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Tom tat

Néing lwong mdt troi ngdy cang duwoc chi trong khai thac, tuy nhién mét nhuroc diém
cua nang lwong mat troi 1a phu thuge vao thoi gian, phu thugce vao duong di cua mat troi so
VGi trdi dat. Do trai dat xoay quanh mat troi nén hudng chiéu tia birc Xa thay déi va ndng
liwong thu dwoc theo do ciing thay doi. Bai bao nay trinh bay vé thiét ké, thi cong va phan
tich hiéu sudt cua hé théng solar tracking néing heong mat troi truc don (Single Axis Solar
Tracking System). Hé thong tracking nang lirong mdt troi sé ti dong hueéng theo vi tri cia
M@t troi dé thu dwot t6i da cwong dé &nh séng phéat xa tir mat troi. Khi ma cuong dé anh
sang dang giam, hé thong nay tw dong thay doi huong ciia né dé cé dwoc cwong do anh
séng tdi da. Hai dong co servo nhan tin hiéu tir bé xiz Iy trung tAm sé xoay tam pin mgt troi
(solar panel) dén vj tri thich hop dé dat hiéu sudt toi wu. Két qua nang lieong thu diot cia
hé thong truc don tot hon 9.622% so sénh véi hé thong cé dinh. Két qua cia nghién ciru
nay cung cap mét gidi phap téi wu cho ndng herong mdt troi, gidp cdi thién hiéu qua cua hé
thong ndng hirong mdt troi, phuc vy hiéu qua cho qué trinh san xudt nang heong.
Tir khoa: arduino, hé théng solar tracking truc don, dién tré quang
Abtracts

PERFORMANCE EVALUATION OF A SINGLE AXIS SOLAR TRACKING

SYSTEM USING LIGHT DEPENDENT RESISTOR

Solar energy is increasingly being exploited, but one drawback of solar energy is
time-dependent, depending on the path of the sun compared to the earth. Because the earth
revolves around the sun, the direction of the radiation beam changes and the energy that
changes accordingly. This paper presents the design, construction and performance
analysis of the Single Axis Solar Tracking System. The solar tracking system will
automatically follow the sun's position to maximize the intensity of the light emitted from the
sun. When the light intensity is decreasing, the system automatically changes its direction to
get the maximum light intensity. Two servo motors that receive signals from the central
processor will rotate the solar panel (solar panel) to the appropriate location for optimum
performance. The energy result of single axis system is 9,622% better than that of fixed
system. The results of this study provide an optimal solution for solar energy, helping to
improve the efficiency of the solar system, effectively serving the energy production process.
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1. Pit van dé

Ngay nay, 6 nhiém méi trudng ngay cang trim trong, ngudn ning luong truyén
thong (dau, than d4...) dan can kiét va ctng khi d6 nhu ciu ning luong ngay cang ting
cao nén cac nudc trén thé gidi dang hdi ha phat trién ngudn ning luong thay thé
(Rezvani va nnk., 2015). Nang luong tai tao 13 ngudn ning luong khéng tiéu thy tai
nguyén hitu han cua trai dat va c6 thé d& dang, nhanh chéng bd sung. Ning lugng tai tao
dong vai trd quan trong trong viéc dap umg nhu cau ning luong tiéu thu va gép phan
kiém soat bién d6i khi hau (Mallick va nnk., 2014). Trong cac ngudn ning lugng tai tao
nhu ning luong mit troi, ning lugng gid, ning luong sinh khéi, ning luong thuy triéu
thi nang lugng mat troi rat thuén loi dé khai thac & nude ta boi Viét Nam ¢6 mire do bire
xa mit troi cao, va nhitng tién bd cta cong nghé ning luong mat troi phat trién nhanh
chong da gitp cho gia thanh san xuat ngay cang hop 1y hon (Polo va nnk., 2015).

