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Thermal tribology analysis of spiral bevel gears-in- EHD lubrication
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Abstract: The thermal elastohydrodynamic (EHD) analysis of lubrication was applied
to investigate the friction factor of spiral bevel gears in helicopter’s main transmission sys-
tem. The calculation was based on the simultaneous solution of the Reynolds, energy and e-
lasticity equations, including variations of lubricant viscosity and density in relation to pres-
sure and temperature. The real contact load and velocities of sliding and entrainment be-
tween meshing tooth surfaces were treated based on loaded tooth contact analysis (L TCA) of
spiral bevel gears. A thermal finite element analysis based on one-tooth sector model devel-
oped by real tooth profile was actualized, with calculated heat flow rate generated by sliding
friction as thermal load and heat convection coefficients of all exposed surfaces as thermal
boundary conditions. The tooth temperature field in steady state and flash temperature of

contact location in transient state over several revolutions were investigated. The obtained
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results were reported and discussed. The comparison with analytical and experimental re-

sults from references and gear bench test was given in the end.
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Fig. 1 Calculation coordinate system for thermal

elastohydrodynamic lubrication analysis
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Fig. 2 One-tooth sector finite element model
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Fig.3 Time-varying load for heat generations
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Fig. 4 Heat load distribution on grid points
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Table 1 Pinion and gear design data

24 NGRS PN RS
LR 19 97
s/ 91.5°
EJ1f/C) 20°
R TE A /() 30° 30°
T 1) 1iTiE 7e TiE
K%/ mm 5.2
Y3 T % / mm 35 35
TAEHe 3/ (r/min) 20900
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Fig.5 Loaded contact path and locations
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Fig. 6 Lodd and sliding velocity versus

contact locations
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Fig. 7 Friction factor and heat flow rate versus

contact locations
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(compared with expérimental

results inRef. [14])
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Fig. 9 Steady temperature field for gear tooth
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(compared with analytical results in Ref. [14])
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Fig. 11  Gear scuffing fault after bench test

4 & it

1) 38 ok B CE fE A7 8 A PR 30 W0 T 0 A SR i
T EE A S 80k LTCA 45 i BE e 0 %
JETAT THT L S2 G 5 1 0 RS 3 T RS B 4 R
AR 26 B U8 K dl ) 5

2) HESL T AT BRITH I BT B B0 R A AR
FLAEAT X 2 A0 B SR 3 T RS S a5
ARTNART5 i A6 2 8] _E 4 I 2 A IR A 2% Rl A 1 P
HEAT 23 50 S R UL T MR 1A A i ke e
o A A EE AT R

3) A BRIC AT R L 5 1A TR J5E 3 70A1 % K 3k
TR 2% P 52 W0 T2 ey v D TR e i DX € fh i 3
W IR B I DAL 2 G T R = A
i I DL S AN Wi 35

S XMk

[17] Hudgins W A,Shuetz-H A. Loss of lubrication of helicop-
ter transmission[ J\. Journal of American Helicopter Socie-
ty»1982,27(1):3-10.

[2] EmEEJHTTF N8R, . WL HFLE A A7 5 ) 9 1R e
HEV R BORBEFE )], B i A, 2009(1) 1 22-27.
WANG Yanzhong,ZHOU Yuanzi, LIU Qiang,et al. Man-
ufacturing of helicopter spiral bevel gears for high surviva-
bility[ ] ]. Defense Manufacturing Technology, 2009 (1) :
22-27. (in Chinese)

[37] Simon V. Thermo-EHD analysis of lubrication of helical
gears[ J]. ASME Journal of Mechanisms. Transmissions

and Automation in Design,1988,110(5) :330-336.

[4] Huang C,Wen S.Huang P. Multilevel solution of the elas-
tohydrodynamic lubrication of concentrated contacts in spi-
roid gears[]]. ASME Journal of Tribology,1993.,115(6):
481-486.

[ 5] Kong S,Sharif K,Evans H P, et al. Elasto hydrodynamics
of a worm gear contact[ ] ]. ASME Journal of Tribology.
2001,123(3):268-275.

[ 6] Holmes M J A.Evans H P,Snidle R W. Analysis of mixed
lubrication effects in simulated gear tooth contacts[]].
ASME Journal of Tribology.2005,127(1):61-69.

(7] FEIL, EW, BT T. 5. fias B0 HE 56 =2 i 1o 7

SRArLI 0. i S8, 2008,33(10) :4-7.
WANG Yanzhong. WANG Tao, ZHOU Yuanzi, et al.
Analysis on the starved lubricati on of aerial spiral bevel
gear[ ]]. Lubrication Engineering, 2008, 33 (10);4-7. (in
Chinese)

[8] FEIE,JH =&, RV, 5. 5T 3000 i U 00 08 e £k v 48 1
I TABIE J7 3 [0, ML T R 241, 2002438 (7) : 70-75.
WANG Yanzhong,ZHOU~Yunfei,ZHOU Jivet al. Correc-
tional method of spiral bevel"'gear machining based on elas-
tohydrodynamic lubrication [\] ]. Chifiese Jéurnal of Me-
chanical Engineering,2002,38(7) : 70-757 (in Chinese)

[ 97] Simon V. Influence of machine tool setting parameters on
EHD-lubrication in hypoid gears[]]. Mechanism and Ma-
chine Theory.2009,44/(5):923-937:

[10] "Handschuh R F,Kicher T P. A method for thermal analy-
sis-of_spiral bevel‘gears[J]. ASME Journal of Mechanical
Design, 19967, 118(8) :580-585.

[11J. Handschuh R F, Kicher T P. Experimental and analytical
assessment of the thermal behavior of spiral bevel gears
[R]. NASA TM-107009.1995.

[12] EREL,H = € AT, 5. 25 A4S 7 kU0 22 1Y 10 4t 25

femaHE it a7 L) 1. ML 5 3R, 2002, 21 (2) : 224~
227.
WANG Yanzhong,ZHOU Yunfei,ZHOU Ji, et al. Loaded
contact analysis of bevel gear tooth based on tooth manu-
facture error [ J ]. Mechanical Science and Technology.
2002,21(2):224-227. (in Chinese)

[13] Litvin F L,Fuentes A,Fan Q. Computerized design, simu-
lation of meshing and contact and stress analysis of face-
milled formate generated spiral bevel gears[ ] ]. Mechanism
and Machine Theory,2002,37(3) :441-459.

[14] Handschuh R F. Thermal behavior of spiral bevel gears
[R]. NASA TM-106518.1995.



