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Abstract

This paper presents a new sliding mode control (SMC) strategy for three-phase three-level T-type rectifiers (3LT?), which can be applied in
distributed power supply system. First, a state observer (SOB) was designed based on linear matrix inequality (LMI) to identify the optimal
eigenvalues of the state-tracking error function. Second, fixed-time sliding mode control (FTSMC) was constructed to control the system.
Third, a disturbance observer (DOB) was created based on the error signals of the system outputs and observer outputs. The output signals
precisely converged to the predefined trajectories in a very short time, with small overshoots and steady-state errors. Fourth, the Lyapunov
condition was utilized to verify the corrections/stability of the proposed controller and observer. Matlab Simulink simulation was used to
show the power/effectiveness of FTSMC and compare with the PI (Proportional-Integral) controller.

Keywords: Active rectifier, T-type rectifier, State Observer, Linear matrix inequality, Fixed-time sliding-mode control, Dis-

turbance observer, Proportional-Integral control

Tém tit

Bai bao nay trinh bay mét chién lwgc didu khién ché do trugt (SMC)
méi cho bd bién ddi ba pha ba muc hinh T (3LT2) & ché do chinh
luu tich cuc, tng dung trong hé théng ngudn nang lugng phén tan.
Diu tién, mot by quan sat trang thai (SOB) dugc thiét ké dua trén bat
déng thirc ma tran tuyén tinh (LMI) dé xac dinh cac gia tri riéng ti
wu ciia ham sai léch theo ddi trang thai. Thir hai, diéu khién ché do
truot thoi gian cd dinh (FTSMC) dugc xdy dung dé didu khién hé
théng. Thtr ba, by quan sat nhiéu (DOB) duoc thiét ké dya trén cac
tin hiéu sai léch gitra dAu ra hé théng va dAu ra cua bd quan sat. Cac
tin hidu du ra dugc hoi tu chinh x4c theo cac quy dao dugc xac dinh
truge trong mot thdi gian rét ngén, vai cac sai léch tinh va do qua
diéu chinh nho. Tht tu, diéu kién Lyapunov duoc sir dung dé xac
minh tinh én dinh cua bo diéu khién va bo quan sat dugc d& xuét. Mo
phong bang phan mém Matlab Simulink d4 dugc sir dung dé cho thay
hiéu qua cua b diéu khién dé xuit va duoc so sanh véi bo didu khién
PI (Proportional-Integral).

Tir khéa: Active rectifier, T-type rectifier, State Observer, Lin-
ear matrix inequality, Fixed-time sliding-mode control, Dis-
turbance observer, Proportional-Integral control

1. Gi6i thi¢u

Chinh Iuvu AC-DC ba pha duogc sir dung rong rai trong cac ing
dung cong nghiép do ¢ nhiéu ru diém nhu: dién 4p mot chidu
DC ¢6 thé diéu khién duoc, dong dién hinh sin véi do méo
song hai téng THD (Total Harmonic Distortion) thip va hé s6

cong sudt béng mot. Co hai loai bd chinh luu 1a: chinh Ivu
ngudn dong [1] va chinh lwu ngudn ap [2]. Trong khi by chinh
lru loai ngudn dong ba pha hai mic st dung 6 van dong cit
mat chiéu thi bd chinh lru ngudn 4p sir dung 6 van dong cit
hai chiéu. Tuy nhién, cdu tric chinh luu ngudn ap phd bién
hon do c6 céu triic don gian va d& didu khién [2]-[5]. Dé didu
khién dugc dién ap DC, dong dién hinh sin v6i THD thip va
hé sb cong suét 1a mot, bo chinh luu ba pha hai mtrc phai dugc
véan hanh véi tan s6 chuyén mach cao. Tuy nhién, diéu nay s&
lam ting tén hao chuyén mach va giy ra nhidu. Nhiéu co6 thé
giam di biang cach ting kich thudc ciia cic thanh phan thy
dong. Mt khac, hi¢u suét cta bd chinh luu ba pha hai mirc
khéng tét & dién ap trung binh va cao.

