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Abstract

The use of renewable energy such as photovoltaic (PV) in residential applications has been increasing dramatically in recent years. In such
applications, single-phase DC/AC converters that transform the direct current to alternating current are normally used as an interface between
clean energy and the grid. In order to connect to the grid, several strict requirements of the grid code must be fulfilled. In this research, various
solutions are proposed to enhance the performance of the single-phase DC/AC converters in grid-connected mode. First, the single-phase T-
type topology which offers more voltage level than the conventional H-bridge topology is used to lower the total harmonic distortion (THD)
of the output current as well as to reduce the cost of the boost reactor. Second, the quasi-sliding mode control in combination with a lump
disturbance compensation is employed for the current control loop. This approach guarantees that the output current can quickly track its
reference in a few sampling cycles despite the existence of the modeling error. Finally, a DC bus voltage controller with a discrete-time notch
filter that exactly extracts the average DC voltage from the second harmonic ripple is designed. The proper design of the notch filter plays a
key role not only in the improvement of the DC bus voltage control-loop but also in the reduction of the overall THD of the injected current.
The validity of the proposed solution is verified by numerical simulation using Matlab/Simulink.
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Symbols cau nghiém ngjt theo tiéu chuan ndi lusi phai dwoc thoa mén.
Trong nghién ctu nay, mét s6 giai phap da dugc dé xuat dé
Abbreviations nang cao chat luong cua BBD DC/AC 1 pha ¢ ché do ndi ludi.
) Pau tién, cau trac kiéu mach lyc da mac kiéu T pha vai kha
PV Photovoltaics niing cung c&p nhiéu mac dién 4p hon cAu tric mach ciu H
THD Total Harmonic Distortion truyén thdng duoc st dung dé giam do méo séng hai (THD)
PWM Pulse-Width Modulation ctia dong dién dau ra. Tiép theo, diéu khién truot két hop Vi
LPF Low Pass Filter khau bii sai léch mo hinh, thiét k& trén mién thoi gian gian
NPC Neutral Point Clamped _ doan dugc sir dung cho mach vong dong dién. Cach tiép can
MPPT Maximum Power Point Tracking nay dam bao cho dong dién dau ra nhanh chong bam dwoc gia
SMC Sliding Mode Control tri dat chi trong mot vai chu ki 1dy mau. Cudi ciing, bo loc
DSMC Discrete Sliding Mode Control chén dai két hop thuat toan téi uu bay dan (PSO) duoc sir dung
LDE Lump Disturbance Estimation 8 tbi wu tham sé bo didu khién dién ap DC-bus. Tinh ding
PSO Particle Swarm Optimization din cua giai phap dé xudt duoc kiém ching bang moé phong
IE Integrated Error s6 st dung Matlab/Simulink.
ISE Integral of the Square of the Error
IAE Integral of the Absolute Magnitude of 1. Gi6i thiéu chung
the Error ) ¢
ITAE {?tegral of Time multiplied by the Absolute Cung Vi su gia tang cua nhu cu dién ning trén thé gidi va
alue of the Error NS ] AN e
BBD Bo bién doi su can kiét nang luong hda thach, vai tro cia nang lugng tai

tao nhu niang luong mat troi ngay cang quan trong. Véi sy hd
tro to I6n cua chinh pha, c&c du 4n nang luong téi tao trén toan
thé gioi, dac biét 1a nang lugng mit troi (PV) da gia tang déng
ké trong hai thap ky qua, khéng chi & quy mé 16n ¢& nha may,
ma con & quy mo nho Ia cac hé thong dién mat troi 4p mai. Bé
su dung hi¢u qua nang lugng mat troi, nguoi ta thuong su
dung bd chuyén do6i quang di¢n két hop véi BBD 2 tang Tang
dau tién thuong 1a bo bién d6i DC/DC tan s6 cao, ¢6 thé cach

Toém Tit

Viéc s dung nang lugng tai tao nhu niang lugng mat troi (PV)
trong cac tng dung dan dung dang gia ting dang ké trong
nhimg nam gan dy. Trong d6, BBD DC/AC 1 pha thuong
dugc st dung Vi vai tro la cau néi giira nguon ning lugng tai
tao va ludi dién. Dé c6 thé két ndi vai ludi dién, mot s yéu
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ly hoac khéng, véi vai trd do diém cong suit cuc dai (MPPT).
Tang tha hai 1a mot bo DC/AC hai chiéu, dé 6n dinh dién &p
DC ciing nhu dam bao qua trinh trao doi cong suat véi ludgi
dién mot cach tron tru. Cu trac nay dac biét phi hop véi cac
g dung PV &p mai trong pham vi cong suat dugi 5kW do
kich thudc nho gon, hiéu suat cao [2]. Hién tai, cac bo chuyén
d6i PV do cic cong ty nhu REFU, SMA, Conergy, Danfos
Solar va Sunways san XUét da c6 mat trén thi truong vaoi hiéu
suat toi da 1én dén 98%.

