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A study on the Biped Walking Robot applying a Gravity Compensator
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In this paper, the structure of a new gravity compensator was studied, and the biped walking
robot applying a gravity compensator was presented to improve the performance of the robot.
The robot had 13 degree of freedom and is driven by the joint actuator with the gravity
compensator. Each leg of the robot is composed of six joints three joints at the hip, a joint at the
knee, and two joints at the ankle. The leg of the robot was designed to support 74kg weight
including 30kg payload thanks to the gravity compensator. The performance of the robot was

presented by reducing the payload applied to the leg joint of the robot thanks to the gravity
compensator.
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Fig. 1 Joint structure with gravity compensator
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Fig. 2 Gravity compensator of the coxa and ankle joint

+E5E 3 BETEI AFA 1¢Ed FER
A}7](Gravity Compensator)E < 10 718 &4 F
&3ttt

2RO BETEF7Y APSE Table 1 3

el g Be g 4R FE 2&
#d #AA e &Y Fodl FERAIE A4
ato] Fig. 2 o #Ze] AAh

Table 1 Specification of the joint actuator for leg part

Motor | Harmonic | Attachment of
[W] Ratio G.C.

i | Joint |Motion

0| Waist roll 150 120:1
1 |Pelvis-1| yaw 150 120:1
Pelvis -2| roll 150 120: 1
Pelvis -3| pitch | 150 160 : 1

Knee | pitch | 150 160:1
Ankle-1| pitch | 150 160 : 1

C|O|O O ||

t6 Ankle -2| roll 150 | 160:1 O
G.C. : Gravity Compensator
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Fig. 3 Structure of gravity compensator
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ROTATION PLATE

Fig. 4 Joint actuator with gravity compensator
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Fig. 6 Force/torque relation of gravity compensator
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Fig. 7 D-H coordinates for the Robot

Table 2 Link parameter for the Robot

Link a a; d; 6,
1 a 90° 0 N
2 0 -90° d, 0;
3 a, 90° 0 o; :
4 a, 0 0 0; "4,
5 a, 0 0 0; Fig. 8 Zs. for the joint
6 a -90° 0 6;
7 a, 0 0 o; Table 3 Parameters of the Supported Joint
i|a, (ml|b; [ml]| d; [m] 6. "1 m, [ke
O|ZHPYZRY FEAFFIY FIEIY I 2] 1565 | 6275 | 319.503 | 5.0 55.503
A4 Ak PN AA s wvd, FEE 3] 1150 | 6275 | 319503 | 10.0 | 55.503
s | =1 ) k) [+ 2k =2 o=
j’%éfﬂﬁ;}&sﬂ% J&%?:Z; “i“i} f;l;— A 2 4| 115.0 |849.747| 538405 | 10.0 | 61.818
a NA = F3I € A4S .
. . 51 115.0 |1154.431| 685.816 | 5.0 72.313
229 g A F(z,), 18E yaw &
£ 2(2)2 AT FARAIE Aed BAT 6| 156.5 |1154.431| 685.816 | 5.0 72313
T A H(z,~2,)% FALE LA #
HNEHNEE Fig. 8 3} Zo] B3 eI/} Bo] Hae Table 4 Moment of inertia of the Supported Joint
ZHA 9] de3AZ] Bl 83t Al4sSoh i Joint Motion Ie,.[kg-m2]
N Fij- 8 <l ;4 Zi:;:‘-]ﬁ é‘:j ﬂfzg éE]E ;E’ 2| Pelvis2 roll 7,600
0% s aig i}lf %—6}5 Oio "o 70, i ol .
- 5azdn A%349 Ad, 0= Faze [ —ovel | pih 7.483
FHS BH UAE UEITh Table 3 & 7 By || K0 pitch 21708
¢ At Fa9 HHE g ved ez | 5| Ankel pitch 42.123
m, Zt A3t P3¢ AFo|th 6 Ankle-2 roll 42.191
Zt Y39 FAEHNEE TI7] ¢4 9L
Ze 217 MR & S 42 Zt #EQ Z&5x U VIS Sy
O 755 YAFAHA AX & 2R fde &5 E dutFoE go] H &3}
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Fig. 9 Time - angular velocity graph

Table 5 Angular velocity, Acceleration of the Supported

Joint
i Ki tt ta @Ci ai
lrad 1| (81| (8] |[rad/s1|lrad/s*]
2 10.08726| 0.5 | 0.15 0.249 1.662
310.17453] 0.5 | 0.15 0.498 3.324
410.17453 1 0.5 | 0.15 0.498 3.324
510.08726| 0.5 | 0.15 0.249 1.662
i{ 0.08726 L0.5 0.15 0.249 | 1.662
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Table 6 Torque of the Supported Joint

i T, T, T, T,
IN-m] [N-m] |IN-m]| [N-m]
2| 12633 | 13133 0.5 -12.134
3 25.09 | 25.595 0.5 -24.594
4 | 72166 | 72.666 0.5 -71.666
5 170017 | 70517 0.5 -69.517
6 | 70.130 | 70.630 0.5 -69.630

T, =W, xd xsin6 =m,gxd, xsin6, (12

Table 7 <
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Table 7 Rms and max torque of the Supported Joint

: ‘ . T T .
1 Joint Motion max
[N-m] | [N-m]

2 | Pelvis-2 roll 9.856 16.383
3 | Pelvis-3 pitch 19.195 32.092
4 Knee pitch 49.771 79.903
5 | Ankle-1 pitch 47.483 79.605
6 | Ankle-2 roll 47.562 79.718
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Table 8 Rms and max torque of the Supported Joint (at
0.=40°)
. T T
! Joint | Motion rms=GC max-GC
[N-ml | [N -m]

2 | Pelvis-2 roll 7.75 (-)13.68

3 | Pelvis-3 pitch 9.87 17.95

4 Knee pitch 45.45 65.79

5 | Ankle-1 pitch 42.06 65.09

6 | Ankle-2 roll 42.15 65.20
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Table 9 Rms and max torque of the decrement (at

6. =40
. Decrease rate | Decrease rate of
l Joint | Motion |of even torque maximum torque
(%) (%)
2 |Pelvis-2| roll 21.39 16.51
3 | Pelvis-3| pitch 48.61 44.08
4 | Knee pitch 8.68 17.67
5 | Ankle-1| pitch 11.42 18.24
6 | Ankle-2| roll 11.39 18.21
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