PIEU KHIEN PWM CHO BQ NGHICH LUU GHEP HAI BAC
PWM CONTROL FOR DUAL TWO-LEVEL INVERTERS
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TOM TAT

Hién nay, nhiéu nghlen ciiu vé b nghzch luu ghep noi tang da béc lai nham don gian hoa
cdu hinh mach phan cung va do do giam gia thanh cua h¢ thong. Bai bao gioi thi¢u bién tan
ghép gom 2 bién tan hai bdc chudn. Mot trong nhiing van dé quan trong la kj thudt diéu khién
PWM toi vu cho bg nghich luu ghép noi tang hai bdc. Bai bdo gi0i thiéu phu’ongphap diéu ché
song mang moi ap dung cho bién tan trén. Gidi thudt da dwoc kiém chimg qua cdc két qua mé
phéng. Phan ciing duwoc thiét lap dé kiém chirng 1y thuyét thong qua bé kit DS1104,

ABSTRACT

Many hybrid multilevel inverter topologies have been investigated for simplifying hardware
building and reducing cost. This paper introduces dual inverters. One of the actual issues of
dual inverters presents an optimised PWM control method. The paper describes a novel PWM
control method for dual two-level inverters using carrier based PWM approach. The proposed
method has been validated by simulation results and verified by experiment using DSP controller

DSPACE kit DS1104.

I. GIOI THIEU

B0 nghich luu ghep n01 tang co céu tric
dwa vao su két n01 ndi tiép mot sb loai cau
tric co ban cho mdi pha. Nhu:ng bd nghich
luu nay nhin chung duoc két ndi tir nhitng bd
nghich luu bac thap co ban nhu: B nghich
luu 3 pha 2 bac don gian va bo nghich luu 3
pha 2 bac kiéu diode kep.

Cac b nghich luu co ban dung ghep ndi
tang dugc cip tir cac ngudn mot chiéu (DC
source) riéng bi¢t. Truong hop st dung cac
ngudn khac nhau, dé toi wu héa t6n hao, cac
bo nghich luu co ban co nguon dién ap DC
16n duoc wu tién hoat dong & tan sb cua hai
co ban con nhitng bo nghich luu co ban co
nguodn dién ap thap hon hoat dong ¢ tan sb
dong cit cao.

~ Uu diém cua bd nghich luu ghép ndi
tang hai bac:

- Sir dung hai ngudn DC céch ly. Véi
u’ng dung dac biét, hai nguén DC cach ly
c6 thé duoc nbi lai voi nhau tao thanh mot

ngudén DC chung, do d6 don gian cdu hinh
mach cong suat. Mach st dung b nghich luu
hai bac truyén théng do dé giam chi phi bao
tri, khong gap kho khan gay ra bdi hién tuong
ngudn DC khong can bang.

Gan day mot so ly thuyét da trinh bay
m01 quan hé mat thiét giita phuong phap diéu
che vector khong gian (SVPWM) va ky thuat
diéu ché song mang (CBPWM) trong cac bo
nghich luu da bac. Cac phan tich da chu’ng
minh rang ky thuét diéu ché da song mang cO
thé thyc hién bang ky thuat mot song mang
duy nhét nhu bo nghich luu hai bac théng
thuong. Su tu:orng quan nay duoc ung dung
trong bai bdo nay de phat ttrlen thanh k¥ thuat
diéu ché song mang, diéu khlen dién &p ngd ra
ctia bo nghich luu ghép ndi ting da bac.

Trong sudt qué trinh xay dyung bai bdo
nay, ching ta luén lay co so phén tich nhu ky
thuat diéu ché song mang truyén thong, trong
do:
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- Ton that trén cac chuyén mach 14 nho
nhit. Cu thé 1a diéu khién sao cho chi c6 mot
chuyen mach xdy ra trong qué trinh qua do
chuyén tiép giita hai trang thai dong cat.

