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ABSTRACT

Recently, several pulse width modulation techniques have been studied by
three-level impedance-source inverters. The space vector modulation
(SVM) technology with upper and lower shoot-through (UST/LST)
insertion is one of the studies that offers high voltage gain and better output
voltage quality. This study presents inductor current ripple of the TL-qSBI
is lessened by the SVPWM strategy. The shoot-through duty cycle is kept
constant in the proposed SVPWM strategy to keep the modulation index as
high as possible. Then the duty cycles of the two power switches of the
impedance source network are the only control parameters for the TL-qSBI.
The voltage gain of the qSBT?I can be increased to a value greater than that
of the traditional three-level impedance source inverters by adjusting the
duty cycles of the two power switches of the impedance source network. The
operational principles and the steady-state analysis are presented.
Experimental results are validated by the theoretical analysis.
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TU KHOA

Nghich luu da bac;

Nguon Z;

Tang ap tya khoa chuyén mach;

Nghich luu hinh T;
Hé sb tdng ap cao.

TOM TAT

Gan day, mot $6 k¥ thuat diéu ché do rong xung da dugc nghién ctru bdi bd
nghich lvu ngudn khang ba bac. K§ thuat diéu ché vector khong gian (SVM)
v6i sy chén xung ngan mach nira trén va nira duéi (UST/LST) 1a mot trong
nhitng nghién ciru ma né cung cip do loi dién ap cao va chét lugng dién ap
dau ra tot hon. Nghién ciru nay trinh bay d gon ciia cudn day ting ap ba bac
hinh T dwoc giam boi ky thuat diéu ché 46 rong xung vector khong gian. Chu
ky nhiém vu ngan mach dugc duy tri nhu mét hang sO trong phuong phap
diéu ché d¢ rong xung vector khong gian dé nghi dé giir chi s0 diéu ché cang
cao cang tét. Khi d6 chu ky nhiém vu cua hai khoa cong sudt mang ngudn
khang dong vai trd thong sé didu khién cho nghich luu ting 4p ba bac hinh T.
Do loi dién ap cua nghich luu tang ap ba bac hinh T co thé dugc tang 1én lon
hon gi4 tri ciia bd nghich ting 4p ba bac ngudn khang truyén thong bang cach
déu chinh chu ky nhiém vu cua hai khoa cong suat cua mang ngudn khang.
Céc nguyén 1y hoat dong va phan tich trang thai én dinh duoc trinh bay. Két
qué thir nghiém duge ching minh boi phan tich 1y thuyét.
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1. Giéi thigu

Céc ngudn ning luong tai tao dang chiém vi tri hang dau trong linh vuc cung cap dién. Nhiu qudc
gia trén thé gidi dang dugc khuyén khich str dung ning luong tai tao v6i nhiéu 1y do khac nhau, dién
hinh nhu khan hiém nhién liéu, giam thiéu khi thai do hiéu ing nha kinh va nhu cau ning luong xanh.
Céc bo chuyén ddi cong suét anh huong rat 16n déi v6i hé thong cung cap dién vi vay, gan day cac nha
nghién ctru da cai thién cac bo chuyén d6i cong suat. Nghich luu nguon ap (VSI) [1], [2] 1a mét cAu trac
chuyén doi truyen thdng ma no duoc sir dung rong rai trong hé thong cung cap dién, xe dién, hé thong
UPS, hé thdng ndi ludi. Nghich luu da bac nguén ap c6 nhleu thuén loi nhu dién ap dau ra 6n dinh, dién
&p dat trén cac khoa cong suat khdng cao, kha ning cong suit va dién ap dau ra cao so véi nghich luu
ngudn ap truyén théng hai bac. Tuy nhién, bat loi 16n nhat ciia nghich luu ngudn ap truyén thong do 1a
hé thong hoat dong & ché do buck va kha ning hoat dong ciia cac khoa nghich Iuu trén cing mét pha 1a
khong cho phép (ngan ‘mach) [3]. Trong nhiing ing dung cac hé thong nang lugng Xanh, hé thong UPS
hay hé thong diéu khién dong co khong ddng bo thi muc dién ap xoay chiéu dau ra _phai dam bao dat
duge. Pé lam dugc diéu do, trudc moi bd nghich luu ngudn ap thong thudng phai bo sung mot bo DC
tang ap hay sau m01 b nghich luu ngudn 4p thong thuong phai tang cudng mot bién 4p ting ap (bién
ap hoat dong ¢ tan sb thap). Diéu nay s€ lam gia tang so phan tir cong suat dan dén tang kich thudc,
trong lugng cua hé thong chuyén doi [4].

