Journal of Korea Robotics Society (2017) 12(4):441-447
https://doi.org/10.7746/jkros.2017.12.4.441

Q7o) e st AP 2
Fad 2 B

ISSN: 1975-6291 / eISSN: 2287-3961

441

7hiksls FEESS] AL
il

—
==

Design of High Payload Dual Arm Robot with
Replaceable Forearm Module for Multiple Tasks:
Human Rescue and Object Handling

A3 Stz gl edul. A EP. AN F . ab A FT
Hwisu Kim!, Dongil Park!, Taeyong Choi', Hyunmin Do'!, Doohyeong Kim',
Jinho Kyung', Chanhun Park "

Abstract: Robot arms are being increasingly used in various fields with special attention given to
unmanned systems. In this research, we developed a high payload dual-arm robot, in which the forearm
module is replaceable to meet the assigned task, such as object handling or lifting humans in a rescue
operation. With each forearm module specialized for an assigned task (e.g. safety for rescue and redundant
joints for object handling task), the robot can conduct various tasks more effectively than could be
done previously. In this paper, the design of the high payload dual-arm robot with replaceable forearm
function is described in detail. Two forearms are developed here. Each of forearm has quite a different
goal. One of the forearms is specialized for human rescue in human familiar flat aspect and compliance
parts. Other is for general heavy objects, more than 30 kg, handling with high degree of freedom more

than 7.
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[Fig. 1] Tasks of dual arm robot: (a) object grasping and
handling, and (b) human lifting for rescue
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[Fig. 2] Joint structure for each task: Object handling and human
lifting: (a) 7DOfs for object handling, and (b) 4Dofs for human
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[Fig. 3] Load analysis: (a) simulation condition and (b) result

[Table 1] Requirements for rescue and object handling tasks

Rescue Task Object handling
Only 3 ~ 4 joints Joints 7 DOFs for redundant motion
Low stiftness for Stiffiess High stiffness for positioning
safety accuracy
Flat and thin Structure design considering
Shape . .
shape installation of gears and motors
Lifting capacity: | Specification | Payload @ end eftfector:
120 kg (Power) | 30 kg/arm
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[Fig. 4] Design of torso and upper arm module: (a) upper arm
module, (b) joint module, (c) assembly between torso and upper
arm module, and (d) installation of motor drive
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[Fig. 5] FEM analysis for robot design
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[Fig. 6] Design of forearm module for object handling: (a)
rotational joint, and (b) structure
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[Fig. 7] Overview of the passive compliance module to enhance
safety for human rescue task: (a) poke, and (b) press

extension
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[Table 2] Biomechanical Limit in ISO TS 15066 Annex!”

L All le F
Body region  |Specific Body Area Max (g\]v;lb e roree
Middle of forehead
Skull and forehead 130
Temple
Face Masticatory muscle 65
Neck Neck muscle 145

Passive joint ¥ «
Shaft & Linear ’
bush

Passive joint--¥

*mpression spring Linear encoder

Rotary encoder

Tension spring

[Fig. 8] Design of forearm module for human rescue
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[Fig. 9] Design of dual arm robot; (a) object grasping and
handling, and (b) human lifting for rescue
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[Table 3] Specifications of dual arm robot

Specifications of robot arm

Item With forearm modules | With forearm modules

for object handling for rescue

Structure 7DOFs 4DOFs
(R-Y-R-P-R-P-R)  |(R-Y-R-P) + passive joint

Payload 30 kg/arm @ -

end-effector

Lifting capacity - 60 kg/arm @ forearm

Weight 160 kg 140 kg

speed Max. 3 RPM Max. 3 RPM

Reach 1170 mm 1430 mm

Precision(pos.) 100 pm -

[Fig. 10] (a) Experiments, and (b) demonstrations to verify
performance of dual arm robot
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[Fig. 11] Feasibility test for rescue module: Max. applied force
while the forearm module (a) poke and (b) press the human
body
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