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TOM TAT

Trong bai bdo nay, mot giai thudgt PWM cai tién cho nghich luu tang dp tira khoa
chuyén mach hinh T ba béac (TL-MgSBT’I) dé tang hé sé tiang dp duoc trinh bay. Trang thdi
ngan mach (ST) dwoc chén vao cdc vector zero nham muc dich tang dg ma khéng anh
hwong dén dién dp ngé ra. Phwong phap diéu khién xung ngan mach cai tien co thé tang h¢
s0 tang dp lén dén 66.67% so véi phuong phap diéu khién truyen thong khi chu ky déng Do
la 0.15. Bang cach két hop ky thudt ngdn mach xen ké va ngdan mach dong thoi gita mang
nguon khang va nghzch lwew hinh T. Nguyén ly hoat dong va phwong phdp diéu khién tong

qudt cho cau hinh ndy dwoc trinh bay chi tiét. Két qua mé phong dwege thiee hién trén phan
mém PSIM dé chirng minh tinh chinh xdc ciia phwong phdp nay.

Tir khéa: Nghich heu da bdc; nguon Z; Tang ap twa khéa chuyén mach; Nghich heu hinh T;
Hé so tang ap cao.

ABSTRACT

In this paper, a modified pulse-width modulation (PWM) strategy for the three-level
quasi-switched boost T-type inverter (TL-MgSBT’I) to increase boost factor is presented.
The Shoot through (ST) state is inserted into zero vector in order not to affect the output
voltage. Modified shoot through pulse control method can increase boost factor up to
66.67% as compared to the traditional control method when the duty cycle Dyis 0.15. By
combining the technique of alternating short-through and full 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.

Keywords: Multilevel inverter; Z Source; Quasi Switch Boost;, T-Type inverter; High boost
factor.

chiéu (DC) thanh dién xoay chiéu (AC)

1. GIOI THIEU , e L
’ dong vai tro quan trong cho qué trinh

Ngay nay, nganh cbng nghiép da va
dang ung dung ngudn ning luong tai tao
nhu: Nang lugng gié (wind), nang luong
mat troi (Photovoltaic), pin nhién liéu (fuel
cell), nguén cbng suit lien  tuc
(uninterrupted power supply), viéc tao ra
ngudn dién sach s& than thién voi moi
truong. Cac bo chuyén ddi nang luong mot

Doi: https://doi.org/10.54644/jte.64.2021.91

chuyén déi niang luong tai tao nay phuc vu
cho hé théng phan phdi. Bé nghich luu
nguon ap (VSI) duoc ap dung phd bién
trong nhitng ciu hinh nghich luu. Tuy
nhién, cac bd nghich luu nay (VSI) c6 mot
s6 nhuoc diém nhu dién ap hiéu dung dau ra
nhé hon ngudn dién 4p mot chidu dau vao.
Vi vay, cdc nghich Iuu nay (VSI) chi hoat
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dong ¢ ché do giam ap (Buck). Khi cac bo
nghich luu c6 yéu cau hoat dong ¢ ché do
tang-giam ap, bo chuyen d6i DC-DC duoc
bd sung ghép ndi tiép véi bod nghich luu
truyén thong dé tang dién ap dau ra tur dién
4p mot chiéu dau vao thap, viéc chuyén doi
nay hinh thanh mot bo chuyén déi céng suat
hai chang [1], [2]. Trong [3] hai bo chuyén
d6i miniboost duoc ndi tiép vaéi bo nghich
luu truyén théng véi muc dich nang cao
hiéu suat. Tuy vay, cac bo nghich luu hai
ching truyén thdng van hoat dong trang thai
ngin mach (trang thai hai khoa coéng suat
trén mot nhanh dan cing thoi gian). Dé
tranh hién twong ngan mach, bo deadtime
duogc ting cuong dé dam bao khong bi tring
dan. Viéc ting cuong bo deadtime s& gia
taing chi phi va kich thuéc cua bd chuyén
d6i ciing nhu ting méo dang song hai tong
(THD) anh huong dén chét luong dau ra cua
bo chuyén doi.

