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TOM TAT

Trong bai bdo nay, mot phwong phdp diéu ché do réng xung sin cdi tien (MSPWM) cho
nghich luu hinh T tang ap twa khoa chuyén mach ba béic (TL-gSBT’I) dé giam tc;ng do méo
dang song hai (THD) ciing nhu chi so diéu ché cao dugc trinh bay. Trang thai ngan mach nira
trén (UST) va ngan mach nwa duoi (LST) dwoc dé xudt dé diéu khién. Phu"O’ng phap diéu ché
dg rong xung sin cdi tién khong chi tang dp ma con cdi thién chat lwong dién dp dau ra so voi
phuong phap diéu ché dé réng xung thong thwong. Ngodai ra, aé gzam do gon dong dién cuon
ddy ngé vao bang cdach sir dung hai song mang 14n $O €ao Vear1 Va Vears, trong d6 Vear2 dirgc
tao ra bang cdach dich pha 90° tir Vear1. Dé chitng minh nguyén Iy hoat déng ciia TL-qSBT,
nhitng két qua mé phong dwoc trinh bay trong bai bdo nay.

Tir khoa: Nghich heu da bdc; nguon Z; Tang dp twa khéa chuyén mach; Nghich lieu hinh T:
tong do méo dang song hai.

ABSTRACT

In this paper, a modified sine pulse-width modulation (MSPWM) scheme for the three-
level quasi-switched boost T-type inverter (TL-gSBT’I) to reduce total harmonic distortion
(THD) as well as high modulation index are presented. The Up shoot through (UST) and Low
shoot through (LST) states are proposed to control. The modified sine pulse-width modulation
(MSPWM) scheme not only boost but also improve output voltage quality as compared to the
conventional sine pulse-width modulation method. in addition, to reducing the current ripple
of inductor input by using two high-frequency carrier Vear1 and Vearz, Where vear2 is generated
by shifting vear1 through 90°. To verify the operating principle of the TL-qSBTI, simulation
results have presented in this paper.

Keywords: Multilevel inverter; Z Source; Quasi Switch Boost; T-Type inverter, total
harmonic distortion.

2 - chuyen d6i nguon cong suat DC thanh

1. GIOITHIEU . nguon cong sudt AC dé két ndi ludi. VSIs da
Trong nhiing nam gan day, by nghich  bac ¢6 nhiéu vu diém nhu 1a chat lugng di¢n

luu nguon ap (Voltage source inverters- nang tot, yéu cau bd loc dau ra nho, dién ap
VSIs) dong vai tro rat quan trong trong hé  dit trén cdc khoéa ban din thap, dién ap va
thong phan phoi cong suat boi vi ching coéng sudt cao va nhiéu dién tir (EMI) thap

