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The structure of heat engine with Nitinol wires are
presented in fig. 2.

For the construction of the engine are used as drive
elements, 24 Nitinol wires with a diameter of 2 mm and
a length of 240 mm. Nitinol transformation temperature
is 65 °C and was memorized in the form of the letter U.

The engine (figure 2) has an eccentric rotor that
consists of two rings, one of the base (12), with a
diameter of 400 mm, and the other, arranged
eccentrically (12'), with a diameter of 240 mm in which
are disposed 24 elements (spokes) for guidance of NiTi
wires. By fixed shaft (1) is attached the eccentric piece
(3) in which rotates the element (5), together with the
eccentric ring (12'), which, in its turn, is joined to the
support bars (10").

The stator consists of two tanks, cold water (7) and
hot water (7') having a diameter of 440 mm and a height
of 100 mm. Between those two tanks, there is an
insulating element (13) which is intended to prevent the
heat transfer between them.

The rotor, being submerged in those two tanks, it
tends to rotate due to the relaxation in hot water of NiTi
wires, respectively, their contraction in cold water.

NiTi wires, from the hot water tank, tend to get into
initial position and push the walls of the two rings with
a certain force which is decomposed into a normal and
tangential component, causing a continuous rotary
motion. The rotor will record a rotary motion as long as
there is a significant temperature difference between the
two sources.

4. EXPERIMENTAL TEST BENCH

The engine was tested in two variants. In the first
variant (Fig. 3), as the driving element, were used
superelastic NiTi wires. Experimentally, it was found
that, in this embodiment, due to the superelastic
properties of NiTi, the engine can not develop a
significant speed of rotation.

Fig. 3 Nitinol engine with eccentric rotor — first variant [19]:
1-fixed central shaft; 2- support bars; 3-the main ring;
4-guide elements; 5- NiTi wires; 6- cold and hot water tanks.

In the the second variant, was used NiTi with shape
memory. The behavior of NiTi shape memory wires,
was initially checked by successively immersing it in a
container with hot water and then with cold water
(fig. 4). It was observed that when the Nitinol wire is
inserted in the hot water tank, it develops a enough
force to set in motion the eccentric rotor.

Fig. 4 Experimental test bench for checking the behavior of Nitinol
shape memory wire used in the rotor structure

The rotor was modified at the level of eccentric
piece being replased with a smaller ring (Fig. 5) to
reduce friction between the guides of Nitinol wires and
holes in the two rings.

_
3

5
) —
\
- I

Fig. 5 Nitinol engine with eccentric rotor — second variant [19]:
1- hot water tanks; 2- Nitinol wire (2 mm diameter);
3- eccentrical ring; 4-fixed central shaft; 5- the main ring;
6-guide elements; 7- cold water tanks.

5. EXPERIMENTAL RESULTS

Experimental test bench in order to verify the
operation of the engine is shown in fig. 6.
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increasing temperature of hot source, to a period of 660
seconds, maintaining a constant temperature of about
25 °C for the cold water. Variation of torque in this
situation can be seen in fig. 9.
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Fig. 6 Experimental test bench for speed of rotation and S — =
torque establishment [19]: R .
1-PC; 2-torque meter IMADA-ZLINK; 3- Nitinol engine; Fig. 8 GUI for the HTG2N digital torque meter
4- the interface of the torque meter.
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6. CONCLUSIONS

The purpose of this paper work was to present the
design and analysis of an heat engine made using shape
memory alloy (SMA), that are materials that
“memorize” their shape at specific temperatures. At low
temperatures, they are easy to deform, but at increased
temperatures they exert large forces as they try to
recover their original shape.

The first heat engine was built by Ridgway M.
Banks in 1973. The engine turned 70 rpm and produced
about half a watt of power. The Nitinol engine
presented in this paper work is an improvement on the
Bank's design. Because SMAs are highly resistive to
corrosion, this kind of engines can find application in
various environmental conditions. Nitinol heat engines
can operate over a wide range of temperatures, by
selecting a thermal memory material having a suitable
critical temperature appropriate to the climatic
conditions.

The analyzed heat engine are characterized by many
advantages, among which can mention: constructive
simplicity, quiet operation and without supervision, as
long as certain conditions of operation is provided,
however has the disadvantage of low torque and at the
same time, the overall measure of a desired power level.

Nitinol engines preference are explained by several
advantages materialized in low cost price and
exploiting, handling and simple maintenance to which
are added durability reflectedin the fact that
after millions of rotations, wear of the active element is
insignificant.

Potential applications of Nitinol engine include,
firstly, the production of mechanical energy (and then
electricity), using water heated with solar installations,
geothermal installations or those based on the
temperature gradient of the seas and oceans, to which
are added those that use hot water, resulting from
industrial processes.

v' The maximum value for speed of rotation
(n = 34 rpm) was obtained for a hot water temperature
of 90 °C and cold water temperature of 23 °C. As the
temperature difference between the two sources is
reduced, the engine speed decreases.

v' The maximum torque value obtained for a
difference of temperature between the two sources by
68 °C is 0,139 Nm and the power output of the Nitinol
engine is approximately 0,49 W.

v" Experimental tests have shown that to increase
power output, the following changes could be made to

the heat engine configuration: increase the number of
wires; increase the wire diameter; increase the
temperature of the hot source and decrease the
temperature of the cold source etc.
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