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Variable stiffness actuators are a particular class of actu-
ators, characterized by the property that the apparent output
stiffness can be changed independently of the output position.
To achieve this, variable stiffness actuators consist of a
number of elastic elements and a number of actuated degrees
of freedom, which determine how the elastic elements are
perceived at the actuator output.

In this study, we present the mechanical design and the
realization of the vsaUT-II, i.e., a novel rotational variable
stiffness actuator [1]. The kinematic structure is such that
the apparent output stiffness can be varied by changing the
transmission ratio between the internal elastic elements and
the actuator output, namely by implementing a lever arm of
variable effective length.

As elaborated in [2] and [3] by means of a port-based
approach, by implementing this kinematic structure, the ac-
tuator has the property that the apparent output stiffness can
be changed without any energy injection into or extraction
from the internal springs. This implies that all the energy
supplied by the internal actuated degrees of freedom can be
used to do work on the output without being captured by
and, therefore, lost in the internal springs. In the vsaUT-II,
the lever arm with the variable effective length is realized
by moving a pivot point along the lever arm by means of a
planetary gear system, which realizes a linear motion along
the lever.

Fig. 1 shows the CAD drawing of the actuator. In the fig-
ure, (1) indicates the output shaft of the rotational actuation
system, (2) the actuator frame, (3) the lever arm and the gear
mechanism, (4) the motor that is used to change the output
position, (5) the timing belt transmission, (6) the motor that
is used to change the position of the pivot point along the
lever arm, and therefore to vary the apparent output stiffness.

Fig. 2 shows the datasheet of the vsaUT-II, in which the
main characteristics of the actuation system are reported.
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Fig. 1. The vsaUT-II variable stiffness actuator.

vsaUT-II
Variable Effective Lever Arm Length

Operating Data

# (quantity) (unit) (value)

Mechanical

1 Continuous Output Power [W] 69.8

2 Nominal Torque [Nm] 21.8

3 Nominal Speed [rad/s] 3.2

4 Nominal Stiffness 
Variation Time

with no load [s] 0.78

5 with nominal torque [s] 0.9

6 Peak (Maximum) Torque [Nm] 60

7 Maximum Speed [rad/s] 5.5

8 Maximum Stiffness [Nm/rad] 895

9 Minimum Stiffness [Nm/rad] 0.7

10 Maximum Elastic Energy [J] 0.19

11 Maximum Torque Hysteresis [°] 0.7

12
Maximum deflection

with max. stiffness [°] 0

13 with min. stiffness [°] 40.1

14 Active Rotation Angle [°] ± 28.6

15 Angular Resolution [°] 0.35

16 Weight [Kg] 2.5

Electrical

17 Nominal Voltage [V] 24

18 Nominal Current [A] 4

19 Maximum Current [A] 12

Control

20 Voltage Supply [V] 5,  7..12

21 Nominal Current [A] 0.1

22 I/O protocol [] RS232

24V power supplyGND

7..12 V

Fig. 2. The vsaUT-II datasheet.
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