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Tém tir: Bai béo trinh bay chién lugc didu khién dién
ap ngd ra bo nghich luu ap (VSI) ba pha bdn day cép dién
cho tai phi tuyén va khéng can bang. Véi chién lugc dé
xuit, md hinh phi tuyén cua hé théng bao gom bo loc LC
dugc phat trién trong hé toa do quay. Ngoai ra, bo diéu
khién dién ap ngd ra duoc thiét ké dung diéu khién truot.
Cac két qua md phong dung phian mém PSIM & cac
truong hop khac nhau dugc kiém chimg dé ching minh
rang phuong phap dé xuat cho két qua van hanh tét hon
S0 Vi truong hop ding bo diéu khién PI thong thuong.

Tir khéa: BO nghich luu ép, tai phi tuyén, diéu khién
phi tuyén, tai doc lap.

l. GIOI THIEU

Gan day, nhu cau st dung ngudén AC cung cap cho cac
tmg dung doc 1ap ngay cang dwoc quan tim nhiéu. Céc
tmg dung nay c6 thé duoc biét dén nhu: hé thdng quang
dién doc lap, tram vé tinh mat dét, hé thong phat song..
[1, 2]. Céc thanh phan chinh trong hé thong cung cap dlen
AC doc 1ap bao gdm: may phat, bo bién d6i AC/DC, bd
bién d6i DC/DC, bd bién d6i DC/AC va tai. Thdng
thuong, phu tai c6 thé 1a tai mot pha hodc tai ba pha, c6
thé 1a can bang hoic khong can bang. Chinh vi 1¢ o, tai
ba pha co thé khong can bang. Tai khong cin bang c6 thé
tao ra dong dién thir ty khong trén day trung tinh. Do do,
mot diém trung tinh phia ngudn can dugc tao két ndi vai
diém trung tinh phia tai [3].

C6 ba cach dé tao diém trung tinh cho ngudn. Trong do,
ngd ra bo nghich luu ap ba pha co thé két ndi voi mot
bién ap dau A/Y, trong d6 diém trung tinh nguon duoc lay
tir diém d4u ndi hinh sao [3, 4]. Tuy nhién, viéc sir dung
may bién ap 1am cho hé théng thém cong kénh va ton chi
phi. Ngoai ra, bo nghich Iuu ap bon chan bén day bao
gom 6 khoa linh kién cong suat dé diéu khién dién ap
trung tinh va dan dong trung tinh mot chan chaa 2 linh
kién cong suit da dwoc st dung. Véi viéc sir dung bo
nghich luu dang nay, dién 4p DC-link cao cé thé duoc ap
dung. Tuy nhién, chi phi tang thém do st dung thém hai
IGBT. Do d6, bo nghich luu chia tu DC bao gbm mach
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chinh luu ba pha két néi véi hai tu mic ni tiép ¢ phia
DC-link. Pay 12 mot so d6 mach don gian d& thuc hién,
khéng can may bién ap hay IGBT nhu trong 2 truong hop
trén.

C6 rat nhidu nghién ciru véi muyc tiéu diéu khién én dinh
dién ap ngo ra cua bo nghich Iuu ba pha chia tu DC trong
truong hop tai khéng can bang. Viéc sir dung bo diéu
khién PI cho dién ap va dong dién duoc ap dung dé diéu
khién dién &p ngd ra cua hé thong cung cap dién AC doc
lap. Tuy nhién, qua d6 va sy mat 6n dinh cua hé thdng co
thé bi gia tang do su tri hodn va sai sé khi tach cac thanh
phan thir tw thuan va nghich [5, 6]. Ngoai ra, phuong phép
diéu khién lap dugc thuc hién dé diéu khién bo nghich luu
cho bé ngudn UPS. Nhung van dé& chung véi didu khién
lap lai la dap tng cham va thiéu phuong phap c6 hé thong
dé 6n dinh sai sb dong.

