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SO SANH, DANH GIA, MO PHONG HOAT BONG
CUA MOT SO BO PFC (POWER FACTOR CORRECTION)
CONG SUAT BA MUrC BIEN AP VA MO HINH THWC NGHIEM
BO DOUBLE - BOOST BA MU’C MOT PHA PON CHIEU

COMPARATIVE EVALUATION, SIMULATION OF THREE VOLTAGE LEVEL AC/DC
POWER FACTOR CORRECTION CONVERTERS AND EXPERIMENTATION
OF UNIDIRECTIONAL SINGLE PHASE THREE-LEVEL DOUBLE BOOST
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Tom tat:

Bai bdo phan tich, xdy dung ciu tric cac bd bién d6i PFC ba mirc chinh Iuu dién dp xoay chiéu 220 V
hiéu dung sang dién ap mot chiéu 800 V dang so 1&ch. Nguyén ly diéu khi€n PWM (Pulse Width
Modulation) dugc ap dung trong tinh toan va moé phong hoat dong cua cac s d6 AC/DC ba mirc
nay. T cac k&t qua md phdng va tinh todn so sanh ton that cla cac so d6 ba mlc ta thdy rang so
dd AC/DC PFC Double Boost (DB) ba muic cd uu diém vuot trdi nhat vé tdng thé va dic biét trong
cac Ung dung cbng suat trung binh dé la dién ap van nho, kha ndng md rong van hanh sang mach
ba pha dé dang, kha ndng md rong sang nhiéu mdc dién ap han, ton that nhd, mat do ton that trén
van cé diéu khién thdp. M& hinh thuc nghiém s d6 PFC Double Boost ba mirc da dugc thuc hién va
da ki€m ching tét két qua tinh todn va mé phong.

T khoéa:
Hiéu chinh hé s& céng suét, bd bién déi tinh, diéu ché dé réng xung, bd bién déi da mdrc.
Abstract:

The paper analyzes the structures of non- differential three-level PFC converters that convert 220 V
AC voltages to 800V DC voltages. The Pulse Width Modulation (PWM) control method is applied in
the calculation and simulation of these three-level AC/DC diagrams. From simulation results and
comparative loss calculations of three-level diagrams that the three-level PFC Double Boost (DB)
structure has the greatest overall advantages, in particular, for the medium power applications: low-
voltage switching-cells, easy to expand to three-phase circuit, easy to expand to more voltage levels
(multilevel converters), low total loss, a low densitification loss of transistors. A three-level PFC
Double Boost prototype was built to validate studies.
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1. MO’ DAU

Ngay nay, phan 1én cac hé théng ning
luong dién st dung cac bd bién doi da
muc dé co duoc dién nang hi¢u suit cao.
Cac hé théng nay ciing phai lam viéc tin
cdy, an toan, lién tuc trong subt thoi gian
lam viée. Yéu cau vé do tin cdy nay co
dugc mot mdt 1a nho cong nghé van ban
dan, mot mat nho thiét ké cac ciu trac so
dd méi dap tng duoc yéu cau nhu trén.
Ta biét ring cac so d6 chinh luu duoc sir
dung nhu la giao dién gilta ludi xoay
chidu AC va tai mot chiéu DC. Khong
gidbng nhu cic so dd chinh luu truyén
thong (so dd chinh luu cu, tia...) sir dung
didt hay thyristo lam méo dang tin hi¢u
ngudn va c6 lugng song hai rt cao. Chinh
vi vdy c6 rat nhiéu nghién ctru dé cai thién
chat lugng dién nang cta cac b chinh luu
AC/DC [1-3]. Trong bai bao nay, cac so
d6 da muc dugc trinh bay cho phép cai
thién thanh phan séng hai cua dong dién
xoay chiéu dé co6 duoc hé sb cong suét
gan 1, va ting mirc dién ap DC & gi tri
16n hon dién 4p AC. Tac gid s€ nghién
ctru hoat dong cua cac so dd, dé xuét
phuong phép diéu khién chung cho cac so
dd trén co sé d6 thuc hién so sanh tinh
toan va mo phong hoat dong cua cac so
d6 v6i cung diéu kién ngudn va tai. Bai
toan so sanh ton that cling dugc dé xuét
thuc hién dé dya vao d6 lya chon duge so
dd Double-Boost t6i wu dua sang thiét ké
mod hinh thyc nghiém. Trong nghién ctru
nay, phan diéu khién bao gdm mot mach
diéu khién dong dién dau vao va ba mach
diéu khién dién 4p déu ra. Mach diéu
khién dong dién cho phép giam méo dong
dién va nang cao h¢ ) cong suét cua bod

bién d6i. Két qua thuc nghiém di cho
thiy hiéu qua cua phwong phap diéu
khién.