Giai quyét nhitng bat loi ma van thy hudng nhiing thuan loi ctia cac bo nghich luu da bac ngudn ap
truyén thong, bd nghich luu mang ngudn khang duoc trinh bay (Z-source) [5]. Cdu hinh nay khong
nhitng thira hudng nhiing thuan 191 cta cac bo chuyén dbi thong thuong ma con lam viée & trang thai
tang-giam dién ap va duy tri trong mdi trudng ngan mach (shoot through). Vén dé& bit loi ciia cau hinh
ngudn Z d6 1a dién ap dit trén cac phan tir cong sudt thu dong kha 16n ciing nhu dong dién dau vao
khong lién tuc.

Khic phuc nhitng nhugc diém cia nghich luu mang nguén Z, nghich luu tya mang ngudn Z (qZSI)
da dugc nghién ctru [6]. Cong bo trong [6] 1a mot lién két boi mang ngudn khang (qZS) va nghich luu
2 bac thong thuong. Mang ngudn khang duoc két hop bai 2 diode, 2 cuon day tang ap, va 2 tu dién Vi
muc dich cai thi¢n di¢én ap DC-link. Ngoai ky thuat [6], dé xuat [7] 1a mot bo chuyen d6i ba bac hinh T
tua ngudn Z. Trong d6, mang tya ngudn Z dugc lién két boi bén tu dién, hai diode va bbn cudn day tang
ap. Nhiing phan tir ndy duoc két ndi voi nhau dé tao nén diém gifra (0). Boi vi khi str dung qua nhiéu
phan tir cong suat thu dong, kich thudc va trong lugng ciia bo chuyén doi s& tang 1€n.

Dé han ché nhitng bét lgi cta qZSI, nhiéu nghién ctru da dugc cong bd vé cau hinh nghich luu ting
ap twa khoa chuyén mach 3 bac hinh T (3L-qSBT?I) [8]-[10]. Nghién ciru [8] da dé xuét c4u hinh va giai
thuat giam hai cudn day tang ap, hai tu dién so v6i nhitng cau hinh nghién ctru [7], nang cao d6 loi dién
ap ciing nhu cai thién do gon dong dién cua cudn ddy dau vao, diéu nay cai thién kich thudc va trong
luong cho hé théng. Mot nghién ciru méi dugc dé xuat boi nghién ciru [9], voi hé sb tang dp cao hon
trong khi nhiing uu diém cua nghién ctru [8] van duy tri. Ngoai ra, nghién ctru [10] v6i kha nang hoat
dong & didu kién binh thuong va su ¢ ho mach khoa cong suit trong khi van duy tri cic vu diém cua
nghién curu [8].

K¥ thuat diéu khién cho nghich luu da bic bao gdm SinPWM, phuong phép tiém hai bac ba (third
harmonic injection) va phuong phap diéu ché vector khong gian (SVM). Méi phwong phap c6 nhing
thuan lgi riéng tuy theo muyc dich diéu khién cho hé thong [8]-[11]. Trong nghién ctru [8], [10] phuong
phap didu khién SinPWM duoc st dung dé diéu khién, voi phuong phéap nay viéc tao tin hiéu diéu khién
rat don gidn boi ham if va else. Tuy nhién, bat loi ciia phuong phép nay 1a chi s6 diéu ché chi hoat dong

& 0<M<1 (str dung phuong phép truyén thong). Dé mé rong chi sb diéu ché 1én 0<M<1.15 thi phurong
phap tiém hai bac ba dugc sir dung nhu trinh by [10]. Ciing ¢6 chi s6 didu ché 0<M<1.15 gidng nhu
phuong phép [10], phuong phap SVM dugc su dung [11], [12]. Vi giai thuat SVM hé théng khong chi
c6 chi so diéu ché cao (sir dung vector 16n) ma con tao ra tin higu diéu khién chinh xac hon phuong
phap SinPWM va tiém hai bac ba. Tuy nhién, phuong phap SVM phtc tap trong lap trinh va doi hoi bo
nh¢ 16n. Véi cong nghé ngay nay viéc doi hoi 1ap trinh va bo nhé 16n da dugc cai thién mét cach dang
ké. Nghién ciru [12], [13] st dung ky thuat SVM dé giam dién ap common mode ma van gilr cac diéu
kién thuan l¢i ciia [8]. Tuy nhién nhugc diém cta nghién ctru nay 1a viéc chén xung toan phan lam cho
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THD cta bd chuyén dobi tang 1én. Pé loai trir dién ap common mode k¥ thuat SVM duoc dé xuét su
dung vé&i nhitng vector nho va vector trung binh [14]. K¥ thuat [14] khéng chi loai trir dién ap common
mode ma con c6 tinh nang cai thién do loi dién ap va do gon dong dién ciia cudn day dau vao.

