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Research on Stress-induced Phase Transformation of Superelastic Alloys
for Vibration Power Generation Applications
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Supervisor: Kazushi ISHIYAMA

As a novel method of vibration power generation, we propose a method that utilizes the magnetic change
associated with the stress-induced phase transformation of a superelastic alloy. In the measurement of the magnetic
properties of the alloy, it was confirmed that the magnetic flux density decreased by applying a stress of about 450
MPa and returned to the original state by unloading. In the microstructure observation, the phase change between
the parent phase and the martensite phase was confirmed by applying a stress of about 450 MPa. Furthermore, it
was found that the magnetization change was obtained according to the martensite phase fraction, and the
occurrence of a clear phase transformation was confirmed. A cantilever-type device using a Fe-Mn-Al-Ni alloy as a
beam was vibrated at about 30 Hz, and when the displacement of the tip of the cantilever was about 7 mm or more,
the output associated with the stress-induced phase transformation was obtained. Therefore, the usefulness of the

new vibration power generation method was shown.

1. [XLHIZ

WA 10T T /A ADE LI LN A2 —F ok
\ZORINDTE ) DEINE 2 JLRLTND, LinL, T
INAAZFI LT, AP A TEIWEREE T HE M
TR BB IMAE O FIENFRE L /e > TN D, T D
72 BREEICFIE T DA R X — B K
Yo ZBREE BN VN H S TRY, FRCIEE)
TARNX—ZF AU EITIRTE L E s~
BRI EL THERSN TS 2, IREIFED
FFRITITBEEM B O W R RE2FIH 3250075
ERHHN, MBI AN EFEMEICIRER BB,

T TAMITE IR, RN R EIT R D TET
K& A A AG D/ -7 IR T R B AR R T 5,
2. EHBEMRERZAVIRSREDRE

AW TIXIRBENI RO HFREL T, A4
DISTIFHEMEREE RN T2 FIEEIRET 5, 2y
1, IS TEBIZ D B0 i A s VAL DO Th
%, BBYES GO RO EE TN IX L E OIS
NaEH-2568, VT o AMANHES KSR

WAL T D, ZOIRIED SR D EBARITRD T2 |

TEREIERB I RELRFHR CTHD, £ T, OIS
ZIRENC Lo TV 52 52 ECHREITGHTES
LE 25, Fe-Mn-Al-Ni A4 I RHE RINE, ~ v
T U A MM SRR D THHTZO T REIZ A
AL, ZhEaA /L TRIBETEIUE, B

FIZIZA SO RIRBHMLIS U TENCER TE ST
O IRENIREO AL CEFICHALEEEE 2N
2o
3. AMEMEEEESEOHSEHE
Fe-35Mn-16A1-7.5Ni Bk i &40 & FI7 M2 T
HEhs &N U723 SH1E A iEZ: BH L—7 R —
FEEGEL | BERAHEINEEAT 72, B I 23H]
NS AR B O BN TR I A iR R 2 ENIN4%
b R OREZ I A X B S
RIS D, ZOBENLHAEEZFE L, BH /L—
TET-, K L ICHIELZ BH LV — 7 2R, i

T T T T T T
compressive
stress

<
S
T

i
[N
| —
1

S
[\
T
!

——450MPa
—— 600MPa
—— OMPa (unloading)|
| L 1 i

-lIOO 0 100
Magnetic field (Oe)

Magnetic flux density (T)
(=]
T

o
N
-y

1 Fe-35Mn-16Al1-7.5Ni &40 BH /L —7

© 2022 FALRFBSGBEDZE

S‘E_{



AHAETH

2 Fe-35Mn-16A1-7.5Ni &4 mOEZEAL

MEEIINEEE < VT A NEBERE S 1T D 450
MPa T2 )& TN TIEK) 0.18 T ORE U fE 74
ZA15 77, EH1Z 600 MPa = CHEMEI 2 FHUIMLT=A3,
SEATRIERNEARZIZ A5 o7, Ll BRfifick
VA LDREHREENEE AL FAHO R BIZ RS &
ERERLIZT280 | ZOR s TS ATiB A S RE AN
oAl E WS E 2D,

4. SAHMBEHEESEOKRAFHEE

Fe-35Mn-16A1-7.5Ni Hiffh G422\ Tk J1H]
TN COMBBZE AT -T2, K2IZAER DT
TSRS B A R, (AR THY, 450MPa FLEE
DIEFEIS F12 FIN$ 5 &(0) 0D KA F H i R A HEL
L, v AT A MEZER LTz, ZOMRIE TR
DEC)DINTNT U AMEBE L L TRAHIZE
ST, SBHIZIE OB AR L(d)~OD
JOTHRZE(LL IS Lo THRZE L 2R IR 32
LEMER LT, UL EDOFERLX 1 @ BH V—705,
HEENTZ~ NV T o AMAG RGN T 58 5
ICEoTK 50% D~ LT o ARBFRENT-ZEN
DO, T U AMES RIS T AL 235
STz, &512, SEM-EBSD I E Tl &4 £ mIcHi
T AL S5 — I8 RS bee fTE , ~ LT
AR U SN fee OGS E S, ISR
FAERED LN AL TQNDZ L2 MR LT,

5. ¥RENENINEF D FEREHEEE

BT LN DIET NA A ERLL N
IRERCIEEN 2 5 2 T B D FERE )1 2 34 L 7=,
SIHERL L 72 RET A A% mT, TN ADK
FREOHHE R I 503 10~30 Hz (fHE T, 554 20D
E 589 30 mm OF SICEE LAz I
#9200 Oe ORESZFEIIN L=, £, BHOLY
RECEDaA VHN~DOEEEMERT D720,
B FUNR—DR%E Al & L= PiiEREZIT-> T
M5 Fe-Mn-Al-Ni 54 COARIEREZIT - 712,

A VIRFIE N O 2 A V) B oRd, BRadE
Btk Al & LA Ic AR R E Nl
%} L C Fe-Mn-Al-Ni O5134 30Hz O 4R & 5
HIZB T, EFIcE—27 ZRoaA sl
ATz ZAUTEIHZANL A Tmm(pk-pk) A 1272 5

PN e AT i

VB 1 7

1 L 1 . 1
-50 0 50
Time [ms]

4 LRRE D = A V) O RIERS R

& X VBEICBNS T2 IS IFFEA IR
THEAELZEERE HERITE 5, FERFERENS,
709 mW/ce DIEERAEZ LG 5 Z LN TE, 2
AT A ZDERIN TSy 2B TH 5,
6. F&H
ARBFFETIE, IS REEMRZERRICHE O B b %
FMMT2mBEEOH T AL REL =,
Fe-Mn-Al-Ni §@&%& 3L Lich v F LA—HF N
A AR E & FIINT 5 & RIS T35 AR ZE
REICHE S AR B, INT S A 2 2 BRE) S
DDIFS IR A WiAte Z LR CTE T, Lk
L0 BB ORVREVERICADO TR L, £D
ARMEE R LTz, 4k, REMORIICHADE
EOIRER ET NA ADEEEITZIE, S5
FER DA REMEN RDMTHIfF TE 5,
pa
1) K. Takeuchi, J. Surf. Finish. Soc. Jpn., 67, 334
(2016).
2) 1. Kanno, J. Surf. Finish. Soc. Jpn., 67, 348
(2016).
3) T. Omori and R. Kainuma, Materia Japan., 54, 398
(2015).

(July  2022) —59—





