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ABSTRACT

This paper presents the configuration of a single-phase H-bridge boost
inverter circuit controlled by an algorithm that can reduce switching losses
on power switches. The configuration combines a three-level boost DC -
DC converter and a single-phase H-bridge inverter. Different from the
conventional algorithm, where the voltage behind the DC - DC boost
converter is maintained at a constant level. The paper proposes a solution
in which the DC-link voltage control technique supplied to the inverter can
be changed in two modes. In buck mode, the input DC voltage is higher
than the output voltage, and then only the switches on the inverter side
operate to create the output voltage. In boost mode, the input DC voltage
is lower than the output voltage, and the semiconductor switches of the
boost DC - DC converter control the DC-link voltage equal to the output
voltage. From there, the number of switching times as well as the voltage
stress applied to the semiconductor switches can be reduced. Thereby
improving efficiency compared to conventional algorithm. In addition,
using film capacitors instead of electrolytic capacitors makes the inverter
more efficient and reliable. To verify the advantage of reducing switching
losses, power loss analysis simulation results were performed using PSIM
software.
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TOM TAT

Bai bao trinh bay cau hinh mach nghich luu 1 pha ting dp cau H dugc diéu
khién véi giai thuat c6 kha ning giam ton hao chuyén mach trén cac khoa
cong suat. Cau hinh két hop bo chuyén d6i DC-DC ting ap ba bac va bo
nghich luu 1 pha cau H. Khac vé6i giai thuat thong thuong, dién ap sau bo
chuyén d6i DC-DC tang 4p dugc duy tri & mirc hing sd, bai bao d& xuit
giai thuat didu khién dién ap DC-link cip cho phia nghich luu thay déi duoc
trong hai ché do. Ché do giam 4p, dién 4p DC dau vao 16n hon dién 4p dau
ra, khi nay chi cac khoa ¢ phia nghich luu hoat dong tao dién ap daura. Va
nguoc lai, & ché do tang ap, dién ap DC du vao thap hon dién ap dau ra,
cac khoa ban dan ciia bo chuyén d6i DC-DC ting 4p diéu khién dién ap
DC-link bang véi dién ap dau ra. Tir 6 giam dwgc s6 lan chuyén mach
cling nhu dién ap dit trén cac khoa ban dan. Tir d6 cai thién hiéu suit so
v6i giai thuat thong thudng. Ngoai ra, viée sir dung tu film thay thé cho cac
tu hoa 1am cho b nghich Iuu co6 hiéu sudt va do tin cay cao hon. Dé kiém
chimg lgi thé cua viéc giam ton hao chuyén mach, cac két qua mé phong
phén tich t6n hao cong sudt duoc thyuc hién béng ph'?m mén PSIM.

Doi: https://doi.org/10.54644/jte.2025.1641

JTE, Volume 20, Issue 03(V), 08/2025


mailto:jte@hcmute.edu.vn
mailto:tridd@hcmute.edu.vn
https://doi.org/10.54644/jte.2025.1641
https://orcid.org/0009-0008-6960-4407
https://orcid.org/0000-0001-7135-5077
https://orcid.org/0009-0004-1091-5527
https://orcid.org/0009-0009-3422-5826
https://orcid.org/0000-0002-4096-5208
https://orcid.org/0009-0008-6960-4407
https://orcid.org/0000-0001-7135-5077
https://orcid.org/0009-0004-1091-5527
https://orcid.org/0009-0009-3422-5826
https://orcid.org/0000-0002-4096-5208

JT E TAP CHI KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K§¥ thuat Thanh pho HO Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

Copyright © JTE. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0
International License which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purpose, provided the original work is
properly cited.

1. Gigi thigu

V11
Va!(1-D) ¥

MV,/(1-D) AN Ven  /\ Vas(t)

74 EANY A

o AR
0 i AR VR GG 'u)t
Vdc@) X aliaiaial OOnnn et
l‘ Osma(t) -~ dsga(t)  Ts
o X (N
PN VAN | or
v Sa=S AZ: n 5> ot
2 D, N Sg1=8 &2 5 ot

@ (b)
Hinh 1. (&) Cdu hinh mach nghich lwu tang dp. (b) Gidi thudt diéu khién théng thirong.

Cac bd nghich luu (DC-AC) dugc img dung rong ri trong cong nghiép cling nhu dan dung. Cac bo
nghich luu nay khong chi dim bao nguon dién lién tuc (UPS) [1]-[3], ma con dong vai trd quan trong
trong cac bo diéu khién dong co [4], [5]. Ngoai ra, cac bd chuyen d6i nay con duoc str dung trong nhiéu
Ung dung ndng lugng tai tao [6]. Pang dugc quan tdm nhat 1a hé thong pin nang lugng mat troi
(photovoltaic - PV), thu hut nhiéu sy cht ¥ ctia cac nha khoa hoc trén toan cau. Bén canh dé, vi sy phat
trién lién tuc ctia cong nghé ngay nay, hé thong PV két hop vao luéi dién duoc ing dung nhidu trong
cong nghi¢p va déan dyng. Trong do, cac bo nghlch luu duge xem la thanh phan quan trong khong thé
thiéu [7], [8]. Chudi tam pin quang dién hodc pin nhién li¢u dugc két ndi nbi tiép dé cung cip dién ap
dau vao DC cho bd nghich luu ngudn ap (voltage source inverter - VSI). B nghich Iuu nay sau d6
chuyén doi dién ap mét chiéu (DC) thanh dién ap xoay chiéu (AC) dé cung cap cho céc thiét bi dién, hé
thong dién.

