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Fault Risk Prediction of UAV Turbofan Engines Based on Deep Learning
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(1. School of Economics and Management , Inner Mongolia University of Science & Technology , Baotou 014010, China;
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Abstract: Aiming at the problems of the high failure rate and prominent safety hazards of unmanned aerial vehicle (UAV) turbofan engines
under complex operating conditions, as well as the lag of traditional fault diagnosis methods behind the requirements of risk early warning,
this study proposes a fault risk prediction model based on a long short—term memory (LSTM) network integrated with an attention mechanism,
with the purpose of realizing early identification of engine faults and quantitative risk assessment. Taking the operational data of turbofan en-
gines from a well-known domestic UAV enterprise as the basis, wavelet transform is used to complete data stationarity processing , Pearson cor-
relation analysis is adopted to screen key feature variables, and the 3¢ principle combined with the interquartile range (IQR) method is ap-
plied to achieve precise cleansing of abnormal data. On this basis, a prediction model is constructed with LSTM as the core architecture and an
attention mechanism introduced, where dynamic computation of time—step attention weights strengthens the focusing ability on fault-sensitive
features. Experimental results show that the model achieves a fault prediction accuracy of 92.3% on the test set. When combined with an expert
system and a rule—based risk management platform, it can provide technical support for predictive maintenance of UAV engines, and has im-
portant practical value in reducing operation and maintenance costs and enhancing flight safety redundancy.
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Fig. 1 Correlation matrix diagram
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Table 1 Key characteristic variable screening results and physical significance
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Fig. 2 Fault risk prediction model method flow
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Fig.3 Risk assessment flow
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Fig.4 Wavelet analysis diagram
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Table 3 Dataset structure

®3I HURKESEN

A A2 5 B3 (x, ) v/min HEARE (v,) 1°C W] (x5) /kPa SRR () /L/h LR (y) (w5) 1°C
L(IZREE) 2 850~3 200 420~580 280~320 18~25 380~450
2034 ) 2 880~3 180 430~570 285~315 19~24 385~445
1005 ) 2900~3 150 425~565 290~310 20~23 390~440

P 5L T 08 2 WL Y LSTM 0 A5 20 | HAZ 0 b
AR (LSTM FRAEREUZ 1028 AL 2 4 i 3
W2, Q55 LSTM/GRU Xt L - JC75 XU ik [y 7 41, F%
TR A4 B, HL R ) A i RE , BB A% B A il s A %
BF B, B i TG AL S B T 5K 5 @5 ML 2 2 SRE X
Eb BB R ML, 7T 4k X 1 56 A g e fgJa st i) 2
U, i He A% Ge A T X P 55 BT S5 A b 3 OGS R A1E v
V(1) 1) 515 (355 1 3 T AL A% B R TG B - SR B [ 26 1
B WA & S AL R 0 R T AL R, R
PR B 1 2 v B 1 Wt A AR A

AR SR 7 o i T 1 — R SR e 8 T A = S B
30 oA i TV BRI < 3 2 X G 1 K/ 30060790
3P IR K 15/30/60 43 8h 1 MSE {H , i 2 S L% H 60
A3 T A 30 43 b . AR o v s DO HLENR Sl
Y, AT X —2H “60x5” A4 4 AR AE S 4 RN 30x 17 Y
g IR R A B BRI 30 434 TR BE I 40 £ e R ABLAE
Sy 5 DT SR o SO N 37 2P S o S

kg kA 1 FE TR0 R 5 B4 BE R R, A SOR 7 = 2 XL

IS AR 1) 850 B KA AR MEEA TIB IE
(DURBE B THRERARE . T H 3 007 50T 10 408 5

510 S BT R T b = 0L R Clmin) . 4
k> 2 “Clmin B, KBS 5 EIH— 2% ;250 < k < 0.5 C/min
IF, RS 2590 R 6 — 2% 5 24 &k < O, 447 5 25 90 (A bRic i
ELES A

(2) P B I R AE Ge it T e 471 w3l A ok
{8 (440 C) fHRZEmb ] £, > 15405 XU 25 90 1 0 — 2
5 <ty <15 BRAERE Y BT E D 51, < 5B BRIC N BE I
W sl , B S 9 T JH— 4%

(3) IR JE e SR FEAE . TH P IR ZE o, B oy >
10 COI il & “ R GEASFaoE " T, U 2 9 b — 05 45
oy < 3 CIFEF RAE B MEE PN E

RS A 254 F s A =R (5) Fiow

Ry = Clip(R,,. + AR, . + AR+ AR ,3,5) (5)

Horp Ry, R 3 T S5 KA 0 5 1 XUBG 25 9, AR hy 45 4%

TEAE TF B (BUE J-1,0,+1), Clip BRECIS 45 5 BRI 7E 3-5 2%



- 34 - BT T

2026 4

TN .

