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DE XUAT KY THUAT BIEU CHE TRIET TIEU DIEN AP
COMMON MODE CHO NGHICH LUU CASCADE 3 PHA 5 BAC

NEW CARRIER PWM TECHNIQUE TO REDUCE COMMONMODE VOLTAGE

IN THREE PHASE FIVE LEVEL CASCADE INVERTER

TOM TAT

Trong bai bdo nay, mot giai thuat méi ap dung ky thuat diéu ché PWM cho
nghich ltu cascade 3 pha 5 bac dwoc ap dung dé triét tiéu dién dp comon mode.
Phurong phép ny duoc thuc hién trén co s lia chon cac vector dong cat khong
sinh ra dién &p common mode dé biéu dién vector dién &p mong mudn. C4c phén
tich duoc thuc hién nham lua chon céc vector dong cat cic khéa cong suét phi
hop. Cac md phdng va thuc nghiém nham lam r6 cac két qua phan tich va gop
phan xac thyc nhitng phan tich Iy thuyét.

Tlr khoa: Bién ddi DC-AC, dién ap common mode(CMM), nghich I da béc,
nghich luu cascade, digu ché dd rang xung (PWM), séng mang.

ABSTRACT

In this paper, the new PWM algorithm for reducing the comon mode voltage
apply in the cascade 3-phase 5 level inverter is presented. This proposed
algorithm is implemented on the the representing the reference voltage vector
by the vectors that do not generate the common mode voltage. The analysis was
done to select the appropriate component vectors. Simulations and experiments
to clarify the analytical results and contribute to validate the theoretical analysis.

Keywords: DC-AC inverter, common mode voltage, multilever inverter,
cascade inverter, pulse with modulation (PWM), carrier wave.
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1. GIOI THIEU

Cac bd nghich lvu ngudn ap da bac ngay cang duoc
(*ng dung trong rat nhiéu linh viec cong nghiép nhu hé
théng quang dién, hé thdng pin nhién liéu [1, 2], hé théng
tuabin gio, hé théng diéu khién dong co AC [3 - 5] va hé
théng dién phan phoi [6]. Cac bd nghich luvu nay duoc st
dung rong rai béi nhitng thuan lgi nhu: hiéu suét cao, chi
phi thap va van hanh don gian. Hién nay cac phwong phap
diéu khién nghich lvu da va dang dwoc thuc hién ngay
cang nhiéu cu thé la cac bd nghich lvu da bac. Vi chlng co
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thé tao ra dang séng dién ap ngd ra c6 chéat lvgng cao,
téng méo hai thap (THD), tén hao chuyén mach thap [7] va
cling khéng can bd loc ngd ra lén [8].

Céc diéu kién chinh dé tao ra so lwvgng céc cép dién ap
ngd ra khac nhau la s dung nhiéu ngudn DC déc lap hoac
lién két cac ngudn DC 4o nhu tu dién hodc may bién ap két
hop véi nhiéu thiét bi chuyén mach [9]. Cac cdu hinh da bac
phd bién nhu: didt kep (NPC) [10], tu kep (Flying Capacitor)
[11] va ghép tang cascade [12]. Tuy nhién khi sir dung cac
b6 nghich lvu nay cling c6 moét nhuoc diém di kém 1a sy
phét sinh dién 4p common mode. Dién ap common mode
la dién ap gilra trung tinh tai va tam ngudn DC. C4c nghién
clru cho thay anh huwdng cla dién 4p common mode Ién
cac tai quay la rat dang ngai. Vi thé c6 kha nhiéu nghién
clbu Nhadm gidm dién 4p common mode trong nghich luu
[13, 14].

Nghién ctru [13] chi ra rang nghich Iwu da bac véi s6 bac
I& c6 mdt s6 vector dong cét khdng sinh ra hodc sinh ra
dién &p common mode thap va thuc hién mo ta vector dién
ap mong mudn qua cac vector nay gilp giam hoac loai bd
dién ap common mode tuy nhién viéc lwa chon cac vector
khong sinh dién 4p common mode trong bai béo trén van
con phtic tap. Nghién ctru [14] ti€p can van dé giam ton
hao qua viéc st dung cac song mang dich pha.

