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Optimization of energy harvesting from vibration of beam coupled with
magnetic shape memory alloys
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In recent years, energy harvesting from ambient sources for use in low-powered electronics has been
Received 19 September 2016 considered by many researchers. Wind energy, solar energy, water energy, mechanical energy from
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¢ ) vibrations, etc are common sources of ambient energy. In this paper, optimization of energy harvesting
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from ambient vibration using magnetic shape memory alloy is presented. To this end, a clamped-
clamped beam coupled with MSMA units is considered. A shock load is applied to a proof mass which

Keywords: . . . . . .. .
Mggv:;:i; shape memory alloy is attached to the middle of the beam. As a result of beam vibration a longitudinal strain is produced in
Energy harvesting the MSMA. This strain changes magnetic flux inside the coil connected to MSMA and as a result, an
Optimization AC voltage is induced in the coil. To have a reversible strain in MSMA, a bias magnetic field is applied
Beam coupled with MSMA

in the transverse direction of MSMA units. The Euler-Bernoulli model with von Karman theory and a
thermodynamics-based constitutive model are used to predict the non-linear strain and magnetic
response .Finally, Faraday's law of induction is used to predict the output voltage. After obtaining the
governing equations, a design optimization is performed to find the optimal shape and configuration of
the energy harvester together with the effects of proof mass and bias field.
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Table 2 Material properties and calibration data [12]

ool e
S, (Pa’l) 5.291x10™"
S,(Pa™l) 5.291x10™"
D, 0.04
D, 0.48
£r,max (%) 6412
M5t (Am™1) 572490
/@D (MPa) 33
¢°1? (MPa) -1.0
/12 (MPa) 0.0

Uy (Hm™1) 4nx107

wbhinolw5&zn‘aﬁ‘JMoLg\3 JS'\’.

Table 3 Geometrical dimensions, proof mass and bias magnetic field

eI )LLBA oI )!m
L,(m) 0.1200 W, (m) 0.0200
L,,(m) 0.0250 Wy (M) 0.0025
hy(m) 0.0030 M, (kg) 0.0050
h,,(m) 0.0010 H(tesla) 0.7500
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Table 4 RMS voltage versus number of elements in each MSMA unit

ST o 50 o Coond dlaws

12 10 7 4 1
2.72 274 278 2.96 4.75
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Fig. 8 Variation of RMS voltage versus thickness of MSMA for
different thickness of beam
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Table 5 Design variables and their boundaries

sl oansles Tl o RVIee
Lg(m) X, 0.0600 0.1500
Ly (m) X, 0.0050 0.0300
hs(m) X3 0.0010 0.0100
Ry (m) X, 0.0010 0.0030
wg(m) Xs 0.0010 0.0100
Wy, (m) Xe 0.0030 0.0300
M,(kg) X, 0.0005 0.0100
H(tesla) Xg 0.6000 0.9000

" upper bound
? lower bound
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Fig. 10 Variation of RMS voltage versus width of beam for different
width of MSMA
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Fig. 11 Variation of RMS voltage versus width of MSMA for different
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Table 6 Optimization results with one element

e )L.\.S.n e )L.U'La
Ly(m) 0.0622 w,(m) 0.0254
Ly (m) 0.0291 Wy () 0.0025
hy(m) 0.0081 M, (kg) 0.0083
h,,(m) 0.0011 H(tesla) 0.6404

s 03 b (53ltingy @l T Jgu

Table 7 Optimization results with ten element

L,(m) 0.0976 W, (m) 0.0235
L,,(m) 0.0283 Wy (M) 0.0069
hy(m) 0.0083 M, (kg) 0.0015
hy, (m) 0.0029 H(tesla) 0.07805
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Table 8 Check output constraints in optimizations

> S e shee RMS g
(o) (H)  ms s 9 as
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8.003¢e-8 1316.7 0.0121 0.0478  30.702 1
5.663e-7  1064.7 0.0129 0.0471  30.430 10
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