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ABSTRACT

In this paper, a new topology and pulse-width modulation (PWM) strategy
for the three-level quasi-switched boost T-type inverter (TL-MqSBT?I) to
reduce stress voltage of capacitor is presented. The Shoot through (ST) state
is inserted into zero vector in order not to affect the output voltage. The new
topology of intermediate network is also presented to improve the boost
factor and voltage gain. As a result, the voltage stress on power devices like
capacitors, diodes, and power switches is decreased, significantly. Shoot
through pulse control method can decrease voltage stress on capacitor up to
40% as compared to the traditional control method when the duty cycle Do
is 0.15 and duty cycle D, is 0.7. By controlling the technique of alternating
short-through between impedance source network and T-Type inverter. The
operation principle and overall control strategy for this configuration are also
detailed. The simulation is implemented with the help of PSIM software to
demonstrate the accuracy of this strategy.
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TU KHOA

Nghich luu da bac;

Nguodn Z;

Tang ap tya khoa chuyén mach;
Nghich luu hinh T;
Hé sb tang ap cao.

TOM TAT

Trong bai b4o nay, mot ciu hinh va phuong phap PWM méi cho nghich lru
ba bac tang ap tya khoa chuyén mach hinh T dé giam dién ap dat trén tu duoc
trinh bay. Trang thai ngin mach (ST) duoc chén vao cic vector zero dé khong
anh huong dén dién ap dau ra. Cau hinh méi ciia mang ngudn khang duoc
trinh bay dé cai thién hé sb tang ap va do loi dién ap. Két qua dién ap dat trén
cac phan tir cong sudt gidng nhu ty dién, diode va khoa chuyén mach cong
sudt dugc giam mot cach dang ké. Phuong phéap diéu khién xung ngén mach
c6 thé giam dién ap dat trén tu dién 1én dén 40% so voi phuong phap didu
khién truyén thng khi chu ky dong Do 12 0.15 va chu ky dong D1 1 0.7. Bang
cach diéu khién ky thuat xung xen k& giita mang nguén khang va nghich luu
hinh T. Nguyén ly hoat dong va phuong phap diéu khién tong thé cho ciu
hinh nay ciing dugc trinh bay chi tiét. Két qua mo phong duoc thyc hién voi
su tro gitp cua phan mém PSIM dé chimg minh tinh chinh xac cua phuong
phép nay.
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1. Gigi thiéu

Nghich luu nguon ap (VSI) ngay cang dugc ing dung rong rai trong cac hé thng nhu: hé théng dién
PV dan dung va ndi ludi, hé théng tua bin dién gio, hé thong nguon dy phong UPS, dong co AC, xe
dién,... [1], [2]. So véi nghich luu hai bac truyen thong (Hinh 1), nhitng ndm gan day bo nghich luu da
bac [3] duogc st dung pho bién véi nhitng vu diém nhu: chat lwong dién dau ra t6t hon, giam kich thudc
b6 loc LC. Theo mét sb khao sat, VSI da bac truyén thong thuong hoat dong & trang thai giam ap. Do
vay, dé sir dung VSI cho cac muc dich tang ap can tang cuong mot bd DC/DC tang ap phia trudc bd
nghich luu. Didu nay gay tang kich thudc va chi phi dau tu cho bo nghich huu.
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Ngoai ra, VST khong cho phep hai khoa cong sut trén cung mot nhanh dan dong thoi (ngan mach -
Shoot Through). Hién tuong nay lam ngin mach nguon ap dau vao ctia bo nghich luu gay hu hong ddi
vo1 hé thong nghich luu. Pé han ché anh huoéng cta van dé ngan mach, b dead-time thudong dugc su
dung. Tuy vay, viéc sir dung dead-time 1am suy giam hiéu suit ctia bo chuyén ddi.

Nghich luu dung ngudn Z (Z Source) dugc gidi thiéu trong nghién ctru [4] duoc dé xuat dé khic
phuc nhiing han che cua nghich luu nguon ap truyén thong. Cau hinh nay duoc biét dén nhu mot mach
chuyen ddi cong sut co kha nang tang - giam 4p mot chang va c6 kha nang chéng lai hién tugng tring
dan. Tuy vay, nghich Iuu ngudn Z van con ton tai mot sé nhugc diém nhu: dong dién dau vao gian doan
va dién ap dat trén ty con kha 16n.

