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Piéu khién b bién doi bén khéa ban din gia lap diic tinh pin mit troi sir
dung phuwong phap tuyén tinh héa chinh xac
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Tém tit

Hién nay, diéu khién hé théng pin mat troi dang nhan
dugc sy quan tdm cua nhiéu nhém nghién ciru. Tuy
nhién, viéc kiém nghiém mot hé théng pin mat troi
hién dai, c6 cong suit 16n trong phong thi nghiém gip
nhiéu khé khan vi can khdng gian rong, chi phi gia
thanh cao, ciing nhu kha ning tao ra dwoc diéu kién
thoi tiét da dang sat v6i thuc té 1a rat han ché. Do do,
viéc xay dung thiét bi gia 1ap cac dic tinh -V gidng
nhu cta hé théng pin mat troi 13 rat cn thiét. Bai bao
nay trinh bay mot giai phap diéu khién bo bién ddi
DC/DC c6 bdn khoa ban dan dé gia 1ap pin mat troi.
Cau trac diéu khién duoc thiét ké theo phuong phap
tuyen tinh hoa chinh xac phu hop voi dic diém phi
tuyén ctia mo hinh b bién ddi. Cac két qua mo phong
chi ra hiéu qua ctia phuong phap diéu khién dugc dé
Xuét trong viéc gia lap dic tinh pin mat troi tuong g
véi cac diéu kién lam viéc khac nhau.

Tir khéa: Gia 1ap dic tinh pin mat trdi, didu khién bo
bién d6i bon khoa ban dan, tuyén tinh hoa chinh xéc.

Abstract

At the present, controlling of solar photovoltaic (PV)
cell systems is getting attentions of many researchers.
However, it is difficult to validate a high-power
modern PV system in laboratory due to high cost and
space requirement as well as poor ability to achieve
various out-door weather conditions. Therefore, it is
necessary to construct an emulator which is able to
create voltage-current characteristics similar to PV
modules. This paper presents a solution to control
four-switch buck-boost converter (FSBB) based PV
emulator. The control structure is designed using
feedback linearization law which is appropriate to the
nonlinearity of converter model. Simulation results
show the effectiveness of the proposed method.
Keywords: PV emulator, Four-switch buck-boost
converter, Feedback linearization
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Chir viét tit

FSBB Four-Switch Buck-Boost Converter

MPPT Maximum Power Point Tracking

PV Photovoltaic
PWM Pulse width modulation

1. Phin mé dau

Mot hé thong phat dién sir dung ndng luong mdt troi
co ban gom cac tdm pin quang dién, bd bam diém
cong suat 16n nhit (MPPT), phin tir luu trit ning
lwong va cac bo bién ddi cong sudt [1]. Viéc kiém tra
hoat dong cua thlet bi pin quang dién gap nhleu kho
khian do cong suit dau ra phu thudc truc tiép vao
cuong d6 buc xa va nhiét do ctia mat troi, trong khi
kho c6 thé tao ra mdi truong thoi tiét da dang sat voi
thue té. Néu tao ra dugc mot thiét bi gia lap dac tinh
I-V cua pin quang dién, viéc thiét ké va kiém nghiém
dic tinh ky thuat cua cac bd bién dbi (DC/DC hodc
DC/AC) hay thuat toan MPPT c6 thé dugc tién hanh
moét cach doc 1ap trong phong thi nghiém ma khong
can phai sir dung thiét b quang dién trong moi truong
thuc té. Didu ndy s& gilp tiét kiém dang ké chi phi
nghién ctru hé thong pin mat troi.

Vi sy phat trién cia cac k¥ thuat diéu khién dién tir
cong suat hién nay, viéc gia lap dic tinh 1-V cua thiét
bi PV 12 hoan toan kha thi. V4n dé chinh dit ra 1a lua
chon céu triic bo bién ddi co6 hiéu sudt cao nhit va
phuong phap diéu khién dam bao ap dat dién ap
nhanh, chinh xé4c [2, 3]. Hién nay, by bién d6i FSBB
v6i 4 khoa ban dan duoc diéu khién hoan toan nén c6
thé cdu hinh nhiéu trang thai PWM d¢ tang hiéu suét,
dién 4p ra thay ddi duogc trong dai rong va cing dau
dién ap vao. Vi vay, ddy 1a cdu trac mach luc hop 1y
dé lam nhiém vy gia 1ap dac tinh 1-V pin mat troi.
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Trong bai bao nay, cac tac gia su dung phuong phap
tuyen tinh hoa chinh xac dé thiét ké cdu truc diéu
khién phi tuyén cho bo bién d6i FSBB lam nhiém vu
gia lap dac tinh 1-V cua pin mat troi. Day la phuong
phap t6 ra phu hop véi dic diém phi tuyén cia bo
bién d6i FSBB va la cach tiép can thiét ké khac so voi
phuong phép tuyén tinh truyén théng [4, 5, 6, 7].