Céc bd VSI truyén thong c6 dién 4p xoay chiéu dau ra nho hon nguoén DC dau vao thudng duoc goi
12 b6 nghich luu giam ap [9]. Tuy nhién, tiy thudc vao dic diém cua tdm pin quang dién, dién ap diu ra
tir cic tAm pin quang dién co thé thay ddi dang ké do nhiéu yéu t6 khac ‘nhau nhu birc xa mat troi, hiéu
g bong che do su xuét hién ciia dam may hoac bong ciy. Trong mot s6 dleu kién van hanh, chang han
nhu nhing ngay nhiéu may hoic khi mot s6 tim pin quang dién bi 16i, nguon DC dau vao suy giam mot
cach dang ké. Piéu nay c6 thé 1am cho dién ap dau vao khong dat yéu cau vé bién do dién ap dé dam
bao hoat dong 6n dinh va lién tuc cua hé thong khi két ndi v6i ludi dién. Trong truong hop nay, hé thong
budc phai dimg hoat dong. Dé khic phuc van dé nay, mot bo chuyén d6i DC-DC tang ap thudng duoc
lap dat trude bo VSI dé nang cao mirc dién ap DC-link cip cho mach nghich luu [10].

Mot trong cac cdu hinh nghich luu ting 4p duoc sir dung phé bién 1a su két hop gitta cau hinh DC-
DC tang ap ba bac (three-level boost - TLB) va mach nghich luu cau H truyén théng nhu thé hién & hinh
1(a). Bo chuyén do6i DC-DC ting ap c6 nhiém vu ting gia tri dién ap DC-link dau vao mach nghich luu.
Véi dién ap DC dau vao 200-V, dién 4p dau ra mong mubn dat gia tri hiéu dung 220-Vrws, thi dién ap
DC-link cap cho phia nghich luu thudng dugc didu khién co gia tri 12 hing sé 400-V. Khi nay, cac khoa
ban dan ctia bo nghich luu 1 pha cau H duoc diéu khién véi giai thuat sine-PWM truyén thong tao ra
dién ap dau ra nhu biéu dién trong hinh 1(b). B¢ duy tri cho dién ap DC-link khong d01 cac khod ban
dan trong bd chuyén d6i DC-DC tang Aap hoat dong lién tuc ¢ tan s6 song mang cao. Dong thoi, cac khoa
ban dan & phia nghich luu cling chuyén mach véi tan s6 chuyén mach cao. Tir d6, ton hao chuyén mach
tang lén dan dén hiéu suét cta cdu hinh giam xudng. Ngoai ra, dau ra bo chuyén d6i DC-DC ting ap can
phai sir dung tu hod c6 dién dung du 16n dé giit cho dién ap DC-link 14 hang sb. Tuy nhién, tu hoa c6
kich thudc 16n 1am giam mat d6 cong suét cua cdu hinh [11]. Bén canh do, tu dién phan cuc mang lai
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do tin cay thép va tudi tho han ché, theo khao sat cua nghién ctru [12] kha ning xay ra sy ¢d cua tu hoa
1én dén 30% trong cac bo bién ddi dién tir cong suét.

Nham lam giam t6n hao cong suat ciia ciu hinh, bai bao d& xuat sir dung cAc tu film thay thé cho cac
tu hoa, két hop su dung cac linh kién ban dan Silicon Carbide - SiC ¢ phia DC-DC tang ap. Bén canh
d6, bai bao dé xuét giai thuat didu khién dién ap DC-link cap cho b nghich luu theo hai ché do. O ché
d6 giam ap, dién ap DC dau vao 16n hon gia tri dién 4 ap dau ra, cac khoa cong suat phia DC-DC ting ap
khong hoat dong, cac khod ¢ phia nghich luu dugc diéu khién doéng ngat tao ra di€p ap déu ra. Nguoc
lai, & ché do tang ap, dién 4p DC dau vao bé hon dién 4p dau ra, cac khoa phia DC-DC ting ap duoc
diéu khién hoat dong tao ra dién ap DC-link bang v6i dién ap dau ra khi nay cac khoa & phia nghich luu
khong c6 su chuyen mach. Tir d6 giam duoc s6 1an chuyén mach cing nhu dién ap dat trén cac khoa
cong suit ctia cau hinh. Véi Cung dién ap DC dau vao 200-V, dién ap dau ra 220- Vrws, cau hinh duoc
diéu khién giai thuat dé xudt co tong s6 1an chuyén mach & phia DC-DC tang ap c6 thé giam khoang 2/5
va & phia nghich luu giam khoang 3/5 so véi giai thuat diéu khién thong thudng. Thém vao do, cudn
day co thé duogc lua chon co gia tri dién cam nho hon gilp lam giam ton hao dan qua cudn day. Chi tiét
vé nguyén Iy hoat dong ctia cAu hinh nghich luu ting 4p, giai thuat diéu khién dé xudt, phén tich tén hao
va so sanh s& duoc trinh bay cu thé trong phan sau cta bai bio. C4u tric cac phan tiép theo ctia bai bao
dugc chia thanh 5 phan nhu sau: phan 2 trinh bay nguyén 1y hoat dong cau hinh mach nghich luu ting
ap va giai thuat diéu khién d& xuat; phan 3 trinh bay cac théng s6 lua chon linh kién; phan 4 trinh bay
két qua mo phong; phan 5 trinh bay phan tich ton hao cng suat; phan 6 trinh bay két luan ciia bai bao.

