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Abstract:

Local analysis techniques were used to investigate the iron loss and noise generation mechanism of the
transformer. The interlaminar flux between the cores had a large effect on the iron loss of the three-legged wound
transformer core. In the lap core having the joint part, the interlaminar flux was larger than that in the non-cut core
having no joint part. The reason is that the flux flows to avoid the joint part of the inner core. From the results of 3D
vibration analysis of the three-legged stacked transformer core, it was considered that the out-of-plane vibration was

the main cause of the acoustic noise, because the largest vibration was the out-of-plane vibration, which was several

tens of times as large as calculated from the magnetostriction.
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Fig.1 Dimensions of model transformer core
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Fig.3 Schematic pattern of excitation and temperature rise in
thermography measurement
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Fig. 7 Comparison of magnetic flux densities between center
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Fig. 12 Measurement point of iron core vibration on model

Amplitude of core vibration (um)

2.5

1.5

0.5

12 7 /VEOEESRDBR OIRENRIE BRI

¥ THAM T 25 )T, MEMRICEL, SERDR
KIENT RO TYIE 2 B DR RN R Y Lz, TIN5
OIRENI/NS <, WHNT I OHREN 1 N T 1A R LTS
K3 ->TEh, SOREOBAIIEIMETITH2 v E 2
%o WEAEREID/N S LI C b K & R mmyHREI R S N
fedUE, MEE & O B OREIREI 28 2 R lE L C
WVEDTIERVPEEILNS, B4 IZHNMHMICET 2
SHEORBNEN &R T BROK S S WA RDZEM D
KES, RHIOKSDHRNZ S, KHIO MDD

transformer core FERLTWE, 37z, KADPEPNTOROLEATOMmEELZ
G S T W Z RS, mAMRENZ, U MTIAiH
O — O
O
[Limb] [Yoke] | [Corner] |T-joint] [Limb [Yoke] | [Corner]| [T-joint] 0 . U o
O 0
© e © 0. 019 LA Ala Al A AlA IM |Y01‘<e\ |C0‘rner| T-joi?t|
A B C E G D H F A B C E G D H F A B C E G D H F
Position Position Position

(a) X-axis direction

(b) Y-axis direction

(c) Z-axis direction

13 7 /VEOERERICEIT2EAMICHT 5H0IRBIDIRIE

Fig. 13 Amplitude of iron core vibration in each direction on model transformer core

14 7V OEESROBOIRIEE)

Fig. 14 Vibration behavior of model transformer core

—51 — JFE R No. 52 (2023 4£ 8 J1)



JFE 2 57— VIZ51F B 2 ERRRFE O T AR AT R

RD RD

TDl::>

(a) Alternating
magnetization

(b) Rotating
magnetization

K15 EeEFHOERK
Fig. 15 Schematic view of magnetic field

ND

D R R Spike domain
T Spike domain T
‘ ] _l<oo1> L. rD
B == B
RD Oblique domain ND Main domain
— RD — TD
®
Main domain
Spike domain

X 16 ArRMEHEMROHEXEEENX

Fig. 16 Magnetic domain model of grain oriented electrical
steel

Main domain / RD

Oblique domain L RD

17 R\A TR ZERE T 2R CIREABICEE LTI D
Al eyl

Fig. 17 Magnetic direction of oblique domain vibration
amplitude

£ 30° ¥ 210°, W HITIZ90° ¥ 270°, VJHITTI3 150° ¥ 330°
TEACE-TEY, SHO+¥ ok RS 2 R T
Db,

FonTld, FCd B RLFMME T3 <, TD o %
B35 D0tk b £z 65, B15 ICHAER 2[R
TR E ORI 2 /R T, RD ATAORLR D DL a2 £
422713 TD SO DRKICHELE 3 TH D,

ik ERESRAR OREXREE 1, JEAEST AN TR A b T
A TIROFEREX Y 7>y b eMEN 2 fEIREX 2> 6 5 Y
7o T 5, MBIGXKIE, REMHENG 25021 2
WK e 206 284S 3 2 1 CARE s BOE L 72 g X
(Oblique domain) 7> &% 0 37> T3, HRXZE 16 12
RY o ZONESTIAN EE U 7o AKX 3 FEAE /T 1) & T 1 1 N
WHY, B17 1R T & 5127 ORGSR LR
¥ 45° ZIALTWL S 2 DHIL TV 32 BibTmsssl
0 45° DT E VTV 2 ¥ SH 2 eid, TD At s
NBLEEIIREAES D RD HATHLERER ED L, 202
284 2 GRS 3 5 T TR 5 L EGE L 7 RERK 2316

JFE $%R No. 52 (2023 4£ 8 F)

IZIEB T 5 v Z o, HiiE ND 513 & O TD 5w
KT 5,

SEGE L e RENC B » T, maMREIS R L KRS
»oTcDiE, TD HMEDI Db RS Ls e Bbins x4
FUTTHTIEDD, DRSS ZHKEHEAET BT
M5 s B8 L 72 R O30 & 2 ND A5~ O fg B i
73, SLOEIMRBIORK Y &2 b s,

