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TOM TAT

Bién tédn ma trdn (Matrix Converter — MC) dem lai nhiing khd ndng méi trong hé truyén ddng
dong co khéng dbéng bé véi phuong phép diéu khién truc tiép mé men (Direct Torque Control — DTC).
Béng céach khai thac MC nhw mét bién tdn da mure (multi-level), lam gidm mdrc thdng giang cda dién
ap dau ra, do dé giam duoc do déap mach ctia mé men. Bai béo dwa ra céu truc diéu khién DTC — MC
v6i bé diéu chinh c6 nguéng, déc trung ctia DTC, nhung véi ndm murc so sénh, thay vi chi c6 hai hay
ba mirc & DTC théng thuong. Cac két qué thtr nghiém trén mé hinh mé phdéng va trén mé hinh thi
nghiém da ching té kha ndng ép dung thuc té cta céu tric nay. Hiéu quad dac biét thé hién ré & do
dap mach mé men thép, ké cé & vung téc dé thép, trong khi vdn dam bdo tét ca cac dic tinh ndng
lwong cua bién tdn ma tran nhw trao déi ndng lwong hai chiéu véi lwéi dién, dong dau vao hinh sin, hé
sb céng suét diéu chinh duoc dén gan mét.

ABSTRACT

Using Matrix Converter (MC) in Direct Torque Control (DTC) of asynchronous machine makes it
possible to improve general performance, especially the torque ripple reduction. The favorable feature
is obtained by controlling MC as a multilevel converter that decreases output voltage steps, leads to
much more smooth torque wave form. This paper presents a control structure for DTC — MC with the
controller of five thresholds instead of only two or three levels in normal DTC. The simulations as well
as experimental results demonstrate the validity of the actual control structure and its application
feasibility. The effectiveness is particularly found in the low toque ripple levels, even in low speed
region, while ensuring all special capability of the MC as bidirectional energy exchange, sine-wave
input current and closed-to-unity power factor.

I. DPAT VAN DE ludi hai chiéu, dong du vao hinh sin v6i hé sb

V6i dap tmg nhanh, bo didu chinh don 0D Suat gan bang mot.

gian, DTC da dugc ung dung phd bién véi cac Trong phan I s& phan tich cac dic diém
bién tan trén co s& cac bd nghich luu ngudn ap cia DTC v6i phuong phap diéu ché vec-to
(DTC — VSI). Nhuoc diém cua DTC — VSI la khong gian (Space Vector Modulation — SVM),
d6 dap mach mo6 men 16n, nhat 1a & ving toc do cho thdy r& sy khic nhau giira SVM — VSI va
thip, tan sb dong cét cua van ban dan thay doi SVM — MC. Phan th 1I trinh bay cach thic
dan t6i tén thit ting. Bién tin kiéu ma tran xdy dung hé théng diéu khién DTC — MC véi
(Matrix Converter — MC) la dang bién tan truc dic tinh dwgc cai thién hon nhiéu so véi ciu
tiép [1, 2], c6 sd vector dong cit nhiéu hon, ing trac co ban. Phan tha IIT 1a cac két qua thu
v6i nhidu mirc dién 4p ra, tao nén nhiéu kha nghiém cho thiy tinh dung din cua giai phap
nang lya chon vector trong diéu khién DTC, c6 diéu khién dua ra.

thé khic mot cach hiéu qua céc van dé cua DTC
—VSI [3]. Bai viet nay dua ra mot cau tric dicu
khién MC — DTC, dac biét khai thac MC nhu

11 ‘Cf'lll triic DTC trong bién tin gian tiép
nguon ap (DTC-VSI)

mot bién tin da mirc (multi-level), véi muc tiéu Nguyén Iy DTC — VSI, c4u tric thé hién
giam d¢ dap mach mé men ddng co & vung tde trén hinh 1, dua trén viéc lua chon cac véc-to
d6 thap ma khong lam ting dang ké tan s6 dong dién ap chuéan ap dit Ién stato ciia dong co tuy
cit cua van, trong khi van dam bdo cac tinh thudc vao gia tri, do bién thién sai 1éch mdé men
nang wu viét caa MC 1a trao d6i ning luong véi va tir thong stato va vi tri véc-to tur thong stato,
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trong do Te, Fs 1a md men dat va tur thong dat,
Te va Fs la gia tri md men va tir thong stato udc
luong. Bo diéu khién tir thong 14 khau so sanh
hai mirc, bo diéu khién mé men 1a khau so sanh
ba mtrc, dau ra cac bo diéu khién nay, Sk va Sr,
dugc dua toi bang chon véc-to chuan theo bang
1. Bang 1 dugc lap dya trén co sé phan tich anh
hudng cla cac vec-to chuén dugc chon theo s6
gia véc-to tu thong va theo vi tri ciia nd trén
mit phang véc-to khong gian, minh hoa trén
hinh 2.a va 2.b. Cac vec-to chuan co bién do
khong d6i, 0 hodc +2/3Uq., v6i Ug 1a dién ap
mdt chiéu trung gian.

