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ABSTRACI.~ 

This .. p;ape):' d±scJJ:.s,s~s t'he :1l:'se of a combination of health 
monit·or·ing, techniiq:ues to 'provide comprehensive coverage of 
possi.bl,e fail\lte modes in a·· typical transmission gearbox. From 
experi~:nOii!> gairieG'kiilt· reseat·ch and. development work sponsored by 
the u~ Mihlstry' Of.: Defence in r~cent: years, the paper explores 
the r~1.ative· V'alue· of conventi'onal status parameters such as oil 
level, pr;esi:l,ure,amd temperature, '·together with the newer 
techniques of wear.: debris ahd vibration analysis. 

' The use-.Oflheal.tb m.onitori'ng' techniques in a matrix to provide 
both: early warning;" of fail.·ure and diagnos.tic information is 
cons;idered, ·as well as the :effect of .design features such as 
transmJissi.ort configurations,'''oil filtration standards and filter 
bypa·s,s·+ arrangemen.t:s. The'· problems' of da.ta collection and 
processing; ate also: discussed. 

The· devel.opment; of the Anglo• Italian EH 10'1 Health and Usage 
Monito:ring Sy,st:ew. is used to illustrate: the process of sensor 
locati:on,. validation of processor algorithms and the planning to 
achieve. f.ull. sys:t:em· certification. 

1 • . INTRobUC',t\tON. 

The ab.il.ity of designers to include redundancy features to 
improv.e. the. aafety of current helicopter transmission systems is 
cons.:tr:aine:d' by w.eight considerations. Whilst two or even three 
engin·es can share the load, and provide acceptable engine out 
contig·ency perf:ormance to recover safely from most of the 
critical flight.• conditions, there remains little scope for the 
duplication of main and tail rotor transmission paths, so that 
here·,. ai.rworthiness depends heavily on gearbox and drive shaft 
reliability. 

2 • THE . PROBLEM. 

For a. new helicopter design, the development programme of 
accelerated transmission rig testing .. apd test flying serves ·to 
establ:ish .initial gearbox reliability and give evidence for 
airwortltj,ness certification. During this process, gearboxes are 



examined to check their condition against the list of likely 
failure modes in all components, f;::91'C\-r ·Pf~~;i.Ol,l.!:l e,xye.rience, 
especially gears, bearings, seals and. Dl);lti'!::~t;i,~·r;:.J?a!::h,':S, :'"na,ta on 
the limiting failure modes is obtainei!Cby,·~~iJ5,Eii.lite.];eS,ts to 
failure. At the end of the process ho.;.lever, · J:bj;!, :p):'ua~·n,t,;a_e.Signer 
will admit that however successful. his: d!v'el dpmElnt J?rbg~anime, a 
finite chance remains of unexpec;t.ed f.al.lt.i:re_J.n-::later:ser.vice 
because not all of the test parameters'are,wi'dii'fl:his ''G'qthol. 

,. ~' ·~·.<.!!...1-~·'--...l' ... ·-· "::lJ- ~--- :;._-

The symptoms of a few of these·· :f~il.tYies :~'i,Y._i:g~ :§~fidi.~.e.ft:.. uiissed 
due to testi?g inadequacy,. ~ut ).:t; i_s ,a9!_1a~e:,b.:e'f:;J:"h~t:.Ecfi!, i~fori,ty of those w~ll occur because ..... tpe co.nd":t,l;*o~s ... lll:lPJ:¥'.,,w:ij~ch,. the 
gearbox will operate in service wi;I,J, ch~n~e, .. li1~,.s'.Omf:'2.':Snfa,D.~,~- but 
significant way from those presen't: 'in ue-coritfo'tlea·aevelopinent 
pfr

1
o
1
gramme. These changes can be summari s~~:;:,~~.:Jb~~Jl2!~~~ as 

o ows:- · 

a. 

b. 

c. 

d. 

