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Fig. 1. Vector diagram of the magnetic domain in the
crystal particle of GMM.
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Table. 1. Values of angle 6p in differ easy axis direc-
tion (111).
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Fig. 2. (color online) Relation between the free energy
E and magnetic rotation angle 6 for the [111] direc-
tion domain with differ compressive stress: (a) No ba-
sic magnetic field; (b) 17.2 kA /m basic magnetic field;
(c) 34.4 kA/m basic magnetic field.

067501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 067501

—1-——2 MPa I, BEWERE [ 3] J5 46 747 X 35, B
Tt S LA R R (R ARORE, TI 3 ) 3 K 2 el
[ RN & e AR A, 34.4 KA /m TRINRES T ARG B
AN —25——26 MPafil —8——9 MPa. KM%
il B £ G AR 2 1R SR A 7 VAN R e BLOWA A
T WAEL AR, ELA ) Tt 98 0 1 %)l 2 o R A0 i [
FEME.

1.2

—_0kA/m ... 34.4 kA/m
ol 17.2 kA/m

1
0.8 '||

1
1
0.6 “.

M/ M,

0.4

0.2

—0.2 ' ' ' ' '
0 5 10 15 20 25 30
JEMN 71/ MPa

0.40
035

ozl T
0.25

0.20

M/ M,

0.15

0.10
— 0 kA/m

0.05 -——17.2 kA/m
------- 34.4 kA/m

0 5 10 15 20 25 30
FER. 11 /MPa

1.0

0.9
— 0 kA/m

0.8 =172 kA/m
------- 34.4 kA/m
0.7

0.6}~

M/ M,

0.5

0.4

0.3

(c)
0 5 10 15 20 25 30
FEN J1/MPa
K3 (TR @) ASE SO R T 807 16 1 W5 s e

0.2

V4 A 5 B i 1] ot 2
(c) [T11][11T] F7 [
Fig. 3. (color online) Hysteretic loop of the magneti-

(a) [111] J7 /)5 (b) [111] 75 F;

zation for the rotation of magnetic domain with differ
basic magnetic field: (a) Domain in [111] direction;
(b) domain in [111]direction; (c) domain in [111][111]

direction.

Pl 3 Dy 30 ok 1 5 s 2 9 2 o 0 o) £ G A 5
M (i a2, D7 1A [111] ZE NG (17.2 KA /m
H134.4 kKA /m) &, Hs N g FIRE AL 938 B2 18] 4775 K
) 0 B 5, L o SN 3 ) 48 R 2 e (] g K
JE 375 e, FL [E] X Sk 4 A B i ok, HL
[ea ity 28 B 2 P BROE (M) M TE 0—1 ] BRIT)
F& KT S 4 208 (1 o8, oy /e R [111) 7
IFi) s J82 713 R A i B 58 T B L OC R [111) O
I LE/NTROINBE S | REAL SR B M BE 5 82 77 1) 38
KGN, % (34.4 kA/m) T, BiALsRE M b
5 B 7 (38 DK ek /s, e 3 R TR R G 3 X G
W 1) e 6 A FH DR T 2 g (R4 N 34.4 KA /m %
oA A5 T W B AT KA P A 2, i 25 R S 04 FH )
SPATALE, A R R g B it i 2 A Rk A 5 D
[T11) A0 [T11) 77 ) R Wy P R A 56 3 i 2R 7 TN 3%
34.4 kKA /m FAWAR/DN, #E— P IRAIE T 1k 37 0 1 W
(e ' ORI AT A .

1.0
— 0 kA/m
o -—17.2 kA/m
....... 34.4 kA/m
0.8 "-~--------------.. ......................................
0.7
2 0.6 h
S I
A N
0.5} 1 3
\ \
\ \
04 '<_ \
\\\ ‘
~———_ \
03 TTe—o .
-—_ 0 ]
0.2 : : ' ‘ ‘
0 5 10 15 20 * -

JEN 71/ MPa

4 (MTR ) H IS AI1E F T kA i BE i e e
Fig. 4. (color online) Hysteretic loop of the magneti-

zation with differ pre-compressive stress.

