Mtk E =N

Journal of Mechanical Transmission

ETHREWMEMNALNM= XSS HRE S R EBIRIT 77 AR R

SRPEER ' 2 P XMMRET E IS 2 !
(LTERKS i b e 2 iR, THK  400044)
(2. L& IR CREETTIEBE, WA 610500)

WE: [80] AT AIIERED FREL R TUT HAATH LR, mbHHTERES
ikt eg R R, TR SRR MR R . (7] Bk, MR T Kriging 461855 N et A8 4
A H IS FIARIEAER |, AFRZRAHMASIT, SN MABTEAAMEG @, E
R, AEBL, BELARTEE, BINARAAR RIS EEEER ER RALA B ARG F A
ARG, BRI SN L EHEFEAE R (NSGA-TN)AEZR, Hibiime S hIkstiin N 5 £
AR, TS BRERTR; &G, KRS HEIES X (TOPSIS) % Pareto #) & R 45 #4745 69374, fhitt
ST E, [ER] EREAN, FIHEOREBERESERIT 2N P REAMEG R Z ZHRH A&
) 96. 7%. 94. 7% #798. 8%, FMHM ik & TARXITFE R, BRI E, B3RP AETRERR
Kt 6 ANE S AR LIRS R i dhik TOUT 69 L3k 50RO, Aas Tands it n £, SRARKR

BRI 14. 4%, AERBEMES THIE T LA RS RNHAKRT1.255 1. 50958 F AR,
XEIF: T LI WHEMNE; RIEBER,; fFhEk; 230%

FESES: V233.1+4

0 5|8

Ve A% 8 R Gt A s & S AL BILIE ) 0 Bl
WG S . B A2 K sl s .
HEFE Ly &, X ibfe L s R iz 5] 5
PESRE T R IR O S R G A RE S A AR A i
BB, METRZIR, TR
GER) = AT R . b, S R R s e AR
SEFHAL 5 145 5 4 AR 25 AR G A5 1)

EEXTUT S AR AR A5 A i T, ENAMTR T — &5
5% . VAHABILAER F B 8 5t 4% il 28 X 4% O A B 7
AL NG F 5 R BDE AL SE R A AH L
TR /N T 23%, N FUREAR %2 88. 5, B 18%.
XU S — 3 T 32 17 7 26 10 22 FL 16 58 AR i T
T, SO WML, B A 4 R 3h R R AT
29. 46%, JFHIEEE 20. 5% W TR MRS H S H00 [
AWRAFAE R . LIRS T 8 R 1 R A AR
G R ZHOG R R E A R 52 ), R R4S 2% F1
S X e D A AR g s e R T A S8
ZSZE M S 3 A T R S R B X U AR A T iR 1

WS H . 2024-05-05

10. 16578/j. issn. 1004. 2539. XXXX. XX. 001

SO, A ARJEE AR AR AT R R Y S ) R
T AR AR S5 . SRS T AR [ 4R AR AL
SERE 0 4 LNV HER A BROCIA RS, ZRRI, A de
B AL 1A 58 5 G A Al L A A8 1 [ A A g Ay — A
WA A A AL A S AT PR IR AP 3 ) R
TS AR A R Vs A T AR 3 IX 8] 2 BLETE A AT
PR LIU S Sy TR RN e RS e 5 )
SRR, RS [ AN R LI A 1A e AR A A T 0K
PN AR IR S ILIR S Y, AR R AEAT BRI
I, el e m s i Bt AT SEER AL,
b BEA RLUR 5 A e R ST AT A, BRARAT B IR A
MR, BT RGRENE S AR

2 BERAFEEL X R A Kk S HLAE 3 & g A
Fe AR W SR R RO R AS LA, R IR T k4817
PSR R AORG: o 2 S5 R L2 S sh AL ke
1 Sl A 48 PR AT e kS B0 FE 1A R AR REUT R A
S, R AR AR AT B TR B BT
S AL A R S LN HE I S B e A AT B SR AR A ]
A, SR ANE SR IR S 5 iR S (L Ik At 24
ST A BRI o

RAETH . ERARRBERETH (52322504); HEKH A RFFAHR4 0 H (CSTB2023NSCQ-JQX0016)

