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Fig.1 Picture of modal experiment site
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Fig.2 First order mode shape
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Fig.3 Second order mode shape
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Fig.4 Third order mode shape
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Fig. 6 Fifth order mode shape
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Fig.7  Sixth order mode shape
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Fig.8 Magnetic saturation reactor vibration test point
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Tab.1 Contrast of simulation and experimental

values of natural frequency

Brik SR {H/ He DiEft/Hz  R%E(%)
1 221.5 185 16.5
2 498.9 405 18.8
3 1389.5 1302 6.3
4 1601. 8 1435 10. 4
5 1876. 4 1761 6.2
6 1998. 6 1912 4.3
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Fig.9 Magnetic characteristic measuring device
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Fig. 10 Magnetization and magnetostriction

curves of silicon steel
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Tab.2 Calculation and experimental reactor parameters
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Fig. 11  Mesh of magnetic saturation reactor
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Fig. 12 Variations of total vibration displacement at various

points under DC bias with time
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Fig. 13 A point in different DC bias frequency waveform

R34 TR R, T T Ll ARG, IR sl o ri 785
i A E O

(2)) FLIL D s A5 P A ek 2 B I A P
S AR R RE 3 56, FE R BRI AL K i ik Pk
AR Sl BT S T A I A

(3) MBS RO IR Bl B8 B3 P, I A B T 18 1
i), FIRIEAT 100Hz B HEHE A b B9 5 ik MR A
R, LI LRI AR (G S50 4 A P

(4) M 5] 53 B 6] LA 200Hz , 1800Hz
1900Hz &b ] RE 4 AR L4k, SRS 0 Brahi RS 1
B 5 B A 6 B EEAR AR, X SE AR R 2 T
VEFTT 1 5Ea

SZ K (References) :

[ 1] Wenye L, Longfu L., Shuda D, et al. Overview of power
controllable reactor technology [ J]. Energy Procedia,
2012, 17 483-491.

[ 2] 3%, %1 Rl (Shan Tieming, Yang Rengang).
T AN AT L AR AE7E T I AME TP B (Applica-
tion of the magnetically controlled saturated reactor on
SVC) [J]. H 53 (FElectrical Measurement & In-
strumentation ) , 2004, 41 (10) . 34-38.

[ 3] Tian M, Li Q, Li Q. A controllable reactor of transformer
type [J]. IEEE Transactions on Power Delivery, 2004,



EIeRs T ER DY B, ERIREE TR SEO BEIRE AT [T ], BT R AREIEOR , 2018,37(8) :27-33. 33

19 (4). 1718-1726. 1842.

[ 4] EWK, wlante, £, % (Yang Yimei, Zhu Lihua, [ 9] 5K#kF (Zhang Yijun). 78 K4S B w5 | A9 3R 30
Wang Bin, et al. ). E L A R R R e W7 W 77 32 BF 58 ( Research on the method of vibra-
VISR B3 M (Analysis on electromagnetic vibra- tion and noise monitoring of DC bias on transformer )
tion of controllable saturable reactor considering magnetos- [D]. dbxt. fedb e Jy K2 (Beijing: North China E-
trictive effects) [J]. HL T H 8 B $f K ( Advanced lectric Power University) , 2008.

Technology of Electrical Engineering and Energy) , 2016, [10] Baguley C A, Madawala U K, Carsten B. The impact of
35 (8) . 40-45. vibration due to magnetostriction on the core losses of fer-

[ 5] T4 (Wang Jiayin). BEH R 5L B0 48 M B I 7 rite toroidals under DC bias [J]. IEEE Transactions on
AR A5 4R Bl W 7S ] BN 5Y (Research on magneto- Magnetics, 2011, 47 (8) . 2022-2028.
striction of silicon-steel sheet and vibration and noise of [11] Chen S, Wang F H, Su L. Experimental research of vi-
transformer under DC bias) [D]. FH. WBH ML K2 bration characteristics of shunt reactor [ A]. 2014 IEEE
(Shenyang: Shenyang University of Technology) , 2015. PES General Meeting, Conference & Exposition [ C ].

[6] A4, XIB, £4E7% (Bai Baodong, Liu Chuang, 2014. 1-5.

Wang Jiayin). FLU (T 22 s 2 4% o 19 07 5 %S08 [12] IEC/TR 62581-2010, Electrical steel - Methods of meas-
5% (Simulation and experimental research of transform- urement of the magnetostriction characteristics by means of
er vibration under DC magnetic bias) [J]. H TH AR single sheet and Epstein test specimens [S].

#z ( Transactions of China Electrotechnical Society ), [13] BUg A, #P¥Hr, A% (Yan Weili, Yang Qingxin,
2013, 28 (S2): 427-433. Wang Youhua). HS T/ B EE M ( Numeri-

[7] #&N, BYL, BB, % (Wang Jingang, Mao Kai, cal analysis of electrical engineering electromagnetic
Duan Xu, et al. ). ELFREE T M2 ESIRIH 5K field) [M]. dtxt. LR T4 At (Beijing: China
4 ( Simulation and test of transformer vibration under DC Machine Press), 2005.
bias) [J]. EHLE#EHI 2% (Electric Machines and [14] B A€, KB, BE %%, %6 (Zhu Lihua, Yang
Control) , 2015, 19 (1) . 58-67. Qingxin, Yan Rongge, et al. ). 25 JEEEH 48 300 HE

[ 8 ] He Jinliang, Yu Zhanging, Zeng Rong, et al. Vibration AL AR s 7 ) F %Y (Research on vibration and
and audible noise characteristics of ac transformer caused noise of power transformer cores including magnetostriction
by HVDC system under monopole operation [J]. IEEE effects) [J]. HL L3 AR2#4k (Transactions of China
Transactions on Power Delivery, 2012, 27 (4). 1835- Electrotechnical Society), 2013, 28 (4). 1-6, 19.

Analysis on electromagnetic vibration of magnetic saturation
reactor iron-core under DC magnetic bias

YAN Rong-ge, GAO Yu-xiang, BEN Tong, CHEN Jun-jie
(State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
Hebei University of Technology, Tianjin 300130, China)

Abstract: Magnetic saturation reactor can smoothly adjust the compensatory reactive power based on the size of the
system transmission power, and it has been widely used in many industries such as electrical power system. Due to
the particularity of magnetic saturation reactor iron-core magnetic-valve structure and the common excitation working
mode of AC and DC, the vibration noise of magnetic saturation reactor is more obvious than other reactors. For this
purpose , the electromagnetic vibration problem on magnetic saturation reactor iron-core caused by DC magnetic bias
is analyzed in this thesis. First of all, the reactor iron-core natural frequency simulation and modal experiments are
made to obtain the reactor natural frequency and mode of each order, and the test key points of vibration can be
made as well. Then, based on the finite element analysis method, electromagnetic-mechanical coupling model is
established considering electromagnetic force and magnetostrictive effect. The time-domain and frequency-domain
waveforms of vibration displacement at measuring points under different DC magnetic bias are obtained in the end.
This thesis provides a theoretical basis and experimental reference to reduce the reactor vibration noise.

Key words: magnetic saturation reactor; modal experiment; DC magnetic bias; electromagnetic vibration





