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Aims To accommodate a variety of different hand postures and improve the functionality of prosthetic hands requires a number of mechanical degrees of freedom. Sensors and feedback loops are used in the control of object grasping. Adopting these ideas results in a design that is more user-friendly as the low level and automatic control is devolved to electronic circuits.

Technology The human sensory system is capable of discerning the difference between two points touching the skin surface and separated by a gap of 2mm which is a very fine level of resolution. Together with receptors in the hand joints and muscles a natural hand is capable of spinal responses to maintain a grip on objects with different sizes, shapes and elastic properties. For an artificial system, the sensors need to measure static and dynamic force on a finger tip in order to mimic the natural control system and require a high technical specification (Table). A slip sensor should be able to detect relative object movement within about one hundredth of a second so that the control loop can take corrective action.

Table Force sensor specification

	· Resolve forces up to 100 N
	· Not susceptible to EM interference

	· High sensitivity to small forces
	· Not easily damaged by large impact forces

	· Integral power supply
	· Robust

	· Lightweight
	· Service period of six months

	· Low cost
	· Simplicity in construction and mounting

	· Little hysteresis
	· Small size with an area less than 100 mm2

	· Low power consumption
	· Thin in depth for mounting on fingers and palm


A low cost solution for the development of force sensors is to fabricate them using thick-film technology. The static force sensors exploit the piezoresistive characteristics of commercially available thick-film pastes whilst the dynamic slip sensors utilise the piezoelectric behaviour of proprietary PZT pastes (lead zirconate titanate).  Stainless steel and cantilever-type of structures have been investigated for detecting fingertip force on each of the five digits.  Temperature sensors are also included to provide temperature compensation for the force sensors and to prevent accidental thermal damage to the prosthesis. 

Results Forces in excess of 100 N can be measured which greatly exceeds the requirement of the current hand design and could be used with hands that have a single motor gearbox combination. Experiments with a sensor have shown the potential of the PZT dynamic force sensor to measure vibration and hence potentially to operate as a slip sensor.

Conclusions A static (absolute) force sensor based on piezoresistive changes in thick-film resistors has been demonstrated.  The dynamic sensor detecting slip shows a fast response.