I 3 TR A AN (3) AT B
B A AR B 280N T A4 5 FEE PR3 [ g 2k, 2%
TR i e RO PR A, TF SRR [100] O Al BEAG 5 M
NGB & AT BB AL B, 25 R 4 s,
FETC TN 7 PR, B 558 P2 A0 15518 7 TA] 2 B 3
ZRMESC AR, (HAR W T IS AR AT R WAL 5 L ) A2 1
HUE BN, AR T [ B Hh ks B2 IR e B e it
TGS (A B 0 A A iR FE O AL BB 4K, AR
TARRRAR IR BT, (E 2 3 B0 18 ke 384 K ps A
56 B AR (B RFE, T DA S B T L FH I 5 3 i 5
SN AR XIS, o0 M 7592 n] T I R SO

067501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 6 (2016) 067501

A5 JRE ¥ R P AT 0N S B A IR N T
Higih 3.

AL LW FURT R, FRODNS 7 R e Aok 45 R T
FA Aa AR 5 2 LA [R5, G T SRR T
J 82734 RER [111] J7 [0 G W O BRAE, i [m] i 2 B
5 TNt 37 0 190 G K, LR K B 2 77 75 1) A
M 38 2 UL 70 OO A )RR A% SN F AR 5
THAI AR /IR

3.2 HASEMERR P HYHEIFIE

T P R8N A 4 A RME R I 72 b B K
TGS A8 RS, 2 FLAE 03 35 Hh S IR S8, AR N
— PR IERARY, B 1 S A P 2 A A R S A 4 A
L LA R R0, AR SO S Rl W O 2 (1) B A 2
i 5B S R P I SR AN ) [ 28 R 9, DA
A TR0 AT T PO (14 AR 2 B A T A 3o R A i [
RO

B 5 % [111] J7 [ BEWEFE —10 MPa K /) R B
Wi H RO R M2, BT %, B HGE E 21
W ff % AR S5 1) JE ek B, O A 2m. 5 R A AL
I F I I A s A A, 30k S T W P {8 A1 A7
FEBRIE A LR, (R FR B N 2%, R W
AR R B AR D, e 2 1) 8 AR 59 T
BT IR R T B R A A v T A DX 3 ) £
W 1 B2 A e, FERGHAPEIERE R, DL [111) J5 [ 5 A
B, K R W AR AR BEE O (R AL T [—0.5, 0.5],
[—2.5,—3], [2.5,3.5] 4 AHEAEX K A, B, C. HEW
AR — B2 A K, L anfE
REAR AN SR REAC T AN AR o B PR AW A 3 BRI 1
R RAEE I B2 e, TE R I FE h, T ME
FABE, HEWERFE AT 0 = —1.319 (LB X 1K), X4
il 7 e PO TR TN I, T O 6 0 P ) A DXIRAR K
A UK S B A R T AR A Bl B XA ) A X3
T V) A . (RLAE )R T WA IS FE v, M BE ) i
K B IE B KA (103.2 kA /m) B, R 4 5 £ 5
O = —0.2073 (A XIh); 4843758 FE i IE 1) 47k
INEE, BB B RT3 K, T A R
1 REKE XA ) X B ARk, LSRR e 1R
M, FE0 KA /m A1 —60.2 kA /m B Kk A REWSIRAE; 4
F37) 98 B U /9 —103.2 KA /m I, Tl W55 A 6% 13
0 = —2.948 (B [X3%K), fk3zae e o 5 4R 3
I, 7E e B O 2 il 42 rb 0 1) Ml 6 K A TH 1) 7 iz
31 5 R ReE O R M 2RI A I, X3 B AT 5 X 3

