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Abstract: To address the key technical challenges in turboshaft engine performance modeling, such as
complex operating conditions, difficulty in effectively distinguishing steady-state and transient data, and
interference of maintenance activities on degradation modeling, a gas path performance prediction method for
turboshaft engines based on test run data is proposed. First, Pearson correlation analysis is adopted to reduce
the dimensionality of test run data, eliminating redundant information to improve modeling efficiency.
Second, a sliding window combined with a coefficient of variation threshold criterion is constructed to
accurately extract steady-state data from test run data, solving the problem of confusion between steady-state
and transient data. Third, based on relative degradation analysis, the occurrence time of maintenance
activities in the data is identified, and a segmented modeling strategy for performance degradation is
established to effectively eliminate the interference of maintenance activities on degradation modeling.
Finally, the random forest algorithm is used to fit the nonlinear multi-coupling relationship between engine
gas path parameters, so as to achieve accurate prediction of turboshaft engine gas path performance. To verify

the effectiveness of the proposed method, three segments of test run data are used for repeated verification.
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The results show that the average relative error of each prediction index is less than 1.09%. This method can

effectively realize the accurate prediction of the degradation trend of turboshaft engine gas path performance,

and provide reliable technical support for engineering practices such as engine fault diagnosis, health condition

monitoring and performance prediction.
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Table 1 Parameters included in test run data
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Fig.2 Thermodynamic diagram of gas path parameter correlation analysis
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Fig.3 Core parameters of test run data file
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Fig.4 Schematic diagram of steady-state extraction effect
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Fig.6 Maintenance point identification results
2.3.4 HBER MR 1.2 S8 B i 5 21 1 5 MR A5 n, B0 P

JT A T 4 3 A2 RO B T O 2024-06-18~
2025-05-24 , ¥ 5 UM Z5 R TR 4 51 T 2024-10-11
F12024-11-11 647 TR R ShLAENE . il 4
i LIRS ) 80 3B, R — By i i Rt i it
B, A e el . 25 BB A s BN ER 3, il Il 3
A B R S BUECR 5 RS AT IR AR 22 R K B A
F RS REA I T 5 S 25

3 HBRESRER

Table 3 Information of each segment after segmentation

Bl Bt H I Be el
1B 2024-06-18~2024-10-10 670 461 286
2B 2024-10-11~2024-11-11 638 366 568
3B 2024-11-12~2025-05-24 647 288 689

3 MERETAER

TR b SO E B T R AR K 3l BIL A e
5 SR, B g Pretas, B si, #EAT B0 50 H7

MG PRI s A0 s P AN HEAT P ras, Bl s,
BT . [E] S, Sy 2 Eh s AT AR v B 222 R
1k ¥ Bt iz A7 i )L 1R S 1k B 2 B0 AR AL
Y, DT S 90T & Sl AL IR Ak P B i F

BEXF R S LR R D)3 R R FE R R
THIB AT I ] 45 2 80 2 ] A7 78 00 78 B Al Ze e 8 5 0%
R, 5 FH BE HL AR AR GA 3 S8 & S L R A0 T . il
HLAR Ak (Random forest, RF )5 % J& — Fh ik 7 2 5
B B 4R B2 > Bk . B I bootstrap HE R 74 A4
B 2 A~ AN A 56 1 43 2 [l U9 A% (Classification and
regression tree, CART) , 1Z 5 kX LA CART 1
32 He I EERONE  AHIE B M 37 I 2 R R SR AL ) ke
B PR T S TR B T X R PR A
BEAS 1 T IE B RS BEHL AR AR R IR BE A A Bh
T & S LRI Z ] 52 20 AR M G &R IRl 2
PRI 4 4 TH AR e M St e g 1, BEJC 5 &2 2
fE TR, WA Sy ik G FEAG B AT fi et Fn AR
SERMEZ R B T R AT
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Fig.7 Prediction results of the first segment data
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Fig.8 Prediction results of the second segment data

