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GIAI TICH KY THUAT PIEU CHE SONG MANG CHO NGHICH LUU 4
KHOA VOI NGUON DC CAN BANG
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(Bai nhdn ngay 13 thang 07 ndm 2007)

TOM TAT: Nghich luu dp dom gian 3 pha chira 4 khéa c6 kha ndng ing dung trong mot
s6 truong hop céng sudt nhé. Bai bdo de nghi mot gidi phdp diéu ché PWM méi don gian va
linh hoat ding song mang. N6 cho phép diéu khién tuyén tinh trong pham vi qua diéu ché. Két
qua giai thugt dugc kiém chimg bang mé phong va thuc nghiém sir dung card DSP DS1104.

_ Tie khod: ky thudt diéu ché dj réng xung song mang, nghich heu 3 pha 4 khod, qud diéu
che.

1.PAT VAN DE

So véi bd nghich luu ap 3 pha day du, sy tinh giam cdc linh kién ctia mach nghich luu 4
khoa & H.1 lam né tré nén hap dan céc nha nghién ciru v6i hy vong ché tao thlet bi bién tan chi
phl thép [1]. Han ché dugc blet cuanoé la pham vi dién ap thap va sy giam sut vé chat luong ap
va dong tai. Hién tuong bién thién cac dién 4p trén hai tu nguon dc dong gop thém suy glam
chét luong ép ra. Sy mét cin bing ap tai trong diéu kién bat doi ximg clia cac ép tu c6 thé giai
quyét bang ky thuat PWM thich hop [2]. Dé nang pham vi 4p tai, giai phap phd bién 14 st
dung b chinh luu diéu ché PWM dat & ngd vao cau tric ph01 hop chinh luu-nghich luu dé
nang dién ap ngudn [3]. Mach chinh luu PWM con hd trg cai thién chat lrgng dong dién ngd
va can bang &p hai tu dc. Loi thé trén s& thudn lgi khi hé¢ thong truyen dong dong co dién
duoc ché tao thh hgp cao. Hién nay, k¥ thuét diéu ché vector khong gian (SVPWM) thuong
duge dé didu khién nghich lwu 4 khoa. Céc két qua nghién ctru gan day cho thay, k¥ thuat song
mang dé dang va linh hoat cao hon so voi ky thuat diéu ché vector khong gian, dic biét trong
céc cdu tric nghich lru ap khéng ddi xtmg va phirc tap [4],[5].

Bai béo trinh bay mét ky thuat diéu ché méi dya trén song mang c6 xét dén kha nang diéu
khién tuyen tinh ving qua diéu ché. Trong khuén khd gidi han cia bai bao, viéc phan tich ky
thuat dleu ché duoc thiét ké véi gia thiét nguon ap dc cén bing. Vi du trong céc ing dung s
dung ngudn pin, acquy hodc c6 sir dung hé théng phén cimg bu ap dc & ngd vao. Vin dé can
béng anh hudng dao ddng ap tai va ky thuat bu ap dc sé€ duoc giai quyet trong nghién ciru khac

[6].

2. PHUONG PHAP PIEU CHE DE NGHI

2.1.Giai tich vector b{ nghich luu dp 4 khéa

Gia sir dién 4p hai ngudn dc khong dbi va bing nhau:

Ve=Ve=V/2 ' (1

Tir 4 kha ning dong ngat linh kién mé ta & bang 1, vector khong gian dién ap

tao thanh 4 vj tri dinh cua hinh thei trén H.3a. V6i ki thudt SVPWM tong quat, mdi
vector dién 4p yéu cau c6 thé thyc hién bdi 4 vector dinh trén, cho bdi hé thire:

Vr = KiVy + KoV + KsV3 + KV, )
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Hinh 1. Céu tric bd nghich luu 4p 3 pha 4 khéa va gian do vector twong g

%

Bang 1: Trang théi kich va vector p dinh

Si] 8] Vo | Vs [ Va X

0 0| usn 0 0 Ud3

0] 1| U2 0 U | U,/
1| o] U2]| U, 0 it B
1| 1| U], Uy -Ud/3

Trong dé, K1,..,K4 lan luot 12 ti 1é thai gian tdc dung cua cac vector dinh V1,..,V4 trong
chu ky lay mau Ts. Giai thuat SVPWM (2) géy ra sb chuyen mach 16n, nhung bu lai chung cho

phép diéu chinh phan b6 thoi gian giita cic vector V1 va V3, va gilta V2 va V4 dé cai tién
chét lugng hé théng..

