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TOM TAT

Ping trude tinh trang 6 nhiém moi truong do viéc khai thic va sir dung nhién liéu héa
thach, cung voi do thuc trang can kiét cdac ngué‘n nhién liéu hoa thach, cac nguén nang luong tai
tao, trong dé cé pin Mat Troi, dd va dang dwoc nghién civu va trng dung ngay cang réng rdi trén thé
gidi ciing nhw & Viét Nam. Muc dich ciia d6 dn ndy chinh la so sanh lrong dién nang cung cdp giiva
hai hé thong xoay tam pin theo hwéng tia birc xa Mat Troi (Solar Tracking) véi cdc nguyén Iy hoat
dong khac nhau. Mot mo hinh hoat dong dwa trén sw chénh léch dién ap hoat dong cua cac thiét bi
cam bién dnh sang va mé hinh con lai vin hanh theo bang sé liéu cé dwoc thong qua cdc cong thire
tinh todn. Két qua thwe nghiém cho thdy mé hinh diéu hwéng tam pin bang cam bién dnh sing cé
san luwong dién cao hon 24% so voi mo hinh su dung s6 lidu tir cdc cong thire tinh todn.

Tw khoa: Pin Mat Troi; Tia toi birc xa Mat Troi; Hé théng Solar Tracking, Goc do cao;
Goc gio.

ABSTRACT

Faced with environmental pollution caused by the exploitation and use of fossil fuels and
the depletion of fossil fuel sources, renewable energy sources, including solar cells, have been being
studied and applied more and more widely in the world as well as in Vietnam. The purpose of this
project is to compare the amount of power supplied between the two solar tracking systems with
different operating principles. The first system operates on the difference in operating voltage of
light sensors and the other one operates according to the data table obtained through calculation
formulas. Experimental results show that the solar tracking with light sensors has a 24% higher
power output than the system using data from the calculation formulas.

Keywords: Solar cells, Irradiance,; Solar Tracking system; Altitude angle; Hour angle.
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1. PAT VAN PE

Viét Nam 1a qudc gia nam trong khu vic
nhiét d&i gié mua co lugng buc xa trung binh nam
16n, c6 duong bd bién dai, nhiéu dao va quan dao.
Nho chinh sach khuyén khich phat trién ctia Chinh
pht, Viét Nam da co sy phat trién nhay vot vé
viée ap dung va phat trién cac ngudn nang luong
tai tao, trong do c6 dién Mat Troi, trong nhitng
nam gan day. Dén cudi thang 12 ndm 2020, tong
cong suét lép dién Mat Troi tai Viét Nam da dat
gin 9.731 MWp, vuot cong sudt lap dit cta toan
nude Uc trong hon 30 nam [1].

Tuy nhién, mdt van dé 16n cua cac hé
théng pin Mat Tro1 hién nay la dugce lép cd
dinh, trong khi Mt Troi lién tuc quay to Pong
sang Tay mdi ngay ciing nhu thay d6i goc do
cao (altitude angle) suét 365 ngay trong mot
nam. GOc td1 cua tia birc xa Mat Troi 6 td1 mot
mit phing nim nghiéng duoc tinh theo cong
thuc:

cosf=sind sin® cosP - sind cosd cosP + cosd
cos®cosPcosw + cosd sind sinf cosy cosw +
c0sd sinf siny sin® (1)

Trong do:

0: Goc to1 cua tia birc xa Mat Troi toi
mit phing (d0);

B: Goc nghiéng cua tim pin Mat Troi
(d9);

o: B xich vi (d9);

®: Vi d6 (d6); tai Thanh phd H Chi
Minh thi ® = 10.8°;

o: Goc gio (d9), véi o = 0° vao 12 gio
trua; Mdi gid thay ddi thi goc gid giam mot goc
® = —15° vao budi sang va ting thém mot goc
o =+15° ing voi gid budi chiéu;

y.: Goc phuong vi cta tam pin Mat Troi
(d9).

Tir cong thuc trén ta thdy, vé mat ly
thuyét, goc cua tia t6i s& thay doi 8760 gia tri
khac nhau tng v6i 8760 gio trong mot nam.
Vi vy, viéc xoay tdm pin theo huc’mg cua tia
téd1 Mat Troi s€ glup tia toi cang gan trung véi
phuong phap tuyén cua tdm pin Mit Troi thi
luong dién sinh ra ctia tAm pin s& duoc ting 1én.
bo 1a 1y do cta viée nghién clru va thye nghiém
hé thong xoay tAm pin Mt Troi theo hudng cua
tia birc xa dé ting cong sudt phat dién cua pin,
s€ dugc trinh bay trong bai bao nay.