Trong bai bao nay, mot phuong phap SVM dugc de xuit dé thuc hién giam tong méo dang hai baoi
giai thuat sap xép xung ngan mach nira trén va xung ngan mach nira dudi trong khi van duy tri tinh nang
tang do loi dién ap va cai thién d6 gon dong dién cua cudn day trong [ [8]. K¥ thuat sap XEp xung ngan
mach cho 3L- qSBTZI dugc phan tich. Két qua thir nghiém s& so sanh vé6i co sd 1y thuyét dé lam ndi bat
giai thuat dé xuat.

2. Cau hinh nghich luu ting 4p mat chiang hinh T ba bac

TG
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Hinh 1. Cdu hinh ba bdc gSBT?

Mang ngudn khang (qSB) bao gdm: mot ngudn DC déu vao, mét cudn cam (Li), hai tu dién (Cy,
C2), bén diode (D1, D2, D3, Da), va hai khoa cong suat IGBT (T, T2). Piém giita (O) duoc sinh ra bai
c4c phan tir cong suét trong qSB. Piém O va hai dau ra cia mang qSB (P, N) s& tao ra dién ap DC-link
két n6i v6i mach nghich Iuu 3 bac hinh T thong thuong. Trong d6, nghich luu ba bac thong thuong bao
gdm 3 day pha (pha a, b, c), mdi day pha gém c6 4 IGBT. Khoa hai chiéu ¢ giita nhanh T duoc hinh
thanh boi 2 IGBT ghép ddi song, duoc biéu dién nhu Hinh. 1. Chuyén dbi 3 bac hinh T ¢6 thé tao ra 3
bac dién ap ¢ dau ra boi: khoa cong sudt Six (X = a, b, ¢) duoc kich dong, gia tri dau ra dat duoc Veo.
Khi kich dong khoa cong sudt Sy, (Iuu ¥ khoa Sax 14 khoa hai chiéu dugc hinh thanh béi hai IGBT nhu
Hinh 1), dién 4p Vxo s& dat gia tri zero. Twong tu, khi kich dong khoa cong suat Sax, dién ap Vo s& dat
gié tri Vno.

2.1. Nguyén ly hoat dong
Bang 1. Piéu kién déng ngit ciia 3L-qSBT2-RTHD

Trang thai Kich din khéa tich cuc Kich din khéa thu dong | Dién ap diura
NST 1 T Dy, D3, D4 Vpo, 0 hoac Vo
NST 2 T2 D1, Dz, D3 Vpo, 0 hoac Vo
NST 3 Ty, T2 Dy, D4 Vpo, 0 hoac Vo
Six Vpo
NST 4 Sox D1,D2, D3, D4 0
Sax Vo
UST Six, Sax, T2 D1, D3 0 hoac Vno
ST LST Sox, Sax, T1 D3, D4 0 hoac Vpeo
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B6 chuyén d6i ting ap mot chéng hinh T véi tinh nang giam THD (3L-gSBT2-RTHD) bao gém hai
ché d¢ hoat dong chinh d6 1a “Ngan mach (ST)” va “Khong ngan mach (NST)”.

2.1.1. Trang thdi khéng ngdn mach (NST).

Llé
it

Vdc

Hinh 2. Cdc trang thdi khéng ngdan mach cia 3L gSBT? (a) trang thdi NSTI, (b) trang thdi NST2, (c) trang
thai NST3, (d) trang thai NST4.