V¢ phia mach luc, cac BBP nbi lugi 1 pha chu yéu sir dung
cau triic cau H hogc kep diém trung tinh (NPC) [1]. Trong do,
Cau truc cau H thuong dugc sir dung boi kha nang trao doi
cdng suit theo ca hai chiéu caa nd rat quan trong ddi véi cac
hé théng PV cdng suat nho ¢6 pin dy phong [2]. Tuy nhién,
c4c van dé chinh cua nghich luu ndi luéi khong xuat phét tir
cau trdc mach lyc, ma cha yéu la tir goc do hé théng diéu
khién. DBé c6 thé nbi ludi, mot sé yéu cau nhat dinh can phai
duoc thoa man dé bao dam sy dn dinh va an toan nhu cho hoat
dong cua ludi nhu: tong d6 méo song hai dong dién (THD), ti
18 thanh phan dong dién DC bom vao ludi [4]. Dé dap ung cac
tiéu chuan néu trén, nhiéu giai phap vé diéu khién da duoc
phat trién [3]. Nhin chung, hé thong diéu khién cho BBD néi
ludi thudng bao gém hai mach vong néi tang. Trong d6, mach
vong bén trong l1a bo diéu khién dong dién, con mach vong
ngoai 6n dinh dién 4p DC, qua d6 can bang duoc cong suit
trao ddi gitra lugi va hé théng PV. Trong do, bo diéu khién
mach vong dong dién dong vai tro quyét dinh dén chét luong
cua hé diéu khién. Do d6, da c6 rat nhiédu nd luc dé thiét ké bo
diéu khién dong dién.

Dé c6 thé sir dung mot cach hiéu qua bo didu khién ti 1é - tich
phan (P1) quen thudc, toan bo qué trinh thiét ké duoc thuc hién
trén hé toa d6 quay dong bo (dq) vai vector dién ap ludi. Nho
do, tat ca cac tin hiéu hinh sin duoc chuyén thanh tin hiéu DC.
Hon nira, cach thanh phan céng suét tac dung va cong suét
phan khang dé& dang duogc boc tach va diéu khién. Mac du qué
trinh thiét ké khé dé dang, dap tmg qua do cua hé thong diéu
khién twong ddi cham do bing thong han ché cua bo diéu
khién PI ciing nhu hién twong xen kénh giita hai thanh phan
dong dién. Ngoai ra, phép chuyén toa do quay trong hé thong
1 pha 4n chira thanh phan dong hoc béc 2 [9], ciing gbp phan
lam giam chat luong dong hoc cua hé thong.

Dé loai bo khau chuyén ddi toa do quay, bo diéu khién ty 16
cong huong (PR) thiét ké trén hé toa do tinh of [5] - [8] dugc
sir dung. Tai tan s6 cong huong cua bo diéu khién PR, hé sé
khuéch dai la vo cung Ién, do @6 sai léch tinh cua mach vong
dong dién l1a rat nho cho du dong dién dat 12 hinh sin. Mzc du
vdy, chat lugng dong hoc cua hé diéu khién khong duoc cai
thién nhiéu. Cac ky thuat diéu khién nang cao nhu diéu khién
truot (SMC) [10], [11] cling dugc st dung dé cai thién hiéu
suit mach vong dong dién. Nhu da chi ra trong [10], bo diéu
khién SMC truyén thong co the gap van dé khi ton tai sai léch
m6 hinh. Do d6, mot s6 cai tién nhu viéc str dung mat truot
chira thanh phan cong huong trén nhidu tan sé [10], hoac st
dung bo diéu khién hysteresis vi nhidu ngudng [11] duoc dé
xuat. Tuy nhién, viéc thiét ké trén mién thoi gian lién tuc
khong thuan tién dé thyc hién ciing nhu danh gia hiéu qua
thuat toan trén nén tang ky thuat s6. Mot yéu té khac anh
huéng manh dén tong do méo song hai dong dién THD cua
dong dién dau ra la su ton tai thanh phan dién ap dap mach

bac hai trén dién 4p DC-bus. Néu khong thé tach dugc thanh
phan dién 4 ap trung binh, lugng dat dong dién cho mach vong
trong c6 thé an chua thanh phan dap mach béac hai, do d6 lam
tang THD cua dong dién day 1én ludi dién. Mot s6 giai phap
dé giai quyét van dé néu trén da duoc néu trong [13], chu yéu
dua trén bo diéu khién PI thong thuong két hop vai bo loc
chan dai.

