2MUTE5|X| M| 37 H M 85 pp. 579-585 August 2020/ 579

Korean Soc. Precis. Eng., Vol. 37, No. 8, pp. 579-585 http://doi.org/10.7736/JKSPE.019.163
ISSN 1225-9071 (Print) / 2287-8769 (Online)

< | ron

SE= FISS flet ©HSCIEERICE 71 six[d =8 22 s

Development of Lower-Limb Wearable Robot with Single Acting
Hydraulic Telescopic Cylinder Electro Hydrostatic Actuator (SAT-EHA)
for Handling of Heavy Loads
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For years, crane, a chain block, an elevator and a forklift truck have been developed and used to carry heavy loads, but
manpower needed where heavy equipment use is not practical. Aging workers suffer from musculoskeletal disorders, and
are helped by developing various muscle assisting wearable robots. Industrial wearable robots must meet the payload
capacity required for the pilot's overall operation to ensure safety and operational performance. However, the payload
capacity of wearable robot using rotary actuator or linear actuator at the knee joint decreases dramatically in the knee-
flexion posture, with reduced moment arms. To solve this problem, the author recommends using Single Acting Hydraulic
Telescopic Cylinder Electro Hydrostatic Actuator (SAT-EHA) to increase the torque of the knee in the knee flexion position.
The characteristic of telescopic cylinder is high speed in 1st stage and high force in 2nd stage. The Human Universal
Mobility Assist-Hybrid (HUMA-H) was developed by designing and fabricating the waist joint to balance the front and rear
directions using an electric motor driver. As the payload capacity increases, the robot pilots can squat and stand up with
heavy loads. The performance was verified through the operation test and respiratory gas analysis test of the manufactured

HUMA-H.
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1. N2

NOMENCLATURE
= o) o = [eREI [ =

A, = Cross-sectional area of the cylinder ofF e HRE AR FdS S 2R fl8l AE7,
F. = Cylinder force A==, *7F7l A AR} e g o] A E. 1
F, = Force produced by the knee joint torque o= EL5ta o}F] A E9lo] o]y A3 A=
H = Moment arm of the actuating force Algro] A utaol sl 2Fe]So] ), g1 Farg
P = Cylinder pressure e T <ls) A AR EASe] 2B W)

6. = Knee joint angle oot oo L 5
7. = Torque of the knee joint SR8kl ok ZEAA AR cYshy] ffste] ot &9

l)-Is = Length parameters of the link Rz 28 250 o] 7t Qo
o0 = Angle parameters of the link UC Berkeley thtollA] 7lk%El Berkeley Lower Extremity
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Fig. 1 HUMA-H with 20 kg payload on the torso
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Fig. 2 Elements of the HUMA-H
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Table 1 Specifications of the HUMA-H
Dimensions 400 x 1400 x 400 mm
Mass 14 kg
Li-po 44.4V 3 Ah

4 x 48 V BLDC motor, 250 W
2 x SAT cylinder

NI MyRIO, Dual-core ARM Cortex-A9
real-time processing

Battery

Actuator

Main controller

4 x Magnetic absolute encoder
2 x Pressure sensor, 2 x Insole sensor
1 x Inertial Measurement Unit (IMU)

Sensor

Table 2 Ranges of Motion (ROMs) of the HUMA-H

Descriotion Valve [deg]
Active hip flexion/extension -90-140
Free passive hip yaw -20-40
Free passive hip roll 0-35
Active knee flexion/extension 5-140
Passive ankle dorsi/plantarflexion -120-120
Passive ankle eversion/inversion -45-45
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Table 3 Constraints of genetic algorithm and result

Links Constraints [mm] Result value [mm)]
l, 206 <1,<450 -
(=]
A 290 </, <310 295.6
L 40<5L <70 453
- . » Is 40</5<70 40.8
5° 50° 80° 105° 140°
. . . It 80 </ <120 104.6
Fig. 5 SAT cylinder operation of HUMA-H 6 6
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Fig. 8 Partitioned computing architecture on controllers for HUMA-H
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Fig. 9 Control block diagram of the HUMA-H
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Fig. 10 Flow chart of the main control algorithm
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Protocol Test environment (Task 2)

-Task 1 : Walking in place (1min)

-Task 2 : Squat 10 times and 10 sec.
break - 10 Repetitions (8min)

-Task 3 : Walking in place (1min)

(c) Gas analyzer test without HUMA-H

Fig. 12 Gas analyzer test with 20 kg payload on the torso

Table 4 Constraints of genetic algorithm and result

Task VO, RER HR

1 0.12 0.91 95

Without WR 2 0.84 1.08 119
3 0.78 1.15 133
1 0.22 0.91 104

With WR 2 0.78 1.06 118
3 0.76 1.16 129
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