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TOM TAT

Trong nhiing ndm gan day, nghich luu tang ap tua khoa chuyén mach dugc st dung rong rai trong
hé théng dién. Bai bdo nay dé xudt mét phuong phap 6n dinh dién ap AC ngd ra déng thai giam
d6 gon dong dién clia cudn khang tang ap trong nghich luu tang &p tua khda chuyén mach (QSBI).
Phuong phap dé xuat dua trén diéu ché doé réng xung séng mang vai hai song tam giac léch pha
nhau 90°. Ky thuat dé xudt st dung ham offset d€ ma réng chi s6 diéu ché va gidi thuat 8n dinh
dién ap ngo ra dua trén viéc diéu chinh hé s6 tang ap. Viec mdé rong chi sé diéu ché sé gidp giam
dién &p stress trén cac khoa chuyén mach trung binh dén 16,5% trong cac diéu kién moé phong. Hé
s6 tang ap sé dua trén thoi gian ngan mach phia DC/DC va phia nghich luu khi c6 cac cac vector
zero. Biéu nay gilp gidm ti s6 ngan mach cho phan téng dp DC/DC do ¢ cac xung ngdn mach
dugc chén vao vi tri cac vector zero, vi thé mach nghich luu ddm nhiém hai qua trinh tang 4p va
nghich luu. Su két hap nay lam gidm dugc dé gon dong trén cudn khang tang ap. Dong thai viec
gidm ti s ngén mach phia tang 4p DC/DC sé clng gilp gidm cong suét cla khoa chuyén mach
phia mach tang 4p va tr do6 c6 thé gidm gia thanh san xuat clia san pham. Cac phan tich sé lam
ro ki thuat dé xuat. Cac moé phong va thuc nghiém sé dugc thuc hién nham danh gia ky thuat dé
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Tukhoa: Tang ap DC/DC, diéu ché dé rong xung, nghich luu, ti s6 ngan mach, QSBI

GIGI THIEU

Nghich luu tang ap dugc ting dung nhiéu trong cac
hé théng dién nhu: Nguén ning lugng ti turbin gio,
nguén Pin mit trdi (PV), UPS, xe dién!. Bo nghich
luu tang ap truc tiép mot ching co hai cdu hinh phé
bién la cdu hinh nghich luu nguén Z (ZSI)?Hinh 1
va nghich luu tya khéa chuyén mach QSBI3~>Hinh 2.
Hai cfu hinh nay c6 uu diém tin dung kha ning ngin
mach ctia cic khéa trong mach nghich luu, d€ ho trg
qua trinh tang ap thay vi diéu nay la cdm ky trong cau
hinh nghich luu &p (VSI) truyén théng .

Ca 2 cdu hinh ZSI va QSBI déu chéng dugc hién tugng
tring dan ctia cac khéa. Nhung cdu hinh ZSI t6n tai
mot vai nhuge di€ém nhu dong dién ngé vao bi gidn
doan, dién 4p trén hai tu cao, cic khéa phai dong ngit
nhiéu l4n hon, kich thuéc ctia hai cuén cam cung véi
hai ty sé lam cho thiét k& phan ctling tuong déi 16n,
mat khdc cdc linh kién st dung cho khoa cong suit
phai chiu dugc dién 4p cao, dong dién 16n2.

Céu hinh QSBI ¢6 mét s6 vu diém ndi trdi nhu gidm
dugc tin s6 chuyén mach do st dung khoa dong ngit
S hoat dong & ché d6 ting ap két hgp véi sdu khoa
cong sudt ctia khéi nghich luu 1am viée & ché d¢ ting
dp, chéng lai sy ngdn mach bang viéc thém mot diode
D;. Nhung c6 nhugc diém la dién ap Vpy cp cho cac

khéa chuyén mach khdi nghich luu van con 16n, do
gon dong trén cudn cam tuong d6i cao®. Tuy nhién
viéc c6 thém khéa S ciing cho nhiéu giai phap diéu
khién hon, vi thé trong bai bdo nay sé dé cap dén mot
ky thuét diéu ché d¢ rong xung két hgp véi thuat toan
sti dung ham offset nhdm mé rong gidi han chisé diéu
ché, 6n dinh dién 4p ngd ra, gidm do gon dong dién
qua dién khing tang ap ctia cdu hinh QSBI. N¢i dung
bai bdo sé gébm 5 phén chinh la cdu hinh nghich luu
QSBI trong phén 3, ky thuat diéu khién QSBI véi 2
s6ng mang va ham offset medimum sé dugc phan tich
dé dé xuit giai thuit diéu khién giam do6 gon dong
dién cudn khang, gidm dién ap trén DC link trong
phén 4. Phén 5 trinh bay cac két qua moé phong, thuc
nghiém va phan 6 sé khai quat cac két luan, ban luin
thém.

