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Design Method of a High Power-to-Weight Ratio EHA with a Frameless Motor
and Experimental Evaluation of its Backdrivability
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Industrial robot manipulators and field robots need to have robustness and mechanical
backdrivability to provide fail safety and high sensitivity to external forces.  An
electro-hydrostatic actuator (EHA), a type of distributed hydraulic system, meets those

requirements.

An EHA has excellent transmission characteristics in situations where

mechanical backdrivability and impact resistance are required. However, current EHAs have
smaller power-to-weight ratio than actuators with gear reducers because they tend to be
heavy and it is difficult to improve their efficiency. To solve this problem, we developed a
revolute EHA with high power-to-weight ratio by using a frameless motor and integrating
hydraulic components. In this paper, we describe detailed design methods of the EHA and
experimentally evaluate backdriving performance.
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Fig. 1:

power-to-weight ratio. The weight is approximately 2.8

Developed revolute EHA module with high

kg, and the maximum output is estimated to be 300 W.
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Fig. 2: Hydraulic circuit of the revolute EHA.
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Table 1: Comparison of robotic revolute actuators. The power-to-weight ratio (PWR) of the EHA is inferior to that of

the actuators with Harmonic Drives.

Transmission ~ Model PWR [W/kg] Peak output [W]  Motor output [W]  Weight [kg]
EHA Hydracer © 43 98 200 23
Gearreducer  ARMAR-6 ) 110 243 270 22
Gear reducer  CHIMP 60 60 220 1.0
Gear reducer ~ WAREC-1 64 372 570 5.8
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Fig. 3: Simplified section of the proposed EHA module.
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Table 2: Comparison of backdrive torque between our EHA and Harmonic Drive CSF-32-50. Our EHA realizes more

than 2.7 times the backdrivability of Harmonic Drives.

| Our EHA  CSF-32-50

Outer diameter [mm)] 114 110

Maximum permissible average load torque [Nm] 120 108
Backdrive torque [Nm] <6.0 16
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