Bai bao nay tap trung giai quyét bai toan triét tiéu dién
ap common mode trén bd nghich lvu cascade 5 bac dva
trén nguyén tic st dung t8 hop khda c6 cac trang thai
dong ngét khong sinh ra dién 4p common mode. Giai thuat
dé xudt dé lva chon cac vector khong sinh dién 4p common
mode thuc sy don gian. Chuong trinh mo phdng duoc thuc
hién trén phan mém PSIM va cac thuc nghiém ti€én hanh
trén mo hinh trong phong thi nghiém véi vi diéu khién DSP
TMS320 F28355 clia tap doan Texas Instrument.

2. NGHICH LUU CASCADE 5 BAC VA PIEN AP COMMON
MODE CUA NO

Nghich lvu 3 pha 5 béac kiéu cascade (3P5LCI) c6 cau
tric nhw & hinh 1. Nghich Ivu 3P5LCI dwoc cdu tao tir 3
module A, B, C. M&i module c6 2 ngudn DC c6 gia tri bang
nhau va bang Up.
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Hinh 1. Nghich Iru 3 pha 5 bac kiéu cascade

Xét module X (X=A,B,C) clia nghich lwu thi trang thai cac
khoéa phai théa mén;

Sis+Sixn=1 )

Trong d6, i la chis6é khéai=(1, 2, 3, 4) va S la trang thai
khoa.

bién ap pha tam ngudn duoc xac dinh:

Uag = Upc(Six + Sax + S3x + Sax — 2) 2

Pat S, la té hop trang thai kich cac khda cong suat cla
module X va xac dinh theo:

Sx = (Six + Spx + S3x + Sax — 2) 3)
Thi vector dong cat nghich luu 12 V dugc xac dinh nhu sau:

v = (S, Sp,Sc) 4

114)1 3

Hinh 2. Vector khdng gian clia nghich leu 3 pha 5 bac kiéu cascade

Nhu vay s& c6 66 vector dong cat nghich lru cascade
nhu trong hinh 2. V6i vector dong cat v thi dién é&p
common mode phat sinh 1a dién ap gira di€ém N va G trong
hinh 1 dwoc xac dinh:

Sa+Sg+Sc—6 5)
3
Do d6, cac vector dong céit khoéng sinh ra dién ap
common mode la cac vector v = (S,, Sg, S¢) ¢6:
Sp+Sg+Sc=6 (6)
Va chiing la cac vector ndi tir gbc toa do dén cac diém
dd trén hinh trén hinh 2. Do dé, vector tham chiéu v, ¢

Ve = Unc

mong mudn - mau xanh trén hinh 2 s& dugc biéu dién qua
3 vector dong cat khong sinh ra dién 4p common mode
(3.2,1), (4,2,0)va (3,3,0).
3. PHUONG PHAP TRIET TIEU BIEN AP COMON MODE
3.1. Nguyén ly giai thuéat

Goi vector dién ap tham chiéu mong mudn la;

Tef) = (ua’ ub’uc) (7)

Trong dé, u,, u, va u, la cac dién ap diéu khién 3 pha
duoc xac dinh nhu sau:

( u, =2.m.sin(2mft) + 2
{ub = 2.m.sin (ant—?> +2

| ) 41
kuc = 2.m.sin (an - ?) +2

Trong do, m la chi s6 diéu ché, fla tan s6 dién ap ngd ra.
Goi L, la phan nguyén dién ap diéu khién phax (x=a, b, c)
V@i dinh nghia;

L, = int(u,) 9)
Va
H, =L +1 (10)

Lic nay cac vector dong cit gan vector tham chiéu v, o
nhat la 8 vector v{=(L,LyL.), Via=(Halole), Vip=(LaHoLlo),
V—)lcz(l-a’LbIHc)l V—Zc)z(Ha!Hbch)’ \mz(Habech)x Ez(Labech) va
va= (H,H,H,) la 6 vector nam & dinh va hai vector & tam
cla hinh luc gidc mau tim than trén hinh 2. Trong s6 6
vector & dinh thi s& luén ton tai 3 vector dong c&t ma sé
khéng sinh ra dién 4p common mode. Bay chinh la cac
vector s& dwoc chon biéu dién vector tham chiéu v, 4.