Trang thai NST 1: [to- ts vg}l t - t; xem Hinh. 4], nhu biéu dién & Hinh 2(a), khga T1 duogc kich dong
va khoa T2 dugc kich ngat. Bieu nay lam cho diode D1 khong thoa man dieu ki¢n dan. Luc nay cac diode
D2, Ds, D4 thoa méan dieu kién dan. Nang lugng trong cudn day L; va tu dién C; x4, tu dién C, duogc nap
bai nguon dién dau vao V. Cung thoi diem nay, phia bén nghich luu hoat dong nhu mét bo nghich Iuu
hinh T ba bac thong thuong va dugc dai dién boi nguon dong nhu Hinh 2(a). Dién ap stress cua cudn
day L; duoc tinh toan nhu hé thac (1):

Cl d(;::c = I load

dv
Cz dtc = IL - Iload’

Trang thai NST 2: [te — t7 va ts — to; xem Hinh. 4], nhu biéu dién ¢ Hinh 2(b), khoa T dugc kich dan
va khoa T1 duoc kich ngat. Diu nay lam cho diode D4 khong théa man dicu kién dan. Trong khi do6 cac
diode D, Dz, D3 thoa mén dicu kién dan. Nang lugng bén trong cudn day L va tu dién C; xa, tu dién
C1 duogc nap boi nang lugng dau vao Ve Dién ap stress cua cudn day L1 dugc tinh toan nhur hé thire (2):

Sy 0

dl Cl ddvC = IL - Iload
|1 — :Vdc _Vc & t
dt dv,
CZ E = load *
Trang théi’NST 3: [ts — ta, t5 — tg, tgf '[10,‘ va ty; — tip; xem Hir)h. 4], nhu biéu dién & Hinh 2(c), ca h‘ai
khoa cong suat Ty va T, dugc kich ngat. Di€u nay lam cho ca bon diode Dy, D2, D3 va D4 théa man dicu
kién dan. 2 tu dién C;va Qz dugc nap bdi ngudn dién dau vao Vgc. Cung thoi diém do cudn day tang ap
L1 cung cap nang lugng dén phia mach nghich luu. Dién ap stress cua cudn day Li dugce xac dinh theo
hé thue (3):

2)

Liﬂzvdc_zvc & C1% dv
dt dt

|
O

3)
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Trang thai NST 4: [t — t, VA t7 — tg; xem Hinh. 4]. Nhu biéu dién ¢ Hinh 2(d), ca hai khéa T1 va T,
dugc kich dan. Diéu nay lam cho ca hai diode D1 va D4 khong thoa mén diéu kién dan. Trong khi d6 hai
diode D2, Ds thoa man diéu kién dan. Nang luong trong cudn day L; duoc tich lity bai cac phan tir cong
suét nhu Ty, T2, D2, D3 ciia mang nguén khang. Hai tu dién C1va C, xa dién ap. Dién ap stress ctia cuén
day L; dugc tinh toan nhu h¢ thirc (4):

di dv av

LoV, & C—e=C—t=-I_, 4
L1 dt de 1 dt 2 dt load ()

2.1.2. Trang thdi ngdn mach

D P D, P
L, T iJ L, Ty _ IJ

ILT D2 Cl D2

C, Vo s D C,

= + = | l 3|_+| =
T " _IDI4—| N<|> T " DI4—| N

(a) (b)

Hinh 3. Cdc trang thdi ngdn mach ciia 3L gSBT?\ (a) trang thdi ST nika trén va (0) trang thdi ST nira dwdi.

2.1.2.1. Ché do ngdn mach nwea trén

Ché d6 UST: Khoa cong suat bén phia mang ngudn khang T, va hai khoa cong suét bén phia nghich
luu Sy VA Sy dugc kich dong dong thoi nhu biéu didn & Hinh 3(a) va Hinh 5(a). Két qua 1a hai diode
D1 va D3 thoa mén diéu kién dan. Trong khi d6 céc diode Dz, D4 khong thoa man diéu kién din. Ning
lwong trong cudn day Li duoc tich lity boi cac phan tir cong sudt nhu Tz, Sxi, Sxe, D1, Da.

2.1.2.2. Ché dé ngcfn mach nita dudi

Ché d6 LST: Khoa cong suét bén phia mang nguén khang T1 va hai khoa cong suit bén phia nghlch
luu Sx2 va Sy dugc kich dong dong thoi nhu biéu dién & hinh 3(b) va Hinh 5(a). Két qua 1a diode Dy va
Ds khong théa mén diéu kién dan. Trong khi d6 cac diode D, D4 thoa mén diéu kién dan. Ning luong
trong cudn day L1 duoc tich lity bai cac phan tir cong suat nhu T1, Sxz, Sxa, D2, Da.