Boi vi trai dat luon ludn quay xung quanh truc cia minh, goc ctia 4nh sang mat
troi lién tuc thay doi, anh huong dén luong birc xa mat troi chiéu I1én gian pin ning
luong. bé tang hi¢u suét hép thu 4nh sang tr mat troi chiing ta can c6 mot hé théng thiét
bi gitp cac tAm pin quang dién dinh hudng theo mat troi goi 1a hé thdng tracking ning
luong mit trdi (solar tracking). Hé thong tracking ning luong mit troi bao gém hé
thong lap dat theo ddi, tAm pin mat troi va hé thong diéu khién theo ddi. Cau trac gan
két 14 co thé caa hé théng, va hé théng diéu khién 13 bd ndo cua nd, diéu khién chuyén
dong cta hé théng gian pin nang luong mat troi.

Hién da c6 nhidu tac gia nghién ctru vé solar tracking. Lokhande va Mayank
Kumar (2014) d trinh bay mot hé thong solar tracking tu dong. Tac gia da thiét ké mot
hé thong theo ddi bang ning lwong mit troi dya trén vi diéu khién va quan sat thay rang
b solar tracking truc don ting hiéu suét 1én 30% so véi ¢ dinh. Guiha Li, Runsheng,
Tanf, Hao Zhong (2011) da thuc nghiém hé thong solar tracking truc don nam ngang.
Nghién ciru da thu duge két qua 1a hé thong dit theo hudng dong — tiy hidu suét ning
luong khong cai thién dang ké con hé théng dit theo huéng nam — bac 1a tot nhat. Higu
qua tang d6i véi truc dong tay 1a dudi 8% trong khi ddi véi truc nam — bac ting 10-24%.

Chaiko va Rizk (2008) da phat trién mot hé thong solar tracking mot cach hiéu qua.
Ho da thiét ké mot theo dbi truc don gian hé thng sir dung dong co budce va cam bién anh
sang. Ho quan sat thiy rang hé thong nay ting hiéu qua cta viéc thu thap ning lugng bang
cach gitr mot tAm pin mit troi vudng goc voi cac tia mit troi. Va ho ciing nhan thiy rang
murc ting cong suat di ting 30% so véi hé thong tinh. Imam Abadi, Adi Soeprijanto, Ali
Musyafa (2015) d thiét ké bo solar tracking truc don dra trén logic md va thyc hién trén vi
diéu khién ATMEGA 8353 dé cai thién ning luong ctia tAm pin. Nghién cttu cho thiy hiéu
suat ciia hé thong solar tracking véi diéu khién mo ting 47% so voi hé thong tinh. Ashwin,
Joshuaral Immanue, Lalith Sharanvn, Ravi Prasad, Varun (2014) da trinh bay mdt bo solar
tracking truc don dya trén cam bién dé dat dugc mirc nang luong cao nhat. Hé théng nay tu
dong thay doi theo hudng cua dé c6 duge ning lugng anh sang toi da. Do do, két qua thir
nghiém cho thay sy manh mé va ning suat ciia phuong phap dé xuat. Nam 2013, Anusha,
Chandra va Reddy di thiét ké hé thong solar tracking dwa trén dong ho thoi gian thuc. Ho
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so sanh mot hé théng tinh va hé théng thot gian thyc st dung bo xtr Iy ARM. Thi nghi¢m da
chimg minh hé théng mai hiéu qua hon khoang 40%. Hussain Akbar (2017) da thiét ké
mot bo solar tracking truc don bang vi diéu khién AVR. Céc két qua cho thay hé théng solar
tracking thiét ké da cai thién murc ting cong suat dau ra 18-25% so véi bang tinh tai thanh
phé Kirkuk, Irdc. Nam 2016, Fathabadi thir nghiém cho két qua mirc ning lwong thu dugc
tir hé thong solar tracking truc kép cao hon hé thdng tinh tir 28,8% — 43,6% tlly theo mia.
Wang va Lu (2013) da thuc hién mét hé thong solar tracking truc kép tai New Taipei City
(Pai Loan). Cac thi nghiém cho thiy hé thong ciia ho nang mirc ning lugng 1én t6i 28.31%
cho mét ngay nhiéu may.

