2026 4 5 A
BaTH B 3M

K K AR (T % W)

Journal of Zhengzhou University ( Engineering Science )

May 2026
Vol.47 No.3

XEHS:1671-6833(2026)03-0019-10

MEBANATERREIEEIIT R ZMEES T

FOk, HXE, REE, &, @M
(PR3 K2 ML 5 Z 8 TR 458, T K 400074)

H B, W ALKSBEIERERBER KRN, TEOB SRR NS> A R FRHREDEIRER SERT
MRRRGFEM, AMEZ—FM RET —HHBEAFITERLESD, ST KA WE (P O#) -0 & 5T
EH)-UHA(NEBR) S, ATEMUMXZAESFEMGED UEEHEFTRE,ARNZRZHFTREASEE
My EHFHE EIRAEGIUTHAE, AT MATLAB 5 UG %4+ @i W @k s B AFh RELFHR
Y HMETUERADE TR BHERAATERLFUERHDEAANETE , FZTRTBEAFTESLED S TLEH
A T EA-RIREREHIABXGBERER, RAAELMEABRRIN > M, AT ZHEINTHET A
FELAAEN AR, BRI ES 360 kW, KM%k A 2 000 r/min #9 T T ARE A BT T AERE T
ATF3AEHIHA G ESEMmaE, EREAN . 5H TR EREDIBRL, HEAFHFESFELEDIOHESFEE A

BT 24.5% , % @B A 5K EmH 4, LRT

RRAT 4.63%, 2FRTHREHFEEREDH X,

:
KPR AFATEER®,; LM, H@kt; %248, 2o

R E 2% S THI32. 425 X AR ERD A

NTFAT BN 58 LAGS A0 505 v G BORIHS J3E 35 R
JIZ A 2SR B Tl S, A i £k i
Rz A5 A A T Bl A B R it i B AN AR A Gk
B A% Sh M RE S A i S ST B 1 B BT
et fe i S PERE , © RO R THT BN B R AL ALEERY
HEWFEIT I

UL R VR 227 3 BT X A A8 AL 3 i A7 B B A
PEREDRAL BEAT TR ABESE, Chen S F R THT
G 3 24 pR R B0 IE A VR Bl N R R R 4, R T R
S5 T T A A 5 A G I AV 42 Ak B2 3 25 T M
PGB IR 2 . Gao 55 4R HH IR 5409 £ 5 4 i 11
b 5 5, 38 o LAy B 4 5 447 1T 5 A LA v e 0T
LT b . 3BT A S5 BT IR 914 s A 1
LicgS VAR U BILE AN (NSO Ll R bR A CPIRE .
5 30 TR R A U1 A TR A 147 8 I R 5E
X/ DY [ SIKk J — 4 5 A BR o0 2 B, BR A
A5 OB A - 0L IR L TE P 5 A o A (E A
AR TE 4544 2 Houk Ak RE R R

I 75 B 89 :2025-12-01;1&1T H 8§ :2026-02-10

doi:10. 13705/j. issn. 1671-6833. 2025. 06. 002

FRANRFENTFAT R EE B B 12247 R RL 3
PEAE , Liu 5517 857 30 7 6 AT 2 15 40 20 25 2 Ml A R
BTG R B A2 M0 J1 . Yang 55 32 &
B BE B2 R A A 43 AT AR Y R R R R A S IR )2 R
XL F3 43 A (S R . Zhang 55 F 5T £ 2 fil il
2 (B 1A % ) A7 T 422 floh A5, I S O RO Ak 7T 9 BR
GBSl N 7, e R B RS R g A rh T Ok AR T i
Jin 210N SE 0 A PR OC 5 1 38 3R 06 ST % /S ol
HAE TR I AE A % . Gonzalez-perez 251"
TE I B A BRITASE B 3 i 147 56 L ), 405 6 bk 2% i
0 UE 45 s A 2% 1 o 422 Ml PR T RS I, He 4511
3 ok S 5 SR A UL B 9 W 1 e T AR LA SR AL
il , R Fl ABAQUS SZ L 5r ™ Jie {5 BT 2o B 145 25
MRS 0T, XA AE 58 T ANSYS A5 48098 ik Ve
KA FRFR A H N T 4 B X 2 i 5 B 5 9 57 i
MIVE HIPLEE