PHUONG PHAP NGHIEN CUU

Phuong phdp nghién ctiu trong bai bdo la st dung
phuong phép tham khéo tai liéu, phéin tich dé dé
xudt cdc gia thuyét, cic van dé. Tiép theo sé dp dung
phuong phap toan hoc thuc hién giai tich mach dién,
phén tich, tinh todn d€ ti€p can va dé€ xut giai phap
cu thé. Céc giai phdp sé dugc thuc hién mé phong va
thuc nghiém dé€1am rd cac van dé gidi quyét va duara
cac két luan.

Trich dan bai bao nay: Vinh L X, Minh N D, Anh TV, Hai Q T. Giai thuat 6n dinh dién ap ra va giam dé
gon dong dién vao nghich luu nguén khang tua khéa . Sci. Tech. Dev. J. - Eng. Tech.; 4(2):999-1008.
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Hinh 2: B6 nghich Iuu QSBI ba pha.

TIEP CAN VAN DE
Phan tich 3P2L QSBI

Céu truc nghich luu 3P2LgSBI gébm mot mach ting
dp phéi hop v6i mot mach nghich luu VSI Hinh 2.

Céc thanh phan gom nguén Vi, cuén khang L, mot tu
dién C, diode Dy, Dy, 6 khoa IGBT phia nghich luu
(ky hiéu SxP, SxN véixlaa, b, ¢) va khda S trong mach
DC/DC tang ép. Dién ap pha tai ngo ra la u,, up va
u.. Goi ‘Te; = (uq,up, uc) 1a modt vector dién 4p mong
mudn trong hé truc toa do dq, véi goc o thi vector

e o 1.% . ‘e
dién &p V.. r dugc biéu dién qua cac vector trang thai

1000

nhu Hinh 3 va dugc tinh theo cong thtic®7.

‘Tef:TOVO‘FTlVl +T272+T777 1)

Céc vector trang thai dugc mo ta trong Bang 1. Trong
do \70 va V7> ndm tai tAm cta hinh luc gidc vector
khong g_i)an va goi 1 cdc vector khéng, O trang thai
vector Vj hodc V7 cac ngo ra a, b, c cling néi N hodc
P8, Do d6, dién dp Vpy ltic nay khong anh hudng
dén tai vi thé thoi diém nay c6 thé thyc hién ngan
mach P-N d€ tich trit ning lugng trong cudn day L
vi thé trong mach 3P2LgSBI c6 ba trang thai chuyén
mach chinh 13 “Ngan mach phia ting 4p (S), “Khong
ngin mach (NST)”, ngdn mach phia nghich luu (ST)”
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Vi = ’-' T/.l
_V’5 ) = _V’6
Hinh 3: Vector khong gian
Bang 1: Bang trang thai vector khéng gian
Vector Trang thai Khéa cong  Ghicha
suat
‘71 1.0.0 Sap,SpN, SN
‘72 1.1.0 Sap,Sbp,Sen
;3 0.1.0 SaNsShpy Sen
‘74 0.1.1 San,Spp, Scp
\75 0.0.1 SaN s SpN s Scp
;6 1.0.1 Sap,SpN,Scp
;7 1.1.1 SapySap,Scp Vector
Vo 0.0.0 Sav,Spw,Sey  khong

Giai tich mach 3P2L QSBI

Ba trang thai 1am viéc chinh ctia 3P2LqSBI dugc mo
ta trong Hinh 4.

a. Trang thai ngdn mach phia ting ap (S) Hinh 4(a)
khéa S dong nap nang lugng cho cudén cam L. D, din
nén bo VSI hoat dong & ché do nghich luu véi

