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Dynamic Optimization Method of Spatial Parallel Mechanism
Considering Lubrication Clearance Effect

CHEN Xiulong JU Shuo JIA Yonghao
(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract; In order to improve the gradual deterioration of the dynamic performance of the spatial parallel
mechanism caused by the lubrication clearance effect, a dynamic optimization method of the spatial
parallel mechanism considering the lubrication clearance effect was proposed by taking the 3 — RRPaR
redundant parallel mechanism as the research object. Firstly, the kinematic model of the lubrication
clearance of the revolute pair and the oil film bearing capacity model were established. The transition
force model of the contact state was derived, and the dynamic model of the 3 — RRPaR redundant parallel
mechanism considering the lubrication clearance of the revolute pair was established. Then, the objective
function was set up to optimize the dynamic response error of the end-effector and the constraint reaction
force at the clearance joint. By optimizing the quality of the end-effector and the moment of inertia, the
degradation effect caused by the clearance of the kinematic pair was alleviated, and the dynamic
optimization model of the 3 — RRPaR redundant parallel mechanism considering the lubrication clearance
effect was established. Finally, the effectiveness of the established dynamic model was experimentally
verified , the influence of the two objective functions on the optimization effect was compared and analyzed
to select the best optimization method, and the dynamic characteristics of the spatial parallel mechanism
considering the lubrication clearance effect before and after optimization were analyzed. The results
showed that the optimization reduced the peak value of the constraint reaction force at the lubrication
clearance revolute joint by 16. 16% . The research result can provide theoretical support for improving the
dynamic performance of spatial parallel mechanism by improving the clearance effect.
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Bl g 2 me N B W, R A E RS A A )RR
3 — RRPaR JRHEALAL IS & 1 3 50, 0 3 50 45
5 B A A X L A B, LSS I T T A
WHLRLZE B & BPE AR = i AR L An 1A 6

Fi7R o
T S B PSR A5 R IR R AT X L,
IR iz Sh A E S, 8 B — 4> 52 B 1z 3 A 0 gk A7

Doy Mo X Fe Zh @l RL A R2 B 46 8] B A
0. 05 mm [ Btk , %l i) 11 B2 308 ok A2 1) 49055 MR B 42 il
HFEAE 0. 01 mm,

K7 45 T S W 0T e sl @l A 3 - RRPaR JfHk
CIR AR R R ) B AN S R S €9 | B
JEE i 2 19 3 Bk B 47 B N e b HAT B i — 3L
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R SRA BT B e oh, ) Bz 3l @) 280 1
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Tab.2 Structural parameters of 3 — RRPaR parallel

mechanism
¥ el Kl
K Il /m 0.125
Btk ml /kg 2.129
EXTIL EERR 1,/ (kg m®) 1.127 x10 73
R 1,/ (kg m®) 1.656 x 10 >
S Eh i 1,/ (kg-m®) 1.581 x 10 2
KB 1L /m 0.0525
R omb kg 0.259
Pa I B AT a1,/ (kg-m®) 2.294 x 10 °*
B 1/ (kgem®) 1.624 x10 ~°
B 1,/ (kg m®) 2.290 x 10 -
BEES ry/m 0.06
BEES rs/m 0.08
Bt m, /kg 1.005
B 1,/ (kgom?) 1.279 x 10 -3
AT M L,/ (kgem?) 1.014 x10 73
EEFRE 1/ (kgom®) 2.140 x 10 °
K BE 15 /m 0.322
it my/kg 0.199
Pa 3 HE K AT Segh i 1,/ (kgom®) 8.773 x 1073
EEE 1,/ (kg m®) 8.773 x 10 ~*
Eegl gt 1./ (kgom®) 1.617 x10~°
BB, /m 0.1
T mg/kg 12. 068
LA T S 1,/ (kgom®) 0.238
SeEh i 1,/ (kg-m®) 0.185
SR 1,/ (kgom?) 6.856 x 10 2
BEEs r,/m 0.597
PEES ry/m 0. 685
i mﬁ/kg 7.637
LI B 1,/ (kg-m®) 5.854 x10 72
S 1,/ (kgom®) 3.347 x 10 2
A 1,/ (kg-m?) 3.334 x10 2
®3 GEABEMTEFBENANNFEHESH

Tab.3 Dynamics simulation parameters of spatial

parallel mechanism with lubricated clearance joints

28 HE
ISP REE AR R, /m 0.007 5
ESNEEEE R,/m 0.012
R K Ly/m 0.05
WEFRE c, 0.9
TR RS B I B, 0.10.0. 15
WK E, E;/GPa 200,72
AL v, v, 0.33.0.29
I w/ (mPa-s) 10
MoK /s 0. 000 1
(3G RES Runge — Kutta — Fehlberg

WA R SHe AR I UE T IR BRI A R A
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Fig.7 Comparison of experimental results of

acceleration response of end effector
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HRAE 1R 25 SE I 8 [ B 280 2 [R] 5 BX AL 2l )
SARAC IR, DA AR A s KA T 5 14 Bl 7 2 el 1 158 2%
(EPReREC L) AL AL ] Bt OG5 b i 29 3R s g ( H b
PRI I ) PR 5 =X, X5 3 5 [E] B 3 — RRPaR TR JF
WAL 17 3h ) 27l A o

AL ZE Rk 4 Fros, g DAL A o AT 45 14 3
D32 R 25, DA H A pR AR 1 AR i 5 0 dE S i
TR REALTHIR 19 3 1 BT R 0. 887 kg, ¥ ol 45t & 73 J
F71.166 x 1077 [1.276 x 10 > 1.649 x 10 * kg+m’
(R AR i AT i A B UG A, AR DL AR T (3R 3) 43l B
0. 118 kg A1 1.13 x 107", —2.62 x 10" 4.91 x
10" kg-m®, SO Ak 1] B 56 15 4b 19 29 3R 77, L H
b pR AL T A8 1, 2811 5045 3 i i 0. 703 kg, #% 3))
A B 8.957 x 107%.7.099 x 10 % 1.498 x
107" kgm® B A

#4 2B EEE3-RRPaR FENMMAULER
Tab.4 Optimization results of 3 — RRPaR parallel

mechanism with lubricated clearance joints

sy m,/kg J../(kg-m®) J /(kg-m®) J./(kg-m®)

Hbreidc I 0.887 1.166x10°° 1.276 x10~° 1.649 x 10 73

HFreidc I 0.703 8.957 x10 % 7.099 x10 ~* 1.498 x 10 3
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