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Operation and Performance Analysis of New Bidirectional Intelligent

Semiconductor Transformer

Do-Hyun Kiml, Byung-Kwon Leel, Byung—-Moon HanT, Jun-Young Lee', and Nam-Sup Choi”

Abstract - This paper proposes a new configuration of bidirectional intelligent semiconductor transformer with
rating of 19kV/127V, 2kVA. The proposed transformer consists of high-voltage high-frequency AC-DC
rectifier, and low-voltage DC-DC and DC-AC converters. The operational feasibility of proposed transformer
was verified by computer simulation with PSCAD/EMTDC software. Based on the simulation results, a
hardware prototype with rating of 1.9kV/127V, 2kVA was built and tested in the lab to confirm the feasibility
of hardware implementation. Using three units of this transformer, a 3-phase transformer with rating of

3.3kV/220V, 6kVA

can be built.

Keywords: bidirectional intelligent semiconductor transformer, high voltage AC/DC rectifier, bidirectional
DC/AC converter, hybrid-switching, PSCAD/EMTDC
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Fig. 3 Gate pulse generation for six switches
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Configuration of Bidirectional Intelligent
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(a) Mode 1 : Forward power flow_ positive input voltage
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(b) Mode 2 : Forward power flow_inegative input voltage
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(c) Mode 3 : Reverse power flow_ positive input voltage

@m+ ]
Rinzaly
[Ja
| Il
H% o

Lﬁ% d

gl
T ] I

meal §i O
ElRS E
V-]

(d) Mode 4 : Reverse power flow_ negative input voltage
Fig. 4 Current path for each operation mode in AC-DC
rectifier

g

> 1

:

Sy
||
If

o
=~
rlr
o2
ok
o2
LR
N
=)
5
)

rr ta

Moo
@ ox b

do o
2 S
2 N

Lo

=
1o
offt El
=l
hinss
i)
el
o
=
=
gl
10‘1 —lw\l—‘

Hu o
YoE o

=L [0 of
Suorl W opn
N o o

|
S

pe LT P O
= 0 of\
oAl )

= =

of wt Ml & M3 2914
Ao '-2 545 Ak

Mode 12 2% 4(a)dl %2 RAAH H¥s
grolw P HSol Fd wWE SUIERE
th WA ML A9 X7F 9-& 5o] uZFu wely)
Zol= M1 EdAAH M29 tho
2} Zolli= Mbel tho
Lo2 M3 A7} BE-& Hof
M32] E#A]2E 9 M42
523 22k Zoll= M69]

=

o
Jﬁrég
b M-

o%

It
El
Do
offt of

I
of
2L

Iolt lolt

10

ol
M S NS

— 0
Y
o

[¢]

A:(_"
(E
& —
N
B=)
D
=2
rir
RUBRU N
° ©

L e
=
3
[of
l

Ju
N
[ol
gl
B

[

o

o Offt of
i orlr &
ol

e e

I
o
P
o

=

J
%

ol
o
=)
1]
3 -

f

o

Py

2

)

[
o2
o,
dlo

,

|

=
Eom
ﬂmw
o}
i_\‘i.
o 4
J.:Lmrzi

k)
2
Y
S
[
£
>
~

N

B\
F_ll:
=
R
L
P
U it
rlr—\‘lr_“i
E %r
I 5 L
> m
o 2o R
- o X
L= =T (o)

n o

[of
[t
=
[\l
24_1/

I
-3
-

mofo >
e
offl oft

%
|

1o

E{mi

T ROy
SN Nd A e

2
r

o 5
To
5
o

N i
fo
=

o Lo
it
=
Do
>
e
=2
rr
5

O
-

{0 ofr
S
o

offt oft Lo
2L
Ju
X

S
N
for
ai
O,

Mode 3

f 2 b L oot
EI-SY
2 I,
AR
N Z o
o e S
' - 2
ol‘lﬂlH l)';ou
N o d &
TR s
g = o2
2 o m 22
rlr |
2
=8 *wml
ELﬂoﬁn
1m£_}1_,
Imrﬁﬂﬂng
= N
> e
) EO—LIO{'
il gﬂrﬂm
ot b o =
i — sl e
o A S o

)—lﬂ‘
é[lg
e
=
ZE
[>
5
o
[t =
£

= =N
BONTC)
[>
oo =
o,

e oft
offt
B3O
o S
FLF o N g
=
—_ 10{[
[ot

[\

>

N

2

rir

=

o

=

&

=~
e
[
o
R
o
=

.

ro
oft W
N

[mb’

Ho

>~

IR}
-

T

S E .