Trong nghién ctru nay, chung t6i thiét ké, thi cong hé thdng solar tracking truc
don c6 két cau don gian, chi phi thap ma van dap tmg yéu cau ting hiéu suat khai thac
ning luong birc xa mat troi. Hé thong hoat dong tu dong duoc diéu khién baoi vi diéu
khién Arduino. Két qua cua nghién ctru nay cung cép giai phap str dung nang luong mat
troi t6i wu, dong thoi cung cip tai liéu nghién ciru Gmg dung ning lugng mat troi, hodc
phuc vu cho day hoc trong mé hinh giao duc STEM. Bai viét dugc to chirc nhu sau:
phan 2 trinh bay vé nguyén 1y hoat dong ciia mot hé thdng solar tracking; phan 3 trinh
bay vé thiét ké phan cting, phan mém; phan 4 trinh bay két qua thir nghiém, so sanh véi
hé théng tinh; cudi cung 1a két luan.

2. Co s6 khoa hoc va phuwong phap
2.1. H¢ thong solar tracking

Bai vi trai dat luon luon  memes S Sun path
quay xung quanh truc cua .};‘l‘:;lm
minh, goc cua anh sdng mat [l December sofstice
troi lién tuc thay d6i, anh .;ﬂalﬁﬁmf cad September)
huong dén luong bic xa mit Sunrise/sunset
troi chiéu lén gian pin nang =§tiﬂa
lugng (hinh 1). Bé tang hiéu Time
suat hip thu 4nh sang tir mit .0
tr(‘in chﬁng ta can c6 mot ’hé e
thong thiét bi giip céc tam Bou
pin quang dién dinh hudng =LD
theo mat troi, duoc goi 1a hé W23

thong solar tracking.
Hinh 1. Puong di ciia mdt troi tai thanh phé Thii Dau Mot
(Binh Dwong, Viét Nam)
Hé théng solar tracking duoc tao ra dé tan dung buc xa mat tro1 hi¢u qua nhét c6 thé,
tang luong birc xa nang luong dén gian pin mit trdi vi thé ning luong dién san sinh ra s&
nhiéu hon so vdi cac co cau c¢b dinh (Jovanovic, 2016). Mot hé thong theo ddi niang luong
mat troi bao gdm ba thanh phéan: co ciu co khi, tim pin mt trdi va hé théng diéu khién.
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2.2 Cdc logi h¢ théong solar tracking

Hé thdng solar tracking déng mét vai trd quan trong trong su phat trién tng dung
nang luong mat troi, nham nang cao hi¢u suit cua hé théng dién mat troi. Theo ciu tao
co khi, hé thdng solar tracking c6 2 loai: hé théng truc don va truc kép (Reca-Cardefia,
va Lopez-Luque, 2018). Trong sb nay, truc kép thudong duoc st dung vi nd cung cip
cao hon d6 chinh xé4c va duoc biét dén dé cai thién nang lugng mat troi bi bat cong suét
so véi bang truc don (Jovanovic, 2016). Ngoai ra, con c¢6 cach phén loai theo diéu khién
thi c6 hé thdng tich cuc va thy dong (Rizk and Chaiko, 2008).