JSEC A BRFEAE A 8 14 B T AR R AR Ak T TH
B T R EE X N AT B A R AT g Y 4 fil

BELTH BERARBEEERBIH (52575053) ; 5 KT H R B2 5 4 A8 & JR 1 G 25 £ 5 5 H (CSTB2023NSCQ-
LZX0127) ; 3 PR 223 K 24 B 58 A= BHIF A58 35 H (2024S0087)
EZ BT R (1987— ), B IR & A, TR 20 K2 5082, W+, 3222 16 58 LA 2% 1% 3 5 i 1 45 BF 9%, E-mail .

cqjtuliangdong_me@ 163. com,

BRI ST B, B, R A, BT T IR I A A 4 T R AT (0], N kS (T )
2026, 47(3) :19-28. (LIANG D, HU H B, WU Y K, et al. Tooth surface design and contact characteristics analysis
of a novel herringbone planetary gear drive[ J]. Journal of Zhengzhou University ( Engineering Science) ,2026, 47(3) .

19-28.)



20 PSP PN i 3 - S QRIS )

2026 4F

L ) 3 A AN EY A PEREAS 2 S R ATk = R GE
A A DT 98 o AR SO TR M D LR SC B IR L B i —
FlHT RN A7 B 0 e A sh 2 M HC A 2 k1o g
A A2 PERETT I DL T 1% G0 i T 2 Se 12 sh 454
BT LR, A SCAE AT BE B T LA 4R T
OB R TAT R AR Bl G S Oy Mk
JE (L) — R (A7 B A8 ) — 1M 87 6 (PN 147 L)
e ful e X 4 A4 1 0k 9 O R AN L B T O AL 4
AN T 4 ik 2 XA 2 AR R, 2 A [ T 00 R A Rl A
TAT AR AL Bl B B b R, O R B TR ABIE S R
BN FAT B 14 48 4% 3l 2 5 2t

1 FHBAFTEERE@EIT

1.1 FBAFTEERERTRE

Jv B8 BN AT B A e e A k- TR -
i 2 2 11 1A A A B, o — T A Al A
SR RS S U IR IR B e TR IR B H G
BIIHTZE HH, R, I 1 s

B1 OkEEEE
Figure 1 Tooth profile of circular-arc convex tooth
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Figure 2 Tooth profile of the parabolic concave tooth
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Figure 3 Tooth profile meshing diagram of the new

herringbone planetary gear
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Figure 4 Coordinate system of tooth surface generation
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Table 1 Main parameters of the new herringbone

planetary gear

S8 B R R R BT F
m/mm  a/(°)  b/mm  B/(°)
KHEE 40 3 25 60 35.989 1
TR 23 3 25 60 35.989 1
WiE 86 3 25 60 35.989 1
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Figure 5 Tooth surfaces of novel herringbone planetary gear
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Figure 6 Three-dimensional model of a new herringbone planetary gear system
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Figure 7 Three kinds of transmission system assemblies
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Figure 8 Three kinds of transmission system grid division
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Figure 9 Dynamic load analysis settings
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Figure 10 Static load analysis settings
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Table 2 Parameters of gear material
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Figure 11 Effect of mesh density on simulation results
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Figure 13 Static contact stress nephogram of three kinds of transmission systems
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Figure 14 Dynamic contact stress nephogram of three kinds of transmission systems
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Oy B ELAS SR B W TR 2% 1 i LS
AR SR EAE A
F 1

n

1
oy = — . — (19)
! w1 -v p

K b BGTE, mm; v AIAMAL, v HEE; E N
PERE &, MPa; F, L J1, N; p, o8 58 550 %2
Té,mmo