C BEATSER0I T, BT LA 988 PO 084 4 Aok T v
2 Ay P2 P X3 C [ 21 X3 A SE ABFA. T LA 21
Ve T RGP 2k 4 I A—B(C)—A AL, 1M
SEAE A o ARG R O o C IX sk A DX IS TE % i
¥, HaeS B Hie R g AN

—— 0 kA/m ——103.2 kA/m
344 kA/m - —34.4 kA/m
— 68.8kA/m - —68.8 kA/m
777777 ~103.2 kA/m
1.0
\\
\\ 1
0.5 X ]
- \“l f
b 1/
R\ /\M// i
o i ,’;/
\: 0 % ;;’
. NVA;
3 A
S _os NI
S 0. e
J;;/ x\
—1.0
—1.5
—8 —6 —4 -2 0 2 4 6 8

0/rad

5 (MFIRM) ER A —10 MPa | [111] J7 1A KRS &
KA ML

Fig. 5. (color online) Curves of the free energy for the
domain in [111] direction with —10 MPa compressive

stress.

TERIGEREAE TR, [111] J7 [ BEWs () K
2] A—B(C)—A b2, H iz ool k4 Lk
W O % (YRR TR T /NG A S A £ i
FAXS R 2, DA LE R i % (R RO f v, o
ANREZAS R CLER A R 05 K (¥ e B DA B 5 42,
oK 56 R W i e IR BT, 5 BUR R WA FR A5
fEA-B, C-ABUE—A, B, CX#k Ko6&=
NG (34.4, 58.48, 103.2 kA /m) R HE{L 50
FRRE IE] Bh 28, 7F 34.4 kA /m @ {E WL 18 I, REw%E
% 15 [ B AT FE T B AR — (R —IW A, B, C
XI), BaAbSEFE N — S AR il 28 4R 9 P
{E 38 K F) 58.48 kA /m B, W% i i FL A i [ 250 v
(B AR7E A—B BLC—A X3R4k, Hd[111]) 7
[ 7E 34.4 kA /m B A [RIERIE, [111] J7 18], [111] AN
[T11] J5 [A14E —34.4 kA /m I & AE i BIERIE; 4 RE3%
o8 J3E B 1 K 1) 103.2 kA /m B, 257 1) B W P
]l 2 3 — A K, Wi % 42 1 A—B(C)—A
AR, BTCA, 5 R A AR I (2 1 3
34.4 kA /m 1 58.48 kA /m J2& ¥ A Wl % (i 5 45 12 119

067501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 067501

I FtHd3, M35 R E R /N T 34.4 kA /m B, W
Wi Al 2 A7 AE T — B X, AAFTEAR R 5 4T
W50 LR AE /N T 58.48 kA /m I, REWE (w54 b T
SR DI 45, A7 6 T O 2 VR BRI R /)N £ 88 Wi
5] kg3 50 FENRAE K T 58.48 kA /m I, RGBS %%
TE = X IR AIE IR, WA R B A 3R K IERIT S f
[ 85

Lo —= — %

0.8r "7 . 103.2 kA/m |
0.6 ----58.48 kA/m |
04 ——34.4 kA/m .,E |
s 02 .
s 0 :
0.2
—0.4
0.6
—-0.8

—-1.0 :
—-1.0 —-0.5 0 0.5 1.0

..........................

1.0
0.8
0.6
//’
0.4 L

(b) o

M/ M,
o
(=R )

—0.2
i JR— 103.2 kA/m
—0.4 ! | ----58.48 kA/m
1 1
—0.6 ! ! —34.4 kA/m
1 1
—0.8 :, ll,
I )
-1.0 — : ‘
—1.0 —0.5 0 0.5 1.0
W /105 A-m—!
1.0

(©) ——

0.8
0.6 /

0.4
0.2
0

1

S
~
= o2 !
) N 103.2 kA/m
04 ! ----58.48 kA/m
1
o ' —34.4 kA/m
1
-0.8 !
| -
1.0 E— '
~1.0 —0.5 0 0.5 1.0
AR /105 A-m !