Nghich luu ngudn Z (ZSI) con duoc goi
la bo nghich Iuu mot ching dugc dé xuat
vao nam 2003 boi nha khoa hoc Fang Z
Peng. Nghich luu nguf)n Z v6i kha néng
hoat dong tang-gidm ap va gidi quyét dugc
van d& ngan mach da ton tai trong cac cau
hinh hai chang truyén thong [4]. Tuy nhién,
cau hinh nghich luu nguon Z ton tai mot sé
bat lgi: Dong dién ngd vao khi khoi dong
kha cao, dién ap dat trén tu dién I6n cling
nhu dong dién dau vao khdng lién tuc. Pé
giai quyét nhitng van bat loi vira dé cap,
nghich luu tya ngudn Z (qZSI) dugce dé xuat
[5]-[7]. Céc cau hinh nay st dung cac phan
tr cong suat thu dong L, C gidng nhu
nghich luu ngudn Z nhung chi khac bai
cach ghép. Cac bo nghich luu twa nguon Z
khong chi thtra huong cac thuan loi cua
nghich Iuu truyén théng ma c6 kha ning
hoat dong & ché do tang-giam ap, ché do
ngin mach ciing nhu cai thién dong dién
ngd vao lién tuc. Phuong phap diéu ché
vector khong gian dugc dé xuat dé glam
dién a4p common mode (CMV) trong cau
hinh twa nguon Z [6], [7]. Tuy nhién, cac
nghién ciru nay s& anh hudng dén mat can
bang diém trung tinh, d& giai quyét can
bang diém trung tinh cac nha nghién cuu

ting cuong vector nhé phu vao chudi xung
truyén thdng. Piéu ndy s& anh hudng dén
viéc tinh toan phuc tap. Ngoai ra, viéc sir
dung hai mang tya ngudn Z dé ddi xung s&
gia ting sd luong phan tar cdng suat thu
dong dan dén gia ting kich thudc va trong
lugng cua hé théng. Bé giam kich thudc va
trong luong cua cac bd nghich luu ngudn Z
va nghich luu tya ngudn Z, bod nghich luu
tang ap tua khoa chuyén mach (qSBI) duogc
trinh bay boi [8]. Vi cdu hinh nay chi sur
dung mot khoa diéu khién cong suit, diéu
d6 gitp kha nang diéu khién linh hoat hon.
Pé tao dién ap dau ra ba bac mot cau hinh
mai duoc dé xuat bang cach ghép hai mang
ngudn khang néi tiép vai nghich luu ba bac
NPC dugc trinh bay boi [9]. Két qua,
nghich luu [9] giam phan I6n phan ta thy
dong cong suit ciing nhu dién ap dat trén
cac phan tir cdng suat. Tuy vay, bai bao [9]
da str dung hon mot khoa cong suat. Trong
bai bao nghich luu ting ap twa khoa chuyén
mach hinh T ba bac (3L-qSBT?l) [10] cai
thién do gon dong dién cua cudn day tang
&p s0 V6i bai bao [9], bsi vi bai béo [9] da
St dung phuong phap chén xung ngin mach
dong thoi dan dén d6 gon dong dién cua
cuon day tang ap cao. Ngoai ra, bai bao [10]
cling cai thién do loi dién &p cao hon so vai
bai bao [9]. Pé hoat dong ché d6 ho mach
cac khoa cong suit & mang ngudn khang
cting nhu nghich Iuu hinh T dugc trinh bay
trong bai b&o [11]. Ngoai kha nang hd mach
cac khoa cdng suat, bai bao [11] ciing duy
tri nhitng thuan loi caa bai bao [10].