- Tang giam déu dién 4p ngd ra trong moi
nura chu ky ctia sébng mang.
- Diéu khién tuyén tinh PWM
dv.
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Hinh 1: So d6 mach ctia bo nghich luu

ghép hai bac véi 2 ngudn cach ly

2. Phén tich by nghich luu 3 pha 2 bac
truyen thong

bién ap ngd ra cua bo nghich luu 2 béc
c6 thé thay doi trong khoang tir 0 dén V phu
thudc vao trang thai dong cat cua cac khoa

S. Cho tin hiéu diéu ché E_,x thay ddi trong
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L. MOTABQNGHICHLUU GHEPNOI
TANG HAI BAC VA PHAN TiCH MACH
1. M0 ta bd nghich luu ghép ndi ting hai
bac

Mach str dung hai bg nghich luu 3 pha 2
bac chinh tac ghép lai véi nhau tao thanh bd
nghlch luu ghép 2 bac, hai b nghlch luu méc
vao tai 3 pha ho mach hai dau, co the ung
dyng vao diéu khién dong co xoay chiéu hodc
két ndi vao mang dién. V&i ngudn de cua hai
bd nghich luu bang nhau, hé thong tao thanh
mot bd nghich Iuu ghép 3 bac vdi ap nghich
luu dat cac gia tri-V,0va Vv,
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Hinh 2: So d6 mach cua b nghich luu

ghép hai bac véi nguén DC chung

khoang tir 0 dén 10=<. <D, dién 4p ngd ra
thay doi tuyén tinh trong khoang (0,V,) nhu
biéu dién trong hinh 3 va bang 1 dudi day:
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Hinh 3: Bo nghich luu 3 pha 2 bac truyén théng va k§ thuat didu ché PWM
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Bang 1. Quan hé giita cac gia tri ap nghich luu ddt va ap diéu khién.

3. Phén tich mach nghich luu ghép hai bic véi 2 nguén DC cach ly
] Phan tich gidi thuit cho cac mo hinh

Séau cdp linh kién cua nghich luu ghép trén duoc diéu khién boi cac song diéu khién twong ting
la: &1y &51.851.610.8,,va85,

. Dé y hinh 4, quan hé gira tri trung binh ap nghich luu va séng diéu khién c6 thé mo ta
bang cac ham:

V110: éll*Vd ) V210: ggl*vd > V310: §31*Vd

V120: alz*\,d ) V220 = i2’2*\/d > V320: §32*Vd
Ta c6 ap nghich luu trung binh trén cac pha cho boi h¢ thire sau:

Vo= Vi Vi s V=V Vi > Vo= Vi~ Vay



Suy ra:

= (&,‘]1 - &12 )*Vd
Vz():(gl - az )*Vd

V30: (é] - ﬁi )*Vd
Chu y, ta da st dung hé thuc : Vj0 = ij - Vj20 voij =

Tir d6 gid tri trung binh dién ap diéu ché trén cac pha nhu sau:

Tap Chi Khoa Hoc Gido Duc Ky Thudt, 56 15(2010) 3 5
BPai Hoc Sir Pham Ky Thugt Tp Ho6 Chi Minh

1,2,3

VjO ( JIO’ JZO)
=123 =123 S &5
-V, (0;V ) 0 1
Vv d<Vj0<0 (0;X)™ Vv
0 __J
Vd
XV, Vo Wa 1
Vd
(0;0)" 0 0
0
(V;V)2 1 1
(X;0)M Vi 0
14
0<V, <V, d
(Vd;X)(Z) 1 Vd B Vjo
Vi
v, (V;0)0@ 1 0

2

Bang 2. Quan hé gitra cac gié tri dat tong, trang thai ap nghich luu thanh phan va cac dai

luong diéu khién hai bo nghich luu

+ Chu thich: Ton tai cac phuo’ng an dleu ché khac nhau dé tao ra mot ap nghlch luu trung
binh dat gia tri gita cic mure di€n ap_ nguon Cac phuo’ng an diéu ché dugc mo ta trong bang
dang (1) hodc (2). Vi dy khi ap y€u cau ndm trong gidi han (-V ,0), c6 thé su dung phuong an
(1) v6i sy chuyén mach ndam & bo nghich luu 2, va bo nghich lu’u 1 dugc thiét lap p bang 0.
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b) Mach twong duong bién ddi tir mé hinh a
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¢) Mach twong duong bién dbi tir mé hinh b
Hinh 4: M6 hinh gidi tich mach tuong duong

K§ thuit diéu ché PWM trong bd nghich Iwu ghép néi tang:

- T chi s6 diéu ché tham chiéu /dién 4 ap tai 3 pha Vs : (5= 1, 2, 3) cho trude, c6 thé sir dung so dd
Hinh 5 dé x4c dinh V,, tin hiéu diéu khién Vi cho chc cap 11nh kién tuong tng.