Trong nghién ctu ndy, nhom tac gia dé xuat mot sb giai phap
dé dé cai thién d6 méo song hai cling nhu nang cao chét luong
diéu khién cua BBD ndi ludi. Pau tién, cau tric BBD kiéu T
vé6i kha ning tao nhiéu muc dién ap hon so véi mach cau H
truyén théng duoc sir dung nham giam THD dong dién, qua
d6 ciing giam duoc kich thudc cua cudn khang ndi ludi. Thir
hai, bo diéu khién truot trén mién thoi gian gian doan
(DSMC), két hop véi khau bu nhiéu loan (LDE) dugc thiét
ké, v&i muyc tidu cai thién dong hoc ciing nhu ting tinh bén
viing ciia mach vong dong dién. Cudi ciing, phuong phap thiét
ké bo diéu khién PI két hop véi bo loc chan dai thyc hién trén
mién thoi gian gian doan duoc trinh bay, nham dam bao su 6n
dinh cua dién 4p DC-bus. Trong d6, viéc lya chon tham sé bo
diéu khién ciing nhu tan sé ldy mau cho mach vong dién ap
dugc phan tich ky luong. Can luu ¥ rang tat ca cac bo dicu
khién duoc thiét ké trén mién thoi gian gidn doan va khong
can sir dung téi phép chuyén déi toa do quay, do dé giam duoc
khéi lugng tinh toan ddng thoi hé diéu khién dé dang duoc cai
dat trén cac loai vi diéu khién. Toan bd hé diéu khién da dé
xuit dugc kiém nghiém théng qua md phong vai phan mém
Matlab/Simulink. Hon nira, toan bd thuat toan dugc thuc hién
bang ngdn ngit C thong qua khdi S-Function Builder, do d6
ching to dwoc kha ning san sang trién khai trén hé théng thuec.

2. Mo ti hé thong

So do dién hinh cua mot hé thong nang lwong mit troi cong
suit nho dwoc minh hoa trén Hinh 1, bao gébm cac mo-dun PV,
BBD DC/DC céch ly véi chuc nang do diém cong suat cuc
dai, accquy dy phong va BBD néi ludi kiéu T. Vi viéc sir
dung ky thuat didu ché do rong xung (PWM), ta c6 thé coi
BBD ndi lugi 13 mot ngudn ap 1y tusng, tir d6 c6 hé phuong
trinh can bang dong dién va dién ap nhu sau:

LEED = 1 (6) = Ryiy () — mUy (1)
Ve o
C$® = miy(6) — io(t) @

Trong d6 ug(t), i, (t) vaig(t) 1a dién ap ludi, dong dién qua
cudn cam va dong tai phia DC. Céc thanh phan thu dong la
cudn cam L, dién tré R, va tu dién DC-bus C, trong d6 m la
hé sb diéu ché: —1 <m < 1.

Ap dung phuong phap Forward-Euler vao (1) va (2), ta thu
dugc mé hinh hé théng trén mién thoi gian gian doan nhu sau:

R T,

. L . s Ts
i+ =(1— TTS iLx+ fus,k - IVdc,kmk +poe (3)
Vacks1 = Vacr + mESiL,k - Esio,k %)
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Hinh 1: So do khéi ciia hé thang PV véi hé thang pin di phong

3. Thiét ké bo diéu khién
3.1. B diéu khién dong dién

Chirc nang chinh cia mach vong nay la dam bao ap dat mot
cach nhanh chéng va chinh xac nhit dong dién trao doi véi
lu6i dién theo yéu cau cua mach vong ngoai — 1a mach vong
dién ap DC. Dé lam duoc diéu ndy, nhom tac gia dé xuat st
dung bo diéu khién truot két hop véi khau bu nhiéu loan.

Chon bién truot bac nhat S,
Sk = €, — %ek—1 ()
Trong d6, 0 < 4 < 1lahé so tat dan, va sai léch dong dién ey,
duoc tinh bang:
. e = iL,k* — Lk (6)
Vi iy ", ip lan luot 1a lugng dat va do dugc cua thanh phan
dong dién qua dién cam.