Dé cai thién nhitng bét lgi ciia nghich lwu mang nguén Z, mét mang nghich luu tya ngudn Z (qZSI)
dugc trinh bay trong [5] dé thay thé cho mang nghich luu ngudn Z. Nghién ctru [5] 14 mot céu hinh
nghich luu ba bac hinh T tua ngudn Z dugc két hop boi hai phan chinh d6 1a mang ngudn khang (qZS)
va nghich luu 3 béc hinh T. Mang qZS gbm ¢0 4 cudn cam (L1, Lo, L3, La), 4 tu dién (C4, Cy, Cs, C4) va
2 diode (D1, D2), ching dugc ghép véi nhau de tao ra diém gira (0). Nghién ctru [5] khong chi ké thira
nhung thuan 101 ctia nghich luu ngudn 4p truyén thdng va nghich luu ngudn Z ma con ca1 thién nhiing
bat loi ciia ngudn Z. Trong nghién ctru [6] giGi thiu mang nghich luu 3 bac tya nguon Z (Quasi Z
Source) két hgp v6i cu hinh nghich luu hinh T hoat dong ¢ diéu kién can bang diém 0 boi ki thuat
vector khong gian. Tuy nhién vi sir dung qua nhiéu phan tir cong suit thu dong cho nén kich thudc, trong
lugng ctia bo chuyén ddi gia tang. Dé khic phuc cac nhuoc diém cua nghich Iuu tya nguén Z, mot sb
bai bao d trinh bay vé cau hinh nghich luu ting ap tua khéa chuyén mach 3 pha [7]- [12]. Viéc s dung
it hon hai cudn déy, hai tu dién s€ gitp cho [7] giam kich thudc va trong lyng ctia hé thong. Tuy nhién,
v6i phuong phap chén xung ngan mach dong thoi, diéu nay lam cho d6 gon dong dién cua cudn day
tang ap cao va chi so diéu ché thap. Dé giam do gon dong dién cua cudn day tang ap va d¢ loi dién ap
cao so voi nhimg cu hinh tuong tu nghién ctru [8] duge dé xuat. Mot dé xuat méi dugc trinh bay boi
[9], v6i kha nang tang hé so tang ap ma van duy tri nhitng thuan lgi trong [8]. V&i viée st dung Cung
céu hinh véi [8], tuy nhién nghién ctru [10] mang nghich luu 3 bac tya khoa chuyén mach hinh T ¢6 thé
hoat dong & ché d6 binh thuong va chiu 101 ma van gitr nhitng thuén lgi cua nghién ctru [8]. Trong nghién
ctru [11], [12] trinh bay phwong phap cdu hinh nghich luu 3 béc tya khéa chuyén mach hinh T véi ki
thudt chén xung theo phuong phap vector khong gian, phuong phap nay c6 kha nang giam va triét tiéu
dién ap commom mode ma van giam d¢ gon dong dién cua cudn day tang ap va tang chi so diéu ché so

v6i [8]. V6i myc tiéu giam dién ap dat trén cac phan tir cong suét thy dong cia mang ngudn khang mot
céu hinh méi vé nghich luwu ting 4p tua khoa chuyén mach hai bac duoc dé xuét trong nghién ctru [13].
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Trong bai bao nay, mét cdu hinh méi va va phuong phap didu khién tiém hai bac 3 nham muc dich
giam dién ap dit trén cac phan tr cong suit & mang ngudn khang ma van giir kha ning giam do gon
dong dién cua cudn day tang ap trong [8]. Nguyén 1y hoat dong cua giai thuat chén xung ngan mach cho
cau hinh nghich luu tang ap tua khoa chuyen mach hinh T dugc phan tich va két qua mo phong bang
phan mém PSIM duoc thyc hién dé kiém chung co so Iy thuyét.

