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Abstract: The reactor was the key equipment for the spent fuel reprocessing.and the oversized
face gear drive was the core technology of the reactor. After obtaining the actual measured tooth sur-
faces of the face gear,the actual measured tooth surfaces were fitted into the non-uniform rational B-
spline(NURBS) surfaces,numerical rolling tests were performed for the B-spline surface in mesh with
the tooth surfaces of the mating cylindrical pinion,and modification design for the tooth surfaces of the
cylindrical pinion was carried out according to the contact patterns and transmission errors of the nu-
merical rolling tests, aiming to solve the reduced meshing performance problems which raised from
not easy to control the machining precision of the oversized face gear tooth surfaces.A double crowning
model of the cylindrical pinion was established.the spline surfaces fitted by the actual measured tooth
surface coordinates of the face gear was constructed,and the model of numerical tooth surface meshing
contact analysis was given.Numerical examples show that the meshing of the actual measured tooth
surfaces of the face gear and the double crowned surfaces of the cylindrical pinion was capable of
obtaining perfect and stable contact patterns and transmission errors. The results respectively obtained
from the numerical rolling tests and experimental rolling tests are consistent, which proves that the
double crowning of the pinion surfaces may compensate the machining errors of face gear tooth surfaces,
and the numerical rolling test for face gear drives is feasible.

Key words: oversized face gear; numerical rolling test; contact pattern; transmission error; spent
fuel reprocessing
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Fig.1 Schematic diagram of face gear drive
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Fig.2 Generation of pinion reference surface by rack

parabolic profile
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Fig.3 Definition of the working flank of milling cutter
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Fig.4 Coordinate systemsfor forming milling cutter

generating pinion double crowning tooth surface
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Fig.5 Schematic diagram of pinion double crowning
tooth surface
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Fig.6 Distribution of measuring points inface gear

tooth surface
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Fig.9 Coordinate system for contact analysis of actual

measurement tooth surface
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Fig.10 Error distribution of actual measured and average

tooth surfaces
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Tab.2 Tooth surface modification parameters of the

cylindrical gear(N,=26,N, =25)
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Fig.11 Contact pattern and transmission errors in

design case 1
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Fig.12 Contact pattern and transmission errors in

design case 2
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Fig.13 Contact pattern and transmission errors in

design case 3
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Fig.14 Contact pattern and transmission errors in

design case 4
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Fig.15 Contact pattern and transmission error of measured

tooth surface 1 with design case 4
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Fig.16 Contact pattern and transmission error of measured

tooth surface 2 with design case 4
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Fig.17 TFace gear pair for experiments
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Fig.18 Modification distribution of pinion surface
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Fig.19 Contact pattern before tooth surface modification
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Fig.20 Contact pattern after tooth surface modification

BB Al DR

5 %k

Y T L RN i 1 THT 1 S 45 R RS R i TR
JEAS Gy il 4 AE AR A5 T 1 e A T A S
V1T AR AR A A L o (B AE G A R AT B R i
TR i A AR E M. IR T BRE 1 4 147 1 0L )
BT R, 7 T TE A S S8 15 T NURBS #9064
il T A R, L T B VR R W T B A A e U i

(I 2 K. U T2 fh 23 BT B 52 36 205 SR R W 3 A%
T BONREE MM PR BE X AR HARIS 4 m BURR

+ 1016 -

TS T 147 5 1 1 T 55 7 v 2 R S R LA
Iy AT AR AT 4548 .

D R TN e 7 TR L g |
NURBS 484 iy v ol LA s R B b 4 348 52 B T 4
T AR 2N T 0.1 pm, by TE] B 48 58 B i T
T 1) B (VR AR SR T HE R F B

2) A8 T 15 e A a5 25 A R AFL 3 3k [
e U 50 S it A R 00 B T RE O TR A N TR B R
JE B0 T 5 22 35 3 150 pom , U0 BE 345 48y 31
FEELRR R 1 i 42 il i

3) THI 14 % 10 B50(EL TR A 322 fioh B R 5 HL S 0 VR G
T fok BV R S AR — B0, HABTE Wi I 145 10 422 ik ELRE o
Vg U5 E 4 Bl 3.8%0. 65% R &

55%.70% Wi A R E HEAR B T .

S E WK

(1] mEZ, AT, 8, 55, & EZREHE C AR

BUR A & e [T, ) 7 BEBF A 5K, 2020, 54 (M
F . 75-83.
YE Guoan, ZHENG Weifang, HE Hui, et al. Sta-
tus and Development of Technology on Reprocess-
ing Spent Nuclear Fuel in China[J]. Atomic Energy
Science and Technology, 2020, 54(S):75-83.

(2] M4, hEZB LRSS Z B KR A B ¢

AL TR, 2020(18) :24-25.
XIAO Yusheng. Relationship between China’s Nu-
clear Power Development and Spent Fuel Storage
and Reprocessing [ J]. Electric Engineering, 2020
(18):24-25.

[3] LITVIN F L, GONZALEZ-PEREZ I, FUENTES
A, et al. Design, Generation and Stress Analysis of
Face-gear Drive with Helical Pinion[]]. Computer
Methods in Applied Mechanics Engineering, 2005,
194 :3870-3901.