Trong nhitng ndm gin déy, cac bo bién dbi da mirc dang
ndi 1én nhu mot ciu trac 1ién két thay thé duoc sir dung & cdp
dién ap trung binh va cao ap [6]. Bo bién dbi da muc dua trén
nguén dién ap phé bién hon, c6 thé duoc phan loai thanh bo
bién ddi kep diém trung tinh NPC (Neutral Point Clamped)
[71-[9], tu dién treo FC (Flying Capacitor) [10], cdu H ndi
tang CHB (Cascaded H-bridge) [11], T-type [12], va loai lai
[13]-[15]. Trong sb cac bo bién ddi da mirc nay, bd bién ddi
ba pha ba mirc hinh T déng dugc chi ¥ do ¢6 cac wu diém nhu
tén that chuyén mach thap, giam s lugng thanh phin (sb
nguén moét chidu, s6 luong linh kién, ...), dién ap va dong dién
dau ra co gia tri THD thap, dé diéu khién, c6 thé din ning
lwong theo hai chiéu. Néu THD va chi phi la wu tién
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I Bang 1. Trang thai chuyén mach va dién 4p tao ra
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Hinh 1: Ciu trac cia 3LT2

thi bo bién ddi ba pha ba mirc hinh T 14 Iya chon t6t hon b
blen d6i NPC trong cac umg dung dién ap thap [16]. Ngoai ra,
cAu tric cia bd bién dbi ba pha ba mirc hinh T ¢6 s6 lugng
thanh phan it hon so v&i cAu triic cua bo bién dbi ba pha ba
muc NPC [17]. Trén mdi pha ciia bd bién ddi loai T chi can 3
van ban din ma khéng can thém bt cir diode kep hay tu nhu
FC, CHB hay NPC. Do d6, tén hao trén bd bién ddi hinh T
[18] ciing 1a thip nhit so véi con lai.

B chinh luu hinh T xut hién sau nén viéc diéu khién né
chua dugc nghién ctru rong rii. Co mot sb phwong phéap didu
khién nhu PI [19], MPC [20], SMC [21]-[23],... di duoc ap
dung. Trong do, PI la phuong phap dugc sir dung phd bién
hién nay trong cac hé théng diéu khlen Tuy nhién, bo diéu
khién nay c6 mot s6 nhuoc diém nhu téc do dap ung cham,
giam chit lrong diéu khién khi hé théng c6 nhiéu hogic khong
can bf'mg. Trong bai bao nay, mdt bo diéu khién ché do truot
FTSMC méi két hop véi bo quan sat trang thai SOB va bd
quan sat nhidu DOB duoc dé xuét dé nang cao chit luong didu
khién cho bé chinh luu ba pha ba mirc hinh T.

B6 diéu khién dé xuit dé didu chinh dién ap mot chiéu,
dat dugc didu khién dong dién ngay ca khi hé théng c6 nhiéu
thay dbi theo thoi gian. Dién ap DC duogc diéu khién boi bd
diéu khién PI trong khi bo diéu khién dong dién duoc diéu
khién boi FTSMC d xuit. B6 quan sat SOB & ché db truot
dwa trén bat dang thirc ma tran tuyén tinh LMI dé uéc lugng
cac trang thai cua hé théng 3LT2, diu khién ché do truot thoi
gian ¢ dinh FTSMC dugc xay dung dé didu khién hé théng
va bd quan sat nhidu DOB ciing dugc d& xudt dé quan sat
nhiéu duya trén céc sai léch gia tri cia ddurahé théng 3LT?va
b quan sat SOB.

Céc phan tiép theo cua bai bao dugc trinh bay nhu sau:
trong Phan 2, nguyén 1y hoat dong cta by 3LT? dugc néu ra.
Phan 3 14 m hinh todn hoc ctia bo 3LT2 O Phan 4, cdu tric
va timg thanh phin cta bd diéu khién d& xuit duoc trinh bay
chi tiét, didu khién Lyaponov ciing duoc sir dung dé cho thdy
tinh én dinh coa b diéu khién. Trong Phén 5, nhitng két qua
kiém ching dugc thyc hién trén phin mém mé phéng Matlab
Simulink va cubi ciing I phin Két luan cho bai béo.

