new philosophy American Airlines
has pioneersd a program that presses into service all the marvels of
sophisticated computer operat - with the reascning capabilities of
highly qualified specialists to develop FMR . Field Maintenance
Reliability.

The backbone of American Airlines' Field Majntensnce Rellability Program
is the multi.million dollar Sabre Center at Briarcliffe Manor, New York.
The Sabre Center houses the world's largest corpuratior owned real-time
somputer system. Utilization of this facility gives .s a unique advan.
tage in our efforts to isolats problem areas in a2 premature condition
and make & reality of the new philosophy, "Fix before Fault.®

A pilot PR program was implenented in connection with our 727 aircraft
and total fleet involvement was schisved by 1 February 1968. The
success of the system was such that we havae ordered equipment to expand
MR to our other flests. On 1 January 1969 the BAC 40C flset will go
on MR, The 707 fleet will be on system 1 March 1969,

PR 4s an integral part of our overall Condition Monitored Maintenance
program which has provided American with a successful preventative
maintenance control. Condition Monitored Maintenance is a system for
maintaining aircraft reliability which integratas Flight, Overhsu..,
1ine Maintenance, Engineering, Producticn Control, Inspection :nd
Supply in the detection, identification and solution of proble.s.
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The flight crews are the men with their fingers on the pulsebest of
our aircraft. FMR provides us with 2 unique ability to collect,

analyse, and react to pilot reports, from a heretofore posture of
unprecedented efficiency,

Iat's 3se FMR in action. October 31 - On American Flight 175, 727
aircraft number 990, the flight crew recorded that the number one
throttle had a2 tendency to creep with the frictien lock on, It was
noted that the knob on the number one throttle was ones and a half
knob's length out of line in "Climb" setting. The PIREP item was
sntered into the FMR system. During the overnight Termination Chscik,
mslntsnance clssned and chacked the friction lock. The rigging of
all thiee throttles was chscked,

i Another item was also entered on the PIREP. “Nose strut bottoms

[ on taxi,” The Dallas Technical Foreman issued orders to Detroit

A Maintenance. "Service with 011 and air, per maintenance manual -
and check for air leaks around the meiering rod.® Detroit Mainte-
nance also accomplished thie job during the night. An FMR entry
of job accompiishment was sant. At 2:11 AM the PIREP and FACT
(Final Action Taken) were entered on the FMR Agent Set by Detroit.

D~1las Technical Se: ;ices, fleet base for the 727's, has the capacity
to call for a display for any or all systems on any or all aircraft

| on & regular schedule -~ or at will. Every discrepan~y and corrective
i aotion is reported to Fleet Base Station. The Fleet Base Stations

' are respo~sible for the effective maintenance of all aircraft in a
speclfic fleet. They are located to receive a hish density of
flights which rrovides for {irst.hand observation of problems - and
maxizum oppoi Lonity for aircraft routing to accomplish required
maintenance. Flest Base Statlons assign the major maintenance
peckages for the aircraft in their fleet and moniter individual
aircraft to assure timely correction of problems and to detect any
characteristics having fleetwide significance,

Tachnical Foremen staff the Fleet Base Stations. With the receipt

of each mschaniral discrepancy reported, the Technical Foreman : ‘
revisws the problem against any pravious history. He also reviews ' e
the corrective action taken and decides if the action was effective. E o
Be determines any further remedial steps to be taken, if necessary,

The Technical Foreman also utilir.. the real-time capability of the

MR set to follow-up and direr. any deferred actions that are necessary

for completion at the termi-.ting station. Th~ Technicil Foremen are

the key to the affectiveness of FMR. 1t is thelr ability and experience

that serves aa the pivot for the PR function. They receive and evaluate

_ the data introduced into the system, and relay the results of their

N analysis to tho Line Stations so that required maintenance can be

accomplished,

-l-




November 2 - Aircraft 950 - Operating as Flight 342 - Detroit to Boston -
Flight Crew encounters friction factor on #1 and 3 throttles., BOS
Maintenance checks, C06 Maintena.ce - washed out lock. FMR Recomrds -
Item 27 on PIREP poted as repeat on System 70 - Power Plant.

November 2 - Adrcraft 990 - Returning to DTW as Flight 175. Crew enters
PIREP - No, 1 throttle friction. DTW Maintenance enters action - cleaned
friction lock during termination check. Dallas - November 3 - during
perindic display of FMR »ntries, Technical Foreman notss the problem with
aircraft 990, FMR history capability provides data on the PIREPS and the
action taken.

4:01 Dallas Technical Foreman instructs LGA Maintenance of action to be
taker: when aircraft #990 makes its T/C that night. Actien to be %aken -
source of procedures, November 3 - While the Dallas Technical Foreman
has been issuing remedial steps for aircraft #990, tne flight crew on
what 13 now Flight 426 notes a creepinz throttle. At Boston - due to
insufficient ground time available - Boston Maintenance has ascertained
that the problem is deferrable, Boston Maintenance notified Dallas
Technical Services of the action.

leGuardis - November 4 - 3:00 AM. Maintenance notifies Dallas that they
have checked the situaticn, and performed a follow-up check. Novenber 5 -
The Dallas Tech, Foreman determines that more action is indicated. Since
the aircraft would make its next Termination Check at Dalles - the Tech.
Foreman issued an order to Dallas Maintenance to have a replacement ready
and to accomplish a change overnight.

The order inciuded the part number and the maintenance manual identifica-
tion. Dallas Mainterance accomplishes the job - and reports back to FMR.

Constant check on a condition and the steps being taken to control or remedy
the situstion provides an up-to-date monitor on the status of each system
of each aircraft in each fleet,

FMR - utilizing the technological resources of man and his machines provides
a8 unique tool for monitoring and oversight of the reliability of our alrcraft.
Maintenance requirements ... aterials needed .., allocation of manpowsr,
Economical utilization of availadle aircraft and facilities. Detail infor-
mation - avatlable on demand, and ithout research - all are features of MR,

FER utilizes the input-cutput equipment of American Alrlines' 40 million
dollar real-time seat reservation system - SARRE., It should be noted

that our ™R Program utilizes the commuter lines and memory bank of our

SABRE installation but Maintenance has about 30 agent seis and three
Honeywell 705C rapid printers at the Fleet Base Station. The 705C urit
prints out 30 times faster than tha standard agent set. This facility is
varranted by the tremeniocus amount of material requived for daily analytical
review on siraraft bv both fleet and individual alrplane,

-3-




The Agent Sets are connezted by more than 31,000 miles of communications
faciiities to SARRE at Briarcliff Manor, New York. FMR informaticn

input to the system passes edit routines which dete anv errors. Ths
sander camnot input incorrect information. Input is stored an’ is avail-
able immediately upon being reported.

Current information includes all mechanical probiems and ccrrective
action taken within the last 24 hours. Pilot report ... Maintenance
Repair Items ... Tachnical Forsman work requests, Deferred items -
problems where partlal action has been iaxen or the item has been
deferred. Available for each system, sach aircraft, all systems on

all aircraft. History - all mechanical problems - and corrective

action for aircraft and sach system for the last ten days. Wwhen sach
fiight segment terminstes, the significant pilot reports are transmitted
to the SAMRE systen. At the end 5f each aircraft’s flyirg day, all
PIREPS are introduced into PMR,

Within seconds after input the information can be fed back to eny requesting
station on the system. These items will be worked on during the right.

The econamical use of facilities, materiaiz a~d manpower is more effectively
accomplished ‘when every discrepancy is remedied in one place during one

work pericd. Accomplishing all open items each day is a prims objectivs

of the system, Safety, reliability, cdependability and economy are constant
vbjectives of all facets of Maintenance and Engineering operations,

The historical output of FMR provides an aircraft aind system code print-out
of sach discrepancy for the past ten -days - on demand from the system,
Additionally, a print-out each week - on a month- to .date format is produced
for analysis by Fleat Base Stations and the M & E Center ir Tulsa., Why?

Ta sccomplish a maintenance program that encompasses the maximum safety,
rellability and sconomy of operation.

MR provides & capability of detecting an imbalance in any of the following
areas - a component part, a system, an sircraft, a fleet of aircrafi and

by ings these imbalances into focus as & regularly recurring problem,
Recognition of approaching ;-oblem areas in s day-to-day analysis becomes
ar important tool in our continued effort of prematurecetection of failures,
In the continuing search for a safe and acoromical cperation, in an increas-
ingly expensive enviroament, tha ability to expose recurring expense items
that can be scrutinized .., evaluzted ,,. and remedied, is essantial.
Coamunication is an *IN* term today.

It 4s obvicus that programsof this stature could not be accoaplished without
the ald of egome of the world's most complax squirment. This very sophisti-
cated computer system, coupled with highly qualified technical speclalists,
provides Aamerican Airlines Maintenance Dspartmeut with a tocl in keeping with
the demards of & business that imposes an increasingly heavy responsibility
to the flying publiec.

A
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Many peopie have participated in this effort, making it the success
that it is. Our ackrowledgements to the FAA for the ,atience they
displayed during the development stages, and the Ameriran Airlines
personnel involved iu the long tedious hours ol attention to detail
that was necessary to reach the point of achievement that we are at
today,
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viation Acdministration
vaposiun in Oklahoma City,
by T. J, Tanner, Manazer,
Airlines,

I am honored that I have been asked to be a part of this panel before suck an
important group to talk for a few minutes on Eastern's approach to improved
through training and upgrading the aircraft mechanic,

aircraft reliabilit;

<

First lets take a look at what the line mechanie's roll in aireraft maintenance
may be, then we have the basisin setting training o-jectives in the av2as we

are locking for improvement or the proper methad to be used in arriving 2t the

result,

™
o
2.

A. Airworthiness of Eastern's Aircraft is mcintairned by carrying out the
maintenance plan as covered ir the FAA approved Maintenance Manual.
B. Al worit and inspection shill be performed by the mecharic and/or inspector
as ontlinxdin the Maintenance Manual.
C. Work or inspection is generated in the following manner:
1. Prescribed work and/or inspection items as covered in approved
Maintenance Plan., (A1l items below phase ¢“eck)
2. Found by self,
3. Pound or assigned by:
a. Supervisor
b. lead Mechanie
¢. Inspector
d, Technical Supervisor
e, TFleld Enginesr
f. Routing

&, log Book item.




HO RS R, v o -

. How handlag
1., Detemine what nesd he dons,
2. Aeeomplish
3., Temporary fix
4. DBeferred
5. Mspstch on minimur equipment
8, Missing parts list - relation to sbove

7. Watcn item

8. Recording and reporting system in accordance to Maintenance Menual on

1, 2, 3, and 4,

Understanding the roll of the mechanle, the Technical Training Departments
responsibilities lie in the srea of developing, producing and administering
training programs that will train and upgrads the mechanic. Tec accomplish
this tsesk we have three subsivislons in this Department which are:

1. Gisssrcom and On-the~job Training

2., Apprenticesnip and Skills Improvement

3. Video Programs Development and Production.

Under classroom and on-the-job trainirg this could be broken down as follows:
1. Problem arcas that sffect component and systems reliability.
2. New alreraft or new prodicts femiliarization training.

3. Recurrent training.

PROBLEM AREAS THAT AFFECT RELIABILITY ON PRZSENT FLEST

To br'-, about an improvement In mechanical delays and cancellations, reliability
of components and systems must be improved through Engineering design,

procedures and publications, methods and mechanics know how., My comments will be




held to training by the Training Department that will improve the mechanic?s xnow

how as one of the inpgredients that will improve component and systems rellability,

The number one questicn the Trainine® Director must answer along these lines, is
what arc the subjecits that will be developed into a training program and what shall
be the content. Through the analysis of a specific problem by Line HMaintenance
Supervision; Technical Support and Engineering, they determine that an increased
knowledge in the description and operation of the syustem and its components or

the proper use of test equipment and or rigzing, adjustment and calibration of a

component or system would increase reliability, The subject is then estabiished,

The problem may be systemwide or local, it may be a problem on a specific type
of aircraft such as the Boeing 727, or a systems protlem that affects more than

one *;pe aircraft.

After the subject has been set, the next important task is to establish the
specific objeetives of the course and develop the course content to accomplish
these objectives. The subject is assipued to an instructor whose job is to

pruduce the training package which may include video tapes. HKe gathers information
by talking with Technical Suppori personnel Fngineering, Maintenance supervision,
and Reliability Engineering. From the analysis of this information he is in a
position to establi=’ the objectives that will bring about improved aircraft

reliability taroush trainine and upgrading the aircraft mechanie,

ks an example, Field Powerplant Fngineering noted that the Electra Propeller
system was cavsiag an abnormal amount of delays and cancellations. Also
components were beinr chanped that checked out in & salisfactory manner in the

shop. Looking at th: Fleeu Reliability Report which is reailly a montly report




of the Rellability Enginesring Analy:lis Program or REAP, it is noted that we
were experie- g about 12 basicfailure moedes per month under 70-00-01

"Personnel and Procedures”,

The object  .es were established and & training prozram was developed along with
an 1-188 Propeller Trouble Shooting Guide and videc tapes. Then, a J0-hour
training program was set up at all Electrs maintenance stations and the trouble
shooting guide and video tapes were used as training aids. The October Monthly
Reliability report shows that the personnel and procedures mode has drepped from
ar average of 12 per month to an average of 3 per month. The key to a good
program lies in establishine objectives thatl when learned by the trainee will
bring his knowledge and skills to a level that will causze him te perform in a

satisfactory manner.

NEW AIRCRAFT OR PRODUCTS FAMILIARTZATION TRATNTNG

One of the major activities in Technical Training is the training required to
place a new type aircraft or a new prodvect in service. ring the ne.  two to
three years, Fastern will place 1 cervice the Giant Boeing 747, the Concr-de,

Tackheed 1011 Adr Bus and shortly ti-oreafter the loeing SST, and, ' way the

shert take-off and landing eraci s pe-foom 2o ia our Tt t e Drergtion, more

than likelx we will have a fleet of tieue aircrifi,

-

What do there new afrcraft mean to Fastera's Mairtecarce 00 2oont® One of the ¢
things 1t aeans is an increase {0omech o den? g el o mnltiplies the work

load in the Technical Traininp Derartrent & deyetoping ans ooy i ¢ oapd

administexing familiarization provr-ams en - - ¢ these new Lo o -oraft for

the present mechanical force ae well an tie additional peroor- e Feed 4

handle tte increased fleet of atrcralt consiotine of many tv, =, .t alse meons

Y
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hich the additional mechanies will be drawn from i

that the manpower pool from w
will not contain the skililed ~echrnliziin that will be required to maintain and
treubly shoot these highly technical and complex alrcraft and their knowledge

snd skills must be brousht up to a level that will bring about the desired

reliability.

In this fast moving technological zociety we live in, it makes little difference
how sophisticated the machinery gets or how complex the systems became, the
responsibility of training these ‘echnicians must be met so the performance of
these new tvpe aircraft fall under the umbrella of an established reliability

pProgram.

Since we are operating seven different types of Jet aircraft and will be adding
fo o different types, in fact wmore complex typer, within the next few years, we
must gear our training prodiction toward a system that will rarallel the Line
Mechanics day-to-dav activivies, A meckanic al one of cur line maintenance
stations will be called on te maintain, trouble shoot and rervice many types of
aircraft in a single day and he must Lo well veroatile on each type, To

accomplish cur goals, we in the Technical Tralrong Deparipent feel y» must ofinue

our philororhy of trainineg from a met od of develovine anoinde, endent program on

& specific alreraft to a Trpeeet T o all oatreraft,

Wnat is the "Sysrems Approace ™7 The o o ereach conld be delined as a melhod
in training cm a specific syst=m th-t 0 ormon similarcities onoall types of

aireraft in the fleet, Hepo the decaricoe oo and operation training of the sysrem

could be develaped around a Ureprecert ot e o e e e mechanic would have tre

basic knovied o of the syster no ma “er what typre airciaft ke was cilind onto
gservice an? muiintain,  In fact, the decoription andt operatfon po Ui

Minufacturers Muiatenanece Minu l ar 0 be bon st th i e g peeeh
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As an example, the hydraulic system on all jet aircraft we are operating are
similar in having a hydraulic pressurs device, pressure controlled devices,
indicators and warning lights to indicate normal ari/or abnormal performance and
controls to cut "on" or “"off" the system, and it provides controlled hydranlic
pressure to a manifold in a quantity that will operate the hydraulic units on the

aircraf*.

The systems training on such a system would be conducted in the fcllowing monner:
1., Description and operation of the system shall be taught using a "representative
Jet aircraft system.,™ The objectives shall be:
a, Understand purpcse of system.
b. Understand description and operatic: of each component, accessory,
controls, and indication of system,

Note: &t no time will specific alr-raft be breought into this discursion,

2. Appiaicatic of representative system to a specific ajrc-aft, All aircralt

shall be covered sep-rately,

In the event there a=e devintions on specifi alreraft frop tho -eprecentat ive

1

system, ithe representative svstemn sha’l be surrlemented, rrineing toe

representative system in phase to specific alr-~rmalt syrten,

The oblectives shall te:

a., Understand difference between representative system and srecific system

b, Be able to operate or preflipght sveterm,
(1) Interrret ».ter -eadincs and warming =iprals,
(2) Xnow wher systsn performing narmal ane undy sstand malfurction indicaticn

¢, Understand emergency preocedurcs as relatsad to syntem and booghle to pesformnm

emervency sters,

#
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d. Understand and be able tc . -y out maintenanc: munual practices as
related to system,
e, Comporents, accessories, control, or indication:
(1) Know locotion and how tu get to.
{2) Know how to servica,
{3} Be able to remove and install,
(a) Adjust whe~c necessary.
{b) Calihrate where necessary.
(c) Rip vhere necescarv.

f. Minimum equipment list es related to individual unit or system,

A. Power OSysters 2. Other Syctems

1, Electrical 1. PFower Flant

a, A, Syctem &, Fuel Svster
b,  T.C, System b, Fire Dotection Tyeten
2. Mydraniics . Tgrition Syivtem
1, Preumncics do Air Bleed System
R, Flient cen 2. ler arnt Rain Traotectieon
1, Cempars Sxten 1. Air Conditionine ana Preesurization
2., Navieatior Systenm L. landi=r Tear
3, Flignt Director Dyoterm a, Brave Sysiem
L, ARut~ Threttle o, Arti-Skid
§, Airerred Sreten 5, Fusl !
6, hute Tile! Tysrem 8. Fuel, De-Fu-l
b, Indicatire [ystenm
¢, Tank Sealant
(1) Fuel leaw lLimits
A, ARV
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Such a system lends itself very readily in developing videzo tapes on a fleet of
sircraft that have many types. After inaugur: ion of such a system and tapes are
produced on present aircraft, developing and producing training on a new aircraft

would consist of Part 2 ac previously described.

Apprentice Training

Eastern has sponsored an Apprenticeship Program since the 1940%'s. This p-._r-am
is to encourage and aid in the establishment and maintenance of high standards

in the craft of airline mechanics, and to improve the standards of workmanship.

The apprentices are escheduled irto the shops on a LG hour per week basis, and are
considered a part of the shops production quota.
Some of the _reas he will work are:

-

a. Removal and irstallation of Jet Ergine Components and rigging of E

>

ngine
Contrcl Systems,

-

b. Repair of jJet engines which "=ad to basic trouble shooting and repair.

¢. Jet engine greund starting units.

d, All ground support =squipmert, such as air conditioning trucks and tow trucks,
e, Sheetmetal,

f. Alprcraft Rloch Overraul and Line Maintenunce.

g. Fectr;:al/Electronics

During this same period, each aprrentice is renuired to attend twe, three hour
classes per waek for his acadr-ic training in intermal combustion erzines, int
engires, hydrandics, el ¢t-ical, elescirenics, theory of flight, and all the

scisnces related to seroplanea. M= will rec: fve abeut &0 classreoem hon-e of

toadning during the [irst three vears, &4 the complietion of e Tacireom

training and sh~r vork, he {8 now 9malified to take the Federal Aviaticon v ooy




Mreraft and Powerplaont Fxaminations; acd upen securing a satisfactory passing
grade and passing the practical test he will be given a certificate oy the Federal
aviation Agency. At the carpletion of the three year program he will be promoted

toc the mechanicts clacsification,

The Use Of Video Tapes In Technical Training

The production and use »f video tapes for trrining is & .3y of i.fe at Eastern,
I will discuss some of the reasons we are using this media, Xany rroblems
plarued Mrintenance supervision in sending their mechanica to a central training
facilitr to receive £z ilarization, recurrent and specialty training, These

problems were:

[

« Lues of man from production.

2. Mot having additional persornel le temporarily assign to cov = production.

3. Covering tre prroduction usi~e overiire,

Puring the time the man wis a way from hile Job, daily reliabiliiv suffered even

thour’ overtime and other mears were used to attempt to bridee

i ¢ ~e A g P ] 1 PO e ad T "~ - s ~ PN S
A siudy ware conducted to delermine how the rreobler of removing the mechanic {rom

produccion, as well ac hic demicile, for taining purroses could pe overemme in an
Tfective manner, Tre firel genclusion reached was the majer Tty of training should

be taben Lo the staticn and fegining e conducted before or afler =50 ok,

S riirg o mose that I8 pupintenince stations

an needed, The gtudy thear prnccmr jcaad the
varieus metrads o7 qudio-vicual rrecprecorded prograps whiceh ean v broben dowr




1, 35MM and audio synchrciuized

2
]
(ad
c
o

Z. B or 16HM movies

3. Tidec tapes
The study revealed that in producing as many as S0 programs per year, video tapes
would be the most economical. Also, it was deciced that the p »sent perscnnel in
the Training Department could produce videc tares as opposed to using professionals
in £{1m production., Also, the elapsed time in getting film packajges put together
would make the content of the training prosram very inerffective, ss for training to
be effective. timing plsys a very important part. Sometimes a delay {.. training
maker it ineffective, It has beer said that the video camera has dene for the nen-
vrofessional in makin~ moving scenes, the same &s the polaroid has dene for the non-
professional in making photos because immediately after making cr shooting the scene

he resulis can be checked and a retake m3 ¢ at that time if found nececsary.

About three yeara ago, we produced our fi. ¢ videc trainirg taper, Utiiizing the
video system, we preaprred the complet DCO-9 Famillarization Program amounting to
about 12 hours tape running time, Mucn of this maferial wars recorded at the

Douglas Factory pricr to delivery of the first I3

One of the protlems of nresenting a training prosram on & new type alrera
the mechanical personnel seriicing the new type aircraft must be traines’ rrior to
deliv -v. By using videc ejuimment at the factory, live scenes were crexted on

trpa and the acinal

firs® aircraft grrives, the iraine= has a good pictoral pictine of the re2l thing.
Since the original impact of ihe DC-9 prosroms, tarea haye bern produced on

various sublects of all aircralt, We Pave concentrated on subls
line mechanic in his daily vicing of t=e alrerafe Qe of the

covered are:




1. FEngire start and taxi - a tape { = each aircraft,
2, Compass system

3. Converting a B-727 JC

4, Trip and Service Check perforaance

5. and many cothers

At this time we have produced .vout ;7 hours tape ruriaing time,

We have video players/recordr °s and a TV monitor at all of our maintenance

stations, Therefore any of the tapes produced can be used by local manapement

, as w1l 25 an instruetor as a tra. . !ng aid., At Llhe

present time, we are logsing aboul 5,00C view hours per ronth by mecranics

French Concorde and the Inckheod

1011 Air Bus which will be =ovirped itn Rolls Royee enrines.  The manufaciur

and Fastern willl devel  or L ducge the » training packaye on video
tapee. Mers apain wr exrect o take the o oinding toe the mechanic at his domic
ginilar to the plan used when *he U027 07 707 0 and TC-uA]

int ur fleet,

Tackapd 1007 fa

in oy g cratning tapes,
the knew how we bavs Ieasmied inoche rodierion of tapes with fthen so e will havs
the besl toaining T woom NPewe RiGRIY compieoatcn .




Technical traming at TWA is offered tc a wide range of individuals, coveri.g

many recds and activity locations, The scope of this program is reflected in
the answers to who? what? and where?. "Who" includes:
inspectors, foremen, engineers, and managers. ""What' includes: initial,
recurrent, new aircraft, and special training, "Where'" includes: regional,
major station hangar-line, overhaul, shops, systemwide and international

apoplications, The TWA Froduction integrated Training {(P-1-T) program covers

only several elements of TWA's overall technical training program.

{Frame 1) TWA operates both domestically and internationally, The P-1-T

program has been applied at major domestic stations ~nly. Although we do

have a P-1-T pro

el

ram at San Francisco covering station service {275 hour)
checks this presentation discusses only the P-1-T applications for ''C' checks
{1, 800 hour) at LAX, MKC, and JFK, and base overhaul checks {8, 000 hour)

at MCL

{Frame ) before the P-I-T approach, the typical hangar-line mechanic at

a majer maintenance station received 80 hours of classroom initial training
during his {irst year of employment and 49 hours of classroom recurrent
training each subsequent year, except thosc years in which new aircraft were
delivered and operated through his station in which case he usually received

80 hours of classroom new aircraft training.

Paper prepared by Parry Barnes, Manager Techical Services Tralning, Trans
Worid Airlines. faper presented at the FAA Maintenance Svaposium, THio MAN IN
THE MAINTENANCE RELIABILITY SVSTEM, at Oklahoma City. Decemb r 3-5, 1868, ty
Eucene L. Fox, Supervisor of Training wvevelopment, Technical Services Training,
Trans Wo. 1d Airlines.




{Frame 3} Initial claasreom training for mechanices worked reasonably well

a# long as most of these mechanics had significan. relred atrcraft experience,
As it became necessary to hire more and more new mechanics without previous
airline experience a number of problems with initial classroom training
developed, Many of these newly hired mechanics had no way to relate their
clasgroom learning te a real-life situation on the airplane. Since an entire
airplane and its related systems were presented during one 40 heur classroom
session there often proved to be too much to learn in too little time for in-
experienced men, Becaus of shift assignments and work arrangements much
of the learning was not applied for a considerable pericd of time. This problem
wase confounded by the fact that much of the learning reguired to perform routine
tasks assigned to the mechanic could not be covered in the classroom because
of limited time, The overall result of training newly hired inexperienced
raechanics in the classroom was rather low learning effectiveness with result-
ing losses in preduction and time, We should emphasize that these remarks
apply to the broad base knowledge requirements and task assignments of the
hangar-line mechanic. On the other hand, we find initial classroom training
for electrical and electronic mechanics, regardless of their evperience level,
to be highly effective when cormnbined with appropriate reinforcing on-the-job

training,

{Frame 4} With the F-{-T training approach the newly hired hangar-line
mechanic is put to work on a reoutine maintenance task + Jer wne guidance of
an on-the-job instructor. His work assignments follow a prescribed pattern,
The work assignments are interrupted from time to time with short sessions

of classroom training as the maintenance workload permits. Typicaily a




hangar-line mechanic spends 360 hours in the P-I-T training program, 320
hours of whicn he is fully productive under the direction of an on-the-job
instructor, and 40 hours of which are comprised of classrcom training
mncrements spread throughout the overall 360 “»ur period. We found with

this aporoac: that the mechanic appreciates what he learng in the classroom
and is betier able to relate this learning to his worl situation. The learning

is spread out over a greater period of tiime and his “xperiences in the class-
room tend to reirforce his work experience and vice-versa. The results of
this approach are more fully applied iearning, both on-the-job and in the
classroom and, perhaps most encouraging of all, an observable production
increase, Because much of the classroom training is conducted during slack
periods, and becazuse of the overall improved mechanic productivity this train-
ing is actually accomplished at less expense than the previous initial classroom

training program.,

(Frame 5) In discussing the features of this pregram we will compare the
program being conducted in the field at LAX, MKC, and JFK - herc the major
work involves '"C'" checks and related line operations with the P-I-.T prog.am
being conducted at the MCI overhaul base. In comparing both programs we

will discuss objectives, planning, problems, solutions, and results,

{Frame 6) The ¢ -erall objective of our field (LAX, 707, 880 -- MKC, DC9,
727 -~ JFK, international 707} P-I-T program is to accommodate the necessity
of hiring many new mechanics with lower experience levels, The key sub-

objectives ave to develop knowledgeable and capable mechanics during the
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probationary period {six months) while at the same time improving new
mechanic productivity and promoting proper work performance withrut

increasing training cost.

{Frame 7) One of the more interesting aspeccs of the production integrated
training approach is what we call the P-I-T/classroom tradeoff, In the

normal classroom situation, if we assume a student/instructcer ratio of four

to one, we have five men in a non-productive status, For the sake of comparison
we can ssume that the average co+. of c~2 man week is $200, and that the cost

of five men in a classroom for one .veek is 31, 000, If we look ar these same

five men in a P-I.T situation we find that only the instructor is non-productive
while the four student mechanics 2re fuliy productive., Since the students are,

in effect, earning their way the average training cost for this rnode of instruction
iz $200 per week. If the logic of this comparison i3 valid, then we can say that

one week of classroom training will pay for five werks of P-1-T training.

{Frame 8) The planning requirements cf the field P-I-T program centered on
determining the instroctional emphasis and mix, providing for instructor
selection development, developing work assignment procedures, and creating

appropriate training records.

Since most new mechanics at major field stations report to work on the grave-
yard shi't and perform the rovtine portion of the check '""C'" ope.ation, the
instructicnal emphasis is ~entered on routine work tasks normally performed

on check "C'"s, The flow of new mechanics is usuaily from the check "C"




i

work towards lesser checks performed ut the hangar or at various gate
positions, For this reason the 1rstructional mix also included normally

accomplished roul’ne line work assignments,

We were most furtunate in the area of instructor selection and development
because of the large number of experienced mechanice we had to choose from.
Newly selected P-I-T instructors were further developed through the means
of classroom instruction on-the-job-ccaching by existing training instructors
and training supervisors, special instructor orientaticen sessions held at M(]J,

and by cross-training each other.

Work assignment procedirres had to be develoved to meet three requirements,

Firsi we had to consider the flow of new mechanics into the check "C' operation,

It was necesgary to pace the various learning experiences 80 1s not to ¢ reate
a bottleneck that would have caused the accumulation of new mechanics along

several points on the learnirg path,

S5econdly, we took into consideration the preduction requirements of the check
"C'oitself because part of the tota. objective was to increase new mechanie
productivity on the check "C" coperation, Sin. : the rouiire part of the check
YC' operation is controlled by task assignments called out .n "work cards'’ we
{found the "work card" to be an effective device around which we would build

th= desired learning experience.

ikl G WRariols ¢




The third factor we considered in determining work assigniment procedur=es

i invelved the necessary learning requirement: We analyzed ea~h of the

"'work cards' for significant learning experiences. In this way we were able

to identi.y those critical learning tasks and direct the emphasis of the job

instruction and coaching towards the more critica! tasks rather than at

the overall routine work requirements,

We tied all three considerations invoived in planning work assignment pro-
cedures together by nm=ans of our training records. We cdeveloped simple,
usually one page. instructsr work sheets, An individual work shee! was used
for each new mechanic, For example, the instructor work sheet used at

l.o8 Angeles covera check '""C'' operations, routine station gervices, and line
assignments on 707 and 830 mode!l aircraft. This training record calls out
the "work card' assignments a new mechanic i® expected to accompiish as he

flows through the planned learning experier e,

i {Frame §) Even with carefully 1a1d :lans a number of (hallenging p-oblems
develi ned 8 we began to implemeat the field program. One protlem invalved
coordinating on-the-job training efforts wi'h the main enance production organiz.
tion. In order to have a planned learning experience 1t was nec ssary for the

P.I-T instructo=a to infiveL. e the aveiooment of new mechanics to various work

o}

tasks, At first this was regavded as ancther factor lumiting the lexability of
3 8 )

production pecple 1n accomplishing their work, We tcox the approach of selhing

! our ideas and using friendl, persuasion t~ win the required degree of cooperatior

later as more mechanics became mvolved in ihis program and the production




people could sense the productivity improvements they became more eager

partners in our work planning efforts.

It took zome time for us to gain encugh experience to properly ha'ance the
amount of iime required for the various parts of the planned learning experience.
Lookiny back on it, we brlieve the orly way to resoive this problem 1s through
the cut-and-try approach, QGur experience leads us to believe that this problem

is not really subject to solution by precise plan.ing.

Integrating classroom treining, surcrisingly enough, also proved to be a
challengi Sroblerr We t s 50 ipvolved witl he [ R P
challenging problem. e became so involved with the on-the-job training portion

of the P-I1-T approach tnat at some stations we tended to under emphasize the

required nents of classrcom training.  Basically we use the classroom

training ¢lements to present the concrptual aspects of the various aircraft

systems while we use ¢en-the-job t- oung to show the actual location of system

components and te teach the ropred skiils to pertorm assigned maintenance
The various reld stations chose difforent methods of integrating classroom

tratuing., The mewnod tney use depends largely on the nature of their mauantenance

workload,

Because of the rate of flow o0 new imecoantio s woe

thess mes ban os were PRONVITE o othier raantenande ARSigh~

1

-} } B 1 - ' » Moo 4 ) L M - N N
ments belore they could Cormealete therr cheos s arented fearmong Cvvie on the

4

praveyard smit where the privoary P-i- T arstracior coverage was centered,

After examining 1 number of approsches to




practical approach wasa te extend instructor coverags to other maintenance areas

on the graveyard and twilight shifts,

{Framea i0) Basically the solutions to the various problems we fcund in imple-
menting the field prograrn were developed by adopting a problem solving and
experimental appreach. Althouga ¢ach major station had its own separate
training problem and maintenance workload requirement we found many common
problems and solutions in the various idea exchanges heid during the program
implementatior phase., When we added our first P-1-T instructors we purposely
stayed on the thin side in order to attain our training cost objectives, In some
cases, however, the maintenance workload and new mechanic shift spread

requi- 2d additional instructors to accomplish all objectives,

We achieved support and cooperation from maintenance production management
pe~ple by making a concerted effort to commiunicate the nature and extent of
our muiual productivity chjectives, by involving them in our plarning and imple-
mentation consideratinnry. and oy collecting and analyvang encugh data to
demonrstrate that the P-1-T program was significantly and favorably affecting
new mechanic productivity and, therefore, overall maintenance productivity,
{Frame 11} The key results of the tield P-I-T program were 1n the areas of
developag proper work habits, contrmibuting th lower mechanic turnover,
reducing training <osts, and conttbuting to higher productivity throuygh less
manhours per mantenance oprration, In genera

, the feednack we have indicates

that the field program has attained the objectives we dentified as necessary

eas




reguirements at the outset of

{Frame 12)

perhaps it would be well te compare the training requirement:

field station situation with tho

P

one or two types of aircraft,

within the 707 aircraft ¢y pe ¢l

power plants, passenger and cargo winteriors

cenfigurat ons.

original 100 series, or short
figuration, and the "stretch”

possible overhaul airplane
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in the fi=1d we primarily cover one mechanic speci .y (hangar-line), wvhile at
the overhaul base we cover nine mechanic spevialties {atrcraft, hydraulic,

hangar metal, f{ue. tank, shop metal, electric:

radic, instrument and line.)

I think you wouid agree that the magnitude of the P-I-T challienge at TWal's

MCI overhaul base is many times that of the challenge at the major field staticns,
For thic reason there are a number of significant ditterences in the approach

at the overhaul base as compared to the approach in the field,

{Frame .. ) The overall objective of the overhiul base program was to acoom-
modate the necessity of hirt.ag more new mechanics with lower exporience

levels, I['he key sub-objectives were to improve new mechanic productiviiy
J I3 Iy Jo

to contribure to lower mechanic turnover, (O DromMote proper work D(‘T{OI‘"‘J:E{‘.C:’,
! 1 & £ .

