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Tém tat: Nghién ciru sir dung phan mém Matlab/Simulink dé mé phong, xdy dung mé hinh chudi pin, phan tich
dac tinh I-V, P-V & cdc diéu kién birc xa va nhiét do khac nhau. Sir dung tam pin 450 W, dva thong 56 vao khoi
PV array trong Matlab/Simulink dé danh gid ddc tinh va so sanh voi thuc nghiém nham kiém tra dién ap thu duoc
trong diéu kién birc xa va nhiét do khac nhau dé sac pin cho xe 6 to dién co nho. Két qua cho thdy, cuong do burc
xa va nhiét @6 la hai yéu té méi truong quyét dinh hiéu sudt dau ra, cu thé la. Dong ngdan mach I, va cong sudt
tang khi birc xq tang, dién dp gan nhw khong doi; Khi nhiét do tang, dién dp va cong sudt giam, dong dién thay

doi it.

Tir khoa: M6 phong quang dién (PV), dac tinh [-V va P—V, anh hudng ctia birc xa va nhiét d9, sac pin cho xe dién.

1. PAT VAN PE

Trong bdi canh nhu cau ning lugng toan cau ngiy
cang tang, viéc khai thac va su dung hi€u qua céac
ngudn ning luong tai tao dong vai tro then chét trong
qué trinh phat trién bén viing. Trong s do, ning lugng
mit troi ndi 1én nhur mot giai phap kha thi nho tinh sin
c6, than thién voi méi trudng va tiém ning tng dung
rong rdi (Kah Yung Yap; Hon Huin Chin; Jifi Jaromir
Klemes, 2022; M. Sechilariu; A. Reinders; Y. Krim; S.
Cheikh-Mohamad; A. Sierra; G. Seiler; K. Ben
Slimane, 2021). Hé théng quang dién (PV) dang ngiy
cang duoc ng dung trong san xut dién, dic biét trong
linh vuc giao thong van tai xanh nhu sac pin cho xe 0
t6 dién cd nhdé (Masafumi Yamaguchi, Taizo Masuda,
Yasuyuki Ota, 2024; Saheb Ghanbari Motlagh; Jamiu
Oladigbolu; Li Li, 2025).,

Tuy nhién, hi¢u suit ctia hé théng PV chiu anh
huong manh mé tir cac yéu t6 moi truong, dic biét la
burc xa mat troi va nhiét do. Buc xa quyét dinh dong
ngén mach va cong suat dau ra, trong khi nhiét d6 lam
thay d6i dién 4p va hiéu suat cia tim pin. Do do, viéc
phan tich dédc tinh -V va P—V ciia pin quang dién dudi
céc diéu kién moi trudong khac nhau 1a can thiét dé du
doan hiéu qua hoat dong va tdi wu hoa (mg dung thuc té.

Trong nghién ciru ndy, phin mém Matlab/Simulink
dugc sir dung & mo phong va xay dung mo hinh chudi
pin mat troi, voi dit liéu dau vao 1a tim pin 450 W. Két
qua mdé phdng dwoc so sanh vai thuc nghi€ém (Luu
Ngoc An va cdng su, 2023), nhim danh gida do chinh
xac cuia mod hinh va kiém chirng dién ap, dong dién
trong cac diéu kién blirc xa va nhiét do khac nhau.
Nghién ctru huéng téi viée xac dinh vai trd cua cac yéu
t6 modi truong di véi hidu suat dau ra, dong thoi cung
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cép co 6 khoa hoc cho viéc thiét ké va t6i uu hoa hé
thong sac pin xe dién st dung ning luong mit troi.

2. COSOLY THUYET

Dé phan tich va danh gia dic tinh cta pin mit troi trong
cac didu kién moi truong khic nhau. Dya trén mo hinh
diode, anh hudng cta buc xa va nhiét do dén dic tinh -V,
P-V, ciing nhu co s6 md phong trén Matlab/Simulink.

Mo hinh twong duong cia pin mat troi: Dong quang
dién chay trong mach phai di qua cac 16p ban dan p va
n, cac dién cyc, cac tiép xuc... Pic trung cho téng cac
dién tré cua cac 16p d6 1a mot dién trd Rg méc ndi tiép
trong mach.

