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Analysis of high frequency dynamic magnetic properties and
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Abstract: ThDyFe alloy can be used in high frequency and even ultrasonic frequency devices. The hysteresis and loss of ThDyFe alloy
(Terfenol-D) are serious under high frequency magnetic field (f>1 kHz). It is very important to study the dynamic magnetic properties
and loss properties of the ThDyFe alloy laminates with different thicknesses for designing the devices in high frequency range. The AMH-
IM-S dynamic magnetic property testing system was used to measure the dynamic hysteresis loops of ThDyFe alloy laminates with
different thicknesses under different driving magnetic field frequencies and magnetic density amplitudes. Based on the dynamic magnetic
theory and loss calculation model, the dynamic magnetic property parameters of ThDyFe alloy laminates with different thicknesses were
compared and analyzed, and the loss mechanism in high frequency range was deeply studied. The experiment results show that when the
magnetic density amplitude B, is 0.05 T and the frequency is 5 kHz, compared with that of a single 2 mm thickness sample, the
dynamic hysteresis loop of the 1 mm thickness laminate sample becomes narrower laterally, the required magnetic field strength is
reduced, the coercive force and magnetic energy loss values are reduced by 26.4% and 28.1% , respectively, and the amplitude
permeability is increased by 11.7%. Under certain magnetic density magnitude, the value of the real part and imaginary part of the
complex permeability, as well as the amplitude permeability of ThDyFe alloy present a tendency of data decreasing and speed slow down
as the frequency increases. At the condition of high frequency and high magnetic density (f>5 kHz, B,>0.06 T), the thickness
decreasing makes the loss decreasing of ThDyFe alloy more obviously.
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Fig.2 Principle of the measurement system
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Table 1 The magnetic parameter measurement

values for sample 1 and 2

Fedh H/(Aem™) B./T Mo Bi#E/ (W-kg™")
1 926.2 0.031 27.3 53.693
2 681.7 0.027 30.5 38.585
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Table 2 The real part of the complex permeability for
sample 1 and 2

PiR/KH 1 2 5 10 15 20

i 1 31.6 29.5 23.7 19.7 17.3 15.7
A 2 38.8 36. 4 31.7 27.1 24.1 21.9
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Fig.6  The loss factors of sample 1 and sample 2

at different frequencies

30. 7% s FEAh 2 BRI 1 0.66 35 K 5 0.83, A8 fk T
25.8% . #£ /=20 kHz B, #4h 2 LUFESY 1 A HLRE 5/
15.3% o Z5 LTl JEEEE /INA R it B AR 5 R SR K
PAFEDRIE DN, BACHG g R T, I AR R ) (H
XPANRI S T g o & SRR BE I, e 25 6 5 JE M
BHOHUROIN T RE LA A B R ST S5 80A I T T 2 rBR
3.3 HpgEmREINESSE

XPRE i 1A 2 FEARR A 15 kHz AS[R] 1 %5 R (T 1Y
TEREATREREA T I 5, Q& 7 TR, 445K A 15 kHz i,
fEIE % B 0. 03 T AR{E %] 0.09 T, A 1 Ay HFESNS in T
573.08 W/kg, FEfh 2 [HEERE N T 386. 86 W/kg,

700 —e—pES1

650+ _—m— ;5?12 ]

600 /

550 F

500 |

450 u
L

400 F / ./

350

300 | o -/

250 -

L /
200} /: s
/

REAETURE (Wke ™)

150 + ®
100f "=
sof &

0.03 0.04 0,&)5 0.2)6 0,‘07 0.2)8 0,‘09
T B % BEWR AR/ T
BT A 15 kHz I 5RERE G 5 A AL 22
Fig.7 The changing curve of losses vs. magnetic density