- .

and reduce traint:

g UOost,

{Frame 14}

approach taken in the neld,

instruciural emphas:is and max, provid

ment, dcwcinv;‘"‘g TCQTA evivme s, Creailng onTiale Trann-

ing

(Frame 157 The prodlemns ab the overbanl Dase werte nery mnch dallerent shan

thase 1n the Dicld, Some o the noy vrniaonts svere i thae gress of pravs

conlinmuity o anstraction, avhieving o 3 e Tadher b COoraENGONT U T !

coordiiating the fratming eflart the (oo o oetion owenerias, boiag
LT eves (D o & Doy HEEANIRECE NS




»f the 1lexibi» nature of work ass.igr ment practices in the overhaul operation
b t t

is likei; to ve moved about from one aircrail type overhaul

pocially during has first year of employment., Because

of the constant niove~er® of new mechanics from one aircrsit type to another

we found it difficult to achieve any sontinuity of instruction.

slanned to organtze the training by specific airoraft

tvpe  bul ve found that achieving a plianed rather than & randorn appreanch

was himestampossible, to difficulty 1 achile ... ¢ plunnea

ok were the movement ¢f miechanics, variations in airc-aft oveohaul

naw rmechanics

* L 1 LY N - - o
2 10W Oorder SK1F TASKE 9T A e DASLS,
Because the oveorhaul 0peral dn 1nvalves many more mechinic spediditlios,
many ne: nainter v Temen, aomudh Lroader of work, and work
DrACIIUes 1IN0, Sidtent Woth o @fraCtiy e training v arrorait type, we four o0t




{Frame 16; The major solution we developed in the F-1.T training program

at the overhaul base was to back 2ay irom planning and conducting mechamc
training on the basis of specific maintenance tasks performed by aircraft

type and {o develop methods of identifying mechenic learning requirements

in what ve call basic skills and critical skills approaches, DBriefly, we
analyzed the work performed by each mechanic specialty. We asked ourselves
the question "Whar basic skills possessed bv a mechanic is this specialty,

in our everhaul setting, would alloy him to perfor: ail of the routine and

mu=ch of the non-rouline maintenance tasks assigned te this specialty?®" In

each of the nine mechanic classifications v-2 1dentified the major elements of
these busic skills as well as calling cut a number of sub-elements for definition
purpoves, For exam .2, in the TWA overhaul hydraulic mechanic speci iv
the sixteer major basic skill eiements are: cable swedging-cable identification-
cable installation-~terminals, fittings, and turn barrels-lubrication-torque
wrenches-tools ~basic blueprint reading-protractorg-proper ma ‘ual usage-
correct method of handling removed aiv.ra.. parts-seals and seaiants-
corrocion remioval and treatment-fast-ners-test equipment-and safety pre-
cautions around aireraft, After we identified the basic skills in each mechanic
snecialty we then structured the !>~ ining emphasis, both on-the-job, znd in

the classroom, towardr the qualification of each new mechanic over the

full range of basic skiil requirements in his specialty,

While ;e found that the basic skills approach worked well we also found that
it did not go far enough, In analyzing the maintenance tasks performed we
found a significant number of critical tasks that have special mechanic know-

ledge and experience requirements (critical skills) before they can be

12
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efficiently mastered. Although individually, they constitute a relativeyy

T

minor portion of the overall maintenance work they must necessarily b

o]

performed both satisfactorily and on time if the averhaul operation ig t
proceed in an optimum way, For each of seven mechanic specialties
inciud .g: aircraft, hydraulic, hangar metal, fuel tank, radiec, electrical,
and instrument, we identified these significant critical skills, For exampls,
in the aircraft mechanic specialty we identified the foilowing critical skill

: requirements:
R & I Srabilizer Actuator & Rig
Stabilizer Cable Change
R & I 3tabilizer Piv>t Bolts & Bearings
R & I Zievators
Friction Test Elevator Balance Panels

Rig Elevaters

Rig Rudder
‘ Friction Test Rudder Balance Panels
Fuel Flow Cherck
Change Fuel Valves
Galley Water Systemn Check
Water System Check
Flow Check HRD System
Install HRD Bottles

Air Leak HRD System

13




Change Auto Thrust Cables
Ayto Thrust Installation and Rig
R & I Bottle Bolts

R & I Doors

Rig Doors

(R & I - Remove and Install)

The overhaul production management people were guick to see the real
commercial value of expanding their inventory of critical skiils. Past
experience nad indicated to the:. the* ‘he very nature of these critical skills
alge led o critice' events, By increasing the number of mechanics qualified
to perform the various critical overhaul tasks the critical skills trainin<
apprcach has proved to e particularly helpful when various tasks rcguiring
these skills extend into pericds not normally covered by the most experienced

mechanic werk force,

In many waye the crivical skills training approach proved to be the catalys,

for achieving the support and the kind of cooperation we needed from the
overhaul production management pecple to attain our mutual training objectives,
Since basic skill development is prerequisite to critical skill development

their enthusiasm for an increased inventory of critical skills was telegraphed
back through the tearning process to support the developmant of basic skills

in new mechanica, I think in all fairness we can say that we have achieved

an approach in the overhaul base P-I.T program that is truly perceived as




oeing helpful in the eyes of the cverhanl production management pecple,
They now view these training efforts and objectives as mutually supportive,
and they are providing us the kind of scheduling and work acsignment

assistance that ocur efforts reguire to be effective,

The significant resuits of TWA's production integrated training

pons
.
1
3]
H
)
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nrogram at the MCI overhaul base are the development of proper work habits,
a contribution to lower mechanic turnover, reduced training ccats, increased
basic skill levels, increased critical skill levels, and increased mechanic
productivity, In general. I think you would agree that these results have
achieved the overall objectives for which the P-I-T training program at the

overhaul base was intended,

{Frame 18) When we 100k at the problems at the major field stations and at
the overhaul base that the P-I-T program was designed tc overcome, a
review of the overall problem indicates several key prot'.m elements., The
problem was characterized by increasing numbers . newly hired mechanics
w. 1 lower levels of skills and experience, the non.gioductive characteristics

of initial classroom traini~g, the fact that the learning gained 1 initial class-
room training was not being fully applied, a resulting drag on experienced

personnel trying to do their own work and yet guide the efforts of these newly

hired mechanics, with the overall result being that most of these newly hired

mechanics were increasing their pexformance on the basis 0 a very gradual

Jlearning curve,

LS

e I B Y M

i




PO R

{Frame 19} In reviewing the solutions we developed to sclve the problems

in the field and the problems at the overhaul base, ve find that these solutions
have much in common. The key elements of the basic solution we developed
inciude: trading off initia' ~lassrocim training for more O-J-T, sequencing
the work-training experience, o-ganizing planned skill training experieuce,
mixing increments ! classroom training with &-J-T (as opposed to concen-
trating *he classroom training in packages of forty hours) and achieving the
cooperation and support of the maintenance production management organiza
tion to make the work experience of new mechanics a highly valuable learning

experience to both the new mechanic and to TWA,

{Frame 20) An overall review of the results obtained from both the field and
overhaul base P-I-T programs reveals that the results of both programs have
been signilicantly beneficial. The key elements of these results are: the
proper development of work habits, a contribution o lower mechanic turnover,
reduced training cost, and increased mechanic productivity. In addition tc
the results associated directly with the program itsel{ there are a number

of additional advantages that are made possible through the qualities of the
instructor group itself, P-I-T instructors are viewed by most mechanics as
knowledgeable, and helpful people, and through their capacity to lead, guide
and direct, they effectively provide closer technical supervision of all
mechanic personnel, These instructors often serve as an additional source
of information. In many cases they serve as the humanizing link between

the mechanics’ need-to-know and the present maintenance information system.

1t
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Thev are also helpful in providing one-time only training and ~upport cften
required to accomplish aircraft modification orders., These instructors are
available for scheduled and non-scheduled classrooiu training during slack
workloads, thereby taking better advantage of otherwise not fully productive
time., On cccasion P-I-T instructors nave served as back-up individuals
for extraordinary specialty foremen requirements. Y'> have yet to demon-
strate the advantages of P-1-7T instructors during the introduction phases of
major new aircraft programs, but we believe significant benefits will result

in this application.

{(Frame 21} TWA's next major new aircraft introduction will be the Boeing
747. Interestingly, the 747 will operate nut of both LAX and JFK where the
P-1-T prog - will have been in operation for three years. At these stations
we are locking forward te providing P-I-T support for all mechanics during
the 747 intreduction, Through intensive training we plan to develop in-depth
knowledge within the instructor group on the 747, To the extent practicable
and possibie we hope to reduce conventional non-productive new aircraft
classroom training and shift part of our 747 new aircraft training emphasis
towards applied learning with appropriate follow-up as required,

{Frame 22} As we look into the future the two things we see clearly ave more
and more new mechanics and more and more new and dilferent types of aircraft,
If we look into the future from the mechanic's viewpoint it is quite clear that

he will require additional assistance and support in the way of increased job




B information and in the way of development nf new and differen: job skills,

One of the most important things we have learned from the P-I-T program
is that there is a close relationship botween the state of the maintenance

information gystem and the amount of routine {informational transfer type)

traini»o that is requ: "ed to suppowt a given aircraft or power plant, Our
experience leads us to co.ucliude that whea a me-hanic has realy access to the

. formation needed to perform rmost maintenance tasks he needs relatively

little training to work effectively, On the otner hand when he does not have

; the information to perform a given task he requires rela..vely more training
£ and assistance to performn effectiveily or he feels his way along at the expense
of pro. 1ctivity, When a moechanic is assigned to perform a maintenance

task he needs information to answer the following six questions:

1) WHAT am I supposed to do?
2} WHERE or on what does this work have to be accomplisii:d?
3) WHAT RESPONGSE will indicate that the job 1s properly completed?
4} How does this work affect the rest of the aivcraft and its SYETEMS?
5) what is the proper and safe order of the individual work STEPS
that are to be accompiished?
6) What tools, parts, supplies, and MATERIEL are necessary to

accomplish the work?

We believe tha. in order to maintain safe and ¢fficiert maintenance work

that better methods of formatting and prescanting mainrtenince information

should be utilized to support the mechanic of the future,

i




We are hopeful that these chenges will come about in the near future and
that training in the area of mechanic knowledge requirements will largelv
be devoted to the required learning to make each mechanic a competent

and proficient user . f improved maintenance information systems rather

than a human reservoir of maintanance task knowledge,

We believe that {uture mainten:nce training methods will tave {1l advantage
of improvements in advanced maintenance iniormatien systems and thai the
emphasis of maintenance traning in the {uture will more fully emphasize

the analysis and development of both basic and critical maintenance job skills

required to support future aircraft.




PLANNING, SCHEDULING. and TRAINING
in
UNITED AIR LINES' AIRPLANE OVERHALL DIVISIDN

ASSURES THE

J. R. Stevenscn
Airplane Overnaul Manager

It {s obvious that the maintenance of a wodern commercial jet

a monumental ta %X requirin; considerable know-how, It wouldn'
to turn even experienced mechanics loose on such a complex, ex-
pensive, potentially lerthal macliine without special trainiag.

On the other "and, it is eantirely too much to expect that al

requisite knowledge and skiils be acquired bv anvy single hun

being. So a natural, logical alternative follows -- tesm
i

St

pooling of capabilities., in which variocus memhers conts
specific special skills.
The wnow-how

developed, both quantitavively and gualitetivelyv. and then utilized

T™ia, however, is not the ral answer.

sffectively. This is mv topic tor today -- bow one aiviine matches
mechanic staffing an? training to the -kill regquirements of air-

frame overbaul for quality workmans ip and productive efficiency.

inited Air Lines' aircraft maintenance program, like wmest,
nrogressive block airirame cverhauls and assorted periodic

checks,

The ovevhaul work 1 eeving & Maln-
tenance Base. CUhecks are handled at the varicus Line Maintenance
gtativnsg across the svstem -- per technical intocma

by the Engineering & Mafintenance Rase.

Virtally all serviceable components needed
Maintenance activities are supp'ied from the Hase.
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When aflrframe overha:l {8 due, United's plan calls for turbine
aircraft to be out of service for only six davs

Five of the days -- 15 congecutive shifts -- are spent i{n an
elaboreate overhaul dock.

The sixth day {s f£.~ .-mp work and test flvine. During the six

1 i%

days, as much as 15,vou manhours can be expe i

[y e

Let's take a lock at the planning of a typical DC-8 overhaul visit.
in

Well in advance of the arrival of a jet for overhaul, & compre-
hensive maintenance analysis 19 made.

The people doing (ivis are invariablyv experienced technicians who
sre well acquairred with maintenance procedures and the skills
required of mechanics.

A breakdown of 11 skills is used. In the general mechanic cate-
gorles are cocxplt, air conditioning. rigxing, fuel, engine, and
hydraulic specialities. Besides them are the radic-slectric,
shret metal, cabin, paint, and cleaning skills.

From historical records, change or
the predicted workload in each ski
the routine or planned juos.

ders  and various other documents
11 category can be compiied for

471 of these documents are available to the
anzlvezing the workx to be done.
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Simiiarly., alznough nen-routdine work cannot be predicied with pre-
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cislon until the airplane is inspected, the anount and Lype of
work tesciting from inepection write-ips can he approxaaated

vach da
amount

shire,

Qi course, manpower requirements
n general, the ovevell workload

I
few shifts, then declines moderstely thro

[, R4

b the remainder,

U

You can see that stafiing a dock at & constant manpower level

weuld pose manyv problems: surpluses at seme points, deficiencies
s This led to the Variabie Stafting Plan.




What var.asble staffing does is shifr some personnel fruin dock to
duck to build up marnpower when and where needeor.  This enauvies the
dock. to be staffed for a middle-level workioad vet Le cvapable of
meeting peak lrads efficiently.

Since aaving more than one airplane come in &t the same time would
compound the peaking and create added stafting pioblems. simul-
taneous entries Inte overhaul &re avcided Typically, a DC-8 or
720 eatevs overhaul on Sunday nignt. A 727, on Wednesday night
Thia distributes the neals and valleys go that they teznd to offset
each other,

The key to success with Vaciable Stef _ag is in matching the
mechanic skill qualifications with e wurkload profiles.

Manpower planning analysts start this process by consulting com-
puterized qurlification .d training records. Thesge ghow the man-

g2
power availavility »v skill and shifr, Added complexities are
introduced by the mere fact that the Airplane Overhaul Division
is vegponsible for many aircrait besides those geling through over-

' fleet of some 300 lets, manv are alwavs being voutre  to the
Base for repaltv or modificavien, They compete with the o -rnaul
ks {or manpower

AN il

,oand allogations must ve made {rom the same
. Inoa tyvical vear the Ali lane © .rha.l
et aivframe overhaals plus aroend

of ekd

nandles

=
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rCigl Manpowes LN
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ariocus work centers {avelved

Later, Los mer anics receive specitic

Meanwhile, work planpers have heen preparing fob carcs covering
! projects.  These
ki1l planuing

9] of patis from
e

Jetail 4 sutticientiv to enknhle mechanics o perform
- A 32 K { . '

s with a very »igh order of reliability by following
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As goon =g the gircraft to be coverhauled is in the dock, it is
opened up snd units that are scheduled tc come off are removed.
This ie completed wirhin five shifte.

Inspection starts imme. etely, and 28 write-ups are filed,
supervisore and lesad mechanicz procesgs them, determining what
work 1is to be done, vhen, a2nd what psrts will be needed.

Planners thern fit in the non-routine work with the pre-planned
routiire work, integrating the two [ x exficient accompiishment.
This means that, as the overhaul progresazs, each lob, non-routine
ar well as rcutine, must “e¢ sccomplished in proper sequence and
within alloweble time ar? quality limits.

Plenners aud foremen have availeble a computer run contalning
mechanica' experience gnd gquelifications history. 7iuis fs up-
dated continuarily to erable the dock supervisors to better match
the kuow-how to th. tvpe and amcunt of wosk to be done,

Ei juteen on-the-job instructors cover three shifts and work with
mechanics in areas of new job accomplishment, review, and (uali-
fication. <Critical jobe ¥ each skill ave carefully identified
and avre included ia the slopment schedule of each mechanic.
Schedules are pre-planned to provide sufticient quantity of
personnel that are qualified in the various skills. Qualifving
requires actual performance of work within established atandards
of time.

Geali““cat’ n records must be signed by both the instructor and
the zuperv.sor of that skill. Generally, & mechanic ig not con-
sidered qualified for more than three gkills -- the ones he has
had the most recent training and experience in.

New work of ~ major nature vequires cither classrocu or on-the-
job traininmg, or both, prior to accomplishment on the airplane.
Such schooling is provided by the permenent Training Unit that

operates as & part of the Airplane Overhaul Division.

The Training Unit alsc keeps and updates the qualification re-
cords on all mechanica. When workloads permit, refresher courses
are conducted.

A high percentage of "standby" tiwe, fuherent in the airframe
overhaui operation, is devoted to training purp. ses.

Home study and programmed Instruciion courses such as blueprint
reading, basic eiectricity, hydraulics, etc. are also provided by
the company, sud this 1s being expanded regularly. In vecent years,
the training conducted in the Airplene Overhaul D’vision has
averaged about 80,000 manhours per year.
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In summary, there are five principal ingredients in United':s pro-
grem to keep mechanics properly trained for the werk they're re-
quired tc do,

The firgt i3 a carefully deveioped understanding of the jcb skills
and knowledge aecded to overhaul the aircraft,

The gecond is accurate advance kn..iedge c¢f the work to be performed,
go that skill requi-ements ave known.

The third is a long-term program which trains mechanics to the
analyzed skill requirements by the means most suitsble to the
training objectives, angd with on-the-jobk training measured for
effectiveness by practical performance of the job within standards
for quality and time,

The fourth is meintenance of accurate and readily accessible train-
ing and qualifications information to enable planncrs znd supervisors
to essign the right people to the work and to erzble adequate advence
planning cof the training required for both new and recurring work.

The fifth 1s use cf job cards which, although serving many purpo.2s,
~ontribute to the training and qualificstions cf the mechanics and
aggist in getting assignments doue properlv and on time.

In conclusion, I want tc say that we do not see the program L've
described to you as the ultimate. It is werely one we have svolved
and use today with some success. The process of upgrading capa-
bilities ig a continuing oune, and wz must be sensitive to all factors
rela ‘ng to knowledge, experience, ar ' potentisl of pecple.

Investigation and development of new and more effective methods are
eagential if we are to meet the problems of effectivelv maintaining
the jumbo jets and the supersonic aircraft of tomorrow.
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MAN IN THE MAINTENANCE SYSTEM

T

in opening, I would like to express my thanks to those who
have invited my Company, Atlantic Aviation, to participate in this
Svmposium.

1 have been zsked to present the thoughts of my employer,
a iarge General Aviation Sales and Service organization, on The Man In
The Naintenance System. [n doing this, I feel that for the purpose of
this subject we can logically assume most repair facilities to have similar
roblems and possibly the same answers for them,

¥
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I am gu-e that all here today realize that it wouldn't be
the schedule 1o allow all corporations to be personally
here, Therefore, I hope that our feelings on the subject will
1 [5:r reprecentation of most fixed-hase operators,

First of all, I would like to define the group of men who
make up the term "Man', in The Man In the Maintenance System. Back
at our home base, we have approximately 159 men whose duty it is to
inspect, repair and service various types of aircraft of both corporate and
private operators, Of this figure, 20 men are in the Avionics Shop, 27
are engaged in the maintenance and repair of aircraft of less than 12, 500 1bs,
gross weight, 79 are in the Heavy Maintenanc.: Fhops and 33 in Line Service,
It shou'd be mentioned, that these .ien are not normally required to do any
installiation work on interiors or aviornics systems. These jobs are
considered specialized areas, and therefore are handled by other people
in our organization who are skilled spezifically in these areas,

In effect, we can say we have approximately 159 men at
our home base of operations who are actively engaged in our aircraft
mairtenance systems, airframe and powerplant type of work,

The next thing we must deline is the word system,
According to Webster's Dictionary, a system is "an essemblage of objects
united by some form of regular interaction of interdependence.” Based
on this definition, an aviation maintenance svstem would consist of men,
aircraft, hangars, ground handling equipment, and other special tools,
spare parts, ind maintenance and parts manuals, [ have pul the men at
the beginning of the list for a particular reason. That is to illustrate
that the man might darn well be the most important ot all parts of this system,
and definitely the hardest of all to come by, That is to say - good,
knowledgeable, heads-up type of maintenance people,

“i’ap(—-r presented at the Fad Miintepance Syaposium THE MAN [N THE MALNT: NANCE
RELIABILITY SYSTEM at Oklahoma Citv, December 3-5, 1962 by Robevi J. CGreer,
Training supervisor, Atlantic Aviation Corp., wilmington, wvelawaroe.
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If you think back, when you went tc purchase a special
toc! ¢~ build a hangar, you were usually pretty sure of what you were
getting before you paid for it. You aiso hod some idea of its us«ful
life., Is this the case with our manpowe:r requirements? Of course,
we do have ~ur standards, a licensing procedure which sets minimum
standards for mechanics, bul we must not forget that in this age in
which we are living, those tickets can be considered as nothing more than
learner’s permits, A man fresh out of school with his ratings should be,
if ncthing eise, a good pupil. In order to get him into the system. his
training should begin immediately and from that point on, should never
stop. We must not forget this. ... You cannot stand still in an age such
a8 ours, I[f we do, everything else will pass us by. Actually, standing
still is the same as backing up.

In the past few years, we have been witnessing amazing
changes in our chosen profegsion, Changes which are requiring at
least a similar amount of up-dating in us

Cur supply of qualified mechanic 3, has not been able to
keep up with the acmand, It is becoming more difl.cult every day to
keep our shep staffed with gocd maintenance personnel. Qur sources
have been primarily from two arwas, the A & P mechanic's schools,
and {rom the Military, 1 would like to mention that betl: sources have
their advantages and disadvantages.

The average man coming to us from an A & P School, has
book knowiedge, but generally lacks a2 matching acoount of practical
experience. The average Military man has experience, but i3 not nearly
as weil rounded in all systems, as is the A & P School trained man,

We have been working with men from both groups with
very good resuits, by tailering our training te suit the individual, Our
real concern for the future is, will there be @ fargoer pool of men from
which to draw, two years from now?

Cur thoughts seem to be moving in this direction, would
it be advantageous for Atlantic Aviation to get iavoived in a program of
training which would start with a new .an completely untrained in
Aviation, and take him through the hasics, into the advanced technology,
and possibly working with him until he obtains his Airframe and Powerplant
licenses ?

Along with our need for mechanics w. expand, we hrve the
usuai atiriticn problem which faces most companies, We lL.ave througn
the vears lost good mex to variouc ~nrporate opevators and airlines, To
stem the tide of this lois we are doing our utmoest w0 remain competitive
in areas of salary and benefits, Other losses of good experienced men
from the floor to jobs of greater rezponsibility in the company, cannot
‘eally be stopped, for tnie makes for ¢ sounder management, but we must
be prepured to replace these men,
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if we are to continue to prosper in General Aviation, we
must advance with if, We must take our mechanics, both the new ones
as they come through the door on the firgt day, aud the old hands as
well, and we must coatinually remold them. Things are changing so0
rapidly that the mechanic of 10 years ago would be uiterly lost in our
shop of today.

We have been witnessing phenominal growth in our at-craft
of great~r than 12, 500 Ibs, ., in the past few years, and we can nct oreasee
a leveling off of this in the near future, However, in the next five years,
we wili be part of an even groater rate of growth wn our lighter aircraft,
Who here cannot see the siart of a trend towars turbo-prop and pure jet
aircraft, from mamufacturers such as Beech, Ceasnz and Piper? Isn't
the handwriting on the wall? We will see fantastic inroads inio light
aviation by the same engineering which we are starting to live with in the
heavy aircrafi.

Naturally, when we put a turbine of any sort on an airceraft,
we muset fly higher for enine efficiency. Thig, of course, will require
ailr conditioning and pressurization s, sems {0 be aboard even lighter
aircraft than now have them. Alotg with this goes more advanced
instrumentation than we are no. g%ed o in this type of aircraft.

In other words, we are going to see all our probliems crop up time and
again, and as a matter of fact, for each different plane, we will have
problems n overcome. For no two manufacturers have the same
answers for a given problem,

Sometimes I think back to things 1 have read about the
Wright Brothers who ploneered our indnsiry 65 years agc, Can vou
imagine their thoughts if they couid get a look at one of the more
sophisticated corporate jets, such as the Grumm: » Gulfatream II,
I can just about see Wilbur turning to Orville and saying "Wilbnr, I'd
sure like to get a lonk at the bicycle ghop where they put that flving
machine together, "

Ist't it amazing the lengths that we have gone to for
air travel? Naturally, all these things are necessary in order to keep
air travel safe2, while greatly increasing the speed, range and
comfort of flving,




All of the advancements in technology which have been
brought about through the years, amount to the logical progression of
gystems and servo-mechanisms; but when ¢! of these advancements
are hroughf together in a single unit such as an aircraft, it hecomes a
form:davle task for maintenance perscnnel {o get a thorough workable
mderstanding of euch of them,

It takes a good mechanic with a particulariv receptive minrd
to gain ias.ght into the complicated systerns which we have been phaved
into for ithe past few years,

With the progress which has been made in the last 10 years,
one can hardly uelp but wonder what lies shead in the 70's, 1 see the
future as one of the greatest challenges the fixed-base operator has to
handle. A challenge which will have to be met, One in which we are going
{ to be hard~-pressed just to keep up, with the changes in aviation,

Based on this chalienge, I believe that all ¢ us in aviation
are duty becund to motivale our persouuel in such a way, that they wiil want
to keep up with the advancements in electrical and fundamental electronics,
as well ag, the changes in fligh® controls, instrurmentation, powerplants,
and other systems.

All operaters are slowly being forced to make decisions
corcerning whether we intend to have our electrical technicians trouble-
shool airframe system problems, which have been up until now in the realm
of the airframe and poweiplant mechanics, This change in attitude toward
troubleshooting wouid require a larger force of electrical specialists,

On ithe other hand might it not be more usefil to train the mechanics to a

higher level of electrical and basic elvcironics knowledge? Vor these

ares the men who have the most experiencs with the workings of the systems

in question. As an example of an aircraft of the 70's, let us couvsider the

Gulfstream II aircrafi which we have been living with for 1-1/2 years now,

; As 1 think back on the systems of this aircraft, ! can remember <nly one systrm
which does not require electrical power in one form or other. That i{s the
docr-seal inflation system, By comparison, we cannot even frust our old
standby the hydraulic pump anymore, as this aircraft even has electrical

; connec‘ions on this cld mechanical workhorse, The point { am trying to

A make here is that the advancement of technology, in the effort to make

- things more reliable, ha~ actually made things more comphicated for the

man in the maintenance < ystem,

12y




The mechanics are finding themselves responsibie for the
proper use and interpretations of results from such units as; air data
testers for pitot/static systems, anti-skid system testers, variable inlet
guide vane tegters and other special test equipiment too numerous to
mention. How many of us can remember things of this nature from 20 or
even as few as 10 years ago?

As a friend of mine once =aid to me, after I haa just
rapped my head agains? a drain valve on an engine, "Bob, we are just
going to have , i~arr *» be smarter than the equipment we work on,"
Right at that mo en  didn't take the time to think about wha he had
said in Jest, but these words are proving true. We are being forced
by progress to hecoins & sophisticate as the equipment we wora on,

™y

You know, this isn’t really going to be easy for most of us,
beca “e sowre ~f the unite which could fall intc the jurisdiction of an
atrframe and mowerplan! mechanic, fur troubleshooting purposes, are

ell bey 4 .ar czuabilh 2, to be tnorougaly understood. Oune such unit
as an exan le is . Els ctronic Start and Overspes Control Box, which
is ¢ oart o. a Ga. Turbine Compressor, fitted ag an Auxiliary Power
Uni in one of cuy aircraft. This « it contains no ess than 40 transistors
and 30 ¢-ndes.  Yet ! . sole purpose is o turn ' ¢ fuel and ignitiva on
and o! it the proper time, drop out the starier, and give an .adication
of . bine speed in se flight siation, [ believe we all would have to agree
th { the c*arting snd pre-er moaning of this unit 8 s V'owerplant mechanic's
"o, yo we are expecioag him to have 2 bit more then g cursery knowledge
of elecy city, | do not want to infer hore that cur me thalics ace expectod
1o trovoleshoot the inside of this vox, but by miere associatinn with it, we
must have some knowleag~ of its inner workings, fust ic give ap
itlustration of th» imp ‘rtance of this vt if 1l does not functior oroperly
the AP will nut run, 1i the APU won't run the ma 1 powerpl-ais won't
start, as ey are fitte with pneumatic starters. 5 you can seo, 7 -3
could bring unusual nr-gsures to bear on the mechanic for not ouily accurate
troublesuooting, ~ul .50 rather rar J troubleshooting, o« would ' agine
that few thingo would loo - mors us-iess to a busy executive than a

$3,000,000 ai,pivne th-1 can't get 1ts engine started.

{

There are no less than 18 other units which could cc ne under
an aircraft mechanic's job descripti: a, that s if he is t» thorourhly fulfill
hes dutis, All of these units are transisterived, in keeping wich our
apdated technelogy., Eighteen {18 units is a conser. tive figure and does
not in-lude any autopilot, radio, or navigation agu pmeat. £ you can e
thes irend 15 bound to continge rather than diminish,
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In tryiag to keep uo with this advancing iechs Gy,
turn primarily i tve fnctory schools for the knowledge of the &, Liems
ir their aircraft, This, of course, is the only logica! place o goin
this advanced infcrmation. However, we being in buoinegs to .how a prot..
find it very difficult te justify the expense of factory trawning for »u of the
men in cur employ. Actually, to be honesi, not ail the men woulu ver fuil
benefit from factory training, as no. all of the men are at the skill - e
needed to absorb the majority of tiie infrrmatic™ whiza would be pres. ate !,
As sn example, of our group of ., maintenance people in our Hea v
Maintenance Group, we have in 'ne last 18 months accounted for wi'l
over 2,000 man hours of factor: service schoolg. This time was weil
spent because it represents a; sroximat v sne 1) out of every five {(5:
men in the ~rganization havin, attended factor training, The difficultv
with this iype of training is that four ¢+ +) ¢t ¢ five (3) will not sharc in
it. To negiect this large gr ip of men would re a m-stake, especially
with the advances in technol sy we i v+ see in rec<nt years,

in an effort to update th 1 -ge =r um of in=n Atlantic
Aviation has set up a full time in-bous t ring program  Thie
program, in the last 18 months, has .- .nted for ovor © 7, 0Ly mas
hours of training., We feel that this »rr a1 is one meti.. d of even.ng
up the training unbalance which had exist.d a recent ye.rs., {uil's
wa> . we have been able to augment our usu { on-the=-job {raining ¢ gram.
We feel it is our duty to our mechanics and the company and o av.ation
tc have cur mainienance personnel brought along through these o fi-ult yoars
which are to foliow.

As an indicator of our success with the in-oous: 'ra Uny
program, it haz heen expanded to include a second full ~time mo el e
instructor whose primary area of mteres? lies with cur Hoht ;muntenug
group. At presgent, we are pursuing a course of training wioob w17 ny.
all of our light maintenance group trained ir the Beecheraft @ v,
by the end of the year, 7This particular course is of a 64 man-l.o:
for each student. In passing, [ would like to mention that by the <. ot "=
yvear, our entire iorce of men in the Heavy Maintenance Group witl eugdl
a minimum of 160 man hours of training on the Grumman Guifstrear - |
systems,

A second indicator of the success of our training comes
from the men themsgelves, Thougt subtle, a change in the attitude of
the man s taking place, There is = definile improvem =t in the team
gpirit, I believe the men have 2 greater appreciation oi the company an'’
their place in it, by the investment the company has made in them, As &
matter of fact, of the 30 unlicensed mechanics we have hit 1 i1 recent
years, over 1/2 have obtained their Airframe and Powerplant Ratings,
Here agin, the company helps to motivate the men along this 1ine by
allowing time off for testing, among other things,
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In ¢losing, | hopo that § have weved to vou the thoughts
of our company concerning the mechanic in the maintenance system of
today as well as toimorrow., We are looking ferward as a team to the
coming of the 70's, hopine that through training and good emplovee
relations we can continue o remain in step with the advances which are
headed our way.

We will see seme new aids smong the toels of the mechanic
of the future, not the lrast of which will be the computerized maintenance
system, These systems will help us keep track of all the work which must
e done on these flying machines, Let us not forget though, they can only

aid our maiatenance peopie and not replace them,

At Atlantic Aviation the men are our maintenance svstem,
- have dene 15 backed them up wi*h a full ranpe ~f training accoerding
to their needs and put at their disposal severa' milliou dollars worth of

N +

ities and other aids,
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Thank vou., .




THE NEN ROLE OF THE MAN IN AUTOMATED TESTING

Laurence S. O'Neill

United Air Lines
San Francisco International Airport, California 94128

INTRODUCTION

Rapidly increasing maintenance costs and shortage of skilled man-
power have led several airlines to implement Automatic Test
Equipment (ATE) in the shop testing of avionics units.  Automatic
testing offers sizeable reductions in test time which, for various
reasons, is extremely attractive to airline operators. ATE is no
panacea of course, and its successful imlmntat:lon faces a
number of interrelated man and machine problems. The skétch on the
following page illustrates one aspect of the p:oblem the man-in
maintenance and his misconceived fezvr that his present: 'skills will
no longer be required. This discussion, in question ard" answer

format, is a look at ATE from the standpoint of the pecple who are .

resnonsible for integrating it into airline maintenance.

393006 O-69 - 9
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THE MAN IN AIRLINE MAINTENANCE AND HIS MISCONCEIVED
FEAR THAT ATE WILL REPLACE HIM
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United Air Lines has placed an order with Collins Radio Company,
Cedar Rapids, I for an initial complement of ATE for use at

the San Frar ‘sco avionics overhaul facility. The equipment is
schedu.ed for delivery in Nevember, 1969 and will consist of two
major elements; a test station for electronic flight control
equipment and a digital computer %o control and monitor the test
statiorn :cording to preorogrammed test procedures. We plan to

add apprc-imately one test station per year to the computer to tc-=t
other functional groupings of avionics such as radic frequency, air
date. and digital systems. Applicaticons outside of the avionics
area are also being considered. Current active investigations
include such diverse but promising applications as fuel control
system, turbine engine, and electrical accessc testing. The
decizion to implement ATE on such an extensive scale we based on
our prior experience with special purpose, semi-automatic test
systems, We also relied on information provided by airlines and
manufacturers whe have been using general purpose ATE for some time.

PRESENT DAL SYSTEM

Before discussing the new roles of people with ATE, we should take

a look at the present individual responsibilities for avionics testing.
The key charancters in the scheme are the engineer, test equipment
designer, procedure writer, and production mechanic. The descriptions
which follow are not inflevible; and in m3any cases, all or part of the
test development is conducc.d concurrently or asswned by an individual
other than the one with the formal responsibility.

ENGINEER

The svstem engineer's formal responsibility with respect

to avionics maintenance is to furnish the maintenance
organization with the minimum test requirements each unit
must pass ¢ be returned to service. The depth of detail
and medium of communicating these requirements varies from
unit to unit depending primarily on its complexity. The
engineer bases his specification primarily on his own
experience along wich Customer Test Specifications, Service
Bulletins, and other formal or informal communications

e e
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He performe coptiraal follow-up B0 assure toat ti
properiy implementzd and reflec®s the latest available
modification information.

TEST EQUIPMENT DESIGNER

Thz en”ineering test re7uirement is comnunicated to + e
technicai staff of the maintenance organization. The test
equipment designer is usually the first to veview it to
determine the requirements for test hardware. He follows
normal design practice in makirs the build or buy decision
for the required test eguipment. In the majority of cases,
however, UAL will build the special purpose test stand for
the unit; and the test equipment designer proceeds to design
and co-ordinate the manufacture of the equipment.

TEST PROCEDURE WRITER

In another area of the technical staff, a procedure writer
integrates the engineering test requirements and the test
equipment design along with mechanic's advice on ovptimum
methods to produce the written instructions to the person
who performs the test. Again, the amount of adaptation
required at this stage depends on the levei of detail of
the particular engineering.test requirement. In most cases,
the “procedure writer” tag is a gross understatement because
his work invoives extensive liaison with the engineer, test
equipment designer, mechanic, and many others to obtain a
workable, efficient, and meaningful test routine. A large
part of the task is in the initial certification and
de-bugging of the test before it is released for production
use.

PRODUCTION MECHANIC

As the executor c¢f all the technical planning, the
production mechanic is the most indispensible link in the
maintenance chain. His duties are not limited to literal
execution of the written overhaul procedure. On the
contrary, the most productive aspects of his work, fault
isolation and repair, are only partly described in overhaul
rmanuals. He supplies tiie rest from his training and sl
experience and the application of good general maintenance e
practices. The mechanic is also the pvimary source of '
information on the performance and condition of avionics in
gervice. Without continuing feedback from the mechani.,




WITH PRESENT METH(DS AND GROWING WORK LOAD, THE SUPPLY OF SKILLED
MECHARICS WILL NOT SATISFY FUTURE AIRLINE REQUIREMENTS
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the engineors and technical planners would bive no basis
for ecffecting needed ir-voverents in the sysiaems,

MAN AND ATE

Now let's look at the new role of the man in automatic testing.
Gince ATE represents a significant change in maintenance concept,
it is certaii to have an effect on irdividual responsibilities.
An impending change characteristically gives rise vo uneasiness
among those involved, so we have initiated a continuing program
of group briefings to eliminate the misconceptions which could
deter the efficient transition to ATE. .(ne remainder of this
discussion treats some of the questione raised at these sessions
and the answers which reflect our rnest estimate of the impact of
ATE in avicnics maintenance.

Q. MECHANIL: JYou tell me you're buying this ATE for manpower
savings. I have less than one year seniority.
Doee this mear I may be laid off?

A. It is true that we justified the ATE investment primarily on
expected manpowsy savings, but no one will lose his job on
account of ATE. unis apparent contradiction is brought about
by the fact that with our rapidly increasing aircraft inventory,
manpower requirements are increasing much faster than skilled
mechanics can be found to fill the new positions. For example,
50 mechanics are presently employed in the electronic flight
controls area of the shop where ATE will first be implemented.
Using present manual methods, we had forecast a manning level
of 200 for this area by 1978. With a gradual transition to ATE
during the same period, the 1978 level can be held to slightly
more than 100. We recail someone once saying that if the
telephone industry had cont. wued to use the manual methods of
20 years ago, 2y would now have to employ every working age
female in the United States to provide their present services.
We are fortunate to be part of such a healthy growing industry;
but we would soon become a stagnant thing of the past if we
failed to take advantage of new techrnclogy and more efficient
methods.
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At present, the mechanic spends more than half his productive
time sunning lengthy, monotonous tests on units in which no

fault is found. These sz2rviceable units get into the maintenance
pipeline because coperational time constraints on in-service
alrcraft reguire that equipment substitution be used to correct
faulty aircraft systems. Orce a unit is removed, whether or not
it was the real culprit, it cannot be retu.ned to serviceables
stores without first going through the maintenance process.

15 have other airl: s, we will use the ATE as a filter in the
maintenance pipeline to assure ‘hat ownly faulty units reach the
repair bench with good wnits retur.ing directly to stores. For
the production mechanic, this will lead to many obvious improve-
ments. Most important, he will be relieved of much of the
menotony ¢f his work and can devote his time to fault isolation
and repair. This is the true application of the mechanic's
skill; and with more time budgeted to this phase, both the
quality and guantity of his preductive output will Increase.

MECHANIC: When I get a unit from the ATE, I'll prcbably have
to run the whole manual test amyway because I won't
be able to read the ATE rregram to find out what
tegts 1t performed.

Here's an area where co-cmerative planning in the airtiine

industry has paid off. Under the sponsorship of derce  atical

Radio, Inc. and the Airline Electronic Engineering Comanittee, an
airline standard test prc -edure language has been developed. It

is called Abbreviated Trst Language for Avionics systems (RATLAS),
and was designed t. satisfy the airlines' unigue communications
needs, especially in the area of ATE programming. The ATE we have
ordered includes the capability to automatically translate ATLAS
test procedures into the binary machine codes which operate the ATE.