Thyc té, phuong 4n dieu ché phd bién don gian hon chi sir dung 3 trong 4 vector dinh, ¢6
thé thuc hién theo hé thirc tdng quét sau:

Vref = Kpl VPI + szsz + KP3VP3 (3)
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KP] +KP2 +KP3 =1.
Xét vi du vector dit v fnarn trong goc phan tu thir nhét. Ky thuat SVPWM cho phép dat

vector I?,ef bang thuc hién chudi céc vector p vV ol = v,V 2 = V,:V 3 = V, (tuong (mg 3
trang thai (00),(10) va (11)) (c6 thé thuc hién bang k¥ thuit song mang PD-PWM) vdi sai léch
vector dién 4p tirc thoi nho nhat.

Vector 4p yéu cdu vira néu ciing cd thé thyc hién bing chudi cdc vector ap
V = V4,Vp2 = Vl, Vp3 = V2 (twong (mg cac trang théi (01),(00) va (10)) (c6 thé thuc hién
bang ky thuat song mang PS-PWM). Phuong phap nay c6 chat lugng 4p tai thap hon do d6

méo dang cao hon giai phap ban d4u nhung c6 loi thé han ché céc tdc dung cua dién ap
common mode gay ra.

Pham vi diéu khién tuyen tinh: D& tién viéc so sanh va danh gid pham vi diéu khién 4p ra,
ta sir dung dinh nghia chi s diéu ché ‘m nhur sau:

Vm(l) (4)

Va/\3

v6i Vi 12 bién d¢ thanh phin co ban cia dién ép dat dugc clia phuong phap diéu ché dé
nghi.

Dé dang suy ra ring, pham vi diéu khién tuyén tinh cia mach nghich luu 4 khoa dat dén

o Y . U
chi s0 m=0.5, twong ung bién do ap cuc dai béng Vi = ——j_ .
243

. A=

2.2.Giai tich ky thuat séng mang dé nghi

Pé don gian phan tich mach, diém trung tinh hiéu qua duoc chon tai 0 [4,5]. Trong mé
hinh mach dién ap 3 pha- mach dc, dién ap pha tai-tdm dc dugc phén tich & dang tong thanh
phan tich cuc vy va thir ty khong vo [4]. Ta co:

V0=Vu2tvo; X=a,b,c. ()

Khi vector dién ap yéu cdu di chuyén theo quy dao tron, dién ép tich cyc s& bang thanh
phén co ban ciia mdi pha tai, phu thudc vao bién d§ Vyer va pha 6 clia dién 4p yéu céu, tirc 1a:

Vaiz =V, €088 V415 =V, €08(0 = 27/3); v, =V, COS(O — 4r/3) (6)

Pha tai A di duoc néi ¢ dinh dén diém chia ngudn, tuong img véi tin hiéu diéu khién dc
khong thay ddi. Ta cé:

Vio=Vy/2 . (7
Dua vao H.1 va (5),(7), thanh phin offset c6 thé suy ra nhu sau:
Vo=Va!2=Vas (8)

Dién 4p dit cho viéc diéu khién cac pha B va C c6 thé thiét 14p boi (5),(6) va (8).
Db thi biéu dién céc dién ap diéu khién hai pha trén dugc minh hoa'cho truong hop m=0.5
va vé trén H.2.

Tuong quan gura ky thuét diéu ché vector khong gian va ky thuat song mang. Ky thuat
SVPWM cé co s& tir gian db vector khong gian véi cac dai luong déc trung gom céc vector ap
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dinh thyc hién va ti 1¢ thoi gian tuong (mg. Twong quan gilta ky thuat séng mang PD PWM va
PS PWM deé nghi véi ky thuat SVPWM tuong img dugc dién ta trén H.3 a, b va H3 ¢,d.

