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Characteristics of the Stress Reduction and Output Voltage of ST(Switched
Trans) Quasi Z-Source Inverter

Se-Jin Kim', Young-Gook JungT, and Young-Cheol Lim!

Abstract - This paper proposes a ST(Switched Trans) quasi Z-source inverter using a Switched Trans Cell
combing the characteristics of a Switched Inductor Cell and Trans. A DC link inductor of the conventional
quasi Z-source inverter is alternated with Switched Trans Cell of the proposed ST quasi Z-source inverter.
Trans Cell of the proposed method consists of one Trans and two diodes, and the proposed method has higher
and more various boost function than the conventional quasi Z-source inverter by simply changing the turns
ratio of primary and secondary of the Trans. The validity of the proposed ST Z-source inverter was confirmed
by PSIM simulation and a DSP based experiment under the input voltage 48V and output phase voltage 30V.
As a result, when compared with the traditional quasi Z-source inverter, the proposed method has the
advantage of the low voltage stress under the same output voltage condition of the voltage.

Keywords: switched trans cell, quasi Z-source inverter, trans winding ratio, voltage boost, voltage stress factor

.M 2

A5 Ags Wi Aoz wdtele dizAd dY
WG = 4709 29X E ol &3l g e wF At
< ZYsle @ DC-AC IHE 9} 671 29AE o]
&3l Al e wF AgES E9ste 3% DC-AC 14
H7F ok @4 DC-AC AWM E7F &8ss ufF A
< g " Ar)d AgEER o vy HY)
Aot Zo] wbr7] HaA AYgS Y dYEY wYs)
At vk W9 oA F¥o] 7hesith 34 DC-AC
AMH A FE5= 3 wF A9S 27 2n/39)
A Aolg 7AW, 4" AStel of&| A7|7F Alghd
o} 3% DC-ACOA &85+ i dAgS Zda) sx
WA(SPWM) 2 32k aixats 4%t g3 at w2
(Third harmonics injection SPWM)ol| wig} tf= A 1}

=

=

By SPWME @ 1] Azt Abzive] 2]
94 ee 3l AdASE wwae wWaew 34

Paper number: TKPE-2013-18-1-1 ISSN: 1229-2214
T Corresponding author: jyg@db.ackr, Dept. of Electrical
Engineering, Daebul University
Tel: +82-61-469-1263 Fax: +82-61-469-1353
"Dept. of Electrical Engineering, Chonnam Nat'l University
Manuscript received Sep. 24, 2012; accepted Nov. 7, 2012

— 2 =22 20129 MHNRSEYE PHEHERY

DC-AC QI¥Hel A ¥ ]
Ao A4 g9 w7 Hx
oletZ &) 33 1xIE

718 AEe] 16 2719 3
F A% s e 4
2 DC-AC 2IBIE] o]
71 FHo Akt &of o
o] 1/7/3 °]s
9

o

ol

w

N

<}

gul

Al
=

9]

fz

Hoz Bt EH, A
g SUAE tha
A

g =
- AW E S Quasi

2
wed Tz 5%

o 749 DC-AC SIHE

1o o rfr f o 10 @ pE ffr ooz [ nQ (2 Lot o

£

o
B
>

Z
B E (ZSDY= 19ke]
3 2

g
g

tlo
d ol
o



\]

ST Quasi Z-4&2

@

o el we FHE AR sk Z-a S
= QAYEg} ATAER o]FelA Z
3 glom, DCAC SElel 59 el 94T
o W gl whe) 9 E 4

A & 222 AWEHE

NI
d

A

-~

o o fo
Emﬁ‘l
[

do

A

off!