2. Nguyén ly hoat dong cta 3LT?

So db cau tric ctua bd 3LT? dwoc thé hién trong hinh 1. Mbi
pha (A, B va C) s& bao gdm 2 IGBT (S, va Sy, x = A, B, C)
va 1 RB-IGBT (Sx2-Si3, x = 4, B, C) [18]. Cudn cam L duoc
két ndi gitra ludi va cac pha. Pong va mé cac van ban dan phu
hop s€ tao ra dién ap ba pha ¢ ba mirc: +Vpc/2, -Vpc/2, 0.
Béng 1 cho thdy trang thai chuyén mach va mirc dién ap duoc
tao ra ¢ pha B.

Ap dung dinh luat Kirchhoff 2, ta c6 phwong trinh mé ta hoat
dong ctia bd 3LT? phia AC nhu sau:

di
e, = -L—"* +v,
t
di 1
eb:_L_b+vbn ()
dt
di.
e(‘ = - L : + Vcn
dt

Trong d6: e, es, e. 1an luot 1a thanh phin a, b, ¢ twong {ng
cua dién ap Iu6i; Van, Vi, Ven 140 luot 13 thanh phin trong tng
cua dién ap pha dAu ra coa bd bién dbi; i, iy, ic 1an luot 1a
thanh phén 4, b, ¢ twong tng ciia dong dién pha.

Chuyén hé phuong trinh trén sang hé toa d6 d-¢ ta dugc:

+ Vg - €

{Liﬂ, = -wli, o

Lzsq = wli, + Vy "€,

Trong do: e, e, 1an lugt 1a thanh phén d-q tuong ung cua dién
ap 1udi; vsa, veq l4n luot 1a thanh phin d- g tuong ng cua dién
4p pha dau ra; iy, isq lan luoT 1a thanh phan d-¢ tuong (g clia
dong dién pha; o 1a tin s6 goc co ban.

Ap dung dinh luét Kirchhoff 1, ta c6 phwong trinh mé ta
phia DC nhu sau [22]:

dv,

el A
1 dt 0 L (3)
C, dve, = C dVe, + 1,
dt dt
Suy ra:
I =c Ve, C dv,, _ Cdve @
dt dt dt

Trong do: 1, 1a dong dién qua diém trung tinh, v, = Vo — Ve
1a sai 1&ch gia tri dién ap gitta hai tu dién DC.

4. Chién lwoc diéu khién
4.1. Thiét ké bp diéu khién dién ap

bé don gian hoa, b diéu khién PI dugc sir dung dé kiém soat
dién 4p DC déu ra. B6 diéu khién PI cung cp dap ung dong
t6t ciing nhu sai sé trang thai 6n dinh bang khong trong viéc
didu khién dai lwong mot chidu. Trong bai béao nay, bo didu
khién PI iy gia tri sai léch (V" - Vac) 1am gid tri déu vao va
cho ra gia tri dat cua dong dién. Ciu tric cua bd dleu khién
dién ap DC duoc thé hién trong hinh 2, ham truyen cua bo
diéu khién PI c6 dang:
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* Idc
U(*i Id 1 Udc
4§Hmwﬁa@ s
Hinh 2: Ciu tric b diéu khién dién ap
k.
R (s) = k“p + T (5)

Trong do: k., va k. 1a hé ) ty 1¢ va tich phan tuong Gng.
Ham truyén vong kin suy ra tir hinh 2 duogc tinh béi:

kui + 5
Udc (S) _ kup kup 6)
U )~ Co h
r N C r VC
Céc thong so diéu chinh dién 4p duogc thict ké nhu sau:

up = 2§CCU
kui = Cwnz

Trong d6: £ 1a hé b tit dﬁn, w, 12 thn sb goc dao dong riéng
cua hé théng, C = Cy/2 = Cy2 la gia tri tuong rng cua tu dién
C néi tiép Co.

Pé dat duoc hiéu sudt hoat dong cling nhu hé sb cong
suét tot nhat, dong dién ba pha thuc té phai cing pha véi dién
ap lu6i. Biéu nay c6 thé d& dang 1am duoc bing cach sir dung
vong khoa pha PLL (Phase-Locked Loop) truyén théng. Chi
tiét vé PLL s& khong duoc nhic lai trong pham vi bai bao nay.