Dé c6 dugc tin higu diéu khién duy tri S, trén mat truot, xét
phuong trinh sau:

Sk41 =0 (7
Tur do6 ta co:
Upksr — ks —Aeg =0 3)
Thay (3) vao (8) ta duogc:
I
m =——1i —(1—— i p— —Uu
k.,eq TsVdc,k Lk+1 L s )Lk L s,k
L
T Taer [=px — 2er] C)

C6 thé nhan ra tir (13) rang tin hiéu diéu khién nay chua thé
thuc hién duoc do sai léch md hinh p, chua biét. Théng
thuong, bd SMC can thém mat tin hiéu diéu khién dudi dang
ham dau dé bu sai léch chua biét ndy, do d6 kéo theo hién

tuong rung. Ngoai ra, phai x4c dinh gia tri bi chan cua p, dé
chon bién do cua tin ham diu, ma viéc nay rat kho thuc hién.
Dé giai quyét van dé noi trén, tac gia dé xuat s dung phuong
phap bu sai 1éch mé hinh. Cu thé, cé thé suy ra tir (3):

. Ry , Ts Tg
Pre = lp+r — (1 - TTS) e =7 Use +7 Vacmie (10)
Mét lan nira, gia tri dy béo cua dong dién i, Va tin higu
diéu khién m, 1a khong xéac dinh tai thoi diém hién tai. Do do,
k§y thuat tré mot chu ki duoc sir dung trong truong hop nay
dwa trén gia thiét ring tan sé lay mau cua bo diéu khién dong
dién 1a du cao so vai nhidu loan py. Trén thuc té, gia thiét nay
1a hop ly vi tan s6 ldy mau cua mach vong dong dién thuong
bang hoic gap doi tan sb chuyén mach cua BBD, tuc la
(3—10) kHz. Sau dé, pj c6 thé dwoc tinh gan dung bang:

Pk = Pk = LPF(P)i-1 (11)
Trong d6, py_, dugc tinh nhu sau:
. RL . Ts
Pr-1= e — (1 - TTS) k-1~ Ius,k—l
TS
+ - Vac—1Mk-1 (12)

va LPF 1a bo loc thong thip vai hé sé khuéch dai bang 1 dé
bao toan bién do. Bang thong ctia LPF ¢ anh huong manh
dén dap (g quéa do caa hé thong didu khién va can duoc diéu
chinh [14].

Dua trén (11) va (12), phuong trinh diéu khién cudi cung duoc
dua dén BBD la

L o1, Ry \. T
my = _—TsVdc,k [l Lk+1 <1 - TTS) ik — fus,k]
L R
- [P — Aex] (13)

TsVdc,k X N
Vi tin hiéu diéu khién (13), sai léch du bao ey, c6 thé duoc
tinh toan bang cach thay (13) va (3) vao phuong trinh dudi
day.

. Cr+1 = iL,k+1* — kst (14)
Keét qua ta thu duoc:
exr1 = Aex + P — P (15)
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Véi gia thiét tan sb 1dy mau da Ién, sai léch cua khau wdc
luong nhidu loan 1a rat nho va duoc dinh nghia boi:

Pr — Pr = 0(T) < AT (16)
Trong d6, A la mét s6 duong bi chan. Khai niém 0(T,) dugc
goi 1a “cling bdc véi T, va dugc sir dung pho bién trong cac
hé diéu khién s6. Pay gan nhu la sai léch nho nhat hé diéu
khién s6 c6 thé dat dugc [17].
Thay (16) vao (15) va giai phuong trinh trén voi gié tri sai
léch ban dau e, ta thu dugc nghiém:

k-1 k

e, = Mey + Z 20(Ty) = Heq + 0(T) T—
i=0
Quan sét (17) ta dé thay sai léch e, - O(T;) neu =1 < A <
1. Hon nita téc d6 héi tu cang nhanh neu 4 cang nho. Va néu
A =0, e, = 0(Ty) trong 1 chu ky lay mau.

(17)

3.2. Thiét ké bg loc Notch Filter

Quan sat phuong trinh (13), ¢6 thé thay rang chat lwong cua
bo diéu khién dong dién c6 thé bi anh huong boi thanh phan
dap mach bac 2 von luén ton tai trong so @b chinh luu cau 1
pha. Do d6, trong nghién ctru nay, bo loc chin dai duoc thiét
ké dé cai thién chat luvong khau do dién ap DC [16].

