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6 DOF Industrial Robot Based on Multi-DOF
Counterbalance Mechanism
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Static balance of an articulated robot arm at various configurations requires a torque

compensating for the gravitational torque of each joint due to the robot mass. Such compensation
torque can be provided by a spring-based counterbalance mechanism. However, simple installation of a
counterbalance mechanism at each pitch joint does not work because the gravitational torque at each
joint is dependent on other joints. In this paper, a 6 DOF industrial robot arm based on the
parallelogram for multi-DOF counterbalancing is proposed to cope with this problem. Two passive
counterbalance mechanisms are applied to pitch joints, which reduces the required torque at each joint
by compensating the gravitational torque. The performance of this mechanism is evaluated

experimentally.

Passive gravity compensation, Multi-DOF counterbalance mechanism, Articulated robot arm
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Fig. 1. Counterbalance mechanism (CBM) based on slider-crank
and spring: (a) schematic design, and (b) applied force
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Fig. 2. Simulation of counterbalance mechanism
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Fig. 3. Robot arm with 2 pitch joints
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Fig. 5. Simulation of counterbalance mechanism with parameters
in Table 1. (a) joint 2, and (b) joint3

Table1. Design parameters of counterbalance mechanism

R(mm) | foa(mm) | k(N/mm) | s; (mm)
Joint 2 42.5 120 2x4.71 85
Joint 3 28 100 2x3.14 72
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Fig. 6. Design of counterbalance mechanism: (a) structure, and
(b) connection with robot link
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Fig. 8. Joint torque measurement of counterbalance robot arm:
Fig. 7. Prototype of counterbalance robot arm (@) without CBM, and (b) with CBM
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