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Abstract: The losses of magnetics account for a relatively large proportion of the total loss of power

converter, the accurate estimation of which is critical to the efficiency of power converters. The

measurement technology is the foundation of all research on the magnetics losses, which is also the

most direct and effective means to evaluate the magnetics losses. Available magnetics losses measure-

ment techniques were reviewed. The principle, characteristics and application of various calorimetric

methods and electrical measurement methods were compared and analysed. Finally, the development

trends and research directions of the magnetics losses measurement technology were envisaged.

Keywords: magnetics; winding loss; core loss; test; electricity; heat

TR I AR AR e v] LS A [ 20 BE A 78
e VRO R R AR e B, N AT H £
Z A0 K, P MBI g TSR e AR A
LIy AR5 A D) A 4l o i v v RE AR SRR [
RBEFERA H B BLSC R S, RO, s ey
FIFLIES, oh T REEADRE A v b ki) E 20 A 42
18, HfifE T2 2, N2 &l it x5
AR AR E R R BURE R RR LR

ks HiW . 2017-07-19

AR SRR S PR A AR A, AL, # 0T
TFEOR B2 BN il 24 D R AR B R ARk 5 T
VERIAR R = DR AR A — B Oy [
P AMEAR SR A SR

WETTAF R0 AE £ 45 SE L L FE FNREL S AE , X
TREVERRI iR AR RS PO IS, AT A0S
T PP ARSI B RIS R ST AN T T, T
FRE A SE IR BT, B A T R AR Y

HETH . WA AREEIETH (2017J01470) ;MR EA U E T RHE I E (JAT160324) ;47 2 T2 24 B R 55 45

I H (GY-Z160004)

AR . MR (1980~) 5 Rt T AN DRUM 15 BT 05 il v D v T I A8 R R



372 R TR B4l

158

ST B LR A G UE, A5 A % 3 57 Ry R S A A
fEoCF B LR BERl . AT T BRI OT
PERLTFE I B2, TEAR AT 41 1 SELH AR T
CIRFE IR R B 5 5 3, AT T A5 A R T vk
ARRF A R T G TR I R 1Y) ZE 2B T 1)
Tk R

1 #rHsiAmaEnlErnix

FR 4 ARG T4 i Re v N, H 3 6, #E ook vl
A RBRRETTE R IE BRI, X IR
e, G 45 AR ) DN 2 AT AR FH 6 20 J )
TR,

Tz A KB REooF, andlE ah ek
SRS R 1 T R ) E RS, SCHR [ 3] 3 4
1 — N BRERRE T, P2 T — PP A BRE I
DT v, X i e B 1 AR S A5 T L g A B
SBRREEE J B AE —E FR R L T AR
W TTA SR RAFETC IR = A R A AE X o vk
AR A S 3 3 ) 28 2 Y 8 U A A L B, AR
PSR TR TR SR e

SCHR[ 4R FE T DC/AC 35675 L % hy 5 7T 14
PEALRE T Bl i, B IR e A 5 8 A3 TR s LRy
2 2 % TR RS LA 0 B 2 0 rL e i e )
TR H TR PR R G0 280 LT B BRE T AR A R
WU S #ECIF R SRR AE  3X A B F R il
WG N SEAI e R B AR T —Fh T AT B
2 HJR T T 2500 H BORREE B I R e 8
Tl AR e A 6 % R 32, DO i om0 e o 4 1)
TR Y 55 52 B 9 il B B B A — 28 — B, W3 %
GELFFE R IR 5 1 BN &2 8 DC/
AC 39675 L AR B 1 A SRR 52

SCHRLS ] 0 T — ) - 11 AR A S 41
FERIN 1 7 9%, SCHP e TR AR He 2 h 38—~
BhGEEH FH- T, 25 V- T AR R 2 ) — At i PWM
WG, — R A — AR B 174 67 28 Fl B, 3 3k
N2 %7 Bl 8 21 79 s R 70 28K R EL 79 s £4) ERL T, DA
A BH A BEAE | R S8 20 5 4 Bl N 28 40 1y I
L n, FRARE 4 S 10 0 2 =005 219 T 00 kAl
SR BFEN G, xR EE] T AR
PR SR FE R I I O, — R e
IR T GRAH A FEME DL B DR R v 4o R A )
L, HE %R AZ R A B AR K, B 7 2
FEL RHLBEL RS 4 | 0 A E SRR 3 R 1 B 5 ™