Trong bai bao nay, phuong phap chén
Xung ngan mach maoi sé giup hé théng ting
cudng hé sb tang ap (B) ma van giir nguyén
nhitng thuan lgi cua bai bdo trong [10] nhu
giam d6 gon dong dién, do lgi dién ap cao
cling nhu giam dién ap dat trén cac phan to
cong suat. Trang thai 6n dinh, nguyén ly
hoat dong cua giai thuat chén xung ngin
mach cho cau hinh nghich luu ting ap tua
khoa chuyén mach hinh T ba bac dugc phan
tich va két qua md phong bang phan mém
PSIM duoc thuc hién dé kiém chimg co so
ly thuyét.
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2. CAU HINH NGHICH LUU TANG
AP TUA KHOA CHUYEN MACH
HINH T BA BAC
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Hinh 1. Cdu triic ba bic gSBTI.

Nghich lwu ting 4p twa khoa chuyén
mach hinh T ba bac (3L qSBT?I) duoc két
hop boi hai chang chinh d6 1a mang ngudn
khang (qSB) va nghich luvu 3 bac hinh T
truyén thong.

Mang nguén khang (qSB) gém c6 1
cudn cam (L), 2 tu dién (C1, C2) va 4 diode
(D1, D2, D3, Ds), ching dugc két ndi véi
nhau d¢é tao ra diém giira (O). Piém giita nay
va hai dau ra ciia mang qSB (P, N) sé& cung
cap ning luong cho mach nghich luu 3 bac
hinh T truyén thong gém 3 nhanh (pha a, b,
¢), mdi nhanh gom 4 IGBT. Trong d6, mot
khoéa hai chiéu duogc ciu tao boi 2 IGBT mic
nguoc chiéu nhau va dugc trinh bay nhu
Hinh. 1.

D +V
g "Ll
iLT D G
Vel 01 C,

_D3_+|—
-|- TZI D|4—| 'Vc

@

Hinh 2. Nguyén Iy hoat déng cua 3L gSBTI
(a) trang thai NST1, (b) trang thai NST2, (c)
trang thai NST3, (d) trang thai NST4, (e)
trang thai ST.

Hinh 3. Phirong phap diéu khién SPWM cai
tien cho pha A.

Vi ciu tric 3 béc, nghich luu hinh T c6
kha ning tao ra 3 cap dién ap trén ngd ra
bang cach kich dong khoa Six (x = a, b, ¢)
dién ap Vxo s€ dat dugc gia tri +Vc. Dién ap
Vxo s€ dat gia tri 0 khi khoa Sxx, S3x dugc
kich déng. Tuong tu, dién ap Vxo s€ dat gia
tri —Vc bang cach kich dong Sax.

2.1 Nguyén ly hoat dgng

Céu hinh 3L-MqSBT?I-HB c¢6 hai trang
thai chuyén mach chinh 1a “Khong ngin
mach (NST)” va “Ngan mach (ST)”. Hinh. 2
trinh bay trang thai hoat dong cua
3L-MqSBT?I-HB.

2.1.1 Trang thai khéng ngan mach
Trang thai NST 1: (t1 dén t2 va t; dén ts)

khoéa T duogc kich dong trong khi khoa 7>
duogc kich ngét nhu duoc biéu dién nhu Hinh
2(a). Két qua 1a diode D; duoc phan cuc
ngugc. Trong khi do cac diode Dz, D3, D4
dugc phan cuc thuan. Nang lugng tich triv
trong cudn diy Lp va ngudn dién ngd vao Ve
nap cho tu dién C», trong khi ty dién Ci xa
ndng lugng. Mach nghich luu lam viéc nhu
mot mach nghich luu hinh T truyén thdng va
duoc dai dién béng nguc“m dong nhu Hinh
2(a). Bién ap dat trén cudn day Lg dugc xéc
dinh nhu sau:

VLB =Vie _Vc:1 (1)

Trang thai NST 2: (t7 dén ts va to dén ti0)
khoa T1 duoc kich ngat trong khi khoa T»
duogc kich dong nhu duoc biéu dién nhu Hinh
2(b). Két qua 1a diode D4 duoc phan cuc
ngugc. Trong khi do6 cac diode D1, D, Ds
dugc phan cuc thuan. Nang lugong tich triv
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trong cudn diy Lg va ngudn dién ngd vao Ve
nap cho tu dién Ci, trong khi tu dién C> xa
nang luong. Phia nghich luu dugc dai dién
bang ngudn dong nhu Hinh 2(b). Pién ap dat
trén cudn day Lg dugc xac dinh nhu sau:

Vi, =Vee Ve, )

Trang thai NST 3: (to dén t1, ts dén ts, t
dén t7va tio dén ti1) khoa 71 va T» duogc kich
ngit dugc biéu dién nhu Hinh 2(c). Két qua
la cac diode D1, D2, D3 va D4 dugc phan cuc
thudn. Nang luong tich trit trong cudn day Lg
va ngudn dién ngd vao Ve nap cho tu dién C;
va C,. Phia nghich luu dugc dai dién bﬁng
ngudn dong nhu Hinh 2(c). Pién ap dat trén
cudn day Lp dugc xé4c dinh nhu sau:

Vl_B =V _Vq _ch 3)

Trang thai NST 4: (t2 dén t3 va tg dén to)
khoa T) va T» dugc kich déng dong thoi,
duoc biéu dién nhu Hinh 2(d). Két qua 1a cac
diode D; va D4 dugc phan cuc nguoc trong
khi cac diode D> va D3 dugc phan cuc thuan.
Niang luong ctia ngudén cung cip nap cho
cudn day Lg. Nang luong tich trir tu dién C;
va C cung cép niang lugng cho mach nghich
lvu. Phia nghich luu dugc dai dién bang
ngudn dong nhu Hinh 2(d). Dién ap dat trén
cudn day Ly duge biéu dién nhu sau:

Vi, =Vae )

2.1.2 Trang thai ngan mach: (s dén ts va
tu1 dén t12)

Khoéa T va T» dugc kich dong dong thoi
v4i tht ca cac khoa bén phia nghich luu hinh
T, Six-Sax duoc biéu dién nhu hinh 2(e). Két
qua la céac diode D1, D>, D3 va D4 bi phan cuc
nguoc. Nang lugng tich trlt trong cudn day
L va nguon dién ngd vao Vg nap cho tu
dién C; va C2. Dién 4p dat trén cudn day Lg
duoc biéu dién nhu sau:

VLB =V +Ver +Ve, (5)

Luu ¥ rang dé khong gay ra su méo dang
trén dién &p ngd ra cua bo nghich luu gia tri
Vst s& khéng nho hon gia tri dinh cua dién &p
tham chiéu Vx (x = a, b, ). Gi4 tri 16n nhét

cta dién &p tham chiéu duoc x4c dinh 1a chi
so dieu ché M. Dya vao gian do xung Hinh 3,
c6 thé xac dinh moi lién hé gitra hé s6 ngan
mach (Do) va chi s6 diéu ché M nhu sau:

D,+M <1 (6)

2.2 Phan tich trang thai 6n dinh

Thoi gian tdc dung cuia trang thai NST4
va ST trong mot chu ky song mang la DyT.
Trong khi d6 trang thai NST1 va NST2 duoc
tao ra trong khoang thoi gian d7/2. C6 thé
xéac dinh duogc thoi gian ton tai cla trang thai
NST3 1a (1 — Do — d)T. Méi lién hé giira hé
s d va ti sb ngin mach Dy dugc biéu dién
nhu sau:

D, <d <1-D, (7)

Véi d 1a chu ky ngan mach cia mang
ngudn khang, Do 1a chu ky ngin mach cua
mang ngudn khang va nghich lwu hinh T
(Trong bai bao [10] Do chi ngin mach cho
nghich luu hinh T).

