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Position/Force Control of Constrained Flexible Manipulators Using
Structural Compliance Modeling

Jin-Soo Kim'

ABSTRACT

The aim of this paper is to clarify the structural compliance of the constrained flexible manipulator and to
develop the force control algorithm by using the compliance of the links. The proposed structural compliance
control consists of the position control to utilize a flexible manipulator model (considering the compensation for
the elastic deflection of links) and the passive force control to utilize the rigid manipulator model (without
considering the compensation for the elastic deflection of links). We present the experimental results for the case
when applying the only position control, and when applying the structural compliance control. Finally, a
comparison between these results is presented to show the performance of our method.
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Fig. 3 A photograph of experimental robot setup
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Table 1 Parameters of ADAM

Parameter Value
Length of link 1 [m] ]0.50
Length of link 2 [m] |0.50
Bending stiffness of link3 [Nm'] |291.6
Bending stiffness of link5 [Nm’] 102.1
Mass of elbow [kg] [6.0
Mass of wrist and end-effector  [kg] 2.7
3.2 Hof x|
% 9% Aumee 4%, £% A

MEEEY £¥ EoH9 #BAE 1zt 2z
Aoz gAEY a8z ggy e 2AS
olg3le] 9 EoaAE ANIHO®,

T =GrKsD(Vref_Ksszm) (5)

=A(D.— 0)

A71A4, G, EH9 A5 9, K & 5%
AL P, K = AWE=AF 34, §,=G,9
e 29 35 A9 I A5 ¥y, ) & 55
YA, A=G K K, © &% A o5tk &
E 9 Ad 9y v, & o g2

G, K,0,

AA AN2Ho APE&EE § &

(6)

ref

.= 8,+ 8, @)

o, 8,= WuZEdole Het 94z 2 F&HHL
Aoistr] A dHEx, F,= ABAE 9
P Exolt IY 40 F4A miyFeolge =
2 AETold2Aol A EEHAEE YEAT,

B ERAN FHEE RE AL 29 Gl

T

o £F FAHA =Pz AFAAE o183
A ek wek we] g 33 ¢ eEt
A HFE AFEE PR Alado] EER
2% 4049 ZE dAA] FZE HRETHOO,

117

ol
E S

Lt g

4. Agdn

Foward kinematics
of
flexible arm mode!

Foward kinematics
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Fig. 4 Position and compliance controller
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Fig. 5 When the end-effector of robot does not
move (flexible model)
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Fig. 6 When the end-effector of robot does not
move (compliance model)

118



AAF - dxALFHA #1948 A10E
of oslN W=l WEo] HAHE Ao opjn
Bl g o 282 2532 24 YAHE ¥ AR 22}
Zon il g ol R A% Aojel BARE ¢+ Ak
g _V‘H'{W .‘JW“MW ! ! :m[ x
= ' . i N -
og..“._,,‘h. i ._fJ HDE PO g | Q-T'—_Eﬁ
0 llimels]2 3 0 l[intls]2 8
(a) (b) I. Book W. J,, Neto O. M. and Whitney D. E.,
"Feedback Control of Two Beam, Two Joint
an, - -E-'lk - s - Systems With Distributed Flexibility," Trans. of
-Em‘ ) 1 E'Zt‘ v : ASME J. of Dynamic Systems, Measurement, and
i i -3 f
S i 51 e ; Control, Vol. 101, No. 4, pp. 187-192, 1979.
DR | o, 2%, W, "TUELTLOERY b T—ADKE
Time [s Time [s] A" BAe Ry MBS Vol 6, No. 5, pp.
(©) () 416-423, 1988.

Fig. 7 When the end-effector of robot moves in
x direction (compliance model)
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