2. Nguyén ly hoat ddng va giai thuit diéu khién dé xuit cdu hinh mach nghich hru ting ap.

Nhu mé ta trong hinh 1(a), cdu hinh mach gdm c6 b chuyén d6i TLB DC-DC két hop véi mach
nghich luu 1 pha ciu H. Hai tu Ciny, Cinz phia sau ngudén DC dau vao ¢6 nhiém vu chia d6i ngudn dién
ap cAp cho bd chuyén d6i DC-DC. B chuyén d6i DC-DC gdm céc khoa ban dan Sy, S, dwoc sir dung 1a
SiC MOSFET, diode D1, D, cudn day Li, L, va tu dién Ci, Co. Mach nghich luu 1 pha cau H gom 4
khoa dugc phéan thanh hai nhanh, m&i nhanh gdm hai khoa ban dan Sxi, Sx2 (X 12 A, B) la c4c IGBT. Pau
ra ctia mach nghich luu duoc lap dit mot bo loc thong thap (Lfva Cr) dé giam thiéu bién do séng hai &
tan s6 cao dién ap dau ra trén tai. Nguyén ly hoat ddng ctia cau hinh nghich luu ting ap dwoc phan tich
dua trén hoat dong cia mach DC-DC va mach DC-AC.

2.1. Nguyén Iy hoat dong

Cni Tz | 5°S "'Jgs c1 i“vcl
iy
e v ®-

s -

@
Hinh 2. Nguyén Iy hoat déng ciia bé chuyén doi DC-DC tang dp, (a) trang thai 1, (b) trang thdi 2.

Nguyén 1y hoat dong ctia bd Chl,lyél’l d6i TLB DC-DC c6 hai trang thai hoat dong dugc thé hién trong
hinh 2. Tai day, ca hai khod ban dan S;, S; trong bd chuyén d6i DC-DC dugc diéu khién véi cing mot
tin hiéu kich.

Trong trang thai 1, khoa ban dan Sj (j = 1, 2) duoc kich din, dugc mo ta trong hinh 2(a). Khi nay,
diode Dj phan cuc ngugc. Cudn day Ljdugc nap nang lugng tir nguon DC. Dién ap trén cudn day L; va
dong dién qua tu dién Cjdugc trinh bay nhu sau:

dv; (t)

di.
ILj(t) Vdc &Cj(t) C dt z_iPN(t) (1)

(ty=L —=
VL]() j dt 2
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O trang thai 2 nhu trong hinh 2(b), khoa ban dan Sj duoc kich ngg‘it. Cac diode Dj phan cyc thuén,
cudn déy L; giai phong nang lugng va ket hop voi nang lugng tir ngudn DC d€ nap cho cac tu dién C;.
Dién ap trén cudn day L; va dong dién qua tu dién C;j dugc biéu dién nhu sau:

dij(t) Vv d 5(®)
VLj(t):Lj I(_Z;'[ 7(1_ c;(t) & i I dt Lj(t) PN(t) 2
[V]A
2MV .
LN\ e/ N\
A K \
Vi \ ; 5 Vag(t)
ollv ; 5 ot
T
A T
1
1-1/2M}p1-4-
A\
A
S]FSZ
ZMA
1

Sm=S w2p nl i » Ot

Se1=S B2 » Ot

Hinh 3. Gidi thudt diéu khién dé xudt.
Trong d6: Ve, Vij Va icj 1an luot 1a dién ap dau vao, dién 4p cudn cam L va dong dién qua tu dién C;.
Gia st trong mdi chu ky chuyén mach Ts =1/fs, khoa Sj duoc kich dan véi hé sé cong tac 1a d(t). Co

thé thay rang thoi gian tac dung & trang thai 1 va trang thai 2 lan luot 1a d()Ts va [1- d(t)]Ts. Tuong tu
b6 chuyén ddi DC-DC ting ap truyén théng [13], dién &p trén tu dién C; ¢ thé dwoc biéu dién nhu sau:

V f—
(M= 2[1 d o 3)
Khi nay, dién 4p DC-link cho phia nghich luu dugc xac dinh:
Vo (t) = Ve, (1) + Ve, () 4)

Nguyeén Iy hoat dong caa phia mach nghich lvu 1 pha cau H dya trén sy dong ngit ciia cac khoa ban
dan Sxi, Sxo (X 1a A, B). Tao ra dién &p dau ra Vas c6 ba bac dién ap 1a £Vey va 0-V. Khi khoa S, Se2
dugc kich dong, dién ap dau ra Vag 1a +Ven. Khoa Sg1, Sa» duge kich dong, dién ap dau ra Vas 1a -Ven.
bién ap dau ra Vas dat gia tri 0-V khi khoa Sai, Sg1 hoac Saz, Sez duoc kich dong.