Véi gia thuyét dién dung trén ty dién du
16n d¢é dién ap dat trén ty duoc xem nhu hang
s0, ap dung tinh chat can bang dién 4p trén
cudn day, co thé x4c dinh duoc dién ap
DC-link cuia 3L-MqSBT?I-HB nhu sau:
2V,

V. =92\ —_— “fde
T 2-5D,—d

®)

Khi @6, gia tr1 hi€u dung cua dién ap ngd
ra trén tai dugc xac dinh nhu sau:

MV, M Vi

VX,RMS =T \/— \/— (2 5D d) 9)
V&i M 1a chi s6 diéu ché cua phan nghich
luu.
Hé s6 tiang 4p (B) dugc xac dinh nhu sau:
— VPN _ 2
V, 2-5D,-d

(10)

Nhu trinh bay ¢ Hinh 3, hang s6 dién ap Veon
va hang sO dién ap -Veon thay ddi tir [1- Vs,
Vst] dén [-Vst, Vst-1]. Do d6 d dugce thay doi
tir Do dén 1-Do nhu sau:

D, <d <1-D,. (11)
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Khi d=Do hé sb ting ap nho nhit cua giai
thuat dé nghi dugc xac dinh:

B, =1/(1-3D,). (12)
Khi d=1-Dy hé s6 tang 4p 16n nhat cia giai
thuat dé nghi dugc xac dinh:

B =2/(1-6D;). (13)

Hinh 4 trinh bay két qua so sanh hé sb
tang ap gitra phuong phap dé nghi va phuong
phap [10]. Ca hai phuong phap dugc so sanh
v6i hé s6 tang 4p nho nhat (mau xanh dwong
va mau xanh la) va tang ap lon nhat (mau do
va mau hong). C6 thé thay rang ca hai truong
hop tang 4p nho nhat va tang ap lon nhat,
phuong phap dé xuat c6 hé sd ting ap cao
hon phuong phap [10].

10
8 L
m
& 5 Phuong phap
a0 6F .
)g Phu’qng phép [1(3]
o de nghi i
- 4 [ l.
T

015 0.2

0 005 01
Ty s6 ngan mach, Dy

Hinh 4. So sanh h¢ s6 tang ap ciia phwong
phap dé nghi va phuwong phap [10].

3. KET QUA MO PHONG

Nhom nghién ciru tién hanh mé phong
dudi sy ho trg cua phan mém PSIM voi céc
thong s6 ¢ Bang 1.

Hinh 5 trinh bay két qua mo phong cho
céu hinh 3L-MqSBT?I-HB khi Vg4 = 180 V
va d=0.18. Tir trén xudng dudi: dién ap pha
ngd ra Vag, dién ap pha so véi trung tinh
ngudn Vao, dién ap day ngd ra Vap, dong
dién tai I, dong dién ngd vao IL & tan so
cao, dién ap ngod vao Vyc, va dién ap tu dién
Civa Ca.

Bing 1. Cdc théng sé mé phong va thuc
nghigm cua bg nghich luu.

Thong sb céc thanh phan | Gié tri
bién ap ngd vao | Vg 90 - 180V
biénédpngdra | Vo 110V
Tanséngdra | fo 50 Hz
;ir:] 36 song fs 5 kHz
Ti s6 ngan mach
phu mang nguon | d 0.15-0.85
khang
Ti s6 ngan mach | Do 0.18
Tisédiduché | M 0.82
bién cam L 3mH
Tu dién C2=Cs | 2200 pF
Mach loc LC LrvaCs | 3mHva 10
pF

Tai tro Rt 40 Q

;"{-XG

Vo Vo Vi '
250V
125V

oV

09 092 094 096 098

Time (3)

Hinh 5. Két qud mé phéng cho cau hinh
3L-MqSBT’I-HB khi Vg = 180 Vva d = 0.18.
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Hinh 6. Két qud mé phong dang séng tin hiéu
diéu khién cho khéa cong sudt mang nguon
khang (V11, V2), dién ap trén Diode (Vp; va
Vp2), dién ap DC-link (Vpn) va dong dién ngo

vao (I) khi Vae = 180 Vvad = 0.18.

Nhu trinh bay ¢ Hinh 5 dién ap cua tu C;
va C; dugce tang ap 1én 195 V va 195 V tu
dién 4p ngd vao 180 V. bién ap DC-link mo
phong dat duoc 390 V. Tan s hoat dong ciia
cudn day Lg 1a 20 kHz. Pién ap pha so véi
tam ngudn (Vao) co dién ap 195 V, 0 va -195
V. Dong dién ngo ra lién tuc.