Doi: https://doi.org/10.54644/jte.64.2021.90


https://doi.org/10.54644/jte.64.2021.90

58 Tap Chi Khoa Hoc Gido Duc Ky Thudt So Q4 (06/2021)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

[1], [2]. VSIs ba bac thuong dugc st dung
rong rai trong cong nghi¢p nhu la trong hé
théng phan phéi cong suit, dong co AC, xe
dién lai, h¢ thong nang luong tai tao (PV),
nhirng nguon cung cap lién tuc (UPS) va
nhirg hé théng bu StatCom [3]-[5]. Trong
thuc té, VSIs thong thuong chi cung cap
chuyén dbi cong suat giam ap boi vi dién ap
cuc dai dau ra AC khong thé cao hon dién
ap ngudn DC, diéu nay gy khé khan cho
nhirng Uung dung h¢ thong nang luong tai
tao, noi ma dién ap dau vao thap can dugc
chuyen d6i thanh dién ap dau ra AC mong
mudbn. Theo mot sb bai bao [6], [7] nhing
bd chuyen d6i DC-DC dugc str dung dé tang
dién ap dau vao (cho bo chuyén doi DC-
AC). Tuy nhién, cac nghich luu tang ap
trong [6]-[7] chi cung cap chuyen doi cong
suat hai ching ma viéc chuyén doi d6 rat
kho cho viéc diéu khién do su doc lap cua
hai bo bién doi. Mat khac, trang thai ngan
mach (Short Through-ST) viéc ma ca hai
khoa cong suit trén cung mot nhanh pha
(phia nghich luu) cung dan trong mot thoi
gian 1a khong cho phép trong nghich luu
tang ap hai chiang boi vi né c6 thé 1a nguyén
nhan gy nén sy ngan mach dién ap DC-link
(dau ra cua bo chuyén d6i DC-DC) va pha
huy thiét bi. Nghich luu ngudn Z (ZSIs) dau
tién dugc trinh bay trong nam 2002-2003
boi F. Z. Peng [8], [9] nhim khic phuc
nhuge diém coa cac nghich luu thong
thuong. Tuy nhién, mang ngudn Z va mang
qZS st dung kha nhiéu phan tir thu dong
lam cho kich thudc, trong lugng va chi phi
cia thiét bj gia ting. Gan ddy, nhiéu nha
nghién ctru di phat trién nghich luu ting ap
tya khoa chuyén mach (quasi-switched
boost qSBIs) dugc dé xudt trong [10], [11]
dé thay thé, boi vi chiing str dung it phan tir
thu dong ma van giit dugc cac tinh ning
nhu: chiu dung ngén mach, chuyén ddi cong
sudt mot ching va c6 kha ning hoat dong
tang, giam ap. Tuy nhién, mang nguon Z va
mang qZS st dung kha nhiéu phan tir thy
dong lam cho kich thudc, trong lugng va chi
phi ctia thiét b gia tang. Gﬁn day, nhiéu nha
nghién ctru di phét trién nghich luu quasi-
switched boost (qSBIs) dugc dé xuét trong

[12], [13] dé thay thé, boi vi chung sur dung
it phan tir thy dong ma van giir dugce cac
tinh nang nhu: chiu dung ngin mach,
chuyén d6i cong sudt mot ching va cé kha
nang hoat dong tang, giam ap.

So sanh voi [10], [11] nghich luu duoc
trinh bay trong [12], [13] c¢6 nhiéu hon hai
khoéa tich cuc nhung giam phan 16n cac phan
tur thu dong.

Trong bai bao “Space Vector Modulation
Strategy for Three-Level Quasi-Switched
Boost T-Type Inverter” [14], trinh bay k¥
thuat diéu ché SVPWM dé giam THD va cai
thién do loi dién ap so voi [13]. Tuy nhién,
dién 4p common mode (CMV) van con cao.

Trong bai bao nay, mot ky thuét diéu che
d6 rong xung cai tién nham cung cip mot b
loi thé c6 thé ké dén nhu: cai thién chat
luong dién ap dau ra (THD) mot cach dang
ké, giam sd lan chuyén mach cia mach
nghich luu, tdng cuong do loi dién 4p. Phan
tich trang thai 6n dinh, giai thich nguyén 1y
hoat dong cua ky thuéat diéu ché do rong xung
cai tién cho 3L QSBT?I dugc phan tich va
kiém chimg théng qua mé phong bang phan
mém PSIM.

2. CAU HINH NGHICH LUU BA BAC
HINH T TUA KHOA CHUYEN MACH
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Hinh 1. Cdu triic ba bic gSBT’I.

Nghich luvu hinh T ting é4p twa khoéa
chuyén mach ba bac (3L qSBT?I) dugc két
hop boi hai phan chinh d6 13 mang ngudn
khang (qSB) va nghich luu 3 béac hinh T.

Mang qSB gom ¢6 1 cudn cam (L), 2 tu
dién (Ci, Cy) va 4 diode (D1, D2, D3, Ds) va
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hai khoa cong suat T, T» ching duoc ghép
v6i nhau dé tao ra diém giita (O). Piém giita
nay va hai diu ra cia mang qSB (P, N) s&
cung cap ning lugng cho mach nghich luu 3
bac hinh T gdm 3 nhanh (pha a, b, ¢), mdi
nhanh gém 4 1GBT. Trong d6, mét khoa hai
chiéu dugc ciu tao boi 2 IGBT mic nguoc
chiéu nhau va duoc trinh bay nhu Hinh. 1.