One of the most important goals in the development of ATLAS was to
create a language wihiich can be understood by anycne involved in
avionics testing with a minimum of training. Since our ATE programs

-will be written in ATLAS, anyone interssted can read the program to

find out what tests the ATE performs on the unit. The ATE is also
equipped with a hard copy output via teletype which can be
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_rogrammed to print clear English 35
‘scovered during the ATE run The: te
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ages with any
st station o_.2rator wil
pass this printout to the mechanic who can inte.pret the AGE
indications and limit his fault isolation to the most suspect
portions of the unit
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To summarize, our ATE procedures wil ot be written .a any

mysterious computer language. ATLAS :s emploved so that everyone
can understand and relv upon the ATE test.

ENG1.RET - In the past T continually reviewved procedures and
occastonally observed the mechanic's technique for
compliance with my test requirement. DPNow that you're
planning to use computer pregrams instead of written
procedures, won't I have to become a rroaraming
expert to make the same assurance?

A. The readability of 2TLAS test programs will allow the engineer to

review them as in the past, but ATE will do more for the engineer
than simply maintain the status quo. With ATE, the engineer has
ti.o additional assurance that the test procedure will be executed
axactly as written for every test. Thus, by verifying the ATE

tegr one tire, the engineer will have a 100% . surance that every
unit is roperly tested . Cf course, the benefi*s of this feature

extong

» general managenent and quality assurance considerations,
The englneer's effectiveness will be improved in many cther
respects.  The ATE will retain histcerical test results on magnetic
tape in a form compatible with most data processing systems. In
the past, test results were only available in notations on check
lists and unit history sheets which were too voluminous to permit
econsmical evaluation, With machine retrieval of the data made
possible by AT, the eongineer can economically analvze unit
performance and failure trend data which will ofter suggest

substantial improvements to the unit through modification of the
test procedure or the unit itself.
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what will be lepyt for me to do?

Althcuch the ATE doesn't change for each new unit, the same design
work which formeriy produced a unique test stand must now be
included in the ATE program. This means tnat the skills of both
the test equipmer* designer and the procedure writer must be
mergad to produce the ATE program; and eventuaily the two functions
will probably be indistinguishable.

There remain, however, many requirements for ground equipment
design. Although much simpler than a complete test panel, an *TE
to uni+ adapter must he produced i{or each ATE program. It wiil
consist of the interwiring and special locads and fixtures to mate
the unit t. tne ATE and provide special-purpose testing functions
not available in the ATE. For example, one portion of the test of
an SP-50 au.upilot component requires that the unit be physically
tilted and rotated at a constant known _—ate while some =lectrical
tests are performed. Since this is a2 one~time requirement, a
moter driven turntable must be included in the ATE tc unit adapter.
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It's entireiy true that a literal implementaticr of ocxisting test
procedure .n an ATE will not result in an adequate test, The
manual procedure for a new unit is gradually and subtly refined

as the mechanic gains experience with the unit and the procedure,
and it is often difficult or impractical to incorporate these
modifications into the written procedure. 1I: will be most
imperative that these subtleties are included in the ATE rreocedure
because the ATE of course cannot learn from experience. Thus, the
mechanic must participate much more than in the past in the
preparation of test pro-educes. Here again, ATLAS preovides a
communication toeol which will meet the increased demands for
interchange of information. Without the benefit of the mecnanic's
inputs, ATE testing would be ineffective.
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¢. EROCEDURE WRITER: Wherever T check cut a vendor's vrocedure and
test panel, I have to "reverse enyinesr’ to
find out what's really happening to the unit
under test. Won't that get werse now that
the procedure is in computer language and the
test panel is now a corplex computer?

RN

Again, ATLAS will preovide marked improvements in our manner of
communicating test regquiremente. Progedures wyitten in the

language are independent f any reference to particular test
equipment. For example ar instruction in an existing procedure

4 refers to the manual test panel. Example: T J1 to position

;i 27. Meter “1 should read between 5i% and 55%", The same test in

| ATLAS refexs to the unit under test. Example: "APPLY, DC SIGNAL,
VOLTAGE 28V, CNX HI Jl ~ 51 LO J1 - 52% VERIFY, (CURRENT], A SIGNAL,
2 UL 1.5MA LL 1.0MA CNX HI J1 - 12 10 J1 - 148" 1In the ATLAS version,
g it is clear that when 28 vdc is applied to pins Ji1-51 and 52, 1.0

. to 1.5 milliamps of current should be measured at pinz 13 and 14.

{' With this comsistent unit under test orientation, the real test
requirement will be immediately evident without reverse-engineeiing
the special-purpose test rpanel.

Q. PROCECURE WRITER: Will you be hiring a bunck of computer
programmers from sutside to take over my
assignment?

" 4. The answer is definitely no. It has been conclusively demonstrated
B in every testing applicatcion we know of that knowledge of the
tested unit is the key to successful ATE programming. 7f we had

: t0 process ovr test instructions through a programming element which

i had no knowledge of the application, much of the meaning of the test

% could be lost. We have therefore invested heavily in computer
capacity and compiler programs to enable us to automatically
*ranslate ATLAS proceduies for direct execution on the AVE. Using
this high lev.l lanquave the engineer, procedure writer, and
mechanic can assure that their intentions are reflected in the

, test program. We will, however, have some capability to program

: the computer directly in machine codes for purposes of maintaining

: the comp.cer executive programs and computer hardware itself; but
this will be mincr in comparison with actual test programming.




EMIPLOVLIET

e
® PROGRAMMERS ©®
WANTELD
ONLY Y2 INEERS
e NEED  APELY 4

THE ATE PROGRAMMER MUST BE SOMEONE EXPERIFNCED IN AIRLTNE
AVIONICS MAINTENANCE - NOT A THEORETICAL P JGRAMMER
WITH ONLY COMPUTER FAMILIARITY

13
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AUTOPTLOT MECHARIC: Aithough gome phasee of my Job are pretty boring, it
requires gducation, erxperience, and wnique ekill.

Will I be meduced to « button-pusher when thig ATF
te implemented?

We have already pointed out that the new role of the producticn mechanic
wiil demand greatsr kxnowledge and sbility, hut thig question correctly
FTecognizas thit the ATE will ba Creating some new personnel assignments.
One typical position is the opezrator of the test staticn itself once the
ATE is prograswed. Although we expect Wis duties to be less creative than
the mechanic’'s, he shculd not ba characterized as a button-pusher. He
will supply via keyboard all the human inputs required by the test program
such &8 unit ssrial nmbar, date, ard indications such as lights and
meters which thae ATE cannct aveiuate. He will also report the ATE
indications for failed units *tc the mechanic who will perform the isclation
and repair. This may sound routine to many mechanics, but we must
recognize that there are people who are ‘Aes)®  suited to this type of
sssignment,

OUR BRAINS WON'T EVENTUALLY DECAY ROM LACK OF EXERCISF, WILL THEY?
14
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PROCEDURE WRITER: Are there any cutside training coursesg in
programring or computers that I should be

m

taking to get in on this ATF businesg?

Additional education is always desirable of course; but for most
people involved in this project, previcus computer training will
not be a prereguizite., Most of the outside courses available are
oriented toward gszneral data processing applicationsg and
programming languages. As we have pointed out, ours is a special
application with a unique pregramming languace and unique hardware
in which the computer plays a minor roie. The ATE vendor and our
own training department will be conducting the required specialized
training.

Again, this 1s not intended to discourage anyone from taking every
opportunity tc improve their general edacation and keep abreast of
the latest technological developments related to *the job.

MECHAKIC: This wvionics overhaul business is too ruch of a
papernill oiready. Why add =wre with ail theoo high
speed printerz, prograns, and tapes?

We will be processing more data with ATE than in the past, but
the buraen on pesple will be greatly reduced. At present, the
mechanic spends considerable time writing test results on check
sheets, filling in unit history cards, and maintaining other
required records., We hope to maintain most of these rscords with
the ATE using its various output devices. We already discussed
how magnetic tape will be use’ for historical test results that
were forwerly written by the mechanic. More active records can
he automatically output on the ATE printer. Papsr messages will
be used primarily for the test summary. For failed units, the
sumtary will go to the repair mechanic for his information; and
for passed urnits, it can be attached to the yepair tag as evidence
of a sucgesaful test. For temporary information such as
instructions to the ATE operator, a CRT display device will be
used. This over-all simplification of the record keeping process
will be a welcome improverent in our operations,

15
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ORCLUSION

Lvionics merhanics, engineers, and technicians in the past have
demonstrated vthelr ability to adapt to the rapidly changing electroilcs
industry. 7ransistors, printed circuits, and integrated circuits were
absorbed in sirides inte airiine maiatenance with much less difficulty
than had bzer anticipated. The transition to ATE should be as
manageable as tha previous changes, providing that responsible people
take adeguate steus to prepare for it. In preparing for ATE, manage-
ment sheuld not igncre personnel considerations such as those discussed
in this paper. Contrary to some popular misconception=, ATE tends to
humanize rather than de-iwumanize the maintenance process.
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DEVELOPING THE MAINTENANCE MANAGER

GENERAL INTRODUCTION

INTRODUCTION

Maintenance cc-ts currently run about 25 percunt of the total
operating costs on the average airline and corporate jet aircraft.
In recent years, particularly since the introduction of the jets,
maintenance costs have been continuously increasing for both the
corporate and the airline operator until they are reaching the point
where beth are becoming alarmed.

There are three basic reasons for these increases:

First, the maintenance activity area, while every-
one recognizes its importance, has still received
relatively little formal attention from management.

Seconid, the increasing complexity of the aircraft
itself, its avionics and ingtrumentation, and :ts
related equipment., This increase in complexity is
reflected both in higher costs associated with parts
and with the higher labor rates as greater and
greater expertise is being required.

Third, progressive, we. qualified maintenance
managers who are capable of controlling costs but
not at the sacrafice of quality are difficult to attract
and rewain because they are in such short supply.

As the technology of the total aircraft system increases, the need
for better maintenance mueonagers also increases. The major

Presented at the FAA Maintenance Sympasium, IHE MAN IN THE
MAL.TENANCE RELIABILITY SYSTEM, at Qklanoma (itv, December 3-3,
1968, by Hariey u. Kysor, ~f Harlev U. Kysor & Asscciates, Inc
Management Consultants Specializing in Aviation.
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problem seems to be that the aircraft system technology is
increasing faster than is the availability of better maintenance
managers. The lack of these managers is costly for the operator--
v..ether he performs his own maintenance or 'farms it out''. As
a matter of fact, it is probably more costly when he '"farms it out"
than when he does it himself, because by doing the maintenance
himself, he has some control over the work. By farming it out,
he mmay be placing himsgelf at the mercy of the contracting agency
over which he probably has no control--particularly if it is an SR
agency that he must patronize due to franchise arrangements, R |
dealer organization or his geographical location.
!

THE NEED FOR MAINTENANCE MANAGERS

1 There have been significant improvements ¥ maintenance techniques . o
and equipment and even aircraft design over the past few years :
as a resuit of the efforts of maintenance personnel. However, the
future will require even greater improvements in order to improve
or even maintain the current level of safety and operational
reliability of equipment vet control costs. The use and adaptation
of modern management philosophy, principles and methods to the
maintenance activity can provide a major assist in helping to meet A
these objectives. Ome of the most significant ot these management S \
metheds which can accomplish a great deal to bring about these '
improvements is the planned, systewmatic development of the
mainter ince manager,

Most men vi*h the titie of "maintenance manager' are not managers.
They are usually excellent technicians who have been given varying
anounte of managerial responsibility--usually withou! proper
management tra‘ning.

Some have, through trial and error, ¢ veloped managerial capa-
bilities on their own. This method is, however, in the long run the
mnsgt expensive and least complete.
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The mnanagerial skills of most maintenance managers need
considerabl: attention. This is not surprising as managers z-e
develcped-~.0t born. It is prudent for management to recognize
this and realize that the duties and responsibilities of the mainte-
nance foreman are considerably different than those of a
mechanic. The only way the foreman is going to learn to act as a
manager is the same way he learned to be a mechanic--his
superior must take an active role in developing his managerial
capabilities.

’ It is the purpose of this study to provide a basic method of and
framework for DEVELOPING THE MAINTENANCE MANAGER.

SR N
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DEVELOPING THE MAINTENANCE MANAGER

CHAPTER I - BASIC CUNCEPTS OF
MAINTENANCE MANAGEMENT

INTRODUCTION

There is one basic concept of mai.agen.ent that will be applied by TR
both the first-iine maintenance foreman and the chief executive
officer in their respective jobs, i.e, getting things done through
, other people. The only difference will be in degree.

THE TASK OF MANAGING

In our opinion, managing is a professio:n, It i5, however, very
different from many functional and technical activities that people 4
may relate to managing. Manag.ng is the work that any indiviaual e
does when he seeks to get results through other people. As
previously indicated, managing can be done at any organizational
level f+om the foreman to the chief executive officer,

DECISION MAKING

o

Please refer to Extibit No, ' - Managemen! and Vocational ]
Decision-Making. This rectangular diggram represents an airorait ,
maintenance organization. [t could be a corporation which

specializes 1 performing mmaintenance or the maintenance activity
area within an air transportation system such as airline, fixed-

base operator, or corporate aircraft operator. YFor the purposes of
this paper, we are examinir~ the method of developing the maintenance
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manzger or the corporation which specializes in performing
maintenance. Tie reason for this selection is because this
organization provides the greatest 1usight since it has the most
complete and complex maintenance structure. Lessons learned
here can he adapted to any other maintenance activity.

As we rnove up in the diagram shown in Exhibit No. 1, we are
moving through management levels. In the case of the mainie-
nance organization, we move from the first line supervisor (ti.2
foreman) ai the bottom of the diagram, ic the top management
levet {the chief =xecutive officer).

The horizontal disiance enclosed by the left-hand and right-hand
boundaries ropresent 130 percent of an individual's time on the
joo=-whether it is eight or 18 hours a day.

To illustraie the division of vocational ard managerial activities
and the distribution of time spent at each activity at the various
management levels, a diagonal line has bzen drawn through the

organization.

The space on the right side of the line represents
time devoted to vocational undertakings.,
The space on the left side of v/ ~ line represents

time devoted to management undertakings.

Close study of this diagonal line shows that-

The foreman, a first line supervisor, devotes abont

20 percent of his time to making low~level manage -
ment decisions and the remaining 80 percent to technical
or vocationa) decision-making.




The chief executive officer, th- i{op line manage-
ment, devetes 80 percent of his time to making high
level management decisions and the remaining 10
percent to making technical decisions.

R S RN

Now, draw a series of imaginary horizontal lineg through the
diagram. These lines represent an indi~ ) al's growth in the
company. It is interesting to note that, as an individual moves
up in the company, ne will become more involved in management
and the less in the vocation in which he started,

One of the most difficult decisions a man has to make is whether he
really wants to become a manager. For if he doeg, as he rmoves up

in the company, he will be using less and less of the maintenance
skills he was taught and learned through experience and more manage-~
ment skills and tools. A-d when he reaches the top, he will

probably not even be reasonably competent in the vocation in which

he started.

THE MANAGING PROCESS

A man in the capacity of manager--whether as chief executive
officer or foreman--accomplishes results through other people by
using the same simple three~step process of ;

Establishing objectives,
Directing the attainment of those objectives, and
Measuring the resuits.

Even though the same three-step process is used at all management
levels, there will be a definite difference in the magnitude of the
decisions that are made at each level. For example, using the
positions of chief executive officer and foreman for illustrative
purposes :




The chief exzcutive officer may deciae - "We are
going to buy a two millien dollar overhaul facility. "
The foreman may decide - '""We wiil spend $50 on a
barrel of cleaner. "

They are exactly the same kind of decisions, i.e. the decision to
purchase. The difference is in degree.

There is no question, therefore, that almost anyone can be a good
manager regardlesr~ of his level of management PROVIDING he
knows the functions of a manager and exercises them properly
within the limits of his authority. Most people have potential
ability to manage. The problem liezs in developing the ability to
handle specific magnitudes of management decisions.

Unfortunately, and contrary to popular opinion, most rmanagers are
not born mar-~gers. Most maragers are made through training and
experience. Obvicusly, some may have more talent than others,
but to become a good manager requires a great deal of training and
study as well as practical experience. A good manager is, there-
fore, just as much of a "professional’ as a doctor, lawyer or
engineer,

As indicated above, there is a process of management which
requires the recogrition that the job is composed of three activities,
In the three-step process:

The manager must first determine what the objec-
tives of his activity are.

Second, he must organize ' people and direct them
8o that they perform the ac . .ities necessary to
attain these objectives.

Finally, he must measure and evaluate the results
of their efforts in order to determine how well his
original geoals were achieved.




Often, the final step {(measurement and evaluation) resulte in
meodifying old or establishing new objectives, These, in turn, he
seeks to attain by proper direction of others. In due course, he
measures what has been accomplished, which again leads to the
establishing of still further objectives. Thus the managing process
is a continuous one. It goes on and on and is never finished.

< ea vyl

Exhibit No. 2 illustrates the managing process graphically. The
process is shown as a circular or continuous process by the rim
of the wheel. Inside the rim ar¢ 1ine elements of managing placed
by the step of the managing process they assist. All of them are
activated by two additional elements of managing represented by
the two inner gears-—promote innovation and develop people —
which keep the process of managing going.

The 11 elements of managing, listed in the orde: in which they are
carried out, are:

gather information; motivate;

synthesize information; direc’ guide or counsel;

plan; measure, evaluate and control;
decide; develop pa2ople; and

organize; promote innovation.

commun tate;

Establishing Objectives

Every manager must have in mind definite objectives if he is to
manage effectively. The more clearly and realistically objectives
are established, the more tikelihood they will be realized, There
are four elementis in this first of the three-step managing process:

Gather information - A clear understanding of the
existing situation is esgsential before future goals can
be realistic~’ly determined. The manager must
constantly seek ic keep himself fully informed by




Exhibit No. 2 - Elements of Managing

Determine The Active
What Is To Be Part of Managing
Done and When

Promote
innovation

Synth:size
Infor rmation

ESTABILISH
OBJECTIVES

MeasuTer—— . DIRECT THE
Evaluate, a~d Contro ATTAINMENT
OF ORJIECTIVES

-'—--_—‘
M¥ASURE RESULTS
-———-—'/

i

Obtaitung Inforn, “ion s
About Current Situdtion
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gathering all sorts of information from nearly
every likely source by listening, reading and
studving.

Synthesize information - It is seldom pc-sible ¥

get all the irformai.on on any situation of even
moderate complexity. Tc {i'l any gaps tha! might
exist, he must study the material at hand and fill in
from his own experience, education, background and
imagination,

Plan - With a good understanding of the current
situation and probable future influences obtained by
gathering and synthesizing information, it is

ne "essary for the manager to plan what should next

be done. During this pbagse, he will begin to formuiate
in his mind tentative objectives. Then he will consider
various alternative courses of action by which the
objectives might be reached. This pl2nning, in turn,
may cause him to revise his tentative objectives as he
finds them teoo difficuilt or 100 €asy to attain.

Decide - A good manager may or may not make up
his mind quickly. L. he has carefully taken all of the
previcus preliminary steps, the facts often lead to
the correct decis.on,

Clear, careful thinking is necessary 1n establishing objectives. By
establishing objectives, the manager decides what is to be done and
when to do it

Direct the Attainment of Ohjectives

The manager accomphishes the secor1 step of the three-step process
by using the following managing clements :
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Organize - With few exceptions, the manager will
expect to reach his objectives through the efforts
of others. To organize for its accomplishment, he
assigns the pe~ple and facilities, he assigns the
duties ond responsibilities, he delegates authority,
and establishes reporting relatienships.

Communicate - Next, the manager must tell his
people what he wishes them tn» do. He explains the
ultimate objective and what he expects each person
te accomplish toward its realization,

Motivate - To inspire his people to want to achieve
the desired results, the manager must muiivate
them. This calls for explaining the why of tue

E oject in terms of the interests of the individual and
his group.

Direct, Guide and Counsel - If a man does not know

how to do something--no matter how clear it may be
«0 him and even if he agrees why it ¢hould be done-~
ne will not be as effective as he should be. To maxe
sure that nis people know how to achieve the desired
results, the manager must direct, guide and counsel,

These elemerts are considered the active part of managing. hey
are the elements that the manager is most conscious of performing
and those that an observer of his activities can most readily
recogni e. Th-y are employed in order to attain the objectives
that were estaviis~~d by the use of the first four elements.

Measuring KHesults

To measure, evajvate and controi 1s necessary if the manager iz to
be able to determine how effectively hus plans are being carried out

S




and, in a broader sense, hcw effectively he is managing. There

are many criteria which may be used and each of these will appeal
differently to different people,

The element of imneasure, evaluate and control 1s a very important

task in the task of managing. Without some form of follew-up. the
manager cannot hope to manage effectively.

Driving Forces of the Management Process

. Developing People -

One of the most important responsibilities of a manager
15 the development of the people he manages. It 1s his job
to get results throug.. others. Therefore, the more
competent those others are, the better the results he will
achieve, His own success will be proportionate to his
abifity to help others to becor-. successful,

Premoting Innovation -

Promoeting rnnovatinn 18 tho second of the two driving
forces of the entire managerient prooss.

The company that leads the way s (he one that has the
marn.ger o team of managers never satisfied with the way
things arve.  He constantly enccarages people to seek new
products, new services, and better wavs of deing things.
He acts as g dyvnamo at the centes of the organization,

radiating encroy and enthustasm for the new to all activity

aAreas.,
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DEVELGPING THE MAINTENANCE MANAGER

CHAYTER II - MAINTENANCE ORGANIZA/{ION

INTRODUCTION

In order to attain objectives, an organization is a musi. To
establish 2 maintenance organizatiGi:

Peopie must be brought together.
They must be assigned jobs.

The work of each job must be related
te the other,

ORGANIZATIGON CHART

E -hibit No. 3 illustrates one of the many different types of mainte-

rce organization chorts that are available. Being a
communications device, 1t can =1l many things. For example, 1t
shows :

First, who has the authority over whom.
(Authority i1s the right to take action and give
directions without securing permission from a
higher authority). It 13 very easy to see that the
president has the authuiity over the three vice
pregidents. The vice presidents have the
authoriy over the division manager who, 1narn,
have the authority over the departinent managers,
and so on.

~
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Second, where responsibility is located. {The duties
which an employee must carry out.) The president is
responsibie for the entire organization as well as the
three vice presidents, The vice precidente are
responsible to the president and also fur the division
managers under them and so on. So, responsibility
appears to be a two-way street. Responsibility cannot
e divided--it pyramids.

Authority, on the other hand, can be divided. When

the president delegates to the vice presidents,
delegates authoritv to make decisions and also makes

it clear that he is hniding the vice president responsible
for carrying out these decisions.

vhird, the chart shows repoitability. (The duty to get
direction from, and report on activities to, a superior.)
In 1ts simplest form and in th »ry, the president goes
to the vice president to get something done, the vice
president goes to the division managevr, the division
manager goes 1o the department manager and so on.
This concept of the flow ot autnority 1s correct, but not
alwavs efficient--particularly n a small organizat:on,

for one reason or

There are many instances wheq,
another, ti

department manager with: o goirng throu

we president finde  desirable (0 talk with the

gh the normal

chain of corrmand. This .nayv be perfectly understandable

and corvect. However, hecause the departmoent manaoer
reports 1o the division manager, who reports to the L idco
president, who reports 1o the presidenat and each one of
these people are responsibic to his resdective Superior,
1L most ampertant that cach management fevel repo ot
1o s superior thoss thigsy ror which the superior mav be

held responsibie

Fourth, rthe chart shows accountability, (The suty 1o

’
obrain the bes* cesuils Tor the toral organisation repardiess

of chain of command. )
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JOB DESCRIPTIONS

No organization can get its job done without some kinu of delega-
tion. The president cannot uo evervthing. He must delegate

work to his subordinates. In some c~ses, managers may have a
reluctar e to delegate part of their vorn to subordinates because:

Thev may thing no o.e will do it as well as
themeceives.
They may not trust anyone else,

They believe th - carn do it quicker and
better than anve e else,

hev are trving to pratect their jobs,

There may be cases where these and other reasons are justined,
If so, then fomething s wrong, The onc basic premise that pust
exist 18 having subordinates capanle of doing the work delegated to
them.

When work s delesated, it must be accomplished within the

framework of:

The jegal stracture, 1, o laws.

A H . N . . & PRy oy B . N
A basie o sense of right and wrong, 1o,

morals or o ethics.

-

or decision-

Cornoas

L
maK:Ing,

SYarsye cxwqsd [N IR
ivopohioy and procedure

The Dnancial reguin omenis, Lo, bhudget,




When work is delegated to o suhordinate, put the fundamentals of
the job regquirements in w;ting, They are too important to he
left to ynemory. Putting them in writing means preparir; a job o

positicn description that contains :

r

The job function,
Duties and responsibilities,

Relationship of the job to other jobs.

18




DEVYELOPING THE JMAINTENANCE MANAGER

CHAPTER Il - ORBJE "TIVES

industryv has used cbjectives and performance standards since the

1 Q's. he original techniques were developed by piconeers

such as Gantt, Gilbreth and Tavior. Since then, these original

iechnigues have been improved upen and are now widely and

ccessfully used in industry and government. Because their use

§ been so successful, severai top managements are beginning to
Ir application to many of the major activity areas within

ey
o py

heir companies such as maintenance.

Management consists of primarily determining and maintaining
objectives and plan ng ways and means of attaining them. Objec-
ives are prerequisites for a sense of direction without which any
amount of effort may be wasted and dissipated in aimless or seif-
cancelling activity.

(I)

Refer to Exhibit No. 4 for an iilustration o, the development of the
subject of objectives in this chapter.

DEFINITIONS

There are meany different definitions of the word ''objectives' -——
depenaing on the individual company. Here are some representative
ones :

"Management by objectives describec the manage~
ment procezs whereby all work is organized in terms
of achieving specified conditions (results) by set times,
Implicit in the process is the regquirement that the

19
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Exhibit No. 4 - QObjectives

Definitions

Objective

Acceptance
Review

And Use

Developing i Typical .

UObjectives i : Bernefits
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necified conditions contribute to achieving the
broader objectives of the organization. '

"An objective is an aim or end of action, it is used
as an aim or guide to ir*ermediate decisions and
sctions,

"A job objectives is a statement of personal
commitment to a specific accomplishment or result
that i5:

orientated tc the miss.on,
messurable,

needea,

valuable, and

time-phased for accomplishment. "

"An objective is a statement of the desired or needed
result to be achieved by a specific time, It should

he worthy of attainment, yet capable of achievement
by supericr performance, "

Department objectives L hould be set knowing that Loth staff units
and profit centers will receive credit for results where each has
contributed toward the achievement.

Objectives should be set in those areas where results are essential
to the continued success of the department,

Most companies that practice management by objectives usually
set forth their policy in some kind of formal statement. There are

erasie 5 A




executive~, however, that believe that their manage 5 function
mor. fre~ly and fruitfully in the absence of formal policy. In
oter words, these executives believe that in an effective
organizational climate, managenient by objectives does not need
to be talked about, for it is being carried on anyway.

ACCEPTANCE AND USE

Many maintenance managers have objected to the idea that '
objectives and performance standards couid e usad .11 their type
of activity. Their objections are similar to ihose expressed by
managers in other fields for many, man, vears:

Aircraft maintenance work does not tend o
itself to cbjectives and performarre
standards.

Their activity was {00 smail.

Aircraft mainienance management was an
art, not a science,

Objectives and performance standards would
dezrease the flexibility of their present

activity.
§ Some of these arguments have some validity--but not much, Once A
N the concept is thoroughly understood, objectives and performance .
- standa: ds will be used 1n every alrcraft molienance activity, ’
1 Perbaps not in the for= desoribed Lerein--but in one form or another. ' ’

Among the major reasons that management by objectives, or
accountability management as some call it, faiis in some
companies are ;

|8V
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T'he faiture to recognize that management by
objectives is a complete management system

and not a secondary proce ire attached to
some other system.

The underestimotion of the amount of time and
effort necessary to install the process,

The failure to understand and master each
component of the process as it became
necessary to imp'ement each step.

The failure of management to understand and
apprec._ate the process.

The lack of follow-up support for the process,

TYPICAL BENEFITS

Tiie berofits resulting from the use of objectives vary considerably
among companies. However, we have found a strong indication
throughout cur research that an investment in an oujectives program

15 very worthwhile.

Several of the major benefits resulting from the use of objectives

alt ]

Improvement in coordinate® effort toward

estabhished corporate and department goais,
Improvement 1o individua! periormance as
the resait of objectives «om! ned with
verformance standards and appraisals.

Improvement in understanding and team effert,

Greater umty of purpose throughout the

=, atem.

BT et




T

o

Creation of a more de mand g, more
highly charged system tone.

Closer coordination and cooperatic.,

DPEVELOPING OBJECTIVES

The fi; “* s*en in developing objectives of any mainte-
nance activity is t¢ define the activity. In one way,
defining the activity car tell the basic objective of the
activity., QOur studies and experience ind..ate that those
companies which are fairiyv sophisticatead in their
approach to planning will start with such a definition or
statement when they prepare to establish a program of
management by cbjectives.

Top management usuzlly adevelops this definition.  This
1s because they are .he only ones that have the broad
knowledge of the coiipany’s capabilities and maintenance
requirements,

This 18, therefcre, the process of determining the
activity's ‘mission’. By mission, we mean what die
activity 18 {or wiil be in the case of a new activaty) and
what 11 gseeks to accomplish, This mession may be
expressed 1n terms of a formal statemaont
of overall intent, or even a series of informal statements
of the chief executive officer,  Regardless ol ity form,

most compantes believe b desirable thao its top me

ment have a clear picture of what this activitye s an
T trving to do,

Secoad, ~fter def

to function, management should state the aouvity's

wark 1 wiiieh thev plan

-
-
o
~
-
Y
-
-
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Trird &ithin cne constraints of these objectives, the
various lower levels of management should be asked

te state their objectives andg plans that wiil contribute
o the achievement of the next higher management

objectives and ultimately the broad comparny objectives.

Fourth, the objectives of vach management level should
be reviewed bv the next higher level and so cn until
thev reach the chief executive oificer.

Fifth, top rmanagement will review the objectives
prepared by the various rnanag-ment levels to deterimine
the manner in which their oblectives meet those of the

company.

sixth, after this review, top management will request
that rach management level revise (18 objeCiives 10O
meet the company's ¢hjectives more appropr:ately.,

Seventn, after revision cach managemoent level's
1

obiectives will be resubmitted to top management for

approvat,

Many companies place emphasis on the svstematic gevelopment
and commuanicaton of objeetives from the top of the organization
e, the close tie between corporate fong-

! .

T TSN D S L S B
STV O S @ T viduar obhieciive s, i

Chive 12 tested to ascettain

obsectives ol the aotivity area, Next,

act reaocbjectives are tosood o crterms of the syvstem ol ectives,
Wit ratoonalired i turn v corporate obhectives,

Possentoal Tt Sl res o a0 edhack o svstem to repert
Raeh e reSuits or 0 rence helweers onbteotyves and the actyal
[ATAREE RS S ARTC S SR A el D any VAraneT oS, the manage s mast




Exhibit No. § - Relatior “hip of Objectives on Four Company
Levels

L

- "\‘

Corporate Objectives

Mainterance Depart-
ment Obtjectives

Activity Area
Y jectives

Indivilual
Obectives




decide whether effort should be increased within the existing
framework or whether the objectives sho.ld be changed. 1If the
decision is to change the objectives, the foliowing 1s suggested:

First, the superior reviews the corporate
cbjectives to determine what changes, if

any, should be made that might ftavorably
effect the activity's objectives.

. Second, the superior sets a date for the
review with the subordinate two or tnree days
1n advance.

Third, the superior collects ail available
information indicating performance in
relation to the objectives.

Fourth, the superior and the subordinate
review the perfoermance against the objectives.

lsg!

1fth, in every area where performance
ndicates a change in objectives is decirable,
v superior an charge makes the appropriate
changes and submits -t to the subordinate.

—
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DEVELOPING THE MAINTENANCE MANAGER

CHAPTER IV - PEIFORMANCE STtANDARDS

INTRODUCTICN

The concept of standards of performance in business can be
closely relatec to a golf game. Tn goif, until vou know par for the
cours< and for each hole, and in business untit you have grandards
of performa.nce, ymi red'ly do not know what kind of job you have
te do.

Everv managemenrnt has its own concepts »f whot constitutes
atisfactory personnel performance in its maintenance activity,
These concepts are standards of performance, They describe the

conditions that will exist when an 1ndividual’'s pericrmance 1s
satisfactorv in term= of quantity, quality, time and/or cost, When
fuch standards are explicit, thev can bhe of tremendous help to the
individuals concerned and to the manager in producing the
desired by top management.

results
As a result,
companies are develomng personnel performance standards to:

an inereasing number of

Improve understanding of what 15 to be

e - . e - .
achieved, and

Releave the moitrvation which usually comers

from fulls

Very =cidom

P T -
undgaersTtanding woaat

Sy . .
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Wiil IO UIMange iu

(s expected,
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of any job. In addition, very seidom well
AR ,

marntenancs achivily remain S0 stavie

)
fixed  Tnerefors, whether cersanned

¥
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changed conditions domand that standards be chaouged whenever

pevaonnel <et out to improve performance or to rmake inLovations,

u

they are working in termes of meeting objectives,

Standards of performance, evern though not written or articulated,
do exist for all jobs 1n any maintenance activity. FEvery superior
has more ov less of an idea of what s esults he expects from his
subordinates and, thus, evaiuates results for salarv or promotion
purposes, Everyv subordinate has an idea, not necessarily conforming
with the supericr's 1dea, as to what resuits are expected cf him. It
performance

is most desirahle, therefore, that explicit standards of
be defined and established. 1If thev cannot be defined--if they cannot
be 1 oeasured--thern pernaps the job zshouid not be dune at all

Refer to Exhibit No. 8 for an itlustration of the development of the

suhiect of performance standards in this chapter.

DEFINITIONS

Sume companies toat have el up tormal standards of periormance

mainterance activities often ‘nelude them

e A oyt v ey
srocedures manual,

A performance standard (somet: called

ard) s a <tatenent of conditions

et owhen aojob s satizfactoridy done.

! o 3} ., N P .~} . . [T YR ..
Nave Deen satisiacioriiy performed

wien e fotjowing resaits are obtained.

A perrormance sandard Smphasizes resuits;

vt vy Lo o NAN ¥ aTr Tyt rNvoren
U ITNARSS A DoOrseit Adeoun

O owhat he does [t s

constitutes aageguate wors,
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Exhizit No. 5§ -

Performance Standards

<

18

30

Typical Benefits

Develioping Performancse

Svtandards

Performance Reviews
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Standards of performance fav how rather

3
Bl

G L. ugl .
Sy b 3 N e W P RO A coripoa o F P N e - T A H :
eacn major job segment, § series of standards or speciiic goais 2
. o e 3 [ ol Y m ey e \ . N "

developed. These can be used iater (o pudge

Tor performance is

a
whether the total joh 1s being peciormed satisfacteriiv, Meanwhiie,
| C e

IR A Jv
thev represent an agreement on the geais of the lob holder.
oo o
STAN DARDS

- —~

Standards for Company Performance

Every manager of a maintenance activity will agree that the
performance of his cempany is bein i

potential and actual purchasers of stock,

hanks,

the financial community,

purchasers of the company's products or service,

emplovees,

the company's mancgenient, and

the community,

Each one of these groups may have *s own method of and standards
for judging the company s performance, but you can be sure it is

being judged.
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Standards ior the Maintenante Actiwvity

It is alsc reasonable o aszume thal the performance of the
i ty iz alsc being judged by certain individaals or

potential and actual users of the activity,
those concerned with corrorate costs, and

the company's management,

Here, asg in the case of the company's performance, each one of

» t

these groups has its own way and standards for judging the activity's
= J

performance. And, again, you can be assured it is bring judged.

Standards for the individual

As the company and maintenance activity within the company are
being judged by certain groups inter cted in their perfoermance,
each individual within the company is probably being iudgec by his
superior who is also interested in performance. And this includes
the manager of the mainienance activity. Therefore, if the activity
marager 18 going to be judged, it would certainly appear reasonable
that he should be completely aware of thie standards by which he i«
being judged. As a matter of fact, if at all possible, it would be
most desirable if he had a hand in establishing these standards.

TYPICAL BENEFITS

As for ubjectives, the benefits resulting from the use of performance
standards vary widely among companies, However, listed below
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are several representative benefits that arv company can expect
to receive from preparing performance standzds:

R Bhadte. 45

Promote understanding between the superiors
and subordinates;

Focus attention on results rather than on
methods or personalities; identify the areas
needing improvement and provide a key tecol
for individual developmenti;

Promecte balance in job effort;

Help managers become more objective and
less subjective;

Increase motivation;
Improve self-direction and seif-conirol;
A sounder basis for compensation discussions;

Facilitate self-appraisal and can provide a
sense of achievernent; and

Provide a basis for performance review.

In summary, performance standards provide :

Before~the-fact challenge and commutment;
During-the-fact control; and

After-the-fact appraisal or review.

33




CHARACTERISTICS

Performance standards identify the coenditions or effects wanted or
not wanted in terms of quantity, quality, time and/or cost focusing
on:

Results ~ Whenever airectly of “ervable,

Symptoms - Whenever results are not
directiy obcervable, i, e. turnover rates or
absentee rates might be a symptom of
morale,

Methodelogy or casual action - When results
cannot be directly or indirectly measured in
the shoer! run, the standard may identify the
methods used or the actions to be carried out
to increase the probability of good results.