2.2. Gidi thudt diéu khién dé xudt

Giai thuat dé xuat diéu khién cho cau hinh c6 thé giam sb lan chuyén mach trén cac khoa ban dan.
Song hai bac 1 caa dién &p dau ra vag 1 duoc xac dinh nhu sau:

Vg (1) =2MV, sin(at) (5)

Trong d6, M 1a chi sé diéu ché (M > 0) va o = 2zf1a tan s6 géc, vai f 14 tan sé ciia dién &p dau ra.
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Nham lam giam ton hao chuyén mach cua cac khoé ban dan, dién ap DC-link cap cho bo nghich luu
khong con la hang s6 ma dugc diéu khién nhu biéu dién & hinh 3. Dién ap dau ra caa bd chuyén doi DC-
DC tang ap xac dinh nhu sau:

Von () = MaX [V, Vg, (1)] (6)
Dua vao (3), (4) va (6), hé s6 cong tac kich cho khoa Sy, S, duoc tinh toan nhu sau:

Vdc
Max [V, Vs (O] M

Nhu thé hién trong hinh 3, khi dién 4p DC d4u vao cuia ciu hinh mach c6 gia tri nho hon gia trj dién
ap dau ra (Vac < [vas1(t)]), cac khoa ban din bo chuyén doi DC-DC ting ap duogc diéu khién voi hé sb
cong tac duoc xac dinh tai (7). Khi ndy, cac khoa ban dan ciia mach nghich lwu khong ¢ su chuyén mach
(khoa Sa1, Ss> dwoc kich déng tao dién &p dau ra +Vey hodc khoa Se1, Sa duoc kich déng dién 4p dau ra
-Ven). Khi dién 4p dau vao c6 gia tri 16n hon hozc bang gié tri dién ap dau ra (Ve > | Vasa(t)[), cac khoa
cua b chuyén d0| DC-DC duogc kich ngat cac khoa ¢ phia mach nghich luu dugc diéu khién véi hé sb
cong tac 1a ti s cua vas.(t) va ven(t). Tong quat hé s6 cong tac cua cac khod Sai, Ser duogc tinh todn nhu
sau:

d(t)=1-

VAB,1 (t) _ Ve 1 (t)
wm® & =070 ®

C6 thé thay rang, khi Vac < | vas.1(t)], khdng ¢ su chuyén mach trén khoa cong suat & phia nghich luu.
Nguoc lai, khi Vae > | vasa(t)], cac khoé caa bo chuyén ddi DC-DC ting ap duogc kich ngét. Vi vay, ton
hao dan ciing nhu ton hao chuyén mach trén cac khoa cua cau hinh dugc giam déang ké khi hoat dong véi
tan s6 chuyén mach cao. So véi giai thuat diéu khién thong thuong, thi giai thuat diéu khién dé xuat nay
lam cho hiéu suét cua ciu hinh dugc cai thién hon.

3. Lua chon linh kién

dSAl(t) =

3.1. Lwa chon cugn cim va tu dién

Tu (2) va (3), do gon dong dién Aiyj cuia cudn day Lj dugce tinh nhu sau:

Ve d(OTs

A (1) = e
i

©)

Duya vao (5), (6) va (7), xét trong khoang thoi gian Ve < | Vag1(t)|, thoi diém khoa Sj dugc kich dan.
Ta co:
V,, 1
=l (10)
Vg () 2M sin(at)

d(t)=1-

Tur (9) va (10), gia tri do gon dong dién Aiyjrs cia cudn day L dat gia tri cuc dai tai wt = /2. Do @0,
gia tri cuc dai ciia d6 gon dong dién qua cudn cam Alyjmax dugc tinh todn nhu sau:

V,.T. 1
Al :M(l——j (11)
L U 2M

Xét trong khoang thoi gian khi Vge < | vag1(t)|, gid tri trung binh dong dién qua cuon day L; tinh trong
mét chu ky chuyén mach Ts dugc tinh toan nhu sau:
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B Ton s fioad.7s (t)
i (t) = Jpurs(®) [ | (12)
[1-d(®)] [R-d()]
Tai duoc str dung c6 hé sb cong sut bang 1, khi ndy dong iias duge xac dinh:
iload,Ts = Im Sln(a)t) (13)

Trong d6, Im 12 gia tri cuc dai ciia dong dién dau ra.
Tir (10), (12) va (13), gié tri dong dién trung binh qua cudn day L;tinh trong mét chu ky chuyén mach
dat gié tri cuc dai tai wt = n/2:

ILj,Ts,max :2M|m (14)

Cuon day Lo duoc chon sao cho Alyjmax< kL% | VGi kL% la phan trim d6 gon dong dién tdi da

Lj,Ts,max ?

cho phép cua cuon day.