1>14

O{N

e |

5

z
'¥
:;

o
—
au)

> I =
oo R
&
o, I%

N
l'jg

Y
I
-

[e)

‘g —_—
7-2~2~ O1HE 9 &% V5L v fo] =

Zo] AR ~EY AL oW oto] At
A Z7hske gablle) o o
O]l—'ﬂ@' ‘E‘Xﬂxlj% 3H§8],7] _?’]?:51_ H]’]ﬂo

—

Yoo morh oo i Y I ooff [N oo T >
flo
0,
Jﬂi of»
>
™

o
o
[~ Jhu
.
[ e
J

N
bl

|
1

H H ol 4] =
SPWM3} AH8H simple boost control method '}
simple boost control methodol] ®]8] %3 HUS oF
13%°]% 57} A2 4= U+ maximum boost control
method”'¢} maximum boost constant control method®
7F At webA] Fde dAgs EH€ehr] g &

Fo] SrolxHA HFet M9 2EHAE

Aol 7P%f5}°jﬂr o] Fof Hr} vre wEl o

rl

bl g9 Qua51 7Z-22~ JAHH
gr1H o7 F7HEAY Z-99d s s &

% 919E A(Switched Inductor Cel)S &3
H7o} Wyl A4 wle] whet
T(Trans) Z-2=2 e/ 7}

o 1sf

mlo

oEn#o_&OFO%Erlrﬂ
r
-y
rlr
N
n&
o’
an)
[
o
tjo
Jo
oX
ok
Al
o
g
ad
N
ol

B oo ol ofr x2 o o -

P

0] =
E‘l‘/\)\\_

X Mo

oA QIYE Az WY 5A4S
A (Switched Trans Cell)S Quasi Z-
4%?_“L ST(Switched Trans) Quasi Z-4
Ho} B AtellA] AlAE WSty Al
H Al 2 w1 tho] Q=) Q1Y E
s 4 &5 TV A
g A9y A

i,
ot
£

[» do rlz O o
[
e
z0
N

1 T
=2

)
N

ro

Tom o &

uft fo > 2 g
r°1‘

rlo

e o
o,

4 2 o
in}

N

Ak

=t
32
o

[

)

P

=
P
T
=

[}

L,
o
rir

o o o

w2
o
e

o

-

£

o 70
T Fﬂ

oy N O
O+

E T

=)

offt r:

o,

3O MU fE ooZ S M o [ R >
(o}

i

N
p-}
re
in
0
x
mn
()
4
F
|
o
12
rio
i)

F49] Quasi Z-22 SIHEE YE A
ASk Vot tele= Dyt 6718 29145
3% DC-AC AW HSt Ly, Ly, C, GE 744
A2 gow P JAMH s 4o F

ﬁn& >i}i o

Z-
9]

a‘r‘}_E(Shoot through state)9} A3
29 ’] S-S Hole H] et
EDe Y 2" Qe

1013; 013_:1'

(Actlve state)oﬂ
u}irﬂ-u} 01e:l z_oﬂ J—1 ]
= AERE(CCME 53 O}E 1__:—1_1 le wolrh

HoAo A Alekslal gl ST quasi Z-22~ QIHH
= 29 2% o] shte] WISt F /e ol =D
DsE ©]&3F Switched Trans Cello] 49 Z-A2 <l
HE ] 1YY Ly diAsta ok Albe WHS Qe
H oial BY7|E olgstERE FAE o] AA JRA

o l\:l }-E!
g o [ ofk

O1>,

s, FHe Z-& me e Falle agz spxe

EAo] ot} Alety ST quasi Z-42 QIWHE dgR
=9 v ggrEe ¥ 4 n=Elz sxEm 59
ote] F 294A7F @ e a9 39 "R T,
Diol 9 #gtel ofs A AEizb =, AFHAIE C,
Coe Wdsta 48 F9 9E Lol s2& w7l

Switched Trans Cell®] 12 @A
N De7b & dSkel oa) AdErEg Z-9lud s
o] ZRefA EElEo] AFVF 522 @a MYy] 2
2k & AA nroed DoE G WA A27F "Hih W
7] 12} & Y Ve 228 A4 nrona®l A9V ronat
A B NeEnrag/nrool ohel 2 o] 342l 74
T, QMY Sl sE2s dRe W] 24 & A

B2 AR vt GO BH AR/ i ¥ 2o,
o ¥t A Vam> OVE LERGTL

+

l—

VCZ

D;

N VL1 * % Sy | Sy | Sw
+
+ 1
F ~ Varm 1
@ Vo o
Ve o_|
Sx | Sy | Sz

Fig. 1 Conventional quasi Z-source inverter with
continuous input current mode™

A\l
7]

