HA3E S 15 FoE R K% 2R Vol43 No.l
2025 F 2 A JOURNAL OF CIVIL AVIATION UNIVERSITY OF CHINA February 2025

ETRBIEERGEINLZ N LR ELMEZERESH

F ORI BEE YRS

(LA FRFMRELF o HFERAHEE . RBRESH TEFR,F  100101; 2. X5 L ERF FN 311115)

B OB, AAARBERZATAFAMKIEZDINEEHHME REAARTE 6 TEATR 250 E L
HEE, BRSNS REAS TN, AREREFELEDI B E A S 40 3 2T R R AR,
AXETHIANRAERSMSN V' BEABESH WA &5 3% (RSM, response surface methodology) &
Sohol Bl F#t A bhar ¥ F 3, M T vl Rotax014 4 RAE G E s B 8RS EFERALH M B
HH L HREEELINAREERAABEG AR L4 wE T HARATIFERE, E249. %
BRENHAERBEFT TR L, A IR AN MEZT TAAAIRE - FESH LA &
EFEFABTEATEEONARASLEANBAREERZRILFR 28R, Bib , EEFBFT T
HFESHLERAEET L RE TGO ELAE B RAEE O RATE MARRFTHH. ANGE425,

KB, MEFEAFDIRLEEREELY 0 2§ 545 (RSM) ;Sobol B -F ;8 A 447

RESES, V2341 XEREREN: A XEHS . 1674-5590{2025)01-0001-10

Sensitivity analysis of engine safety affecting factors based on the turbocharging
system model
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Abstract: Adopting turbocharging system can effectively restore the high—altitude power performance of the engine and im-
prove the working ceiling of general aircraft. However, while improving the engine performance, its safety should
also be given sufficient attention. In order to improve the safety of the turbocharging system of aviation reciprocat-
ing engine and provide suggestions for actual operation, this paper combines model-based system safety analysis,
"V" shaped safety analysis, response surface methodology (RSM}), and Sobol factor sensitivity analysis method, and
taking Rotax914 as prototype, a quasi dimensional model for the entire engine and fitting equation are constructed
for global sensitivity analysis. The sensitivity of the turbocharging system performance of aviation reciprocating en-
gine to different safety affecting factors are analyzed and compared. The results indicate that the sensitivity index of
altitude is much higher than other factors, and the sensitivity index of intake valve diameter is higher than that of
exhaust valve diameter but they are similar in magnitude. The effective length of air filter has almost no effect on the
engine turbocharging system under normal operating condition. Therefore, during the actual operation, the change
range of safety affecting factors can be adjusted according to the analysis results, in order to reducing the uncer-
tainty of key factors and conducting efficient and intuitive safety analysis.
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Fig.1 Model-based system safety assessment process of aviation

reciprocating engine

A1 A R K I RE G RS Al (FHA , functional



A3 E B

AN, PR B GR A5 B TR R GBI & AL A S DR 2R Uk A3 A

hazard assessment) ¥ 25 Z 4t % 2 PEITA (PSSA, preli-
minary system safety assessment ). & 4t % & Pk 1A
(SSA , system safety assessment )3 I~Fr Bt EHXTHE | &R
Grz Mo, FITE PSSA B BUfii L ALK 7341 FHA
W B Hh B A RO U ] R S PR 3R, SRR T A 4 1
1847 LIHRIE BAR RS R RE
1.2 REBHBRIHHE
1.2.1 #&2d5F

B4 T o O S S R S B — X 45 R G
A IR R L RS SRR T SRR R 5 VF A R
AL o FEXT R G T R G I T
i, 4% H R Z 2 RSB RSB TR IR 4
A2, OTIRYE RSP IB AT 2 R i
TEAMBATIRES T &SR iE A B 0 R AT IE
I LA RN E S R R G Z 2T . 57 Rotax914
B SHLRIATE T TR] 5 1 A AL 3 4 22 4 i
4 2 500~5 500 r/min, & SHHLFEE 5 500~5 800 r/min
) X I A PO IX 8, A2 B i 3 5 800 v/min A1
FER X RIS AT A - R, A SCHE R U 2
e R R AT s AT 5 o Mg A |, i EAUIE R Sl
AR AR A R A I AN
122 %&2%aREHRXEER

D FRGE S P 2R 08 0 AL ) S A R, A A%
2000 DR 2 T8 Y A EL S I X — JR R o AR SR P i 1 T
Sy I 200 R RH O FR T LABLG 2 4 e [
R LW ARG PERETS AR NAE Y Z AR R EOCH
AIRIBH

Y =AX,Xs,,X,) (1)
A X, W EEEMAEG=1,2,,n)in NEEF
g PR 2

W — R AN A8 MR, i AN A S
W FRARZS T, E 2, “IRIEAT 2N

Y =+ Z},@Xﬁ ;B,;,-X,-Xi+ Y Y BXX +e

(2)
Ko 80 WP REGB IS REL, FHfCR AR R
W PR 2R 5 0 MR ZET, 2GR 55 Pl R S B PR
R, HFRBH
Y=XB+¢ (3)
A, e MIREDHIF, /N 2ERN

L::EEsf:é%:(Y—XB)%Y—XB) (4)

e AR ZT s " IR TR BT .
/N5 22 WUR/ IME, $8LA i T 52 P (e e 1
AT, BRIV AT ZRATAELA AR D T

123 ¥ EZRGAR42% 0w B EAOHRME

Sobol A F Wikt —FfES E H R REMAREE
R B 2% A4 T, 308 e 6 O 0 SR T ) 7 {1 g i o i 4
A5 A6 2 06 o) 17 52 M 12 B8 1) 4 JR) SRR 43 B
ik B R S e R R A SO AR RTE R Y
AHOCHE MEAIEA T 52 M T8 B3R SR A LA BCRAE sS4, FIAR
PRS2 A AT B 22 45 i R 2 A i) 1oz R, BT LA
UL HB I Bl 1 388 Fe 3R Guit 28 25 PR 2R A BURR T
AT AT LI 2522 4 52 i) PR 28 6T 8 1 22 495 %) 5 i) e
TS I

2 M iEERNNEYRE

2.1 EHRFGEBRMNTL

L2 06 2E & Sh ML R 3 R A v DR A M
PEAEZRME” AR R L AE R IR Sl R B R 802
W AR, — 5 T 2% e JARTR R AT #4E
PR B] BAS 5 55— T 2 2 RS A3 T S R 5 T
SN SRR, WA SCHE N 3 H R G AL T 04T
W 2 Fs,

i | | s
| B 8
s || T
L L —wx
= = -
ol ] U)o A 78
- e

B2 WRRPIEEMEEERNVENREILN
Fig.2 Entire model architecture of two—stage turbocharging

aviation reciprocating engine
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Fig.3 Schematic diagram of two—stage turbocharging aviation reciprocating engine system model
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Fig.8 First-order impact index and total impact index of altitude
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