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This study is devoted to development of a palpation device with haptic feedback based on a
PZT actuator. Such devices are intended for telemedicine. In the previous research, we found
that the PZT actuator is well-used for its high response, simple mechanism and low cost.
Therefore our first prototype of palpation device was made of one PZT actuator, the haptic
feedback mechanism, the control console and one probe on the slave side. When the button on
the manipulator (master) side was pressed, the probe moved and interacted with an elastic
sample. The force acting from the sample onto the probe was measured, and the PZT actuator
on the master side produced a force proportional to this load and applied to the button. Thus,
the haptic feedback was generated.

Actually, when pressing the button, the force feedback was a result of the PZT actuator force
and the friction force. If the normal force between the PZT actuator and the slider increased,
the friction force increased. Thus the force feedback was larger when pressing, but, on the
other hand, larger friction force would decelerate the button going up or even would stop the
button.

This study investigated a dynamic response of the PZT actuator for the following set of
different normal force values: 8.7 N, 10.9 N, 13.1 N, 15.2 N. The working frequency was
varied from 66.4 kHz to 76.4 kHz in 1 kHz increment. The resonance frequency 71.4 kHz was
found. A linear reciprocating mechanism and a load cell were assembled with the button. The
reciprocating mechanism was used to move the button up and down in the range of 2 mm.
The load cell allowed measuring the force feedback. The results showed that, if the normal
force is small, the force feedback in the resonance frequency was mostly obtained from the
PZT actuator. The force feedback was quite small in the non-resonant frequency. The impact
of the friction force increased, when the frequency moved away from the resonance
frequency. When the normal force increased, the friction force in the non-resonant frequency
increased obviously. With increasing the normal force the force of the PZT actuator
decreased. Besides, the force feedback was relatively small when the PZT actuator was not
activated.

For the palpation application, it is reasonable to use the PZT actuator with the smaller normal
force and to assemble several actuators to enhance the force feedback.
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