2. Cau hinh nghich hru ting 4p tua khoa chuyén mach hinh T ba bac
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Hinh 2. Cdu triic ba bdc gSBTI
Nghich luu tang ap twa khoa chuyén mach hinh T ba bac (3L qSBTZI) dugc két hop boi hai ching
chinh d¢6 la mang ngudn khang (qSB) va nghich luu 3 béc hinh T truyén thong.

Mang ngudn khang (qSB) gdm ¢ nguon DC dau vao dugc chia thanh 2 ngudn DC bang nhau duoc
dua dén 2 mang ngudn khang doc lap. Mdi mot mang ngudn khang gdm c6: 1 cudn cam (L1), I tudién
(C1), 2 diode (D1, D2), va mot khoa cong suat IGBT (mang nguon khang phia trén). Cac phan tir trong
mang ngudn khang duoc ket nbi v6i nhau dé tao ra diém giira (O). Diém giira nay va hai dau ra cua
mang qSB (P, N) s& cung cip ning lugng cho mach nghich luu 3 bac hinh T truyén thong gém 3 nhanh
(phaa, b, ¢), mdi nhanh gém 3 IGBT. Trong d6, mdt khoa hai chiéu duoc cAu tao boi 2 IGBT mic nguoc
chiéu nhau va dugc trinh bay nhu Hinh. 2.

Hinh 3. Nguyén Iy hoat déng ciia 3L gSBT?I (a) trang thdi ST, (b) trang thai NSTI, (c) trang thai NST2

Vi céu trac 3 bac, nghich luu hinh T ¢6 kha nang tao ra 3 cép dién ap o dau ra br:ing cach kich dong
khoa Six (x =a, b, ¢) dién ap Vxo s€ dat dugc gia tri +Ve. Dién ap Vxo s€ dat gia tri 0 khi khoa Say dugc
kich dong. Tuong tu, di€n ap Vxo sé dat gia tri —V¢ bang cach kich dong Sax.
2.1. Nguyén ly hoat dong

Céu hinh nghich luu tang 4p 3 bac tua khoa chuyén mach hinh T vo1 kha nang giam dién ap dat trén
tu (3L-qSBT2I-RSV) ¢6 hai trang thai chuyén mach chinh Ia “Khong ngan mach (NST)” va “Ngan mach
(ST)”. Hinh. 3 trinh bay trang thai hoat dong cua 3L-qSBT?I-RSV.
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2.1.1. Trang thai khong ng?in mach (NST)

Trang thai NST 1: khéa T1 va khoa T, duoc kich dong nhu duge trinh bay ¢ Hinh 3(a). Két qua 1a
diode D; va Ds bi phan cuc ngugc. Trong khi d6 cac diode D2, D3 dugc phan cuc thuin. Nang luong
tich trit trong cudn day Li va L, boi hai khoa Ty, T2 va D2, D3 clia mang ngudn khang. Mach nghich luu
lam viéc nhu mot mach nghich luu hinh T truyén théng va dugc dai dién béng nguén dong nhu Hinh
3(b). bién ap dat trén cudn day Li va L, dugc xac dinh nhu sau:

V=V, =0 ()
Trang thai NST 2: khéa Ty va khoa T, duge kich ngit nhu dugce trinh bay ¢ Hinh 3(b). Két qua 1a tat
ca diode D1, D2, D3 va D4 dugc phan cuc thuan. Nang lugng nap cho tu dién C; va Co tir cudn day L va

Lo. Mach nghich luu lam viéc nhu mét mach nghich luu hinh T truyén théng va duoc dai dién béng
nguon dong nhu Hinh 3(c). Dién ap dit trén cudén day L; va L, dugce xac dinh nhu sau:

{VLl = _Vc1 )
VL2 = _ch

2.1.2. Trang thai ngfln mach

Khéa Ty va T2 dugc kich dong ddng thoi voi tat ca cac khoa bén phia nghich Iuu hinh T, Six-Saxduoc
trinh bay ¢ hinh 3(c). Keét qua la diode D> va Ds bi phan cuc ngugc. Trong khi d6 cac diode D1, Ds dugc
phan cyc thudn. Nang lugng tich trir trong cuén day Li va L tir nguon dién dau vao V.. Dién ap dat
trén cudn day Li va L, dugc biéu dién nhu sau:

