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Tom tat

Bai béo trinh bay phuong phap diéu ché dé rong xung cho bé bién tan ma tran da bac nham triét tiéu dién ap
diém néi chung. B6 bién tan ma tran da bac duoc nghién ciru trong bai béo duoc xay dung tir sw két hop gitra
bo nghich lu ba bac dang T va hai b6 chinh luu nguén dong méac néi tiép véi nhau. Ngoai nhiing wu diém
cla bd bién tdn ma tran truyén théng nhuw: dong dién ngudn va tai dang sin, céng suét cé thé truyén theo 2
chiéu tr nguén sang tai hodc tai sang ngudn thi bo bién tan ma trén da bac c6 thém wu diém do la: dién ap
trén tai co 3 mirc, do do chét lvong dién 4p/dong dién trén tai sé cao hon so véi bo bién tdn ma tran truyen
théng. Dién ap diém ndi chung l1a nguyén nhén gay ra sw hw hong céch dién cua déng co, gay ra cac nhiéu
dién tie. Do do, trong nghién curu nay, mét phwong phap diéu ché vector khéng gian phi hop sé duoc dé xuét
dé triét tiéu dién ap diém ndi chung. Dé xéc nhan tinh dung dén cta phuong phap dé xuét, céc két qua mé
phéng duoc xay dung bdng phédn mém Psim, ciing nhuw céc két qua thurc nghiém duwoc xay dung trong phong
thi nghiém sé dworc trinh bay.

T& khéa: Bién tAn ma tran, nghich lwu da bac, phwong phap diéu ché do rong xung, dién ap didm ndi chung.
Abstract

This paper presents the pulse width modulation for multilevel indirect matrix converter for elimination common-
mode voltage. The presented multilevel indirect matrix converter is based on the combination of T-type
multilevel inverter and two cascaded rectifers. Beside possessing the advantages of convetional matrix
converter such as: sinsoidal input/output currents, bidirectional power flow, the multilevel indirect matrix
converter provides some advatages: high performance of output voltage due to it is three-level voltage. The
common mode voltage is responsible for overvoltage stress to the winding insulation and bearing damage of
ac motor and it raises leakage currents, which can cause electromagnetic noise to the equipments installed
near the converter. Therfore, the space vector modualtion method is proposed in this paper to eliminate the
common-mode voltage. In order to verify the theory analysis, some simulation resutls with Psim software are
provided. Futhermore, one laboratory prototype was built and experimetal results are presented to validate
the simulation results.

Keywords: Matrix converter, multilevel inverter, pulse width modulation, common-mode voltage.

Bién tin ma tran truc tiép duoc xay dung tr chin khoa
hai chiéu dé két ndi ba ngd vao cua ngudn vao ba ngod

Trong nhimg nam gin ddy bo bién tin ma tran
nhan dugc nhidu sy quan tam cua cac nha nghién ctru
trong linh vyc dién tir cong suét vi nhimg wu diém cia
n6 mang lai nhu la: dong dién nguon/dong dién tai dang
sin, cong suat truyen theo hai chiéu tir nguon dén tai
hodc tir tai sang nguon, khong su dung tu dién nhu mot
ngudn tich trit nang lugng trung gian do do tudi tho s&
cao hon bd back-to-back truyén théng [1]. Cdu hinh
bién tAn ma trn dugc chia thanh hai loai khac nhau:
bién tan ma tran tryc tiép va bién tan ma tran gian tiép.