Performaiice standards should be devoid of vague or ambiguous
language. Terms such as reascnable, generally, approxinate,
occasionally, few, optimum, as necessary, etc. should not be used.

Standards should be realistic and altainable. Most emplovees
should be at a satisfactory performance level most of the time,

A performance standard does not represent an outstanding
performance or the ultimate goal. 1t should be the baseline from

which excellence is {0 be measured.

Performance standards should cover, and at lease initially, onlv
ithe m. jor job responsibilities.

Standards should be current--regularly reviewed and revised ag
necessary.
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Pertorroanee suandards sheold Do jomntly developed and specifically

accepted by b hthe superior asd his subordinates,

Types SRR
ETNE S p e
.

Thers are two *vpes of performance standards--objective and SRR
subjective, L

Obgective =
There are three kindes of ebjective performance

“de--enginecered, historical, and compara-
F) 3 . . .
tive.  The engineered standard is very widely PR

standa

used. it can be best explained in terms of produc-
tiorn.  For example, where o machine is involved,

the mechanic will have done a good job when he has
overhauled three units per day.

The . -cong tvpe of obhjective standard {s e

historical.,  This, too, is very pepu'ar and can be FEI
best expuaned 1n terms of lmstory,  For examole,
we want (o know how many wmits the mechamoe s

overbacimg todasy compared 1o a4 vear ago,

Phe thivd tvpe s comporative, This s where an
Vi performance s compared apainst the trade
O perhaps cven a competitor’s performance,  For

CXan e, A mech:

’

e will be domg o good job when he
s ooverhauling units wathin Gve percent of the 1ndiastiey

AVOeTage.

subjective -

Sehjective standards u=eally have to de with the v g
vielationship hetween o auperior and aay subovdmate, L
Manyv superiors deasand cortarn eloments of periormancy

gy
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from their subordinates without having firm basis
for them-~-sometim™s on the basis of pias. If such
standards are required, put themn in writing. Most
of the time they will leok pretty foolish in black and
white,

Categories

Regardiess of the type of performance standard, objective or
subjective, there are thi.e broad categories--positive, negative
and rero--intoc wh th anv standard will fall.

Positive -

The positive standard is one that expresses a
direct statement of whet is desired 1n positive
terms. For example, & mechanic will have done
2 good Job when he increases the number of over-
hauled units to three and one-haif a day, This 1s
a positive statement, something that can be
measured,

Negative -

The negative standard is one when the foreman

Joes not know what he wants, but e does Know what
e does not want,  For example, the mechaie wiil
have done a goed job when oo more than one of his
overhauled units are rejected by the inspecior each
week. This may seem strange, but often guoity cuas,
be measured in negative terms,
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This category of performance 18 where zero
verformance 1s wanted inan area,  bFor example,
a mechame will have doie o pood job when none
of his overhauled umis have been rejected by the
insrector,

DESIGN NG PERFORMANCE 5TA7

The environment in which and purposes for which performance

i JOR it

standards are desgned can have a great influence on their efiective-

If they are to be used as a tool for personnel development--

g0 ahead with the program. [ thev are to be used as a club

h which to bar personn forget the entire program.

[ designing or drawing up standa. a-.

The first, and probably the best wav 1= for the

subordinate to write s own standards and

sub

Poonis Supelnor Tor approval,

poext best wavas foroa group of

Py oth same b to write st

s und gave

DEVELOPING PFRFORMANCE 3TATDARDS

There are several methods ¢f developing performanee stamndacas.
The following 15 one that we have ased qante suecessiutlv




The first step i developing perf rmance Stay

for a

1

amtenanc e activily s din the concept

and establizh an appropriate climate, No one will

willingly participate 1. the consoruction of a «lub

with which he wiil be beaten, For examnple

without performance standards, the subordinate

, even

performuance is reviewed and evaluated by the

a

supericr, It 15 to the subordinate’s advantage to

particlpate in the determination as to specifically how

his performance will be evaluated,

Ideally, start at the top of the company, In anv event,

the superior should develoy
his own performance standard as |

approeval of

cur

W

o
roas the activity i=

concerned.  If the subordinate knows that his superior
and the

standards, he wiil particosate more willing

Next,

I

president are commited 10 perfurmance
1o
el

—
e

cb drscriptions exist, thev can be used as a

guide 1 vwiriting pevformance standards,  Note the

word gutde was used because the purpose of job

.

descyriptions is somewhat Offerent than performance

standards. The jeb descriptior covers all olements

a yob while pevforma
esults destred foe a
Jjob desceription,

emphasized can b

spelied

Third,

}
i

wrformance standords o be

the <uboerdinate « could

aPr e pons R
SYmpioms, f,oin
'
gunitty, i
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Fourth, tie subordinste's araft propo-sals sho

reviewed by the superor and discussed

t 5 ;

the following viomand

fards 100
areas of these special

interest.,  Standards accepted

yothe sunordinate do

rements Of the superior -

and comumatm

Tre

i
=

Velop Program S0 necessars

3

resuits con and will be Aine

neovrganize erther as to responsibility
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~ixth discuss, review and the standard as o ffedtive

. .

for ot pericd
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that the subordinate Wl o revised

o the exporience gamed during the
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inth, discuss, revise and accept the new siandard
or the period ahead.

a2

PERFORMANCE REVIEWS

General

A performance review can be gdefined as a detailed ana compre-
hensive : eview or Qm»raxsal of a subordinate's performance by his
superior with the major objective to improve the subordinate’s

performance. Properly orgam::ed and implemeniea, such a

program can be ¢ very effective tool for not onl~ imprﬂving

perscnnel performance, but also a mnajor factor in helping the
company ceach its ultimate ohjective which is usualiyv to make a

profit,

Study of Performance Review Programs

vuring the past 12 months, we have conducted ati extensive s

performance review programs of several major comoanies,
are some of the results of our study

Day-te-day contact and random coach
but 1t 15 not a suonstitute for the vericdic, more

>

complete systemalic performance coviews hela

ine-month atervals,  Howeve s,

y
3

vy handied. dayv-to-day contact does have

some definite advaniages :

First, a subordinate will avcent one or

two snggestions 'or tmproved pe:
much more readily than he will in the
larger numbers that are geavrally e

rogult of the annual com prehensive
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performance review, There 15 no guestion

tuat subordinates are more prone to reject
criticisms as the number of criticisms
mount,

e very effective

hetween performance

nd, in the dav-to-day contact feedback
+

craticism, should be
noa superior and ¢ Lordi
: iher than m
d improvement, the performance

Separate reviews snoul
It 13 completely unreal:

oeriormance review will

srormance Resiew Frogram

Tl opertormance review
meehings between the

progies




made.

Wage and salary action discussions are held
separately.

The emphasis is on mutual goal planning and
problem solving.

As far as frequency iz concerned, these performance reviews are
neld rnore often than the usu»] anrual or serni-annual appraisal
irterviews anc they are not scheduled at rigidly fixed intervals.
Usually at the conclusicn of uvne planring session, the subordinate
and supericr will set a date for the next review, Frequency will
depenc on the nature of the subordinate's joh ana the suverior's
goyle of operating. Scmetimes these discussic. . are held monthly--
sometimes every six months.

2

The superior and the subordinate do not deal in generalitiez in these
discussions, They consid r specific, objectively deiined work goals
and establish th2 yards’ick for measuring performance. These
goals stem, of course, from the broader activiiy ~bjectives and are
defined in relation to the individual’s position in the activity.

interv.2ws betwecn superior and suberdinate shouid be on a man-to-
man basis rather than a father-~ur n basis. This is highly
desirable because 1t is much mor- ffective (i the subovrdinate will
take the initiative when his performance is being eviewed. Thus, it
is auite natural for the superior to fall into the role of a counselor,
This, in turn, will probably result in a problem solving discussion.

The steps ‘nveolved i~ 2 performance review are similar to those
involved in establishing objectives, They are:

First, the superior sets the date for *he review
with the subora.nate two or three days in advance,
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erior coilects all avatlable
dicaung performance, N
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Third, the superior leis the subordinzie review
his own performance, point by point, 2gamst the
standard

Yourin, the '\‘uperior xeeps all questinng and comments
on-oritical until he is sure he understands the
situation from the subordinate's point of view.
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1 h
analysiz, he s ould zav 0. I not, he should so
<

Sixth, it is not necessary to have the subordinate agree
that ke is primarily responsible for anything less
s

than a satisfactorily situation--only that he has, in
scine way, contributed to it,

Se.eniii, for every area where performance is <ub-
standard, a specific program shculd be agre=d upcn
by the superior and the subordinate toc improve
performance. The subordinate should be asked to
propose a program for improvement--a second grade
pregram to which he is committed is likely to be more
effective than a first grade program imposed by ine
superior. If ithe superior must make suggestions for
appreaches, give the subordinate alternatives and let
him choose the one he feels will improve the situation.

Eighth, the superior should ask if the performance
standars should be revised in any resrect and hav_ the
subordinate propose revisions,

Ninth, the superior should ask the subordinate if

anvthing he is doing or not doing is mak.ng the sub-
ordinate’s jJob more difficult,
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Tenth, any commitinent 10 a program to improve
periormance should be confirmed in writing and
made a part of the ~ext performance review.

Frocedures Which May Cause Perforn.ance Reviews To Be Less

Salary reviews should not pe heid simultanecusly with performance
ws. I salary is part cf the discussions, the subordinate's
attention wiil be focused on salary as all important,

Some superiors may be less than totally
henegt on gapers for the files,

I the suberdinate feels a permanent record is
being made of any shortcomings, he will be
lesg than frank.

T0o much praise has little or no effect on improvirg performance.
Criticism itself brings out defensive reactis s that are essentially
denials of responsibility of poor performance.

44




DEVELOPING THE MAINTENANC < MANAGER

CHAPTER V - DEVELOPMENT PROGRAMS

INTRODUCTIOXN

. To strengthen weaknesses and develop the strengths in each
individual's perfcrmance that were covered in the performance
review, managemenrnt ghould provide development programs that
are man-centered based on:

The real needs of the individual manager.

The requirements of the job,

Zztting full value from the time and money
cxpented an the project.

PROGRAMS FOR THE PRESENT AND FU TURE

In the process of conducting the performance rev;ew with his
subordinate. every superior should have a gor.; idoa of those areas
in each ndividual that need further devenopmem. This is

. important pecause :

There are areas in their present jobs that
need tc be taken care of,

There .re areas that apply to these future
jobs that need to be taken care of,

45
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In reviewing all of the individual areas about each man that
require attention, it 18 very important to analyze and group them
appropriately into such factors as planning, financiai, purchasing,
etc, An individual should not be developed on '"nit-pickin' items
but in broad areas that will apply in not only his present
manager's job, but also as he may move up to vice presigernt of
maintenance and ever as president. For example, once he is

a planner, he will alwa,s be a planner. The only thing he may not
know is how to plan in agiffcront magnitudes, put this he can be
taught.

Supericors must also remember that one suberdinate needs
development in his present job, another for his future job, and
still another for both his present and future jobs. In other words,
development programs must take carve of the future as well as the
present.

INDIVIDUAL

There are a great many ways that a superior van start a
development program with a subordinate. One of these "s referred
io as the individual deveivper-developee, trainer-traincee or any

other appropriate phrases.

KRefer to Exhibit No. 7.

Ceaching and/or Counseling

In this method, the superior tells the subordinate what js to be
done, The superior can show the subordinate how to do something,
he can tell him how to solve a difticult problem. This is usually
called on-the-job training. It has been very effective in the past
and wili continue {0 be so in the future,




Exhibit No. 7 - Development Programs: One-To-One

e B b SRR B

Coaching and/or Counscling
Job Rotatico..

Guided P xperience

Reading

Special Assipgnment
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Job Rotation

In this media, the man is rotated through a series of different
jobs over an extended period of tirne--as much as two vears.
This is sirnilar to the coaching and/or counseling technique but
gives the man greater exposure.

Guided Experience

A va. ‘ation of the job rotation is the guided experiente rechnique
except that instead of two vears, this media represents about

' two or three months, This technique is particulariy helpful in
getting several managers opinions of ti:» subordinate and finding
where the man may best fit intc the organization.

Reading

While reading is not strictly an individual re’ationship, it s
extremely importan! and definitely must be consideved. Basically,
b

men develop themselves, A course in guided reading can b very
effective.

Special Assignment

To determine an individuai's aptitude :or some particular area,
X it is possible to put him on a special assignmnent,

GROUP
There are many cases when it is neither economical nor elficient
to use the individual type of development program but rather the

group type where several men parcticipate at once.

Refer to Exhibit No. 8.
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Exhibit No. 8

Development Programs:

Group

Course~ and Clasces
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Courses and Classes

The course and class type program is one o the most vopalar,
In this group media, what lhe instructor sayvs is impertant, but
the interchange of ideacs arnong the member - of the group s
equaily if not more important.

Comraittiee

e

Within a company, appointing a man 10 a cummittee is very
effective. When he joins a committ e, usually neitter he nor the
committes

taat he
sumes the burden of making recommenda:.ros to the wen who

~ake finail decisions, bkut what does happen 1

as
do make thege decisions, If he makes guo pnary dec siong
and participates in making good ¢ ehimine sy o0 dlons, pe vill be

preparing himsei! for the dav we n he witl i - e g the Jinal

chandled, can be o v toresting o
learning 4 great deal & g themseives

group media, In this way, people can be given a «<of o)
4 t J o} 4

and ask them 1o analyze what Fay nappers

-3

e Yl Aoens
and oaq aecis

The tashk force media tokes a man our of iy usaal

B, along wi

several otner suen with gl Terent jobs,




o solve a veral

a particular probiem. After being subjected to
other different viewpoints and seeing how he reacts to them, he
will be in a position to do a better job once he stepy back into s
normal organizational rcole,

Brain-storms ng

In
themsely

medit. A group o

T

2
i

go and sugges

vroblem.  Following the

these solulions in solving the actual problem.

TRLENDS
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Job Cerrelati-n

People should be encouraged to
perhaps not directly but enly inc

can never tell when a knowledge of pur aasing or accounting
1ance managuei,

might be of help to a mainte

Encourage regular A
can develop zood study hab:
starter. And bec

made a majoer step forward in bis ow

i3
b

develops o

In prepari;

here are s
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"DEVELOPING THE MAINTENANCE MANAGER

CHAPTER V - DEVEIl D)PMENT PROGRAMS

INTRODUCTION
To strengthen weaknesses and develop the strengths in each
individual's performance that were covered in the performance

review, managément should provide development programs that
are man-centered based on:

The real needs of the individual manager.

The requirements of the job.

Getting full value from the time and money
expended on the project,

PROGRAMS FOR THE PRESENT AND FUTURE

In the prucess of conducting the performance review with his
subordinate, every superior should have a good idea of those areas
in each individual that need further development. This is
important because :

There are areas in their present jobs that
need to be taken care of.

There are areas that apply to these future
jobs that need to be taken care of.
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FACTORS TO CONSIDER IN DEVELOPING
NEW SYSTEMS EFFECTIVENESS
MEASURES

John P. Foley, Jr.
Training Research Division
Air Force Human Resources Laboratory
Wright-Patterson Air Force Base, Ohio

Typical systems effective measures are accuracy of system
{to perform mission), reliability, cost, turn around time, down
time, time to do job {mission), and spare parts usage. There is
no doubt that each of these measures tell us something important.
And in a general way they indicate whether or not the man machine
system is living up to our expectation. But do they tell us enough?

From available evidence it is highly possible that such
measures are masking some expensive defects and weaknesses
in the performance of the human maintenance subsystem.
Tolerances or ''fudge factors' that have been used during the
system' s design probably mpensate {or these weaknesses.
For example, we may be accepting as normal excessive spare
parts consumptions, maintenance actions, down times, and
numbers of maintenance technicians. Such weaknesses would
only become apparent when the systems tolerances or fudge
factors were not sufficient to cover them.

The inability of operator personnel to operate a new system
becomes apparent very early in a systems evaluation. However,
the inability of maintenance personnel may iict become immediately
apparent during sy~tem evaluation, if ever. The overall weaknesses
of the human maintenance subsystems may not be attributed to the
maintenance technicians but to sometning else.

INABILITY TO TROUBLESHCOT

Finucane (1966) reports a serious spare parts shortage that
was caused by the inability of maintenance technicians to troubleshoot.
A few years ago the Army had a shortage of engine paris for tanks
and trucks. A thorough investigation of the problem indicated that a
majority of the parts that had been discarded as defective were still

i i




good. A series of task performance tests were developecd and given
te a large number of Army engine repairmen. Althourh they had
been rated .8 fully qualified, these iask performance tests indicated
that many revairmen could not troubleshoot engines. They were
therefore replacing parts until the engines became operational.

At about the same time the Air Force Aero Propulsion Laboratory
obtained over 100 cards for an electronic system from an Air
Force depot for one of their research projects. These cards
had been determined to be defective by depot personnel. A
j thorough check of these cards indicated that approximately 40%
of them were still good.

During a recent field survey of electronic maintenance
technical data sponsored by our laboratory (Folley and Elliott
1967), 12 Air Force Bases were visited. The following statement
was made by the authors concerning troubleshcoting and repair
of the electronic eqripment.

It was apparent during field cbservation of troubleshooting
and repair that many technicians frequently proceed on
anverified assumptions, use incorrect logic, and come to
(erroneous) conclusions on the basis of patently incomplete
evidence. Often information about the state of signals inside
the equipment obtained ¢ -ly in a troubleshooting sequence

is forgotten before the end of the sequence--leading to a
faulty conclusion about the location of maliunction. Not once
was 2 technrician ever observed to write down that information
he had obtained from his troubleshooting checks.

The consequenc.s of such thinking are frequently slight,
causing in some cases, an additionai testing reading to be
made or an additional $5. 00 tube to be replaced with a
congequent delay of a few seconds or minutes. However,
if it requires 2 hours or more for the tecnnician to find
the Federal Stock Number of a component, as it too frequently
does, the time consequences are more serious. Further,

‘ an error may result in the replacement of an item costing

! thousands of dollars with time conscquences which result in

i an entire airplane failure to go on alert status as scheduled.

| One such situation was described by a technician. Ancther

x such situation was averted on the A3A system of the B-52.

; In the latter case, a major assembly was erroneousiy

! ideniified as containing the malfunction. When co-author

f Elliott was told that approximately 8 hours would be required
to change the assembly, he told the team of technicians




(cne seven and two five levels) tnat the evidence pointed

to a different wi.. On restatement of the evidence and
re-examination ~i the logic, they revised thei~ conclu~ion
and replaced the unit indicated by the author. This cleared
the trouble.

WNABILITY TO USE TEST EQUIPMENT

The maintenance technician usually must use test equipment
for gathering information about his system whuie he is trouble-
shooting. He also must use his test equipment for equipment
checkeit orocedures and for such tasks as alighing, adjusting
and calibration of systems. There is considerable evidence
to indicate that many techricians cannot use their test equipment
properly. Several years ago, the Navy made a rather extensive
study o the test squipment ability of electionic technician of
various grades. (Anderson 1962). 7T e study indicated that complste
mastery wag not demonstrated in 2ny test equipment by any grade
group in his samples. (See Table 1).

TABI 1

Percent of correct measurements for each type of test equipment
in a Navy study {Anderson 1962) and an Air Force study {Folley, etal.
1968},

Type of Test Number of Percent of Correct
Equip- ~nt Activities Measurements

Navy N = 415* Air Force N = 30**

Multimeter (VOM) 7 73.5 517
Vacuum Tube Voltmeter 4 63.0 76. 6
(VTVMm)

Signal Generator 4 57.1 64.3
Oscilloscope 6 32.0 -

*Sample included 68 chiefs, 55 first class petiy of '
second class PO' s, 131 third class PO’ spa?n 9 fgggxﬁ?e I.')O 5) €

*+ Sample included '5" and ""7'"" level, mostly staff sergeants and technical
sergeants.
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These overall recults are startling enough but a further
diagriosis of these results uncovers some very important weaknesses.
Only 10 percent of the sample were able to make amplitude readirgs
using the osciiloscope. You might say that they are in the habit
of making voltage readings with a VOM or VTVM instead of
oscilloscope. But only 48,9 pevcent of the same made correct AC
measurements using the VOM, and unly 80. 8 percent using the
TTVM, ‘

Table 1 also presents information luring 2 more recent
Air Force study {Folley et 5], 1968). They found very similar
vesults using a smaller sample of experienced Air Force technicians.

Such resulte become even more startiing when conside-ed in
the iight of overai: jtb succeas. Consider again the results of
the Rovy test equipment study as applied to a rather simple
electron ~ iroublechooting problem (see figure 1).

FAULTY ) OK , OK Qut -
put

2 ¢ ] s 4 5

o

Figure 1. - Block diagram of a six stage electronic system with
stage 4 faulty.

If a technician solved the between stagzs problem in the least
possible number of steps, he would

1. Set up his signal gen~rator and inject a signal at the input.

2. Using the split-half technique he would, set up his oscilloscops
and obtain a pattern at 1 and 2. He would thus detertnine
that stage 4 was defective.

As a best case, suppose that he determined that a resistor
was defective in stage 4 using only one VIVM DC voltage reading
and one VTVM resistance reading. Applying Cotterman' s {(1987)
probability procedures, the probabi'**, (hat the best category
technician would periorm the signal generator and oscilloscope
operations (for between stage troubleshooting) accurately the tirst
time would only be . 008 (pBS)




Pgs = Pgg - Poge = 010 - 417

The probability that he would perforn. ii.c voltage and resistance
checks {for within stage troubleshooiing) accurately the first time S
woul only be . 677 {pyg) S

et e o e e e

The probability that he would obtain both the between stage
and withia stage information accurately the first time would
therefore be . 0032

Pp = Ppg- Pyg = .008 - . 677
U he used a scheme that required more test equipment
indications tue probability of first tiine success would of course
be still less. For example if he obtained 3 oscilloscope patterns,
6 DC Voltage readings and 3 resistance readings, the overall probability
would decrease tc . 0005,
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POOR CRAFTSMANSHIP

Another area of possible deficiency is in the use of handtools.
This weaknees seems to be quite ccmmon. Folley and Elliott (1967)
report the {ollowing:

Related to the prablem of sloppy thinking is the problem of
sloppy workmaaship wn repair. Wires and components urned
by soldering irons were ~hserved frequently, as were many b
electrically sound (at icas temporarily) but physically poor
solder joints. On one occasion, the auth~-s detected nuts
and bolts loose in the bottom of a radar modulator unit ready
for installation in the aircraft. Though the shops themselves
are typically kept clean by the technicians, repaired items
leave the shop containing dirt and debris.

Such lack of quality in maintenance tasks can have dire
cor egquences in any system. If a repairman replaces three components
instead of one in solving a troubieshecoting problem and in so doing

makes several poor solder joinis, he is injecting future troubles *-ﬁ',.» N
that will not be counted against him now. ‘These will of course appear '. .

later in decreased systems reliability and will give the technician
more opporiunities to cause more secondary damage. Poor use of
test equipment can 21so resuli in this type of damage. During checkout




procedures the tecnnician can make a wrong meter reading or a wrong
oscilinscope reading. He concludes that tnis is a2 symtem of

trouble and replaced severa: components neediessly giving

him another opportunity to cause secondary © iipment damage.

I am sure that we have some sort of quality control for
all parts that make up our machine subsysiems, but we seem to take
the quality of our human subsystem, for granted. Should we
not have some sort of quality control for our human subsystem,
including the electronic or maintenance tec' iicians? A series
of diagnosti. v task performance tests should be developed to
ascertain how effective the maintenance portion of a human
subsystem can perform. For example, if a quality control
standard of p = . 95 were required for the signai generator,
oscilloscope and VTVM tasks described in the troubleshooting ,
example above the pp would be increased from . 0032 to . 663.

aar— oy . -

NO SUBSTITUTES FOR JOB-TASK PERFORMANCE TESTS

Tec date no adequate substitutes have been develcped for the
job-task performance tests. Several rese~rchers have attempted
to develop various parer and pencil knowledge tesis a1 trouble-
shooting tests. Tabi: 2 indicates the correlations that have been
reported between job-task performance tests and paper and pencil
tests, theory tests and school marks. None of these substitutes
are sufficiently val.l to be used as substitutes for job-task
performance tests.

CURRENT ACTIONS

The use of job+task periormance tests is not withcut problems.
Such tests usually are more expensive to administer than paper
and pencil tests. For some tasks a one to one, tester-testee
ratio is required while for others, ore tester can proba™'v observe
up to four testees at a time. Another problem associated with job
performar:e tests is that of adequate scoring schemes. The
Air Force HJuman Resources Laboratory currently has a project
underway to develop job-task performance tests for each electronic
maintenaace activity indicated in Table 3 fogsther with appropriate
scoring schemes for each activity.
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Researchers

Tupe of Jol Task
Performance Test {JTPT)

Theory
Test:

Job Knowl-
cdge Tests

Scheel

Marks

Anderson (1962

Evans and Smith (1553
Mackie and Others { " 553)
Saupe (1755)

Brown and Other

VWilliams and W1
(1357

more

Crowder .. Uthas (155
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Test Equinment JTPT
Troubleshooting JTPT
Troubleshooting JTPT
Trovbieshooting JTPT
Troubleshooting JTET
Test Equipmen® JTPT
Alignment JTPT
Repair Skills JTPT
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A TARNITHOATHIN O F i THONR LW f e T

FOR MEA. "QFEMENTS PURPOSES

JUB ACTIVITES TO Be MEASURED CLASSIFICATION CF ACTIVITIES
1. Performing equipment checkout procedures . |
1
¥ Adusting and aligh."g
I. SYSTEM OR EQUIPMENT
3 Isolating betweer-slage favlts to particular state lor functioral untt or
; physically repiaceable unit) RELATED ACTIVITIES
i
{ 4 lsolating within-stage fzulls to defective comporent {tube. s0lid state
‘I device, cotl, o2 WL resistur, et )
1

% Replacing o C.nponents

{ 8  Using oecii. xcope {test {0r zach important capmbility such &8 measuring
yoRage, MesEuring (requency. Comparing waveahies (requency com
paring weveshapes and maXing Bigh accuracy time base measurements

1. Using electronic voltmeter tu measure varicus ranges of veltagrs
elect ronic squipmant

B Usbig ohmmeter [0 measure girect-vurcent resistance in electronte {1 INFORMATION GAYTHFRING
rquipame
AUTIVITIES ABOUT SYSTE M

9 Using signal geoerutor (o inject standant or Know signals into equlp
ment (or T PTpCees

10 Using tube cheche, o estimate quabty of olectron tuwen

11 Using trans #or of ver to estimate quality of tranststors

3 17 Using soldering sroe

Uning soldering gun
14, Usiag pilers

13 Using stagonm! cudters
1 EXAMEPEIES OF RANDTUR
18 Uateg wire sirtppere
ACTIVITIF S

17 Using s rywdrivers

& U

trg machtnist 8 wivnw hoe

19 Uaing Lig™ machiniet’ » hammer
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cetenr . We also hope o use these tests Ls il 13
effec. ive paper and pencil substitutes L. addition we shoul
develop job-task performance tewis for the activity of the
mechanical maintenance fields such as the engines and air
{rames,.

CRITERION PROBLEM

In 1846 Jenkins discussed the problem of the criterion in the
light of experiences of the Navial Psycholigst in Wor!d War 11,
an article entitled Validity for Whai .

Psychologists in general tended to accept the tacit
assumption that criteria were either given of God or
just to be found lying abcut . Ce

The novice of 1940, searching through many textbooks
and much journa] literature would have been led to
conclude that expediency diciated the choice of crideria
and that the convenient availability of « criterion was
more important than its adequacy.

In 1964 Wallace presented a paper at the Annual Convention
of the American Psychoiogical Association in which he indicate !
that much of what Jenkins said in 1946 was stiil true. This papo:
was published in the American Psychologist (Wallace. 19 b“') under
the title Criterd for "What? Wallace siressed that Criteria {or What
must include understanding

We should carefully study our cur-ont systems effectiveness
measures to determine just how much they tell us about the quality
and reliability of our human subsystem ¢specialiy in the maintenance
area. Perhaps we have been using orly expedient ¢riteria “that
happened to be lying about. " I am suggosting that the liberal use
of job-task performance tests {ur ascertaining the quality and

reliability of human performance wouid add a necessary dimension to
ystem effect -eness measures. Such tests wouid also contribuie
1

&
to an understanding of our traditional systems effectiveness measures.

Q
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COMMON CONCFRNS COMMON EFFORTS

I. a current magazine there is en advertisement by an automotive manu-
facturing company. It stales that it takes a week to make their csr and
three years to mzke their mechanic. 1t goes on to describe how the mechanic
is trained and concludes with the words '"For once, a man counts as much as
the machine.” Although this advertisement is concerned with the sutomotive
mechanic and my presentation today is concerned with the -viation mechanic,
it is unfortunate that many of us have gonme too long equating mechenics with
machines.

This symposium is concernad with THE MAN AND THE MAINTENANCE RELTABILITY
SYSTEM, The quality assurance of the maintenance veliability system is
achieved most efficiently not by the inspecti~m operstion, but ! getting at
causes., The quality assurance of the aviation mechanic’s competence iz not
achieved through training that results in the accumulation of facts but rather
in training that develops amslytical thinking and highiy refined manipulative
skills. It is cur common concern and common effort in attempting to achieve
the latter in che development of the aviation mechanic that binds us together.
The schoels, industry, and the Federal Aviation Adminietration are all in-
velved in asaisting the aviation mechanis achleve maximum efficiency and
effectiveness,

Modern sircraft and their intricate eguipment refleci the most advanced
technological design and development. Hence the skills and knowledges re-
quired of the presemt-day aviation mechanic have undergone radical, ever-
occurring changes. These changes require the aviation mechanic to readjust
applicable past learnings and skills to nmew alvrcraft designs. Rather than
rely on rote learning, he must constantly apply the latest principles of
science and aviation mechanlcs to new alvcraft and their continual wodifi-
cations.

In describing the aviatlon mechanic we f£ind that he has been the silent
partner in the team of wen who have helped in the development of the aviation
industry. Although he has wot been glamorlzed by stories or fiize, his dedi-
cation toward air safety and his manipulative and technical ability have been
some of the major factors inm making air tramsportation more safe, thershy
aiding the growth of the aviation industry. "Responsible” is the word that
best characterizes the aviation mechanic's attitude toward his ocrupation.
Working under auverse conditions and, at times, with Iimited resources, the
aviation mechanic uses his ingenuity to malntain £fllight schedules and £iil
customer requests without sacrificing excellent workmanship standards.

Since the passage of the civil Aeronautice Aci, at which time the Civil
Aeronautics Adminlstration was tormed, a set of guidelines has been developed

Paper presented to the FAA Sywposium THE MAN AND "HE MAINTENANCE RELIABILITY
SYSTEM at Oklahoms City, December 3-5, 1968, by David Allen, Supervisor,
Trade~Technical Teacher Education, University of California at lLos Angeles.
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whereby comprehensive training could be given in the tasks usuelly expacted
of the aviation mechanic., Civil Air Regulstions reserved a section which
gpecified standards of training and listed the equipmeat necessary to provide
this training :or meiuanics, The approach of the schools has been geared
pr.marily to the guidelines developed from these standards, althowgh iocal
conditions have served to accent certain kinds of training and de-emphasize
others.

With the advent of jet-propelled aircraft and helicopters and the rapid
growth of general .viation. the challenge of training modern airicaft mechanics
became awesome. Guidelines alone were not enough. A definite nesd existed for
the establishment of g basic curriculum* that would be sufficientiy fiexible to
remein current with the aviation industry. Doth the aviation mechanics schools
and the FAA were concermed about determining the demands placed »nr rhe mechanic
by the aviation industry and establishing the best means of preparing each
mecha:lc o meet these demands.,

In response to this concern, in 1965 a nation-wide study of the avietion
mechanice cccupation was designed: (1) to identify the skills and technical
knowledge required by the aviation mechanic upon entering the aviation in-
dustry as well as the requirements needed to perform successfully during his
ew oyment; (2) to test methods of imstruction using student performance gosls
anxd to develop a core curriculum utilizing the findings of the tesiting active
ity; and (3) to initiate a system to maintain the curriculus current with the
requirements of the aviation industry.

Throughout the National Study assistance was given by industry, by the
aviation schools, and by the FAA, The FAA in particular supported cur efforts
by asssisting in the identification of industries that coulid be surveyed; by
providing technical assistance when required for our resesrch activities, aud
by providing am avenue for communications gso that our efforts would be of
benrefit tu all concerned with aviatio: mechanics,

A discussion related to areas in which commor efforts csn be made for
the training and retraining of the aviat on mechanic rsquires a review of the
National Study and the experimental activities related to improving imstruction,
A brief description of the National Study and the experimental activities re-
lated to improvement of instruction follows:

THE NATIONAL STUDY
Study Design

A national survey was undertaken to gather data for the accomp!lishment
of three ohbjectives: (1) to investigate the technical knowledge and manipu-
lative skills of the aviation mechanic as required by the aviation industry;
(2) to identify a cove curriculum for the training of aviation mechanics; and
(3) to identify the scope of training coffered by imdustry in order to establish

*Curriculum as used in this paper is defined in terws of the sum of all the
school expecrience r student hasz under the guidance of his instructor/s.




relationshins petween school an’ industry training. Data collected from the
study wevre separated ince four major industrial categories: (1) airline line
stations; (27 2irlice overhaul statioms; (3) large general aviation; and (&)
small general aviation., Small general aviation, for the purpose of this study,
were companies that =wployed five or fewer aviation mechanics. Only aviation
companies emploving ¥ederal Aviation Administration certificated airframe
and/or poverplant muchanics were included in the study. An aviation demnsity
study of the United btates resulted in selecting twenty-six states and the
Bistrict of Columbia fuy renresentation in the study.

The study was based on two assumptions: (1) that all manipulative skills
raquire some degres of technical knowledge but aot all technical knowiedge
reguires manipulative skill, amd (2) that all training in aviatiom mechanic
schools will develop the mechanic's manipulative skills so that he wiil be able
te perform work of return to £light quality. A questionnaire was designed
incorporating the basic assumptions with the capability of int-nducing the
colliected data directly inte the aviaticn mechanics school ¢ iculum. There
were 507 tasks studded, each of which represented a task performed by an
aviavion mechanic. These tasks were written in behavioral terms,

The questionnaire sought answers to five specific questions: (1) the
munber of wen performing each task; (2) the frequency with which these men
performed the task; {3} the ievel of technical knowledge required to do each
task; (4) the conditions under which the return to flight manipulative skills
had to be performed; and (5) the depth of training conducted by industry.

The identification of leveis of technical knowledg was based on a classifi-
cation of five levels assigned to fit the aviation mechanic occupation., These
levels were: (1) knowledge (the ability to recall facts and principles, to
locate information, and to frllow directions); (2) comprehension (the ability
to restate knowledge ov to interpret information and drawings needed in per-
forming a jobj, {3) application (the ability to apply principles or transfer
learning to new situations}; {4) analysis (the ability to reduce problems to
their parts and devect relationships between these parts, such as breaking
down a malfunction inte its fundamental parts in order to troubleshuot); and
(5) synthesis {the abiliry tu assemble tihe knowledge of principles and pro-
cedures needed to complets repairs and to construct new or substitute parts),
Manipulative sillls were stwlied in relation to the conditions under which a
mechanic performs his duzie., such as working under pressure of time and
advanced plaaning before perfoiming a job,

Study Datg

A& totei of 485 companies were contacted and 401 of these companies re-
gponded, ropresenting an B2 percent response. The Jdistribution of these 401
companies wis 67 airiine line stations, 2] airline overhaul stations, 189 large
general aviation companies ard 129 small general aviation companies. There
wers 18,080 certificated sirframe and/or powerplant mechanics studied and thoir
distribution was 11,428 at sirline line stations, 3,830 at airline overhaul
atatlons; 4,463 in Jlar, . general aviatior companies; and 359 in small generai
aviation ¢companies,

The study results were tabulated through the use of 5 computer. These
tabulated vosults were presen.ed to a National Advisory Comeitiece. The
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National Advisory Comnittee reviewed the study findings in relstion to the
number of men performing tasks, the frequency at which these tasks were per-
formed, and the degree of iIndustry training; snd made recommendatioms for a
core cur:iculum.

A review of the data received from the aviation industry during the
Mational Study suggested that certain trends were developing. In addition,
some of the findings reinforced some opinions expressed in aviation circles,
while octher findings revealed that certain opinions couild not be substantiated
or were no longer applicable to the aviation industry. A compilation cf some
of the trends follows:

1, There is a common core of tasks performed by all aviatic~ mechanics
which require the same technical knowledge levels. There were 73
percent of the tasks performed to identical technicai knowledge
levels by mechanics in the four industrial categories. This high
percentage of the commonality of tasks performed by the aviation
mechanics in the four industrial categories strongly supports the
oremise that aviation mechanics can be trained through a core
curriculum and can special.ce in the latter part of their training
for the industrial category in which they may seek employment.

2. The predominant technical kncwledge level at whlich the aviation
mechanic works is the application level or higher. When all the
tasks had been analyzed, 86 percent were found to have beer rated
by mechanics in at least three of the industrial catege-ies as
requiring technical knowledge at the applicaticn, or a higher, level,
Mechanics indicated they can accomplish the remaining 14 perceat of
the tasks with either tue knowledge and/or compichension level of
technical knowledge, which require the ability to follow directions
and/or to locate and interpret information. These findings sub-
stantiate the need to train aviation mechanics to the application
level so that transfer of learning to industry is easily accomplished.

