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Uiziﬂ‘tlﬁﬁ:ﬁ]ﬂﬁ%'umﬂm'iﬁﬂ Engine Trend Monitoring (ETM) 1 O

1. asplgaslumsdeaniige o. (Cost Reduction) 1511 Engine Trend Monitoring (ETM) 9%
Wilvianansansanudeunnieswes sidousiiiu q uasihnsudlellgvidonsuii o.aziinms

1 Which of the fo“owing is the benefit of Engine Trend Monitoring (ETM) ! *ﬁ"r;mLﬁumﬂﬁujmﬂszﬁ\lﬁamam v asdswerlussduntsteuiigeiu (Hisher Level Engine
Shop Visit) Ssdun/desisaldasuazidanailumsdeuwuuuanuauiug (Unscheduled
Engine Maintenance) 'Lus:a:m’aﬁq'l,‘&'aiwmaammq’l:fia'm (Life Cycle Cost - LCCO) azamas

3. EﬂhaﬂCEd Safety and COSt reductlon LWS']%E!']S;l"ﬁﬂaﬂﬂl”l“ﬁanﬁ'l‘i‘a 8. (Maintenance COSt.) wavUszudmidamnas (Fuel Saving)
UBNINUNT¥ Engine Trend Monitoring (ETM) #iliuszdndnin azvinlvansauiulss

nsUSuussanssauy o egluinusiunesgulaunau vinluldau o. On-Wing lauuau

FUDENTanI LY B.azlvannesdan/azauadle

b. Extension of engine utilization. . w
2. wuanuaenislunstu (Enhanced Safety) ananudsanazia in-flight shut down
LW31EN15%1 Engine Trend Monitoring (ETM) L‘fJumi‘ﬁ'auﬁﬁ‘u%qqﬂ (proactive 1 1

\ - maintenance) 'Vi%?]‘U'Nﬂ%;\'i@]’1T\'IL%'Uﬂ‘lﬁ'j’ltﬁuﬂ’]‘i‘ﬁiv)Nﬂ’]‘?QL‘?NWEJ‘]ﬂSﬂTI (predictive /
C. |ﬂCfeaSE all'Cfaft aVallablllty diagnostic / prognostic maintenance) WanmavnAEnunduavdiumsudludonouiioz
vilAnaulivasssslunistu
5. Iﬁums’t’mmf_ﬂ,'ﬁ'mu gl. (Extension Reguirement) N13%1 Engine Trend Monitoring (ETM)
d Au f h b b d annsathrailaluldlunisfinsandeegléauves v, 19u 91gn13M329 Hot Section wie
' 0 t € dlove a" and C are CorrECt anggalvigy (TBO - Time Between Overhaul) wiaunlugmsgeuiige s.uuu Condition

Monitoring) Taglaifviua TBO Wudu

4. uemuwienliusnisiieimastu (Increasing Aircraft Availability) twsnzanunsaaans

YouUnge s.uvvuanuEuiIvue (Unscheduled Engine Change) #isioinan o.asdegau Shop

Visit 13910 BN st sauInuiItusssnendou o luil sausaaianisedldlums

aun lutedatesitiniunu o. (Troubleshooting Ground Time)
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2. Regarding Engine Trend Monitoring (ETM) objective concept, which of the following statement

Is true ?
o D.EC _ FISHATIBDTITA
Pt scdei M Sl e urve Directorate Of Aeronautical Engineering
tarls Port whess sl smoess oan be dhlected [ —————————-LL
IE:;:: Poirit where failure
starts FPort where failure process can be detected
[y F
Operating Time Functional
Failure
) . ) . Operating Time Functional
a. To find point where failure starts and rectify the defect. Faiure

. . _ . n15%1 ETM fitiNe#azd1u15an52anula P (Potential Failure)
b. To find “P” point where failure process can be detected and rectify the defect before B oisanel RNoln o bl e e B s el . el
WEUNDUN 8.38NANTY13A A 9A F (Functional Failure)

reaching point "F" functional failure.

S — ! e . & 2. v -
ieadiisfndivnmsisuunmstassianiaeie Hilaraalessduuanilusesgieaina

c. To continue using engine and send the engine to overhaul before reaching point “F”.

d. To use engine as OC (On-Condition) until reaching point “F”.

