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Analysis of Vibration Characteristics of RV Reducerconsidering Speed and Load
XU Jianmin"?, ZHENG Qingjie', GONG Xiaoyan', LIU Kun', SONG Lei'
(1. School of Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen 361024, china;

2. The High Educational Key Laboratory for Flexible Manufacturing Equipment of Fujian Provincial , Xiamen 361021, china)

Abstract: In order to study the influence of speed and load on the vibration characteristics of RV reducer,
a rigid — flexible coupling virtual prototype model of RV —40E reducer was established. Firstly, based on AN-
SYS, the mechanical model of RV reducer was established and the modal calculation was carried out. The natu-
ral frequencies and corresponding vibration modes of the main components of RV reducer were obtained; then,
the multi — body dynamics analysis of the prototype model of the reducer - Owas carried out by using ADAMS
software, and the calculation results were analyzed in time domain and frequency domain. The influence of
speed and load on the vibration characteristics of RV reducer was studied. The results show that the natural fre-
quencies that easily cause the resonance of RV reducer are 2929. 6,2938. 9 and 3162. 8 Hz; the speed has lit-
tle effect on the vibration characteristics of the reducer, while the load has a significant effect on the vibration
characteristics of the reducer; Affected by the speed, the amplitudes of the acceleration curves in the same gra-
dient increases within 16% . Under the influence of load, the amplitudes of acceleration curves in the same gra-
dient increases by more than 20% . Compared with the speed, the fluctuation range of the curves was larger and

the change range was obvious due to the change of load. The research results provide the basis for further im-
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proving the mechanical properties of dynamic RV reducer and reducing the vibration noise.

Keywords: RV reducer; vibration characteristics; resonant; revolution speed; load
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Fig.1 Principle diagram of a RV reducer
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Tab. 1 Relevant parameters of a RV-40E reducer
bR KL (FEXitn g PREAIN R it ot g

B

Number of pins

RE R

. . Eccentricity of crank
Pin radius/mm Y

Number of sun ~ Number of planetary Number of cycloidal

gear teeth gear teeth gear teeth shaft/mm

16 32 39 40 2 1.3

1.2 ERENREET
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Tab.2 Simulation speed of a RV reducer

r/min
LN S i Hh e
Input speed Output speed
150 1.838 1.847 1.839 1.847 1.841
300 3.698 3.701 3.696 3.701 3.698
450 5.543 5.552 5.548 5.543 5.548
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Tab.3 Material parameters of different parts

B Density/ (SR ey

A Part PR Material ﬂ?igmgﬂ mﬁﬁim EmmﬁiﬁiWTa
FPU%E Sun gear 20CrMoTi 7.80 0.25 2.05
17 B4 Planet gear 20CrMoTi 7.80 0.25 2.05
f:L> Crank shaft 20CrMoTi 7.80 0.25 2.05
BLHE Cycloidal gear 30CrMnSi 7.83 0.30 2.10
1k Pain 30CrMnSi 7.83 0.30 2.10
Hh5E Shell QT500 7.30 0.25 1.70
7B 28 Planet carrier QT500 7.30 0.30 1.70

BN B RS SAREE, AR A BB, B F(r) =0 KA RN, X5 i 42 il
RSN
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il R AT u () = e o P w fls AR, BHEAKX (1) 5.
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JHEE.O R -IT B R REL A -/INA AR I il DX S A T IS I, [RIEERE A9 £ T R A 1 & WA, DAY
TRRSTRTY s R TR S ) 3l ST A T 25 SR gk 4 R
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R4 MRS MR TSR

Tab. 4  Grid partition independence test results

SRS BT JRIFR AR T i HIoTHeE R NG|
Overall grid quality/mm Local mesh quality/mm Number of units Number of points ~ Maximum deflection/mm
9 6.75 81 846 157 346 19.369
8 6.00 103 435 198 016 19.618
7 5.25 137 508 261 009 19. 650
6 4.50 170 076 320 246 19. 809
5 3.75 247 813 463 009 19.788
4 3.00 390 400 718 496 19.797

2.3 BEAFE
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Fig.3 Modal analysis of 1-6 order RV reducer
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Tab.5 Top 6 Frequency and Vibration Modes

B4 Module #51*% Frequency/Hz FHEELF Major parts PRHY Vibration modes
1 1493.1 ALO%S Sun gear WAz m) Fe e 25 il Bending in the radial direction
2 1902. 4 47 B 22 Planet carrier JKFEJ7 3R 3N Vibration in the horizontal direction
3 2929.6 TR Cycloidal gear JKFEJ7 3R 3N Vibration in the horizontal direction
4 2938.9 FRLR Cycloidal gear JKFETJ7 3R 3N Vibration in the horizontal direction
5 3162.8 TR Cycloidal gear K7 3R 3N Vibration in the horizontal direction
6 3297.0 A0 % Sun gear WrhhAz n) r= 4 25 i) Vibration in the horizontal direction

MRS WLAE L, B GHa Tl AR R | 0 s S ek 22 A R RO IRE AR, Rk
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Tab. 6  Constraint types between components

T AP T AR
Part Constraint type Part Constraint type
HHE AL HRSEERS 2ot ¥zl b EIT R Hefih il
Crank shaft and cycloid gear Rotation Sun gear and planet gear Impact
BER S Fefik il %8 w22 4 Feshal
Cycloid-pin gear Impact Sun gear and planet carrier Rotation
oA - S s 22 4 ¥zl 1 RS 5 T I#i 5
Crank shaft and planet carrier Rotation Planet gear and crank shaft Fixed
GRS PN ) I#i 5 il 11 A5 i sk 2= 4 ¥l
Shell and ground Fixed Planet gear and planet carrier Rotation
3.2 RS
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Fig.4 Time domain and frequency spectrum of different load gradients vibration acceleration at the same speed
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Fig.5 Time domain and frequency spectrum of vibration acceleration with different rotational speed gradients under
the same load condition
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