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Design of Robot Arm Using Bi-articular Driving Mechanism
Kengo Yoshida™, Naoki Hata, Yoichi Hori (The University of Tokyo)

Abstract

Recently robot researchers are applying animal characteristics into robotics. In this paper, we describe our attempt

to make a robot arm based on the principle of bi-articular muscles. It has remarkable ability to realize various mo-

tions without feedback control, which may provide skillfulness and safety like animals. Next, CPG (Central Pattern

Generator) is investigated as the driving mechanism of robot arm with redundant number of actuators. We try to

use CPG as rhythmic oscillators to emulate animal-like movements.
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Fig.1. Conventional robot arm model and animal‘s arm

model
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Fig.3. Arm model of animals
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Fig.4. bi-articular drivibng mechanism using pulleys
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Fig.5. Outline view of robot arm
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Table 1. Major parameters of robot arm

000 1(00000)00 [mm] |200x 50 x 10
000 1(00000)00 [g 270
000 200 [mm) 200 x 50 x 10
000200 [g 270
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Table 2. Parameters of electric motor

0o (00) 000 (540K75)
0000 [mm] $36 x 50

00 [g 270
oooo [v] 12
0000000 [kedcm] 75
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Table 3. parameter of rotary encoder

0o (00) 0000 (E6H-CWZ6C)
0000 [mm] P40 x 26
00 [g 120
000 [0O00/00) 1000
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Fig.6. Model of a muscle

gbooooboobobooboboooobooooboo
gbooobooboboboboboooobooob r2000
gobooooobooooboooooboooooobooooo

gigooobooooooooobobboboooooog
gooobbooogo200o0obooooobo 3ggooo

4, 000O0O0O0OO0O0OOOOOOOOOCOOOO00O
oo

04110 ooooOoOoooo oooooooooo
oooooOoooooooooooooooooooon
ggbooboobooboobooboobooboo
oooooOoOoooOo0oooOo0oOoOooooOoOoooon
oo0oooO0oooooooooooooooooooon
oooooOo0ooooooooooooooooooon
ooooo0o0000oooooO0ooooooooooo
ggoooboooboobobobbobboobooo
0000000000000 0o0O00ooo0ooooon
00o00000000o0oo0oooooooooon
oooo0oo0o0ooooooooooooooooon
gogoobbbooooobbbooooobobboooo
Kumamoto OO 30 600000000000000O00O
0000000000000 DOOOOOODOO0Ow
O0oo0oo0oooO0oooooooooooooo
CPG(Central Pattern Generator) 0000000000
ooooooooocpGOOOOOOOOCOOOOOOO
ooooooOoooOooooo0ooooooooooon
oooooOo0oooOoooooooooooooooon
000000000000 00O0TagaOOOO CPGODO
ggbogbooboobooboobooboobod
ooooooooooooooooooooooooon
oo0oooO0o0oooO0oooooooooooooooon
00000000000 0ooOooooo® ® a9

04120 O0OOO0OO0O0OCOOOOOOCDOOOOOO

042010 Dodooooood obgoboooboennO
goobobobooboooobobobooboooooo
gbooooboobobooboboooobooogoboo
00000 FOUO0O0OO0OO0 3)UOODUOODOOOOOO



0000000000000000000«000000
0000000000 00000000000 kb0000
0000000000000
000000000000000000000000 (3)
0000000000000000000 FOOOOOOO
0000«0000000000000000000000
0D000000000000003060000000000
0000000000000 u., (z = el,e2,e3, f1, £2, £3)
0000000000000 (4)000000000

S1 = Uf1 + Uet, D1 = U1 — Uer
So = ufa + Ue2, D2 = U2 — Ue2

S3 = U3 4 Ues, D3 = Ugz — Ueg - vvrvvenee (4)
good

|Si| > |D1], |S2| > |D2|, |S3| > |Ds]
00000 (3),0 (1),0 (40000 (3)000000

Ty = 11Dy — kri61S1 — bri6: Sy
+71D3 — k(r1601 + 1202)71S3 — b(r161 + r262)r1S3
Ty = r2Ds — kr302S2 — br3625>
+7r2D3 — k(1101 + 12602)72S3 — b(r161 + 7202)7r2S3

0G)000T =T,=0000000 6,,6,000000
(6)00000000r=rm=r, 0000

elzi(D1+D3)52+(D1—D2)S3
kr 51852 + 52853 + 5351
_ 1 (D2+ Ds5)S1 — (D1 — D3)S3
kr S1S2 4+ S2S53 + S351
go0oddooooooooooooooooooooo
go0d0dooodooooooooboOoooooooo
O00000000oboooOo0o00ooooobooOooo0ooooo
goodoooooooboooooobooooooooo
gooooooooao
0412120 DOO0OO0OO0O0O000D0DOO0000O0O00O0O0a
goooo O700000000000000000O0O
0o000d000oo0oooooooOooobooOooooooo
godooooooooooooooooooooooon
goodooooooobooooooboooobooooo
gbo0oddooooooboooooobooooooooo
oooo
(61,62) = (0,0), (~1,1),(~1,2),(0,1) 000 400000
goodoooooooobouooooobooooooooo
gooddoooo40000000000O0O0O00O00O
7000000 7(A)0 r=5000(B)0 r=30000
gooodobooo0oooooooobooooooooo
gdoooooooooooooooboooooooon
ogoooooo

02

04 ODOO0O0OOOOOODOCOOOOOOO

Table 4. Parameters of simulation model

I 0.6[m] || I2 0.6[m]
lg1 0.3[m] || lg2 0.3[m]
my 2.5[kg] || ma 1.0[kg]
I | 0.3[kgdm?] || I» | 0.12[kgd m?]
r1 0.1[m] || r1 0.1[m]
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Fig.7. Simulation result of Driving robot arm using

equilibrium
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Table 5. +;; parameters of neuron ring (1)

i/j 1 2 3 4 5 6
1 0 0 0 0 0125
2|25 0 0 0 0 0
3 0125 0 0 0 0
4 0 2.5 0 0 0
5 0 0 025 0 0
6 0 0 0 025 0

06 00000 (2)0 ;00

Table 6. +;; parameters of neuron ring (2)

i/j 1 2 3 4 5 6
1 0 0]25]25]25|25
2.5 0 0125|2525
25|25 0 025125
252525 0 0125
25(25(25|25 0 0

0125252525 0
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Fig.10. Outputs of neuron ring (1)
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011 00000 (2000
Fig.11. Outputs of neuron ring (2)
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