Vi, =V, =V, /2 3)

2.2. Phuong phap didu khiém tiém hai bic 3 cho 3L-qSBT2I-RSV
Ve /., Tiém hai bic 3

i hA W\ st A
a SIS INAN AN
v INAY LW XAV AN X
Al W YV

o

lu=le

AT H_I_LJ_I_I_LJ_I_I_LJ_I_I_LE
s 8 T T O R A
Ss[ 101 f

t
SO A 000 MO0 0 0o

DST T/2 Do. T/2 Nglm mach (ST)
Hinh 4. Phwong phdp diéu khién tiém hdi béc 3 cho pha A ciia nghich luu 3L gSBT?I

Hinh 4 trinh bay phuong phap diéu khién PWM cho 3L qSBT21 dua vao phuong phap tiém hai bac
3. Tuong tu phuong phap PWM truyén thong dua vao ky thuat diéu khién dich pha cho 3L-T2I, phuong
phép dleu khlen nay cing sur dung hai dang song tin hi¢u tham chiéu (Vx va -Vy, x=a, b, ¢) Vo1 mot song
mang tan s6 cao Ve dé tao dién 4 ap cuc dau ra ba bac. Song mang Vet két hop véi hing sé dién ap Vst
va -Vsr dé tao ra tin hiéu diéu khién cho cac khoa cua nghich luu ba bac hinh T. Ngoai ra, tin hiéu diéu
khién cho hai khoa Ti, T2 ciia mang ngudn khang dugc thuc hién boi tin hidu Vear so sanh véi hai hang
50 dién 4p Veon VA -Veon. Luru ¥, s6ng mang Vearz 1éch 90° (nhur trinh bay & hinh 4) so v&i song mang Veart
véi muc dich giam d6 gon dong dién cia cudn day tang ap.

Tin hiéu tham chiéu ba pha dugc dinh nghia nhu sau:
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V, =2/+/3msin(6) +%ximsin(39)

NE

V, =2/Bmsin(6 + 27 13) +%ximsin(39) (4)

NE

. 1 2
V. =2/3msin(0-27/3)+=x—
¢ J3 ( 713) GX\/§

msin(36)
Vi
m 14 chi s6 diéu ché.
Va, Vb, V¢ 12 3 tin hiéu tham chiéu.

2.3. Phan tich trang thai 6n dinh

Trong mdt chu ky dong ngit, thoi gian tac dung cua trang thai NST1 1a D:T va trang thai ngan mach
ST trong mdt chu ky song mang 1a DeT. Do d6, c6 thé xac dinh dugc thoi gian ton tai cia trang thai
NST2 14 (1 —Do— D1)T.

Vi Dy 1a chu ky ngan mach ciia mang ngudn khang, Do 14 chu ky ngén mach ctia nghich luu hinh T.

Voi ’gié thuyét dién dung trén tu dién du lénqdé dién &p dat trén tu dugc xem nhu h?mg $b, ap dung
tinh chat can bang dién ap trén cudn day, cé thé xac dinh dugc dién ap trén tu va dién ap DC-link cta
3L-MgSBT?I-RSV nhu sau:

1
Vc =VCP :VCN ZE- (5)

D Vdc
1-D,-D,
1-D
Voy =V +2V; = mvdc (6)
0 1

Khi do, gia tri dinh cua dién ap dau ra trén tai dugc xac dinh nhu sau:

v ¢ Yoo M 1D ()

wopeak f 2 J3'1-D,-Dg
Véim 1a chi sb diéu ché cua phan nghich luu.
Hé s tang ap (B) dugc xé4c dinh nhu sau:
V 1-D
:deT:l—Do—oDl ®)
Do loi dién ap cta bd chuyén dbi duge xac dinh nhu sau:
G Vupe _ M 1-Dy 9)
Vdc \/§ 1- Do - D1
Moi quan hé giita chi s6 di€u ché va ty so dong ciia mang nguon khang, ty so dong ctia nghich luu
hinh T dugc dinh nghia nhu sau:
0<m<1
m+D, <1 (10)
D,+D, <1