E6 (MAEE) KR —10 MPa R, ANEITEE# T
BT B mEL IR RIS (a) [111] 1Al (b) [111)
5 (c) [T11][111) J7 1A

Fig. 6. (color online) Hysteretic loop of the magne-
tization with —10 MPa compressive stress and differ
basic magnetic field: (a) Domain in [111] direction;
(b) domain in [111]direction; (c) domain in [111][111]

direction.

B 7 RN 8 Ay B RS 8 4 ) Rl Al 2% (1 i [
k. & 78 —10 MPa 7[5 #3748 1 F
TN T 2 P T i 2, AN TR ORI NIRAE #E )
(< 34.4 kA/m) FHIALTEE 50035 B EIC R,
AAENT R BRI R PR (< 58.48 kA /m)
N RAA R EE A SR, EL B Al 2 A 2 A
BRIE A, ARG R R B B GOK T IE R A
H; KIEE R (> 58.48 kA /m) /F FHIN, WAk s
(P9 [R5 S IR .. ] 8 AN [ R B ) R R A
FEE (v [ it 2, MR H T N, e R 38 K 3
T AR 5 VO R i, L (] by 28 0 Jon S

1.0

0.8

0.6

0.4

., 0.2
= 0
= —0.2

R
~0.4 T T =344 kA/m
06 7l Ji —55.9kA/m

0.8 S _A-TT 1  -103.2kA/m

—1.0 PSPPI L L " "
—1.0 —0.5 0 0.5 1.0

WEFAREE /105 A-m—1

7 (TR A E IR W (R i =1 ith 2
Fig. 7. (color online) Hysteretic loop of the magneti-

zation with differ basic magnetic field.

s ]
§ -

0.6
0.4

7
|
ol
0 i
vl

—0.2 Hl !
Zap
(2 L

,,/‘n

0.2

T

2
3

—0.4

—0.6 / g

—08 /’,"

-1.0 L i

21.0 —0.5 0 0.5 1.0
WAE /105 A-m 1

I’ —— —10 MPa
/
|

/ ——- +7.5 MPa
[, 5 MPa

KI8 (TR ) AR H B i (A PR Il it 2
Fig. 8. (color online) Hysteretic loop of the magneti-

zation with differ pre-compressive stress.

P9 Dy T SRR S 6 0 X 45 28] 1) 7R R E84e 46 A4
BHE S S g At A v SR A o 2 R BG5S 0T B,
LA 2 O AR I B S T S (A B 5 MPa
DU 45 25R) B & 45 2R, SEie 45 R (1) ok B T30k
[25], SRERAE R (2) WAMRBA R SLMER (T H

067501-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 6 (2016) 067501

T 3% b AN AF T 24855 b 14 1) 56 5 768 T 501k 4
B}, S i FH Al 5 4 v 1D 7 SR R B A A R
FL {112} J7 170 i il B 1) JURE 7 43 R 0.85). M
B8 FRmr, LA ks R 5 S 45 R (1) #1 (2) 7F
G RAF, WUE T B T A R, [ AU
A 28 8 % 5 U M AR R R ) T 0 R R it 4R
P FWERHIE, WA LI E S MPalk
N 7R WG 25 B X E B RN AE 5 MPa JE M.
I AFAE — AN AR (V0 R ) 2 R s (O Sk
[20]), 75 A 25 F8 il W B | Rl % (i % 1) A EL B2 ) J B
WA IER AT T, 5 58K E o HR
%, SR 9 53Rk [24—26] T S IR 45 5T
0, Ry B4R R AT AS Ak AR a5 v 7 3 ik
/N, For 15 MPa & B 7 P9 F6 W 5 vk B 8 3R
BHTE 015 MPa J& I 77 P 8 G S50 4 A kLB A 82
KRR A N, 3K 5 B B0 46 2% AR T RE N
5—15 MPa ¥ & N /) g A — . H AR 55K
56 25 L L RT K0, /N R 7 (10 MPa ) /E H
T, BB S RS S S5 A ZEOR, 5 MPa
JE R AR R E A A6 2 AR 2= oy R, B
WIS EUE & T 230 R 45 R, 1X 32 22 R o 3
TR BB T8 I 2 2 1 W B 1 1 W (i %% (1] P AH L
ST 35k ) P R 7R A L ARUIR 75 TR P R
R SEGF R R 5 MPa 5 M 7 3T H L
KRR I G, T AP O Hh 558 X5 S mT 4,
0—10 MPa N ] W RIRER T B BN 2%; 24 M
71 =10 MPa i, Flf (15 5 S26 45 AT & 1T,
WIE T HES TS R IEW . 5 FE RA WS BE | E0E
[F) FH EL AR FH 45 DR 2R 0T B W A 7 /K B0 5% 199 52
56 3 AN ST W A 2 A )BT R AR R ZH oK