3. The work performed by the aviation mechanic has undergone a number
of changes. The airframe mechanic's work has shifted to being
primarily responsible for aircraft systems with structural repair
playing a secondary Tunction. The powerplsnt mechanic working on
turbine engines works on the various powerplant systems rathor than
replacing the major engine componewnts or perfrrming top overnauls.
In general aviation the use of "throw away units' requires both the
airframe and powerplar® mechanic to be able to diagnose malfunctions
and veplace defective units properly. On-the-wing maintenance of
turbine engines requires airline line service mechanics to perfomm
some tasks that has been previously accompliched ' overhaul, The
overhaul of turbine enginecs is better classified as repair of com-
penencs bringing them back up to standards rather than the overhaul
proced res followed with reciprocating engines.

4. Many airline overhaul mechanics are specialists {n the particular
area of work for which they receive extensive training. It was found
that the airline overhaul mechanic performs 393 of the 437 tasks.

Of these, 364 tasks were perfermed by less than 5 percent of the




mechanics for each of the tasks. These specialized mechanics recelved
in~depth training for 54 percent of these tasks, basic or general in-
formatisn training for 43 perceut, amd orientatien or no training for
the remaining 3 percent.

There is an increasing use of turbine engines in general aviationm.
The percentage of general aviation mechanics verforming work on
turbine engines has increased., It was noted that training in deptn
was provid: ' for only ten tasks by small gencral aviation and seven
of these tasks were associated with turbdine engines.

Fixed pitch wood propellers and ground adjustable propellers no
longer aprear in airline operation and their number is decreasing
in general aviatic.. In gencral aviation, work perfcrmed on ground
adjustable propellers involves minor repairs to the blad: and hub.
General aviation companies frequently remove and install these pro-
pellers but the task is performed at a low frequency,

Electricity and electronics ave becoming integrated into the airframe
and powerplant mechanic's occupztion, The mechanics in the airline
industry and in large general aviation companies performed all Z8
tasks surveyed in the areas of electricity and electronics at a high
frequency, Mechanics in small general aviation also performed all
tasks at a high frequency, with the exception of checking and troublie-
shooting solid state switching devices. All indications point to the
necessity for schools to increase their emphasis in the instruction

of electricity and electronics.

The maintenance of flight instruments, automatic flight and approach
control systems, and aircrizft communications and navigation squipment
is extremely specislized work. The airline industry generally pro-
vides training in depth for mechanics performing maintenance work on
flight instruments, automati- approach control systems and communi-
cations, and navigation syst .. Mechanics in large general aviation
receive training in depth in maintenance of aute pilots and approach
coatrol systems and application training in all other related areas,
Mechanics in small groeral aviation receive basic and general infor-
mation training in the basic flight instruments but generally receive
no industry training in any other related avess. Specially certiffi-
cated mechanics and specialized shops froquently repair these systems,

The need for mechanics skilled in woodwerking has decrvased sub-
stantially in the aviation indwetry, The survey found that the sir-
line industry no ionger rvequires mechanics to be skilied in woodwerk-
ing. Yew highly specialized airline overhaul mechanics perform wood
repairs to interior cabinets and paneliag. lavge general aviation
companies assipn these tasks to a few mechanics who perform these
tasks at a low frequency. Ot 2,463 mechanics surveved in large
general aviation, only 174, or 7 percent, indicated that woodworking
was part of *their assignment. In small general sviation, woodworking
continues co be performed by approximately one-third ¢t the mechanics,
but the frequency is In the low categoryv., It wias tound that of the
3159 mechanics studied only 126 were invelved in woodwerking tasks.




The overall percentage of aviation mechanics surveyed in general
aviztion, large and small, who are reasponsible for performing wood-
working is 10.8 percent. Tasks related to woodworking that were
mest often performed involved the determination of conditic. rather
than construction or revair.

10. Aviation mechanics must understand the basic operations involved in
sheet metal work and must be able to make return to fiight repairs
to metal structures. Findings reveal that the aviation industry
requires more men to possess skill and knowledge in this topic area
than in any other task requiring manipulative skill. Representatives :
of the aviation industry stated that the mechanic must know which types i
of damage can te tolersted and which need rvepair. In all cases *he - yf
we~k must be of a return-to-flight standard. Q',‘ﬂ

ii. Afrcraft welding is becoming a snecialized skill. The introduction i
of new materials amd new welding techniques in aviation require .
specialized skills for welders, Comments received from general ‘jﬁpi
gviaticn companies Indicate that repairs involving welding are done S
by specialty shops. Speclalization in welding is also applicable ' }
in the airline industry. In crder to hecome a certificated welder, i
a mechanic must receive specialized jnstruction. However, mechanics L
stlll must make air wovithiness determinations ¢ .cerning welds. Y

12. The use of manufacturer’s specifications and Federal Air Regulations
are an essential part of the aviation mechanics occupation, Mechanics
in all four categories indicated that manuiacturer's specificstions
and Federal Air Reguistions are used at a high frequency. The number
of mechanice who use these publications and wanuals is also very high.
The sirline industry and large genera. aviation provide basic and
goneral informstion traimirg in these tasks.

[
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. To b» amployable, the mechanic must have a sound command of the B o
En, ' ¥sh language. The importauce of a mechsnic’s abiiity to read,

i writa, and spesk the English language is in nost cases a fundamental

3 requirement for acceptable performance and for advancement In the

industry. Accuracy in the use of the English language was emphasized

throughout the findings. The schools have a respon.ibility te ensure

that thelr students aca able to meet the standards required in the

: use <f English as required to performance as a mechanic,

ot
£~
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: Fthics and the mechanic's legal responsibpilities are an important

; part of the aviation mechanic's training. This was the only major

subject areca in the study where the tasks were consistently ranked

at the highest level. The survey indicates that the mechanic's

integrity, quality of workmanship, and responsibile action in * ”
work envircenmeat contirues to be an essential part of the occupaticu, b

Industyy Trainine

An examination of industry training indicated that the avistion industry
dces provide extensive in-service trajuing for the mainterance of occupaticnal
currancy. Industr, training for mechanics {s designed tv provide curreacy




when new aodeis 7 aircraft are intreduced and changes occur in existin  models.
The amcuv:z of training is substantial and is generally directed to the basic

and general infecrmation level. Traiming in depth is wmost predominant in the
airline overhaul category. Industry training ranged from 81 percent in airline
line stations to 85 percent inm airlin. overhaul stations in all tasks. Train-
ing in the general aviation industry ranged from 66 percent in small general
aviation to 92 percent in large general aviation for all tasks. Table I, dis-
piays the percent of tasks studied for which training was given by the aviation
industry.

TABLE I Percent of tasks for which training is
given by the aviation industry

INDUSTRIAL CATEGORIES
LEVEL TO WHICH OFFERING TRAINING

TRAINING 1S OFFERED Atrline Airline Large Small

Line Overhaul General General
No training 19% 1.% 8% 347%
Orierntation or ramiliar- - ) >
ization training 7 & 4% zero
Basic or general
information 55% 397% 720 637%
Training in depth 19% 427 167% kh

Ther» were many tasks {or which industry cffered no training. Training in
depth is more preva.ent in the airlines than in general aviation.

Result of Study

The FAA through meaningful action has consist atly cncouraged the efforts
ot the rvescarch statf., They provided the necessary guidance to ensure that the
rescarch findings could be etffectively channetled into objectives that were in
the best intevest ot the aviation incustry and the aviation schools, Following
the publication of the rescarch findings the Lighly cualificd Atrman Schoois
Croup of FAA review the dats and provide the knowledge and experience so neces-
cary te effectively implement the reseaveh.  FAA has used the basic researvch
data and the Natienal Advisory Cramittee's vecomendations to cutline in detail

ol

the knowledge and skill reguived for mechanic certitication. The Afrframe and
Powerplant Mechanics Ceriifioation Guide, AU 03-2A%, published in April of 1968,
describes the content o@ the mechaniv's test in terms of the achievement level

the applicant is expected to veach, lthoush the certification wuide does not
follow in all respects the avenues suggested in tae study,  The regearch data
has also been used by FAA as souree material tor developing recommendarions for
changes to the curriculum requirements tor FAAN certificated mechanic schools,

bl

Four thousand of the survey renerts have been distriboted o industry tralnine

YA 65-0A {s Lvallable frem GPC tor LU0 per copy.




organizations, educational institutions, aviat'un maintonance orguaizations,
training advisory groups and other interested persons and organizatiouns where
it serves as basic research materiai to those whc have an interest in the
ntilization and training of aircraftt maintenance personnel.

EXPEEIMENTATION ACTIVITIES FOR THE IMPROVEMENT OF INSTRUCTION

The implementation of the National Study's findings was the next major
step., An experiment was degsigned to determine whether subject matter in the
aviation mechani~s curriculum could be learned as well under an instructional
system that programs the teacher and his instructicn to the student's learning
progress, as under the traditional instructional methods now in use in the
aviation schools, Specifically the problem was resolved into comparing the
relationship between: (1} an instructional system having predetermined student
performance goals as compared to current instructional systems that use tradi-
tionsl instructional objectives; (2) an instructional system that provides to
the teacher, as he instructs, continual feedback as tec how well learning is
being achieved, in comparison to traditional instructional systems thac have
no planned provisicns for feedback during teaching; and (3) an instructiona.
system that provides student workbooks utilizing '"partial notes' that are
coordinated with an instructor's guide, as commared with the traditior.:l in-
structional systems that make no special provisgicns for organized note-taking
by the student,

Problems thgt frequently arise in Jeveloping instruction are the failure
to properly identity the desived learning achievements, and the inability to
describe in detail the conditicns and limitations of what is to be taught,
Instructioral objectives, in many cases, do not reflect the purpeses of Jdetailed
instruction in the classreoom and fail to set the parameters for {nstructional
organization, presentatior, and evaluaticn. Teachers need assistance in
developing abilities to galde ~ach of their students {n meaningtul fe.rning
activities. Teachers must avoid over-teaching {n non-essential instructional
areas and under-teaching in essential instructional areas. Thev must make
more effective and meaningful use of all classroom and toboratory instructional
time. In additicn, thev must learn how to appraise continuaily how well in-
structional content {s being learned at the time tcaching is occurring,

Experimental De.ign

In developing the design tor this educational experiment it was oosumed
that th. depth to which the student would Irarn and his wbiifity te retain th

knowledge would be proporticnal (o the extent of his invelvement in th
structional precess, The first assumption, therefore, was stated
When student pertormance goals are identified, when levels of ins

besn realisticeily organized, and when eveluation of student progress has boeen

programmed in the form of {regquent feedbacn hetween student and teacher, ther

the amount of learning wouid increase amd retention of xnewiedze would improve
The second assumpfion was based on tha belic! that an increase 1o in-

structional effect

properly trained i{n fhe presentation of special

materials. The Jes!

on the asswsptiocn that the students of feachers whe are given speclally degivaed

{vaeness could be rvaliced 17 amd «hen reachers ha Leen

NN
ty designed dnsiructionag,

gn ol the experimental program reperted here was based
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instruectional —iaterials awd training in the use of these materials would learn
more effectively and «-hieve greater retention than woen ths same students
were taught hv the same insiructor using his customary teaching materials and
methods.

"tis study was corducted in both public and private aviatiun mechanic
schools throughout the United States. A rotal of twelve schools participated
in the experiment and a random vaplications design was used in the inclusion
of a bi-variate inversion mcthod f v controlling the rreatment order. A total
of 144 students participated in the tnit ial test and re-test sequence, amd the
six-month follow-up study included 28 of the original students.

Two concepts that were ly in the Natiomal Study were adapted to
the curriculum material used in tiwe experiment, Thess two concepts deasit with
levels ©f instructicon which are directly related to the definition of levels
that was used in the Nativnal Study are performance goals which were
directly related to the tusk statewents in the National \tudv questionnaire,

7 ju

The levels of instruction estavlizh the standard for learning success
measurement described in the st udent performance goals Fach level of instruc-
tion was given an equivalent testing fevel., In c¢rder to determine whether the
specific testing levels had been achieved a three level system was used:
Level 1: Kn'w basic racts ond nrinciples. de afle to find intformation and
follow directions and written instructionas., No skill demonstrations were 73

quired. Level I: Konow and unde: Lacis theories amy concpets Re
able to find and interpret informaticn and perform basic operaticns. & h:fh
i Bl
2

: “e
level of skili was not reguired Enow, understam, asnd apply facts,
how they relate to the total

independent and accurate

principles, theories, and concepts,

operation Amd maintepance of ¢ .
airvworthiness judgments. Pericow atil
A fairly high shitl level was
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terized by {uree compenent parts: b g o 4oy
(0 how he ig aeing to and g irosv e constdered
successtul,

The vxperimental Lo the study was Alveratt -
tiona! materiasls were provided amd the teachg trained

sateriatls, Seven different cuntool subiects were used by
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[ OATRR SRBATIRES 3 The controdl subiteols were selecied t\" the teac Loth the

Jontrod toand the experimental subject were taught by ime faas by
to the students ir ecach ot the sub-pepulations,
The vesuils of the eoxperiment were anaivzed through corirelied tescing

toliowing the completion of the sixty ol ek hour course Liosororafc Hwdrautics

Leoa returnete-seorvice standard,

i T




and a sixty clock hour course in the control subject. The retention effect was
studied fcllowing a ainety day re-test in the same subjects. Thie was further
substanticted by a six-month follow-up teat. The exawminations for the xperi-

wt were developed and admiristered by the FAA. The same examinationg were
wceu for initlal testing amnd re-~testing, the only difference being that the

cgtions were rearranged. The six-month follow-up used the FAA official
cextification tests resuits for the students involved in study and whe hau
taken the test for thzir mechanic®s certification.

Experimentation Findingsg

The test of significance of the treatment indicated convinciegly that in

almost every case the students performed better in Afrcraft Hydraulics than ‘n
any of the control subjects, despite & comparable difficulty index for the
several examinatisns. It was not the inient of the experiment to measure in
isclacion each technique and concept use. '~ the [znovated carriculum materisls.
This is normally the approach in educationai 2search. The learning prncess,

, howevar, is more complex, and each part 18 supportive or contributive to the

; whole concept. The study emphasized the basic teaching tocis that can b —ade

: available to all teachers, irrespective of the sophistication of the technical
equipment available or the economic level of the schocl. Elements tested in
the experimental appreoach included: (1) Desiguing the curriculum .o include
“~wvels of instruction. {2} ldentifying ucsired ocutcomes through stude—% per-
formance goais. (3) Developing coordinate. inst.uctor's guide, student work~
baoks, and trainming aids. (4) Training teachers to uge the coordinated in-
structional materizis and to applv the concep*s of student performance goals
snd feedback In thelr tesching. (5) Using fesiback to ceastantly ascertain
the amount of learniag that is taking place. {6) Testi:g for student perform-
ance goal achlavement.

It was nct the purpose of this experiment to evaluate the infiuence ol
sny single one of the above elements as sn entity in measuring “he effective-
ness of the instruction. Each, however, contributed ro gn improved lesrning
i snvrironment which can be controlled by the imdividual tescher 1f hs has beesn
” ~{iven the proper knowledge for implementsiion. Uvalu .tion of the exprrimental
data vuggeoeted the following deductions; however, csution must be exercised in
waking devinitive conclusiona in light of the limited scope of this studyy

1, ¥ien stwdent performance goals are clesrly defined and ave knwwn by
both tde teacher and th: sctudent, the quality asud gquantity of the . '
iearning will improwe.

2. Wien the levels of instructlon are known and adbersd to, move ic-
ficfent {mstructional plamning and rherefore wore efficient classroom
: fngiruction will take plsrce,

3. VWhen feedback checks for learning are prepaved iwn derail prior to
each leasonr amd the tescher urilizes feedbuck during instruction,
student lea™ing progress incregses.

4, When improved insrructional planning snd feaching wethods are ..sd,
instruction y ime may decreasse withosut a loss in learning.
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5. When teachers are trained tc use justructional materials amd utilize
concepts concernad with student performance goals and continucus feed-
back, students achieve greater depth of learning and retention.

Some indicaricns suggest that the number of instructional hours devoted
te the subject is not the only important criterion for increased learning. In
this experiment it wac noted that regardless of the number c¢f hourz devoted to
teaching the control subjects, students faited to achieve t.- same level of
excellence on the evaminations as in the experimental subjec:. In fact, per-
formance in some areas declined with increased instruction, suggesting the
possibility of retroactive inhibition. The experiment results suggest that the
uze of levels of instruction, student perfermance geals, and feedback in in-
structor preparation, curriculum organization, and instructional planning can
influence learning to a greater extent than usually is anticipated the amount
of time necessary tc teach a particular subject. It must further be emphasized
that without proper teacher preparation and acceptance of the experimental con-
. cepts, regardless >f the amount of previous teaching experience, the success of

the instruction and of learning achievement will be limited.

It would appear, therefore, that students wil! enter the aviation mechanic
¢cccupation with a broader basa of knewledge from which the retention effect
would operate in proportion to the influence of time and use, when the instruc-
tion methods tested in this experiment are implemented. Thus the experiment
provides a suggested instructional syste: that can assist aviafion mechanics
both in school and working in industry to better achieve iunstructional objectives.

DISCUSSION

There sre a number of implications derived from our research zctivities
of which both the schoels and industry should be cognizant. Some of these
implications relate to ways for providing more effective instruction, The
other implications are related to the inter-relationships between the schools
and industry.

Task Inventory

Kecord systems developed by industry for keeping track of materials
production, etc, have been developed to a high degree of efficiency. Generally
lacking are analyses of the tasks that are being performed that require train-
ing so that these tasks can be performed more effic_ently. This does not mean
that industry is unaware of the tasks aviation mechanics perform, but rather
that a system for early identificaticn of changing training requirements is not
apparent., There needs to be a system so that a continucus task inventory
identifying training neceds can be maintained. Task inventories finding shorld
be made known to the FAA s¢ that on~going changes in the aviation industry can
be communicated to the alrcraft mechanics schools. The communication to the
schools should be in terms that will assist the scheools in integrating these
task requirements into their curricula. The task inventory can be conducted
on a select sample basls so that expensive surveys need not be comducted in
oyxder to obtain necessary data. The task inventory should use the concepts
of levels and frequency as well as the number of mechanics and the frequency
at which they perform tasks in an attempt to identi€y training requirements
for the various tasks the air mechanic performs.
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Egtablishment of Student Performance Goals

A common cccurrence in industry when prouviding training for new equipment,
is to degign the training program around units of time, Prior %o the arrival
of the new equipment, instructors from a particular company are sent to a
factory schcol to learm as much as they can about the new equipment., Unfor-
tunately, the factory does not have enough experience with the new equipment
to identify areas in which training is needed as oppused to areas that are just
nice to know, The instructors upon returning to their company select from an
accumulation of sli'as, transparencies and manuals, items of general informa-
tion they believe these in their classes should learn. Many hours may be spent
on non-esgentials and at times the necessary items for servicing the aircraft
are discussed in a short period of time and not emphasized, sc that whem the
mechanic begina to work on the aircraft he has to dig for himself and learn
through triel and error. After a company uses the aircraft for a period of
time, areas that uneed additional training are identified and these training
srograms are designed to the degree that instruction is effective  .a efficient; '
and, in addition, is ascompliished ir 2 fraction of the time required when the
B equipment was first Introduced. In the schools a list of activities are
i developed and the student goes thrcugh these activities, and in many cases,

g iimited by time, goes through a program not always accomplishing the task te

. . the degree necesssry for becoming an aircraft mechanic. It ls imperative that
; instructors in industry when receiving their initfiszl training in a factory
school on new equipment begin to determine the performance gcals mechanics
need to have in working onm the zircraft and gather the information necessary
to teach the achievement of the performance goal. It does the mechanic no
good, other than general enlightemnment, tc¢ know that the wing span of the air-
plane ig twice the distance of the Wright Brotherz original flight. It is
more important that the mechanic know huw to fill properly a hydraulic tank that
may have peculiarities wnique to a particular airecraft. For imstructers in
aircraft mechanic schocls it is necessary that they, toc, ldentify the per-
formance goals for the varicus learniung activities so that they can measure
how well a student is achleving the imstructional goal in order to eliminate
under~-teaching ox over-teaching of material that is non-essentlal.

&d justment of Imstruction to the Level of a Group

It is well established that each of us learns at our own rate and that
instruction, to be most effective, should be designed to meet each of our
individual rates of learning. Because we teach to groups it can become dif-
ficult to meet the individual learning rates of our individual students., Auto-
mated feedback devices, teaching machines and multi~media inmstructional systems
have been designed to assist in providing for individual instruction. In many S
ceses these units can not be utilized for instructional needs that may be of el
5 short duyration or that require immediate instruction, and theve is not enough A
3 time for the development of the instructional media that compliment these e
systems. :

There are those who visualize the elements of learning amd creative
activities as units of production. Trend or progress charts are kept to
record outrt of these types of activities. Individusls who are learning
or who ..e performing activities requiriug creative thinkieg should not be




compared to the production lime where an "¥" number ot tin cans are produced
per hour. Thig type of management of instruction or creative thinking jeop-
ardizes the accomplishment of the cbjectives originally established.

On the job trainiang irn industry does provide an opportunity for the
instructor to adjust his instruction te the different mechanics he ir train-
ing. However, classroom instruction in both industry and schools should
attempt to adjust the level of instruction to the experiences, abilities and
neads of those enrolled. An instruc..:r might describe the testing of an
armature stating that: '"In testing an araature the eddy currents can not be
w2glected. Unforeseen temperature transients would csuse the device %fo become
non-operativé during preliminary tests." To a particular group of students,
this statement would be quite understandable, OUn the other hand, he cculd
make the same statement to snother group stating that: "In testing an zrmature,
if you get it too hot it will melt.” Thus, it is not only important to con-
sider grouping studenmts by levels but alse it is imp.rtant to present the
iustruction appropriate to the level of the students.

Selection and Training of Imstructors

Indiviiuals selected as instructors should have three basic qualities,
They should have the necessary techrical skills and knowledge, they should
have the abiiity to communicate their gkills and knowiedge to those they are
teaching, and they should have a d=gire tc assist others to learn. The wajor-
ity of instructors are generally strong in technical content, and some can
rattle off facts as quickly as a calculator. Unfortunately, many are not awars
of ¢*~ basic eiements im teachiug, nor do they plan their instruction for maxi-
mum effectiveness, nor do they provide for alapting their imstructiocn to the
various levels they are instructing. In mauy industries top management must
develop an accepted relationship between those responsible for training and
line supervision so that conflicts do not urise amd maximum impact of the
i{nstruction can be achieved. Instructors need assistance in idertification
£ what is to be taught and the wavs that will best accom;'ish desired results.
A srstem for instruction that identifies the skills to be attained, the technical
knowledge to be achieved, and encompasses closely coordinated tests for eval~
vative purposes, criteria for grading, and an ecifective record system are needed
in both schools and industry {f credence can be placed on how well each student
has learned.

Dissemination of Technical Information

Aviation mechar’: schools to be effective need both current aviation
equipment suitabl. for instruction and technical information. It {s difficult
to obtain both of <hese elements inasmuch as equipment 1s expensive or not
obtainable for instructional purposes and technical information is generally
tied to specific couponents or equipment. There 1is extreme need for a national
aviation mechanics educatlonal materials resource center  This center should
be located where intormation from the aviation industry is collected. An ex-
ample of such a center is the Maintenance Analysis Center located at the FAA
aeronautical facility ip Oklahoma City which {s the focal point of the agency
for the collection, an. lysis, and diatribution of aircraft maintensnce
reliability information. Information now coming to the center, although
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of great value for the intended purpose, generaiiy has little valuc fo the
aviation schrols, What is needed (s an individual or individuals competent

in curriculum development and the technical aspects ~f aviation, These in-
dividuals would need to sift through rae incoming techaical information and
gather trjccher the technical information applicable to the instructional needs
of the aviation schools. Th~ information could be written up as informational
bulletins and be supplied ¢n any kind of reproduction system to the aviation
schocls, A quarterly alvisory circular could advise the scheols of the techni-
cal bulleins marked for training only availablc. This system coule provide
appropr? .te ~urrent technical information to the schools thus eliminating the
delay time in getting current technical infcrmation into the imstructional

; program of the schools., 7Tt is strongly recommended that an instrvucticnal
materials reservoir and dissemination center similar to the Maintenance Analysis
Center be established tc frake advantage of the present reservoir of information
that is already availabie and to encourage and expedite future development for
interchange among industry, the schools and FAA,

This resource center could alse contain a libravy of other insiructional
materials that could be lnaned to certificated aviativn mechanic scheois.
This type of activity would provide service to the aviatios industry by pro-
moting quality aviation mechanics education throughout the n¢tion.

The Role of Industry and the Schoolg

The certified aviation mechanic schools provide ene of the best recruit-
ment sources for the aviation industry. Although the aviation industry
utilizes this recruitment source, it is lax in cultivating this source, [t
is a situation similar to a major leaguc bascb-il teom needing a source for
new ball players but reluctant to support any type ot farm team systom. In-
dustry must establish a closer partnerst v with the scheols, Sitting on an
advisory committee that may meet a few times a year or supplying expendabice
wdterials to the school is not cnough. Industry muot take a more tive part
in assisting the schools if it is to be the recipient of more adecuately
trained aviation mechanics.

Industry must realize that the aviation . chanic schools cannot train
their students to the nth degree in all tasks, The schools can provide train-
ing in the basic skills and echnical " wledge necessary for entrance into
employmert, and with a mivimum of additional rraindi, n industry, the new
employee can advance more rapidly and become economically productive iu i
short pexiod of time.

When aircraft and alrcraft equipment become simiiar for wany companics
then the scheols can provide a broader base ¥ training. As long as companics
have different types of equipment and mainteaance procedures the schools must
provide the basic skills that permit refinements through en-the-jol training
after employment. Industcy must provide the training on their equipment amld
in the .iprcialty areas. The schools preovide the foundation ter the skilled
mechanic and can also provide various types of upuradiog pregrams in which the
employed aviation mechanic could enroll. Some of the schemes for tuition
assistance being provided for enginecrs could be adapted for the aviation
mechanic.

,n.
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Tadustrics shou.u provide opporiunity for employment on a scheduled basis
for the iastructors from the aviaticn mechanic schools so that they can main-
tain their occupaticnal compefence. The exchange of Instru. tors and technical
poersennel between industry ar  the schucls would be beneficial to both and
would provide the base from which gviation mec! inic instruction in the schools
would become more sifective.

There needs to be a3 coalition established between industry and the
schools. The major objective of the coalition should be directed toward the
increased technical competence, in both skills and knowledge of the aviation
mechanic in the nation. The time is long overdue for this type of concen-
trated effert, Unlike persons in scme occupations in which relatively little
change occurs, the aviation mechanic must continually study to keep abreast
of rapid technclogical changes. This need for continual trairing challenges
the scheols and industry to provide appropriate educational programs. Through
cooperative effort, the challenge can be shared by both,

Will Rogers stated '"Uon't let yesterday use up toc much of today.” We
must not spend our time "hangar flying' expounding on our past accomplish-
ments nor must we buiid a "Wali of China"” around ~urselves in the belief that
we know all the answers and that our ways ave best. We must develop a common
~ifort for the advancement of the aviation industry for today and tomorrow.
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The Responsibilities of the Certificated Mechanic School —
in the

Maintenance Reliability System

by
John T. Griffin

Oklahoma City - December 4, 1968

k%

Refore delving into the functions and responsibilities of the certi-
ficated technical schocls a brief historical syncypsis may prove helpful. About
40 years 230 the Government first took cognizance of aircraft maintensnca when
it crcated the Aeronautics Branch of the Department of Commerce. This was super-
ceded ir 1334 by the Buregu of Air Commerce, which published standards and reg~
ulations governing aircraft maintenance.

It then published rcgulations governing the certification of mechanic
schonls, and these ultimately became known as Part 53 of the Civil Air Regulations.

Part 53 prescribed minimum requirements for faculties, facilities,
curriculum and achievement standards. May I quote the following extract from
the certificate: "Upon finding that its organization complies in all reapects
with the requirements of the regulations relating to the establishment of an
air agency it is empowered to operate a mechanic school”. Part 53 was engrossed
prior to the advent of the DC3, when nearly all aircraft were of steel, wocd and
fabric construction. During the past 35 years therc has been no gignificant
change in the requirements for certification despite the ract that the construc-
tion and complexity of aircraft have changed radically.

Immediately following World War II came the revolution which introduced
systems technology - such as cabin pressurization, heating and air conditiomning,
thermal deicing, multi-voltage electric systems, electronics, etc. These were
quickly followed by the introduction of the turbo-prop and half a decade later by
the jot age. These rapid changes created severe problems for the schools.

By the carly 60's there were 60 or so certificated schools, and slightly
over 70 in 1966. There are now 104 - undoubtedly due to a sudden _elated suareness
by educators that we have an aviation industry in this country.

I think I should here briefly outline the various administrative frame-
works within vhich the certificated schools operate. As of 1967, 17 were privately
operated and 58 were located in local tax-~gupported institutions. The private
schools, of course, must rely solely upon tuitions for survival. However, they
have the advantage of being free to function independently of regulations or customs
rclated to other courses of study conducted within the same institution. Of the
tax-supported group many are located within colleges and universities. Many others
are located in the state junior college networks. Still others are located in the
vocational high school systems. It is noteworthy that the 17 tuiticn-supported
schools are the onc3s that annually contribute the only numberically significant group
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who actually secure ASP certificates and accept’
t journe
industry. This group of schools produces Pt yman employment in tue

more than 70Z of the A&P input.
add that these schools do not cost the Federal taxpayer a single penﬁz? Ty

As I mentioned, there has been a vast
ficated schools during the past several months.
cated under the 1936 standards. However, let's
system has functioned, and £{f it has served the
wordas, are the schools any good or are they not?

incre. se in the number of certi-
All of whkich have béen certifi-
1nnk at the record to see how the
needs of the industry. In other

Visits to any small cross-section of the schools high-lights the fact
that there rust be a vast difference in interpretation of the Federal Regulations;
by tbe sch~ols, by FAA Inspectors, or both. Variations in the competence of in<
dividual schools are to be expected, but the purpose of regulation is to provide
eaforceable minimum standards determined by competent authority to be adequate to
produce an acceptable graduate. Many of us seriously question the usefulness of
regulations because of these variations in interpretation and enforcement. Never-
theless, many schools have, and will continue, - to voluntarily do what is neces-
sary to satisfy the employers. On the other hand, I am sure you have heard it
said many times thut the ASP schools are "no good". Such remarks have undoubtedly
beer proapted by an unhappy experience with the product of some sub-standard school.
But as a result, ve all get tarred with the same brush, because we all hold the
same certificate o7 competence. 1 think that if certification is to continue it is
impcrative that we cpercte under constantly updated regulations, rigidly interpreted,
and enforced. This corrective action should be taken immediately because of the
large increase in applications for school certificates.

While these remarks may appear critical 8f FAA, I want to here acknow-
ledge that for many years there has been a small group of dedicated and compe-
tent men administering the maintenance and schools branches of Flight Standards
Service. This group has worked long and hard to effect the necessary revisions,
but appear to have been frustrated by administrative red tape, and lackadaisical
enforcement by field personnel with whom they have no direct contact.

While I am admitting that the schools are far from perfect, let's also
look at the other side of the cofn. I rather recently heard some criticims levelled
at the schools, which in my opinion, are unjustiiied, and which seem to stem from
a lack of understanding of the mission and responsibility of an ASP schooi. For
example, I heard an airline maintenance supervisor complain that a recently hired
ASP graduate was not competent to weld stainless alloys although he stated that
he had been trained in walding. To complaints such as thesc I can reply only that
the job did not require an ASP, ASP training does not produce a welding specialist,
snd this seems to have been a case of the right man in the wrong slot. I think it
is eur joint responsibility to clear up misunderstandings such as this.

I don't doubt that my remarks up to this point may make it appear that
we conduct our manpower and placement activities inm an atmosphere of chaos and mis-
understanding. This is not so, although much improvement is needed. Our system,
despite its imperfections, has performed well in meeting the ASP manpower
requirements of the industry. Our British friends handle the problem in guite a
different fashion, and find that they also have problems. I believe they are
currently studying us and that some of their prominent men are urging conversion
to our system - the system that has produced a major sharc of our industry require-
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ments for the past 35 years. The general acceptability of the men produced under
this system is attested to by the intensity of industry recruitment in most of our
schools. I think also it is self-cvident that we have saved the industry millions
of dollars in technical manpower selection and training costs. In support of this
statement I note in the current issue of American Afirlines' employee publication,
"Astrojet News,” the following questions and answer: Q. Is it possible to set

up an apprentice program for aircraft maintenance? A. (From maintenance and
engineering) "Yes, it {s possible to set up an apprentice program. However, the
overriding consideration {s that it would not presently be a sound decision for
American to undertake the cost of an apprentice program in view of the availa-
bility of trained personnel from the miiitary and the many vocational and tech-
nical schools". However, it then adds the following: "If, however, at a future
date 1t should be found that these sources are unable to produce a sufficient
volume of personnel, the establishment of an apprentice program might well be

not anly a possibility but a necessity.”

So far I have been talking about the past. Now let's look at where
ve are and where we think we should be going on manpower requirements for the
future. One of the major factors always has been, and I'm sure wiil continue
to be, supply and demand, and the achievement of a balance between the two. I
think experience has proved the ability of an alert school system to take what-
ever action is necessary to mcet future manpower reaquirements. However, and
this may surprise you, in our diligence we must be equally careful to make sure
that we do not, except temporarily, produce a large surplus, for reasons I will
get to later.

From remarks which I have heard over a long period, I think that many
people harbor some vague and incorrect ideas as to juat what a technical school
is. It seems that some feel that it is a group of altruistic individuals totally
dedicated to the ideal of educating our young men, giving little or no thought to
anything else. While we do have many such dedicated people may I assure you tnat
someoneé has to devote considerable time and study to matters not directly con-
cerned with instruction. A technical school is a business, in some cases rather
large, and is subject to all the problems, pressures and economic factors faced
by any other business. Furthermore, in the aviation field some of the problems
are much more severe and cxpensive than in other fields. Speaking of schools in
general, their establishment or expansion may require only heated and lighted
clasrroom space, plus furniture. .In aviation technical schools, the addition of
each square foot of classroom space requires the addition of 5 to 10 square feet
of supporting laboratory and shop space, which space must then be equipped with
expensive, and many times very scarce, hardware. We need more help from the in-
dustry on this problem. The only support for this kind of facility is students -
warm bodi2a in the chairs. While 1t is true that many of our schools are either
tax-supported or aided by endowments, all school administrators must periodically
take £ close look at the effectiveness of these programs. And you can be sure
that there is always soma other group in the institution which thinks it could
use the space and funds to better advantage. But, in the case of the tuition-
supported schcols, where the majority of our A&P's come from, students in the
chairs are a stark, immediate and continuous neceasity. These schools must
break even or close. And additionally, they must have operating gurplusses
if they are to improve or expand.

What produces these students, who are so highly essential? Each insti-
tutfon has developed its own ideas and methods for student procurement. These methods



range from national advertising, through local adve::ising, direct mail, radio,
and the employment of school contact representatives. But vhichever it may be,
succeas or failure of the program at any given time is higlly dependent upon the
current image of the aviation industry in the mind of the prospect. BHe usually
makes it his business to find out 1if it is an industry in which he is likely to
be assured of immediate employment if he spends his money and time on a technical
education. Additional important factors in student recruitment are referrals and
recommendations, by satisfied students and graduates. And the one most important
and sensitive factor governing this "current image" and rhe volume of referrals
is the present industry demand for A&P's.

i W st Kb

During the pact 15 years I estimate that the industry has gone through
4 major cycles in demand. These cycles appear to have been caused by, or timad !
with, major changes in the mix or character of the aircraft fleet; or the trend
in industry profita. If industry profits feel the squeeze, so do maintenance
department manning tables. Hard experience has taught us that when there 1s a
substantial number of graduates unable to find early placement in the industry, ‘
then the word spreads real fast. The situation is then quickly reflected in
new enrollments, as well as in a sharp increase in drop-outs. Many of these
students have to work pretty hard to earn their education and if they sease a
fading rainbow at the end, they quit and go elsewhere. I think I sense indica-
tors that the storm flags may now be starting to fly again. Industry profits
are feeling the squeeze, and already some scheduled industry recruiting visits ;
are being deferred of cancelled. Let's hope this is very temporary. i

When industry personnel offices hit the panic button again after one

of these down-cycles they naturally encounter reduced output from the schools,
and again arrive at the conclusion that the school system is unable to cope with
their manpower demands. But we always manage to catch up. In our own behalf, I
will state that the industry forecasts of manpower requirements have been pretty
hard to live by. About 3 years ago the industry was polled for a 3-year fore-

~ cast of its requirements. In hindsight, it now seems that during this period the
number of ALP's employed must have been nearly double the estimate. For example,
one employer estimated itg requirements at 360 per year. Eighteen months later
it stated that they needed 1000 men during the ensuing 12 months. Revised indus-
try forecasts were then accompanied by some statements strongly urging the schools
to shaiply increase their capacities, or the industry would have to undertake its *
own training programi. Severali of the schools responded magnificently and spent
hundreds of thousands of dollars in creating and equipping expanded facilities.
A survey of 30 schools conducted last s ring for the personnel office of the Alr .
Transport Association showed that the number of fulletime day students enrolled
in those 30 schools at the end of 1967 was 5,002, and these same schools reported
that upon completion of their expansion programs they would have room for more
than 9,000 students, any increase of about 80%. 1 consider this a pretty good _
response to the needs >t industry. Remember, these statistics covered only 30 A
schools. Today there are 104 schools, many so new that we do not yet have in- :
formation on their capacities. But if we assume that the capacity of the other B
80 schools will equal the capacity of the 30 mentioned, then we will shortly have !
seats for over 18,000 students. '

R e e M e

In addressing a group of our schools in Boston last April,-Joseph L.
O'Brien, Vice President-Personnel of the Air Transport Assoriation quoting from
a study by Arizona State University, funded by the Economic Development Adminis-
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tration, said that the air carrier industry could be expected to employ 95,000
new mechanics in the 15 years ending in 1980, or an average of 6,300 per year.
This study further indicated, for the same 15-year period, a total industry-wide
réquirement of approximately 138,000, of which only one-third need be ASP's. An
average annval requirement of about 3,600. These statistics mean to me that the
presently certificated schools only are capable of meeting the projected industry
rcquirements, as fcrecast by Arizona State.