Thoi gian ngén mach ntra trén va nira duéi la DoT. Dién ap stress cuia cudn diy L; dugce xac dinh nhu
h¢ thuc (5):

di dv dv
L a ' dt 2t ©®)

2.2. Phan tich ché dj én dinh

Trong mot chu ky chuyén mach, thoi gian chuyén mach ciia ché do NST1 1 (d1 — Do)-T/2. Khodng
thoi gian tac dung cua ché do NST2 la (d2— Do)-T/2. Khoang thoi gian tac dung cua trang thai NST4 va
UST, LST 12 DoT. Vi thé, thoi gian chuyén mach ctia trang thai NST3 c¢6 thé xac dinh 1a (1 — Do — d1/2
—d2/2)-T.

Véidy, d; 1a thot gian dong cua hai khoa chuyén mach mang ngudn khang T va T, ma ching dugc
tao ra bai hang s6 dién ap Veon. Do 12 thoi gian dong ctia nghich luu hinh T.

Gia st re‘ing, dién dung cua ty C du l6n dé dién ap stress trén ty C la khong ddi, dién ap trén tu cla
3L-gSBT2I-RTHD c6 thé tinh toan nhu sau:

VoV v = Ve ©)
2-3D,—D,

Dién 4p pha dinh ciia dau ra b nghich luu dugc tinh toan nhu sau:
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A2 MV, 2 M
Ve= PN 2 V., 7
3 2 32-3D,-D “ M

Trong d6 M 1a chi s6 di€u che cua b chuyén doi.

T

UsT

0
LST

l [
Hinh 4. Phicong phdp diéu khién ting dp cho mang nguon khing
2.3. Ky thudt diéu khién SVPWM dé xudt cho gSBT*I-RTHD.

0

ﬁ o1 1 o o o) o of 1 1] o0y
DsrTs/2
E ool %o 0 o| UsT ST|_;/T O O |t
Moo o 1 = 0 1 1 0o o0 t
Wa  u2 /2 1/2 /2 w2 | /4

@

Sector 1
V//

Sector V/

Hinh 5. (a) So d6 chuéi xung dé xudat; (b) So do vector khéng gian cho nghich lwu 3 béc

Hinh 5(b) c¢6 27 trang thai chuyén mach (vector), trong d6 c6 [3 vector zero], [12 vector nho], [6
vector trung binh] va [6 vector 16n]. Trong Hinh 5 chia thanh s&u sector (sectors 1-VI). Trong moi sector
dugc chia thanh 4 vang va vector l—/;e s duoc toa lac bén trong bbn ving d6. Tuong ty phuong phap diéu
ché vector khong gian truyén thong. Vector tham chi€u dugc tong hop boi ba vector gan nhat tir vi tri
cua vector tham chieu.

Gia su vector tham chiéu’ ndm & ving 1 cua sector I. Két qua, ba vector IZ, Vz, l70 dugc str dung dé
tao vector dién ap dau ra. Moi quan hé duogc trinh bay boi phuong trinh sau:
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- S S 5
Vi I, =V L+, 0 +V, 8
T, =t +t, +t,
Vi I_/;e £ vector dién ap dau ra;
V,: vector zero; V;, V,: vectors dién ap nho; Ts: chu ky 14y mau; Va to, ty, to: thoi gian téc dung cua
V,,V, vav,.

(®)

Trong do, cic vector dién ap Vl, 172, 170, V;e 5 dugc biéu dién nhu sau:
Vig =MVey 13eY

V, =V,, /3"

V, =V, /3"

V, =0V, /3ej°\72 =V, / 31

Trong d6 M 1a chi so di€u ché cia bd chuyén doi.

©)

