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Fig.1 Schematic diagram of the core structure
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Fig.2 Micro structure and internal eddy currents
of iron based soft magnetic composites
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Table 1 The main parameters of the reactors
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Fig.3 Vibration transmission path of
three-phase iron core reactor

FE LA L, R4 3R 1 HL AR RO v
PSR B , S B W 7 A AR A6
2 il 01, SR RV e T i e AR IR AR 25 00
XLV EFIAE g A AN R B, 5 R B0 A S 4
(IR Bl AN [7) B A7 14 4 3 S i [ 7 k0 I B AT |
PO PR Z 18] B TR SEL A I 22 0] A B2 A R4 B
FHHAGKE IR o [ AR St — 20 51 2= <,
i) DU Ji] A = A e

2 HBHHRIIEFEIEERIESN

21 ZWIEGHERERS T

SCHE I -2 A - 2 W) B G, 7 B
EGECEILR R i
2.1.1 @RS

FEIEH TARRAS T, e Pide S 4 i HL it 7E 26
PSRN Y o LA O O R 4 D R, Y
AR RER B A RGN -

0A oL
o VX (' 'V xA) =, (5)

S o W TR, R R B 5255 0, SR
) 71 NI
RV ARIE B RISEAL B U1 K/ T, 7T DL
i (6) Fist(7) 755,
B =pyuH=VxA (6)

-2 (7

JSS

A H G758 s N SR AR
2.1.2 5k R o A
HWHRES G, WS E AR ) e, i — 23t 5
Wi JIVE R A BRI o B2 R sl 52 % 0 T 4%
AR AL ) w, HOR RO R ANT
d’u du
M¥+§E+Ku:FV (8)
M O BT B R BOERE K W
Ml F, A IRBUT
H#ETT AR R T RESUR 48 A v T Ak
1822701, IS INES K g~ BBk, 1 37 A4l A8 ) 5 A
B RN TR s SRBUER BRIy F, o HLBT
s B AR S B AR R T R R
0=V-s+F, (9)
T SRR, A AT AR A
ARk PRI A | 2 S T il
Fraa e TE O 0F BT R, I8 %% ) LUA
AT e B TR Gedi b .
2.1.3 R
VEFEIE ) A e, IS i AR T ) po M4
4 73375 A5 14 L 370 s 41 S0 m B AR A iR 3l 40 46
RABN b, RS RS . B iy

Sl (wma(- ) =0 (o)

PoC ot
A Q D HAR R ¢ AR s po 25 U S s ¢
A
22 iRAE

MBI 3 G BB i PR T, S0 7
L3 A PRI B O T AR AR A
JEERERI R DRI 9 R Rk B A B, BRI AR R L
1P — B i 5% 60 A REAR iSO o RO IR
ARSI R 0,584 | R IR

T 3OS BT xd BARANAR, R 2 2 A
B ISR 0 HRL AT , KR B O phy T M B
SEASLAY, BT LA AL FRAR o 3 P HL 0 TR
PRI 4 B o

T
(0) Bk EEARR b s

(b) & A
E4 =iHEmMEBEER
Fig.4 Three-phase reactor models
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25 HEMBERIEEHELERSNT

X3 B EATAIEN 15 A B AR HL IR, 05 B R
IEHIBATIE 00T WREE 2 B RS A A

[=15 A}, 3 Giapras 0L a5 o K
TNIEL 6 Frz . Hil&l 6 Wl K0, ik 4K H 470 A k0 A i T
N 0.75 T, e KM % AR P R koA Rk
PRI EERAL 7 A, O 114 T, R R PTa L
FERG I % HE 0 0.46 T BREEHK G F HLae B O AL il
HEHNO3T,
2.5.1 vl 1N PR SN d

3 B LT AR O AR Sl e B2 DR/ NN &
T 7R o BRAO IR B JBE 5 X AR A, P Sl s
HRORAA H BAAE B AHGRL N B AR OAE |

K8 Y RE B AE X\ Y Z J7 1) B 22 e 0 6 4k
EIpIIPEY - e I Gy L b pae L A L I A L )
i Ae1a), Z J7 18] ia) o

(a) EPIHE PSS

BIT BIT
All4 ' A0.46
0.8 ‘ 0.4
0.6 \ 0.3
0.4 ' ' 0.2
02 , 0.1
¥4.52x10° ‘ ¥2.67x10°

() TEFIHTEY (b) BRIERME T
BIT BIT

A058 ,‘ A105
0.80
0.78
0.76
0.74
8%
]
¥0.02x10° Wi "“‘7067

(c) IRA HPTA (d) —HBpt

E6 BafmfKOHEEERE
Fig.6 Nephogram of magnetic flux density of reactors
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Fig.7 Nephogram of vibration acceleration
distribution of reactor cores
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Fig.8 Nephogram of Maxwell vibration
acceleration of silicon steel cores
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Fig.9 Nephogram of magnetostrictive vibration
acceleration of silicon steel cores
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Fig.10 Nephogram of Lorentz force
vibration displacement of windings
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Fig.11  Nephogram of sound field of silicon steel reactors
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Fig.13 Nephogram of sound field of
powder core reactors
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Noise characteristics of iron-based soft magnetic material reactor
ZHANG Zixi, JI Shengchang, ZHANG Yukun, LIU Shuqing, GAO Lu, ZHANG Fan
(Xi'an Jiaotong University ( State Key Laboratory of Electrical Insulation and Power Equipment) ,Xi’an 710049, China)

Abstract ; Iron-based soft magnetic composites have the characteristics of high magnetic permeability, high magnetic induction
strength and low iron loss. It is of great significance to study the vibration and noise characteristics of this material reactor for
the design of vibration and noise reduction. In this paper,based on the finite element simulation model, the vibration and noise
distributions of the reactors under normal operating conditions are calculated and analyzed through the magnetic field-structure-
acoustic multiphysics coupling. The noise measurement system of the reactor is built, and the noise signals of the silicon steel
core ,hybrid iron core,and iron-based soft magnet core reactor are measured separately for experimental verification. The results
show that the noise of the hybrid iron core and iron-based soft magnetic core reactors is significantly lower than that of silicon
steel reactors. The hybrid reactor is least affected by current changes The simulation data shows that the magnetostriction to
Maxwell force noise ratio of silicon steel core reactor is 1.15. Magnetostriction occupies the largest proportion. The main reason
for the low noise of iron-based soft magnetic core reactor is that the magnetostrictive effect is negligible.

Keywords : three-phase dry-type reactors ;iron-based soft magnetic composite ; noise mechanism; magnetostrictive ; multi-physical

fields coupling;finite element
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