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TOM TAT

Bai bao nay trinh bay phwong phap xay dung va mo6 phong mo hinh pin nang luong
mét troi (PV) sit dung phan mém MATLAB/Simulink nham danh gia cac thong s&
ky thuat lam viéc ctia cac tdm pin PV thwong mai. M6 hinh duoc xay dung dua trén
phuong trinh toan hoc md ta dac tuyén I-V va P-V caa PV, ¢6 tinh dén anh huong
cua btic xa mat troi. Cac théng s6 md phong duoc hiéu chinh theo thong sd thuc té€
pin nang lwong mdt troi ctia nha san xuat Solarex MSX-60. Két qua cho thdy sai s&
gitra thong s6 mo phong va thong s6 ky thuat nha san xudt cao nhatla 2.94% va thap
nhat 0%. Két qua cho thdy do chinh x4c va kha nang tng dung cao cua m6 hinh
nghién ctru. Ngoai ra, md hinh ¢6 thé mo rong dé€ tich hop véi bo diéu khién diém
cong sudt cuee dai (MPPT) hodc hé thong giam sat thoi gian thwe phuc vu trong giang

day, nghién cttu va ttng dung cong nghiép.

Twt khéa: MATLAB/Simulink, pin nang liwong mat troi, MPPT, m6 phong thoi gian
thue.

1. MO PAU

Trong bdi canh nhu cau st dung nang lwong sach ngay cang gia ting, nang luong
mdt troi dang tré thanh mot trong nhitng giai phap bén viing hang dau nho tinh tai tao,
than thién véi moi treong va kha nang khai thac rdng rai [9]. Trong d6, pin nang lwong
mat troi (PV) dong vai tro then chét, voi toc do phat trién nhanh chéng va nhiéu tiém
nang tng dung trong thuc tién. Tuy nhién, hiéu suat hoat dong thuc t& ctia cdc tim pin
PV thuwong chiu anh huwong dang ké tir cac diéu kién moi treong nhu biec xa mat troi,
nhiét d9, cling nhu cac ddc tinh phi tuyén cua thiét bi. Diéu nay gay ra khong it kho khan
trong cong tac t6i wu hda va gidm sat hiéu qua van hanh ctia hé thong [3,4]. Do d6, viéc
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danh gia va du doan chinh xac cac tham s6 ctia PV la hét sttc can thiét nham dam bao
tinh 6n dinh, tin cdy va hiéu qua lau dai cua toan hé thong dién mat troi.

Nghién ctru nay nham muc tiéu xay dung va mo phong mo hinh pin nang lwong
mat troi (PV) chinh xac trén MATLAB/Simulink. Pham vi bao gom phat trién mo6 hinh
diode don dé€ phan tich déc tinh I-V, P-V dwdi cac diéu kién birc xa mat troi thay doi, sau
d6 kiém dinh bang d liéu thuc t& ctia nha san xuat Solarex MSX-60.

Céc van dé chinh can giai quyét: Thiét lap mo hinh toan hoc pin nang luwong mat
troi trén phan mém Matlab/Simulink, danh gia sai s6, va tao nén tang cho hé thong gidm
sat PV trong trng dung cong nghiép va nghién cttu [3, 4, 7].

Dbiém mdi ctia nghién cttu nay la xay dung mo hinh Simulink don gian, truc quan
nhung dat d6 chinh xac cao (sai sd < 3%), vuot troi hon so voi mot s6 cong trinh truedce
ctua Hashim & Khazaal ¢ sai s6 dén 6.76% [5]. Ngoai ra, m6 hinh ¢ kha ndng mo rong
két ndi voi cam bién bire xa va nhiét do trong thoi gian thuc thong qua hé thong SCADA,
cho phép giam sat va danh gia hiéu suat PV theo thoi gian thuec.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 ta tdm pin PV

Té€ bao quang dién (PV cell) la phéan t& co ban trong hé thdng pin mat troi, cd
nhiém vu chuyén d6i anh sang thanh dién nang nho hiéu tng quang dién. Khi dwoc
chiéu sang, vat liéu ban dan tao ra cac cap electron — 16 trong, sinh dong dién mot chiéu
khi két ndi mach ngoai. D€ dap ting nhu cau cong suat thuce té, nhiéu té bao duoc ghép
ndi tiép (tang dién ap) va song song (ting dong) d€ tao thanh tdm pin mat troi (PV), va
tiép tuc ghép thanh mang PV (PV array) cho cac ting dung cong suat 16n hon.