* Dia chi lién hé: Tel:(+84) 919142110
Email: ndtuyen@hcmut.edu.vn

ra cuia tai [2]. Bién tan ma tran gian tiép duoc xay dung
timg 2 tang khac nhau: ting chinh luu bao gém sau
khoa cong suét hai chiéu, ting nghich luu gdm sau khoa
cong sudt mot chiéu nhu bd nghich luu hai bac truyén
thong [3]. V& sb luong linh kién ban dan, chat luong
dién ap tai hay dong dién ngudn cua hai bo bién tan ma
tran tryc tiép va gian tiép 1a nhu nhau. Tuy nhién, bién
tan ma tran gian t1ep ¢6 nhiéu uu diém hon so voi bién
tan ma tran tryc tlep. O b1en tan ma tran tryc tlep, su
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chuyén mach ba hodc bbn budc can dugc thyc hién aé
dam bao qua trinh chuyén mach khong gay ngin mach
hoac qua ap. Trong khi do, van dé chuyen mach cua
bién tan ma tran gian tiép kha don gian: ting chinh luu
chuyén mach khi dong dién qua khoa cong suét 1a bang
0, do d6 ton hao cong suét trén linh kién s& giam, qua
trinh chuyén mach & tﬁng nghich luu dugc thuc hién
bang cach thém thoi gian dead-time gitra hai khéa trén
cung mot nhanh [4].

Gan day, nhiéu nha nghién ctru da tap trung phat
trién cdu hinh cho bién tan ma tran kiéu gian tiép.
Trong nghién ctru [5] — [6], bién tin ma tran kiéu gian
tiép duoc dé xut dé cung cip dién cho tai nhiéu pha tir
ngudn ba pha bang cach thay thé nghich luu pha hai
bac truyén théng bang nghich luu da pha. Bé van hanh
hai tai ba pha cung liic tir mot ngudn ba pha, bd bién
tAn ma tran hai ngd ra ciing duoc trinh bay trong cac
nghién ctru [7]. Nham nang cao chét luong dién ap trén
tai, bo bién tan ma tran da bac dugc dé xuit trong [8].

Tu cac nghlen cuu [5]-[8], hau het cAu hinh bién
tan ma tran gian tiép duoc phat trién & tang chinh luu,
trong khi d6 tng chinh Iuu van 1a siu khoa xoay chiéu.
Do do, khi ap dung vao trong bién tin ma trn da bac
s& ¢6 khuyét diém la phai giai quyét vin dé& mat can
bang dién ap diém trung tinh [8]. Trong bai bao nay,
bién tn ma tran da bac duoc xay dung tir sy Kkét hop
gitra nghich luu da bac dang T va hai nguon chinh luu
nhu Hinh 1. B6 bién tAn d& xudt trong bai béo nay c6
nhiing déc tinh sau:

- €6 hai ngudn xoay chiéu khac nhau cung cip cho
hai chinh lwu nham tao hai dién ap DC khac nhau
cho bd nghich Ivu ba bac dang T. Do d6, van dé méat
can bang dién ap DC s& khong xay ra.

- Dién ap ngd ra s& duoc tong hop dang ba bac. Do
do, chat luong dién ap s& t6t hon so voi bién tan ma
tran truyén thong.
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diém ni chung 1a mot trong nhitng nguyén nhan gay
ra dong ro va lam cho hu hong 6 bi ctia dong co ciing
nhu gy ra cic nhiéu dién tir. Vi vay, viéc giam hay
triét tiéu dién ap diém néi chung 1a mot trong nhﬁ'ng
mbi quan tdm khi d& xuét phuong phap diéu ché do
rong xung cho cac bo bién d6i cong suat. Doi voi bién
tan ma tran, c6 nhiéu phuong phap diéu ché do rong
xung nham giam dién ap diém ndi chung nhu [9]—[10].

Tuy nhién nhitng phuong phap nay chi ap dung cho
bién tin ma tran kiéu truyen thong vadién ap diém ndi
chung giam di 42%. D4i v6i cdu hinh bién tin ma tran
da bac va phuong phap diéu ché vector khong gian dé
xudt thi dién ap diém ndi chung hoan toan bi triét tiéu.

Bai béo nay dugc trinh bay theo cu tric nhu sau:
trong phan 2, nguyén Iy hoat dong cua bién tin ma tran
da bac duoc gioi thiéu. Phuong phap didu ché d6 rong
xung d& xuat duoc trinh bay trong phan 3. Trong phén
4, cac két qua mo phong duoc thuc hién bang phin
mém Psim s& trinh bay. Pé kiém .chung phan tich ly
thuyét va xac nhan tinh dung din cia két qua md
phéng, mot mo hinh thue nghiém dugc xay dung va cac
Kkét qua thyc nghiém s& duoc trinh bay trong phan nay.
Céc két luan cta nghién cru nay duoc trinh bay trong
phan cudi cing.