Bai b4o nay trinh bay phuong phép didu khién dién 4p ngd ra
b nghich luu 4p ba pha bén déy (chia tu DC) cung cap dién
cho hé théng doc 1ap. Céc thanh phan dong dién va dién ap
dugc chuyén d6i sang hé quy chiéu xoay dg0. Chién Iugc
dleu khién truot (SC) dugc ap dyng trong truong hop tai phi
tuyén can bang va khong cén bang. Céac két qua mo phong
ding phan mém PSIM ¢ céc truong hop nay da dugc kiém
ching.

1. MO HINH BO CHINH LUU BA PHA BON DAY

A.SO' DO MACH NGHICH LUV

So d6 mach nghich luu 4p ba pha bdn day chia tu DC
dugc thé hién nhu trong Hinh 1, trong d6, diém giita cta
tu DC lién két va diém trung tinh cua tai dwoc két ndi véi
nhau thong qua day trung tinh va cudn cam Ls. B loc LC
duoc két ndi & ngd ra cua bo nghich luu, trong d6 dién ap
ngd ra bo loc duge didu khién dé cung cép cho tai.

Hinh 1. So' dé mach nghich lwu ép ba pha bon ddy cdp
dién cho tai doc lap
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B. PHUONG TRINH TOAN HOC
Dong dién va dién ap cua b nghich luu ap ba pha bbn
day trong hé toa do xoay dg0 dugc thé hién nhu sau [3,
4]
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0 o 0 -X 0 0
Lf
w0 0 o -1 o _
Iy Ly Iy
o o 0o 0o o ——L |k
| Lst |y |,
Wl |l 0 0 0 w o ||V
Vig C Vig
“Wllo L 0o e o 0 Vio
Cf
00 X 0o o0 0
L Cf -
S 0
L, 0 @
0
o L o ’
Ly Vy e
1o o 1 v, |+ ?f
L, +3L, ||V, g
0 0 0 C;
0 0 0 iy
o o o | |c]

lll. BIEU KHIEN BIEN AP HE THONG MACH
NGHICH LUU CAP PIEN CHO TAIDOC LAP DUNG
DIEU KHIEN TRUQT

Dé loai bo tinh phi tuyén ciia hé thong, md hinh tuyén
tinh hoa dugc dé xuat, c6 dang nhu sau [3]

x=f(X)+g-u (8)

y=h(x) )
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Trong dé: x la vector trang thai, u la dau vao diéu
khién, y 1a ngd ra, f va g la truong vector phang, h la ham
v6 huéng phang.

Mb hinh dong ciia bo nghich luu trong (7) dugc biéu thi
trong (8) va (9) nhu sau:

x=[iy i, & Vv, V, V,OJT :

u=[vy vy Volic=[v, v, V]

Dé tao mbi quan hé rd giita ngd vao Uy,,Va NGO ra Ciiza?

mdi ngd ra Gy o5 dUOC ldy vi phan cho dén khi xuét hién

ngo vao diéu khién

G Uy
¢, |=F(x)+G(x)| u, (10)
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Luat diéu khién:
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Céc bé mat truot ddi voi sai sb cua dién ap thanh phan
dién ap duoc thé hién nhu sau:

St :él+kllel+k12_.-e1dt
12

s, =€, +Kk,e, + Ky, I e,dt 12

s, =6, +k;e, +k3zje3dt

Trong d6: e, =c, —c,, e, =C, —C, Va e,=C, —C,,

Kiys Koy Koys Ky o Ky o Ky, 12 thong sb bo didu khién,
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duoc thiét ké dua vao viéc chon cac cuc nadm bén trai mat
phang phtrc.
Néu trang thai cua h¢ théng hoat dong trén mat truot,
this, =s,=s,=0va g =3,=35,=0.
Diéu khién tuong duong dat dugc twong tu nhu diéu

khién dat dwoc nhu trong (13), nhu sau:
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Pé didu khién cac bién trang thai theo mat truot
S

s, =0, trong truong hop s,,S,,S, = 0, ludt

diéu khién dugc dinh nghia 1a.
U, =U, +A4sign(s,)
U, =U, +4,5ign(s,)
Uy = Uy, + A, SigN(s;)

(14)

