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Abstract:

Magnetic field induced strain materials are traditionally represented by Giant Magnetostrictive
Materials (GMM), for instance, Th-Dy-Fe alloys offering magnetostrain of 0.1-0.2%. This group
of smart materials has been extended for a few years by cryogenic magnetostrictive materials,
forinstance, Td-Dy and (Tb1-xDyx) Zn offering magnetostrain of 0.2- 1%. Much more as of late,
it has been finished by new Magnetic Shape Memory Materials (MSM, for instance, Ni-Mn- Ga
offering magnetostrain of 2-6%. These materials have led to very different large stroke and
large power actuators. A portion of these actuators meet the requirements of utilizations in
various fields, for instance, space or machine devices. The magnetic circuit analysis is a logical
strategy for processing the magnetic field inside the GMM rod. The reluctance of certain
magnetic area relies upon the material type filled in the area and its geometrical measurements.
The object of this paper is to survey the current circumstance and technological advances in the
field of attractive induced strain materials, actuators, modelling and applications, including
business perspectives. Research and development in the field of magnetic field induced strain
materials is lively and productive, considering Tb-Dy-Fe alloys, cryogenic GMM and new MSM.
These materials have led to a wide range of large stroke furthermore, large force actuators.

KEY WORDS: Actuators, Magnetostrictive Materials (GMM), Magnetostrain, induced strain
materials

Modelling of Actuators Based on Giant Magnetostrictive Materials: a Review

140



Fane-Fane Int'l Multidisciplinary Journal, Vol. 5, NO.1, July, 2020

Introduction

Magnetic field induced strain materials are
traditionally resented by Giant
Magnetostrictive Materials (GMM, such as,
Rare earth-iron. These materials highlight
magnetostrains which are two requests of
size bigger than Nickel[1].Among them, mass
Tb0.3Dy0.7Fe1.9, called Terfenol-D, is
commercially accessible since 1987 and
presents the best trade-off between an
expansive magnetostrain and a low magnetic
field, at room temperature. Positive
magnetostrains of 1000 to 2000 ppm (0.1-
0.2%) got with fields of 50 to 200 kA/m are
accounted for mass materials[1]. opening the
likelihood of building high power transducers
and actuators. These outcomes have
restored the enthusiasm for magnetostriction
and have been pursued for a long time by
numerous advances in the fields of GMMs
and their applications. For instance,
cryogenic magnetostrictive materials, for
example, Td-Dy offering magnetostrain of
nearly 1% have showed up in 19892] and
open a field of advancement for magnetic
field induced strain materials. All the more as
of late, this group of smartmaterials has been
extend with Magnetic Shape Memory
Materials (MSM, for example, NiMnGa
composites offering a magnetostrain of up to
6%[2].

In mid-1980, the material at first experienced
its poor repeatability in magneto-mechanical
attributes, high production cost, and unclear
operational conditions all of which prevented
useful and helpful applications from being
developed. Be that as it may, because of
fabrication enhancements in material
strategies just as in material stability
throughout the most recent fifteen years,
there can be seen numerous interesting
applications, for example, actuators,
sensors, motors, robots, etd2].The objective
of this paper is to review the GMM last
progresses, from the perspective of the
actuator actuators. Consequently, MSM are
too considered regardless of whether they

are not carefully magnetostrictive. This paper
additionally review the present circumstance
and the most recent years of advancement in
wording of actuators dependent on magnetic
field induced strain materials, demonstrating
aspect, applications, and commercial
considerationg[1]

Giant Magnetostrictive Actuator (GMA) is
another sort of exact actuator dependent on
GMM, with quick response, substantial
output force, strong load ability, huge output
relocation run, and higher resolutions.
Consequently it is useful in ultra-precision
positioning, water powered servo valve, fast
On/Off valve, ultra-accuracy machining,
dynamic vibration control system and smart
structure(3].

Magnetostrictive Material Use for
Actuator

From the business perspective, there are
three available sources of Tb-Dy-Fe GMM:
Etrema Items, Inc. (US) established in 1988
produces rods with measurements changing
from 2 to 68mm in diameter furthermore, from
6 to 250mm long, just as plates and
powderf1].The US Navy has supported its
advancement for low frequency sonar
transducers. For instance, Etrema is the
GMM supplier for hybrid transducers of the
Surface Tactical Array Replacement (STAR)
Ship Sonar.

