HE TRACKING NANG LUQNG MAT TROI CHO XE TU HANH
SOLAR TRACKING SYSTEM FOR SELF-PROPELLED VEHICLE
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TOM TAT

Béo cao nay thiee hién viéc thiét ké hé thong Solar Tracking hwéng téi cdc iing dung cho nhing
tam pano pin nang leong mdt troi ¢é dinh hodc cdc xe tir hanh co hé tracking nang lwong mdt troi.
H¢ thong solar tracking la he thong diéu khlen tam pin mdt troi xoay theo hwéng dnh sang, nham
giam thiéu géc tdi giita tia nang va phap tuyén cua tam pin. Piéu nay lam tang khd ndang chuyén doi
quang — dién hon so véi tam pin dat cé dinh.
Mot hé tracking 2 truc dwoc thuc hién boi 2 dong co budc kiéu luong cuc thong qua co cau truyén
liee truc vit, banh rang. Linh kién IC L297 va L298 dwoc sir dung diéu khién déng co. Tin hiéu diéu
khién dwoc thwce hién boi vi diéu khzen PIC 18F4550 nham xir Iy cdc dit liéu dién dp dwoc gii tiv cac
cam bién dnh sing (LDR) va tir tam pin. Céc két qua cho thay kha nang nap dién cho accu ciia tam
pin ¢6 tracking cao hon tam pin 6 dinh. Chang toi ciing so sdnh véi cdc hé tracking di cong bo dé
khing &inh tinh kha thi cia két qua nghién ctu.

Tir khéa: Tam pin mdt troi, tracking, 2 truc (2-axis), cam bién dnh sdng.

ABSTRACT

This work will report on the design of solar tracking system in view of the application of solar
panels and solar car with tracking solar panel. Tracking solar equipment is an Electro Mechanic
System that drives the solar panel toward the sun. It can be reduced to the minimum of angle between
the light ray and the normal of solar panel. Consequently, the effect of photo-electric transformation
of tracking solar system will be higher than static solar panel.

The two axes tracking solar system was operated by the two bipolar step motors with the mechanism
of transfer force of screws and begel gears. The electronic devices of IC L297 and L298 were applied
to drive the motors. The control signals were done by the micro processor of PIC 18F4550 to process
the voltage levels which obtained from light dependent resistors (LDR) and solar cell panels. The
measurement data demonstrated the capacity of charge for accumulator from solar tracking panel
was better than the normal solar panel. The comparison with other solar tracking systems was done
to affirm the feasibility of our studies in this solar tracking work.

Keyword: Solar panel, tracking, 2-axes, light sensor.

1. GIOI THIEU

Xe tu hanh 1a thiét bi tham hiém ty dong duoc
thiét ké dé co thé di chuyén trén bé mit thién thé
muc ti€u, thuc hién cdc nhiém vu: quay phim,
chup anh bé mit, thu thap va phan tich cac mau
dat da. Xe tu hanh hoat dong dua trén tin hiéu
diéu khién tir Trai dat va cac chuong trinh dugc
cai dat san. Tinh dén nay, xe tu hanh da hoat
dong trén 2 thién thé trong h¢ Mat Troi, do 1a
Mat trang va Sao hda [1]. Nang lugng su dung 1a
nang lugng mat troi két hop vai pin trong xe. Dé

xe tu hanh thyc hién nhiéu tc vu hon, thoi gian
hoat dong lau hon thi doi héi nang lugng cung
cAp phai 16n hon.

Vé linh vuc nghién ctru robot tranh vat can
dd c6 mot sb cong trinh nghién ctru va tng dung
trong nude [ 2-5] va cac tai liéu huéng dan sir dung
mo phong cua nudce ngoai [6-10]. Tuy nhién, cac
cong trinh vé hé tu diéu chinh anh sang dé nap
duogc nang lugng mat troi cao nhét thi chua nhiéu
va can nhiéu nghién ctru tiép [11].



Nhiéu giai phap duoc biét dén [12], trong d6
diéu khién tim pin mat troi xoay dé tao ra nang
luong toi da 1a mot giai phap kha thi. Hé diéu
khién tdm pin nhu vay goi la Hé Tracking ning
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luong mét troi (Solar Tracking System-STS). Co
nhiéu kiéu STS, bai bao nay tap trung giGi thidu
STS 2-axis (2 truc). Hinh 2 mé ta so d6 khbi STS
2-axis.
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Hinh 1. So dd khdi STS 2-axis quay 2 truc dé nhén anh sanh cyc dai theo huéng mat troi.

