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This paper presents a cable-driven hydraulic actuator named Cable Rod Hydraulic Actuator
(CRHA). The cable actuating system is attractive for designing a compact joint in robotic
applications since it can be installed remotely from the joint. Recently, cable rods have been used
in pneumatic area for inertia reduction. However, designing cable rods in hydraulics is challenging
because it is difficult to achieve flexibility and endurance simultaneously under high pressure
conditions. In this paper, the cable rod, which consists of a cable and jacket, is proposed to meet
both requirements. To design the CRHA, we determined the design parameters, such as cylinder
size, and selected the cable rod’s material by friction and leakage test. Finally, comparisons
experiments about step and frequency responses with conventional hydraulic actuators were
performed to assess feasibility for robotic joints, and the results show that the proposed system
has good bandwidth and fast response as robotic joints.

2

KEYWORDS: Cable-Driven hydraulic system (A/0|2 +3& =& AIAE), Robotic revolute joint (2% 3T 2HE),
Cablerod (H10] & ZE)

7|43 A = The area of piston contacted with hydraulic oil
F = The actuator force generated by CRHA

7 = The joint torque generated by CRHA P = The pressure in CRHA’s chamber

r;= The radius of revolute joint x = The linear position of CRHA’s piston

d,= The diameter of CRHA’s piston 0 = The angular position of revolute joint

d,= The diameter of cable rod O = The flow rate in CRHA’s chamber

d_= The diameter of cable
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Fig. 1 Schematic structure of cable rod hydraulic
actuator with revolute joint
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Fig. 2 Comparison of approach making cable rod
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Fig. 7 The image processing to measure hydraulic
leakage: (a) Original photograph (b) HSV model
(c) Classification result

() ®) - 134x10°% (9 1.17x1073

T e e)”

Fig. 8 The result of hydraulic leakage to compare each
jacket material: (a) Sampling (0.02 ml by Pipet)

(b) Urethane (c) Teflon
100 bar®] ¥&EE Wl 7lstal, Z+ AlolEw
o EF REES £oF Fa ol l";r <t 203
GE S T ol F A Ao FHF
S vlusy] g8, 2= BES 7]E Fo] (Clean

and Clear, Japan)= Folo] 7|5 &2 WAL
37“;}"43} Fig. 72 7159 9A4S 54 87] 9
G Ay S BolF= ol AL

1 (Fig. 7(a))2 HSVAAEE (Fig. 7(b)= W74 3
L, AAIA (Threshold) s A3 °]E 7|5 &2
Oggﬂ'(@%/\n)jq. ol CﬂOﬂ(_ﬁ;]Aﬂ)Oi B39},
Fig. 7(0)= w7d A3z, fd24 g9 de
T2 Ao FREe SAIH

Fig. 82 AW FHEe 249 A9d%e

3 rd‘

o

UEbdITE Fig. 8= TS ARH VIESs Qs
71 98 Aoz 0.02 mlY 7B A AuW

of #3]aL, o] 7|5 Foldl Hehdl Azt o
A4 499 A £ 7291870 ]t} Figs. 8(b)<t
8(o= Aol B ¥ 747 e, HEE Ad
o) 2ES 15 em7tFE Al rREe wokd
Anz 71599 FAFE 27} 73,325, 63,76470
ojtt. olwf vFom FHE HLFAFHE o] &)

rl

ol

TS 49 gk 134 x 107 ml/em, 1.17 x 107
ml/em ©]t}. & $wEo] HZEH 1158 ¢ &
FREgs ®Both
3.3 T EEIQ

AAE 93 dEvge A HAH wek o
&3 o] ZREES AAeHi ek 140 baro] S
Halo] ZHEAE 40 Nm, 2528 + 11052 A

Table 1 Specifications of CRHA

Specification Value Unit Remark
Revolute joint 44 mm 7
20x14
Cylinder si
ylinder size 200 mm
Piston size 13.6 mm d,
Rod size 4x2 mm d. *xd.
Stroke 180 mm
Total weight 418 g | CRHA only
Total volume 8.04x10° | mm’ | CRHA only
Max. Pressure 140 bar
Max. Force 1.979 kN
1.107 m/s
Max. Speed 159%10° | deg/s
' Jacket Wearing  Piston seal
Cylind
Piston Y “,l, y /

Cylinder Head

Cabl

Rod seal O-ring Piston Body

(a) Overall assembly (b) Piston

Fig. 9 Schematic structure of CRHA with sectionl view
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Fig. 10 Experimental system with CRHA and revolute
joint
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