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Leg Trajectory Design for A Hydraulic Legged Robot Considering Pump Capacity
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Hydraulic drive interests many researchers as a drive system that has high impact resistance. The
hydraulic system can be roughly divided into two parts: an actuator unit that generates movement and
a pump unit that supplies hydraulic oil to each component. The robot needs to operate within the pump
unit capacity. However, it is difficult to predict the required pressure and flow rate during the operation
of the robot. Especially in the case of legged robots, it is rarely performed because the state of the robot
changes drastically in periodic operation. In this study, we estimated the required pressure and flow rate
in the walking motion and designed the leg trajectory. The validity was shown experimentally.
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Fig.1 Leg trajectory and parameters
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Table 1 F#FHEIZE D NT A =4

M [kg] 32
ll, l2 [m] 0.5
lgly lgg [I’Il] 0.18
mi, M2 [kg] 1.5, 0.6
I, I [kg-m?] | 0.039, 0.015
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Fig.2 Pressure and flow rate that robot required when L
is changed at T = 1.0 [s].
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Fig.3 Pressure and flow rate that robot required when T
is changed at L = 0.7 [m].
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Fig.4 Optimization for a pump with maximum pressure
10 [MPa] and maximum flow rate 18 [L/min].
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Table 2 LN H DA > TR & HIBLE D5 R

Maximum pressure 10 [MPa]
Pump Maximum flow rate 7 [L/min]
Characteristic Constant power
(P-Q=21)
L =0.71[m]
Leg Optimized T =29]s
trajectory v =0.49 [m/s]
L=071[m
Non-optimized T=12]
v =1.2[m/s]

Pump characteristics
— Optimized trajectory
Non—optimized trajectory| |

Flow rate [L/min]
N w S [&)] (o)) ~ oo ©

—_
T

5 10 15
Pressure [MPa]

o

o

Fig.5 Optimization results for CP. Blue line is the non-
optimal trajectory for comparative experiments.
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Fig.6 Experiment on the optimized trajectory.
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Fig.7 Pressure and flow rate applied to the robot by CP.
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Fig.8 Leg trajectory recorded. The target leg trajectory
and the leg position are recorded every 50 ms.
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