2.2. M6 hinh toan hoc tdm pin PV va mé phong Simulink

Vé mdt mo hinh hoa, mot tadm pin nang luong mat troi (PV) duoc biéu dién b.:?mg
mach dién twong duong theo md hinh diode don (single-diode model), bao gom mot
nguon dong quang dién (Iph) tao ra boi birc xa mat troi, mot diode md phong tiép giap
P-N, moét dién tro ndi tiép (Rs) dai dién cho ton hao noi tai va mot dién trd song song
(Rp) md ta dong ro trong t& bao quang dién[2, 5, 8].

T Iph l]d llp Rs I -+

G N - T

Hinh 1. M6 hinh mach dién twong dwong ciia mo hinh tdm pin PV
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Theo dinh luat Kirchhoff vé dong dién, phuwong trinh dong dién dau ra cia mot
module PV (I) duoc biéu dién béi méi quan hé dong dién-dién ap (I-V) sau:

I=I—Ig— 1, (1)

Dong quang dién (Iph): Dong quang dién la dong dién duoc tao ra khi anh sang
mat troi chiéu vao té bao PV. Iph phu thudc vao ceong dd birc xa mét troi (G) va nhiét
dd mdi treong (Top), duoc tinh bang;:

G
Iph = [Isc + KI(TOP - Tref)] a (2)

Isc: Dong ngrfm mach tai diéu kién tiéu chuan STC (A); KI: Hé s nhiét do cta
dong ngén mach (A/°C); Top: Nhiét d6 hoat dong cta tdim pin PV (K); Tref: Nhiét do
tiéu chuan (25°C hoac 298.15 K); G: Cuong d6 btrc xa mat troi thuc t€ (W/m?); Gref:
Cuong do birc xa mat troi tiéu chuan (1000 W/m?2)

Dong diode (Id): Dong dién qua diode, mo ta sw tai hop ctia cac hat mang dién.

(V+IRs)
Id =1Is [exp (qu:KT: B 1] 3)

Is: Dong bao hoa cta diode (A); q: Dién tich electron (1.602x10-19 C); V: Dién ap
dau ra cua module PV (V); I Dong dién dau ra ciia module PV (A); Rs: Dién trd noi ti€p

(Q); Ns: S8 t& bao mac ndi tiép trong module; n: Hé s ly twong cta diode; k: Hang s6&
Boltzmann (1.380x10-23 J/K); Top: Nhiét d¢ hoat dong cua t€ bao PV (K).

Dong dién qua dién tro Rp (Ip): Dai dién cho cac duong ro ri.

__ V+IRs

p =52 @)

Dong bao hoa (Is): Dong bao hoa la mét tham s phu thugc vao nhiét do.

— Irs (22)° exp |28 (L _1
Is = Irs (Tref) exp lnk (Tref T)J (5)
Irs: Dong bao hoa nguoc (A); Eg: Nang lwong viing cAm ctia vat liéu ban dan
(eV); T la nhiét d6 moi noi.
Dong bao hoa nguoc (Irs): thuwong dugc xac dinh 6 diéu kién tiéu chuan (STC).
Isc

Irs = m (6)

nVy

Voc: Dién ap ho mach (V); V; = KT% : Dién 4p nhiét (Vt).

Phuong trinh déc tinh I - V day da caia mot module PV dwgc viét lai nhw sau:

— _ q(V+IRs\ __ (V+IRs)
= Iph Is [exp (NsnkTop) 1] NsRp (7)

I Dong dién dau ra (A); V: Dién ap dau ra (V); q: Dién tich cua electron
(1.602x10-19 C); n: Hé s6 ly twong ctia diode; k: Hang s Boltzmann (1.381x10-23 J/K);

61



Thiét ké'va md phong hé thong pin ning lwong mdt troi theo thoi gian thiec sir dung phiin mém ...

T: Nhiét d6 mdi n6i (K); Rs: Dién tro noi tiép (Q); Rp: Dién tro song song (2); Np: S
chudi t& bao song song trong module.

