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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 nghién cieu vé bo nghich heu ghép néi tang da bdc lai nham don
gidn héa cau hinh mach phan cimg va do dé giam gid thanh ciia hé théng. Bai bdo gidi
thiéu bién tin ghép gém 2 bién tan hai bdc chudan. Mot trong nhimg van dé quan trong
la ky thudt diéu khién PWM t6i wu cho bé nghich heu ghép noi tang hai bdc. Bai bao gioi
thiéu phwong phdp diéu ché séng mang méi dp dung cho bién tan trén. Gidi thudt da dwoc

kiém chirng qua cdc két qua mé phong. Phan cieng dwoc thiét lp dé kiém chirng 1y thuyét
thong qua bo 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.

L GIOI THIEU

Bo nghlch lu'u ghep nbi ting co ciu truc dya
vao su két n01 ndi tiép mot sé loai cu tric
co ban cho mdi pha. Nhitng bo nghich luu
nay nhin chung duoc két ndi tir nhitng bo
nghich luu béac thap co ban nhu: B nghich
luu 3 pha 2 bac don gian va bg nghich luu
3 pha 2 bac kiéu diode kep.

Céc bd nghich luu co ban dung
ghép ndi tang duoc cip tir cac ngudn mot
chiéu (DC source) riéng biét. Truong hop
sit dung cac ngudn khac nhau, dé tdi uu
hoéa tdn hao, cac bd nghich luu co ban cé
ngudn dién ap DC 16n dugc wu tién hoat
dong & tan sd clia hai co ban con nhirng bo
nghich luu co ban co nguon dién ap thap
hon hoat dong & tan s6 dong cit cao.

Uu diém cta bd nghich luu ghép
noi tang hai bac:

St dung hai nguén DC cach ly. Véi tng
dung dac biét, hai nguén DC cachly co thé
duoc ndi lai v6i nhau tao thanh mot nguén
DC chung, do d6 don gian cau hinh mach
cong suat. Mach str dung bo nghich luu hai
bac truyén thong do d6 giam chi phi bao tri,
khong gap kho khan gay ra bdi hién tuong
ngudn DC khong can bang.

Gan day mot s 1y thuyét da trinh
bay mbi quan hé mat thiét giita phuong
phap diéu ché vector khong gian (SVPWM)
va ky thuat diéu ché song mang (CBPWM)
trong cac bo nghich luu da bac. Cac phan
tich da ching minh rang ky thuat diéu ché
da song mang c6 thé thuc hién bang k¥ thuat
mot song mang duy nhat nhu b nghich luu
hai bac thong thuong. Su tuong quan nay
dugc tmg dung trong bai bao nay dé phat
ttrién thanh k¥ thuat diéu ché song mang,
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diéu khién dién ap ngd ra ctia bo nghich luu
ghép ndi ting da béc.

Trong sudt qua trinh xdy dung bai
béo nay, chiing ta ludn liy co s¢ phan tich
nhu k¥ thuat didu ché song mang truyén
théng, trong do:

Tén that trén cac chuyén mach 1a nho nhat.
Cu thé 14 diéu khién sao cho chi c6 mot
chuyén mach xay ra trong qua trinh qua do
chuyén tiép glua hai trang thai dong cit.
Tiang giam déu dién 4p ngd ra trong mdi
nura chu ky cua song mang.

Piéu  khién tuyén tinh PWM
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Hinh 1: So d6 mach cua bo nghich luu
ghép hai bac vdi 2 nguodn cach ly

