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Tracking accuracy analysis of a flexible manipulator

with interval joint clearance

LIU Zhiyuan , SUN Dongyang
(College of Aerospace Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: To investigate the influences of large deformation, clearance and uncertainty on the dynamic
behavior and control accuracy of a manipulator, a method for establishing the dynamics model of a flexible
manipulator with interval joint clearance is presented. Then an evaluation method for the dynamics model is
proposed. In this work, the absolute nodal coordinate formulation is used to model the flexible
components, and the hybrid contact force model and Ambrosio friction force model are applied to
constructing the revolute clearance joint. Meanwhile, intervals are used to characterize the clearance size
and Young’s modulus. The simulation results show that the flexibility and clearance can obviously affect
the dynamic behavior and control accuracy of the manipulator. In addition, the influence will be more
significant as the Young’s modulus decreases or the clearance size increases. Uncertainty can reduce control
accuracy and significantly affect the dynamic behavior of the manipulator.
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Fig. 1 Revolute joint with clearance

il 5 R U EE A
e =.le,e . (2)
e 1l R 5 Tt i R T A B ) R



% 2 x| &, 5 A KT 4] B E ALAR A 45 R AR o AT

al
(2]

n=-_-" 3)
24 3l R 5 il Rl AR A i A TR BN
0 =e, —C» (€Y
A e BB K/N.c=R,—R;.R, AR, 435 Hih &2,
K7 B S A R QT Qe T A X T A AR bR T M 5 B & R B R

rl=r, +Rmn (k=i.j). (5
L) A bR AR T A QA Q; WY B T LA i K =X (5) X I [R] oK 2 45 3
P=F A+ Rui (k=i.j). 6)
2 fink 1 1) AH G BRE o FTYD [ AR SR o R R OR N
v, =(F —#) . %8
0, = —F)"t, (8

AT e e R E RS 90° 45 3
1.2 3EfAlE R

Hertz $2 il 77 B AL IE N FH B 712 B 422 fik 09 485880 32088 AR DA SRy 2 ok 392 T80 Oy 2 4 SO e Al 32 AT OE A B 44 38 lf
TSR A RE AT . O T R R 1 R P A BB S A FE . B2 T Hertz £, Lankarani, Herbert fl Lee
SR T 2o g i R OO (0 2 Mk i A R0 Liu DSV BEGY R 0 Hertz 1 fih A5 R A IS FH T 1) BAH
Xt R L BT A /NI L o /N D B 0 L O 4 SRR T T Tt R SR, AR AR [A)E, Bai 45U R £
T —Mh 5T Lankarani-Nikravesh fif i /3 # % 1 WEF (Winkler elastic foundation) #5 % f) 1 & filf 15 3 45 %1,
Al 4 AR A] DL R R

F,=K,0" + Db, (9

Kof L F, gk R ), 6 i ol A RE R L e B T R TR PR L T SR A I R e —
L5o Ko Fl D oo 70 50 52 AR LA 422 i W 3 38 AORME BOR YRS 2 80, ik Qi h

1 .. [20 (3R, —3R, +25)°
K, =gnE J R =R 15) (10)
2 2(1—ce) Sn
Dy = Bl ) e i (1)
45\(*)
A0 gt AR BA AR R L Lo HVRE R E R E S R, W3R B L
1 1—v 11— ()
E - E E,

S o, (=i )R E, =i )43 5 S B Al b 0 00 R A5 . 2 0 I 1 28 460 3 35 10
G I B/ ) B B, 308 e 57 W T 0 45 SR L R 48 880 S JE 75 T Hlerez 3 il Jy L
13 EEAER

Coulomb FE $5HUR L 52 ] Mo B0 B 45 0B , 0780 10 P 35 00 7 1) 5 0 1) I 160 AT B L OF EL B 48 0
JIN ' 9 1 ik 1 CIE e o Coulomb, B8 7 ) 1)k J3E 4 30 T2 INF 25 7 A S i 5 466 3 O A48 71T f
ST RS, o TR B, Ambrosiol™ 6 H FE 31 A Coulomb FE B HEA L 4 57 7 1 F I 2% 10 g 46 )
B,

V.
Fr=—c,c,Fx—, (13)

Ur

S e, R R R0, WA I , o, Bh A 18 10 R B 7T %R W



56 TR K FFHK % 14 K

0 if v, <o,
v, — v
¢, = ! ’ if v, <o, <o, (14)
‘ U\ 71}(3
1 lf v >U ’

T

Ao, Mo 2 TS S S B IE BB 2 A B R IR B . Ambrosio BEHE I BERIANIE] 2 7R .

Fy

-v —y, |0 |

Y 7 Ur

& 2 Ambrosio EEIE 1R

Fig. 2 Ambrésio friction model
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Fig. 3 Flexible manipulator with clearance
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Fig. 4 Uncertainty analysis of flexible manipulator with clearance
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Fig. 5 End circular tracking of flexible manipulator with clearance
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Table 1 Simulation parameter table of manipulator
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Fig. 6 Tip error, tip acceleration and driving moment
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Fig. 7 Tip error, tip acceleration and driving moment under different Young’s modulus
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Fig. 8 Upper and lower bounds of tip error, tip acceleration and driving moment
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