Ky thudt PD-PWM (Phase Disposition Carrier waveform PWM):
Néu vio>Veo, trdt tw cac trang thai thuc hién s& 13 (00-10-11) . Néu ve>vy, trat tu trang
thai thye hign 1a (00-01-11) (H.3a,b). Dinh nghia céc vector trang thai § ; 49=1,2,3 va céc bién

cuc tri Max , Min nhu sau :

- < 5 1,017 khi >
§ = [Oso]T,S3 = [l,l]T va §y = {[ ]T l. Vbo Veo ) (9)
. [01]" khi vy <v,
1.5+
T | L L ... SN
val
0.5
nn=, - - - I“._,-a i i
u -] u 1% 2U 6 é b 1.5 210

1
IME
by TIMF

@)

Hinh 2. B4 nghich luu 4p 4 khéa, trudng hop t6i han viing tuyén tinh m=0.5: a) Tin hiéu 4p diu khién
pha a,b va ¢ va b) Phan tich cac thanh phan tich cuc va offset
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Hinh 3.Ky thuét diéu ché séng mang a, b) PD PWM va ¢ d) PS PWM cho nghlch luu 4 khoa

Max = Max(vyy,V.0); Min= Min(vyy,v,) (10)
Ham 4p diéu khién trong ky thudt séng mang PD PWM va ti Ié thoi gian tic dong tuong
tmg Kj ctia céc vector co6 the xéc dinh nhu sau:

K, = Max; K, = Max — Min; K, = Min (12)

K§¥ thudt PS-PWM (Phase shift carrier waveform PWM):

Céc h¢ thire (11) va (12) dan giai cho ky thuit PD PWM c6 thé ap dung cho trudng hop
PS PWM. Diém khac biét 1a ciac ham {9) va (10) dugc dinh nghia lai nhu sau, sir dung cac do
thi H.3¢c,d :

T .
5, =[0117,5, =[L0]7 va5, =L KA Vi >(=ve0) .
[0,0]"  khi vy <(1-v,)
Max = Max(vyg,l = v.o); Min= Min(vy,1—veo) (14)

3.PIEU KHIEN TUYEN TINH VUNG QUA PIEU CHE

Khi chi s6 dleu ché theo dinh nghfa (4) vuot qué gié tri m=0.5, b§ nghich luu s& hoat dong
trong vung qua diéu ché. Mic di, trong ving qua diéu ché dic tinh diéu khlen tr¢ nén phi
tuyén véi sur xuét hi¢n cdc song hai dién ap bac thap, diéu khién ving qua diéu ché lai tan dung
hiéu qua sir dung ngudn dec va c6 téc dung tich cyc trong qua trinh hoat dong qué dd. Dic tinh
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phi tuyén viing qua didu ché c6 thé bu tuyén tinh bang ky thuat diéu khién gilta cac quy dao
bién don gian [7] Nguycn ly diéu khién gitra hai quy dao bién dugc phat biéu tom tit nhu sau:
GQI m la chi s diéu ché cua dién ap yéu cau VX Va my va mg sao cho ma<m<mg 1a chi sb diéu
ché tuong ing voi hai tin hiéu tich cuc biét trudc Vxa,Vxa. Di€n ap yéu cau sé dat duoc bing ky
thuat diéu ché tuyen tinh trong pham vi ma,ms, néu nhu tin hiéu diéu khién dién 4p tich cyc

Vy12,m duoc xac dinh tir cac tin hiéu bién theo hé thic sau:

Vaom ==mVeaq +1Vi10p (15a)
;]=Mf_1_ - (15b)
mg —m,

Pé ap dung nguyén ly trén, cAn xac dinh cac quy dao bién co ban can cho viéc din giai
ham dién 4p diéu khién nim giira chung. Tir dd thi vector khéng gian va toa dd cac vector
dinh, ta suy ra quy dao bién ciia ché d6 tuyen tinh la dudmg tron cuc dai ndi tiép (C1) tuong
umng chi so m=0.5 (H.2a,b). Phuong trinh ciia 4p diéu khién va ham tin hiéu tich cuc 3 pha xéc
dinh tryc tiép theo hé thirc (5) va (6). Quy dao bién thir hai, tvong img m=0.526, xéac dinh bdi
dudng bao (C2) chu vi hinh lyc gidc déu 16m nhét chira trong hinh thoi. D& c6 thé x4c dinh ham
dién 4p tich circ, ta can tinh téan ham dién 4p pha tai- tdm mach dc ctia hai pha B va C (H.4a).
Vi dy trong chu ky 27 nhu sau:

k0 khi 0<6 <273
pie 1 khi 2zf3<@<r 16)
-k @-7)+1 khi r<0<5n/3
0 khi else
0 khi 0<6 <73
k(6 —-x/3) khi rnf3<@<n
g = 1 khi 7 <6 <4z/3 (1)
—k(6—-4r/3)+1 khi else
Véi k, = % (18).