Q)]

4.2. Thiét ké b diéu khién dong di¢n

Xuét phat tir phuong trinh (2), ta ¢6:

| 1,
Iy _ 0 o]|iy N L Vi (8)
l:sq -0 0 ' ixq O L . v‘I[
L
Trong d6: v = Vsd — €4 VA Vi = Vsg — €, 12 dAu ra ciia bd didu

khién dong dién.

Tuy nhién, trong qua trinh vén hanh, sai s6 hé théng hoac
nhidu tac dong 1a khong thé tranh khoi. Lic nay, phuong trinh
(8) tr¢ thanh:

el S o b v

o= 5+ . + .

Iy, -0 0], 0 1|V, 0 1]|d,
©

Trong d6: du va d, 1a nhidu tuong tng trén thanh phn tryc d
vagq.

. 1
patx= || 4=]0 o] p=|p °
Isq -0 0 1

c-p-[! 0] a-|%
0 1 d,

H¢ phuong trinh mo ta trang thai duoc tinh bai:
X = AX + Bu + Dd
y =X

(10)

4.2.1. By quan sat SOB

Ttr hé phuong trinh mo ta trang thai (10) két hop voi viée dam
bao cac bién udc lugng duogc hdi tu vé cac bien t}}at can bo
sung vao phuong trinh cua khau quan sat phan hoi sai léch
gitta dau ra do dugc va dau ra udc luong, qua ma trén hé so L.
Nhu vay, khau quan sat dugc thiét ké nhu sau:
X=AX+Bu+Dd+LC(X-X)
y =cX
Trong do: X, p i) d 1an luot 13 cac gia tri u6c lwong cua X, y, d.
Trir vé voi ve ctia hé phuong trinh (10) cho (11) ta dugc:

X—)(=A(X—X)+D(d—d)-LC(X—X)

y-y =c(x-x)

,Y nghia cta viéc dua sai, léch dau ra phan héi vé sé thy
rd néu ta x¢ét sai 1éch gitra bién trang thai va bién udc lugng.
Ditex=X- X, d=d - d, tir h¢ phuong trinh (12) suy ra:

é, = Ae, - LCe, = (A-LC)e, 13)

Néuma trén (4 - LC) la‘on dinh, tirc 1a c6 cac nghiérr} cﬁg
phuong trinh déc tinh c6 phan thuc am, thi sai 1éch s€ tién vé
khong, e(t) — 0. Thlet ké khau quan sat SOB dya trén viéc xdc
dinh ma tran hé s6 L sao cho ma trin (A4 - LC) én dinh. St
dung LMI [23] co thé d& dang tim dugc L néu L thoa man:

(A-LCY P+P(A-LC)+2aP<0 14
(A-LCY P+P(A-LC)+2bP >0
Trong d6 P, a va b la cac gia tri duong.

(12)

Im

AN
NSNSNSNNSN

ANANNNRWAL

S
T

-

Hinh 3: Ving LMI theo chiéu doc
Hinh 3 thé hién vung gia tri xac dinh ctia phuong phap LMI.
Tinh On dinh cua phuong phap LMI nay dé duoc chimg minh
chi tiét trong bai bao [23].

4.2.2. Bj diéu khién FTSMC

bé don gian hoa, mit truot cua bo diéu khién dugc dé xuét
nhu sau:

t
5=e+/]fe(r)dr 15
0

Trong d6: e = X - X, A 1 tham 6 duong tu chon, X 1a gia tri
ude lugng twong tmg ctia dong dién qua cudn cam L (hay dong
di 18n 1u6i), X = [isar isqsT 12 lugng @it dong dién cho bd diéu
khién vong dong hay chinh 1a dau ra ciia bo diéu khién vong

ap. )
Dao ham hai vé ciia phuong trinh (23) ta dugc:
s=e+le (16)
Xét § =0, suy ra:
e=-le a7
=X, =X- e (18)
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:A)?+Bu+Dc?+Lc()(-)?)-/1e (19)

