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Tooth Contact Analysis of Epicycloid Hypoid Gear
Considering Assembly Misalignment
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(School of Mechatronics, Northwestern Polytechnical University, Xi’ an 710072, China)
Abstract

Based on two-part cutter head, the mathematical model of epicycloid hypoid gear pair was built
through face-hobbing cutting method and generating principle. The relationship between assembly
misalignment and meshing behavior was described by the results of tooth contact analysis. In the situation
of transmission performance requirements, the parameters of wheel blank and processing parameters were
designed. Based on a pair of epicycloid hypoid gears, the influence of each assembly misalignment on the

meshing and transmission performance was analyzed.

Key words  Epicycloid hypoid gears, Face hobbing, Assembly misalignment, Tooth contact
analysis, Meshing performance
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Fig. 1 Formation of cycloid
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Fig.2 Coordinate systems for left handed dual

cutter heads of cyclo-palloid method
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Fig.3 Coordinate system between cutter
head and imaginary generating gear
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gear and work gear
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Fig.6 Schematic diagram of tooth tangent
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Tab.1 Parameters of wheel blank
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Results with shaft angle misalignment

(a) KigMm (b) KfEME



218 KWk HLOM % il 20124
fi B IR A% 18 2% B 4% ks .
iR iR = "
N * AN L S b |
// //
0 0 ‘
04
~-0.2 ~-02) < / s \
=04 \ = -04 / / 1 0.6
4 -0.6) 1 0.6 K -0.8
3K 0.8 K -0.8 R -1.0
= -1.0 R-1.0 Ly
1.2 #-1.2 -1.
14 14 =0 0 20 40 60 8
430020 40 60 80 100 =0 0 20 40 60 8 S (°
REERC) ARSI () IRRRIC)
(@) (b)

P12 2 BTl 1) R 2 A 4 ik o) BT 45

Fig. 12 Results with axial setting misalignment

(a) KigMm (b)) KfeM i

13 b B 2R %2 AV =0. 1 mm i}
(19 2 i B IR AL Bl iR 22 1 2K

11~ 13 W], 2 1R 22 O E B, 45 fioh B IR
A 1) R R S, B AL IR 43 fid BT IR i 1) R 48 /i o L
Hh 52 o 2 28 5 2 oF L A RE (4% Mk BV IR A 4% Bl 5
22) I B2 Wi KT At 22 29 1R 22 TR WG 45 1 fiE 1 B2
Wi, (L5 — AT A7 R L 438 AT fE UL g T 44 4
A 1R BE T 24 TR 28 MU AR . el e el L, B R
R V0L THT 1A e X 2 2 Bk 2 R B T R 1 IR LA
o

P13 25 rb i B R 22 B4 il 7 A 45
Fig. 13 Results with offset misalignment
(a) RFeMm (b)) K4 M

6 %t

(1) 3l g x v 9 X070 ) 325 9 20 #5000 2 L iR
T D3RR S B0 I 5 o it T ST T 4 R A o X
HHTPNANCA I e B

(2) 2 25 1822 B 1R 22 A HR  1A E XSUH T 147 4
AT T 6 fi A 3 ek R A T 2 A ok Bl [T i 44 )
b, DA A 280 AR 0 e i A [

(3) $RLA XU 1] 47 48 X 22 25 TR 22 U 4K
8%, AT DA e 45 22 2K R 2 DA T A A0 A 3 i L O
i B AL Bl i

& £ x Wt

U BSC. SREON R R BN Ty ¥k RSB D ] FE T JE OB TR 2,2009.
2 Fong Z H. Mathematical model of universal hypoid generator with supplemental kinematic flank correction motions [ J].

ASME Journal of Mechanical Design, 1993, 122(1) ;136 ~ 141.

3 Vimercati M. Mathematical model for tooth surfaces representation of face-hobbed hypoid gears and its application to contact

analysis and stress calculation [ J].

Mechanism and Machine Theory, 2007, 42(6) :668 ~690.

4 Litvin F L, Alfonso Fuentes, Qi Fan, et al. Computerized design, simulation of meshing, and contact and stress analysis of

face-milled format generated spiral bevel gears [ J].

Mechanism and Machine Theory, 2002, 37(5) :441 ~459.

5 Zhao X. Computerized investigation of straight and face-hobbed spiral bevel gears| D]. Chicago: University of Illinois at

Chicago, 1995.

6 Lin C Y. Tsay C B, et al. Computer-aided manufacturing of spiral bevel and hypoid gears with minimum surface-deviation

[J]. Mechanism and Machine Theory, 1998, 33(6) :785 ~803.

7 Litvin F L, Gear geometry and applied theory [ M ].

Englewood Cliffs, NJ: Prentice Hall, 1994160 ~257.

8 Ty, SRk, Uk, A RE T U T BRI A I R A A S R AR BT[] AR HLSA R 2011 ,42(7 ) 1223 ~228.
Fang Zongde, Guo Linlin, Su Jinzhan, et al. Optimal design of tolerance for spiral bevel gears by controlling contact path
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(7) ;223 ~228. (in Chinese)

9 HEESEOR. PR HE W FE S U T A A Bt A A [ M. b st LA T Rk ,2002.

10 Litvin F L. Vecchiato D, Gurovich E, et al. Computerized developments in design, generation, simulation of meshing, and

stress analysis of gear drives [ J]. Meccanica, 2005, 40(3) :291 ~324.

11 Litvin F L. Vecchiato D, Yukishima K, et al. Reduction of noise of loaded and unloaded misaligned gear drives [ J].
Computer Methods in Applied Mechanics and Engineering, 2006, 195(41 ~43) :5 523 ~5 536.
12 Litvin F L. Local synthesis and tooth contact analysis of face-milled spiral bevel gears [ R]. NASA, CR4342, 1990.