Failure· of 6tiar:i±~; A~s~rin9~j;J\~te¥fal,:Alfiri:;f~",~ + 
compenent. _su:p,PI:~(¥ar~~~~~ijl}J:y .~-rli?! o_~fictfgf};ne ~'cj,CJ% ;;_ 
and teS __ ~S-~,. , i; . •. ....,~-..,.- ;-,H:-~'i <:>·o-s;-,~ •::.} _...,0";.:;~"'"1-_,.:i? · fP:..--

- .- ----.. - .. ,, "'~--~·.! ~~-· .. -.-J • ..,,1.' -~·- _ ....... "-··- ...... ·,--:-_ - .._. .... 

operciting 'c9naiti,9h~~~ ~'i'ga!3s~:sib1iiit£,i~ai~CJ g~a{•_~g · ;-' ---, \.-----'"' _;~,.,, "-•' yv.I:t_. __ /:. J ... _,...,""D~:...:o""'. 
environme;!lt,al, f~p~o_::.s :e,g~,:C:l.im~tc~ . .: . .::;z <d~ ·'?'- r~n:;: 

, y .1 - :~ -·. -' _,.:· ·:- ::::.. v:~ ;\0 _.,:... r;-,:_J ._" ~ '. : ... . ~ :: 1;; 1.0:r ..;.:J.C r;r :: .. ::' 

Main tenarl c~.· pr.~ c:t f' cec~ f ~' :,E;r;tb.r~~ ~i"~:;.r ~..l5~.it~\~:.::e g •. 
overtighte;1ing _of pp;!.U~ 6~ ,mi,Sro?~!i~-!§i;._':P;~i.-!Jzf§ · .. 
ca~l~s. t ~na~ve~,!:en~, dam.age,Lau!=:L.I.l9~f1er;_Y;iL-~CE-n~0 3 ";.:. 

Lu r.J.can ~c_o_~~- atq~-r:at~~~ , .C~''-~:."; -~ __ :.q:;lc-~ ~l ji .. s::1-

E~ter1_1a1 fa:ctod{ .The: ti~tcf.~BJ.>,:~~f5RJi~:t~£~~~ ~:, 
M~sal~gnment between a£1~ac~n~ -"me,ci:ia.ni~:-;; E::J '.D:rl p.-:-

The reality of this pro~blem is bel:!J\ii~~~'r.a~A.ttb~~~~~pft~~~~ot 
of failure records from in service ci·vh 'helic8pter·s'o·n l:ne UK 
registe.r between J~nu~ry and June;. ~98,:t,, .~~9W!8So tl,l_;e a:Jrar.:;e,~r 
proport~on of transm~ss~on sy-stem fa~lure. s.,. (F~gp,r:.e ~~r!"". :xi. z::~o· 
An example of the approximate,·'·breakdo.wn::o·;: :t:al,~u~:;,~;" i!IP,ae·R .·~.J.J=J:l a 
typical gearbox (in· tl:lis case the sea:K'ing .. z.tK,~ s;J; i;s.~~'ho~,P~; at 
Figure B. This problem gives rise to the neec;'l.):ot, .an.:eff~ctive 
health monitoring system, ·which may be' viewea'as 'liay~n~g.-,.:dilal 
application, as shown: ·-~--- ~ 

P~em~t~~~--R-~~-~t·i~~ 1· TBO .. E~fe~rori ·; ~~~~----~-~~:. .: 1_:; 
-· '·'-' t'~'!Z' ~- .... t .. -- 1:.: t~.!_..J<,_ -

<Jr---
Improved Airworthiness Reduced Cost Of 

Ownership· '' ;<cr vi: ::r·:;~ "'"' 

"· ·L~ 

T BO 
~0 qr.: 