at frequency of 15 kHz

& 8 FT 7R ARG IEAE 0. 05 T B AS [R5 3% T i fig
FAREN o Bl A5R AN 1 kHz 284k 51 20 kHz, B 5 1
FIPAFEM 8. 184 3N 319. 48 W/ kg, IFEHE N 1 38 fiF;
FE 2 SIFEM 6. 324 B E] 226. 61 W/ kg, #iFEHS N T
34. 8 i, 1€ =20 kHz B, =0.05 T i, £ 2 [ AH HLAE 5
1 HUREI /N T 29. 1% o FH IR 7 A8 Rl L, BE S 1 FERE SR
fHRTF 0. 06 T B 45 A 3 3 AR PR, bR AR K, AR 2
FEMGHEHLE IR IE LG R . #E f>5 kHz B, FE 5L 1 458
ORI R T AR i 2, G5 IR R, TR R U S W AR
(f>5 kHz B, >0.06 T) ,ThDyFe £ 4 & 1 45 H Rk i 7] LA
fEREAFEE AR, AR TS ThDyFe & 4 854
i, ATOLACIE#E B b S5 4, O B 2 7853 % 1 ThDyFe &
S P TR (A Ak G 100 /N ) T) R A4 L 35 e
AR TERE AR TR o IR Sl B N B R 40 R P 3
TR A A f 2 T A8t 1l A S 5 ) L 0 35K 4 46 BB A 07
o R B . DUt R SURE(E T ke B H R i T4
PEBE SR, DARIE L TAE MR

350
—=— 1
300 f—o— Fh2

5]

9

(=1
T

553

f=3

(=}
T

T REHRE /(W kg ™)
g 2

w
(=}
T

[}
T

1 1 1 1
0 5000 10 000 15 000 20 000
BiF /Hz

K8 W% 0.05 T IR AEREAA I 22 Al ith 2%
Fig.8 The changing curve of losses vs. frequency at

magnetic density of 0.05 T

ARG REARAETH 33 (1) XA i 9 00 45 45 1
FritFesr e . MR E Y 1~20 kHz, B, =0.05 T )
WFEN BRI 7 PS5 SRR, EdG 2
T A5 B WA B PR R B by ok, o B
R AR FE R BARA (D) R B4 IR FE(E, #8345
TG AE LS, W 9 A1 10 iR o

19 Bos Jyktah 1 A1 2 78 B, =0.05 T I RERHFE 1%
TARFEREIR A £ Horr Bl 1 BT B AE 7LD
% 1~20 kHz M 7.674 75 4L 3] 158.19 W/kg, #4n T
150. 516 W/ kg; I HHAEM 0. ST 34N 161. 293 W/ kg, 44
T 160.783 Wkg. fF B R B P4 Bl 40 A6 KT 1R I
WUFE, 9 U A0 AE S B A R B OR RS DR, fE R
20 kHz i, i 40 FE R B 100 FE . AAZ Al B mT A
e LA FE 2 W0 R S i 8.3 o R i 2 F) G A R 7 AR
#1~20 kHz T M 6.07 486 5] 122. 58 W/kg, 8 T



220 i & & ¥ M a4l

180 -
160 4 A

_lof 4 = e

w120}

E 100} ARSCE AN JR /Y ThDyFe & 46 8 F JE4T 37 45

E s AP AN RERE IR YIS 04T, 45t LR 458

g0 1) AERGIR A T 1t X ThDyFe & 4647 U) A 4b 2
ol I IR M A ThDyFe & HEATAGZE , 7T AN E

of JRASCRE , 48 o A AL A LR AR, 8K T & i ThDyFe 3421
— S000 10000 15000 20000 FRLREL, Bl T T AR RE AT A5 AR T R B 1 1 T A
3% /Hz 5‘&%0

B9 RN 0.05 T I 25 IUHFE R 1A Ak th £k
Fig.9 The changing curves of various losses vs. frequency

at magnetic density of 0. 05 T

—&— Aph
—e— Ape

TAREHFE /(Wkg ™)
N W
wn O

10 000 15000 20000

#iZE/Hz

0 5000

P10 %% 0 0. 05 T I 2% J5THURE 22 fELRE AT 1 A8 Al £
Fig.10 The changing curves of various loss differences vs.

frequency at magnetic density of 0.05 T

116. 51 W/kg; IV 6 0. 26 34 /13| 104. 01 W/kg,
BN T 103.75 W/kg, 4 5IXF L p, p, BISRHTZ AN p, |
P P AR RE D 2 (4 p, A p, HTZRRERIGZ/N TR 1
P4, T30 I JEE B /DN P R it 5 Z0T 45 A it 431 3 208 £ 1) 1 /S
FENRR f=20 kHz B, B & 2 B REIFAFEAH ELEE S 1 1Y)
BN T 35,61 Wokg, B 2 BRI AH LUAE AL 1 (Y
W/NT 57.283 W/kg,