Véi cach dinh nghia nhue trén thi dién &p diéu khién
duwoc tach thanh hai thanh phan, phan nguyén la L, va phan
du g, dugc tinh béi phuong trinh sau:

u, =Ly,+e,v0i0<g <1 (12)
bat:

€ = Max(e,, &, &)

€m = Min(e,, €, &) (12)

€m = med(g,, &, &)
Va k§ thuat diéu ché vector khéng gian cho phép biéu
dién vector mong mudn v, .; qua 4 vector vy, v, v, va vy

Vet = Kp. VL + k. V] + K, V5 + kg vy (13)
Trong dé:
Viaifes, =€,
Vi ={Vip ifenin = & (14)
Vicifegn = &
Voeif €y = &¢
@ = @lf €mx = €p (15)
Vo, if ey = €,
Va k.= €min K1 = €meq ~€min K 2= Emax ~€mear Kn= 1-€pmax-
Goi F, la tong cac phan du ctia dién ap v,
Fy=¢,+e,+e.=6—L,+Ly+ L, (16)
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Vi u, +uy +u. =6 va L, nguyén do d6 F, chi c6 hai
trvong hop xay ra:

> Truong hop 1: Khi hai trong ba gia tri €, €, € nho
hon0,5luc nay e, +e, +e. =1val, +Ly +L.=5do dd
3 vector chuyén mach khong sinh ra dién 4p common
mode la v, v, va v thi tw chuyén mach clia chiing tay
thuéc ¢, €, € va theo tht tv Vi = Vi = Vim —
Vimd = Vi - Trong do

—_— _ —
Vim = V1

Vimd = Vigif €pg = & a7

Vig = Vigif € = &

Do d6 dién ap tham chiéu dwgc xac dinh theo:
Viet = Km -Vimm + K -Vimg + Kok -Vime (18)

o Hyys H

Vimd Vimd ‘vlmn

Hinh 3. Gidn d6 chuyén mach trudng hop 1

DPong nhat (13) va (18) va két hop gian dé chuyén mach
& hinh 3 c6 thé xac dinh cac gia tri K, Kng, Va Ky, N sau:

Vimn

Kk =&
Km = €m (19)
knﬂ =1- km( - km.l =&€m

» Trwong hop 2: Khi hai trong ba gia tri €, €, €. 16n hon
05 lucndy e, +ep,+e.,=2val,+Ly,+L. =4 do db 3
vector chuyén mach khoéng sinh ra dién 4p common mode
la v,,, v, va v, thir tw chuyén mach ctia chiing tdy thuéc
€, & & va theo tht tv v, = Vot = Vo = Vo =
Vom - Trong do:

Vom = V3

Vomd = Vg if €1y = & (20)
Vorx, = Vog if € = &

Do d6 dién ap tham chiéu dwgc xac dinh theo:

Vet = K -Vorm + Ko -Vomd, + Kok - Vorx (21)

DPong nhét (13) va (21) va két hop gian dé chuyén mach
& hinh 4 c6 thé xac dinh cac gia tri K, Kng, Va Ky, N sau:

kpm =1—¢e4

ky =1—¢n

Ky =1—Kpy

T day ta xay dyng duoc lvu do giai thuat triét tiéu dién
a4p common mode cho mach 3 pha 5 bac.

(22)
— km.l =1- €md
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Vomn Vamd
Hinh 4. Gian d6 chuyén mach trudng hop 2
3.2. Luu d giai thuat (hinh 5)

v
Nhap u,,
v
‘ Tith' B, Hj 84 F |
¥
‘ Tinh &0, €max Ema |
v

Tinh Tp5. 7oy

a S
b
lTinh V1mn: Yimd- vl"“"l ITinh V2mn: V2md- ”Znufl
v
| Tl Ky s Koo Keis s |
v

Tinh kmn' km.::'kmd

k.

Xuat xung PWM

Hinh 5. Luu d0 giai thuat d& xuat

Céc khai thuc thi trong lwu d6 va cac phuong trinh phan
tich trong phan truvéc cho thdy ky thuat dé xuat st dung
cac cau lénh don gian do dé téc do xi ly cho ky thuat nay
sé cao. D€ danh gia cu thé hon vé kj thuat da dé xuat, cac
thi nghiém va moé phéng sé dwgc thuc hién.
4. KET QUA MO PHONG VA THUC NGHIEM

Céac sb liéu mé phéng va thuc nghiém nhv trinh bay
trong bang 1.