SALQ} SBLQ} Sché}

TUc

= U

Hinh 4: Ciu truc diéu khién dugc d& xuit

Tu phép bién ddi trén va ma tran B 13 mot ma trin vudng
2x2, gia tri cua thanh phan can bang dugc tinh toan boi:
- B’ [X -AX -Dd+LC(X -X)+ AeJ 20)
Trang thai ciia hé théng s& hoi tu vé miat truot dinh tru('y,c
trong mot khodng thoi gian ¢6 dinh v6i thanh phan dong cat
duogc dé xuat boi phuwong trinh:
u, = p |s|7: sign(s) + p, |s|7 sign(s) (2]
Trong d06. pi, p2, c1, 2, di, d> 14 cac ) duol}g tu chon va 0<
cyd; < 1 < cy/dy < 2. Gia su, ma trén tuyén tinh LMI bang
L*E voi E 1a ma tran dO‘I} vi va cac tham so tu chon trén hai
truc d, g la giong nhau dé dé dang cho viéc thiet ke. Cac gia
tri di€u khién cho bd dieu khién vong dong la:

Vai = L|:l:sd7‘ - C‘”:q - Dd - L(isd - fsd)+ j‘(i‘rdr iy ):|

+p, |sd|r% sign(sd)+p2 |s|:72 sign(sd)
Vq[ = L|:l:sqr + w'l’.tvd - bq - L(l.sq - ;.sq>+ )"(ixqr

dz wgn( )

(22)

-i,, )J

+p, |sq ‘TIsign(s )+p2|
4.2.3. Tinh 6n dinh ciia b diéu khién dé xuit

Tinh én dinh ctia bd diéu khién duogc xét bdi mot phuong trinh
duy nhat nhu sau:

1 2 1 2 1 72
V = —eg + —5° + d (23)
5 Ssme 5
Pao ham hai vé cta phuong trinh (3 1) ta duoc:
V=egcboe +5§+dd @4

Két hop véi cac phurong trinh (25) va (29), ta co:
V=l + 55+ dd

= ege-(- Aegue) + s.[— o) |s|71. sign(s) - p, |so72 sign(s)}
=-J€ —(p, |s|7§ +p, |s|téj.s.sign(s)

=- {ﬂeﬁm +(p1 |s|f71/ +p, |s|«7_; j.s.sign(s)}

25

Suy ra: V< 0 véi moi tham sb P1, p2, €1, €2, di, da, A duong.
Diéu nay ching to bo didu khién @& xuit 1a mot hé thong on
dinh. Cu tric chi tiét ciia bd diéu khién dé xuét dugc thé hién
trong hinh 4.

4.3. Can bing dién 4p diém trung tinh va phwong phap
dieu che

Viéc cén bang dién 4p diém trung tinh 1a diéu can thiét
trong cac bo chinh luu da cép néi chung hay 3LT? ndi riéng.
Theo [22] dong dién qua diém trung tinh dugc thé hién nhu
sau:

I, =d,ji, +dj +d.i,
Trong d6: da, db, de 13 hé s& didu ché cia mdi pha.

Duya vao phuong trinh (4) va (26), dién 4 ap diém trung tinh
bi anh huéng boi dong dién va hé sé diéu ché. Do do, viéc can
bang dién ap diém trung tinh ¢6 thé thyc hién nhd vao bo didu
khién hodc phuong phap didu ché. Dé giam sy phirc tap cho
bd diéu khién két hop véi sy da dang cua céac phuong phap
didu ché méi ngay nay, bai bao sir dung phurong phép diéu ché
DSVM (Direct Space Vector Modulation) [24] dé can bang
dién 4p diém trung tinh. Cac vector chuyén mach trong khong
gian vector cia DSVM duoc thé hién trong hinh 5.

(26)

Hinh 5: Vector chuyén mach trong DSVM

Theo [24], thoi gian diéu ché dugc tinh nhu sau:

T:al + TsaZ Tr Van = Viin T Viax = Van
Trhl + Tth Ts + — Vbn - vmin - V_Y Vmax - Vbn
dc
Trcl + TYLZ Tc en vmin vmax - vcn
@7
Néu:
T;'.rl + 7:X2 > T T;rl = T;xl + ]:12 - T + kV T;xZ = T;
Tvxl + TVYZ < T T’vxl = 0 TS‘YZ Twl + Tvx2 + kve
(28)

Trong d6: Ty 12 thoi gian diéu ché cua van trén mdi pha trong
mot chu ki diéu ché TS, =a b, cvai=1,2; Vmin VA Ve 130
lugt 1a gia tri nho nhét va 16n nhéit clia Van, Vbn, Ven; h€ sb k
duong tu chon. Viéc tac dong tich b k.ve vao thoi gian diéu
ché gitp cho dién ap diém trung tinh dugc can béng.

