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Stress analysis of compound cycloidal planetary gear pair

based on finite element method

WANG Sen, WANG Jiaxu, LI Junyang, WANG Bo, LEI Yuan, WANG Cheng
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 40044, P. R. China)

Abstract: There are few studies on the influence of tooth profile parameters on the stress of composite
cycloid planetary gear pair. In this study, by using the fourth-order composite cycloid as the internal tooth
profile, the conjugate tooth profile was designed based on Lewis theorem, and the cycloid tooth profile was
modified. Finally, the solid model was established for finite element analysis, and the effects of tooth
profile parameters on the stress of compound cycloid gear were analyzed. The results show that the
compound cycloidal planetary gear transmission is a multi-tooth meshing transmission. The stress
distribution is the typical Hertz contact at the meshing contact position, and there is a slight stress
concentration area at the tooth root. The bearing capacity of gear pair is mainly limited by the contact
fatigue strength of tooth surface. If possible, a larger modulus, a larger tooth height adjustment coefficient
and a smaller tooth shape adjustment coefficient should be selected to improve the bearing capacity of the
gear pair.
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Fig. 1 Composite cycloid principle
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Fig. 3 Internal enveloping gear pair motion envelope coordinate system
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Fig. 4 Schematic diagram of gear interference
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Table 1 Basic parameters of compound cycloidal gear pair
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Fig. 6 Cycloid tooth profile displacement modification
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Fig. 7 Cycloid tooth profile corner modification
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Fig. 8 Modification of rotation angle and displacement of cycloid tooth profile
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Fig. 12 Equivalent stress nephogram of cycloid gear pair
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Fig. 13 Tooth root bending stress nephogram of cycloidal gear pair
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Fig. 15 Influence of tooth profile parameters on the profile of composite cycloid
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Table 4 Gear parameters and load
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Table 5 Gear parameters and load of different tooth height adjustment coefficients

P 1A 1A 2 LONSRSE R m /mm W A% £ PO e/mm AEHEAT/(N-m)
45 44 2.0 0.15 1 50

S FT R AR B [ U o 81 R BT W A8 R A 1 ) 2 A il 2R AT 18119 R

120

—_ —_
8 s
. T

VAR MR ST o /MPa
o
o

80 | — MG
— W

70 I | | 1 ]
0.20 0.25 0.30 0.35 0.40

PR R,

18 AEESHATRHETERMERSHEN

Fig. 18 Tooth root bending stress of gears with different tooth height adjustment coefficients
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Fig. 19 Contact stress of gear pairs with different tooth height adjustment coefficients
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Table 6 Gear parameters and load of different tooth profile adjustment coefficients
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Fig. 20 Tooth root bending stress of gears with different tooth profile adjustment coefficients
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Fig. 21 Contact stress of gear pairs with different tooth profile adjustment coefficients

AT UL o A A TR RS 2R RO 3G O A R 1A AR g O AT T Ak 5 ) R A BT R, AN K R R W AR D
RIVIBR /I 1A FE 98115 28 008 4 48 R R BR0BE ) 9 B e MR A TR

5 & &

DS 1R447 BN 548 30 0 22 V0 W5 1% Bl . 78 k42 o 1) 37 282 10 77 5 R L e B L R ) 2 42 fih 19 2
OI A REAE L N T 0 A SRR S W B AR A AR R B B D A v X, L IR e B R RS L AT B A A Y
LY

2) Mo WAL mT LA v o 42 1 067 00 s A9 0 02 it (ELTRD IRt 7™ A — S A K7 000 1) it 0 2% 0 48 0 9014 50 00 B2 114
MBI A, ZBIAFTE 2 550 R i i e A B2 T LIOKS o S B BT . TR 0, 380 2% BE 1B 08 R % #A /Y
MBI T5 1 RE NS 15 21 101 B2 i TOU B AN B, ELAB TR I 4 A7 6 5 2l & DX He e i L e thi o

3R S A RN AR A SO BB o R = R =, IR R TR R AR R £ T
B m AL Bl HE DR RE (Y DR I A 42 2 0 S e T I 7 A S TE AR o A R IR R B R TR R AL S

4) SRR R Y 7R FRE 7 32 A R T 0K T 4 Az 57 5 L L2 RO WA R R A2 A o R AR RO T K
Z T2 A TG VAT 2R RO W B /0N o AR AT RE A B0 o IV 3 BRSO A B B O Y 1A v 9 Y R ORI /N Y 4 T
T AR R LR i A A R 2 RE

SE W

L1k, Z=IF, 2. ZNRGEERNSELHRANREZEST]. RS, 2020, 43(12): 1-12.
Zhang Y, Li C Y, Huang D. Transmission error analysis of cycloidal pinwheel based on multi-factor comprehensive effect[ ] ].
Journal of Chongqing University, 2020, 43(12): 1-12. (in Chinese)

[2]Wang Y L, Qian Q J, Chen G D, et al. Multi-objective optimization design of cycloid pin gear planetary reducer[]].
Advances in Mechanical Engineering, 2017, 9(9): 168781401772005.