Time---



[. J:o .:l'"?.! ,( i sri:::· :-:-::r. i. ~G ,_-::: 'jf: • <1 ;~ 

For a 'X~t\l"f'~~ g_ei(~_b.~J~i rf,:Se r'l{ice, a Time Between overhaul (T.SO) 
has b'een es'ta:blishee!' at:· tl'l'e- v-ertical line shown. If the currtmt 
recorci~_:,s·h.#.w~"tif'cft'J.~jr'h;~~1ts;.arefailing to.re:ach ~he figure d1;1e 
to mec~·an,;r2f!J:·· -~-e.f·e .. ct§',:·· ,th~n. the health men~ tonng system ~ s 
need~d.~to J?~ecji'l?t1'G:f_a!;t!l:r~s fl.lld ·th~reby_ avoid accidents, ie. 
imp~ove:~.~i~w~r~h.~?~S.'~i 1,~Pn .. 1;;1Je_p,ther h.~"nd! if m?st gearb<;>xes 
ach~eve--TB-15, ·the' ·opporEun~ ty 'a'rl se s w·~ th ~n ul tJ.mate fat~ gue 
limi 1;-~., i;-<1- .~xj:~\}d ~e. ~0 ,'.9}}, c;qi\di t,i,o.n' bri_nging 1 onger service 
life: "a'J.ld!"ie9ii~e~~ ~~o~~· •. :-:;..· 1$i'miia.r': sit.ua'tion exists during 
devel op_it(~!)1:1 <afi_d.·"ea'J,:Y. ::t:f~.e ".of~.,~e: .,\;J,ep.J:.PQx.- where the health 
moni_totip,9 ~-syst!~)!l~: c~~- asst~~'-in· a-cg.~l:et:,~tillg the, extension of an 
ini tiai~l¥.:lfu tra" conser..rif1fve TBO. · . · ·· .· - .. · 

< •• :;.:rv, .. e-.:~-ec ')~f>.,.L,;1.3'rtr, ... ..,~ :.t-!~.1 l"l. ..... ;.'1:.-c.::.:!<....l ~_.;:.J~: 

3. EXisTlNG~TEcHN:topES<>.: 1 " ": ~- · ,,.. -- "'~"' '·-'·" 

Until re,f!P .. ~-~· ,J:;p~ l!.liir.~cm.-a~f9rH.t· .. t;,e,chpiq)les for gearbox 
health .,llfCJ.I:l~t'o'r\~c;t:Qit~diit'· Mi~J t'HY ¥j.;- .l!raf't> hiive_ b~en pressure and 
temper~ S§auge'S''·iifl:he' '•cacikpi t( 'and' eiet:t.t'ic __ chip detectors. 
Periodic vibration surveys using portable accel~i:6meter equipment 
gi vin~ .~ .121.,.~~ gf .. ft,~gu};w,c~,s.Ii'e,ctr \1-J!l., agaJ,n.st .yel.qci ty have also 
bee~ tu~C¥ rot·· contp~1S_op:,.,w,J.~ ·th.~ .es ... ~~~J~:sh~.!i .. noFint and for trend 
mon~tor1ng. '!'he ma~n fG:illctfon'of ~pre-ssure•·:mcr temperature gauges 
is to monitor the lubrication system. Most abnormal temperature 
indi c<!t,i,.pn~. J~i sc,oupHps 0 fa~ ~:;e ,r,e_adi.pgst ~fil,hpw. cooling system 
faults!suCJ:l- as·:bypas·s 'valve failur'eS and· blocked coolers, whilst 
lo~ l?rl!s's:!fr.~ -~~;-~:in·g~~ .1fs'ti'a,~l¥ 2 m~iin. ;~~ <?;~Q~d fil ~er s, oil pump 
fa1lure oi:'-'-i'cts'S''"of?ol.i'"·tl~ ·to· seaJ:s;· Vca5Ing_ faJ.lure or burst 
pipes. It is comparatively rare' ':foi:''•abrtorma~ p' s and t' s to 
indicate_,£>t~~r,g~~f.b9.;::t;.<!;ult~? SUJ;Jl as,J~~~ring distress. When 
~i~ oc~r~~!J.'tl?-c~.'~,51:.St.~~ :U~,~:;ly,,_tu.t;ps_ ~ilt_ to _pe a poor p_redicto~, 
g1vJ.ng J.nd~catroils-·:ohly 1'at ·a· ·very· advanced ·state of faJ.lure, J.f 
not._ ~-i!!l~,!:an~qu~., 'l'!,i...-th .. f1.9_!:U~J, .fa.P9-re, accompanied by other major 

mptt:iin'S'"'Su'Ch- a's~ h~avy" vl:b:i.'a'tioii ·or noise. sy · ~1C~J t:C Z',t-=:i,;t•7.C":: ; ·~n - ~ .. : .::;·-' , ,. 