Chung t6i thiét ké hé thong tu diéu chinh
nap NLMT (solar tracking) hudng to1 cac Uing
dung cho nhitng tdm pano pin ning luong mat
troi ¢6 dinh hodc cac xe tu hanh c6 hé tracking
nang luong mat troi. Hé théng solar tracking 1a
hé théng diéu khién tAm pin mat troi xoay theo
huéng anh sang, nham giam thiéu goc t6i giira
tia ndng va phap tuyén cua tdm pin. Diéu nay
lam ting kha ning chuyén ddi quang — dién hon
S0 Vi tAm pin dat ¢ dinh. St dung cam bién 4nh
sang dé xac dinh dién thé nap cac huéng khac
nhau, vi xtr 1y s& so sanh va diéu khién moto
quay dé do tim hudng c6 anh sang chinh dién va
nap dién vao accu.

2. THIET KE MACH VA PIEU KHIEN
2.1. Hé co khi chuyén dpng

H¢ solar tracking duoc thiét ké két ciu
co khi bang nhom, khung trén c6 kich thudc
290x350mm dé ga lip tdm pin 12V-10W, nhu
hinh 1. Hai dong co duoc lép déng truc, dong co
duéi diéu khién theo phuong ngang, dong co trén
diéu khién theo phuong doc, ti sb truyén 1:7. C6
gi6i han hanh trinh dé tAm pin xoay theo phuong
doc voi goc tur 45° - 135° va theo phuong ngang
tur 0° - 360°.

a ) ‘ ' c)
Hinh 2. Co khi cua hé tracking nang lugng mat troi cua de tai: (a), dong co 1, (ﬂa), dong co 2 va (c),
hé co khi hoan chinh [13].



H¢ tracking ndng luwong mdt troi cho xe tw hanh

2.2. Cim bién dnh sing

C6 nhiéu loai cam bién anh sang (Light
Sensors). Pon gian nhit 1a quang tr& (LDR),
tuc dién tro thay ddi theo anh sang, dugc lam tu
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Cadmium Sulfide (CdS) hoac Gallium Arsenide
(GaAs). Loai phtc tap hon la photodiode va
phototransistor [11].
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C1815

. a b . c .
Hinh 3. Cam bién cho( h)é solar tracking: (a) nguyén ly hg)gt dong cam bién LDR,((I?J) mach 6n dong
cho quang trd, (c) 4 hudng dat quang trd dat trong h¢ solar tracking va tam pin.

Trong thiét ké nay, ching toi chon quang tré
loai CdS vi chi phi thap, dé thiét ké. Bon quang
tré dugc bd tri theo hudng Pong (E) — Tay (W)
— Nam (8) — Bic (N). Giita 2 cdm bién 1a vach
ngan. Khi anh sang chiéu thang goc, hai tin hi¢u
tir hai cam bién bang nhau, dong co khong xoay.
Cho dén khi huéng anh sing thay d6i, hai tin
hiéu khac nhau, dong co dugc diéu khién xoay
theo huéng lam cho panel thang goc hudng anh
sang (hinh 3).

Op-amp 1 lam nhi€ém vy nhu mach on dinh
dong dién, khi cuong do sang thay doi, dién ap

tai cuc C cua QI thay d6i. Tin hiéu nay duoc
Op-amp thtr 2 khuéch dai trudce khi dua dén chan
ADC cta vi diéu khién nhu trong hinh 3b.

2.3. Dong co buwéc va mach diéu khién

Hai truc c6 thé duoc diéu khién boi dong co
DC, DC servo hodc dong co budc véi nhiing vu
diém cua nd [14]: khong danh lira, tao moémen
giir, diéu khién vi tri theo dong hé va quan trong
13 6¢ d6 quay cua rotor khong phu thude vao tai
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Hinh 4. Mach diéu khién dong co quay theo hudng cua anh sang.



Co 3 loai dong co budc: loai nam cham vinh
citu, bién tir tré va dong co budc lai (hybrid).
M3di loai ¢6 cach phan bd day trén stator khac
nhau. Dong co nam cham vinh cttu c6 03 loai:
don cuc, ludng cuc va nhiéu pha.Véi thiét ké
nay, chiing t61 chon hai dong co budc loai ludng
cuc (bipolar), 12V, 200 budc. Loai nay cAu tao
don gian, moment 16n hon 30% so voi loai don
cuc cung kich thudc. Nhung diéu khién phirc tap
vi phai dao chiéu dong dién qua cudn day, can su
dung hai cau H.

