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TOM TAT

Bai bao nay trinh bay mot giai thudt diéu khién PWM cho bg chuyén doi nguon 3 pha AC-
AC matrix converter véi dong dau vao, ap dau ra c6 dang sin. Gidi thudt dugc phat trién dya
trén ky thudt dzeu ché vecto khong gian (SVPWM). Giai thudt dat dwoc ti s6 diéu ché cuc dai
0.866 va hé so cong sudt dau vao bang 1. Ky thudt nay dwoc kiém chirng thong qua két qua mé
phong trén phan mém Matlab/Simulink va thwc nghiém trén Card FPGA Spartan 3E véi chuyén
mach bon budc.

Tir khoad: Matrix converter, space vector control, unity power factor.

ABSTRACT

This paper presents a PWM control algorithm for three-phase AC-AC matrix converter
with sinusoidal input/ output waveforms. The algorithm was based on technical space vector
PWM (SVPWM) which achieved the maximum modulation ratio of 0.866 and unity input power
factor. This technique is verified through simulation results using Matlab/Simulink software and
experimental results using the Spartan 3E FPGA card with the four-step switching algorithm.

Key words: Matrix converter, space vector control, unity power factor.

I. GIOI THIEU

Matrix converter 1a bd chuyén doi nguon Nhimng thuén 1¢i chinh cua né so voi bo

cong suat truc tlep ¢ thé thay dbi dién ap va nghich luu ap truyen thong cung bac la.
tan so dau ra theo mong mudn va diéu chinh

hé sé cong suit dau vao bang 1 ma khong phu e Khong c6 thanh phén tu DC lam trung
thudc tai. CAu tao cua nbd gom cac day khoa gian,

ban dan hai chiéu, dugc ket ndi theo dang ma o ) ) .
trdn m x n trong do m la 50 pha nguon vanla e Cung cap cap cong suat tryc ti€p tir nguon
) pha tai duoc két ndi truc tiép ma khong qua dén tai,

thanh phan trung glan 1a tu DC, hinh 1 thé hién

mot mo hinh don gidn cua matrix converter 3x3. e H¢ s cong suét diéu chinh duoc,

Matrix conveter dugc Venturini dé xuat
vao dau nhitng ndm 80 [1]. Tuy nhién n6 chi
dat duoc ti sO dleu ché dién ap 14 0.5, sau do
n6 dugce cai tién bang cach thém thanh phan
hai bac 3 vao thanh phan hai co ban dé nang
ti s6 diéu ché 16n nhit bang 0.866 [2]. Tuy
nhién, phuong phap nay chi ap dung trong
diéu kién nguon can bang. Cac phuong phap
ra doi tiép theo 1a k¥ thuat diéu ché vecto

Hinh 1: So do don gian ctia matrix conveter
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khong gian (SVPWM) va diéu ché séng mang
ap dung.

CAu hinh b matrix converter dugc chia lam
2 loai la tryc tiép va gian tiép. Trong nghién ctru
nay noi vé phuong phap truc tip s dung ky thuat
diéu ché vecto khong gian (SVPWM), n6 dé thuc
hién diéu ché dién 4p ngo ra va dong vao theo
dang sin mong muén va dat ti s diéu ché 16n nhat
12 0.866. Dac biét 1a diéu chinh duoc hé sé cong
suat dau vao.

Qua trinh m6 phong giai thuat dugc thyc
hién trén phan mém Matlab/Simulink va phan
ctimg duoc thyc hién véi sy ho trg ciia Card FPGA
Spartan 3E.

IL. GIAI THUAT SVPWM

SVPWM 14 ky thuét c'heu khlen dugc
ap dung rong réi trong didu khién thiét bi bién
d6i cong suat. Ky thuat SVPWM trong bo matrix
converter cho phép tao ra vecto dién ap dau ra va
dong vao mong mudn tir vecto dién ap dau vao va
dong dién dau ra.