10 ir7R K B, =0. 05 T WA i 45 T 45 FE 22 (.
BEATR I AR T 2 o T 10 v 308 U 10 4G 25 (1 Bl AT 2 1 R
BT, SRR KT 11 kHz i, i 0 R 22 (1
ARG FE 228 o REREPFE 22 (EAEM R 1~ 15 kHz Ju
PRI AT 3 1 T 3 K, 7E 15~ 20 kHz 4 25 (LT A2,
Y& 9 i 10 AT 241, 44T Z/N T 11 kHz B, S F JEERE Ui/ )N
FEPUBREARFE R, R KT 11 kHz 0, & J B
XF iR AL 5 11 5 T 8 & B

2) MR AU R — g B, S R TR R sk £
15 Bl 2 W i R0 4 A 1) 728 A O 1 3 9 B /N, i
T 1l G RE P B (B R 2 k)
3) TE— E R WR T, ThDyFe & 4 19 5 k5 %
S RE F IR 0 L R R O R B RN, TR B, =
0.09 T i} ,2 mm JEE AT TAE T UK a4 % /N T 20 kHz
FIES AR, T mm JE S R A Y s 005 n 4t 5 &
30 kHz,
4) TE I G 55T (f>5 kHz B, >0.06 T) , &
J P I8 M ThDyFe 5 G FFEI /NS g Y2, Herbid i
PFEIETE S I R /NS W, R BEE J Ar A S
WF5E Ay e AR R B 4 2 F R B 5 0 A SRR R
SCHF
Sk
(1] Wmed, AREAL, WU, 5 RS sah 3 45
G0 Bk O R MBS [T ] AR AL 3R 24 4, 2017,
38(5) : 1198-1206.
JUXJ, LINM X, FAN W T, et al. Structure analysis
force characteristic ~ study of

and  output giant

magnetostrictive actuator [ J ]. Chinese Journal of
Scientific Instrument, 2017,38(5) :1198-1206.

LR, REN, WG, 5. B8 0T & A0
FERLRL 59280 [ )] i as 3 J 24, 2017, 32(5):
1066-1073.

JI. L, ZHU Y CH, YANG X L, et al. Theoretical

(2]

analysis and experiment of power loss in giant
magnetostrictive actuator [ J |. Journal of Aerospace
Power, 2017, 32(5) : 1066-1073.

[3] XUE G J,ZHANG P L, HE Z B, et al. Design and

experimental study of a novel giant magnetostrictive

actuator[ J |. Journal of Magnetism & Magnetic Materials

2016,420( 15) : 185-191.

(4] BOCE, BlE, EA, 55 I8 3h A Fe i m



514

BOCE A5 ThDyFe 5 G 4w M8l A WS S AB R 0BT 221

[5]

(6]

(7]

(8]

(9]

[10]

EFBAE tr i 2 A BB [ T]. W TH R4k,
2016, 31(7) . 173-178.

HUANG W M, XUE Y L, WANG L, et al. Multi-field
coupling model considering dynamic losses for giant
magnetostrictive transducers [ J ]. Transactions of China
Electrotechnical Society, 2016, 31(7) : 173-178.
WAL, VRS, R AU, A E R 4 ) A
Reds AT [T]. P E AL LR, 2011,31(6):
116-120.

ZENG H Q, ZENG G X, ZENG J B, et al. Thermal
analysis of giant magnetostrictive high power ultrasonic
transducer[ J]. Proceedings of the CSEE, 2011,
31(18); 124-129.

CAI'W C, ZHANG J F, YU D W, et al. Investigation
into the shift of electromechanical conversion efficiency
with temperature for Giant magnetostriction ultrasonic
processing system[ C]. 2017 14th International Bhurban
and  Technology

10. 1109/1BCAST.

Applied  Sciences
2017. DOI.;

Conference on
( IBCAST ), IEEE,
2017. 7868044.
Ve, BRETT, Al A5 R B0 4 bR 3 25 15
TARFERL Y K 158 0 B [0 . HLAR T 72 24 4i , 2012,
48(13) :146-151.

TAOM L, CHEN D F, LU Q G, et al. Eddy current
losses  of  giant

magnetostrictors:  modeling  and

experimental analysis [ J ]. Journal of Mechanical
Engineering, 2012,48(13) : 146-151.

BRERA . 22050, BHR, 5. S LS50 R Boih
ZEREHR R IFE M AR SE (] RO TR 4R,
2015, 37(9) :100-105.