Hinh 2. S d6 Boost AC/DC mét transisto

2. PHAN TiCH CAC BOQ BIEN POI
AC/DC BA MU’C DON CHIEU

So dd tong quat khong so léch cia cac bd
AC/DC PFC tang ap c6 dang nhu ¢ hinh
1, van d¢ & day la ta can phai thiét ké
dugc van ban dan trung tim T co hai
chiéu dong dién, va hai chiéu dién ap, tirc
13 van l1am viéc & ca 4 goc phan tu.

Van ban dan T nay co thé twong duong
v6i Vi so d6 cau 4 diot va 1 van ban dan
chi can din dong va ap 1 chiéu (hinh 2),
ghép vao so d6 hinh 1 ta duoc so do hinh
3, bo bién doi khong so léch nay co ba
mirc dién ap dau vao c6 tén la VIENNA
[4] (hinh 3). Trén hinh 1, ta thiy cac diot
D, Dp phai duoc chon theo dién ap tong
phia bus DC, nguoc lai vdi so dd hinh 3,
cac diot Dy, Dy gid day chi can duoc chon
theo mot nira dién ap bus DC, lam cho ton
that trén van s& nho di. Tuy nhién, trong
truong hop ndy thi ton that tong cua mach
can bo sung thém phan ton that phia chinh
lwu dau vao Dy, D,
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Van T cling c6 thé dugc thuc hién béng
cach két hop hai van ban dan ba goc phan
tu, hodc 12 mac ndi tiép nguoc nhau, hodc
1a méc song song nguoc nhau. Véi cach
méc ndi nay ta s€ c6 dugc ho cac so dd
BNPC (Bidirectionnal Neutral Point
Clamped) [5] (hinh 4). Ho cac so dd nay
cho phép giam thiéu sb luong cac phan tir
mic ndi tiép va sut ap khi dan dong cua
nhanh trung tdm. Tuy nhién, dién ap khi
khoa cta cac diot Dy, va Dy, lai 1a toan dién
ap bus DC.

Bang cach dua hai diét dugc khoanh
trong viing nét dut vé phia trude, ta dugc
so d6 DB (Double Boost) ba mirc. Tuong
tw nhu so dd VIENNA, céc diot Dy, Dy
chi mang mot nura dién &p bus DC. Nhu
vay, so dd nay ldy duoc cac wu diém cua
so d6 BNPC va VIENNA (hinh 5).

Cudi cung, bang viéc hoan d6i vi tri cua
Dy va My, D, va My, cia so d6 DB ba
muc, ta cd duge so do NPC (Neutral Point
Clamped) ba mirc (hinh 6). So dd nay ¢
cac tinh chét twong tu so d6 DB nhung
v6i 86 lugng céc phan tir chuyén mach nbi
tiép 16n hon.

E’ Upe
| ey,
=

Hinh 3. So* dd c4u tric mach PFC VIENNA

Hién nay thi so 6 NPC duoc nghién ciru
va tng dung nhiéu nhét trong cong nghiép
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nhung & mach nghich luu DC/AC [6].
Trong phan tiép theo tac gia s& nghién
ctiru phuong phap diéu khién cho cac so
d6 AC/DC ba mirc nay.