R ———— _'_ " ar E ar [
dRasAnsEiiunIswainIsTuunIsdanadisatnidear Widasdaaaduuaziiiuuiasgiuaina
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3. Regarding oas turbing engine trend line (frend graph), which of the following statementis . . o o | a8
dfunpumdnlunisyh Engine Trend Monitoring (ETM) mvh Engine Trend Monitoring (ETM) fiae

v d & v v & [T ) & ¥ o
CO”ECt ? 1ﬂnaﬁ’mw WANUTENDUAILTUADUVANIILIY 3 TURDY lﬁLLﬂ

. . o . @mnﬁummﬁaua (Data Collection) fevaitidinaresiimonfowaztiuiinetns
a. Trend line or trend graph is plotted by using engine raw parameters recored during 5 T A
ﬁil'lLﬂiJﬂIHit‘HTlﬂﬂ’lﬂ'l‘i‘Uu i"l']'iLﬂU'HﬂiJE‘lwEl'l'illl'ﬁ'lﬁﬂﬂ‘l.lwﬂhﬁ’mﬂﬂ Hiﬂﬂ"l-’dl‘ﬁ‘iﬂl.l‘u

fichts and change raw parameters to comected parameters at standard day (ISA), duintoyauvusnhaiAili
MSAENNTMANTIuEY9Y 8. (Performance Plotting) Aamth "iﬂgai‘;ﬂuﬁﬂl’i (Raw
b Trend line ortrend raph i plotted by using engine ra parameters ecorded ding Parameters)” infudhdanae Ranmsgw (Standard Day) G “Senandosy
fhts. g usasg uen (Comected Data)” Aawszihn Plot nsm
MIAATIEM (Analysis) m*;LuIﬁﬂ’:’lﬂﬁ;ﬂﬂﬂmﬂﬂﬂmﬁaﬂ’ngﬂﬁmuazﬁunm
¢ Trend line or trend graph is plotted by using flisht conditions recorded during fights. irudfgoinddisshbimsth Engne T”-‘r;d Moritoring (ETM) Uszaurameiad
yainnsienssmmuhiidRaunineudy o. fsssihmsasisasyiiow
d. Trend line or trend graph is plotted by using dimensional analyss anmuazsniMm kAol ag ez
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ala i

lunshrtymuamquiiliiiassiis @i (exponents) axldnamnmswmenius

4. What are the three basic dimensions in dimension analysis ?

¥ i nl‘ .4 |
ﬂ’JHH@]HUﬂ"INﬂIﬁuﬂ 1a Mass M, #uem Length L wagiaa) Time T 'EHL'E‘T% WEUATDY T[]lﬂ

a. Mass (M), Weight (W), Time (T)

[El] :[MHILF']TE]]D{: [MHELFIETEE]QE [Ma"sl_t:"l-rﬁ](.l‘a [Mal‘.l_hﬂ-l-r_ﬂ]

Toed a;, by, c; Aedmnuilsmsua Megney

b. Mass (M), Speed (V), Time (T)

[ Velocity (ft. / se) ] = [M°L'T ']

C. ME]SS( ) Length( ) TIIT\E( ) Fuwlsshinradmetulauiiine [ MOLOT®]  Famansodeulid

[R]=MOLT" =1 sisikifosan pi(m) diuiwysitlaiinne (dmensionless)

d. Mass (M), Acceleration (A), Time (T)
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| eec—
w— — e
1. 71 :
- e w -, - 2 2 e o - - ) 'T|-L|-
al.lﬂ'TiL‘l’TaWuuﬂ?jﬂﬂﬁﬁﬂﬁﬁqumqﬂlﬂuﬁ'ﬁﬂ uaza1m1‘im4‘11ﬂ_|1‘ua‘1u1ﬂ LB AATTLWILWIBAAFA

5. In flieht, we cannot measure thrust (Fg) of a turhojet or turbofan engine directly, regarding

Constants #14 < sanlufniu sesdiulddraidulsildesdududsiimine fsladu

. . r L wd & wr  Eew - ol el 1 ' ) ol
dimensionless uwamluvazil FateasUitdrdwnae luanmznistule 9 AiilA1 P/ PLwin 9 U w3eil

dimensional analysis for engine trend monitoring, which of the following statement is correct 7 & Mach No. win 9 fusdia nostéin