Vi clu tric 3 bac, nghich luu hinh T c6
kha ning tao ra 3 cép dién ap trén dau ra
bang cach kich dong khoa Six (x = a, b, ¢)
dién 4p Vxo s€ dat dugc gia tri +Vc. Dién ap
Vxo s€ dat gia tri 0 khi khoa Sax, S3x duogc
kich dong. Tuong tu, dién ap Vxo s€ dat gia
tri —Vc bang cach kich dong Sux.

2.1 Nguyén ly hoat dong

Hinh 2. Nguyén Iy hoat dong cia 3L gSBT’I
(a) trang thai NSTI, (b) trang thai NST2, (c)
trang thai NST3, (d) trang thai NST4, (e) va
() trang thai ngdn mach nira trén va ngan
mach nita duoi.

Mang 3L qSBT?I c6 hai trang thai
chuyén mach chinh 1a “Khéng ngan mach
(NST)” va “Ngan mach (ST)”. Hinh 2 trinh
bay trang thai hoat dong ctia 3L qgSBTL

2.1.1 Trang thai khong ngin mach

Trang thai NST 1: (t2 dén t3 va ts dén ts
nhu Hinh 3) khoa T dugc kich dong trong
khi khoa Ta dugc kich ngit nhu duoc biéu
dién nhu Hinh 2(a). Két qua 1a diode D; dugc
phan cuc nguoc. Trong khi dé cac diode Do,
D3, D4 dugc phan cyc thuan. Nang luong tich
trir trong cudn day L va ngudn dién dau vao
Ve nap cho tu dién C,, trong khi tu dién C;
x4 nang lugng. Mach nghich luu lam viéc
nhu mot mach nghich luu hinh T truyén

théng va duoc dai dién bang ngudn dong nhu
Hiph 2£a). Dbién &p dat trén cudn day L duoc
biéu dién nhu sau:

Vi =V =V, (1)

Trang thai NST 2: (ts dén to va tio dén ti)
nhu Hinh 3) khoa T; dugc kich ngit trong
khi khéa T dugc kich déng nhu duge biéu
dién nhu Hinh 2(b). Két qua 1a diode Ds
dugc phan cuc nguoc. Trong khi doé cac
diode D1, D2, D3 dugc phan cuc thuan. Nang
luong tich trit trong cudn day L va ngudn
dién dau vao Vg nap cho tu dién C,, trong
khi ty dién C, x4 nang luong. Phia nghich
lru duge dai dién bang ngudn dong nhu Hinh
2(b). bién 4p dat trén cudn day L duoc biéu
dién nhu sau:

V, =V, —VCz (2)

Trang thai NST 3: (t dén to, ts dén te, t7
dén ts va t dén ti> nhu Hinh 3) khoa Ty va
T> dugc kich ngit duoc biéu dién nhu Hinh
2(c). Két qua 1a cac diode D1, D2, D3 va Dy
dugc phan cuc thuan. Nang luong tich trir
trong cudn diy L va ngudn dién dau vao Ve
nap cho tu dién C; va C,. Phia nghich luu
duoc dai dién br:ing nguén dong nhu Hinh
2(c). Pién ap dit trén cudn day L dugc biéu
dién nhu sau:

Vi =V _Vc1 _ch (3)

Trang thai NST 4: (t3 dén t4 va to dén ti
nhu Hinh 3) khoéa T va T, duoc kich dong
dong thoi, duoc biéu dién nhu Hinh 2(d). Két
qua 1a cac diode D; va D4 dugc phan cuc
ngugc trong khi cac diode D; va D; duogc
phan cuc thuan. Nang lugng ctia ngudn cung
cap nap cho cudn day L. Nang lugng tich trir
tu dién C; va Ca cung cép ning luong cho
mach nghich luu. Phia nghich luu dugc dai
dién bang ngudn dong nhu Hinh 2(d). Pién ap
dat trén cudn day L duogc biéu din nhu sau:

V, =V, )
2.1.2 Trang thai ngin mach

Khac voi giai thuét dugc trinh bay trong
[13], giai thuat dé nghi khong st dung trang
thai ST dé tang cuong dién 4p DC-link (Vpn).
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Thay vao do6, giai thuat dé nghi str dung trang
thai ngdn mach nira trén (UST) va ngin mach
nira duoi (LST) dé dam bao hé sd tang ap cua
bd chuyén d6i. Luu ¥ rang dé khong gay ra su
méo dang trén dién ap dau ra cua bd nghich
luu gia tri Vi s€ khong nho hon gia tri dinh
ctia dién ap tham chiéu Vx (x = g, b, ¢). Gia tri
16n nhét cua dién ap tham chiéu dugc xac dinh
1a chi s6 diéu ché M. Dya vao gian do xung
Hinh 3, c6 thé x4c dinh méi lién hé giira hé s6
ngan mach (Dy) va chi s diéu ché M nhu sau:

%+M <1 (5)

Khi do, gia tri cua cac tin hi¢u Vi va Vin
duoc xac dinh nhu sau:

Vst =1- %

5 (6)
Vstn =

2

Véi cac diéu kién dugc mod td boi
phuong trinh (5) va (6), c6 thé thiy rang,
trong khoang thoi gian #9 + ¢; va t;2 + t;3, cac
gi4 tri tirc thoi cta cac tin hiéu tham chiéu
khong 16n hon tin hiéu song mang Vearr2. Do
d6, mdi pha ciia mach nghich luu chi ¢6 thé
tao ra mot trong hai trang thai dién ap co thé
liét ké: O hodc N. Khong mat tinh tong quat,
gia su mach dang hoat dong & trang thai
[OON] (UST). Khi d6, khoa Sa2, Sv2 va Sc3
duogc kich dong mot cach dong thoi. Nham
dam bao kha ning ting ap ctia bo chuyén doi,
khoa ban dan Sy cta pha dang hoat dong &
trang thai O (Sa1, Sv1) dugc kich dong cung
luc véi khoa T,. Trong khi do tu dién C;
duge cach ly khoi mach cong suat trong khi
tu dién C, dam bdo trang thai N trén pha C,
cac diode D; va D3 dugc phan cuc thuin
trong khi diode D> va D4 dugc phan cuc
ngugc. Cudn day L tich trir nang luong duoc
cung cip bai ngudn DC dau vao duge mo ta
nhu Hinh 2(e). Dién 4p dit trén cudn day
tang ap dugc tinh toan tuong ty nhu phuong
trinh (3) va phuong trinh (4).

Tuong ty nhu trang thai UST, trong
khoang thoi gian #5 + t7, mdi pha clia mach
nghich luu chi cé thé tao ra mot trong hai

trang thai dién ap co thé liét ké: O hoac P.
Khong mét tinh tong quat, gia sir mach dang
hoat dong ¢ trang thai [OOP] (LST). Khi do,
khoa Sa2, Sp2 va Sc1 dugce kich dong mot cach
ddng thoi. Nhim dam bao kha ning ting ap
cua bd chuyén ddi, khoa ban din Sy3 cua pha
dang hoat dong & trang thai O (Sa3, Sv3) duoc
kich dong cung luc vdi khoa Ti. Trong khi do
tu dién C, duoc céach ly khoéi mach cong suét
trong khi tu dién C; ddm bdo trang thai P trén
pha C, cac diode D, va D4 dugc phan cuc
thuan trong khi diode D1 va D; dugc phan
cuc ngugc. Cudn day L tich trit nang luong
duoc cung cap bdi ngudn DC dau vao duoc
mo ta nhu Hinh 2(f). Di¢n ap dat trén cudn
day tang ap duogc tinh toan tuong ty nhu
phuong trinh (4).

2.2 Phan tich trang thai 6n dinh

Thoi gian tdc dung cua trang thai NST4
va ST (gém c6 UST va LST) trong mot chu
ky song mang 1a DyT. Trong khi d6 trang thai
NST1 va NST2 dugc tao ra trong khoang
thoi gian d7/2. C6 thé xéc dinh dugc thoi
gian ton tai cua trang thai NST3 1a (1 — Do -
d)T. Mbi lién h¢ gitta h¢ sO d va ti sb ngin
mach Dy duoc biéu dién nhu sau:

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

Véi d 1a chu ky ngin mach clia mang
ngudn khang, Do 1a chu ky ngin mach cua
nghich luu hinh T.