Ther'eUfs "'zt~gi:t64"9J:!s~ ·of'.,cou.~se for. adding remote oil level 
sens'?.f)S, i;t~,thJ.:s"'~i:l'iir;•~f.nc;:~ ~ .. ·signif~.c:anj: number_ of lubr~cation 
failu·~~-t b~ccJl:t ,f;fer·'step.py,_igss of. qJ.l eve~; a penod _of m1nutes, 
or. eV'~I).';ftq;u;:§' J.~,_f'll;iqh'l:t-:..?-ntl r_em~J.n l;!Iide!<te,cted untJ.l pressure 
faJ.ltfr~-Qqc;:¥!~1-.n~~-ey~e-;(·-~~ UK ServJ.ces_·_p_ave not yet employed 
these··a-evi'ces';'· aJS .. · -- "'- · 

Electric Chip detectors, _have made a valuable contribution to the 
monitoring process, b'ut the early 'remote indicating mag plug' 
types have attrac~ed. a poor reputation for spurious warnings, and 
have lost scm(' crreaibility. This is because nearly all 
indications have r~fsufted from one of the following three causes: 

a. Spurious (electrical system fault). 

b. Isolated sliver of machfning (build) debris. 

c. Build up of benign microscopic wear debris'(fuzz). _ .. ,_. 



Periodic monitoring of the simple frequency vs velo,..'.' _ -"' 
of the gearbox with portable equipment :has ~'br :. . _,..,.uJ~CV:CO:l:ue in 
tracking fault progression, and diagnosing; ·t.aUlty comP.9n~nns eg. 
bolt on accessories such as generators, or hY.·drcaujl4..c:.P.t;ftl:PS, but 
generally an obviously abnormal vibration is needed to. alert the 
operator in the first instance. Warnings therefore, l!l.r(ive late 
in the process and may be missed altogether if the fault develops 
between sample intervals. • .: ::::.· .. : ~.: ,, ..... 

• • - :_ '~-~ ~'· ,·, :.,: __ ;_; .. :~.~>-:-..:. t-;.\, :,:, 
Thl.s gives nse to the clear need for: iJI!pro.y~d .• t.e.fh~i:C!ues. 
Fortunately, rapid advances have bee.n mad:~: r_ecet-I'tti;ly,,i;n. 's.e.veral 
areas of health monitoring, especially the .. •foll.?wi(l.g: : .. "' ~ ;. ~ 

. s ,; 
Pulsed electric chip det.ectot: •• 

::-••r 
v, •• --_~ 

Quantitative debris mon:i tQr .:.-:>r :•: • -u "'t 

Shock pulse monitoring. 

Debris indic~ting screens. 

-~~:~ ... i ;~:~~-~\;~·:•I:~t';t~·~ 
Before examining any of these more • closely,, ;th.e ~.i:d~l'J. l;>~q1J~r)!\ients 
of the monitoring system .should be consider_eih an\i l:h~~Et a',t.¥:J,7-. 

- ' - ~- -.i. _: '3.,:. 
4 • HEALTH MONITORING SYSTBM ·REQUIREMENTS ··. J -~ ··· • ~ ,.L·U: . 

~}: ' ~·:::.--:-·--·~-... 
An effective health monitoring system shou1d: •. provl4~:-it 

DETECTION 

- Advanced warning of failure modes. 

DIAGNOSIS 
-. 

