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A Study on the power converter for superconducting magnetic

energy storage system

Mu-Hyeon Kim

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime Ocean University

Busan, Republic of Korea

Abstract

Energy storage technology is one the most important technology to
improve stability and quality in the electric power distribution system.
Superconducting Magnetic Energy Storage (SMES) technology is using
superconducting material, which has zero electric resistance under a certain
condition. SMES stores electric energy in the form of magnetic flux using
superconducting coil. This system has fast response time and easy to charge
or discharge electric energy and also has high conversion efficiency. Using
thyristor bridge as power converter which has high voltage and current
capacity, power converter for superconducting magnetic energy storage
system has three operating mode, those are charging energy mode of

'AC-DC rectifier', discharging energy mode of 'DC-AC inverter' and
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permanent current mode. With Psim simulation of these three operation
mode. thyristor bridge power converter is proved to be a suitable SMES
converter option. And also, simulation for SMES closed loop operation is
carried out and obtained good result. For the purpose of reducing reactive
power in charging and discharging the coil, asymmetric control analysis is
carried out both inside one bridge and two bridge with different control
angle. From these simulation result, asymmetric control method in two
different bridges would be the best option for the SMES power converter

operation rather than inside asymmetric control in one bridge.
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2.3.2 6-pulse thyristor bridge
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Fig. 2.6 6-pulse thyristor bridge circuit
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v, =V, sin(wt+ g) [V]

v, = Vysinlwt— =) [V]

; 2.7)
. 5m
v(,:V,nsm(a)t-F?) [V]
MIASHE sl VEulolel, Tuldopd slake] Aol Aol e
2 A%Ee A8 Lok
U = V3 Vysin(wt+ %) [V]
= V3V, sin(wt— %) [V] (2.8)
= V3 V,sin(wt+n) [V]
Z8dd v, A 2.9)¢F 2
V,=V,+ A2+ B? cos(nwt—0,) [V] (2.9)

o

BaEddd v= A

o 2 (2100 2ol xdET
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/ fK,,SII’l u)t dwt = % V,, cosa

= 32y cosa (V] (2.10)

Aagk v, = A Q1) go] xdH

\/ / fKZmn wt)dwt
+a

- %—i{sinﬂ%-#oz)—sin2(%+a)}] [V] 2.11)

L= cos(nwt =0, — 6,) - [A] (2.12)

HFHEHAF = 24 (2.13)3 2o

[—cosa— V¢l (2.13)

Fato] dels nx2vr 7 Aag, = 2 (2.14), (2.159 2.
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L= 7z (2.14)
A+ B?
(c, =

I,= /YR (2.15)

olE FEAF Az 1, .2 YA 4 (2.16)3 2tk

L= I+ T, (2.16)
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2.3.3 12-pulse thyristor bridge

G-pulse Thyristor Bridge (I™— 17 3I— A)

ry ry

£ %

£
L/
1

L
A

= ||

a9 212 12-B 2 Afel | 2F B A 32

[

h\ '\
[
L
nHE

P

Fig. 2.12 12-pulse thyristor bridge circuit

12-pulse Thyristor Bridgei= 6-pulse Thyristor Bridge 271 & #ZE =2 A ZA3sto
Zkz v Wyl A4S & 3 =olth dhuhe] Bridgeol= Y- YA, vE §)
L}o] Bridgedl= Y—AZAS & A suzy "9 A 71Fz3E AAT 5 9
o oy—AZAE 123 F3 23k Foll 300 whE e §74dA 7

Y— YZXA Bridge®] F34S o, Y- AZA Bridge? &S a,2 T

& W EEAGS A @1 2ol Zddd.
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Vyy = Vi Xcosay
Vya= Vi Xcosay (2.17)

Vour = Vyy+ Vya

7M., V= 37 AtelEAH BEx] FAo] E9iste® 4 (2.18)3 o]

ehd,

vV, (2.18)
ojuf, EHATHAI2 2 (2.19)¢F Z T}
Vo = Vo (cosay + cosay) (2.19)
ZHAFE A (220)% Zo] FHHAT
L, = 6—XC(COS o — CoS Q) (2.20)

m, ol Hel Bt W] T AEEA X PAT} b
=
h

Ay Aol e FEd™EY FEadde 4 2203 2o

33

P= I/out S ]out = T I/m X]t)ut (COS ay + Cos a2)
3vV3 . .
Q: Vout X ]out = T\/_ Vm ><]out (Sll’lOél + Sll’lOdQ) (221)
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2.3.4 vt Ao
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Fig. 2.13 effective/reactive power area for symmetric/asymmetric control
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adeo] g oW, FaAYW FEAH BANS A (2229 »

cos & T cos ay
2

0- sin oy ;— sin oy (2.22)

LI F ] AtolE]l B BeAE o] gsto] A AlolE sS A 470

=)

o] M3 F apapas 002 AAFIL oS 07 ~180° W3, a0, 00 &
o= 180° 2 AAFI a, s 0° ~180° M3, o, 0° 2 a0, 180° 2 ILA
Sl a5 0° ~180° W38h aaya, s 180° 2 ALASIIL o, 5 0° ~180° W3} 3
Fadgo] gtite] Atele] 2B HAE B Alojg Ao HlE] AA 7T

HA Ao olwl, fad= s Fadee] A4 A (2.23)3 2

2

RN

Ea

o

cos o + cos ay + cosasg + cosay
o 4

sinoy +sinay +sinas + sinay
_ 2.2
. (223)
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Fig. 2.14 output voltage for control angle
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A3FEE
3.1 3% 6-pulse

Thyristor bridge A] & d] o] A
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Fig. 3.1 3phase 6-pulse thyristor bridge circuit and control system
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Fig 3.2 output waveform according to a=0° ~ 180° change of control

angle at 6-pulse
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GTAFEE, PR
Fig. 3.4 charging mode, permanent current mode, discharging mode of

SMES using 6-pulse thyristor bridge
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3.2 3/ 12-pulse Thyristor bridge A] & #] o] A
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Fig. 3.5 12-pulse thyristor bridge circuit and control system
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Fig 3.6 output waveform according to =0 ~ 180° change of control

angle at 12-pulse
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Fig. 3.8 charging mode, permanent current mode, discharging mode of

SMES using 12-pulse thyristor bridge
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3.3 Thyristor Bridge Feedback A ]
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Fig. 3.9 thyristor bridge feedback control circuit and control system
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Fig. 3.10 output voltage, reference voltage, alpha degree, output

current waveform
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(d) A= 0,0,0,90° B
a9 3.2 giFAM A A Al 9E, 18, SMES A7/ 182

Fig. 3.12 power factor, power, SMES current for symmetric/asymmetric

control
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