1.0
A\ v
v R
0.8} — LR
? O SR (1)
ok & SrER(2)
< o0.6f
~
=
=
= 0.4+
0.2}
O 1 1 L
0 10 20 30 40

FER S /MPa

9 (MTIRM) RFEER T RIBLK TS 9000 25 R AL
Fig. 9. (color online) Comparison of the magnetic rema-
nence between calculation and experiment with differ pre-

compressive stress.

5 P R 8L e 1 B A 2 0 [ A PR A B, E
FEACTERE FR, A4 55 P52 PO [ 4 THL R 18 A 4 v % (1)
BRAE, LTk 5L o T 5 Al 2 P R GE B R K,
FLAFAE P W 5 377 580 AN 22 D WA BRAE 50, AR
W (BRGS0 1 L Tl O e PR R AR AN — S SR AL
2T WY S Sy T N T AR R 3G K 3 o
JEE, RIS A5 B 5 i [m] T 2 110

4 #

TR A# Tho 3Dyo.7Feo & 4 5105 H HHREAIH)
L 10 A, BT 9 S 0 00 AP 58P 2580 7 P s
AIRRIE i [ 2480, BRVR 25 SR, #A 1R A T ik v
e £ FEE 1R RO A A i B LA ¥ (] 2050 ) K e
S i 20 N7 H UG 3 ) i oo 398 R R A B P 11 ¥
[l R, A ] il 2% O A A%, TRODN R 3% (1 i
W UGB R SR P TR B ) T 2R PE R R, AR T &
S AEAL B T B VT R AE AR B N
T W A A P 3 [ R P A7 E PR AN I S 375 B, AN
[FIMRAE RE37 V6 T W R % (M BRAR AN TR), /IRESH
b P A PR Bh 28, TR RESS T REAL B BT /N
o] 26, 75 K7 50 5 T A 5 P 11 i [ i 2 3
HF S I A3 5 P ) DR/ IN Bk T e . g D i
0. TS E A FO T T R 4 A R
T 2 (s 1 B A AR A 50 (09 [ R, A B AE
2 I FRAT H AR S 0 i R A Ak R b e A e
IR BUER R T AR R A = L

SE

[1] Eason G, Noble B, Sneddon I N 2000 Sensors and Ac-
tuators 81 275

[2] Bottauscio O, Roccato P E, Zucca M 2010 IEEE Trans.
Magn. 46 3022

[3] Zucca M, Roccato P E, Bottauscio O, Beatrice C 2010
IEEE Trans. Magn. 46 183

[4] Grunwald A, Olabi A G 2008 Sensors and Actuators A
144 161

[5] Karunanidhi S, Singaperumal M 2010 Sensors and Ac-
tuators A 157 185

[6] Davino D, Giustiniani A, Visone C 2010 IEEE Trans.
Magn. 46 646

[7] Cullity B D, Graham C D 2009 Introduction to Magnetic
Materials (New Jersey: Wiley) p258