2. Céu hinh va nguyén Iy hoat dong

Bang 1. Trang thai dong cét cac khoa cong sudt & ting
chinh luu va dién 4p DC-link twong ing

bién ap DC-

Trang thai dong cat link
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Hinh 1. Ciu hinh b6 bién tAn ma tran da bac

Ngoai ra, mot phuong phap didu ché vector
khong gian s€ dugc trinh bay trong nghién ctru nay
nham dé triét tiéu dién ap diém ndi chung. Dién ap

1 0 0 0 0 1 Vac Vac
0 1 0 0 0 1 Vbe Vbe
0 1 0 1 0 0 Vba Vba
0 0 1 1 0 0 Vea Vea
0 0 1 0 1 0 Veb Veb
1 0 0 1 0 0

0 1 0 0 1 0 0
0 0 1 0 0 1

Cau hinh ctia by bién tan ma tran da bac dugce
trinh bay trong Hinh 1. Cac thanh phéan cta bo bién tan
nay bao gom: bién 4p cach ly, bd loc LC tai dau ngudn
dé loc séng hai bac cao cua dong dién, hai b chinh luu
sau khoa xoay chiéu méc nbi tlep vOi nhau, va bo
nghich Iuu ba pha ba bac dang T.

M3di b chinh luu bao gdm sau khoa cong suét hai
chiéu nhu Hinh 1 (Sapj, Sa,;], S[;p], S[;,;], Scpj, Secol cho bﬁ
chinh Ivu 1 va Sagz, Sanz, Slmz, Sbnz, Scoz, Sen2 cho bﬁ
chinh luu 2) va dugc cung cAp boi mot nguon ba pha
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xoay chiéu thong qua bo loc LC. Chirc ning cta b
chinh Iuu 12 tao ra dién ap DC cung cdp cho nghich luu
da bac va dam bao dong dién ¢ ngudn AC dang sin. Bo
chinh luu thtr nhét tao ra dién ap Vpo va bo chinh luu
thtr 2 tao ra dién Vyo. Bang 1 trinh bay trang thai dong
cit cac khoa cong sudt ban dan va dién ap DC-link.

B0 nghich luu ba bac dang T 1a cAu hinh m& rong
ctia bo nghich luu hai bac ba pha truyén thong, bang
cach thém ba khoa cong suét xoay chiéu nbi ba ngd ra
clia tai vao diém trung tinh O. So sanh v&i bo nghich
Iuu ba pha NPC truyén thdng thi bo nghich luu ba pha
dang T ¢ nhiéu wu diém hon: t6n hao it hon, s6 luong
linh kién ban dan it hon do khong str dung cac diode
kep [11]. Tir Hinh 1, trang thai dong cit va dién ap pha
tai ciia bg nghich luu ba pha dugc cho ¢ Bang 2:

Bang 2. Trang thai dong cét cac khoa cong suit & ting
chinh lvu va dién ap pha tai — trung tinh twong ung.

Trang Trang thai dong ngit cac khoa | Pién  ap
thai cong suat trong mot nhanh pha tai —
nhanh X=(4 B C trung tinh
S. V.
* Sxi | Sx2 | Sx3 Sx4 o

1 1 1 0 0 Vro

0 0 1 1 0 0

-1 0 0 1 1 -Von

B nghich Iuu ba bac dang T duoc cip nguén DC
tao ra tir hai bo chinh luu la Veo va Voy. Chire nang cua
bd nghich luu 14 tao ra dién ap trén tai voi tin sb va
bién do thay ddi dugc bang cach phdi hop céc trang thai
dong ngit cua cac khoa ban dan.