#1 Thrust: Fo/ O = Constant

A1 Mass Airflow: (WaN0.) s O = Constant

2. ot the value of PR/ 0: 0 = Pressure Bato = Pressure at fliont alfituce / Presstrie al i ruct Frow We 7 G2 0 Constant

Sea Level Standard (S4),

M EGT (° K T/ O = Constant

i

A1 SHP w3a Torgue Torgue / {-?312 2 912) = Constant

45

MTin Thrust (Fy) vauztulusnidliaiuisavinla w3a¥a Thrust veussitnrstulaolda

h. Plot the value of NI / \/9 - Terperature Ratio = Temperature at flint altitude

EPR (Engine Pressure Ratio) FaiiAwvindu Total Pressure at Jet Nozzle Outlet / Total

0 0 - = o
( kelvln) / Temperature at Sea I_evel Standard “SA) ( kelvln) Compressor Inlet Pressure winiamaqA1 N1 (Fan Speed) %38 Compressor Speed Aauu

EPR / O = Constant pM3a|N1 /7 V 0, = Constant Fauiu parameter 1UN15¥1 Engine

Trend Monitoring (ETM) T¥AY &, Turbofan uaz Turbojet

¢. Record the value of EPR or NI (engine fan speed] at the same Mach No.

. All of the ahove a, b and ¢ are comect

=, - i 2. ar x 2. Ts..q ar -,
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6. What iS the probable GUSe Of 3 SUdden o iﬂStantaneous engine d@tenoration ? 5 Engine Trend Mornitoring [ETr::ﬂ wﬁﬂﬁmwyﬁamimmmw (deterioration) melu

Gas Path 98¢ . aaanisnulUmnnslgin wu medeuanmuastA Hot Section, ms

Lﬁauaﬂmm Compressor, FOD, mﬁ’ﬂwwm Bleed A, m'i'a*ﬁﬂﬂﬂmwm%ﬁﬂ B, g
. Misdeudnmead o. ansouvseenti 2 seaufe
d. D"W Compressor - 1. ﬂjﬂﬂﬂ}]ﬂﬂ]ﬂﬂmﬁyﬁ(mdé&nlyﬁ Instantaneous Deterioration) El'litiia’lmfﬁjmﬂ’m B
awheuluuseaes transient condition (4 M3 compressor surge, compressor
stagnation w38 compressor stall) wianilgan o.futaT AR (exceed limits Wi abuse
b Blrd dir k / FOD / JOD of operation) iaifamnyisthsaues e fviion ai inlet (1 v/ e, din FOD
fanvdoamman B dstuuusis: (severe) kxsEu1 Engine Trend
Monitoring (ETM) Tanansoussieuldansnin iy nsiin fatisue failure 194
C Engme Stau compressor blades Wianiifincreep/fatisue failure 981 turbine blades
- 2. madayanmsvusanihuesly (Gradually Deterioration) Wunmsdnnseu msuenesh
waarim Smsdavammiaiimnsonsamliiomswiusameriwsig o
d. Englne ﬂame Out lusay Elll'gim.‘ Trend Manitoring {ETM) Ay v.Gas Turbine wen b snuanlim
Smadananeiiaila leidanmsdesanmandusuy noninear
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: S : n13vh Engine Trend Monitoring (ETM) eyl ufismsisuan (deterioration) aelu 49

1. The normal engne deterioration fate s ...... ! Gas Path wa¢ o samaanitiilsnmsldin ey madeuanweasm Hot Section, ms
Lﬁauaﬂmm Compressor, FOD, mﬁ’ﬂwwm Bleed A, m'i'a*ﬁﬂﬂﬂmwm%ﬁﬂ B, g
Msdananess o, aunsoutsenntd 2 seufe