- Indication of faulty component. 
"'> -,_ - ~ 

- ------ ~..~. ,,W 

PROGNOSIS 
,> ~ :; ;_\ :: \' ~- ••I 

Prediction of useful life rema~n~ng.. ~-· ,~:, ,., 
- Clear rejection criteria for developing fai.uts~' "" 

FOR DETECTION, the ideal parameter measured by;· thenttoni:toring 
system is sensitive to change in condition, non "aimensional' and 
independent of test conditions, such as gearb"o~:x:::rnmaaJ!~·.pQwer 
level. The parameter should also give a 'onc,·:~:il:t~t;l' ;j,~@f9!lt.ion, 
where no reference is needed to historically det@;-m~pef!!,ir;-l;~~,end' 
data . . · 8 ::.~' t '? r; ~.: L.:t.sj· , . 

FOR DIAGNOSIS, the ideal parameter 
component at fault in a complex 
visibility of the condition of 
confidence. 

51-4 

: ~.:: ~: ;_:: f'_. :-<'2 ·:~· ::::: ="j -·, -;, 
will not onlY'lci!ld~g~~~ 2 'f:l::i)~ 
gearb.ox, bl,l~. <;.~J£'~6; s.;!?~ssome 
servJ.ceabl e componer;,i;:!?;c, for 



,;~.~}~~.:~.:·~~·r-x:·:·oolsv r: ': '{~)~'1~t): ~: . ·:: '· ' '! !.-. 

FOR PROG•NO&ilJS·p fire ·;es;qu±:rement is reliably to predict how much 
good timer the·t~e i·s:;J.~ft;··to:: failure. The ideal parameter will 
rem <lin :s,e•'l'is i t;i:v e: i't.·Q: ·c-hange in co ndi ti on throughout fault 
progressiion, "''and' ·e:xhibit a near linear progression 
characte'tistic. ·: '·. · .· '· •. 

;,- r- ·r L,.l :::; ;- ~t • ::· f t 9 ~ : 

In reality, the characteristics of parameters from any particular 
monitoring tecbnique will fall short of these stated ideals, and 
will no£:-'eo-<.ier~ all the Uu.tt modes anticipated by a design audit 
or d~scbve'red 'chJ.:r:ing~ qev·elopment •. '.However, examination of the 
characteristiC:§ .. : ·of• ~a:Lv'atiety.• of :techniques will enable the 
initial choice to be made of a small number of monitoring 
techniques to give the mo.st co.st .eff·ective coverage for the 
available .budget. The precise response of each monitor to faults 
will then be determined. during deve1opment ·tests, where results 
can be .correlated under controlled test conditions. Additional 
techni:q\ies'<•iihOuli!l"'be.c'!ri'cl~ded duri'ng ~this stage if alternatives 
exist to be decided on. 

5. NEW TECHNIQUES 
~ • '' .., » " 

The Ministry of Defence has supported applied research at ISVR 
Soutbampto.n, Westland Helicopters and Stewart Hughes Limited over 
the 'P~-~p,~l~q ~cft~s -i!'J a·dvanced· methods :of vibration analysis 
derivfn"gi f'clB'I't l'l~sct:-i1;)to~:s .for gears and•. bearings by digital 
signal processing of the vibration data. The work has included 
research at RAE Farnborough·;_ .. _. The ... :vi.bra.tion e3.nalysis section of 
the Naval Aircraft Materials Laboratory at Royal Naval Aircraft 
Yard, Fleetland's- in Hampshire is currently assessing the results 
of a package of work in this area, whilst the Materials section, 
with expertije built up from operating the Royal Navy's 
Spect~:ometric Oil Analysis Programme, is closely monitoring 
developments in Oil Analysis and On-line debris monitoring 
techniques. 

The ·most promising candidates for an effective integrated system 
emerging from recent work are considered to be vibration signal 
averaging, and full flow chip detectors with particle count and 
sizing capability. These techniques exhibit overlapping and 
complementary characteristics, and will now be examined as 
examples of r~al.techniques for which the characteristics must be 
determined. : < • .' .:: J • -. . 