2. Mb hinh héa b bién d6i FSBB
So d6 bo bién doi FSBB duoc chi ra trong H. 1,
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H.1 So dé mach luc bg bién déi FSBB.

Coi mdi nhom phan tir ban din (Qy, Q) va (Qs, Qu)
nhu mang dién 2 cira va trang thai logic
s, =§,,5, =S, . Cac van ban din nay dugc diéu khién
theo phuong phap diéu ché do rong xung PWM, trong
d6 d,,d, 1an lugt 13 hé sb diéu ché cho cip nhanh van
(Q1, Q2) va (Qs, Qa).
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H.2  Mach dién twong dwong ciia bj bién déi FSBB véi

cac tin hiéu trung binh.

DPé giam tén that cho by bién doi, nguoi ta dung
phuong phap diéu khién dong bo [6], nghia 1a cac hé
sé diduché d, =d, =d.

Tir mach dién H. 2 viét dugc phuong trinh dién ap
trén cudn cam loc L va ntit dong dién tai diém c:

%L:van—vbn:dE— 1-d v,

q @)
\ o

C—=L=1-d i —i,
dt

3. Chu triic diéu khién FSBB gia lap dic

tinh pin mat troi
Nhiém vu dit ra 1a tao dugce diém lam viée xac lap i,-
V, & dAu ra bd bién d6i FSBB nam trén duong déc tinh
I-V cho trudc ciia mot thiét bi PV thuc t&. Ngoai ra,
dong i, con phu thudc vao dién ap v, theo tinh chit
cua tai, noi cach khac, diém lam viéc xac 1ap cua bo
bién dbi 1a giao diém cua dwdng dic tinh 1-V thiét b
PV can gia lap v6i duong dic tinh cua tai. Trong
nghién ctru budce dau, dic tinh tai duge don gian hoa
bang mot duong tuyén tinh, tai mang tinh chat cua
mot dién tré thuan R:

.V,
i == 2
’ ‘ - hTR )
Cau trac diéu khién FSBB gia lap déc tinh pin mat
troi dugce chi ra trong H. 3. Mach vong diéu khién
dién 4p dau ra FSBB duogc thiét 1ap véi luong dit v,
xac dinh tr co ’sc’r di liéu 1a ho duong dac ’tinh thuc
nghiém cua thiet bi PV tmg voi cac thong so dau vao
nhiét 6 T (°C) va cudng do birc xa G (W/m?), két hop
v6i phép do phan hoi dong dién.

T— * 'J | ipv
v
PV = Controller |—| PWM | —kfl
G—| Model _ 4 > Vp
FSBB
H.3  Céu tric diéu khién FSBB gia ldp dac tinh pin mat troi.
3.1. M6 hinh trang thai ciia b bién déi
Dit bién trang théi Xx= X X, ' = i, V, ' vabién E ~- % +E
diéu khién u=1—d, (1) dugc viét lai: fx=| L] hx= L 5)
dx, X X
dx X @)
el 3.2. Chu tric didu khién FSBB theo phuong phap
Hé (3) 14 mot hé affine: tuyén tinh hoa chinh xac )
¢ (3) 1a mot h¢ affine: bé ap dung duoc phuong phép tuyén tinh hoéa chinh
x=f x +h xu (4)

cécacham f x ,h x duoc xac dinh nhu sau:
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xac cho dbi tuong (3), ham ddura y=g X cén co
bac twong ddi biang 2. Dya vao phuong trinh
L,g x =0, ham dau ra mé rong dugc chon la:
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(6)
Kiém tra diéu kién bac tuong ddi ctia md hinh thoa
man dicu kién tuyén tinh hoa chinh xac bang cach xét
dao ham Lie.

y=g X :% L2 +C X, +E °

a9
X =—hx
Lyg o
—%+E )
:[Lx1 Cx2+E] L =0
X
C
E
Lfgx:@fx:[Lx1 sz—i—E] L
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X, X,+E
—Ex 2"
% R
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— 2X,+E
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Do L,Lg x =0 nén hé (3)&(7) cb bac tuong ddi
bang 2 trong toan bd khong gian trang thai. Do do, t@)p
tai khiu chuyén hé toa d6 trang thai (10) lam qho doi
tuong dugc mo ta theo (3)&(7) trd thanh tuyén tinh
trén toan b khong gian trang thai [8].

Uu=p X +q X w (10)
Trong do:
2
p X :_Lfg—x; g x :; (]_]_)
L.Lg x LLg x

E
-2, +E || |
X 2l (12)
RC
_E_Z 2%, +E x,
L R%*C

Theo [8], v6i khau chuyén hé toa do (10), hé (3)&(7)
trod thanh tuyén tinh trén toan khong gian trang thai
mai duge mé ta nhu sau:

dz 0 0
—=Az4+Bw= Z+| |w

dt 00 1] (13)
y=1

Trong d6, mdi quan hé giira trang thai méi z va trang
thai cii X la:

7| |9 x
Lg x

Phuong trinh (13) chi ra mbi quan hé giita dau ra y

zZ= (14)

Z,

va dau vao méi w nhu dudi day:

Yy=w (15)
Déj tugng duoc md ta boi (15)’kh6ng 6p dinh, can
thiét ké thém bo diéu chinh tuyén tinh dé dau ra y
cta hé (13) bam theo lugng dat cho trudec (y — Y,
z,=y—0). Ludt diéu khién phan hdi trang thai
duogc xdy dung dé dam bao daura y va luong dat
¢6 quan hé theo khau dao dong bac hai.

yp w?