\|
/T Switched Trans
&) . cell

S; S | S
) S—
NE

The proposed STqZSI (switched trans
quasi Z-source inverter) with continuous
input current mode

Fig. 2



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 1, February 2013 3

Ay <WEe Fd3 FEE Fase 2y 49
H ggrEoiE AFAE C, CGE 27 Ao,
AYH Lol 2% AF9 717 #adh Dol &
2E ARE Y 49 M2 s2E AR
Zo WMo 7 AAY Dyl mEe ARE wYs
), Dyi= 9 Al o8 gtk ez "ok Wy 2~
AA 9t 8 2o z2E AFY 6o FA AFE H
37l

(?:}
(D= vehfzin.

VL — shoot — VDC+ V(/?

(6]

oA B Vat Ver &l fle A+ A
Aok WSkrle] 23k A9 ASE vros GEEE EQE
Vot s, #B7] 12 A4 A vege A4
H nrogg/Nrona®t vroas ©1& A A (2)9F o] 2
¢ 4 gk v BetnE Fok 4Um QAR W)
o F AAe AGe G5 WE AEk Hue 4 (3)
o ¥3dT + ud

V-1 TV 200 = (1+ Z;:;;; Va @)

Vp— 15t T V- 900= Ve &)

ol
Vez
.
Vii D, D, Vana
— [D;
VIS!

7

O T,

Fig. 3 Shoot through state of ST quasi Z-source

inverter
ol
VCZ
| —
Vi: D, D, Vana

]

C_ Ve -~ Ver Varm <+>

Fig. 4 Active state of ST quasi Z-source inverter

L wst1e 7 A A4S Hdt A Vi, Vs,
Viona)o SEFRECL H] @EtRE gl Vel Zonwg
2 Qe A B8 Zol xdT 4 Utk Do (1-D)+=
2913 gk F7) Taeke] = Az Tosk 1] ©@eh AlzE

Uity = (Vpet V) D+ (Vipe— Ve ) (1= D) =0 4)
1% 1+ po vy (1-Dp) =0 )
Tevg = Nr—ond “ e a

4 @ 4 G)F Agstel Felshd, 4 )31 4 ()
o % AWM AL 9 A% Vocst D, (1-D) 2
Wele] A e @ % ek

Ny o, (1—D)
Ve, = T—2nd Ve ©)
”T—Qnd(l_QD)_”T—lstD

(anlst +7/LT*271(1)(1 B D)

Vo =
: nT*Qnd(l_2D)_anlstDQ

Voo (M

Aok ST quasi Z-22 AMEY oo AY Vo
249 quasi Z-22 AWES nfH AR, gErs 2
ek OVelv] ul WEE Bk VoV 2
Wb A (8)9 B(=Vam/Vpo)e Z-9¥ds v
Boost factor'®, #Aokel Walo] = Vs #1938 vt
H Do} #8719 dd(nry, nrawdl W eSS

o 2~
AL d F 3

Np—on tngp n D
I/;er = L2l Tl 2 VDC: BVDC (8)
Ny ana(1=2D) =ng_1,D

1-D

19D 9

B

ZA9) quasi Z-42 AWES BE 4 (9% wds)
3, AerE ST quasi Z-&2 ¢IHE S BE 2 (10) &
21 (1IDZ Jepde 4 (1002 nrag/nroae=l, 2 (11)
< nraw/nroe=2?! A58 e 29 5+ B
MNogx -9 quasi Z-22 QW E ] Hla|A] Aets
ST Quasi Z-22 IHES WHA7] AA Y] nragy/nrom
7V =ETE Y% DAA = F2E ASs YEY

R
1+D
B, ngai1 = T op- 1% (10)
1-2D
B, a1 1—9D—20° (11)