6 • YIBRl;T!ON- •ANA.t.:YSIS Signal Averaging 

Pract:iq~!Bexp_e:rf·ent:e in diagnosing gear faults has been obtained 
by W~~tiiana il:1e!l:i'copters from the periodic vibration monitoring 
progr'·amme:>·!Qn"tlile-"Westland 30 as well as analysing archival data 
from fatigue substantiation tests. Seeded faults on the Royal 
Aircr;,eft Est!iiblishment Farnborough gearbox test rig have been 
sucd~ssf'i1B.:f'fidentified for a Whirlwind epicyclic gearbox, and 
at St~.~;~~:t:_Ifii'gh·es Limited usint;~ arRolls Royce Nimbus accessory 
gearb6x-!• ,.n •.Jt:; m:oo s . ·· .. :;· ~ . 



The technique involves taking samples of'.the.··g<?i'e.'rrro:i..~';f:fbration 
signal from an accelerometer over a repeated time interval 
corresponding to the rotation of a particular' gsar or shaft using 
a tacho derived pulse. These consecutive samples of data are 
then added together and averaged in order to c~ncel the 
asynchronous events. The resultant noise rejection·, process 
produces a usable signal containing a clear pattern of gear 
activity ready for a variety of statistical'·piocesses. An 
example of the process is shown in Figure c. Stew _art Hughes Ltd 
has listed the results of a number· of these.· calculations (Figure 
D), as simple figures of merit (FM), altl'iough significant 
computer power is needed to process the test :data.··.: 

'_ ,:; - : .. < .. :_~~: 

The most experience from gearboxes in service,; -including notable 
success in identifying faults, has been gained by Westland's 
enhanced signal average technique using the"parameter: M6:t•,m,which 
is similarly derived to FM4A. Using tfta:~tiil>&t·;r:ifg: at Royal 
Aircraft Establishment Farnborough (Figu!i~ E:);:' Fd:yure:!f~shows 
examples of signal averages produced by seeded .geat:~fault:s in an 
epicyclic gearbox during the Royal Air ctaff.:·:.:E!!ta.blc:!;shment' s 
research work. Figure G shows an example o:f: cbttpu·t'e:cP>F.OM"·FM2B 
for the seeded gear fault shown at Figure H •. :·:.·:;::C~& ::r.c;.; ::J<:: · 

: ,'";,~;:.~(":~:> •r i..> 

A brief examination of the indications giverr by; t'h:i.S:;f,a'imily: of 
parameters confirms that reality is far from. if:he~ ideC!il <~li:pr.'e:ssed 
by the system requirements earlier. Fir stll" th·e.: :f:rreicator s 
themselves exhibit varying sensitivity and patterns"of"-'l:e'sponse 
as a gear tooth defect progresses, and secondly, '?:the'y2:ill'Ust be 
used together to give maximum coverage.:··· Figtr-re::'.'I ·sh:ows a 
typical pattern of responses for a gear tooth progressing from 
pitting, to spalling and ultimately to loss of t~eth. FM4A, 
sensing localised impacts, responds vigorously when damage is 
slight. As the damage spreads to adjacent teeth, the FM4A 
reduces and does not respond again until single impacts of much 
higher energy level appear above a higher level of damage just 
before failure. On the other hand, the general detector (FMO) 
responds late. Sufficient information to meet· tire. r~quirements 
of early detection, diagnosis and prognosis is available, but 
intellegent interpretation is necessary. These c. characteristics 
can be tabulated against the gearbox components and-' fault modes 
to determine the coverage so far, (Figure J). ~ c·: . ~, 

For bearing fault signatures, promising research and development 
continues in the UK and elsewhere on a variety' "of •cVibr'ation 
analysis methods, including shock pulse techniques and .frequency 
spectrum analysis. However, bearing fault signatbt•~ are 
relatively difficult to extract from background noise, 
particularly in complex gearboxes, and problems exi.'st7 · due.:to the 
complex characteristics of the bearing to sensor~trartsmt•sion 
path and the effect on signals of slipping contact -of sthe· 'ib:earl:i.ng 
rolling elements. · -