AT 2 MR & S8, 754 S Ar o 7 T 46
WA RE AR S 290 1 384 MPa, i i % e 43 B, BLiE
TRy fil B 7 5 05 L S22 R Y R R AR 25
5.31% , W H B A & B —8hE %R 22 HAE
TAR VR A BRI ] B0 ik 1 07 LA T A A
FE A% 35 g b, s I 143 % ) 11 S Bos 422 ik 162 7 4 A AR

4 #Hit

AR IC LT U A B G O R kA R A R
FEH T 1 AL TR U S BB BN AT AR
GE Rt B T fe o B Bk S5 e an R

(1) T 05 5 mk A 2SR 15 90 5 9 4 2% ik
LR RRRPE T B T AR P 2R VTR RS IR T
A R R B 4 1M1 PN 7 BB AE DY BT TN AT B R
gy, FIRLM O R BEAT 45 56 0 BE 11, i 4 42 2y
S5 0 A R I T R T A ) 4 A T R
FIH] MATLAB (e 5 14 %6 05 T = SO, 45 &
NX UG 58 BT Y N 747 B 1A 6 4% 3l — 4 A Al
AT,

(2) FE AR ME T T RN FAT B0 50 3R 48 AL T
L-FIN N FAT R RS, 8k A% R AR 5B,
FE RS B B Ry 2.1, % 3 P A% Bl 3R G HE AT RS 4N 4k
A4, FIH ANSYS A BRIC s 5 0k, 58 i 3 Fif
ARG - Bl o IR AE A E AR 3 A
&3 R GG A FEME AT LU AR B BN A T R
i R GEAE A R B A 07 LN AR R B AR Y S AN
FIRNES R Ay, 2 0 BT AE 2 14 A TS T
O5 AT, BeAh , B A5 A B4 A 4 ik

W JIERZEN 5. 31% S ik 1 15 AR 2 f) ofi fy 41 A )
ET

SE R

(1] &MF. WoTLk ok 247 B sh i fb veit 5 05 15
BrID]. KifE . KiERHE A%, 2023.

JIN Z Y. Optimal design and simulation analysis of invo-
lute planetary transmission with small tooth difference
[D]. Dalian: Dalian Jiaotong University, 2023.

[2] CHEN Z, ZENG M, FUENTES-AZNAR A. Computer-
ized design, simulation of meshing and stress analysis of
pure rolling cylindrical helical gear drives with variable
helix angle[ J]. Mechanism and Machine Theory, 2020,
153 103962.

[3] GAO Y E, CHEN B K, TAN R L, et al. Design and fi-
nite element analysis for helical gears with pinion circular
arc teeth and gear parabolic curve teeth[ J]. Journal of
Advanced Mechanical Design, Systems, and Manufactur-
ing, 2016, 10(1): JAMDSMO0009.

(4] =i, B, 8 K, . BUR IR 5 0 13 15 56

HESEHEG )], PUALD), 2024, 48(2) : 90~
95.
YUAN X M, YANG L Z, HUANG T C, et al. Modeling
and kinematics simulation of elliptical gears with double
circular arc profiles[ J]. Journal of Mechanical Transmis-
sion, 2024, 48(2): 90-95.

[5] Z3:|yx, (EHE L, Bradtep, . [ 90 2 13 o o 28 18

HE A B RORBRAE 1 AT (1] HLBRGREE | 2022, 44
(3): 742-746.
JIANG B Q, REN Z Y, DUAN J Z, et al. Modeling and
carrying capacily analysis of circular arc tooth profile cir-
cular arc tooth line cylindrical gear[J]. Journal of Me-
chanical Strength, 2022, 44(3) . 742-746.

(6] BeA#E, AIES, BRI, 5. HT MATLAB i [ 5K 8
RAK BT SRR T[], WSR3, 2024, 48
(4).45-52.

CHEN J H, SI G L, CHEN C, et al. Hydraulic design
and performance analysis of circular arc gear pump based

on MATLAB [J]. Chinese Hydraulics & Pneumatics,



%3

SEMR AF BT AT B R AR Sl 1A T BT B R 1 o0 27

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2024, 48(4) : 45-52.

