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Study on L-Shaped Energy Harvester Using Magnetostrictive Material
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We investigate a L-shaped vibrational energy harvesting device using magnetostrictive material (Galfenol) for
high output generation and efficiency. Galfenol is ductile magnetostrictive material with large inverse
magnetostrictive effect. The device features higher output and efficiency compared with our conventional type. The
device is a pair of L-shaped parallel beams consisting of Galfenol plate wound coil and stainless yoke and bias magnet.
When a bending force is applied at the tip of the beam, bending moment is exerted on the Galfenol plate which yields
uniform axial stress inside plate. Due to the inverse magnetostrictive effect, this stress causes flux change which time
variation generates voltage on the wound coils. Prototype was verified maximum instantaneous power of 11.4W and
maximum power of 0.1 J at a free vibration of frequency of 60 Hz. The output energy was increased from 20 to 30%
compared with conventional type. The energy conversion efficiency more than 30 % was observed.
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Fig.2 Principle of energy harvesting (top: forces applied
to Galfenol plates by bending force, bottom: electric energy
generation by vibration).
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Fig. 3 Configuration of linear frame type.
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Fig. 7 Measurement setup of stress distribution using
strain gauge.
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Fig. 8 Stress distribution.
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Fig. 9 Measurement setup of magnetic flux density
distribution using pick-up coil.
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Fig. 10 Relationship between stress and magnetic flux
density of linear frame type.
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Fig. 11 Relationship between stress and magnetic flux

density of L-shaped frame type.

VI H A AL DORE ZAT > 72, BIER%Z Fig. 9 1R
T, JTRERERIEIC KV RTER RIS AN A 52, IS T)
\C L ABRBIER{bE 5 X — DYy I T v 7 aA )L
&%, DC7 7 (6L01, NEC %) THiME L7-7%54
EEZFEDT 52 LK VEHAIL 72, BEERTIINE

(129)

WOFEELOE EEAA 5 0, 20, 40, 60, 80 mm D
METHD, I 3.1 ERRICOT RS —T &2 v
T, TNENONLE TOFHER S & U THRIE LT, Fig.
10 [ZEHRIR 7 L— 24, Fig. 111X L 77 L— A ORIER
RThHD, EIRT L— AT W TR RS
FOWYEAE 3 MPa TOfE X130, 80 mm TiX 0.7 T,
0.03 x 10 T/Pa, 20, 60 mm T(Z0.85 T, 0.04 x 10 T/Pa,
Mmm?mlrrowxm*whk$%%#6%%z
IFERAD LTz, ZIUIREEROSSTHIRY &
%mﬁﬂﬁﬁ;iW%#é_&#ﬁlf%ék%z%
N5, = TLFT L—L08E, #IFHE+ 10 MPa
OGP T X 1T TEL< 0.06 x 10° T/Pa TH 72,
KN)AFLE 1 HOd E—ELE LR TLHE, i
TS TIDOZBAERNETONE TR U THDH Z & BT
%o ZAUL Fig. 8 DISTIHMOFERTHEMT b D,
WEHEE FE DA I RE T 1.4 TR, ST 11T
BETHY, #20 MPa TRIFIIZE L7z, 8D U A
BEORFRHREE T 1.5 TRET, 2FBERE
mfk%&@%ﬁﬁwmﬁﬁ6hé’&ﬁbﬁé jtd
BB BT DGR ORI ] L3 A9
é Lt@oTL%7V—ATi§ﬁ%7V—Akm
EREARTREQREBNNEONDI LD LEEZD
né TRF/NA T AT EIFIREH I FE D530 075 T 3
YE L<, WIEDIEHTTOEENFE TS5, £
CTOZEAUIEE, SR TEX0S T, JEMCTHFE 07 T
T, "M TRAIBBLEHEETHLN, MEICL-ST
BRI DI S D& N H 5, ZAUTIRIREEHR
WCE DAL TR TFOERHDINETH D, MFD
AR S, AEO/SA 7 21320, 80 mm 1LY T,
40, 60 mm TlF/hE<, 0mm TIERE,
3.3 AHRENC L D3AEOWIE
FANFILONREMRGET D T2 DI T /A ADFEE
FptE a2 B IR CRIE Lz, ATEhT-Jeil 88 m(kg)
ZHRTHD LYK 5 2 & TF 3 AZHHIES) 2%
A, ZOWRORAEETE, BHOMEEIT>T, #
T%ﬁgu:ﬁﬁ‘T%%%%mﬁﬁ L— 2L
# (LK-G35H, KEYENCE ), IIFEEH AL
kmé%@_kw%#ﬁmﬂmgwﬁ%®~ £, it
TRME L7z, EIRITER Y 2 —7 (TM502A, Tektronix
) (S CHERR L7, Fig. 1312 L 77 L—ADA[EIF-58
”_HMLtﬁﬂw@#zwmmsngkéwéf
EI, BN ORI E % RT, VXN RE - T
iL,%%mk%ﬁkaﬂAW,mﬁizw%~

225



HAS AEM #5556 Vol. 21, No.2 (2013)
0.3 30
Oscilloscope < . S
Laser displacement 0.25 25 =
3 b sensor ______L Vibration =5 g
_____ ; == ! T 02 20 -2
Current e T g & 2
L-i‘)i’lﬂl}'{tﬂ Linear rrame ::. E 0.15 15
probe K Frame Type G__o Type GO 4 g
| " Cut 3 ZZ 01 10 2
v Weight m =3 £
0.05 5 E‘
F=mg z
0 50 100 150 200 N
0 5 1015 20 kef
Fig. 12 Measurement setup of free vibration. Korce (00, Welght 7 (k)
Fig. 15 Relationship between force and input energy,
7 30 03 output energy and energy conversion efficiency of
g Voltage ’ linear frame type.
=20 0.2
X Displasement
= 10 0.1 = .
: i/ 3 0.4 e
£ 0 0 E =
g £ & z
Z-10 013 3= s
8.9 ! 0.2 wk 5
= Current £z £
g-30 0.3 = 2 Z
£ 22 z
c 40 -0.4 = 3 E
-~ 0 0.05 0.1 0.15 0.2 o o
Time(s) &
g
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Fig. 16 Relationship between force and input energy,
output energy and energy conversion efficiency of
L-shaped frame type.
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