Phuong trinh dién 4p — dong dién ctia mot té bao
quang dién pin mit trdi duoc tinh bing cong thic
[Nguyén Dac Hai va cong su, 2022]:

q(V+IRs V+IRs
I=L;—I,|e nkt —1)—
ph 0 Rsh

Anh huéng ciia biic xa mit troi: Dong quang sinh
Lon ty 1¢ thudn vo6i cuong d6 bire xa:
G

Iph = G— Iph,ref

ref
Anh huong cua nhiét d6: Dong dién bdo hoa pin
quang dién thay doi theo nhiét do ctia té bao quang dién,
theo cong thitc [Nguyén Dac Hai va cong su, 2022]:

Py — T T\ [Eg]1 1
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Xay dyng mo hinh trén Matlab/Simulink: Cung cép
khdi PV array cho phép nhap thong sd k¥ thuat cia tim
pin. Nho d6, c6 thé mo phong truc quan céc dic tinh -
V va P-V cua chudi pin mit troi trong diéu kién moi
truong khac nhau. 2 Tam pin 450W duoc st dung lam
co s& mo hinh, théng sé tAm pin theo tiéu chuan (John
Wiley & Sons, 1995), tir d6 xay dung chudi pin PV va
phan tich dac tinh phuc vu cho ng dung sac pin 6 to
dién c& nho.
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G

Hinh 1. M6 hinh mé phong PV trong Matlab/Simulink
(Dingyii Xue & Feng Pan, 2024)

3. KET QUA VA THAO LUAN
3.1. Anh hudng ctia moi truong
Anh hudéng cua buc xa
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Hinh 2. Ddc tinh I-V khi cuong d anh sang thay doi

O mdi muc birc xa, bién dang do thi dong dién giir
gin nhu khong d6i khi dién ap tang cho t6i mot gia tri
ngudng, sau d6 dong dién sut nhanh vé 0.

Isc: Gia tri dong dién khi dién 4p = 0, ting tuyén
tinh theo btrc xa.

Voc: Gia tri dién ap khi dong dién = 0, gﬁn nhu cb
dinh ¢ mtrc ~48 V.

MPP (Maximum Power Point): Diém cong suit cuc
dai nim & doan “gdc vudng” ciia mdi dudng cong. Birc
xa cang cao — MPP cang lon.

Khi blic xa thay d6i V sé& thay doi gia tri khong
dang ké nhung gia trj I s& thay doi kha 1on.
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Hinh 3. Duong ddc tinh V-P khi cuong do
anh sang thay doi
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Mbi dudng cong bat dau tir 0 (tai V=0) — ting dan
theo dién 4p — dat dinh cong suét cuc dai (MPP) —
giam vé 0 tai Voc (~47-50 V). Dinh cong suit dich 1én
cao khi birc xa tang.

Khi birc xa thay ddi, V sé& thay doi gia tri khong
dang ké nhung gia tri P s& thay doi kha 1on.
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Hinh 4. Duong ddc tinh I-P khi cuong do
anh sang thay doi

Cong suit ting gan tuyén tinh khi dong dién tang,
dat cuc dai (Pmax) & mot gia tri dong dién nhat dinh
(Impp), r6i nhanh chong giam vé 0 khi dong dién tién
t6i dong ngin mach (Isc). Vi mdi mirc birc xa, Pmax
khac nhau, nhung Impp ti 1€ thuan véi birc xa.

Khi thay ddi diéu kién ctia cuong do dnh sing mit troi
tir: W =200W/m’ t6i birc xa W = 1000 W/m’ thu dugc dic
tinh [— V, P — Vva [-P. Tir d6 c¢6 mot s6 két luan nhu sau:

Dong ngin mach Isc ti 1¢ thuan véi cuong do birc
xa chiéu sang.

Khi dong dién va dién ap ting din téi cong suat
hoat dong cuia pin ciing tang.

Cong suat dau ra ti 1& nghich v6i nhiét do va ti 1é
thudn vai cudng do birc xa mit troi.

Anh hwéng cia nhiét do.
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Hinh 5. Ddc tinh I-V khi nhiét dé thay doi

Khi nhiét d6 tang thi di¢n ap hoat dong ctia pin mat
troi gidm, con dong dién thi ting nhe. Dong ngin mach
(Isc) hau nhu khong thay d6i nhiéu khi nhigt do ting
(tr~11 A — 11.2 A). Bién ap hé mach (Voc) giam rd
rét khi nhiét do tang.

25°C: Voc = 50 V; 40°C: Voc = 46 V.

