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Consideration on Properties of Robot Arm Using Bi-articular
Muscles

Kengo Yoshida and Yoichi Hori (The University of Tokyo)

Abstract

In this paper, we considered properties of robot arm using bi-articular muscles. Conventional robot arm has
only actuators similar to mono-articular muscles. Existense of bi-articular muscles can give robots animal like
movement. We analyzed output forces at end-point of arm in various directions and proposed the robot arm

using bi-articulra muscles with more balanced output forces. It will be drived by the characteristic going back

to home position.
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( robot arm, mono-articular muscle, bi-articular muscle, feedforward )
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joint torque actuator bi-articular muscle
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Fig. 1 Conventional robot arm model and animal’s

arm model
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Fig. 2 Arm model of animals
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Fig. 3 Model of a muscle
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Fig. 4 Output forces at end point of robot arm using bi-articular muscles
Exterior hexagon is output forces with bi-articular muscles and interior quadrangle is output forces without bi-articular
muscles
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Fig. 5 Simulation model
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Fig. 6 Drive of robot arm using “equilibrium”

000000000000000000000000
0000000000000000000000000

0000 81,5,500000000000000
00000000000000000000 S,5,5;
000000000000000000000000
000000000000000000000000
000000000000 Dy, D,,Ds0000000
000

00000000000000000000000
0000000000 L =10,=06m000000
0000000000000000000 Iy =l =
0.3m000000000 my =2.5,my = 1.0kg]00
000000000000000000000000
000000006 =3, =12kg0m? 00000
00000 r=r,=01m00000000000
k=33N/m,0000 b=5N0t/m|000000
000000000.0010000000000000
0ooooo

00000000000000
oooo (00

O ooooooooono
oo obooooobooboooooooon



oboooobooobooooooooobooobooon
gboooobooobooboobooogon

oogs, =5 =95 =100000000D; =
Dy, =D;=5000006; =1.01,0,=1.01000
O0O00o000o0o0oooooooogs, =6, =00
0, =-15,0b=15060,=0,0,=300000000
00000o0Ooooooo(o 6)

gboooooooooooboooobooooog
gboooooobooobooooboobooobooon
gbobooooooboobooooboobooooboooon
000000 e(C)00D00DOOOO0OOOOOOO
ooboooooooobooooooboooboooooo

gobgoooooboooog

00000000000000000000000
0000000000000 00000000000
000 1/200100200400000000000
000000000 7000000 (A)OS;=25,=
Ss=50D,=D,=D3;=250000000000
0(B)0 S =8 =5=100D; =Dy =D3=50
0000000000000000 ()0 8 =25, =
Sy =200D;, =Dy, =Dy =1000000 (D) O
S1=8,=8;=400D; =D, =Dy =2000000
00006, =0,0,=00000

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
oooooooooo

gboooobooboooooboooooon

000000O00o0ooOoooooooo (0)oo
Oo0o0sS;s=0,Ds=000000000000000
gooobooboooboboboobobobobo
gobobooobooobooboobon

gbooooboobooboboobooob8uonon
000000000000 S +8+5000000
oooopoooog s;+s. 00000000000
goboboobooboooboobooboon

080 (A)0 S;=65,=5;=1000000000
0000000o0oo0ooo@B)0 S;=58=15000
ooooooooOooooooboogO 6 =1,60,=1
goboboobooboaobooaboooaon

gooogboobogoboobobobobobooo
gbooooboobgoboooobooboboobobo
gboooodoboooboboboboobobooona
oboooobooobooobobooboboo2000000
obooooboool1oooooboocoboobooon
gbooobobooboooooboobooboooooon
gboooobooooooboooboooboobooon
gboooao