V,.T. 1
L. > __"de’S 1-—
j 4kL%Im[ 2|v|j (13)
Xeét trong khoang thoi gian khi Ve < | vag,1(t)], dua vao (10) va (14), dua vao (1), d6 gon dién &p cua
tu dién Co trong dugc tinh nhu sau:

Avg (t) = s (t():? LE % = Q_' : Sigf“’t)TS (1— — Siln - j‘ (16)
Tur (16) gid tri cuc dai cta do gon dién ap cua tu dién AVejmax duoc xac dinh:
AV mx = %(PﬁJ (17)
Tir (3), (4) va (6), gi& tri cuc dai cua dién &p trén tu dién Vejmax €O thé duoc tinh toan nhu sau:
chymax =M xV, (18)

Tu dién C;jduoc chon sao cho AV max < ke% Vcjmax, VGi K% phan trim d6 gon séng dién &p ti da cho
phép cua tu dién.

LT 1
C>_ms |q__~
, kC%MVdC( ZMJ (19)

3.2. Lwa chon cdc khod bdn din

Dién 4p dit trén khoa ban dan Sj va diode Dj la gid tri dién p cuc dai trén tu dién Cj duoc tinh & (18).
Dong dién cuc dai qua khoa ban dan S; va diode D;, dong dién I6n nhat qua cuon day Lj duoc xac dinh &
(14).

V..

Sj,rating =

V,

Dj,rating = MVdc & I I

Dj,rating = ILj,max = 2M|m (20)

Dién 4p dat trén cac khod ban dan ¢ phia nghich luu (Sxi va Sx;) bang dién ap dau ra ciia mach. Dong
dién cuc dai qua c&c khod bang dong dién cuc dai cua tai lioad max-

Sj,rating =

V,

Sxj,rating

=2MV, & |

Sxj, rating = IIoad,max = Im (21)

Trongdoj=1+2vaX=A,B.
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4. Két qua md phong

Bang 1. Thong sé mé phong

. Gia tri
Thong so Xz
Giai thuat théng thwong Giai thujt deé xuat
bién ap dau vao Ve 200V 200V
bién ap dau ra VB ,RMS 220-Vrums 220-Vrwms
Tan s6 dau ra f 50 Hz 50 Hz
B¢ chuyén déi DC — DC tiing ap
C3M0040120D C3M0040120D
MOSFET 51 5 1200V — 40mQ 1200V — 40mQ
) UJ3D1250K2 UJ3D1250K2
Diode D1, D: 1200V — 1.5V 1200V — 1.5V
Cuon day L, Lo 3mH, r_ = 140mQ 0.5mH, r_ = 40mQ
Tl_,l dlén Cl, C, 1mF, resk = 45mQ 1OHF, resg = 7.64mQ
Nghich Iiu 1 pha cau H
FGL40N120AND FGL40N120AND
IGBT Sa1, Saz, Set, Se2 1200V — 2.6V 1200V - 2.6V
Tan s0 chuyén mach fs 10 kHz 10 kHz
Mach loc Crva Ls 10 pF and 3 mH 10 pF and 3 mH
Tai tré R 150 Q 150 Q

Céu hinh mach duogc mé phong bang phan mém PSIM véi cac thong sé mé trinh bay trong bang 1.
bién ap DC dau vao cua cAu hinh 1a 200-V. Dé dat dugc dién ap dau ra 220-Vgws, chi sb diéu ché M
dugc tinh 14 0.78 cho ca hai giai thuat diéu khién. O giai thuat diéu khién thong thudng, hé sd cong tac
diéu khién cho cac khoa ctia bo chuyén d6i DC-DC tang 4p 13 0.5.
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Hinh 4. Két qua mé phong cdu hinh diéu khién gidi thudt théng thirong.