Quy dao bién thir 3- (C3) twong img chi s6 m=0.551 xé4c dinh bdi vi tri 6 dinh cua hinh
luc gidc (ché do six-step). Ham dién 4p pha-tdm mach dc (H.4b) twong mg véi cac chi s diéu
ché bién sau day:
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Hinh 4. D6 thi tin hiéu 4p pha-tdm mach dc va céc thanh phén tich cuc va offset twong (g cho trudng
hop t6i han m=0.526 va m=0.551.

0 khi
vbo = 0.5 khl
1 khi
0 khi

VCO = 0.5 kht
1 khi

-nf2<86

< /6

(7/6 <0 < 7[2)or(1n/6 < 0 <37/2)
n[2 <6 <37/2

-7/6<60 <72

(/2 < 6 <57/6)or(37/2 <0 <1171/6)
57/6 <8 <37/2

(19)

(20)

Qua dleu ché 2 ché do: Dic tinh séng hai ¢6 thé duoc tdi wu héa bang ky thuat qua diéu
ché 2 ché d$. Do cau hmh khéng cho phép diéu chinh offset nén tin hleu diéu khién céc pha B
va C c6 thé suy truc tiép tir dién 4p pha tdm ngudn dc (g véi hai chi s bién, tirc la:

Vyom = (1 - U)vaA + Vo8

Gié trj cac thong sb ctia hé thirc x4c dinh dién 4p diéu khién (21) twong img 2 mode 1 va2
duoc cho trén bang 1. D thi minh hoa k¥ thuét tao dién ap diéu khién trong 2 ché d6 mode 1

va 2 mo ta trén H.5a,b.

;x=B,C

@1).

Ché d¢ mode 1 dugc déc trung bai chi s6 méo dang rét thap, ngugc lai voi cac gia tri ting
cao & ving qué diéu ché 2 va dat d6 méo dang 16n nhét & ché do 6 budc (m=0.5525).

Béng 2.
Cac ché d5| Phamvihoat | s m v v
PWM déng ps A B x0A4 x0B
Piéu ché tuyén | 0 <m <0.5 0 0.5 0 (15)
tinh
Qua diéu ché | 0.5<m<0.526 |05 0.5264 | (15) (16),(17)
mode 1
Qua ditu ché | 0.526 <m<0.55] 0.5264 | 0.55125 | (16), | (19),(20)
mode 2 (17)
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4KET QUA MO PHONG VA THUC NGHIEM

Két qua tinh toan va v& dd thj duoc thuc hién bﬁng phin mém PSIM6.0. Cac tham sb ding
trong m6 phong ciia mach nghich luu 4 khéa véi ngudn cn bang duoc tinh todn véi cac tham
50 lién quan nhw sau: Tai R=6 Ohm ,L=100mH. Ngudn dc Ue=U=20[V]. Tén s séng mang
tam gidc f,=5kHz. Két qua md phéng céc qué trinh dung ky thuit PD-PWM véi chi s diéu
ché dugc chon m=0.4 v& trén H.6. Véi cung théng sé tai, két qua md phong ving qua diéu ché
¢6 & céc ché d6 1 va 2 dugc minh hoa bdi céc d thj trén H.7a va b.

Mach thuc nghiém nghich luu 4 khéa sir dung card dSPACE DS1104 diéu khidn bing
méy tinh v6i phan mém giao tiép MATLAB/SIMULINK. Mach cong suit sir dung 4 khéa
trong modul ban dén tich hop véi mach 14i IGBT IRAMX20UP60A. Ngudn dc duoc thiét lap
40V, én dinh nhd hai tu loc dc ¢6 dién dung C,=C,=6800 i F, Tai RL déu dang sao, cé théng
s6 R=6Q L=0.1H. Tan s8 hai co ban 4p tai f,,~50Hz. K§ thuit séng mang PD PWM thuc
hién véi tan s6 SkHz. Thiét bj do Tektronix 100MHz gdm 2 kénh, probe dién ap dugc diéu
chinh x10, cac dai lugng do bidu dién gém : dang dién ap pha B,C, dong dién 2 pha B-,C- va
phan tich FFT séng hai dong dién. Két qua thyc nghiém va phén tich phd FFT do dwoc cho
truong hop diéu ché ving tuyén tinh dugc chon m=0.4, : ving qué diéu ché mode 1
m=0.5225 ; vd qué didu ché mode 2 m=0.5454 dugc mé ta trén cac H.8 va H.9.

