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SUMMARY

The Electrical Control Unit in the F/A-18 Hornet aircraft is field-replacable but
suitable test equipment for this unit is not available in Australia. Both the United
States Navy and the Canadian Defence Forces, which also operate the Hornet aircraft,
concede deficiencies in flight-line test facilities for this unit and various proposals have
been put forward to rectify the situation. The main purpose of the visit to USA and
Canada was to analyse these proposals and advise the Royal Australian Air Force of the
potential of each proposal to meet Australian service requirements. )turing the visit the
opportunity was taken to present three papers on ARI, research at conferences in the
USA, and to discuss future trends in gas turbine controls.
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ABBREVIATIONS AND DEFINITIONS.

ACSL Computer simulation language
ADA US Department of Defense standard software language
AFM Advanced Fuel Management project [NAPC1
AFTA Avionics Fault Tree Analyser [McAIR]
AFWAL (US) Air Force Wright Aeronautical Laboratories
AHS American Helicopter Society
AIAA American Institute of Aeronautics and Astronautics
AIMES Avionics Integrated Maintenance Expert System (McAIR Project)
ANU Australian National University, Canberra
APOLLO Workstation; single user graphics computer
ARL Aeronautical Research Laboratory [Australian Department of Defence]
.A.RTERI Analytic Redundancy Technology for Engine Reliability Improvement [NAPC]

ASEE American Society of Engineering Education
ATE Automatic Test Equipment
AUTOCODE Extension to MATRIX, which produces program code (ISI1
BETA-TEST S-cond phase or external testing (alpha=internal)
BMAC Boeing Military Aircraft Company
CDF Canadian Defence Forces
CEMSiv Fourth generation of Comprehensive Engine Maintenan' System [SCTI
CONTROL., A control system design and analysis software package [SYSCON]
DARPA (US) Defense Advanced Research Projects Agency
DECK Data set for a program or simulation (from a "deck of cards")
DECU Digital Electrical Control Unit [GE proposal for F404 control]
DEEC Digital Electronic Engine Controller - first generation cf FADEC
DMICS Design Methods for Integrated Control Systems [AFWAL
DND (Canadian) Department of National Defence
ECU Electrical Control Unit [part of F404 control]
EDAB Engine Diagnostics Adapter Box ("Buffer Box") [McAIR]
ELXSI Multiprocessor computer system [Brandnamel
EMS ELXSI emulation of VMS. the VAX operating environment
EMS Engine Monitoring System [Various]

ETHERNET An interconnection standard for Local Area Networks
1404-400D Dry (no afterburner) version of F404 engine
F404-GE-400 Engine in FA-18A and similar aircraft
FADEC Full Authority Digital Enginc Conuoliler - second generation IEt('
FOCSI Fiber Optic Control System Integration [NAPCI
FOSTI Fibre Optic Sensor for Turbine Inlet [NAPCI
G(E General Electric
tIP Hewlett Packard; instrumentlcomputer manufacturer.
IBI PC International Business Machines (or compatible) Personal Computer
ICLE Integrated Control Law Evaluation [AFWAL]
IECMS Inlflight Engine Condition Monitoring System [FA- 181
INTERFACE INTegrated Reliable FAult-tolerant Control IAFWAL1
IRAD Independent Research And )evelopment funding (internal)
ISI Integrated Systems Inc. [Produce MATRIX,]
J61 Diagnostic connector on F404 ECU.
JTDE Joint Technology Demonstrator Engine [NAPCl
MATRIX, A control system design and analysis software package from ISI
MICA Multimission Engine Control for Aircraft [NAPCI
MI:P( Mechanical Failure Prevention Group
MIMO Multi-Input Multi-Output control or simulation
MSDRS Maintenance Signal Data Recording Set (on 140-)
MI-1.ISP Multi-User version of computer language 1.ISP
%IcAIR McDonnell Aircraft Co.



NA PC (IIS) Naval Air 'ropulsion Centc Trenton. New Jercv
NARF (iS) Naval Air Rework Facility, Pensacola, Florida
NASA (US) National Aeronautics and Space Administration
NASC (US) Naval At Systems Command
NATC (US) Naval Air Test Center, Patuxent River. Maryland
NAVPRO (US) Navy Production Office; Includes QA and Acceptance.
NEFF Brandname for data acquisition front-end
NRCC National Research Council of Canada
NWC Naval Weapons Center at China Lake

N, Speed of rotation of compressor, etc.
N 2  Speed of rotation of power turbine cf N1
PL/M A microprocessor implementation of the computer language PL/I
POTC [AFWAL/POTC] Division of AFWAL concerned with turbine engine control
PSC Performance Seeking Control [AFWAL]
PhD Doctor of Philosophy; particularly in science or engineering
QA Quality Assurance; responsible fr checking quality at production
RAAF Royal Australian Air Force
RMIT Royal Melbournc Institute of Tchnology
RSX Resource Sharing EXecutive; a PDPI I operating system
RTI I Real Time operating system as used at ARL

SCT Systems Control Technology
SEA-TAC Seattle Tacoma International Airport
SRI Stanford Research Institute. California

SYSCON S, stens Control 1cosmmercial arm, see SCTI
156 Tul boshaft engine
TFPO (Australian) Tactical Fighter (FA- 18A) Project efficc
TI/T5 Temperatures at Ist and 5th engine stations
UETP Uniform Engine Test Program [NRCC]
USAF United States Air Force
USN United States Navy
VAX Computer system front Digital Equipment Corporation
VAXstation Workstation: single tser graphics computer cf VAX
VME A standard for Iri itted Circuit Boards

XMAN Fxpcrt Mattager for Cl'%,ISiv [SCT proiecil
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1.0 INTRODUCTION.

During October and November 1986, a visit to the United States of America (USA) and r'anad,",.
undertaken. The objectives of the visit included:

I Investigation of means of improvin reliability and testing of the Electrical Control Unit
(ECU) for the F404-GE-404 engine •

'
3 used in Australia's F/A-I8A aircraft,

2 Presentation of three papers4 ' 5 ' 
on scientific work at ARL at two different conferences in

the USA. and
3 Examination of current trends in turbine engine control system research.

Twelve establishments were visited; these comprised engine and aircraft manufacturers, military
aircraft operators representatives and advanced control software specialists, The two conferences.
at which the ARL papers were presented by the author, were attended. In the following sections
highlights of the discussions held at the various locations are presented in chronological sequence.

Comments and recommendations relating to the major visit objective (I) above, have been collated in
Annex A. Background information relating to this visit is provided in the following subsections.

1.1 RAAW " Maintenance L,,els and Procedures.

The need to provide a "means of improving reliability and testing of the Electrical Control Unit
(FCU) of the F404-GE-404 engine used in Australia's F/A-18A aircraft" arises because a deficiency in
current procedures. The Royal Australian Air Force (RAAF) divides engine maintenance procedures
into three areas:

I Operational procedures. called "O-Level" maintenance. involve flight line or in-aircraft
testing: [in the US Air Force, this level of maintenance is also called O-level but the
abbreviation stands for "Organizational" not "Operational"1

2 Intermediate procedures, called "I-Level" maintenance, involve tests oil complete engines or
engine systems or modules on a test stand:

3 Depot procedures, called ")-level" maintenance, involve tests carried out at a maintenantce
or repair depot. including tests on Conponentts removed front the entgi ne,

The testing at all levels is usually carried out by following a "Fault Tree". This is sittiply a
checklist which follows a particular path to suit each documented problem. In order to Proceed down
each path, it is necessary to confirm that various items are not faulty before continuing. The
problem which arises with tse Electrical Control Unit (ECU) is the lack of a suitable tester for
this unit at any of the maintenance levels in Australia. This means that the only way to confirm
that the ECU is not the source of a problem is to change it. Since changing the ECU is a straight
forward job, high on the fault tree, a large percentage of ECUs reniosed are expected to be service-
able. The removal of a serviceable ECU is 'eferred to as a "false removal",

When an ECU is changed. it is currently necessary to send it back to the USA for testing. 'Ihis
procedure takes considerable time which increases the number of spare ECUs needed to maintain the
same number of serviceable engines. 'he questions \,hich arise are:

QI: Is it possible to reduce the mniber of ('lls removed fron the engines by sonic testing procedure
at tile 0 tr I -Ieel'?

Q2 Is it possib Ile to ret itii seiccable i( 'us alreads rersoved (through "false removals") to service
by some testiig proccdlic at. or prior to. 0)-I A1,,l (which is ini ISA Io YCI1)?

Q3: Are there atv oiher testing i'tcttltires Mhicl oild be beitlicial in ledncing tle ntniber of
fal,-e retim;dis'



Th le Canadian Dfeence Forces (CI)F). w~hich also operate F-104-(iE-4001 engines in F/A- IX aircraft. coni-
mnissioned an external contractor (Gastops Ltd. ) to do at design study for at F-404 ECUI tester to metce

CO)F requirements. General Electric (GE) has also designed several testers for the ECU ranging from
sintple 0-Level cable continuity checkers to comiplex D-Le~el Autonmatic Test Equipmntt (ATE) n Itich can
idetify problems in itndividtual compt~ontents within tile ECU aitd is essetially tile same ats hie cqlui I-
mient tised to support the dlesign and testittg of tilse F404 ECU inltile factory.

Accordingly. I was able to discuss the three questions above with representatives of the aircraft
manufacturer (McDonnell Aircraft). the ECU manutfacturer (General Electric Fort Wayne), the etngitne
manufacturer (General Electric Lynn). attd represetttatives of the other 1tw0 naj or users oif tlie air-
craft (United States Navy (USN) and CDF).

1.2 Presentation of Papers.

Two papers, one writite' by my group leader and the other by myself, were accepted for the American
Institute of Aeronautics and Astronautics (AIAA) Aircraft Design Meeting at Dayton Ohio. Other
papers being presented there were also of interest. A third paper, co-atuhored by nty group leader.
was presented by nse to the 41st meeting of the Mechanical Failures Preventions Group in Maryland.

1.3 Engine Control Research Trends.

I am a mentber of the "Engine Control aisc Data Ss'stems" Group in the Propulsion Branch of the
Aeronatitical Research Laboratory (ARL) which forms part of tlte Australian Defence Science attd Techt-
nology Organisation (DSTO). This group condttcts background research ittto turbine engine control
systems and propulsion diata systems. Eslsertise gained its these areas is applied to support the
operation of military aircraft in Australia. The evaltation of the F404 ECU test eqtuipmuent propo-
sals represents one examtple of the use of this knowledge. At present,. I ant also involved itt thie
developme,!! of a digital controller for a small gas turbinte engine ttsed for researcht purposes. I ie
trend to digital control of gas turbine engines is strong bat herce arce still rc at ivelv hew exa us-
isles of thseir use t usilitarv ciises.

2.0 ONE-DAY VISIT TO BOEING CONTROLS G;ROUP'.

Boeing Military Aircraft Company [BMAC] tundertake constrols research from at site at SA A
[Seanle-Ti'acomaj airport. I visited this establishment onl sy first working day tit USA aisd utet with
Dr GC-.,rgz Hentsig. sttpervisor of the Control Sciences Gi0111) ill (lte alssrce of myv origitnal Conitact D~r
IDagftnn Gangsaas Alto was ovserseas.

George disctssed BMAC mtethods of aplhyittg classical-tvpc frequency donittint Isctlods to 'optintize' SY5S-
tents modetled ttsing state-space representtatiot. - hlcIcniqite id'.vslved]

- fornmulate "opett loop" cn'sc:
- Fit frequenscy respontse to rosll-oiff Botde ploits ilt 6 (ICOI is (1111dl) pr (ictase jix - a pole

of order ottel '
add itntegrators (til to niumtber of cotttroil oultptuts) to allow slopes to he sitotlied (teliinate

pole .'zorss):
lit to closedt loop case attd test.

As hottg as filte slope (of tilte Botde plot1 gisves isoti-,eo gaiti mt zin ticr incurs Il(J aitd falls to 7cem
gaits at frequencies well below Ithsse (ort'sponudiuug to atis striuctlt al laicro-elastir) I ittides. tile abosve
techniqtte works, 'Ilue techtniqtte is largely based ott theory (le~clopcd by Professor Johti Mloore of tile
Australian Nationual 11tisersity butt IIMAC ittrrlsrtsi the 11ory ;cordiitg to aitrrlft dcsigt rsperii
e'tie: DNIAU fouiiid siotte uiffirultv initially tit iin itlit' ANI T Is- ics but has situ' Iosiunl dlimithe

technuiqiue allow~s "pltssira(" '' itti'tltioii ito br giscil to tuidril ii lrigis ussrtllsh



The above technique uses a lMuli-;ipult L. ti-Output N I MO] approach and allows a f, flight con -
troller to replace separate lateral, longitudinal, dutch-roll etc. controllers. As well. if
sideslip is one of the terms with an integrator and if sideslip input is held zero throughout a
manoeuvre, the MIMO controller will automatically co-ordinate turns. The control surfaces involved
may change with the aircraft configuration, but the method will not work with insufficient control
power. Although some parameter, may vary by as much as 100 to I, adaptive control techniques are
not used. although gains may be scheduled.

This approach was used on two recent BMAC studies, one of which was a US Tactical Fighter proposal
and the other an in-house combat proposal. George noted that visualization appears easier using
this approach and that there were less problems with parameter errors reflecting in the higher ord-
ers. [Higher order terms are usually more sensitive to errors in the assumed design parameters.]

BMAC still relies on engine companies to provide engine control systems but is now setting up its
own research staff to support engine, propulsion and airframe integration. At this point in the
discussion, we were joined by Dr Donald G. Iverson who is working on integration of propulsion con-
trol.

Don is a strong proponent of integrated propulsion control using airframe computers. Of the major
US engine companies, only Garrett agrees with this approach at present; both General Electric [GE]
and Pratt and Whitney prefer on-engine systems with triple and double-double redundancy respective-
ly. Allison apparently has not declared its policy on this matter. Don noted that Russ Vizzini
disagrees with him [see later report on talks with Russ] Don considers that th trend to use more
and more compuers, each over-specified [usually 50% more speed. 50% more mcnorv i to allow for
growth, and fitted in banks of 3 [triple redundancy] or 4 [double-double redundancy] leads to a
weight and complexity penalty. If control software has to be written in AI)A (this is current US
proposal), then it could be run on a common bank of computers. [IE.ginc companies (see sections on
GE later) do not favour this approach since it makcs it more difficult to differentiate between
engine and airframe.1

Don proposed a system providing both flight control and propulsion control and comprising six ident-
ical computers. each performing multiple tasks. Engine control would simulataneouslv use any two or
three but non-critical jobs would use just one of these computers. With such an arrangenicst. a good
i,.i i,,;c fy..r if . dis-osgsv-- ce"'red tie merits of 'similar n and "dissimilar '

redundancy, fault detection methods. sensor connections and representation ol tie svstenl 'ting con-
trolled.

With "similar" redundancy, the same program is run with the same (redundant) inputs on the same
processor type. Any software "bug" would cause the same apparent fault on more than one ptocessor.
With "dissimilar" redundancy, three different versions of the programr are run and ea(h may use dit-
ferent hardware. Since the three answers may have different rounding errors and take diltiecnt
times to compute, the problem with dissimilar redundancy is to afi ,,. ,i a -, j i....'l

results.