Két qua mo phong ctia cau hinh dugc didu khién voi giai thuat théng thuong duge thé hién trong
hinh 4. Trong hinh 4(a), dién ap dau ra trén tai sau bo loc thong thap LC c6 dang séng hinh sin ¢6 gia
tri hi€u dung 219-Vrwus, voi gia tri hiéu dung dong dién trén tai 1a 1.46-Arms. Gia tri THD cua dién ap
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du ra sau bo loc do duoc 1a 1.17%. Dién ap dau ra Vas gém 3 cép dién ap: +400-V; 0-V va -400-V thé
hién trong hinh 4(a). Dién 4p trén hai tu C1, C; bang nhau c6 gia tri 200-V, Vey tong dién ap trén hai tu
c6 gia tri khong ddi 400-V so véi dién ap DC dau vao 200-V dugc thé hién trong hinh 4(b). Nhu trinh
bay trong hinh 4(b), 4(c), 4(d) va 4(f) la cac két qua cua phia DC-DC ting ap, dién ap trén khoa S, S,
bang nhau, trong ty dién ap trén diode D1, D214 nhu nhau va gi4 tri dién ap dit trén cac linh kién ban
dan 12 200-V. Dong dién qua cudn day L1, L can bang va gia tri trung binh do dugc 1.6-A, l112 0 gia
tri 1én nhat 3-A, do gon dong dién Al 1 trong mot chu ki chuyén mach xép xi khoang 1.6-A. Dang dién
ap ctia cac khod cong sut phia nghich luu dugc mé ta trong hinh 4(g) va 4(h), & ban ki dwong ciia dién
ap dau ra thi khoa Sai, Sa» hoat dong, khoa Sg: ngit, khoa Sg» dong. D6i v6i ban ki am cua dién ap dau
ra thi khoa Sg1, Se2 hoat dong, khoa Sa1 ngat khoa Sa» dong. Dién ap dit trén cac khod ban dan cé gia tri
1a 400-V.

Céc két qua md phong cia cau hinh khi dugc diéu khién bang giai thuat d& xut duoc trinh bay chi
tiét trong hinh 5. Trong hinh 5(a) thé hién dién ap va dong dién dau ra trén tai sau bo loc LC, c6 gia tri
hiéu dung 14n luot 14 228-Vrms Va 1.53-Agys. Gia tri THD cua dién ap dau ra sau bd loc duge do béng
3.8%. Dién ap dau ra Vap gdm 3 bac dién ap: +Ven, 0-V va -Vpy duoc thé hién trong hinh 5(a). Nhu
dugc trinh bay trong hinh 5(b), dién 4p trén hai tu dién Ci, C2 cAn bang nhau, tuin hoan véi 1/2 chu ki
dién ap tai, co gia tri dinh 12 163-V va gia trj trung binh 13 125-V. Dién ap Vey 1a téng dién ap trén hai
tu dién, c6 gia tri dinh 326-V va gia tri trung binh 250-V, khi cac khoa cong suét cta bd chuyén DC-DC
tang 4p khong hoat dong thi dién ap Vey dao dong xap xi bang véi dién ap DC dau vao. Khi dién ap DC
dau vao cua cdu hinh thap hon dién 4p dau ra, khi nay bd chuyén d6i DC-DC ting ap hoat dong diéu
khién cho dién 4p DC-link bang vé6i dién 4p dau ra. Trong hinh 5(c), 5(d), 5(e) va 5(f) minh hoa dién ap
trén khoa S; va S; bang nhau, gia tri dién ap dat cuc dai trén ching 1a 163-V. Diode D1, D, c6 dién ap
nhu nhau va c6 gia tri dién ap dat cuc dai khoang 160-V. Dong dién qua cudn ddy Ly, L, bang nhau, gia
tri dong trung binh do dugc 1.74-A, 112 ¢6 gia tri 16n nhét 7.35-A va do gon dong dién Aly1 2 trong mot
chu ki chuyén mach 16n nhat khoang 7-A. Dién 4p cua cac khoa cong suat phia nghich luu duoc trinh
bay trong hinh 5(g) va 5(h), c6 dién ap dat bang voi gia tri dién ap cuc dai dau ra 318-V. C6 thé thay
rang v6i giai thuat dé xuit giam duoc s6 1an chuyén mach ciia cac khoa cong suét & phia mach nghich
Iru so v6i giai thuat didu khién thong thudng.
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Hinh 5. Két qua mé phong cdu hinh diéu khién gidi thudt dé xudt.
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Tir cac két qua mo phong ¢ hinh 4 va hinh 5, so sanh giita giai thuat thong thuong va giai thuat dé
xudt, voi ciing gié tri dién ap DC dau vao, dién ap ddu ra sau loc va THD trong giai thuat thong thuong
va dé xuét lan lugt c6 gia tri 219-Vrws Va 228-Vrus, 1.17% va 3.8%. Gia tri THD cua dién ap dau ra
trong giai thudt d& xuit van phu hop véi tiéu chuin theo quy dinh (IEC61000-4-30). Quan sat dién ap
trén cac khoa ban dan & ca hai giai thuat, c6 thé thay rang s6 1an chuyén mach ciing nhu dién ap dit trén
chung trong giai thuat dé xuat thap hon so véi gidi thuat thong thuong tir d6 giam duge ton hao chuyén
mach trén cac khoa. Vi ciing dién ap DC dau vao 200-V, dién ap dau ra 220-Vrws, tong s6 1an chuyén
mach cia cau hinh dugc diéu khién véi giai thuat dé xuat ¢ phia DC-DC ting ap c6 thé giam khoang
2/5 va & phia nghich Iuu giam khoang 3/5 so véi giai thuat diéu khién thong thuong. Phan tich ton hao
cong suat ctia cAu hinh & ca hai giai thuat dugc trinh bay chi tiét & phan tiép theo.