Hinh 6. Tin hiéu diéu khién cuc céng
cua T1 va T», dién ap cua diode D1 va Das,
dién 4p DC-link, va dong dién cua cudn day
tang 4p O tan s6 thap. Hinh 6 co thé thiy rang,
dién ap Vpn do dugc 390 V, dong dién cua
cudn day tang ap do dugc 5.44 A. Nhu trinh
bay ¢ Hinh 6 va Hinh 8, dong dién cua cudn
day tiang trong sudt chu ky ngan mach hoic ¢
trang thai khong ngan mach 3 (NST3), khi ca
hai khoa T1 va T» dugc kich dong dong thoi.

250V 1

125V

ov

09 092 094 096 0.98
Time (s)

Hinh 7. Két qua mé phéng cho cau hinh
3L-MgSBT’I-HB khi V. = 90 Vva d = 0.63.
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Hinh 8. Két qud mé phong dang song tin
hiéu diéu khién cho khéa cong sudt mang
nguon khang (Vri, Vr2), dién ap trén Diode
(Vb1 va Vp), dién ap DC-link (Vpy) va dong
dién ngo vao (I) khi Vae = 90 Vva d = 0.63.

Hinh 7 trinh bay két qua mo phong cho
céu hinh 3L- MqSBT21 HB khi Vgc =90 V va
d = 0.63. Tu trén xudng dudi: dién ap pha
ngd ra Vag, dién ap pha so véi trung tinh
ngudn Vao, dién ap day ngd ra Vap, dong
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dién tai /a, dong dién ngd vao [. ¢ tan so
cao, dién ap ngd vao Vyc, va dién ap tu dién
Civa (.

Nhu trinh bay ¢ Hinh 7 dién ap cta tu C; va
C> duogc tang ap 1én 195 V va 195 V tu dién
ap ngd vao 90 V. Di¢n ap DC-link md phong
dat duogc 390 V. Tan sb hoat dong cua cudn
day Lp la 20 kHz. DPi¢n ap pha so véi tam
ngudn (Vao) co ba bac 1a 195 V, 0 va -195 V.
Dong dién ngd ra lién tuc.

Hinh 8 c6 thé thay rang, Tir trén xudng dudi,
Tin hiéu diéu khién hai khoa céng sudt mang
nguén khéng Vr1, V12, di€n 4p dit trén céc
Diode D1, D2, di¢n ap Ven va dong dién cua
cudn day tang ap. Gia tri dinh Vpx do dugce
390 V, dong dién trung binh cua cudn day
tang ap do dugc 9.98 A, do gon dong dién
dat 1 A.

4. KET LUAN

Nguyén 1y hoat dong va két qua mo
phong cho cau hinh 3L-MqSBT?I-HB di
duoc phén tich phu hop véi co sé 1y thuyét.
Céu hinh va giai thuat cho 3L-MqSBT?I-HB
phu hop véi cac ung dung cong suit trung
binh va nho nhu: hé thong PV, pin nhién liéu
va dong co.

LOI CAM ON

Bai bao nay duogc thuc hién tai phong thi
nghiém dién tir cong suit nang cao D405 véi
su ho tro cia du an CT2019.04.03 cua
Truong Pai hoc Su pham Ky thuat Thanh
phd HO Chi Minh.

DANH MUC TU VIET TAT
3L Three level
PWM Pulse Width Modulation
qSB Quasi-Z-Source

. qZS1 Quasi-Z-Source Inverter
Bai bao nay da trinh bay mot mang nguon - - -
khang qSB duoc két néi véi nghich luu ba bic SPWM Sine Pulse Width Modulation
hinh T. Bén canh cdc tinh nang ting, giam ap | T2 T-Type inverter
(Buck-Boost) va da bac. Véi giai thuat da
frinh bay, cAu hinh 3L-MqSBT?l con c6 kha | ST Shoot Through
nang tang hé $b tang ap 1én dén 66.67% so véi NST Non Shoot Through
bai bao [10] khi chu ky dong Do 1a 0.15 va ap
dung giai thuat tang 4p 16n nht.
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