[N

WEE_Q_,
[>
fo
i’;
~
s
o

qu =2 [o

22 NgE 7iHH

A= AvEE 2 5o Bl AAY 320Ve Av)
AHIES 700V DC Agte® wststs DC-DC A4
El¢} DC 700VE w4 127VE ¥3tels DC-AC ¢IH
E]7} Back-to Back FElZ ZAg= o] it 7 7AW E 9}
oI H &= IGBTS MOSFETe| ¥# & 29 slo]Hy]

L



T&o] FayE "ol glo] oE A3 %’46}1
MOSFET 295 WEda 443 slojHgl= 29X
g AMEERGITE 19 6% stolHEE 29X A Ao’

Azs 7tk e yeld Aotk IGBT 2=91X7F
A H-ox EMO# Sk Al ETE o ohAA BE
= AZ¥ MOSFET ~$#& ®©-& 3 % IGBTE &

ow IGBT7} H-03 = AHJOM
gt Zlojth, stolBE = A9 S
A] Tail-currente] )3 271 g
)tk T3k MOSFET¥ A#E=z t}
71Agtel 9]3 MOSFET®| 3]
g UAE 4 dorm MOSFET# A‘Eﬂi 1A% tho]
QAEEl 2ol ofgt

NG

Atk o] Ae T AEITAAHEHY HEEZ 71 H
Q7] 22k Fell EAlsh: JIUHE Al
q

Bidirectional PFC control
DC Link voltage control

! \A

|Vin.max|—

*
Vdc.ref

Current
PI controller

Current
PI controller

Fig. 5 Configuration of Bidirectional Converter

Scharge,FET Sdischarge,Fl:—f

Scharge,lGBT Sdisoharge,\GBT

Fig. 6 Gating Method for Hybrid Switch

2914 FETY =#¢l-
A=A ol e Hgt
ASRIYE 2~ L,
FuRIgt7] 9] A}
LLC FX7HE 9
fo] At} FETY =

Fo MR A A A7
e 7FAoE A WM oE
saeth gy Y
etk wheba &4

|l e
AEEA S

O
Ml%
AC)
=
Koo
N2k
k<)

=
>,

B

1
(L E

>,

L=V offt [>

% o
ox [» U

2
R =
of
ol
X,

il
o
ol
ol

2L
BN
K3
=
2

o3

N
=)
>
i)

e [
i}
(T
>

g

2 8 oox O o
> To >

N

rlo

o Mff 1S off J&

o
o2
)
o,
Ao
o,
> =
HU

[
)
_0|L
N

[0 <d
X
B
%
N
rlo
o Flil rl
[
k1
b
.
[> mlo

trade-off 3o L,%k< A3}

FETS =#dl-22 AHRAELE Cus 2
EZAAY Vil A7) wet Waked 1 #A1 2
= A 2k

Cds( V:ls): a) \/W (1)

A7IM, Caz AAAE VAlMe Cuelth B3 the]
2o HPARNEL GE £AT 548 zen A
(el 3k Cuz A=A Vaol F23A 743 3
7ate,

O% 7S LLC sXIAME AN £ HAastehe A

sl Lya A7) 93 S7k 2ot o714
G Ca= Cat Gk Blale] of5= At

n A 297 F7) B AHAY v/ T 4
)¢} 2ol & < Sl

Vin [n} = I/L'nlpk' Sin(wn]lw') (2)

rlo
oft

oA71A, wE el Z
229173 F7]e]t}

n WA 2=9AF7IdA4 LLC 3XZAHE ] 294 &
A Poln/& g Ao dojxitt,

2 A

‘?“4"‘[‘0];’— 7;1'

8

_ 2
Polnl =477 Culvnlnl)os, o W
o O
Cicx= Cas = Ci/n? T Cinji=
5
Coet  Cus = Ci/n? =  Ciml=
o O
Fig. 7 Equivalent circuit for resonant converter during
dead-time



The Transactions of the Korean Institute of Power Electronics, Vol. 18 No. 2, April 2013 173

A7NA, k> AZAYG 7] T s<¢ 3% A EHY
2 2912 958 dEI U2 AWt 2o

k =int(T,/T.) ()