2.3. Mo phong trén Matlab/Simulink

Cac mo6 hinh m6 phong MATLAB/Simulink twwong duong cua cac phuong trinh
toan hoc mo ta cac ddc tinh dong ctia quaé trinh chuyén do6i nang lwong mat troi thanh
dién nang cua PV duoc trinh bay nhu sau:

2.3.1. Mo hinh dt liéu nhiét do

Nhiét d¢ duoc xem la tham s6 dau vao tinh theo d6 C trong hé thong PV mat
troi, nhung trong md hinh toan hoc né duoc biéu dién bang Kelvin.

il I — )
A
Top_C J ’—’Q—'
< 25 > 298.1

Kelvin

299.1
>

Tref_C
Hinh 2. M6 hinh chuyén d6i nhiét do
2.3.2. M6 hinh dong quang dién (Iph)

M6 hinh Simulink cta dong quang dién cta tdm pin PV duoc thé hién trong
Hinh 3 dugc phét trién bang cach st dung cong thiic (2).

Isc
> ,

(Iph]

Tre »> G —
G_ref
K G_ref

Hinh 3. M6 hinh dong quang dién.
2.3.3. M6 hinh dong bao hoa (Is)

Thay d6i theo nhiét d¢ t€ bao va md hinh Simulink ctia né dai dién cho cong thiec
(5) duoc thé hién trong Hinh 4.
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=]
——]

Top3

2.915e-07

Hinh 4. M6 hinh dong bao hoa.
2.3.4. M6 hinh dong bao hoa ngwoc (Irs)

M6 hinh dong bao hoa nguoc trong cong thike (6) duoc bidu dién trong Simulink
nhw trong Hinh 5.

I

2.592e-07|

Hinh 5. M6 hinh dong bao hoa nguoc.
2.3.5. M6 hinh dong diode (Id) va dong dau ra (1)

M6 hinh Simulink cua phuong trinh dong diode trong thiic (3) va dong dau ra
trong cong thitc (7) duoc thé hién trong Hinh 6.

Hinh 6. M6 hinh dong diode va dong dau ra
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2.3.6. M6 hinh tdm pin PV

Hinh 7 cho thady md hinh tdm pin PV tdng quat dugc phat trién trong moi treong
Simulink. N6 bao gom cuong d¢ btrc xa va cac tham s6 dau vao ctia pin nang luong mat
troi (PV) va cho cac két qua dau ra la dong dién (I) va dién ap (V).

000 -V

o[ §] CF

PV Model
Hinh 7. M6 hinh cua tdm pin PV.

Viéc xay dung cac mo hinh Simulink chi tiét nhw vay cho phép phan tich cac dac
tinh hoat dong ctia tdm pin PV dudi cac diéu kién van hanh khac nhau. Tuy nhién, do
chinh xac ca md hinh phu thudc rat nhiéu vao viéc xac dinh chinh xac cac tham sd caa
module (nhu Rs, Rp, G,...) tit bang dir liéu cua nha san xuét. Viéc st dung cac gia tri
tham s8 khong chinh xac, déc biét 1a cac gid tri mac dinh c6 thé gay ra 16i trong két qua
mo phong [2].

3. KET QUA MO PHONG

Dé€ thyc hién mo6 phong mo hinh tdm pin mat troi, nhom tac gia chon tdm pin PV
mat troi ciia nha san xuét Solarex MSX-60, tdm pin PV nay bao gom 36 t€ bao quang dién
silicon da tinh thé dugc cdu hinh thanh hai chudi néi tiép (Ns = 36), mbi chudi 18 t& bao

quang dién.

