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A Stabilizing Method of Contact Tasks on Servo-based Impedance Control

Taisuke Sakaki*! and Susumu’fachi*2

This paper proposes a new control algorithm of servo-based impedance control of robot manipulator for stabiliza-

tion of contact task. There still has been stability problem of servo-based impedance control when a manipulator

contacts to a stiff environment with a small viscosity coefficient of target impedance. The paper shows a stabilizing
method for impedance control even with a small target viscosity. The proposed control system modifies the target

dynamics model, but has no necessity to change the servo-control system.

The simulations and contact task

experiments show an extremely similar response to a target impedance and verify sophisticated contact stability with
an one-tenth target viscosity and with over two times larger velocity more than the stability conditions limited for

conventional control methods.
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Fig. 1 Motion based Impedance Control Method.
: target trajectory. dx: deviation by impedance model.
zr : reference trajectory. x : actual arm trajectory.

fe: external force.
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Fig.2 Arm-Object Contact System.
Xa: target position. dX : deviation by impedance model.
X, : reference position. X : actual position. X.: object
position. Fe: external force. N : servo controller transfer
function. K. : object stiffness. G : target dynamics model
including target impedance model.

ENASEDLE, D7 4— KNy 7RThbLEBEMANIEE
kB[ 8].

COMERERT 270, Y—KRFE N OMHEN % EHrY
WH vV LTEIEN=] £75Z & TCHERPRELT 2
TEEREMELT, UTOARREETT .

(1) BMRAD—KEEBER G »5, BREET VG
Iz 39 THEORBERET 5.

BAEEISED o IGEE - KEEEZFERL THTHEOR
ERBRET 5.
BT, ZhEFEL <HHT 5.

nB, UTOHERCBWTRD 3 ERARELT S,

(1) 7—s@itkTchs KEL, BEX 7Y 27 Ol
P ERT 5.
EERNCTEYC B L T W AREDOAREEL,
filh « JEBEAROMERSREBIEE 2 v,

(3) NEYOBFFEIIMEDAL LT 5.

2.1 FMFHETIODFOREDRE

%3, BiiEE TV G R RIENICER T 3 HIBEIRCOWT
O— RS 2 HET 5. BFEET NV G DS TFOREE L
TOXIWCHRET .

(1) BisHEE T VOGERE G=G6,/Gs £ M —RRDE

FEEB N=No/Na DA T - FEOEREERD S,
ZTHRRDEDRKE % O(Gr), O(Ga), O(N), O(Na)
&35,
HEFEETY G Y —RR N 2HICES LT, #
R O —KIGEBE S GN DD F L HBORE=E L %
KB,

L=(5R0ORE) — (FTFDXE)

=(0(Ga)+ O(Nw)—(O(Gr) + O(N,))
BT G THEHEBMT 5. £ OXEUE,
GOHRORE L ED/NSWHOEUT T 3.

Rz, BBy —RRZEHicE-T, HEA VY E—F VR
PEERETVE LEBAEOSTORBORD T 2HHT 5.
ERELOREE 7 2N LT 7 — A 2B 5, HED PLH
HEMBD PEIED» 5% 5 P-PI Y — K% % Fig. 3 R T,
HEA v ¥ —5 v A (BEEMYE m., BENME b, HEWE
ko) % Zo=mos*+bos+hko L3 B L, BRFEETNVIE G=1/Z,

(2)

(2)

(2)

(3)

July, 1995



P—RBER—R L LA v E—5 > A& B 2 Bl kot ik 661

X
Sfy K» j? K, (1+5) L1

Fig.3 P-PI type Position Servo Controller.
K, : proportional position feedback gain. K, : propor-
tional velocity feedback gain. K;: integral velocity feed-
back gain. X : reference position. U : command torque.
V . velocity. X : position.
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(a) Conventional Dynamics Model.
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(b) Proposed Dynamics Model.

Fig.4 Conventional and Proposed Dynamics Models.
G : dynamics model. Zo : (mo, bo, ko) : target impedance.
T, T2 time constants of numerator of dynamics model.
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Fig.5 Root Locus and Bode Plot of Conventional Method with
Small Target Viscosity.
Zo: (mo, bo, ko) = (1[kg], 20[N/(m/s)], 10[N/m]). K.=
0 —co[N/m] in Root Locus. K.=1000[N/m] in Bode

Plot.
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Fig.6 Root Locus and Bode Plot of Conventional Method with
Large Target Viscosity.
Zo: (mo, bo, ko)=(1[kgl, 200[N/(m/s)], 10[N/ml).
Ke=0—co[N/m] in Root Locus. K.=1000[N/m] in Bode
Plot.
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Fig.7 Conventional and Compensated Servo Responses.
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Fig.8 Root Locus and Bode Plot of Proposed Method with
Small Target Viscosity.

Zo: (mo, bo, ko) = (1[kg], 20[N/(m/s)], 10[N/m]) with
numerator (140.02 s) (14+0.0208 s). Ke=0 —c0[N/m]

in Root Locus. K.=1000[N/m] in Bode Plot.
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Fig.9 One D.O.F. Linear Slider and its Control Block.
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(a) Conventional Method with Small Viscosity. Zo: (#0, bo,
ko) = (1[kg], 20[N/{(m/s)], 10[N/m]). Approaching Veloc-
ity of Arm: 0.05[m/s].
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(b) Conventional Method with Large Viscosity. Zo: (o, bo,
ko) =(1[kg], 200[N/{(m/s)], 10[N/ml]). Approaching
Velocity of Arm: 0.05[m/s].
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Fig. 10 Experimental Results of Contact Tasks.
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