Don said that it is now accepted that faulty processor syteins should d0e':c thcir own faulty state.
[It is not acceptable to allow a possibly faulty processor to vote to shut down a good one.j fitis
approach needs hardware in each processor system. such as watchdog timers. to help detect prtocessor
and/or software malfunction. [Watchdog tintiers are counters which need to be reset by the processor
at regular times; if the processor fails to reset the watchdog in a specified titte, then the watch-
(log will attempt to restart the processor and if this fails will render it inoperative. I

l)on said that engine behaviour models being used by BNIAC were pro% ided by the engine companivs.
BMAC has experienced particular problems with Iransient models which otlcn include proprietary
informtion. may be difficult In run and are somelimes impossible to interpret. The termt "integral-
ed propulsion control" was defined by Don to mienu a single controller quper\,sing the inlet. engitie
and no1e. This was sett as not aplroprialte lot rtnbat ailuratt where nilc detletrtiot ntat u s
iised it improve ttauoctivrtng abilitv



D on ton si dc'rs that litbre optic sensors anrd ca bles are necessary for olf-etgine tontrol - Ii obicitis
may arise iii transposing data from such sensors nto existing aircraft mu0liplexed buses. D~on

prefers the uise ofi state- pace tmodels rather than transfer funcins a nd dfoes trot rise fle Boin rg
EASY-5 sof*,wace. lie has also had some problems with an early Apollo sersioti of MIAI'RI X lit si%, fle
Vasslalion rersion Feetiis satisfactorv. lie prefers, BMAC's own in- house systemn x Inch is ciiirnilv

liropriet. cv.

D~on andI('eorge referredtot Uyloi Lv. a mnember ofBMNAC Control cieitrcs (irotip ) lioii xixi'iil ou irk-
ing at AN U 10n return to Australia, I %%as able to arrange for two members of our stflf t in it
ANU for a lecture by Dr LY but a planned trip for Dr Lv to talk at ARL had to be cancrlled xxhen hie
needed to return to USA.]

George also m~ntioned that I3MAC was involved in work on an "Advanced Propulsion Mionitorinig Systrn"
for which GE 'oss the prime contractor. Apparently BMAC did the coniputer design but had vet to see a
copy of the final report.

I discussed w ith George arid D~on the proposed ARL research agreetu'rir -. h AN( (ion rcbutistess it ton -
rol systems for rise in turbine engine control. They had sonic conrixirtiue (ittitmrts and ofttred

some references'~~ the lirst two of xxhiich I was able to sightt at IINIAC.

3.1) VIS IT TO NICIONNELI. AIRCRAFT.

()ie of the niajor reason s for this visit was to evaluiate proposals beitog madtite h% NI I ho ticI .Ait r.i tt

Conipatic ( NIcA I R fur de' eloptuenit of test equripment for engine elect r iral uniiits A\ fll di xcii I ' of
the xlcAI R proposal and SlY recoininendation s arising froni t at are preserited separately ini Alitre A

%!y onlruact at McAIR was A. 3. (Jerry) Volsen. Lead Engineer Eilectrontics for thre 1: A- IX8d Vkanccd
IDesign team, Five menibers of that team gave me a detailed presenlini tin adncert concpts toti tire
possible rise of an uipgradeit Avionics Fault Tree Analyser (AFIA arid othe'r eqtiltititt oni litfs Arts cit
Hoernet (1FI8) progriaii I saiw presetation-, and slentoitsratiiiiiof ith is xxiii - Iti i unite liiitct

Reseai I Arid Developmuent (I RLt)) fiinding, anil i nclurd inrg fri's I lilt xi-uin (.111 aIllis rent!
ha edss ire,sirltxxareii' dei to supprirt such studies) on:-

U Ise of AFTA for engine iagnuostics ( Presented by Jers Vor eui art i ( miI's lec
- Use of AFrA for Mlaintenance Signal Data Recortding Set I NINaRS) t iipe pfssat. ~k erasev Je r xI

Pol'ss ible firltre rise of Avionics Integrated Minnterranrce Itspert N seii(A INMS) to rn'Ie ttn

Al-TA? iniall three ritles, (Keith Bllanikenship and %like1lri

A EPA riornial lv tests avionics liv i r''Vi g the built-in test eou tines iin' 1C let.V~ iunxi tris iit

I he ECU does riot have this capabilitv however and (toes nol connect to thle aircraft Itri tromt whir.I

AiFTA norniatly acquires alt its dtata. For these reasons, extension to proxirfe l( 1 testn ' Loitility
represents a riaj or upgrade to AFTA requiring a buffer bots lto connect In tire engine, assoiatttd
cabling arid air engine siniulator to verify the ciigirc faiult trees. Software to suipport tre uiser
interface. fault tree selection and the engine simulation also trayc to be pros ted KtrAl iia 

t natr
(line any niajor work on the engine simulator but clainied to have (louie stuttirienut wrrk on tte ruttier
itents to prove that such a role foe AFrA was feasible.

One of the major stumtblitig bloacks in using A'1 A to diagnose faurlts iii the existing F(t is the lakk
of alli' it te reusuriectiour be(tweeni the FCU and thre rest of lifhe nti r enft svsfnr s IR , p icirtsed toi
overcome this rising an hntgine IDiagnostics Adapter Box (fEAB) ;)Its imuprcoved access to dta fi the
onl borind MSI)RS.

4



3.1 F Uing AFI', to Rind \ISI)RSTapes.

Since At- A connects to lie airc raft ittliilexed bts. it call collec I tlai froii aim (hcr lilii do15

colilielted to tlie lois flit' NI SfRS (defitcid altosl itco, ds aI stide rliiige of eseits I (1 nag itcin 1.1'r
,atI Idges these ilatai ire cury-rnly tiider-utilized Sl~cAff R sv proposing i. Oi liito

data coflectioti scheme Ii Ashiclh lie tapes arc niot retiosed front (lie aircraft. I nsttxid Al I\ A ;to'lil lie

used to read lil t- i iiSiu to transfer these ila to a database, and rest iitl and erase Oiw~it
Sonic of these (lain. relate to eneitie evt'nts Such as thle fauilt flags st icli lead to inainteiiaw e litI. ks
on tlie, ECU.T AccorditglN. fits prtoposed list' of' At IA ias potetiial ipplicatioiini li ie testing i iltli

ff1

3.2 NWAIR Buffer Box (EDAB) Proposal.

Only some of the etngitte signals connect to the airframte for ise 1w flte NSD)(OMStDt utaintatie I eciid-

1lag svctents mtentionted above. Alt proljxisals to (heck the tClT have assuttid that addittotal
conitecions to thle ClU lititally sin jfft the test coinnector oii[the tEC1i still bie tiecesois I lie cur-
eat SteAlR profis)at for the FDfABt. ittlets kilter amtplifiers, Ititltiplexers . analogtor gia

konseners and) a nicrocotitroller (Intel 8<751 or siniilarl "itltit the f;)AfhI ti means fiat the I CU
inil [WAttcoitihination skill bie treatedas a testableuiii hvA AtA under thle SMcAl <proposal fIt lit lAtH

still ho~ie ai dirert litik rcalleiltlie SIC t.11ito ALIA itid "ill ulot 'iliitiiiiat sia tilt' mitral! his

.1. ffnrdt ti atnd Nf,ifiianv Staindazrdts.

It Is likelv hat VMl{ staildiid losurls till he 11stol tiiile fI t tiiil m id I 'ltisiitlli l's'ti wli 11 Ill

11.," Niitith traiusfr to AD)A onie time i lit lt irr

3.4 Prloject I icr1 imi.

iteilisie [II Clel iigi'it Ic- ca a iliitilMIt Hit lii ihihlitiittii o1s101,ii7o l hee1olti i

tr-itl l l sucee CtrgtH st-Is sititt1'ut Iles Ill, id'io silclil Af ll I", tiii huts t- Mioi iuilo' hu

lions lt II. A IlE M tI's vkie II Issst Ii he s 1tt tslillu I, I iin iiiltlli hltlNide s te nt' juiill I" i

oII imiitiii n otit'o list Ih t- isiitiis *Nf AtIR i IiiuioI 1l1i1 lit lit i 'I lie Atitl \ TheiiituNiii

4.f0 VIS IT FOl Gi~ F FO -l WVAYNIE' PlA N 1.

I stis iri lt'get'i hile itie if the lust iiri'tgi siithll , s " it itis ' 1,1Cs iciuts Ini tnitilia I (I

I lit -lilti fIs tv roituc ( tiils~ sliti lion' floor I vlild l't I thii to 1.111 i :lk Oh i ' Ols thi1k Ill' (ii



ttilit t1(ik ill Colptttol titilts. sitttil iagrois andi lmi -etild It's[ cilipinveit jix. hItI ~t
'rtsict't~l'ls less Comtplexty than the ftill AlEI sl Ilt'trts and local engineering design staff

tttklu it kl~tt ilttk andi Jim lDolle. ]lilt tligel thten gate mie a guided tout of Ire imtpressise robotic
pill hmnill it In~i lit's Mt lilt' tress p'lnt

4.1 ECU Mlanurfactutre.

The F:404 ECUs are assembled uosing resistors of tyspical values msounted otl external pins onl the
modules. The Autontatic rest Equtipmsent (A'11) is used to confirms values which are then soldered down.
covered w ith water-proofing and retested. 'This resting atsd retrimitsg is done with rise FCU in an
ov~en and rhe mtodutles are tested for thermal effects by dutnking the test franses holding the modules
insto cold and hot baths altertiatels.

4.2 ATE units.

I sass set eral typecs xa riants) of ATF in tine orI be itng blit i t F[\pica Ily. they tmakFe oise of a HtP

ttiliiCoktttftt't ih Zll-ritotts bratids of rest ii,..rtrsitilation. 'lfte satne unit% are utsetd to rest ECU
modutltles. mili ECIs attd findi fitlls itl E( Us letirtted for reltair Seseral AVE: utnits were briing put
trlott'v 1i tlic I ''K Ntsv Ani 'itkoi it Jicjkstilie. lskmita.

klpicallv -a faulty mioidule itr F( U' sill shotw a sattiriteil outtputt ott one tor store arsalog aniplifier.
Untris %itl trattsietit ttr ittittittett fatilts. ate ttstallv fotund utsing the thetittal "dltnking"' mthod
metntioned aovcke. Nots-latilt- units, %is ilt coimiprise aboutt halt of all uinits rettrted, are baiter to

4.4 ( 'atcfttl ,lht .16,1.

stit s ik t lo tnt' the s (1t tl ittio )ittuic l ife U', Ntis tat .iptpriettil list ;ir etifitte 'evatiec
itsiitit Ittte *' III IIIIIIIVIII IIIII kIt's t I a1 ,(;,1 1 vut si t oi t 1(,l tttn ti lr, shitti d fil te Lint peril N , sittril st-

tiivtils to tAlmtit Clit stttilit 10i Olits c-pi (lie tk'itst' Allo(1th ltptlsi ttrretstlV beilt
Ctilliitttttd 1use a Ittitti 'its' stititict i(l to PlIi to its ile isoslationt bemsteet tile ctttstrtller tild rtse

test t'iltilsiicttt Stite it te (iL lctil I potle ttt at Ftort Wax-ti stet e, tif le topiniont thsat the
, 'tl b'ii" ' witt li t'd to l1e coitusict suit i'tilie entgitne ats be ULsresputttibilits I lte buffer
boitI vntpttlhilt k mtild be C c t iiiort' iii kilt tit deliie if Pratt antd Whlttit' etrits iisittg t ;F icont-

-I. F(l tRmlialtiliINs
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4.6 EUl lester for 0) antd I Levels.

GE hits proposed several test instruments for use with the [CU. One recent proposal was sinmilar to
the NMcAIP AFTA proposal except that it had no connection to the aircraft buts. it Used an Intel
M086 microprocessor bull the processing speed was not fast enough to perform transient tests

typical response time was one second or stower. AFTA would not be abte to itne the aircraft bus to
acquire ECU dlata at a sufficientt rate to perfortm transiettt (tat tests.

A problem toted by GE, but not addressed by the McAIR proposat. was that relating to atternator
failure. In particular, lint Dolle sented keetn to have a power supply to sitoulate and test tlhe
alternator.

The McAlk proposal would redefine the future of AFTA. particularly as the US Navy does not currently
use it at 0-Level. Extra test sequences would need to bie developed jointly by GE and McAIR.

In general, the concensus appeared to be that the McAIR proposal using AFTA was feasible as long as
GE conttributed to the development.

5.0 ATTENDANCE AT AIAA AIRCRAFT SYSTENIS MIEETING.

ttis was a three (lay contferentce organized iointlv by [fie Amtericant Institute of Acroitattis and~

Astonautics (of which I ant a tmemtber), tlse Amterican Itelicopter Society atsd tlte .\nselican Soviets of
E~ngitteering Educvationt. It wkas held at tlte tMarriott Hotel its iOaton Ohtio, fromt 20 to2-Svt8

On the first (lay. I attettded the presetntatiotn of fiv e papers ott Fightte r Ai rc raft Svstettis and thtree
papsers on Propulsiott-Airframe Integrationt as well as the opetning address attd Wrightt titottter-s lecture
sn H-iMAT, fThe HIgI Manoeurable Aircraft Techntology project involved the use of part scalc air-

craft fX-29) to test ttte ttheories involved in sinmulated combat.)

OSn thy- ecotsd (lay. I prenotm two papr r)5. One of)Is iv I I scrote . Blh netlk e x.clt rci'
also attentded tlte pesenttation of four (tler ptapcr-S oil AilCcralt Systent lftiees.t aprii

other topics andt a pantel session ()on [light lestittg As "ell as the conference sesns I also
attettded att es'ettitg paper III t~r PatI Nlc('R go cit at IhC kLIiivrsitV Of I sonl Ibis ape1)r. tilted
"Stretrlting the I intiisof Naltre nd [tcierig'.clealy shossekd I Sr Nlcadv sapproac ii to itl5d

titu andi w~as moos citiramitit. laterf 11t WaVingalon'tt. I %%as :0bl1V tSit ie t)(. tI Vii PllIs10

described by Mavkeatv itt Itis t;ilk

I )tt tie third ta '.v I attrtede the prestttatttn oIf tlve ItaI)cIs Ott ft.tire priiievis M1101 \ itoe hatL1 geic

funtdedl by lie D~efense Adlr;tttved Research lrtojects Agirv (DlARPA).

Alter ttte contference- I spettt somte ine at lie- tearby U SAF Aircraft Nlttstttt

5.1 NASA F404 Control P'rouposal.

In a prisate conversattott after litc r-isott ott the secottd day. Inking wltti tswe htalt both git cit
piapter'. WIF FI[attkl Btirrltatt Mh NASA I rvdeit ittdicated that tte \ktitltt like to [rits a iilltltit olttil v
pritgrait tot a IFtlt Aulttrit IDigititl Etigitie fntrtillcr I1AIAIi t r -4 1 f-tO0ttttt igite lie stiggett-ul

Cl: pis at least ot tips-rator oif this eitgite woutfld be ncetsi for a Niablle prol-t lie 'cait
(1Io) rtgttti tedi 1  NI M 111V~ ti i [l0l ettittesctf in ilit I-I 5 fttvlt ittvtist-t NA\SA. lISAIS
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a ald rtt& \VhiftoeV) 5v5 5cr %- Successful :
*somec figures (such ats acceleration) imiproved up to 15I
- diagnostics and reliability were miuch improved:
- production of the resulting Digital Electonic Engine Control (D)ELC) is now under way:
- there was a possibility of adding control interaction with the flignt control.