P4 ¢ nhiéu bai bao khoa hoc vé chu dé
nay nhung da phan 13 vé h¢ thong xoay theo mot
truc hoac moé hinh hai truc. Raviduth Ramful
va Nashil Sowaruth [2] d4 ghi nhan rang, ning
lugng thu duoc tr mo hinh thyc nghiém (mo
hinh xoay mdt truc) cao hon khoang 37% so
v6i thm pin dat ding yén. O day, tac gia da sir
dung tAm hé thong twong ddi nho phu hop vai
muc dich nghién ctru cho vi¢c cép dién cac thiét
bi nhu dién thoai, laptop hodc céc thiét bi dién
tr nho va hé thong ciing phai phu hop cho viée
dé dang mang theo.

2. THUC NGHIEM
2.1. M6 hinh thuc nghiém

Ca hai mo hinh déu c6 ba thanh phan
chinh, bao gdm: tm pin Mit Trdi, phan co khi
va mach dién. Ca hai mé hinh déu c6 thé xoay
tdm pin theo ca hai truc thang ding va nam
ngang dé co thé hudng theo cac tia Mat Troi
mot cach hidu qua nhat. TAm pin dugc sir dung
13 loai poly véi cong suat 1a 135Wp.

a. M6 hinh diéu hwéng tim pin Mit Troi
bang cam bién anh sang

Phan co khi:
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Hé théng st dung hai dong co DC dé
diéu khién tim pin xoay theo hai truc thing
ding va nam ngang. Phan khung phia trén
duoc gén bac dan hai bén dau va co hai gia do
dé ¢ dinh tAm pin. Mot bén gia do s& duoc nbi
vao bd phan giam tde truc vit rdi két ndi voi
truc cia dong co DC. B phan giam tde truc
vit nhim ting momen xoan va giit tim pin c6
dinh khi dong co ngimg hoat dong. Phan khung
phia dué6i duogc thiét ké voi khung tron ciing bo
truyén dong day xich-banh riang dé hd tro cho
viéc xoay theo phuong ndm ngang. C6 mot bd
phan 10 xo s& kéo dong co lai dé banh rang ludn
an khop voi day xich mot cach hiéu qua.

Hinh 1. Pong co DC hé tro quay
theo truc thang dvung

Hinh 2. Béng co DC hé tro quay theo truc nam ngang
Phan mach dién:
Mo hinh duoc didu khién bang viéc lap

trinh trén bo mach Arduino va cac linh kién
dién tu dugc li¢t ké ¢ bang dudi.
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Bang 1. Cac thiét bi dién sir dung cho mé hinh diéu
hwong tam pin Mat Troi bang cam bién anh sang

Cim bién 4nh sang
Pau tién 1a cam bién
anh sang bang tim pin
Mat Troi nho duoc
hoat dong theo quy luat
su chénh léch gia tri
dién 4p giita cac tam
pin.

Mach Arduino UNO
R3
Su chénh l1éch dién
trg duoc thiét 1ap trén
Arduino UNO R3.
Mach Arduino UNO
R3 nhén va xu ly thong
tin dién ap dé didu
khién hai dong co.
Mach diéu khién
dong co DC BTS7960
43A
Mach diéu khién
c6 dién ap ddu ra 1a
12V nhan tin hiéu tir
Arduino UNO R3 dé
diéu khién hai dong co.

Hinh 3. Cam bién dnh sing
bang tam pin Mat Troi

\
Hinh 4. Mach Arduino
UNO R3

Hinh 5. Mach diéu khién
dong co DC BTS7960 434

b. Mé hinh diéu hwéng tAm pin Mit Troi
bang dong co budc

Phan co khi:

Khéc v6i mo hinh trude, mo hinh nay st
dung dong co budc thay vi dong co DC nham
muc dich diéu chinh goc quay theo ding nhu
s0 lidu da tinh toan. Phan khung phia trén duoc
thiét ké 6m sat vao tim pin dé giit c6 dinh, hai
bén dugc gan thém 6 d& doc truc nham dé giup
cho tAm pin c6 thé xoay theo truc ngang. Phan
khung phia duéi dugc thiét ké dang try dimg
dugc 1ap 6 bi nhao dé hd tro cho phan xoay theo

&
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truc thing ding. Hai dong co duoc két ndi véi
cac pulley va day dai tao thanh cac hé truyén
dong.

