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UNG DUNG MATLAB/SIMULINK XAY DUNG MO HINH VA MO PHONG
HE THONG NOI LUOI SU DUNG NGUON PIN MAT TROI

KET HQOP NGUON AC QUY
Lé Kim Anh *

Tém tit

Bai bdo gi6i thiéu iing dung Matlab/Simulink xdy dwng mé hinh va mé phong hé thong néi ludi sir
dung nguon pin mdt troi két hop nguon dc quy. Nhe chiing ta da biét, nguon nang heong mdt troi la
nguon nang heong sach cé triv lwong 16m, dang la muc tiéu nghién ciru cia nhiéu nwée trén thé giGi
nham thay thé dan nguéon ndang lwong héa thach c¢é nguy co can kiét, gdy é nhiém méi truong. Trong
qud trinh lam viéc, pin mat troi phu thudc nhiéu yéu té anh huwéng nhw cuong do dnh sang, nhiét dé méi
truong, hién twong bong ram... mat khac, cong sudt sinh ra do tam pin mat troi phu thuoc vao burc xa
mat troi va nhiét do. Nham ndng cao hiéu sudt sir dung cua pin mat troi két hop ngu&n dc quy va thuc
hién néi lwdi, doi hoi phdi cé cdc gidi thudt diéu khién. O ddy sir dung giai thudt hé bam diém cong sudt
cue dai nham dam bao r&ng pin mdt troi sé luon luon lam viéc o diém cwc dai khi tai thay doi.

Tir khéa: Nang lwong tdi tao, pin mdt troi, mdt troi noi lwdi, nguon dc quy, hé bam diém cong sudt
cue dai.

Abstract

The article aims to introduce the application of Matlab/Simulink in modelling and simulation of
combined solar cells and batteries power sources connected to power grids. As we know, solar power,
a clean energy source which has large reserves, is a target for the study of many countries in order to
gradually replace fossil energy sources both at risk of depletion and causing environmental pollution. The
working process of solar cells depends on many factors such as light intensity, environment temperature,
the phenomenon of shade ... furthermore, power generated by solar panels is dependent on the solar
radiation and heat. In order to improve the efficiency of combined solar cells and batteries and grid-
connected implementation, the control algorithms ared required. Here using the algorithm of maximum
point power tracking ensures that solar cells will always work at peak although the load changes.

Keywords: Renewable energy, solar cells, grid connected solar cells, battery power, maximum point
power tracking.

1. Pit van dé

Nguon dién mit trdi 1a dang ngudn ning luong
tai tao vO tan vdi trit luong 1on. Pay la mdt trong
cac ngudn ning luong tai tao quan trong nhat. Viéc
tim cac cach thirc dé khai thac, sir dung ngudn niang
luong dién mat troi nay sao cho hiéu qua va thay
thé dan cac nguon ning luong héa thach ngay cang
can kiét, gdy 6 nhiém moi truong dang 1a muc tiéu
nghién ctru ciia nhidu qubc gia. Nang luong mait
troi (NLMT) thue chét 1a ngudn niang luong nhiét
hach vo tan cta thién nhién. Hang nam, mat troi
cung cép cho trai dat mot nang lwong khong 10, gap
10 1an trir lugng cac ngudn nhién liéu co trén trai
dat. Hién nay, nudc ta chu yéu st dung hé théng
pin mit troi doc 1ap, hodc hé thong doc 1ap két hop
giita pin mit troi va cac ngudn nang luong khac nhu
ngudn ic quy, pin nhién liéu..vv. Bai bao img dung
matlab/simulink xay dung md hinh va md phong

hé thong ndi ludi sir dung ngudn pin mat troi két
hop ngudn dc quy diéu khién theo phuong phap
bam diém cong suét cuc dai (MPPT). K¥ thuat diéu
khién tim kiém dwa trén mé hinh nham huéng dén
phat trién luéi dién thong minh va diéu khién nbi
luéi linh hoat cho cac ngudn ning luong tai tao.
Bing 1. Mt dp NLMT trung binh nim va sé gio ning
theo khu vuc (Nguén: VNL)

NLMT trung Sb gio' ning
Khu vue binh nim trung binh

(kcal/cm?) niam(hrs/nam)
1 | Pong Bic Bo 100 - 125 1500 - 1700
2 | Tay Bic Bo 125-150 1750 - 1900
3 | Béc Trung Bo 140 - 160 1700 - 2000
4 | Nam Trung Bo va Tay Nguyén 150-175 2000 - 2600
5 | Nam Bo 130 - 150 2200 - 2500
Trung binh ca nudc 130 - 152 1830 - 2450
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Bing 2. Di¢n tir NLTT cong sudt lip ddt giai doan
2011 — 2030 (nguoén: Quyét dinh so 1208/0D —TTg ngay
21/7/2011 cua Thii twong Chinh phii, Phu luc 1)

