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Design and Dynamic Analysis of
Biped Walking Robot with 12 D.O.F

Ju — Hwan Oh

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

In this paper, design modification was performed to improve the structure
of ex—-developed 12 D.O.F walking robot, KUBIR-1 similar with human
beings. The motion of KUBIR-1 was slow and had a limited walking space.
Hence [ designed an improved BWR named KUBIR-2 with 12 degree of
freedom.

KUBIR-2 was designed to solve the following problems of KUBIR-1.
First, KUBIR-2 was more simply designed in the four—bar-link mechanism,
and its weight was reduced. Second, it had the built-in controller and
motor driver. Third, walking velocity of KUBIR-2 was increased by
improvement of speed and motion joint angle range. In addition to these,
we modified the structure of the foot for more stable walking.

The torque analysis was performed acting on the joint of robot by
modeling the kinematics and dynamics of the robot. Load torque of the

joint actuator was analyzed for forward walking motion, and was compared
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with theoretic analysis. Through the experiment, the theoretic analysis on

the torque performance of joint actuators was verified.
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Fig. 2.2 Structure of the KUBIR-2
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Height : 120cm

Weight:

metrial:

OVERVIEW

48kg
AL

CONTROLLER
Main Controller : ARM Board
Main Controller OS : Linux

MotionController: MS320LF2407A

Hamonic Drive

FOOT

150W DC Servo motor

Pressure Sensor and Limit Sensor

LEG

Actuator of using For—bar Link
150W DC Servo motor

Tilt Sensor and Limit Sensor

Fig. 2.4 System composition of the KUBIR-2
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Fig. 3.1 D-H coordinate frame assignment for the lower body
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Table 3.1 Link parameter for the lower body

1 0 90° d, o,
2 a, -90° 0 g,
3 a, 0 0 &,
4 a, 0 0 A
5 a 90° 0 A
6 ag 0 0 o;

7 BARG AL o3 @el of 1k,

cosd, 0 sing, O
A= sind, 0 -cosd, O
o 1 0 d,
0 0 0 1
‘cosd, 0 -sinf, a,cosb,
A = sind, 0 cosd, a,sing,
0 -1 0 0
0 0 o 1
(cosd, -sind, 0 a,cosb,
A = sind, cosg;, O a,sing,
0 0 1 0
0 o o0 1
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cosg, -singd, 0 a,cosd,
A = sing, cosd, 0 a,sind,
0 0 1 0
0 o o 1
[cosd, 0 sing, a.cosb,
A = sing, 0 -cosd, a.sing,
0 1 0 0
0 0 0 1
[cosd, -sind, 0 a,cost,
A = sing, cosd, 0O a,sing,
0 0 1 0
0 o o0 1

o714 Rl gF o FA RAAT £& FAs R g =00 NAS

Av wa @9 T0e A0e) BESel a gt o] Fojn

r, = ((c,ch,8, —cb,s6,s8,)ch; +(-cb,ch,s8, —cb,s6,ch,)sb; )ch, -
sg,s6,
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r,, = ((sf;c, +cd,sb,)ch, +(—sb,s6, +cb,ch,)sb; )ch,

r, = ((s8,c8,cd, —sb,s6,s6,)ch. +(-sb,ch,s6, —s,s6,c,)sb, )cd, +
cd,sb,

r, = —((cd,ch,ch, - cb,s,8,)ch, +(-cb,ch,sb, —ch,s6,ch,)sb.)sb, -
sg,cd,

r, ==((s6;c8, +cb,s0,)ch; +(-sb,s0, +cb,ch,)sb; )sb;

r, = —((s8,c,cd, —sb,s6,s6,)cl. +(-sb,cl,sb, — s8,s6,c,)s0, s, +
cd,sb,

r, = (cd,cl,cl, —ch,s6,s6,)sb, —(—cb,ch,sb, —cb,sb,ch,)co,
r,, = (s6,c8, +cb,s0,)s6, —(—sb,sd, +cb,ch,)ch,
r = (s6,c6,c8, —s6,s6;s6,)s6; —(-s6,cb,s0, —sb,s6,ch,)ch,

ojt, mebA, THgA o] fA ¥ p = HS 2

p, = ((cb,ch,cl, —cd,s6,s6,)ch; +(-cb,ch,s6, —cb,sb,ch,)sb, )cd,a, -
sd,s6,a, +(cH,cl,cl, —cb,s0,s6,)ch.a. +(—cb,ch,s6, —ch,sb,ch,)sb; a,
+cd,ch;ch,a, —ch,sb,ch,a, +ch,ch,a, +cb,a, +a,

p, = ((s6;c6, +cb,s6,)ch, +(-sb;s6, +cb;ch,)sb;)cb,a, +(sb,ch, +ch,

sd,)cl,a, +(—sb,s0, +cb,ch,)sb.a, +sb,ch,a, +cb,sb,a, +sb,a,

p, =((sb,cH;cl, —sb,s6;s6,)ch, +(-sb,ch,s6, —sb,s6,ch,)sb; )ch,a, +
cd,s6,a, +(sb,cH,cl, —sb,s0,s6,cl, a, + (—sb,cH,s6, —sb,s0,ch,)sd; a,
+sd,cH;cH,a, — sb,s0,s6,a, +s6,cl,a, +sb,a, +d,
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Fig. 3.2 Mass model of the KUBIR-2
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Table 3.2 Material properties for the thigh joint