Hinh 6. Co cdu truyén déng phia trén xoay theo
truc nam ngang

Hinh 7. Co cau truyén dong phia dudi xoay theo
truc thang dung

Phan mach dién:

M hinh ciing duoc diéu khién bang viéc
1ap trinh trén bo mach Arduino va céc linh kién
dién t&r nhu duoc liét ké & bang dudi.

Bdng 2. Cac thiét bi dién sur dung cho mo hinh
diéu huong tam pin Mat Troi bang dong co buoc

£ o

Driver diéu khién
dong co bwoc 3.5A
40VDC
M0 hinh sir dung hai
driver ¢6 cung chtrc
nang dé diéu khién

Hinh 8. Driver diéu
khién déng co buée 3.54
40VDC

Mach Arduino Mega
2560 CH340
Dung dé diéu khién
dong co thong qua lap
trinh. Sau khi tinh toan
cac goc theo gio va
ngay s€ nhap dir li¢u
vao Arduino.

Hinh 9. Mach Arduino
Mega 2560 CH340

Module thoi gian
thuc DS1302
va module ha ap
Module thoi gian thuc
duogc su dung dé xac
dinh thoi gian thyc té.
Module ha ap dung
dé giam dién ap cép
phi hop voi mot s6 bo
mach.

Hinh 10. Module thoi
gian thuc DS1302 va
module ha ap

2.2. Nguyén ly hoat dong

a. M6 hinh diéu hwéng tim pin Mit Troi
bang cam bien anh sang

Nhu dd no6i & trén, hé théng hoat dong
dua trén su chénh léch gia tri dién 4p gitta cac
tam pin voi nhau. So d6 ¢ Hinh 11 dién ta truc
quan qua trinh hoat dong cta hé thong. Ta ky
hiéu 0, 1, 2, 3 la cac tAm pin Mat Tro1 nho va
[0],[1],[2], [3] 1a gia tri dién &p cua cac dién ap
tuong Ung tai thoi diém dang xét. Goi X va Y
1a khoang chénh léch thiét lap cho trude. Nhu
vay, ta ¢ cac cong thirc nhu bang bén dudi.

Bang 3. Cong thurc xac dinh do chénh léch dién ap
cua cdc tam pin nho

A[0]=([0] +[2])/2 B [0] = ([0] + [1])/2
[ 1={11+[3D2 B [1]=([2] + [3])/2
=A[0]-ATl] B=B[0]-B[I]

dong co.
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Khon déng

Arduine nhin va xi Iy w0 ligu

SRS

[ Quay sangreii | [ uay sang phii |

Hinh 11. So' d6 qud trinh hoat dong ciia hé thong
Solar Tracking

b. M6 hinh diéu hwéng tAm pin Mit Troi
biang dong co budc

Nguyén ly hoat dong ctia mo6 hinh nay
st dung cong thire tinh toan dé co dugc cac sb
li¢u gbc va gui tin hiéu cho dong co mot cach
chinh x4c. Piéu nay gitp cho mé hinh hoat
dong 6n dinh hon khi thoi tiét co ning, may
that thuong. Cac dir li¢u c6 dugc sé tinh theo
cac cong thue trong tai liéu [1]. Cac phuong
trinh tinh todn s€ phu thudc vao tht ty ngay
trong nam va vi tri hinh hoc twong quan gitra
Mit Troi va Trai Dét ciing nhu giira tim pin
va mat dat. Hinh anh minh hoa cua céac gbc s
dugc trinh bay trong Hinh 12.
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Hinh 12. Cac goc hinh hoc giira tia Mat Troi va
tam pin trén mat dat [3]

Dau tién, can phai tinh d¢ xich vi Mt
Troi 6 dua theo thir tyr ngay trong ndm. Véin la
thtr ty ngay trong nam (n =1 tng véi 01/01 va
n =365 tng voi 31/12).