Bang 1. 56 liéu md phdng va thyc nghiém

Tham s6 Giatri
DiénépDC 100v
Tan s6 s6ng mang f, 5kHz
Tansoraf, 50Hz
Tai tro R/L/C 40 Q3 /3mH/10uF
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Hinh 6 trinh bay két qua mé phéng ky thuat PWM thdéng
thuong va ky thuat PWM triét tiéu dién 4p common mode.
Céac tham s6 so sanh gitta hai k§ thuat theo thi ty tr trén
xubng la dién ap pha tai (U,y), dién ap pha tdm nguén DC
(Uag), dOng tai (1)) va dién &p common mode (Uyo).

2004 - - o 200V

Hinh 6. Md phdng so sanh PWM thong thuong (a) va dé xuat (b)

Tir hinh 6 c6 thé thay rang, dién 4p common mode sau
khi ap dung k¥ thuat dé xuat c6 gia tri hiéu dung gidm vé
0V so véi 36,7V ban dau khi &p dung ky thuat PWM thdéng
thuong, twvong duvong gidm 100% so véi trwdc khi triét tiéu
dién 4p common mode. Dién ap pha tai khi ap dung giai
thuat triét tiéu dién 4p common mode giéng nhu dién ap
pha - tam nguén DC do d6 sé giam s6 muc dién ap va cé
ton tai thanh phan hai bac 3. Vi thé dién ap pha tai sé cé gia
tri hiéu dung tang so v&i thdng thuong (135,9V so vai 129V)
va dé méo hai téng THD téng (do cé thanh phan bac 3). Két
qué phan tich pho tan dién ap pha tai U,, duoc trinh bay &
hinh 7.

200V [ """" """""" 200V}~

i
i -JL»MM‘J“J‘L*L~~'i(f 100y} e
kHz | SkHz, 5kHz

bl Ui Ak 0

SkHz 10kHz 15kHz SkHz 10kHz lékHz

G (b)

Hinh 7. Phé tan dién dp pha tai tai m = 0,9 véi PWM théng thuong (a) va dé
Xuét (b)

K&t qua phan tich phé tan dién ap pha tai tai chi s6 diéu
ché m = 0,9 cho thay trwéc va sau khi st dung gidi thuat,
bién d6 hai bac 1 gan nhw khéng d6i. Tuy nhién trén téng
thé bién do tai thanh phan hai bac cao ky thuat dé xuat cao
hon trede khi sit dung giai thuat dan dén hé s6 méo hai
téng THD tinh dén hai bac 51 ting tir 1,72% Ién 3,6%. Tai
cac hai lan can tan sé séng mang f, bién do6 hai khi ap dung
k§ thuét triét tiéu dién 4p common mode cling I&n hon so
V@i ki thuat PWM thdng thuong.

K&t qua mo phoéng trwéc va sau khi ap dung giai thuat
triét tiéu dién 4p common mode tai cac gia tri m dugc trinh
bay trong bang 2.

Bang 2. So sanh PWM va PWM c& xudt

m 06 | 086 | 09 1 PWM
T 838 | 1223 | 172 | 1414
HO®%) | 32 | 18 | L» 15 Thong
o) | 303 3 %7 | 303 | thuong
Ugms | 872 | 1243 | 129 | 1436

Uit 834 | 126 | 1278 | 1407
THO%) | 49 28 36 21 | Béxudt
Uy (V) 0 0 0 0

Usmse | 912 | 130 | 1359 | 61

Bang 2 cho thdy, sau khi ap dung giai thuat, dién ap
common mode (Uyo) da duoc triét tiéu. Gia tri hiéu dung &
dién 4p pha tai tai hai bac 1 trudc va sau khi ap dung gidi
thuat khéng d6i, THD tang do do6 hiéu sudt bién déi nang
lvgng sé giam.

Dé danh gia kha nang trién khai thuc té giai thuat dé
xudt mét mo hinh thyc nghiém sé dwgc thwc nghiém nhu
so do trong hinh 8.

