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TOM TAT

Bai bdo gidi thiéu kp thudt tuyén tinh héa hoi tiép dioe img dung trong bg chink heu céu ba pha diéu
ché dp réng xung (PWM). Trudc tién, dya vao su cdn bing cong sudt vao va ra, mé hinh ciia bg chinh
hew dueoe xdy dyung voi cdc bién trang thai la dong dién AC va dién dp DC. Sau do, vmg dung ky thudt
tuyén tinh héa hoi tiép, hé théng dwoc tuyén tinh va ludt diéu khién hoi tiép trang thai dat duoc bing
s thay thé cuc. Voi ky thudt nay, dép img dién ap ngo ra DC nhanh hon céu tric diéu khién cascade
thong thuomg. Ngodi ra, dong dién vao duge diéu khién hodn toan sin va hé sé cong sudt nguon cd thé
dwoc diéu khién bang 1. Két qua mé phéng dwoc dica ra nham kiém chung tinh kha thi cua phuong
phdp dé xudt. )

Tir khéa: b6 chinh heu c6 diéu khién, diéu khién dién ap DC, ky thudit tuyén tinh héa héi tiép.

ABSTRACT
Control of Three-Phase PWM Converters using Feedback Linearization

In this paper, a novel nonlinear control scheme is proposed to regulate the DC output voltage and
the AC input current of a three-phase pulse-width modulation (PWM) converter. First, depending on
the power balance between the input and output sides of the system, the nonlinear model of the PWM
converter is derived with the state variables such as AC input currents and DC output voltage. Then,
by applying the feedback linearization, the system is linearized and the control law is achieved by pole
placement. With this control strategy, the response of the output voltage is faster than conventional cas-
cade control method. In addition, the input current is regulated to be sinusoidal and the source power
Jactor can be controlled at unity. The validity of the control method has been verified by simulation

results.

Keywords: AC/DC PWM converter, DC voltage control, feedback linearization.

1. Giéi thiéu

Trong nhitng nam gin dy, b chinh lwu cu
ba pha didu ché d9 rong xung (PWM) ding
IGBT (Insulated Gate Bipolar Transitor) dong
vai trd quan trong trong nén cong nghiép nhu
diéu khién téc d6 dong co, UPS (Uninterrupt-
ible Power Supply), ndng lugng gi6. Ching co
thé cung cép ngudn dién khong déi DC, ngd vao
cuong d6 dong dién dang hinh sin, hé sb cong
sudt ddng nhit. Ung dung don gian cua bd chinh
luu PWM duge thé hién trong Hinh 1. Nhiéu
cong trinh nghién ciu dwa vao quan diém diéu
khién da duoc thuc hién. Theo Slotine (1991),
cAu triic b diéu khién cascade bao gdm vong lap
didu khién dién ap bén ngoai va vong lip diéu

khién dong dién bén trong ding b tich phan ti
1& PI (Proportional Integral) dugc sit dung phd
bién nhat trong céng nghiép. Véi viée st dung
bd diéu khién PI, cac thong sb bd didu khién
thuong duoc thiét ké khong dbi ung vdi trudng
hop tai khong ddi, trong mét thoi diém van hanh
nhét dinh ctia hé thong. Vi ly do nay, khi tii c6 syr
thay ddi thi bd didu khién PI s& lam viéc khong
con hiéu qua. Dé dat duoc két qua tot nhat, cac
thong s6 bd didu khién PI stt dung trong tinh toan
phai duoc diéu chinh lai d8 phi hop vdi tinh chét
thay doi tai ctia hé thong. Theo Jung va cong
su (1998), bo chinh luu diéu ché do rdng xung
PWM duoc mé hinh thanh hé théng khong tuyén
tinh dya trén su can b%mg cOng sudt dau vao
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AC va du ra DC. Tuy nhién, dua trén mé hinh
ndy, bd didu khién duoc thiét ké ding phuong
phép phan tich tin hiéu nhé chi hop ly tai mot
thoi diém véan hanh nhét dinh, khéng thé ap dung
cho toan bd pham vi rdng. Trong bai bao nay, k¥
thudt tuyén tinh héa hdi tiép da dwoc 4p dung dé
diéu khién dong dién va dién 4p cia bd chinh luu
PWM. Trudc tién, md hinh khong tuyén tinh ctia
bo chinh luu dugc tao ra va sau ¢6 mé hinh nay
duoc tuyén tinh hoa bang k§ thuat tuyén tinh héa
hdi tiép. Cubi cing, 1y thuyét didu khién tuyén
tinh dugc 4p dung dé thiét ké bo didu khién cho
hé théng duoc tuyén tinh héa. Két qua dat dugc
tir viéc mod phong bo chinh luu cong sudt 2MVA
ding IGBT dugc dua ra nhim kiém ching tinh
kha thi ciia phuong phap dé xuét.
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Hinh 1: Ung bd ciia bd chinh hru AC/DC
PWM

