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Asymmetric control of a three-phase thyristor bridge
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Abstract: In a general three-phase thyristor bridge, circuits are used in various fields of voltage and current control such as AC
-DC converter, reversible speed adjustment of large motors, and energy storage device. Among the various energy storage de-
vices developed thus far, superconducting energy storage devices have a relatively large energy storage capacity and high re-
sponse speed, which makes them suitable for systems requiring frequent charge and discharge over a long period. In a super-
conducting magnet energy storage (SMES) three-phase thyristor bridge circuit, energy is stored in the SMES through sym-
metrical or asymmetrical control of the alpha angles at which thyristors are turned on, and reverse voltage is generated during
the period in which regenerated energy is supplied to the power supply side. This study describes the control characteristics of
a power converter for SMES. We studied a method to increase the power factor by minimizing the reactive power through
asymmetric control in a three-phase thyristor bridge circuit, which is apowerconverter for storing energy in SMES.
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Figure 1: 3-phase thyristor bridge circuit control method
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Figure 2: Energy storage control method of superconducting

energy storage system

Table 2: Interpretation of superconducting magnet energy
storage system

=

Section Explanation of a section

Pt Store energy on superconducting energy storage

O | devices through a three phase thyristor device

Feed wheeling energy from the superconducting
PR energy storage device by turning off the three
to phase thyristor device and turning on the
superconducting switch
Restore energy from the superconducting energy
P storage device by turning off the
2 superconducting switch and turning on the three
phase thyristor device
2 BIHE MO (Asymmetry control)

H]EH ]OMW% Azt a3 ay s GEA Aojsh=
ol EAolH o, & 0° 2 1AL 0,5 180° 744 A
Hom F7ANA Zﬂoi SH3S A5 HidiA AlojellA AHH
mEg A sol B FHAGe Fe) % 2 5
aL Aozl whet Al HoHuA FadEs H4s A
7aA Hi EHEAES AT 5= dvh21]-[25].

AHWE REoAE ,8 180° 2 IHAI|AL & 0°
SNARE 1807 744 HAH O FAAA AClsS B
olaL Wy FHANL 5o @& 2 Ha UHEH BE=

3

a &
2A AA AEHas Fades HasA7|an 3
A A = SdHh26].
23 MO0 (2 S=FYY FANE U AB
B33 2 AE AL a3t oyl
a ta, <180° ¢ AS (H)Z o, +a, >180° 9 A9
(-)= B FEAe) AFARVe] LA H3n F
AL VE Fao 5= Askd A @3 2oz

Vv, = Vd+2W/Aanan?cos(nwt—@n) (1)

EO
e
_IE

315



o
of

gl
oy
-
gl

3 r12+2ﬁ/3
V= 3 I/;,LSIH(IUt+ )du)t
2 a, +7/3
a +m
+/ V3V, sinwt det] [ V]
y+27/3
3v3
Vi= 2—{: V, (cosey +cosa,)  [V] @
AR 15 A @) 2ok

VA, >+ B,?
~cos(nwt—0_—¢,)

L=0+Y]

=% %(cosal +cosay) — V. 4
AEH%E—:! JC‘):'L I/dm‘c‘)‘ 32\Zr_ m Ui X—] T ;(-]]Oil}' ali}-
= Aoz a,oll whE Unit output voltage (V,,)9F V,, 2
A= 4 s )9} i
V,  cosay tcosa,
V;ipu - I/dm - 9 (5)

2 ogAdy LgAzo]l IAAZ Unit
ot a2
BIge A9 A @3 A (7 228130,

I/dpugjr ;‘ﬂ% Idoﬂ

active power®} Unit reactive powerE | o]zt

cosSQyy +cosay

P=—g ©)

sinay, + sinay,

O=——5 ™
24 3RO SEL HF2A(w)

Apole el Hel el Ea EAel 4] ztzke] Ato]el e
b e xEm AR W, dHedEax)e AF2(w)
2 31ejslejo} st} Alolgl~H U7l VE AFT we] 1
2 Figure 33 23 o= AE XMZ}% Uehia ARz}
(uy&et Afshe 7IRbE 7HAl fos)30]. olwe] 7t
ol Aghe HATE YA ow FAT Ao 4 (8) ol
2 (92 AFe] g4 LERNSITE Figure 4= Abo] ]~
B Uk ve g5 o dgsde deniic

i, di,,
e,~X—+X——e,=0 ®)

oA AR Yol ers] 2] A437@ A43(2019.5)

i, i, =1, ©)]
ojufe] 4,9 Ao} i, o] AFE A 10T anz e
B,

i =i~ 5y [cosar; —cos (wt +a,)] (10

c

V3V,

iy = X [cosar; —cos(u+a,)] (1)
I Za A anEFY AFdwE 78 5 da 4 122
HERY AT

u= cosfl[cosoc—Qqu Z.Zd l—a (12)

dn

X

W%)

(qu -

Figure 3: The control angle(a) and the switching angle(u)
when the conducting of the thyristor of the 3-phase bridge
is transferred from U-Z to U-V
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Figure 4: Current 7,, ¢, and average output current /; when

the conducting of the thyristor of the 3-phase bridge is
transferred from U-Z th U-V
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switching of thyristor U-V
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control method
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Figure 7: 3-phase thyristor bridge circuit configuration

Table 3: Input voltage and current and capacity of SMES

Vin 220 [V]
I, 300 [A]
L 2 [H]
SMES 2 [MJ]

Psim Z2I3E AL-83to] Figure 73 o] 322 A%
aF3aL SMESel algeh=s X, & ARl gl obF &
JYH® 7Hgate] sz Fatm HdAetial
lation View= ZAZ}E glIsk3ith
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4.1.1 Z1HE Z2E (Converter mode)
Figure 82> ZIHE] REoA] AHojZ 0% 07, 0y & 0°
2 7 Aolsiele A At shloltk

@ a;=0",a,=0"(1 ~ 1.05)
Figure 8: Output voltage waveform of symmetrical control

of converter mode angle oy, =0°, a, =0"
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Figure 9: Output voltage waveform of asymmetrical control

of converter mode angle a; =60°,120°, a, =0"

@ a,=120",a,=0° (0 ~ 1000 Hz)

(b) a; =120, =0" (0 ~ 1000 Hz)
Figure 10: Harmonic analysis of output voltage and current

with control of converter mode

412 2IHEH 2 & (Inverter mode)
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Figure 11: Output voltage waveform of symmetrical control

of inverter mode angle o; =150°, a, =150"

(@) o, =120°,0, =180 " (1 ~ 1.05)

(b) a; =120°,a, =150 (1 ~ 1.05)
Figure 12: Output voltage waveform of asymmetrical control

of inverter mode angle o, =120°, a, =180",150°

(@) a, =120°, 0, =150" (0 ~ 1000 Hz)

(b) a; =120",, =150" (0 ~ 1000 Hz)
Figure 13: Harmonic analysis of output voltage and current

with control of inverter mode
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