(ii) F404-GE-400 engine will not show an equivalert improvenment because:
F 404 engine is trimmed closer to surge line:
F 404 engine control is currently more reliable;
F 404 engine is less prone to flame-out and other problems encountered with the F100 engine.

(iii) GE has not agreed with the NASA proposal yet but has shown signs of increased interest. NASA
already has an F-18 available at the Dryden base.

(iv) US Navy is currently not very interested. (On later visit to US Naval Air Systems Command I
confirmted this point: in fact representatives seemed positively disinterested: see later.1

5.2 Overall Impression.

I noted an overall trend in the papers presented to regard the engine pits its intake and nozzle aF
a single unit and somne favoured controliing this unit front the airframe coniputer. Core engines niav
eithter-

have on- board control systemli withI external "Utinnt" sign ta, o 0
-have engine software miovedf to the remnote airfratme c'-niputcr (this is trmed Propulsionl ('in-

Other control arratigenients proposed includfed the tise of ,subset of integrated control %%hIere the
flight control passes reqtests to the propukin control, and the ttse of deflecting itozzles as a
flight control element. Work was described on se'eral configurations with canards and tnozzles coil-
tributing to pitch coittrol. A DARPA study showed use of a deflecting tnozzle shottld provide
int))rovette tits in saW contlru e~s))cialls it sub-sonic "dogfights".

6.0 VISIT TO \VRI(IFII-I'A'rEIRSON AFB.

%IVy cotitact at Wrigh t Fir Id was ILester Small. Lenster e plai ned the tUSA F niomentclatu re "ssettt in wlIch
tile I 300-strotig Air Force Wright Aeronautical L~aboratcories (AFWAI.) has A viotlics. Mater ials. Flighit
lDvnamtics and a 351-strong Arro Propulsion (PO) divisions. 1(0 is further divided i. to 'uirhitte Lngine
(POI). Ratnijet. Power anid Fucls atid Luibricants sections. The 1.30-person I'Ml is divided ittto I'erfor-
itiancn(P0 IA). Adsariteeld Ivvelispititt(POIPI . Research (POFX) and Cotit ouchts (1101C It ba ucles.
Lester's Conitrol groutp. alonig with T[urbines atnd Atugniented Combtustion groups. l(irms tlte Coimponenuts
Biranchi. wh ichi is dfesignated AFWAI JPOIC.

It sooni becatile apparet thfat a Itigh percentage of the woirk being fianlrtd bY Lestecs grtuttp is doine
by external conttractors. [lie group appeared to have five enigineers bitt dlid alitost all of its work
liy lettinig contracts to variuus [I.S firts andi consortia. A wide ranpe of pirojects were itietiioned.
with a nmajor cuir rent area of emtphasi s beinig the definition of file for in of seconid geniteatioti digital
enigine riutitols. anld thle dev'elopmntit oh Flight/Proptilsioti ititegratioti ciuttruil lasks antI at liireccuie.
As well. thle pruip sins a rule fin ideiitifving aiid intitiating iitvestigationts out rietitgup coliitu
teclintultuii ftor ltuitc-tt' iii appllicatitots. thc fittle-scale here exten-uding t' the test century\'

Lester uhefitie a first gceirutiti digitatl ctontrtol as tite cuimparablfe ithi liat deselopced tic thle
1:-100111 etine lroptusd lur Ile F120) aircraft, Anthfer first peneratioti tutu, tie IFI (X)220) I E is
actually a sitigle chantnuel kk\I( i stl htvdro-tiechaiiica-l backup anid Lester worked ott thle defintitiotn of
th fturn of tism tuittiolii ill 1(73 A. link betweeni this andIl tile Fi'Ilight C onitrol Svstetii was,



lp.opovk in 1971/;71. NASAscesthis linik as heing able to moiC the I'n operating lite tip and dowAn.

A eodgeneration controller wvould thus be all electric. have no mechanical backup (e.g. PW2OJ7).
be redundant, use fly-by-wire technology and have "digital -geared peripherals' such as simpler fuel
pumips and shared hydraulics.

[he flight-engine control integration subject enconmpasses combat roles and control logic for
canards, nozzles and wing surfaces and includes architecture, fault tolerance and maintainability
issues.

The final form of the digital engine controller and the means to implement control integration are
both expected to beconme clear over the next ten years. One reason for the relatively slow progress
towards implementation is the required amount of interchange across existing boundaries: the divid-
ing tine between engine and airframte. which is still quite strong, will need to be relaxed. The
longer ternt aim is to double the thrust/weight capability of turbine engines by the turn of the cen-
tury. This Would require both hotter and lighter engitnes.

6s.1 INTERFACEK.

Trhe INTEgrated Reliable sAtilt-tolerant Control for Engines program aimrs to develop and bench test a
second getteration AEAItC that )trovides a substantial inmprovenment in reliability. nmaintainability and
integration capahility. [Note that it imtprovement in performance was assunmed but not expressed.l
T his will require betweetn USS3 anti 4 million per year (1985-88) of 6.3* fundiisg ftom the US$50 to 70
mttilliott spent t ach It ar ois engi ne con trot researcht and development iii the USA. 1US$ 10 to 20 ittill ion
tof this total is spent in advantced R and D): the rest is largely applied to itear-terns probleti sols -
ittig.I

I lte apptdxtch tto he tioed itt IN I FRFtACF ittvohs

- Sltudies Ol thle citti l-'IM1 1 ratilt rad t I
- I etiled dcsi'_tt mid fiblriettiots:
tExtettsis etnch h~in totghr:
3) ltilt tiletatice.
hit ltarihts r mrer'liil'ilits ant tttaitttaimt.'ility,
C)1 hIn hCon sttrtl iticetlattiont
(1) Vsteitt itti ittinabi lil.
Stilti are sitiulatita:

Filit oninei aittts lit,
Isso teattis are itiolsed tittilr this roitrct:

A. ( IltI (iI)I v vnae nd IA(S )1Ii tigi igiotsti d I iilraper lals ((tii dance atid Ccii-o
rinummmfaciurer,. of the Apollos gtuidattce)

BI. Pratt and \Vltev 11Uniiteid techitologies), Hlaimilton Standard (U.1nited Technologies). and
Not thrup

It 1i htitinii ritot Ads itird lDerehoptstettt U SA research fuiinig is alsot pros ied
is ititit cateroisiits 0.1 K lsi Rescin-au 6,2 Applieid Res-aut. amud 6.A igineiing
I It's t'hi ihl'i



Tearn B is using a tow-bypass vers ion of tile F 100 engine calIled Ithe PWI 120. The system nraintalinaibil-
ity specification requires the contractors to identify faults to single Line Replacable Units (LRU)
and to replace that LRU without recalibration of the system. The layout of the system (all done in
simulation) comprises thre FADEC interactiitg with a real-tinme simulation of the engine, the flight
model. conmprising a real-time aircraft model, and pilot input, all connected via a token-passing
ring network.

6.2 Missile/Drone Controls.

For drones and missiles using low-cost expendable engines, the cost of the engine control can be a
significant portion of the "throw-away" cost; eg. the Williams F107 (700 pounds thrust) in the
cruise missile costs USS 100k/engine of which US$25k is for the control. Snialler engines such as the
200-pound Teledyne engine in the Harpoon show that the control system absorbs an even greater pro-
portion of the total unit cost. Two US$700k contracts have been let to Willianms and Teledyne to
produce low cost generic control systenms which should cost about US$2000/engine. The controls will
trot use redundancy. will use simplified sensors and will not be nian-rated (i.e. trot suitable for
bigger engines). TFie running rests are scheduled for late 1998.

6.3 DMICS.

[Iris prograri being a 1983 to 198 0 project ol (designi nretltod for tntegratedl Control Svstenrs. -was

nearly finished at the iitire of ii %isit. It was runi wit I two rearurs:
A. Nortlrrrip/GE/SCT_
It. General Dvnarics/l'ratt arid Vh itrcv/ Honeywell

In each case the first contractor was responrsible for the airfratre irodiel. tire second for tire engine
rmodel anid te thtirdl for tire conitrolis

The: project was pnurely inals-rical - irrvrnlviar rratirvritical mrodels arnd mirirlatiorts. intcluditng:
- ftill] non-linear tirerniodvrrairic engine rirrdel lI lese. onte frorr each tearm. are prohabiv tlire

mrost esterisise clirsirie irriic Is ever prnd riced .]
in ear poin mi odelIs develirpeo rising linrear design tools.- and

-sirriple real-tunne nirrIdeis derfioed trrrllr Ite (ter- two.
lire pilot input was Imiportairt iii this proigrarmt. I later tld~ tie liat tire Nortilrrrp/G;iS(tI priogram
invoulvsedui rie fi tire Norrihiilr F/A-i8 prilot flighrt simurlator to close the pilot/miacirit loops I It
appears that somie in tire wr'rk fromt Iris prroject wkill fluow onl into IN*IFRE:A('F and it is horped that
l)NII S will lead to at flighit test %ciile III [lie I90

6.4 i'SC.

The Performnirce Seek inrg Cotrtol program is a1 crtuse (riot rtuarrocu sue) option . It is a jorint
(&/Northrup~ progairt indl rises art AdIaliie tIrir Conrrtrol cunicept. Real-timre mnodels of thre enigirne aind

airfiarrie are used to rietire tire optimutmni cruise pont i.e. miinimiize filel flow for a set airspreed.-
This tray lead to a. ruissile 2 tin 5'! iuthrocrteurt in range for rut increase ii irardware.
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6.5 ICLE.

Thiis is a 2.5 year programn onl Integraited C0on11ot L~aw Evaluation proposed for commencement in the
(US) Spring of 1987. It is in four partls

I . system analysis
2. bench test hardware
3. test hardware/software issues
4. analysis.

7.0 VISIT TO NRCC OTTAWA.

My contact for this one day viait to the National Research Council of Canada's Division of Mechani-
cal Engineering was arranged through Don Rudlitski. Head of the Engine Laboratory, who serves on a
TTCP panel [HIAG8 now HTP71 with Denis Frith ofARL. During the morning of nty visit. Don arranged a
briefing on work done by the group. After lunch, he condutcted nie and a visitot fronm the Greek Air-
force (on a two week AGARD assignment: lie arrived the sanme day) onl a tour of the facilities. T his
was followed by a mneeting with Roland Gagne of the Systems Laboratory who is hoping to create a
real-time model of a T56 engine and later extend this to the [404 entgine.

7.1 NRCC Briefing.

Thte miorning briefing was conducted by Don. tivo itbers of his staff and Capt. J. lienrs' of ithe

Department of National Detence (I)NI). for the beniefit of both visitors. I comtmienced by asking Don
for the names of contacts at Leigh Instruments aitd DND regarding Crash Position Indicator, which mnay
feature in Ken Fraser's proposed visit it April 1987. 1 left several cards withs Don for forwarding
to Leigh and DND. D~on indicated thtat NRC(' was unlikely to be interested and Bill Mc~fillant of DNfJ.
who would htav'e beetn inuteres ted. has, been pofttd an it) il ovn %,ryer soon.

Ithen gave a run -down on initformsation I fiat) so fair gathlered oln in trip. ThIiis :neludedj
- proposal to use AFTA ftr data collection and eitgiine dfiagitostics Isce section 31:

- GE Fort Wavite feelittgtltat a box simnilar to At:FA would be usable but would be inttrosetl siith

the addition otf alternator test fuitytions iand ain itnternsal analog-digital converter for con-
niectiont -ia fixed buffet six ontte lengcie section .1, atnd
UISAF's DNI ICS liograinti itli F-IM1 moixlls [see( sctlions () antd It1

Don indi~icated that )ND I d lnt)tit proceeded anNtu furl wCrsithi ( AS.( PS propissall foe the des eloltisett of a
1:404 ECUJ diagnostic unit aiid were unlikely to doi o without spiecific requtiriteirts beinig raised. Ilie
also said that DNDI felt thsat its cii en t invyen tory of F44 ECts I alout 351 was li kely to bie sulli-
cient. with lower thtan expected ECU faults andt the ielatisclv short tinie reuired for repair aitd
testing of rentoved urnits thirughs GE Foirt Wayne.-

Capt Jist Henry of DNI). whit is doing a Masters thesis oit work at NR('(. described his work onl analys-
ing IEC(MS engine dfata . tie said lie tried tio:

- establish pirecision and repeatibility of) ll.tNIS ituta:
inrvestigate mtethtodts lfietitg tisinig dvuiaii (trarisieiith datma.

'This was (toite by:
I opaio of IIECMS data %kith N RC( trst cell daita. [Note that NRC'( test cell has extra

ptrobes including those toi rllow eta ote tteaiee it c bill neefirtr fuel flow . not ireasunred
duiring flight . Ilhere was a bias difference isetween somne N R( 'and IY('MS data le g . It. 10)
bitt after a bias tuirectionti echnuiue svs ipplieid. iiu'cisinii of setisors. etc. appear cmn-
pairale,

2. iAirboiriie usisttINit jiii t if I nithtulil Iu1iti Ic~ t'tltgiatti ULIP



fie used laboratory results to help to define the airborne engine data precision and compared this
experimental estimate with the measured errors. In order to analyse only data relating to rapid
accelerations. (where engine response is not dependent on pilot rate of power lever movement) the
method ignores all data where the nozzle did not close and then re-open when recording started as
the engine reached the Military Power level [Mil-Poweri. Using this technique. lie has obtained a
matrix of data plots for 5 to 30 degrees Celsius inlet temperature. He had reached no conclusions
relating to P0 or TI. For the same engine, fuel flows were consistent to within ±2% and N 1/N 2 to
within ±0.5%. He indicated that he was unable at present to reject any of these matrix pairs.

During the data collection a High Pressure Compressor [HPC] fatlt was found and repaired. Two sets
of data had been collected before the repair and four after but. comparison of the two "before" data
sets revealed that an engine change had occurred. This leaves only one data set before the event
and four after. Jim advised that he knew, via Denis Frith. of work being done on IECMS data by
Peter Frith. Tony Runacres and Graeme Merrington of ARL. He also noted that NRCC has developed its
own steady state F404 engine model (based on NRCC test cell data) as well as using the GE-supplied
engine acceptance data.

Major Bruce Cossar of DND spoke to me by telephone and explained that he was unable to attend NRCC
to meet me due to being involved in the acceptance testing of some new equipment. He indicated that
DND would be interested in looking at a proposal for an F404 ECU tester but was unlikely, at the
moment. to initiate a request for such a proposal. I promised to send him a c,,-, of my visit
report.

7.2 Tour of NRCC.

I was shown test facilities and data acquisition systems in the Engines laboratory. These included
the T56 engine rig, the F404 engine test stand. PDPI 1/34 based data acquistion systems and a new
MicroVAX data processing systeni.