Gansu Tianxing Rare Earth Functional
Material Co, Ltd (China) [9] established in
1998 produces bars with measurements
shifting from 5 to 50mm in width and up to
200mm long. Magnetostriction bends of
GMM from this new companies are fairly like
those of Etrema. MateriTek Co. Ltd (China) is
a third companies delivering Tb-Dy-Fe GMM.
Both these companies exploit the wealthy
resources of uncommon earth of
Ching[1].TbDyFe is an uncommon earth—
iron magnetostrictive alloy, having 'giant'
magnetostrains, better magneto-mechanical
coupling factor, high energy density and
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quick response. It is named Terfenol-D
financially, giving a more prominent strain
than other normal transducer materials, for
example, piezoceramics or nickel alloys.
This implies actuators driven by Terfenol-D
have greater displacement and more force
[4].

These materials give incredible temperature
steadiness. the built up a system where a
blend of three distinctive pounded ingot is
mixed, packed and moulded within the sight
of the magnetic field. The shaped material is
then sintered which causes diffusion of the

elements resulting about a polycrystalline
magnetostrictive material. The subsequent
material has magnetostriction due to exist
orientation, suitable crystalline magnetic
anisotropy and great response to magnetic
field5]. A giant magnetostrictive actuator
(GMA) made of giant magnetostrictive
material (GMM) to apply an magnetic field to
strain it by utilizing its magnetostrictive
impact and to produce output power or
displacement utilizing its longitudinal
deformation, with large strain, high
accuracy, quick response, high realizability,

etc—{6].

Figure 1: magnetostrain curve of Tb-Dy-Fe. From[1]

Although over 20 years of age, Terfenol-D is
as yet a subject of R&D works, interesting
especially for making high-power low-
frequency transducers and low-voltage large-
force power actuators. T. Nakamura has
embraced the characterisation of a double-
ended pre-stressed on vibrator involving a
Terfenol-D rod. Such a test unit and its
utilization are very like those officially
portrayed. It permits discovering in situ piezo
magnetic 'constants' of one-sided pre-
stressed on AC-excited Terfenol-
D—{6].Design a three-link arm type semi
active vibration control device by Terfenol-D,

which can reduce vibration because of
earthquake and strong wind generation[7].
The rod is magnetically biased by permanent
magnet and prestressed by parallel bolts. Itis
encompassed by a solenoid coil for AC
magnetic excitation (and included DC
attractive predisposition). magnetic T-shaped
end pieces are utilized for decreasing
reluctance of the magnetic return way, as per
the open magnetic circuit conceptdesigned a
three-link arm type semiactive vibration
control device by Terfenol-D, which can
reduce vibration because of quake and
strong wind generation[7].
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Nakamura utilizes it to build up the patterns of
proportional circuit constants, for example,
firmness, internal resistance, also, constrain
factor in light of the expansion in prestress for
improving the output. Besides, considering
the linearity to the input level, the need of
examine at the ideal pre-stress area,
notwithstanding the straightforward increase
in pre-stress[7]. Due to the unique
requirement of definite equipment and high
capacity applications, control actuators
should to be simple, reliable and have a large
displacement of motion. We have built up a
promising actuator utilizing our custom-made
Tb-Dy-Fe goliath magnetostrictive rod.
Single-DOF and six-DOF real time were
performed and accomplished better
attenuation results[7].

Giant Magnetostrictive Actuator presents a
complementary work on the power ability of
Terfenol-D. It demonstrates that, with similar
conditions, the blocked power is 12% higher
at 100Hz than at 1Hz, and that a square wave
of a sine additionally improves the blocked
power. It exhibits that it is of essential
significance to describe Terfenol-D in its
states of utilization.

Magnetostrictive alloys are fascinating for
helium valves or positioning applications in
space instruments, for example, the Next
Generation Space Telescope (on the grounds
that diminished warm commotion is
exceptionally wanted for improving the
instrument goals). These materials seem
much better than piezo earthenware
production at these temperatures and create
extraordinary works for characterisation and
improved creation[8].

Magnetostrictive composite materials have
been started for high frequency ultrasonic
applications. These materials are made of
Terfenol-D particles connected together with
a polymer system. As this system gives an
electricinsulation between particles, the eddy
current flows that are in charge of losses

cannot create and the operation frequency
can be as high as 100 kHZ1].

