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Abstract

In this study, Fe;35Cui1Nb3Si135B9 amorphous alloy thin strip was prepared by a single roll fast
quenching method, and the nanocrystalline ring core sample was coiling after rapid tensile stress
annealing at 550°C. Oscilloscope was used to observe the voltage response of the magnetic core to
the alternating toroidal magnetic field generated by the current conductor. Impedance analyzer
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was used to measure the giant magnetoimpedance response of magnetic core to DC conductor, and
the influence of tensile stress on the magnetic properties of nanocrystalline ring magnetic core
was studied. The results show that the annealing stress affects the response sensitivity and linear-
ity of the toroidal core to alternating current. When the stress is lower than 80.63 MPa, the linear-
ity is lower than 99.9%, and the sensitivity decreases with the increase of stress. With the increase
of annealing stress, the sensitivity of the impedance response of the toroidal core to the DC cur-
rent decreases continuously, and the linear range gradually moves to the direction of the strong
magnetic field. The annealing stress has a great influence on the magnetic properties of the to-
roidal core, and this study has guiding significance for optimizing the magnetic properties of the
toroidal core.
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Figure 1. Voltage response of a toroidal core to alternating current
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Figure 2. (a) Relationship between the slope of voltage response curve of toroidal core to AC current and annealing stress;
(b) Relationship between the linearity of voltage response curve of toroidal core to AC current and annealing stress
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Figure 3. Impedance response of a toroidal core to DC current
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Figure 4. (a) Impedance curve Maximum impedance ratio; (b) The insensitive region and half-peak width of the impedance
curve; (c) Sensitive interval of impedance curve; (d) The sensitivity of the impedance curve in the sensitive interval

4. (a) PEITERZ AR RFEITEE; (b) PEITBRZAIAN RBIXFNFIETE; () FEIBIZAIREX(E); (d) FEITBRZTER &
X B R

DOI: 10.12677/ms.2024.144045 394 PHELRL 2


https://doi.org/10.12677/ms.2024.144045

ol 55

P 4 PR IR Bt g R 0] B R IR AT BELATOME 32 A 2 R K N B i KBE TR . AN RBIIX, Pigse, R
XA LA R R X TR R R I o NP PRmT i, B N AT HOINOR, Rl B R BT B AR 82 N B, 2tk R
DX 8] Fh /N LR T Rl ) KR T IR 3y, REUZMBEC NRE, RAMES, AR S Z PN,

B R ORI IN, AT ER R T 1) R (R R R R TR BRI O, 3 L T R S TR R R )
BRI T & % ) S R M A 25 [ PR IS TN [15], S EORE s REVE RE AR B, DS AE AN B i B 137 T
IAS 1) ELRE LT R BT LE AN RS FEAR . A6 RN IR K REOES , /NI A B RESZ AS A2 AR A1
BRI, AN LRSS RECT 6, S BT SR 26 P X 1] [ K F iy [ A 80

4, Z5ig

BT PUEE SR N F7 IR K AR ER Fe LR & ST BIVES IR RO, BT TTR KN /1% Fe JkghoK
s AT C T BT L R 2, 45 R T

1) BRI g o BEARIA TR AU A2 AL R AT L PR A PR R ABORE o WA TN 38, v 2 24 1 24
JEFFEEREAR, 7K )T 0 > 80.63 MPa Itf, HiZRAOZRPEREIA F1] 99.9% LA |, S AR 1% E R fil A A% SR Es 1 1
VRSN BEAE SR 300, Wi o2 h 2k iR R B 522 T B, AERARENEFZ AT IR T, N5 R e X R A
FE, BEMEFER K.

2) B KNy PR A T R A LU ko R v RELA7T i 7 P R B M R X TR o i AR KL 7 ) 4
s BHBT N ) KBTS RBUZEIA BT B, ARBIXVEEIZATA 0 A TFARHEHN, U8 58 LARI R Y
G2 R: | s Pl 1920 A NS SN = ) 1 NG ERREN = 2 5 221 B e U R S iR D = N 5 0 AN =4 R
EAFAT R, TR FIR KRBT

&30
[1] Yoshizawa, Y., Oguma, S. and Yamauchi, K. (1988) New Fe-Based Soft Magnetic Alloys Composed of Ultrafine
Grain Structure. Journal of Applied Physics, 64, 6044-6046. https://doi.org/10.1063/1.342149

[2] Herzer, G. (1989) Grain Structure and Magnetism of Nanocrystalline Ferromagnets. IEEE Transactions on Magnetics,
25, 3327-3329. https://doi.org/10.1109/20.42292

[3] Herzer, G. (1990) Grain Size Dependence of Coercivity and Permeability in Nanocrystalline Ferromagnets. IEEE
Transactions on Magnetics, 26, 1397-1402. https://doi.org/10.1109/20.104389

