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Potential vehicle application for shape memory components.

FOR
AUTOMOTIVE
APPLICATIONS

Shape memory alloys enable
development of simple, very compact,
reliable actuators that can be integrated
into components and structures.
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Shape memory alloys are metallic materials that
demonstrate the ability to return to some previously defined shape or size when subjected to the
appropriate thermal procedure. Generally, these
materials can be plastically deformed at some relatively low temperature, and upon exposure to
some higher temperature, they return to their
shape prior to the deformation.
The basis of the nickel-titanium system of alloys is the binary, equiatomic intermetallic compound of Ni-Ti. This intermetallic compound is
extraordinary because it has a moderate solubility
range for excess nickel or titanium, as well as most
other metallic elements, and it also exhibits ductility comparable to that of most ordinary alloys.
This solubility enables alloying with many elements to modify both the mechanical properties
and the transformation properties of the system.
Excess nickel, in amounts up to about 1%, is the
most common alloying addition. Excess nickel
strongly depresses the transformation temperature and increases the yield strength of the
austenite. Other frequently used elements are iron
and chromium (to lower the transformation
temperature), and copper (to decrease the hysteresis and lower the deformation stress of the
martensite).
For actuators, the shape memory component
is designed to exert force over a considerable
range of motion, often for many cycles. Shape
memory actuators represent an alternative to electromagnetic actuators in a wide range of automotive applications. Figure 1 shows the functions
of several automotive actuators, divided according to category of use, whose characteristics
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Fig. 1 — This chart shows the main categories of actuators
for automotive components.

are within the area covered by shape memory alloys. The most interesting actuation functions are
those in components used occasionally with nonrotary movements, such as rear-view mirror
folding, movement of the climate control flaps for
air flow adjustment, and lock/latch controls.
NiTi alloys
The equiatomic system NiTi has been established as a standard alloy covering a wide range
of application requirements. In fact, about 90% of
all shape memory applications involve the NiTi
pure binary alloy system.
NiTi shows the best combination of properties,
especially in terms of the amount of work output
per material volume and the large amount of recoverable strain. The obvious simplicity of me-
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Fig. 2 —
Constant load
test on
SmartFlex 76
shape memory
wire.
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Fig. 3 — Transition temperatures under different loads
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Fig. 4 — Actuation times and strokes of SmartFlex 76
at different heating currents.
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Hysteresis evaluation
In this test, the wire is subjected to
a constant load and its deformation is
measured during a controlled temperature profile in an environmental cell.
Figure 2 shows the test output for
SmartFlex 76 under constant stress of
300 MPa. As the graph shows, some
important information can be gathered, such as the maximum stroke and
the transition temperatures. The maximum stroke of the wire is around 5%,
Mf at 65°C, and As at 96°C.
The applied load is an important
factor affecting wire performance, as
shown in Fig. 3. The martensite (M)austenite (A) transformation temperatures increase with load, as also
expected from a modified ClausiusClapeyron equation (shown on the
graph).
Wire transformation temperatures
are of course fundamental parameters.
The main problem related to the hysteresis test is the duration, because a
single cycle between 15 and 150°C at
a rate of 1°C/min lasts more than four
hours.
Another problem is the maximum
usable length: In a typical hysteresis
system, only samples of about 100 to
150 mm can be analyzed. For this
reason, SAES Getters has developed
and patented a new characterization
method in which quality control on the
total length of the produced wire is
performed. This equipment will enable an on-line 100% product quality
control to measure and guarantee NiTi
wire thermo-mechanical properties.
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Fig. 5 — Design example of a shape memory
element with a bias spring.
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chanical design and minimum
number of moving parts is its primary
benefit as an actuator.
In particular, the mechanically stabilized binary NiTi SmartFlex wire actuator, produced by SAES Getters,
shows a very sophisticated profile of
properties. This article examines these
properties in depth to enable engineers
to design the actuator so that the functional properties of the material can be
optimized and fully exploited.
The thermo-mechanical properties
of NiTi wire can be investigated and
measured by several methods. The
most common and useful tests are described here for a commercially available wire called SmartFlex 76, a 76-Pm
high-temperature NiTi shape memory
wire.

Fatigue life
Another very important feature that
defines the wire suitability for a spe-
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