- 1. ﬂjﬂﬂﬂuﬂmﬂmﬂyﬁ (Suddenly / Instantaneous Deterioration) El'litiia’lmfﬁjmﬂ’m B

awheuluuseaes transient condition (4 M3 compressor surge, compressor

3. Constant

. stagnation w38 compressor stall) wianilgan o.futaT AR (exceed limits Wi abuse
b' Linear of operation) wiaiAnman sthsmas b ai inlet (wfu v/ 6un, iin FOD)
"l’i"qﬂmﬁﬁuﬂmﬁuuuﬁﬁﬁﬁnﬂznﬁmﬁuwuguuﬂ (severe) wazsEuy Engine Trend
, Monitoring (ETM) Tanansoussieuldansnin iy nsiin fatisue failure 194
C. Non I-lnear compressor blades Wianiifincreep/fatisue failure 981 turbine blades

- 2. madayanmsvusanihuesly (Gradually Deterioration) Wunmsdnnseu msuenesh

waarim Smsdavammiaiimnsonsamliiomswiusameriwsig o

d. |HE‘§U[&][ Tusew Engine Trend Monitoring (ETM) d1wiv u.Gas Turbine ug wiiliieninsouenlan

] 4 i i W o d E
ormmadauammaziiawila lneiidssmsdasanmasiiuey noninear

=, - i 2. ar x 2. Ts..q ar -,
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Mﬂﬂjﬂﬂﬂﬂ (OAT- Qutside Air Temperature): 5 ° F Error = 2 % Performance Error

8. Data scafer o il poits may be observed in engne rend raphs. What s a probable cause s Al 30 et Eror = 1% Pefornance o 58
Torque (Indicated): 200 bs.-in Error = 1% Performance Error
. . ? 57 BPM: 1 9% RPM Error = 0.5 - 1 % Performance Error
Of Wlld pomts ' tamssisdnussnavilsie lusewmsasosaauns ETM WamuingUsnasns i IT: 5 ° F Ertor = 1% Performance Eror

aalagalaiieasniien (single point) fimsdisauu (deviation) WannénUndrawinenn ,
- S : Lifactend v Instruments Error; MsU5uLf saviaves v, (calibrati
(abruptly change or step change) IHHSUNﬂﬁEIUﬂW'iﬂ1 ETM aenfiaanlaviso overreact walt @ MsUIUdEUINATEIAATEYIATEN U, (calibration of engine indicating

2 Instrument change WithOUt Ca“bratignl P A instruments) %ﬁmﬁﬂLﬁuﬂﬁzﬁ"mtli'maﬁwa Fiiufounaidutono w iams
Data Entry Error: Soyadinl (raw parameters) tharnmgndanisld suifoms 113994 thermocouples wialal (saxiiuarirlyianuen T,o o T Yaentmmuiiueiy)
ARy asiin Somet vy oahuanmiaios (fy stable crise) vieli, ansld thuay
b Pafa“ax E[fOf dUﬂn [ea d|n bleeﬁ air ﬂ’llli|:lﬁ, jm EJIWTJH"I p:essure alTitlJSE ua:a‘rumqﬁnwiuaﬂ lft?trtside airrr ) @ C.E.Ec“lat,ion Error; %’uﬁa‘[ﬂlﬁammaau*ifayﬁﬁﬁ’w%’m{l"lq:‘fumﬁ‘ifluuﬁi (carrected data)
- g g temperature) mmlnhﬂﬂamugnmm mudnauanAnTM ETM 10 step change Tumied ’J'ﬂJﬂTEﬂW’Jﬂ.IQﬂﬁmwialﬂ

it (single point) lwaaasiins ot ETM i parameters 8 4 S¥duaninindi i
e siuiintayaiianens (Data Entry Emor) vidaiases fntuananlsignaos
' (Instruments Exror) MethevasmsVuintoyaiiAmann sedwamenuiumsrmam
c. Dt entry recor]) e or calclation ey, !

