W46 % WS 2/ M Fx % W Vol. 46 No. 5
2025 45 H Chinese Journal of Scientific Instrument May 2025

DOI: 10. 19650/j. cnki. ¢jsi. J2513846

BT = %50 3550 B 30 R s g 1
THEmFEMNETHR

ESE AR /' E om' maee % A
(1. M KFES TS Ashib2be MHM 350108; 2. (R B AEVR & B S AR AR E S0 = M 350108)

& YR S R R K 100 MHz 355 380Rh 1) R M T R AbURERT , R A AR SO R BEE R RN 3R 25 . AR
T D0 B2 R 1 TR A O A IR, b P U B R IR 25 R R T L AR (W, DA R IR R BRI, R R e AR A
THBRE P PR I R 2 RS E R AR DL BRI RN PRI IR D) - T (P-AT) R, FLIR P58 A i AL iR 25
SRR T8 s 2t R AT 3 R ) PR B AN — B, L v B T 11 T I A5 A0 B R B I A4 A0k L 9% 25 1 B0 o R 2 Wi VR A
FRIGBE ARG, 32 A8 Wt T 3R e it AR T 0 o 8 o A S R R M T AR B, DA S IR T BN BRI 3 P-AT X FR |, 5 prat R AN
SRR BB AR R AR R, T BRGE R SR BUEA — B S B R 2 S D) R b Ak B TR 2 VR T A AT A S O )
BIRZI 6T A2 b a0 e SR e iR 2 B PR AN AT , LR Ff T R, 3 e A Mk o (AR BRI S 5, i o) L (7 AL B
T, SCELE S A& . e, DATDRE B SR BCBHE 19 4 o F IR Ay S e A2, 360 I A s 8 AT 0 2 5F- 5 AT AS B 0 2 100 MHz 45
BN IE 5% I S M oo RE

SRR WA T IOURE AR AT R A PR T it

i E 5 EKS: TH89 MEARIRES . A EXRREFRISEKRE; 470.40

Research on losses measurement of magnetic component with
wide-range frequency excitation based on calorimetric method
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Abstract: When measuring the losses of magnetic component excited at frequencies up to 100 MHz using electrical measurement
methods, the high-frequency parasitic parameters can lead to significant measurement errors. The calorimetric method is utilized to
measure the losses of magnetic component under ultra-high-frequency excitation in this paper. The errors of the closed calorimetric
method stem from the determination of specific heat capacity, heat dissipation, and heat from accessories. Typically, the calibration
calorimetric method is employed to eliminate the measurement errors of the closed calorimetric method. Traditional calorimetric method
uses direct current (DC) power as a standard to verify the power-temperature rise ( P-AT') relationship. The errors of the DC power
calibration calorimetric method arise from inconsistent environmental conditions between the calibration and measurement processes,
particularly the difference between the DC and AC equivalent resistance of connecting wires, which causes measurement errors that
increase with the excitation frequency. This paper proposes an alternating current ( AC) power calibration calorimetry method for
measuring the losses of magnetic components under ultra-high-frequency excitation. By using AC power as a standard to verify the P-AT
relationship, and ensuring the same excitation frequency during both calibration and measurement, this method eliminates measurement
errors caused by inconsistent of connecting wire losses. The remaining measurement errors in this approach mainly result from the
influence of high-frequency parasitic parameters. Following a detailed analysis of the principles and error sources associated with the

calibration-based calorimetric method, corresponding solutions are proposed. A measurement platform for magnetic component loss
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evaluation is constructed, and an upper computer measurement interface is developed to enable automated measurement. Finally, an air-

core inductor with accurately measurable losses is used as the inductive device under test. Experimental results verify that the calibration

calorimetric measurement platform can accurately measure the losses of magnetic components excited by sinusoidal waves within the

frequency range of 100 MHz.

Keywords :losses of magnetic component; calibration calorimetric method; ultra-high-frequency; losses measurement
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Fig. 1  Principle of traditional calorimetric method
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Fig.2 Principle diagram of calibration calorimetric method
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measurement platform
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Fig. 14  The relationship between A, and f, L caused by the

distributed capacitance between the wires
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Fig. 15 Current probe equivalent circuit diagram
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K18 sEbRHLBE
Fig. 18 Calibrated resistor
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Table 1 Parameters of model calibration

AR/ MHz FERHLBH/Q ky ky
0 10. 000 1.754 52 -0.015 59
20 0.184 0.962 42 -0.007 56
50 0.250 0.747 70 -0. 005 37
75 0.250 0. 626 98 -0. 004 45
100 0.313 0.634 11 -0.003 72
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Fig. 19 Physical picture of air inductor L,

airl
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Table 2 Air inductor L, parameters

280 Kl e FyCIEN
4% OD/mm 27.30 A,/mm’ 76. 40
A% ID/mm 14.12 1,/mm 61.00

75 h/mm 12. 02 R(5 MHz)/Q 9.15

€20 iR [l A R L,
Fig.20  Air inductor L

i With return turn

x®3 =0HERBL,, H

Table 3 Air inductor L, , parameters

SR e 2R el
SME OD/mm 8 Ae/mm? 2.945
4% ID/mm 5 le/mm 20

1 h/mm 2 R(100 MHz) /) 0.242 293
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T 95|
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85}
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Fig.21  Error of a 5 MHz sinusoidal wave-excited air inductor
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