Bang 1. Bang dit liéu thong s6 ky thudt cua nha san xuat

MSEX-64 MSEX-60

Maximum power { Pmax) B4W BOovv
Voltage @ Pmax (Vmp) 17.5V 17V
Current @ Pmax (Imp) 3.66A 3.5A
Guaranteed minimum Pmasx 62W 58wW
Short-circuit current (Isc) 4_0A 3.8A
Open-circuit voltage (Voc) 21.3V 211V
Temperature coefficient of

open-circuit voltage ... —(80=10ymVW/=C . . ..
Temperature coefficient of

short-circuit current e 006520015 %0°0 . .
Temperature coefficient of power .. ... —(0.5=0.05)%/C . ..
NocT®: L 4F72°C .. ... ...
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3.1 M6 phong tai diéu kién tiéu chudn (STC - Standard Test Conditions)

Viéc danh gia m6 hinh PV trong nghién cttu nay dwgc thuc hién ¢ diéu kién thi
nghiém tiéu chudn (STC). Cac diéu kién nay dwgc thong nhat trén toan thé gidi va duoc
thiec hién dudi ceong do biec xa 1000 W/m? tai nhiét do 25° C. M6 phdng mo hinh PV
mat troi thuwe hién boi cac duong dac tuyén dong dién-dién ap (I-V) va cong suat-dién
ap (P-V) & cuong do burc xa thay doi (nhiét d¢ khong doi). Két qua mod phong dwoc trinh
bay trong Hinh 8 va Hinh 9.

AL
2.
4.
E
S
[ &)
Voltage (V) v
Hinh 8. Ddc tuyén I-V ¢ cuong do bic xa 1000 W/m?
W
z
=i
3
m E

Voltage V) v
Hinh 9. Déc tuyén P-V & cuong d6 birc xa 1000 W/m?2

Bang 2. So sanh cac tham s6 md phong voi cac tham s ctia nha san xudt tai STC

K Tham s6 | Thamsdé | Saisé Sai s6
Tham s6 i g’u ky thuat mé tuyét | twong d6i
" | MSX-60 | phong d6i (%)

Cong suat tdi da (W) Pmax 60 W 59.3 W 0.7 1.17 %
Dién ap tai diém cong suat cuc dai (V) Vmp 175V 170V 0.5 2.86 %
Dong dién tai diém cong sudt cyc dai (A) | Imp 35A 349 A 0.01 0.29 %
Dong dién ngan mach (A) Isc 38A 38A 0.00 0.00 %
Dién dp ho mach (V) Voc 211V 205V 0.6 2.94 %
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Sai 58 tuyét ddi duoc xac dinh bang cach st dung cong thukc:
Sai sO tuyét doi = |Gia tri m6 phong — Gia tri thuc té|
Sai s§ twong ddi dugc xac dinh bang cach st dung cong thuc:

Sai s6 tuyét doi
Gia tri thuc té

Sai sO twong doi (%) = < ) x 100

D€ xac nhan d6 chinh xac cia mdé hinh Simulink, mé phong dwoc thuc hién da
kiém tra bang cach danh gia sai s twong d6i gitta két qua mo phong va gia tri twong
tng cac thong s6 trong bang dit liéu ctia nha san xuat tai diéu kién thit nghiém tiéu
chuén (STC). Bang 2 cho thay sai s6 twong d6i duoc tim thdy ctia cac thong s6 nhu Isc,
Voc,.... tit 0.00 % dén 2.94 % so voi thong sd ky thuat thuc t€ cia PV. Trong mét thu
nghiém mo6 phong duoc thuc hién cho 15 loai hé thong PV khac nhau boi Hashim va
Khazaal (2017), sai s0 twong d6i dugc tim thay dao dong tir 0.1 % dén 6.76 % [5].

Két qua md phong cho thay cdng suat cuc dai dat 59,3 W (Hinh 9), rat gan voi gia
trj danh dinh 60 W duoc néu trong bang thong s ky thuat ciia nha san xuat (Bang 1),
chting té d9 chinh xéac cao cia mo6 hinh. Diéu nay khang dinh rang mo phong trong
nghién ctru nay phtt hop véi cac ddc tinh ky thuat ctia tim pin PV Solarex MSX-60.