ASSOLEYRY U.T56-A-15LFE fRamana Sl 59
i

w |‘.:' d ' 1 il a d o
dludionsiasaamh parameter 995 ETM Simsnun o aalasaniadivs
st Wil o) imsilanianann data entry emor (Yhaindaahianans),

d. Allof the above 3, b ana ¢ are comect

instrument emor (wavittuananiawana) visa calculation emor (MsAMIMHANAR)

=, - i 2. ar x 2. Ts..q ar -,
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0, Custom Baselines UCL (Upper Control Limit) and LCL (Lower Control Limit) canbe S | 54
WawA X herage UCL wa LCL seusasua) n1sas Baseline wuvu Custom or Generic Models
constructed after 15 flights. The purpose of UCL and LCLs....... Vian i 21
UCL (Upper Control Limit)
a, To establish and easlly see the maximum and minimum values or bandwidth, _ o L
seline ( X aerge ) S 4 LA

LCL (Lower Control Limit)

b. To calculate engine perfomance.

Ui 2-1 s Baseline, UCL uat LCL

cTo Change e pafamem to comected parameters AmUnAwaINTayaiieNasn Baseline \utpyaiiluinlAatnagnasiu nsmvas

Corrected Data lum3vi7 Engine Trend Monitoring (ETM) s¥asaginely Bandwidth (svusving
s UCL wae LCL)

0. Al of the ahove a, b and ¢ are corect

=, - i 2. ar x 2. Ts..q ar -,
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¥ " lll k1 i 3
10, Custorn Baselines UCL anal LCL are needed to renew whenever ......! R 55
AaUnilPsATINEY Custom Y9 Generic Baseline Muaiaulasy olwl (brand new
eneine) #lﬁ Time Since New (TSN = 0,00 Hrs) #3amiua U.Lﬁar-huﬂ’lﬁ'ﬂu'lﬂrﬂ (newly overhaul
rJ..i i,l: rf .J ¥ i w
' enaine) 1iil Time Since Overhaul (TSO = 0,00 Hrs) fiiaitalns Ui aussoue asan1ee U isen
3. Ater engie overnall e vy T
B heavy maintenance kaY wialgidy Baseline mﬂ‘iﬁ’]'l.llﬂﬂuﬂ‘iﬂm U.ﬁ‘iumt]ﬂ’lﬂ'ﬂﬂ’lu TN
liiaaiunmemmasnsidauanTn engine degradation) Awsdla bilanmesysainniigaly
ARevATRO N U avAERY

rf L A , . 1 E 7] |'.1I L]
UanINLEADIT Custom 58 Generic Baseline ‘[Hﬂﬂﬂﬂ‘iﬂmﬂﬁﬁﬁ]’lﬂﬂ o Iophuns

D, Afer Hot Section lspection

tanlyg) (Overhaul), fsaeganyAdaumvAISEY (Hot Section Inspection- HSI), mnanwe
Engine Module w8 msnamwdounsnsimanyas .molu Gas Path 1y naawou Compressor,

(. After changing major compongnts o components n the engne gas pat

Turbine 1WA
M Engine Trend Monitoring (ETM) msviitudstasiiasanniient vsanniu

wiaadsauiiganng ¢ w0y Welmier uaiosasnsl wavanumsmhasiiasmilasen

d. Allofthe above a, band ¢ are corect

v i o 54 A = ag ¥ 5 o Vg o
QNABe AdiBsA A Wnwuianiieslarsasaumammuazdiunsunlvlaui

=, - i 2. ar x 2. Ts..q ar -,
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- - i i Baseline 55
11. What s the best frequency to perfomn engine trend monitoring SR TV
aaUnAlAsET A Custom WiB Generic Baseline Awaisulasy vl (brand new
endine) 'ﬁﬁ Time Since New (TSN = 0.00 Hrs.) 5omaua u.Lﬁdﬁﬂuﬂ’lﬂi‘ﬂﬂﬂrﬂ (newly overhaul
rJ-.i # ril |J ¥ i B
: : eneine) ! Time Since Overhaul (TSO = 0.00 Hrs) mumﬂ'luwﬂ'umﬂmmuaqazjﬂw~1 H.MENIN
3, Every fliont or at least every 3 flying hours A ; Lo
M heavy maintenance 4l wialtidy Baseline Mﬁﬂ‘jﬁwlﬂwﬂ‘iﬂm ﬂ.ﬁ‘iﬂﬂﬁt}ﬂ’lﬂ'ﬂﬁ’lu TN
linmaiummnmemnsidauan (engine degradation) AwAdia oilanmenyscnniigaly wu
nieiiugaiianon u.avdeton
r}I L5 A , . 1 E A v L
UBNNUTILADIN Custom %38 Generic Baseline '1.Hillf!ﬂﬂ‘idﬂ’1wﬁxﬁ]’lﬂﬂ o \peins
tanlyg) (Overhaul), fsaganyadaumveSEY (Hot Section Inspection- HSI), msnanwe