V6i 9 khoa hai chidu, c6 thé phdi hop
tong cong 2° trang thai dong cat cua bo Matrix
conveter. Dé co thé sir dung, cic trang thai ~dong
cét phai thoa man hai ti€u chi co ban: a) dé dam
bao nguon vao khong bi ngan mach tai mét thoi
dlem ¢6 toi da 1 pha nguon ndi théng dén mot
cong ngd ra bd matrix converter, b) dong dién ra
khong dugc phép hé mach. Tir nhitng qui tic trén
thi bd matrix converter 3x3 ¢6 tong cong 27 trang
thai phdi hop dong cit. Trong sb 21/27 trang thai
str dung dugc, thi cé 18 trang thai vecto dong dugc
ky higutlr +1...... +9 va 3 trang thai vecto khong
ky hi€u Oa, Ob, Oc (trong bang 1). Sau trang thai
con lai khong sir dung, vi céc trang thai nay khong
kiém soat dugc hoan toan. Ching tao ra dién ép
ngo ra va dong vao c¢6 goc pha phu thudc vao goc
pha cua ap vao va dong ra cua hé thong 21 trang
thai bao gom vecto dong dién vao va vecto dién
ap ra sé dugc trinh bay trong hinh 2 va hinh 3.

BPai Hoc Sir Pham Ky Thugt Tp Ho6 Chi Minh

Nguyén 1y hoat dong cua giai thuat dua
trén vi€c chon 4 vecto dong trong mot chu
ky dong cit T,, vecto 0 dung dé phéi hop
dém.

Xét hinh 4 va hinh 5, v, 1a vecto dién ap

dau ra; v,1a vecto dién ap day dau vao ; i, la

i
vecto dong dién dau vao; e, la vecto dién ap
pha dau vao; @, la goc léch pha gitra dién ap
pha vao va dong dién vao; «,,p, goc tuong
mg cua vecto ap ra va dong vao tai mot thoi
diém trong céc sector.

Xem hinh 5, goc 1éch pha ¢, gilta vecto

ap vao e; va dong vao i hoan toan c6 thé
diéu chinh duoc bang cch didu chinh gbc

B,- Dé 1 rang hon xét hai vecto 4p ra Vo s

dong vao i, cung nam trong sector 1. Dé dam
bao dién ap dau ra va dong vao ¢6 dang sin
va hé sd cong suat dau vao bang 1 thi vecto

v, (hinh 4) duoc tong hop tir hai vecto ¥'va
V". Hai vecto v' va v"ciing duoc tong hop
tir hai vecto co cung phuong véi nod, dé xéac
dinh hai vecto nay xem hinh 2, vecto v'va v"
nam cung phuong véi 6 vecto (+1,42,+3) va
(+4,+5.+6) duge sap xép 16n nho theo hinh
mii tén. Tuwong ung cho cac vecto dong dién
thi ciing c6 dang twong tu theo hinh 3. Dé dat
ti s6 diéu ché 16n nhat 13 0.866, vecto ¥' duge
chon tir cip vecto co gia tri 16n nhat giira cac
cap vecto con lai. Nhu vay, -2 va +2 s€ dugc
loai bo vi ching c6 gia tri trung binh, gitra 4
cai con lai +1 va -3 s€ dugc chon vi ching
c0O gia tri 16n hon. Nhu vay, ap dung cho v"
thi -4 va +6 s€ dugc chon va vecto dong dién

i cling dugc téng twong ty. Cac truong hop
Khac két qua dugc tong hop trong bang 2.
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Bang 1: Bang 21 trang thai dong cit
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Hinh 3: 18 trang thai vecto dong vao

Hinh 5: vecto dong vao trong sector
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Béng 2: Bang 36 trang thai ph6i hop dong cit giita cac
sector dong vao va ap ra
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Theo [3],ta c6 dugc

Theo [3],ta cd dugc

~

a’l:%fcos(%—%)ms(g_ﬁf) (1)
d2= 1:‘: %cns(%— au)cms(%+ i) (2)
43 = i::’ % ccrs(%+ an)cns(g - 5) )
dd= i:‘:%cns(§+ C(U)COS(§+)8:') )
do=1-dl-d2-d3~-d4 (5)
Tongdi+do+ds+di==1

V6i d 1a khoang thoi gian chuyén mach

gifta cac khod. Gidi han o, va B, trong
khoang tir -n /6 dén +7/6.