2.2.1 Solar tracking truc don

Hé théng solar tracking truc don sir
dung gid treo bang PV nghiéng va mdt dong
co dién dé di chuyén bang trén quy dao gan
dling so véi vi tri cia mat troi. Truc xoay co
thé 1a ngang, doc hodc nghiéng. Hinh 2 cho
thiy so do tong quat cta bo theo ddi mot
tryc hién thi ca truc xoay (vecto don vi e) va
mat phang collector (vecto don vi binh
thuong d6i voi mat phang collector). Goc
gitta hai vecto don vi nay thuong dugc gitt
khong doi trong loai solar tracker nay.
(Reca-Cardefia va Lopez-Luque, 2018).

vl
Hinh 2. Phirong hirémg ciia hé thong
solar tracking truc don

2.2.2 Solar tracking truc kép

H¢ thdng solar tracking hai ¢ .5
truc ¢6 thé dat dugc mire thu nang ‘
luong ti da boi vi, do hoan toan
t do di chuyén theo 2 phia nén c6
kha nang theo ddi mit troi & bét cir
noi nao. (Reca-Cardefia va Lopez-
Luque, 2018).

Hinh 3. Phuong hudng ciia hé thong . |
solar tracking truc kép 7

3. Két qua va thir nghiém

3.1 Gidi thiéu cdu triic h¢ théng

Thiét lfé dé )fuét cua chﬁr}g toi la hé th(éng solar tracking truc don, hoat dong dua
trén vong di€u khién c6 phan hoi. HE thong gom cé céac dién tré quang dong vai tro cam
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bién, dong co servo, thiét bi truyén dong, vi diéu khién Arduino. Toan bd hé théng duoc
chia thanh hai phan chinh: phan crng va phan mém. Cac thiét bi chinh dugc liét ké ¢
bang 1 va hé thdng c6 so d6 nhu hinh 4.

Bdng 1. Danh sdch cdc thiét bi

S6 TT Tén linh kién S6 lwgng
1 Arduino Uno R3 1
2 MG996R Servo Motor 1
3 Light Dependent Resistor 4
4 Module LM2596 1
5 Solar Panel 10 W 1
6 Solar charge controller 1
7 Battery 1
8 DSN-VC288 DC 100V 10A Voltmeter Ammeter 1

\\ //
LDR o
o~
O
e
Battery Charge LM2596 =
Controller ]
£
>
0
<

Battery

1 T

3.2 Thiét ké phin cirng

Hinh 5, 6 mo ta ciu tao
cia md hinh, gdbm 2 thanh
ph?ln chinh: cdc by phan )
dinh va di dong. Céc bd phan
¢ dinh 1a chan dé cua h¢
théng, khép di dong duoc
gén v6i dong co servo, dugc
dat phia trén dé xoay tdm pin
mat troi theo hudng lén
xudng.

Hinh 5. Cam bién quang tré va déng co servo
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Hinh 6. Hé thong mé hinh solar tracking truc don

3.3 Thiét ké phin mém

Heé théng cam bién bao gdbm 4 quang trd (R1, R2, R3, R4) s& lam nhiém vu tiép
nhan anh sang tir ngudn sang. Gitta 4 quang trd nay s& c6 mot vach ngan hinh chit thap
lam nhiém vu phéan chia 4 cam bién quang tré thanh 4 huéng khac nhau riéng biét. Vach
ngin nay sé& lam nhiém vu dinh huéng cho 4 quang trd ludn ludn hudng vé phia co
nguén sdng manh nhét, cu thé 1a mat troi. Khi cum cam bién vuong goc vai tia birc xa
Clia mit troi, gia tri ctia 4 cam bién s& bang nhau.

Tin hiéu tir cum cam bién s& dugc truyén truc tiép vé phan tir trung tam diéu khién
Arduino va chuyén thanh tin hiéu sb. Tai ddy, Arduino s& so sanh tri trung binh cta hai
cam bién quang trd lién k& véi trung binh ctia hai cam bién dbi dién.

A= (R1+R2)/2 1)

B = (R3 + R4)/2 (2

Véi R1, R2, R3, R4 lan luot 1a gia tri dién trd cua 4 dién tré quang LDR1, LDR2,
LDR3, LDR4. C4c gia tri ndy twong ung nghich dao véi gia tri dién ap chuyén vé
Arduino.

Néu A = B thi dong co servo diéu khién truc X dung yén.