T56.

A water cooled brake dynamometer was connected to the T56 engine which was lully instrumented.
Pressures and temperatures were piped down to the control room to the scanivalses and data acquisi-
tion system. A current problem concerns control of the T50 (nominally a fixed speed engine) at
speeds different from the design speed. A modified fuel controller with more range of adjistnicnt
is to be tried.

F4 04.

This test stand is being modified to add hydraulic repositioning o the thrust cradle and to use
thrust flexures suitable for both compressions and tension. NRC( has added to the (E procedures for
the F404 engine: these extras include improved measurement of fuel flow. Fuel flow to the total
engine is redundantly measured and the fuel to core engine is diverted to an olf-engiie measiring
circuit comprising a temperature sensor, two flow meters and another temperature sensor before com-
ing back oil engine. A couple of the signals on J61 are also used but neither of these is Ni (see
section 41-

Data Acquisition.

The test cell systems rln RTI I (Version 5.3 at the tiiiie of iiv viit) and are b'ing (andirdi/ed to
include NEFF signal conditioning equipuent.

Data coinparison was being carried out by a new Nici oVAX witl VT2,II and Visual 2310 Icrniiial and
lIP7550 plotter. thernet (to tun. under lE1cl) w,,as being insilled betw5t'in til' tMiriuVAX and tile

lest cells and po,;sibly also to lie PI' 1/55 in lilt site On cotuter crirc tuu h netsorkiing to tie ite
113M miainfranie. A l'I)l'I 1/55 running RSX ,.as in ust oii a iotor Ixlanuc ri.
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Stewart Hughes instrumentation is being acqtuired for vibration work [person working onl this was
already n a to MPG conference. see later sectiont. This is likely to be vised onl ship turbines
for the Canadian Navy.

7.3 Artifliil Intelligence. [All

Doti noted that Rolls Royce was already using Al onl Adonr and R-B199 engines for vibration analysis.
NRCC will try using an expert systenm for the rotor- balance rig which requires operator expertise to
set up and select correct transducers.

7.4 Modelling.

Roland Gagn6 of Systens Lab showed me the new AD10O array processor which was on a VAX at that stage
but was to be moved to a MicroVAX. He noted that the other contender for this work was anr FAl Sim-
star which was rejected on cost. The ADIOO has 5 processors and provides high level systemns calls
to solve differential equations and similar problems. Roland slhowed tie thre proposed modelling
arrangement which uses NRCC data (as look-up tables plus linecar imerpolaiion) for romomessor rnaps.
etc. Tite p5oi~ol working on this pnoject took up another position soon after starting and this may
delay this project. IARL is not alone it having problents attracting people in tire control/mnodelling
field.) Roland was currently writing routines to allow existing ACSL progranis to bie used on the
ADIOO. [Note: .ACSI. is a registered trademark for a "Simulatiotn Laiguage' written for mtaiinfranie
conspiters.

8.0 VISIT i1) GE LYNN.

A major presentition was~ 11dc(j bs I ;E on [Ie tollowing topics:
I- [CU Cable Swappiiig Ilariits,:

F-0- l'OI oitilitvs ter.
D~epot lester (AlE I

- E(U Reliabilityv Rvcci'i
Craig lster. Australian NAVI'R( QA Offlicer. was present and GiE was representedl by Eric S it phr
Ray (irady. E-d Jeffrey. Johii WelchI a nd William Anderson. llob rant and Phil ii earplros led thle F404
field maintenan~ce reports. ohn Smith. the local Australian TFPO( officer, wvas unlav ailable apart
front a brief meeting oln is arrival.

8.) ECU Swapping llarls.

iThis is a set oflonug cables wh lichi allows lie [('11 oit one enigiie to liiiictiioi ils lie [1(IT1 for thre other
Cooling is Still providedI 1s. lie( rii1giie oil which flie ECUI is uuoliiuutd Somue rals Eletrical Hield
Interference ([Ill) vith [his miiaugrent has beeni oervisiie Is chanlges to the cakble screening.

f There is a icinflict luetwscri cable c;ilu a iuce 'Inid rublc sclee liit nicikes it dilhiilt to cst~ib-
list) tIle correct is %(I oh qscteuiuu I I iuulst-iid that Aostriliji his nor ils -c to order thlis
uonit. Anunex A ilsim drsil testcr opionus furtheri
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8.2 F404 Continuity Tester.

GE originally propc'ed a two-part tester for the electrical components on the F404 engine. The
mock-up of the ECU tester was reJected because of perceived problems with size and ergonomics. [Tle
US Navy has a 30 pound (14 kilogram) limit on individual pieces for O-Level equivmenz.] As well as
being a "big yellow box", this tester had a very large number of knobs and dlals. However. the
second rai f ahis proposal did piocccd and the "Continuity Tester " was produced. The Continuity
Tester tests harnesses and other electrical components on the engine and can detect open or shorcd
sensors. etc. It can perform only very rudimentary testing in the ECU itself. The current US Navy
version of this tester is rated for full O-Level environment and has no connection for the ECU. A
more complicated model [which may be available in a cheaper non-military environment version] ¢! ll
under test at GE would add connection to the J61 connector and enable some detection of ECU errors.
The extra fault trees for that testing have yet to be developed but the hardware prototype is being
tested. Ed Jeffrey noted that a problem with the AFTA approach (McAIR) is that the engine is nor-
mally serviced in USA by mechanics and not avionics personnel.

8.3 Depot Tester ATE.

The US Navy has decided to purchase two ECU ATE units. The first is currently being made for
Jacksonville Naval Air Station for 1988-89 delivery, and the second ha- been deli'-.. i to Nrrth
Island Naval Air Station (San Diego) in California. The GE proposal to the Spanish Air Force for
F404 engine ground support includes an ATE for the test stand. Since this Spanish proposal is under
the Foreign Military Sales (FMS) agreement, it would be possible for Australia to also order an ATE
under FMS. This would reduce the price significantly relative to the last GE quotation to the IVALF
for an ATE. Further reductions may be possible if the environmental chamber was manufactured in
Australia to GE drawings and GE used sone of their offset obligations on this project. Annex A
discusses the ECI tester proposals in delail.

8.4 ECU Reliabity Record.

GE presented me with some tables2
3

.
24 

Otl ECU removal rates. Again representatives noted that ihe
high removal rates are due to the ease of removal of the ECU, the dependence of other engine compo-
nents on the ECU for correct operation anad lie lack of an on-engine ECU tester.

8.5 Other Talks at GE.

I briefly discussed the controller fr T700 engine wi:h Pa,d Misoda. and arranged contacts for Ken
Fraser's proposed visit to discuss maoers relating to the Black Hawk helicopter. Craig L.itster
noted a lack of communication to him front ARt., lie offered to help with any future visits to Lvnn.

9.0 ATTENDANCE AT 41ST MFPG CONFERENCE.

I drove from Washington to attend tie last morning o tlie three (lay meeting organized by the Mechan-
ical Failure Prevention G;roup. This was Ihe grotip's 41st meeting and was held at tile Nasal Air
Station at Paluxent River Maryland 'Ilte MFP(; meeting is sponsored by the US National Bureau of
Standards. Oflice of Naval Research and Army Materials l'echnoiogy I.aboratory in cooperation sith the
Aierican HeIlicopter Society.

I arrived slightly late due to Italfic problenis bitt sta. able to listen to the last ha! o a talk Iv
Derek Astridge. then ot Westlaid llclicoplcrs I noted that lie had nmade considerable use ot heli-
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copter gear vibration data collected in Australia. The following two papers by Paul Howard of
Tedeco and Ron Stewart of Stewart Hughes [UKI related to helicopter monitoring equipment and again
work done at ARL was mentioned. I then presented a paper written by Cec King and Ken Fraser. This
paper covered a wide range of work in helicopter monitoring done at ARL by the authors, Neil Swans-
son, Shane Favaloro. Max Atkin. Peter McFadden. Ray Krieser and others. This paper was extremely
well received, particularly the part describing the work done by Peter McFadden on Wessex gear
vibration analysis. Many people asked for copies of the reference list and the conference organizer
Larry Mertaugh had a number of copies made and distributed. During question time. one engineer com-
plimented Peter for the papers he has published in this field and described his own application of
the ARL methods in factories. A list of people who asked for further details is included in the
list of contacts [Sect. 18]. It includes two senior engineers from United Technologies Sikorsky
Aircraft. The presentation at this meeting has been followed up by visits of :ore senior staff f:-nm
ARL to Sikorsky.

Neil Swansson from ARL and Lincoln Wood of RMIT, who were both on USA attachments at the time, were
present at this conference along with staff representatives of the Australian Embassy, Washington,
including the RAN representative. The support during question time was much appreciated. Lincoln
Wood. who was on attachment to Sikorsky Engineering, sent Ken Fraser ofARL a facsimile on 3-Nov-86
in which he said, referring to this conference: "The ARL paper was very well received and generated
a lot of interest with regards to signal processing. You may be interested to know that, in ny
assessment, ARL appears to be further advanced in condition monitoring than any US group represented
at Maryland. Of course, the Westland/Stewart-Hughes group was way out in front."

After lunch the conference organizers had arranged a tour of NATC. Unfortunately. I had to move on
to my next appointment, which was with the McDonnc: Aircraft representatives at NATC.

10.0 VISIT TO MCDONNELL AIRCRAFr REPRESENTATIVES [NATC].

The main contact for this meeting was supposed to be Steve Kapinos. He, and most of his colleagues.
were unavailable due to attendance at the funeral of a pilot killed in the crash of a F-18 several
days earlier. I was able to talk in general terms with Larry Thomas and gained an impression that
they would have been unlikely to have been able to contribute much additional information about tise
F404 Engine Control Units.

It was the only time on the whole trip that prior arrangements made were not carried out and the
reason was beyond criticism. I much appreciate the effort Larry made to talk with me in the circum-
stances.

11.0 VISIT TO NAVAL AIR SYSTEMS COMMAND WASHINGTON.

Both this visit and the following one were to buildings in the same group as my Motel in Washington.
At Naval Air Systems Command [NAVAIR or NASCI my contact was John ('arvcl . I brieted John onl the
purpose of my visit and oil discussions held so far. We then discussed several aspects ol engine
control.
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11.1 Possible Future Digital Controllers for F404.

John said GE had made several proposals for digital controllers for the F404. Only the proposal
referred to as the Digital Engine Control Unit [DECU] had been funded so far and the decision not to
proceed further with this had probably made other proposals more difficult to fund. The latest GE
proposal, referred to as DEEC/F404. was raised 6 to 9 months prior to my visit. This proposal aims
to:

use the latest surface mount technology:
reduce the price of the ECU by 50%;
provide a digital controller with the same form and function as the existing ECU:
save approx 3 pounds [1.4 kg] it weight; and
use the T700 proposal [see below] as its technology base.

The DEEC/F404 proposal has not been funded and could take over two years to convert into hardware
after acceptance. John seemed to think that upgrade of the F404-400 ECU was unlikely except as part
of a general engine upgrade some time in the future. He noted that the Advaaced F- 18 project was in
"moth-balls".

[Note that the DECU used in the F404-100 and RMI2 is not a direct replacement for the ECU in the
F404-400. It was designed for single engine installations such as in the F-20 and Gripen (Griffon)
aircraft. Several actuators and some engine components would need to be changed on the F404-400 to

use this controller.]

11.2 Other DEECs on Related Engines.

A DEEC is being designed for F 110 evaluation and a DEEC is being built for the T700 engine and is
likely to be available within two years [to improve the competitiveness of the T700 with the RTM322
engine from Rolls Royce and TurboMeca which was designed with digital control].

11.3 Other DEECs.

The first Pegasus F402-RR-404 ergine proposed for the AV8B Harrier upgrade had just been delivered.
This engine uses a two-channel DEEC with mechanical backup. Each DEEC has a built-in fault diag-
nosis system to keep track of all faults which occur in flight. It uses tiltra ViIct erasable
Programmable Read Only Memory (PROM or UVPROM) based software to allow software revision
without hardware changes. [Take lid off box and change PROMs; top board visible has actuator PROMs
etc. while the next board (rest of PROMs) is accessible by lifting the top board on its flexible
connections: i.e. do NOT need to disconnect any boards to change software.]

11.4 Burn-In on F404 ECU.

US Navy is asking GE to burn-in ("shake and bake" test) ECU before shipping. GE is currently seek-
ing to amend this proposal in some repects. most notably by requesting that time spent in setup
procedures be counted as burn-in time.

This raises the question as to whether Australian ECIs are to receive the burn-in treatment.
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12.0 VISIT TO AUSTRALIAN F18 PROJECT OFFICE (TFPO WASHINGTON).

In the afternoon. I had a short visit to the Australian FA-18 Project Office [originally called the
Tactical Fighter Project Office and still using the abbreviation TFPO]. where my contact was WGCDR
R.P. (Dick) Hedges. I advised Dick on the purpose of my visit and the progress so far and left
copies of the new McAIR AFTA proposal [Section 3 and Annex A] and some details of GE reliability
data [Section 8]. He was unable to advise whether the GE Continuity Tester [Section 8] had actually
been ordered. Suggested I ring John Smith (TFPO at GE Lynn) regarding this and advising him that GE
appears to have a better proposal for a test stand in mind.

13.0 VISIT TO NAVAL AIR PROPULSION CENTER.

The Naval Air Propulsion Center is at Trenton. one of the three cities which make the TRI-CITY of
Trenton-Philadephia-Wilmington. Of all the establishments I visited, this was the closest style of
establishment to Propulsion Branch at ARL.

My main contact here was Russell W. (Russ) Vizzini, Program Manager Advanced Engine Control Sys-
tems. Russ presented me with a folder of information on the subject of engine control research
being done in-house or externally with NAPC funding. Engine control research was discussed in the
light of the other information I had collected on this subject.

The presentation from Russ covered the background to the engine control field and various projects
which NAPC were invo;ved in.

13.1 Background to Turbine Engine Control.

In the 1950s and 1960s. turbine engines such as the TF30. used hydromechanical control with tempera-
ture limiting. During the 1970s engines such as the FI00 and F404 retained the hydromechanical
control but added electronic trim. Newer designs now use electronic control with hydromechanical
backup. In the 1990s. advanced engine controls will use dual path or "fail operational" electronic
controls. This will be followed by multi-path integrated propulsion/airframe control with such
technologies as "fly-by-wire". "fly-by-light" and optical sensors.

The dual channel control systems will reduce mission abort rates even without added reliability.
Current flight systems show much lower abort rates than engine systems (o. With fully redundant
engine controls, it should be possible to increase the Mean Time Between Failure from about 100
engine hours to 500 hours and at the same time reduce the mission abort rate front over 1000 to I per
million flight hours. [This occurs because the probability of two failures occurring is the product

of the probability of each failure: if this probability is small. then its square is

infinitesimal.]

NAPC sees the trend as towards an "integrated system architecture" where aircraft systems such as
the Electronic Flight Control. Diagnostic Data System, Electrical Power Supply and Hydraulic Power
Supply all interact with the engine sub-systems such as the Electronic Eligine Control. Fuel System
and Direct Drive Actuators.