2)

Dién dp cdp cho khéinghich luula dién dp trén tu V.
Trang thai sdu khoa chuyén mach phia nghich luu nhu
nghich luu nguon ap thong thuong

Ve =Ven
SxN = 1— SxP (3)
m.Vpy = 2iix

Trong d6 m 1a chi s6 diéu ché; @y 1a gié tri dinh cta
thanh phan co ban dién ap pha x.

b. Trang thai khong ngdn mach (NST) Hinh 4(b) luc
nay khéa S mé, 2 diode déng ning lugng tii nguén
Vg va trong cudn day nap cho tu dién C dong thoi
cdp ngudn cho mach VSI thuc hién ché d6 nghich Iuu.
Dién ép pha tai van dugc tinh nhu (3). Va

Ve=Vs+VL="Vpn
§=0 (4)
SxN =1—SxP

c. Trang thdi ngdn mach phia nghich luu (ST)
Hinh 4(c) tuong ting v6i thoi diém cac vector trang
théi la Vj hodc V7 lic nay b sdu khda ctia mach VSI
noi tat P va N nén déng vai tro nhu khéa S nap nang
lugng tii nguén cho cudn cam.

Ji
v =L5E — vy
di
SxN = SxP =1 ®)
S=0

Két hop (3), (4), (5) cb thé viét

o TVs
CTT ity (6)
m.VC = Zit\x

Trong d6 T la chu ky séng mang, ts la thoi gian dong
khéa S va tgr 1a thoi gian ngan mach phia nghich luu.
Céc trang thai nap, xa ning lugng cla dién cam L
dugc trinh bay trong Hinh 5.

Do thi dong dién trong Hinh 5 cho théy ky thuét diéu
khién thong thudng véi dién ap vys va vgsy khong
bang nhau din dén dong dién iy qua dién cam c6 do
gon 16n. Do d6 c6 thé dé xuit ky thuat cai tién.

THUAT TOAN DE XUAT

Thuat toan cai tién kha ning ngdn mach
phia nghich luu véi ham offset méi
St dung séng mang tam gidc riéng cho bd nghich luu
va bo ting ap, song mang dang tam gidc c6 bién do
dinh-dinh la don vi, dién ép offset 1a 0 va chuky T
bang nhau, 2 séng mang léch pha 90° dién, tuong ting
v6i chu ky %. Soéng mang phia nghich luu dugc goi la
Crl va séng mang phia ting ap la CrB. Dat dién ap
diéu ché PWM diéu khién khoa S phia mach ting ép
la vy va diéu khién ngdn mach phia nghich luula v,
ham diéu khién
lif (Vds > C}’B)
S=[ lif ((1—vg) <CrB) (7)

0, otherwise

Lif (vgse > Crl)
ST =[ 1if (1 —vyy) <Crl) (8)
0, otherwise
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Hinh 4: Cac trang thai ciia 3P2LgSBI
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Hinh 5: Dang séng diéu khién, dién ap va dong dién ctia 3P2LgSB.

Dién ap diéu khién phia nghich luu (vy) dugcxdcdinh St dung ham offset cho cac dién ap diéu khién phia

nhu (9). nghich luu
] 1
o oot = — M) Emin(v) L )
2 2
bién dp diéu khién céc pha sau khi cong offset la vy,
1 .
Vo= 2 sin (ot) + 3 dugc tinh
m . 1
Vp = ESIH (Dl‘—? +E (9) vaV:Va+voffset
_m in [ ot 4£ +1 Vby = Vb +Voffset (11)
Ve = 2 s 3 2 Vey = Ve +Vuffset
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Nhu vay dé ngan mach phia nghich luu tai vi tri xuét
hién céc vector Vj hodc V7 thi vy, phai thoa méan

Vasr < min (va) (12)

V6i ham offset tai (10) thi min (vy) < min(vy,), do
d6 v;g c6 kha nang tang hon so véi ky thuat thong
thudng. Bén canh d6 véi cac gia thiét nhu trén thi
xung ngin mach phia nghich luu, phia ngudn khéng,
va dong dién qua dién cam L dugc trinh bay nhu
Hinh 5. Tt Hinh 5 c6 thé thdy ring, trong mot chu ky
séng mang c6 hai khoang thoi gian nap nang lugng
cho dién cam qua khoa S, va hai khoang thoi gian nap
qua cac khoéa nghich luu. Do d6

ts =2(t1 —19) = 2vgsT

(13)
tst =213 — 1) = 2v4 T
Do d6 (6) dugc viét lai
V.
Vo= s
1 _2VdS_2VdST (14)
m.Ve = 2uy

V6i kha ning m& rong trén thi c6 thé diéu chinh dién
ap vy dé tg va tgr bang nhau.

