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1.PAT VAN PE

So véi b nghich luu 8p 3 pha diy du, s tinh giam céc linh kién caa mach nghich leu 4 khéa
& H.11am n6 tré nén hap dan cac nha nghién ctru véi hy vong ché tao thiét bi bién tan chi phi
thap [1]. Han ché duoc biét ciia n6 1a pham vi dién &p thap va sy giam siit vé chat luong &p va
dong tai. Hién tugng bién thién cac dién ap trén hai tu nguon dc déng gop thém suy giam chat
lugng &p ra. Sy mat can bang &p tai trong diéu kién bat ddi xirng ciia cac dptu co the giai quyét
bang ky thuat PWM thich hop [2]. Dé nang pham vi ap tai, giai phap phd bién |a sir dung bo
chinh luu diéu ché PWM dit ¢ ngd vao ciu trdc phéi hop chinh luu-nghich luu dé nang dién &p
nguon [3]. Mach chinh luu PWM con hd trg cai thién chét lugng dong dién ngd va can bang &p
hai tu dc. Loi thé trén s3 thuan loi khi hé thong truyén dong dong co dién duoc ché tao tich hop
cao. Hién nay, ki thuat didu ché vector khdng gian (SVPWM) thudng dugc dé didu khién nghich
luu 4 khéa. Céc két qua nghién ciru gan day cho thiy, ky thuat song mang dé dang va linh hoat
cao hon so voi k¥ thuat didu ché vector khéng gian, dic biét trong cac ciu tric nghich luu &p
khéng ddi xirng va phuc tap [4],[5].

Bai béo trinh bay mot ki thuat diéu ché méi dya trén sdng mang c6 xét dén kha nang diéu
khién tuyén tinh viing qua diéu ché. Trong khudn khd gidi han cia bai béo, viéc phan tich ki
thuat diéu ché duoc thiét ké vai gia thiét nguon p dc can bang. Vi du trong céc (ing dung sir dung
nguon pin, acquy hoac ¢ sir dung hé théng phan cang bl 4p dc ¢ ngd vao. Van d& can bang anh
huéng dao dong 8p tai vaky thuat bu &p dc s& dugc giai quyét trong nghién ciru khéc [6].

2. PHUONG PHAP PIEU CHE PE NGHI

2.1.Giai tich vector bg nghich lwu ép 4 khéa

Gia sir dién 4p hai nguon dc khdng doi va bang nhau:

Va=Vo=Vy/2 ’ (1)

Tur 4 kha nang dong ngat linh kién md ta ¢ bang 1, vector khdng gian dién ap

tao thanh 4 vi tri dinh cua hinh thoi trén H.3a. V¢i ky thuat SVPWM tong quét, mdi vector
dién ap yéu Cau c6 thé thuc hlen boi 4 vector dinh trén, cho boi h¢ thic:

Vrer = K1V1 + K2V2 + K3V3 + K4\/4 @)

K, +K,+Kg+K, =1.
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Hinh 1. Cau tric bo nghich luu &p 3 pha 4 khéavagian do vector tuong tng

ang 1. Trang tha kich vavector ap dinh

S1 S3 Va0 Vo Vo \Y%

0 0 Ugy/2 0 0 Ug/3

0 1 Ud/2 0 Ud _ jU d /\/é
1] 0] U4 Ug 0 iU, /3
1 1 Ud/2 Ud Ud 'Ud/3

Trong d6, K1,..,K4 |an luot |ati 1& thoi gian tc dung caa c&c vector dinh V1,..,V4 trong chu
ky lay mau Ts. Giai thuat SVPWM (2) gay rasé chuyén mach 16n, nhung bu lai chiing cho phép
diéu chinh phan b thoi gian giira cac vector V1 va V3, vagiitaV2 va V4 dé cai tién chat luong
hé théng..

Thyc té, phuong an diéu ché pho bién don gian hon chi sir dung 3 trong 4 vector dinh, c6 thé
thuc hlen theo he thirc tong quéat sau:

Vig = KV + K Vs + K Vg ©)
K+ Kpp +Kps =1.
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I N 1 r
Xét vi du vector dat V4 nam trong goc phan tu ther nhat. Ky thuat SVPWM cho phép dat

1 N o 1 1 1 1 1 1

vector V,« bang thuc hién chuoi cac vector &p Vi, =V,;V, =V,;V ;3 =V; (tuong ung 3 trang
théi (00),(10) va (11)) (co thé thyc hign bang k§ thuat song mang PD-PWM) véi sai léch vector
dién ap tac thoi nho nhat.

Vector 4 yéu cau vira néu ciing co6 thé thyc hién bang chudi cic vector &p

1 [ | [ | 1 : .