Tuy nhién, v6i IC chuyén dung thi kho khan
trén duoc khic phuc. IC L298 tich hop hai ciu H
bén trong, diéu khién dong qua dong co 2A, vai
c¢6 kha ning bao vé qué tai. Mach chi tiét trong
hinh 4.

I
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2.4. Vi diéu khién.

V6i mach diéu khién cho Hé solar tracking
thi vi diéu khién dugc xem nhu trai tim cua hé.
Moi tin hiéu tir cam bién, cong tdc hanh trinh
dwa va vi didu khién dé xir 1y, cubi cing xuét
ra 4 tin hiéu diéu khién dong co budc lam quay
tam pin dén vi tri thich hop. PIC 18F4550 dugc
chon vi théa mén duoc cic yéu cau sau: 13 ngd
vao ADC (st dung 2 ngd) va ngd ra diéu khién
dong co budc.

2.5. Thudt todn diéu khién

He solar tracking da thiét ké hoat dong ¢ hai
ché do: bang tay (manual) va ty dong (automatic).
Nguyén tic diéu khién dong co cua hai ché d6 1a
nhu nhau. Tuy nhién tin hi¢u ngd vao xu 1y 1a
khac nhau. Véi ché d6 bang tay, cac niit nhan 1a
dir liéu ngd vao. Ché d6 tu dong, ngd vao la tin
hiéu tir cam bién va dién ap thm pin.

ANO=ANI1
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Hinh 5. Lwu do giai thuat chwong trinh do vi tri ban dau.

Nham tranh truong hop xodn day cap ngudn
va day tin hi¢u, hai truc cua hé tracking dugc
gidi han bang phan mém. Truc 1 (ndi v6i dong
co 1) xoay tdm pin theo huéng dong — tay tong
cong 24 budce, mdi budc 5.4 do. Piém giéi han
khi tim pin hop v&i phuong ngang mot goc 65
d6. Truc 2 (ndi voi dong co 2) quay 1 vong, tong
cong 60 budc va modi budc 3.0 6. Khi téi han,

dong co ngimg hoic xoay theo chiéu nguoc lai.

Tuy thudc tmg dung hé tracking dong hay
tinh, giai thuat c6 diém khac nhau. D6 13 sau khi
do vi tri ban dau, hé tracking tinh chi can do vi
tri mat tro1 tor dong sang tay, con tracking dong
do theo ca hudng di chuyén cua hé. Nhu vy,
voi gidi thuat tracking dong thi dung dugc cho
tracking tinh.
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Céc ngd vao analog, bao gdm 04 dir liéu tir
cam bién anh sang ANO, AN1, AN2, AN3, tin
hiéu tim pin AN4. Bon nat nhan M1-M4 diéu
khién dong co bé‘mg tay; M5 set vi tri ban dau;
SW 1 chon ché do hoat dong. Hai dong co motorl,
motor2.

2.6. Mach diéu khién trung tim

Mach diéu khién trung tim tiép nhan va xur
1y tin hiéu tr bd cam bién, xuét ra tin hiéu diéu
khién dong co. Vi vy can lia chon chip pht hop
dé thuc hién cac chiic nang trén.

PIC18F4550 1a mét vi xtr 1y co ban da chuc
nang va ré. N6 1a san pham ciia ho vi xtr Iy PIC
thong dung (Cong ty Microchip, Arizona, My).
V6i bd nhd, c6 32kB Flash luu trlt chuong
trinh, 2kB by nhd SRAM bay hoi va 256 byte
EEPROM d¢ luu trit dai han dit ligu.

Céc dic tinh dang chi v khac 1a ¢ dong ho,
ngit (dong hd gin trong va gin ngoai) véi hai
murc uu tién va dung cd hai mirc nhu bd so sanh
tuong tu kém theo vdi bg phat dién thé chuén ¢o
16 muc (hitu ich khi dung trigger & mirc phan
cung). DPac biét PIC18F4550 cling c6 mot bd
chuyén ddi twong tu - s6 10 bit.

a 7 b)
Hinh 6. Mach éi(%u khién tracking (a) vi xtr Iy PIC18F4550 va (Sa) mach hoan chinh [13].

