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Abstract— In this work we present a manipulandum which

allows to investigate the role of structural stiffness for grasping

stability analysis and haptic exploration. The stiffness of contact

points can be changed in a controllable and independent

fashion by means of three pneumatic based tactile displays.

In the present manuscript it will be described the design of

the manipulandum, together with preliminary experimental

results, which underline the importance of contact compliance

in the distribution of contact forces. These results, although

preliminary, encourage the authors to improve the experimental

set-up design, going in depth with the experiments and the

analysis of the results.

I. TRIPOD DEVICE

The multi-digit manipulandum, showed in fig.1, was de-
signed to be grasped by subjetcs with their right hand, using
a tripod grasp, i.e. with the thumb, index and middle fingers.

Fig. 1. The manipulandum with the 2d bubble level.

In each contact point a CASR display was positioned, to
enable the change of contact points stiffness. The CASR
(Contact Area Spread Rate) device is a pneumatic device
consisting of a set of cylinders of different radius, assembled
in telescopic arrangement (see fig.2).

A regulated air pressure is inflated inside acting on the
cylinders according to the desired force to be perceived by
subjects during indentation. Pressure is applied on all the
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Fig. 2. Contact area spread rate display.

cylinders. When the subject finger pushes down against the
cylinders, it comes into contact with a surface depending
on the height of the cylinders themselves and perceives a
resultant force correlated to the pressure. The display can
realize a desired force-contact area (CASR) relationship [1].
More specifically, each contact surface was in series with
a CASR display fixed to the object. However, in this work,
the CASR displays were improperly used: indeed, regardless
of the Force�Area characteristic to be implemented, they
were covered with a rigid cap and behaved like springs. Thus,
varying and controlling the pressure of the air inflated into
the CASR displays, springs with various stiffness levels were
simulated.
A three–axes force/torque sensor (Ati series Nano 17) was
positioned behind each CASR display to measure the forces
applied by each finger. The manipulandum weight and the
external wrench are measured by an additioanal force/torque
sensor placed at the basis of the structure. The total weight
of the manipulandum is approximately 353 g. The contact
surfaces were covered with paper, to reduce slippage. Two
different stiffness levels are fixed for each contact point
respectively 1.25 N/mm and 3.15 N/mm. The considered
stiffness combinations are reported in table I.

Combination Thumb Stiff.(N/mm) Index Stiff. (N/mm) Middle Stiff. (N/mm)
A 1.25 1.25 1.25
B 1.25 1.25 3.15
C 1.25 3.15 1.25
D 1.25 3.15 3.15
E 3.15 1.25 1.25
F 3.15 3.15 1.25
G 3.15 1.25 3.15
H 3.15 3.15 3.15

TABLE I
STIFFNESS COMBINATIONS SET UP

A 2d bubble level was also attached to the manipulandum
to indicate when the device is in equilibrium with the
horizontal plane.



II. PRELIMINARY EXPERIMENTS AND RESULTS

Four right handed subjects participated at the experiments.
Subjects were comfortably seated, the right forearm was
horizontal and placed on the chair armrest, hand palm
down. At presentation of a “go” signal, subjects reached
the manipulandum, placed on a support in front of them at
a distance and to mold their hand as to perform a tri-pod
grasp with their thumb, index and middle. Once the object
was grasped, subjects returned to the rest position, with the
forearm on the armrest, and they were asked to orientate the
manipulandum in order to fulfill the equilibrium conditions
expressed by the bubble level. After the equilibrium was
reached, subjects gave a signal to the experimenters, and the
recording of exerted forces and indentations over the three
contacts started, lasting 5 seconds. After this phase, subjects
re-allocated the device on the table and they came back again
to the rest position. Subjects performed this experiments 10
times per each stiffness combination The sequence of trials
was randomized each time. Considering the grip forces for
each sample within the equilibrium period (5 s), what is
noticeable is a statistical significant effect of the stiffness
across conditions (p < 0.05).

These results encourage to further investigate force dis-
tribution and stiffness of contact point using classic grasp
analysis technique [2], also w.r.t neuroscientific/behavioural
hypotheses, e.g soft–synergy hypothesis [3].
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