TAI

DSP28335 > h >  1GBT >
NGUON NGUON
MACH DONG
LAI LyC

Hinh 8. So d6 khoi va mo hinh thuc té

Nguon DC cung cdp cho hé théng c6 gia tri 50V. Cac két
qua thyc nghiém duwgc trinh bay & hinh 9 va 10. Hinh 9 trinh
bay két qua thuc nghiém gidi thuat so sanh véi khi ap dung
k§ thuat PWM théng thudong tai chi s6 diéu ché 0,866. T
két qua thuc nghiém cé thé thay dién 4p common mode
khong triét tiéu vé 0V ma co gia tri hiéu dung bang 3,19V.
Gid tri nay xudt hién la do trong thuc té€ cac khda c6 sut ap
khi dan dién.

bién ap pha tai truéc va sau khi st dung giai thuat co
dang séng gidng véi mo phang. Khi &p dung giai thuat, dién
&p pha tai c6 dang nhu dién ap pha tam ngudn DC, do d6 sé
¢6 thanh phan hai bac 3. Vi thé dién ap pha tai c6 gia tri hiéu
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dung tang tir 58V Ién 60V do THD tang. Viéc tang thanh
phan hai bac cao dé dang quan sét théy trong hinh 10.
Tek Prevu : : - ——

60.0kHz_Noise Filter
T T

Ké&t qud phan tich FFT cho thay dién ap pha tai truéc va
sau khi slr dung giai thuat bién dé tai hai bac 1 khéng doi.
Sau khi st dung gidi thuat bién dd tai thanh phan hai bac
cao cao hon (nhat la cac song hai bdi clia tin s6 séng
mang) dan dén hé s6 méo hai téng THD (t¢i thanh phan hai
béc 49 (2,5kHz)) tdng theo.

Bang 3. Thuc nghiém so sanh PWM va PWM d& xuét khi m thay d6i

Chis6m 06 | 086 | 09 1 PWM
Uniy 40 58 59 66 Thang
THD (%) 42 | 24 | 21| 26 thuong
L e ) T < Uy (V) 15 | 184 | 18 | 142
500V J@mrrs ssov fiz0333 ) Uiy 10 53 59 66 D6 xuat
Tek Prevy — (a) 60.0kHz Noise Filter THD (%) 48 4 36 32
¥ ] A Uy (V5) 27 | 319 |308| 246

..... IO N NN PN RO U S R S

0L
fiz1003 )

S102Y

500Y @RS 602Y

(b)
Hinh 9. So sanh PWM thdng thuong (a) va dé xuét (b) vé dién ap pha tai
(Uy) vadién &p common mode (Uy,)

Tek Run PrTrig Noise Filter Off
||||| ’lllllllllllllllllllllIlélll"llllll!ll]llll-
s - : - “ - :
@ 2007 250Hz |[100ms 7540V 856311kHz]
Nyquist: 2604kHz |@mrms— sasv | P
@
Tek Run Trig'd e ——— Noise Filter Off
..... Pisie s imiaaii famiseiwi iR iwi ime ey
bl i
@ 200Y 250Hz |1100ms ll‘_' 540V 10.1212kHe]_j
Nyquist: 2.604kHz [@@rMs  60sv Jos1:13 )

(b)
Hinh 10. Thyc nghiém phén tich FFT dién &p pha tai tai m = 0,9 véi PWM
thdng thudng (a) va dé xuét (b)
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Céac két qua mé phong cho thay dién 4p pha tai trong
thuc nghiém c6 dang song giong véi mo phéng, c6 gia tri
hiéu dung tai hai bac 1 trwdc va sau khi ap dung giai thuét
khong déi. Cac thuc nghiém lubn ton tai cac tén hao trén
cac linh kién, cting nhv chat lvgng céc linh kién nén cac gia
tri dién ap thyc nghiém cé gia tri dién &p giam so véi mo
phoéng. Sau khi 4p dung giai thuat THD tang nhung van
dam bao duoc tiéu chuin TCVN 2008-2-2.
5.KET LUAN

Trong qua trinh st dung cac b6 nghich lvu, viéc ton tai
dién 4p Common mode lam giam tudi tho clia déng co.
Trong bai bao nay mét ki thuat diéu ché doé rong xung
gidm dién 4p Common mode cho mach nghich lvu ba pha
5 bac dwogc trinh bay. Cac phan tich cho thdy cé thé triét
tiéu dién 4p common mode qua viéc lya chon céc vector
dong cat phi hop. Két qua triét tiéu dién 4p Common
mode cho mach nghich lvu ba pha 5 bac da duoc kiém
chirng bing md phong va thuc nghiém. Cac két qua mo
phong va thuc nghiém cho thay sw kha thi va vu diém clia
ky thuat da dé xuat. Tuy nhién ky thuat da dé xuat cling cé
khuyét diém la lam gia tdng séng hai cling nhv gia tang d6
méo hai tong.
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