3. KET QUA VA THAO LUAN

o

S , (d)
Hinh 7. Ca(u: vi tri tam pin khi xe (gi chuyén: (a) quay sang trai, (b) sang phai, (c¢) phia trude va (d)

quay ra sau tai Truong Pai hoc KHTN [13].

He dugc thiét ché va ché tao kha hoan chinh
tir cac mach dién tir dén co khi va hé thong diéu
khién xe chd hé solar tracking. Chiing toi tién
hanh kiém tra viéc do tim cic hudng anh sang
cua hé qua ché do tu dong (hinh 7). Cac hudéng
duoc cam bién xac dinh chinh xéac theo vu diém
cua dong co budc nhu da noi ¢ trén.

Chuing t6i tién hanh do dién thé -dong nap cta
hé tracking tai dia ban Quén 2, Tp. Hd Chi Minh.
Tam pin mit troi duoc diéu chinh sao cho bé mit
ctia tim pin duoc dit nghleng mot goc a =21° so
Vol phuong ngang. TAm pin mit troi c6 bé mat
quay vé huéng Pong Bic, va dugc dit 1éch mot
goc 18° so v6i dudng kinh tuyén (goc phuong vi
bé mit ctia tAm pin Y, = 18°).
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Hinh 8. Khao sat nap tir tAm pin xudng accu: (a) dién thé nap tir 12.11V dén 12.80V, (b) Pong hd do

va (¢) cuong do nap tir 100-400mA [13].
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Hinh 9. Khdo sat hoat Eiong cua h¢ solar tracklng hoat dong tur 08:25 dén)IS 15 ngay 07/04 tai Quan
2 Tp.HCM (a) dién thé 6n dinh va ting va (b) cuong d6 dong cuc dai dat gan 500mA.

St dung hai dong hd VOM dé do dong dién,
dién ap. Cap nhat gia tri mdi 15 phiit mot lan. S6
liéu thu thap trong cac ngay tir 31/3 dén 7/4 (hinh
8 va hinh 9). Dién thé va dong nap tir tim pin mit
troi vao accu duge do truc tiép va ghi lai két qua
v& d0 thi trong trudng hop khong tracking va nap
dién c6 hé thdng solar tracking.

14.0

bé danh gia duoc hi¢u qua nap dién cua hé
tracking so voi hé ¢ dinh, can thiét phai vé dd
thi tir cac sd liéu thu thap dugc. Theo hinh 10 thi
dong dlen cho thdy dong nap clia tAm pin ting
dan vé budi trua, giam vao budi chiéu. Dong khi
c6 tracking ludn 16n hon dong tim pin ¢ dinh,
néu khong xét dén nhirng diém nhiéu do trdi c6
mAy che bt ngo.
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Hinh 10. Dién thé nap tw tam pin mat troi so sanh khi co

tracking va khong co tracking.
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4. KET LUAN

H¢ solar tracking nang lugng mat troi cho
xe tu hanh dugc thiét ké dua trén co sé Vi diéu
khién PIC, thu nhén céc tin hiéu tir cam bién anh
sang, xu 1y va diéu khién dong co dé xoay tim
pin mit troi ludn vudng goc v6i hudng tia ning
nham dat dugc hiéu suit chuyén dbi toi wu. Qua
thuc nghiém, h¢ solar tracking hoat dong on
dinh vé mit co khi va dién thé nap, cuong do nap
vao accu cao hon so voi h¢ solar cell khong cé
tracking. Chiing t6i tiép tuc cac nghién ctru sdu
hon dé c6 thé hoan chinh solar tracking cho xe tur
hanh hay robot.

5. GHI NHAN VA CAM ON

Nhoém tac gia xin cam on cac dong nghiép da
hd trg ché tao co khi cho hé solar tracking (Cong
ty Hai Sao) va khao sat k¥ thuat lap rap cac cell,
do cong suét cell (Cong ty CP NLMTD, Redsun
Co Ltd.). Xin cam on su tao diéu kién cua Bo
mon Vat 1y dién tir (Khoa Vat ly va Vit 1y ky
thuat, Truong DH Khoa hoc Ty nhién) vé hé
thong pin mat troi va cac thiét bi do, phan tich
thiét ké. Chiing t6i ciing cam on cac chuyén gia
da phan bién, gép ¥ nham hoan chinh bao céo
nay.
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