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Design and Dynamic Analysis of
Biped Walking Robot with 25 D.O.F

Moo — Kyung Kim

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

In this paper, design modification was performed to improve the structure
of walking robot similar shape with human beings and for more stable
walking by complementing the problem of originally developed 15 degrees
of freedom biped walking robot. The First, it is possible for the BWR to
turn in left and right direction, and to maintain balance by adding rotation
joint and balance joint. And the upper body of robot was modified, and
arms and hands of robot having total 10 degrees of freedom were
designed and developed. Second, we modified the structure of foot for
more stable walking. Thus, KUBIR (Korea maritime University Biped
Robot) which is biped walking robot with improved shape composed of 25
degrees of freedom was in total developed. The torque analysis was
performed acting in each joint of robot by inducing the kinematics and

dynamics modeling of the equations of motion. Third, load torque of



actuator was analyzed used in each joint of legs when robot walked
forward and verified the validity of theory and actual application. Finally,
we performed the analysis for more stable walking through of the dynamic

analysis of the leg joints for roll motion.
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Fig. 2.2 KUBIR Assembly of improved shape
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Fig. 2.3 System composition of improved KUBIR
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Table 2.1 Specification of Motor

Head
Body name Voltage[V] Torque [Nm] Current [A] Power [W] Note
Eyes 6.5V 1.274 Nm 6 A RC servo
Neck 6.5V 1.274 Nm 6 A RC servo
Arms
Body name Voltage[V] Torque [Nm] Current [A] Power [W] Note
Armpit 12V 0.0477 Nm 4 A 60 W
Shoulder 12V 0.0477 Nm 4 A 60 W
Gear head
Elbow 12V 0.0477 Nm 4 A 60 W
(B1l:1)
Wrist 6.5V 1.274 Nm 6 A RC servo
Hand 6.5V 1.274 Nm 6 A RC servo
Legs
Body name Voltage[V] | Torque[Nm] Current [A] Power [W] Note
Gear head
Waist (Yaw) 15V 0.077 Nm 4 A 90 W
(5.8:1)
Gear head
Waist (Roll) 15V 0.077 Nm 4 A 90 W
(5.8:1)
Gear head
Thigh 15V 0.077 Nm 4 A 90 W
(5.8:1)
Gear head
Knee 24V 0.181 Nm 6 A 150 W
(5.8:1)
Gear head
Ankle (Pitch) 24V 0.181 Nm 6 A 150 W
(5.8: 1)
Gear head
Ankle(Roll) 15V 0.077 Nm 4 A 90 W ( |
5.8:1

21




Table. 2.2 Specification of Reducer

Rated output
Body name Gear Reduction
torgue
Armpit Harmonic Drive 7.8 Nm 100 : 1
Shoulder Harmonic Drive 7.8 Nm 100 : 1
Waist (Yaw) RV 40 Nm 71:1
Waist (Roll) RV 30 Nm 50.5:1
Ankle (Roll) RV 951 Nm 48.5:1
=]
2.2 2XZ9] 717% 74
71Ee] 2HE2S BLDCEYH =% F-53kH ©es] 3% (Pitch) &% &
g FEAT e B4 gAY £2 Bt B8 @ 571 9
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Pic. 2.1 Photograph of the arm
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Pic. 2.2 Photograph of the waist
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Pic. 2.3 Front view of the foot Pic. 2.4 Side view of the foot
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3.1 23 a9 &7 4

23 Ao AEAel diste] e #AxE Lolly] glalM= 7] FstelA

AL&35= F2PH 3 (homogeneous transform)= ©|-&3hH FHHASIH, 25 3}

Aol 24 wAe] ZAmrt FoHS W TR o] AR wIFs A A

[cosd -sind O] 1 0 0
R,,=|sind cosf O R =|0 cosf -sind
| 0 0 1] 0 sind cosfd
[ cos®# 0 sind]
Rs=| O 1 0
|—sind 0 cosd|