13.2 Navy Control System Technology Programs.

Russ described six NAPC advanced propulsion control system programs and an engine monitoring pro-
grain. Tlhese wete:

I F100 FADIC Certification completed in 1985
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2 Advanced Fuel Management (AFM). a four year program completed 198-:
3 A program on Analytic RedundancyTechnology for Engine Reliability Improvement (ARrERI)

which should complete the three-year development phase in 1987; a follow-on program will
test and demonstrate the improvements achieved:

4 A major long term program on Fiber Optic Control System Integration (FOCSI) which is a
joint project with DOD and NASA to demonstrate "fly-by-light" and for which only a single
year (1987) contract had then been funded;

5 A Fibre Optic Sensor for Turbine Inlet (FOSTI) temperatures was to be the subject of a two
year front 1986 contract:

6 Multimission Engine Control for Aircraft (MECA) which is another joint project, this time
with NWC. and was about to start; and

7 EMS which is a proposal to extend existing F- 15 Engine Monitoring System technology to suit
the F-18.

F100 FADEC Certification.

Pratt and Whitney had been contracted to arrange the certification of the Full Authority Digital
Engine Control (FADEC) for the FI00 engine. This project had been successfully completed before my
visit.

AFM Program.

The Advanced Fuel Management program had already been completed by Pratt and Whitney. This program
involved the examination of the hardware needed by :ccond generation digital engine controls and the
contract involved installation of redundant electronics and sensors, advanced actuators and pumps on
the Joint Technology Demonstrator Engine (JIDE). Arrangements considered included the use of twin
centrifugal fuel pumps. redundant actuators comprising direct drive valves and tandem rams. dual
hydraulic systems, redundant sensor sets and dual/dual electronic computers,. liipro,,enlents in the
fuel and hydraulic pumps saved more mass than that taken tip by the redundant electronics and sensors
allowing an overall mass saving while improving reliability, durability, maintainability, and cost.
Operability was also improved since the FADEC offered improved response for better transient opera-
tion and more precise steady state operation, A future extension of this project mav look at
further increases in hydraulic pressures (to say 8000 psi) to further reduce hydraulic s,,stut i5a5s.

ARTERI.

Like AFM, the program on Analytic Redundancy Technology for Engine Reliability Impro'cment (ARTERI)
was to use the JTDE for the follow-on evaluation phase. The development, for which General Electric
is the prime contractor, uses the (iE23 Variable Cycle Engine and completion was expected in 1987.
The aiis was to design aii analytically redundant control engine system which should be fault tolerant
and capable of accoiniiodaling a single sensor, electronics or actuator fault throughout the engine
operating envelope. In tile ARTERI concept, tile controller includes a real-time model of tire
engine/controller system and uses component tracking and failure detection fiters to keep track of
a Slt e r 7. 'tualors, etc.

FOCSI.

The Fiber Optic (ontrol System Integration (IOCSI) project involves GE, P&W. BMAC and McAIR as con-
tractors. It aims to design. fabricate and test a totally integrated fibre-optic propulsion/flight
control systeti for application lo advanced rilitry aircraft. FOCSI is a joint project involving
NASA. USN. (IS Army and IJSAF itt four phases I)esign Study: Design Fabrication: Etingie lest and
Flight Test. It is hoped that the flight test will take place its I995.

()e of the onsiderations is the localion of the engine control: three options include an (it iengiine
FADE(*. in of-engine IAI)I(" using optical itterctollaectioni and for comparison. ain off-cisgine FAI)-U
using wile rable flue te llhtrd iass of wile cattles cleatlv shows that tire last option is ntr
realisable and liows a catting ntass advantage lr thle irst optuot which has been selected for the
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initial flight rest. A major portion (It th is program inmol yes [Ire developmientr of fibre-optic corn pa-
tible seirsors arid acirirtois -

FOSTI.

*rhe Fiber Optic Turbine inlet 'eniperature Measurement Systrtt program (FOSTI) is separate fromt FOCSI
since it involves the commercialization of technology developed in-house at NAPC. The probes tise a
metal filnm on the end of a ceramtic walled sapphire fibre to detect temperaturei this has then to be
joined to standard silica fibres aitd pass through a muttltiplexer to the conditioning unit. Initial
testing will rise sis probes arratnged around a inattiral gas burner. Allison Gas Tuirbitres (AGT) is
expectedi to be the contracltr.

NIECA Program.

Multiminsion Engine Control for Aircraft (MECA) is another joint Na-vy project and aims to conceptu-
ally design an -fn')re control sv'stern for Nasy mirltiriision fighter/attack aircraft. It was expected
that Allison and GE would run parallel prograiris.

ENIS Options.

FEach of the progranms nmentioned above concentrate on facets of tire design of the nest generation
digital engine controls, and the integration of these controls with other aspects of thle aircraft
control. The FOCS! prcgram inclunden a look at Engine Monitoring Systems (EMS) as a concept. EMS is
aiso being studnied as part of a plan to upgrade the F/A-IS Iriflight Eingine Conrdition iortitoririg Sss-
tern IILCMS). With FADEC systets iusitng tmo or rmore separate 'controllers' for redundancv. EMS cart be
built into the svsteri as a separate rrcessor i ri eachI redund iranrrt coiltrollIer. a separate Job Iii eachI
controller or ats a sepa rate processor conrircred it o I corutrollers

13.3 Helicopter Monitoring.

Jirt O'DIonntell discussed at poiNNle Iiiriuoiinir ra4 irr ol [S N ',Ifi Nia Kini Irlis'picns I caedet:irl'
of ARI. workon traitstios:or utonirorirg ot the ',k50)Sr-a Kinig relic rpirr operated by the R-AN ind irorri-
ised to senrd a copy of the ARI. paper si uhir I prceetterl at thre NI I(i irreetirig. Jimntioted trat eccv
little work bad been) done on the role oif ternperatr rener i in drtec t ing problens Ii Leachoxs
[ Ihis was also mentiotned by Hill Suillivarn of tire Nis.il Air Re~r'; k tazcilitv (NARFE. l'errsicrla. rIn
liscrrssiotrs after Ire MIHP(i rue - at N IU

13.4 F404 Work at NAI'(.

Al Kursh (later jointed briefly Iry [herudoce 1: (led) LI-INase. %iarrager I arFe Vngures and Per in oanct
D~ivision) discussed work dine at NAPC rrr 1:4i.t D uring t-e 1-40i11 ileclirntt Nr\P( ' rer rine test
engines front GEi Lynt n andr NA P( perform neud all tests [excrept thorrse reIatn rg tir etniurance] o n t fesc
engines. 10r -ling problemr ar isirng from tire high exhIauist trinperannc 0: I404 has concenit rated high
energy flow) ptreclIudedl long terut testting in exstci ng N AEC test reflIs withoumt ti.dded(f on rg to
stack . Tlhe 1:404 was suibject to ile ru cteting thn niv rrthier rnuire. including

- Altitude test Iii Irerfrn tiir using itnlet ktins inrt uIntake:
Funitctina~l test at cornier poiints run enicelript- r r \lIt lilit at trnrrittum tenrperirre andI

D istrtion trts it ill and
I lngestioni tess C g iii. ands water

NAIC sitnulates altitiudfe b pumnnping thre exliauisttniiuul nrn tr sNuniulitr lrrset ttrtbieirt 10 eNi1r
throrttling tfte Int Iur trn ;IN *irppriliti- .nut irs crrrinulrung tire Intlt ternnlner inn u rising a
numrrber of tecat escrarigecs I lit' (iistu in ttst used Ili fIlet Rndorfm I-reuens(v Geunraitir uleselnper
rs ('it: fur origiunal Bil frinurn11lr engie' 7 
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I isas 'joined at this point h% Barry X'nli~ts. ss ho has pols-tier. conmbustion and aero-dviiant ic experience.
Ie noted that poler. i.e. plastic,. experiecec lelesanlt to Soot lrnationl probleit .1 Barrs dis-

cussed F-104 dci-' atie csiest

1984 DECU Comparison Trests.

thee tstsrana i rct ornparso lb sw P~ itprposd 11k I ad t fen 1: U on C P'1 Kllitpotlelit
I mprosenei Programit) s ersiott of engine. The 1) CCL proved to he not s erv rel able and had somie olier
probleins.

RN112 Derivative for VOLVO Flygmnotor.

This is a derivative of tile F404-100. The -100 and RMI2 ire optimized for single engine instatla-
tions. The RM12 uses a DEEC with a single channel plus backup and has some substitution nmodes. It
ts significantly more expensive thatn the F404-400 version. It has a combat mocde (high T5 setting)
added during the "%hel part of the power range lafieririter on)I.

F404-4001i).

Thiis is a drv (nio alterittriter) 1sers itx tof the 1:41- bei ttg developed to re-eig inte t ite Ao P. It also
uses a special ECU bit this does NOT ttse digital technologv. It needs mtodified schedules sitnce the
nozzle is not adjustible. The A(bE tses a curved exhaust Pipe huit the tent cell to-eS a straight pipe
to keel) the enginte thrust lute itt thte direction i littl nteastil lletlt alotng the test Cell

G;rowth Version.

Barr,, expects ai gi osth %erituln A t[te tttititie to lit, It -loped it t ite I X1.1)81,1 tite0l~m itte td t tizi list
engitne " ill use a FA1)lI(

Beth Grent took nse ott a tour oh itse lest cells eytn I sass the 1114:40 1 bW eintg inistalled iltilie alli-
tilde cell. I toted that the insrtinenatirut being usedl included NFF PC 211 sigtnal cottditioner. as
tised at NRCC. NAPI. also still uses Tektuonis 40l00h high i rsolitiot tittiocliroitte tltsplass it the t-sl

cells.

13.5 F404 ECU Mtainttenance.

I liottis t. %ieta . Ptiogiain NMunage r R-uau tvlailtli l Ciet inc Itiograiu. clusetot-lt-401

I:UI I luailitelluttre I Ittiulis itriiguulo orptnte~ttr piniilinsmi Nus x acionut oit FI user itlit iittis 1i
Motiitit ti lie it ailahlul ir uliscto-ii I lie N~ts s ii' ;iioitsitt;ilc1 Wtil 1:401 ttlines

lihis ltst luiIlilivlit(I sescral pittuls
E levirical (ututitl 1I itt Pail 27-l71Jtl %sa tiuil reiruretl to h\igl li iillerctt
htissi is thi 1CUI, lin' LIA ltLtIlicil ititil niol AseillsIiO( Cnlil Assetuils tHclii

.\llroiailv 1510 OLlts (1iti , his itonemlt ssriv taketi tite ithis lietltodl
Nuinie twits ltais lil)toi list- a1(iouh5  hilt t-sv uuclutileI tlaetrt alter repaii. etc - 'ioh
A large luiuuibrotl Masulai~tti cii.i te t-I 1 Iinia toi ciutissiitlit

I his list tiullil. stlili~ tli(lrule tttttts c(ie 1'tipJe
1 

NTCIsstI tigiutes It'iliaitss tti1s ititlt.
tha th l ' Ntis% tills ai It Ivi-i-I 1 1 lvtiti
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peole wlenI watsi atNAN', Since ny~ ii.ain opru staff exchanges has been taken.

14.0 VISIT TO SYSTEMS CONTROL TECI1NOL')GY.

Systems Control Technology (SCT) is one of a pair of related companies which "spun-off" fromt the
nearby Stanford Research Institute (SRI). The other company Systems Control (SYSCON) is a commer-
cial company now owned by British Petroleum (BP). SCT. as a US military contractor, is now run
separately to SYSCON becauvse of SYSCON 's foreign owners h ip. I SYSCON markets the control design pro-
grant CONTROL, which is a competitor for N4ATIRIX, in tlte design and attalysis of control systemts (see
next section).]

SCT is a company of about 200 people of whom 18%1 have Ph~s. SCJ has been an independent company
since 1981. There are four smain ope-r. ting dis isions. each with about five departments of 5 to 10
people. [These departments include a group working Ii At applications.]I Two of these departmteints
were engaged in work relevant to mty viSit. Thlese w ere Maintenance and Logistic S~ stems departmtet
in the Systetms attd products Division I R. L. De Ihoff is leader. styV contac! was iqi~ii Jellisot ) ati(
hi, Control andi Instrumentation departmetnt of thle ,\dvanced [c Inology Di)vision ( Stephien %I- Rock.

group leader and contatari

14.1 Controls Projects.

NIy first contact was with Stephent Rock ss ho spoke about SfCI work onl engitte controls fe spoke of a
mushiier of lechutology [eiituiistraitors. somieof s Iich (uss bret aled titto id t AIZWAI .or NAI'C

FIOO l)EEC P'rogramu.

thlis very successful prograiti iitvilvcd Ruin De H11,1 lrii lie lickjiti ing anid Ste .tos -u iliw (liid. it
led tut the productioni of lie 1l100-220 5-ngite OIWi Of the li t uttilitat1 s' ruiCis to Itsi detul0 (On-
trol.

Variable CyVcle Engine.

5(A1 %,as ittolved ill 1 in ilittaia nilodellit itt I ;l' . It %TKItl rrl (% I eti c li'ti t]his

svas a dritonstrutiutt iof the( litlii of terlittoloies All lid iii itcpusl t ii this pruijrrt is als'iit tW It
published.

All isn't (;MA200.

SIA Iuipphiet- le logic for Ilndl t ill ill iillr (uhliilc 1,is thiss, ,,1, Iti"id Its I itlitlo Iu itodel
out a hWri intl uitttcte

SC I s; slititgix, iioourd %kili NOtiltuit) Ini 1l11 1111l



Sensor Fault D~etection.

SCT is involved in a computer modelling project with Walter Merrill of NASA Lewis to (]etect 1 100

sensor faults. Steve noted that msodelling errors swamp the mecasurand noise in this project whsichs is
itow on-test at Lewis.

Engine Modelling and Parameter Identirl-ation.

The aim is to produce an improved F404 cycle deck with more accurate compressor and combsler. etc.
paranseters. This is needed if integrated cotntrol is to be demsonstrated. This F404 mtodel also
involves Tim Honing of NAPC and Roger Burton of NATC. It involves largely a refinemsent of paramle-
ter identification techniques: SCT is working with the USN to try to extract transient data fronm
USN test data.

Failure Accommodation.

Steve noted that tile usual mtethod of failure accomimodation used the "Bank of Kalttan Filters"
approach which has proved to be a good technique except for the accomsmodation of a faulty rotor
speed. Typically I I inputs are used for 6 outputs,.

14.2 Eatgine Maintenance.

At this point. Tins Jellison took over the presentation. Tim said that CFMSiv. (developed four yecars
previously by 5cr. was flow the standard USAF maintensance support tool for engines. A new extensiott
of ti s43 is XMAN which is a inenu option on the CEMSiv workstationt XMAN is being implemnssted for
the TF34 engine atid will be ported to the FIOO0-220 next, with the first FIQO demoinstration scheduled
for early 1987 at Nellis AFB.

XMAN currently Isas 57 different alarmss or rule files and Was wvrittien i n-Isou se by SCT ... MII-LISIP. It
is presently deterministic and not a learning or Al program. The text versic:t will add inferences"
with "certainty factors" and learning. The curretnt version has overr 400X decisiotn nodes anc the pro-
totype had been intstalled for field trials thfe week before I )rrived. T[im gaem oie ftl

presentations"' .44 n both CEMSiv atid XMAN and I was able I( see aI demsonstration of the
latest version front Jill Josselyn, one of the authsors. SCI' rcquieted ;I roltv of tle ART,- paper onl
lI)lS52.