5. Két qua md phong

Tinh hi¢u qua cua bo didu khién dé xuét dugc xac minh
thong qua phin mém m6 phong Matlab Simulink cho hé thong
3LT2 Céc thong sé mé phong duoc thé hién trong bang 2.

Bang 2. Thong sb md phong

Thong sb Gia tri

15kW

Cong suit P
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Dién ap ludi 380V/50Hz < 600
Dién ap Vi 600V §550’ e Eem—— 1
= 500+ — Ly —Vdd
Cudn cam L 1,2mH 22 | 1200 gic —Vez|
o 450 1559 ; —Veci
Tu dién DC-link, C; = C, 940pF T 400 1 014 0145 015 04155 0.16! |
A A a4, Z T 350
Tan s6 dong cat f;,, 10kHz L I I~
> 300 —
kups Kui 0,5315; 119,2751 I
- 0.1 0.12 0.14 0.16 0.18 0.2
H¢ sO ma tran L -15000 (c)
y) 10000 Hinh 6: Dap tng khi ¢ trang thai én dinh cua (€w b, €)s Vavs (iay i1, ic)y (Ver,
V.;) va V4 khi chay véi ti ngudn dong 25A
pr=p2 0.0005 Fundamental (50Hz) = 32.25 , THD= 2.70%
Cjp, C2 4, 5 —
So04f 1
d, d; 5,4 é
« | So03f .
5
N i
Tai ngudn dong 25A B 02 i
®
Kich ban m6 phong dugc dya theo tiéu chuan quoc € o, i
IEEE 519-2014 véi cac truong hop cu thé nhu sau: lugi dién = | |
ly tuong, khi tai nguon dong thay doi tir 25A thanh 12.5A, 0 ettt s FPRPY 0 I o I

dién ap c6 thanh phan song hai bac 5, 7, 13 (THD = 8%)).

Hinh 6 cho thiy cac dap ing khi & trang thai 6n dinh cia
dién ap ludi (e, es, ec), dong dién trén cudn cam (i, ip, ic),
dién ap day gilra pha a va pha b (va), dién ap trén tu (Ves, Ve2)
va dién ap dau ra (V4 khi chay véi tai nguén dong 25A. R
rang tir hinh 6 (c), muc tiéu diéu khién 1a dién ap dau ra V.
duoc diéu chinh 6 600V da dat duoc. Myc tiéu diéu khién thu
hai (dong dién hinh sin v6i hé s6 cong suit bing mot) ciing
dugc thoa méan. Hinh 6 (a) va (b) cho thiy 15 rang dong dién
ludi c6 dang hinh sin va cung pha so v6i dién ap ludi. Piéu
nay c6 nghia la yéu céu hé s6 cong suat bang mot 1 thoa man.

Hinh 7 cho thay dong dién di lén ludi (hay dong dién trén
cudn cam) c6 gia tri THD = 2.7%, gia tri nay nho hon gia tri
cho phép 5% trong tiéu chuan qudc té IEEE 519-2014 vé chét
lugng dién nang. Gia tri bién do cia dong dién di 1én ludi dat
32.25A 14 hoan toan pht hop véi cac thong sb thiét ké. Dién
ap day v €6 nam mire (£600V, £300V va 0V) 1a dung véi li
thuyét trong bang 1.

Grid voltage & vab [V]

0.1 0.12 0.14 0.16 0.18 0.2

Line curents [A]

0 2 4 6 8 10 12 14 16 18 20
Harmonic order

Hinh 7: Gia tri THD cua dong dién trén cuén cam
Viéc can bang dién 4p diém trung tinh ciing dat dwoc nhd vao
viéc lya chon phwong phap didu ché DSVM d3 néu. Hinh 4
(c) cho thiy dién ap ty dién mot chiéu dugc can bang & 300V
va d¢ 1éch dién ap 16n nhét gitra hai tu dién mot chiéu chi 1a
2V.