3. Phwong phap diéu ché dd rong xung triét tiéu
dién ap di€ém noi chung.
3.1 Piéu khién ting chinh luu

Hai b6 chinh luu 1 va 2 dugc diéu khién 1am sao
cho hai dién 4p DC tao ra 1a Vpo va Voy gidng nhau.
Nhu trinh bay & Hinh 1, thi hai by chinh luu nay duogc
cung cip bang hai ngudn xoay chiéu ba pha giéng nhau.
Do d6, trang thai dong ngit ciia ba khoa xoay chiéu
phia trén/phia du6i cia bg chinh luu 1 hoan toan tuong
tu nhu trang thai dong ngat cia ba khoa xoay chiéu phia
trén/phia dudi ciia bd chinh luu 2. Dé tranh dién giai
trang lap, trong phan nay chi trinh bay phuong phap
diéu khién bo chinh Iuu 1, bd chinh luu 2 hoat dong
tuong tu.

Gia st dién ap cung cép cho bd chinh Iuu nay la
can bang va dugc bi€u dién bang cac phuong trinh sau:
v, =V, sin(e, )
" sin(w, 1 —27/3)
v, =V, sin(e,t+27/3)

(1)

Vb:

10

Biéu dd vector khong gian ciia ting chinh luu
dugc trinh bay trén Hinh 2 gdm sau vector dong dién
tich cuc va ba vector khong. Mdi vector dong dién thé
hién sy két hop cia dién ap pha ngd vao cho dién ap
mdt chiéu DC. Vi du, vector I thé hién sy két hop ciia
dién 4p vao pha a (cuc duong P ciia DC-link) va pha b
(diém trung tinh O ciia DC- link). Néu ta gia sir rang
vector dong dién ¢ ngd vao lin nam trong sector 1, ta
¢6 thé tong hop vector tir hai vector lién ké 1a:

—dI vd. 1

y " ab d " ac

2
1,1

trongdo [, , 1,

12 hai vector dong dién lién ké va d ,

dslaty s0 dong cua hai vector twong tmg.

Ibc

Ica

Hinh 2. Gian d vector khong gian tang chinh luu

Tuy nhién, dé dam bao dién ap & DC-link c6 gia
tri 16n nhét thi vector khong luq, Ips, 1. khong dugc st
dung. Do do, ty ) dong cua hai vector tich cuc s€ dugc
tinh lai nhu sau [6], [7]:

d

v,
dy=—2 2% 3)
"d +d, v,
/I (4)
“Td vd, v,

Dién 4p trung binh trong mét chu ky ldy miu cua
dién ap Vpo va Vou la:

in

\%

a

Vae

=d, (va—vb)+dac (va—vc):% ®)]

3.2 Diéu khién ting nghich luu

V6i bo nghich Iuu NPC ba bac dang T s& c6 27
trang thai dong ngit khac nhau. Mbi mot trang thai
dong ngit dugc mo ta qua td hop trang thai Sy = -1, 0,
1 (X=4,B,C) nhu trinh bay ¢ Bang 2. Dya vao d¢ lorn
dién ap cta vector khong gian, ta chia 1am bn nhom:

- Vector khong (V) dai dién cho ba trang thai
(1,1,1), (0,0,0) va (-1,-1,-1), d6 lén cua vector nay
bang 0.
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- Vector nhé gém ¢ 6 vector (V; dén V5) c6 do
16n bang Vpc/3 . Moi vector nho co hai trang thai dong
ngat.

- Vector trung binh gém 6 vector (V7 dén V;5) co
d0 16n bing 3V, /3

- Vector 16n gdm 6 vector (V13 dén Vis) c6 d6 16n

bang 2V, /3.

bién ap diém nbi chung duoc dinh nghia nhu sau
[12]:

VON

=(S,+Sp+S¢)- (6)

Trong do Voy1a dién ap gitra trung tinh tai véi tdm
ngudn DC hay con goi la dién ap diém ndi chung
(common-mode voltage). Tir phuong trinh 6, ta thy
rang sir dung sau vector vira va trang thai (0,0,0) cua
vector khong dé tong hop vector tham chiéu thi dién ap
diém nbi chung s& triét tiéu. Nhitng vector dugc sir
dung duoc thé hién nhu trong Hinh 3.

