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ABSTRACT

In this research a 2-dimensional motion generator composed of two linear motors was developed. The
inertia, damping and/or stiffness characteristics of the motion generator can be changed on the real-time
basis by properly regulating the force generated by the linear motors. That is. active impedance is imple-
mented without actual change in the physical structure of the motion generator. Control of the motor force
is carried out by controlling the input currents supplied to the linear motors based on the combination of

the PI controller and feedforward controller. This motion generator can be used to measure a kinesthetic
sense associated with the human arm and thus to develop the products for which the kinesthetic sense is

taken into account.

Key Words : Motion Generator (25 '%47)), Active Impedance(5-% 9®%¥2), Linear Motor(g]Uo] 28)

1T.ME

¢ AE ol FEA "t 715 To] o} A
229 Aol 2zd AFEC] FELS UA HAYRY
%, ARt AEE AHShe o JolA AFEe] e
%ol AFARAE S nefsHA St wet
A AZde AF AA 2 AL SANMRE o2
A4 WY £ 3UeE B2 =3 e 8 3.

2 47 FE 89 ¢33 gdde A%, 5 2
TEAE UdeR 3o, o2 252 P £ 7

. adieta getgd 7123 %
* aAdE A ZEY
***  KIST RAAATH

160

Aol og T TAVIE Mddte A& BHer @
o PR J)A A2gdixne 5 3, FH 2 A
F2 FASE J1IAA ded s 24 84t gee
2, ¥%7 330 AdHe &% TV o8 o4
P28 A3AA JHEA A} wale $83E 5%
AAY EAANA et e AYAES sfodol
o, 2y g oz ANAAE AN A2 )
T HAER, v 8ol Fo 9, £ ANz A5
7le o] E7bsdiA Aot wepd £ Ao Add
TF 2A7IAAE guel ZHY Aol FA 2E |



[V RHA A15A A7E (19983 79)

A 2 E S A AoFezN 23k oY
davh vistde Ad §Y98 £348 YRS i =
g, F 719 Puol ZEE Aoz A 2344 &
%ol 7Fedtes .

g &% WA 4F ug T AT A EHlH
SaM AHgE 3 Jlon, AAs @47t 8E3) AP
otk 2y o3 d &5 A & AA 7R e
SFE YA Ak BEE F2 FU4T AHESHA Hol Al
s&lo} ANz B3R, AL 2 AR B v go|
288, v, B Q7oA Adshe &% TA7le
z22 go] $Euke Ao g s Ay| B9 Al
et A AR 74 L Aost Sol3tA Bk BF &
AT AHEHE TF Uud2% A g 2R E
opll X I F¢t Fu3) At WP Hp 0@ 2R
Foldl e viyEdg ol ofd A ol AF] Sl
A% oy Ed gzt g sislFe 3k 2%
AEA Mo &% o] BAE B4, 744 € 24 §9
dudaz well ohd, ofo 71zate] A3 A/
3] Ao & FsiA dot.

B doM 5F dodae 2R i L
718 gL 2o ALE EA L wdME B A9
7t A Bt

¥ =29 24dME 5% d9d29 Ad 2 &Y
ZE A 2= E Fe AojE FElA oRA TF U4
dag A daiA e AHEd. 33lA

£F 247 A 2" o F2 R REA 39

E AR 24 L A Ao Azl taix WA
3§ g, 430 e & a7 AEE &5 247
ALgdle 5% YUdLE TS o E SojH/Z &
o viAge 2 5N A R FF AT HAA tia
A dgs1z g,

o o 2 odr
i:3

N

. 55 Yujeae 7

o} B dpdME o2l U] ZHE Fig. 1A%
2ol Fzto 2 Ao 259 HA 5L FEE T A
£ &% %47 (motion generator)E MEact. 23
dMAE AL &5 HA719] dHE &2 F1 &
Zojd, olgjg 259 ez RE WY, &% /IEEF

161

(b) Modeling of the motion generator

Fig. 1 Configuration of the motion generator and concept of
active impedance
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Fig. 2 Displacement, velocity and acceleration due to the
arbitrary motion generated by the operator
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Fig. 3 Motor forces required for active inertia, damping and
stiffness during uniformly accelerated motion
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Fig. 4 Schematic of experimental setup
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Fig. § Block diagram of control system for linear motor
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Fig. 6 Implementation of active stiffness
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Fig. 7 Displacement response of the motion generator subject to
initial displacement with active stiffness implemented
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Fig. 9 Displacement responses of the upper and lower parts
of the motion generator with the same active stiffness
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Fig. 10 Displacement responses of the upper part and lower
parts of the motion generator with more active stiff-
ness applied to the lower part. Note that the natural
frequencies of both parts become almost the same.
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