






IV. DESIGN 

A. Design of the Forearm Rotation 

In the forearm rotation a bevel gear system is used instead 

of a spur gear system in order to achieve an optimal package 

density (Fig. 9). For the same reason the springs are placed 

in parallel to the rotational axis of the motors. The cables 

with cooling water and for controlling the motors of the hand 

and the complete forearm are guided through a inner hole of 

the bevel gear wheel in parallel to its rotational axis. Three 

potentiometers are used to measure the positions of both cam 

discs and the link side. 

Fig. 9. CAD cross section of the forearm rotation 

Design of the Wrist 

For the wrist the output bevel wheel is replaced by a 

guided spur rack in order to place the corresponding motors 

as near as possible on the proximal site of the forearm. 

Furthermore the linear springs are placed perpendicular to the 

rotational axis of the motors. This allows a compact design 

inside the forearm. Figure 10 shows a cross section of the 

wrist BAVS drive. 

TABLE I 

Unit 

max. Torque [Nm] 
max. Ve locity [degls] 
Stiffness [NmJrad] 

max. stored energy [ml] 
min. stiffness adjusting time [ms] 

Weight [g] 

BAVSI Rotation 

8 
960 

0.5-115 

450 
14 

960 

BAVSI Wrist 

8 

560 
0.5 - 125 
700 
32 
250 

V. MEA SUREMENT AND EXPERIMENTS 

A. Torque-stiffness shape calibration 

High Quality torque based control of a V S  joint requires 

precise calibration of the nonlinear torque-deflection curve. 

Here we show measurements of the wrist and forearm BAVS 

torque-deflection curves. The measurements at the forearm 

roation were taken using a force gauge mounted on a extra 

Fig. 10. The picture shows the principle of the wrist actuation. The bended 

circular spline are connected to the Cam Discs. A movement of the spur 
results in a rotation of the cam disc. if the motors are blocked. These transfer 
the torque to the levers over the cam rollers. which compresses the spring. 

the lever arm. For the wrist torque to deflection curve a force 

gauge was direct connected to the bar which actuated the 

wrist. 

In the wrist actuator, a symmetric circle cam disc shape 

is implemented. The ideal curve and the obtained measure­

ments are depicted in Fig. 11. Only slight deviations exist 

which arise due to the imperfect stiffness of the connection 

bar and the force gauge mounting. 
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Fig. II. Computed (blue) and measured (green) torque-deflection relation 

of the wrist joint. 

The forearm rotation torque-displacement curve is shown 

in Fig. 12 for multiple joint pretensions. The used shape 

is again a symmetric circle. The decrease of achievable 

maximum torque is clearly visible. The bigger hysteresis 

compared to the wrist measurement in Fig. 11 was traced 

back due to manufacturing tolerance and will be reduced in 

a future joint version. 






