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Abstract

It is well known that magnetostriction is the main cause of vibration of the power transformer core.
Therefore, how to achieve magnetostrictive effect equivalence is the important factor that deter-
mines the accuracy of electromagnetic vibration calculation. To improve the calculation accuracy
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of electromagnetic vibration of iron cores, the magnetostrictive equivalent force of the iron core is
calculated separately in this paper. The magnetostrictive property of the iron core is the data basis
for force calculation. Therefore, the magnetization and magnetostrictive characteristics of silicon steel
sheets are measured firstly. Based on the measured data, the magnetic field of iron core is analyzed,
and then the magnetostrictive equivalent force of the iron core is further calculated precisely. The
equivalent force and electromagnetic force are simultaneously loaded into the calculation of iron
core vibration, and the results of core electromagnetic vibration analysis can be obtained. And the vi-
bration of the core is measured at last. The measured results are compared with the results of calcu-
lation that include two parts, one is calculated with magnetostrictive equivalent force and the other
with the traditional initial strain method. The results showed that the calculation accuracy of elec-
tromagnetic vibration of the iron core can be improved by calculating the magnetostrictive effect
alone.
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Figure 1. Monolithic magnetic properties measurement systems (MTS)

E 1 8RN E RS (MST)

AW Je ) L )78 T A RS AN R R 4 B30P105 A5, MRS Ein e 1 fos. REANAE A
FEAN R B KRG 25 B N HEAT S Ak, PIASAN IR 2 o i — IR 1l 2, Rty [ 2 i i T el ied = 7
FE AR AR 77 1228 AT 4005 P T WERe PR BB v B R R AR A i 4, A i e AR o 1 3 2 2 4] 3 P,
FEARE I T e il 2R B % DU S B M AR AE S TR 9 B T R SR

XA BN AR, AT 2 PR RS B A G 2k Gn B 4 BT

TE U 4 Ve - WEEAFL 1 7€ SCM[11]:

App = Amax — Amin @
S, A Wi 59 9 F R BB M 25 0 BOCRRR M . 1 5 BRI T Fo S AR,

F TR AR AR PR T 500 4t 00 P 2 A S B B T SR P e AN, O 75 (8, ARG B S R A
WL AR e — WA 5 R R NN 5 PR B oL = VJORE 2% AR LA B B DG T Y R SRAL R AN A B B AR % o 3R
BT FE S R A A B AR i Aok T B AR e SRR BT S RO W B A6 70 . FEMELAS 2 BRI e O
B fir g B M 2R ) 6 BT

Table 1. Parameters of the silicon steel steels
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BN (]
45 B30p105
o 1
K FE (mm) 600
B & (mm) 100
JE 1 (mm) 0.28
2 i (kg/m?®) 7650
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Figure 2. Magnetic hysteresis loop
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Figure 3. Magnetization curve and relative permeability curve
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Figure 4. Magnetostriction measurement curve
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Figure 5. Definition of magnetostrictive peak-peak
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Figure 6. Magnetostriction peak-peak curve

6. BABURARIE-IE{ErRL

3. Higoth
3.1. EBEIRINIEIR 4R

Maxwell 72 A T B ESRISITH BB SRR, &N EEGHIRATE. BESH
JEhHE N ARSI, ARSI L,  HELEY Maxwell 7 FE N -

A
pfl%+Vx(,ual,u;1V>< A):J (2
A, ARHMERAL, I ZHRIHEIL, p APEHELAR, o RARHBMET AR, p BB AR LS5 .

BEXFHL AR NS, S M B, AR AR A RS, Ferb R I ORI 2 o
77 fow FIREBARAG ST fns LARLGRL T A H)IEAR 2200 fo ARG Q)T RRAER J0, Prokas R 5[ E D)%

DOI: 10.12677/jee.2021.94016 148 ZERIN


https://doi.org/10.12677/jee.2021.94016

Tr
113
4

gE G, M SEELRE - MU A e & o
F="f,+f.+T

=[71ds+[ IxBdV +| &S ®)

=0, [ {J,(n-B)B-05B°ndS}dS + [ Ix BAV + [ Ds,,dS

X, T RRLTHHN A E; D Ronitkoks, WRAEEMIH RERAAR RS o, AR
By O M & P ANMEEUAE NN ARG, Horb g AT HTER ) B-Ag, M ZAR (EAFRI[13].
gk, W RIRSN TR

2
MIUicM u=F 4
oz ot

X, MOFERFE; CONBLERHRE: KOUNIEARE; u ™ mhike; FONSMBIER 1.
32. B

XFEEAN PR A IR e ik B B B A R R 244, (BAERED BT, MO &
PRI AR ARG ) AR, DRI TR EERE BRI RS , WA 2 SO0 T, RO SRAN L,
SL(RAE T e HE Bl AR) . 2 BT IR B AR 4 g T R I R R A B T N B SR 5 -
£, =K 0t =K gt ®)

oms

HOR K, 2, 4 AR R AR ARSI A IS, v 45 2 T o o 75 PO BE S
WG e BT 2 = (1,1, 1,07, WIRTAS BB R 440 1125

fos = [[[[N]" -, Oxdlydz (6)

b, NI DY T A4 B0 R R bR BORE R
3.3. BEERMESTHT
AR 28 S RS U AN A R . RN T S R R TR R . — AR, RSV AR A 2 DU
MR . B RRMFR R, AN, TRLRRN:
ﬂ“ex + ﬂ’ey + j’ez =0 (7)
Hefay s Ay, A AN X Y, Z TSGR R
WX J7 A B TCRE SR 48 REL A, = A > WIIHABFEASJ7 18] ) B O RE SR 48 R ECH -
ﬂ“ey = _/1/2 (8)
j’ez = _/1/2 (9)
4. BRRGTHESLHNE
4.1 RBNEETE

AICLL— & G520 Epstein J7 8 1022 I a9 BUREAT tH IR S50 b, B ESHUNE 2 Pos, BRES
a7 from. g S KR as sl 8 fir .

DOI: 10.12677/jee.2021.94016 149 ZERIN


https://doi.org/10.12677/jee.2021.94016

. U
| &l
| |
| Core o |
[} e/ 1
T 1 |
e |
| o A | A
| IR
L} V V 7 7 600 7 7 7 7 1
700
800
Figure 7. Transformer model diagram
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Table 2. Transformer model parameters
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N5 28 B 2 R (mm) 0.6
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BT IR (V) 108
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Figure 8. Iron core overlap area
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Figure 9. Mesh division
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Figure 10. Calculation results of iron core magnetic flux density
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Figure 11. Calculation results of electromagnetic stress (N/m?)
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Figure 12. Calculation results of iron core stress in traditional
simulation
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Figure 15. Calculation results of iron core stress in joint simulation
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Figure 18. Acceleration contrast diagram. (a) Acceleration of vibration at
point A; (b) Acceleration of vibration at point B; (c) Acceleration of vi-
bration at point C; (d) Acceleration of vibration at point D
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