3.2. Anh huéng ctia cedng do birc xa 1én tim pin PV mat troi

Anh hurdng ctia viéc thay d6i ceong do biec xa 1én cac duong dic tuyén I-V va P-
V ctia tadm pin PV mait troi ¢ nhiét d6 khéng ddi 25°C duwoc thé hién trong Hinh 10 va
Hinh 11. Su thay d6i cuong do bic xa thay d6i tte 200 W/m? dén 1000 W/m? ¢ nhiét do
khong d6i 25°C.

|-V charateristics varying irradiance at 25 degree Celsius

A .r r 1.
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Hinh 10. Dac tuyén I-V 6 cuong d§ bie xa thay doi
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P-V charateristics irradiance at 25 degree Celsius
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Hinh 11. Dac tuyén P-V & cuong d6 buic xa thay doi

Két qua mo6 phong ddc tuyén I - V trong Hinh 10 cho thdy dong dién dau ra duy
tri gan nhw khong d6i khi dién ap tang dén khoang 15 V, sau d6 giam dan vé 0 khi dat
dén dién 4p hd mach. Dong thoi, dong dién tang dang ké khi cwong d6 biic xa tang ti
200 W/m2 dén 1000 W/m?, phan 4nh méi quan hé gan tuyén tinh gitra dong ngan mach
(Isc) va murc bec xa. Nguoc lai, dién ap ho mach (Voc) chi bién déi nhe, dung theo tinh
chat logarit ctia n6 déi véi biec xa mat troi. Nhiing két qua nay phut hop véi mo hinh vat
ly ctia té€ bao quang dién.

Hinh 11 minh hoa rd su dich chuyén ctia diém cong sudt cuc dai (MPP) theo
hwdng tang khi ceong do bic xa tang. Nghia 1a, khi chiéu sang manh hon, ca dong dién
va cong suat dau ra déu tang theo, trong khi dién ap gan MPP thay doi khong dang keé.
Két qua nay khéng dinh vai tro quyét dinh cta btrc xa mét troi trong hiéu sudt chuyén
ddi nang luwong cua tdm pin PV, dung theo ly thuyét hiéu tiing quang dién trong vat liéu
ban dan 1a btec xa manh hon tao ra nhiéu cdp electron — 16 trong hon, dan dén dong dién
16n hon va cong sudt cao hon.

3.3. Anh hudng ctia nhiét d va cac tham s Ry, R, dén dac tinh PV

Sau khi phan tich anh huong cta cuong do biic xa mat troi trong diéu kién
nhiét d khong ddi (25°C), phan nay xem xét tac dong ctia nhiét do va cac tham s6 nodi
tai Rg, Ry, dén déc tinh lam viéc ctia tdm pin PV. Cac nhan dinh duoc rat ra dia trén
md hinh toan hoc ¢ cac cong thic (2), (5) va (7), vi cac dai lwong nay chi phdi truc tiép
dac tuyén I —V, P — V va hiéu suat tong thé cua tdm pin.

Tt phuwong trinh dac trung ctia moé hinh diode don:

_ _ q(V+IRs\ __ (V+IRs)
= Iph Is [exp (NsnkTop) 1] NsRp (7)
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Tix (7) c6 thé thay nhiét do hoat dong Top cling vdi cac dién trd Ry va R xuat
hién truc ti€p trong cac thanh phan dong ciia mo hinh, vi vay chung anh hudng dong
thoi dén dong dién dau ra va hinh dang dac tuyén I-V.

Anh hudong ctia nhiét ¢6: Theo phuong trinh (2), dong quang dién I,n tang nhe
khi nhiét d¢ tang do hé s6 nhiét dd Ky > 0. Nguoc lai, theo phuong trinh (5), dong bao
hoa nguoc I tang manh theo nhiét d6 do phu thudc ham mii vao Top. Khi xét diéu kién
ho mach (I = 0) va gia thiét R, 16n, tie (7) suy ra dién ap hé mach:

nkTo I
V. ~ Pin (IL“ +1). (8)
q s

Do I téng nhanh hon Iy khi nhiét d6 tang, ti s5 2 giam, lam Vo, giam va kéo
theo cong sudt cuc dai P,y suy giam. Hién twgng nay phu hop voi ban chét vat ly caa
t€ bao quang dién: nhiét d6 cao lam tang tai hop hat mang dién trong tiép giap P-N, ti
dé lam giam dién ap dau ra thyee t€ va hiéu suat chuyén doi nang luong ctia tdm pin.