5 0Odg

gboooooobooboobooboooog
gobobobooooooobooooooooooooooon

gbooooooobooobocobooobooboon
gboooooao
gbooooooooooobooobooooboog
gobobboooooooooooooobooooon
gooooooooooooooboooboooboooo
gooooobooboobboobboobobooobobooon
gboooooooooobooobooobooboooon
oooooooooooooooooboooobooobon
gboooobooboobooboobooboon
gooooooooobooooooooooobooon
000000000 o0o0oo0ooooo ()ooo
gooooooboooboooooooooooooo
goooooooooobooobooobooobooon
gbooooooboooooooobooboobooon
gboooooooooboobobooooocoobon
obooobOoooboooooooooooooooon
gbooooooobooooboobooboobooon
gboobooboooooboo

gboooooboooobooobooooooobog
00()0oDoOoUooOoU0oOoOoooOooUooooo
000000030 6000000000DO0O0OOO
obooooooboboooboobooboooboooon
00@3)00o0oo0o0o0ooUooooooUooo

gboboooooboooboobooobobooooboon
gboboooboobooboobooboobooon
gboooobooooog

goon

[1] Minayori Kumamoto, Toru Oshima, Tomohisa Ya-
mamoto: “Control properties induced by the exis-
tence of anatagonistic pairs of bi-articular muscles
- Mechanical engineering model analyses”, Human
Movement Science, 13, 5, pp. 611-634, 1994.

[ 00O, 0000,”00000000000000
000», 000000000 (CO), 610, 5920,
pp. 122-129, 1995.

[3 000,0000,0000:”0000000000
000000000000000000000000”,
000000, vol. 66, No. 1, pp. 141-146, 2000.

[4 000,0000,0000:”0000000000
00000000000000O0O0O0O0O00”, 000
000, vol. 65, No. 12, pp. 1772-1777, 1999.

[ 000,0000,0000,0000: “000000
00000007, 000000000 (CO), 640,
607 O, pp. 135-142, 1997.

[6) 000,0000,0000,0000: “000000
000000000000000000”, 00000
0000 (CO), 650, 6320, pp. 253-260, 1994.

[7 000,0000,0000:”0000000000
00000000007, 000000000 (CO),
650, 635 0, pp. 237-244, 1997.

[ OO OO0:”00000D0O00DO”, 00000000,
1991.



16 articular 2
end point -

1.4 1 R
£ 2
H 05
g 1 =
s E
H Z o
g’ 08 %
2 os -
8 05
Z 04
© Bl

02

0 15
) 5 10 15 20 45 1 05 0 05 1 15
time(t) x axis(m)

(A)Sl 252253:5,D1 :D2:D3:25

16 s ariciar2
15 end point ———
E 1.2 \ /\\ 2 1 \ 0® g/ \
gl g | 3
% o8 \ § ° ‘ g os \ B 05
§ 06 \ 05 g 0.4 \
é 04 02 K
4
02 0 15
0 5 10 15 20 45 4 05 o0 05 1 15
% 5 10 15 20 s 0 s o o5 1 s time(t) X axis(m)
time(t) x axis(m)
(A)with bi-articular muscles, S} = Sy = S5 =10
(B)51252253:107D1:D2:D3:5 i 15 —
articular

15 end point -
16 articular 2 -

end point - 4 1 \URES
14 3 e 2 N
\ \ 05

é: 0.8 \\ % 0 g 06 \ =
é 06 . o5 g 04 \ o
§ 04 \ V s 02 \ A
s 5 10 15 20 s 4 s 0 05 1 15 ’ ’ ""::" * “ e 705”"2"“’ o
time(t) x axis(m)
B)without bi-articular muscles, S1 = Sy = 15
(0)51252253:20,D1:D2:D3:10 ( ) ’
b 08 00000000000 DO0O0O000000
t \\ U 0000000
g: 0; \ £, ) Fig. 8 Drive of robot arm using “equilibrium”
RS \ "o comparing with robot arm without bi-articular
L - muscles
ol - - - s Graphs left side are described the distance between
time(t xais(m) target position and end point of arm by time. Graphs
(D)Sl =Sy =83 =40,D1 = Dy = D3 = 20 right side are described the trajectory of arm.

O 700000000000 ODopoooooooo
oooo
Fig. 7 Drive of robot arm using “equilibrium”

changing outputs of muscles
Graphs left side are described the distance between
target position and end point of arm by time. Graphs
right side are described the trajectory of arm.