Constants b, a, a, d, N,
Actuator (mm) (mm) (mm) (mm) (deg)
Thigh 79.5 164 94 113~226 57

Table 3.3 Material properties for the knee joint

Constants b2 b3 b4 d2 N,
Actuator (mm) (mm) (mm) (mm) (deg)
Knee 80 156.5 104.5 95~115 49

Table 3.4 Material properties for the ankle joint

Constants C, C, c, d, N,
Actuator (mm) (mm) (mm) (mm) (deg)
Ankle 71.5 150 77.5 75.8~107 0
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Table 3.5 Material properties for the KUBIR-2

Constants Length(mm) Weight(kg) Inertia( kg — mm?)
Shank 341 6 15220
Shank C.0.M 170.5 6 15220
Thigh 367 7 15432
Thigh C.O.M 183.5 7 15432
Hip 233 14 14687
Hip C.O.M 775 14 14687
Foot 113 4 4657
Pendulum 220 20 22004
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Fig. 3.8(a) Trajectory of the ballscrew in thigh joint
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Fig. 3.8(b) Velocity of the ballscrew in thigh joint
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Fig. 3.8(c) Acceleration of the ballscrew in thigh joint
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3.8(d) Control input of the ballscrew in thigh joint
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Fig. 3.10(a) Trajectory of the ballscrew in knee joint
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Fig. 3.10(b) Velocity of the ballscrew in knee joint
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Fig. 3.10(c) Acceleration of the ballscrew in Knee joint
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Fig. 3.10(d) Control input of the knee joint
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Fig. 3.12(b) Velocity of the ballscrew in ankle joint
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Fig. 3.12(d) Control input of the ankle joint
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Fig. 4.1 Torque analysis of the ankle joint

Fig. 4.2 Torque analysis of the knee joint
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Table 4.1 Constants of the load torque in each joint

Body Lead of ballscrew Efficiency of ballscrew

Reduction
name l, [mm] 1) %]
Ankle 4 mm 90% 1:55
Knee 4 mm 90% 1:5.8
Thigh 4 mm 90% 1:55

whebA, A(4.4)S AL35e] 2Hol HYPS wiwit} FE7lo] 8-S
F3tEAE At AlE#eld A& Fig. 4.4~4.6 o YeERSAT
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Fig. 4.4 Load torque of the ankle joint
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Fig. 4.5 Load torque of the knee joint
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Fig. 4.6 Load torque of the thigh joint
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60

Fig. 4.9 Torque of the thigh joint

Table 4.2 Test of the result

Resul , o= NERR . | Tewo t
Actuactor (mm) (A) (kgf-mm) (kgf) (kgf-mm) (sec)

Thigh 4 2.83 90.56 128.3 10800 0~5
Slo] i 17kg FohA UEbd E719) Asstoln Ax) gk uashel
g0 Al A5e A% & 5 vk TE71e BEE H 10A74K 45
E AHE E 7 e 10A AREA] o5 H+= A¥= Table 4.3 ¥ Fig. 4.10
3} 2.
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Fig. 4.10 Torque of the thigh joint using max current

Table 4.3 Result of using max current

Result I b Avlax Tmutor Factuator Tactuator t
Actuator (mm) (A) (kgf-mm) (kgf) (kgf-mm) (sec)
Thigh 4 10 320 452.4 38150 0~5

Table 4.3°14 £ 4 d5o] 10A T+5A TF5717F A= Eds=

38150kgf-mm = A& o] FX= 17kgH-3FA¢ 3.5 wjo &3t= Ftol
ot 222 10AZ FE33E W 60 ke olate] FatE Ad & SdeS
d5e & Qlvh utdd FE7]E Tke AR VS TEVILS shekabd
Aol of onf ool S VH w& dT TEUIdE &9 & 5
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Fig. 4.11 Relation of the thigh joint torque and ballscrew force

Table 4.4 Result of replacing ballscrew

Result Ib A\/Iax Tmotor Factuator Tactuator t
Actuator (mm) (A) (kgf-mm) (kgf) (kgf-mm) (sec)
Thigh 2 10 320 904.7 76250 0~5
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