15.0 VISIT T0 INTIEGRATED SYSTEMS INC.

Yet another dlerivative of SRI. Integrated Systems Itnc (ISlI markets [lie software package MATRIX,
%,))fel appears to be widely regarded as the bsest conttrosl s'sigt atid attalysis package ott ltfe tiarlet.
My constact at ISI was Andy Mills who is the Director ol Marketing.

Atidys towed life iew sersion '.,l48.9,01 of M AIRIX, runi n tgon VAX statioti 5aid IBMN IX's I le told
tife that ISI was about to deliver a field text version of it I;I.XSi inipletttntatioti to NASA lDrsden lor

Of beta testing, lie estitittr that all ELXSI version "ould] cost about I S$Sk Mitent as ailable. anid
explained that it ran utntder the VAX -VMS enmulator out thte I.XS I wichirI is cal ledI IEMIS. 'I hi rotit's xa

three lait set: C'ompile Timse, Operatintig Set atnd VAX I ti ilutte on lv the ( peuti ting Set part is
u'eedi toi use NIAlIRI X, sitnce aun object file is suupplie'd

(:uurt-'ilv. uttust satles of MIATRI X, are toir (Ise ill thue VA'X ens urolluuutu'u atud Vtl has released its u'
Vcrsionu 6otily fui tle V,\X,-ud VAXstatioti stud ohcourse lot the IA1.1 S I sattd tnt -VAX uuatuuhriiuesA22--



use Versioit 5 and( older ss orkstation prod ucts such ats that for Apollo st1i use Versiot 4. [Tis may
explain the comments atl Boeing about the VAX version being ituch better than the Apollo one! I

I wats most impressed with the workstation and PC s'ersions I do not see that the mainframe versions
canl be Justified for purchase by a customter unless very large and complex systents need to) he

modelled. The AUTOCODE option which writes Fortran 77 or ADA code for the controller designed by
MATRIX, seems like a quick way to eliminate the routine steps front a control design process. [I
have since -arranged att ARL order for an IBM PC and the appropriate version of MATRIX,: funds for
tlte purchase of AUTOCODE by ARt. are being requested during the 1988-9 financial vear.]

16.0 GENERAL IMPRESSIONS.

One of the most impressive aspects of this visit to USA and Canada was the enthusiastic reception I
received wherever I visited.

16.1 Relevance of ARL Work.

I was pleased to discover, both by the reception to the papers I presented and by talks with stfFat other establishments I visited, that work beintg done at ARL is regarded as relevant and of high
standard. It is sometimes diffictult to mtaintain an evetn perspective of local work standards % itent
Australian effort is (in relation to USA) so smtall it this area.

16.2 Trend to Contracting Laboratories.

I noted when discumssintg AFWvAL-/POlC in section 6 thtat titere was anl alnmost comtplete trend to tlte tise
of conltractors to do all tlte researchIt. This tretnd was riot as titiked itt tlte 11 N avy sau stuit
(antd ay of course not be ats notable itt otier sections of AFWAL, attd certainlv tot as it.'lined at
NRCC. While I can see an increased role for contractors is possiblv julstifiedt itt Australia. I was

sotnewltat alarited at tltis trend. Ill jll or tweitty years timte whten the con tracts are to Ion ccc being
spervised by people with)ttte backgrotitd ttf- Lester Small, will Ithe whole systetti collapse?' Sittce to

one it thle laboratory will have relevant experiecte. will the otficers who curreiv aiiaitee the
ptlaceitentt of esternitsl conttracts bie replaced by es -citntractute personn el? In t hat case. w Io will nioit-
itr for contflict of ittterest? Perscn ally. I wotuld httpe that basic researchIt attd a proportiott of

applied researchI and develotpmiet. shmould al ways be dnie in-hs. Io5

16. rend to Inotegramted Control.

lThe tmarked trentd itoted iii O~srsas conttrotl research is towards ilt-giating the engine itto at pioptil-
stoit cotitroil systett intcluidinig lie initake and ittiult' and tent filrther itgrailg (illta t a
Cotmbtined ssstettt witht lte flight Contl. tlhis treitd wats cottirnied ill almtost all1 disciisioNislhl

Ofthere ssaq no uniiormtity itf optiitiont toi tow it could hr donte,
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16.4 Recomnendalions on ECUL Testers.

Detailed (I cuslsion of tile possible test arrangements for the electrical components on the
F404-GE-400 are discussed in i separate Annex. As a result of that discussion. I am recommending
that. subject to sufficient funds being available and the costs being reasonable:

I The General Electric proposal for a "cable continuity" tester be accepted. and

2 The McDonnell Aircraft proposal to extend AFTA to read MSDRS tapes and test the ECU via a
EDAB be seriously considered.

The General Electric proposal for RAAF to acquire an Automatic Test Equipment (ATE). including an
environmental chamber to suit the ECU, is considered unwarranted for the expected number cf ECU
removals and faults in Australia, unless significant cost savings could be made and faults could be
rectified in Australia.

A short seminar discussing information and impressions gained during this overseas visit was given
by the author at ARL on 3-Dec-86.
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17.0 ITINERARY.

I 1-Oct-86 > > 12-Oct-86
Travelling (Week End)

13-Oct-86 Rest day

14-Oct-86 BOEING Flight Controls, Seattle. Washington

15-Oct-86 Travelling

16-Oct-86 McDonnell Aircraft Company. St Louis. Missourfi

17-Oct-86 General Electric Company. Fort Wayne. Indiana

18/lO-Oct-86 Week End

20-Oct-86 > > 23-Oct-86
AIAA/AtIS/ASEE Aircraft Systems Meeting. Dayton. Ohio

[Presented two papers in sessions on 21-Oct-86.J

24-Oct-86 Air Force Wright Aeronautical Laboratories [AFWAI.]
POTC division. Dayton - Ohio

25/26-Oct-86 Travelling and Weekend

217-Oct-86 National Researcht Council of Canada. Ottawa

28-Oct-86 Travclling

29-Oct-86 General Electric River Works. Lynn. Mass.

30-Oct-86 AM:
41Ist M~echanical Failure Prevent ion ( irotip Svni pos lii

P'm:I
NMrAIR [Naval Aviation 'Irst (-eniter]
BO0TH at Piatuxent River. Maryland

3 1-Oct-16 AM:
Naval Air Systems C'ommnand. Cistal 01v,- Virginia

t PM:
RAAIE F18 Project Office. Crystal City. Virginia

I12-Nov-86 1'raselling and] Week-end

3-Nov-86 Naval Air Propolsion Centre. T'renton. Ness Jerscv

5-Nov-86 AM:

Systems ( otitol lrcltnologv. Palo0 Alto, (Xilitoriia
PMI:
I ntegiateil Sy inis Intc. . Palo AlIto. (aIi forii a

0/7/8-Nov-16 I raseilig (Ini tclues one rest damy)
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18.0 LIST OF CONTACTS [LISTED IN ORDER OF CONTACT].

I Dr Dagfinn Gangsaas. Boeitg Milita'yAirplaie Companty, P0 Box 3707. MS 33-12 Seattle Wash-
ingtons 98 124-2207 [Note situated at SEA-TAC Airport. not at Boeing Everett]

2 George Hennig. Supervisor, Control Sciences Group. JIMA C. IIth Floor. Boeing North Tower
Sea-Tac Airport

3 Donald G. Iverson. JIMAC as above.

4 A.J. (Jerry) Volsen. Lead Engineer - Electronics. F/A- 18 Advanced Design. McDonnell Air-
craft Company, P0 Box 516, St. Louis. Missouri 63166. [(314)234-20701

5 1 1Bingel. General Electric Company. Aircraft Engine Electronic Controls Department
(AEECD). P0 Box 2232. (2000 Taylor Street) Fort Wayne Indiana 46801-22321((219)434-5300]

6 Ronald H. Haack, Project Group Leader, Genecral Electric Company. AEECD Fort Wayne as
above: [(2 19) 434-5264]

7 Dennis J. Berry. Program Manager. F404-400/TF/CF34 Electronic Controls, General Electric
Company. Aircraft Engine Electronic Controls Department (AEECD). Evendale, N 134, Cincinnati.
Ohio 45215. [(513)243-3734]

8 Shiahid Siddigi: Prof. Aeronautical Engineering. Embry-Riddle Aeronautical University.
Regional Airport. Daytona Beach. Florida 32014. USA. IAA Flight lesting Paper
Co-ordinator.

9 L ester Small. Wriyht Patterson I ir Fone Rase.% A-WA L/1POFC. I a vton 011l10 45433
1(5I3)255-27441

10 Don M. Rtiditski. Head Engine Laboratory. Div of Mechanical Engineering. Nationa'l Researcht
Cowncil of Caniada: Building M7. Montreal Road. Ottawa ONTr DIA 0R6 CANADA.

I I Major Bruce Cossar. Dept of Nationial Oefence. National Defence Headquarters. Ottawa Ontar-
ao KIA 0K2 CANADA.

12 Eric L. Stilphen. Foreign Military Sales Support Program Manager. F404 P'roject D~epartmnt
Aircraft Engine Business Group. Geea1~crc atat.I000 Western Avenue. Lvn n. Mass.
01910 [(617)5()4-13941

13 Warrant Officer John Smith. Australian F404 Representative. NAVI'RO c/- General Flectric
Comtpany, as above. 1(617)594-1 2041

14 Craig Laister. Australian QA Officer, NAVPRO c/- General Electric Complanyv. as above.

15 Lawrence 3. 1 l.arrvl Mertaugh . Mnml ,lir lest (cci, l'atttsen Riser. Nlarvlantl

16 D~erck Astridge. ItStClantd% Ilcia opner ltd . Yenvi d. Einglantd.

17 Pautl I.- I Insat (1d Act ,,qutilp /11')( 0 (6cv . ( lettole . PA\ j9t Itt

I1l Roll Steu;lI sh A, '10, ll,ghus Soitlt Iattiptot . Filglanrd
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III Jack L. Frarey. Chief Engineer. Shtaker Research Corportion. 968 Albany-Shaker Road. Lat-
ham, New York 12110 1518/785-25711

20 D~avid S. Totten. Staff Engineer. Borg-Warner Corporation. Wolf and Algonquin Roads. Des
Plaines. Illinois 60018 [312/827 31311

21 Steve Goldman. Principal Engineer, Goldmnan Mlachiniety Dvrranzics Corp., 6 Mallard Drive. West
Nyack. NY 10994 [914/634 0674]

22 Donald J. Reynolds. Aerospace Engitreer/Test Pilot. US Army Aviation,. Apache Test Brarnch.
Fort RuckerAL 36362 (205/255 4381/55611

23 Kenneth A. Lefler, Senior Staff Scientist. Monitoring Technology Corporation. 2779 Hart-
land Road. Falls Church. Va 22043 (703/698-5520]

24 Raymond G. Carlson, Chief - Advanced Research and Development. United Technologies
Sikorsky Aircraft. North Main Street. Stratford. Connecticut 06601 [(203) 386-4000]

25 Joe Pratt. Engine/Transmission Monitoring. United Techntologies Sikorsky Aircraft. North
Main Street. Stratford, Connecticut 06601 [(203) 386-4599]

26 Lincoln A. Wood. Senior Lecturer in Aeronautical Engineering. Royal Mel/boutne hlttsftrte
of Techtnology [03-660 2942]

27 Peter Bloomfield, Managing Director. P'eter BloottiJield artd Conrpajtv Ltd.. 20/21 Suiffolk St
Pall Mall London SWIY4HG

28 J.R. Loren. Systems Engineer, BIB Avionics. Boeing Afojave Test Ceter. PO Box 78. Edwards
AirForce Base, California 93523

29 Steve Kapinos. McDonntell Aircraft Company. Hanger It5. Naval Air Test Center. Patuxent
River, Maryland. 20670 1(301)863-4525]

30 L~arry Thomas. as above.

31 John Carver. Room 852. Naval Air Systertts Comnratd. Jefferson Plasa Building 2 (.1112) Wash-
ington DC 20361 USA [(202)692-2653] [Crystal City Arlington. near National Airport]

32 WG CDR R. P. (Dick) Hedges. Australian Tactical Fighlter Office. 1235 Jefferson D~avis
Highway. Gateway Building 1. Jefferson Plasa as above.

33 Russell W. Vizzini. Program Manager. Advanced Engine Controls Systems. Nnrrl.-Ir Iloptrr-
siorr Certter. Propulsion Engineering Departmrent. (PE32). PO Box 7176, [1:140 Parkway Avenue]
Trenton New Jersey 08628 LISA [Near Mersey County Airport] 1(60())896-5940]

34 Theodore E. Elsasser, Manager. Large Engines and Performance Division. NAPC as above:
[(609) 896-5864 AIIT0VON:442-7864[

35 Thomas R. Metz. Program Manager. Reliability/Maintain ability Engineering Programs. NAPC
as above: [(60'9) 996-5870 AUTOVON:443-7870[

36 Stephen M . Rock. Manager. Controls and Instrrrrntatircn G roup, Sv'renr' C .nttl tn /t'tnlnogv,
181 1 Iage MIill Road. P'alo Alto California 9)4303t USA [(514) 494 22.3.]

37 timothy~ (; Jell isin, F ngri-t rrce.swff Cto ((rtl lers /rtttrV ,Is abort.,

38 Anrdy Mills. Di~recturr Nlarketrrrg. /tt1rt?(Ssrrt~r. . 1(11 Ii niveritv Averrnrec. Pal1o Alto
California 9).00 1)695 USA [Since nosed trr: 25001 NIission (College UcrI , Sanrta Clara (A]
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19.0 REFERENCES.

[PAPERS COLLECTED DURING VISIT MARKED *I

I R.W. Kind. E.N. Goddard and B.D. Macisaac; CF-I8 Engine Health Mloniioring Managent('nt
l'la,j and Methodologies - ECII D;c- Vnoslic Systemn Development Plan: GTL-TR-7-9.5, July 84.

2 Collection of Briefing Papers on Use of AFTA for ECU Diagnostics. EDAB Requirements for
This Role. Use of AFTA for MSDRS Tape Transcription and Status of These Projects: Collected
and supplied to ARL by Various RAAF Sources prior to Jul 86.

3 J.D. Nebauer: ECA!' Tecthtical Group Mleeting SUPENG4 Action Items. Jan 85.

4 G.F. Forsyth: At Multi-l'urpose Airbornte Integrationt Display and Data Collection Systemn
for Moniitoring Jet Etngittes; AIAA-86-27 19. Oct 86.

5 K.F. Fraser: Transmission Fatigue Life Estimation for Sea Kintg Helicopters Opetred by
Ro-val Australian Nav-e: AIAA-86-2692. Oct 86.

6 K.F. Fraser and C.N. King: Ilelicopter Gear loacCondition Moniitor-ingj f-orNval Australi-
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14 S.L. G;raham: l0esigq Atnalvsis antd Metltodologv for Lrvahutin~q lti Conttrol Svs tents.
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AlAA-86-2754, Oct 86.