= 16
yp o pH2w,ptuw; ¢

Tir (15) va (16), diu vao w dugc xac dinh:
w==28w,y—w; Y=Y =—kK2z,—k Y-y  (17)

Trong d6: w, - tan s6 dao dong riéng, & - hé s tit
dén cua khau dao dong bac hai. "

Cau trac chi tiét mach vong diéu khién thiét ké theo
phuong phép tuyén tinh hoéa chinh xac dugc chi ra
trong H. 4.

Hé tuyén tinh (Z=Az+Bw
y=Cz

— T

[vo] _ 0

— Q> k > u X

A ke U=p X +Qq X @ —p %:fx+hxu > gx—y>
T o Lz,
Lg x |
H.4  Cdu tric diéu khién FSBB theo phirong phdp tuyén tinh héa chinh xdc.

T cac muc tiéu didu khién dat dugc voi bo diéu
khién tuyén tinh hoa chinh xéc la y—Yy, z, —0,
lugng dat cho dau ra y duogc xac dinh tu dién ap

mong muon X, =V, :
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Néu z, =0, y—=y thiy=r x, =y=r v, .
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D@ thdy ham r v ddong bién khi v>0, nén ciing c6

X, —V,,, dong thoi x — . Vay luat

*
pv >

diéu khién (10) dam bao h¢ (3) on dinh (bién trang
thai x4c 14p tai di€ém 1am viéc mong mudn).

4. Ket qua mo phéng
Trong thiét ké nay, cac thong so6 ciia md hinh va bd
diéu khién duoc lya chon nhu sau:

E=24V; L=0.7mH; C = 560pF;
Ts=200ps; foum = 20kHz;
£=0.7; k, = 105 k, = 1400.

Puong ,déc tinh mau giuqc tao ra dya trén thong sb cua
mot thiét bi PV cu thé, & day chon SQ160.
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H.5  Ho dwong dac tinh |-V cua pin quang dién SQ160
dige cung cdp béi nha san xudt [9]:
(@) Theo cuong dé burc xa (G)
(b) Theo nhiét do (T)

Xdy dung dwong ddc tinh tai diéu kién kiém tra tiéu
chudn (G = 1000 W/m*; T = 25°C):

Véi dién tro tai R = 7.5Q, diém dién ap lam viéc can
tao ra la v;v = 34.66V. Két qua md phong thé hién
trén H. 6 cho thay gia tri ciia ham diu ra mo rong y
dugc dan dit theo quy dao dudng quan tinh bac hai
(16) nhu tinh toan, v6i qua didu chinh nhé va thoi
gian x4c 1ap nhanh, nhd d6 ma céc bién trang thai cta
dbi tuong (3) 1a dong dién qua cudn cam X =i, va
dién ap dau ra trén tu x, =V, déu duoc diéu khién 6n
dinh tai cac gia tri xac l&p mong mudn.
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H.6  Bién trang thdi ciia hé tuyén tinh (13)

Output Voltage Vo = x2
40 © :

30F
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Inductor CurrentiL = x1
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H.7  Bién trang thdi ciia doi twong goc (3)

Thay d6i R nhan thém 11 gia tri khéc, ta déu thu dugc
cac dap ung dién ap dau ra nhanh, chinh xac (H. 8).
Céc diém lam viéc déu nam trén dudng dic tinh thuc
nghiém cua pin quang dién SQ160 (H. 9).
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H.8  Pdp ing dién dp va dong dién khi thay doi R
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V-I characteristic of SQ160
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H.9  Két qud mé phéng thiét bi gia ldp dic tinh |-V ciia
pin SQ160 tai diéu kién tiéu chudn (G = 1000 W/m?,
T = 25°C) bang b¢ bién déi FSBB

5. Keétluan

Gia lap dic tinh pin quang dién bang cac bd bién dbi
cong suét 1a giai phap kha thi va can thiét gidp tiét
kiém chi phi nghién ctru cac hé nang luong mat troi.
Thuat toan diéu khién tuyén tinh héa chinh xéc cho bo
bién d6i bon van ban dan gia lap dic tinh pin mat troi
dugc dé xuat va kiém nghiém bing mé phong sd.
Nhimg két qua dat dugc cho thdy hidu qua cua
phuong phap, tao co s& bude dau cho cong viée trién
khai thyuc nghiém.

Bai bdo nay nam trong dé tai nghién ciru cdp trieong
T2015-056 tgi Vién Ky thudt DPiéu khién va Ty dong
hoa, Truong Pai hoc Bach khoa Ha Noi.
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