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Influence of thermal deformation of the spiral bevel gear transmission
system on gear backlash under normal lubrication condition

YUAN Jichong' , YAN Xijie'* LI Yuan'
(1. College of Basic Education for Commanding Officers, National University of Defense Technology, Changsha 410073, China;
2. Unit 93115, Shenyang 110000, China)

Abstract; Taking the spiral bevel gear transmission system of a helicopter tail reducer as research object, a computation model for the
temperature field simulation was built, a steady-state temperature field distribution was derived under normal lubrication condition. The spiral bevel
gear can be equivalent to the spur gear in basis in equivalent gear theory, and its gear backlash can be reflected at the transverse plane of the
equivalent spur gear . The influence of thermal deformation of the spiral bevel gear transmission system on the gear backlash was computed and

analyzed under normal lubrication condition using the thermo-elasticity theory. The results provided a theoretical basis for the design correctness of

backlash considering thermal deformation, thus ensuring the working accuracy of the spiral bevel gear.
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Fig. 1 Spiral bevel gear transmission node layout
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Tab. 1 Physical parameters of structural materials
and lubricants
(W/(m-K)) (kg/m’) (V/(kg-K)) (10 °m’/s)

Wik 36 7850 641 -
ik 40 7810 670 -
i 40 7830 550 -
LI 152 2680 963 -
WE0.147 970.2 2131 5.2
S5 0.026 - - 16
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Tab.2  Structure parameters of spiral bevel gear

2R e bR Rl R i%e2 N PN
%k z 14 41 INER S AEFR/ (°) 8 18. 8532 -
HhzEfa/(°) by 90 90 KSR/ () 8, - 71. 1468
JE S/ (°) o 20 20 MRS ERERS/mm 4, 111.72 -
R REs/(0) B 35 35 KRR ERER/mm d - 327.20
WRTETT 16 - filiE FrliE RSy B/ mm R 172.8642  172. 8642
i T 650 m, 7.98 7.98 ity V5 B/ mm p 25. 0699 25. 0699
15 %5/mm b 57 57 KN 5/ mm 5i 15. 1787 9.8912
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Tab.3  Steady-state temperature distribution of spiral bevel gear transmission ( °C )

BiP=S Simulink {5 E45 5 RS Simulink {5 F.4%5 Rip=t Simulink {j5 4%
1 231.2 18 125.6 35 80.5
2 191.2 19 124.3 36 78.1
3 142.2 20 75.7 37 82.4
4 154.3 21 120.3 38 81.7
5 145.5 22 231.6 39 81.0
6 135.3 23 168.8 40 79.8
7 120.8 24 104.2 41 70.4
8 145.7 25 136.0 42 76.1
9 140.5 26 133.7 43 149.8
10 135.8 27 131.3 44 128.8
11 125.3 28 126.9 45 131.7
12 128.9 29 127.6 46 82.6
13 122.3 30 122.6 47 99.1
14 115.0 31 117.8 48 93.4
15 104.6 32 111.3 49 113.4
16 128.8 33 82.8 50 75.3
17 127.1 34 81.7
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Fig.2 Node temperature distribution in normal lubrication

2 RREREHNRFEAERI G
Bl

& IR 53 SAy 125 A0 it 7, 0 [ A0 S
éEfg'ﬁkuT FH A 322 DA ) M B ok =
% )00 Bt 2 i T A A ) A O TR R S
B, AR A 1 T 2 1) A e e B e IR A 1A
AR RGAL Bt B v, BRI T 245 A 14 48
FNFE AR BE T =, PR 1A 4 P A7 v R oA JEE A R A
TR I RS A2 K, S B0k 46 B AR BRI/ 5 4 14
F IR T 2 ) S R S DB A i
2.1 MigEERNEEEEERTEER

F TR A 145 48 1) D T S 23 TRl ki 5 52 2%
SR PR e S A AT 4 47 5 B 47 1) 2 ﬁ/
BT, MIEEARAT 14 %8 ) Y 00 B 228 1k 15 0 55 R TR

ME R 7 IR TR I, ORI A B DA 4 1
AR AL AL T AR S 1. BATHGE,
(A L 147 %8 14 9 175 % A7 35 AR L) IRUST AR TR
R 0 ¥ B2 4 e e £ 8 D47 1y o A SRR
T HE DR HE S5 RO % T 2 i LR A A R ),
A B A s, ] A [ g A , by T3 10
o A DA 5 DI AT B 147 8 B AT AR R Y s
THTRIES , 24480 1A 1 11 i T 00 B 4 S e 9I £47
LA 8 A0k DB, iy 3K Al 2 BN L T 47
(1, AR . BT, IR THLR IOk A
PN SR WSRO E e v SR A R Ry O REN
T2 B LA AL A 48, B R K 4.

2.2 ERAERX A MR R

35 Bloke BHIE " 1, W4 1A 46 Wik it 25 1 I
FEFEAL S B R AR A (2 i3 FRIAR /D, ik
AR A RIR T R IR E Y . oSt
R BUs R, AR S 5 WA R LU f
R RE A3 A RS T A e T N [R) A A £, R I
AR A AR R SR e Y e Bl
T A IR T 3 R /INE RS Ay, RIGRE Aty
AR R R A T Y i A e TR 40 B B A W, Hh 3R 4
AL R Y R e FE R AR 500 d,,y d o
TR, A Y J s 0l a, =
0.5(d,, +d,,), %R



FANLL, A5 ORI A 1E T A 4 U 5 £ 3 R e VAR X 147 8 D0 B Py 32 i - 189 -

R4 MEHEEREREYSEEEEFERRTEBNSH (mn)

Tab.4  Structural parameters of spiral bevel gear and its equivalent spur gear (mm)

P s %= HHEARX VNG Riki%e
S R=L R, R,=R-0.5b 144.3642  144.3642
Hh A iy AR m,, m,, =m,R, /R 6. 6643 6. 6643
R R I M, m,,, =m,,cosf3 5.4591 5.4591
H s B R B AR d,; d,;=dR,/R 93.3008 273.2548
Hh 0 BE TR [ 4 TR S ; =8;R, cosB/R 10. 3837 6. 7666
e TR g SF TR Zo z,, :z/cosa,cos% 26.9143 230. 8307
B RN R E R d, d,; =d,,/cosd,cos’ B 146.9280  1260.2072
EINEE R sE (o RN il a, a,=0.5(d,, +d,,) 703. 5676
a,,=0.5(d,, + d,,+ Ad,, + Ad, S, coS
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