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I. MOTIVATION

We aim to design robotic arms with a natural dynamic mode
that is close to the desired task motion. Pick-and-place robots,
for example, should accelerate and decelerate not by means
of large, strong actuators, but by an exchange between kinetic
and potential energy. This will allow designs with smaller
actuators, leading to more lightweight, safe, and efficient robot
arms.

II. NOVEL SPRING MECHANISM

We introduce a novel spring mechanism inspired by [2]. For
natural accelerating and decelerating behavior, the introduction
of a spring is trivial. The difficulty is the requirement to hold
still at the extreme positions. If these positions were invariable,
latch mechanisms could be used [1]. Most robot applications
however require variability in the extreme positions, i.e.,
varying pick and place positions.

The novel mechanism (Fig. 1) consists of a spring between
two pulleys that are connected with a timing belt. The large
pulley rotates with the arm, and the small pulley rotates
about 5 times as fast. When the small pulley has rotated
approximately 270o, an additional rotation leads to translation
of the spring but not to additional elongation. This leads to a
torque and energy profile (Fig. 1) with the following beneficial
characteristics:
A. The torque is low around the pick and place areas,

allowing effortless variation in ”hold”-positions
B. The torque helps acceleration and deceleration for mo-

tions between the pick and place areas

III. RESULTS AND CONCLUSIONS

A model and prototype (Fig. 2) were given a task to
move 0.8(m) in 1.6(s) (starting from the pick area), and we
assessed the reduction of required torques and energy due
to the spring mechanism. An idealized model can operate
virtually without torque and thus save 100% of the energy.
With realistic values for friction and copper losses, the energy
was reduced with 60%. The prototype deviated slightly from
the desired characteristic (Fig 1, red line), and the required
energy was reduced with only 14% (the area under the graphs
in Fig. 2). This is a work in progress, and we expect that
better controllers will bring the experimental result closer to
the expected 60% energy reduction. Even better results are to
be expected when the reduction in required torque is taken into
account at the design stage; by selecting smaller actuators with
smaller transmission ratios, further loss reduction is expected.
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Fig. 1. The characteristics and working principle of the spring mechanism.
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Fig. 2. Photograph of prototype and graph of measured current usage.