[ 3] Xu L X. A method for modelling contact between circular and non-circular shapes with variable radii of curvature and its
application in planar mechanical systems[]J]. Multibody System Dynamics, 2017, 39(3): 153-174.

L4 ] ehdRte, A, Hidk, 5 B SR L GG 0 45 56 A 1 4% 2 e R 43 BT [T ], V8 22 323l R 2% 3, 2016, 50(9)
10-19,131.
Han Z H, Shi W K. Xiao Y Y. et al. Analysis on transmission characteristics of novel composite cycloid cylindrical gears
for external driving[]]. Journal of Xi’an Jiaotong University, 2016, 50(9): 10-19,131. (in Chinese)

[ 5 ] Pollitt E P. Some applications of the cycloid in machine design[J]. Journal of Engineering for Industry, 1960, 82(4):



156 TR K FFHK % 45 &

407-414.

[ 6] Lai T S. Design and machining of the epicycloid planet gear of cycloid drives[J]. The International Journal of Advanced
Manufacturing Technology, 2006, 28(7/8): 665-670.

[7]ZhuCC, Liu MY, Du XS, et al. Analysis on transmission characteristics of new axis-fixed cycloid gear[J]. Advanced
Materials Research, 2010, 97/98/99/100/101: 60-63.

8] B, AEFH, g, &5 RESENESGESBEEEREBOH 50000 YL TR, 2017,53(01), 53: 55-64.
Gui X C, Zhan J Q, Ye P, et al. Design and analysis of internal compound cycloid gear transmission with high contact
ratio[ J]. Journal of Mechanical Engineering, 2017, 53(1): 55-64. (in Chinese)

[ 9] Han Z H, Shi W K, Liu C, et al. Geometry generation principle and meshing properties of a new gear drive[ J]. Journal of
Advanced Mechanical Design, Systems, and Manufacturing, 2018, 12(1): JAMDSMO0012.

[10] AoTdl, #hil, shfikfe, 55 AL 247 BAL S GG/ r (1], 4 pg B TR 22 2 M CARB /0 . 2017,
45(2): 66-74.

Shi W K, Xu L., Han Z H, et al. Analysis of meshing properties of composite cycloid planetary driving with small teeth
difference[J]. Journal of South China University of Technology (Natural Science Edition), 2017, 45(2): 66-74. (in
Chinese)

L1170 X0, A7, st , . T4 0 ) R s f m 2 Al fem Loy (1], 4w B LR 2 MEAREMO .
2018, 46(2) . 31-37.

Liu C, Shi W K, Han Z H, et al. Machining method of composite cycloid gear based on the kinematic control of shaping
cutter[ J]. Journal of South China University of Technology (Natural Science Edition), 2018, 46(2): 31-37. (in Chinese)

[12] #EE, T, 9EF, Z2RMH. PEESEBRKESELRERRADERESHL/OL]. TRR%%¥M: 1-1502021-05-
017.http: // kns.cnki.net/kems/detail/50.1044.N.20210202.1424.002. html.

Huang S Y, Wang B, Zeng X Y. et al. Dynamic characteristic analysis of metal rubber compound cycloid gear pair with
small tooth difference[J/OL]. Journal of Chongqing University: 1-15[2021-05-01]. http: // kns. cnki.net/kems/detail/50.
1044.N.20210202.1424.002.html. (in Chinese)

[13] ZEK A, #f EH. AP B T IMI. Jbst. fe2e Tolk i iRt 2019,

Qin D T, Xie L Y. Modern machinery design manual[ M]. Beijing: Chemical Industry Press, 2019.(in Chinese)

[14] rAe N R IEFNE [ 5% R A 22 51 ox . hrAe RS ANE HUARAT AL 4 32 M AT ML A o« IR BT 50 AT B AL 3l RN R AT
& WEE JB/T 10419—2005[ ST, dbat. HUAR Toll i hikt.

National Development and Reform Commission of the People’s Republic of China. Machinery Standard of the People’s
Republic of China: Accuracy of cycloidel gear and pin wheel for cycloidel drives. JB/T 10419—2005[ S]. Beijing: China
Machine Press. (in Chinese)

[15] Feng S, Chang L. H, He Z X. A hybrid finite element and analytical model for determining the mesh stiffness of internal

gear pairs[J]. Journal of Mechanical Science and Technology. 2020, 34(6): 2477-2485.

(¥ ¥ H0