Hinh 8 cho thiy cac dép img dong cia dién ap ludi, dong
dién trén cudn cam, dién ap trén tu di€n mot chiéu va dién ap
déu ra V.. Ngoai trir giai doan chuyén tiép (thay dbi tai), viéc
didu khién dién ap d4u ra Vg 12 thoa man nhu trong hinh 8 (c).
Pap tmg dong ctia dién ap dau ra V. cham hon so voi dap tng
dong dién ¢ hinh 8 (b). Diéu nay co thé giai thich 14 do vong
trong (vong diéu khién dong dién) thuong nhanh hon so voi
vong ngoai (vong didu khién dién ap mot chleu) trong cac hé
théng. Hinh 8 (c) ciing cho thdy dién 4p mot chiéu V. hau nhu
khong chiu anh hudng cua sy thay dbi tai va duoc gili can
béng & mirc 600V.

400 1 |

2001

ge [V]

Grid volta

0.1 0.12 0.14 0.16 0.18 02

0.1 0.12 0.14 0.16 0.18 0.2
(b)
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(c)
Hinh 8: bap ting cua (Fa, €p, €.), Vab, (}'a, ip, i), (Ver, Ve2) va Vg khi chay voi
tai nguon dong thay doi tir 25A thanh 12.5A

pé théy rd hon dugc tinh hi¢u qua cta b diéu khién dé
xuét, bo diéu khién PI duoc dua ra dé so sanh. Céc thong )
b diéu khién PI duoc thé hién trong bang 3. Hinh 9 va 10 cho
thdy dong dién trén cudén cam va gia tri THD tuong tmg khi
hé théng chay voi tai ngudn dong khéng ddi 25A. R3 rang bd
didu khién dé xudt cho ra chit lvong dong dién di Ién ludi tbt
hon khi ma gia tri THD cta n6 13 2.7% so véi 2.96% cua bd
didu khién PL Hinh 11 cho thdy dap Gng dién ap diu ra Ve
khi str dung bd diéu khién P, d6 dao dong dién ap Vg lic nay
1a khoang 5V, 16n hon nhiéu so v&i chi 1.5V khi st dung bd
didu khién dé xuit.

Dap tng dong ciia bd didu khién d& xudt 1a t5t hon hén so
v6i bo didu khién PI, bang chimng duoc thé hién théng qua cac
két qua trong hinh 12. Péap tmg dong cia bd diéu khién dé
xudt khi ¢6 tai ngudn dong thay dbi tir 25A thanh 12.5A 1a
khoang 0.0025s, nhanh hon 4 lan so v&i 0.01s cua bo didu
khién PI. D6 qué didu chinh (OVS) ciia bo diéu khién dé xuét
chila 10V (1.67%) trong khi cta bo diéu khién PI 1én t6i 25V
(4.17%). Khi & trang thai én dinh, ca bo diéu khién d& xuit va
bd diéu khién PI déu c6 sai l1éch tinh biang 0. Cac két qua so
sanh cua bd diéu khién dé xudt va bo diéu khién PI duoc tong
hop trong bang 4.

Bang 3. Thong s6 mé phong bo diéu khién PI

Fundamental (50Hz) = 32.24 , THD=2.96%

Toal A
= 0.8
@
5
< 06 b
=
= |
L
G 04r gl
2
o2t J
=
0 L—snalala
0 2 4 6 8 10 12 14 16 18 20

Harmonic order

Hinh 10: Gié tri THD ctia dong dién trén cudn cam khi dung bo didu khién
PI chay vdi tai ngudn dong 25A
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57600 ey
g SO s e e E e T
L 604 T —vdc |
= 500 o0z I —Vct
- l600
g 450 | 1598 1 —Ve2 |
2 400 78 1
® G4 000 Otal  Ofa6  016]
& 350
i)
> 300
| | ‘ |
0.1 0.12 0.14 0.16 0.18 0.2

Hinh 11: Pép Gng cua V. khi st dung bd didu khién PI ,dién 4p ludi khong
can bang va chay véi tai ngudn dong 25A

— Proposed
=g

590

580 | | | |

0.14 0.145 045 0.155 0.16 0.165 017 0175 0.18

Hinh 12: Dap tng cta V. cia bd diéu khién d& xuét va by diéu khién PI khi
tai ngudn dong thay dbi tir 25A thanh 12.5A

Bang 4. Két qua so sanh bo didu khién dé xuat va PI

Line curents [A]