Voi: A1>0, A2>0, A3>0.
Luat tiép can c6 thé duoc suy ra bang céch thay thé
(14) vao (12), ta co
$, =—Asign(s); 8, =—4,sign(s,); $;=—4sign(s,)
(15)
Pé xét tinh 6n dinh thi ham Lyapunov duoc 4p dung nhu

sau:
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Lay dao ham cua V;, V, va V;, ta dugc:

Thay (15) vao (17), ta dugc:
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Vay hé théng s& 6n dinh theo Lyapunov.
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Hinh 2. So do khéi diéu khién toan bo hé thong

So d6 khdi diéu khién toan hé théng ding didu khién
truot duge thé hién nhu Hinh 2. Ngo ra cia bo diéu khién
(U1, Uy, U3) duge sir dung dé diéu ché do rong xung vector
khong gian ba chiéu (3D-SVPWM)

IV. KET QUA MO PHONG

Pé xic minh tinh kha thi cua phuong phap dé xuat,
nhom tac gia thyc hién mot sO mod phong théng qua phan
mém PSIM dbdi vdi tai phi tuyén can bang va phi tuyén
khong can bang. Pién 4p DC-Link tai ngd vao cua bd
nghich luu Vpcla 500 [V], tu DC-Link Cge1 va Cyc 12 3,3
[MF], tin sé dong cit fs cua bd nghich luu 13 10 [kHz]. Bo
loc song hai ngd ra ¢6 cudn cam Ly la 3 [mH] va tu loc Gy
1a 100 [pF] tuong Ung voi tan sé cat o 450 [Hz]. Cac
thong s6 ngd ra bd nghich luu va tai va thong so bo didu
khién 14n luot dugc thé hién trong Bang 1 va 2.

Bang 1. Thdng sé hé thang trong md phang

Théng so Gia tri
Bién do dién &p ngo ra
b6 nghich luu 220 (V)
Tan so 50 (Hz)
Tai phi tuyén canbang | L =1 (mH), C=4,7 (mF),
(b6 Chinh lu'u) Rdca = Rdcb = Rdcc = 47 (Q)

Tai phi tuyén khong can L=1(mH), C =47 (mF),

N A N Rdcc = 1 (k Q)
bang (bo chinh luu
g (K¢ ) Reo = Ruca = 47 ()

Tw1.5-1.53s

. . < . Raca = Raeb = Ryee = 470

Tai phi tuyén can bang doa ™ Thdeb ) dee
thay d6i R .

Twr 1.53 - 1.58s

Rdca = Rdeo = Raee = 47 (Q)
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Bang 2. Thong sé bé diéu khién

B¢ diéu khién Théng sd
Tai phi tuyén
bidy | BY diéuA khién | k, = 16,8
Khidn dong .(Tle_:n ki = 12200
Pl B¢ dieu khién | kv =0,28
dién ap ki = 798

bicu khién dé xuat

K11 :k21:k31:5X103

k21 :k22:k32:8,45x106

Trwong hop tdi phi tuyén cin bang
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a) Dién dp ba pha trén tai

d) Pi¢n dp trén tu DC

Hinh 3. Két qua mo phong trong truong hop tai phi tuyén

154
Thoi gian (S)

cdn bang sir dung bé diéu khién PI.

Bdang 3. THD cua dién ap tdi trong md phang

THD [%]
. Bo dieu | Pién | Piénép | Dién ap
Loaltal | “\hién | aptai | taipha | taipha
pha A B C
Tai phi lF-;Iiéu 3,26 3,24 3,23
wyenean | nas | 120 | 127 | 128
bang z
xuat
Tai phi PI 3,33 3,17 0,85
tuyén Diéu
khong can | khién dé 1,26 1,25 0,67
bang xuat
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a) Di¢n dp ba pha trén tai

LY .
Ila @ ILc

¢) Dong dién trung tinh

Thoi él‘an (s)

Hinh 4. Két qua mo phong trong truong hop tai phi tuyén
cdn bang sv dung bo diéu khién dé xuat

Céc két qua mo phong cua hé théng khi st dung
phuong phéap diéu khién PI va diéu khién dé xuit trong
truong hop tai phi tuyén can bang dugc thé hién trong
Hinh 3 va Hinh 4. Trong d6, cac két qua dugc thé hién
bao gdm dién ap dau ra ba pha tir ddy sang trung tinh,
dong tai ba pha, dong trung tinh va dién ap trén hai tu DC.

