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AB ST RA CT
Shape memory alloy (SMA) provides a significant amount of actuation with an extremely
small envelope volume with minimum noise levels. Mechanical properties of Ti
Ti-Ni alloys
are very interesting for developing smart actuators manufactured from these non
nonconventional materials. Design and material properties for SMA has been discussed in the
present work. The paper provides framework for manufacturing, designs and applications
of shape memory alloy intelligent helical spring actuator. This paper will contribute
through intelligent technique using temperature sensitive automation in mechanical system.
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INTRODUCTION
Today the use of shape memory alloy (SMA) is growing
rapidly. Shape memory alloys have proven their worth in
solving engineering problems that in the past seem
implausible. The main reason behind their importance today is
that the shape memory elements provide
ovide a significant amount
of actuation with an extremely small envelope volume. This
statement becomes truer and their implementation even more
important when looking at the direction where technology is
heading [1]. A shape memory element can be actuated
thermally or electrically. Not having to rely on moving parts
for actuation, just the simple contraction of the material, makes
them highly attractive for actuation where minimum noise
levels are desired. Besides being an actuator they can also
serve as thermal
hermal sensors and super elastic springs. Some
existing applications use them as an actuator and a sensory
device, thus minimizing space and cost for the designer. The
most popular incarnation of shape memory alloys, Ni-Ti,
Ni
is
biocompatible [2]. It is also expected that computational tool
will be used more widely in the design of SMA-based
SMA
actuators. However, the computational method has not yet
been established for the super elastic, large deformation
analysis of SMA helical springs, which are used and expected
exp
as actuator devices [3]. Shape memory alloys present complex
thermo mechanical behaviors related to different physical
processes.
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The most common phenomena presented by this class of
material are the pseudo elasticity, the shape memory effect,
which may be one-way
way (SME) or two
two-way (TWSME), and the
phase transformation due to temperature variation
variation. Besides
these phenomena, there are more complicated effects that have
significant influence over its overall thermomechanical
behavior – for instance: plastic behavior, tension-compression
asymmetry,
plastic-phase
phase
transformation
coupling,
transformation induced plasticity, thermomechanical coupling,
among others. The remarkable properties of SMAs are
attracting much technological interest, motivating different
applications in several fields of sciences and engineering.
Aerospace, biomedical, and robotics are some areas where
SMAs have been applied [4]. SMAs have the capability to
generate large strains associated with phase transformation
induced by stress and/or temperature variations. During the
phase transformation process of a SMA component, large
loadss and/or displacements can be generated in a relatively
short period of time making this component an interesting
mechanical actuator. Basically, SMA presents two possible
phases: martensite and austenite. Martensitic phase may appear
in variants induced byy different kinds of stress fields [5
[5-7].
Several alloys can develop strains associated with phase
transformation but only those that can develop large strains are
of commercial interest, as nickel
nickel-titanium (NiTi) and copper
base alloys (CuZnAl and CuAlNi)
CuAlNi). According to studies, two
steps transformation occurs due to the formation of nickel
nickel-rich
precipitates during heat treatment in the matrix phase (8
(8-9).
The electrothermal driving characteristics of the two
two-way
shape memory effect (TWSME) extension TiNi ssprings, which
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can extend upon heating and contract upon cooling, were
investigated with alternating and direct current (10-14). It was
found that the response time (the time interval between the
start and the end of the spring's shape change) and the
maximum elongation greatly depend on the magnitude of the
electrical current. The response time was large for a small
electrical current and small for a high one. Brinson [15]
formulated one-dimensional constitutive equation for SMA
and applied it to the finite element analysis and others (16-20)
formulated constitutive equations for SMA and some of them
were applied to the finite element analysis of SMA devices.
Brinson’s one-dimensional constitutive modeling for SMA has
been extended to consider the asymmetric tensile and
compressive behavior and the torsional deformation (21). The
incremental finite element analysis program has been
developed by using the layered linear Timoshenko beam
element equipped with the extended Brinson’s constitutive
modeling for SMA. The developed program the calculated
results have corresponded well with the experimental results.
Mechanical properties of Ti-Ni alloys are very interesting for
developing smart actuators manufactured from these nonconventional materials. In many technological applications
these actuators need to generate force and to avoid the
degradation of the shape memory effect caused by the
martensitic stabilization processes (22-24). Several shapes
might be used to obtain smart sensors/actuators, however
helical spring shapes are more interesting.
During this wire drawing process are introduced a large
concentration of linear crystalline defects. This large
concentration of defects acts as an obstacle the occurrence of
phase transformation through blocking of all variants of
martensite (25-28). According to studies, two steps
transformation occurs due to the formation of nickel-rich
precipitates during heat treatment in the matrix phase (29-30).
SMAs have the capability to generate large strains associated
with phase transformation induced by stress and/or
temperature variations during the phase transformation process
of a SMA component, large loads and/or displacements can be
generated in a relatively short period of time making this
component an interesting mechanical actuator. In mechanical
actuator, as in the thermomechanical cycles, SMA spring is
heated by Joule effect as a consequence of electric current flow
through the wire. This pushes the SMA spring and recovers the
starting condition in the martensitic phase for the successive
activation. The design of mechanical actuator using helical
SMA spring is described in this work. Based on literature
survey it was found that practical application of Ni-Ti SMA
actuator is limited in mechanical components. The present
work is to design shape memory alloy intelligent helical spring
actuator for its applications in mechanical engineering.
Material and Design of one-way shape memory alloy helical
spring