7 • OIL DE£1US• ·A·S9ESSMENT 

The Mini~;-try :of,, D~fence acknowledges that considerable progress 
has been. made .in ,the USA with active chip detector improvements. 
Advances. over the simple sump fitted splash type detector can be 
summarised::a!S·,!~:'·. ·: · ,, ·\: 

~~·.:-~:: j,,'.:,/ -~-~·'' 

·;;.,; "'· . ~IP:. DETECTOR ADVANCES 
~~!·7;~'J.:,4t:',?-

, '"'''· •. ·· FJ!l;L •. j:J.ow positioning. 
: r:c ;.l ~l;iJ,~ tself cleaning (fuzz burn-off). 

· cy,Ql:Qn.iQccdebris separators. 
Debris sizing and co.unting. 

·.1 :,r::1~:·J;'rpvision.for non-metalic particle capture. 
- J .. 7 ~ ::;;. ?-1 \<: '' ~- ... :.. £,\ t_) : ~ 

An exampl:e: e,~, ~l;);:e~;~pt:.~r application is the TEDECO QDM system 
fitted ~Q t,'}l~Wetitlla·~(l.~30, in which. two sizes of debris (>200Jl 
and >l;O~O;phl!:l7e count~td •. ,. Figure K s.hows the resulting detection 
ch.:tragtr;:nliltic~;;:.;for?>small and large chips from records of a W30 
tethetr~!:laflig~, :test a of . a main rotor . gearbox to bearing failure. 
Groun:dM~na:ty:JSi.SJl~f, contaminated oil and captured debris remains 
an important supporting activity for health monitoring, however 
results are effected by the oil filtration standard. Where 3 
micrpn ... ab®Lu.te:- s;tandard filtration is employed in gearboxes, the 
effi;c;i;\en-c:~y :.Qf?.·an~hSpectrometric Oil Analysis Programme (SOAP) 
will-.•1;;!~ ;.~~c.e.d, S;i:nc.e .. wear particles >3p will be captured in the 
fine::o.f:;;i.rl:Jt;e'l::a:tnfi.rst~pass. However, it is considered that SOAP 
in sele<¢ec1. instances :Jllay still prove useful for the detection of 
increa.seil weai!7 .on. non-ferrous components eg: 

. ..:.. ?..,_:. ·:- ;'?O'J~ ;::· ~"~- . 

• :1.: ,;, ~;' z-:> BShaf ts 
, ••· ::- n·!l ~l " ·: :Spacers 
'.-, rU ~, .: :'eo a tings 

':.;c.. ,:q n:... ,: Casings 
'-~' J;\[_- ;;_c : ;_:;.·, 

\'"}~·?s:tSir --.1 

Titanium 
Aluminium 
Silver 
Magnesium 

The detection -characteristics of the advanced chip detector can 
also b.e .. a,ddec1•::to the table of fault modes for components to 
produce:,the. table at Figure L. For the list of faults tabulated, 
it can be'. see.n:-J;hat the integration of the two complementary 
techniques gives good coverage. In some cases, eg. bearing 
spalling, both techniques are capable of detecting the same fault 
mode,:.:·and,,so ::can be used as a cross check. For brevity, only 
detection. has;:bE:_en considered, however in practice the capability 
for oe,t~e;ct:il()n;:· prognosis and diagnosis will need to be 
considered•· ,, n .:: ', '! 

.._ 0 :t ~. <. > ".:. 1 .~· ~· 

It iza:,:not~ a:u,:fJ:&:icient, how ever, to rely on health monitoring 
tecnniqiUlS~,thatJ,are aimed exclusively at detecting ce.rtain 
prediJP~eci-.-f:aitl>ur:e modes, since unanticipated modes may always 
exist. Generalised parameters such as FMO, FM4 and small ferrous 
particle count should always be monitored to cover for the 
unexpected. 