Bang 2. Trang thdi chudi xung dé xudt

Sector | Khu vue Chudi xung
1 [000]-[100]-[1L0]-[0U-1]-[00-1]-[000] quay lai
[10-1]-[100]-[1L0]-[0U-1]-[00-1]-[10-1] quay lai
[11-1]-[10-1]-[00-1]-[ OU-1]-[ 00-1]-[ 10-1]- 11-1] quay lai
[1-1-1]-[10-1]-[100]- [1LO]-[ 100]-[ 10-1]-[ 1-1-1] quay lai
[000]-[010]-[L10]-[U0-1]-[00-1]-[000] quay lai
[01-1]-[010]- [L10]-[U0-1]-[00-1]-[01-1] quay lai
[-11-1]-[01-1]-[010]-[ L10]-[010]-[ 01-1]-[-11-1] quay lai
[11-1]-[ 01-1]-[ 00-1]-[UO-1]-[ 00-1]-[ 01-1]-[11-1] quay lai
[000]-[010]-[01L]-[-10U]-[-100]-[000] quay lai
[-110]-[010]- [01L]-[-10U]-[-100]-[-110] quay lai
[-111]-[-110]-[-100]-[-10U]-[-100]-[-110]-[-111] quay lai
[-11-1]-[-110]-[010]-[01L]-[010]-[-110]-[-11-1] quay lai
[000]-[001]-[0L1]-[-1U0]-[-100]-[000] quay lai
[-101]-[001]- [OL1]-[-1U0]-[-100]-[-101] quay lai
[-1-11]-[-101]-[001]-[0L 1]-[001]-[-101]-[-1-11] quay lai
[-111]-[-101]-[-100]-[-LUO]-[-100]-[-101]-[-111] quay lai
[000]-[001]-[L01]-[U-10]-[0-10]-[000] quay lai
[0-11]-[001]- [LO1]-[U-10]-[0-10]-[0-11] quay lai
[1-11]-[0-11]-[0-10]-[U-10]-[0-10]-[0-11]-[1-11] quay lai
[-1-11]-[0-11]-[001]-[L01]-[001]-[0-11]-[-1-11] quay lai
[000]-[100]-[10L]-[0-1U]-[0-10]-[000] quay lai
[1-10]-[100]- [10L]-[0-1U]-[0-10]-[1-10] quay lai
[1-1-1]-[1-10]-[100]-[10L]-[100]-[1-10]-[1-1-1] quay lai
4 [1-11]-[1-10]-[0-10]-[0-1U]-[0-10]-[1-10]-[1-11] quay lai
Thé hé thtre (9) vao hé thic (8), thoi gian ton tai cua Vy, V;, V, duoc tinh toan:

VI

WIN|PIBAWINRP[MMWINRP[|AIWIMNMNP|DRIWDNIFP|PIOWODN
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t, =2MT,sin(z /3-6) T,
t, =T, —2MT,sin(6)
t, =T, —2MT_sin(z / 3+ 6)

Trong mot chu ky ngan mach cac khoa chuyen mach phia hinh T dugc kich dong dong thot. Viée
kich dong nhu vay con goi 1a chen xung ngan mach dong thot (FST). Tuy nhién viéc sap xép xung ngan
mach dong thoi s& xudt hién bién do cao cua tan sb thip dong dién cudn day xuat hién. Vi vy, trong bai
bao nay nhom tac gia dé xuat chudi xung déng ngit cho sector I, khu vuc 1 nhu: [10-1]-[100]-[00-1]-
[10-1] va nguoc lai nhu trinh bay & Hinh 5(a). Ché do ngan mach nira trén va nira dudi duge chén vao
vector nho dang N (N-type) [00]-[1] va dang P (P-type) [100], IUc nay ca hai vector dién ap ctia pha B
déu & gia tri zero. Két qua, ké hoach chén chudi xung nhu trén khong nhimg giam chuyén mach ma con
khong anh huong dén chat luong dau ra.

(10)

3. Két qua thir nghiém
Nhom tac gia thir nghiém véi sy hd trg ciia mo hinh thir nghiém véi cac thong sb sau:

Béng 3. Cdc thong sé thir nghiém ciia 3L-SBT2I-RTHD

Théng s6 cic thanh phin Gia tri
Dién ap dau vao Ve 100V
Dién ap dau ra Vo 110V
Téan sb dau ra fo 50 Hz
Tan s6 song mang fs 5 kHz
Ti s6 ngan mach ctia mang ngudn khang D, 0.84
Ti s6 ngan mach ctia nghich Iuu hinh T Do 0.16
Chi sé diéu ché M 0.92
Pién cam L 3 mH/20 A
Tu dién C,=0Cs 2000 uF/400 V
Mach loc LC Lt va Cs 3mH va 10 uF
Tai tro Rt 40 Q
Tek Stop | S — — Tek Prevu |  — — Tek Stop__|  — —
) : U Vas[200V/div] . y
IL1[2A/div] el it s 1L1[1A/div]
D _ | - - e -~ Vn[200V/div]
Ve[ 100V/div] Wit LI Wl o :‘"’*‘P HW_M-
! Vei(100vidiv] T Venl200wdi T Vr2[200Vidiv]
Ve [L00V/div] - : By S
B 4 lo[5A/div] B Ven[200Vdiv]
@ - E} i o —‘ . '”- Wl
: t[Ams/div] " t[4ms/div] W‘ t[40ps/div]