Vi =V Vi, = Vi3V g =V, (twong tng céc trang thai (01),(00) va (10)) (c6 the thuc hién bang
ky thuat song mang PS-PWM). Phuong phap ndy  ¢6 chét luong &p tai thip hon do do méo dang
cao hon giai phap ban dau nhung c6 loi thé han ché céc téc dung cia dién 4 common mode gay
ra.

Pham vi diéu khién tuyén tinh: D@ tién viéc so sanh va danh gid pham vi diéu khién p ra, ta
sir dung dinh nghia chi s6 dieu ché m nhu sau:
Vm(l)
Vy//3
Vi Vi 12 bién d@o thanh phan co ban cia dién &p dat duoc cia phuong phép diéu ché dé
nghi.
’ D3 dang suy rarang, pham vi diéu khién tuyén tinh cia mach nghich luu 4 khéa dat dén chi

(4)

, . U
sd m=0.5, twong &tng bién do 4p cuc dai bang V,, = —2% .
M 2\/5

2.2.Giai tich ky thuat song mang dé nghi

D¢ don gian phan tich mach, diém trung tinh hi¢u qua dugc chon tai 0[4,5]. Trong mo hinh
mach dién &p 3 pha- mach dc, dién ap phatai-tdm dc dugc phén tich ¢ dang tong thanh phan tich
CuC Vy1o Vathu tu khéng v [4]. Taco:

Vx0=Vx12*Vo; X=3,b,C. (5

Khi vector dién &p yéu cau di chuyén theo quy dao tron, dién p tich cyc s bang thanh phan
co ban ciamdi phatai, phy thudc vao bién d6 V& vapha q ciadién &p yéu cau, tuc |&:

Vato =Vie €OSQ;Vypp =Vig COS(A - 20 /3);Ve1, =V COS( - 4p/3) (6)

Pha tai A da duoc ni ¢6 dinh dén diém chia ngudn, tuong Ging véi tin higu diéu khién dc
khéng thay doi. Taco:

Vo=V, /2 . %
Dyavao H.1va (5),(7), thanh phan offset c6 thé suy ra nhu sau:
Vo =Vy/2- Vg, ®

Dién 4p dit cho viéc diéu khién cac pha B va C co thé thiét lap bai (5),(6) va (8).

D6 thi biéu dién céc dién &p diéu khién hai pha trén dugc minh hoa cho trudong hop m=0.5 va
Ve trén H.2.

Tuong quan giita ki thuat diéu ché vector khong gian va k¥ thuat song mang. Ky thuat
SVPWM c6 co sb tir gian db vector khéng gian vai céac dai lwong dic trung gdm céc vector &p
dinh thuc hién vati € thoi gian tuong tng. Tuong quan gitra ky thuat song mang PD PWM va
PS PWM dé nghi véi k§ thuat SVPWM tuong tng dugc diénta trén H.3 a, b vaH3 c,d.

K¥ thuat PD-PWM (Phase Disposition Carrier waveform PWM):
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NéU Vio>Veo, trat tu cac trang théi thuc hién s3 1a (00-10-11) . Néu vg>Vio, trat tu trang théi
thuc hién 1a (00-01-11) (H.3a,b). Binh nghia céc vector trang théi %J. j=1,2,3 va céc bién cuc tri
Max , Min nhu sau :

L I[LO]"  khi Vo > Vg

r Tr _
=[0,0]",s; =11 =9 )
s =[00]",5; =[1] va % 00T Khi vy <v,

©)
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Hinh 2. Bo nghich luu &p 4 khda, truong hop t6i han viing tuyén tinh m=0.5: &) Tin hi¢u &p diéu khién pha
a,b vac vab) Phan tich cac thanh phan tich cuc va offset
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Hinh 3.K¥ thuat diéu ché sdng mang a, b) PD PWM vac,d) PS PWM cho nghich luu 4 khéa

Max = Max(Vyg,Veo);  Min=Min(Vyy,Ve) (10)

Ham &p diéu khién trong ky thuat sng mang PD PWM vati I¢ thoi gian téc dong tuong ing
Kj cuacac vector cé thé x&c dinh nhu sau:
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1 1 1
Vi = Ki§ + K8, + K38 (12).
K; = Max; K, = Max- Min; K4 =Min (12)

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

Céc h¢ thuc (11) va (12) dan giai cho ky thuat PD PWM c6 thé &p dung cho truong hop PS
PWM. biém khéc biét Ia cac ham (9) va (10) duogc dinh nghia lai nhu sau, sir dung céc do thi
H.3c,d:

r_anT L _ T[T Kkhi vy > (1- vgo)

=10]1",s, =[10 =i 13
SOUS RO 0 v e v )
Max = Max(Vyg,1- Ve); Min = Min(v,y,1- V) (14)

