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Driving and Control of a Multi Joint Robot Arm by Wire-Pulley
System

Takashi SAITO

As a driving device, wire-pulley system is employed.

(Department of Mechanical Engineering)

It enables the

weight of a multi joint robot arm to lighten and to have flexibility in
motion. One link is driven by a pair of wires wounded by two motors or
a couple of a motor and an electromagnetic clutch. The input forces that
originate in the tension of the wire are incorporated in the mathematical
model for the robot arm that has three degrees of freedom. LQI control
is applied on the model and the experiments are performed based on the
strategy. Simulation results show that this system has the antagonistic

effect.
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J()é() + D()é() = M() — Ny
Ji101 + J30y + D16y = My —ny } (1)
J301 + Job + Dby = My — 1y
Z 2T,
J() :IO+11+Iz+alsin201
+ag sin? (0 + 02) + 2a3 sin 0 sin (6; + 65) ,
Ji =1 + I + a1 + +as + 2a3 cos by,
JQ = IQ +CL2, J3 = 12 + ag +(13C0892,
ng =2 [(11 cos 6 sin 61 + as sin (91 =+ 92)
X COS (91 + 62) + a3 sin (291 + 92)] 9091,
ny = — [CLl sin 91 COS 91 + aq sin (91 + 02)
X cos (01 + 02) + a3 {sinb; cos (61 + 02)
+cos )y sin (A; + cos 65)}] 62
—2as sin 056,05 — as sin 9293 — a4 sin 6,
—as sin (91 + 02)
N9 = a3 sin 929% — {agsin (61 + 67)
+assin 0; cos (01 + 62)} 62
a; = m1L21 + (mz + m3) L%,
ag = mng2 + mng,
a3 = maLiLg +m3LiLo,
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as = (maLgo +msLa) g
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Figure 2 Input by a pair of motors
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Figure 3 Input by a motor and an electromagnetic
clutch



Figure 4 A mathematical model
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Figure 5 Experimental apparatus
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Table 1 Parameter values

Moment of inertia for each rotating part (kgm?)

Iy 1.000 x 10~%
I 1.482 x 1076
I 1.888 x 1076
Im 2.504 x 10~°
Damping coefficient for each rotating part(i=0,1,2)
(kgm?s)
D, T0x10 2
Dia 1.0 x 107*
Dpip 1.0 x 1074
Mass for each link (kg)
my 1.365
ma 1.365
ms 0
Length for each link (m)
Ly 0.333
Lo 0.098
Position of the center of gravity from each joint (m)
Lot 0.0587
Ly 0.002
Radius for each pulley (m)
r 0.007
Ro 0.0874
Ry 0.060
Ry 0.0254
Length for each line (m)
lo 0.537
I 0.204
lo 0.305
Elastic constant for each line (N)
kro 40000
ki 1200
ks 1200
Torque constant for each motor(i=0,1,2) (Nm/A)
Kriq 0.0780
Krip 0.0780
Dry friction constant for each motor (i=0,1,2)
(Nm)
Tria 0.0400
Trip 0.0400
Vo501 No(2((2000)
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Figure 6 Schematic view of the control system
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Figure 8 Comparison of experimental results with
simulation
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