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Classical robots have stiff actuators that are well suited
for position control tasks, but cannot interact safely with
humans. Compliant actuators on the other hand, allow robots
to store mechanical energy and to share their workspace or
directly interact with humans. Variable stiffness actuators
(VSAs) combine the benefits of both actuation systems,
allowing robots to adapt to specific tasks.

The mVSA-UT is a miniaturized VSA that can change
its output stiffness independently of the output position in
a large range (from almost zero to almost infinite). Design
goals were to create an energy efficient multi-purpose actu-
ation unit that features continuous rotation of the output and
a compact and lightweight design [1]. An exploded view of
the actuator is given in Figure 1.

The design of the mVSA-UT is such that the output
stiffness can be changed, without altering the potential
energy stored in the springs. This property distinguishes
it from other VSAs presented in the literature [2]. The
output stiffness is changed by varying the transmission ratio
between the internal springs and the actuator output, without
changing the state of the springs [3]. We achieve this by
moving the pivot point (4) of a lever (2) that is connected to
the output (1) at one end, and the springs (7) on the other.
A linear motion of the pivot point is realized by a set of
planetary gears (3, 8), where the pivot (4) is fixed to the
planet gear (3), as proposed in [4].

The actuator has two degrees of freedom. The neutral
(undeflected) output position is determined by the angle
of the ring gear (8), while the output stiffness depends on
the angle of the planet carrier (9) that holds the pivot-gear
(3). The mVSA-UT is equipped with two motors that are
coupled through a differential mechanism. This coupling
enables small motors to work together to achieve more power
at the output. The differential mechanism is made up of a
second set of planetary gears (5, 10, 11), that the first motor
(12) engages at the ring gear (11), while the second motor
(6) engages a sun gear (13) that is fixed to the shaft of the
planet carrier (9). This allows both motors to be fixed to the
base, while the actuator is capable of continuous rotation.

The design and characteristics of the m-VSA-UT, which
are given in Table I make it well suited for a great variety
of robotic and biomechatronic applications.

This work has been funded by the European Commission’s Seventh
Framework Programme as part of the project VIACTORS under grant no.
231554.

The authors are with the Faculty of Electrical Engineering, Mathematics
and Computer Science, University of Twente, 7500 AE Enschede, The
Netherlands. Email: {m.fumagalli, s.stramigioli, r.carloni}@utwente.nl,

e.barrett@student.utwente.nl

1

3

4

5

6

13

12

11

10

8

2

7

9

Fig. 1: Exploded view of the mVSA-UT.

Stall torque 1 Nm
No-load speed 4/5 π rad/s
Stiffness change duration (min to max) 0.54 s
Actuated range continuous
Passive range ± π/4 rad (±45◦)
Weight 43, 5 g
Dimensions (excl. shaft) 30× 33× 47.5 mm3

TABLE I: Specifications of the prototype (for 4, 8 V)

REFERENCES

[1] M. Fumagalli, E. Barrett, S. Stramigioli, and R. Carloni, “The mVSA-
UT: a miniaturized differential mechanism for a continuous rotational
variable stiffness actuator,” submitted to IEEE International Conference
on Robotics and Automation, 2012.

[2] R. Van Ham, T. Sugar, B. Vanderborght, K. Hollander, and D. Lefeber,
“Compliant actuator designs,” IEEE Robotics and Automation Maga-
zine, vol. 16, no. 3, pp. 81–94, 2009.

[3] L. C. Visser, R. Carloni, and S. Stramigioli, “Energy efficient variable
stiffness actuators,” IEEE Transactions on Robotics, vol. 27, no. 5, 2011.

[4] S. Groothuis, G. Rusticelli, A. Zucchelli, S. Stramigioli, and R. Carloni,
“The vsaUT-II: a novel rotational variable stiffness actuator,” submitted
to IEEE International Conference on Robotics and Automation, 2012.