Ip

iL L

J_ TVS/Z

I Rs | Vs
TVS/Z

AC

_'IVS/ZZVC

i § Rs| vs=vdc
"—'T Vs/2

Hinh 6. So* d6 PFC NPC ba mirc

3. GIAI PHAP DPIEU KHIEN CUA CAC
SO PO CHINH LUU BA MUC

Phuong phéap pho bién va hiéu qua thuong
dugc dung dé diéu khién so do chinh luu
ba mirc 1a phuong phap diéu ché d6 rong
xung PWM [7]. Chinh vi vay trong bai
béo ndy tac gia s& ap dung nguyén ly diéu
ché PWM 4p dung cho cic so dd chinh
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luu ba mure DB. Sau khi phan tich tac gia
thiy rang cac so dd dugc gidi thiéu ¢ trén
c6 thé dugc 4p dung cting mot nguyén 1y
diéu khién chung, so dd ciu tric diéu
khién duoc thé hién & hinh 7.
Céch diéu khién & day la ta diéu khién
dong dién ngudn cing pha voi dién ap
ngué)n. Transisto My, chi duoc diéu khién
trong ntra chu ki duong cua di¢n ap ludi
trong khi transisto My, chi duoc diéu khién
trong ntra chu ki con lai. Trong mot chu ki
chuyén mach Tsy ta c6 dién 4p trung binh
ctia tin hiéu vao bo bién doi (1):
V,, = m(t) 2

2 1)
vai tin hiéu dat m(t) = Mpax.Sin(6¢);
@: gbc léch pha gitra dong dién va dién ap
nguon ;

Vs : dién ap bus DC.

Bicu khien

l IGBT Yy
Khéu dbag b3 héa Y
tin hign Ditu khién dang dign | | Bidnpdidu |
+ Tao tin hign didu khicn -
khién PWM

'

Liret

Hinh 7. So dé céu tric diéu khién
cua cac bo chinh lwu ba mac

4. KET QUA MO PHONG

Déi véi cac so d6 DB, BNPC, va NPC
viéc diéu ché thuc hién ddi v6i hai nhom
chuyén mach xép chong, mdi nhém co
mot transisto. Béi vi méi nhém chuyén
mach chi hoat dong trong mot nura chu ki,
cho nén ta s€ chon hai tin hi€u rang cua
xép chdng. Tin hiéu tya chuyén tir so sanh
vO1 séng rang cua nay sang song rang cua
khac dugc thuc hién bang cach phat hién
su thay d6i dau ctia ngudn. Tuy nhién, d6i
voi so d6 VIENNA, viéc diéu ché duogc
thuc hién bang gia tri tuyét doi cta tin
hiéu tua.

Vi trf clia hai tin hiéu xung ring cua xép
chong va khong léch pha nay cho phép
thuc hién viéc diéu ché tuan ty. Trong cac
pha khong diéu ché, cac transisto duoc
diéu khién o trang thai din dong lién tuc
didu nay cho phép kiém soat su phan bd
dién 4p trén cac van ban dan bi khoa mic
nbi tiép véi chiing (Vi du My, dén 1am cho
Dh chiu dién ap nguoc V¢/2 va D, chiu
dién ap V¢/2) (hinh 5).

Két qua mé phong dat duoc ¢ hinh 8 cho
thdy hiéu qua trong diéu khién dong pha
dong dién va dién a&p, dat duoc dién ap ra
ba muc va dong dién hinh sin (hinh 8).
Nhu vay voi phuong phap diéu khién
PWM c6 phan hdi duoc ap dung va cau
tric hoat dong cua mach, cac bd chinh luu
ba muc ké trén khong can thiét mdt bd loc
dau vao.

Tir viée biét nguyén 1y diéu ché va dang
song cua cac tin hiéu dong di¢n trén céc
van tin hiéu dién ap ¢ dau vao cia bo bién
d6i Uin cho phép ta tinh toan ton that
trong cac van, cting nhu cua toan by bo
bién d6i. Tir d6 ra s& thuc hién viéc so
sanh va rut ra duge so do tot nhat.
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Hinh 8. Dang séng dong dién va dién ap cua cac bo chinh lwu ba mirc
(220 VAC, 50 Hz-800VDC, diéu khién PWM, Fs,= 40 kHz)

5. SO SANH TON THAT KHI DAN DONG

Chung ta thay dong dién va dién ap khi
chuyén mach trong mot chu ki diéu ché 1a
nhu nhau d6i véi cac so d6 VIENNA,
BNPC, DB va NPC. Nhu vy ton that khi
chuyén mach 13 giéng nhau. Nhu vy viéc
so sanh ton that tong chuyén vé so sanh
t6n that khi ddn dong. Pé thuc hién viéc
tinh toan so sanh, viéc lua chon cac van
ban dan 600 V do dién 4p bus DC 1a 800V
va dong dién ngudn cé gia tri hiu dung
15A va 35A (bang 1).