Dudi sy anh hudng cua tai phi tuyén nén dong dién tai
bi meo dang, dién ap tai van giir dugc dang hinh sin. Tuy
nhién, dién 4p ngd ra van con mot sé méo dang (Hinh 3a)
trong truong hop hé thong sir dung phuong phap diéu
khién PI, trong khi hé thong sir dung phuong phéap diéu
khién de Xudt (Hlnh 4) thi dang s6ng dién 4p ra duoc diéu
khién t&t hon, gan nhu hoan toan hinh sin. Biéu nay dugc
minh chung trong phén tich FFT cho dién ap tai pha A,
dién ap ngd ra dugc diéu khién bang PI (Hinh 5) con tén
tai cac song hai bac 3, 5, 7, 9... trong khi st dung st dung
bo didu khién d& xuét cac song hai gan nhu bj triét tiéu.
Déi vai cap dién ap dudi 1 kV, d6 méo hai tong (THD)

200 - 200 -~
150 ool 150
100 100
I ; PO
n l l l l ) l
) LA )

o 00 100 0 w 400
Tan 5o (Hz) Tan s6 (Hz)
a) Phan tich FFT dién dp tai pha A trong b) Phan tich FFT dién dp tai pha A trong
truong hop st dung bg diéu khién I truong hop sir dung bé diéu khién dé xudt

Hinh 5. Phan tich FFT cho dién dp tai pha 4 trong
truong hop tai phi tuyen can bang
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duoc quy dinh nho hon 8% theo tiéu chudn han ché hoa
tan IEEE-519 [8]. Thong qua Bang 2, ta c¢6 thé thiy duoc
méo hai tong (THD) khi s dung bd diéu khién PI
(3.26%) cao hon khi dung bo diéu khién dé xuat (1.29%).

Trwong hop tdi phi tuyén khéng cin bing

a) Dién dp ba pha trén tai
300

200
100 -

0
-100
-200
-300

30
20
10 |-

0
-10
-20
-30

15 1,‘52 154 ],;6 1.58
Thoi gian ()

Hinh 6. Két qud mé ) phong trong truong hop tai phi tuyén

khéng cdn bang sir dung bé diéu khién PI

Truong hop bo nghich luu cép cho tai phi tuyen khong
can bang nén dong dién tai bi méo dang va mat can bang
Trong truong hop hé thong sit dung phuong phap diéu
khién PI thi dién 4p ngd ra van con mot sd méo dang
(Hinh 6a), trong khi dang song dién ap ra dugc didu khién
t6t hon, gan nhu hoan toan hinh sin véi hé thong sir dung
phuong phap diéu khién dé xuat (Hinh 7) .

Trong phan tich FFT cho dién ap tai pha a, dién ap ngd
ra dugc diéu khién bang PI (Hinh 8) con ton tai cac song
hai bac 3, 5, 7, 9... trong khi st dung st dung bd diéu
khién d& xuét cic song hai gan nhu bj triét tiéu. Thong
qua Bang 3, ta c6 thé thiy dwoc méo hai tong (THD) khi
sir dung bo diéu khién PI (3.33%) cao hon khi ding bd
diéu khién dé xuat (1.26%).
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a) Pién dp ba pha trén tai

Thoi gian (S)

Hinh 7. Két qud mé phong trong truong hop tai phi tuyén
khong can bang sw dung b diéu khién dé xuat

250 250

200 1 200 - 1

150 150

100

100
’ ‘ gt 5h 7 oth ’ ‘ 9th

T

0

0 200 400 0 200 400
Tan 56 (Hz) Tan 6 (Hz)
a) Phan tich FFT dién dp tai pha A trong b) Phan tich FFT dién dp tai pha A trong
truong hop sie dung bg diéu khién PI  truong hop sir dung bg diéu khién dé xudt