Engine Module visa msnanwavuussusianuog o.molu Gas Path vy naaweu Compressor,

D, Every flight or at least every 5 flying hours

C. Every fliont or at least every 8 flying hours

Turhine Lﬂutﬁu

M Engine Trend Monitoring (ETM) msviituundstasiiaanniient wianniu
wipadraauiiganng ¢ w0y Welmier usaiosasnsl uavanumsmhasiiasmilaoen

. Every fliht or at least every 10 lying hours

v i o 54 A = ag ¥ 5 o Vg o
QNABe AdiBsA A Wnwuianiieslarsasaumammuazdiunsunlvlaui

=, - i 2. ar x 2. Ts..q ar -,
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12 Engine gas path problemns shall be confirmed when....... Engine Gas Path Problem

2. Treno Qfaph les within banchwiath Problemg){ns ETM fsamntsdiadsimniinel .4 sefod] parameters hisuanddiaund
UBY 2 parameters \&d e utunesiorsuSoudioudn Corected N1, Corrected TOT
waw Corrected Torque Y (3214 Corrected Fuel Flow me) el wamamenansl ETM

lanenagnans Seilinatwanl s

h. One engine parameter inolcated non normal,

C. Two or more engine parameters inclicated non nomal,

. Allof the above a, b and ¢ are correct.

=, - i 2. ar x 2. Ts..q ar -,
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13, Enane ot secion problems coula be nlcaeay .. R

Corrected N1 l{ﬁaﬂ 9 anaazion); Comected TDTT ADE %) L'i'm'l.IU'f’Iﬁ“UEIH]
bhéiv 8. ﬂUlﬂﬂ'EH . Lﬂll'ﬂUT I.I.Hﬁwﬂ'l"lﬂ"l'i]m"IIMFﬂ.I’Iﬁ]"Iﬂf'I"I‘ilE‘IEIHﬂﬂ"IHﬂWﬂlﬂ'ﬂﬂ Hot Section 184 .
4’
amummﬁnﬂmﬂﬂﬂ*s'['nmﬂmmwmuﬂnﬁ feonifinen Compressor Turbine Vane Ring Distress

d H|gh thbme |nlET/ OUHET temperature, h|gh fUEl ﬂOW and lOW pOWE[ W30 Compressor Turbine Blade Tip Clearance 1nnifiuinaus w3ainan Compressor Turbine

Blade Distress #508191/iA91n Accessory Gearhox 150

i urine le/outlet ermperature, igh el o and igh poer ;:E::T :;',\_?—?

[:DrrE-cLE-d FI,-"F wv/_/f

(. High turine net/cutet tempereture, low el ow and low poe Hot Secton Probles

Compressor Turbine Problems

Accessory Gearbox Malfunction

0, Hih turnin ilet/ouletterperature teacy fuel o ana igh pover

=, - i 2. ar x 2. Ts..q ar -,
SHEUES ﬁﬂ’i‘ﬁ::;ﬁ LHHWATTSNGHTIFSS UUNISERNASI9ETINNFAEITK [(MHAITHLUaamAsILAa Lﬂuu’!ﬂﬁg’]uﬂ"iﬁﬂ



FISHNYTIIDTI TR

Directorate Of Aeronautical Engineering

m Dlﬁy Engine Comp[ESSO[ COU[d be iﬂdi['dt@d by IIIIIIIIII ? . ¢a .ol Corected N1  (Hou muﬁuﬂa sAlot); Comected TOT } (o 1 wmﬁ’fum

fiavuan); uae ﬂaumﬂm . mem T (Aat 1 mmw'ﬂa o) LLaﬂq:rlmiluawﬂmTIﬂ Dirty
Compressor %39 Compressor Erosion ¥59919/i#910 Bleed Valve yivriauni 19y iinms
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