S B I 5 45 5 S I SCHER [ 5 ]t SR T AR
TR A HR LA S S o B, O HLR B BT 0 A4
Xof 7 48 P, BEL A 7 s LA ARAH U At 114 BEL (L RUR 32 1]
B7o 8, izl 75 i o vl LA i i 45 7€ 1Y
JIREE T 00T B SREA AR, 102 o1 5L AL O
B CTOUT R e s h b o SR AR AR I TE LR
M
2 EHESHRENNERE

LSRR I B — VIR R TR SRR
IR A, A VAV T O P 11 e L R S8 T
B, PRI MRS b 0] 25 45 Ao AN [i) il 0 000 T 0 40
FERMF I MG IAFE ) B A O, A&
AR AR DN S e B ) AN (] T LA G Sk RS« B i
ML A A
21 BEWNEE

P Bk PR R L S R
FIABRE I 5t Dy 3k 00 g 3 ek ) A A 8 A
PG R A PR TOIR TH15 B0 AE RY J7 8k, RIRE g
PR R AT A R AR T 0T ) 25 25 L, 5 TR A
TR bR AT AR 46 20 (1) 38 e P B T o
R il TR SRAHIAE o

W=c-m-+AT (1)

Ky woEfEH AR, c BRI, m 2T
BBt AT S il T 0N ik T 2 R
A B R

AT e B R AT GE B 18 ke,
1760 4, Jy 1 0 B W0 A A e s SoheR T
S PTTAE PICRB I A TA 5 A FEEAT B B g
(S e FEL B4 A 0 A B (A K R A oK, T
TR R K B 25 i T ARAS 1§00 1 L B4
2o 1789 4F  Lavoisier TEAHAN 41 T = #3132 M H:
WE R ERZEAS, A AR T,
[ AR 2 Pl A 7 A g A (s K Rl A K 1Y
T T oRAT B Rl I Y P

AR AR, H Gk 220 LUy
PG R T B G THE PR
Patm B E R DT XA
I 7 AT TR B 4

(1) TPt Tk

TF 2 i O I R R T ]
Fi7s 25 o B AT 2 AU B R TIT IR
ity I e A AR B 2 DL SRR A



55 4 3]

MR, A DA AR TR IHRFEI BT R 2RI 373

S TE] AU, ARG 2 (1) SR B Pk i i #E . 2X
FRILEE C RITURBILEIE C,, TR Bt
m R AR BRI R m, AT 25 i
SRR 2E , PR IR, PR RO HA T
(RGBT ¢, 0 m, A o 1 0 G
SRR AR N BT B —E AT 22 A |
B AT L BCR AT, Hom, BRSO R AR TN
HME, T ¢, 23 BE A il B2 FIE B8 ) ek A8 T 4 8, AR
UL ) ANE S R A i IR P 0 A AN 34 2
G ABCR IR 2

— HO

GRS

B1 FHXERItE

Fig.1 Open type calorimetric measurement method

(2) B AR %

EA TR R R AR N T, —
R K B, A5 ANIE 2 B, WA g
Hedi PG RN IEER , B 1 7 A Y i Jofle i
LA AR N B 2SR, R e B S i R A By XL
P AT, I B Al B AR At
2EFIRR BRI [ B4 3 i, a0 P AR AR 5 (1) 7533

[
A0 —>

H0e—

witt]  <R7

B2 sHHAXERITE
Fig.2 The schematic of closed type calo-

rimetric measurement
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Fig.3 Schematic diagram of calorimetric equipment
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Fig.4 Calorimetric equipment
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Fig.5 The schematic of resistance measurement
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Fig.7 AC power measurement method with

resonant capacitor
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Fig.8 AC power measurement method with

air core inductor
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ment method
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