¥39% o6 HL T 5 AR 2 4R Vol.39 No.6
- 78 - JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2025 4 6 J

DO 10. 13382/j. jemi. B2508336

B T #3388 IR B 490K Ba #F LR 7 5 1
WEFHEHAR"

I o7 ckmT' Fxay £ 4 O ok B
(L HEE M RZAE L) IS A TR 2BE Jbat 100083 ;2. HHE M R2ADF 5B Jbat 100192)

H OERE XﬂfAﬁzﬁ)ﬁ*JrE’Jﬁz%% M AR — B ST = 08 PR AR O A 1 T35 B2 5 % SRR T S it (8 E ARG AR A )R B
AR A, 2 3 R V) A S B0 2 3 LT, A [RIAS A2, D30NS BE AT, IRt ) a4 OR B, B UE, 3 8 —Fh i 20 B
TR REFR I 7 B AR ORIE R R P SRS 1 10 [ e 2 i DU AR 38 L LA v 00728 PR 285 19 DR S A ek R A R S BiF 5 % 42,
FET YK RGP IR T 5 (R 2, 40 1 i Tl v B A R R D TR, P TR SR B e R B (8 AR S8 U 2 R
XGRS E R AT R TR AL B, LAHE TR S T A DU 2% 1, - 5k R g R e P AR B LR R SR, IR WTHIR R T
YK LG AR BUTEIR A AT F THR A RN R 5T, 3 2 PP 5 1k 1] i 4 %Xa‘ttf&“ﬁ?@fﬁﬁ%fﬁmﬁ*ﬁ HIRT$E T 42
i T ONERR0R BT HR 2 Ty ik T BB R M A Ak S B T A AR A B IR B [R1 406 S8 909% LA |-, EL T X PR B2 0047 8 (H 28, B
AR ERA AT AR PR AE O e, A AR R AR 1 2 W B R & A AR TR T S A R SR
;ﬁlﬂ: K IR T RER ; B FHIR 2508 mE AR
hE 5 %ES: 0441.5;TQ573%. 6, TNO6 XEkARIRAS . A ERREFR S LK. 470.4017

Research on measurement methods for magnetic and thermal properties of
nanocrystalline materials based on magnetic ring self-heating
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Abstract: Temperature has a certain impact on the magnetic properties of soft magnetic materials, and temperature rise parameters are
crucial considerations in high-frequency transformer design optimization. However, in magnetic characteristics test of soft magnetic
materials at different temperatures, the temperature variation time relies on subjective judgment of experimenters. If the heating time is
insufficient, the testing accuracy is relatively low, while excessive heating results in low efficiency. Therefore, a self-heating magnetic
property measurement method for magnetic rings was proposed, aiming to ensure the measurement accuracy while improving efficiency.
Nanocrystalline materials, preferred materials for high-frequency transformers, are used as the study object in this paper, aiming to
investigate factors influencing temperature rises of nanocrystalline magnetic rings, and an excitation circuit is subsequently designed to
rapidly heat the magnetic rings. Once the magnetic rings reach the target temperatures, they are demagnetized through low-frequency AC
attenuating excitations to meet the testing conditions at designated temperatures. The magnetic property parameters are then obtained by
using the excitation and measurement circuit. Finally, a traditional constant temperature box of nanocrystalline magnetic rings and a self-
heating magnetocaloric characteristic testing system are designed and built. The comparison between measurement results from the two
methods validates the improved efficiency of the proposed method on the premise of ensuring the accuracy. By simulating actual
temperature rises of magnetic materials, the proposed measurement method reduces the heating time by over 90%, and changes the
temperature of the magnetic rings by a constant value, thus achieving advantages of precise, controlled, and rapid temperature changes.

This method provides an experimental and data foundation for multi-physics coupling and design optimization in high-frequency
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transformers.
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Fig. 1 Schematic diagram of the magnetic

property measurement system
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Fig.2 The flowchart of the magnetic property

measurement system
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Fig.5 Measurement circuit
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Fig. 6 High-frequency inverter circuit
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Fig. 7 Schematic diagram of demagnetization circuit
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Fig. 8 Experimental diagram of demagnetization circuit
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Fig. 10  Experimental diagram of temperature control
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Fig. 12 Principle diagram/experimental diagram of the
temperature controlled chamber variable

temperature measurement system

B 13 ATHEASRI R S
Fig. 13 Experimental diagram of the self-heating variable

temperature measurement system

S ] 590 B 2 (e E FARIE G R

ARSCTE A TR R ZE A IR a3 BB
EAZ R & B 07 e R 1 N A ST SR L DS B 4
FIF T 6000 o ) 5 50 20 30 00 3 2R e AR — B, AR
BB LRGN 4 s, DK, 003860 i 18] < 10 s, B 2
WP L AR T LU ARG IR THIR N 18], 26 3 S AE A [l 7
WA ST T BEPRA TR TE) X L



- 84 - LSRR R e o

F2 [EERETIEE
Table 2 Consumption for various temperatures in

temperature-controlled chamber ( min)
T Y8 485 b= - )&
I M;I? " mfiﬁngﬁ% BRI AR
50°C 42 68 30 98
75°C 59 77 30 107
100°C 59 69 30 109
125°C 58 66 30 106
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Table 3 Time consumption of the self-heating system

(min)
R 40 kHz 50 kHz 60 kHz 70 kHz
50 °C 1.87 0.84 0.74 0. 47
75 °C 4.05 2.09 1.7 1.02
100 °C 7.19 3. 44 2.82 1.65
125 C 11.4 5.49 4.02 2.49
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