Fs
X [ s
L1 Bang chon
véc-to VSI
* chuan
Te | St
11
T ﬁ  Fs
Udc lugng in
Fs, Te -
F <

Hinh 1. Céu triic DTC-VSI co ban.
1.2 CAu triac DTC trong MC

Trén hinh 3 thé hién ciu tao cia MC. So
d6 cAu tric co ban hé théng DTC-MC cho trén
hinh 4 [3], bao gébm 3 khdu diéu khién co
ngudng, hai khau cho tur thong va cho mé men
nhu & DTC-VSI co ban, khau thtr ba cho gia tri
trung binh cta sin(y;). v la goc 1éch pha gitra
vec-to dong dién va dién ap dau vao.

Trong so d trén hinh 4 cac dai luong can
do bao gdém cac gia tri dién ap dau vao u;, dién
ap dau ra U, va cac dong dién ra tai i,. Tir thong
va mO men dugc tinh theo cac gia tri do dugc
Uo, Io. CA&C gid tri dong dau vao dwoc xac dinh
qua céc gia tri do dong dAu ra va trang thai ciia
So

sanh goc pha gitra vecto dong dau vao véi vecto

cac van, tu do tinh dugc vecto dong I, .

dong bd y , nhu phuong phap dé ra trong [1],
s€ xdc dinh dugc goc léch pha y; gitta dong
dién thuc va vecto dong bo, dwa dén dau vao
ctia bo diéu chinh sin(ys). B diéu chmh s€ dam
bao y; ~ 0, nghia la lam cho hé sO cong suat
gin bang mot. Cac vec-to chudn cua MC cho
trong bang 2. Trong DTC — MC tac dong cua
cac bo diéu chinh co6 ngudng tir thong va mo
men gidng nhu trong DTC — VSI, néu chi xét
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trén hé théng vec-to khong gian dién ap dau ra
ctia MC v, (xem hinh 5.a).

Atyvs

V4 Vl

a) b)

Hinh 2. a) Véc-to tir thong stato.
b) Véc-to dién dap chuan V.

Bdng 1. Bang chon véc-to trong DTC-VSI co
ban.
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Hinh 3. So dé cdu triic co ban MC.
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Bdng 2. Bdang cac véc-to khong gian trong MC. ey 92 ; 245+,8+. p
R n I
No |A|B|C UO e0 Ii Qi 3 4+5+6+ 1+2+3+1 1-4-7- 3-,6-,9-
1+ [ a|b|b|28uy | 76 | 2/y3ia | -1/6 ST &ii
o o
1- | b|al|al-23uy|-506|-2/V3is | -6 !
4 -2-3- 4—,5—,6—§ 3+,6+,9 1+,4+,7
2+ | b | c|c| 28us | w6 | 2/\Bis | w2 23 i v
5 IO 2-5-8-
2- | ¢ | b | b|-2Buy |-516|-2/J3ia | 12 @) (b)
3t |clajal2Bua | w6 | 2/\3ia |76 Hinh 5. Véc-to khong gian ciia MC
3- | a|c|c|-28uq|-506 | -2/V3is | Tn/6 Tuy nhién MC con c6 hé thong vec-to
| b b | 23 s /i 6 dong dau vao nén cac véc-to chuan dugc chon
a U | O N3ls | theo bang 3 [3], trong d6 cac cot danh so I, 1I,
4 | a|b|al|-28up| w6 | 2/\3is| -6 ..., VI chi céac sec-to cua vec-to dong dau vao,
cac hang danh s6 1, 2, ..., 6 chi cac vec-to dién
5+ | ¢ | b | c | 2Buy | 5n6 | 2/{3ig | m2 ap ra, néu duogc chon theo DTC.
5 | b|c|b|-2Buy| w6 | -2/43ig | 72 Badng3. Bdng chon véc-tor trong DTC-MC co
ban.
6+ | a|c|al 283uy | 5w6 | 2/J3isg | 706
- ALL [ Il 11 v Y Vi
6- | c|a|c|-23uu| w6 |-2/{3is | Tn/6 e |+l -l e el -]
7+ | b |b|al|28uy | 12| 2/\3ic | w6 2 [ 3|12 |3|-1|2|3|-1]-2|]3]1]-=
,lol-7]s8|9|7|8|l-9]7|8|9]|7]|38
7- | a|al|b|-2Buy| 72 |-2/{3ic | -6
s |6|l4a|5|6|-4|5]|6|-4|5]|6]|4]-5
8+ | c | c|b| 28uy | w2 | 2/\Bic | w2 sl 3|12 3|1]2|3]1]2]3[1]2
8 | b | b | c|-2Bue| m2 |-2/\3ic| n2 s |91 71819171819 -7]8197]-8
s | 6|4 5|6|a|5|6|la|5|6]|-4]5
9+ | a |a|c | 2Bus | w2 | 2/V3ic | T/6 . R
II. HOAN THIEN DTC CHO MC
& |clclal| 2Bua| w2 |-23ic | T 2.1 Pic diém cua vector trong MC
O, lajlalal © - 0 - Nhu biéu dién trén hinh 5.a va 5.b, mat
O, [ bbb 0 - 0 - phang bicu dién véc-to khong gian dién ap dau
0. | c|clec 0 ) 0 i ra va vec-to dong dién dau vao déu dugc chia
= thanh 6 séc-to. Do dai cuia mot véc-to Vo (khac
M o U ~ .
— " khong) trén hinh 5.a s€ phu thudc vao vec-to
3~ ﬁ—@