Hinh 8. Phdn tich FFT cho dién dp tai pha A trong truong
hop tdi phi tuyén can bang

Trwong hop tdi phi tuyén thay déi

Trong truong hop ndy, gid tri dién tré cia b chinh luu
& tai duoc thay dbi tir 470 Q dén 47 Q tai thoi diém 1.53
(s). Hinh 9 thé hién cac két qua cia truong hop tai phi
tuyén thay ddi, thong qua do ta c6 thé thay tir 1.50 (s) dén
1.53 (s) do gié tri dién tré tai 16n din dén dong dién nho
nén dién ap trén tai trong khoang thoi gian d6 khong bi
anh hudong nhiéu va giit dugc dang sin. Tuy nhién, khi gia
tri dién tro tai thay doi dén gia tri thdp hon lam cho dong
dién trén tai ting, ké tir thoi diém 1.53 (s) dién ap trén tai
xuit hién nhimg méo dang. Trong trudng hop bo diéu
khién dé xuét (hinh 10), tuy c¢6 sy thay dbi dong dién trén
tai nhung dién 4ap trén tai van dugc diéu khién dang tot va
giit duoc dang sin so véi trudng hop sit dung bo diéu
khién PI (hinh 9).
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a) Dién dp ba pha trén tai

200 * : :
100 SRRy (SELE SEEL (SEER SRS (O O Ry T
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-200 : : ;
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Via Vib :

b) Dong dién ba pha trén tdi

15 ].52 1.;4 1.‘56 1.58

Thoi gian (8)
Hinh 9. Két qua mo phong trong truong hop tai phi tuyén
thay doi sw dung bo diéu khién PI

a) Dién dp ba pha trén tai

200
I e . T e N R . ITe (SRR S
0
B T e . )
300 : Via Vip:
“ b) Dong dién ba pha trén tai
20 : :
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0
-10
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15 152 1.54 1.56 158

Thoi gian (S)

Hinh 10. Ké:t qua mo phong trong truong hop tai phi
tuyén thay doi sw dung bo diéu khién dé xuat
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V. KET LUAN

Bai bao da trinh bay mach nghich luu ba pha bon day
va d¢ xuit phuong phap diéu khién dé giit cho dién éap
trén tai khong bi anh hudng bdi song hai béc cao tur tai phi
tuyén khong can bang. Hiéu qua cia chién lugc diéu
khién dé xuat da duoc xac minh thong qua cac truong hop
mo phong khéac nhau, trong d6 dién ap tai duoc diéu khién
gan nhu hinh sin ngay ca trong diéu kién tai tuyén tinh
hodc phi tuyén khong can bang. Tinh kha thi cia diéu
khién dé xuat duoc xac minh bang két qua mé phong, cho
thdy hiéu suit tdt hon so véi phuong phap PI thong
thuong.
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VOLTAGE CONTROL OF THREE-PHASE FOUR-
WIRE POWER SUPPLY FOR UNBALANCED
NONLINEAR LOADS

Abstract: This paper presents a strategy to control the
output voltage of a three-phase four-wire voltage inverter
(VSI) for unbalanced and nonlinear loads. With the
proposed strategy, the nonlinear model of the system
including the LC filter is developed in the rotating
reference frame. In addition, the output voltage controller
is designed, using sliding control. Simulation results using
PSIM software in the different cases of loads are verified
to prove that the proposed method gives better
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performance results than the case of using conventional Pl
controller.

Keywords - Inverter, nonlinear load, sliding mode
control, standalone.

Vin Tin Lugng t&t nghiép Dai hoc va
Thac sy tai Truong Pai hoc Bach Khoa
TP.HCM, va Tién sy nganh K§ thuat
dién tai truong Pai hoc Yeungnam,
Han Quéc. Linh vyc nghién cuu: Dién
tor cong sudt, nang lugng tai tao, chét
Iugng dién nang.

Hd Nhut Minh tot nghiép thac si tai
Hoc vién Coéng nghé Buu chinh
Vién théng. Linh vuc nghién ciru:
tri tué nhan tao, 10T (Internet of
Things).
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