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Shock-resistant leg using a newly developed hydraulic cylinder for tough robots
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Robots have a problem of locomotion in extremely rough terrain.

Legged robots have a high

locomotive ability because it is possible to select a landing point discretely. However, a combination
of electric motors and speed reducers adopted in many legged robots has a problem such as low shock
resistance. Because of low shock resistance, it is difficult for legged robots to operate motions with high
shock such as jump off. Therefore, a leg mechanism which can be applied to legged robots and has high
locomotive ability is required. In our previous researches, we developed a hydraulic cylinder for robots.
In this paper, we focused on the controllability of this hydraulic cylinder and compared the controllability
with the conventional product through measurements of damping performance. We also conducted an
experiment for measuring the damping performance with a prototype of the leg mechanism using the

hydraulic cylinder.
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Fig.1 Developed hydraulic cylinder
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Table 1 Specification of the hydraulic cylinder
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Fig.2 Model for calculating thrust force from pressure
and piston area
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Fig.3 Control system of hydraulic cylinder
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Fig.4 Measuring device of cylinder’s DP
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Kp = 0.15[V/N] (6)
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Fig.6 Definition of torque, force, and angle variables

goboooooooboobooboooboooboooobooooooao
goboooooOooooO ppOOOODOOOODOOOOO
oooooooooooooooooo bpOOOOOOOO
oooooooOooooooooooooooooooboOoDo
oooobooooooooooooooooobooobobOoo
ooooooboooooobooobooooooooooobOobobOoo
ooooobooooooboooooboobooooooboboo
oooooboooooooboooooboooooooboooboboo
ooooooboooooobooooooooooooooooa
ooooooobrPOOOOOOOOODOO
gdoodoooooooooooobooooooooooon
gooooooooooooooooobobooboobooobooboooooo
ocoooooooooooooooooooooOoOOObObbn

3 000000000000

3.1 000000

gooooobooooooboobobooooooooooon
ooooooboobooooooooooooooooobobooo
oooooo bpO0OO0O0OO0O0O0OO0OO0OO0OO

ooooooboooooooboobooooooooboooon
coooobooboobooboebOOOO0OOOOOOOOOOOOOO
ooooOo F,0F,00000000COCODOOO0O0O0OO0OO
gooboooooobooooooooob0oooooooD K,
OK, 0000000O0O000C0DDO

F, = —Ku(z—10) (8)
F, = —Kyy 9)

Linear guide

Leg

Load cell

Fig.7 Measuring device of leg’s DP
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Table 2 Measured ground reaction force and DP
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Fig.8 Data of ground reaction force
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