ZVS A #Hsto]l 8 dst Vel 1§34 o2
2 Gl oA 297 85 ne b 4G
2t

x, =int(k,0/7) )

whehA, AR UHF7]Eeke] 9]
& A6)3} ol B,

o
rhr
>
o
rlo
Kuf

Psr = = kr]—;r Cds( in [n])vin [n]2 (6)
14 = Aselddast AYY W 29047 | ox
A e 299 718 42 Aelau u}% A

n WA 29ZF7)NA A=EY Poln/ Ya A
87 o] A

Polnl =20y InP

o1 k Lrp,rms dsr (8)

HZAY 1%71%0&94 B3 AEEA P g A
9)3 o] FAHT
9 n=k,
Pcr = k— [Lr‘p.r‘ms [nPRdsr (9)

2912)9] dead-time Tuar& <t ABAFE AET
AsAEY] Wl fel 134 5 29A9 ZVS ARz

AgEE ROl webd Foln A=A 1, oA
ZVSE 918 AsIYE A L2 o 21003 Zo] %
EikEley
Lm: _ ]Ziead . - (10)
’ 16f€[c(19(1/7n)+(q( I/;ﬂ/nT)/nT)}

AN, nre W) NS dehlE FATAS £

3. AFH AlE8o|M
HFEA RG] 24 BT A5
S alo] WA PSCAD/EMTDC AZEgo]E o]
3 A B o) aS et

I 88 AckslE WA Wty e AlEwelA
£ Yehd Aolm F3k 60Hz, & 1900VE
; . _

oo Mz
>,
to r
o
-

W
g L
o,
e
HHN'W
EQMJE—O.L'
o om 2
O
oo off [K I
® g e
oy M oSt
R:JA‘LJ o
%) ol
& e
é% ok
imﬂoﬂ
o
ety
et
=g
JR%'WE
°F 13 %o
ok _Q‘IUZ
o K fo
R

L

k)

=

M

£

£

4
(RO . 224

¢
° T

wm
®

1=
o
>
=
oy
HU
Jf

Input voltage
Input current (x200)

i

e ey
%mwmmmm

Resonant current

Rectified voltage
Rectified current (x10)

DC link voltage
DC 700V

OQutput voltage AC 220V
Output current (x2)

5
100
300
200
100
o
200
180
100
s0

° ' .....
50
—100
150
0

~20¢

Fig. 8 blmulatlon AnalyS,ls in Forward and Reverse Power
Flow



HE 9 DC AgAlo s Hskel 700 VE
AgHor DC—AC AHE7} Tshe g
A ok 29 9b)E AU AHAE A 9
Akl SagZh LGS o, = FAel it JJrﬁé
uehdl Aoz st Sag7h wAge A
el el meg ¥ % stk Y DC- DC 74
HE el DC Aol & ookﬂ DC sgke] 700 VE F
M2 DC-AC IWE7} sashs dd&

=3

h

o

=

S i
J3o] Yolr= BES B 4 Q) X]UJ DC-DC #
_IQI_

eN

=

=3

h

N

=

o
o2
o
o
T
N g
=
r&
]I
I
o
[
L_o
°
(4
o,
BT
m
3
O

el 10
719 shesle] P

Input voltage 1.0k
Input current 6200~ °° |
A

|
a0 |
|

= Ve t

|
|
= et |
|
|

|
Rectified voltage 300
Bactifed cursnt (40, oo Jo W’ 0 w RARARA

= Viink

DC link voltage
DC 700V

Qutput voltage AC 220V

Output current (x2)
(a) forward power flow
o [ === =
|
Input voltage 10k
&% - Ve ” .
Input current (x200) S el . K
| | )
I

3.0k

&00
500

|

vac.t I I

100 |

Rectified voltage 300 |
200
Rectified current (x10) 100
o

o W o '

200
o0 = Viink
700
600

|
|
|
DC link voltage st |
|
|
|
|

a00
DC 700V 200
200

100

o

= E_loadA

200
150
100
50

OQutput voltage AC 220V 0 4
50
Output current (x2) “100
150

200 |

0150 ' 0.170 ' 0.190 | 0.310 ' 0.330 0350 ' 0.270 ' 0.390 | 0.310 ' 0,330 ' 0350

(b) reverse power flow

Fig. 9 Simulation Analysis against Input Voltage Sag

=

EA) Wee] Ba5 A 24

Table 2 Switching Device Technical Data for Bidirectional
Intelligent Semiconductor Transformer

. Specification
Device Model No.
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Fig. 15 Experimental Analysis against Input Voltage Sag
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