the SMA is limited to NiTi alloys that have a near-equiatomic
composition. Flexinol wire of (0.3- 1.0) mm diameter is
available. When a sand shape-memory alloy is in its cold state
(below As), the metal can be bent or stretched and will hold
those shapes until heated above the transition temperature.
Upon heating, the shape changes to its original. When the
metal cools again it will remain in the hot shape, until
deformed again.
Design spring parameters
Shape memory springs offer an increased amount of stroke at
the expense of a reduced actuation force. The increased
stresses that develop in the wire when setting this form can
also potentially reduce its life considerable. The methodology
to calculate shape memory spring also follows Waram’s [31]
procedure as outlined below:
A compression shape memory alloy spring will behave as
shown in Figure 1, where at low temperature the spring will be
compressed and when heated will extend with a pushing
actuation.

Figure 1 SMA compression spring

The expression for shear stress in a spring is described as:
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The value F represents the axial load applied, D is the average
diameter of the spring, d represents the wire diameter, K the
correction factor applied, and C is known as the spring index:
=
…..(2)
The K value, also known as Wahl correction factor, corrects
this shear stress to account for transverse and torsional shear
stresses present in a spring:
.

.
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Juvinall and Marshek [32] recommend the use of equation 16
for fatigue loading whereas equation 3, is often used for static
loading only:
.
=1+
…..(4)
Wire diameters for the actuator for acceptable values of C
ranging from 3 to 12:
=

. . .
.

…..(5)

MATERIAL
Shape Memory Alloys (SMA) are a special type of materials
which have a property that enables them to return to a preestablished shape when their temperature is increased from a
lower initial condition .One of the commercial materials most
frequently used to produce SMA is a metallic alloy composed
of nickel and titanium (NiTi) or nitinol, which is that used in
this study. The relation in the composition of this alloy is
around 50% (Ni) − 50% ( Ti), signifying that the behavior of

There are two factors that relate to the value of C in the design
specifications: the cycle rate and the envelope volume of the
actuator. Since the cycle rate is a function of the wire diameter,
a value of C can be selected to accommodate a desired cycle
rate. Shape memory alloy manufacturers usually provide
actuation timetables for different wire diameters.
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RESULTS AND DISCUSSION
Shape memory alloy helical spring is temperature and pressure
sensitive. This can be used for design of mechanical actuator.
In the following steps, the framework of an intelligent SMA
spring actuator can be designed
a.

b.
c.
d.
e.

Calculate various designed parameters: diameter of
spring wire, coil diameter of spring, length of spring
for the selected SMA material and for designed load
using design equations.
Proceed for annealing of the spring to get hardened
spring of desired length.
Set compression expansion length of the spring
through experimental testing.
Apply on actual actuation application and see the
error, if any.
In case of error the spring parameters to be modified
and again repeat the procedure.

