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Fig.1 Structure of one gear transmission shaft driving
several accessories
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Table 1 Main structure and load parameters
HME/mm N8 /mm FHAE/(N-m) ity #m/ (N-m)
40 30 67.2 67.2(2s i)
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Table 2 Mechanical properties of the material

AR R/ GPa AL R/ (grem™) Jet 55 B2/ MPa

210 0.4 7.86 1130
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Fig.2 ANSYS model of the gear shaft
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Fig.3 Von Mises stress cloud chart of the gear shaft
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Fig.4 Dynamic impact stress analysis ANSYS model of
the gear shaft
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Fig.5 Dynamic impact Von Mises stress cloud chart of
the gear shaft
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Fig.6 Optimized structure of the gear shaft
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Fig.8 Accessories gearbox tester

(1)UL 55 P RE , SR FHRCSERR PR 2 1 R A9 BRI
AN, BE R AL HEA 7 AR, HE 58 A 55 % 107K
{IEEZNS

(2) g B ik e i B2, i 047 4 i 1% 0 S >R VA AT 445 0
B I R SN R R R B Rk
IMEENFE 1 AP AR, PR EF 5s.

(3) ik iy PERE , BEBCRE I A SIBILIE R 1 R
Xk 147 4 Jal A% Sl B — AR I BT s e 2 A, A AT 9
7N

70 L
60 -
50 |
40 -
30
20 -
10 |

4/ (N-m)

Il Il
0 05 1.0 15 20 25
il /s

B9 PEHEEINHEL
Fig.9 Impact load curve
S B TR RE R A T 3, 2
LSRG RS SRR IR R A S O KA, Bt
ST EARSER T IS A SIE .




BRI 25 BB F AR AL S AL T B

59

4 g

ALY R SHLI LI B b SR, 52— &
BHE UL SBET5 HT B ARTIFSE 5 DL 451

(OB BRI 5E S B, 7T LA b
PERLI P35 i B, S B0 5 AL Sl e |
PR R R i TR 0 ) 258 14, 49 % LS 0 A o 2
T HARIERK,

(2) XTS5 ey i, B R PR BT A7 e
ATHORFEE R , I B Fec o 38 5 SR AR 5 A it

(3) It ARk i B i, B4 T 325 il B
OB T AR TR S T AL, WA 4
AR T, T DS G 1 L L 3 4 P s A

P, DR D5 AT R R 2 A
SERR

(1] FREERL. AU TR A R SIHLILA R GE B M. bt Aas
alk i, 2005.
Lin Jishu. Aviation gas turbine engine mechanical system
design[M]. Beijing: Aviation Industry Press, 2005. (in Chinese)

(2] fias RSB T A 2 s REpLsct 0k 46 12
WE A% 8 K i R GEMI. LT iz all Rk, 2001,
Editorial Committee of Aircraft Engine Design Manual.
Aircraft engine design manual: Twelfth volume Transmission
and lubrication system[M]. Beijing: Aviation Industry Press,
2001. (in Chinese)

[3] Sy, BRIGGER, W08, 45 iz RSP DL 450 50y
LWL, BUAL 8,2017,41(3) :211-216.
Guo Mei, Chen Conghui, Hu Xinghai, et al. Research of the
aero engine accessory gearbox structure design method[J].
Journal of Mechanical Transmission, 2017,41(3):211-216. (in
Chinese)

[4] Z=HAAE, L WHWE, FLAERE . A8 R BB BRI M S fl
D] fiLZs Bl A, 2012(6) :32-35.
Li Jinhua, Shi Yanyan, Kong Xiangfeng. Dynamic
characteristics analysis and optimization of gearbox[J].
Aeronautical Science & Technology, 2012(6): 32-35. (in
Chinese)

[5] FNer, S, BEWIngg , 45 . BRHFBLIF ZC AR AR TR 43 Bt Bl 7R FL
SPATEEH R ED]. R R ,2016(7) :26-29.
Sun Hong, Shi Yanyan, Hou Mingxi, et al. Analysis on

accessory gearbox housing distortion and calculating method
on the parallel degree of bearing hole[J]. Aeronautical Science
& Technology, 2016(7) :26-29. (in Chinese)

[6] WA, M , LUFIF. A RAPUHHFBLIE S5F 5 Rtk 8
BEAMHTIN. Wiz K 8hHL,2012,38(3):9-11.