284 + n) 2

6 = 23.45 sin (360 365

Xac dinh thoi gian Mat Troi moc va lan
trong ngay o, tai mot vi tri cu thé thong qua
cong thue (3). V61 —og 1a gia tri goc khi Mat
Troi moc va o, 1a gia tri goc khi Mat Troi 1an
tai vi tri dang xét.

coswg = — tan®.tand 3)

Pé tam pin co thé hap thu nang lugng
birc xa mdt cach hiéu qua, bé mit tim pin phai
vudng goc vai cac tia tdi buc xa. Nghia la phai
xac dinh duoc do nghiéng cua tim pin trén so
v6i mat dat & sao cho goc cua tia t6i 1én mat
phang tAm pin 0 c¢6 gié tri 1a 0°.

cosB = cos(® — B) cosw cos § + sin(® — B)sin§ (4)
Dé tinh toan goc quay theo truc thing

dung, ta cn c6 gid tri o 1a gbc trong mit phang
thang dung gitra c4c tia Mat Troi va hinh chiéu

nay trén mit phang nim ngang.
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sin a = cos @ cos w cos § + sin @ sin 6(5)

Gia tri gbc quay theo truc thing dimg
chinh la géc phuong viy , la goc nam trong mat
phing nim ngang duoc do tir phuong Nam (0°)
dén hinh chiéu phap tuyén ciia tim pin 1én mit
phang nam ngang. Xoay sang hudng Dong s&
c6 gia tri duong va nguoc lai, quay vé hudng
Tay s€ co gia tri am.

1

cosa

siny = cos 8 sin w (6)

2.3. Phuong phap thuc nghiém

Dia diém tién hanh do thuc nghiém la
trong khudn vién Dai hoc Quéc Gia — Truong
Pai hoc Bach Khoa, thanh phé H6 Chi Minh.
Khoang thoi gian do 1a vao thang 8 c6 do dai
ngdy 16n trong suét 1 nam theo tinh toan (12
gid). Khoang thoi gian tién hanh do dac 14 tir 7
gio sang dén 17 gio chiéu.

Hé thuc nghiém st dung dong hd do
mirc ning luong dé theo doi ning luong dién
san sinh va tiéu thy trong sut thoi gian do dac.
Céc dén co téng cong sudt 1a 150W cung véi dc
quy c¢6 dung tich 50Ah duoc sir dung nham tiéu
thu va tich trit tai dién dé s liéu hién thi trén
ddng hd do ludn 1a dit liéu tie thoi 16n nhat.

Hinh 13. Pong hé do véi sai sé la 0.1W

Hinh 14. M6 hinh diéu huéng tam pin MGt Troi
bang cam bien anh sang

Hinh 15. M6 hinh diéu hieéng tam pin theo dong
co buoc hoan chinh

3. KET QUA VA THAO LUAN
Chu thich:

(A) — M6 hinh diéu hudng tAm pin Mt
Troi bang cam bién anh sang;

(B) — M6 hinh diéu hudng tdm pin Mt
Tro1 bang dong co budec.
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Bdng 4. S6 liéu lwong dién nang ngay 07/08/2023

07/08/2023
Mbéc thoi gian (h) 8 9 |10 1 | 12| 13 | 14| 15 |16 17
Wh (sac) 49 | 104 | 187 | 258 | 350 | 425 | 503 | 570 | 635 | 680
(A) Wh (tiéu thy) 1 2 | 3] 4 6 8 |10 | 12 | 14| 15
Wh (hitu ich) 48 | 102 | 184 | 254 | 344 | 417 | 493 | 558 | 621 | 665
Wh (sac) 41 | 97 |165| 237 | 329 | 408 | 485 548 | 601 | 647
(B) Wh (tiéu thu) 10 | 21 32| 44 | 55 | 66 | 78 | 8 101|111
Wh (hitu ich) 31 | 76 133 193 | 274 | 342 | 407 | 459 | 500 | 536

D6i véi s6 lieu & Bang 4 vao ngay
07/08/2023, c6 thé thay lugng dién nang thu

lop Do ting ning hrong hiru ich ngay 07/08/2023 duogc cua (A) vé tgx)ng thé cao hon so véi (B).