Két qua thyc nghiém phi hop véi két qua mé phong véi si cdn bing céc pha tai, chimg
minh tinh dting d4n ctia mé hinh diéu khién séng mang dugc dé xuét, -

R 1.5+

/
0.5 - 0.5+ /
J e N

1 ] 1 L} (]
o 5 10 15 20
- 4 Tl“l?‘ b o : TIME
s b0 mvbo_ ' wbO = Modb1 = vre0 oy 8 v o Modet
1.6 : 1.5m

h %/ \%
w7 s N

-3
0.0 40™~ 0.0~ =
: T P X o 10 16 20
. TiME e = ; 1M
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Hinh 5. Dan giai c4ch tao tin hiéu diéu khién cho céc pha b va ¢ cho qué diéu ché mode 1 va mode 2

5. KET LUAN

Bai béo da trinh bay giai tich k¥ thuat diéu ché séng mang méi ct:o macih nghich luu 3 pha
4 khoa c6 ngudn cén bang. Bai bao ciing chi ra phuong phip méi didu khién tuyén tinh ving
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qua didu ché , sir dung nguyén 1y diéu khién giira cic quy dao bién. Mbi twong quan tong quat
gitra k¥ thuat didu ché vector khong gian va diéu ché séng mang di dugc ching minh. M6
hinh giai tich mach don gian va linh hoat c6 thé 4p dung mo rong cho mach nghich luwu 4 khoa
v6i ngudn khéng cin bing. Bai bo ciing chi ra chét lugng séng hai cia céc ky thuat diéu ché

I3

lién quan. Két qua phuong phép dé nghi da dugc minh hoa bang mé phéng va thuc nghiém.

™ wb

| ER3 1
60 70 80 20 100

0.54
0.4+
0.2+
0.2+
0.1
0.0
-0.1
-0.2
U
-0.4+
-0.6- 10 2

L] L) L]
[=11] 70 90 100

8
TIME
Hinh 6. Két qua md phong ving diéu ché tuyén tinh m=0.4. D0 thj dién p va dong tai pha B- va C-
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Hinh7. Két qua mé phong a) Qué diéu ché mode 1 m=0.5225 va b) mode 2, m=0.5447. D3 thi dién ap

va dong dién tai pha B- va C-; phan tich FFT séng hai dong dién.

a)

M Pos: 1.600ms
. . 5 Wﬂaﬁoﬂ
""" FFT)
Source
CH1
window
_Flatm_p]
FFT Zoom : .- sreseioanal ooty FET Zoom
®1) : = aaard K8 x|
CH1 ./ 23TV ICHT S00mY  CH2 S00my M 5.00ms CH1 /S 23TV
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: YT =
3 s " iy
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Hinh 7. Két qua thuc nghiém. Diéu ché PWM ving tuyén tinh véi m=0.4
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CHZ 7 =115
~70Hz

<10Hz <10Hz
a) b)

Hinh 9.Két qua thuc nghiém. Qua diéu ché a) mode 1 m=0.5225 va b) mode 2 m=0.5454.

ANALYSIS OF CARRIER PWM METHOD FOR 4-SWITCH INVERTER
WITH BALANCED DC SOURCES

Nguyen Van Nho, Nguyen Xuan Bac
University of Technology, VNU-HCM

ABSTRACT: Simple 3-phase 4-switch voltage source inverter can be utilised in practice
Jfor small power performance applications. For this topology, the paper presents a novel and
[flexible carrier-based PWM control method, which is valid even for linear overmodulation.
The proposed method is mathematically analyzed and verified by experimental results using
control DSP card DS1104 and low power modul IRAMX20UPG60A.

Key words: Carrier PWM, 3-phase 4-switch inverter, overmodulation
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