3PIEU KHIEN TUYEN TiNH VUNG QUA PIEU CHE

Khi chi sb diéu ché theo dinh nghia (4) vuot qua gia tri m=0.5, by nghich luu & hoat dong
trong vlng qua diéu ché. Mac du, trong vung qua diéu ché dac tinh diéu khién trg nén phi tuyén
VGi sy xuat hi¢n cac song hai dién ap bac thap, diéu khién viing qué diéu ché lai tan dung hiéu qua
sir dung ngudn dc va co téc dung tich cuc trong qué trinh hoat dong qué do. Dic tinh phi tuyén
viing qué diéu ché c6 thé b tuyén tinh bing ky thuat diéu khién gitra c&c quy dao bién don gian
[7]. Nguyén ly diéu khién gitta hai quy dao bién dugc phat biéu tém tat nhu sau: Goi m la chi so
diéu ché caadién ap yeu Cau VX va m vamg Sao cho Ma<m<mg lachi sb diéu ché tuong u:ng vm
hai tin hiéu tich cuc biét trudc vya, Ve Dién &p yéu ciu s8 dat duoc bang ki thuat didu ché tuyén

tinh trong pham vi ma,mg, néu nhu tin hiéu diéu khién dién &p tich cuc vy, duoc x&c dinh tir
cac tin hiéu bién theo hé thirc sau:

Viaom = (L= W)Vyon +hvyeog (15a)
h = M= My (15b)
m = mA

bé dp dung nguyén ly trén, can x&c dinh c&c quy dao bién co ban can cho viéc dan giai ham
dién &p diéu khién nam gitra chang. Tu db thi vector khong gian vatoad¢ cac vector dinh, tasuy
raquy dao bién cuaché do tuyén tinh [a duong tron cuc dai ndi tiép (C1) twong ang chi sb m=0.5
(H.2a,b). Phuong trinh cua dp diéu khién va ham tin hidu tich cuc 3 pha x&c dinh tryc tiép theo hé
thirc (5) va (6). Quy dao bién thir hai, teong tng m=0.526, xé&c dinh boi duong bao (C2) chu vi
hinh luc gidc déu I6n nhit chira trong hinh thoi. DBé c6 thé xé&c dinh ham dién 4p tich cuc, tacan
tinh téan ham dién &p pha tai- tm mach dc caa hai pha B va C (H.4a). Vi du trong chu ky 2p
nhu sau:

i k. khi 0£q<2p/3
I .
T 1 khi 2p/3£q<
Voo = | | /3Ea<p (16)
i~ k@-p)+1 khi p£q<5/3
i 0 Khi else
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| 0 khi O0£q<p/3
| k@-p/3 M p/3Eq<p -
: 1 khi p£q<4p/3
t- k(@- 4p/3)+1 khi else
3
Vi ky =— 18).
ol K 2 (18)

Quy dao bién thu 3- (C3), twong ung chi sb m=0.551 x&c dinh bai vi tri 6 dinh cua hinh luc
giéc (ché d6 six-step). Ham dién 4p phatdm mach dc (H.4b) tuong tng véi cac chi s6 dieu che

bién sau day:
B oyal_ W a0
1.5 1.5
1.0 1.0
0.5 0.5
n.o- 0.o-
W oyh0_ L Y]
1.8 1.8
1.0 1.0
0.5+ 0.5+
o.0- o.a-
W ool W o
1.5 1.5
1.0 1.0
0.5+ 0.5+
L I T T T |'ID-3 L T T T T |1D-3
o 5 10 15 20 u] 5 10 15 20
TIME TIME
a) bl

Hinh 4. B4 thi tin hiéu 4p pha-tdm mach dc va céc thanh phan tich cuc va offset twong tng cho truong hop
t61 han m=0.526 va m=0.551.

i 0 khi -p/2£q<p/6

Vi = %0.5 khi (p/6£q<p/2)or(7p/6£q9<3p/2) (19)
L1 Kkni p/2£q<3/2
i 0 khi -p/6£q<p/2
-lo5 ki (p/2£q <5p/6)or(3/2£q <11p/6) (20)
L1 kni 5p/6£q <3p/2

~Quadiéu ché 2 ché do: Pac tinh song hai ¢6 the dugc toi wu héa bing ky thuat qué diéu ché 2
che d¢. Do cau hinh khong cho phép dicu chinh offset nén tin hi¢u dicu khién cac phaB vaC cé
thé suy truc tiép tur dién ap phat@m nguon dc tng vé6i hai chi so bién, tirc la

xO m (1 h)VxOA +hV x=B,C (21)

Giatri céc théng sb cua hé thuc xéc dinh dién 4p diéu khién (21) twong rng 2 mode 1 va 2
dugc cho trén bang 1. B thi minh hoa ky thuat tao dién &p diéu khién trong 2 ché do mode 1 va
2 mo ta trén H.5a,b.