2. M6 hinh toan hoc ciia b chinh lwu cé
diéu khién

So db mach chinh luvu ngudn 4p diéu ché do
rong xung PWM va so dd mach twong duong
mdt pha bd chinh luu 1an lugt dwge mé ta trong
Hinh 2 va Hinh 3. Trong mach Hinh 2, mét tai
thuén tré R, duge két ndi & ngd ra mach.
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Hinh 2: So @ mach chinh lwu AC/DC

Phuong trinh dién ap trong hé truc abc c6
dang:

e =Ri +L di,
dt

+v, (1)

Hinh 3: So @6 mach twong dwong modt pha
mach chinh lvu AC/DC

Trong d6: e_ 1 dién 4p ngudn, is 12 dong dién
ngudn, v_la dién ap ngd ra by chinh luu, Rva L
1an luot 13 dién trd va dién cam & ngd vao vao bd
chinh luu.

Phuong trinh dién 4p trong hé toa dd quay dq
(synchronous d-q reference frame):

”
e, =Ri, +L »:;é— —olLi, +v, )

Codi,
eqe:Rqu'l*L':i—t-*i-a)lee"l’qu (3)
Trong d6: ® 14 tAn sb gbc clia dién 4p ngudn.
Phuong trinh can bing cong suat vio va ra bo
chinh luu:

3 . . .
pin = E(eqelqe + edelde ) = vdcldc (4)

Trong d6: v, vai, 1an luot 12 dién ap va dong
dién ngd ra b chinh Tuu.

B ra ton hao dién trd va tdn hao trén khéa
linh kién ban dan, dong dién dc & ngd ra:

dv
i, =C—9 4 %)
de dt L
Trong d6: i, 1a dong dién tai.
Tu (4) va (5), ta ¢co:
3 . . av,, .
E (eqelqe + edelde ) = Cvdc .7;]“ + VdclL (6)

Phuong trinh (6) thé hién hé théng 1 phi
tuyén véi v 4 MO hinh khéng gian trang thai cia
hé théng 13
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Trong do: E—e  vae, =0.

3. Ap dung ky thuat tuyen tinh héa hoi tlep
vao diéu khién b chinh lvu PWM

3.1. Ky thuit tuyén tinh héa hdi tiép (FL)

Y tuéng ding k¥ thuat tuyén tinh héa hdi tiép
12 stra d6i hé théng phi tuyén bang cach chuyén
dbi va hdi tiép dé c6 thé c6 duoc mdt mbi quan
hé tuyén tinh gitta diu vao va diu ra cia hé théng
(Fukuda va cong su, 1993.; Sul va cong su,
2011). Nhu vay, k§ thuat tuyén tinh héa hdi tiép
1a @ loai bo tinh phi tuyén ciia hé thong théng
qua cac dau vao cia hé théng. Sau d6, qua d6
mong mudn ¢6 thé duge ap dat dbi vdi hé théng
bang cach thém vao mot ngd vao diéu khién méi.

Xét mot hé thdng phi tuyén da dau vao da dau
ra (MIMO) véi dau m vao va m dau ra:

x=f(x)+gu (8)
y = h(x) ®)

Trong d6: x 13 vector trang thai, u 1a ngd vao
diéu khién, y 12 ngd véo, fva g 1a truong vector
phang, v& / 13 ham vo hudng phang.
Muc tiéu ctia viée tuyén tinh héa ngd ra - ngd vao
ctia hé¢ théng MIMO 14 14y vi phan bién ngd ra y
ctia hé théng cho dén khi xut hién bién ngd vao.
LAy vi phan hai vé cta phuong trinh (9);

Y= Lh+Z( o ,)u/

Trong do: L /h va Lgh 1an Iuot 1a dao ham ctia ham
h(x) theo f{x) va g(x).