CONCLUSIONS

11.

12.

13.

14.

15.

It is found that there is limited application of SMA in
mechanical engineering. Various applications of helical spring
SMA wire is reviewed. Materials and design process has been
worked out. In this review paper, a framework of intelligent
helical spring using SMA wire was framed for an actuator. The
study is useful in design of actuator for automation.

16.

References
Large Force Shape memory Alloy Linear Actuator by
josé r. Santiago anadón
2. Savi, M.A., Paiva, A., Baêta-Neves, A.P. & Pacheco,
P.M.C.L., Phenomenological modeling and numerical
simulation of shape memory alloys: A thermo-plasticphase transformation coupled model. Journal of
Intelligent Material Systems and Structures, 13(5), pp.
261-273, 2002.
3. Rogers, C.A., Intelligent materials. Scientific American,
pp. 122-127, 1995.
4. Birman, V., Review of mechanics of shape memory
alloys structures. Applied Mechanics Rev, 50(11), pp.
629-645, 1997.
5. Pacheco, P.M.C.L. & Savi, M.A., A non-explosive
release device for aerospace applications using shape
memory alloys. Proceedings of XIV the Brazilian
Congress of Mechanical Engineering (COBEM 97 ABCM), Bauru, Brazil, 1997.
6. Pacheco, P.M.C.L. & Savi, M.A., Modeling a shape
memory release device for aerospace applications.
Revista de Engenharia e CiênciasAplicadas, UNESP,
2000.
7. Van Humbeeck, J., Non-medical applications of shape
memory alloys. Materials Science and Engineering A,
273-275, pp. 134-148, 1999.
8. Gurgel JA, Kerr S, Powers JM, LeCrone V. Forcedeflection properties of superelastic nickel-titanium
archwires. Am J Orthod Dentofacial Orthop. 2001 Oct;
120(4):378-82.
9. Bradley TG, Brantley WA, Culbertson BM. Differential
scanning calorimetry (DSC) analyses of superelastic
and nonsuperelastic nickel-titanium orthodontic wires.
Am J Orthod Dentofacial Orthop. 1996 Jun;109(6):58997
10. R. Lahoz, J.A. Puértolas, Training and two-way shape
1.

9210

17.

18.

19.

20.

21.

22.

23.

24.

25.