B =i
refr

Switching
table

Hinh 4. So dé cau triic co ban DTC-MC.
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dong dau vao dang ¢ dau trong 6 sec-to trén
hinh 5.b. C6 thé thay rd diéu nay qua biéu dién
hinh 5.b nhung trai db thi vec-to quay trén hinh
5.b thanh d6 thi chir nhat nhu hinh 6. Vi du,
véc-to 1 (hinh 5.a) theo bang 2 co thé twong
img véi cac véc-to 1+, 2+ va 3+. Khi d6 néu
véc-to dong dién dau vao dang nam trong séc-
to SI thi véc-to 1 c6 thé duogc chon twong tng
v6i mot trong 4 véc-to 1+, 3-, va 2+, 2-. Theo
hinh 6, vec-to 1+ ¢6 do dai 2/3uy, 3- c¢6 d6 dai
2/3Ug¢, 2+ dai 2/3Uye, 2- dai 2/3uy,. Nhu vay 1+,
3- goi la vec-to 16n, 2+, 2- goi 1a vec-to nho.
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Hinh 6. Dién dp ddy dau vao MC.

0.02

2.2 Xay dung bang chon véc-to chuin

Trong MC ¢6 thé Iwa chon vec-to c6 do dai
pht hop theo bién d6 thay dbi cua md men,
duoc phat hién chinh x4c hon nhd bd so sanh
5 ngudng, cho trén hinh 7. Bang lua chon véc-
to cho phuong 4n DTC-MC tién tién dugc xay
dung nhu trong bang 4. Bang 4 chi rd véi bién
d6 mo men thay d6i 16n (St=+2) can chon ap
dat vec-to 16n (u)), véi bién d6 nho (St=%x1)
chon vec-to nhd (Us), voi St=0 chon vec-to
khong 0. Vi du, néu véc-to 16n 1, duoc chon,
gia st véc-to dong dién dau vao dang & séc-to
SI, dé giam goc w4 thi chon 3-, dé tang goc thi
chon 1+. 1+, 3- déu 1a vec-to 16n trong sec-to
Sl

St

A

T
€12 -€mY

Y
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Hinh 7. Khdu so sanh 5 nguong.

Vi vector nho ta s& cAn lam rd hon mot
sO chi tiét. Trén hinh 5.b phai chia séc-to dong
dién dau vao thanh 12 séc-to S1-S12. Trong
mdi séc-to ndy chi c6 mot vée-to nho sin c6 dé
lam tang hodc giam goéc y; , Véc-to nho con lai
dugc tao bang % véc-to 16n trong cung séc-to
(dugc thuc hién bﬁng ph?m mém). Vi du néu 1
duoc chon va véc-to dong dién dau vao dang
nam trong S1 thi véc-to 2+ 1am giam y; va %
1+ lam tang y; . Tuong tu cho cac truong hop

khac, ta dugc bang 5 la bang chon véc-to
chuan, chi tiét hoa bang 4.

2.3 Mo phong

Md hinh m6 phéng da duogc xay dung trén
Matlab/Simulink cho ca hai ciu trac DTC-MC
co ban va DTC-MC tién tién. Cac két qua dap
rmg moé-men cho DTC-MC co ban thé hién trén
hinh 9, ctia DTC-MC tién tién cho trén hinh
10. Theo d6 DTC-MC tién tién thé hién d6 dap
mach mo-men it hon han.

