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Abstract: In order to improve the transmission accuracy of rotate vector (RV) reducer used in industrial robot and

assign the machining and assembly tolerance reasonably, this paper proposes a method for modeling and optimizing the

transmission error of a RV reducer based on an equivalent model. According to the transmission structure of the RV reducer,

this method constructs an equivalent error model of 17 degrees of freedom, which is solved by using traditional empirical

parameters to obtain the simulation transmission error of the reducer. Then, we use the least squares method to build

the parameter identification model by comparing the simulation transmission errors and experimental transmission errors.

On this basis, the particle swarm optimization algorithm is used to optimize the empirical parameters in the identification

model, and the parameters are applied to the actual RV reducer production. The result shows that compared with the error

model established by the traditional empirical parameters, the method proposed in this paper reduces the simulation error

of transmission accuracy by 9.99%, which greatly improves the accuracy of the equivalent model.
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Fig. 1 Equivalent model of RV reducer
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Table 2 Contact stiffness parameter
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Table 3 Basic structural parameters of RV20E reducer
— P AEEHLI R AEEHLI

KFEFEWEUS 10 ey 40
ITRWEUAS 26 BEFNEUA 39
WEEH/mm 1.5 EEoAE¥E S/ mm 52
MEEIESIIC) 20 CaffE /mm 0.9

KA ZRV20EIE & 1) B AR R 2, RHSH(E,
B) AN AR > IR ZE RIS ). T SRR B
Iy IR ZE AL S B Rl 2 4/ — JsaE L A5 4,
X UL BIRZEMAAR /N, AT TORE HL 20,

% 4 RV20Ei#% £ 5 50%
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Table 5 Optimization parameter table
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Table 6 Optimized parameter table

= Kpd Kb Kea S
s (10%)  (10'%) (10'0)  &h%
1 11015 17993 80  2.5651
2 11015 17991 7.9993 2.5651
311015 17595 80  2.5651
4 11015 17582 80  2.5651
5 11015 18 80  2.5651
6 11015 1706 7.9396 2.5651
7 11015 18 80  2.5651
8§  1.1014 17821 80 25651
9 11015 17290 7.9897 2.5651
10 11014 17989 7.9996 2.5651
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Fig. 5 Theoretical transmission error
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Table 7 Theoretical transmission error

BE SR ﬁtfaﬁﬁ ﬁt?c)ﬁ I
HwE  EeE W%
1 10071 10332 103.05  10.34
2 10357 10642 106.18 8.42
310571 10862 10823  13.40
4 10928 11198 11176 8.15
5 11214 11468  114.49 7.48
6 11312 11581 11546  13.01
7 11846 12126 121.03 8.21
8 12136 12437 12393  14.62
9 12274 12568 12542 8.84
10 12542 12836 128.14 7.48

N T BRAEAR SR A AL LA VR R AT AT AN
AL, RSB E KIS BRI E
P IRV IBGE AR AT U5 5, DA FORS L3R e L]
KA EAAARCR. LT H- N T RAE R 10 RV



1

RIS ML NI s (L sl 22 gt 5L 221

TR SR AL BIRS FE AV AL SR 5 [ U U AE X EL
g

I P AME SR 2 LR AT LE, IE45 A 61T
AT, DA G RV HGHE 28 O B AL SR 250 5 il
SEBRAE SR ZE, -3 SRS FE 2 i LM 99.99%.
PRI, J8 e ARSI S ECE L ) Bl T A AL e
B 4 A7 ERVIRE 2% 1A% 3l 1% 22, 4 43 B Al ik
IRV HGHE 22 UL 5 ] 52 1 BB AR TS
5 4

AIAEAL G IRV IBIE 88 31 77 AU LA b, X
W RECERE I3 A S E AT, $2 5 T4
FAL R 22 55 bR ahiR 25 2 (B 35 . 1@ i
SEBRAR = FIRV R A AT A Bl R 22 M B0 L SR B,
AR R T VR RE AT A Bl iR 22 B B
JEHE1519.99%, Xt kg B RV #2851 Ab Bt B &

SE 3k

[1]1 LI Lixing, HE Weidong, WANG Xiugqi, et al. Research on high pre-
cision RV transmission for robots. China Mechanical Engineering,
1999, 1009): 1 - 11.

(AT, W1 BZR, E555, . ML NH R ERVALSIR . ThE L
Pk TFE, 1999, 109): 1 —11.)

[2] SUNY G, ZHAO X F, JIANG F, et al. Backlash analysis of RV re-
ducer based on error factor sensitivity and monte-carlo simulation.
International Journal of Hybrid Information Technology, 2014, 7(2):
283 —292.