Thuat toan 6n dinh dién ap ngé ra va giam
do6 gon dong dién cudn khang

Goi dién 4p dinh mong muén 13 &, = V2. g, d€
d6 gon dong dién 1a cyc tiéu thi thoi gian nap véi khéa
S déng va thoi gian nap véi cac khoa phia nghich luu
déng phai nhu nhau. Vi thé

Vds = VgsT = min (Vavvvhvvvcv) (15)

Do d6 biéu d6 ngdn mach va dong dién qua cudn cam
L thay d6i nhu Hinh 6. Vi thé

Vs
Von=Vr= ——2> 16
N =Ve= Ty (16)
Khi stt dung ham offset & (10) thi
. 1 V3
min (Vay, Vpy, Vev) = 7 Tm (17)
Do d6
V. 21,
Ve =Ve= —>—— = tref (18)
1_4~VdST m
Thay (15), (17) vao (18) c6
V. 24,
S _ ref (19)

1-(2-my3) m

Vi thé chi s6 diéu ché sé thay d6i theo dién ép ngudn
Vg theo ham diéu khién

22

m=

Urms

1 CrB 1—vgsk CrB_C
e Y SN ’-ff
/N \ //’
as N Y/
Vst t
} T
4 1y
Sol T Tt S [T
1s 1+
p| v syl [T T
il I
i3l lLl :
L =
Tol tattaty tstets T il ol Gttty tstty
T T

Hinh 6: Nguyén ly giam do gon cla dong dién qua
cuén khang tang ap.

600
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Hinh 7: Dién 4p trén tu khi s& dung ham offset va
khoéng offset

Trong d6 u,; la gia tri hiéu dung dién ap xoay chiéu
mong mudn.

Hinh 7 biéu dién cac gid tri dién 4p trén tu khi st
dung va khong st dung ham offset (dudng xanh 14 ciy
va xanh duong) khi thay déi dién 4p ngudén cung cip
(V) va dién 4p xoay chiéu mong mudn (). Trong
moi chu ky thi nghiém 10 phdt, dién 4p mong mudn
Ums tang dan ti 50V dén 110V va ngudn Vg cb gia
tri 1an lugt 1a 36V, 48V, 60V, 72V, 84V, 96V, 108V va
120V. Quan sat cho thdy gid tri hiéu dung thanh phan
co ban ctia dién 4p tai ngd ra u(j)uy va u(j)ay, bdm
theo gia tri mong mudn u,,s. Nhung khi khong st
dung ham v, ¢f.; dién dp Vi s€ 16n hon khi c6 ham
Voffser- Di€u nay da ching minh dugc hié¢u qué ctia
viéc cai tién khi thém dién ap v, rfse;. SG dung ham
Voffser da cai thién dugc gidm trung binh 16,5% dién
ap dat1én cac khoa va tu dién C so v6i khong st dung
ham v, 7 fs;. Diu nay dong nghia véi viéc ting ti s6
diéu ché m va gidm dugc ti s6 ngdn mach. Hinh 8
trinh bay luu d6 ky thuat dé xuét.