Guo Mei, Xing Bin, Shi Yanyan. Structural design and strength
analysis of accessory gearbox system for aeroengine[J].
Aecroengine, 2012,38(3):9-11. (in Chinese)

(7] K. HUBETHTIHMI. Jbat: HUBCTl ikt , 2010.
Wen Bangchun. Machinerys handbook[M]. Beijing: Machinery
Industry Press, 2010. (in Chinese)

[8] mKJe. HIMGEEIFM: S0 45 Bz BRIM]. b fk
ki pA:, 2004,

Cheng Daxian. Machinerys handbook: fourth volume Join
and tighten[M]. Beijing: Chemical Industry Press, 2004. (in
Chinese)

(9] RS, MM TP 58 S0 Bl SO M. Jbat k2%
alk Hi AL, 2004,

Cheng Daxian. Machinerys handbook: Fifth volume shaft and
join[M]. Beijing: Chemical Industry Press, 2004. (in Chinese)

[10] fiezs K shPLBsH- TS g Ze 2 . s R shplisci 30 56 13
W P8RS M]. IR s Loll A, 2001,

Editorial Committee of Aircraft Engine Design Manual.
Aircraft engine design manual: Thirteenth volume retarder
[M]. Beijing: Aviation Industry Press, 2001. (in Chinese)

(1] FHrif. ANSYS TAESSHIELAE /AT M]. Jbat: A RASHE H iR
#£,2005.

Wang Xinmin. ANSYS numerical analysis of engineering
structures[M]. Beijing: China Communications Press, 2005. (in
Chinese)

[12] ZEMJ . 3T ANSYS/LS-DYNA [ ik 48 5 Bl v 015 EL A0 H7
[D]. At KIFHLT K?,2016.

Liang Pengwei. Simulation and analysis on gear fault
characteristics based on ANSYS/LS-DYNA[D]. Taiyuan:
Taiyuan University of Technology, 2016. (in Chinese)

[13] Jk &R . 3T ANSYS/LS-DYNA B 1k 46 14 sh fr ot 44 07 10
ST HLbAL 3h,2011,35(9) :9-11.

Zhang Famin. Simulation analysis of gear transmission impact
characteristic based on ANSYS/LS-DYNA[J]. Journal of
Mechanical Transmission, 2011,35(9):9-11. (in Chinese)



60 RARE i N Jun. 25 2020 Vol. 31 No.06

[14] TEIZE, = H0E, BRUAHE 45 LT oR 8 11240 50 e b o method and project cases based on ANSYS LS-DYNA[M].
1A ). AR K 51207, 2013,33(2) : 273-276. Beijing: China Water & Power Press, 2008. (in Chinese)
Yu Yinxin, Yuan Huiqun, Liang Mingxuan, et al. Impact stress (FTHERS TRABE)

analysis of gear shaft based on explicit dynamic[J]. Journal of

Vibration, Measurement and Diagnosis, 2013,33(2) :273-276. {EZ @7

(in Chinese) ZIE(1978— ) %, A, A ITAZI, 2R F @ AL
[15] MWV, 77T, EA4bIg . ANSYS LS-DYNA 3l 24404 7 it R AR & 38T
5 TRESEAIM]. Jb o KR HL g H i, 2008. Tel: 13909882561

Shang Xiaojiang, Su Jianyu, Wang Huafeng. Dynamic analysis E-mail: hou mingxi@163.com

Design and Analysis of One Gear Transmission Shaft Driving Several
Accessories

Hou Mingxi*, Li Guoquan, Zheng Kai, Shi Yanyan, Su Zhuang

Aviation Key Laboratory of Science and Technology on Power Transmission of Aeroengine, AECC Shenyang Engine
Research Institute, Shenyang 110015, China

Abstract: The reliability of an optimum project of gear train, as well as a transmission system, depends directly on
design capability of gear shafts which are important components of an accessory gearbox. Based on the analysis of
fatigue strength, static strength and dynamic impact stress of the gear shaft, a method of design and structure
optimization of one gear transmission shaft driving several accessories was proposed. Taking an accessory gearbox
for an aero engine as a design example, the design and structure optimization of the gear shaft were carried out by
using the method presented in this paper, which reduced the maximum stress of the gear shaft effectively and
improved the reliability of the transmission system, and was verified by the tests performed on the gearbox component
and the aero engine. The research on the design and analysis technology of one gear transmission shaft driving
several accessories will be very helpful for the further application and studies of the transmission systems equipped in
high thrust-weight ratio aero engines.

Key Words: gear transmission; accessory gearbox; strength; dynamic impact stress; optimize; experiment
validation
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