Hinh 5 trinh bay dién ap dat trén cac phan tir cong sudt & mang nguon khang nhu dién ap dat trén tu,
dién ap dat trén diode va dién ap dt trén khoa didu khlen mang nguon khang. Tai d0 loi dién ap bang
4, dién 4p dat trén tu cua phuong phap dé xuit theo ty sb dién ap dit trén tu Ve so véi dién ap dau vao
Ve 12 5 trong khi d6 dién ap dét trén tu ctia phuong phap [6] 1a 7 va phuong phép [7]-[12] 1a 7.5 nhu
trinh bay ¢ hinh 5 (a). Két qua 1a phuong phap dé xuét giam 40% so v6i phuong phap [6] va 50% so A
phuong phap [7]-[12]. Tuong ty, hinh 5 (b) trinh bay dién 4p dét trén diode cua phuong phép dé xudt
theo ty s6 dién ap dat trén diode Vp so voi dién ap dau vao Vi 13 3.7 trong khi d6 dién ap dat trén diode
cua phuong phap [6] la 6.3 va phuong phap [7]-[12] 1a 12.5 tai do l¢i dién ép bang 4. Hinh 5 (C) trinh
bay dién ap dit trén khoa cong suat ciia phuong phap dé xuét theo ty sd dién ap trén khoa cong sudt Vs
50 v6i dién ap ddu vao Vi 12 5 trong khi d6 dién ap trén tu ctia phuong phap [7]-[12] 14 7.5.
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9+

8+

Dién ap dat trén tu (V/Vyo)
=]
Dién ap dat trén Diode (Vp/Vy)

27 2F E
I
A\
1f 1t AP ol
\ION &
0 ] | 1 I ] | 0 ) 1 | | ] L
05 1 15 2 25 3 35 4 45 5 0.5 1 15 2 25 3 35 4 45 5
D loi dién ap, G Do loi dién ap, G
(a) (b)
’E
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2
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iy
©
S
g
=1
&
B=]
',g.
=5
R
=
&
[

05 1 15 2 25 3 35 4 45 5
Voltage gain, G
(c)

Hinh 5. So sdnh dién dp trén cdc phan tir cong sudt ciia phicong phdp dé nghi va phwong phap [6], [71-[12].

3. Két qua md phéng

Nhoém nghién ctru tién hanh mé phong dudi sy ho tro ciia phan mém PSIM véi céc thong so sau:

Bang 1. Cdc théng sé mé phong ciia bo nghich lwu

Théng s6 cic thanh phin Gia tri
Dién 4p dau vao Vq 200V
Dién 4p ddura Vo 220V
Tén sb dau ra fo 50 Hz
Tan sb song mang fs 5 kHz
Ti s6 ngén mach ctia mang nguén khéng D: 0.7
Ti s6 ngan mach cua nghich luu hinh T Do 0.21
Chi s6 diéu ché M 0.79
Dbién cam L 3mH
Tu dién C,=0GCs 2200 pF
Mach loc LC Lsva Cs 3mH va 10 pF
Tai tro Ry 40 O
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VC 1 VCZ Vdc
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-400V

-800V

194 195 196 197 198 199 2
100V l ............... . P A . - Time (s)

0 20000 40000 60000 80000 100000
Frequency (Hz)

(@) (b)
Hinh 6. Két qua mé phong dang séng dién dp ciia 3L-qSBT2I-RSV: (a) Dién dp dau vdo, dién ap
trén tu, dién dp cuc va dién dap pha dau ra; (b) dién dp DC-link (Vpn) va dién dp ddy dau ra Vas

Hinh 6(a) trinh bay két qua mo phong cho cu hinh 3L-gSBT2I-RSV khi dién ap dau vao V. = 200V
va Do = 0.21. Nhin tr trén xuong dudi: dién &p dau vao Ve va dién ap trén tu Cy, C, dién ap pha so véi
trung tinh ngudn Vo, dién ap pha dau ra Vag, va dién ap pha dau ra Vag hai bac 1.