KET QUA MO PHONG - THUC
NGHIEM VA THAO LUAN

Thuat toan dugc mod phong trong phan mém PSIM véi
thong s6 linh kién nhu trong Bang 3 va dién dp nguén
mot chiéu cung cdp 1a Vg tii 36V dén 110V, dién ap
mong mudn 1a 110Vrms, 50 Hz, tin s6 séng mang 1a
5kHz.
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!
1-— Vds = CrB s =
/CI‘B,CI‘I,VS ,le,lj/ 0T Vs = Cri 5=0
! e
2v2 .
T (s
2+/6 — —3
Urms .
S5T=0
I o3 b
Vs S VST = 5 = 4 T S5T=1
I
Voffset N Sx=0 n
—max(v,) — min{v,)
- X X 105 7
2
| Sx=1
v =V, TV 1
av = Ya ' Voffset
Vhy = Vb Vaffset o, SXP%XlST,
Vev = Ve Voffset SxN=(1-3a)|3T
+
End ]
Hinh 8: Luu d6 giai thuat dé xuat
Bang 2: Théng sé linh kién
TT Linh kién Thong s6 Ghi chu
1 LS-CS 2,3mH - 11 uF Bo loc!?
2 RD-LD 363Q - ImH Téi 3 pha
3 1L 4,21mH bién khang boost
4 C 110 uF Tu boost
5 Dy, Dy RHR15120 154, 1200V
6 IGBT FGA25N120 25A, 1200V

Hinh 9 13 két qua mo phong tin hiéu diéu ché khi c6 va
khong ham offset khi V 1a 100V, dién 4p mong mu6n
la 110Vrms. Két qua cho thay vé6i cting dién 4p mong
mudn tai ng6 ra, phuong phép khong dung ham off-
set cO chi s6 diéu ché la m=0,596 va m=0,708 khi co
ham offset, va ti s6 ngdn mach d=0,193 (v;5=0,193V)
khi khong ham offset va khi c6 offset 1a d=0,202
(Vds=0,202V).

Diéu nay gitip lam r6 cic phan tich ¢ phén trudc.

1004

Trong Hinh 10, mé phong giai thuat véi gid tri hiéu
dung dién d4p mong mudn u,;=110V, Vg thay dai tu
36V dén 100V (béng cch st dung mach chinh luu c6
dién dung bé), cho két qua dién 4p trén tu V¢, khi st
dung ham v, ¢ ¢ses 5€ bé hon dién 4p trén tu Ve khong
st dung ham v, ¢ ¢se;. Gid tri gidm dién ap trén tu dat
dugc trung binh 16,5%.

Hinh 11 cho thdy THD ép pha tdi ctia ky thuét st dung
ham offset d€ xuit nho hon so véi khi khong stt dung
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Hinh 9: D6 thij tin hiéu di€u ché&, m va v g7 khi dung
va khéng dung offset.
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Hinh 10: Su khac biét khi c6 ham v, ¢ £
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Hinh 11: Biéu dién sy gidm THD

cdc song hai la gdn nhu khong déi.
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Hinh 12: Hiéu qua gidm d6 gon dong dién

Viéc thuc nghiém dugc dp dung trén mé hinh tuong

tu nhu

cac diéu kién mo phong d€ dé so sanh.

Hinh 13: Mach thuc nghiém

Vi xti ly st dung la loai TMS320F28335, may hién
séng Gwinstek GDS 1072A-U va GDS 1104B. Cac
thiét bi trong Hinh 13 véi gia tri ngudn, tri s6 linh kién
nhu m6 phong d€ c6 thé kiém chting. Hinh 14 trinh
bay dién 4p pha tai trudc b loc. Dang séng nhan dugc
tuong ty nhu két qua moé phong trong Hinh 10.

GUINSTEK  1H pts

toHsas [ =

v

offset.

Hinh 12 la két qua phén tich séng hai dién ap pha tai
khi sti dung ham offset da dé xut va thuc hién khong
giam do gon dong dién qua dién cam (v g7 = %Vds)
Hinh 12(a) va khi giam d6 gon dong qua cu¢n cam
(vgsT = vgs) Hinh 12(b).

Céc két qua cho thay do gon dong dién tuong ting la
1,35A (Hinh 12(c)) va 1,02A (Hinh 12(d)). Nghia la
d6 gon dong dién giam nhu phan tich & trén trong khi

=] -

1y ]
® = 1060 0 — 1000) 16ns @ 6.6065
File
Utiities o bk

Hinh 14: Bién 4p ng6 ra

Dién ap sau bo loc dugc trinh bay trong Hinh 15 va
6 gid tri dinh la 155V tuong ting thanh phan co ban
6 gid tri 110Vrms nhu ly thuyét va mé phong.
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Hinh 15: Bién 4p ngo ra khi st dung bo loc

Thuc nghiém do dong dién qua cudn khang ting ap
dugc trinh bay ¢ Hinh 16. Dang séng va gia tri thuc
nghiém cho thdy phu hgp véi ly thuyét (Hinh 6) va
md phong (Hinh 12(d)).