A = Rot,,Trans, , Trans, , Rot, ,

o} o] b E(parameter) 5 YHHA O 2 g, = Aol(length), a,+ HIEH

(twist), d, & ZA(offset), 6+ ZtE(angle)= EdT g4 A= odw
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Table 3.1 Link Parameters for the lower body

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

cosd, 0 singd, 0O
sing, 0 -cosd, O
o 1 0 d,
0 0 0 1
‘cost, 0 -sinf, a,cosb,
_|sing, 0 cosf a,sing,
R0 1 o 0
0 0 o0 1
‘cost, -sind, 0 a,coss,
_|sing, cosd; 0 a,sing,
S o 1 o0
0 o o0 1

28



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

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

29



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,c8,)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 KUBIR
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Fig. 3.3 Kinematic model of the lower body
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3.2.1 Azt

A AT 27T AL o fate] FEAS FAW Ay
Frafopnl, w4 AWA NP BY Ao A9 WG e} Lol
Folzin,

To'(a) = A(gy).....A @,)
(3. 1)

_| Ro(a) dg(a)
0 1

1714, q=(q,...,q,) © WEHEF] ¥Eot WA HARA=ZHEH 1A

AuA2e] WHS UEE, ofF m¥ol $Hglel wel wAUF g o

BebgA) 914 e gob B RE Al @47 B oY Je] gaw
AdEel i o= =myel WA zze] Far 7y tE AEE

A&5g 7. gy gegA e A&Ee 44EE J)4 AuAC dH

wALEe] W gt)oF Ak Aolok gt
X2 YZd ate] 2z g9 A& dl & AT,
S(a") = Ry (R")' (3. 2)

q714  S(a) & AF FHolth. 9] Ao 7}

Jb
_1%
o
£
i
o
Lo
o
v

v =d) (3.3)
o] Ao] webde] Mg Yehye, vee #AE 7 5 Ao

v; =J,,(0)4, @ =R (a)J,(@a , 7 (3. 4)

35
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Fig. 3.5 Kinematic model of the Knee joint
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Fig. 3.6 Kinematic model of the Ankle joint
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Fig. 4.2 Torque analysis of the Knee joint
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Fig. 4.3 Torque analysis of the Thigh joint
2} (3.8) ollA g7k Wskd Eupate] deolsk g,7F WatA Hum Bl
Srakel o)y F o A7|7F WetAl At 3l F40 o gk

l-n
H
ot
1o,

o3 o] T % 9t
Flz Ml |:||_11BII’I911 (41)
L,
_ M,[0,[8ing,, (4.9)
? L,3in(90-46,,)
F, = M L, Sin(7— (N, + N, + ) (4.3)
L31|108933
oI71M, M= &% b7t Ads AAS Wo] Asom e =
81kgf =

HA-o| M= 86kegf, &

=
=
o) % me] F

Fobel ek s A ol

PA = 89kef ot} 1E]a L =

7} g Bupael s &

el ¥-3

ol

Fooll et EAE

=

53



F
Z-Motorload,i = 2;7_% m (44)

Table 4.1 Constants of the load torque in each joint

Body Lead of Ballscrew Efficiency of Ballscrew
Reduction

name l, [mm] n %]
Ankle 2 mm 90% 1:5.8
Knee 2 mm 90% 1:5.8
Thigh 2 mm 90% 1:5.8
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Fig 5.2 Roll motion of the Ankle and the Waist in support leg
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Fig 5.3 Position profile for cubic polynomial trajectory
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Fig 5.4 Velocity profile for cubic polynomial trajectory
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Table 5.1 Material properties for the simulation

Mass Length Inertia Gravity
(kg) (m) (kg n?) (kg On/ s?)
0.92
Linkl 1.32 0.2793
(I, = 046)
9.81
0.68
Link2 4.08 0.0587
(I, =012
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§ 100
@
=)
O 0+
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0.0 0.4 0.6 0.8 1.0
Time(sec)

Fig 5.6 Driving torque of the Ankle
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