memory in NiTi alloys: influence on thermal
parameters, Journal of Alloys and Compounds 381
(2004) 130–136.
Z.G. Wang, X.T. Zu, X.D. Feng, S. Zhu, J.W. Bao,
L.M. Wang, Characteristics of two-way shape memory
TiNi springs driven by electrical current, Materials and
Design 25 (2004) 699–703.
H.C. Kim, Y.I. Yoo, J.J. Lee, Development of a NiTi
actuator using a two-way shape memory effect induced
by compressive loading cycles, Sensor and Actuators A:
Physical 148 (2008) 437–442.
X.M. Zhang, J. Fernandez, J.M. Guilemany, Role of
external applied stress on the two-way shape memory
effect, Materials Science and Engineering A 438–440
(2006) 431–435.
X.M. Zhang, J. Fernandez, J.M. Guilemany, Role of
external applied stress on the two-way shape memory
effect, Materials Science and Engineering A 438–440
(2006) 431–435.
Brinson LC, Lammering R. Finite element analysis of
the behavior of shape memory alloys and their
applications. Int J Solids Struct 1993;30(23):3261–80.
Kawai M, Ogawa H, Baburaj V, Koga T. A
phenomeno-logical multiaxial constitutive model for
shape memory alloys and its application (Part 1: report,
comparison between multiaxial formulations and an
extension to TiNi-SMA model). Tans Jpn Soc Mech
Eng (A) 1997;63(615): 3751–8 [in Japanese].
Trochu F, Qian YY. Nonlinear finite element simulation
of superelastic shape memory alloy parts. Comput
Struct 1997;62(5):799–810.
Auricchio F, Taylor RL. Shape memory alloy: modeling
and numerical simulations of the finite-strain
superelastic behavior. Comput Methods Appl Mech Eng
1997;143:175– 94.
Keefe AC, Carman GP, Jardine AP. Torsional behavior
of shape memory alloys. In: SPIE Conference on Smart
Materials Technologies; 1998. p. 58–67.
Auricchio F, Taylor RL. Shape memory alloy: modeling
and numerical simulations of the finite-strain
superelastic behavior. Comput Methods Appl Mech Eng
1997;143:175– 94.
Yutaka Toi a,*, Jong-Bin Lee a, Minoru Taya b Finite
element analysis of superelastic, large deformation
behavior of shape memory alloy helical springs,
Computers and Structures 82 (2004) 1685–1693
Maeda S, Abe K, Yamamoto K, Tohyama O and Ito H.
Active endoscope with SMA (shape memory alloy) coil
springs. In: Proceeding of the 96th Micro Electro
Mechanical Systems; 1996; San Diego, CA. San Diego:
IEEE; 1996. p. 290-295.
Machado LG and Savi MA. Medical applications of
shape memory alloys. Brazilian Journal of Medical and
Biological
Research.
2003;
36(6):683691. http://dx.doi.org/10.1590/S0100879X2003000600001. PMid:12792695. [ Links ]
Araújo CJ and Gonzalez CH. Thermal alarm using a
shape memory alloy helical spring. Proceeding of the
16th Brazilian Congress of Mechanical Engineering;
2001; Uberlândia, Brazil. 2001, p. 157:163. [ Links ]
Oliveira CAN, Gonzalez CH, Araújo CJ, Rocha JOS,
Urtiga Filho SL and Quadros NF. Thermoelastic
characterization of Cu-Zn-Al shape memory Alloy

International Journal of Current Advanced Research Vol 7, Issue 1(G), pp 9208-9211, January 2018
spring actuators. Proceedings of the 19th International
Congress of Mechanical Engineering; 2007; Brasília,
Brazil. 2007. p. 17:14. [ Links ]
26. Oliveira CAN, Gonzalez CH, de Araujo CJ, Araujo OO,
Urtiga SL. Thermoelastic properties on Cu-Zn-Al shape
memory springs. Materials Research. 2011; 13(2):219223. [ Links ]
27. Gonzalez CH, Oliveira CAN, Pina EAC, Urtiga SL,
Araujo OO, Araujo CJ. Heat treatments and
thermomechanical cycling influences on the R-Phase in
Ti-Ni shape memory alloys. Materials Research. 2010;
13(3):325-331. [ Links ]

28. Shindo D, Murakami Y and Ohba T. Understanding
precursor phenomena for the R-phase transformation in
Ti-Ni-based alloys. MRS Bulletin. 2002; 27(2):121127. http://dx.doi.org/10.1557/mrs2002.48. [ Links ]
29. Somsen C, Zahres H, Kastner J, Wassermann EF,
Kakeshita T and Saburi T. Influence of thermal
annealing on the martensitic transitions in Ni-Ti shape
memory alloys. Materials Science and Engineering
Structures. 1999; 273-275:310-314. [ Links ]
30. Miyazaki S, Wayman CM. The shape memory
mechanism associated with R-Phase transition in Ti-Ni
Single-crystals. Acta Metallurgica. 1985; 36(1):181192. [ Links ]
31. T. Waram, “Design Principles for Ni-Ti Actuators,”
Engineering Aspects of ShapeMemory Alloys,
Butterworth-Heinemann Publishers, London, 1990, pp.
234-244.
32. R.C. Juvinall, and K.M. Marshek, 2nd Edition,
Fundamentals of Machine ComponentDesign, John
Wiley and Sons, Inc., NY, 1991, p.427-452.

How to cite this article:
Prince Deshwal and M.L.Aggarwal (2018) 'Design and Manufacturing of A Shape Memory Alloy Helical Spring Actuator: A
Review', International Journal of Current Advanced Research, 07(1), pp. 9208-9211.
DOI: http://dx.doi.org/10.24327/ijcar.2018.9211.1512

*******

9211