PROIRBIOIRIE (Z 7510) & 2 Wi fPfEE XY 51 13
ZhiEnL, WERREBORKEA IIERELXLTED, ¥
CINWVESELET R ENETNOMEIIHNATRT e’
T35,

L max— L min

App = L ©)
App =L max— Lmin  ccoreereeeeeeeeereeeeeeniens (3)
App = Appx L e (4)

2T, SRR EZ A AR B a—F —
e THAEERIC, K11 ORULICHEIRIIFS RS20 % 28k
DREN ¢ 78 5 T B OB O Z N B 25 H L, K13 T
s L7 SO IRBIIERS SR v Lol U7z BROIRE) OGRS H
CIRE R O Lt 2 B 18 (/R T, HN TN A A v S
S R E T H - 7o —F5, WTTIEmEICK
FEVDH Y, BEOTLER Y E Z TV 5N TR
i3, BRI L D KIBISHASNTVwEEE 5, ZOH
KWy U<, ZMHEREEOLDAESRONE, ZEEGRNOR
WGV 3 A O IR 5 112 ¥ — T U3 e < RiARE 2 4 - TREE S
Np e, ZONHEAEC & 2 A — 75 825 EE
BiH54a U s ¢ 7¢O RE) & KIE IR S € 0w 2 i REE:
B & ORESL O BEERBIRFE ISR LTV 3 ArREME 7
DEZLND, KEF S DT - 1A E DO RIS AT ©
b, EEZEMROMEBEIE RN LT, mish T o etk

g 2.5

3 m Calculation

_g 2.0 |- @ Measurement

S 15

g

&

S 10

—

=)

3

ERCES

=

: B

< 0
T-joint Corner T-joint Corner
In-plane vibration Out-of-plane vibration

18 BROIREIDFTEfE & RANBD L

Fig. 18 Comparison of measured values and calculated values
by using magnetostriction amplitude in core vibration



JFE 2 5= VIZ 51T 5 2L EZRREPE O ST AFHT R

. . L. It
Excitation condition » Iron core Y

(1.7 T, 50 Hz, 60 Hz)

Tank| =

ng oili

19 SHAYREEROBHOREAERA > b

Fig. 19 Measurement point of iron core vibration of oil-filled
practical transformer

0.07
006 L|\O0Hz |
M 60 Hz
z 0.05 e
ks
T E 0.04 b
1 e
S x
o <
S 0.02 [ R
01 ’_l ..........
0 . . ! .
X-axis Y-axis Z-axis
20 HEEZRBOICBITHEARITHT DIRERE LN VA
ooyt
Eﬁ*n%

Fig. 20 Measurement result of vibration velocity in each
direction on practical transformer core

% 1/1000 %, mNJTEOMEGEIERECE 1/10 51239
FEM fRATkE RIS R e — 83 2 vib~<T B Y, FEk
DIFESN T DARLT LI ERL TS,

T FINVEERTIE, SLomsd (ZHD RE3, i
KREBGFELNITLTVE WL IBRSE LN, X, E
ZIEAR T OBDMRE) & hEE £ » 4 — CIIE L 72 f5 R 2 R
T B19ITRT B, MEEL 3 — 1380 5o T #
AERICERIE L7 B 20 IPERS R 2R T, 3l 1 AR
Vv T 2 e, mih (ZED SEoiEEi v ~ovas b
Kahroiz,

FZEROTOEE) ¢ B OBGRER 21 1R T, SR0R
B 2 <2 S OVIZBEHIIE 2 R L7z, Xfili5mo z~<2
Fovid, 1500 Hz F2/E & LI BUREH 2 D &2 L%

Vo YHITHIOARZ bovd, FIREE 4 60 Hz <L X il
Fm sk 2 e 2R L, S 4% 50 Hz ¢ 4 X il /51
VE CHHBSE T 722023 700~1 400 Hz & Tl3E ¥ A 2 JEIREUR 7>
ML i YRR OEm SR b s, —7, Zii5m
DAY VI, AR E L 72 B 1IN CEBEEK D
WT BRI, BERARY S vE R ¢ JERED
& < 72 IO THIEER 3 AR L, Z
T D2 =27 FVveHLLTVwb, 2O LB
I OFROIREN DSEEZE O ED R L RKEVEEZ LN 5,

Top of iron core

=
o A 5 _ 1L.E-01 T T
X-axis direction 2 & | i i leonz
4 2 £ 1.E-02 i T ¢
s 4
m gsmoy&@ SAis %
2% 1o 2 A
L— = 0 500 1 000 1500 2000
Top of iron core = -
Y-axis direction & @ 1.E-01 P 670HZ
—4 2@11302—@% e i
g \ | 7%
= = 1.E-03
Il =% il | Y ey
-;3 1.E-04

500 1000 1500 2000

\

Top of iron core .
Z-axis direction

(X10°m/s)

Y A
‘\ | |
Vibration velocity

AREEE ]
1000 1500 2000

a4
a4

60 Hz

Noise level (dB)