Trong qué trinh tién hanh thuc nghiém do dac

80 M . trong ngdy nay thi thoi tiét khong thuan loi do
© N . thoi tiét may, nang that thuong.

40 | i O d6 thi vé do tang nang luong hitu ich

| ' & Hinh 16, sy chénh 1éch thé hién rd rang hon

20 v6i san luong dién hiru ich tir (A) 1a 16n hon

) nhiéu so v6i (B) vi luc nay da trir di phu tai cac

S T T P e G thiét bi dién. Do (B) can phai duy tri luong di¢n
cap cho céc thiét bi Vé}n hanh cao Ia 10?11Wh
Hinh 16. P6 thi do tang nang luong hiru ich ngay moi gi(‘)’. NquC lai, d6i voi (A) 1a chi can du}f
07/08/2023 tri déu hang gid khoang 1Wh nén mai cé thé
théy rd dugc sy chénh 1€ch nay.

Bdng 5. S6 liéu lwong dién nang ngay 09/08/2023

09/08/2023
Méc théi gian (h) 8 9 (10| 11 |12 | 13 | 14 15 |16 | 17
Wh (sac) 53 | 127 |200 294 | 385 | 479 | 576 | 627 | 688 | 733
(A) Wh (tiéu thu) 1 2 13| 4 5 7 19 |11 |12 13
Wh (hitu ich) 52 | 125 [ 197 290 | 380 | 472 | 567 | 616 | 676 | 720
Wh (sac) 44 | 111 | 179 270 | 363 | 453 | 537 | 590 | 649 | 693
(B) Wh (tiéu thu) 10 | 21 32| 44 | 55 | 66 | 78 | 8 101|112
Wh (hitu ich) 34 | 90 | 147 226 | 308 | 387 | 459 | 501 | 548 | 581
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Do tang nang lrong hiru ich ngay 09/08/2023
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Hinh 17. D6 thi dé tang nang heong hiru ich ngay
09/08/2023

P61 véi s6 lidu ¢ Bang 5 vao ngiy
09/08/2023 1a mot ngay nang déu. Nhin vao
bang s6 liéu néu ta xét vé mat téng thé co thé
théy duoc su chénh 1éch mot cach ro rang qua
timg khung gid vao nhiing ngay ning déu nhu
vay. (A) thé hién mot hiéu suat lam viéc troi
hon han so véi (B).

O d6 thi so sanh d6 ting niang luong
hitu ich ngay 09/08/2023, ta van c6 thé thiy rd
hon v& tinh dic trung hiéu qua cia (A) so v6i
(B). Sau khi trur di tai ti€u thy thi vao nhiing
khung gio buc xa Mat Troi 16n nhu 10-14h,
thdy rd hiéu nang cao hon vi tai tiéu thyu khac
nhau ciia hai mo6 hinh va dic trung vé nguyén
1y hoat dong khac nhau.

4. KET LUAN

Ca hai m6 hinh diéu hudng tAm pin Mit
Trdi bang cam bién 4nh sang va didu hudng
tam pin Mat Troi bé“mg dong co budc duoc dé
xuét trong bai nghién ctru nay déu di cho ra
mot két qua kha quan hon vé mat ning luong.
Béng nhitng s6 liéu thuc t& do dugc, md hinh
diéu huéng tim pin Miat Troi bang cam bién
anh sang c6 hi€u qua nang lugng hiru ich cao

hon 24% so v6i mé hinh van hanh bang dong
co budc va dir liéu tinh toan khi da trur di tai
tiéu thu.

Tuy rang ca hai md hinh déu mang lai
hiéu qua vé mit niang luong nhung van con
nhiéu bat cap. Dbi v6i mé hinh diéu hudng tim
pin Mat Troi bang cam bién anh sang, do mo
hinh str dung cam bién bang 04 tAm pin mit troi
nho rat nhay voi anh sang nén vao nhitng khi
thoi tiét ning khong déu va nhiéu may thi mo
hinh ¢6 xu huéng hoat dong khong 6n dinh (tAm
pin khéng duoc diéu hudng dé vudng goc voi
cac tia Mat Tro1), hoac la dung yén khi khong
¢6 su chénh l1éch 16n dién ap giita cac tim pin,
didu nay lam giam dang ké hiéu suit cia mo
hinh. Déi véi mé hinh diéu hudng tim pin Mt
Troi bang dong co bude, mod hinh nay chua that
su hiéu qua vé mit thuc té do cac dong co budc
luén phai hoat dong lién tuc dé giir tim pin cb
dinh mdt goc cu thé, do do6 ta phai tiéu hao rat
nhiéu dién nang dé van hanh thiét b. %
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