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Fig.1 Schematic diagram of the meshing-in impact of helical gears
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Tab.1 Parameters of the helical gear transmission system

ZH —4 —%
ke 1 2 3 4
Jig ] Vi i Vi i
FEHL m/mm 4 4 4 4
ik 23 80 22 87
FEJI 6 a/(°) 20 20 20 20
WRE B/ (°) 20 20 20 20
T h/mm 4 4 4 4
i HR i h/mm 5 5 5 5
i & b/mm 33 31.5 40 38
I LRI | 2.0850% | 1.8269x | 1.8569x | 2.369 8x
K, .K/(N/m) 10° 10’ 107 10°
S S BERIEE | 2.2159% | 1.9949x | 1.9949x | 1.409 7x
K /(N/m) 10° 10° 10° 10°
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Tab.2 Comparison of meshing forces of gear pairs under

different rotational speeds
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Fig. 7 Acceleration curve in the meshing line direction of the gear

pair 34 at an input speed of the 6 000 r/min

1000 _
WECHI 34 M PP 52

W5 5 2R T T NSRS /(m/s?)

-1000[ KRR 121
A X 4k
—2000F X=0.214 8
Y=-2291.61
-3 000 1 1 1 1 1 1 )
02140 02145 0.2150 02155 02160 02165 02170 02175

N 1] /s
B8 HNFEE 12 000 r/min THEEE] 12 M & 275 15 3% B i 2%
Fig. 8 Acceleration curve in the meshing line direction of the gear
pair 12 at an input speed of the 12 000 r/min

7 0T L BPLINUET 2
£ 1000}
=500
® -
= oF Uik 340
E | NP X R
R 0r | x=02171
S —1000H Y=1131.77
£ _1500 ! ! I ! ! i |

02140 02145 02150 02155 02160 02165 02170 02175

I} 1] /s
B9 HNFEE 12 000 r/min TR 34 M & 2 77 2053 B B 2%
Fig. 9 Acceleration curve in the meshing line direction of the gear
pair 34 at an input speed of the 12 000 r/min

HIE 4, BI5aH, M5 A E R 3 000 /min i),

TR HE R 34 MG el g DA A8 R 12 W45 2607 1) s

FR S0 ] Z 0% 5 1A HE ) 12 FFE HURE X T IA HE R 34 4K
1R, A el X DA A R 34 0 G T TR DN Y 5
Wi 5 hg A



116 Ak 1E RN

5550 %

HE 4, El6. EI8AIA, % AfzH M 3 000 r/min
F+ 2812 000 v/min B, YFEEI 12 w5 A whf DX in
W AR 43 591 K 686. 21, 1 135.75. 2291. 61 m/s*, H
KIS, B7. 9w, MR EX RN, il 34
Mk A ek DX 4 R 38 D1 43 1) o 223. 35, 500. 58,
1 131.77 m/s*c s Tt = il 1 v % (8] 1) A Xz 2l
65 3 20 1A 5 I A o DX o S R A S K
ARGty AFE M IE ;AR FE#(12 000 r/min) T,
VIS HI 12 B IR I 2 291, 61 m/s®, TRZH Tk
ORI 34 B IR FEIE(E 1 131, 77 m/s®, DR A4 56
A Ak A wps X 2R GEAR 3 4 5 K T A AR

UEAh, % A R T 45 A e w54 7 1)
L (F4 5K 5, e 5K 7, K8 5K 9)nIHl,
VRAe R 12 WG A w51 2 09 T B I o R B B 35 KT
VIAe R 34, UL A e RS2 2 mE A s #E G R
ma 5 T A dm i e Al . LG R IRE TRl 12 5
AN B AR, AHFER AR, SR 12 B mE
Bl S TINTER] 34, WA I E R, FRF, S5
VG R B2 AR 5 3 Bk G AR 58 2 —3

4 ZEig

Frgmg At 7, RIS P AL T HIENR
B GRS R GE 16 F 1 S 2, IR
ST HEN O TR, RGO AN IRl A T
FRNFE RIS 2 R, AR AR FEEGE

DI NI SIS ONL VNI O N Eam B
ARSI, A% A R ke A et DX Il o 3 0 {1 B
Fed Thm L Kad, RGLsir ARRETEE ;
TR S A2 A DCTRI P, i A S 147 6 1) Wl A oo o 2%
Geik sl ) R R R B R T  H S A HE A

2) AARFGETBUT , o A {4 5 w6 fan g
e A o AR RO, S A T e o v 1 4 R
XA A S ) BTl 2D 5 A 2 k7 A L IR A A A R S
WG A i RO, H AR R AR E B
EIWREE—E

sz % X #

[1] RYALIL,TALBOT D. A dynamic gear load distribution model for
epicyclic gear sets with a structurally compliant planet carrier[J].
Mechanism and Machine Theory,2023, 181:105225.