Goi fys la tan sé 1dy mau cua bo loc va f, 1a tan s6 can loc.
Dé loai bo thanh phan tan sb £., bo loc can c6 mot cap diém
‘0’ twong ung Vi tan sb goc

Q=2nlc (18)
fNs

Ngoai ra, mot cip diem cyc tuong (ng Vi tan s6 Q dugc sur
dyng dé hiéu chinh dac tinh‘ cua bo loc xung qua}nh vung tan
S0 cat. Tur d6 ta ¢6 ham truyén caa b loc trén mién gian doan
nhu sau:
_ (eI N (zrel)
) H(z) = (z-ref®)(z+re/) (19)
trong d6, diém cuc |r| < 1 duoc hiéu chinh dé thay doi dac
tinh cua bo loc. )
Trong (tng dung cu thé nay, tan s6 luagi 1a 50Hz, f, = 100Hz.
Qua khao sat, véi viéc chon tan s6 lay mau fy, = 4f, , tuong
g tan s géc Q = g (%), bo loc cho hidu qua tét nhat. Khi
d6 phuong trinh (19) c6 thé viét lai nhu sau:

z=)NE+)) 14272
Z-1)E+r)) 1+r2z2
bap ting cua bo loc Notch Filter véi r = 0.99 dugc minh hoa
nhu hinh 2, con hinh 3 va 4 cho thay anh huong cia tan sé lay
mau |én chit luong caa bo loc. Quan sat hinh 3, ta d& thay viéc
chon tan s lay mau cao hon trong truong hop nay lai cho két
qua Xau hon. Véi fys = 4f., b loc di loai bo dugc thanh
phan dap mach va trich xuét dugc chinh xac gia tri dién 4p DC
trung binh.

Oy

H(z) =

(20)

Bode Digram
T T

50k

Magnitude (dB)

9 R — N P T
500 550 600 650 700 750 800

Frequency (rads)

Hinh 2: 6 thi bode ciia bé loc Notch Filter

Hinh 3: Anh huong cia tan s6 ldy mau fys t6i chdt heong ciia bg
loc chan dai

Hinh 4: Pé thj dién &p DC-bus Véi fns = 8f.

3.3. Piéu khién dién 4p DC Bus

Ning luong tich 1ty trén tu dién cta DC bus dugc tinh boi
1

Eqc =3 CVg. (21)
Bién thién nang lugng trén DC bus chinh Ia cdng suat trao doi
gitra ludi va tai, do do ta co

1 _avZ

EC dt =Py — Py (22)
V6i cong suit phia xoay chiéu P,.va mot chiéu P, duogc tinh
boi:

V2
Poe = = Vpig ; Pge = 25— (23)
ac 2 m Cc Rload
Trong d6, V;, 1a bién d6 dién ap ludi.
Thay (23) vao (22) ta thu duoc:
oW 3y o Vi
3 C e = Vil — 2 (24)

Pit V = V2., ta thu dugc phuong trinh vi phan tuyén tinh nhu
sau:
1 dv %4 3

St —— =i 25
2t YR, T2 iml (25

Gian doan héa (25) bang Forward-Euler, ta thu dugc:

3T, _,
Ve _ c* (26)
fare 1 (1- 2T )z

RloadC

Dua vao (26), mot b diéu khién tich phan ty I& (PI) don gian
c6 thé dugc thiét ké dé on dinh dién 4p DC-bus trong pham vi
réng cua tai Rload: Rmin = Rload = Rmax- Ham tfuyén cua b6
diéu khién PI trén mién thoi gian gian doan vai chu Ki trich
mau T, , hé s6 ty 1é K, va hang s6 thoi gian tich phan 1a T; 1a:

1-Dz?
Wer = Kp 7 (27)
V6i D=1-2 (28)
. 1
Vi (27), ta c6 ham truyén hé kin nhu sau:
b,Kpz™' — b;KpDz™?
W, 18p 18p 29)

- 1 + (blKP - a1 - 1)Z_1 + (a1 - blKPD)Z_z
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3VmTS 2T

vaa; = (1 - )

trong do, b; = RioaaC
oa

O ché d6 khoi dong, bo nghich luu ndi ludi luén hoat dong &
diéu kign non tai twong tng Véi Ry = Reg max d€ sac tu DC-
bus. Tiéu chi quan trong nhat trong khai dong 1a do qua diéu
chinh. Néu khong, qua dién &p c6 thé gay nguy hiém cho dan
tu DC. Trong ché d6 van hanh binh thuong, phan @ng nhanh
chong trude sy thay doi dot ngot cua tai la rat quan trong. Bé
dam bao can @i hai yéu cau nay, ki thuat gan diém cuc duoc
sir dung, trong d6 cac diém cuc cua (29) dugc dit bén trong
mot viing cho dép tmg qua do tuong ddi tot ddi véi hé bac hai
nhu minh hoa trong hinh 5. Méi quan hé giira cac diém cuc
mong mudn p;, p, va cac tham sé PI c6 thé dé dang duoc rat
ra nhu sau:
-p1—p2ta+1

Kp = (30)
by
D= a; — P1b2
bIKP
I'm Ni e ond
ice region for 2%-order
systems
0.2
- >
| 1.0 Re
—0.2

Hinh 5: Viing gdn diém cuc cho hé bdc 2

Trong trudng hop mong muén hé sé cong suét cos @ = +1,
ta co quan hé¢ gitra dong dién qua cudn khang i, , va dong dién
trén truc d: iy 4 la:

ULk+1 = U gr-COSQ (31)
Trong d6 ¢ la goc pha cua dién ap lusi dugc cung cip boi
vong khoa pha PLL. Cubi cung, so d6 khéi cua hé théng diéu
khién néi ludi duoc dé xuit duoc mo ta trong Hinh 6.