QUEYB, LITT, XIE X L, et al. Study of the influence
of stack structure on the giant magnetostrictive material
eddy current losses[ J]. Journal of Wuhan University of
Technology, 2015, 37(9) :100-105.

EREAR, PR, BRER, S ORISR T N
SR R A FE ST (1], B TR B A iR,
2018,37(4) :76-79.

GAO ZH D, LU Q G, CHEN J, et al. Eddy current loss
analysis of magnetostrictive materials for high power
ultrasound applications[ J]. Journal of Nanchang Institute

of Technology, 2018,37(4) .76-79.
ZEIE, FEC SR AR B R A B AR A R R 30

[11]

[12]

[13]

[14]

[15]

[16]

[17]

e (5 AR R [ ] A AR A3 54412, 2009, 30 (1)
71-75.

LI SH Y, WANG B W, ZHOU Y, et al. Output
displacement of actuator based on Terfenol-D multilayered
composite[ J ]. Chinese Journal of Scientific Instrument,
2009,30(1) :71-75.

HUANG W M, GAOCH Y, LI Y F, et al. Experimental
and calculating analysis of high-frequency magnetic
energy losses for terfenol-D magnetostrictive material[ J].
TEEE Transactions on Magnetics, 2018:1-4.

R0 U vl e e /N S0 21 &) N U 7RI
PRI 7 1 et Bl R [0 ] TR 2241,
2018,33(21) :4909-4918.

LIU G, SUN L P, Wang X G, et al. Improvement of core
loss calculation method and simulation application under
sinusoidal and harmonic excitations[ J |. Transactions of
China 2018, 33(21):
4909-4918.

BGEN, X, 902, S AR IE SRR PR RV A R
PEFEROR BT T ] B T HOR 52412, 2019, 34 (13)
2693-2699.

ZHAO ZH G, LIU J, GUO Y, et al. Investigation on the

Electrotechnical ~ Society,

improved loss model of magnetic materials under non-
sinusoidal excitation environment [ J |. Transactions of
China Electrotechnical 2019, 34 (13).

2693-2699.
MENG H, ZHANG T L, JIANG CH B. Frequency

Society,

dependence of loss behavior in bonded anisotropic giant
magnetostrictive materials [ J |. TEEE Transactions on
Magnetics, 2014, 50(9) ; 1-4.

ZHU S, CHENG M, DONG J, et al. Core loss analysis
and calculation of stator permanent-magnet machine
considering dc-biased magnetic induction [ J |]. IEEE
Transactions on Industrial Electronics, 2014, 61(10):
5203-5212.

BT . AR ARAUOK SR REATRE 2 e BORE A5 AF T i BRE
PERIFFEL D ] K L Tk %, 2017,

ZHAO Q. Predicting core loss of amorphous
nanomaterials under complex excitation [ D ].
Hebei University of Technology,2017.

W DT, 28K . et L TR A VR 5 1 A SR F
FELRIRLT ] A T HOAR 24,2016, 31(20) « 1-12.

Tianjin;



222 o & 2 R F4l1E

YANG Q X, LI'Y J. Characteristics and developments of Huang Wenmei received her Ph.D. degree from Hebei
advanced magnetic materials in electrical engineering: A University of Technology in 2005. Now, she is a professor and
review [ J ]. Transactions of China Electrotechnical Ph.D supervisor in Hebei University of Technology. Her main
Society, 2016, 31(20) : 1-12. research interests include new magnetic materials and devices,

[18] MENG H, ZHANG T L, JIANG CH B. Cut-off frequency electric motor and electric apparatus and their control.

KBRS, 2017 4£ T 4L Tl RE i~
BeAeaer toa o, O AL Tl s - A
FUAE, T T A O R R R R AR
el

of magnetostrictive materials based on permeability

spectra[ J]. Journal of Magnetism & Magnetic Materials,
2012, 324(12) . 1933-1937.

EZE N

FC 2005 4EFIM AL Tl ke E-mail : 1161267960@ qq.com
i S VAL SR | A |y = €572 1N L A me Wu Xiaoqing received her B. Sc. degree from City College,
S, FESE T [ R B A R A RS B Hebei University of Technology in 2016. Now, she is a M. Sc.
i B AL R candidate in Hebei University of Technology. Her main research

E-mail : huzwm@ hebut.edu.cn interests include new magnetic material and device.