4 ST Quasi Z-%2> AME Y] ~E#H~ Ay ZHAY 54

AotE ST quasi Z-22 SIHEE ¥ el RE
quasi Z-22 JIHHE 19 67 T2 T7F 22 X
a4 g o, 94 Fo 9y Lo AR/ Alue o
2 AT Alc® Yt ALE quasi Z-9¥d A v
A FHH= dAfFelH, Al FolE ZE2E AFE
UERATE 3} Zpw 291A S, Z-d9d s g WER
TAE dom MY ¢ Y-S Vil E YERE
AT

a9 69 S7ks R oste] A9t ST quasi Z-4

(?:}_

2 QMBS Wsky]l AR Ag, Qe A7 A
Qe ool Ags AR Ak WAE 7 7
g gl vehiigich ek F AsAEe) s

Z-99dxs g ¥ AR ALz HdHoR Fd
i=lpstel & & gtk F 99 A7 Ius Fstol
B2 B AR Iws o188t BA-D)Vanl /Rei
Aol 4 gk
9 79) ) getmEl A Wek] 24 AN B2
A Irondaciver [ Z-F9 W2 oA EHE= A
%’ IZ*active Uﬁ] Eﬂ?:]'7] 1_}‘ :ﬂ}\\_oﬂ TEE ;ﬂ‘l?rh*lst*acuveq
Zy, gk Gt o= WSy 12 A s2=
16 H H H l
14 |-
X : Conventional 1 gZSI
Y : Switched Trans qZSI /
) 12 = (D3t 1, 0rpg:1)
f Z : Switched Trans qZSI /
™~ (D735t 2, Dy gpq:1)
10 |-
n5 /
I
2 8
§ z "l
P o6 -
by S
Z Yi/,/
] 4 o
—“—’_. /
2 i X
0

000 005 010 015 020 025 030 035
Shoot through duty ratio (D =1- M)

Fig. 5 Boost factor B of the conventional quasi
ZSI(X) and the proposed ST quasi ZSI(Y, Z)

Al Al Algp
— —> —
L, Quasi + I
Z-source S
Impedance
Zo=
Network Varm
VDC RP+S LP

Fig. 6 Simplified equivalent circuit of the power
inverters with a Z-impedance network

A 0A0laL, 22 A AF Itond shoordt Z-FIH

95 AF g BT =2 3 2

g 89 F AHAYH H2 #Eel gl AR

Aatgom, AHE ool At Vi ©et

EQF Ovela, v wetRE Feb Ve+Vest 2.

P& ASE Vet 22 5 ASE Ve

e 52h Vet 72 A4 Hl(nray, nroon)©l

G2 el et e ga] #ighy)e] ZF A
Vel 9al] 24 €

Z-22 AWHE 293 7] g o 7 e

AA simple boost control method®} maximum boost

Wm0 fn s O
A
W mm ke

control method, maximum constant boost control®] )
o7 294 el weh s wF AL
13%4 =9 zto]5 7Hth

Shoot through state

I

o >
Active state

* IZ-slmnt = (n T-Isl+2n T—lnd)IL 1

I T-2nd-shoot — (n T- I.vl+” T-Zmi)I L1

‘I
1 T-Ist-active — 1 T-2nd-active B(I_ 1))2 V,
arm

=1zaaive=111= Ry

A3
- T T-Ist-sh natzﬂA

Fig. 7 Current waveforms of the proposed ST quasi
Z-source inverter

Shoot through state

|- > P Va rm-active
\ / VCI
1 I Ve
4 ot --mmee e >
P Active state
Vurm-shaot = 0 V
Rrist
..... VT-I st-shool— VCI
VT-Zn d-active P S Ry 2na
= VCZ(" T-me) " ™ VT-.?rld-s]mn{: VCI
Ryt Ar2u
R -Veniis)

)
Y
.
[y

VT-lst~acti|=ﬂ:
. Ryt Ao

Fig. 8 Voltage waveforms of the proposed ST quasi

Z-source inverter



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 1, February 2013 5

B Ao e 249 SPWM fAF3F simple boost
control methodE ©]&3] Aetd w2 HAE A5

[e) A=} =]
F4e T BAss,

Simple boost control methodE AM&3dH 34 Z-42~
AHEA ZE5E 4 Ay Ho Az A o5
GY #AE 4 (129 231, MS ®MzA+2 (1-D)¢
2007 G 2914 @57 A T < Be Harst
sdstr® A (13)¥ 2, 1% 58 FYs o=
GE 19 99 o2 xH3}HPTH

zvp*peak
G=MB=(1—-D)B= 22 (12)

