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Design and Implementation of 3DoF Manipulator with
Cable-Hydraulic Driven Actuation for Cooperative Robot
with High Output and Low Inertia
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Abstract: This paper presents cable-hydraulic driven 3DoF (Degree-of-Freedom) manipulator for
cooperative robot with high output/low inertia and enhancing lager workspace of hydraulic manipulator.
Hydraulic actuation could be solution to design more higher output manipulator than the one of electric
motor actuation due to install actuation source and robot joint separated. In spite of this advantage, the
conventional hydraulic driven manipulator using cylinder or vane actuator is not suitable for the candidate of
cooperative robot because smaller workspace owing to small RoM (Range of Motion) hydraulic actuator. In
this paper, we propose 3DoF manipulator with cable-hydraulic actuation which is more larger ratio of
payload-to-weight than the one of conventional cooperative manipulator and larger workspace than the one
of existing hydraulic driven manipulator. The performance of proposed manipulator was demonstrated by
the experiments for confirming overall workspace task, high payload operation task under worst situation
and comparing repeatability between developed manipulator and existed cooperative robots. The results of
experiments showed that the appropriate performance of proposed manipulator for cooperative robot.
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[Fig. 1] The proposed 3 DoF manipulator with cable-hydraulic
actuation modules for cooperative robots
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[Fig. 2] The cable-hydraulic driven 1 DoF actuation modules:
(a) 3D CAD image, (b) Prototype
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[Table 1] The design specification of cable-hydraulic driven
1DoF actuation modules

Specification Value | Unit | Remark
Maximum Force 525 kgf | @180 bar
Actuator
Total Weight 0.297 kg
Joint Radius 60 mm
Actuation Range of Motion 180 deg
Modules | Maximum Torque | 162 | Nm | @180 bar
Total Weight 1.167 kg
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[Fig. 3] The 3D CAD image of cable-hydraulic driven 3DoF
manipulator with joint configuration
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[Table 2] The design specification of cable-hydraulic driven 3
DoF manipulator

Specification Value | Unit Remark
DoF 3 - -
Maximum Reach 1.06 m -
Payload 10* kef @ 180 bar
Weight 7.38 kg Moving part only
Payload/Weight 1.36 -

* Validated by experiment result in chapter 3
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[Fig. 4] The comparison of payload/weight ratio between existing
and proposed manipulators: (a) Panda''!, (b) UR3?, (c) AMBIDEX!",
(d) HC10™, (e) UR10%, (f) M1509™, () LBR iiwa 14 R820™, (h)
Grips!', (i) HANDA™, (j) HyArm", (k) Proposed manipulator
(weight estimated by addition to estimated wrist weight)
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[Table 3] The comparison of payload and payload/weight ratio between existing and proposed manipulators

Actuation Institute Robot DoF Payload (kgf) Weight (kg) Payload/Weight
Franka Emilka Pandal!l 7 3 12.8 0.234
Universal Robot UR3P 6 3 11 0.273
. Yaskawa HC10% 6 10 47 0.213
Electric Universal Robot UR10P 6 10 289 0.346
Motor
Doosan M1509! 6 15 32 0.469
KUKA LBR iiwa 14 R820F 7 14 30 0.467
Korea Tech. AMBIDEX!""™ 7 15 224 0.67
Kraft Telerobotics Grips!'!! 6 45 59 0.762
Hydraulic TT* HyArm™ 6 10 12.5 0.8
Drive KNR HYDRA-MP3!'” 6 70 90 0.778
KITECH HANDA! 7 40 50 0.8
KITECH Proposed Manipulator” 3 10 9.25%** 1.081

* Instituto Italiano di Tecnologia (IIT)

** Payload and payload-to-weight ratio is estimated at maximum reach configuration of AMBIDEX.

*** Estimated weight value under 6DoF manipulator assumption

[Table 4] The comparison of range of motion for each joints* between existing and proposed hydraulic manipulator

Institute Robot DoF - 'Range of motion (deg) -
Joint 1 Joint 2 Joint 3 Joint 4
Kraft Telerobotics Grips!""! 6 180 120 110 -
1T HyArm'"? 6 210 90 94 -
KNR HYDRA-MP3!'7 6 100 100 100 -
KITECH HANDA!"® 7 84 65 84 112.5
KITECH Proposed Manipulator 3 180 180 180 -

* 6DoF manipulator a Joint 1~3, 7DoF manipulator a Joint 1~4
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[Fig. 6] The experiment for verifying payload of proposed manipulator (https://www.youtube.com/watch?v=3MR_03xDAVU)
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