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Analysis of lubrication flow field of cylindrical gear with variable
hyperbolic circular—arc—tooth trace with oil injection

WEI Yong—qiao, HUANG Kang—jun,GUO Rui, LUO Lan
(School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to investigate the influence mechanism of complex gas flow behaviour on the lubrication
effect of cylindrical gear with variable hyperbolic circular-arc—tooth trace under oil injection lubrication
environment due to its special tooth shape. The computational fluid dynamics is used to model the
computational basin, simplify and simulate the calculation, analyse the interference between the high-
speed gas flow field and the oil injection beam, and determine the optimal oil injection angle through the
streamline diagram. The oil distribution, average oil volume fraction and oil pressure on the inspection
surface were extracted, and the influence of different oil injection parameters on the lubrication of the tooth
surface was obtained. The results show that the lubrication effect of the gear transmission can be improved
by biasing the oil injection angle towards the main wheel by 10.73°, and by increasing the oil injection
speed, decreasing the oil injection distance, and lowering the gear rotation speed appropriately. The
findings of this study provide a theoretical basis for the design and parameter optimisation of the oil injection
lubrication system and cooling system of the gear transmission.
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Fig. 1 Principle coordinate system of the gear
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Fig. 11 Distribution of oil in four groups of tooth surfaces
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time at different injection angles
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Fig. 18 Oil volume fraction distribution on tooth surface at different injection heights
0.8 —=—30mm i 151 —a— K
—e—35mm A —o— AUE(HXIE)
—A— 40 mm A A EE
067 45 mm 121 A
& | ——50mm -
&R —<4—55mm E 09k
£ 04 <
S H \
§ & 0.6 .\ . A A
B 02f s — \ T .
. _ .\' °
0.0 0.0 | | | | | |
. . , , 30 35 40 45 50 55
0.0004  0.0008  0.0012  0.0016  0.0020 M 5 B d/mm
s E20 RREIBHEE TOME X b ES T HE
19 TEBGHEE T, T s R 5 4R 4k g 4 Fig. 20 Oil pressure statistics in the meshing zone at
Fig. 19 Variation of weighted average oil volume frac- different injection heights
tion with time for different injection heights K AE R [R5 i iR T[] — i 20 0 K I TR T R 4
5.3  A[E) ik %0 B X E 1B R R B 2 0 A7 P20 A AR 3 UL R T
T 28 7 W IH 5 oM 30 mm 3 7 B R 60 m/s M 21 Fn] LLE Y, BEE 4 58 5% 4R T, 4

A A AT, BEE A R % 38 4 000~8 000 r/min.  TaT b A 3 I I 1) 5 1A S o ATV 3R, LI T



% 11 # WA,

£ 7 3 F I8 & R AR A4 B v ok 18 UE AT . 3473 -

AR H
1.000e+00

1.000e-01
0.000e+00

(e) 7000 r/min
21 AEEREERSEHEERIES %

Fig. 21 Qil volume fraction distribution on tooth surface at different gear speeds

BIRF B AR A R . X 02 i T I SR i Y
&&fﬁ%?ﬁﬁm%ﬁﬁﬁﬁmmi:_~%ﬁ
1 I 2 B A IR I B A AL R, O T R
B DX ST S8 9 v A R A

& IO [ 2 T A O T — > G R ) o
H 3 A R B A i R, Rl 22 s . A b
BAFEE T &G RIE AR RN
BB VH-CATT BB 0 48 5% 5 19 52 7t , 76 WG
N AT R v R 0 T ) 98 AR R 43 B e R E
R fEH 3 000 r/min T H £
A ) A e A L LI W E 3k A XY B )
8 000 r/min B [H] Z 1 1A%, X J& 1 T T ik & 11
— R DN T B A T ) B T 2 Ll ) S O
I FE0.002 s J5 Y h e rhoa] LU EE ) 4 1
B A 1) Sk AR R 43 i A A R T R 4 T G R
%o AT & BUAE & B T 5 5 o0 R — A B R I 2
Jei o JUT- T A T Y B 2 A R N T L 3 2 4R T
S E SR S 0 R I R B0