Viéc dédnh gia hiéu suit dugc thuc hién qua mo6 phong
véi tai khong d6i, dién 4p mong mudn 110Vrms va
ngudn mot chiéu cung cdp thay d6i c6 két qua nhu
bang 4. Tl bang 4 cho thdy ky thuat dé xuit c6 hiéu
sudit chuyén déi 1a chua cao va c6 thé nghién ciiu cac
giai phap cai tién khac.
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Hinh 16: Dong dién qua cudn khang tang ap

Bang 3: Panh gia hiéu suat ky thuat dé xuat

V, (V) 60 70 80 90
i (A) 24 2,2 1,9 1,7
Prai (W) 138 151 145 144

Hiéu sudt (%) 95,6 98,3 95,7 94,1

KET LUAN
Céc két qua mo phong va thuc nghiém cho théy:
« Ky thuét d€ xuét cho phép diéu chinh chi s6 diéu
ché vi thé c6 thé 6n dinh dién &p pha tai khi
ngudn mot chiéu thay déi.
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o Viéc st dung ham offset ctia ky thuat dé xudt
cho phép giam dién ap dat vao khdi nghich luu
cdc két qua mo phong va thuc nghiém cho thdy
6 thé gidm trung binh dén 16,5% so v6i khong
dung ham offset.

« Bing cach st dung thoi gian ngan mach phia
nghich luu va phia ting ap nhu nhau ky thuét
dé xudt cho phép gidm do gon dong trén cudn
cam tu do giam d6 gon 4p trén tu.

Ky thuat nay phu hop cho viéc ky thuat nghich luu
cdng sudt nho cho hé théng Solar PV va cac nguén
nédng luong tdi tao khac.

XUNG POT LOI iCH

Noi dung bai bdo nay la do sy déng gép cua tap thé
ching t6i bao gom Lé Xué4n Vinh, Nguyén Dtic Minh,
Truong Viét Anh va Quach Thanh Hai nghién ctiu va
thuc hién khong cé nhiing xung dot vé 1gi ich véi cac
cong trinh nghién ctiu va cd nhan khéc.

PONG GOP CUA CAC TAC GIA

Lé Xuan Vinh: Truc tiép viét va thuc hién cac ndi dung
goém mo phong va thuc nghiém

Nguyén Dutc Minh: Thu thép va xu 1y s6 liéu, ho trg
mo6 phong va thuc nghiém

Truong Viét Anh va Quach Thanh Hai: Y tudng, stia
ban théo va kiém tra cdc két qua mo thi nghiém.
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Algorithim to control output voltage and reduce the ripple of
input current in quasi switched boost inverter

Xuan-Vinh Le'”", Duc-Minh Nguyen?, Viet-Anh Truong?, Thanh-Hai Quach?
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' ABSTRACT

In recent years, the quasi -switched boost inverter uses widely in electrical systems. This paper

proposes a method to control the AC output voltage and reduce the current ripple of the booster

Use your smartphone to scan this inductor in the quasi-switched boost inverter (QSBI). The proposed technique base on carrier pulse

QR code and download this article width modulation with two triangles with phase shifts 90°. This technique uses the offset function
to expand the modulation index and the algorithm for output voltage stabilization based on the
adjustment of the boost ratio. The modulation index expansion will reduce the stress voltage on
the switches by an average of 16.5% under the simulated conditions. The boost factor base on the
short circuit time on the DC / DC booster and the inverter on the zero vectors. So, the duty ratio (of
the boost DC/ DC) can reduce by the short-circuit pulses that insert in the position of zero vectors,
so the inverter is responsible for both boosting and inverting. The combination helps to reduce
the current ripple on the boost inductor. Besides that, reducing the short-circuit ratio of DC / DC
booster will also reduce the capacity of the booster switch and thereby reduce the production cost.
The analysis clarifies the proposed technique. Simulations and experiments evaluate the proposed
method.
Key words: DC / DC booster, pulse width modulation, inverter, duty ratio, QSBI
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