[3] WEI B, WANG J X, ZHOU G W, et al. Mixed lubrication analysis
of modified cycloidal gear used in the RV reducer. Proceedings of the
Institution of Mechanical Engineers Part J: Journal of Engineering
Tribology, 2015, 230(2): 121 — 134.

[4] LIU Mingxi. Research of cycloidal-pinwheel transmission and small-
sized RV reducer with two stages. Beijing: Beijing Jiaotong Univer-
sity, 2008.

JER, 2008.)

[5] LING Jimin, ZHANG E. Influence of transmission ratio on trans-
mission error in precision gear transmission. Journal of Mechanical
Transmission, 1985, 9(5): 7 - 8.

(R I, Gk98. RSB 0L 30 h A B LU AR SR ZE ISE . HLbA%
7)), 1985,9(5): 7-8.)

[6] WANG Ruoyu, GAO Fengqiang, LIU Tundong. Influence of trans-
mission ratio on transmission error in precision gear transmission.
Chinese Journal of Scientific Instrument, 2018, 39(3): 81 — 88.
(FATF, m AR, XER. RVIBGE SRR TR B TE A S A MEEATT
O AN, 2018, 39(3): 81 - 88.)

[71 BLANCHE J G, YANG D C H. Cycloid drives with machining tol-
erances. Journal of Mechanisms Transmissions & Automation in De-
sign, 1989, 111(3): 337 — 344.

[8] TERUAKI H, WANG H, TAKESHI H, et al. Rotational transmission
error of K-H-V-Type planetary gears with cycloid gear (1st report,
analysis method of the rotational transmission error). Transactions of
the Japan Society of Mechanical Engineers (ed.C), 1994, 60(570):
645 — 653.

[9] ISHIDA T, WANG H, HIDAKA T, et al. Rotational transmission er-
ror of K-H-V-Type planetary gears with cycloid gear(2nd report, ef-
fects of manufacturing and assembly errors on rotational transmission
error). Transactions of the Japan Society of Mechanical Engineers
(ed.C), 1994, 60(578): 3510 — 3517.

[10] LI Hui, XU Honghai, WU Kai. Analysis of transmission error of
RV reducer based on orthogonal experiment. Journal of Mechanical
Transmission, 2017, 41(2): 71 —76.

(B, AR, Rl F T IR Bl RV IHGE 4345 3 i 2 70 #r.
WUAEZh, 2017, 41(2): 71 - 76.)

[11] WANG gang, ZHAO Liming, WANG Mai. Research and analysis of
dynamic modeling method of RV reducer. China Mechanical Engi-
neering, 2002, 13(19): 1652 — 1655.

(ERI, BAELH, F30. RVIRGENLEN 1) 22 @RIk 5 20 Hr. th
IR TFE, 2002, 13(19): 1652 — 1655.)

[12] CHEN Pengfei, QIN Wei, XU Bo. Calculation of equivalent contact
torsional stiffness for cycloid meshing drive. Mechanical Science and
Technology for Aerospace Engineering, 2014, 33(4): 506 — 510.
(WRISTC, Zofhi, R0 BRERET ARG S B IS ORI AL W R T
HUERY: 54K, 2014, 33(4): 506 - 510.)

[13] WANG Donggqing. Recursive extended least squares identification
method based on auxiliary models. Control Theory & Applications,
2009, 26(1): 51 — 56.

CEA. S THIBEMMIS N R b — T, FhImie 5
FZ, 2009, 26(1): 51 - 56.)

[14] GONG Dunwei, ZHANG Yong, ZHANG lJianhua, et al. Novel par-
ticle swarm optimization algorithm. Control Theory & Applications,
2008, 25(1): 111 -119.

(U, Tk 5, sk, 55 b F RS, fimil it 5 A,
2008, 25(1): 111 -119.)

[15] ZHAO Weihao, SU Bin, XIA Xiaojun. A particle swarm optimization
algorithm of easily skipping local optimum. Electronic Test, 2017,
24(13): 53 - 54.

(B, 755, BARY. — A Skl RSB ROR TR RRE. B
FIRER, 2017, 24(13): 53 - 54.)

Y A

XAR  HIR, WA, H AT FE5 1R 9 Tl s A2 5
%t, E-mail: ltd@xmu.edu.cn;

M 2 BULBRFAL, HATRTSLS o AV & A3, E-mail:
15959260871@126.com;

HeEESS AR, T, HEiwE 7T s o R 5 R R R 4
E-mail: gfshao@xmu.edu.cn;

EHEF YW, HETHEAC 5 S Tl LS ARVIEGE #% 1% 1, E-

mail: wangruoyul019@foxmail.com.