Véi gia thuyét dién dung trén tu dién du
16n dé dién ap dat trén tu dugc xem nhu héng
s0, 4p dung tinh chat can bang dién 4p trén
cudn day, c6 thé xac dinh duge dién ap DC-
link ctia 3L-qSBT?I nhur sau:

2V,

Ve =2Ve =550 75
0

(®)
Khi d6, gi4 tri hiéu dung cua dién ap dau
ra trén tai duoc xac dinh nhu sau:

MV, M Vi

J’J’std ©

V6i M 1a chi s6 diéu ché ctia phan nghich luu.

VX,RMS

O hinh 3 Veon1 VA Veon2 1a hai hang so6
dién ap di€u khién cho hai khoa T1 va T &
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mang ngudn khang. Vi va vsm 12 hai hang s6
dién ap diéu khién cho cac khoa Ti va Tz &
mang ngudn khang va cac khoa Six dén Siy
(x =a, b, ©). Vearl, Vear2 12 hai séng mang tan
s6 cao, vcar90 1a song mang duge dich 90° so
voi séng mang chuin Vearl, Vea2, AlL 12 d0
gon dong dién cua cudn day tang ap.
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(b)
Hinh 3. Phuong phdp diéu khién SVPWM
cho pha A.

3. KET QUA MO PHONG

Nhom nghién ctru tié'n‘ hanh mé phdng
dudi s ho trg cua phan mém PSIM véi cac
thong so sau:
Bing 1. Cdc théng s6 mé phong va thuc
nghigm cua bg nghich luu:

Thong s6 cac thanh phan Gia tri

bién ap dau vao

Ve

150V

bién ap daura

Vo

220V

Tan so dau ra

fo

50 Hz

Tan s6 séng mang

fs

5 kHz

Ti s0 ngan mach

Do

0.299

Ti sO diéu chée

M

0.85

bién cam

L

3mH

Tu dién

G=G

2200 [F

Lf and Cf

Mach loc LC 3mHva 10 (F

Tai tré R; 40 Q

DC_link
0

700
600
500
400
300

400
380
360
340
320
300

27
26
25
24
23
2

Vdc

200
160
120

192 1,;34 1,;)6 1 98 2
Time (s)

Hinh 4. Két qud mé phong dang song dién dp
DC-link (Ven), dién ap trén tu (Vi va V),
dong dién dau vao (I), dién dp dau vao (V).

Véi dién ap dau vao 1a 150V, ti s6 ngan
mach 13 0.3, chi s§ d duoc tinh toan bang
0.85 dé d¢am bao dién 4p ra trén tai c6 gia tri
hiéu dung 1 225Vrus. Két qua 1, hai ty dién
Ci va Cz c6 dién ap lan luot 1a 365.6V va
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365.8V nhu dugc mo ta trén Hinh 4. Vi giai
thuat dé nghi st dung hai trang thai UST va
LST dé ting cudng dién ap DC-link, nén dién
ap DC-link s& c6 hai gia tri trong subt qua
trinh hoat dong. D6 1a 365V (bang véi dién
ap mot tu dién, xuat hién khi trang thai
UST/LST dugc tao ra) va 731V (xuét hién
trong trang thai NST) dugc thé hién bsi Hinh
4. Vi vige st dung tai dién trd co gia tri 402
tai dau ra, dong dién dau vao cb gia tri trung
binh 1a 24.28A dugc do ludng boi phin mém
PSIM.

DC_link n
800
700
600
500

400
300

1.9556

1.9557
Time (s)
Hinh 5. Két qua mé phéng dang song dién
ap DC-link (Vpn), dién ap trén diode (Vp1 va
Vp4), dong dién qua cudn day (Ir).