[4] ZHOUR C, ZHAO N, TAN Z K. et al. Comput-
erized Generation and Meshing Simulation of a
Backlash-adjustable Face-gear Drive with a Tapered
Involute Pinion[ J]. Mechanism and Machine Theo-
rys 2019, 140:479-503.

[5] LEE C K. The Mathematical Model and a Case
Study of the Cosine Face Gear Drive that Has a Pre-
designed Fourth Order Function of Transmission Er-
rors and a Localized Bearing Contact[]J]. Advances
in Mechanical Engineering. 2019, 11(2) :1-20.

[6] SHENG W, ZHAO J., L1Z M Q. et al. Geometric
Design of a Face Gear Drive with Low Sliding Ratio
[J]. Applied Sciences, 2022, 12:2936.

[7] LIU L, ZHANG ] Z. Meshing Characteristics of a
Sphere-face Gear Pair with Variable Shaft Angle[]].



o KRS THT A7 A S8 T AR (ELR AR

BB B O K

#AE

(8]

[9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

Advances in Mechanical Engineering, 2019, 11(6) .
1-10.
HE K, HE X H, LI G L, et al. The Continuous
Generating Grinding Method for Face Gears Based
on General Cylindrical Gear Grinding Machine[ ] ].
The International Journal of Advanced Manufactur-
ing Technology, 2023, 125:4133-4147.
GUO H, ZHANG S Y, WU T P, etal. An Ap-
proximate Design Method of Grinding Worm with
Variable Meshing Angle and Grinding Experiments
of Face Gear[J]. Mechanism and Machine Theory,
2021, 166:104461.
WANG J, WANG S L, MA C, et al. Crucial Er-
rors lIdentification of Worm Grinding Process of
Face Gears Based on Tooth Flank Posture Error
Model and Their Influences on Tooth Flank Errors
[J]. The International Journal of Advanced Manu-
facturing Technology, 2022, 119:6177-6192.
WANG Y Z, LAN Z, HOU L W, et al. A Preci-
sion Generating Grinding Method for Face Gear
Using CBN Wheel[J]. The International Journal of
Advanced Manufacturing Technology, 2015, 79:
1839-1848.
MA X F, CAI Z Q, YAO B, et al. Dynamic
Grinding Force Model for Face Gear Based on the
Wheel-gear Contact Geometry[]J]. Journal of Ma-
terials Processing Technology, 2022, 306:117633.
CAISJ, CAIZ Q. YAO B, et al. Face Gear Gen-
erating Grinding Residual Model Based on the Nor-
mal Cutting Depth Iterative Method[ J]. The Inter-
national Journal of Advanced Manufacturing Tech-
nology, 2023, 126:355-369.
ZSCHIPPANG H A, WEIKERT S, KUUK K A,
et al. Face-gear Drive: Geometry Generation and
Tooth Contact Analysis[J]. Mechanism and Ma-
chine Theory, 2019, 142:103576.
PENG X L., ZHOU J. Optimization Design for
Dynamic Characteristics of Face Gear Drive with
Surface-active Modification [ J ]. Mechanism and
Machine Theory, 2022, 176:105007.
SIMON V V. Multi-objective Optimization of the

Manufacture of Face-milled Hypoid Gears on Nu-
merical Controlled Machine Tool[ J]. Proceedings
of the Institution of Mechanical Engineers, Part B:
Journal of Engineering Manufacture, 2021, 235(6/
7):1120-1130.

[17] LIUL, MAQY, GONGJ Y, etal Tooth Sur-
face Modification of Double-helical Gears for Com-
pensation of Shaft Deflections[ J]. Mechanical Sci-
ences, 2021, 12:819-835.

[18] WANG S H, ZHOU Y S, TANG ] Y, et al. Dig-
ital Tooth Contact Analysis of Face Gear Drives
with an Accurate Measurement Model of Face Gear
Tooth Surface Inspected by CMMs[J]. Mechanism
and Machine Theory, 2022, 167:104498.

(197 Ahiedl, Jrosd®, Wi, 5. R4 i XUt

RSBt Tl 43 T LT . AR B K 2 2 i (H
SRBERRD . 2015, 43(3) £ 35-40.
DU Jinfu, FANG Zongde, GAO Hongbiao, et al.
Contact Analysis of Real Tooth Surface of Hypoid
Gear with Cycloid Tooth[J]. Journal of South Chi-
na University of Technology (Nature Science Edi-
tion), 2015, 43(3) :35-40.

[20] BHR., % B 5. — @ & % B & 7 %
CN103264198B[P]. 2015-08-05.

MAQO Shimin, ZENG Xinyu. A Tooth Grinding
Method for Face Gears: CN103264198B[ P]. 2015-
08-05.

(RE HEB

TEEREA . 3 A4, 1988 454 R LRI, B9 TT 10 S Bk
CARFR I 5 #F & ¥ 3t E-mail: 644963393 @ qq.com, & #°*
GEEEE) 1975 4F 8 IE MR DRI, BF 505 i S # 4k T
.2 F% % . E-mail: majing@ cnpe.cc,

A5 RS

2R IhA, BRSSO R LA T U A S 4 T R E VR A L) .
T E LI T2 ,2025,36(5) :1008-1017.

LI Guangjun, MA Jing, DUAN Hong, et al. Numerical Rolling
Tests of Actual Measured Tooth Surfaces for Oversized Face
Gears[ ] ]. China Mechanical Engineering, 2025, 36 (5): 1008-
1017.

+ 1017 -