Bdng 4. Bang chon véc-to trong DTC-MC.

Sector Vg

S S| S|S|S|S

| imn ||V Vi

S1=2 2 3|4 | 5|6 |

Se=1 | Sr=1 | 2 |3 |4 |5 |6 |1

S~=0 | 0 |0 ]0]0 010

Sr=-1 | 6 | 1 | 2 | 3 | 4 | 5

Sy=-2 6 L 123145

S1=2 3 4 |5 |6 | L |2

Se=-1| Sr=1 | 3 |4 |5 |6 | L | 2

S~=0 | 0 |0 ]0]0 |00

Sr=-1 | 5 |6 |1 |2 | 3 | 4

Sy=-2 S 6 | L [ 2|3 |4

Bdng 5. Bang chon cdc véc-to chudan dam bdo
sin(y) = 0.

Sector dién 4p diu vao MC

1 | 2 |3|4|5|6|7|8[]9]10]11]|12

. R

3|2 |2|a|2|3|3|-2|-2]1]1]-3

u 1 3|32 |2 |1|-1]3]|]3|-2|-2]1

5 2 | % |1 |%n |3 |%|2|%|1]|%]|-3|%

Tln 1 | B3| %Bl2|B|1|lv|[3]|®n|-2

9 8 | 8| 7| 7|9]-9]18]|8|-7|-7])9

2 -7 9 9 (18|87 |7]1-9]-9]28 8 | -7

) S| % |7 |%|9|%|8|%|7T|%|9|%

Y | %9 |%|8|%|T|%|9|% |8

3| 6|5 |5|-4|-4|6|6|5|5]|4]|4]|-6

43




TAP CHI KHOA HQOC & CONG NGHE CAC TRUONG PAI HQC KY THUAT & SO 74 - 2009

4 | 6 |6|5|5|4|-4|6|6|5]|-5]4 'HE be
5 | lalvwle|w|5|%nlalwn|6]|n H"’: 3pha
& ISA A g
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Up MENTOR
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Tl B | 1w |3 |%n|2|%|1|%|3|%]|2 Sriver
9|8 |8|-7|-7|9|o|8|-8]7]7]-=9
5
7| 9l9|ls|s|7|7|9]l9|8|-8]|7 ~3pha,
380V/50Hz IGBT: 2.5 kW, 7.5 kW,
5 8 Vo l-1T|% |9 |%|-8|% |7 |%|9]|% 1MBH25D-120 1420 rpm 2000 rpm
= Filter: 0.5mH, 380V, 5A, 400V,
v | 7 |%|9|wn|8|vn|-7|%]|9]|%n|-8 e =2 27
6 | 5|-5|4|a|6|6|5|5|4]|-4]|68 . . ) =
6 Hinh 11. Cau truc DTC-MC thi nghiém.
4|6 |6|5|5|4|la|6|6|5]|5]-4 ]
5| v |a|w|6|w|s5|w|a|w|e|wn| IV. KETLUAN
6 A I <A < R A L
“l v |4 |w|e|vw|5|w|a|w|6|n]|s Cau trac diéu khién tién tien DTC — MC

III. CAC KET QUA THUC NGHIEM

Mo hinh thiét bi thi nghiém MC — DTC
tién tién cho trén hinh 11. Cac két qua ghi nhan
dugc thé hién trén cac hinh 12, 13 di cho thay
dap mg tot ctia mO-men dong co & ché do 6n
dinh va qua do (dao chiéu mo-men), dong dién

va dién ap pha dau vao MC tring pha.

Hinh 9. Dap ting mé-men dong co Tn[N.m]
Voi cau tric DTC-MC co ban, T=50us.

%01 0015 002 0025 003 0035

Hinh 10. Bap vmg mé-men dong co Tn[N.m]
Voi cau truc DTC-MC tién tien, T=50ys.
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v6i khau so sanh nam ngudng cho phép tin
dung tbi da cac véc-to dién ap chuan, dam bao
d6 dap mach mé men nhd, dac biét khi dong co
lam viéc & vung tdc do thip. Cau trac nay da
duogc thir nghiém trén hé xtr 1y tin hiéu sé hién
hanh nén hoan toan c6 thé trién khai ra tng
dung thuc té.

gt ”.I‘ RN I A e

00 002 004 008 008 0A0 042 044 046 048 020 00 002 004 00F DOE 010 042 014 016 018 (
Mo Wia

214
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W iB

Hinh 12. M&-men dién, dong dién dau ra MC
va dong dién/dién dp pha dau vao MC on dinh.

Mator current measuring 'rBlock iB

Hinh 13. M@-men dién tir, dong dién dau ra MC
khi dao chiéu mo-men.
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