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Development of a General-purpose Expandable Arm for a Small Mobile Robot
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Abstract— If a small mobile robot can do tasks manipulating objects, its working area expands enormously. In this
research, we developed an expandable sliding arm which enables a mobile robot to push or pull objects. The mobile robot
arm can manipulate objects such as elevator buttons, light switches and mail-box drawers. The expandable arm has 3
degrees of freedom; a rotary degree of freedom at the base, a stretching degree of freedom and a rotary degree of freedom
at the end-effector. The stretching section is composed of 4 links. The length of the contracted arm is 388mm and the
total length of the expanded arm is 1218mm. Our mechanical arm has linear motion guides in the stretching section, DC
motors for driving, Harmonic-drive to reduce the speed and a solenoid to push switches and buttons at the end-effector.

Key Words: Mobile robot, Expandable sliding arm, Linear motion guide, Harmonic-drive, Solenoid
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Fig.1 Mail-box

Fig.2 Light switches

Fig.3 Elevator buttons ([a]:College of Engineering Sys-
tems, [b]:Laboratory of Advanced Research B, Uni-
versity of Tsukuba)
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Fig.4 Image of the arm
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Belt-holder grasping
Timing-belt on Third stage

Belt-holder grasping
Timing-belt on First stage

Belt-holder grasping 44
Timing-belt on Third stage™ "

Belt-holder grasping

Timing-belt on Second stage
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Fig.5 Structure of the stretching section
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Fig.6 Linear motion guides (RSRIN,RSR12N,RSR15N)

Table 1 Specifications of Linear motion guides

‘ H 1st Stage | 2nd Stage | 3rd Stage

Model number || RSR 15N | RSR 12N | RSR 9N

Moment rating || 63.1Nm 28.9Nm 18.4Nm

Length of rail 350mm 370mm 375mm
Weight 4179 2709 1479
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Fig.7 Contracted arm on mobile robot

Table 2 Specifications of Developed arm

Length of Contracted arm 388mm
Length of Expanded arm 1218mm
Movable space of Arm 225°

Movable space of End-effector 270 °
Motor 3-DC motors
Max. expanding velocity 25cm/sec
Weight 2.8kg
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Fig.8 Brought arm

Fig.9 Expanded arm and End-effector
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