2. Phan tich b§ nghich luu 3 pha 2
bic truyén thong

Dién 4p ngod ra cta bd nghich luu 2 bac

c6 thé thay ddi trong khoang tir 0 dén Vd
phu thudc vao trang thai dong cit clia cac

khéa S. Cho tin hiéu diéu ché & thay

II. MO TA BQ NGHICH LUU
GHEP NOI TANG HAI BAC VA
PHAN TiCH MACH

1. Mé6 ta bd nghich lwu ghép néi

ting hai béc

Mach st dung hai bd nghich luu 3 pha 2

bac chinh tic ghép lai v6i nhau tao thanh

bd nghich luu ghép 2 bac, hai bo nghich
luu méc vao tai 3 pha hé mach hai dau, ¢6
thé tmg dung vao diéu khién dong co xoay
chiéu hodc két ndi vao mang dién. Voi
ngudn dc cua hai bo nghich luu bang nhau,
hé théng tao thanh mot bd nghich luu ghép
3 bac voi ap nghich luu dat céac gia tri - Vd,
0 va Vvd.
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Hinh 2: So dd mach cta bo nghich luu

ghép hai bac vdi nguon DC chung

dbi trong khoang tir 0 dén 1 (0= E*x =1)

, dién 4p ngd ra thay d6i tuyén tinh trong

khoang (0,Vd) nhu biéu dién trong hinh 3
va bang 1 dudi day:



Tap chi Khoa hoc Giao duc Ky thudt, $6 13/2010
Pai hoc Sw pham Ky thudt Thanh phé Ho Chi Minh 71

WAOD

b)

10 oo e

=1.2.3 =123

0 0 0

0<Vjo<Vd . Ve
£ [X] B O

NI A
Vio="7*vd
vd vd 1

Bang 1. Quan h¢ gitra cac gia tri ap nghich lvu dat va ap diéu khién.

3. Phan tich mach nghich luu ghép
hai béc véi 2 nguén DC cach ly

m Phan tich gidi thut cho cac mo hinh
Sau cdp linh kién ctuia nghich luu ghép trén
dugc didu khién boi cac song didu khién
tuong l’mg la: &11 , gz ,aa ,gz ’gz Végz
Dé ¥ hinh 4, quan hé gira trj trung binh ap
nghich luu va song diéu khién c6 thé mo ta
bang cac ham:

V110 = &1 *vq : V210 = &2
*vd 3 V310= %51 *vd
V120 = &0 *vd : V220 = ©2

*Vd ; V320= 5 #vd

Ta c6 ap nghich luu trung binh trén cac pha
cho boi hé thie sau:

V10=V110-V120 ; V20 =V210
- V220 ; V30=V310-V320
Suy ra:

vio=(5 -5 yrvd

Vv20= (%1 - 62 yxvq

V30 = (E.,a - E.m )*Vd

Chu y, ta da st dung h¢ thuc : Vj0 = Vj10
-Vj20voij=1,2,3 (2)

Tu d6 gia tri trung binh di¢n ap di€u ché
trén cac pha nhu sau:
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Bang 2. Quan hé giira céc gia tri dat tong, trang thai ap nghich luu thanh phan va cac dai

+ Chu thich:  Tbn tai cac phuong an diéu
ché khac nhau dé tao ra mét ap nghich luu
trung binh dat gia tri gitra cac murc dién ap
ngudn. Cac phuong an diéu ché duge mo ta
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a) Mach tirong dwrong bién doi tit mach

khao s4t (hinh 1)

lwong diéu khién hai bo nghich luu

trong bang dang (1) hodc (2). Vi du khi ap
yéu cau nam trong gidi han (-Vd,0), c6 thé
str dung phuong 4n (1) véi su chuyén mach
nam & bo nghich lwu 2, va by nghich luu 1
duoc thiét 1ap 4p bang 0.
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¢) Mach nrong dwong bién doi tir mé hinh b

Hinh 4: M6 hinh giai tich mach fwong dwong
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m K§ thuat diéu ché PWM trong bd nghich luu ghép ndi tang:

- Ttr chi s6 di€u ché tham chi€u /dién ap tai 3 pha Vtj; =1, 2, 3) cho trude, c6 thé sir dung

so do Hinh 5 dé xac dinh Vj0, tin hiéu diéu khién Vdkj cho céc cap linh kién tuong ting.
Vlj max Vomax Cl'n;n U°+ "er

_)%L., Max
Mm in Vomin E

+

Hinh 5: So dd giai thuat tim Vdkj hay e

- Tinh toan gia tri ham offset VO :

bién 4p VO co thé chon bat ki gia tri nao trong gidi han VOmin; VOmax :
VOmin < V0 < VOmax