Vi max A o— Chon Vo+ Vin
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Hinh 5: So do giai thuat tim V a;hay €;

- Tinh toan gia tri ham offset V  :

biéndp V cod thé chon bat ki gia tri nao trong giGihanV__ .V
VOmin S VO S VOmaX
Voi omn = Vy—Max;vaV = -V -Min
Min = min(V ,V,, t3) ; Max = max(V ,V,,V,,)

- Tinh toan tin hié¢u di€u ché V10 :

V=V, tV, (V, la dién ap common mode) 3)
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] Pham vi diéu khién 4p tai trong truomg hop 2 ngudn DC cach ly:
2%,

Vr'ma\' =T =
fj max \/5

Trong truong hop hai b nghich luu ghep nbi tang sir dung chung ngudn DC (Hinh 2), ta
khong thé diéu khién qua ham offset, vi nhu vay s& lam phat sinh dong thi tu khong 16n. Do d6
véi cau hinh nay thi chi c6 thé sir dung phuong phap sin PWM, tirc tin hi¢u diéu khién ngd vao
phai c6 dang sin, v6i bién do ap cuc daingdrala: V. =V, (=1,23) (5)
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Hinh 6 : M6 hinh diéu khién mach ding MATLAB/SIMULINK
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Hinh 7: Chuong trinh giao tiép gitta may tinh va phan cting qua card DS1104
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Hinh 8: H¢ thong mach phan cing trong thi nghiém
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Hinh 9: So d6 diéu khién tai 3 pha RL véi hai nguén DC cach ly

III. KET QUA THi NGHIEM

Phén cting duoc xay dung dé kiém chimg 1y thuyét dé xuét, sir dung Matlab/Simulink va
kit DSPACE DS1104.

Mach thi nghiém phan cimg bao gdm: Mach cong suit dung IGBRT FMG2G100US60;
mach chinh luu diode; mach nguon nuédi dung IC7915, IC7815, IC7805, diode N4148; mach
deadtime va mach dém dung 74HCT14; mach lai dung Opto TLP250 va IC TMA1215; tai 3 pha
can bang RL v&i R=10Q, L=65mH (Ghi chi: Thang do Probe ciia dao dong ky 1a 10).

1. Haingudn DC cichly: V, =V _=100V; f = SkHz
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Hinh 10: Dién 4p tai pha a; m=0.3
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Hinh 11: Di¢n ap tai pha a; m=0.7

Tek S @ itop M Pos! 0.000s CH2 Tek S & Stop M Pos; 0.000s CH2
- -

Coupling Coupling

Bl Limit B Lirnit

100KHz 100KHz
Wnlts/ Div

Coarse]

Probe Probe

1Y ThY

Current Current

Inecert Inwert

0ff
CH2 2004 M S00ms
17-0ct-09 10178

Hinh 12: Dong dién tai pha a; m=0.3
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Hinh 13: Dong dién tai pha a; m=0.7
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Hinh 14: Phan tich FFT dong pha a; m=0.3
Ngudn DC chung: V,=100V; f = 5kHz

Hinh 15: Phan tich FFT dong pha a; m=0.7
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Hinh 16: Dién 4p tai pha a; m=0.3 Hinh 17: Dién 4p tai pha a; m=0.7
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Hinh 18: Dong dién tai pha a; m=0.3
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Hinh 20: Phan tich FFT dong pha a; m=0.3

3. Nhan xét chung:

- Chat luong dién ap va dong dién tai thu
duoc qua dao dong ky s6 1a dat yéu cau
so voi trén phan mém mo phdng Matlab
— Simulink.

- Két qua phan tich pho dong dién cho
thay dong dién c6 chat lugng song hai
rat cao. Ti 1 hai bac cao <0.1% thanh
phan hai co ban. Nhu vay, co the noi
giai thut diéu khién PWM dé xuat da
thanh cong va b nghich luu ghép nbi
tang hai bac hoat dong tot.

IV. KETLUAN

Bai bao md ta img dung giai thuat PWM
dé diéu khlen bd ngh1ch luu ghép nbi tang hai
bac. Két qua mo6 phong va thi nghiém trén
bo kit DSPACE DS1104 da khang dinh tinh
ding dan cla giai thuat PWM dé xuit. Viéc
diéu khién PWM thanh cong cho by nghich
luu ghép nbi tang hai bac 1a co s dé 4 ap dung
diéu khién cho cac bo nghich luu c6 sb bac
cao hon.
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Hinh 19: Dong dién tai pha a; m=0.7
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Hinh 21: Phan tich FFT dong pha a; m=0.7
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