[2] PEDRERO JI,PLEGUEZUELOS M, SANCHEZ M B. Analytical
model for meshing stiffness, load sharing, and transmission error
for helical gears with profile modification [J]. Mechanism and
Machine Theory,2023,185:105340.

[3] VELEX P,CHAPRON M, FAKHFAKH H, et al. On transmission
errors and profile modifications minimising dynamic tooth loads
in multi-mesh gears [J]. Journal of Sound and Vibration, 2016,

379:28-52.

[4]

(5]

[10]

[12]

[13]

[14]

[15]

[16]

VELEX P, BRUYERE J, HOUSER D R. Some analytical results
on transmission errors in narrow-faced spur and helical gears: influ-
ence of profile modifications [J]. Journal of Mechanical Design,
2011,133(3):031010.

MU Y M,FANG Z D,LI W L. Impact analysis and vibration reduc-
tion design of spiral bevel gears[J]. Proceedings of the Institution
of Mechanical Engineers, Part K: Journal of Multi-body Dynam-
ics,2019,233(3):668-676.

IMIN R, GENI M. Stress analysis of gear meshing impact based
on SPH method[J]. Mathematical Problems in Engineering, 2014,
2014:328216.

DI F K, AHMAT M, LI D Z, et al. Meshing impact analysis of the
gear and rack of the pumping machine based on the SPH-FEM cou-
pling method[J]. Proceedings of the Institution of Mechanical En-
gineers, Part K: Journal of Multi-body Dynamics, 2023,237(3) :
555-565.

QI SY,GUANY C,LIU Y, et al. Impact-meshing vibration char-
acteristics of high-speed gear systems with Backlash[J]. Advances
in Mechanical Engineering,2023,15(11):16878132231200483.
TEODORESCU M, THEODOSSIADES S,RAHNEJAT H. Impact
dynamics of rough and surface protected MEMS gears[ J]. Tribolo-
gy International, 2009,42(2) : 197-205.

LIN T J,OU H,LIR F. A finite element method for 3D static and
dynamic contact/impact analysis of gear drives [J]. Computer
Methods in Applied Mechanics and Engineering, 2007, 196 (9/10/
11/12):1716-1728.

HE ZY,ZHANG T,LIN T J. Novel mathematical modelling meth-
od for meshing impact of helical gear[J]. Mechanism and Machine
Theory,2020,152:103949.

T, IR, AR ZH LU N AT IR L 3 R GRS Ry
eI ], R3) S uhdi, 2013,32(1) :49-52.

WANG Feng, FANG Zongde, L1 Shengjin. Dynamic characteris-
tics of a double helical gear under multi-load[J]. Journal of Vibra-
tion and Shock,2013,32(1):49-52.

FFLFEE, EER G AFESETRESEST AT K%
BARLNE B AFFERE R [T]. HUMAL 50, 2024,48(1) 0 1-7.
WANG Ji, LI Zhibin, WANG Sanmin, et al. Influence of system pa-
rameters on nonlinear dynamic characteristics of the herringbone
gear transmission under different coincidence degrees [T]. Journal
of Mechanical Transmission,2024,48(1):1-7.

WEMBRR WRLL . WAL D e iy i B A7 (D],
HUMRL S S AR, 2003,22(1) :55-57.

WU Baolin, YANG Sujun, YAO Junhong. Theoretical analysis on
meshing impact of involute gears [J]. Mechanical Science and
Technology,2003,22(1) :55-57.

FEHETC, A, BRI . A AR A Sl G5 3 i 43 (). LR T
TR, 2011,47(7) :22-30.

TANG Jinyuan, ZHOU Wei, CHEN Siyu. Contact-impact analysis
of gear transmission system [J]. Journal of Mechanical Engineer-
ing,2011,47(7):22-30.

O, WESL A9, kAR L A IR R R A e S LT
PH 23830 K244, 2020, 54(9) : 58-65.

JIA Chao, YAO Ligang, ZHANG Jun, et al. Calculation of mesh-in
impact of modified involute helical gears [T]. Journal of Xi’ an
Jiaotong University,2020,54(9) : 58-65.