Giasur la cAp dao ham nho nhit dé it nhit mot
trong bién ngd vao trong phwong trinh (10) xuét
hién:

(10)

=L'h + 2

Trong do: L, Ly 'ho# 0 véi >,

r-wl
L7 hu, (1)

Ngd ra y, tng voi j>1 duogc viét lai nhu sau:

yl(" Lih u,
= e i+ D
y’(n’?w) Lrh, U, (12)

Trong d6: D 1a ma tran mxm, c¢6 dang nhu sau:

LL'H@ o L,LTh
D= o oot |

gmfm

Néu dinh thic ma trén D#0 thi phuong trinh
(12) duoc viet lai nhu sau:

7 _L,}'hl
u=D"

—-L7h
ym m (14)
Trong do: ¥ la bién ngd vao cta hé théng.
Mbi quan he gifta ngd vao va ngd ra duge

cho boi:

Y=Y (15)
Tai diém nay, qua do mong mubn ¢6 thé duoc ap

dit dbi voi hé théng bang cach thém vao mot ngd
vao diéu khién méi.

3.2. Ap dung k§ thuat tuyén tinh héa hdi tiép
vao b chinh luvu AC/DC PWM

T phucmg trinh (7), céc bién trang thai [,vav,
14 cAc bién ngd ra cna hé théng:

n=h (x) =1y
Y, =h (x) =V

LAy vi phan bién ngd ra y , theo thoi gian, ta c6:

(16)

=Lh Jr(llgllle)u1 +(nghl)u2

di, R .1
===l o, -~y
dt L (17)
Tfong do: (nghl ) =0va U =v,

Lay vi phan cdp 1 va cdp 2 bién ngdray,
theo thoi gian, ta ¢o:
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By =Ly (L by )i +(L by )y
av 3 i

— de L

dr 20y, “C
=L, (thz ) +L, (th: )“1 +

+ng (th: )uz
_dv,  3E (_R

(18)

de .

_3Ez’qe 3E ; 0 .
20v; (20w, ¢ C

de

i 3E

C 2LCv,
Trong d6: (L, k) =0, (L, h)=0,

(E ~1u, )

L, (thz):o va Uy =V,

Phuong trinh (18) va (19) duoc viét lai
dudi dang ma tran:

(e ) e

Trong do:

A, = 3£ (*Ei{e—a)ide -
20w, L
_3Ei, [ 3E Lk +§_+ 3E
20v \2Cv, * C) C 2LCv,

_]1 0o |
D= =

o __3E

2LCv,

Vi dinh thitc D khac khong nén luat didu
khién dat duoc nhu sau:

o M) e

Bién ngd vao diéu khién méi dat duoc
nhu sau:

{7/@:{ yl*—kllel :! (22)
Vs y; _k21é2 _k2262

Trong do: ¢, fy;k —y vae =y, -,
Céc sai s0 dugc dinh dang nhu sau:

(23)
24)

é+ke=0

e, +kye, ++k,e, =0

Trong do: £, k,, V,é. k,,1a cac (;I(f) loi. q

Mic du hé thong phi tuyén ¢6 thé dugc
tuyén tinh hoa béi k§ thuat tuyén tinh hoa
hoi tiép, nhung c6 su sai s khi thong sé hé
thong thay d6i. Dé loai bo sai s6 nay, ching
ta thém vao bd diéu khién tich phan vao
phuong trinh (22) nhu sau:

7/2

(26)

6 +hyé, +hyé, +hye, =0 (27)

Céc &6 loi duge x4c dinh bing phuong
phép dinh vi tri cdc cuc trong mit phing
phtrc [6]-[8].

Dé dam bao tinh chinh xéc ciia bd
diéu khién, ngd vao diéu khién trong phuong
trinh (21) duoc viét lai nhu sau:

y1* — ke — ki, e,dt
. (25)
Y, =k, &, —kpe, —k,, jezdt

e +k,é+k,e=0

u, = [Ride —oli, + L?ﬁ] (28)

2LCv,

U, = Riqe +wli, + 3E Vs

29
2Lv,, . @)
_+_

Z_L+qug[ 3E ie—iJ—E
3E ve \2Cv, " C

Thanh ph@fm dao ham cua dong dién
tai, i, trong phuong trinh (29) quyét dinh dép
ung qua d6 nhanh ctia hé thong.

Tu phuong trinh (28) va (29), dién ap
tham chiéu theo phuong doc truc va ngang
truc dugce dung cho viée diéu ché dé rong

xung lén luot 1a v, =-u, va v, =-u,. Ky

thuat diéu ché d6 rong xung vector khong
gian dugc ap dung trong bai bao nay.
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¢ thuat tuyén
tinh héa hoi tlep cta bd chmh luu dugce the
hién trong Hinh 4.
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Hinh 4: So' d6 khéi diéu khién ding k§
thuft tuyén tinh héa héi tiép

4. M6 phéng

Dé chimg minh van hanh cia hé théng
dung k¥ thuat tuyén tinh héa hdi tiép, cong
viéc mo phong dung phan mém PSIM 9.03
da duoc tién hanh cho bd chinh luu cong
sudt 2 MVA. Cac thong s6 thiét k& cho bo
chinh hru dugc thé hién nhu trong Bang 1.