300 HEETGLRLE): 2

R=0.999 4 P
RMSE=2.27 kW
250 F MAE=1.76 kW /
. REAHN =129 o 7
= 200} 4
iR
g
= 150 . /°
;H‘
100 | i
o WHABE R
ol # — BARTMIZR =x)
50 100 150 200 250 360
SEFRTIER / kW

9 5 3 Bl w45

Fig.9 Prediction results of the third segment data
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Table 4 Statistics of power prediction error

i 5 4 R AR IR
MR g MY ST ni
W1k 7.7326 1.483 5 2.51 0.60
%2B 85875 1.5216 2.45 0.66
3B 5.6637 1.764 9 4.11 1.09

3.2 WRBPHM 1, Fs,

1 3 BUBUE LA Py #1335 47 I [8) R R AE A
5 311 AR IR B 07 1 AT 205, s, BTN, FU
R 10 fros o WNERZ G R S s . ]
VLA, 2 BEPT A BN H b ) e e AH X 52 22 #8 1
700 VLN BRI R 2SR AR 100 LA, b T
Al 3552 ] .

WLEE R 22 53 A, A8 P AR T 1R 22 A I A [/
e e AFDGF 5 22 ISR 0 SR B PO 4 2R U AT L
TR AR T FE R A BRI S O Ho
R DR 22 T BAR TR DR LXK 2 DO B R
AL s RS B S DR T AL, A3l
BLAY 2 K sl R 2



624 B SO O R 2 2 4 CFL AR B 24 i) % 58 %
BRIAWRLD) | soof BmEmGERSD: . ] ST BEEAGHRS0 I
7501 R=0.993 2 2 R=0.985 6 Lo R=0.998 3
RMSE=5.38 " 750 RMSE=8.62 S 750 RMSE=3.11
MAE=3.64 g MAE=4.05 . A MAE=2.14 o
700+ BeAHn =133 o ool FAEm=128 7 q00 BABn=120
I 650 o i 6501 e I8 601 /
J/ / £
600 - ) / 600 | p /. 600 - /;,-
‘l,/'"”q o WABE A 5% o PRBE A ssob o PABHE R
ssol — IR ssof ~ BB G~) J/ ~ BUE B ()
550 600 650 700 750 550 600 650 700 750 800 550 600 650 700 750 800
SLhME SLhME LhRE
(a) Prediction results of ¢, for (b) Prediction results of ¢, for (c) Prediction results of ¢z, for
the first segment the second segment the third segment
800 . i
BRI WAE): ~ BRI WAE): o1 T EmEwGR- ”
R'=0.998 8 w5l g00 | K=0.9989 / 1000 R=0.9991 ,/
700 RMSE=4.63 P4 RMSE=5.10 & RMSE=5.97
MAE=3.23 MAE=3.33 & 900 F MAE=3.77
REA K =133 700 - A Kin =128 v BEAHn =129
600 4 800
g g 600 3 g
= = r = 700+
b 500 - ﬁ / L
o 500 - P 600 - 7
4 i ."/» 500 / g
a00p - WRBR P - WRBR - R
o — BT (=) o — BT (=) 4001 o — BTN (=)
400 500 600 700 800 400 500 600 700 800 400 500 600 700 800 9001 0001 100
LR E LR E LR {E
(d) Prediction results of s;, for (e) Prediction results of s, for (f) Prediction results of s, for
the first segment the second segment the third segment
[ZI 10 %’E& l‘4_sk‘ 5) Ste,. TFWIJ élj'l:
Fig.10 Prediction results of z,5_and s;_for each segment
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Table 5 Error statistics of ¢, ;  and s,
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Table 6 Comparison of power prediction errors of each algorithm

ik R* RMSE/kW MAE/kW I TR 22/ % PR Y
I3 BERF(ARS0) 0.999 3 1.97 1.48 2.51 0.60
Ao B RF 0.989 4 7.51 6.25 14.41 3.51
SVR 0.8412 30.17 19.63 35.09 7.88
KNN 0.941 6 18.29 12.03 14.89 5.06
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