YEH i -

SRR, 53,2000 4F2E B PORIN it s FBREFET5 1 L2 i i AL S R LR RERETT; 202307021046@stu.cqu.edu.cne

XU GEAFIEE ), U3, 1986 454 IR IR UT N, 20, WS A 0 . 2 BEWP90 05 1 A s AL 8 R G0 i D R B0 huaijuliu@ecqu.edu.cn.
FUHRE: SRTEER, 20, XIS A5 BET R S A DAL i 25 e SL I % 3 SR GEREIR BT MR [T ] WU 3, XXXX, XX(XX) : 1-11.
ZHANG Yangming, LI Bo, LIU Huaiju, et al. Research on vibration avoidance design method of the aero-engine gear transmission system based on web
structure optimization[]] Journal of Mechanical Transmission, XXXX,XX(XX):1-11.



2 Mtk E =

g5 1, BUA OGS 2 R T oo b fe (v ki
Wit T LI BT & A S R ShLA% 3 R G AEAE R
3. ESskE . s AR TN, AT RIS
FERTR T 2 RE S 5 e, X DUKS 4
Bl R, & RE SR BRI Ty R
RORMAR . P, TR @A R sems , ¢
s KGR S RGN IR B HA R

IR FEAE T RCR A LR, B
ZRTRHEARGE SN, R, iR’
TR KT W RIS T 25 40 0l % 4 S = 1
RS ARTEMLZS K LM LI (845 3 R ge i
BT, 0 B AT i i A G Y i [ AL
FRERA AL v AR S 32  H

BEXTL S B HLIE U4 58 4% 3 R e 45 p e Al ik
TR G P A AT I AL IR I A 4 W 2R Y i)
M, JF I T Kriging B 5 NSGA- N5k i == &
SIS AE 3 R G REIR T 5T . PR R
T SCHE MRS A R ARSI RARE R ;B S 4
A NSGA- M AL S I S thr A dm A 25k e fb s e AR
et AR AL . A RO T I A IR AT T, SE
R R AN L Bk,

1 EREAARLIT

&1 R finas ksl v e s sh R G im i a5 F 4z e Ak
BEORBELR R, 38 3 F 02 & s AL HIL I 25 44 i
ViR, FRIE LR & LS S HGE R, SRABLT
M RIS ik, 4R Y N A A o A
FIREAS, R B AT R BT 5, 5 2R
RYPITT5 B4R 5 SR Kriging J/ B0V X %) 43 I 254k 4
AT BUS IR AY I T NSCA- N5k g vy
HLIFE 15 6 Al L AR
1.1 ZHFIR

LB R G U R = A5, RIS
HUDHERS . i ie . AR B IR S e A 2k 114
WS 16N RIAER R L K 8 iR A6 4h . o, Ik
W24, Wi BIA BG4, R 2PN,
1, 8. d. d,, SRS RARRE . 5N
BRI B A T84 bl htife 1 2ik4e
X, 24V A8 T3 —fe sl 4V S5ik4
VIR EFRIRRE %S, T8 T gl i
I 2= VA 58 VIZ IX 3 R i F 4R A B 4e, 5 3
R = AL SRS = R AL B

M AT 1~8 T4, RERIWLIER 217
st TARRE, BVE R+ Wk shilh$E i)
R, HTIRNEA R TAE, Bkisien T.o0h
5000 h, EANFFLEERK A4 0, RABGHIE R . b

Bh3IKBNTIAE 50 kW TR AR, bl S SKsh D)3 20 kW
Mtz , Al 6 M4 BIBK 8h 25 kW 130 kW [ £t
#, Hh 8 IR YR 25 kW gk . 1 TR ML
s TS,

________szwz_vrxk;_w_w":;_______?
0.
B ] =%
= 06 » |
B 05te . .
04 |
03 . . .
02 L
0.1 1 |
0%0.1702 0304 05 06707 0809 10
it |
BT RESLTT S B pan
— === —— === ==

L S S T T {

'Yy 'Yy 'Yy 'Yy 'Yy
Kriging 5i% ATHZEMLE  RerEE FEPLARK  CatBoost
L | | 1 | ]