(n_ nd T V7o, D)(1—D)
= T 2d TT2nd ' (13)
Np00a(1=2D) =np 1y D

=1.091 495, T2 quasi Z-22~ AWH
oF uasi Z-22~ QIHE Q] AHEH <o A
o 2EH2E A Ui, G7F 37 245 A
HE oty AYg ~EHAE =gk 249 quasi Z-
22 AME Gol W AME o] AY AEHX Bg
= 4 (14)s} o] gejan™,

=2—— (14)

FU3 G} YT Vpe 2l diske], Aokd ST
quasi Z-A2> JIME 9 D&, #A 9] nroaw/nre=3/2%]
B9t nrawnrea=2/190 A5 22 24 (159 4 (16)
o7 FEY 3 Gl wE AWy o Ay 2E
dae A (17, 2 18)3 o] dAd Hlo] wep v
et w2t Bl(Dye, Do) E tiYste] & 5 stk

16

14 \ ------
X : Conventional qZSI
— Y : Switched Trans qZSI
\é 12 (O Lnpgegil)  fm
: Z : Switched Trans qZSI
E 10 (pgee: 2y 0pgnail) )
1 \
o 8 \
CN
3
éﬂ . \\ \
£ ~‘~s \\
2 B
X =23 H
0 H
065 070 075 080 085 090 095 1.00
Modulation Index (M =1 - D)
Fig. 9 Voltage gain G of the conventional quasi

ZSI(X) and the proposed ST quasi ZSI(Y, Z)
based on the simple boost control method

Digpoy =47 -
\3/2) \/3 36(02_2G+1) 6(0_1) (15)
1 4GP+ 40+1 2G+1
D@/U\/Q 16(G2+2G+1)  4(G+1) (16)
b 2+3D) an
aBs/2) T 9y D) =3Dj3)s)
142D,
(2/1)
Beony = v

2
1=2Dy)1) = 2D

a9 1001 A A4 A A7) 2 A (18)e] A o]
GOl W& Ay ~E# A #4(Voltage stress factor)
= o2 Yyt wdd dAsks E¥ste 4

g
Agkel W] AuE el A AEUS Ve
F9] Aol v)s) 4G FaHE A4S S S Ak
T (]
- - 1o

H

AR Uepdt & 1ol
3 w2k b DY FAd A, A¢tA ST quasi Z-
HEIS} T4 quasi Z-42 SIHE
(L, C, Dy, Trans)9] At 2 9498 A7 L =
pe AY 2EH 2 Vs o83l YeER ST

a9 112 Alote Switched Trans Cellg ©]-&-3h
A3 fA F2E BolE SL Z-22 AWE e z-9)
e S yehaz ok 29 1104 B ulep 3
o] SL Z-%2 SIHEE QIYHe} tole=s o] &3
SL(Switched Inductor) Cells ©]-&3] &%t}

nr-ist - .l
el Z o] &% SL Cell? 543 F2E A
Nr-1st - NT-20d = 2:1¢91 A= 3709 <14
SL Cell?} 543 455

2.0
1.9 o
E —
=
3 1.8
~
S ,/
% X/
. 16
i I B
5 15 T =
E x "—‘//-—"'
> 14 >
$ / Y’/ /
=
a 13 7 X : Conventional gZSI |77
) / Wz Y : Switched Trans qZSI
§ 12 7 (Bry5: 3 01250:2) [T
£ l/ Z: Switched Trans qZSI
11 y (g1t 2, Bragtl) -]
1.0

0 1 2 3 4 5 6 7 8 9 10
Voltage Gain (G = v, pr4x/ Vpc)

Fig. 10 Voltage stress factor Bg of active switch for
the conventional quasi ZSI(X) and the
proposed ST quasi ZSI(Y, Z)



ST Quasi Z-%2 QIWE|e] 2Edl2 A7) 243 54
Table 1 Stress comparison under the condition of the same D and Vpc
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Fig. 15  Simulation results : voltage stress, input
voltage, and trans winding voltages
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Fig. 18 Simulation results : input current, trans
winding currents and winding voltage
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