Ché d6 mode 1 duogc dic trung boi chi sb méo dang rat thip, nguoc lai véi céc giatri ting cao
& viing qua diéu ché 2 vadat d6 méo dang I6n nhat & ché d6 6 buéc (M=0.5525).
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Bang 2.
Cac ché do Pham vi hoat m m V. Vv
PWM d@ng m A B X0A x0B
Piéu ché tuyén | 0EME 0.5 0 0.5 0 (15)
tinh
Qua dieu ché | 0.5<m£ 0.526 | 0.5 05264 | (15) (16),(17)
mode 1
Qua diéu ché| 0.526 <m£ 0.55| 0.5264 | 055125 | (16), | (19),(20)
mode 2 (17

4KET QUA MO PHONG VA THUC NGHIEM

Két qua tinh todn va vé d6 thi dugc thuc hién bang phan mém PSIM6.0. Céc tham sb ding
trong md phong ciia mach nghich luu 4 khda véi nguon can bang dugc tinh todn véi cac tham sb
lién quan nhu sau: Tai R=6 Ohm ,L=100mH. Nguon dc Us=U,=20[V]. Tan s6 song mang tam
giéc f4,=5kHz. Két qua md phong cac qua trinh dung k§ thuat PD-PWM véi chi so diéu ché duogc
chon m=0.4 v& trén H.6. Vi cung thdng so tai, két qua mé phong viing qué diéu ché ¢ ¢ cac ché
dd 1 va2 dugc minh hoabai cac dd thi trén H.7avab.

Mach thyc nghiém nghich luu 4 khéa sir dung card dSPACE DS1104 diéu khién bing may
tinh v6i phan mém giao tiép MATLAB/SIMULINK. Mach cong sut st dung 4 khéa trong modul
ban dan tich hop vé6i mach 14 IGBT IRAMX20UPG0OA. Ngudn dc duogc thiét 1ap 40V, 6n dinh
nho hai tu loc dc ¢ dién dung C,=C,=68001 F. Tai RL dau dang sao, co thong s R=6W
L=0.1H. Tan s hai co ban &p tai f,=50Hz. K§ thuat sdng mang PD PWM thyc hién véi tan sb
5kHz. Thiét bi do Tektronix 100MHz gdom 2 kénh, probe dién ép duoc diéu chinh x10, c&c dai
lwong do biéu dién gdm : dang dién &p pha B,C, dong dién 2 pha B-,C- va phan tich FFT song hai
dong dién. Két qua thuc nghiém va phan tich pho FFT do dugc cho truong hop diéu ché ving
tuyén tinh dwoc chon m=0.4, ; viing qua diéu ché mode 1 m=0.5225 ; va qua diéu ché mode 2
m=0.5454 dugc mo ta trén cdc H.8 vaH.9.

Két qua thuc nghiém phu hop véi két qua mé phong vai sir can bing céc pha tai, chirng minh
tinh dGng dan ciaméd hinh diéu khién sbng mang dugc dé xuat.
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Hinh 5. Din giai céch tao tin hidu diéu khién cho céc phab va ¢ cho quéa diéu ché mode 1 va mode 2

5KET LUAN

Bai béo datrinh bay giai tich ky thuat diéu ché séng mang mai cho mach nghich luu 3 pha 4
khoa c6 ngudn can bing. Bai béo ciing chi ra phuwong phdp méi diéu khién tuyén tinh ving qua
diéu ché , sir dung nguyén ly diéu khién gitra cac quy dao bién. Méi tuong quan tong quét gitra ky
thuat diéu ché vector khdng gian va diéu ché sdng mang da dugc chirng minh. Mé hinh giai tich
mach don gian va linh hoat c6 thé 4p dung mé rong cho mach nghich luu 4 khéa véi ngudn
khéng can bang. Bai béo ciing chi ra chat lwong song hai cia céc ky thuat diéu ché lién quan. Két
qua phuong phép dé nghi d& duoc minh hoa bang md phong va thuc nghigm.
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Hinh 6. Két qua md phong viing diéu ché tuyén tinh m=0.4. D4 thi dién &p va dong tai pha B- va C-
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Hinh7. Két qua mo phong a) Qua diéu ché mode 1 m=0.5225 va b) mode 2, m=0.5447. D) thi dién &p va

dong dién tai pha B- va C-; phan tich FFT sdng hai dong dién.
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Hinh 7. Két qua thyc nghiém

<10Hz

K1

. Diéu ché PWM viing tuyén tinh véi m=0.4
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Hinh 9.Két qua thuc nghiém. Qua diéu ché a) mode 1 m=0.5225 va b) mode 2 m=0.5454
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