Nam lfiio;@gt(sll\l;\:w Nam lécplzinsgt(snlflli:/)

1| 2011 30 8 2018 200

2 | 2012 100 9 2019 230

3 | 2013 130 10 2020 300

4| 2014 120 11| 2011 -2020 1.660

5 | 2015 150 12 | 2021 -2025 2500

6 | 2016 200 13 | 2026 - 2030 4200

7 | 2017 200 2011-2030 | 8.360 = 8.36GW
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2. Mb hinh diéu khién ndi lwéi sir dung ngudn
pin mat troi ket hgp nguon ac quy

Heé thong ndi ludi str dung ngudn pin mat troi két
hop nguon ac quy bao gdm céac thanh phan co ban
nhu Hinh 1.

BO bién dbi

Negudn dc quv

MNOi hedi dién

Hinh 1. So db céu triic co ban diéu khién néi lwdi nguon pin mt troi két hop nguon dc quy

2.1. M6 hinh ngudn pin mit troi (PV)

* Pin mit troi PV (Photovoltaic cell) gdm céc 16p
ban dan chiu tic dung ctia quang hoc dé bién doi cac
nang lugng phdton blic xa mat troi thanh nang lugng
dién. Theo quan diém ning luong dién tir, pin mat
troi c6 thé duoc coi 1a nhitng ngudn dong biéu dién
mbi quan hé phi tuyén I-V nhu ¢ Hinh 2.
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Hinh 2. Ddc tinh lam viéc ciia pin mdt troi
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Hinh 3. So' dé twong dwong ciia pin mdt troi

Hiéu suit cua tim pin mat troi s€ 16n nhét khi
pin mit troi cung cp cho ta cong suit cuc dai.
Theo dic tinh phi tuyén trén hinh 2, n6 s& xay
ra khi P-V la cuc dai, tirc la P-V =P __ tai thoi
diém (I,.V,.,) dugc goi la diém cuc dal MPP
(Maximum Point Power). Hé bam diém cong suat
cuc dai MPPT (Maximum Point Power Tracking)
duoc sir dung dé dam béao rang pin mit troi s& ludn
lubn lam viéc ¢ diém MPP bat chép tai duoc ndi
vao pin.

* Dong dién ddu ra cia pin theo [Saurav
Satpathy, Aryuanto Soetedjo] dugc tinh nhu sau:

IZIPﬁ—I:|:eXp[ J—l]—[V;f J(l)

Trong d6: q: dién tich electron = 1.6 x10" C,
K: hang s0 Boltzmann’s = 1.38 x10%J/K, 1: 1a
dong dién bao hoa cua pin, I - 1a dong quang dién
,T : nhi¢t d§ lam vi€c cua pin, R : dién tr¢ shunt,
R_: dién tr¢ cua pin, A: h¢ s0 ly tuong.

gV + IR,
KT, A

Theo cong thire (1), dong quang di¢n phu thude
vao nang luong mat troi va nhié¢t do lam vi¢e cua

pin do doé:
Iph = lIsc +KI(I:: _I;ef)l'H (2)
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Voi: la dong ngin mach ¢ nhiét do 25°C,
K he sO nhiét do cuia dong dién ngin mach,
T nhi€t do cua bé mit pin (nhiét d6 tham chiéu),
H buc xa cua mat troi kW/m?.

O day, gia tri dong dién bdo hoa cua pin voi
nhiét d0 cia pin dugc tinh nhu sau:

qE- (T, —

I = exp Lor (3)
’ © ref I;eme
Trong d6: 1,.: 1a dong bdo hoa nguoc & bé mit

nhiét do va buc xa cua mat troi, E : nang hrorng
ving cip cua chit ban dan, phu thuoc vao h¢ so ly
truong va cong ngh¢ lam pin.