LIU Y P, HE X H, ZHAO Y Q, et al. Tooth dynamic
contact simulation and experimental validation of involute
spur gear[ C]//2019 2nd World Conference on Mechani-
cal Engineering and Intelligent Manufacturing ( WC-
MEIM). Piscataway: IEEE, 2019. 178-185.

YANG Y, WANG J X, HUANG Y Y, et al. Stress anal-
ysis of coated spur and helical gears considering load dis-
tribution[ J]. Proceedings of the Institution of Mechanical
Engineers, Part J: Journal of Engineering Tribology,
2020, 234(5) ; 649-667.

ZHANG X G, LIANG Z. Mathematical model and contact
characteristics of curvilinear cylindrical gears with line
contact[ J]. Journal of the Brazilian Society of Mechani-
cal Sciences and Engineering, 2021, 43(4) . 183.
JINM, ISLAM M R, LI L, et al. Contact stress and ben-
ding stress calculation model of spur face gear drive based
on orthogonal test[ J]. Microsystem Technologies, 2020,
26(4): 1055-1065.
GONZALEZ-PEREZ 1, FUENTES-AZNAR A. Imple-
mentation of a finite element model for gear stress analysis
based on Tie-surface constraints and its validation through
the hertz” s theory [ J].
2018, 140(2): 023301.

HE H F, MURA A, ZHANG T H, et al. Investigation of

Journal of Mechanical Design,

crack propagation behaviour in thin-rim gears: experimen-
tal tests and numerical simulations[ J]. Materials, 2023,
16(11) : 4095.

XUATIH, BRE, ERUH. 0w ak A B 315 58 A
ih e 557 7% i B9 R W 3 BT [T, AN R #2412
W), 2020, 41(3): 53-56.

LIU Z L., CHEN Y, WANG Z X. The influence of resid-
ual stress of tooth surface on bending fatigue life of gear
tooth[ J]. Journal of Zhengzhou University ( Engineering
Science) , 2020, 41(3): 53-56.

. REA N5 BUE B HIL iz 3o B B ZE AR5
[D]. ¥#FH. WREIRHRY, 2023.

ZHANG H. Motion analysis and error compensation of
helical internal gear forming grinding [ D ]. Luoyang:
Henan University of Science and Technology, 2023.
L. FET MATLAB 5 SolidWorks 164 A5 (4 47 IT
L BT A e B AR O B AR AT (D] AP S A
2022(4): 63-66.

CUI H B. Contact stress simulation analysis of involute
cylindrical spur gear based on MATLAB and SolidWorks
joint modeling[ J]. Internal Combustion Engine & Parts,
2022(4) : 63-66.

LIN SY, ZHAO HS, YANG W X, et al. A temperature

rise calculation model of wind turbine gearbox gear con-

[18]

[20]

[21]

[22]

[23]

sidering crack fault and tooth number difference[ J]. TET
Renewable Power Generation, 2024, 18 (15); 3416 -
3428.

HIWIER, XIPR28, skFAR, S5 a5 RIALAE 5C 19 U
H-fTRWREIRENZ BAaiib[1]. FAFH,
2024, 45(12) : 2009-2023.

HU M Z, LIU H J, ZHANG X H, et al. Multi-objective
optimization of dual motor planetary gear transmission sys-
tem for space manipulator joint[ J]. Journal of Astronau-
tics, 2024, 45(12) : 2009-2023.

B4, EF UG/Open GRIP B3R 14 4 15 55 2 Btk 1
BRSHAEWE M EMRID]. AKIE: AFKEREKR
¥, 2023.

SHI S W. Parametric modeling and static meshing simu-
lation of spiral bevel gear based on UG/Open GRIP[D].
Shijiazhuang: Shijiazhuang Tiedao University, 2023.
YANG G P, YANG X S, SUN X Y. Modeling and simu-
lation analysis of a certain planetary gear[ C] //Interna-
tional Conference on Intelligent Equipment and Special
Robots ( ICTESR 2021 ). China. SPIE,
2021 2625332.

fRIE, EAARE, WA, & A SR A 51T
BHRBLDRENE I [I]. FBINKRFEER (T2
fR), 2022, 43(2); 71-77.