Nhu trong Hinh 3, vector tham chiéu nam trong
vung I, ta chon ba vector gén voi nhat1a Vi, Vs, Vo, va
thoi gian tdc dung cua cac vector ndy lan luotla Ty, T7,
Ty. Ta co

T, = {% m, sin (% - HH T,

2
T, =—=m,sinfT, @)
)
T, =T-T,-T,

Trong d6 T, 1a thoi gian ldy mau, m, 14 ti s6 diéu
bién va 6 la goc cua vector tham chieu.

7, 011

Hinh 3. Gian do vector khong gian ting nghich luu.

3.3 Phéi hop trang thdi déng ngit giita ting chinh
lwu va nghich luu

O phan trén, ta da dan ra cach thirc thue hién
phuong phap diéu rong xung cho ting nghich luu véi
gia thuyét rang dién 4 ap trén DC-Link la khong thay doi.
Tuy nhién trén thyc té, vi trong c4u hinh cta b chinh
lwu d3 loai bo di thanh phan tich trit ning luong trén

11

DC-Link nén dién ap trén d6 s& bi thay d6i lién tuc nhu
da trinh bay. Dé co thé diéu ché tang nghich luu chinh
xéc sao cho dién ap ngd ra c6 chat lugng tdt, ta phai c6
thao tac diéu chinh trong phuong phap diéu rong xung
& tang nghich luu.

Tang chinh lvu

Sy
S So |

Swrts Sz |
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Hinh 4. Phoi hop trang thai dong ngit giira hai tang
chinh Ivu va nghich luu

Nhu di phan tich & phan 3.1, trong mdi chu ki
dong ngit ting chinh luu dwoc chia lam hai phan, do
d6 ti 1€ thoi gian dong cia cac vector Vi, V7 va Vytrong
ting nghich luu ciing dugc phan phdi cho mdi phan.
No6i mot cach don gian rang trong mot chu ky dong cit
clia tang chinh luu s& c6 hai mirc dién ap day tam hiéu
1a mot mirc cao va mot mirc thap. Vi vdy, ta phai phan
bd binh quan lai thoi gian dong cit bén tang nghich luu
dé ngd ra c6 tac dong tuong tw nhu khi dién ap DC-link
12 hang so.

Pé dam bao cho ting chinh luu khéng bi ngin
mach giita cdc pha khi chuyén mach, ta s& thém vao &
doan chuyén mach mot khoan thoi gian goi 1a Dead-
time. Tuy nhién viéc lam do lai anh huéng dén tang
nghich Iuu vi khi d6, dién ap DC-link bang 0 tirc 1a DC-
link khong duoc két ndi v6i ngudn. Nhu vay sé khong
tao ra duoc duong dan cho dong dién chay vé & tang
nghich Iuu. Néu tai ciia ta ¢ thanh phan cam khang thi
s& xuat hién hién tugng di/dt [am tang dién ap trén khoa
mot cach dot ngodt gay hur hong khéa ban dan. Cach don
gian nhét dé khac phyc hién tugng nay dé chinh 1a lam
cho dong trén tai bang 0 trude khi chuyén mach 6 ting
chinh luu. Co thé thuc hién biang cach dong vector
khong ¢ tang nghich luu sao cho diém chuyén mach
cta ting chinh luu roi vao thoi gian tac ddng cua vector
khong trén ting nghich luu. Hinh 4 trinh bay su phdi
hop trang thai dong ngit cac khoa cong suat khi vector
dong dién cua tang chinh luu va vector dién ap & tang
nghich Iuu ndm trong sector 1.

4. Két qua md phéng va thuc nghi¢m

Phan mém Psim dugc s dung dé mo phong hoat
dong cua bd bién tan ma tran da bac voi phuong phap
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vector khong gian d¢ xuét. Cac thong so thuc hién mo
phong la:

—‘NgL’l(‘A)n xoay chiéu 3 pha: bién do dién ap pha 100V,
tan s6 50 Hz

- Tai ba pha: R=20 ), L=25 mH.