(@ (b) (©)
Hinh 6. Két qua thir nghiém dang séng dién dp ciia 3L-qSBTA-RTHD: (8) Dong dién ciia cudn day ting dap, i1,
dién ap dau vao, Ve, dién ap trén tu, V1 va Vo, (b) dién dap ddy dau ra, VAB; dién ap DC-link, Ven va dong dién
dau ra, Io; (c) Dong dién cudn ddy tang dp, 1.1, dién dp trén khda cong suat, Vi va V2 va dién dp DC-link, Ven
khi dién ap dau vao 100V.

Khi dién ap dau vao 1a 100V. Quan sat tir trén Xuéng dudi, dong dién dau vao lién tuc, tri trung binh
dong dién 1a 9.4A. Nhu biéu dién ¢ Hinh 6(a), dién ap stress ctia hai tu dién C1 va C, duoc ting ap 1én
127V. Dién ap day dau ra co nim béc, dinh cua dién 4p day la 254V, dién ap DC-link 1a tong dién ap
cua hai tu C; va C, bé'lng 254V, dong dién dau ra duoc loc co dang tin hiéu hinh sin, tri hi€u dung cua
dong dién dau ra 1a 2.5A, nhu trinh bay ¢ Hinh 6(b). Hinh 6(c) trinh bay két qua dang séng dong dién
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dau vao ¢ tan s6 thap. Nhu trinh bay ¢ Hinh 6(c), tan sb ciia cudn day tang ap cao gap bon lan so véi
tan s6 song mang, dién 4p stress ciia hai khéa chuyén mach mang nguén khang Ty va T xap xi 127V,
dién ap DC-link la 254V.

“Hinh 7 biéu dién phd FFT cuia dong dién dau ra lo dya vao phd nay gia tri THD ctia dién ap dy co
thé tinh toan 1a 58.9%.

Tek Prevu |

Vas[200V//div] -

FFT of Vi [100V/div]

[ A . Al + » - i :
f [5kHz/div] I t[{lms/dw] .

Hinh 7. Dang song tin hiéu phé FFT ciia dong dién ddu ra.

Vag [ZOV/dw] Vag [ZOV/dW]

e O O OO0 O O O ,

(@) (b)
Hinh 8. Dang song tin hiéu phé FFT ciia dong dién dau ra, (a) tin hiéu phé dién dp pha dau ra ciia bai bdo dé
xudt; (b) tin hiéu phé dién dp pha dau ra ciia bai bdo [8].

_ Hinh 8 trinh bay phd FFT cua bai bao gié xyét va bai béao [8]. Dua vao tin hiéu phé cua dién ap pha

dau ra c6 thé tinh toAn THD cuda bai bao dé xuat va bai bao [8] lan luot 14 57.62% va 81.25%.
4. Két luan

Nghich luu tang 4p mot chang 3 bac hinh T va gidi thuat vector khong gian déﬂxuét dugc trinh bay
trong bai bao nay. Tinh néng chinh cua k¥ thuét vector khong gian cho by chuyén doi tang ap mét ching
3 bac hinh T la: 1) giam THD xuong 23.6%, 2) duy tri do gon dong dién cua cudn day tang ap va 3) chi
s0 diéu ché cao hon so véi nghién ciru [8]

Phan tich nguyén 1y hoat déng cho ciu hinh 3L- qSBTzl RTHD phu hop véi co so Iy thuyét. Két qua
thir nghiém s& so sanh vé6i co s6 1y thuyét dé lam ndi bat giai thuat dé xudt.

Loi cam on

Bai b4o nay dugc thuc hién tai phong thi nghiém dién tir cong suét nang cao D405 voi su hd tro cta
du an thudc nam 2023 cua Truong Pai hoc Su pham K¥ thuat Thanh pho H6 Chi Minh.

Danh muc tir viét tat

3L Three level
PWM Pulse Width Modulation
SVM Space Vector Modulation
qsB Quasi-Switched-Boost
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[1]
[2]
[3]
(4]
[5]
[6]
[71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

gZSl Quasi-Z-Source Inverter
SPWM Sine Pulse Width Modulation
T2 T-Type inverter
ST Shoot Through
NST Non Shoot Through
THD Total harmonic distortion
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