[4] Allia, P., Baricco, M., Tiberto, P. and Vinai, F. (1993) Kinetics of the Amorphous-to-Nanocrystalline Transformation
in Fe;35Cu;Nb;SiyzsBg. Journal of Applied Physics, 74, 3137-3143. https://doi.org/10.1063/1.354581

[5] Mohri, K., Kohsawa, T., Kawashima, K., Yoshida, H. and Panina, L. (1992) Magneto-Inductive Effect (MI Effect) in
Amorphous Wires. IEEE Transactions on Magnetics, 28, 3150-3152. https://doi.org/10.1109/20.179741

[6] Panina, L. and Mohri, K. (1994) Magneto-Impedance Effect in Amorphous Wires. Applied Physics Letters, 65,
1189-1191. https://doi.org/10.1063/1.112104

[71 MR, ZEEst. —Find BIEXNFR S R B GMI BEBUE IR ], ML BRaR AR 5 M, 2024, 12(1): 46-53.

[8] Cobefio, A., Zhukov, A., Blanco, J., Larin, V. and Gonzalez, J. (2001) Magnetoelastic Sensor Based on GMI of
Amorphous Microwire. Sensors and Actuators A, 91, 95-98. https://doi.org/10.1016/S0924-4247(01)00502-7

[9] Kim, D., Park, D. and Hong, J. (2002) Nondestructive Evaluation of Reactor Pressure Vessel Steels Using the Giant
Magnetoimpedance Sensor. Journal of Applied Physics, 91, 7421-7423. https://doi.org/10.1063/1.1455608

[10] Valenzuela, R., Freijo, J., Salcedo, A., Vazquez, M. and Hernando, A. (1997) A Miniature dc Current Sensor Based on
Magnetoimpedance. Journal of Applied Physics, 81, 4301-4303. https://doi.org/10.1063/1.364809

[11] B8, REOK. BREBIERS RSP 45 A 5 % a8 1 U RF 1 [J/OL). FE TR, 2024: 1-6.
http://kns.cnki.net/kcms/detail/61.1291.TN.20240226.1719.004.html, 2024-04-17.

[12] B4, #EH, F5E, BGEFFE, Nutor Raymond Kwesi, 77 fufs. [E]fb 0 44 K il i O R 1 A 5 i () 7F 9 [9).
FklEL, 2018, 8(2): 68-80. https://doi.org/10.12677/MS.2018.82009
[13] Shuai, S., Lu, S., Xiang, Z. and Lu, W. (2022) Stress-Induced Giant Magneto-Impedance Effect of Amorphous CoFe-

DOI: 10.12677/ms.2024.144045 395 PR R


https://doi.org/10.12677/ms.2024.144045
https://doi.org/10.1063/1.342149
https://doi.org/10.1109/20.42292
https://doi.org/10.1109/20.104389
https://doi.org/10.1063/1.354581
https://doi.org/10.1109/20.179741
https://doi.org/10.1063/1.112104
https://doi.org/10.1016/S0924-4247(01)00502-7
https://doi.org/10.1063/1.1455608
https://doi.org/10.1063/1.364809
http://kns.cnki.net/kcms/detail/61.1291.TN.20240226.1719.004.html
https://doi.org/10.12677/MS.2018.82009

ol 25

NiSiPB Ribbon with Magnetic Field Annealing. Journal of Magnetism and Magnetic Materials, 551, Article 169131.
https://doi.org/10.1016/j.jmmm.2022.169131

[14] Zhu, F., Zhang, J., Demidenko, O., Sun, H., Wang, C. and Wang, J. (2023) Influence of Stress-Induced Anisotropy on
Domain Structure and Magnetic Properties of Fe-Based Nanocrystalline Alloy under Continuous Tension Annealing.
Journal of Non-Crystalline Solids, 600, Article 122035. https://doi.org/10.1016/j.jnoncrysol.2022.122035

[15] £, W, JuReRs, ke, B4, W, R Fe JEG &y N B AR & A AR M OC R[],
FHRIALSE, 2021, 11(2): 111-118. https://doi.org/10.12677/MS.2021.112015

DOI: 10.12677/ms.2024.144045 396 PR R


https://doi.org/10.12677/ms.2024.144045
https://doi.org/10.1016/j.jmmm.2022.169131
https://doi.org/10.1016/j.jnoncrysol.2022.122035
https://doi.org/10.12677/MS.2021.112015

	应力退火调控环形磁芯对电流的响应特性
	摘  要
	关键词
	Stress Annealing Controlling the Response of the Toroidal Core to Current
	Abstract
	Keywords
	1. 引言
	2. 实验
	2.1. 磁芯样品制备
	2.2. 性能测试
	2.2.1. 交流测试
	2.2.2. 直流测试


	3. 结果与讨论
	3.1. 退火应力对环形磁芯交流响应的影响
	3.2. 退火应力对环形磁芯直流响应的影响

	4. 结论
	参考文献