Sau khi x4c dinh dugc bon vecto trang thai
gia st trong truong hop nay 1a -3 +1 +6 -4 tuong
g v6i ap ra va dong vao cling nam trong sector
1, theo bang 1 cac trang thai chuyén mach lic nay
la :

acc — abb — aca — aba.

acc nghla 14 pha A cua tai nbi voi pha acua
ngudn, pha B cua tai ndi véi pha ¢ cua ngudn, pha
C cua tai n6i véi pha ¢ ctia nguon Tuorng tu cho
céc truong hop khéc. Bay gio, phdi hop cac trang
thai chuyén mach sao cho s6 lan dong cit ciia moi
lan chuyén trang thai la bé nhat.

Pé cai thién qua trinh chuyén mach, cac
trang thai vecto khéng duoc dém vao gitra cac
chuyen mach. Trong glal thuat nay dong cit dya
vao hai canh cta tam gidc can voi 12 cai chuyén
mach. C6 thé minh hoa bang so do chuyen mach
cua %2 chu ky nhu sau:

ccc—> acc —» aca — aaa —> aba—> abb—
bbb....

Tuong ung véi cac khoa chuyén mach nhu sau:
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Hinh 6: So @6 chuyén mach cua cac khoa trong 1 chu ky Ts

Ghi cht :Ky hiéu SAc nghia la pha A ciia tdi sé két néi véi pha ¢ ciia nguon va twong tw cho cdc
truong hop khac._

III. KET QUA MO PHONG VA THUC NGHIEM GIAI THUAT SVPWM.
1. Mo phong
Giai thuat dugc mo phong bang phan mém Matlab/ Simulink. Trén Hinh 7 1a m hinh tong quat

gdm c6 cac phﬁn,: khdi tinh thoi gian dong cat, khoi tao xung kich, khdi ngudn, khéi mach loc, khdi mach
cong suat va khoi tai. Thuat toadn dugc tinh theo luu d6 hinh 8.

KHOI TINH TOAN THO1 )

e GIAN DONG CAT KHOI TAO XUNG KICH

- outz 02 sha

- 102 Our? P03 = @

- .

tisodienap Quet o shb

100 I Outh gkl sch —P@

biendaVi Outh ] B —i'.

E|_> It Out? Ll s .

fi Tao duty m““ B @

Tan so dong ngat tas xung kich

Connt |s—s A

lzbz —
ConnZ |s—s|B an—nmn—q—l_nm—uzﬂ:
b|e—a —Trre B o : [RE—— T
Connl |s—a|C cloe oo, s ﬁ% o AL =
o I e . KHOI TAI
KHOI NGUON + 7= KHOICAC KHOA HAI CHIEU

KHOI MACH LOC

Hinh 7: Cac khbi m6 phong matlab.
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Hinh 8: Luu dd tinh ton trén matlab

Céc thong so dau vao cho qua trinh mo6
phong g1a1 thuat gom c6 tan s6 ngod ra mong
muon f, tan s6 nguodn ludi f, bién d ap ludi
V., bién do ap ra mong mudn V. va bién thoi
glan t. Tur cac glu: lidu ban dau ta tao dién ap
nguon v, va dién dp ngo ra yéu cau v, sau do

thuc hién chuyén truc a—p véi v, va v, dé
tach ra bién do va goc pha Trong truong hop
nay vi dong vao va ap vao co cung goc pha
nén ta c6 thé sir dung goc pha cta ap vao thé
cho goc cua dong vao tu do tinh toan vi tri
sector cua dong vao K, va sector cua ap ra K|
theo chu ky 360°, dong thoi tinh goc cuia vecto

ap ra ¢ ( twong duong voi o, trong phuong
trinh (1), (2), (3), (4)) va goc cia dong vao ¢,