EAREL it /kg
NSGA-IIfEfk

S SVERG B VPG
ZRsE ’ ‘ ‘
G

|2

|§ i

12 & 07

:g e O e =

|

1 MERERED RG RN AR LR AR BB
Fig.1 Technical route for vibration avoidance optimization of web

structure in aero-engine gear transmission system
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Fig. 2 Structural schematic of the gear transmission system in an

aero-engine accessory gearbox
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Tab.1 Operating condition parameters of an aero-engine
accessory gearbox

ERTH LT
i | ThERAW | EGE/(vmin) | TIEAW | B/ (v/min)
i1 151 13 365 151 14 850
2 151 10 092 151 11214
3 50 22 841 50 25377
fiha 0.5 10 092 0.5 11214
s 20 18 867 20 21 000
fihe 55 5459 55 6 065
b7 0.5 4793.26 0.5 5325
fh8 25 4571 25 5075
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Tab. 2 Initial design parameters of the aerospace gear transmission system

Yige | BBumm | % | M) | HiSi/mm | BALREC | WEL | BRI | EMEZELRE | BELERE | KELERE
I 2.5 23 25 15 0 1 6.8 2.38 12.56 4.18
I 2.5 43 25 15 0 1 6.8 2.33 13.29 4.18
m 2.5 19 25 15 0 1 6.8 1.34 4.2 4.17
\Y 2.5 43 25 12 0 1 6.8 1. 44 4.5 4.17
\ 2.5 33 25 12 0 1 6.8 1.35 2.62 1.33
VI 2.5 61 25 12 0 1 6.8 1.39 2.69 1.33
VI 2.5 36 25 8 0 1 6.8 1.68 4. 46 3.55
VI 2.5 41 25 8 0 1 6.8 1.70 4.50 3.55
IX 2.5 43 25 8 0 1 6.8 1.78 4.47 3.62
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Fig.3 Finite element model of the thin-web gear (Gear V)
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Tab.3 Value ranges of design variables for the gear web structure
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Tab. 4 Constraints for the web structure optimization
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Tab.5 Ranges of the first three nodal diameter natural frequen-
cies for gears with different web structures
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Fig. 6 Comparison of the prediction accuracy for nodal diameter natural frequencies by different surrogate model algorithms
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Fig. 8 Heatmap of the influence of web parameters on the 1st nodal diameter natural frequency of gears with different tooth numbers
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Research on vibration avoidance design method of the aero-engine gear

transmission system based on web structure optimization

ZHANG Yangming' LIBo® LIU Huaiju' WANG Qiao® LI Yang'
(1. State Key Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University, Chongqing 400044, China)
(2. AEEC Sichuan Gas Turbine Research Establishment, Chengdu 610500, China)

Abstract: [Objective] Aiming at the problem that the gear transmission system of aero-engines is prone to traveling wave
resonance under complex operating conditions, which further restricts high-reliability lightweight design, a vibration avoidance
optimization study was carried out on the gear web structure. [Methods] Firstly, a surrogate model for gear modal frequencies
was constructed based on the Kriging interpolation method and Bayesian hyperparameter optimization, which was used to
replace high-cost numerical analysis and efficiently predict the influence of structural parameters on natural frequencies.
Secondly, taking the web thickness ratio and rim ratio as design variables, a mathematical optimization model was established
with the objectives of minimizing system mass and maximizing comprehensive mesh stiffness. Then, the surrogate model was
embedded into the Non-dominated Sorting Genetic Algorithm III (NSGA- ) framework, and multiple constraints including
resonance speed margin were imposed to conduct multi-objective iterative optimization. Finally, the Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) was adopted to comprehensively evaluate the Pareto front solutions and
select the optimal structural scheme. [Results] The results show that the coefficients of determination (R?) of the established
surrogate model for the first three nodal diameter natural frequencies of gears reach 96.7%, 94.7%, and 98.8%, respectively,
indicating that the prediction accuracy satisfies engineering design requirements. After optimization, the resonance points of six
gears with traveling wave resonance risks under continuous and high-speed operating conditions are all effectively avoided.
Compared with the initial design scheme, the total mass of the gear set is reduced by 14.4%, while the contact and bending
fatigue safety factors of each gear still meet the strength standards of being greater than 1.25 and 1.5, respectively.

Key words: Aero-engine; Accessory gearbox; Surrogate model; Traveling wave resonance; Lightweight design



