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The experiments showed that dynamic hopping with a high frequency and jump height can be achieved. Furthermore, the 
mechanical and structural design resisted the repeated impacts and was demonstrated to be robust. However, joint torque 
peaks were high in the knee joints and even exceeded the maximum actuator torque (125Nm) during leg impact. These peaks 
are well absorbed by the intrinsic overload capacity of a hydraulic system, as the oil pressure in the compressed cylinder 
chamber temporarily rises above the pump pressure and the elastic hoses expand slightly, creating a dampening effect. In 
such case, however, the control is temporarily lost and therefore the maximum joint torque output has been increased to 
145Nm. Amongst other improvements mentioned in Section 3.1.4, the load cell has been replaced by a larger measurement 
range model, since they reached saturation during these experiments. 

Scaling up the mean flow rate by a factor of four leads to an approximate value of the total flow of 6.7 l/min (0.112·10-3 
m3/s) for a full robot pronking. A direct comparison with the results in Section 3.2 however, would not be accurate because 
the COM of a trotting robot with a 50% duty factor experiences a much smaller vertical travel with respect to single leg 
hopping, which has longer parabolic flight phases [12]. 

 
 

4 HYDRAULIC QUADRUPED ROBOT HyQ 
 
4.1  Design Overview and Specifications 
 

The Hydraulic Quadruped robot HyQ is built up of a robot torso and four identical legs. Fig. 8a shows a CAD model 
rendering of the full robot with a description of key parts and components. The kinematic structure of the robot with its 12 
active and 4 passive DOF is shown in Fig. 8b.  

 

      
 (a) (b) 

Fig. 8 Hydraulic quadruped robot HyQ: (a) CAD model of the robot body with the onboard hydraulic system including 
the explanation of the key robot parts and components; (b) kinematic structure of the 16-DOF robot. 

 
 

The four legs are arranged on the torso in the forward/backward configuration, where the front and hind knees point to 
each other. Zhang et al. [41] conducted both simulation and experimental studies with their electric quadruped robot BiosBot 
and concluded that the forward/backward configuration is most suitable, since it reduces slippage between the feet and the 
ground and that it improves the overall motion performance. 

Table V provides a summary of technical specifications of the robot, its actuators, sensors and control hardware. 
The total mass of HyQ with onboard hydraulic system is 91kg. The mass of all four legs (hip assembly, upper and lower 

leg, and foot) is around 24kg, which is approximately 26% of the total robot mass. This corresponds to the upper limit of 
animals with a comparable body weight such as large dogs and small horses, which have a relative leg mass of 19-26% [42]. 

Fig. 9 shows a picture of HyQ standing on a custom-made laboratory treadmill. The robot torso has a trapezoidal-shaped 
cross section and its structure is based on a folded Ergal sheet of 3mm thickness with internal ribs to increase torsional 
robustness. This design yields the following advantages: simplicity, rigidity, low weight (10kg), easy manufacturability and 
great ability to mount and accommodate components.  

Finite Element Model (FEM) analyses for the torso have been performed to obtain the minimum sheet thickness that 
provides enough torsional robustness. The worst case scenario, in which the robot falls from 0.15m with only a diagonal foot 
pair onto a hard surface, has been simulated. A range of sheet thicknesses from 1 to 4mm was tested for three foot designs 
with different levels of compliance: with spring and rubber coating (case A), with rubber only (case B) and without spring 
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