(f) 8000 r/min

—=—3 (000 r/min

0.8 —e—4 000 r/min
—4—5 000 r/min
—v—6 000 r/min
——7000 r/min
0.6 —<—8 000 r/min

SRR AR
2

0.0

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
t/s

22 REFET, T 4000 T AR 5 2B B ) 25 4L i 2
Fig. 22 Variation of weighted average oil volume frac-

tion with time for different gear speeds

ML 23 v A B, Wi DXCBRE I 0 T s L B D
o Fs 2 70 8 1A 5% 90 B A B 3o 0% 34 o g I IR )
P RN R e s T, VH-CATT A
FE A 56l 2l il i 25 SO AT v e, S B A X



3474 - THXEFF

(T % k)

% 55 %

20

= EE
e \ o Bk
A —A—
L6f
. / \
§ 12+
‘lé 08 / .\ \ h
£ . . .
o . / \.kl
00 1 1 1 1 1 1

3000 4000 5000 6000 7000 8000
W HEHE /(- min ")
23 AEERFEETHENRMESITHE
Fig. 23 Oil pressure statistics in the meshing zone at

different gear speeds
FI 0 9000 S 22 /D, 2 R A P 28 SR o3, DA T e 4
T b M DL B s 05 R G A X

6 4t i

(1) X ey 2 AR 5 55 W53 3 A 1 T 95 [1)
BEHEAT 53 B 3R B] T — AR B B i 59 P, Y
W% 5F 9 2 U A A A R 10, 737) , i 3
DL R I VY AR5 e e /) ol LR AT SR,
UE B 7 W53 A B 8 A 10, 737 i W R R B

(2) K4 VH-CATT [ H: i 48 75 A [7] W5 i
ST Wi G DX ST 25 I R AAR R A3 R DL R R Y AR
FERLAE . 7E WS BE A 60 m/s DATT, 38 A 15y
JE BB 1 90 25 by i A WA X B AE 60 m/s,
T 1 0 A7 TR 694~ X dit A AR 43 B 2 e A
T BA S W59 BE B /N T 40 mm BF, WG A XY IR
i 5 R R R 5 BEE U A B R T A X
WA R TR

(3) X VH-CATT [& £ th % k17 W5 ol 71 ¥
BF, A T A A O TR W 1) 3 Bl g
P 10. 73, 3 >4 35 s ity B2 sl ) W ity L LA
3k FH A 38 1 17 56 2 R

S E Wk

[1] Olver A V. Gear lubrication—a review[J]. Proceed-
ings of the Institution of Mechanical Engineers, Part
J: Journal of Engineering Tribology, 2002, 216(5):
255-267.

[2] Zhou C, Pan L, Xu J, et al. Non-Newtonian ther-

mal elastohydrodynamic lubrication in point contact

for a crowned herringbone gear drive[J]. Tribology In-
ternational, 2017, 116: 470-481.

[3] LiuH, Liu H, Zhu C, et al. Effects of lubrication on
gear performance: a review[J]. Mechanism and Ma-
chine Theory, 2020, 145: 103701.

[4] Ouyang B, Ma F, Dai Y, et al. Numerical analysis
on heat-flow—coupled temperature field for orthogonal
face gears with oil-jet lubrication[J]. Engineering Ap-
plica tions of Computational Fluid Mechanics, 2021,
15(1): 762-780.

[5] Keller M C, Kromer C, Cordes L., et al. CFD study
of oil-jet gear interaction flow phenomena in spur gears
[J]. The Aeronautical Journal, 2020, 124: 1301-1317

[6] Wang Y, Song G, Niu W, et al. Optimized design of
spray parameters of oil jet lubricated spur gears[J].
Tribology International, 2018, 120: 149-158.

(7] ERE&, BESC, REUHE, 55w dltii s iy R i
] AU s LR 2241, 2016, 48(9): 796-801.
Wang Yan—zhong, Tang Wen, Song Guan—hua, et
al. Analysis of air barrier characteristics for high
speed gears[J]. Journal of Nanjing University of Aero-
nautics & Astronautics, 2016, 48(9): 796-801.