Anh hudng ctia cac tham s3 Rg va Ryy: 12 hai tham s8 then chdt ciia m6 hinh diode
don va anh huoéng truec ti€p dén ddc tuyén I -V theo (7). Khi dién trd ndi ti€p R tang,
sut ap noi IR tdng, lam tang ton hao ndi ti€p va giam dién ap hiéu dung trén nhanh
diode, dan dén giam dong dau ra & viing dién ap cao, dong thoi lam giam dién ap tai
diém cong suat cuc dai Vippp va cong sudt ciee dai Pyay. Ngureoc lai, khi dién tré song song
IR,

o . . v+ % 1An 13 2 ea g 12 A ”
R, giam, dong ro I, = tang lén, lam suy giam dién ap ho mach V, va cong suat

p
cie dai Ppay. Trong nghién ctru nay, anh huwong ctia Rg, R, duwoc rat ra tir phan tich ly

thuyét ctia phuong trinh (7).

Tt cac phan tich trén, c6 thé khé’mg dinh rz“ing nhiét do hoat dong cung cdc tham
s0 Rs va Ry, la nhitng yéu t6 quyét dinh dac tinh dién va hiéu sudt cia tim pin PV.

4. KET LUAN

Bai bao da xay dung thanh cong mo6 hinh mé phéng tdm pin ndng luong mat troi
(PV) trong moi treong MATLAB/Simulink dwa trén mo hinh diode don [1, 2, 8]. Két qua
md phong cac dac tuyén I -V va P -V cho thay su twong thich cao véi di liéu ky thuat
cua nha san xuat, vdi sai sd dao dong ttr 0% dén 2,94 %. Diéu nay khéng dinh tinh chinh
xé4c va kha nang tmg dung thuc tién ciia mo hinh trong phan tich, gidm st va thiét ké&
hé thong dién mat troi.

M6 hinh duoc thiét ké truc quan béng cac khdi Simulink, dé st dung va linh hoat
diéu chinh thong s8, phit hop cho nhiéu loai tdm pin PV [1,8]. Diéu nay khéng chi ho trg
giang day va nghién ctru ma con dit nén tang vitng chac cho viéc phat trién hé thong
giam sat va diéu khién thong minh trong ting dung nang lwong mat troi [3, 4, 7]. Nghién
ctu hién tai méi dung & mirc mo6 phong dua trén di liéu datasheet, chua c6 kiém ching
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thure nghiém. Trong thoi gian t6i, nhom tac gia sé tién hanh do dac thuee t€ trén hé thong
PV tai phong thi nghiém, dong thoi tich hop md hinh véi SCADA dé€ danh gia kha nang
tng dung real-time. Bén canh do, nghién ctu tap trung phat trién thuéat toan tim diém
cong suat cuc dai (MPPT) [6] va kha ndng két n6i mo hinh véi hé thong luu trir hodc hoa

lwdi dién, nham t&i wu hda khai thac nang luong mét troi va gop phan vao su phat trién

bén viing ctia nganh nang luong tai tao trong thuc t& [9].
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[5].
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[7].
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Thiét ké'va md phong hé thong pin ning lwong mdt troi theo thoi gian thiec sir dung phiin mém ...

DESIGN AND SIMULATION OF A PHOTOVOLTAIC SYSTEM IN REAL TIME
USING MATLAB/SIMULINK

Nguyen Huu Lap Truong, Pinh Trung Trong?
1 University of Science and Technology, The University of Danang
2Hue Industrial College
“Email: nhltruong@dut.udn.vn
ABSTRACT

This paper presents a methodology for designing and simulating a photovoltaic (PV)
module model using MATLAB/Simulink to evaluate the operating performance of
commercial PV modules. The model is developed based on mathematical equations
that describe the I-V and P-V characteristics of PV modules, taking into account the
effects of solar irradiance. The simulation parameters are calibrated according to the

actual specifications of the Solarex MSX-60 module provided by the manufacturer.

The simulation results indicate that the maximum deviation between the simulated
data and the manufacturer’s specifications is 2.94%, while the minimum deviation
is 0%. These results confirm the high accuracy and strong practical applicability of
the proposed model. Furthermore, the model can be extended for integration with
maximum power point tracking (MPPT) algorithms or real-time monitoring

systems, making it suitable for educational, research, and industrial applications.

Keywords: MATLAB/Simulink, photovoltaic module, MPPT, real-time simulation.
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