Véi : VOmin = Vd — Max ; va VOmax = -Vd - Min
Min = min(Vtl,Vt2,Vt3) ; Max = max(Vtl,Vt2,Vt3)

- Tinh toan tin hiéu diéu ché Vjo0 :

Vj0=Vtj + VO (VO la dién 4p common mode) 3)

m Pham vi diéu khién 4p tai trong trudng hop 2 ngudn DC cach ly:
2],

MG (=1, 2. 3) (4)

Trong trudong hop hai bd nghich luu ghép ndi tang sir dung chung nguén DC (Hinh 2),
ta khong thé diéu khién qua ham offset, vi nhu vay s& lam phat sinh dong thir tw khong
16n. Do @6 v&i cau hinh nay thi chi co thé sir dung phuong phap sin PWM, ttc tin higu
diéu khién ngd vao phai co dang sin, véi bién do ap cuc dai ngd ra la: Vtjmax = Vd

(=1,2,3) (5)

Discrete, labe
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Hinh 6 : M6 hinh diéu khién mach ding MATLAB/SIMULINK
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Hinh 8: H¢ thong mach phan cing trong thi nghiém

F—
~290V Variac B § chinh lvu
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Hinh 9: So d6 diéu khién tai 3 pha RL voi hai nguén DC cach ly
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II. KET QUA THI NGHIEM

Phan cimg dugc xdy dung dé kiém
ching 1y thuyét dé xuét, sir dung Matlab/
Simulink va kit DSPACE DS1104.

Mach thi nghiém phan cting bao

gém: Mach cong sudt dung IGBT
FMG2G100US60; mach chinh luu diode;

mach ngudn nudi 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 v6i R=10Q, L=65mH (Ghi
chu: Thang do Probe cta dao dong ky 1a
10).

1. Hai nguon DC cach ly: Vd1=Vd2=100V; fsw = 5kHz
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Hinh 10: Pi¢n ép tai pha a; m=0.3
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Hinh 12: Dong dién tai pha a; m=0.3
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Hinh 14: Phan tich FFT dong pha a; m=0.3
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Hinh 11: Dién ap tai pha a; m=0.7
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Hinh 13: Dong dién tai pha a; m=0.7
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Hinh 15: Phan tich FFT dong pha a;
m=0.7
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2. Ngudn DC chung: Vd = 100V; fsw =

S I Pos: 00005

Tek @ Stop
+

14 5.00ms
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Hinh 16: Di¢n ap tai pha a; m=0.3

Tek S @ Stop 1 Pos: 0,000s
+

I 5.00ms
13-0ct-09 18:32

Hinh 18: Dong dién tai pha a; m=0.3
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+
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Hinh 20: Phan tich FFT dong pha a; m=0.3

3. Nhén xét chung:

Chat lugng dién 4p va dong dién tai thu
dugc qua dao dong ky sb 1a dat yéu cau
s0 v6i trén phan mém mo phong Matlab —
Simulink.

Két qua phan tich ph6 dong dién cho thay
dong dién co chat luong séng hai rat cao.
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SkHz
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Hinh 17: Dién ap tai pha a; m=0.7

I Pos: 0,000s
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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

Ti 1& hai bac cao <0.1% thanh phan hai co
ban. Nhu viy, c6 thé ndi giai thuat didu
khién PWM dé xuat da thanh cong va bo
nghich lwu ghép ndi tAng hai bac hoat dong
tot.
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IV. KETLUAN

Bai bao mo ta img dung giai thuat PWM dé
diéu khién bo nghich luu ghép ndi ting hai
béc. Két qua mo phong va thi nghiém trén
b kit DSPACE DS1104 da khang dinh tinh
dung din cua giai thuat PWM dé xuit. Viéc
diéu khién PWM thanh cng cho bd nghich
luu ghép ndi tang hai bac 1a co so dé ap
dung diéu khién cho cac bd nghich luu cé
s6 bac cao hon.
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