Once the choice is made for monitoring techniques, time intervals 
for the collection of data and threshold levels for caution 
(warning) and emergency (flight control) for each result will 
need to be determined from the development test prog:t;amme data. 
The interval for periodic checking will be sho~t enough to catch 
fault arisings before progression to threshold (maintenance 
action) levels, whilst threshold levels will be set high enough 
to avoid spurious warnings, and low enough to -a~7oic1 catastrophic 
failure by a sensible margin. 

8. EQUIPMENT 

The inclusion of accelerometer and chip detector .. sensors should 
be an integral part of the design process for a new gearbox, 
though considerable scope exists for retrofit of sensors. The 
choice for equipment architecture to record and· process sensor 
data consists of two basic options, firstly:, .a 'total airborne 
system which will take data on automatic cue' or pi;L,ot command, 
processing results in real time ready for downl_o~ding after 
flight to a compatible maintenance data store •. _-dn: this case, 
only flight critical results need to be displayed to the pilot 
via the centralised warning panel. -

The second option is for the minimum sensor fi,tr.::wJ:t::ll:?:Portable 
equipment to record data periodically for subsequent analysis on 
the ground. · 

The first option is the most costly, with processors required for 
each individual airframe, however this strategy offers the 
airworthiness benefit of a 'sentinel', able to scan f_or ~ljlerging 
defects almost continuously. The second option· is ··j;:he cheapest 
in cost and weight, but offers less security. Givfi!;n, .. ,thl'lt_ some 
health indicators give considerable warning of failure,_whilst 
others do not, the optimum equipment architecture may well be a 
combination of some real time data processing for in flight 
results, and a recording capability for off·aircraft analysis for 
the bulk of parameters, which is triggered by certain real time 
results or on demand. To ease the problem of the volume of data 
to be recorded for a number of accelerometers and discrete 
figures of merit (FOM), data compression techniques may be 
necessary, including the airborne processing of 'snapshots' of 
raw data into a manageable size, or part analysis eg. producing 
signal averages. For a complicated gearbox, the full suite of 
vibration analysis techniques for gears and bearings would need 
15-18 Mbytes of raw data storage capacity, which is for the 
moment beyond an all digital storage medium and this points 
towards airborne processing of data. A small airborne tape 
recorder could however be developed to meet this need • 
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9. MANAGEMENT OF TECHNIQUES . 
The mi~estones to be achieved in commissioning an integrated 
health moni torin·g system are shown in Figure M. As an example of 
this approach', the development plan for the EH 101 is shown ir. 
Figure N. · The· essential features are: · 

a. Development Testing: The definition of algorithms which 
•iil~be used to determine the health monitoring 
indicators. An integral part of this is the functional 
testing of development hardware (sensors and recorders/ 
processors) and the setting of data collection 
intervals and threshold levels. This may require 

· 'del~iber·ate fault seeding. 

b. ';;•::Matutiity Testing: In the latter stages, the system 
,credibility will be tested prior to certification. 

:''ThEf J:-eliabilty of the system, and long term data 
'"'· col'l:.ecting requirements and in service maintenance 

:: in:terpretation rules will be established. 
' ·: ·" ~~ '),' 

10. C<;?NQLusiONS 

1. The health monitoring system for a new gearbox should be 
considered from the design stage and fully integrated into the 
devel opnient ·'pr-ogr-amme. 

w '~ • -~-- )" ,-,-~,>- ';' :.; 
2. The'i:':ec ·i·sJ.'no universal monitoring technique for the 
transmiss'i:(m;-;Sy-stem at present. A matrix of the minimum of cost 
effective·'·ll)ethods will need to be determined covering the likely 
fail lire<' modes: 

3. An effective health monitoring system will improve 
airworthihess and reduce maintenance costs, provided that the 
data produced by the system is handled and interpreted correctly. 
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