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Abstract: Home robot arms require a payload of 2 kg to perform various household tasks; at the same
time, they should be operated by low-capacity motors and low-cost speed reducers to ensure reasonable
product cost. Furthermore, as robot arms on mobile platforms are battery-driven, their energy efficiency
should be very high. To satisfy these requirements, we designed a lightweight counterbalance mechanism
(CBM) based on a spring and a wire and developed a home robot arm with five degrees of freedom
(DOF) based on this CBM. The CBM compensates for gravitational torques applied to the two pitch
joints that are most affected by the robot’s weight. The developed counterbalance robot adopts a
belt-pulley based parallelogram mechanism for 2-DOF gravity compensation. Experiments using this
robot demonstrate that the CBM allows the robot to meet the above-mentioned requirements, even

with low-capacity motors and speed reducers.
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[Fig. 1] Gravitational torque of a 1-DOF arm: (a) simplified
model, and (b) torque as a function of ¢
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[Fig. 2] Simplified model of spring-wire type counterbalance
mechanism
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[Fig. 4] Parallelogram mechanism based on belt-pulley:
schematic design of 2-DOF CBM
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[Fig. 5] Torque simulation results of 2 DOF CBM: (a) joint 1
(CBM 1) and (b) joint 2 (CBM 2)

[Table 1] Design parameters for CBM

Joint 1 (pitch 1) Joint 2 (pitch 2)
Link length / 370 mm 330 mm
Center of mass /. 175 mm 300 mm
Link mass m 1.3kg 2.4kg
Initial com. sy 35 mm 35 mm
Distance a 60 mm 60 mm
Distance b 25 mm 25 mm
Spring constant k 5.35 kN/m 3.36 kN/m
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[Fig. 6] Structure of CBM: (a) previous CBM and (b) proposed
CBM
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[Fig. 8] (a) Operation of 2-DOF CBM in the counterbalance
robot: mechanisms of (b) CBM 1 and (c) CBM 2
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[Fig. 9] Endoskeleton links of the counterbalance robot: (a) link
2, (b) link 3, and (c) link structure

[Table 2] Specifications of RB-1 (MICO?) and proposed CBR

RB-1 (MICO?) | Proposed CBR
Reach 700 mm 780 mm
Weight 4.6kg 3.6kg
Payload 1.5kg 2kg
Motor power (max. power) 100 W 50 W
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