[8] ESERL, RVUAME, 430, 45 . AL S e sE i g Xt

%31 56 30 R B A S I [T]. 35 AR DA
2019, 49(1): 124-132.
Wang Yan-zhong, Song Guan-hua, Niu Wen-tao,
et al. Effect of rotational flow field of gear drive on fu-
el injection jetting[J]. Journal of Jilin University (Engi
neering and Technology Edition), 2019, 49(1):
124-132.

[9] Dai Y, JiaJ, Ouyang B, et al. Determination of an
optimal oil jet nozzle layout for helical gear lubrica-
tion: mathematical modeling, numerical simulation,
and experimental validation[J]. Complexity, 2020, 5:
1-8.

[10] Zhu X, Dai Y, Ma F, et al. Mathematical modeling
and numerical simulation for determining an optimized
oil jet layout for spiral bevel gear lubrication[J]. Proceed-
ings of the Institution of Mechanical Engineers, Part J:
Journal of Engineering Tribology, 2021, 235(3):
611-628.

[11] Zhou C, Jiang X, SuJ, et al. Injection lubrication for
high-speed helical gears using the overset mesh meth-
od and experimental verification[J]. Tribology Inter-
national, 2022, 173: 107642.

[12] Jiang X, Zhou C, SuJ, et al. Injection parameter de-



% 114

A A T A B IR K K AR 3 A A% it ok R AT

3475

[13]

[14]

(16]

sign to improve the high-speed gear heat dissipation:
CFD simulation and regression orthogonal experiment
[J]. Simulation Modelling Practice and Theory,
2023, 128: 102795.

Mo S, Luo B, Dang H, et al. Lubrication character-
istic of tooth surface on arc tooth cylindrical gears[J].
Lubrication Science, 2023, 35(1): 14-28.

B, SR E, XUACE, 45 . 72 00 [ 9N 46 18 A A
e P A 5 T R A By ik 22 A D], AR R R
4l ARBLFMR, 2023, 51(12): 73-82.

Wei Yong-qiao, Guo Rui, Liu Yong-ping, et al.
Analysis for time-varying meshing stiffness and trans-
mission error of cylindrical gear with variable hyper-
bolic circular-arc—tooth—trace[J]. Journal of Hua-
zhong University of Science and Technology (Natural
Science Edition), 2023, 51(12): 73-82.

Guo R, Wei Y, Liu Y, et al. Analytical solution to
contact characteristics for a variable hyperbolic circu-
lar—arc—tooth-trace cylindrical gear[J]. Mechanical
Sciences, 2021, 12(2): 923-932.

By, ARk, S, AF L AR U IR 9N U 2k IR A
Veke Ui oh R R WF e ). LA S HOR,
2017, 49(6): 196-203.

Wei Yong-qgiao, Ma Deng-qiu, Wu Yang et al.

(17]

(18]

[19]

Study on the tooth surface and curvature characteris-
tics of cylindrical gear with variable hyperbolic arc—
tooth—trace[J].
2017, 49(6): 196-203.

B, BT, XT3 i Rou 22 B Y2 XL
i 1630 I A7 2k IR A A A L ARl S R e K B A T
(V] PGIE Tl K224, 2022, 40(3): 679-689.

Wei Yong-qiao, Li Ze-yu, Liu Yong-ping, et al.

Advanced Engineering Sciences,

Geometric contact characteristics and sensitivity anal-
ysis of variable hyperbolic circular-arc-tooth-trace cy-
lindrical gear with error theory considered [J]. Jour-
nal of Northwestern Polytechnical University, 2022,
40(3): 679-689.
Subramaniam S. Lagrangian-Eulerian methods for
multiphase flows[J]. Progress in Energy and Combus-
tion Science, 2013, 39(2/3): 215-245.

BT, MR, WM, 55 S0 RAR RS i
S 28T 05 Bt L. MULBAE 8, 2022, 46(6):
23-30.

Li Xiang-yu, Yang Ai~hua, Hu Yu-mei, et al. Opti-
mization simulation research of lubrication injection

parameters for wide tooth cylindrical gears[J]. Journal

of Mechanical Transmission, 2022, 46(6): 23-30.