Céc ton that khi dan (AP) trong cac van
ban dan dugc ude tinh theo phuong trinh
(2) [8] sau:

AP =2N, 1o+ Ry s | )

Ip va I,y la cac dong dién trung binh
va hiéu dung di qua van dugc tinh theo
cac phan tich toan hoc ddi v6i mdi cau
truc trong mot chu ki chuyén mach 1/Fgy

(Few: tAn sd chuyén mach). Con V,, (sut

4p khi dan cua diot) va R, (dién tré dong,
tuong ty nhu dbi voi diot, Rpson ddi voi
transisto) dugc tinh tir nhimng thong sb
cho béi nha san suat ¢ T;= 125°C.

Bang 2 tom tit cac két qua c6 dugc trong
tinh todn cac gid tri ctia dong dién trung

binh va hiéu dung qua cac van.

Bang 1. Cac théng sé chinh cta van

SO0 13 thang 11-2017

Tén Van ban ddn |Rpson| Ve | Rim]

[mQ] [mV] 1250C
IGBT 57 |625 |170
FGB20N60SFD
biot SiC 800 |41
Schottky 600V
GP2D020A060B
Pi6t chinh luu 1000 | 35,7
600V
APT30DS60B
biot SiC 800 | 625
Schottky 1200V
GP2D020A120B
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Bang 2. Cac giatritrung binh va hiéu dung cta déng dién qua cac van ban dan

Van ban dan Gia tri trung binh Gia tri hi€u dung
cua dong dién ctua dong dién
ol b | ey,
Trans T MhRMS — = 37V
2
n |y = Vi LT
bi6t HF 2V, DhRMS 3 ”Vs

Thay bd thong sd ngudn va tai dién ap
cuc dai cua nguén AC Vy=230\2V ; dién
ap bus DC V=800V, dong dién cuc dai
ctia ngudn AC ly= ILgms V2A. Tir d6 ta

c6 duoc :

Bang 3. Két qua cta cac dong dién trung binh
va hiéu dung cua cac diét va transisto
twong wng vé&i dong dién nguédn 15A

va 35A hiéu dung

”—RMS =15A “—RMS =30A
Dong dién 412A 8,25 A
trung binh ID
Dong dién 8,62 A 17,24A
hi€u dung
IDrws
Dong dién 2,63A 5,26A
trung binh IM
Dong dién 6,17A 12,36A
hiéu dung
IMgwms

Qua bang két qua (bang 3) trén ta thiy
rang dong dién qua diét Dy, va Dy 16n hon
han dong dién qua cac transisto, ciing
chinh vi thé ma ta nén chon cac diot SiC
chiu dugc nhiét do tot.

Cac két qua tinh toan ton that khi dan cua
cac so dd ba mirc duoc tong hop ¢ hinh 9
tng voi dong dién 15A hiéu dung. Ton

that tong cta so dd bao gdm ton thét trén
céc transisto, ton that trén cac didt cao
tan, va ton that trén cac diot thap tan. Poi
véi so d6 DB ba muc, cac didt cao tan &
day 1a Dy, va Dy, con cac diot thap tan 1a
Dy va Dn. Trong khi d6 ddi véi so do
Vienna thi khac so d6 DB & chd cac diot
thdp tan ngoai hai di6t chinh luu thi can
bd sung thém cac diét mic ndi tiép véi
transisto trong mot vong chuyén mach, ta
¢6 thé chon SiC600 hodc Red600. Riéng
so d6 BNPC, thi khong c6 cac diot thap
tan va phan ton that trén cc transisto phai
tinh thém ton thét trén cac diét mic song
song ngugc voi no (body diode), diém
chu ¥ 13 cac diot cao tan phai dugc chon
theo dién ap Vs, vi vdy voi dién ap phia
bus DC 1a 800V ta can chon dioét SiC
1200 hodc hai diot SiC 600 mac nbi tiép
nhau. Cubi cung, ddi véi so dd NPC, ton
that trén céac transisto ciing cin bd sung
thém ton thét trén cac body diode, phia
cac diot cao tan thi tuong tu so dd DB,
riéng cac diot thap tan thi khong co phan
t6n thét trén cac dioét chinh luu, tuy nhién
cac di6t mac ndi tiép transisto trong mot
vong chuyén mach cé thé chon diot SiC
600 hoac SiC 800 vi chung dugc chon
theo V/2.
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So d6 BNPC c6 ton that khi dan 1a nho
nhét, tuy nhién két qua tén that ciing cho
thdy t6n thit trén cac van dong mo cua so
dd nay ciing 16n thir hai va cac diot cua so
d6 phai dugc chon véi muc dién ap gip
doi tuc l1a cac diot SiC Schottky 1200 V.