KAIHICIZ M 4 (LSTM) By 45 #4515 7E i 5 | A i
AT GRERT T A S T 05 B R i sh #E AT RS o il .
ATTHSE T 415 A MG B A 2 ¥ w0k B OIS m 25
JCRTEH st R T4 A ICAZ FoT T IH A B R B8 Bl st I
FEREE B 1P T 2 BT (MR £ ERE Bl i DA
T 2SR s 2] $50

e WLy BB U S = RE V= WA e DS BT 4 SN
R, BRI IR VLB ITEIRF X =[x, x5 -+, 27 ]
B CHer 7oy sk ()20 2850, 1 e 2t B B ik () 20 ¢ i
BH e, RSB IE 20, % LA A &M
PR O 5 . LSRR 1 k), a2
K= (6) frs .

e, =q"k, (6)

Horp, g S22 i A 5 (Query) , 1] UG VRS2 A AL S i ¢
TERE A B RR T k2 B ) i (Key) , AR ER ¢ 4~ i)
AT B o T A I ) a5 R B ) 2D ) i
B AR, A5 BB AS B ()25 1 ) a0 4, i e RO e T
YR A 9 ) 5 A IR PR SR AR OCME . S TR
SRR AR T TR JIAE , 55 ST Softmax pRACHEA T IH —
feab B, =X (7) s .

_ exp(el) (7)

(61
L ewle)

o, o 255 oA BRI AE 19 T8 B AR, U T e
O~ B o, = 1o FERESIAE MK, T ]2
AR5 RO T 2 i AT 55 b T

TRENTE B AT , B 2 AR A X A F X i A7 51
PEATANACGR AN, 453 2 — A6 55 R HEHE B iy BT S e
Ft R AR (8) IR

c=ia,x, (8)
t=1

LR S e RlA T R AT AN TOR TR R S R4 R
HOCHE B pr b BB R, BRI 1 SOl e
EHABFEARSS A, T 5 2 il XURS o . 2 R
JIHLA 55 780 G 6% A Ak 38R 1 & B WL A7 £ et DRk v
iy b Al 2 380 55 XU R O Y G BAF B JRE SR T AR
BT, TN A 55 PAURS: 25 5 114 B S 0 D0 356 - G 3k 3R B T
DA 5 T B A 0 O 22 , 256 fa b R A 2, B s 4
DUJ g TR0 25 S A R — % VU AR S, HAR
T OIEH E Gk vel 380,440 1°C, TE XU ; @ — 4%
AR < 440 ‘C<y<460 °C, KU [+ R=3xP (P} i il & i 2
XoF 7 A A R & AR AR R Hh T SR RO 4R TS P=0.3~0.5) ;)
DY 2% JALEG: < 460 “C<y<480 °C, KUK KT R=4xP(P=0.5~0.8) ;
@ H AR : y>480 °C, KUK FI T R=5xP(P>0.8) .

T O 22 B (ELR FH 3or B U 2, IF R (B =410 °C.
=10 °C, 440 CXI N pw+30 , V5 A T BE 5 ) o e 5 I s
SRR P A5 AR A 1T (KDE) 58 R IRAG I, 5T

2019-2023 4 47 & K Sl HLHC R 58 ] ) I 3 Bl U5 2 A
FHEAS B = 2 DUg GO X ) A SRR R . R, 5
DU 3, R P S22 A7 T 00 80000 ot 7 s e 56 M % ok
FFBhZSAEIE , B0 RURS M2 1Y) 1 3 7 B, $ T I
24 5ERZZHHMEFTR

Sy figt PR B — B AR A T Sk TR\ 5 52 T 0 I s 4t
(14 7] T, SR RS F6 S50 — 00 D0 A2 65— e S i+ — i 75 32
KR R RGN N G A BEAR | 38 i R A B 5
B3 [ 2 A TE 0 O 22 2 7 2SI e 3 ] S
DAL RY Y AR 30 4B T Sk 16 B2 1000 77 51) B2 400 1 AU 25
Y QERRGE A RAES WhRE R L5
B, 383t THUEIE L 22250 b )RR 56 I8 1 XU 2540
QR AT 25 5N 2538, i i Fe & XURS: S L 2
Y Kz A S (= G 2 5 A 5 DU ST RIR A
2anr) .

LR AT B R E B 350 E N e
JE 2545 12 2B e =X, B0 R A A 5K 5 A R 3 4 5
IR 5 v BT Sk VR B B4 Ry 440/460/480 °C, 4545 T il
WL EE SN SAETE , W REE > 120 “CHF B T 8 5% L FHik
R YR 1) R AR, TR <80 CHN b 3% L A AR 35 4 HE
o BASE AL T Sk IR R B+ 2 SRR 0 P ) RS
THE R 57 3, T L) AR e B T (= R R ) Y T 2 K
(RS ) A5 B 7R 5 5 5 12 5 S MHE dt b [ (5 ) if 322 B
SBR A R S  5 KURS B A IE , Fk RN T B — AR A H XL
B A A Y I, Ay 3 2 e SR B ORG R R

3 WIES5aH

o 56 UE AR B AT A, R LSTM 88 34% \GRU B33 |
XGBoost FIEME AT e, ISTIN RS BE ke B U3 K i 4 7
Y B2 HEAT PERETEAL , PR 45 bR 146 MSE (3 7571% 22 ) \MAE
PRS0 1522 ) o e T4 R0 TN 5T 3K Ji 2 1% F00 1 A0 X
62 255 2 A WS AL U5 1 A AR 7 I U b Y v
PEGL Sk il B2 IR A b A PERE LA SR Nk 4 i .

Table 4 Comparison of prediction accuracy of different models
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