5. Phan tich tén hao cong suit.

TON HAO CONG SUAT

-
=y

N Tén hao din trong giai thut thong thuimg

=
o

Tén hao chuyén mach trong gii thuit thong thudng
I Tén hao din trong giai thut d& xuét
I T6n hao chuyén mach trong giai thuit dé xuit

o P N W A~ O O N © ©

Is

L1 L1* C1 C1* S1 S1* D1 D1* Sal Sa2 | Sa2*
|sw loss 0.67 | 0.41 | 0.48 | 018 [ 0.72 | 0.092 | 0.58 | 0.12
Icund loss| 5.24 | 2.27 | 1.43 | 0.01 | 0.748 | 0.62 4.5 7 3.87 6 9.64 7.1

Hinh 6. Cac thanh phan tén hao cong sudt cia cdu hinh. Trong dé (*) 1a cdu hinh dwoc diéu khién véi gidi thugt
dé xuat.

Céu hinh mach khi hoat dong s& xuat hién ton hao cdng suat gom c6 ton hao dan trén cudn day Ly, Ly;
ton hao trén tu dién Ci1, C, va ton hao trén cac linh kién ban dan. Tu dién dau vao Cin, Cinz €6 nhiém vu
chia d6i nguon ap, ton hao trén cac tu dau vao khong dang ké. Ton hao cia cac khoa ban dan gom ton
hao dan va ton hao chuyén mach.

Tén hao trén cun day va tu dién dugc tinh toan nhu sau:

1 2 ) 1 27 .
Pi=so [riZ®det & P = [ reié @ d et (22)
0 0

Trong d6, r va resr lan luot 13 ndi tré ciia cudn day va tu dién, i, 1a dong qua cudn day, ic 1a dong dién
qua tu dién.

Tén hao dan cua céc linh kién ban din trong ciu hinh duoc xac dinh nhu sau:

1 2 . 1 27 ]
Py cond mosFeT 22_.[ rDS(on)ISZj tdat & By =7 J.VFIDj (t)d ot
Ty 2y
2 (23)
17 .
& Py cond icer = Py _[VCE(sat)Iij ()dat
0

Trong do, Ps;jcondmosreT V& Ppj,cond 12 tdn hoa dan cua khod MOSFET va diode & phia DC-DC, rpsen)la
noi tro cia MOSFET va Ve la dién ap phéan cuc thuan cua Diode, isj va ipj 1a dong dién qua MOSFET va
diode. Psyjcondicer 12 ton hao dan cua cac IGBT & phia nghich luu, Vegsay 13 dién &p Collector- Emitter
cua IGBT VA isy 1a dong dién di qua IGBT. Bén canh d6 cac IGBT duoc kich dan dong dién di tir Collector
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sang Emitter, khi dong dién di tir Emitter sang Collector tirc I qua body-diode cua IGBT khi nay ton hao
dan ciia body diode dwoc tinh nhur 1a ton hao dan trén diode ¢ (23).

T6n hao chuyén mach trong cau hinh dugc xac dinh nhu sau:

_ 1 i 1 Vsj (t)ISj (t)(ton +toff ) _ 2” erVDJ (t)
PS],MOSFET,SW —g '([ E Ts dot & PDJ (O o0 ! Ts

1 4 E [V Xj (t)’l Xj (t)]
& Pij,IGBT,SW = EI = J-|-S > det

0

24

Trong d6, Psjmosrersw 1a ton hao chuyén mach trén cac MOSFET, vs; va is; lan luot 13 dién ap va dong
dién chuyén mach cuia MOSFET, ton VA torr thoi gian dong va ngit cua khoé. PsyiceT.swla t6n hao chuyén
mach trén cac khod IGBT, nang lugng chuyén mach Esw[Vsy(t), isx(t)] 12 ham sé cua dién ap va dong dién
chuyén mach cia IGBT. Ppjr 12 ton hao hdi phuc nguoc cua diode ciing nhu bodydiode trén cac khod,
Qrr 12 dién tich hdi phuc nguoc (reverse recovery charge) va vp; 1a dién ap phan cuc nguoc cua diode.

Cau hinh diéu khién vai giai thuat thong thuong, nham duy tri dién 4p DC-link cdp cho mach nghich
Iwu 1 hing sé thi tu dién dau ra cua bd chuyén ddi DC-DC ting ap phai ¢6 dién dung 16n 1am cho ton
hao trén ty dién ting. Cac khoa ban dan cia cdu hinh hoat dong dong ngit lién tuc khi tan sé chuyén mach
cao sinh ra ton hao chuyén mach dang ké. Poi véi cau hinh dugc diéu khién giai thuat dé xuat, dién &p
DC-link cap cho phia nghich Iuu dugc diéu khién nhu biéu dién ¢ hinh 3. Trong ché d6 tang ap, khoa Sy,
S, s& xuat hién tén hao din va tén hao chuyén mach, tén hao hdi phuc nguoc cua diode Dy, D, va cac
khoa & phia nghich luu khong xuét hién ton hao chuyén mach. Con & ché d6 giam ap, khoa Si, S khdng
xuat hién ton hao, diode D1, D chi xuat hién ton hao dan va cac khoa phia nghich luu xuét hién ton hao
chuyén mach, t6n hao hdi phuc ngugc cia body diode. Tinh toan va md phong tén hao cong suét caa cau
hinh duogc diéu khién véi ca hai giai thuat duoc thuc hién théng qua phan mén PSIM. Céc thong sé linh
kién duoc trinh bay ¢ bang 1.