Other Different kinds of magnetostrictive
composite materials are likewise researched.
They consolidate Terfenol-D layers with
latent damping layers for the control of
vibrations in structures. Also,
magnetostrictive materials than Rare Earth
Iron combinations may likewise get some
consideration. For instance, Fe1-xGax
combinations. [2] rather large
magnetostriction coefficient

d33 = 10- 20nm/A and high relative
permeability values of 40-100, while being
able to support large stresses. Such
materials might be useful in parts of active
trusses.

Another material off-stoichiometric piece, for
example, a Ni48Mn31Ga21 advances the
reversible magnetostrain which achieves
over 5% at room temperature. In MSM, that
have two stages, a martensite at low
temperature and an austenite at high
temperature, the magnetostrain is expected
to magnetically determine twinned limit
movement actuating a martensitic variation
redistribution. This is very not the same as
magnetostrictives, where the magnetostrain
is because of a coupling between magnetic
turn, electric orbital and cross section,
inferring a revolution of polarization
(magnetization).[2] Several other
characterisationswork associated with
physical models where found.

A mixture of three distinctive pulverized ingot
is mixed, packed and formed in the magnetic
field. Three diverse composite materials are
balanced as follows;
Alloy 1: Tb0.4 Dy0.6 Fe1.95 + R203 +
R2C
Alloy 2: Dy2 (Fe0.2 C00.5) + R203 + R2C
Raw material: Fe + Fe203
where, R =Dy, Tb, T = Co, Fe.[9]

GMM experiences distinctive transductions
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depending on applications some of which
are listed below:

l. Joule Effect: Magnetostriction of GMM is
relative to the greatness of a magnetic field to
which GMM s oppressed

ii. Villari Effect: For GMM under magnetic
inclination, variety in the inside strain of the
GMM causes a relative difference in
magnetic transition thickness, which thusly
yields an instigated voltage output to the coil
encompassing the GMM

iii. Change Effect: Young's Modulus
proportionally changes with the attractive
field and the acoustic speed likewise
demonstrates a relative change to it.

iv. Wiedemann Effect Electric flow sustained
to a coil which is sent around pipe-formed
GMM with the end goal that the coil shapes a
circle between within also, the outside of the
GMM pipe prompts a shut magnetic field

along the boundary of GMM, which causes a
longitudinal constriction to the material for
the instance of homogeneous compositions.
On the off chance that a longitudinal
magnetic field is superimposed by another
loop set in parallel to the material, the charge
alters its course to winding. This
consolidated magnetic field results in a
torsional displacement of GMM (too known

as Wertheim Effect).

v. Inverse Wiedemann Effect: With a similar
coil sending as the one depicted in
Wiedemann Impact, sinusoidal alternating
current fed to the last coil for a longitudinal
magnetic field causes a sinusoidal variety in
magnetization between the two-winding
bends of opposite signs. This outcomes in
forward and backward contorting movement
of GMM. Conversely, giving GMM a contort
in a coercive manner yields an initiated
current to the surrounding coil which is called

Inverse Wiedemann Effec{9]2]
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Figure 3: Magnetomechanical coupling in GMM[2].
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Table 1 Comparison between GMM and other materials[2].

Tb0.3DY0.7Fe1.9 PZT Nickel
1 Density (Kg/m3) 9250 7490 9500
2 Young's modulus (Gpa) 25-35 75 225
3 Electric resistance (uQcm) ) 6.6
4  Saturation strain (PPM) 1500 — 2000 100 -40
5 Stress Output (Mpa) 636 1
6 Energy density (J/M3) 14000 — 25000 30
7  Coupling coefficient 0.7-0.75 059 0.3
8 Relative Permeability (emu) 3-10 i 60
9  Curies Temperature (-C) 380 180 i
10 Cost (yen/gram) 5 B

Design and Modelling of Magnetostrictive
Material

Modelling is a valuable advance for utilizing
efficiently the active material in applications.
This is particularly valid in case of Tb-Dy-Fe
GMMs in light of the fact that they are or
maybe costly and require extraordinary
consideration: they are subject to magnetic
leakage flux and different sorts of losses.
They possess low tractable and transverse
qualities. The structures where they are
actualized might be complex, (for example,
flex tensional structures). As GMMs are
dedicated to higher force or higher power

applications, these issues should be uniquely
examined, especially in active caseg[3]. The
magnetostrictive rod is grain-situated
Tb0.3Dy0.7Fe1.9 compound arranged by the
buoy zone softening strategy

The GMA is predominantly made out of four
sections: the preloading power device, the
heat emanating device, the bias magnetic
field furthermore, the driving attractive field.
The magnetic field in the GMM rod is
produced by excitation coil and bias magnetic
field[1].