I think it is rather appalling to note how A.S.U. proposes to correct the
manpower problems in the aviation industry, vhich they profess to have discovered
through their government~financed study. I urge you to request a copy of U.S. Dept.
of Commerce News, file Na. EDA68-608, dated September 15, 1968. It fills in the
details of a. national aviation training center to be operated by Arizonu State,
near Phoenix, with a capacity of 2,000 students. Based on limited information, I
can be sure of only one thing -~ it will cost you and me a lot of money.

Further with respect to manpower, may I quote from a report by Jack
Hunt, Director of U.S. Employment service dated last June. This report concerned
a joint survey by the Burpaus of Employment Security and Labor Statistics. Humt
said, "the first phase of this study has been completed and showe that by snd large
despite the growth of the past few years, airline operations as of 1967 were gener-
ally not impeded by manpower shortages." 1 can add that we now know that they are
not being impeded by shortages in 1968 either.

Having reasonably estimated that the existing schools will provide seats
for approximately 18,000 students, let's take a look at another aspect of re-.
cruitment and see what must be done if we are to get the quality as well as
quantity. I was recently asked by the manager of one iudustry personnel de-
partment what the schools intended to do about trying t» cope with the over-
whelming demand which he already felt was upon~us, and asked why I didn't again
double the size of my own school. My answer was very simple. Fivst, I told him
1 did not believe that the current rate of demand would be sustained; and secondly,
if I doubled the size of my school I had not the slightest idea where the students
would come from. (Incidentally, as side information my school has a current earoll-
ment of 550 full-time day A&P students) My school is located in the midst of one
of the most thickly populated areas in the United States; but at this time it would
make no sense whatsoever to increase itc size! Despite our intense and efficient
recruitment methods, we just don't have that many applicants.

I am also in an area where some of the finest public schools in the
country ere producing the high-school graduates who becone our prospects. I
must be a little dense, or getting old, but I admit I am puzzled as to just
which method of recruiting will coax 2,000 qualified young men, and ncte that I
use the work qualified, to attend a national training institute in the Arizona
desert, a state with relatively low aviation activity.

Recognizing that employers will demand more highly trained graduates,
the quality of student input is a matter of major concern to the better schools.
You have probably heard it said with regard to computers, "gpirhage in - garbage
out". Let me assure you that this applies just as much to teclmical schools
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as 1t does tc computers. In Boston last April, &
Airlines tsalking to a group of our scheoal adminis
ment, "I bring these matters before this group to
both the educators and the industry must hone se

fine edge." I coulern't agree with him more, and cuite a few of us have been
working for vears trying to vecruit enough studenis so that
cess could be appiled. There is still q.ite a gap te be fil
However, when I use the wopd ''garbage' way I explain that I
and not literally. We do have a large number of very high g
but not nearly enough.

As I s~td earlier, a techniczl school 1is & business, a

né if these
schools are to survive there must be students in zmost of the seats. Not tco
many yvears ago one of the principal requirements for admission to colluge wzs
having the money. Later, as parerts began to realize that higher educstion

gave their offspring a better chance for success, as they became mere affluent,
and as our «tatus-conscloug socletv tended te make the lack of 2 college de-
gree a stigma, then the colleges g:uinally became flooded with applications.
And it was not until then that thev started to hone their selection processes.
Ur, stated in another way, the selectivity of a college is in direct propor-
tion to the ratio of rthe number of applicants to the nurter of seats. It

would horrify some educators fo odmit this, but vou end I know its true. It

ie likewice true of our technical schools.

Fortunately, in my own case during the past 5 years we have been
able to become more selective. At present we are turning down about one out
of each 5 applic -ts who meet our criteria for admission. We have slowly but
constantly upgraded our requiremenus, thus permitting us to gradualiv install
& much more demanding curriculum. Some »ther schools are doing the same thing,
but many still mugt accept nearly anyone,

Hew are we, and by we I mean the schools and industrv, geing to
really .irn the commer on chis "fine honing?" The only possible event that
will permic 4t is a vast increase in the number of appiicants. It is a vexing
problem o which I have piven considerable thought. Educational statistics
covering the 6 Now Fngland states, {{ do not have the national statistics),
for the past 7 years show that the maximum percentage of male high school
graduates going on t. technical education, in all categories, has not ex-
ceeded 10%. That percentage is slowly decreasing, and in 1967 {t was only
slightly over 8%. Some of the reascns for this decrease are readily lden-
tifiable; first and foremns® 15 parental pressure for & college education.

A recent survey of guidance directors conducted by Boston College showed that
987 of them agree that parents push large numbere of boys into college whe
never should be there. And, of course, a high percentage of thesc become
dropouts. Hext in impoytaiice, is the constant increase in the number of tax-
supported regional and ~opsaunity junior colleges; and ¢hirdly, selective
service - the war.

Since the post-werld war II baby bulge public school enrollments
have constantly increased and, consequently cach year the high school out-
put has climbed., Now, although the population explosion will continue, we
app2ar o have reached a plateaw in high school output which will continue
for che next few years. Therefore, 1t become= obwvious that all schools be-
low college level, oifering post-high school education, must compete for
their gstudents within t t 8% of the total high school output. Recruiting

6




2fforrs within this group are becoming more intense end diversified as com—
: hnolcgies enter the market - computer technology for example.
1y, we in eviation really have our work cut out for us if we hope to
vpen cur honing processes You can't hone wuch unless vou have
terial. Mavy I close this sub*ac* with the suggestion nat the pro-
ires the closest study, cooperaticn and mutual assistance tetwaen
ls, FAA, and all segments 0f the Industry.

Now, assuming tha ve all the desired students, what are we
o with them in t e? s I said, the currxculum requirements have
ped in over 30 wears, but 1 am happy to say that it is not .rue that

[#2]
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ncth:ns has been done about i

t. The group of men in the atrman schocls branch to
whom I previcusly referred, have been avare of the deficiencies of the status quo
and threough their efferts a tfinancial grant wss made available to UCLA to conduct

rait mechanic cccupstien. This study was to de-

an in-depth ztudy of the airc
termine which subjects a mechanic should know, the skill levels which should be
required in each category, and the best ways in which teo impart this educacion
and training. This project has now been in progress for several vears, ably le
by Dr. Allen. They have come up with very significant findings and recommenda-—
tions. Some of our schools have been privileged to participate to some extent
in this project and have found it most enlightening. Dr. Allen’s studies have
resulted in the formulation of a proposed medern curriculum. 7This has heen coor~
dinated wirh industry and submitted for cowmment to the Aviation Technicien Educa-
tion Cecuncil, our scheol organizativn., Aftexr many wmonths of meetinge, consulta-
ticns and revisions we finally achieved almest unanimeus ratlzicatiyn in April
1967. Now, more than cne and one-half years later we are still impatiently await-

ing acticn from FAA headquarters.

s

-

Most of the schocl administratoers feel that the new curriculum will be
a glant step forward in producing a more effective graduate. Several schools,
including minec, took jmmediate action to revige and rewrite instructional material,
and to make the expenditures neccessary to equip for the new curriculum. But,
the wheels of the Gods grind slowly!

I sincerely nope that this effort on my part to tell it the way it is
will start the ball rolling toward closer co-operation between the schools, FAA
and all segments of the industry. We should initiate immediate joint action to
give the rscruitment system a badly needed shot in the arm, and I have scme sug-
gestions. First, the 'grecase monkey'" image still persists in the minds of many
youngsters, and in the minds of nearly all their parents. We must glamourize the
aircraft mechanic occupation through a joint public relations program wnich will
cause a constantly increasing number of better qualified voung men to investigate
thiz field. The term mechanic” must be dropped and superceded by 'technician,”
a similar change was made in many otiher industries a long time ago.

The schools henceforth sheuld be certificated as "Aviation Technician
Schools", and the student objective should be the "FAA Alrframe & Powcrplant
Technician Certificate”. 1 have been personally urging FAA to mawne these changes
foer more than 10 years, and I now sincervely hope that they will become effective
concurrently with tihe revision of Part 147, the new curriculum. Immediately fol-
lowing these changes should be an Intensive FAA - Industry educational pitch, on a
nationwlde basis, directed at high school counsellors, keeping them thoroughly in-
formed of the outstanaing upportunities Iinherent in this occupation. Mayv I repeat,
these steps are absclutely essential if we are to attract a greater number of scho-
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teevicslly superior applicants.

de ¢ wish to overywshemize che reerultment probiem, ovr convey the
idea rthal our provliems ave over if that one is solved. We realire that we must also
4 constantly concorn ourseives with the adegui:y of Jpstruction., This
ing contact with inmdugtzy to congtantly deternine the general ac-
coptebility of recant graduates, gnd o keoep updaled on proposed changes and methods
which may require curricuiuw vevisions. And by the way, in sowme cages these cur-
riculus revisions result in facressed costs and tvition charges. We als® have
the constant vroblew of procuring and retaining a competent faculty, one comprisad
of men whe have had actusl experienca on the industry firing line. Then there is
the problag of ¢rying to keep the faculty current with the latest changes iu egquip-
ment and practices. Hers zgein, I strengly urge the creatien of a joint school-
aiviine compitees Lo try to work out an industry-wide plan or policy under which
cur fgouliy wembera csuld work with selected industry maintenance crews or scncols,
for periods of one to owe wesks at & time, at the expense of the school, of course.
I feel confident that joint comaitiees could work ocut many mutually advantagecus
innovations in thie srea.

The objsctive of thisz paper, assigned te me by FAA, was to define the
funcrions and responagilbilities of A&F Schocis in the maintenance veliabllity system.
I suspect that up to this point I have oot done 80. A couple of weeks ago as I sat
exribhbling wy ocutiine, sod pondering the cequence in which my peints should be pre-
sented, [ became convinced that ir would be futile to scate the ideaiistic factors
only, withou. first trsuting with the factors which up to now have made it impos~
gibkle o fully achieve ths ideals. I think it is of the utmost impertancs that all
¢f us thoroughly understand these problems snd work jointly toward their elinina-
tion. I believe that a majority of the cervificated schools have a sound perspec-
tive of their functione apd responsibilities, and do their best to carry them out.
7o 8id in this, the schools have their own national organization, "The Aviation
Technician Educaticn Council"”, which numbetrz more than 60 certificated schoeols in
its wambernhip. The purpase of this council is to provide a medivm of communication
througt. which ideas and information may be interchanged for the purpose of producing
sutnal self-improvement.

I have discwsses] the substance of the title of this paper with ssveral
school administrators and »ill now try to set forth whai we collectively {esel to
be owr Functions and responsibilities. First, the scheol must sell aviation to s
progpect who is at least a high school graduate, not interested in coilege st that
time, has scme knowledge of sclence, and thinks he would like to werk with his hands.
Re should alse be of good health and character. The school must iaen carefully screen
all avallavie applicants for the purpese of selecting only those who appear quali-
fled, and copable of complieting the required training. Those sclected must then
be taught the basic aercdynawics, physice, mathematics, etc., te equip them to ab-
gorh the knowlecdge necessary to a thorough understanding of the theory and princi-
ples of the various powerplants and their components, alrframes and their compun-
ente aud systems, electricity amd basic electronics.

In addition, the student must be required to work with all the necessary
hardware, equipment, treining axds, etc.. to eaable him to put his theoretical
training into practice while developing the necessa.y manipulctive ekills to quali-
fy him for initlal employment. He must be taught drafting 2 4 blueprint reading
to 8 level where he can Interpret maintensnce manuals, Feder il Alr Regulations, and




engineering epecificaticns, He must be taught the care and use of fine tools,

that he must always use the right ¢nol for the job, that he must keep “imself

and his work area clean and orderly. He must be taught to determine whether a
repatr .s right or wrong, snd that there is no such category as "good encugh'. He
nust be wade to thoroughly understand that the Aviation Maintenance Technician is
the absclute benchrark of air safety, and that he muat foreve. be aware of his
moral and legal responsibilities. He must be taught to work safely, and always be
conscions of the safety of cthers with whom, and for whom, he is working. We must
also lndoctrinate him with the idea that the completion of A&Y School is only the
first step in Lis tviation education, that he wn.st constantly seek opportunities

to add to his knowledge and education and to maks himself more valuable to his
enployex. Iu summary, it is the responsibility of the school to feed in:to industry
a contiruous suppi, of men pussessing the best gene ‘al aviation ard techniczl ed-
ucation conzistent with thelr cwn inherent capabilit:es, and to eliminate those

who cannot cake the grade. The man they pass to industry 1s not a specialist but
he shouald have a sound Pacic knowledge and understancng of the thecry and construc-
tion cf the eatire sircevafe, 1its powsrplants, 1fs sys.ems, their individual opera-
tion and functions, 2nd their basic inter-relationship to each other and to the
entire aircraft. When released to industry he also possesses a Federal A&P Certi-
“icate which firmly establishes a yardstick of his knowledge. There could be added
te these a leng list of supplementary ccncepts which naturally accrue to the student
who receives pis education through a soundly-structured technical curriculum with
pears having objectives identical to his. Thank vou.

oS




TRAINING IN AIRCRAFT MAINTENANCE ENGINEERING
A BRITISH APPROACH :

Introduction.

In discussing a British approach to Training in Aircraft Maintenance
Enginecring before an experienced audience such as yourselves, I will
concentrate on two major differences betwcen the situations which exist
in the United States and the United Kingdom., These are, firstly the
environaent in which we are training and,seccondly our very high reliance
on internally organiscd apprenticesaip schomes in which boys start with
the major British dgirlines at the age of 16,

e Invironment,

Let us consider now the environment in which wo operate, Ve must
always remezber that we aro using a man/imachine combination; either
component of this combination may hc/égnpatible with the other, In
dealing with the training of the man we nust, therefore, take due
account of the changing nature of the mzchine, 'Xn acdition, the effect
of the external constraints which surround the actual tssk to be performed
by the man/machine unit pust be understood, Such constraints may be of &
physical and tangible nature, or they =ay be regulatory controls,

The current state-oi-the-art in the major loag-hbaul airlines of the
World is dictated by the technological achievements of the B,707/DC-8/VC, 10,
type of aircraft, ‘ie recognize that we have a well established baseline
of knowledge and skills which is appropriate to these fleets., Introduction
of tho wide-fuselage high capacity equipmeant such as the B,747/DC=10/L,.1011
will certoiniy be an evolutionary process Zrom a technician's point of view;
indeed the B.AC/Sud Concorde, although it will quicken the pace, will not be
a revolutionary step.

however, the ever-increasing emphasis on cost reduction and high
utilisation with our next gcneration of aircraft brings one particular
area of the airlince maintenance orgaaisation very clearly into focus = that
of the associated ground equipment, In fact, if I may digress from the main

theze, we have found ourselves being drawn into entirely new areas of

velivered at the FAA Symposium THE MAN IN THE MAINTENANCE RELIABILITY
SYSTEM , at Oklahoma City, Oklahoma, U.S.A., 3-5 December, 1968, by
D. Hyde, Engineering Training Manager, BOAC.
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imzortent technicsl responcibilities, such as the maintenunce ol tape
controlied sautomatic check:ut equipment, Nyquist ploiters mssociated with
the functioning of powered flying contrc) units end even thr sophisticated
eluctronica of automatee freight warehouses, The ancilliary tracesmen who
ara e¢ngaged in these activities may not be gn alrcraft maintenance
responsibility in all airlines, but I am sure that you will acknowledge
the increasing need for their skills (o b2 equivelent to those wurdiing
directly on the aircraft tack,

A preogressive integraticn within the systems of the aircraft {s alsc
an important facter, Although there bave been reat o'rides made in tha
developmant of automatic checkout equipment during the last decade, I do
believe that we still rely on the basic trouble-shooting sxiiis of the
individual man in the vast majority of situstions. [ do net mean tc
glve you the impression that we are stiil entirely governed by the
"1t in doubt, throw it cut” philosophy of cormponen. replacecent ~ put
merely that sffective checkout equipment has tended not 1o keep pace
with the introduction of the more sophisticed hardware and systeos,

We are, therefore, faced »ith what often amounts to a conflicting reguireneat
bet.2cen reduced costs, or ipncreased utilisation, and the @alntensnce work
asgociated with thess new avstens,

As far as the exterpnal ep - runument {8 coprerned we have, of courss, our
8lv -orthiness authority, the A{r fegistration Board, and tue Beard Jf [rade,
In the training "usipnesa we also have ihe Civil Alr Transport industrial
Training Board, [This is a new orygani{sation which will probadbly be uliia.wn
to most of you, 30 I will describe its origin and funcifcus,

it was established in harch i%07 as the pineteenth of the {ndustrial
trainipg bosrus wolch have been set up oy the dritish Governawnt in order
to schieve thy cojects of the 1964 Industrial Training ~ct, namcly:

1) to ensure sn adequate supply ©f properly trained men amndi women

st g1l levels iv industry,




2) to secure ap imprc.oment in the Guali'y and efficiency of
indusirial training

and

3) to share the cost of training more evenly between the compsnies

in the industry,

The Civil Alr Transport Industrial Training Board, the:icfore, is
rzsponsible for geeing that the quantity, quality and efficiency of
training wit¢ s4aguate to mest the noeds of the Urited Kirgdom ~ivil
Alr Transport Business, GLquity »f training costs within the industry

i3 essisted by means of a levy and grant system,
these reasons

¥or the i[B will become the ¢entre of activiiy ¢n matters
relating to Indus:ry-wide manpower planning and fc-ecasting, The obly
obligation on en emplnv-. 1s to cowply with requests for informatiorn and

to pay the levy; the Trainiug Sard is, therefors, a stimulstor, and
nct a regulator like the ARB and Loard .f Trade,
. o
"o its inttial traiping policy the Board is cncouraging a systews
i . .o " . : .

arproach  to training by all seciiuas of the i1ndusiry, so as to ensure a
proper rsalationship betw.en the various component parts, inciuding the
training to meet mandstory 2! .dards, [t also intends to reinforce safety
practices in &il traxning aspects, {o encoursge the maximum co -t
effectiveness in traiming, and to provide a forum for the pocliag of training
rnowiadpe and expearience,
Generally spesilng, these Training Beoards are veginning to achleve
the thiee fundezental objectives of the 19G4 Act, Hewever, 1t is not
unkaown for these ohjsctives to be overshadowed by tihwe desire to play

" “ L . . .
tha levy/grant geme | it i® alro Dot unknown for scme of ihe levies

to remain unpatid, the frruers peing the outstanding oxszple of this

situation

-
by
z




The Training,

In a specialised industry which irs chsracterised vy a algh rate of
technolcgical change and s high sustained ra.¢ ol growth, the training
necds of vew starsers can Le quite differenet frcm those of experienced
staff within ..~ company, Ur—-=rtaipilies surround our main sources
cf ready~-treined labour which are, of course, the aircraft manufacturing
industry and the Royal Alr Force, Polit:ical decisions on, say, the fuiure
of our sirframe induastry, or tihe restricted influence of the RAF East of
Suez can bavs significant effects ca the gquantity of useful skilled labour
svailable to BOAC “on the street corper =~ a8 indeed ¢ the sudden and
unexpected closure of a major independent airiins such as British cfagle.

Comparatively short term unpredictablec variations in required oanposer

strzrpgths - such as the opes we have facad during the last two winters

a8 & result of the Boeing 707 wing re-~ork programme ~ have 1o b accomaocdated

within i%e currently aveilable labour market.

As far as long tere changes ._“e concerped, we make a b., investaent
s soorentice (ra ning 20 &8s to ensure 8 sunply of skilied manpower to
meet ouwr future needs. 1 will describe our oxperisps: and our plars in
some detsil,

in the Engineering and Maintenasce Uivision of BUAC, or any other
iarge international airiipe, there ave a wide variety of tasks *> e
sccomplinhed; we peed craftsmen end techiiclans in large guantities,
together witih smallor npumbers with higher levels of academic capabi! ' ty,
such as our National Certilicaies end Diplomas or Hacheiores Jeygrzes {n
Engineering,

At this siage I bad bstiter aefips my terminviogy. Techniclans ave

those likely tc obtaip eircralt saintenance ougineering ilcances and




become Supervisors or higher; Craft (halntenance; are those likely to
work on aircrsft, and scaze may achieve licences; and Craft (Ovarnaul)
are those liancsly ‘o be engaged on component overhaul,

These :e#quirementa have led to the developuent of the four schemes

SLIDE 4
within the appienticeship pattern of Craft, lechoician, Student and
Undergraduate, Entrants usueily start with the Corporatiou at the age of
i and they are designated (o an integrated four year apprentigesnip
of acedealc and practical training in one of the main trades, The Craft
schene also covers Carpentry, Upholstery and Painting speclalists.
Incidentalily the undergraduate schome slsc takes entranis at the age of 18
and we ,togeiner with BG4 have pioneered a new five year Air Transport
SLIDE &

Eagineering begree course at one of the new Universiiles in London - six weoths
of each year are aspent at the University, followed by six months industirial
treining with the afrlines, a so-called thin sandwich ', The other academic
commitoi (s are norwally baszed on a “block releass pattern of obpe week
st Inllege 1un every three weeks, In this way the thesoretical approach in
the cleassroom 38 prosressively reilnforced by integration with the practical
indusatrial {rainin; and experience,

You will appreciste thal the relative requirements for craftssen apnd
technicians are constantly changiug. The need for a common and toorough
grounding f{or sil technictuns, whether tiey arc wechanicali, electricsl
or _astrument . adic/radar sen, togstiher with emphasis on dia nostic
skilis, dictates cur techniclan courss patteras, tHowever, even now one can
recogni .3 & very wide variety oI sxille/knowiedge reguiremen®s withia the
future tschnicisns gredes, rangipg from those who operate sutomalic checaout
equipment tc the sratled procedural insiructions, o thosz #ho are abis to

trouble 3bhoot and even prograame ihe checaou?t equipwent 1iselrf,
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Startiug tuis last September, we buve increasea our off-the~ job practical
training to cover tho f{irst two yeara of apprenticeship for the maein trades,
In thies way we shall extend our initial training from Jfust Lasic workehop
practices, to covgr aircraft coaponents and thelr assembly into systems,
together with the apprcopriate discipiines on the airframe side, Exto-sive
use of simulation rigs will be made, Our rapidly increasing intaxe
numbers - we satarted nearlv 100 thie year ~ would, in any case, have
csur~d sovers smbarrassment to the production process il relsased oo to the
work aress after only the first year of basic workshbop training.

We have therefore Jjoined BEA in & Joint venture to form the Alr
Corporations bngineering Ajprentices' School, This is s project involving
Z2M caprtal expenditure which w. 11l give .y 2 basic training facil'.ty for the
first tw> years of apprenticeehip io the oain i(rades. %g are due to siart
trainiag cperations there in Septepber (969 and wituin a8 few years we
2xpect to have scme 500 apprentices bassd on the prexisss, resulting frowm
an ictske of about 140 cach vear from 5. AC &and tne sane nudber fros oA

During the third and fourch vears <. thé scheme we wiii continue to
rotate the apprentices throuygh the relevant workshops and the hararcs
respectively. ¥iz{ts to the technical se~tione are sciaeduled 1n oetwesd
continuing College ~uaaitments &nd ip-Company courses af our Jechnical
Training Jentre, These 1ast two years of ihe zpprenticeship provide
the .. portunity for gaieoing speciaitist knowledge o tLe reguired depin

(SN

in many (ostances wo also encourasge e contisuation of appropriaie
Collexe a.tsndance after (he atatutosy four yaar tera of 8ppre (ilcesnlp
bas bees cosmpleted, In fact [ would suggast that ihe lengih of

apprenticeship 1s scaewhat arbitrarvy, the current four vears beir




detormined partly by the appropriate industrial norm; it cerituinly i=

not a sscrosanct period of tiuwe, espociaily whers, as in our indus®ry,

training 18 a8 continuing process,

s Moving now tb a consideration of adult training, the emphasis in training
for many maintenancs and overhaul jobs has changed significantly 1: ‘he
last decads, For example, in the avionics workshop task we are nout eo
intereated thess dayve in deiving into the detailed circuitery of the

Tl components, but ws are in. easingly concerned in the quick {solation
and replacement of a Zanity “"card’ in order to achieve a rapid turnround

S .nd minimise the flcoat of :xpensive black boxes . tiowever, [ will

copcentrate ny observations ou the aircrafy maintendnce tecaniclsn,

B
b With the ever-.ncreasing comolexity of the task {tself, together with
:'

% the continusl escalstion in salaries, there are streng incentives to

! i

"
tailor technician's traioing strictly to a neud to <now basis for the
4 . .
3 Jjob he has to do, ihis may scund a very obvious statemeat, byl [ am sure

that many of you will stknowledge the Cominating influence thal externally
and ‘niernally required staniards nave had in the treining field, such

standards are, ¢ "ourse, abscintely essential, dut | am merely poilntin?

DUt thatl they Jan Lo undedessssily high in s0nRe areas, Inversd i¢
RASN-311 -
. internal, (U might ev be fruiiful (o coagider char Yothe adt oal
standard; and I ¢ ot excindes froxm ithis the standards sat by tin trad

3 themselves,

nevitabty v coe bags, tnoun T0oa complets task Jefininion

lesis In Oruer tohal the goad-to-snvy can be gpeolfically

ard sxklils ang

.

atsia The definttivn of training requiresenis by 1ine manidyg

18 really very difficult in practice, «mp can get quite civse ' L PO




sclution by reviewing course designs with a couple of training stalf
who have praciical techniclan expsrience and cpe or two tecnricians
with current field knowledge., T'Tet me emphoasise the nesed Ior ths
training people to be willing o tzke a completely ne¥ look at their
methods and covrse contents, Incideataliy it isg, ol courss, wiet o

have & member of the Inepection/quality Cont: [ organisation directly

invoived in this "hatchst’ activity. Neveriieless, if time permits
@ detailed definition and snolyeis will still provide tha mcut comprensnsive
infecrmation, som2 of which could be used for other than training purpcses,
Apart from traiming on specific equipments, we are also conducting &
programae of supsrvisory training, The larger sigafficance of incidents
end delays dua to faulty maintenance, witb increasing aircraft size and cost,
has led us to roncentrats on the technicel manageszent aspects of the supervisors
Job. Sterting with & refrusier on the cverall responsivilities and
techniques avallab’ the sublect of documentation is covered in detail
sng apsakers from the Technical Records and quality Control Umits explain
their own control systems snd reporting procedures, By selecting staff
from dilferent work areas, and involving a sealor member of line
menagemsnt towards the ena of the course, an interesting and use’ul crosas-
fertilisetion of ideas has resulted, Su gestlons made during the courses
have beun sctioned and improveiients to the system have resulted, A well
trained supervisory stnff is certainly a key factor,
in addition to conventlional ofi-the-job classroom training, increasing
effort 1s now belng applied in the use of audio-visual slds for on-th.-job

demonstrations during off-pesk periods aad when a specific nsed-~to~know ariseg,

3
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The izpact of vuy complex written or oral iustructions can b& gragtly
eanhanced by tre use of a dynamic vizual displsy, Clossd loop f.lne

which are caegsette loaded into vack~projectors, thus snabling ihen 0

be used by any individual at the press of a vution, &re oresciution,
Another 1s the use o videso-tape reccrdings in 3 cloxsd carcud

television sysiem, In genaral you ere more sdvanced this ourselves

in the spplication of such sids, and { can best suwmarise iheir advantagas
oy quoting en oid Chinase uayiné "I resd end I forget, I mac and I

T -

Lt
vepember, I do and I uxderstand |

locking now &t the results of our traliuing pativins, let us consider
7.rstly the schievements of our ex~appreantices, There hag been an
estuplished apprenticeship scheme in both BUAC and BEA for nearly 20
years now - but remember tha~ thie means that the oldest of the
ex-trainees are only now in thair wid-30's, Clesarly their full impact
is y=2t to be felt, t already the, are occupylng & wide r=ng2 of Jjobs in
our Epgineering und Maintenance Divisiorn, as well ag related tasks such

Engineering;

as Fiight in fact we ars sometimes accused of training for too
high an academic standard with the result that the technical offices get a
disproportionately large benefit from our schemes., Certainiy some of the
"high fiyers” are taking Univ-rsity Degree Courses and others have sven

completaed post-graduste level studies in Air Transport Engineering, but

the numbere in the shop floor areas are also beginning to bulld up, Surveys

and opinions from the shop floor supervisers indicate, in general, a

strong preference for the young ex-apprentice cver the extc.nal recruits,

yais PG ST AN

LR TR




importenat intangible bhevefi! chould result from better comspunications

end rapport between, say, the technicai aificea end the production areas

ag thege groups of young m¥n meove up the a¢helons ol supervision and
monagemant,

Howevey, there i: ons mrea on ths office side in which we have had
difficulty in attracting sufficient of our intercally trainad men uniil
very recently s»d that is in the plannlng and production deparipents,

The englpeering deveiopment jobs 8ré always consistently more populer, This

5 pridblem reslly 38 a vicious circle as those who come 10 the end of t -ir
aprrenticeship, or post apprentice technical training, see that vaere

are few of their well qualified predecessers in the production gide and

- : tharefor? tend to shy away from thess areas,

As far ss termination rates are concs2rned we have found thet, until
several yoars ago, the wastage after compietion of apprenticeship was
approxiuately the same as for adult industrigl staff, The patiern was 8lso

dirvectly comparable, with bigh rates initlally followed by 2 low constant

rate after a period of some $ ygars employment, by wiich time approximately
beil the original intake hsd left the airlipe. In the last two yeors

there has been e significant reduction am these wastage rates, There are

2 aumber of influences at work simultaneously, but a predominant factor

has probably been the availsbility of continued sponsorship for those

completing technicians course Certificates during the first two years
after spprenticeship -~ a tiae when the termination rates arv normally
highest, However, let me emphasise that we will always placc o high
valuye on those individuals who leave us %o get experience in other

airlines, but later rejoin the fold; we already have quite a number in

this category,

10




iu the mrea of adult te hnicians training, [ hope that I have not given

S S R 4

you the impression that tuere 1s no place for the classical approach of

skills anslysis, job description eand mcacurement of initial and terminal

RRE Y SRV

behaviour, involving the cetailed analysis and recording of the knowledgs
and skill content of @ll individugl jobs pertormed, However, whez the
end products of costs, technical delays and incldent rates due to faulty
paintenance nre pregsing lard, an engineer's compromise sclution can be
the best invesiment, Linc managenent must still haeve the respongibllity
tor ensuring the effectiveness of training by :-

firstly, statiug how they propose to use their manpower

gecondly, meking suequate allowances for training ip theilr manpower

budgets
snd thirdly, sending their men con the courses that ihey, line

napagement, recquested,

As far as the future is concerned, training wust form a part of an
integrated appreoach to the wiole problem of sireraft maintenance and
overhaul; the image of the aircraft mailuvterance techni! in needs to be
fully recognised and the development of suiomatic checkout equipment
to its full potential will have an important effect on the combinaticn
of skills apnd knowledge required, ranging from the pasr’ o monltor to the
high level technician, Perhaps the oniy thing we can be sure of bei~g

constant in the industry is change,

e sos s sensacdd
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I am indeed honored 5 be with you this after-oon.

The theme of the conference refiects the ontinuing need for highly
trainzble men as an essential ingredient in an aircraft maintainability

system,

My purrose in speaking today is te tell you about an important manpower

potential for you - the returning serviceman.

During this fiscal year and those following, over 900, 000 individuals

will be leaving the n:iiitary services and joinin e veteran's ranks,
will be lea - the nuiiit 5 5 and jo > th p 's rank

I would like to give you a profile of these voung people,

- They average about 22-1/2 years of age,

- About 75% are high school graduates.

- They have been through a disciplined experience,.
- They have lear ~ed respousibility,

- Many have found a leadership potential they did not know
they possessed,

- About 3C% say they would follow a good job to a new location.

- They have their service obligation behind them,

-Pape’-r presented to the FAA Maintenance Symposium, THE MAN IN THE MAINTENANCE
RELIABILITY SYSTEM, at Cklahoma City, December 3-5, 1965, by Col. J. K.
Johnson, USMC, Cfiice of the Assistant Secretary of Defense (Manpower &
Reserve Atfairs).
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- They know that they live in a time when knowledge and

skill mnean job success,

hey want to make a positive contribution to American life,

-

f the cpportunity is presented,

In Tanuary of this year the Department of Defense established Project
TRANSITION to holp these men bridge the gap between military service and
their reentry into civilian life. We recognize that in todey's economy the
return 2 man can obtain from a job is related to the amount of education

and skill kncwledge which ke can bring tc that job. We also recognize that

SO

the problem still remains one of g *ting the right rmen into geod o

the demands are high and the wages are good,

So, the great task is to introduce these woon into the ty_es of te linical

[N

training that are ~vguired to tmeeil your industrial demands,

Under Project TRANSITION we set about to tackle this problem,

The Presidens, in his Manpower Messace to Conoress in 1967, reported
» = b3 »

ti.at he had asked the Secretary ot Defense te¢ provide maximurn inservice

training and education to men, He stated that he wanted all military service

to lead to productive careers,

Following his guidance we first turned ou. attention to identifying the

target groups. We established the following priorities:




- The combat disabled.

- Those with no civilian-related military skill.
Many ia this group are the combat men whoe have served in
Vietram and they form our major target group.

- Those with lower educational achievermnent,

- Tnose with civilian-relc:ed skills which require upgrading
to meet the needs of potential employers,

- Those retiiing personnel who need a boost to good job

zvrunities,

- Those who desire to gain a2 new skill,

While we kecep these priorities in mind in developing our training programs,
I must say that we have been quite overwheimed by the response of all
returning se.iicemen to the program. Between 65 and 70% of the men
with six months or less of service remaining who plan on leaving the gervice
tell us they want assistance,

Our program is 1esigned to provide four basic services:

- Counseling to help men sort out the options available to then,

- Training to provide skills for which industry has a spe ific

requirement,

- Education largely to provide an opportunity to complete =

high schoo!l equivalency program,
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- Placement assistance to link these man to civilian job

opporiunities,

We now have 254 installations in the United States and overseas where

Lir program is in operation. We are planning to expand it further to

accommodate as many men as possible,

I would iike to tell you something about how we reach them

We provide a gquestionnaire to all servicemen in the United States and
at some Air Force installations overseas whe have six month~ active service

time remaining, We do this for several reasons.

¥irst, we purposely have concentrated our TRANSITION program in these

last few months of servi-e,

Second, we want to sort out these who desire {o go on to a career as a

soidier, sai'nr, airman or Mariae.

Third, we wish to give these men some way of indicating the kinds of

assistance they desire,

Our counselors exanine these questionnaires, which are

administered nonthly as maore oion berome eligible, After approoriate




dizcussion periods, the counselors then help te arrange for the necessary

inservice training or education programs and job placement help,

We believe that these last six menths are an opportune titne for

young men to start thinking about their future., These men are less

likely to be .ransferred and can be easily rcached. We have their
&

personnel records, some evidence of how they have performed and what
. assistance thev may need,

QOur guiding principle has been not to duplicate what other agencies
in the public and private sec.or can p. Svide, but merely to bring these

resources closer to the men befo-~ they scatter all over the nation. Let

me demonstrate to you how this is now being done,

We have concenirated on a skiii training pregram, since almost
70% choose to go this route rather than ~ver the education nath, Our
first task has been to set un training programs whi. h are responsive to

the needs of business and industry,

We recognized th t we would not be able to accommedate all men
because of the time element ov the availability of resources. But we

have been continuously broadening the base o1 our training program.




We took a unique plunge, We have gone to the business community
and have asked it to provide training on or near a military base in the
skills for whicii it has  specific requirements, This training is mounted
and financed by the companies involved, The company supplies the
instructer and equipment, We supply the manpower resource and in
many cases the facilities, We have also asked industry to provide us
with company training opportuniti~s, or available jobs, for those who

could net be given training prior to their discharge.

We now have some S0 large companies and some 400 s ller
cornpanies supplying us with training opportunties, The automobile
industry represented by General Motors, Ford and Volkswagen of
America have opened up their regular training facilities near some of

our military bases, Men successfully compietin® these courses - usually

running four hours a day for 12 weeks - are then offered jobs with ¢

While they are in training, company representatives and our counselors

begin to Line the men up for jobs neay their hometown or in some other
E I J

area of their choice.

v

Loocknec. is preparing proeflitiors in Tacema, Washingion, and IDM
is preparing office machine repairmen, Several oil corapan‘es are train-
4 I

ing gservice stafion mandagers,
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Sears, Montgomery Ward and J. €. Penncy are offering craining

for jobs in their service departments. namely avtomabiles and appliances,

Beyond this, each installation has scught to involve local - ad
regional industry near the base, This may include companies sur .lying
limited on-the- ot >ri .tation or training in the plant or com™pany office,
For example, at one milivory installat .n, some 20-30 compan.es are

p. #viding this wind of assistance,

Tro r ¢ se b s be nmost encouraging, Wo graduaily are bullding
a lavg rtrayiing ise, We are go'ting our nien ‘nto very meaningful

‘tting men trained according to 'ts own

jows, Ir arn, indusiry is
requ’ . emers, We feel that th- whole economy reaps worthwhile benefits
Sy e Py Yy Ty 3 e 1y ot oyt ~a s 18 2307 a8 tev 1eave Sorvice [
F1nNS (e - men are (rainyga And ready, 18 5200 48 They 1€3ve Service,;

beooine innediate’y producuive,

You wil] recall T montioned our efforts to mouat as bhroadly boood
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training program o possihle,

invoivement.