Vé mit tong thé, so do DB 1a so do tét
nhét, c6 tén that nhd véi mat do ton that
trén céc transisto thip, sd luong cac van

(ISSN: 1859 - 4557)

ban din trong mot vong chuyén mach it
nhit cho phép giam cac dién cam két ndi
va qua dién ap khi chuyén mach. So dd
nay c6 mot vu diém nira 1a kha ning mo
rong dé dang dén céac so dd ¢ sd muc cao
hon. Trong phan tiép theo tac gia s& xdy
dung moé hinh thyc nghiém so dd DB dé
kiém chung cac két qua tinh toan va mo
phong.

60 -~

50 7

W AP_transistor (W)

40 +

30 +

20 4

10 A

B AP_diotHF (W)
AP_diotBF(W)

B AP_Tdng (W)

Double-Boost  Vienna 3 murc
3 murc

BNPC 3 murc

NPC 3 murc

Hinh 9. Tén théat khi dan dong cha cac bd chinh lwu PFC ting ap ba mc
trng véi dong dién 15A hiéu dung

6. KET QUA THUC NGHIEM

Mo hinh thi nghiém bao gdm hai phan:
phan mach luc 1a so d6 ba mac PFC
Double Boost 4 kW; va phan diéu khién
duoc thuc hién béng diéu khién diéu ché
d6 rong xung PWM c6 phan hdi dong va
ap st dung mo6 dun L4981 (hinh 10).

Ngudn cép 1a mot may phat dién xoay
chidu c6 tan sb thay ddi, trong khi tai 1a
mot chidu c6 cong sudt 4 kW. Cac cam
bién dong dién va dién ap phia xoay chiéu
dugc su dung lan luot 12 LAH 50-P va

LV25-P. Cac tu dién phia mot chiéu duoc
lua chon la 6x220uF/450V/EPCOS Alu,
va cam bién dién ap twong tng 1a LV25-
P. Két qua thuc nghiém 60 VAC/200
VDC (hinh 11) buéc dau da kiém ching
t6t mach luc va phuong phap diéu khién.
Pién 4p dau vao ctia mach co dang ba
murc trong d6 dong dién AC thi gan sin
mdc du trong md hinh thi nghiém khong
¢6 bd loc dau vao. So voi cac bd chinh
luu théng thuong thi so dd nay co6 uu
diém vuot troi vé mat tin hiéu.

SO0 13 thang 11-2017
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Mach luc

Mach diéu khién

Hinh 10. M6 hinh thi nghiém mach AC/DC PFC
Double-Boost ba muirc

}. 10.0A 2

[10-0ms 1.00MS/s
|

100K points

® s
6.60 A

3 May 201
15:56:34

Hinh 11. Két qua thi nghiém mach ba murc
AC/DC PFC Double-Boost (Fsw= 32 kHz),
60 VAC/ 200 VDC, khéng loc tin hiéu dau vao

7. KET LUAN

Bai béo di théng ké duoc cac so dd PFC
ting 4p c6 cdu trac twong ty nhau cing
voi cac dic diém ndi bat cua chung. Phan
diéu khién cho cic b bién ddi duge tinh
toan va mo phong bang phuong phap diéu
ché do rong xung PWM. Bai bao da chi ra
rang, v6i cing mot diéu kién ngudn va tai
thi cac b bién ddi da muc, cu thé 1a ba
muc ¢ day co dién &p van nhd hon, mat
d6 ton that nho hon so vé6i cac bo chinh
luu truyén théng, va hon nita mét tinh
toan vé ton that di cho thiy rang bo bién
d6i BNPC ba mtc ¢6 ton that nhod nhat,
tuy nhién van ban dan diot phai chon véi
mic dién ap gip doi va ton that trén
transisto rat 16n cho nén bo bién d6i DB
ba mirc v6i ton that nho va cac dic diém
hoat dong ndi bat s& 1a bo bién doi t6i uu
cho cac ing dung cong suat trung binh,
tan sb 16n. Cac két qua md phong va thuc
nghi¢m da dugc tac gia trinh bay. Hudéng
tiép theo cua tac gia s& 1a mo rong so do
lén cac muc cao hon va chuyén tir mo
phong tuong tyr sang mo phong s6.
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