55 5 1 X OR, AR HIBMES bl B SR A T ORHA R AL B 3 ) e Rt e 117
[17] LIU X,FANG Z D, LEI F J, et al. A novel method to study the nonorthogonal spur face gear pairs [J]. Journal of Mechanical
long period three-dimensional vibration characteristics of herring- Science and Technology,2021,35(7) :2793-2808.
bone gear with asymmetry pitch deviation[ J]. Mechanical Systems [19] OZTURK V Y, CIGEROGLU E, OZGUVEN H N. Ideal tooth
and Signal Processing,2025,224:112040. profile modifications for improving nonlinear dynamic response of
[18] FU X Z,HUANG Y X, FANG Z D, et al. Dynamic load sharing planetary gear trains [J]. Journal of Sound and Vibration, 2021,
characteristics of a dual-branch transmission system with offset 500:116007.

Dynamic characterization of two-stage helical gear transmission for electric
vehicles considering mesh impact

LIU Xing'" ZENG Zhongwei* ZHANG Xiangjun’® SHI Guoyong' FU Xuezhong>**
(1. Technology Center, Liuzhou Saike Science and Technology Development Co., Ltd., Liuzhou 545001, China)
(2. School of Mechanical and Automotive Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China)
(3. Guangxi Key Laboratory of Auto Parts and Vehicle Technology, Liuzhou 545006, China)
(4. Engineering Research Center of Advanced Engineering Equipment, University of Guangxi, Liuzhou 545006, China)

Abstract: [Objective] The influence of meshing impact on the dynamic characteristics of two-stage helical gear
transmission systems in electric vehicles was investigated to provide references for the design of such transmissions. [Methods]
A two-stage helical gear transmission system of an electric vehicle was taken as the research object. A calculation formula for
meshing impact force was derived; a 16-degree-of-freedom dynamic model was established based on the lumped mass method,
and a set of dynamic differential equations considering bending-torsional-axial coupling was constructed. The Runge-Kutta
method was used for solution, and the dynamic characteristics of each gear pair under different rotational speeds were analyzed.
[Results] The results show that when the input speed increases from 3 000 r/min to 12 000 r/min, the peak meshing-in impact
acceleration of the input-end and output-end gear pairs rises from 686.21 m/s” and 223.35 m/s’ to 2 291.61 m/s* and 1 131.77 m/s’,
respectively. The increase of rotational speed significantly amplifies the influence of meshing-in impact on the system and
aggravates the system instability, and the influence of the input-end gear pair is greater than that of the output-end one. At the
same rotational speed, the input-end gear pair has a stronger influence on the meshing-in impact of the output-end gear pair, and
the mutual interference frequency between the two is consistent with their own meshing frequencies.

Key words: Two-stage helical gear transmission; Mesh impact; Dynamic characterization; Rotational speed; Acceleration
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Test analysis of anti-friction/wear of fullerene C60 lubricating oil to
planetary gear shaft

LIU Guoliang"”> ZHAO Xinhao'?
(1. AECC Zhongchuan Transmission Machinery Co., Ltd., Changsha 410200, China)
(2. AECC Aviation Gear Manufacturing Technology Innovation Center, Changsha 410200, China)

Abstract: [Objective] Effective lubrication is one of the most efficient methods for reducing friction and minimizing wear
on metal component surfaces in mechanical motion pairs. To address the rapid friction and wear failure of the planetary gear
shaft in differential assemblies, the anti-wear and friction-reduction effects of fullerene C60 nano-carbon sphere lubricant on
planetary gear shafts were investigated. [Methods] Firstly, friction and wear tests were conducted under the action of fullerene
C60 lubricant to analyze the influence of C60 nano-carbon sphere concentration on the friction coefficient and wear scar surface
morphology. Secondly, a differential assembly fatigue life test bench was utilized to perform fatigue wear tests on the differential
planetary gear shaft, observing the friction-reducing effects of C60 nano-carbon spheres on the gear shaft. [Results] The analysis
results demonstrate that the average friction coefficient under the action of fullerene C60 nano-carbon sphere lubricant is as low
as 0.080 1, representing a 71.1% reduction compared to the base lubricant. Furthermore, the wear amounts on both ends of the
planetary gear shaft pins decrease by approximately 60%.

Key words: Fullerene C60; Friction and wear; Differential assembly; Lubricating oil additive (4. X k)