ﬂ;EF:I@j

ﬁlr’on @\ 0 500 1000 1500 2000
Sound level meter Frequency Hz

(=}

21 SRORENRE LNV EBBEDEEANY b

Fig. 21 Power spectrum of core vibration velocity and acoustic
noise

4, HbHYIC

ZE A OAREHEIL B & OMRER &b, R &
i U CAERES OBKEML ST E X =X 424
B2 ePIEFICEETH L, 20OBNT, LTOHIR
w1z,

(1 =M= OZ R OB 30 R O REERTE D
PEEBELCEY, vy 7Fa7icB8uTil, NELDT v
TEEHZITRIT 2 L O ISR RN S Z o b, iR
O/ >Hhy bardkhkEw,

(2) ==L OEER T, -2 a—F—i6,
T HEEEBOMIRIIRIEL, HROWE I L TBf5IC
RT3, SOORENC BV TRDL KRS LOEEIMES)
THYH, ZOmMIMREIDSEEEOFRFEK Y EZ s,
HNATICOWTIE, HEREI2 L PHlS N2 2RI
HUT, FAMEO B TEBREV, ZOFERKY LT

13, ML TR 2 2 WA Z - fciidbic £ 51

Y — T G ARG EE) 23, 42 CAEEh v 7 b RS2 K
IR S e ATRETE e R E B O A IC e b A T W
Y05 PO EA IR ED B L T B afEEME Y
WEZ NS,

BE X
1) AHER, @l M. 3 LR T 7 VRO BT % Rt
TR E S & OB o fdT. ISR, 2003, vol. 35, no. 1, p. 21-
27.

2) (L), Helmut Pfiitzner, AHER. 7SR SHREE 2 7 H:5

JFE $5%R No. 52 (2023 4 8 H)


https://www.jfe-steel.co.jp/archives/ksc_giho/35-1/j35-021-027.pdf
https://www.jfe-steel.co.jp/archives/ksc_giho/35-1/j35-021-027.pdf
https://www.jfe-steel.co.jp/archives/ksc_giho/35-1/j35-021-027.pdf

JFE 2 57— VIZ51F B 2 ERRRFE O T AR AT R

3)

4)

5)

6)

7

8)

JFE £i# No. 52 (2023 4= 8 H)
Copyright © 2023 JFE Steel Corporation. All Rights Reserved.

2B B = RocEHEHL EE4R D. 2010, vol. 130, no. 9, p. 1087-1093.
A, SRR, RIS, Az, SEEEL S0ES Y E
Ji& U 72 B ERDA 2R O SARMRAT. BRCERE LA - FEE SRS
“hl 2012, SA-12-113, RM-12-128.

b=, BRI, ARz, FEsez, E— 27y 7797
A e LB O AR ORSHRET. ERFRR 2T 42 A
ekl 1999, MAG-99-174.

Cinar, M. A,; Alboyaci, B.; Sengul, M. Comparison of Power Loss and
Magnetic Flux Distribution in Octagonal Wound Transformer Core
Configuration. J. Electr. Eng. Thecnol. 2014, vol. 9, no. 4, p. 1290-1295.
IWEA, SVPEKE, AMBR, RS My —e2s 774010k
5 EFNVERDOBKIRNIE. <2 %7 4 v 2 AWM. 2011, MAG-11-
129, p. 1-4.

H B, OKRHE, LEA, THERS. SRRSO R O PR
WCRETHODR ORERTE ) O E. T A. 2021, vol. 141, no. 4, p.
226-232.

RN, ARHESG. BEEOOERESRD AT v 77y TGS L 25

SAMEWTSHL

9

10)

11

12)

13)

14)
15)

16)

ML, BRFR< 3T 1 7 AWM ERL 1988, MAG-98-173.
AN, RIETEY. BRSSO OBETERIC L 2T v HEOE
{b. #E%%5m A. 2014, vol. 134, no. 5, p. 334-339.

Mechler, G. F; Girgis, R. S. Magnetic Flux Distribution in Transformer
Core Joints. IEEE Trans. Power Delivery. 2000, vol.15, no. 1, p. 198-203.
KEHE, LWEE, GiEkEse, MEHE], FRIAE. ZHEHEERSL O
SROCHRENENT. TE2EAR A. 2015, vol. 135, no. 7, p. 414-423.

ILEA, Helmut Pfiitzner, ARHJEAN. ZHREERIE D < FmlkE
WS DR € 7 ) > 2. B2 AL 2010, vol. 130, no. 9, p. 831-836.
MEBEA], B, HYOCE. BSOSO THATE 7 v
DRFTEATIE. MEUSHZEEE. 1998, vol. 22, no. 4-2, p. 713-716.
Hubert, A.; Schafer, R. Magnetic Domains. 1998, Springer, Berlin.

B IR R AR O HHBIRERK RIS ¥ REK IR I oW T BEKUS
FH2EEEE. 2001, vol. 25, no. 12, p. 1612-1628.

IKEFARR, FHf—, BT, Roosre, PEE—R, (LEE 2
R0 o A R B R E. B 22 2011, [No. 11-2] Dynamics and
Design Conference 2011, 702-1-702-6.