Mat khac, mot pin mat troi cd dién ap khoang
0,6V. Do d6 mudn cé dién ap lam viéc cao thi ta
mic nbi tiép cac pin lai, mudn c6 dong dién 16n
thi mic song song. Nhu véy, dong dién mot modul
tAm pin s& la:
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Hinh 4. Dong di¢n 1 modul tim pin
2.2. M6 hinh ngudn ic quy

Theo [M.Makhlouf, F.Messai , H.Benalla], dién
ap cua dc quy va trang thai nap (state of charge —
SOC) duoc xac dinh theo bicu thirc:

B6 bién déi SEPIC

kvt
S0C(1)=S0C(t-1)+ j E_SOC(t-1)D it (5)
t-1 ]
Trong do: v,: dién éap thay doi cua ac quy (V)
L,: dong dién (A) Q dung luong 16n nhit cua ic
quy (Wh); k,: hé s6 nap va xa ; D: ty 1€ xa.

Tir biéu thire (5), gia tri dién ap thay doi cua ac
quy duoc tlnh nhu sau: v, =[2+0. 148 SOC(t) n](6)
Véin: s6 luzong ic quy 2V nbi tiép.
bién tro cua ac quy la:
0.1309
[1.06.50C ()]s
<,

2.3. Phuong phap diéu khién

0.758 +

()

i =

D¢ diéu khién ndi ludi ngudn pin mit troi két
hop ngudn c quy, ta sir dung phuong phap diéu
khién bam diém cong suit cuc dai (MPPT). Hién
nay, k¥ thuat diéu khién bam diém cong suat cuc
dai c6 thé phan thanh 2 nhom chinh sau: nhom k¥
thuat tim kiém va nhom ky thuat tim kiém dua trén
md hinh. K¥ thuat tim kiém dé thyc hién nhung
doi héi mot s bude 16n méi hoi tu duoc diém cuc
dai (MPP), con nhom ky thuat tim kiém dya theo
mo hinh s€ hoi tu rat nhanh diém MPP. Tuy nhién,
viéc sir dung k¥ thuat tim kiém dya theo mé hinh
thi doi hoi ta phai biét chinh xac théng sb ctia pin
mit troi va cac sb do, ké ca nhiét do va buc xa
mat troi.

3. C4c bj bién doi

Theo [D. Ganesh, S. Moorthi, H. Sudheer], dé
thuc hién chuyén doi 2 trang thai ta s dung bo
chuyén d6i DC/DC (tir ngudn mot chiéu thanh
ngudn xoay chiéu) nham thich nghi véi mutrc dién
ap va dién tro tir tam pin mat troi. Ngoai ra con bo
nghich luru DC/AC bién d6i (tr ngudn mot chiéu
thanh ngudn xoay chiéu) dé thuc hién nbi tai va
nbi ludi xoay chiéu (AC).

Bo nghich hru DCIAC

B& bién dbéi DC/DC

Hinh 5. So' dé cdc by chuyén déi DC/DC; DC/AC
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4. Xay dung mo hinh va moé phong trén Matlab/Simulink
4.1. Xay dung mé6 hinh trén Matlab/Simulink
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Hinh 8. M6 hinh diéu khién noi lwéi siv dung nguon pin mat troi két hop nguon dc quy

4.2. Két qua mé phong trén Matlab/Simulink
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Hinh 9. Ddc tinh I1-V Hinh 10. Dac tinh P-V

Nhén xét: két qua mo phong cho thay khi chiéu d6 (G) thay dbi thi dong PV thay d6i manh, ap PV it
thay ddi va cong suit caa PV phu thudc anh huéng cua chiéu do.
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Hinh 14. Dong dién diu ra I, (4)

Hinh 13. Di¢n dp daura U, (V)
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Hinh 15. Dign ap néi véi luéi U, (V)
5. Két luan

Mo hinh diéu khién ndi Iuéi str dung ngudn pin
mit troi két hop ngudn ic quy sir dung giai thuat
diéu khién bam diém cong suat cuc dai (MPPT),
cong suit cia PV thu dugc ludn dat gia tri cuc
dai, ung voi cac do chiéu sang khac nhau. Tai thoi
diém t = 0.2s, dong va dién ap dau ra dat gid tri 6n
dinh va bang gia tri dat, ndi ludi thong qua may
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Hinh 16. Dong di¢n néi luéi I, (A)

bién 4p va duong day tai dién. Hién nay, nudc ta
chu yéu su dung hé théng nang lugng mat troi doc
lap nén con nhiéu han ché va bat cap. Do vay, hé
thdng diéu khién ndi ludi stir dung ngudn pin mit
troi két hop ngudn dc quy 1a mot giai phap nham
hudng dén phat trién ludi dién thong minh va diéu
khién néi luéi linh hoat cho cac ngudn nang lugng

tai tao.
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