- Thong sb bo loc: C=45 uF, L=3.96 mH.

- Tan s6 dong ngat linh kién: =10 kHz.

- Ti s6 diéu bién dién ap 12 0.5.

Dé kiém chimg phan tich 1y thuyét va két qua mé
phong, mot mé hinh phén cimg dugc xay dung trong
phong thi nghiém. Cac thong s6 thyc hién m6 phong
hoan toan giong v&i thong s khi thyce hién mé phong.
Hinh 5 trinh bay mo hinh phan cing cta b bién tan
ma tran da bac, bao gébm: mach diéu khin
TMS320F28377, khoa cong suat hai chiéu s dung ¢
tan chinh luu SK 30GB123 va tang nghich luu si dung
SK 30GB123 va SKM100GB125DN, cam bien ap

LV25P cua hang LEM va dao dong ki st dung thu thap
dang song.

Céc két qua duogc trinh bay trong Hinh 6 (a), (b)
va () lan luot 1a: dién ap DC-link dugc tao ra tir hai bo
chinh luu dgc lap, dién &p va dong dién phia tai va dién
ap diém ndi chung duoc thu thap tir két qua mé phong
khi st dung phan mém Psim. Cac két qua mo phong
nay s& dugc kiém ching bang thuc nghiém.

Hinh 7 trinh bay sector ngd vao, xung kich cho
khoa Sp,; va hai dién ap DC-link. Chung ta thiy rang,
mdi chu ky dién ap sé c6 6 sector. Tr Hinh 7, khi dién
ap ngd vao ¢ sector thir 3 thi khoa Sy, luon trang thai
dong, & sector thir 2 va 4 thi hai khoa nay ¢ trang thai
didu ché va cac sector khac thi khac khoa nay & trang
thai ngat. Dién ap DC-link trén hinh nay hoan toan phu
hop véi két qua mé phong. DPién ap DC-link dugc tao
ra tir dién 4p day ctia ngudn ba pha.

Hinh 8 trinh bay di¢n ap day va dong di¢n trén tai.
Ta nhan thay rang két qua nay hoan toan phu hop véi
Kkét qua mo phong: dong dién dang sin va dién ap dugc
tao thanh tir dién ap day ¢ ngd vao. Hinh 9 trinh bay
dién 4p common-mode. Tir hinh nay, ta thiy dién ap
common-mode hoan toan bi triéu ti€u, tuy nhién ciling
¢6 mot vai gai nho do qua trinh dong ngit.

Hinh 5. Mo hinh thyc nghiém.

| uw]] I 1

A\AAAAAAAAAAAAAAAAA/

Von

50V/div Sms/div

100V/div 2A/div Sms/div

(b)

Yoc

5V/div Sms/div

(c)
Hinh 6. (a) Bién ap DC-link dugc tao ra badi hai bo
nghich luu (b) Dién ap pha, dién ap day va dong dién
tai (c) bién 4p Common-mode.

Hinh 7. Két qua thyc nghiém dién 4p DC-link.

Twry

Hinh 8. Két qua thyc nghiém dién ap day tai va dong
dién tai.
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Hinh 9. Két qua thyc nghiém dién ap Common-mode.
6. Két luan

bién 4p common-mode 1a dién ap dugc tao ra bdi
qua trinh didu ché xung va l1a nguyén nhan gay ra hu
hong dong co. Nhidu nha nghién ctru di trinh bay cac
phuong phap diéu ché do rong xung cho nghich lvu da
béc. Tuy nhién, ddi véi bién tin ma tran da bac thi hién
nay chua c6 nghién ciru nao. Bai bao nay da trinh bay
giai thuat vector khong gian cho b bién tan da bac ma
tran voi muc dich triét tiéu dién ap diém ndi chung. Cac
két qua mé phong va thyc nghiém da ching minh tinh
dung dén cua giai thuat dé xuét.
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