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ABSTRACT: In engineering, the overlap of the
amorphous transformer core is mostly without in a free state,
causing problems such as large vibration and debris falling
off. In order to improve this problem, this paper studies the
effect of clamping force on the magnetic and vibration
characteristics of amorphous core. Firstly, the magnetic
properties of amorphous alloy strip are measured and an
experimental platform of magnetic properties of amorphous
alloy roll core with clamping force is set up. The basic
magnetization and magnetostriction characteristics of
amorphous alloy roll core under different clamping forces
are measured. Based on the measured characteristic data, the
multi physical field coupling calculation is carried out for
the small-scale amorphous prototype, and the magnetic flux
and vibration distribution of the amorphous core under
different clamping stress are obtained. In order to verify the
accuracy of the analysis method and results, the vibration of
the analysis prototype is measured, and the comparative
analysis of the vibration displacement of different positions
of the core is realized. The results of calculation and
measurement show that the proper clamping force can

effectively restrain the vibration of amorphous alloy roll core.

Based on the electromagnetic vibration analysis of a
small-scale amorphous prototype, the model was applied to a
500kVA amorphous distribution transformer. The vibration
under different clamping stress was analyzed and the
acceleration at multiple position on the core were measured
at last. This paper provides a method for the pretreatment of
the clamping force of amorphous transformer in engineering.

KEY WORDS : clamping force; amorphous core;
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Fig.1 Magnetostrictive measuring device
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Fig.3 Magnetostrictive curves of amorphous alloy strip
1.2 REATIERKOCHEFENE
9 HE B 73 At e B 00 AR A < B0 B
PERISEW, AR SCHREEE 1 I BN ) T AR S Bk O T
et e &, WESKmE 4 Fros. BT L
e AR RS OEN TIR KR, AT
PR AE &N R S 0Bk o0 th 22 0 IR K AL
B, e RS ERL, ik s A R BN 0T
PO RSN & A T4, SR B G 7R 3R AR
JEER AR L, WSA B, b—xm
SRAENAE SRR AL, I TR o AT R B
OO B e o X6 3E dpy kO b 3006 Im s g 9172
JEEFBINA A, I ) A% SR AR Al s S I ME .

| Eﬁ%@%‘ ‘ P ‘ ‘ P \

A

- [~
AL / \

i

El 4 EATIERSKOHSEFENEH5ME
Fig.4 Magnetic characteristics measurement of
amorphous core under pressure
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Tab.1 Amorphous Alloy Transformer Parameters
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Fig. 9 Amorphous core structure
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Fig. 10 Magnetic flux distribution of the core under
different clamping stress
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Fig. 11 The stress distribution under clamping stresses
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Tab.2 Magnetic Flux and stress of points O P and Q
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Fig.12 Acceleration vs clamping stress from calculation
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Fig.13 Vibration measurement system of prototype
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Tab.3 The Vibration Acceleration Amplitude of Point O
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20 03 0.29 0.03 0.09 0.38 0.28
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Fig. 15 The total acceleration amplitude of point O under
different clamping force
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Fig.18 The amorphous dry-type transformer model
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Fig.19 The magnetic flux density of the core

TETH E /IS 7 A IERR RG34 AR
Ehortfre THEI RIRE 53R AN R e 55 707 W3R
e 24 0 B it LA 73 A 5 S 06 kL IR B Y R
NSRRGSR, 3R IOk
B, FeAUUSER =, A E R 18 fs, =
RAEAN AN )T RSN T 545 R a0 B 20 P

@K1

(b)s 2

(©= 3
20 AR SR INRE T EER

Fig. 20 Calculation results of vibrations of the points
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Tab.4 Acceleration analysis and measurement results

(3) X} 500kVA FE i & 4T U8 R a0 R
ST T USRI E,  AREE NI RENL R ORGSR
B 8 S L R & AT b, S5 R AR TR

AW 1 2 53 FIERAYE, ARSI R 538 AR SR AR e 4%
G (m/s?) (m/s?) (m/s?) Bl RS R ACE B T RS T
E ERR AR (B 0.67 0.38 0.24 S5 WKk — 25 Wit Szt X E S I B AR TR Ak
B Bk A 0.72 0.37 0.06 O —E Ry, FERHEAT SR 7T . AL
20kPa e Jy i 0.33 0.15 0.04 VI 9 28 SR N TH R VPAY A & AR e 4 F R Bh it
60KPa J 2 J1 i 0.47 0.23 6 bas FIRAHE, NIRRT RS A &80 & R
90kPa J& B i1t 54 0.4 0.19 0.045 YR BRI TSR PEIIHT T 125

w15 R 2 AR AE R 5 IR A R A
—EL R 3 A RENINE I AR 5 T AR AR
Ko BT BUEAET A REHUR AR INAT € 208, [
SELIRK R IR LA REE, M50 TR
JRARM R, 5 HUE AR AR bU R AR ik AN 31 22
BRARYER, FBUS 3 Rz RN T H
MEAE . THEERRM S R & 2
B O R EIRS), M T AR ERED, H
TARIC G Ak O B X I 2y 1, S L e
S BA Y T30 NER IR BN w6 252 RS O ) 7R 52
73, G LR R IBLTE SEE

5. Z5ip

AR SO A BC HLAR TR Bk Do 5 A R P
T RN IR SRS T 6, SERR AR
BIDOAEANF I I AE FL T (ISR A0 e bk
RAERFVEN R . SEEL 1 AR 56 BRI 4% O RGN
Rz ARE TR B, JEINE TR OAR TR AR
BLE T, AFESREERT IR EOL, Xy
Br 7 HAEFEAAE AL, 15 2B 0 AR S A
EE IR OIRBI IR -

(D AR & e B RO RN & 71, X

B3 3Rk

[11 &, H. FREGERERI]. ZEES,
2007, (7): 1—8.