Cac thanh phan ton hao cong suat cua cau hinh duoc diéu khién & ca hai giai thuat véi cong suat dau
ra 1.2-KW duoc trinh bay & hinh 6 (¢ phia bo chuyén d6i DC-DC ting ap cac thanh phan thir 1 (Ly, Cy,
S;, D1) ¢6 ton hao bang véi cac thanh phan thi 2 (Lz, Ca, Sz, D2), dbi phia nghich luu ton hao cua cac
khoé nhanh A bing nhanh B). Trong hinh 6, tong ton hao céng suét caa cdu hinh diéu khién giai thuat
thong thuong 1a 55.76-W va giai thuat dé xuat 1a 47.6-W. C6 thé thy rang, cau hinh dugc diéu khién véi
giai thuat dé xuat c6 ton hao chuyén mach trén cac khoa cong suat giam dang ké so vai giai thuat thong
thuong. O giai thuat dé& xuét, tng ton hao trén khoé S; giam duoc 27.4%, diode D; c6 ton hao hdi phuc
nguoc thap hon nhung thay vao d6 ton hao dan lai ting 1én so véi giai thuat thong thuong. Ton hao
chuyen mach trong giai thuat dé xuét ciia khoé S giam duoc 87.2%, d6i v6i khoa Sa, bang 1/5 so voi
giai thuat thong thuong. Trong giai thuat d& xuat, dién 4p DC-link cap cho phia nghich luu khong phai la
hang sd, vi vay tu dién st dung cé dién dung nhé hon va cudn day duoc chon cling co gi tri dién cam bé
hon so Véi giai thuat thong thuong, trong hinh 6 c6 thé thiy rang ton hao trén tu dién 1a khong déng ké
va tén hao dan trén cudn day thip hon so véi cau hinh diéu khién giai thuat thong thuong.

97

. :
—O— Giii thuit dé xuit
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Hinh 7. Két qua mé phong hiéu sudt cia cdu hinh trong ca hai gidi thudt diéu khién.
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Két qua md phong hiéu suét cua cau hinh trong ca hai giai thuat duoc trinh bay & hinh 7, hiéu suat cua
gidi thuat de xuat Ién hon gan 1% so vei giai thuat thong thuong. Ngoai ra, cong suat dau ra cang I6n thi
hi¢u suat cua giai thuat dé xuat 16n hon dang ké so véi gidi thuat thong thuong. Béi vi, khi di¢n ap DC-
link cap cho phia nghich lyu diéu khién giam chuyén mach cac khoa ban dan, tr do ton hao chuyén mach
cua cac khoé giam dang ké lam cho hiéu suat cua cau hinh duoc cai thién.

6. Két luan

Bai bao di trinh bay giai thuat dé xuét cho cau hinh nghich luu 1 pha ting ap cau H nhim muc dich
giam ton hao chuyén mach, cai thién hiéu suat. Ly thuyét va nguyén ly hoat dong ctia mach da duoc
phan tich trinh bay va xac minh bang cac két qua moé phong thuc hién tir phan mém PSIM. Cac két qua
mo phong va tinh toan phan tich ton hao cong suét cho thiy sb 1an chuyén mach trén cac khod cong suét
clia cau hinh dé xuat giam va hiéu suat ctia giai thuat dé xuat cao hon 1% so véi giai thuat thong thuong.
Diéu d6 cho thiy ton hao chuyén mach trén cac khoa ban dan di duoc cai thién. Hon nita, viéc sir dung
tu film thay thé cho tu hoa giup ting d tin ciy cua hé thdng. Ngoai ra, so voi giai thuat diéu khién thong
thuong, giai thuat dé xuét co gia tri dién ap dat trén cac linh kién thz"ip hon. Vi vdy co thé lya chon céac
linh kién v&i gia tri nho hon dé tdi wu hoa mat do cong suat ciia hé thong. Cau hinh nay thich hop cho
céc ung dung c6 cong sut tir nho dén trung binh nhu hé théng dién mat trdi hodc pin nhién licu.

Lo1i cam on

Bai bao nay duogc thuc hién tai phong thir nghi€ém dién tir cong suét nang cao D405 véi sy hd trg cﬁg
du an sinh vién nghién ctru khoa hoc nam 2024 cta Truong Dai hoc Su pham Ky thuat Thanh ph6 HO
Chi Minh véi ma so6 dé tai SV2024-183.

Xung doét lgi ich
Céc tac gia tuyén bo khong cé xung dot loi ich.
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