Bang 1: Thong s6 ciia bd chinh luu

Théng sé Gi4 tri
Cong suét 2 MVA
Pién ap ngudn/Thn sb 690Vrms/60Hz
Pién 4p DC 1300V
Tén sb dong cét 2,5kHz
Pién cam 0,3mH
Tu DC 0,1F

Viéc m6 phong duoc tién hanh trong hai
truong hop ding bd diéu khién tich phén ti
1& (PT) va ding k§ thuat tuyén tinh héa hoi
tiép. V6i bo diéu khién tich phan ti 18, do
loi PI ctia bo diéu khién dién 4p va dong
dién dugc thiét ké 1an luot 1a & ,=10,05
vak, =568,41 va k,=0,6 va k, ——2 dam bao
dé Vot 16 cta dap ung 1 nho nhét. Vi Cheu
khién ding k¥ thuat tuyén tinh héa hoi tiép,
cac gia tri do lgi duogce tinh todn theo vi tri
cuc mong mudn trong mat phéng phtrc tai

= -75+j50 cho b diéu khién dong dién va

30, s, s=-3025 cho b didu khlen dién
ap, dam bao vong lap ctia hé théng 6n dinh,
dd vot 16 1a cuc tiéu. Thong thuodng, thot

gian 1iy miu ctia vong lap didu khién dién
ap thuong duoc lya chon 16m hon 8 1an thoi
gian 14y mau cta vong lap didu khién dong
dién (Blasko, 1997). Phuong phap d& xuét
cho két qua dap tng nhanh hon va d6 vot 16
nho hon, so véi viée dung bo diéu khién PI.
4.1. Khao sat sw thay doi tai

a) bién ap DC (kV)
131K

1.305K

13K oy /,_'V“
de
25
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Vi V.
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2
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b) Dong dién theo phuong ngang truc (A)
00

1200
1000
800
600 [

a00
200

15 2 2:5 3
Time (s)
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Hinh 5: P4p tng hé théng ding diéu khién
cascade PI Kkhi cong suat tai ting 0,6MW
dén 0,9MW va giam ve 0,6 MW

Hinh 5 thé hién két qua mé phong ding
bo didu khién cascade PI, khi c6ng suét tai
ting tir 0,6MW 1én 0,9MW va gidm tro vé
0,6MW. Nhu dugc thiy trén Hinh 5(a), dién
ap DC do (v, ) duoc didu khién sao cho gia
tri dién 4p cta né bang gia tri dién ap DC

tham chiéu (v, ) 1& 1300V. Tuy nhién, khi
tai tdng tai thoi gian 14 2s va khi tai giam tai
thoi gian 1a 2,5s thi dién 4p DC do duoc ¢o
su ting hodc gidm 1 it so voi gid tri tham
chiéu cia n6. Cu thé, khi tai thay dbi, dién
ap DC do duoc dugc thip nhat 13 1,289kV
va cao nhét 1a 1,309kV. Do d6 d¢ léch sai s6
phin trim 16n nhét gitra v, va 12 0,846%.
Hinh 5(b) va 5(c) lan luot thé hién dong
dién vao bd chinh luu theo phuong ngang
truc (iqe) va dong dién vao bd chinh luu theo
phuong doc truc (i, ). Khi tdi ting tai thoi
gian la 2s va khi tai gidm tai thoi gian 1a 2,5s
thi dong dién iqe cling tdng l€n, ludn theo gia
trj tham chiéu (i,), trong khi d6 dong dién
vao bd chinh luu theo phuong doc tryc (i, )

dugc diéu khién bang 0 (i, = 0).
Hinh 6 thé hién két qua mé phong ding ky
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thuat tuyén tinh héa hdi tiép, khi chng suit
ta1 tang tr 0,6MW 1én 0,9MW va giam tr¢
vé 0,6MW. Nhu ta thay trén Hinh 6a, diér
ap v, dugc diéu khién theo gid tri dién ap

DC tham chiéu (vd ) 1a 1300V. Tuy nhién,
khi tai thay d6i, dién ap DC do duoc duoc
thap nhat 1a 1.297kV tai thoi gian la 2s va
cao nhat 1a 1. 3021(\/ tai thoi gian la 2,5s. Do
d6 d6 léch sai sb phan tram 1n nhat gita v,

va v, 120.231%.