Hinh 5 mé ta két qua mo phong dang
song dién ap DC-link (Vpn), dién &p trén
diode (Vp1 va Vps), dong dién qua cudn day
(IL). C6 thé thiy rang dién ap DC-link chi c6
hai gia tri la 365V va 731V. Pién ap 365V
trén DC-link 13 két qua cua viéc su dung
trang thai UST va LST trong qua trinh hoat
dong ctia bo chuyén di. Do trang thai UST
duoc tao ra bang cach kich dong cac khoa
phia nghich luu két hop véi khoa T» nén
trong trang thai nay dién 4p trén diode D4 co
gia tri am — diode D4 phan cuc ngugce, dugc
biéu dién nhu Hinh 5. Tuong tu, khi trang
thai LST duogc tao ra dién ap trén diode D co
gia tri am — diode D; phan cuc nguoc do T
duogc kich dong. Trong cd hai trang thai nay
cudn day Lg nap nang lugng duoc thé hién

bang sy ting truong dong dién qua cudn day.
Ngoai ra, cuon day Lg con dugc nap nang
luong trong trang thai ca hai khoéa T va T»
dan dong thoi — dugce thé hién bang viéc phan
cuc nguoc ca hai diode Dy va D4 nhu Hinh 5.
Do tan sb cua séng mang duge st dung 1a 5
kHz nén tan sé hoat dong ciia cudn day ting
ap 1a 20 kHz. Diéu nay gitp lam giam kich
thude cuia cudn day trong mé hinh thuc té.

400
200
0
-200
-400

400
200
0
-200
-400

S dnooon o

Hinh 6. Két qua mé phong dang song dién
ap cuc (Vao), dién ap tai 3 pha (Va, Vs, Vo),
dong dién tai 3 pha (14, I, Ic).

Hinh 6 mé ta két qua mo phong dang
song dién ap cuc (Vao), dién ap tai 3 pha
(Va, VB, Vc), dong dién tai 3 pha (1a, I, Ic).
Vi dién ap trén hai tu dién Xép xi nhau va co
gia tri 365V nén di¢n ap cuc (Vao) co 3 giad
tri trong subt qua trinh hoat dong — d6 la: -
365V, 0V va 365V nhu duoc biéu dién trong
Hinh 6. Vi sir dung chi sé diéu ché c6 gia tri
0.85 nén dién ap trén tai do dugc 1a 225Vrms
va dong dién trén tai co gia tri 1a 5.625Arms
duoc biéu dién nhu Hinh 6.

VAG

1.94 1.95 1.96 1.97 1.98 1.99 2
Time (s)

Hinh 7. Két qua mé phong dang song dién
ap pha (Vac), dién dap dady (V).
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Hinh 7 trinh bay két qua mé phong dang
song dién ap pha (Vac), dién ap day (Vas).
THD |

tal Frequency  5.0000000e+001 HZ
8.7601532e-001

8.7581134e-001

Fundamental Freguency |5 001 HZ
WAG 4.0770251e-001 VAG
WAR 4.0770043-001 VAB

(@) (b)

Hinh 8. Két qua mé phong gid tri THD ciia
dién ap pha va dién ap day. (a) phwong phap
de nghi

Hinh 8 trinh bay két qua mo phong gia
tri THD cia hai giai thuat: giai thuat dé nghi
Hinh 8(a )va gidi thuat dugc trinh bay trong
cong trinh [13] Hinh 8(b). C6 thé thay rang
voi gidi thuat dé nghi gié tri THD cua dién ap
pha dau ra va dién 4p day dau ra lan luot 1a
40.77% va 40.77%. Trong khi gid tri THD
ctia dién ap pha dau ra va dién ap day dau ra

lan luot 14 87.6% va 87.59% khi ap dung giai
thuat duge d€ xuat boi [13]. Diéu nay cho
thay sy hiéu qua v€ chat luong dién ap dau ra
doi véi giai thuat de nghi.

4. KET LUAN

Bai bdo nay da trinh bay mdt mang
ngudn khang qSB dugc két ndi voi nghich
luu ba bac hinh T. Bén canh céc tinh ning
tang, giam ap (Buck-Boost) va da bac. Véi
giai thuat da trinh bay, cdu hinh nay con c6
thé giam THD ciing nhu tang d6 loi.

Nguyén 1y hoat dong va két qua mo
phong cho cdu hinh 3L qSBT?I di dugc phan
tich phit hop vé6i co sé 1y thuyét. Cau hinh va
giai thuat cho 3L qSBT?I phu hgp voi cic
mg dung cong suat trung binh va nho nhur:
hé théng PV, pin nhién li¢u va dong co.
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