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Impedance matching for serial link manipulators

Ryo Kurazume* and Tsutomu Hasegawa*

In this paper, we propose a new index of manipulator’s dynamic capability named Impedance Matching Ellipsoid, or IME, for serial
link manipulators. Several indexes have been proposed in the past to illustrate statically and dynamically capability of a robot manipula-
tor. For example, Dynamic Manipulability Ellipsoid (DME) describes a distribution of hand acceleration produced by normalized joint
torque. Manipulating-Force Ellipsoid (MFE) denotes static force transmission from joints to a hand. On the other hand, the proposed
IME illustrates dynamic torque-force transmission efficiency from actuators at joints to an object held at a hand. The concept of the
IME involves a wide range of proposed indexes proposed as measures of manipulator’s capability. The DME and MFE are both derived
as a typical representation of the IME. This paper demonstrates the IME with numerical examples including optimal leg posture for a
jump robot, optimum active stiffness control, and an extension to a free-flying manipulator.

Key Words: Impedance matching, torque-force transmission, Dynamic Manipulability Ellipsoid, Manipulating-Force Ellipsoid
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Fig.1 Impedance matching of an actuator
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Fig.13 Comparison of IME, DME, and MFE for 6-dof manipulator

oooo0oo0oo0ooUoo0ooUo0oo FgldoOoDnO
000 Figs.131400IMEO MFEOODOO 10000000

(a) 0.5Kg

(c) 2Kg (d) 5Kg

Fig.14 Calculated IME for various load mass

gd0oooooodoOoOooooOooooooooooogag
goooooooOoOoooooboo0ooooooboooooo
goooooooOoOoooooboooooooooboooooo
gd0oooooodoOoOooooOooooooooooogag
goooooocoOooooooooooooooooo
gdooooooodooooooooooooooooo
0000000o0o0oooo0ouooooooooooooo (8]
gooooooobooooodob 00000000 000
jdddddddodoooooogooooooooooo
7 = ki0q; 0310
000k 000:00000000000000000000
gooooooogooo

JRSJ Vol. 23 No. 2

—6—

ooo 0

F. = SAx 0320

gobooooooooooooboooooooooooo

K=JTsJ 0330

000 K = diag(ky, ko, -+, k,) 0000000 Eq.(33) 000
000000000000000000000000000

000000000000000000000000000
0000000000000000000000000000
000000000D000000000000000000
0000000000000000000000000000
Egs.(8),(31) 0 Eq(32) 000000 O0O0O0O0ON0O0OOO
000000000000

T = QSJ&q — QFbias
K(;q + Thias

0340

K =QSJ 0 350

gbobooobooooooooooobocooooooobooooo
oooooooooo

M,i + SAz =0 0 360
0000000000000 000000000000000

T = QSJoqg+ QCIG — QFpias

= Kdq+ Dq + Thias 0370

oooo
K =QSJ 0380
D =QCJ 0390

gooooooooooooobooooooooobooboooo

Myé + Ci + SAz =0 00 4000

Egs.(35),(37) 0 0000000000000 DO0DO0O0OOO
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0oooooo

O0O0O0O0PA-1I0000000 5Kg0000000000
0000008 = diag(2,1,1,1,1,1) 000 Eq(35) 0000
00000 KOOOOOOODODODODOOOODODODOD0O0O0o
000000000000000000000 Figls0000
Figl50000000000000000000000000
0000000000000000000000000000
00 xO00O000O000000000000000

Mar., 2005



oooo0oo0ooo0oboO0oo0ooo0o0ooooo0oo0ooon 7

Acceleration of the tip

Sot

Fig.15 Distribution of the produced acceleration of the tip when the tip
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Fig.16 7-link manipulator on free flying satellite
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