Hinh 6b va 6¢ lan lugt thé hién dong
dién vao bo chinh luu theo phuong ngang
truc (i) va dong dién vao b¢ chinh luu theo
phu’ong doc truc (i, ). Dong dién i . cling
dugc didu khién theo sat gla tri tham chiéu
ctia ching, va gia trj nay bang 0.

a) Dign ap DC (k)

131K
1305 |

13K A { |

1.285K Vi Ve
128K
15

Time {5}
b) Dong dién theo phwong ngang tryc (A}
400 ]
1208

1000 {\I\/MWMM\-
800
|‘Ja

600 i
400 ¥
200

5 2 25 3
Time (51

<) Déng dién theo phuong doc truc (A)
100 [

= i

15 2 25 3
Time (s)

Hinh 6: Dap rng hé thong dung ky thuat
tuyén tinh héa hoi tlep khi cong suat
tai ting 0,6MW dén 0,9MW va gidm vé
0,6 MW

4.2. Piéu khién hé s6 cong suit ngudn
Judn bang 1

Hinh 7 thé hién hé s cong suat nguon
duoc diéu khién. bang 1. Méc du hé so cong
sudt khong dU:O’c thé hién ¢ day, nhung viéc
didu khién hé sb cong sut som pha hay tré
pha déu c6 thé thuc hién duoc.

Luc nay, thanh phan dong dién doc truc
(hay con goi 1a thanh phan dong dién phan
khang) di vao bo chinh luu duge didu khién

bang 0 (iy, =0). Hay néi cach khéc, cong
sudt phan khang duoc dleu khién bang 0. Do
do hé sb cong suat ngudn ludn bang 1 vi hé
s6 cong suét ngudn cose = \/%QZ =1 Trong

10

ds, P va Q 1n luot 13 cang sudt tic dung
va cong suat phan k:hang cua ngucm. Théng
thudng, cac bd chinh luu cong subt cé thé
ding dé diéu khién phat cong suat phan
khéng dé nang cao hé sé cong suét cose 1én
trong truong hop dién 4p ngudn thép hon
dién ap ngudn dinh muc.

) Dién dp pha A (V) va dong dién pha A (A)

Hinh 7: Piéu khién hé sb cHng suét ngudn
bing 1

4.3. Khio sat nguon khéng can bing

Hinh 8 va 9 lan lugt thé hién két qua
mo phong dung diéu khién cascade PI va ky
thuat tuyén tinh hoa hoi tiép, trong truong
hop dién 4p ngudn pha A gidm 5% va cong
suét tai 12 0,9MW.

Pha A sut ap 5%

a) Dién ap nguén (V)

298K ‘
1.287K

15 2 25 3
Tima ¢s)

1520 c, 0ong dién thes phuong ngang truc (A}

1200 J

1000 .

eop | PN
i ige

800} e

400 f

200 | i
t3 2 25 3

Tims (s}
d) Dong dién theo phuong doc truc (A}
107

Time (s}

Hinh 8: P4p wng hé théng dung didu khién
cascade PI khi pha A gidm 5%
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Hinh 9: Pap dng hé théng ding kj thujt
tuyén tinh héa hdi tiép khi pha A giam
5%

Nhu ta thiy trén hinh 8(b) va 9(b), 46 16ch sai

56 phan tram 16n nhat gita v, va v, trong
hai trudong hop ding didu x(hl@ﬁ cascade PI

va k¥ thuat ‘(u]’é“’i tHn i An i
a 0, 19?% va 0,152%. Pidu uay chung té
1ang k¥ thuat ‘mym tinh hoa hoi tiép cho
két qua van hanh t6t hon phuong phap didu
ihién cascade PI.

5. Két luan

K¥ thuat diéu khién tuyén tinh héa hoi
tiép da dwoc nghién ctru 4p dung trong bai
bao nay nhim nang cao kha ning diéu khién
ctia bd chinh luu ciu ba pha ¢6 didu khién
PWM. Vi k¥ thuat ndy, tinh phi tuyér. cta
m6 hinh dugc loai bd nén tir d6 luat didu
khién tuyén tinh duoc ap dung bing phuong
phép dinh vi cac cuc. Chién luge didu khién
ndy c6 thé tao ra vin hanh hé théng dwoc
t6t hon trong trang thai qué do khi taj thay
d6i hodc sut dién ap ngudn. Tinh kha thi
ctia phuong phap dé xudt dd duoc chimg
minh bing cac két qua dat ﬁuac to viéc mo
phéng bd chinh luu cong sudt 2MVA diing
IGBT.
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