Yang Zhongdi, Wu Ying. Amorphous alloy
transformer [J]. Transformer, 2007, (7): 1-8 (in
Chinese).

[2] xi@E%e, ZKH, HER. RRERAER G &
JE A5 R G 0], A2 4%, 2018, 55(6): 39
—40.

Liu Jianhua, Li Yongxin, Yang Guoxin. Brief
discussion on measures to reduce noise of
amorphous alloy transformer [J]. Transformer,
2018, 55 (6): 39-40 (in Chinese).

[3] Sakda S, Anthony J M, Philip I A, et
al . Magnetostriction anisotropy and rotational
magnetostriction of a non-oriented electrical
steel[J]. IEEE Transactions on Magnetics, 2010,
46(2): 302-305.

[4] WuSN, TangRY, TongW M, etal. Analytical
model  for  predicting vibration due to
magnetostriction in axial flux permanent magnet
machines with amorphous metal cores[J]. IEEE
Transactions on Magnetics, 2017, 53(8): 1—8.

[5] Alvarez K L, MartinJ M, Ipatov M, et al. Magnetic



10

S L LA S - ¢

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

properties of annealed
Fe72.5Si12.5B15 alloy
atomization technique[J]. IEEE Transactions on
Magnetics, 2018, 54(11), Art n0.2002405.

Ueno S, Todaka T, Enokizono M. Measurement of

amorphous
obtained by gas

vector magnetic properties of Fe — Si — B
amorphous material[J] . IEEE Transactions on
Magnetics, 2011, 47(10): 3188—3191.

Mizuta T, Tani Y, Fujiwara K. Magnetic property
of amorphous magnetic thin ribbon and its
laminated bulk under tensile and compressive
stresses[J]. IEEE Transactions on Magnetics,
2018, 54(11): Artno.6001005.

BRENY, Bk, R, . IERESERLR
OGHRBN LI HFL[I]. BHAEoR S TR, 2009,
9(17): 4934—4939.

Zhong Xingming, Yao Xiaohu, Han Qiang, et al.
Experimental study on vibration of amorphous
alloy transformer core [J]. Science and technology
and engineering, 2009, 9(17): 4934-4939 (in
Chinese).

R, EAEX, ®EE, &Y, BRE. W
o g 51 R K AR A S B0 IR SR AT T 5 R
WA F[J]. HITHE AR, 2016, 31(20): 73—
82.

Wu Shengnan, Tang Renyuan, Han Xueyan, et
al. Analytical calculation and influence factors of
amorphous alloy core vibration caused by
magnetostriction [J] . Journal of Electrical
Technology, 2016, 31(20): 73-82 (in Chinese).
Du B X, Liu D S. Dynamic behavior of
magnetostriction—induced vibration and noise of
amorphous alloy cores[J]. IEEE Transactions on
Magnetics, 2015, 51(4): 7208708.

EORAT, HUNNAE, WG, AUKIE, WKEET. WE
Xf AE g A G TR B0 W RS PR AR B I B R g B
[0]. HILHEFEA: 1—10.

Han Tianheng, Zhu Lihua, Sharui, Shi Yongheng,
Zhang Luyu. Analysis of the influence of
temperature on magnetic properties and vibration
of amorphous alloy coil core [J]. New technology
of electrical and electrical energy: 1-10 (in
Chinese).

BERS R . AR G R s A 0 R P R T B o M Tt
WEFE[I]. A% Lok, 2018(9): 76—78.

Cui Hesong.Study on noise characteristics and
noise reduction measures of amorphous alloy
transformers[J].Electrical Industry, 2018(9): 76-78
(in Chinese).

Magnetic materials - Part 3 : Methods of

measurement of the magnetic properties of
electrical steel strip and sheet by means of a single
sheet teste r (IEC 60404 —3: 1992+A1: 2002+A2:
2009)[S], Corrigendum to DIN IEC 60404 —3:
2010-05.

[14] SKHENE, Fh/NOC, WHFERE, S5 EUAEEN A &

IFa) S5 V1 o 4 e PR AL (9] o [ ML TR A 4
2014, 34(27): 4731-4736.

Zhang Yanli, sun Xiaoguang,
al. Simulation of anisotropic magnetostriction of
non-oriented silicon steel sheet [J] . Chinese

Xie Dexin, et

Journal of electrical engineering, 2014, 34 (27):
4731-4736.

[15] Sakda S, Anthony J M, Philip | A. Magnetostriction

in grain-oriented electrical steels under AC
magnetostriction at angles to the rolling
direction[J]. IET Electric Power Applications,
2016,10(11): 932-938.

PUTE AL (1984), . I H R, WA
S, AT MO TRERBEETSE, BT
#e & Ik 2 MR FE o b Kok AR B BOR . Email:

zhulihua@ tjpu.edu.cn;

FokfE(1994), B, BFR A, BERA T
(GRS S vl A & A B a - ) B
#, Email: 467698159@ gg.com;

ot
&=
g
=i
&%

MPORT (1961), 5, #ik,
AW, BEF DT A LR g
o EH W %, Email
gxyang@bhebut.edu.cn;