Po dbc doan sut dong cubi dd thi tang theo nhiét
do, tirc 1a khi nhiét do cao, dién &p giam nhanh hon.
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Hinh 6. Déc tinh P-V khi nhiét 3 thay d6i & bike xq 800 w/m’ va T=30"C

Cong suat clia pin mat troi giam khi nhiét do tang. Khi V=0 — I dat gid tri 16n nhat (dong ngan mach
Khi nhiét d6 ting, ta thdy: Dinh cong suat giam dan, vi Isc = 1.‘5 A); s P s
tri dinh dich sang bén trdi (Vmpp giam). Khi V ‘tang, I gilr gan nhu 6n dinh gan dén Voc
Nhiét do 25°C: Pmax ~ 460-480 W; 40°C: (~45V) dongsutnhanhve 0. o
Pmax ~ 400 W. Pin mat troi cung cap dong dién gan nhu khong doi
trong dai dién ap hoat dong, nhung bi gidi han tai Voc.
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Hinh 7. Ddc tinh I-P khi nhiét @6 thay d6i

Cong sut ting gan tuyén tinh véi dong dién khi 1
con thap. Moi duong dat mdt dinh cong suat cuc dai

(Pmax) tai dong dién Impp ~ 9.5-10 A. Hinh 10. Do thuc nghiém Voc tai hién truong
Sau dinh, cong suét sut rat nhanh khi dong dién tién "
toi dong ngan mach Isc (~11-11.5 A). ’ & P-V - O X
_Khi nhiét do tang: Pmax giam dan (dinh cong suat = XY Plot
thap hon). Impp gan nhue khong doi (~9.5-10 A).
3.2. Thyc nghiém hién trudng ) i 60
Két qua thuc nghiém tai hién trudng cho thay (dicu %
kiél} tot: khong c6 may che, bong mo, bltc xa va nhiét
d6 on dinh). 2 40
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Hinh 11. DBé thi ddc tinh P-V ciia chudi pin
& bire xa 800 w/m’ va T=30"C

Cong suat ting tuyén tinh khi dién ap ting & ving
thap. Pat cuc dai tai Vmpp = 45 V, voi cong suat cuc

dai Pmax ~ 55-60 W. Sau do, co it gia h vé
Hinh 8. Do thuc nghiém Isc tai hién truong Oal;ﬁrgaéén dén Voc au €o, cong suat glam manh ve
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Két qua do duoc tuong ddi gidng véi md phong
trong cung diéu kién, ching to chit lugng ngudn pin
dang hoat dong kha t6t va on dinh.

4. KET LUAN

Nghién ctru da tién hanh mo phong va phan tich
ddc tinh lam viéc cua tim pin ning lwgng mit troi
bang Matlab/Simulink, dong thdi so sanh voi két qua
thuc nghiém dé danh gia kha ning Gng dung trong sac
pin cho 6 t6 dién ¢& nho. Két qua cho th?iy, buc xa
mat troi 1a yéu td quyét dinh tryc tiép dén dong dién
ngin mach va cong suat dau ra, trong khi nhigt do
moi truong lam giam dién ap va cong sut phat cua

pin. Diéu nay chirng to hiéu suit cia hé thong PV phu
thudc vao diéu kién moi trudong va can ¢6 thuat toan
theo ddi diém cong sut cuc dai (MPPT) dé tdi wu kha
nang khai thac.

Mb hinh chudi pin dugc xdy dung trén Simulink
cho két qua kha sat voi thyc nghi€m, chirng minh tinh
kha thi ciia phuong phap md phong trong viéc du doan
hi€u qua hoat dong cua hé théng. bay 1a co so quan
trong dé phat trién va tdi wu hoa cac giai phap sac pin
xe dién sir dung ning luong mit trdi, gop phan thic

day xu huéng giao thong xanh, bén viing va giam thiéu
phat thai khi nha kinh.
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Abstract:
STUDY AND CALCULATION OF SOLAR ENERGY HARVESTING
FOR ONBOARD CHARGING OF COMPACT ELECTRIC CARS

This study employs Matlab/Simulink to model and simulate a photovoltaic (PV) module string, focusing on the
analysis of I-V and P-V characteristics under varying irradiance and temperature conditions. A 450-W PV
module is used, and its technical parameters are incorporated into the PV Array block in Matlab/Simulink to
evaluate performance characteristics and compare them with experimental measurements. The objective is to
verify the obtainable voltage across different irradiance and temperature scenarios for charging a small electric
vehicle battery. The results indicate that irradiance and temperature are the two dominant environmental factors
governing output performance. Specifically, the short-circuit current (Isc) and output power increase with rising
irradiance, while the voltage remains nearly constant; conversely, as temperature increases, the voltage and
power decrease, with only minor variations in current.

Keywords: Photovoltaic (PV) simulation, -V and P—V characteristics, irradiance and temperature effects,
electric vehicle battery charging.
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