Eg I\J
J

Hinh 6: So d6 khdi ciia hé thong diéu khién néi hedi

3.4. T6i wu tham sb Pl bing thuat toan PSO (Particle
Swarm Optimization)

Téi wu bay dan (Particle Swarm Optimization - PSO) 1a mot
trong nhiing thuat toan xay dung dua trén khai niém tri tué

biy dan dé tim kiém 1i giai cho céc bai toan t6i wu trén mot
khdng gian tim kiém nao d6 [15]. PSO c6 nhiéu tng dung
gquan trong trong tat ca cac linh vuc ma & d6 doi hoi phai giai
quyét cac bai toan téi uu.

Trong bai béo nay, PSO dugc sir dung dé ti uu cac tham sb
cua by PI diéu khién dién 4p DC. Bé thuc hién viéc téi wu
trong bai toan diéu khién, thudng cac tiéu chuan tich phan nhu:
tich phan cua sai léch (IE), tich phan tri tuyét d6i cua sai léch
(IAE), tich phén cta binh phuong sai 1éch (ISE), tich phan cua
tich sé gitra tri tuyét ddi sai léch va thoi gian (ITAE) duoc sit
dung. Trong d6, tiéu chuan ITAE thuong duoc sir dung dé toi
wu qua trinh qua do do c6 trong sé thoi gian, tuc 1a dir liéu
méi s& 6 trong sb 16n hon dit liéu cii. Tiéu chuan ITAE dugc
mo ta b&i phuong trinh sau:

ITAE(Y) = f (32)
0

Dé‘thL_IC hién bang may tinh, ta chuyén phuong trinh trén vé
mién thoi gian roi rac:

[ee]

tle(t)|dt

ITAE, = TSZ KT, ey | (33)

r ~ 0 r
Véi M la s6 chu ky trich mau ctia hé thong.

Goi mdi bo tham sb cuia bo P1 1a mot ca thé X; (k) trong do:

, X)) = [Kp () Dy ()] (34)
Toc do thay doi cua X; (k) trong quatrinh toi uu duoc thé hién
qua vector van toc V; (k), vai:

Vi(k) = [Vigp,i (k) Vp,i (k)] (35)
Tai mdi budc tinh, s& ludn c6 mot ca thé ¢6 vi tri tot nhat, tac
la lam cho ham muc tiéu c6 gia tri nho nhat, duwoc mo ta boi
vector vi tri Ppeg, ; (k):
Pbest z(k) = [Pk z(k) Py l(k)] (36)

Trong do, i la s nguyén thoa man i € [0, NumofPo] Véi
NumofPo 1 s6 luong ca thé cd trong quan thé.
Vector vi gn t6t nhat trong toan b cac budc tinh, hay con goi
Ia gia tri téi vu toan cuc, dugc luu trir trong vector Gbest:

) Gpese,j (k) = [Gp (k) Gp (k)] 37)
V6i j 1a s6 nguyén duong thoa man j € [0, Numofliter] véi
Numofiter la so lan tinh toan, hay con goi la so6 lan tién hoa
cua ca quan the.

Trong mdi budc tinh toan, van toc va vi tri cua mdi ca the
dugce diéu chinh bai méi quan hé sau:
Vilk + 1) = J()V;(k) + €1 (Ppese,i(K) — X, (k) ) Ry

+¢2 (Gpest,i (k) — X;(K)) R,
Xik+1D)=X,k)+Vi(k+1)

(38)
(39)

Trong d6 J(k) 1 hé s6 quén tinh, thudng dwoc dat ngau nhién:

J(k) = 0.5 + rand (35)
véi rand 1a mot sé ng?i’u nhién trong khoé,ng [0;1], c;va ¢,
duoc goi la cac trong so nhan thirc va h¢ so xa hoi. Thuong
nam trong khoang 0 < €1, C2<4. Hai matran Ry, Rz la ma tran
dudng chéo cua cac s6 ngau nhién trong khoang [0;1].
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X!{+1

y‘ Pbest;

>e Gbest,

>
»