[8] Zheng L, Jiang C B, Shang J X, Xu H B 2009 Chin.
Phys. B 18 1647

[9] Wang Z B, Liu J H, Jiang C B 2010 Chin. Phys. B 19
117504

[10] Clark A E, Yoo J H, Cullen J R, Fogle M W, Petculescu

G, Flatau A 2009 J. Appl. Phys. 105 07A913

067501-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/S0924-4247(99)00173-9
http://dx.doi.org/10.1016/S0924-4247(99)00173-9
http://dx.doi.org/10.1109/TMAG.2010.2042152
http://dx.doi.org/10.1109/TMAG.2010.2042152
http://dx.doi.org/10.1109/TMAG.2009.2032932
http://dx.doi.org/10.1109/TMAG.2009.2032932
http://dx.doi.org/10.1016/j.sna.2007.12.034
http://dx.doi.org/10.1016/j.sna.2007.12.034
http://dx.doi.org/10.1016/j.sna.2009.11.014
http://dx.doi.org/10.1016/j.sna.2009.11.014
http://dx.doi.org/10.1109/TMAG.2009.2032931
http://dx.doi.org/10.1109/TMAG.2009.2032931
http://dx.doi.org/10.1088/1674-1056/18/4/061
http://dx.doi.org/10.1088/1674-1056/18/4/061
http://dx.doi.org/10.1088/1674-1056/19/11/117504
http://dx.doi.org/10.1088/1674-1056/19/11/117504

) I % R Acta Phys. Sin.

Vol. 65, No. 6 (2016) 067501

Yan J C, Xie X Q, Yang S Q, He S Y 2001 J. Magn.
Magn. Mater. 223 27

Mei W, Umeda T, Zhou S, Wang R 1997 J. Alloys
Compd. 248 151

Liu J H, Wang Z B, Jiang C B, Xu H B 2010 J. Appl.
Phys. 108 033913

Chen Y H, Jiles D C 2001 IEEE Trans. Magn. 37 3069
Clark A E, Savege H T, Spano M L 1984 IEEE Trans.
Magn. 20 1443

Jiles D C, Thoelke J B 1994 J. Magn. Mater. 134 143

Zhang H, Zeng D C 2010 Atca Phys. Sin. 59 2808 (in
Chinese) [5K1F, ¥K 2010 #3254 59 2808

Zhang H, Zeng D C, Liu Z W 2011 Atca Phys. Sin. 60
067503 (in Chinese) [TKFE, WA, Xl 2011 P E4R
60 067503]

(19]
[20]

067501-8

Zhang H, Zeng D C 2010 J. Appl. Phys. 107 123918

LiLY, Yan B P, Zhang C M, Cao J W 2012 Atca Phys.
Sin. 61 167506 (in Chinese) [Z=325%, MH°F, KW, &
Ak FF 2012 PEL2EIR 61 167506)

Stoner E C, Wohifarth E P 1948 Philos. Trans. Roy.
Soc. London. A 240 599

Mei W, Okane T, Umeda T 1998 J. Appl. Phys. 84 6208

Armstrong W D 2002 J. Inter. Mater. Syst. Struct. 13
137

Armstrong W D 1997 J. Appl. Phys. 81 3548
Zhao X G, Lord D G 1998 J. Appl. Phys. 83 7276