0.1 0.12 0.14 0.16 0.18 0.2
Hinh 9: Dap tng cua (i, iy, i) khi ding bd diéu khién PI chay v6i tai ngudn
dong 25A

Thong sb Gia tri N " : ,
Danh muc so sénh B diéu khién B diéu khién

Kups Feui 0,5315; 119,2751 : aé xuit PI
kip, ki 1,617; 5081,07 Gia tri THD dong dién ludi 2.70% 2.96%
Thoi gian dap 1{1.1g khi thay doi 0.0025s 0.01s

tai
Do qua dieu Ch’\lnh QVS khi 204 63%
thay doi tai

Ciing v6i thong sb md phong nhur bang 2 va bang 3 cta
bo diéu khién dé xuit va bo diéu khién PI, dé théy duoc 16
hon nita tinh hi¢u qua cua bd diéu khién dé xuét, tién hanh md
phong truong hop dién 4p co thanh phan song hai bac 5,7, 13
(THD = 8%).
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Hinh 14: Gia tri THD cuta dong dién trén ludi cuia bd dicu khién PI khi chay E 3L .
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méo dang & dinh. Dién ap cin bang trén 2 tu ciing co sy dao
d6ng va anh huéng co thé thdy & hinh 13 (c). D6 1éch dién ap
16n nhét khoang 6.5V.

Hinh 14 cho thdy dong dién di 1én ludi ¢6 gia tri THD =
15.17%, gié tri nay khong dap tng tiéu chuan qudc té IEEE
519-2014 vé chat Iwong dién nang. Do d6 st dung bo diéu
khién dé didu xuit ¢ mé phong truong hop dién ap co thanh
phan song hai 5,7 ,13 (THD = 8%) thu dugc két qua nhu hinh
15.

D2 thay khi co tac dong cia song hai bac cao vao ludi
dién dong dién di 1én luéi ciing bi anh hudong nhung gia tri
THD luc nay giam xudng con 4.37%. Gia tri THD ciia dong
dién di 1én ludi duge thé hién ¢ hinh 16. Dién ap trén 2 tu DC
van can bﬁng va c6 su dao dong nhe, d6 1éch dién ap 1on nhit
Iic nay chi con 1.2V.

Hinh 16: Gié tri THD cua dong dién trén ludi ciia b diéu khién dé xuét khi
chay v&i dién 4p ¢6 thanh phan séng hai bac 5,7,13

Bang 5. Két qua so sanh bo didu khién dé xuat va PI

) Bj didu khién | B¢ diéu khién
Danh muc so sanh SN :
* deé xuat PI
Gia tri THD dong dién ludi 4.37% 15.17%
Do 1éch dién ap trén tu 1.2V 6.5V

Nhu vay khi dong tai, d6 qua diéu chinh cling nhu thoi
gian dap ung ciia bd PI 13 16n va 1au hon nhiéu 1an so véi bo
diéu khién dé xuét. Khi ludi co song hai bac cao tac dong, bd
didu khién PI khong dap ung duoc khi ma gia tri THD dong
di Ién ludi 1én téi 15.17%, vuot qua xa ti€u chuan luéi dién
cho phép.

0.35
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6. Kétluan

Bai bao di trinh bay mét bo diéu khién khang nhiu méi
FTSMC vdi viée két hop cac bg quan sat trang thai SOB, bd
quan sat nhidu giup cho myc tiéu diéu khién dwgc dam bao di
trong diéu kién ludi can bing, mét cin bang, tai thay ddi hay
nhidu thay ddi theo thoi gian. Quy luat Lyapunov dwoc sir
dung dé chirng minh tinh on dinh cua bo didu khién dé xuit.
Céc két qua mé phong trén phin mém Matlab Simulink cho
thdy chét lugng vuot troi ciia bo didu khién dé xudt so véi bo
diéu khién PI, d6 1a: gia tri THD dong dién thip hon (4.73%
véi 15.17% khi dién ap co thanh phén song hai bac 5, 7, 13),
thoi gian dap umg khi tai thay ddi nhanh hon (0.0025s véi
0.01s), 6 qua diéu chinh khi thay ddi tai thip hon (2% voi
6.3%) va khong co sai 1éch tinh trong moi diéu kién.
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