Néu A > B, c6 nghia la 4nh sang tap trung & bén R3, R4 nhiéu hon, dong co servo
xoay tdm pin huéng xudng cho dén khi 4nh sang vudng goc véi tam pin thi dimg lai.

Néu A < B, c6 nghia 1 4nh sang tap trung & bén R1, R2 nhiéu hon, dong co servo
xoay tdm pin huéng 1én cho dén khi anh sang vudng goc véi tim pin thi dimg lai.

Géc quay ciia cac dong co servo nam trong gi6i han 1a 0 — 180 do.
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3.4 Thar nghiém
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Chung t6i da thyc hién thé nghiém cho 2 hé théng: tim pin ning luong mit troi ¢b
dinh, hé théng solar tracking truc don. Thuc nghiém duogc thuc hién vao ngay
12/12/2019, tir 6h30 dén 18h30, thoi tiét ning 4m, nhung nhiéu may, tai dia diém

10°58'49.8"N 106°40'26.4"E.

Bang 2 1a thong ké két qua thir nghiém cho 2 hé thdng, va két qua nay duoc vé
thanh d6 thi nhu hinh 8. Két qua thuc nghiém ¢ hé thong tracking truc don tong cong
suat thu dugc nhidu hon 6,034W (9.622%) so hé thong tdm pin ning lugng mit troi
dung yén. Nhu vay, v6i viée st dung hé thdng tracking pin nang lwong mit troi truc don

s€ c6 hi€u suat 16n hon so vai viée dé tam pin co dinh.

Qua hinh 8 chung ta thdy hiéu suit cua hé thong truc don ti wu hon so v6i hé thong
¢d dinh. DO thi ha xuéng & thoi diém 11h 1a do dam may che kin, vao lac 11h xuét hién
dam may che anh ning mit troi, do vay cong sut ciia tit ca 3 hé thong déu giam.
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Bdng 2. Dir liéu thir nghiém ddanh gid hiéu sudt nang lwong ciia hé thong solar tracking

Thei gian (h: mm)

Tam pin ¢ dinh (Watt)

Hé théng truc don (Watt)

6:30 0 0
7:00 0,16 0,16
7:30 0,415 0,24
8:00 0,765 0,32
8:30 12 0,49
9:00 4,6 5,04
9:30 4,7 5,04
10:00 6,3 7,27
10:30 6,84 7,08
11:00 1,58 1,69
11:30 6,25 7,48
12:00 6,25 7,48
12:30 6 6,25
13:00 6,8 7,12
13:30 36 5,15
14:00 18 1,89
14:30 0,9 1,09
15:00 1,26 1,13
15:30 0,99 1,11
16:00 08 0,91
16:30 0,57 0,729
17:00 0,45 0,49
17:30 0,24 0,3
18:00 0,236 0,29
18:30 0 0
Tong 62.706 68.74
—+—Cbdinh —m—Truc don

. 8

2

% 6

E 5

« . 4

T s

&

!

» 1

v}

Z 0

8 Mo momomMomMomMomoOomMOmMOEmMOomOomo m

S e s
THOI GIAN (GIO: PHUT)

Hinh 8. Biéu dé so sanh cong sudt cia hé théng truc don va cé dinh
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4. Két luan

Pé thu duoc t6i da nang luong birc xa mat troi can st dung hé¢ théng solar tracking.
Nghién ctru nay da thiét ké hé thong solar tracking sir dung quang tro, vi diéu khién
Arduino, dong co servo. Két qua cho thiy hé thong solar tracking don t6i uu hon so véi cac
hé thdéng cb dinh, v6i hiéu suét vuot trdi 13 9.622%. Hé thdng solar tracking theo thiét ké
nay chi phi thap, hiéu qua va d& ché tao. Hudng nghién ciru tiép theo 1a cai tién phan ctng
voi hién thi s6 liéu thoi gian, dién 4ap, dong dién, cong suit qua man hinh LCD va xuét dit
liéu qua mang wifi.
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