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Fig. 1 Friction model: Column friction and Stribeck effect
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Fig. 6 Free mode test using the initial compensation model

4o 27 niae B RO o §d uEA 49
2 F3) F4u ol k.
B AL AGAAA A gl ol (e

3171 YA e, mrEES gz AAGk
Rtk ol g whEE 2 Y Ao FEdow AR
HE 9 22 A5 E ol&ste] AHEsA BAAE F 9
ol oAl aA, 2E ) 7b vhEE s AgeA 22 A7]9]
EIE Aled & Advd, Y AR AR A o
Wt mpEE s =22 S Zlo|th
Fig. 2 & 38 ZA & o]&3toq A
3 A% AAE BolFEr)h olw AgH
TAAGN A Fusd 201] A Al =]
%01 RAEA] ¢ke 7 -0 H]3
P FREAAS TS E“ﬂ%

9y1\

EFE -0.816~0.766Nm o H
| 9]
6

feel) S A&

-

.

N

52t o o o

oX. 02
o fa
1o, ok

d5-°] EI+E -0.314~0.266Nm
webn vz mavle ALgstd o4
ge U2 63.4%714 EHH O 7HaEY
A wslel ge =2 wolEn,
4 o4 B3 Hee wgle Ao
FA8E Aotk RAII} o]gHA e
Ha Bgad 4 BEE no:

H =
_r‘:jL_E

¢

s $
I

o2
JZi

o 2= JNAEA
= X717} o]
=& A

T ¢
[
2w
°¥°r-10—*¢
a r&l

=
[e]
™I
e}

£



=
o
rir
Ho

]
>
it}

- Friction model
------ Compensation model
After compensation

v v
(b) torque transmitted to

human users by (a)

>0

Friction model
Compensation model
—— After compensation

(c) modified model (d) torque transmitted to
human users by (c)

Fig. 3 Friction compensation models

Initial Model
—— Modified Model

Torque [Nm]

Time [sec]

(a) torque history

10 — Initial Model
E 054 —— Modified Model
£ 00 )
2 0.0-
s
5 051

-1.0 :

40 60 80 100 120 140
Displacement [deg]
(b) torque trajectory

Fig. 8 Free mode test using the modified compensation model
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