Hinh 7. D6 th; biéu th; méi quan hé tién hoa X — xf+1

<10"3

Best Cost

Iterations

Hinh 8. Po thi ham CostFunction sau 10 vong lgp

Trudc khi trién khai thuat toan trén, ta can gigi han ving on
dinh cua hé thbng, tir d6 khai tao quan thé trong viing 6n dinh
va chi tién hoa céc c4 thé trong ving nay. Vai cac dir liéu vé
diém cuc nhu hinh 5, két hop véi diéu kién 0 < D < 1, tacd
rang budc vai quan thé dugc khoi tao nhu sau:

almax +1- (pl + pz)min
bl

almin +1- (pl + pz)max
b1

<K, <

a]-min - (pl-pz)max almax - (pl-pz)min (40)
b1. Kp,max b1. Kp,min

Luu dd chuong trinh thyc hién thuat toan PSO ciing nhu két

quéa thu dugc mo ta bai hinh 8 va 9. Quan sat hinh 8 c6 thé

thdy sau mdi budc tinh, gi tri ham muc tiéu Gbest giam di,

chirng to qua trinh téi uu dién ra ding nhu mong mudn.

<D<

4. Mo phéng trén mién gian doan

Dé cho thay hiéu qua cua giai phap dwoc dé xuat, nhiéu kich
ban mo phong khac nhau da duoc thyuc hién ddi véi bo nghich
luu ndi ludi T-Type cdng suit 5kVa. Thong sé cua bo nghich
luu dwoc cung cap trong Bang I. T4t ca cac bo diéu khién duoc
thuc hién boi khéi S-Function cia Matlab sir dung ngdn ngit
C chuan, qua d6 chung t6 kha niang sin sang cai dat trén thiét
bi diéu khién sé.

Pé tbi uu tham s6 bo P1, mé hinh hé kin (29) ciing nhu thuat
toan PSO nhu hinh 9 trudc tién duoc xay dung lai dudi dang
mFile trong Matlab. V¢i tin hiéu dit dang budc nhay, ta thu
dugc bo tham sb K, T, duoc thé hién & Bang 1. Tiép do, céc

Khéri tao quan thé va vi tri,
van tée clia méi ca thé

|

Danh gia ham muc tigu rng véri mdi
cé thé va Ira chon Pbest, Gbest

|Khéri tao buréc tign hoa It = 1]

IJ
Y )

|C$p nhat van tée, vi tri cho mdi ca 1hé‘

‘ iy han vi tri cua mbi c& thé |

|

Tinh toan ham mue tiéu irng véri mbi
cé thé va cap nhit Pbest, Gbest

Kt thic, durra gia gia tri t6i vu Gbest

Hinh 9. Luru do6 chwong trinh 16i wu tham sé bé dieu khién Pl
Bdng 1. Tham s6 mé phdng

Tham s6 hé thong | Gid tri
Ls 0.84mH
Ry 0.05.
R, 0.05
C,C, 940uF
T, 100us
fow 10 kHz
A 0
K, 0.2695
T, 0.149

kich ban mo phong twong tmg dé dénh gia chat lugng bo diéu
khién dugc thuc hién lan luot nhu sau.

Pau tién, md phong duoc thuc hién vai mé hinh 1y tuong, tic
la gia thiét khdng c6 sai léch mé hinh. Trinh ty khoi dong cua
BBD duoc thyc hién gidng nhu cac thiét bi thwong mai. Cu
thé, tu dién DC-Link duoc sac qua dién tro trong 0.04s dau
tién dé han ché dong nap tu. Sau do, dién trg sac duoc ngit ra
va cac mach vong diéu khién dugc kich hoat dé 6n dinh dién
ap DC-bus & 400V DC. Sau khi dién ap DC-bus da xac 1ap,
qué trinh trao d6i cong suét vai ludi dwoc bét ddu. Trudc tién,
hé théng ddy cong suat khoang 5kW 1én luéi tai thoi diém
0.14s. Sau do6, tai cac thoi diém 0.315s va 0.5s hé théng
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chuyén sang trang thai nhan cong suat tir ludi véi cac gia tri
tuong ung 50% va 100% cong suét dinh. Pap tng cua hé
thdng duoc thé hién trong hinh 10, hinh 11 va hinh 12. Bang
cach quan sat hinh 10, c6 thé thiy cos ¢ = +1 duoc dam bao
khi dong dién ludn cung pha hoac ngugc pha véi ludi. Bén
canh d6, bo diéu khién dién 4p DC-bus cho dap ting khé nhanh
khi chi mat 40ms tuong tng véi hai chu ky dién ap ludi dé 6n
dinh dién ap khi c6 dao déng cong suét. Phan ung nay nhanh
hon nhiéu so véi két qua dat dugc trong [13]. Bén canh do,
thiét ké phu hop cua bo loc Notch Filter trén mién thoi gian
gian doan loai bo hoan toan anh huong cua tan sé dap mach
bac 2 nhu trong hinh 11.

