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Analysis of the Force Control Stability of the Symmetric Coordination of Two Robots
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Abstract In this paper,when two robots rigidly grasp an object to contact the gurround, using the simplified model
of the two symmetric coordinated robots, we analyze the effect on the stability of the internal force and external force
symmetric control system due to the unmodeled factors: (1) the equivalent motor dynamic of robot,(2) the stiffness of
the object grasped by two robots, (3) the dynamic of the object,(4) the sampling control delay of the computer control,
(5) the dissymmetry of two robots. T hen the results of the simulations are given, which accord with the experimental re—
sults.
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Fig-2(a) The closedoop root locus of the external force control Fig-2(b) The closedoop root locus of the external force
with considering the equivalent motor effect control with considering the object mass
=T, A= A= 1
3 2 k_du kk. kke _
[mTs + ms™+ ( >t Skt ke keT)s LY ke(l + kpfa) |xa(s) = input_ term3
[st3 + ms + (BT + 2kara)s+ k(14 kpra)]xa(s) = input_ term3
i , 2a),
2.2

k(l/ alllb 3

(mmes’ + T3+ [(2K + kym+ (1+ kera) ko] s” +
karo 2K + ke)s + kke(1+ kpra)}xa(s) = input_ termd
2

[ms” + 2karss + (1+ ko) k]xo(s) = input term5

2

2(b) ; )



1999 4

106
2.3
/
fozz(n + 1) =
for(n+ l) =
, T,

?

3(a)

3(a)

100

3(a)
3(b)

3(b)

T T

60
50
40r
30
20
10
N :
10° 10 10°
&
3(a) 3(b)
Fig.3(a) Stable domain of the external Fig.3(b) Stable domain of the internal
force control force control
100 T, = lms 100 = 1lms
90 - == T,= 3ms = 3ms
80 —-—- T, = 5ms = 5ms
70| ——— T,=17ms = 7ms
60 —— T, — 9ms = Oms
3 50 AHE R s s
40 = =
30 K.
201 g Kk
10fix.
0 \‘;\gi\_u_\ . ;
10° 10* 10° 10° 10
k k
4(b) 5(a)
Fig.4(b) Stable domain of the internal Fig.Xa) Stable domain of the external

force control

force control

)

3(b)

B

?

kra(foa(n) = fa(n)) + kafo(xat = (xa(n) = xa(n—="1))/Ts) + faln)
kere(fra(n) — fr(n)) + kasr(xrd = (xr(n) — xr(n— 1))/Ts) + fri(n)

mi= 2ma,

lms
3ms
S5ms
7ms
9ms

U 't

Fig. 3(a)

Stable domain of

force control

10°

the external

= lms
= 3ms

- T, = 5ms

= 7.ms
= 9ms

5(b)
Fig. 5(b)

10¢

Stable domain of the internal

force control

10 ,



107

kdfa k({f'r , 100
50 = lms
P = 3ms
80 5ms
, kiara  kar 701 7ms
60 9ms
2 2 « 50
) » -3' 40
, 30
20
10
0
10°
(1)
6
( 2) > Fig.6 Stable domain of the external force control

2

,PD

GKDF-2 ) / ,
M C68040 ,

. Oms s g

Koivo A J, Bekey G.Report of Workshop on Coordinated Multiple Robot M anip ulator: Planning, Control and Application. IEEE J. of
Robotics and Automation, Vol. 4, No. 1, pp91-93, 1988

U chiyama M, Dauchez P. A Symmetric Hybrid Position/ force Control Scheme for the Coordination of T wo Robots. Proc. IEEE Int.

Conf. on Robotics and Automation, pp350-356, 1988

An C H.Hollerback J M. Dynamic Stability Issues in Force Control of Manipulators. Proc. IEEE Int. Conf- on Robotics and Automa—
tion, pp890-897, 1987

. ,Vol. 18, No. 3,ppl173-178, 196

XuY,Ma D, Hollerback ] M. Nonlinear Proportional and Derivative Control for High Disturban ce Rejection and High Gain Force Con—
trol. Proc. IEEE Int. Conf. on Robotics and Autom ation, pp752-759, 1993

s ’