19 G.A. Leister: IIELII'ORIS - Neighbour/vy atid Soft'! Helicopter Association International;
Oct 86. *

20 1986 HELICOPTER ANNUAL. Helicopter Association International, January 1986.

21 L.L. Small: Integrated Fltghttll'roptmlsiott Conttrol for Next Generation Military Aircraft:
SAE Technical Paper 861726: Oct 86. *

22 C.A. Skcira; hitegrated Flight/Propulsion Control Design tec/tmiques; Proceedings 7th
IEEEIAIAA Digital Avionics Systems Conference: Oct 86. *

23 F404 Field Problem Review, July/August 1986;GE 10-Sep-86.*

24 F404 Production LRU's on Selected Components; FLEXLIST 09 GE: 23-Oct-86.

25 P'rogram and Abstracts: Detectiont Rotating Mactinery' to Imtprove Reliability Readiness
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Group: Oct 86.

26 List of Attendees: 41 st Meeting of thme Mechanical Failures Prevention Group: Oct 86.

27 Naval Air Propulsion Center: Flyer and Brochure. *

28 R .V. Vizzi n i Advanced Enmgine' and littecrotmd l'roptilsion-Fligltt Conttrol S.Ystelys:
Unpublished: Prepared for Forsyth Visit: Nov 86.*

29 J.E. Hurtle. P.D. Toot, R.P. Wanger and R.W. Vizzini: Full Authorit - Digital E/cc-
trontic Control (FADEC) - Variable Cycle Engine Demnttstration; AIAA-8 1-1498: Jul 81. *

30 K. L. Li nebri nk and R.W'. V izzi n i: ml!. t Ort igtial Llectrontw Conttrol (Ft DEC)
Aiqugtnlied Fighter Emtgimc Oe omstiatioit SAE TchnItitcal Paper 821I371I: Oct 82.*

31 W.J. Davies. C.A. Iloclzer and] R.W. Vizzini: Fh-14 Airn ra/i ond Propulsion (otmrol
EtuC'r1ic 10Falutio: Jon al of Entgineering for Powcl J 3ill 83. 1:

32 R .W. V izzi n i: hittegracml hliVlatl'rapmlsioit Control ,Systeom Considetrtionts for Future
A in-raft Application; Journal oif Engineer in itor (~x T mb i tes and Power: Oct 85. *

33 'N.J. Davies and R .W. V izi n i: Engtine ConttrolI Reiabmltrm antd Durability, i'tpro-cmieitt
trough ilciel'rotmd Moiona~ hLoitrimenttal Ic,.' tiu : ASN F 86.01-5 2 Junii 86. *

34 HiJ. Cooper, C. P. Weiss and R.W'N Vizzinti : lisgt em ifcation'I miid Log --%leI of tin
.. dva/iced Fuel Xflatieuit SXys temt lirt-I ircrai Gos Imiui'i Engtn.%. SAF. Technial Paper
861727: Oct 86. *1

.35 R. 'N Vizzin i: Ilw I'aiig o/ lettiom lim C o,ttol ,litt; iiid Related .Subcmipo-
ttet. Preptrint: AGARI) ecitire Strim-s 1 13. Juni 9-1.

316 R .W'. Viztimii. 'I (;. lxtcittx ainm R,< .1 Miller. I// . lulm 0'15g/sat l /Itm'llm ( ,,tfltm
ltrbmloi Lotgimm lOtmmntmtiiitm, Piep~rimt: .'( ARI) I .ertir Series 1 13: Iun 84. 1

37 R.W. Vizziiii attl A.S. Vclsajggi:lt.og -,i timlmiuti of ltteriitid hiig'vlt Iollitt ll
Coltito tA I ltitmi me firll tm me llm'mi~i .Xrms.lS Appio cml lhotokopv tif NAPmC Doiineniwi
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38 US Navy Maintenance Records for F404: Computer Printout Sighted but Not Collected.

39 R. Fleming, 1. Josselyn. L.J. Dolty and R. De P-off: Earlv Design Tradeoffs of T'st

Strategy Effectiveness and Support Cost: Preprint; AutotestCon '84: Nov 84. *

40 R. Fleming, J. Josselyn, L.J. Dolny and R. De Hoff; Complex System RMA and T
Preprinl; Proceedings of 1985 Reliability and Maintainability Symposium; Jan 85. *

41 R. Fleming, J. Josselyn, L.J, Dolny and R. De Hoff: Analytical CAD/CAE Model for
Early-Stage RMA Assessment: Preprint: Not Yet Published. *

42 Engine Diagnostics: CEMS IV Status as at Mid 1986. *

43 XMAN: An Expert Maintenance Tool; Systems Control Technology; Mid- 1986. *

44 B.B. Aggarwal. J.C. Giordano and S.J. Przybylko: Knowlede Based Syste7s for Rotordy-
namic Diagnostics AIAA-86-1678: Jun 86. *[fichej

45 S. Thornton: An Overview of USAF Diagnostic Systems: AIAA-86-1679: Jun 86. *(fiche)

46 Corporate Overview: Integrated Systems Lic; ISI Brochure: Aug 86. *

47 MATRIXx Station Family: ISI Brochure: Aug 86. *

48 AUTOCODE: Expert Programmer for Real-Time Control Systems Software: ISI Brochure: Au
86. *

49 MAXIOO: Real-Time Control and Data Acquisition Processor: ISI Brochure: Aug 86. *

50 The MATRIXx Family of Integrated Design Tools: ISI Brochure: Aug 86. *

51 The MATRIXx/PC Family: ISI Brochure: Aug 86. *

52 M .D. Larkin and D.A. Frith: IfD S - In pert System lir )tgnmi is of f ,rilre r im t J'
Aircraft Engines: Draft August 1986 lo be Published.
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ANNEX A
PROPOSALS TO IMPROVE F404 ECU MAINTENANCE

A.] BACKGROUND.

The Electrical Control Unit (ECU) is a Line Removable Unit (LRU) for the F404-GE-400 engine. Since
the RAAF has no test apparatus to determine whether a removed ECU is faulty, any ECU removed needs
to be returned to the USA for testing. This is costly in itself but also implies that a higher
level of spare ECUs needs to be maintained. Since the ECUs are complicated and expensive items. ARL
has been asked3 to consider possible methods of improving fault detection and isolation for this
unit and some of the related engine components. This situation is further complicated by various
proposals to replace the current ECUs with updated units at some time in the future. This means
that measures taken now must take the life-span of the existing ECUs and ECU technology into
account. In October and November 1986. 1 travelled to USA and Canada to look at the possible means
of testing these items.

A.J Engine Control Unit.

The F404-400 engine has a mixed hydro-mechanical and electrical control system. The major component
of the electrical system (referred to as the ECU) is a fuel-cooled transistor unit mounted directly
on the engine and powered by the engine alternator. As well as basic electrical tasks such as:

I Ignition,
2 Electrical power (Alternator).
3 Flame detection, and
4 Electrical intcrconnection

the electrical control system which includes the ECU performs the following tasks:
5 Isochronous governing aboe intertmediate power (Nj speed limit)"
6 Turbine temperature conlrol:
7 Scheduling afterburning fuel flow:
8 Scheduling variable geometry such as:

9. I Fan geometry. and
9.2 Nozzle area control during aterburning:

9 Power lever override for either:
9.A Aircraft signals such as weapons release, anl
9.2 Approach power control system

10 Monitor functions such as:
10. 1 Detection of hn overspeed,
1I).2 Detection of various electrical failures.
10.3 Detection of stuck nozzle control, and
10.4 Provision of signals to airlrante monitoring system.

INote that thle Ilwdromechanical (NMain) fuel control (MFC) controls the comnpressor geometry.v

lie lICU is equipped with a tet coinnector (J0 i ) which directly connects to F('l inptts and outputs as
well as sotie internal LUi( signals This direct connection can be a benefit bit also produces a

probleni it that anv Lonltclion to J(, Inlust he well buffered in order not to impair the U relialil-
itv



A. 1.2 I)ECttl.

General Elctrinc proposed anl aUpdated vers ion of the lit which incorpoiated digital logic. *1 hiis u nit
was a functional relacemntest for the [C IT withI added performiance anad a cl aimued incrcease its rel labiIi -
ty. -lemjor en hancemntets iiproved transient response anad conspen sated for- drloop (En[isnse powser
dropping as heat and blade creep reduce perforniasice front set level). The diagtnostic ability of the
unit was also isncreased by the provision of built-in test routines astd indicators for thtese and an
increase in the pins on J61I to 128.

The DECU was not purchased by any of the major F404-400 customers and did not proceed. It is not
the samne as the redundant digital controller on the F404-100 (which is optimsized for single engine
fitment) and nor in it a Fill] Authority Digital Engine Controller IFADEC). These was alno some
doubt concerning the lesel of isolations providesl for tlie stew 361 costsector onl tlsis sinit: it appears
that the lack of buffet it g was still pi esenit to some r' Se St.

A. 1.3 Manintensance Requiremiensts.

lie miainstenance requtiremiens noritiallv Irisi khlen a p~ilot hals ccpuirtetl an euicnic plohlli. I ;oie

equlipmsenst hats reported possible enigitne isisbelaia otsr or aitalvsis of recorded aiiast n illaa has
indicated a possible engpine problem. D~iagnos is sosuld( proceed ti rst OTI the i a staled engpinte a ad
migrate through Itntertmediate leveCl to Depost IvcI it a probstruis Illic I cotuld slot be repaired in (tie
field, wNas foissd

A.A1. Operationss (0) Level.

At opserationis Ileel the' tipric is isial1 lv 
5

aptosed a, i utiplit .,Jitl lilt-f I iltte I lie

I [ftie test prlocedas c took less; sine1 thansi 11i it It c i ill.
2 th le tes;t skas definti antd not vised ii't on(,it ii.t'

3 [lhe test liscosered a t easotahle pretrof Ltilts moii m~
4 [lie test fitl tjot indticatec a signifita.11 pilvt aar of e ii~ klots to thehit

A. I 5 Intsermedc~iat (1) IL Il

D~epensding oitt filei'eul if lWe 0f-IxS c'lesing. (lie I I snc citltic fis'o Nie citfisi ('1t a 5 emioedi
miodusle tsr a retissised esigisis' Withn it resiosed scsigsi intilia ltrstsg pi is lcdi ts o lsis lir (t-I esel
nlav he sect ececp thfat islore time tsis ohs isslyI he sisslsel'si emk ressuisil has lsi'ils\ occiirred
WVithta ressioves tisdisle. it siosld he trcs'ssat v to slitolati etinis sgiil to icAthle 111 I Iis would

requiire store citislc mitd mior intelligenst sat sls i

A. 1.6 Depomt MI) Less-I.

Depst lvllI sitsi slld Iss lttil stsiipls wsilis Itill %it di Ilt ofleiijsitil I (I F, or

iililer st tii S c l i i I'o cdiii's to iiit11l/ t,'c ' io\lltst 1" 1 l(ssnote i'jn t'iit I I lie -' 1nuisi I s'st
Eqliuimenit (A It 11'('I "I. '1loiii Issisis nllht l '111c inittslo (i ci is l it al tut hliiio if thlse
iSc i '11h s wft ill fxllis 1 .1 toi %,I 1hit ) 1), sit 1t is



A .1.7 Fn tll D~iagntosis l'vicudltres.

('torett f,,nli prttcedmtes for [lie engeine itisoiw tile tiSe of filt [ices" MICher simple tests Ittortes-
sivels ind ssiernaticallc elinminate %ariotis assemtblies likely to caulse the indicated faurlt.
D~epending oil thre fault. as manv as 13 units trtas' he unlspect before testing begins. ['lie tests (to tito
in olve ECU di agnostics antd hence EC11 fauts are definted liv elinmination of t he other toss ibilities
Stich at test is not definitise and fails, in thle pre~sence of t\%o or mtore faults.

A.2 PREVIOUS PROPOSAL-S FOR EQUIPMENT.

Variotts Proposils, lo' tlot equtiptmentt. wlith appllicationts lit ttis ricit. hw iben Iltade. (icnetall Elec-
iric (;F. htas spccifickd or desigited seceral testers for- tite ECU raits ng front simple 0-I ci el c able
ccointinttiit'c ceckers to cottltles )Iee tlittcls qixrtn (ATE t whicl cant idetttifxprohletw itt
ind\tliciitl rsttlitrttctrs \i diin the E.Cl like All; is esentiaflly thle s ittas th('e qu ipmtett sd to supl-

portf t IrIe& ife iett itl sitIreII-'O It lie 1-404 HT i the titoi

A.2.11 Original GE Proposals.

(E ;.OTigittallV I opo0Sd al tsW-part tester for lie elir ical ct it tnt's ott the 1:404 l, et ic Itte
separatle patrts hantdled tite I]AT attd ftce cablitng respectisecv. [lie (rok-irus of Iftv FT I testr, ,0mhIt
Wiout d Itave beent capsable oit testing botft ittstalIled andi retnntred unttits, %;as rejec ted because of Iler--
cixed problens, with swe antd ergttoomics [ile 1US Nacs has a M( pountd (14I kilogw-i 'rim on

rtnfisidii:tl pieces for. ()-lcief etmltiet I , kIt ;is bcilitt a fig %ello" boxr . lo, t -Ocr lctfd a
,cii Ia r g ii tb r l of llub ttI di',1

Ilirsieset- tike seittit si INI t oftl pto01oiI dlid ptt'iet'tl Andl heI ( 0ruttonlt IC V estt i ou I htc

I rrtitnltrit% I estetl ttsts [Ititi-ie t1td 0'tI IIt Rlctid tII) 1sttrt ()it ftIC C Ottie attd canl dfclcst i'ft

r,r qhrt ei setirs. ett It cLtt pert 11tn 1iN uutls Vt-r rlitIiIcutr% csnitllk itt Tile EIl itielt I fIt, cur-
tettt I S Nos tersion (it this estt-r is Ittit tot tull1 1i t.icl errs, it otttttCtt 'itl;ls ito coune)' Hillot

It2.- CAIf 1" I'olo~

HLI ft (tttftt DI tI(C I 0itt-s ((DI I, ofir lso 10I)jCtiOIC 1101 1I; hut ettgiltes ill I A\ I mt t it. o
rttrsiirttet oni cietttal (otlicitr (ii~IsItuls I1 1 tl i tiuttitfertil desicti sItldV for at I -l I I( I testerl
lo tIieD(lii rt-tliiet I t*C.\ItISproposal cotiists iot a rugged plit l tinprIt-t "Im Intl oni
tricts ,n art itt)'Iaier Ilk 161 otitle In E C otsitlt tI strfu, te sirttttd teed to Ile iiic Itoi to cr1i
totli opel -lootp attd t ltstt lotop tesu1itg I Ihv liInfartt of lltts arpi oat I is ie 1ist of it PC \Ill, I itt;,'
roit- 1i1ritl re tists tlie fis tIt igeC is, th Itt F larg Ilrl (It 11ttltt i li l it ~ tit' rd soft%\ie niCetuv It

old not 'I 11 rett p itik1 ,lni itit tft Ii u liltl ur1% lctiticilt trl 6F

If tlkot'ls t ;lI~c1 rfr ' l i fi' le ut hr.0 ,11 111\rUi itttt I rI-itir' itslf Il' f~l I tlV \%II hi f Ilt it-1l 1(l 1 t rIC
r1ts u i ( I .lt do -%I l I Is f ii II I. Jills I t v l cl ffi cl t. 'I Ic Itf mItt tcriti1,1 s l't ttIl III ( l i u ll\ il

fillt rt llrtr It'l I st't ii' ilil fk , It It iif 11 Itill. 'A 1if It kIt l ru1in C\tlIt'dt I ( I 't ' mi d

fil Iv .tl v % h lI ii'. Ici l d l[ I -"Il I d t, 11j o t11 m d 1111, fl m c d IoII \ 1 i



A.2.3 (,ENRAI) Avionics ATE SvNstcii.