(twong duong vdi B, trong phuong trinh (1),
(2), (3), (4)) tig sector. Do do, géc cua @, va
@, co gioi tr 0 dén n/3va dé phuong trinh
(1), (2), (3), (4) co gia tri khong am nén @, va
@, €O gi6i han tir — /6 dén +mb .

Sau khi ¢o6 cac thong s trén ta s& tinh
thoi gian chuyen mach cua céc trang thai
d1,d2,d3,d4 va cudi cung la phdi hop véi song

tam giac co tan s0 5 Khz dé tao xung kich cho
9 khoa hai chiéu.

2. Thuyc nghiém.
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Hinh 9: So d6 phén cirng matrix converter

So d6 phan cimg cho qué trinh thyc
nghiém duogc thuc hién véi su ho trg cta card
Spartan 3E, theo hinh 9.

Tin hiéu ap ngudn tir bién ap cach ly
220VAC/12VAC dua vao mach so sanh dé tao
tin hiéu dong bd dwa vao FPGA. Dong tai 3
pha ldy tir cam bién Hall qua bo so sanh dua
vao FPGA dé xur 1y chuyén mach 4 buéc. Pau
nguén,‘mach LC c6 tac dung loc song hai tra
vé ngudn. FPGA thuc hién giai thuat diéu ché
SVPWM, déng thoi thuc hién chuyén mach
bdn bude. Mach chinh luu cau diot va tu xa
duoc kep hai dau ngudn va tai dung dé bao
vé linh kién ban dan trong truong hop cé gian
doan dong tai. Qua trinh thyc nghiém dugc
thuc hi¢n & cac tan sO ngo ra la 25 Hz va 50
Hz véi cac thong s6 phan cimg nhu sau : L.=
1 mH, C.=20 pF, R =30 Q, L =30 mH, f
=5 kHz ti s6 diéu che 0,866 Va ngudn Va0
86V.

3. Két qua mo phong va thuc nghiém

100

I L L L I
0.02 0.04 0.06 0.08 0.1

Hinh 8: Ap pha tai mé phong & 25 Hz

Hinh 9: Ap pha tai thyc nghiém ¢ 25 Hz

TN

o o.04 c.08

Hinh 10: Dong tai mo phéng ¢ 25 Hz
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Hinh 11: Dong tai thuc nghiém ¢ 25 Hz
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Hinh 12: Ap pha tai mé phong & 50 Hz

201 002 0.03 0.04 0.05 0.0G

Hinh 13: Ap pha tai thyc nghiém & 50Hz
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Hinh 14: Dong tai mo phong ¢ 50 Hz

Ap vao

Hinh 16: Dang dong vao va ap vao mo phong da
qua bd loc.
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-
Ap wac Cong wao

AT

0.01 0.02 0.03 0.04 0.05 0.06

Hinh 17: Dang dong vao va ap vao thuc nghiém
da qua bg loc.

IV. KET LUAN

Bai bao di trinh bay rat co ban vé giai
thuat diéu ché vecto khong gian cho direct
matrix converter. Pong thoi da thé hién duoc
nhitng vu diém cia matrix converter thong qua
qua trinh md phong bang Matlab/Simulink va
thuc nghiém trén Card FPGA Spartan 3E, két
qua mo phong va thuc nghiém véi tai RL da
dugc trinh bai. Véi nhimg két qua dat dugc
cua bai bao s€ lam nén tang cho sy tiép can va
phat trién trong diéu khién matrix converter
v6i qui md diéu khién phtic tap hon sau nay.
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