REN F, WANG D X, SHI G Q, et al. Dynamic analysis

Qingdao:

of herringbone planetary gear transmission system with
pitting failure[ J]. Journal of Zhengzhou University ( En-
gineering Science) , 2022, 43(2) . 71-77.

. 2HATRERALED R G I F U AR5
[D]. dbmt: HLAAEABFTE B, 2021

LI Y P. Research on dynamic analysis technology of
multi-stage planetary gear transmission system[ D]. Bei-
jing: China Academy of Machinery Science and Technolo-
gy,2021.

] 5% ok B A B0 A 8 R, P ] R o A
G2 HUBOT S5 A A BR T 3 2E o i AL . GB/T
33582—2017[S]. dbat:  EARME S AL, 2017,
General Administration of Quality Supervision, Inspection
and Quarantine of the People’ s Republic of China,
Standardization Administration of the People’s Republic
of China. General principles of structural finite element a-
nalysis for mechanical products; GB/T 33582—2017
[S]. Beijing: Standards Press of China, 2017.

K. T L o XS T A TUART B e A P AR T 4R
FEWFR[D]. W . R KA, 2022

ZHANG B. Study on geometric design and meshing per-
formance control method of hypoid gear with high reduc-
tion ratio[ D]. Luoyang: Henan University of Science and

Technology, 2022.



28 PSP PN i 3 - S QRIS ) 2026 4

[24] Frdeif, B4, W RIEVLRRE 17 B 12 30 16 48 15 M face of rocker planetary transmission gear of shearer in
FEMR: 15[ ], T EwE, 2024, 33(3E T 2) . 208- thin seam[ J]. China Mining Magazine, 2024, 33(S2) .
211. 208-211.

QIAO Z F, XUE J. Contact stress analysis of tooth sur-

Tooth Surface Design and Contact Characteristics Analysis of a Novel Herringbone

Planetary Gear Drive

LIANG Dong, HU Hanbao, WU Yukang, CHEN Renxiang, XU Xiangyang

(School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract; Involute gear transmissions faced challenges such as uneven distribution of contact stress on tooth sur-
faces that leading to pitting wear, and insufficient bending resistance when transmitting high torque and power. To
address these issues, in this study a novel herringbone planetary gear transmission system, featuring a point-contact
meshing form consisting of concave tooth profiles ( central gear)-convex tooth profiles ( planetary gear)-concave
tooth profiles (internal ring gear) was proposed. Based on spatial geometric relationships, the equations for the
convex and concave tooth profiles of each component were derived. The mathematical description of the conjugate
tooth surfaces was completed using the helical motion method, and the geometric equations for the formed tooth sur-
faces were established. MATLAB and UG software were utilized to perform operations such as surface stitching, ex-
trusion, merging, and Boolean operations, constructing a concave parabolic central gear, a convex circular-arc
planetary gear, and a concave parabolic internal ring gear. The assembly of three transmission models—the novel
herringbone planetary gear transmission, the involute gear transmission, and the involute-circular-arc gear transmis-
sion—was completed. Adaptive meshing technology was employed to gradually refine the mesh, and a detailed sen-
sitivity analysis determined the relationship between mesh density and computational accuracy. A convergence curve
of mesh density versus stress was plotted, showing that the equivalent stress stabilized when the mesh density
reached 2. 0. To balance computational accuracy and efficiency, a mesh density of 2. 1 was selected for simulation
analysis. With operating conditions of 360 kW input power and a sun gear speed of 2 000 rmin~", finite element
analysis was conducted to compare the meshing contact characteristics of the three configurations. Results demon-
strated that compared with the involute gear system, the novel herringbone planetary gear system exhibited a 24. 5%
reduction in static equivalent stress, more uniform tooth surface stress distribution, and a 4. 63% improvement in
bending resistance, significantly outperforming standard involute gear transmissions.

Keywords: herringbone planetary gear; point contact; tooth surface design; three-dimensional modeling;

contact analysis





