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ABSTRACT

When we analyze dynamics of a multi-body system, a compliance of joints must be considered. If the virtual model for
CAE(computer adied engineering) analysis is not considered compliance, the result of CAE analysis will be very different from the
actual result. Especially in a biped walking robot, a compliance can be caused in joints of a walking robot, and the robot may lose
walking stability. This paper proposes a compliance modeling method and the effectiveness of the compliance model is verified

through experiments.
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Fig. 1 Compliance experiment for robot’s actuator
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Fig. 2 Normal mode analysis
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Table 1 Result for normal mode analysis

Damping(%) 1]

62 5 98 Hx

22 Jtadzdel Compliance 22 g

A8g T3t Aol ZAI 9 #& ol&
gt 73 E @9 compliance ERHE 33t 7}
drde) 7t #de] o compliance EEFEE 9
gl 48 717EAS A tool 1 ADAMS 9
vector torque ZE2 ©]-&33lth vector torque ¥ 3
Wako] A7 A8E EFE o &3lq vEd F
Q7) WEo] ARHow A 2z An o
g5 ¥ 7 Ak

Fig. 3 & @A 5E-$ol} compliance model & 2 §-3§
7Hd BdE HAgErh o] BEE o]&3te] 3 A

4 99 23 29 $¥ 2AE vu & Ao

3. Jtdzdel EBEY HE

31 3XAH Wl 5Y 4¥™

Simulation oA RIyAEE ¢4 o} fLFH
2% Z¥o] AAE ADAMS simulation 3} FL 3
2AE FRstertE E8H7] A3 laser tracker
& ALl 2ol BaE u Alzkel oigt 3 zb
4 8% A3t} Fig. 4 © laser tracker & ©]
A HE SHINE BES HAET

d2 2Rt she Aol WAAE B

fr

2)
2 HYAE AU WALEE FFsto] WY
Z7o] ® fXE 2R i, ey, 2 & F
Toln £4 L A3 FYF BHLS FRYA FH

3 (static & dynamic walking), 32 FH$ds 24
(hip shake), T2l 3cm 'tk W] 7](foot up), &
el 2 EE 7] (arm shake) & 5 712 RA o)t

Fig. 4 A measurement of 3D displacement

-560-



3.2 Compliance & Zai{stx| gt 7iazd D
=]

Fig. 5¥ 57}A 24 % Footup 24 2] 3314
b 2% 2499 ZH9 compliance § 13 3HA)
@2 el ZAx va e Zoldh AA 2X9
B3 BEI compliance E B3R gL 2l
H3 simulation EFS §<¢ ¥ TR S Agols
M2 FA Adeld RES 7x Eath o
U3 W9 54 AEe 53 29 249 9
A& vung Ay AAA compliance & za 3}
2492 simulation & R3] ztol7} &

3.3 HEE2| Compliance %

BE compliance | 323l hip, knee, ankle &
2z} pitch, roll W3k rotational stiffness 4t< 9 7)
o FRER o] 27 spline 2 FA3A T Fig.

6 2 rotational stiffness 9] spline 9] 2z o)},

Stiffness o W 3tel] o] 2 HFol| NIt @
< HFE At 4 W ghg dEAyIe A
Fololel e} v W3kATh Trial & error & E3te] A
e WE & WA parameter study S 3}
o 4F dolelst g ZASHA UElE geg

rotational stiffness & A A 3191}

(b) Simulation

Disptacement X {mmj

Time {sec)

Fig. 5 Hip trajectories for foot up motion

20 ¢ - - - - - o e

Torque [Msmin)
t

R . . - . . f . . . o . {

Angte {deg)
Fig. 6 Rotational stiffness function

Fig. 7€ ¥ 39l W] g2} z7] g 57}
A A AEHolM ZAie AF dolE¢g
compliance & L& X 42 A Edol Ao vlm
Tz olt}. Compliance € & dh#] %S A-$
B} A3 compliance FtS ZHol L3 =do)
AA 2de] RAE 0% FgeA Adde Ae
E F AT o9 e A g 4741 A

ANE YA e

3.4 Compliance & 12{8t 28 Simulation
HFH o2 compliance L 2de H54e
HFet7]l Aste] o] B 2R b FFHY
242 B3 3 st simulation & $335l4
AF dolelgt mwsAd}. olF By 2R ¢
A w3y g sl ov 2& 47}
Ueiltll 2 Aol 2y Y gALe oy

C 2] ZAF BES ALEScH) Ry e ARy =

B dis) BT £33tk Table 2 & HE 3
©9 walking parameter & }e}ic),

Displacement X (mm)

50
Time (sec)

Fig. 7 Footup EHA] Pelvis & X W3 ¥

-561-



Table 2 Walking parameters using dynamic(static)

simulation
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Fig. 8 Head trajectories for static walking
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