Zhang H 2011 Appl. Phys. Lett. 98 232505


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/S0304-8853(00)00596-5
http://dx.doi.org/10.1016/S0304-8853(00)00596-5
http://dx.doi.org/10.1016/S0925-8388(96)02660-6
http://dx.doi.org/10.1016/S0925-8388(96)02660-6
http://dx.doi.org/10.1063/1.3456502
http://dx.doi.org/10.1063/1.3456502
http://dx.doi.org/10.1109/20.947066
http://dx.doi.org/10.1109/TMAG.1984.1063469
http://dx.doi.org/10.1109/TMAG.1984.1063469
http://dx.doi.org/10.1016/0304-8853(94)90086-8
http://wulixb.iphy.ac.cn//CN/abstract/abstract16879.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract18555.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract18555.shtml
http://dx.doi.org/10.1063/1.3392801
http://wulixb.iphy.ac.cn//CN/abstract/abstract49471.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract49471.shtml
http://dx.doi.org/10.1098/rsta.1948.0007
http://dx.doi.org/10.1098/rsta.1948.0007
http://dx.doi.org/10.1063/1.368938
http://dx.doi.org/10.1177/104538902761402530
http://dx.doi.org/10.1177/104538902761402530
http://dx.doi.org/10.1063/1.364992
http://dx.doi.org/10.1063/1.367617
http://dx.doi.org/10.1063/1.3597222

32 % R  Acta Phys. Sin. Vol. 65, No. 6 (2016) 067501

Study on hysteresis characteristics of magnetic domain
rotation in Tbg 3Dy rFes alloy”

Yan Bai-Ping!!  Zhang Cheng-Ming?  Li Li-Yi?  Lii Fu-Zai" Deng Shuang®

1) (State Key Laboratory of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310027, China)
2) (Institute of Electromagnetic and Electronic Technology, Harbin Institute of Technology, Harbin 150001, China)

( Received 23 November 2015; revised manuscript received 4 January 2016 )

Abstract

In this paper, the rotation effects of magnetic domain with different pre-compressive stress and basic magnetic field
in the Tbo.3Dyo.7Fe2 alloy have been studied, the curves of magnetization induced by the rotation of magnetic domains
are calculated, and the hysteresis characteristics of magnetization in the process of piezomagnetic and magnetoelastic
effects are summarized. Based on the minimal value principle of three-dimensional Stoner-Wolhfarth (S-W) model, the
total free energy of magnetostrictive particles (including magneto-crystal line anisotropy energy, stress-induced anisotropy
energy, and magnetic field energy) is calculated, the curve of free energy is plotted as a function of domain rotation angle
for various compressive stresses and magnetic fields. Then, the values of rotation angle for the magnetic domains in
the eight easy axial directions (111) are given, and the summation values of magnetization induced by the rotations of
magnetic domain angle are analyzed, the hysteresis characteristics and the hysteresis loops of magnetic domain rotations
are calculated and discussed. All the above results indicate that the rotations of magnetic domains in the TbhDyFe
alloy have hysteresis and transition effects in its piezomagnetic and magnetoelastic processes, and the hysteresis effect
of magnetization is always induced by the irreversible transitions of domain angle rotation. Due to the load of magnetic
field and compressive stress, the angle of the eight easy axial domains (111) will rotate to the more suitable free energy
directions, the reversible and irreversible transitions of domain rotation appear in this rotation, and irreversible transition
will induce a larger value of changes in the magnetization existing as a hysteresis loop. Also, in the piezomagnetic effect,
magnetization hysteresis loop appears with the load of basic magnetic field, and the increase of magnetic field will
help to enhance its hysteresis loop and lead to the hysteresis curve deflected toward the greater compressive stress
direction. Thirdly, the hysteresis effects of magnetic domain rotation have two important critical magnetic fields in the
magnetoelastic process: the magnetostrictive materials will have different domain rotation paths and hysteresis curve
in different basic magnetic fields, and the value of critical field will be influenced by the load of pre-compressive stress.
Lastly, the experimental testing is used to verify the model and calculations, and the test results of magnetic remanence
are in good agreement with the calculated results, especially in the larger values of pre-compressive stress loads. The
above computations have a significance for perfecting magnetic domain deflection model and the results are helpful for

designing and analyzing of magnetosrictive materials in application.

Keywords: Thg 3Dy 7Fes alloy, anisotropy, domain deflection, hysteresis characteristics
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