Nhu trinh bay ¢ Hinh 6 dién ap cua tu Cy va Cz dugce tang ap 1én 240 V va 240 V tir dién 4p dau vao
200 V. Bién 4p pha so v6i tam nguon (Vao) 6 dién ap 340 V, 0 va -340 V, dién ép pha dau ra (Vag) €O
7 bac va dién ap pha dau ra hai bac 1 dinh 1a 310 V.

Hinh 6(b). Dién ap DC-link (Ven) m6 phong voi gid tri thay dbi tir zero toi gia tri dinh 12 670 V. Gia
tri dinh cuia dién ap day Vas bang vdi gia tri dinh cta dién 4p DC-link cho nén gia tri Vag cling thay doi
tur zero toi gia tri dinh 1a 670 V.

Vox I -
oy N V, Vg Ve
400V RO SURRURR IS RORI SO l . SN 400V
oV 200V
Ip
224
L oV
214
o [ va va V
194 L -200V
T1
225V
-400V
150V _| JURR IS SNE S I SO R . S ,_ I -
e S N O RS - B S S a4 fA B IC
ov
Vo 2A
ov i ‘ ! 1A
125V o] S S SR S R - - .-
250V :
Voo . -1A
ov
125V ; -2A
250V - - PR B . - i - ] 3A H H
375V R . R
18617  1.86175 18618 186185  1.8619 186195 1.862 1.54 1.95 1.96 _1'97 1.98 1.93 2
Time (s) Time (s)
(@) (b)

Hinh 7. Dang séng tin hiéu diéu khién cho dién dp DC-link (Ven) va dong dién ddu vao (1), khéa cong sudt
mang nguon khéang (V1) V& dién dp trén Diode (Vi Va Vo khi Vg = 200 V va Dy = 0.7.
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Hinh 7(a) trinh bay két qua dang song dién ap DC-link, dang song dong dién cua cudn day tang ap,
dang song dién ap dat trén khoa T1, va dang song cac diode D1, D». Khi ¢ trang thai ngan mach (ST), D>
phan cyc nguoc va cudn day tang ap L, tich Ity nang luong trong khoang thoi gian dong dién gia tang
tuyén tinh. B§ gon dong dién cia cudn day ting ap md phong duge 2 A.

_ Hinh 7(b) trinh bay két qua mo phong cta cudn day ting ap, dién ap 3 pha dau ra va dong dién 3 pha
dau ra. Nhu trinh bay ¢ hinh 7(b) boi vi st dung mach loc cho dién ap ba pha dau ra cho nén d6 méo
hai tong (THD) dong dién dugc xac dinh 1a 1.32%, dién ap dau ra la 220 Vrus va dong dién dau ra la
1.45ArwNs.

4, Két luan

Bai bao nay di trinh by mdt mang ngudn khang qSB duoc ké:t nbi voi nghich lwu ba bac hinh T.
Bén canh cdc tinh nang tang, giam ap (Buck-Boost) va da bac. Cau hinh 3L-qSBT?I-RSV con c6 kha
nang giam dién ap trén tu 1én dén 40% so vai bai bao [6] va 50% so vdi bai bao [7]-[12] khi chu ky dong
Do 12 0.21 va chu ky dong D, 12 0.7.

Nguyén Iy hoat dong va két qua m6 phong cho ciu hinh 3L-qSBT?I-RSV da dugc phan tich phu hop
v6i co s¢ 1y thuySt. Cau hinh va giai thuét cho 3L-gSBT?I-RSV phu hop véi cic tmg dung cong suat
trung binh va nho nhu: hé thong PV, pin nhién liéu va dong co.

Lo&i cam on

Bai b4o nay duoc thyuc hién tai phong thi nghiém dién tir cong sut nang cao D405 voi sy hd tro clia
du 4n thudc nam 2022 cua Trudong Pai hoc Su pham K¥ thuat Thanh pho H6 Chi Minh.

Danh muc tir viét tit

3L Three level
PWM Pulse Width Modulation
NPC Neutral point clamped
qsB Quasi-Z-Source
qZSl Quasi-Z-Source Inverter
SPWM Sine Pulse Width Modulation
T2l T-Type inverter
ST Shoot Through
NST Non Shoot Through
3L Three level
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