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Force Control of an Arm of Walking Training Robot Using
Sliding Mode Controller

Hocheol Shin”", Chang Hoi Kim" , Seung Ho Jung*, Seungho Kim’

ABSTRACT

A walking training robot is proposed to provide stable and comfortable walking supports by reducing body weight
load partially and a force control of an arm of walking training robot using sliding mode controller is also proposed. The
current gait training apparatus in hospital are ineffective for the difficulty in keeping constant unloading level and for the
constraint of patients’ free walking. The proposed walking training robot effectively unloads body weight during
walking. The walking training robot consists of an unloading manipulator and a mobile platform. The manipulator
driven by an electro-mechanical linear mechanism unloads body weight in various levels. The mobile platform is wheel
type, which allows patients to walk freely. The developed unloading system has advantages such as low noise level,
lightweight, low manufacturing cost and low power consumption. A system model for the manipulator is established
using Lagrange’s equation. To unload the weight of the patients, sliding mode control with p-control is adopted. Both
control responses with a weight and human walking control responses are analyzed through experimental
implementation to demonstrate performance characteristics of the proposed force controller.

Key Words : Walking Training Robot (2% &8 2, Electro-Mechanical Linear Mechanism (A% 2% w1+
Z), Force Control (3 | ©)), Sliding Mode Controller (280 3R = A7)

&4y k, = proportional gain of the controller
; k; = spring constant of the load cell
d(t) = torque disturbance L = lead of the ball screw
f = unloaded weight of a patient M= mass of moving part of linear mechanism
f4 = desired unloading weight n = reduction ratio
Jy = moment of inertia of the ball screw s = switching surface
J.. = moment of inertia of the rotor x = position of moving part of linear mechanism
J. = effective moment of inertia x; = start position unloading the weight of a patient
k = discontinuous gain of sliding mode controller A= slope of the switching surface
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Table 1 Dimensional and mechanical properties of

WATRO-1
5 A
M 38kg
Jy 7x10°° kgm®
J. 4x10™ kgm?
" ' 1
L ' 0.005 m
Load Cell (0.004-0.02A)/(0-200kgf)
Height 12-2.1m
Motor 1 kW
Shoulder Width 025- 045m
Vertical Moving Speed 0.2 m/sec
Load Capacity 150 kgf
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