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A Study on End-effector Friction of Constrained Spatial Flexible Manipulator
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Abstract 4}

The force control of a constrained flexible manipulators has been one of the major research topics. However, a little
effort has been devoted for the relation between friction force and elastic deflection of end-effector for a constrained
flexible manipulator. So, the aim of this paper is to clarify the friction mechanism of a constrained spatial multi-link
flexible manipulator by changing the material and connected method of end-effector. In this study, a concise hybrid
position/force control scheme is applied to the control of a flexible manipulator, and the experimental results for the
constrained vertical motion and constrained horizontal motion is presented. Finally a comparison between these results

are presented to show the reduction of vibration of link and friction force.
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Fig. 1 Overview of experimental robot system

Fig. 2 A photograph of experimental robot setup

Table 1 Parameters of ADAM

Parameter Value
Length of link 1 [m] 0.50
Length of link 2 [m] 0.50
Bending stiffness of link3 [Nm’] 291.6
Bending stiffness of link5 [Nmz] 102.1
Mass of elbow 134} 6.0
Mass of wrist and end-effector  [kg] 2.7

W Be dmd Ry 439 03 2 WA ASE EV
(Frequency to Voltage) HEgIe 24 HEHY, o] A 7t
455 A8 Azo] JYHth 7 929 AEL A=)
Ao} Z|(strain gauge)E ©]-8-3te] AEst, & olg 2
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Table 2 ADAM joint parameters

Joint1 {Joint2,3 | joint4,5 | joint6,7
Rated Power [W] | 200 | 110 40 11
Rated velocity [rpm]| 30 30 30 60
Max. velocity [rpm] | 50 50 50 100
Rated torque fkgm] | 6.5 35 1.35 0.18
Max. inst. torque [kgm]; 56.0 | 37.0 8.0 0.8
Reduction ratio 1/100{ 1/100 | 1/100 | 1/50

Table 3 Specification of Force/Torque Sensor

i 100 [kgf]
Rated load (R.C) F, 40 [kgf]
I, T, 1, 150 [kgf- cm]
Resolution 0.8% R.C
500% R.C

Safe Overload (©nly £, 200% R.C)

$76 x 47.5 [mm]
036 [ke]

Dimension
Mass

Table 3o} HitachiA} 6% Force/Torque Al4] LSA 6000A
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Fig. 3 Hybrid Position/force controller
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Table 4 Experimental conditions

Case End-effector Constrained envi.
(a) roller steel
(b) aluminium ball steel
(©) aluminium ball rubber
Table 5 Friction Force
Case ‘ Friction force [N]
z direction z direction
(a) 0.5 0.0
b) 2.0 2.0
(©) 8.0 6.0

K,, = diag[0.40.40.4]
K, =diag[0.00.00.00.0]
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Fig. 4 When the end-effector of robot moves in z
direction
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