I wou!l  now ltke to mention very briefly ihe cortributions of the

p.blic voctor,
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First, we arc using the training rescurces which are availsble oo
many military bases. W= .jsc caii upon some Federal agencies - pro-

™~

vide training. The Fost Oifice Dupartmm nt and Department t Agriciiiuve

provide training for new postal workers and engiceering field ides
respectively, We als > have 50 cour es financed uy the Manpowe:
Development and Training Act fur-is of the Departmant of Labey wrde
contract with private concerns or educatinral institutions for the tra‘nir.

of service type personnel,

CGovernment placement s svices .r. m: e avauable to indiviguals
at the conclusion of their training. I ¢ norirally dorn in two vays:
- State Employment Services o¢ e provide ir rmetion
coacerning the employment orpo  unities in the area w ore
the individual desires to settle,

- The Department of Defense offers opportunities in the 7 c

service to individuals through its computerized mar nwicd
program,. The Civil Service Commuission also obers o) toy-

ment elsewhere in the Federal civil service structure,

One word eon our education program, We are trying to provid: the
academic subject training necessary to bring the men up to the 8th gracle

ot high schooel equivalency level., W. have alsc asked © me colleges ana

d
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universities to offer on or ¢ff base courses which would be lead-ins
to a college course for rren whe never have  ought about attending

cellege,

In establishing the program I have just described we have followed
b 4

certain basic guidelines:

- We ha.e decentralized operations so that industry can work out

mutuaj arvangements with our installation personnel,
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anders to arrange for en-duty release time
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for training when consistent with their basic mission reguirements,
- We try to keep our training offerings consistent with overall

industry needs and in areas where there will be a long term job

requirement,

- Ve have enjoinod our proiect managers to seck cut focal and

ssistance to the fullest extent
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regional trainirg and plac
pr ssibie,
- We try to promote mobility - espeaially among menerity groups
who would otherwiss retern to oritical urban or fural environments,
- Wootry to provide some service, whether it (s merely timittoed

cou ~oling and placament, to all servicemen who may desire

parti © assistanee,




Where Do We Stand Today with Respecc to this Program?

- From January through Augu.t we have provided job training or

education courses for 20, 000 men.

- An additional 13,000 are currently in training,

- Our goal is to try to reach approximately 500,000 each year by

questionnaire, to counsel some 350,000 and to provide training

for about 150, 000.

Let me take a few moments to discuss your possible role in our

program,
There are three approaches,

First, since we are training some men in job areas of specific
interest to you, we might encourage men to participate in training
programs you may now have, or may establish, near our military
bases. We recognize that the training these men now possess are
very specialized in nature. Yet, we feel that they can be trained
quickly to meet your requirements, pointing ultimately to FAA certifi-
cation if required. We are certain that many of our trained men would
like to continue in the Aviation field, The men of our main target group
also may desire to.enter this field., They could do so through a course

of training you may wial to provide on or near a military base,

10



Under this plan, men can attend the‘e courses prior to their
separation from active service. This means that DoD will provide
the me.n and house and feed them. You may provide the training at
your expense and conduct courses to meet your specific requirements,
Of course I must reiterate that we are principally concerned about the
1men of our major target group who entered the service with no civilian

skill and have not gained such a skill during their military service.

We wish to increase their chances of meaningful johs,

Another way you may wish to participate is by providing training
for servicemen after their separation. Under this plan, prospective
employers make known to the Defense Department those training programs
that are available within their companies, These notices to the Defense
Department indicate the skills for which training is being offered and
the location of the training sites, The company also offers placement
upon successful completion of training., These notices are sent to
military posts and stations for the use of counselors in referring men

to industry training programs.

A third method of participation lies in direct job placement of
already trained men, The interested company provides Defense Depart-

ment with notices of available jobs. These notices provide sufficient

11




information to identify the desired skills necessary for the man-

>

job
match, It also provides information for trained servicemen who may

be interested in working for your company. Again, these notices are

sent to counselors for use in referring men to your appropriate offices,

In all three of these approaches, we in the Pentagon would plan
for you to work closely with TRANSITION representatives at nearby
military bases to make necessary arrangements and to promote the

interchange of appropriate information,

How many men are we talking about when we refer to men who

possess some related, but specialized, aircraft maintenance skill?

During FY 68, the military Services released approximately
49,000 men. In FY 69 we anticipate that 45,500 will separate from

active duty.

These men have skills that vary from the giant jet engine mechanic
to the small utility aircraft engine mechanic and from the aircraft

electrician to the instrument technician,

As most of you know, our military technical schools provide
specialized training in maintenance. Many of our men have accumulated
years of experience working at various levels of competence onmilitary

aircraft, within definite limits of specialization,

12
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But when these men decide to leave the military Service, they find
difficulty in finding employment in c:vil aviation because of the
specialist nature of their training and experience, They cannot become

certificated maintenance technicians without additional training.

In February 1967, FAA and DoD took initial steps to resolve the
problem. A series of meetings were held to provide FAA with background
informa*ion regarding the procedures used by the Military Services in

training and using their maintenance men.

Representatives of FAA visited several military training centers to
discuss the methods used in establishing and updating curricula, the skill
training and practical factors testing, the producfion and maintenance of
training materials, the methods of achievement'testing, and the utilization

of personnel after training,

Upon this basis, a tentative program was to be examined which
would provide a means whereby military aircraft maintenance men

could receive partial credit toward FAA certification,

If the proposed program proves feasible, I am certain that it will
be attractive to our dischargees, We have many letters on file from our
men who desire assistance in obtaining relief from the present methods

of the certification process,

13
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Indeerd, a fow of car TRANSITION tromecs are attempting to pre-

pare for the FAA examination for maintenance technician certification

in vocational {raining schools.

We look forward to an early apprcval of the proposed program or
to an alternative method of capitalizing upon the irained manpower

resources who leave the military.,

What I have presented to you here today is both an opportunity and

2 challenge,

It is an opportunity bec ause it helps you to tap a very valuable

manpower resource which is alrecady well-mo* vated,

It is an opportunity in that it provides you with 2 means for tailoring

a program to fit some of your unigue requirements,

It is a challenge in that it helps you to find additional ways of helping
these young rmen, wio have served their country well, to find new ave-

nues for their energies -~ avenues which lead to a pioductive, economir- life.

It is a challenge in thati it helps you to participate hopefully in a

venture where the opportunity for innovation seems limitless,

14




I believe 1 ha re vatlined to you here today enough of the program

!

i .

f,_ ~ 80 that you might s« ways in which you can participate.
i

{ We will be happy to work with you,

May I express my personal appreciation for the opportunity to
* talk briefly with you about Project TRANSITION, May I also extend
to you the best wishes of Assistant Secretary of Defense, Alfred B. Fitt,

who has the basic responsibility for this program.,

o e e
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FAA Maintenance Symposium
Uklahoma City, Oklahc a
December 5§, 1908

Avionics Reliability - The tval of the Seventies

H, F. Harr:son, Manarer
Avionics Engineering
Eastern Airlines

and
1968 Chairman

Aivienics Maintenance Conference

Gentlemen, the world has shrunk a lot during the past twenty years. Today,

you csn make a telephone cill from New York to Paris within minutes, read the
European edition of the New York Times whose text was transmitted direclly from
Bew York to the European prirting plant via satellite data communications and
you can turn tu your favorite TV chamnnel and see a riot while it's taking place
in Timbuctu. You can get on an airpiane in Los Angeles and arrive in Australia
Just a few hours later. 1 wag even able .o get to Oklahoma City from Miami in
some six hours. To get here from anywhere, as you know, is a challenge.
Gentler-n, time has shrunk. We feel so crowded now that world lvaders are
probing the far reaches of space while at the same time looking to the ocean
depths for continued sustenance. One big reason the world has been shrinking
is that our airplanes have gotten bigger and faster. Considerations of safety,
comfort, economics and public interest have increased in importance, The
application of reliable aircraft systems helped to make this progress pecosible,

We are about to experience arnther level of increase in our business, Aircraft
speeds will more than double with the advent of the SST, » senger capacities
will greatly increase with the inauguration of jumbo jJets . .d we will make
increaseca use of new techrol 7ies in just about all systems aboard these new
transports. While we, todav, make important dzcisions concerning equipment

for tomorrow's aircra’™, we have to mgke sure ‘hat we take a systems approach,
This means trat we must consider the application of tomorrow's equipment aboard
*omorrow's aircraft, While great strides are being made in avionics through
the application c¢f integrated electronics, modular construction, advanced
computerized testing features, we must nol forget people. It is through people
we must make the greatest strides,

Kew systems must be ci sound design and be able to stand the test of time.
There 1s no place in a modern aircraft for gadgets. We laugh at the style
cycles of womens apparel which seems to ha.e reached a new ultra high in the
past year. Yet one szes the same pattern in some technical areas. ‘Y& had the
Gay Nineties, Roaring Twerties and here in Oklahoma the Dusty Thirties, an.
today in avionics we bave the Monitoring Sixties. Many of us in the industry
feel this may be as hazardous as the Dusty Thirties,




Mr. Waterman, Chief Systems Branch, Flirht Standards Service of the FAA, at
last years symposium held hecc Noverber 5 drew a very interesving analosy
regarding rule medification by the FAA, hHe stated that tre FAA termds to be
parrct-like in its approach ¢ a new system in that the parrot will hold
firmly on with one claw while the other claw has established a new position
in a poesitive manrer. I have a small word of ¢~ "ion to the keepers of the
noble rarrot. Please don't let him get attaches .oo firmly to the branch of
the avionics tree that is labeled munitor. It is very rotten, suffering
from carcinoma and will soon brea% from its malipgnant growth of monitors to
validate monitors. I cite you the recent radio altimeter designs where
approximately 50% of the circuitry is devoted to monitoring.

We can make good strides through the sopplicati-< of new technologies, more
effective tra.nin~,; close industrv cooperation and better understanding
between the airi.ncs and regulatory bodies., IT'11 now discuss one element
in greater detail as applied to KELIABILITY ~ THE GOAL OF THE SEVENTIES.

The past decade has seen the rise of flight directors, advanced automatic
flight control systems, doppler navigation and other sophisticated avionic
devices. We are now rapidly becoming involved with systems such as inertial
navigation, area navigation, clear air turbulence, collision avoidance, data
links and setel’ive communications. Sophisticated passenger entertainment
facilities arve planned for the next generation aircraft. Movies, sterecphonic
music and all kinds of announcement services. Just about everything short of
dancing girls. Gertlemen, all these systems require integration into the
2lrframe and must be interconnected. This means a great increase in aircraft
wiring, connectors and splices.

What develepment 11 technology can be applied to maintain :~liability with
this increased i...erconnection problem? The muitiplex concept? The first
large scale application in the commercial aircraft of this concept will be
the B-747 entertainmert system. Proof of this concept will provide the basis
for serial transmission of information to all related systems and instruments
on the aircraft through a limited number of coaxial cables of high integrity.
This will provide the flexibility of routing essential signals over alternate
cabling runs and keep the requir “ment for redundant transmission cireuits to
the minimum....another key factor in overall systems reliability. It is also
substantially nhanced through the close cooperation between the many airlines
to provide standardization of =vicnic equipment.

Industry characteristics and guldance have been developed for years by AEYC,

the Airlines Plectrenic Engineering Committiee headed by Mr. Willlam Carnes

of ARINC, In addition to preparing these characteristics 1 am certein that

many of all the branches of avinnics havc been kept abreast of all new
developments by attending meetings of this fine organization. At the AFFC

meeting in 1954 it became apparent that in addiiion to an industry avionics design
group, some beedba:k was needed from the personnel who feed and care for all the
fine devices designed by AFMC, some of which left something to be desired in

in reliability and maintainability. In the first couple years Maintena.ce




N

Meetings were tacked on i.o AFRC meetings. As the attendance reached a
sufficient level the orgenization bucame an entity. Attendance grew until
at our last AMC meeting held in Tulsa, there were 315 present., Our original
organizat@on vas called AEMM,..the Airlines Electronics Maintenance Meeting
but in 1966 was changed to the Avionics Maintenance Conference (AMC), which
is an acronym for the Airline's Militant Comraderie.,

AMC is a loosely structured organization which is run by a six man Planning
Committec and one vary important millwright who knows just whiere to squirt a

little oil or which button to push., T7This millwright is Bill Smoot who has
been our Secretary from ARINC since our inception.

Nther menbers of the Planning Group this year are: (1) Jan Schoehuizen who
heads up IFRA at KLM; (2) another member of our Planning Group is John Glenn
and John had things in orbit long before Mercury. John represents the regional
carriers but since the Air West amalgamation, this region covers all west of
the Mississippi river; (3) Our new member at large, elected this year, is
Dave Foster of GMATS. (As a former President of GM, Charles Wilson, who
admitted to foot in mouth disease said "What's good for GM is good for the
country"). We, therefore, look to Dave for our program relative to the large
corporate air fleets because what's good for GM is good for everyone; (L)

Mr. Wesner of National also joined our group this year representing the
Domestic Trunks; and (5) Allan Brown of TWA rounds out our Planning Group.

Allan has done many good jobs for AMC in the past and we expect big things
from him in the future. -

In addition to our normal Planning Group, during the past year three Task
Groups have been very active. Alan Carmel has headed up TG-100 which is
concerned with Technical Documentation which includes Service Bulletins,
Service Letters, and all types of manuals., While we cen't really force a
manufacturer to comply, sconer or later he may get the message at the market
place. Ken Moe of United chaired TG-102 which developed our industry MIBF
reporting system. The Europeans have reported reliability for some time with
good results. Our third quarter report is now in process. Our most recent
Task Group is TG-103 which covers Test Equipment. Duke Gentile of Braniff

is the able task-master of this endeavor. Somehow we have to develop checkers

to check the checkers, or in any case trace the lineage of our volts to the
Bureau of Standards.

There may be solid barriers between the marketing departments of airlines
during the rush of "putting something else® up in the air, but we of the AMC
work closely together to keep that "something else" flying. We tell each other
of effective engineering and maintenance ideas through ou. newsletter "Plane
Talk" which is published monthly through the able editorship of Bill Smoot,

our Secretary. Plane Talk covers unusual problems, fixes, and vendor Service
Bulletins related to avionics equipment. On a quarterly basis, it now also
publishes the equipment reliability statistics furnished by 28 airlines from

all over the world. We hope to expand this coverage as the success of this
program unfolds,
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ds most of you already know, AMC is an organization of airline avionics

people who get together once -ach year to help each other with svicnics
problems. Part of our meeting is devoted to a symposium with presentations
by experts in various areas that appear on the horizon. Symposium reminds

me of a story.....one of my Project Engineers atterded a communications
symposium two years ago. He attended one particular session because a learned
professor type rosearcher from Princeton's Institute of Advance Studies wu3 to
present a new approach to commurdcations encoding. After 20 minutes of real
dong haired discussion and the showing of many equations on the board, my man
knew what had happened but he was beat to the punch by another learned prcisssor
from MIT who stood up in the middle of the room to say..."Doctor, haven't you
in faot reinvented the Morse Code all over again?" DBack to AMC...well, we
make sure that doesn't happen to us because frankly, we can't afford the
expense of reinventing solutions to problems that have already been solved.
Plane Talk, airline tie lines and our annual symposium keep the information
flowing between airline technical people....even on an international scals,

I wvant to tell you about this symposium because that's the big event of the
‘ year in avionic maintenance and engineering. The next gathering will be held
| - at the Eden Roc hotel right on Miami Beach this coming May. - In preparation
‘ of this symposium, we, the users of airline avionics equipment, develop a set
of questions directed t.0 the equipment suppliers. These questions deal with
specific problems, poor reliability and other important aspects rclative to
avionics equipment, This information collected from all member airlines is
distributed to the vendors who try to work out answers. These questions are
frankly discussed at the opsn forum held during our annual symposium. Often,
we in the airlines receive good solutions to our problems. When we don't we
tell the vendors to go home and do more homework.

Our vendors occasionally feel that we in AMC just stir up troubled air, but
the best way to detect these turbulent currents and avoid them is to supply
troublefree black baxes that just keep on flying. In fact, we in the AMC
are probably the best salesmen for avionics suppliers with good equipment.

I think that all supplier firms agree that the integrity of our friendly
group is above reproach,

We also recognize that technology marches on, The symposium features for

that reason presentations by industry noteworthies telling us what lies
ahead and how much morc the avionics tree is branching out.

As Chairman of AMC, I want to invite you to Miami Beach in May. Mr. Jim
Hemingway of the FAA has joined us many times and hopes that many of you will
Join him this year. We feel that the avionics interface is rapidly becoming
less well defined while our systems reach into nearly every aspect of the
aircraft. Your support and unierstanding is important to us.because that is
the basis for permitting us to realize our goal for the seventies. It is
through people we make progress.



PRONOTISN OF QUALITY BY MANAGEMENT
By
J. H. Michel

Assistent to Mgr. Inspection Division

SWISSAIR, Zurich, Switzerland

It is a pleasure for me to speak to you in this symposium, especially
because this years theme, "Man in the Mainteiance Reliability System -

a Positive View" offers a considerable range of aspects that are worthwhile
to be discussed.

The theme has attracted us to that extend that we decided to sontribute

a presentation of our views, our philosophy and experience in this
interesting field. :

So we are discussing man, man in our industry, that is, man in aircraft
waintenance. But you will no doubt agree, we=cannot discuss wen in a
particular trade before we have given consideration to the object that

has to be handled by our man and to the task we expect our man to fulfill

on the object, namely the objective, maintenance, because we can try to-
appraise man for his task only if we are aware of the prerequisites involved.

Now then, let us have & closer look at the object. For our purpose in this
circle ve are concerned with flying machines, machines that were devised,
designed and built by men under application of advanced principles and
techniques that the genius of man rendered possible, But when we spare a
zinute to contemplate on the subject of technical sophistication in advancsd
technology, when we consider the possibilities that do exist in the present
state of the art, don't we run the risk of creating an instrument that is
beyond proper control and handling by average or slightly above average
human beings? Surely, advance in technology is a must but we must remember
that the application of aavanoced principles only results in a revenue vhen
the advanced principle is fully mastered and under control. Otherwise, to
return to our industry of airline operators, we buy extremely advanced
equipment, promising all advantages and excollent economy which in reality
will eventually become a terrific headache as all the shuortcomings, covered
faults and forgotten consequences will have t0 be dealt with “y the manufacturer
and the operator at oconsiderable expense.

As an operator we are not concerned with the manufacturers’' slice of the cake,
our concern is our big slice, grounding of aircraft for troubleahooting.,




ralling in specialists, representatives, devising iueas and means t¢
overcome the trouble, attempting {ewporary messures, taxirg cere of

tae modifications that will as a consequencs be issued by ithe manulacturers
ste. etc, or rather blunty and short, loosing money instead of making
mongy with equipment in which millions of hard dollars were invested.

Do we not all agree that the aircraft we buy from a manufacturer should

be matured and technically consistent? We reslize that this claim is
rather a harsh one but history showa that there nerer was a plane

ussigned and budlt without no end of service bulletins to follow.

But aince the object of eur discuseions here is jan and maintenance, we

will not further dig into the design and application of advanced tachnology
by the menufacturers.

However, there is another aspect connscted with the object which must be
locked at in this context, narely the fact that the desigh on paper of an
eircraft has to be put in practice, in other words, that the aircraft proper
has to be “uilt,

There sgain we have men who do the jub. Scms do the work with utmost care,
concious of their responsibility, some just do 1t to earn good minay to
keep them well slive, Now lets have a lock at the consequences of thie
combination of human beings taling part in the sssembly of a highly sdvanced
flying maclins.

Can wou be sure to buy an airplans which is free of defects, such as missing
bolis, prestressend stringers and skinning, loose terminals etc?, te mention
a few, Of rurse the rznufacturers are aware of this fact and try to contr.l
it by throwing & force of insvectors into the battle, but who guaranties
tnat all the inspectors are inpeccable and don't miss one item or the other?
Qur experience will confirm that flaws will pass, however many inspectors
under an economy~oriented management sre possibly put on the job.

So much for the object, now lets go on to the objective of owr considerations.
What is meintenance” Webster defines maintenance as means of s ppe-' or
sustenance, Now applied to our cbject, the aircraft, we might exirapclate

the definition in saying that maintenance of aircraft means stenance of

the proper cond! tion to keep the aircraft operational, that is, in running
conditisn, or to sustain its operationebility,

“he next question that arises is of courss how we can achieve this task,
There agai.. we have to meke use philnsophical contemplations. How do we
keep an advanced contraption like todayseai.planes in rununing order?




indisr the presunption that our objact, tre alrcraft, is a top qality
proiuct of mature design with no flews st all, the nroblex is an aasy

one, raintenance would Ge reducea t¢ servicing consumable l.ems like
G inarect parts and ass=e.tiles wrich are subjected to
T ing that ‘n subjected io
icn snd to rerlace worn parts. Unfortunately cur object
toth stanaard., Therefcre the protlexm tu keep an air-
f¥ in sound runnding condition is getting more and more invelved, We
considerable number of unknowng, wse have to make
nce, we have to critically review ““e design, we have to
monitor construction and a lot acre Lo enabise us to determinz the minimum
rec rements for msinterance. ¥e all kmow that a considerabls amount of
the bagic work in determining the requirepents for me'ntensance is dons
by the manufacturers and the meintenence review hosrd; who are deeling
with snctual facts derived froz endurance and fatigus t9sts as well as
assunptious tased on long term erperiencs,

Yoweveyr, a 1ot more must te taken in considersiion by the operaiors of a
caintenance base, Jince we all are dealing with unknown quantities we

forcitly tend to do too much to Le certain to be on the safa side which

zeans cost and more c£osts, With the experience accumulated over prolongued
perioda of time e will be able to gradually reduce tihe ma.ntenance activities
in zones and systexms thai prove their reliability, On the other hand with

the increase of hours accumulated on sircraft we have to take fatigue,

further wear and tesr preblems in acccunt which again may necessitate
intensification of our maintenance efforts,

To sur up our review of maintenance ws can say that maintensnce of an
sircraft consists of taking care of the known items subjected to wear

and tear as well as coping with unknown quantities in the senae of praventive
maintenance,

So we nave dealt with the object and the objective of our theme, we have
tried to discuss soms of the major aspects of otject and objective,

Now let us proceed to the most interesting and most varisble factor, lo
the human beoing, whose job it is to fulfill the objective,

Mrom the above conzidsrations we realize that pretty much is expected from
man earn:ng his liveliheod from maintaining aircraft., The question now is,
do wa gui what we expect? In peneral the answer must be yes, after all,
airplanes have been maintained more or leas successfully from the advent of
avigtion over half a century ago up te¢ the preasnt time,
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But hsere again we muatl take in%o consideration that the ‘task of
seintainiag a flying machine, namely the upkeeping of its sperationability
is the only ithing thet remained the sams, .he techniques and ways and
2eans of carrying cut the task continually kept changing with the
technological advances made in the industry. S¢ nowadays we really are

up against an agglomeration of sdvanced systems in & highly Adeveiopad
frawework that is already difficult to visualize not to spesk of, tn

fully understand.

So, returning to the individual who hag to take care cf todays flying
machines, of their systems and compenants, we will agree that hs has
selected a way to earn his living which offsrs guite some challenges to
him, ¥e can try to define the characterisl properties that are required
to meke him a sstigfactory sircraft wmeinterance —an, Just a few adjectives
88 consiatant, relisdle, interestad, thorcugh, perhapa devout, will give
& very beaic dsscrirtion of the ideal charactar who should be capeble

of doing the job.

We all know that even the best man has his moments of distracticn and
becaune we knew this from expsrience, we have devised ways and moans to
overcoms the riska involved in this very human inconsiatency. We have
crorted the inepector whose duty it is to dimcoves the slipa of the
peorle carrying cut the tasks of maintanance, Now than, lets face the
situation and leis review ouxr personsl sxperience guickly, do we not
find on instance, probably not far back, when we were just _ucky that

an undiscovared flaw didn't result in some critical failurs of the other,
30 wa come to realize that sven a well trained inspector may miss ons
item or the other. But why is this so?

leil, leta have a look at the ambisnce in which thess things happen,
laits have a look at the time we are livines in, our time, whicnh has its
influance on us all, good and hed,

We all realize that we iive in a period of time that appesrs {c be
extremely fast running, so fast indeed that sometimes we gat the impression
that we cannot achieve our gos'< = btusiness hours and in our past-timse.

we 1ive in n period of grest achievements in all sclences and technolegy,
we live in a {ime where Jule Verne's and Aldous Huxlay's utopical
prophecies are gradualiy getting materialized, in short we are witnessing
and teking part in a breathtaking period of time,

Thanks to highly developed oommundication systems we can take part, remotaly
though, yet live, in eaven's talking place almoat anywhsre on our world,
camfortably aeated in an armchair in our living-room, watching the TV screen,




By means of radio and ithe presc we get informad abeut almost eserything,
close and rezote, wa set stuffed «ith information on evenis imporiant
or wnimportant. Je get fed with man mads dreama or thrillers from the
sntertainment induotry fres of charge FOB our living-room, the only
treuble being, o sslect the channal,

¥e work fewer hours than our fathers did and get paid better. Todays
sccenomical systems meke it possible 1o buy almost anything we dare to
dresm of, evan when we are short of cash, as almost cvery commodity can
be obtained on & deferred payment plan end is readily =dvertiasd as

such, No end c¢f cpportunitiss are offered to us for divarsion, With this
great time of ours the devslopment ig not axhausted, new standanis are
established such a8 extreme interpretation of personal freedom,resuliing
in the abolishment of tahcos that ussd to be the vackbone of sbciety

some decades ago. Just consider tha sidec effscta of our life engineersd
to appear carefree, consider what it meens thsi the pay on friday night
or the monthly salary does not belong to you anymere hefore its earnad,
as g number of installemente are due. You will no dovr agree that

our time, the snviroment, has an impact on behaviour of man, he3 an
impact ¢a todays society. When we get to rsalize how wmuch is offered to
ua in the field of diversions, in the fisld :I popular education, we

find that our time must appear fast ruanive, taking the masa of interesting
items and diversions as ¥ell ag our consequinial worries in ac Junt that
take up a considershie ghare of the time available, They mey take command
of our aparetine, and may be, some of our duty hours, and there it is,
the crucial point, the miad may act be at the job that is got tc be done.

So what can we do to prevent this, applied <o our industry, dangerous
or even fatal aituation?

The answer, guite generally speaxking, is siweple enough, ws £ot to compete
with the temptations of our time, we got to make the job inlsresting, more
intereating than the diversions of ouxr tims,

Ye lave slready come to the sonclusion that mnintenance of tudsys airplanes
i8 a very interesting job but we have to take in consideration that
maintenance partly consists of & long chain of inferlacing actions that

can be callad rputine work and there is our wrcehlem, how can we make

basic routine work intsresting? "o my mind, this cen be achieved by

guided training of our maintenance mnn, We have to make them realirge why
for instance a bolt must ba corqued to e certain value, we have tc make
hinm understand the consaquences of an uncovrect torque value iun the wider
sense, We have to devise methods of tuition in simplified stressanalysis
80 that he will be able to imagine the conmequences of a loose or jusi hand
tightened bolt, ‘e have to get our men syster minded, was have to make tham
avare of the consequences of a cabie interfering with s hydraulic tube 1or
ingtance, to name en example.
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In short, wa have to make our men consious of sysztens and strultares
snd thelr weaxsnesses as woll as of posridle consequences of improner
installation, W¥e Durther have to train our pespie to realize thet &
maintenancs plan with all the Job cards doss pot cover all unknown
suwariities, Thersfors ws have {0 get hin interssted not only inte the

tex called for on the job card, but at the vicinity of the itesn,
hacewne 1t is there where we expsct him to discover the unerpeactsd
dsfsct!

Nox than if we sucoss? in interpretii:g the routine jobs in the menticned
yay, we ahould be able to area.e an interesting world for our mainternance
xan inducing extrs sfforte to do a good job,

So we can promote the quality of work sur maintenance men aceconpliah
by wetting them interested in their work, by making them understand
why all thie spparsnt routine has to be carried out t0 clese 1limits,
But i2 this sacugh?, do we get the best resulis frozx thiz kind of ways
and mee™s to cspturs the attenfion of our maintenance men?

3¢ let our nminds return to the pood old times, to the spirit of the
early days of technoiogiecal evolution, when craftmen producsd technical
contraptions, alons or perhape assisied by a helper. In the~~ days one
could not delegate the respensibilily to some inspecting individual,

&8 none sxiated, It was the craftman's own resnonaibility to create &
good, reliable and sound product. Thus, the well known pride of the
craftmen in that psricd was creatsd. Transforming this idea inte owr
tige this neans nothing else then delegating the full responsibiiity
for an operation to the guy that performs it,

Now thia iz easy %o stats, bui how can we get this idea into practice?
Plrat of all we have to get our meintenance men t¢ renlize that the
responsivility is theirs and nobody elsa’'s,

We furthsr have to make thexm understand that iheir work will not be
chacked. We have to make them aware of the ilmportsnce of the fact that
a job must be done right and compie.2, however susll it may seam, we
have to make them avare of posasible consequences whan this is not dons
80, Thus we can crsate a certsin pride which, by virtue of the fact,
is of great importance. Thus we make him redlize thst his contribution
is 2 link in a long chain of tasks that mauke maintenancs, and his
pride will not permit that the weskest link should be his.

But wa hava to realize that we cannot preach delegation of responsibility
without actuslly doing it, that is, we have ag a consequernce to reduce
or change our inspection efforts, or better to adapt the system, We have
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to dawonstrate to our man that his work is actually acceptad

without relvmpecting it, Otherwise we attain nothing, &s the :
maintenznce mon will fesl deprived of his pride, he will be '
disappeinied Lecause obvicusly we do not frust him and

consecusniy he will locse interest, which means that sven our

firet goal will go down the drain.

This sowids as i we zould do without inapsction at all, a funny
staterant from zcoeons representing the trade of inspection,

Now then, we all know that even the best man has his worries, his
deprasaions or diversgiors, We further know that therse sie sore
vital systems in which the slightest error could result in
consequences beyond owr imsgination, That is exacily whers ocur
forge of inspectoys comez in, in duplicate inspection and iu
surveying criticsl areas selected from exrerience and on pergentage
checke which may be planned individually or decided on, on the
spot, depending o our observations.

Now Lo veturn to the delegation of responsibility te its c»e and
nuly proper place, o the originator of a product, we w.. review
the suggsation under coneideration of systems that already exist
ir our industry, For this we bave to reconsider the question of
delegation of reaponsibility in as much ss hierachical considerstions
have $0 be taken in acoount. We have to look into the forman, leader,
man-gr-the-job relationship, lhere, the delegation of responsibiiity
resis with supericrs, after all these ars the people who know their
men, who can best judge their capabilities. So we may select delegatic»
¢f respongibility te the man at the job in one case whereas in an
other case the foreman wiil check, at his own discretion, one or ths
other job of some of his subordinatos as he will find neceasary.
Now of course this is not & stationsery matter, I should say, it is
a continuous development in training, Neverless, the man at the job

N will copsider the direct check of his superior less humdiliating than
en inspectors check since he knows that his superior will have to
give him the guidance #nd the training and consider that kind of
check as ways and means of verificaiion, providing that it is properly
done,

Now 1ot me teil you somes of Uwissalr's experience in our effort to
promote gquallity.

| Some yoory ago a gradunl degradation of the quality of work accompiiahed
by cuy saintenance wes obaerved, Careful investigaution of the caunes

of tr.a phenomencn revealed that above all two factors mainly contributed
to the prevailing aitustion, ramely the "couldn't-care-less-attitude”




of some maintenance men, induced by the fact that almost every

item or opsration of important naturs was checkad by ar inapactor
afte, accomplighment and, as & consequance, the fast that nobody
know eianctly who would be responsible for any operation accomplished
by wain. . mence,

The mai..ceiance men, and above all their mupe: 13, unanimously

ware convinced that the responsibility was with inspection, the
final controlling agency, ¥hereas inspection argued that thie

could not be the case as quasity can not be inspected into & product,

Determined to put an and to this very unsatisfactory situwation the
manager inspection divivion dacided to clarify the situation by the
applicatien of a hamuwar--ow action, He went to the manager aircraft
maintonance and declared that his inspectors would be withdrawn from
their present field of activilv of inapecsting the work accomplished
and stamping the job cards accordingly as of tomorrow. He explained
his reasons for the decision and made the manager maintenance fully
sware that the responsibility was nuow his snd nobody else’s.

This caused of course a consideradble row and 2 handful of reproaches
tc the effect that this was not we of cooveration in a company.
However, the manager inspection did not retreat an inch from his
point of view. The inapectors were briefed accordingly, they wers
instructed to have their syes everywhere to kesp book ¢f their
observations and to report critical flsws to the manager inspection.

Vell, that was the hagmer-blow. And the resuli? Well I guesa s¢.a
superiors of maintensnce had a sleepless night or probably some moras
but somshow they succeeded in 1-ssing on the evil :ews with the
; nec#ss..y instructions to the men on the job and their direct superiors
{ as within 24 hours the quality of work performed was raised by a
ocongiderable margin in an effort to survive, 30 to speak.

et Inspaction personnel were ,-osent in the maintenance ar=a but took

& no apparent active pact in the work, line persoansel had to carry through R
their duties and had to carry it through properly. Undisclosed checiks RN
by the inspectiors revealed very few flaws but one thing became apparent, . o
the inapectors present, but seemingly not active were approached as
consultants whenever a maintenance man or 2 formen was not quite sure SRt
how to <o a job correctly.

B Sc gradually the new concept with ihe defined responsibility and all SRS
- its consequences was accepted, The higher renked supsriora who first B
opposed it had learmed & lot, they had, under the prossu- >t the

situation becous aware of the real qualities of their subordinates,




they had realized that one or the other foremsn did not meet ths
characteriel properties required for his po~ition and had taken
the neceseary measures to engure that they c.1ld in future rely
on their cadre. latsron they creeted their own check-system by
the introduc.ion of lead mechanics, recruited from the ranks,

The duty of such a leader is quite appropriat. to his conaotetion
he has to lead a group of maintenaace men, nhe has to distritute
the work smong his men, he ha. .o che i their work, or psrhaps
better he has to train and instruct them to carry ocut & psrfect

job.

These leaders, .ncidentally, were trained for their work by old
foxea of inspection, who paased on thelr experience and know-how
with considerable success,

Looking back at this hammer-blow action, or perhaps blackmsil as
you may choose to call it; it is avident that the reaponsibilivy
is now there where it must be, with the man on the job,

The checking of the work accomplished, where naceasary is carried
out by those whose task it is to do the job and as the oxpsrience
of our inspectors whose syes are everywhers will corfirm, with
quite some success,

To end this presentation I can say that we have schiasved a considerable
inprovement in the quality of work accomplished by our maintenance

men by training them, ty giving them the responsibility for their

work which they have agcepted.




A GENERAL AVIATION MECHANIC
LOOKS AT THE MAN IN THE MAINLENANCE PRELIABILITY
SYSTEM

The description or o definition of the General Aviation mechanic teday would
be an impossible task. Even an accurate average age of the General Aviatior
mechanic today is not available. One of the latest complete studies of the
aviation mechanic was putlished in 1963. At that time, it was admitted that
nothing average for the General Aviation mechanic was established. The
General Aviation mechanic was represented by a union or any large employer.
He is scattered to the far reaches and remote areas of this country and the
world,

The General Aviation mechanic is regulated by the Federal Aviation
Administrertion. At the present, he is tested and licensed the same as any
aviation mechanic. The qualifications are the same for all aviation mechanics.

The Airline Aviaticn mechanic generally werks on cne make and model aircraft
aud is seldom expected to be an authority or even qualified on more than four
makes and models of zircratt. The Geners' Aviation mecharic, on the other
hard, generally works on at least three makes ard numerous models of aircraft,
The General Aviation mechanic is expected to be gqualified on any aircraft
based in his area.

In general use in General Aviation today we find aircratt with s top cruise
speed of 75 miles per hour tirough a top cruise speed in excess of Mach .82,
Alsc in general! use in Genera! Aviation aircraft tcday we find numerous typ=s
of reciprocating poweiplants and the mest modern types of turbiue powerplants
The General Aviaticn aircraft tceday also contaln systems of old forgotten
tvpes through the most modern designs.

Frulv a Ceneral Aviation mechanic is a mapic person. Let us take a look at
a few ot the problems a General Aviation mechanic faces in his role in "The

Maintenance kelicbility System.”

The Mechanic looks at the Job to bhe Done.

\

As the General Aviatlon mechanic raviews a project or 2 job to “e domne on an
alrcratt today, he must be ever mindful of the many varied skills and
knowledge levels that will be encountered. Too many tiwmes he will overlook
ma jor problems tnat will be invelved with the scope of the work to be
poviormed.  He is becoming aware of the lack of technical knowledge and
ski!l that may be needed. Many uniorescen problems mayv be discovered. As
an example, ever the simple process of a spark plug change or an oll change

Presented ¢t the FAA Maintenance symposium, THE MAN IN THF MAINTENANCE
KELTARILITY SYSTEM, at Oklahoma <ity December 3 - 5, 1vr3d, by Harry A, Palmer,
Service Manager, Vriman A- latien, Incorporvated, Midland, Texas.
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on an engine today may present itself with the problems of Engine Major
Overhaul. The skillful eye of a conscientious trained mech.nic mav nrevent
impenuing powerplant failure,

Familiar with the critiral shortages of trained mechanics, he tends to be lax
in one of the major roles of the General Aviation Mechanic, That role ‘s the
one of "Preventive Maintenance,'" This perhaps iy "~he most imporvtant role
the General Aviation mechanic plays today and will piay in the future. The
problems presented by skillful evaluation of symptoms found by "Preventive
Maintenance" ar: more important than the actual repair itself, Orice the

area of trouble is located, he has bocks to tell him wha: to do next, Of
course, all popular maintensnce manuals have "trouble--shooting" seclicns,
This section ¢f auy manual is only as good as the man wheo is using it, In
all cases they are only a guide for the trained mechanic's thoughts presenting
one problem at a fime,

The Mechanic Leoks ot the Tools He Uses,

The evaluation »~f any job to be done is not complete without caretul thought
being given to the tools needed and the tools available, It is often very
hard for the "front office" and the custcmer to believe that he cannot safelv
change s tire. This sounds ridiculous, but one must realize that about
fifteen different iacks are presently needed by the General Aviaticn aircrart
in use today. Also special sockets and t..igite wrenches mav he necessarv,

The best thing the General Aviation mechanic can do is say "no' when he
ercounters jobs he has not done before and does not have the propet
information to perform these jobs, Tco often, men will trvy te fabricate tools
or make-do with things that lead to major proble
expense,

and somstimes great

ihe Mechanic Locks at the Manuals He Uses.