Auaiitilia has purchased aGenera! Radio (G:N RAI) AtomI0~ atic'lest E~quipmtent (All:F) sv5teni for diagnosis
of boa d fais ts onl removed avionics boards. lJ is ATE could( be ex eisded to test restimsed ECUI. boards
if there were sufficient demsand for such tests. Such an extension would be serv espesse and
unslikely to be Justified byv tile small number of repairs lik:'ly to be required bv Australia . (Ise of
hIe avionics ATE has not been contsidered further.

A.3 CURRENT PROPOSALS

Prioposals currently isailible for t onsidcration include:

A.3.1 GE Con tinhiitY Tester.

Eq us) pmlent to te~t cable integrity is a prerequisite for any, ECU iesi g As nioted ia sectin A 2.1
a bove. GE already offers such equipment. A more comple] idlIbc a eaalbei hae
non1-i i tarv environmfent vers iou I still uinder test at GE xson Id add co, neetion to tilie .161 coininector
and enable sonic detection of LCU errisrs. [Ilie extra fatilt trees for that te~ii: has~ cl leo he
des eloped bust the hardware priltpe is berinsg tested,

If the cost of thuis unit is recasoniable, I beliese it wolid be siortli puurclasiutg I it the siost
appropriate vers ion would need is' be selvletd,

A.3.2 Cable S%%ap lusnui.

Wit lb a tiii-eniieii airriati. it is IlseocetucallcN possible so elimuiuslute favlts ili eu maill i1161tC

subassemsblies bs tsising isuler-cigiuse cales to swap) asseiilies fro:u oute engine to 11 r, oilier %iluot
pluxsiral rmoval. ['Isis pr55cv s stolld itit be pC'fiirsIl unless full cable letisug hlas ali casly h~ecu
curried out anid rcsliiies use of bsothi enlgines . GI less cerifiied a set of flit cables u Ii ii lli the( O

FUI sin oii etugisie io lissuctiost as fic l:( I sir Ilie sillierl. Cssoliiig is still 'isised by Ihe iui i i
Muhl tile ECI, is itutesl Siosne early Electrical lI-Is 1 Intterferenice (11) ilh this arrsei-m lcitil lhis
seen siercuutie Isv cliaiigs to ieI Cable ss resusitig I lies I" a (1s01si1irss 1 i ihcte Is1le v siii aitil

caulv screesinug liat stakcs if sliflisul to .Iiialkxl Itc suit ict less!l of x(i ciuig I sushi stlauii
that Asustialia tas suot shecisled tos order this tiiiit.

A.21.3 NIcA 1k AFFA P'roposal .

hri ,\ssssuiixI asult Irio \su~lvSsr(A IA I 1111 sui hesigl slest-lipesl liv hlrutusli Ac 'As A Ixilij

(BlAvA 5 iiser wnisils us to \1csAir ( us ( s toisiss tr;ilsirewi ss'i lisxl 11 i )Issx isssu' '
isiixiii i ihv wk.s iof Isis, cisIIIlisi



A.3.3.1I Use of AFTA For ECU Faull Defectiont.

NMcAir is proposing a set of "Fault Trees' it (lhe Al"' A unit %khich nould extend the existing, tests ,
incorporation of those ECU tests which can he performed without disconnecting the ECLu. AFTA normall-
ly tests avionics by invoking the built-in test routines in) the selected avionics unit. rThe E'CU
dones riot have this capability however and does tot connect to the aircraft buts front whticht AFTA nor-
mally acquires all its data. For these reasonts. this representts a major upgradfe to AFIA requiring at
buffer box to connect to the engine, cabling aitd an etngitte simutlator to verify the engine fault
trees as well as software to support thte tuser interface. fattlt tree selectiont and the engine sitnula-
tion. McAIR had net done atty mtajor work on tlte ettgine simulator but claimted to have done suff'icient
work on the other items to prove that such a role for AFTA was feasible.

One of the major stbling blocks in using AFTA to diagnose faults in the existing ECU is tite lack
of any interconnection between the ECU and the rest of the aircraft systems. McAIR proposed to
overcome this by using an Engine Diagnostics Adapter Box (EDAB). and by providing improved access to
data from the on-board Maintenance Signal Datat Recording Set ISDRS).

A.3.3.2 Using AF1'A to Read NISI)RS rnplic.

Since AFTA connects to the aircraft multiplexed btus. it can collect data fromn any other unit also
connected to the bus. Thte M SDRS (defined above) recordls at wide iange of events ott mtagntetic tape
cartridges. These data are currently untder-u~tilized. McAIR is proposing an olternatite
data-collection scheme in which the tapes are not icittosed front the aircraft. Instead AFT A would be
ttsed to read tlte tapes in siti. to transfer thsese data to ai database. andI rewiitd and erase the tape.
Sonme of thtese data relate to etngine cvctt suich as tlte fault flags which lead to mtaintetnance checks
on the ECUtJ. Accordingly - tltis proposed use of AF IA has potenttial iapplication itt the testi n e i the

A.3.3.3 McAIR Buffer Box (EDAB) P'roposal.

Only sonte of the available engine signals are transferred to tlte airfranme antd are recorded by tfte
MSDRS. All proposa.3; to chteck tlte KIU ho'e assuited thtat adlditiottal Conntectionts to the VC( 'U tstills'
via J61,. the test coninector oit tlte ECU) wkill lie necessarv. 'Ithe Current McAIR proposal for the EDA\l)
includes bttffer amplifiers. mttltipleskers. attaloc- to-digital conterters anti a microcontroller i tE

ably hitel 9051 fantilv) withini the L)IB. I his itatis that the (. 141 and FIJAII Conlibitaitut \kil 1.b
treated as a testable unit 1w AIlA under tlte Nls'AIR proposal 'I ie( EltAll kill tate a dhn t link
(called the NsIC ILink) to A\I'lA and %kill not c'iutiniuirit via the aircritft bus

A.3.3 .4 I Iardwn re an;d Software Standa rds.

It Iis likely that 'sM E staindai d biirldS 'tkill beV iisrI it the LD All indl that kolt\\.Are still be itIittun it)

l1,0 with tranisfer to AD)A sometuice intthe lutit

A 3.3.5 AFT'A Project IDirectiovi.

McAIR has coiteluded that a joittt NMcAlR)( l:/C('towtt prograiti ol deve1(1lC%-op OperationlI (()[ or finter-
miediate fi I level enginte test capabilits' bitt thtat intdepentdent efforts by attyote (If thtese groups. is
oii i) ely v otsucceed. MA Il sees sotieo th fese proposed new At IAr ftunrtiotis besoitiintg o)t board Inite
tiotis foir the As itttics lIntegrated Mlaiitteitatir Expet t Sstettt tAl IMES) whtetn aviottics ittiptrto titttis
provside spsace and addeti ott -btiad cititiptiitg po~kcitlot skillIt tstctiin', NcAIRt claiti thfat lie fit st

ortfighit of lie AINIIKS ulcitotit,itol III tjniisi 10N6 "ta, tic lit, fhlht ll i vpt'itsstctit to a
fighter aircraft -



A.3.3.6 AFIA P'roject D~eficientcies.

The Al-IA approach will not produce at full test systemn capable of all the functions of thle GE propo-
sal. Amiong the deficiencies noted for this approach are:

I [heire is at lack of any test routine to determine alternator failure;
2 [here is a lack of any method of stimulating transient failures. such as thermal cycling

cant achieve:
3 The McAIR proposal would require a iedelfinition of the role of AFTA. particularly as the UIS

Navy does not currently use it at 0-Level:
4 Extra test sequences (fault trees) would needl to be developed jointly by GE and McAIR: arid
5 While the engine is normally serviced by mechanics. AFTA is usually used by avionics per-

son nel.

A.3.4 GE Full ATE P'roposal.

General Electric uses at full ATE systenm in testing and setting the ECU parameters on the producetion
line. This consists of at Hewlett Packard (fil) computer, a range of test instruments and an environ-
mental chamber which allows the ECU to be subjected to sharp temiperature gradients. This is a depot
style facility for removed units. Thle UIS Navy has decided to purchase two ECU ATE units. The first
is currently being made for Jacksonville Naval Air Station for 19118-89 delivery, and the seconid has
been delivered to North Island Naval Air Statiotn (San D~iego) its California. The GE proposal to the
Spaissh Air Force for 1404 etnginse grouisd suppoct inscludes ant ATE, for the test stand. Since tbis
Spanish proposal is under the Foreign Military Sales (FMS) agreement. it would be possible for Auis-
tralia to also order an AlE under FMS. Thsis would reduce the psrice significantly relative to the
last GE quiotation to tlie RAAF for an ATE. Further reductions miay Ise possible if tile environmsental
chamber was niufactured in Australia to GE drawings and GE used somse of its offset obligations on
this project. This would still be ai %ery expensive item of hardware and is not suitable for tran-
sportat ion bsetwe en bases.

AA4 LEVEL OIF SUPPlORT JUST IFIED).

[hle level of tivppsiit ii'tified lor ic liti depends oil 'ev eiil LIrIlor. thiese factor, ilu~kde tile
likely faillre Tiate of [lie FUlls. tlie likely reiiios~l rtte oh h ili(l sC it there is no () orI-el
tester and lie likrlv lirirl tte with itich at testi-r A htiglie r leviI of support wkould bie required
to prov ide local. iiilheit of overseas, repair ol EC( s.

Btased ol 11S Nays and GEF ' ecords2'
1 
2" and tlse relative numsber of engines, its service. I believe

that planing Should ble based on1 the assumiiption thatJ eight F( fT
5 

Will beconie faulty in arty given
12- itioiiti period and that eight other event-, will lead to renmsal of the ECU if tso ECUI tester ts

available. [hle "-pipelinie". through U SN to (; Eilvendale and back via U SN.- for thle returin of retmoved
E C Is is esti niated atl 18 misnths. [hle "-fatlse reniovrals - thuis tcad to at reqluiiremenit for 12 extra spare
Lt U s attd tlie lauults to at similar ligure. A numbler of spares wsnuld bie carried atsway ' these will be
igilctd ats they vwill lilin the samer ill ill] raves V;liiatiiis in te level of local stilot wuld
allecth li~ielirrilletit hrl 'Pmic ' IT

Of
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A.A.A Local Repair of the ECUs.

Local repair of the -CUs implies the availability of a l)-Level tester and a repair facility, Ithe

turn-around time for all units, faulty or not, would become only three months. This would save 20
spare units but is the most expensive option. This option has not been considered further, since
the level of repairs anticipated would hardly justify such expenditure.

A.4.2 Local D-Level Testing.

Local D-Level testing requires a GE ATE in Australia. The turn-around time for the non-faulty units
would become three months but the faulty unit turn-around time would remain 18 months. This option
requires only 14 spares and so saves 0 spare units. I do not believe it will ever be possible to
purchase a complete ATE and environmental chamber for the cost of 10 spare ECUs.

A.4.3 Local O-Level Testing Using AFTA.

The only additional hardware required for local 0-Level testing using AFTA is the EDAB "Buffer Box"
and most non-faulty units should no longer be removed. At best, this would halve the spares

requirement to 12: more realistically it will save 10 spares which is a similar saving to Ihat plo-
vided by the D-Level Tester option, but at a much smaller cost.

A.4.4 Local O-Level Testing Using Cable Swap.

Local O-Level testing using the Cable Swap Loom allows the ECU of one engine to be electrically
swapped with the ECU on the other engine. I have estimated that this procedure would halve the
number of non-faulty ECUs removed and produce a spare requirement of 18. The saving of 6 spares is
the lowest for the systems being considered but this vstem may represent the least expensi e
option.

A.5 FUTURE TREND OF ENGINE CONTROL, UNITS AND TESTING EQUIPNIENT.

The method to be adopted for testing of RAAF Ii.'I Is must provide a long term solition to the l(' I diag-
nosis problem: the method should be readily able to accommodate likelv future ltCi changes. lie t.so
points identified here concern future trends in testing methods and future upgrade of the It.' I
itself.

A.5.1 Role of Expert Advisors (All.

The "t:aull Tree" approach lcds itself to coniputci assistaite, l hix Is even nore trite it intot ma-
tiot otl fault histories is kept. allowing msore likel, subasseoblies to be tested before less liketv
ones. I would en,,sage that ain lxprl Advisor similar to the ARl,-funded IFIS s 

coould assist great
ly in identifying which tests should be peroriied nlel for anv given fault signature The AFTlA

A-7



proposal from McAIR envisages that anl expert systemu will be a luture developnient. Both the AIVTA and
ATE Systems would be similarly enhanced witht tile incor poration of expert systemns. but thle Ai.rA -ss-
tem may benefit miore fronm a knowledge-base approach because it would tie more widely distributted.

A.5.2 Replacement of ECU with a Digital Unit.

At some time in the future. a digital replacement for the ECU will psrobably be offered. I believe
this offer nsay becomie available as early as the 1990s. and that the replacement utnit will include
built-in test facilities. This means in effect that the EDAB of the McAIR proposal would become
redundant but only a change of software would be needed for AFTA to continue the 0 and I-Level ECU
test role. The GE ATE would still include the Environmental Chamber bUt quite a few of the test
instruments would need to be changed in my opinion. I see the ease of updating the AFTA to mtatch
the envisaged ECU upgrades as a factor in favour of the McAIR proposal.

A.6 RECOMMENDATIONS.

I have considered all of the above options. It sents senusibule to have a specific mtethod of testing
the cable loots and sents also that an ECU tester could be justified if tilte cost did not outweigh
the savings and added convenience. The McAIR proposal sents thle best option as long as the costs
are shared amongst users of this enginte. Accordingly. I wisht to snake tile following recouuuuuendlatiouts:

A. The "Continuity Checker" mtade by Gli be considered for purchase.

B. Australia support the development of AFTA to test (the F404-400 ECU. presumably % ia CIP
funding or somse other joint developmtent with other users.

C. Australia support the involvement of G;eneral 1.1cer I c uq tlie ICU ima nufacts re i it thiis pro-
ject.

ID. In tite event that lie AFTA proposal dot- not proceed. tie (jeneral Electric "Cable .Swapiitg
Loom' be conssidered fosr ptirrhase.

Thie General ElIectric Auontatic Test l:(iiiipmieutt (A IF) ptropoisal is not seecn as cost ehfectii'c nitlss.
for otlier reasons, it is conssidered necessary that repair of the lit 'I s be carcried omu in Auusirat ia
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