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A Method to Analyze Dynamic Transmission Error of RV Reducer

Considering Machining Error and Flexible Factors
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Abstract: The assembly and manufacturing errors of cycloidal wheel, needle wheel, crank shaft
and other key bearing components, and the contact and support elastic deformation of gears at all
levels have impact on the transmission accuracy of RV reducer. To address this problem, a New-
mark-fbased method to analyze dynamic transmission error of RV reducer considering machining
and assembly errors and flexible factors is proposed. Firstly, the dynamic response of the original
system dynamics model is analyzed in the time-frequency joint domain to find out the cause of re-
ducer vibration signals at all levels, thus providing a basis for the subsequent transverse analysis
on assembly and manufacturing errors. Secondly, combined with photoelastic experiment, the fi-

nite difference method is used to analyze and compare the sensitivity of the reducer’s transmission
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errors to the assembly and manufacturing errors. Then, the contribution rate of transmission
contact and support elastic deformation to dynamic transmission error under variable load, varia-
ble speed and error conditions is quantified. At the end, the main factors affecting transmission
accuracy are determined by comparing the sensitivity and error contribution rate. The simulation
results show that the needle tooth radius error has the greatest impact on the transmission accura-
cy, followed by the crank shaft cam eccentricity error, then the crank shaft hole eccentricity error
of cycloid wheel, and lastly the needle tooth shell center circle radius error. In the variable-condi-
tion transmission accuracy analysis, the dynamic transmission error increases with the increase of
load, and the output speed stationarity decreases with the increase of load and speed. In the anal-
ysis of flexible deformation error contribution rate, the contact deformation of low-speed gear
yields the highest contribution rate of more than 51% s and the support deformation follows, with
a contribution rate between 15% and 30%. The research results provide reference for the trans-
mission error optimization of RV reducer.

Keywords: RV reducer; photoelastic experiment; manufacturing error; dynamic transmission er-
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Fig. 1 Transmission system model of BX40E reducer
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Fig. 2 Mesh model and meshing stiffness of gear pair
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Fig. 3 Meshing model and meshing stiffness of cycloid

transmission
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Fig. 4 System dynamics analysis model of RV reducer
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eac 0.0154 ey2 0. 085
mw 0.9 ey3 0.015
rnt 1. 183 eyd 1.053
eml 0.303 eyo 0.283
em2 0. 54 eyb 0.72
em3 0.09 ey7 0. 145
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Fig. 9 Effect of error value on the number of meshing teeth

and the deformation of needle teeth in rnt and rnw
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Fig. 10 Influence of rnt and rnw on meshing force and trans-

mission error of low speed gear respectively
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Fig. 11 Influence of em and ey on meshing force and trans-

mission error of low speed gear respectively
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Fig. 12 Influence of variable working condition and rnt on

dynamic load amplitude and transmission error of gears

HIIET 12 TR0 Bl G 20 0 g ARG Ae 1A
2 fh A8 T8 R SOR AT 1 B PR I, = B0k Gtk R i
o i e 1A Sl A I AR Bl iR 22 R KB BE




170 oo

sk

i

PN

557 %

el KN ve A G B A AT A S A TR R R RS K
BB iR 2 AR R AN A . B o 43 il X 4% 3
R 25 14 5% W s $4 55 SOk 25 ] 1Y) S 30 B0 — B

Ry it — 2L PRI A G AL By 0 1 T fih AR L SOK
ARTE DA B ) Al 3 158 2 14 Wk T 422 i A T %o DR 45 11
1 By i 22 DTk R R 1 BN B AR OC R, R
IR 2 TR Py P, Py H P, 43 51k v ok g
TR TE AR G5 e Al TR (5L it R
fi 25 TE 0 3 1 SR A T ot i HH R 25 1 L B

_ 0
Pl_ﬁe

X 00100, A0, 53 51 g o 3 914 e 4 fe 9 3
AR i 51 e 1 B8 42 ik A0 % SOR R IE 51 R
B0 HH R 2E T AR 5 0. D B IR ZE A

7 AEOT A% B18 22 19 B0 B i i A T {14 52 i
WA 18 B AE T BLAF 1T SORFIE fill 28 8 X
B0 Bl AL Bl 1R 22 1 TTHR A K i A i O 2 i (B

X 100% i=1,2,3,4 (3D

MBI R,
607 =3 28
=
5ot 3 Sl Amt e fnde -
| SURERMR T 24 2
k= -A- R =
LL:]—<4O - %]I;
i 20=
= 30 B
& 16 %
%20 < ~ ¥
1027\ = 1.2 %
= -
wy
0 08
10
T FEH/(N-m)
B 13 67 A% 3R 25 10 B4 B i b B S 0 1 5 i)

Fig. 13 Influence of load on the components of trans-

mission error and output speed amplitude
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Fig. 14 Influence of speed on the components of trans-

mission error and output speed amplitude
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