Publications end manuals have been formeriv menticned, The use ond context
of these manuels varv greatlv. Almost any 11
liorary of very valuable information., It

average libraryv todav contains about “ive
g 3

and drawings, The papers may vange i age trom

publications. The use of these publications vary almest as by 15 thein
soope. Standarndization of presentativn of a manual mav be botd

i
certainly has ot even appruoached a ract, Many times the
will fix the problem before tne mechanic can locate 1t in the ook, Of
course, {s leads te the fact that mest Geperal AVIalion meonanies rete s Lo

th
the manual after all else tails,

The irformation tound in some manueals does nel alwavs lead to sate gractl os
ar conform to laws of common sense. By the most part the printed intov-
mation may be relied upon hut the General Aviation mechante oust alwavs
mindful te watch for obvicus mistakes both o printipg and contoxt.  Bevaos

of the time and space limits, classic examplies ot these cbvious vrrers witl
> 5

Care vou,

not be presented here. Some ot them will
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ihe Mechanic Looks at the Product Support Fu..ished by the Manufacturer, :

The Genera' Aviation wechanic loocks at the new aircraft delivered from the

manufacturer as a completed complex product., Several of the popular

manufact rers today admit that the final manufacturing process is completed

by the General Aviation mechanic in the first hundred hours of »~»eration of
the product, The manufacturers are makirg sincere attempts to suvoport this
ptwduct, but many areas of general confusicn still remai.. It is common
practice to receive single engine a.scraft trom the manufacturer that has less
vhan one nalf hour of flight test by the factory and complex multi-engine
aircraft that has less chan one and one-half hours of flight test, Witl such

- production schedules, the manufacturer has to depend a great deal on the
General Aviation mechanic,

The manufacturers have estac'ished warranty programs to help the dealer with

. expenses con warranty work. This program does not totally protect a dealer,
It 15 an accepted industry facrt that dealers have gone broke through
warranty programs, This places a great deal of pressure on the General
Aviation mechanic and in many cases his proficiency cotermines whether his
emplover makes a profit or a loss on a sale,

The manufacturers are improving thelr product suppert but this is perhaps
one of the mest lax areas in General Aviastion todev, For e.ample, it is not
uncommon ‘or new engines o. alrirames to be in usc as loug as six months

to one vear before parts bocks and service manuaal are available to the
mechanic, This 1s a disturbing hinde

rance to mwchanics as it slows down

their production rate immes

The preof of any product 1s ity periormaps. a:ter 1t is delivered to the
operator,  Close coordir - ien beolween the =ral Aviation mechanic and tae
manvfacturer s essencial fo the corrinued sales or operaticn ot anv particular
produci, At times Uhe mechanic runs into so auch red tape

and paper work that this fost,  The importance of a teneral
Aviatvion mechanic's at

: overioched in seaningly

manuiacturers assistance 1s ¢ tten
t -y R 1y 3 - N [T
that later LDecome mwior ones due o

lack 0f cooperation, ¢ should be one of the highest geals of a General

Aviation mechanic and th manutacturer toe constantly ir personal

' relationsiys product s have gone by o toe wavside

cecause of the deticieoncoy of proper Disld service,

use G!ospecilal test
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turn the fob down and not overextend his knowledge and pocketbook. 1In many
areas ~greements between competitive operators and mechanics are being made
8o that complex test equipment mdy be profitably opersted for cowners in the
locale,

Each part of test equipment must be constantly maintsined and kept up to date
with basic modification., The test egquipment most people started with was
military surplus equipwent. On the whole, the equipment is older than the
mwechanic who is using it., The necessary equipment for modern dav asircralit is
no ionger available on a surplus market., Each ingividual piece of e
must either be fabricated by the mechanic or purchssed from a manufa
The General Aviation mechanic must carefully evaluate all of his *:st e
ment, both cld and new, and be forever alert tc the indication of & mals
tica of the equipment. As aircrait development advances technologicall
<3t equipment one vges becomes essential to sefe and orefitable operat
modexn aircraft,

guipment
crurer,
t

The Mechanic Leooks at laspection, Repai. and Parts Accessibilitv,

General Aviation mechanics are generally convinced that manufacturers
constantly connive to design airc. “* that are inacicesible and harder to

work on. A prevailing opinion is tha. “he design engineer is rhe immortal
enemy of the General Aviation mechanic, As elmost enyone would agree, these
opinions have sound basis, Too often a mechanic spends four hov - or more
getting to a unit to replace a filter or normal service item that should take
only ten minutes, Examples sre simple instruments that happen tc have two very
useful post lights mounted in each upper case lug, The aircraft owner refuo.es
to pay the four hour labor charge : v two screws and two light that are ir
plain sight. The result is ancther enemy forv the design engineer whe did not
even know someone had placed a post light in his instrument. Many problems

in this area are the basic like of prouuctive commuricacion between the design
engineer, the lighting technician, the intericr “esign people, the owrer,

and the mechanic.

The General Aviation mechanic really upseis a new aircraft owner when he
removes all of the glued on carpets and upholstry trim from his beautiful
aircraft, Of course, no conscientious General Aviation mechanic will accept
the responsibility of all of the fuel lines, gear boxes, control cables, and
hydraulic units under the floor panels withou <careful inspection. Because
cf increased aircraft performance and the problems encountered with
iuspection piates in stressed skins, the design structurial design and placed
them in the aircraft., Then comes the interior design people who are given
the job ¢f beautification within a budget. The result is ancther enemy of
the General Aviation mechanlc.

As performance on modern aircraft increased, the repairabi’ity of many parts
&nd items becowe more critical. Parts chat used to be made of simple materials

re now heal treated or made on an exotic metal. The General Aviation
mechanic must constantly be alert to these units which he does not have the
capability of accomplishing a siampl  vepasir. In future years this will becoms
&n even more complex , ~oblem, MNow is the time for people in positions of
leadership .o start instilling these new ideas intc the General Aviation
mechanic,

wlye




The Mechanic Locoks at Impreoved Design Techniques,

The General avaiat ¢ is constantiy sublected to new ues
technigues, 1

reduce the costs and
strides have bzen made

manufacturer means well and i3
gse reliability. In the past few ve&rs,
n this area and mors sre expected in the §
Like all new ideas, some of them arrive with new preducts that csuse more
problems., Many new designs have fallen by the wayside becsuse ‘he mechanics
involved did not understand their fu~ction and were not inicTtmed as how to
properly service them,
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The Mechanic Leoks at Records and Reports

Perhaps one of the most important items thac will help the feneral Aviation
mechanic sclve a protlem is the vse cof a t. Without some device to
receive problems frem the field, the manufact s 10 vay of knowing

roblem exists, The manu;actJrers, in most cases, furnish the mechanic some
type of reporting form, This iz fine, except he s te have the right
one,

o
Fh e

All malfunction and defect report forms basically contain the same informatice.
1t is a shame that the mechanic does rot have one form that would he

acceptable by everycne. The rederal nVlation Administration needs their

form, the engine menfacturer needs their form, the airframe manufacturer needs
their form, 5o goes the paper mill of the General Aviation mechanic., 1t is
easier to forget the problem and rnot even mention .t tc anyone,

When a mechanic undertakes to repcrt an unairworthy defect in a modern
aircraft, he had better have at least ten hours spare time on his haius., By
the time he reports it to everyons who should know of the project, he hasg
writers cramps and then he reslizes that he does not have a reccrd copy of
what he just reported., Each report attempted to say the same thing but the
format was entirvely different, If he oniy sernds one report, he always
manages tc seod it to the wrong place or person and the effort was wastad.

The Federal Aviation Administration reguires that the owner of aircraft keep
current and complete reccrds, With an excess of one hundred thousand
Genaral Aviation alvnrafts in service today, I suspect that at least one
thousand different types cof records are in use. These all must contain the
same basic information, but the format is a master crossword puzzle. No
industry standardization appears in records kept, Each manufscturer has his
¢ n concept of log book format. In one instance, the VOR omni range accuracy
check appears to be more important than the recording of the last annual
inspection, Unknown is a single manufacturer who furnishes & log book that
lists the chronological listing of Airworthiness Divectives as required by
the Federal Aviation Administration since '957.

In most General Aviation shops at least cone mechanic devotes fifty percent of
his time to reports and records keeping. In most cases this is the chief or
authorized inspector and the most experienced and qualified mechanic in the
shop. Aircraft today vontain so many diffevent forms, no one except the most
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experienced mechsnics are capable of properly completing the necessary and
required records, Standardization of these forms would allow secretaries to
be traeined to take the place of meny General Aviation mechanics tied up in
his own paper mill,

The Mechanic Looks at Basic Trxaining and T--hnical Upgrading,

Several vears ago we depended upcn the militery and the schools to trainm our
bagic mechanics. The miiitary trained mechanics have decreased in the last
severael years, In feact, meost of these people ave speciglist and have not
been offered the background nccessary to become s licensed mechanic,

The shops or operations who employ large numbers of spacialists do use some of
the specialiste as repairmen, These repairmen are useful in complex opera-
tions and large shops, The average General Aviacvion operator cannot depend
upon encugh exclusive work to employ large numbers of specialists.

eneral Aviation does rezeive all of the scheol trained mechanics that they
can absorb, Since the pay scale and working conditions in General Aviation is
norwmelly lower than that of the airlines, only & small percentage of school
trained mechanics enter General Avistion as a career. As a result of mechanic
placements, .ae schools naturally lean their training toward the needs and
operations otner than General Aviation,

The experienced mechanic needs to be up-dated in his training and needs to be
trained to service the new sysvems being introduced into General Aviation.

To assist in this erea most General Aviation msnufacturers have training
programs designed for the average General Aviation mechanic. In fact, very
large sums of money is presently being spent by at least ore major General
Aviation menufacturer to produce comprehensive training programs, Most

Cenergl Aviation asircreft manufacturers realize that their product 1s no better
than the mechanic who service it., Currently these training programs are the
only way the General Aviation mechanic may up-date himself and learn the new
systems currently in production.

Some large Genergl Aviation cperaticns have training departments that devote
full time to up-dating and training mechanics. Of course, programs of this
nature are not commcn place. They are, el lesst, and indicator of trends
towsrd the impertance of training. Even small General Aviation operators are
scheduling regular secsfons of training on monthly basis, These small

General Aviation operators are welcoming any and all aids in training :-hat they
can enlicst from any mawufacturer,

The on-the-job training program is the most commonly used system of training
General Avia.ion mechanics, In some areas of the country, this program is
currencly being used in high schools supplemented by what ever instructional
material the high school may have available, ‘ince the General! Aviation
mechanic is strong in demand, the Genersl Aviition operator is supporting and
seaking any type of ald or belp available,




The Mechanic Looks &t his Housinmg snd Worlk Fecilities,

The most common problem of the Gemeral Aviaticon mechanic today is proper and
adequate housing., Very few mechanics are net looking for improved housing
for their shops. Due to the fact thet most of th- country's airports are
crowded and the land and buildings expensive, future relief in the housing
problem appears dim, In may aress the operaters of maintenance faciliti=s
depend upon doing part of their work outside when weather conditions will
permit,

It is not uncommon to find mechanics working im “T! hangars and on the rawmps
in the southern areas of this country, Some of these mechanics are "indeprnd-
ents” or "moonlighters," Many le je operators have crews working under these
conditions because adequate housing is not available,

In several areas of this country, General Aviation mechanics are working out
of mcbile shops on the back cof pickups and in trailers, These mechanics are
doing &1l types of maintenance on various aircraft from mobile coperations
with no permangnt housing at all, This practice is more common in vemcte ard
scarcely settled areas but they are not unheard of in the high uensity areas,

The Mechanic Looks at his Werk Environment.

It is common knowledge that the aircraft hangar is the coldest place in the
winter and the Leottest place in the summcr, If the wind is blowing thiriy
miles per hour outside the hangar it is blowing for:iy miles per hour inside,
My intentions are not to be a ciwedisn but sometimes a plain statemant of
fact appears comricel.

The pure nece:sary design of an aircraft bhangar with wide doors and high

roofs does not lend to econpmical environmental control, Also in the dusty
areas of the country this basic design means very poor dust conirel capability,
Large sums of money have been spent in nany areas of the ccuntry on hangar
envircnmental but few mechanics are satisfied. Surely some industries are
worse off environmental wise but very few of them fuss as much as the Generel
Aviation mechanic,

The Mechanic Looks at his Limitations.

Perhaps one of the most difficult siatements for a General Aviation mechanic
to make is "I do not know.” This pride poussessed by most young mechanics sets
him aside from many professional people. He has been schooled and tested on
all aircraft from the C-3 Aeronica through the larges: aircraft in curvent
production, He has a ticket in his pocket that proves he is an authority on
anything that flv, withoul Ged's inftial design and blessing. Twenty years
agc a4 mechanic could form this attitude and get by with i1t. Today the picture
has drastically changed. All mechanics should be aware of the Federal
Aviation Administration regulatory articles in this area but gince the

Federal Aviation Administration supervisor is not present he tends to allow
himself to become over-cxtended
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t is real easy for a General Aviatior mechanic to allow a customer to talk
him inte doing things he is rot qualified to do, Of course, this customer is
the first to leave hiwm when the chips ere down and trouble begins. The actual
vespongibility of limitations is upon the wmechanic himself, Fe should niwavs
congider his own knowleage, avegilable technical informeition, and tocls before
he acceptg any given taek,

Perhaps the day 1s near when people will realize th-% ihe human brain csn
abgorb only 80 mnich and retain it. Fhen this happens maybe the General
Aviption mr.nanic and the airline mechanic will be separated. Alsc the
mechanic will perhaps have ra‘lngs for certain ejrcraft and aircraft classes,
This fact wss realized in the certification of pilote many yesars ago but has
not apreed to the techrical field of the mechanic wvet., Stiff opposition to
a move simi ar to this suggestion will be encountered.

The limitecion & mechanic places upon himself is the key to the theme of this
symposium, "The Han in the Msintenance Relisbility System,"




ATR AIR CARETFR MECHANIC LOOKS AT THE MAN IN
THE MAINTENANCE XELIABILITY SYSTEM

L. Deun Hebster
Maintenance Specialist
UNITED AR LINES

i feel that I can speak as an aivline mechanic because I have been
one for many years, and although I'm now a part of the management
team my role remains in the nuts snd bolts phase cf the operaticn.

I believe that if you ask mest any carrier mechanic what the term
maintenance reliebility means to kim, you'll find that it means
esgsentially the same as it does to the carvier: safe, efficienc,
dependable, on-time, and profitable transpor®ation. That's what
we're all after,

But the increasing complexity of the aircraft ani the fantastic
growth of the industry have wmsade achievement of this objective in-
¢ easingly move difficuit -+ both {or the mechanic and the carrier.

As an outgrowth, the mecianic has certain needs, and I'd like to
s.,oud a few minutes discussing them.

First, the need for identification. I* is important that the
mechaniz {dentify himself within the company. The day is long

gone when the mechanic himself, or with a crew chief, could under-
starnd and maintain an airplanc. It has become necessary to develop
what to the wmechanic is a complex organiration known as maintenance
management. For the mechanic wiho has been at the job long enocugh
to have the ''new' worn off, this massive organization can be frus-
trating, He ;g apt to develop the attitude that he {s little movre
than a parts changer and a number on a8 card.

But this doesn't have to be. For ‘"e mechanic who will avail him-
self of the training and advancement opportunities offered by the
aiy carriers today, there is a2 satisfying career to he had,
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Satisfaction may come from recognition. Once the mechanic has
idontified his position and its responsibility, he may or may not
desire to change pc ‘tions or advance. I recall an individual I
worked with when I first started in the air carrier industry.
This man had come to us from an engine manufacturer where he
agsembled cylinders. When I met him he was reconditioning cylin-
dera -~ replacing heads, barrels, valve guides and seats, studs,
ete. Nearly 20 years lrter when he retired he was still recon-
d.tioning cylinder~. lits output wag so phenomenal that on the day
he retired he could bury the man on the downstream side of the
asgembly linc¢ in cylinders. In his advancing years, he had been
approached several times with offers of jcbs that would be less
strenuous, and his reply would turn the air biue. He had ident:-
fied himself in the company. He had recognition -- and satisfac-
tion from his job. Hc didn't feel Lo was just another number on
a card He took great pride in tne fact he was ''the best damn
cylinder man" in the industry.

Each mechanic needs to be known and appreciated for the individual
he is, Todays jets are so complex, 80 expensive, and operate at
such a high level of performance that everyone desling with them
has to specialize. A mechanic can no longer be a jack-of-all-
tradea, and his work has to be done ia absclute accordance with
procedures established by the carrier and the manufacturer. This
means that he has to fit into a teum and is deprived of certain
native independence and individualism.

Strict adh:rence to work procedures can also have the tendency to
leossen the area of his initiative. He may not be e tireily *‘ree to
uge his fuil petential in skills and ingenuity. Every mechanic
realizes that witnin each maiutenance and overhaul operation there
are @ any types of jobs, each requiving different amounts of train-
ing, each d¢ fering in the amount and kind of skill, and each with
its own quanti v of repetition. Just as each joh differs, also
each mechanic differs {n his ability and personality,

As T see {t, the responsibiiity reste with the supervisor to recog-
nize the capabilities and geals of the mechi ~{cs assigned to him,
and as nearly as possible place each cne in a position where his
talents may be best utilized -- where the company will receive the
best quality and greatest quantity with the most el{ficiency.

The degree of control essential in maintenance gystems makes {t
wore difficult for the mechanic to recognize liscrepancies that are
outride his immediate assignment. The fact that discrepancies are
not caught by the inspector during his inspecrion or that a job
that nezds doing doesn't appear cn a job procecure card, doesn't
relieve the mechanic of this respensibility. He knows he should
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notify his supervisor and get the offending i{tewms repaired or re-
placed. This initiative must be evident in the simplest most
.outine job as well as in the most complex procedure.

The mechanic needs to know that showing initiative is appreciated
and encouraged, and I'm sure '“at this is & major chjective in
progressive companies.

Cf course, one of the most iwmportant needs of a mechanic is the
toolg to do his job. I've never seen anyone who had all the
equipment he would like to hawve, but on the other hand, from my
observation, tooling is &n sxea in industry where the air carriers
hold an undisputed lead. There s virtually nothing in the way of
newly developed production equipment that {e not in use at airline
maintenance bases -- assuming it has any worthwhile spplications,
And many of the most expensive and most advanced items -~ electron
beam welders, electric dischange machines, automatic testing equip-
ment -- have already p...¢ for themselves after & few months or are
expected to once they are installed. Availabi..ty of tooling
engineers to assist in the design and procurement of special fix-
tures and other pieces of equiprm-nt has helped gain this lead. 1
believe that mechanics recognize this and ar. appreciative ot the
opportunities they have in advancing their kaowledge and skills
through training on the equipment and using it in rheir wvorl.

I note that mv compsr  is workineg on improvement of manuals. The
ehijective is to find out vhe*'s wrong, {f anvthing, with the pre-
sent manuals, and trem that come np with something better for use
with future aircrafr. In the past, g wechanic has, at times. had
troubles with the interpretatiog of the maintenance and overhaul
manuals as provided hv the manutfactarers. Also, there weire only a
certaii number of these ~ublicaiiong available for use by all the
mechauics. Pence, the little biack book' which was yemevally out
of date. This problem has been .reatly relieved today through the
use of the mechanic's handbook and the written job procedures,

These are provided Ly the combived eftorts of the enzincers, teci-

nicians, and procedure writers.  Portions arve taken from the wmanuals,
interpreted tor use by the wechanics, and ploced in tie shops in
appropriate places Pagl o sirved contrelled copies ot the mechanics

handbook ate made ava;lable in each of the foreman’s ofrfices ar each
line station. This is @ preat assct in assuring airworthiness and
quality of product.

Myocompasn, Is known oas the trafningest aivline in the busiaess.

N - .. . . : 1
And this etfort xoes a8 loay wav toward (illiung the mechanics pred
Tedop ™ .

for more and more xnowled e training facilicies and equipment

available to a line meo fovaliable. They place betore bim
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both in schemeti. form and, in many instances, actual reproductions
of the majer electrical, hydraulic, engine, and control systems of
the airplane., They make it possible for hiwm, under the direction of
quaiified training personnel, to assimilate & tremendous amount of
working knowledge in a relatively short period of time. And equailv
laporiant, they mal- porsible periodic 'paste. The shop mechanic has
available a training organization whose ‘ob it is to provide material
pertal~ing to equipment in current use, ind new equipment going into
service. The training department also provides study material
necessary to prepare the mechanic for advancement. The *raining and
training equipment has to be one of th~ greatest benefits available
to the air carrier mechanic.

I believe the air carriers and mechanics may both look forward to =
prosperous and rewarding future, 1f they willingly accept the re Jon-
sibility each has tc the other, and work together to fulfiil their
ultimate responsibility which is to the customer.
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CLOSI.'G REMAKKS

It wes my pleas.re to open this symposium on Tuesday morning, and
it 18 now my chore to end it, It hes been most gratifying to see
the tremendous response, 500 strong, to this year's symposfum and
to take part in the interchange of informstion and ideas,

I wont to thank all of you who have participated and especisily

the panelists &ad panel moderators who Lave made the sessions
megningful, informative, and worthy of the time spent. Thanks
again to those whose offers of papers could not be accepted

because of time iimirations. As vou know, time has been & problem,
Thanks also to those who brought the 27 excellent exhibits that =re
in the next room.

During tie past 2% “ays, we have heard the views of many segments of
the industry about a ¢~ mmon concern - The Man In The Maintenance
Reliacility System. i -m pleased ic observe that we have not
forgo.ten the msn in our maintenance reliability programs.

Our common zoal -—industry, FAA, and the man in the system -~ is,
and must remain, aviation safety, How weli our goal 1s achieved
will dzpend upon the effort exerted &nd the cooperation we give to
egch wther,

As & finsi note, 1 wan* to thank all whe took the time to attend this
fourrh annuil maintenance symposium, Without your active participation,
there would be little exchange of ideas, We hope the trip has been
werthwhile,

We have not as vet selacted or decided upon a4 subject for unext yesr's
syapoeium, We want your ideas and suggestions. We do want to continue
holding these yearly symposiums that cffer & broad coverage and a free
exchange of ideas. Several of you have suggested such symposium topics
as Avtomation In Maintenance and '"'On Condition' Maintenance. Think
about it and let uz hear from you. We will swait your suggestions
hefore we make any decision or next yvear's sywpoeium subiect,

Thank you, gentlemen, for being our guests. This symposium is offic{ally
clored,

Hava = safe trip howme.

Rewaris by Ha. v A, Turnprugh, Chief, Maintenance Division. ¥iight
Standards Service, Federai Aviation Administration, Department
Transportation.
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Yorbes, J.¥. Bastern Alr Liner
Fox, Pugene L. Trans Worid Adirlines
Gardner, Morriz K. Western Alr Liugeo
Gee, Willisn E, Frontier Airlines
Goldberg, lievbsre Far American-Business Jets Div.
Graham, Resert J, American Adrlines
Hervison, H.¥. Basctern Adrlines
Jonesg, ¥, N, Contine tal Alr Liner
Judiking, Frank Amaricer Alrlines
Keliey, R. P. Pledmont Aviation
Kntght, ¥, J, Amevican iirlines
Lesbere, Olin ¥, Universas &iriines
Marners, Wa, Pan Am Alrwvays
Morvow, Dan A, Delta Afirlines
MeAlldster, Willio L. Flying Tigers
Nelson, Donsld M. Bniverssl Alrlines
Neuran, Faal American Al-lines
0'%23i1l, Lasurence 3. United Air Lines
Parkhill, ¥. W, Urdted &ir lLines
Roney, Emerson H. fnerican Adrlipnes
Scherey, Richard J. Americen Alrlives
Stevenson, J. R. Trited Aly Lines
Tenner, T. J, kastern Alrlines
Turcotr, €. ¥, American Alrlidines
Valenta, Tie B, Braniff Internetional
4 ¥olk, Dick Western Al "ines
Wekehouse, John E. Western Adriines
Webster, L. D. United Alr Lines
Wonders, Richard R, Universsl Airlines
Zurian, Tenrge Western Afrlines




e AN B A YA Sl 6.

Ackerian, G, A.
Ademsgon, Duddy A&,
Albin, 3Ipencer X%,
Aloxzander, James L.
&lger, Romn

Aiuman, Charles
Andergon, Gordon H,
Ansley, E, L.
Ashby, Roburt H,
Auchenbach, Faul 2.
Austin, Jack
Rafley, Clyde G.
Raeretta. Pag
Bass, Kenneth
Rell, Wiilisn
Barry, Cereid
Biggers, Hope
Billingsleyr, Bobk
Binfon, Thomes H,
Birnbaum, Irving
Boren, Travis

Born, John E,
Sovrege, Ssivadoy
Boyle, G. J, Col ¥II
Brandt, Clinton H,
Bridges, Roberi A,
Brown, Don A,

Bugg, Roberc M,
Burbick, .obery 4,
Buras, Darls J.
Buswell , J,.0,
Cabrales, G, L.
Calbgon, Keoneth W,
Car—, Paul W,
Carrol!  Russell D.
carter, L, 7,

Cater, Willism R,
Chamers, Gerald 3.
Chang, John W,

(SR
Y ©

%

Cheuvront, H.R. Capt.

Chr Zgtonher, Jir
Christy, James H,
Cline, Deforrest H.
Coffman, Wayne
Combs, Robert L.
Cooper, Williame C.
Cotway, Marvin A,
Corso, Sem J,

GOUERMMENT

USAF

FAA, uXC
Tinker AFB
UGAF
Tinksr &8
Tinke™ AFB
FAL, Alsske
Tinker, AFB
FAA, GHC
FAA, WX
Tinkor £7F

w854, Edwards AFB

Fan, OK(

Tinker AFp

FaA, OKC

FAs, GXO

FAA, OKC

Tinker AFB

Fak, Fu. Worth

Fah, Washington, 3.8,
FAa, CxC

FAA, KXansas Ottty

Tinker APE

oS, Avmy

USAY

FAL, QKC

Fah, OKC

UnA¥

FAk, Washungton, D.C,
Faa, OKC

Tinker AFY

.8, Aymy

Tinkes AFR

NASA, Hemplion, Vs,

seA, Washiogron, D.C,
Tinker AFB

Tinker AFR

FAL, OKC

Tinker AFB

U.S., Navy, NAS Pensacola
FAA, P, Worth

Tinkey AFB

Dept. of Lebor, UYoshington, I

Tinker AFB

EoA, OKC

Tinker AFB

FAL  OKC

FAA, Washingion, D.C,




Covait, Lynne D,
Cowroy, Charles B,
Crosby, Williem D,

Crossvhite, Betty J,

Urothers, Robert K,
savidson, Paul E.
Uelong, Ray O,
Dunsmore, Boh
Eckhoff {(harlos F,
Edmondstone, Geo S.
lwards, Fav) Y,
Elwell, Arthur W,
nos, Diasne

Estey, Harry D,
Faith, R, I

Falco, Ant.oay
Finley, Billy L,
Fiavin, John W,
Flowers, April
Foley, Johu P, Dr,
Ford, W, D,
Francis, David 1,
Friepurg, X, W,
Gesin, Lee R.
Gibbon, 8, L.
Goekler, C, E,

Gonzeles, Archibaldoe
Grates, Stanle John

Green, Beryl B,

Hansen, Jchn ¥, Maior

Hariine, Varney §,
Harpor, Robert W,
Harwel{l, H, X,
Heiniey, Donald
Hicks, James W,
Hitchecock, Dale L,
Holden, James L.
Hospy, Joseph

Hutchersgon, Thomas O,

Jackson, W. ™,
Jett, w, Lee
Johann, Orvitie B,
Johnson, Ariher ¥,
Johuson, ., K, Tol.
Johnaon. Jack L.
Johnaon, Richard A,

~d

FAA, OKC

FAA, Los fugeles
Tinw.r AFB

FAX QKC

FAA, M.Y.

Tinker AF3

FAA, OKC

F&A, JKC

FAA, Atlo-~ti-~ Clty
FAA, Seattie

FAA, OKC
FAA, OKC

FAA  Washington, D.C,

FAA, Miami

FAA, Wwashiagton, D.C,

FAA, N.Y,

USAF

TAA, Kansas City
FAA, OKC

Wright-Patterson AFR

FAA| Los Angeles
FAA, OKC

FAA, OKC

Tinker AFR

Tinker A¥3

FAA, ORZ

FAA, DKC

FAA, Sa Franciaco
FAA . QKL
Tinkey

QEC

OKC
Tinker AFR
FAA, Hunolulu
FAA, GXO

FAA, Washingtun, D.C.
FAA, Weshirgton, D,C.

FAA, OKC

FAA, OKC

DOD, Pentegon
Tinker AFa

FAA, Puerto Riro
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Zincatd, May
Kennedy, Wiliie
Kidman, Delbert
Klefner. Johp
Rimbrough, John ®,
King, W, 0,

Kirts, Lynn o,
ilma, Warren P,
Knight, Kernevh ¢,
Knight, Warre. . 2/,
Lane, Llovd ¥,
Ledden, Koy
Leviuson, Jerome A,
Lillie, Rdward W,
Longmen, Chester L.
Lackabeugh, Patsy
Lutz, George

Lutz, Keith W.
Mabkry, Herold E,.
Manley, Carl H,
mamaing . J, J,
Martin, O.E.
Mathews, Claude €.
Matthews, Rav
Matthews, W, X,
May, Francis R,
Meehan, John B,
Miiler, Learvy o,
Mivasldd, 1, .
Mitchell, Louis W,
Hoaschks, Sam K.
Honeon, LeRov (.
Horgenstern Max R,
Morrias, Jeoss 1.
Mestert, Sue I,
Moundsl. :fs, John
Mueller, Atlbert L.
Mulley, Bolead A,
Mullins, Jerrv D,
Murphy, saro.d D,
Hurray, william T,
Nyers, Geo,

McCain, George D, Jr.
McCollgugh, J. B,

TAA | O¥C

U.5, Navy, Faluxent River
FAL | QKO

FAA, L€

FAA | Los angeles

FAA, N.Y,

Tinker AFB

FAA, OXC

Tinker A¥H

Tinker AFB

Tinker AFH

Tinker AF3

FAA, 0.7

FAA, OKC

PAA, Wasaington, 0.¢,
NISB, K.usas City
FAA, OAC

FAA, OKC

FAA, OKC

Okla, Aeronaurics Coum,

U.S5. Dept, of Agric., Sreenvelt,
Tinker AFB

FAA, QKT

FAA | OKC

FAA  OKC

FAA, M{ami

FAA, OKC

FAL, Ft. “orrh
FAA . e

FAA g

FAA OKC

Far Adr Traffic ¢
FAA “ashiington, 0.C,
FAL, QK

FAA, DK

Tinker AFE

FAA, OKC

USAF

FAA . WJKC

Tinkey AFR

FAA, Washingron, D.C.

i Albanv, N,Y,
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FAA, Waspingror
Tinker AFR

FAA, Atlanta
FaA, OKC

Pawe, Harry R
Pappe, Raymond
Parsons, <lyn

Patt.n, Gens M, lol,

3
Pearson, F. R,
Hobert E,

EY

»

Peruxent River

Lor
Peters, H, T.
Peteyrscn, Robert §, a4 Boston
Plotr, Thomasins A&, FAA, OXC
Haryy W, Tinker &b
Janes R, FAs, QOHO
hurn, Robarid E, FaA, Weashington, 3.0,
T. FAA, OKC
b4
1

Fotirer, harley S, FAA, OKC

Rose, Virgili L. Tinker AFB

Rowlsnd, Benny F, FAA, O

sain, Jack A, FA4&, Wushiagton, D.C.
Sala, Kenneth LK, F

T
EC

Tinker AFE
Tirker AFB
NTSE, Denver
FAA, OKC
. Tinker AFB
Tinke. AFB
Tinwer AFD
FAA, (OK(
U, 5. Nsvy, NAS Peusscola
State of Minnescsa, St. Paul
GAB, Washinzgton, D,C.

FAA, Denver

[}

W




Strafuss, Haiman
Crraubel, Cherles £,
Suliivan, Roy Les

suppler, Clarence L.
Swesney, Charles H,
Tavier, Franci= J,
Taasley, Keith
Thievon, William J,
Tippett, Fiovd §,
Turner, Yirgil I,
Turnpaugh, Harry A,
Veandiver, Paui H,
Wall, Gary F.
Werrick, T.d

White, R, D,
Wilcox, Phiiip M.
Wilborn L., D,
Willisens, Marion W,
Williamson, L. H.

ey

o

Willismsen, Shsron
Wilson, Riea 5.
Weight, Harcla D.
Younyg, Fred L,
Zendler, Williem T
Zenith. Charles 1,
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Fi Frank . Jv.
Hr Leo

} Carl
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Janes B,

torve, Joe
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Washington, ".C.
Washii to:
FhaA, ¥ansas ity
Tinke., AFB

FAA, CEC
FAA, Washington, DG,

Leabor, Washingteon, D.C.

FAA, OKC
Tinker AFB
FAA, QKC

FAA . OKC
FAA, OKO
FAA, Los Aogeles

2

FaA, DKC
iinker AFR
FAA, OKC
Tinker A¥®
FAA, QKC

F

.
FAA, Los Angelcs
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fidyi -, Alton P, Harvard

Allen, David UCLA

Batlev, 7. H, Urdv, of 1.

Benniett, Osri M, Spartan School of Aeroc.

Bietiexr, Fred 4, Oklahoma State Univ,

Birta, Nl choias Agro, Mech. High School

Bowers, W. K, UCTLA

Broesder, L, H, Spsrtan School of Aero.

Carperter, Don H, Southeastern 5 ate College
; Caswell, Ch**aaf H, Fmbry Riddle aero. Inst.

Cummings, Joh:n Western Mich, Uni

Davev, Ralph Wentworth Inst,

Gorney, Thomas J, ct 11i,

UUﬁC&n} willdiam o, Purdue Uniy,

iott, Robert T.
A,

s

B R RS
~ L)

R L tsourgh Inst, of Asro,
olimueth, Jm nneap is VYoo, Schoel
Gillesple, James can Flvers
T5 Losst Arro Tech, 1
1an 18 Tech. Iast,

Parks Co‘} 250
Oklahoma Chriscian College
Oniy, of Mion.,

Kugnxr&

Anavioan
Asro Mechant

Parks Coilege

‘“ii ﬁ:ea-gowTerﬁ‘
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snkartslt, Olof B,
Berg, 0. T,
Bourgoin, Johu Y.
Delbredl . Jeen {0,
Dupuis, K. E, Major
Blwards

Garton, John E.
Gilehrist, I,
Comes, J. Tavares
Gustevsen, Leif E,
Harvey, L. #. Capt.
Hultep . Brov Brik
Kyde, David

«.'th, lan F,
u.'~’\:’®g\‘, b. C.
Lev, ¥, R,
Linden, Shemarvahu
Longerng, Philippe
Harchanr:, J. L.
Macoor-h, Sabriel

Hasavosni, Xodera
Hichei, J, H.
Hell, Louis A,

Scomisdr, Cueo &, I
Thatchsr, R, J,
Thompson, &, ¥,
Tingiur, Per

Treffers, Eba W,
Van Mens, Erns:
Yivien, J, H, LCOR
WisterwayeT, Falter

Wadislasw, Jasnasz
Wramell, Lenmnar
Tenks, Manfred

Laurence §.
Gallindo, Paule Lones

Swediah Boevd of Civil Avls.; Stockhoela
Dapt, of Trarspeort:; Onta o, Canads
sud-aviation; Chicage, 111.

Sud-Aviaticu; Jaris, Frauce

Cansdian Armed Forees; Unparico, Canada

Afir Registrat’ r poascd; Surrvey, England
Varig Sirliner: NY.C., NJY,
British~-furcpean Aivways; Middlesex, fngland
D@anxiianﬁ Aircrafe; Ontard-, Canzds

Ta: - Porvruzuese Alrwavs; Llsbow Arpt,, Portugal
BeHevilland Advovafy; Ontario. Cenada
Caned’ «n Fovces, Tinker AFR

Directorate of Tivil Aviation; (operhagen, Denmarid

BUAC, Burnbas, ng;ani
Hewseo Siddeley Avivatio
Handley Pace Ltd.; St, Alb
Dept. of Tvanzport; Ottsws
Fl-&1 larael A“riines; L
Bureay Veritag; Parls, Fren
Alr France, D ?y Arpt,, ¥
ICAL; Mentresl, Cansda
Tpan Aflr Linpt Tok, o ‘1 Arpt,, Japar
Swissa.r; Zurith, ‘watuef‘ 0
South Africen Alrwsys, Jan 3
*aoa"n bu*a :
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Can T Mo Laneds
Kis gstﬁn»”,w-
ci>;<na%
~Europeasan Trgloand

Pacidie

rovels of

'f&*w.ﬁy

&nsterdam}

Amsterdas

Canadian “"h&hax Sasningﬁow‘

Kinistry of Transport, Avistic
Augiria

Folish Afrlines; Warsaw, ™ 1
CAAR Atrcorafc Co.; wLinkoping., Sweden
Verednigts Flugtechnische Werge, Bremen,

W. (Rrmany
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