Ngoai ra, mot yéu té rat quan trong anh hudong dén chat luong
mach vong dién 4p 12 tinh vu viét cua bo diéu khién dong dién
str dung SMC. Do mach vong dong dién dong vai trd 1a co cdu
chap hanh cua mach vong dién ap, viéc 4p dat nhanh dong
dién gitip qué trinh trao d6i cdng suat didn ra nhanh chéng.
C6 thé thay tir hinh 12, b diéu khién dong dién c6 thoi gian
dap ng rat nhanh, chi mat 3 chu ky ldy mau dé ap dat thanh
cdng dong dién.

Vé6i dau ra nhiéu mirc dién &p caa cau tric T-Type va phuong
phap diéu khién thich hop, tong ton that séng hai (THD) cua
dong dién dau ra dap ung yéu cau nghiém ngat caa luat ndi
lu6i nhu trong hinh 13. Can luu ¥ rang cudn cam trong truong
hop nay chi cé gia tri 0.84mH, kha nho so véi bo nghich luu
Vi cong suat 5kW. Véi cung diéu kién md phong, THD cua
ciu trac cau H 1én toi 8%, vuot muc cho phép 5% cua tiéu
chuan IEEE 519.
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Hinh 11. Chat hirong ciia bg diéu khién dién dp trong trong hop
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Hinh 12. Chdt leong ciia bg diéu khién dong dién trong trirong
hop ludi dién Iy tuong
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Hinh 13. THD ciia dong dién trong trueong hop ludi dién Iy tuong

Pé ching to tinh bén viing cua thuat toan diéu khién, mo
phong tinh téi cac diéu kién thuc té nhu: sai léch tham sé mo
hinh trong dai +10%, su ton tai cia mot sé thanh phan séng
hai bac cao véi ti 1é & bang 2, duoc thuc hién. Trong thuc té,
sau thoi gian van hanh, cac tham sé nhu dién dung va dién
cam cua hé thong thudng c6 xu hudng giam di. Do d6 kich
ban m6 phong véi mo hinh sai [éch dudi day dugc thuc hién
V6i gid tri dién cam va tu dién suy giam 10%. Céac két qua thu
duoc thé hién ¢ hinh 14, 15, 16 cho thdy hé théng van giir
dugc sy 6n dinh, chi c6 THD dong dién ting nhe do anh
huong cua THD tur ludi.

Bang 2. Ti Ié thanh phdn séng hai trén ludi dién

Bacséng hai | Tiléséng
hai (%)
3 4.821
5 3.214
7 1.607
11 0.9642
13 0.6428
g 10 Active power 10
% z I Reactive power j 2
g S
=10 a1 02 03 04 05 0.6 07"
Time(s)

Hinh 14. Pdp ing qud dg cia hé thong diéu khién voi hedi dién ton
tai s6ng hai bdc cao
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Hinh 15. Nhiéu dién dp hedi va dang dong dién dau ra
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FFT window: 6 of 35 cycles of selected signal
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Hinh 16. THD ciia dong dién trong truong hop ludi dién ton tgi
song hai bdc cao

5. Két ludn

Trong ‘nghién ctru nay, mot sé giai phap da duoc nhom tac gia
dé xuat dé cai thién chat luong cua BBD nbi ludi st dung
trong cac hé thong dién mat troi. Nham muc dich giam THD
cua dong dién dau ra, cau tric BBD kiéu T-Type cung cip
nhiéu muc dién 4p hon so véi mach cau H thong thuong duoc
sir dung. Sau d6, mot sb giai phap diéu khién nang cao nhu
didu khién truot két hop véi bu nhidu loan cho mach vong
dong dién, bo PI dugc t6i wu bang PSO két hop véi bo loc
chan dai cho mach vong dién ap, duoc &p dung dé nang cao
chat lugng ciing nhu su bén viing caa hé diéu khién voi cac
diéu kién van hanh phuc tap cua thuc té nhu sai 1éch mé hinh,
song hai bac cao trén ludi dién. Vi phuong phap diéu khién
khong yéu cau phép chuyén déi toa do quay, do d6 khéi luong
tinh toan duoc giam déng ké. Hiéu qua cuia giai phap dé xuat
duogc kiém chirng bang mé phong st dung Matlab / Simulink.
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