#
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Figure 4 Scheme of GMA[1]
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When the excitation current is changed, the
deformation in the GMM pole will happen; in
this way, the output removal and power of the
GMA can be constrained by the current. The
preloading power device is made out of the
plate spring, end spread and output rod,
which can give a specific weight on the GMM
rod. The shut magnetic circuit is shaped by
changeless magnets, end spread, base, box
and GMM bar. The predisposition magnetic
field connected by changeless magnets can
evade the frequency multiplying viably. The
stage change materials, situated between
the drive coil and the GMM bar, are received
not just for the retention of the heat produced
by the curl yet in addition the GMM bar itself,
coming about because of the vortex current
and hysteresis losses. Also, In request to
avert the leakage of phase change materials
subsequent to liquefying, the intersection
surface of the sleeve and the coil skeleton is
fixed1].

Magnetostrictive Types and Applications

Very unique actuators dependent on Tb-Dy-
Fe materials have been developed to cover
different necessities, as shown in the ongoing
works or applications depicted from this

point3].
i. Directactuators, without amplification;

ii. Amplified actuators including a
displacement amplification
mechanism

iii. Motors based on a friction drive
mechanism, for achieving long strokes

Some of the application of magnetostrictive
pump with few moving parts arefor space
applications. It depends on an enhanced
actuator, which employments a hydraulic
powered displacement amplifier.
Magnetostrictive under the name of Pulse-
Turn™ as indicated by this company, it can
turn oval shapes at speeds as high as 6,000
rpm, while holding exactness in the order of a
couple of microns.

Another test methodology for damage
investigation of auxiliary components
dependent on low frequency direct
magnetostrictive actuators and also design
magnetostrictive actuated control folds for
vibration decrease in helicopters.

GMM actuators were started in the setting of
US naval force requirements for low
frequency projectors. They presently get a
strong help from NASA for space
applications, for valves and for the NGST,
through four advancement projects

Advantages of Giant magnetostrictive
actuator{2].

a. Large magnetostriction

b. Choice of positive or negative
magnetostriction controllable by
material compositions
High Curie temperature
Very low susceptibility to fatigue failure
Non-contact drive via magnetic field
Low voltage drive (due to low
impedance)
Outstanding energy density
. Small hysteresis
Fastresponse
Controllable temperature
characteristics
k. High elasticity, high stiffness
|. Large coupling coefficient

~0 oo

— - :-‘..Q

Disadvantages magnetostrictive
actuator{2]
a. Necessity of a driving mechanism to
supply magnetic field
b. Joule heat generated by driving coll

¢ Eddycurrentloss under high
frequency driving range

d. Poor corrosion resistance

e. High price
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The Magnetic circuitry for the
magnetostrictive actuator

For the Giant magnetostrictive actuator
system, Maxwell's equations are utilized to
solve the appropriation of the magnetic field
energized by the winding. The solving
variables are set as the vector magnetic
potential (Ax, Ay, Az) in the magnetic
field—{6].

The magnetic circuit analysis is a logical
strategy for processing the magnetic field
inside the GMM rod. The reluctance of certain
magnetic area relies upon the material type
filed in the area and its geometrical
measurements. The actuator can be
partitioned into seven computing magnetic
zones as per the material types and
dimensiong[10].

A coil in a proper ferromagnetic housing is
characterized as source of the magnetic field.
The picked diameter across of the Terfenol-D
shaftis 8mm and the length is around 68 mm.
This choice has been founded on the results
of the parametric calculations. The magnetic
field is results of electric power current, flow |
[Amp] and voltage U [V], through the actuator
coil. The coil is twisted around the Terfenol-D
shaft and the magnetic field is in this manner
parallel to the axis of the rod, design of the
actuator. Since not just the curl is associated
with the magnetic circuit other ferromagnetic
parts like housing, Terfenol-D[11].

Conclusion

Research and development in the field of
magnetic field induced strain materials is
lively and productive, considering Tb-Dy-Fe
alloys, cryogenic GMM and new MSM. These
materials have led to a wide range of large
stroke furthermore, large force actuators. A
portion of these actuators meet the
requirement of uses in various fields, for
example, space or machine tools.
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