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CHO CAC MO HINH NHA MAY PIEN MAT TROI
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TOM TAT
Phwong phdp tracking la mgt trong sé Cac gidi phdp gitip ndng cao nding lwong thu
dwoc tir cic hé thong dién mat troi diroc 1ing dung tai nhiéu nwéc phat trién nhung chwea diroc
si dung rong rdi tai Viet Nam. Trong c6ng trinh nghién ciu nay, tac gid tap trung vao viéc

thiét ké va ché tao mét hé tracking ndng heong mat troi theo phwong phdp tracking thy déng
dua céc dir kién nhu kinh vi dé va cac tham so thoi gian.

Tac gid da tién hanh tong hop cdc phirong phdp xdc dinh chinh xac vi tri géc mat troi,
tir d6 ché tao va xay dung thudt todn diéu khién cho h¢ tracking; do thuc nghiém so sanh dién
ndng thu dwoc cua hé thong dién mat troi giza hé tracking ché tao va hé ldap co dinh trong
mét so diéu kién thoi tiét khac nhau. Tir dé phdn tich danh gid hiéu qua cua gidi phap khi ap
dung tai Viet Nam. Cac két qua thuc nghiém cho thdy gidgi phap cé nhiéu wu diém va ky vong
c6 thé giip tang trén 30% lheong dién nang thu dwoc s0 Véi cac hé ldp cé dinh. Ngoai ra
nhém da buée dau xay dung phan mém giip ngwoi sir dung thiét ké tinh toan cho cac hé
thong dién mdt troi hoa lwdi theo cac khu vaec khap Viét Nam.

Véi kha nang nang cao hié¢u qua thu dién dang ké cho cac hé théng dién mat troi, gidi
phap tracking gilp giam cong suat thiét ké va chi phi dau tw dong thoi tiét kiém nguyén vt
ligu va hoan toan phu hop &p dung tai Viér Nam. Pdc biét, khi cong nghé phat trién, hiéu sudt
pin mat troi cang nang cao, hiéu qua giai phap mang lai cang dwoc phat huy.

Tir khoa: nang heong mat troi; tracking thy dong; hé thong hoa ludi; goc mat troi; kinh vi dg.
ABSTRACT

Solar tracking method is one of the methods to help improve the obtained energy for
solar power system. It has been applied in many developed countries, but not yet widely used
in Vietnam. In this study, the authors focused on design and manufacture of a solar tracking
method based on latitude, longitude and time.

The authors synthesized methods for determining the exact angle of the sun, thus
manufactured and built an algorithm for tracking system; experimentally measured and
compared the obtained energy of solar power systems between tracking and fixed installation
systems in different weather conditions. Then the effectiveness of solution was analyzed when
it would be applied in Vietham. The experimental results showed that the solution brought
back advantages and helped increase 30% obtained energy compared to a non-tracking
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system. In addition, software to help users calculate and design solar on-grid system based on

location throughout Vietnam was developed.

With the ability to help improve efficiency for solar power systems, this tracking
solution can help reduce total capacity of solar project, investment costs and save materials.
It is very applicable in Vietham. In particular, with developing technology, the higher
efficiency the solar panel will have, the more meaningful contribution of the tracking solution

will be promoted.

Keywords: solar energy; tracking; on-grid system; sun angle; solar panel; longitude; latitude.

1.  GIOI THIEU

Trong nhimg nim vira qua, nhu cau sir
dung nang lugng ngay cang cao va tac dong
truc tiép dén sy phat trién kinh té xa hoi dén
nhiéu quéc gia trén thé gioi trong d6 c6 Viét
Nam. Chi phi vé ning lugng ngay cang ting
do cac ngudn ning lwong hoa thach bi khai
thac qua mirc va c6 xu hudng can kiét trong
tuong lai khong xa [1,2]. Nang luong tai tao
(NLTT), trong d6 ndi bat 13 ning luong mat
troi (NLMT) 12 vo tan duoc nhidu nudc phat
trién khai théc, thay thé dan cac nha may
dién truyén thong [3].

Viét Nam c6 vi tri dia ly nam hoan toan
trong khu vuc nhiét déi. Phan dat lién c6 vi
do tir 8°27° - 23°23” Béc, ¢6 tiém ning rat Ion
vé NLTT néi chung vd NLMT néi riéng.
Theo Quy hoach dién VII, co cau nguén dién
NLTT s& chiém 5.6% vé cong suit (trén tong
s6 75 000MW) va 4.5% vé lugng dién (trén
tong sd 330 ty KWh) vao nam 2020. Pén
nam 2030, cong suat va san lugng dién ting
gap doi (146 800MW va 695 ty KWh). Trong
d6 ty trong NLTT ting dang ké voi ti 18
tuong ng lan luot 1a 9.4% va 6.0%[4].

Piéu nay cho thiy NLTT s& duoc chd
trong va phat trién manh trong thoi gian t6i,
nhiéu dy an nha may dién NLMT sé& duoc
trién khai. Vi vay, viéc nghién cau va ang
dung céc giai phap nang cao ning suat cac hé
thong dién mat troi (BMT) nham muc dich
tiét kiém chi phi dau tu va tai nguyén vat liéu,
tai nguyén dit dai,... 1a mot vin dé quan

trong va cap thiét. Trong d6 giai phap “solar
tracking” co hoc gitp thu dugc lugng di¢n
téi da duoc (ng dung thanh cdng tai nhiéu
noi trén thé gisi. Mot sb nghién cau hé vé
solar energy [5] va tracking tu dong [6] da
duoc nhém nghién ctu va cong bd.

Trong dé tai nghién ctu nay, ching toi
tap trung vao viéc thiét ké ché tao mot hé
solar trackingcd thé lip dat cac tam solar
panel cong suat 16n bang phuong phap
“tracking thu dong” phu hop véi diéu kién vi
do thap cua nudc ta. Tu d6 do dac thuc
nghiém va phan tich hiéu qua cta giai phap
ca vé ky thuat va kinh té tao co s Iy luan va
thuc tién cho cac dy an va cong trinh NLMT
trong tuong lai.

2. HE THONG TRACKING THU PONG
2.1 Co sé ly thuyét
e Phwong phap solar tracking

Solar tracking 1a phuong phap diéu
khién tim solar panel luon huéng vudng goc
v6i mit troi nham thu dugc ning luong téi da.

C6 hai giai phap chinh vé solar
tracking: mot 1a st dung cam bién quang do
birc xa mat troi dé xac dinh vi tri ¢ buc xa
cuc dai. Hai la su dung giai phap tracking thu
dong, giai phap nay doi hoi phai biét chinh
X&c vi tri géc mat troi (goc phuong vi, cao
d6) theo céc thoi diém trong ngay, cac mua
trong ndm GNg Vai vi tri lap dat (kinh do, vi
d6) dé diéu khién hé tracking. Trong dé tai
nghién ctu nay chang téi luya chon giai phap
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tracking thu dong phu hop ng cho dung céac
hé thdng dién mat troi hoa ludi.

Tai nuéc ta, cac cdng trinh lap dat pin
mat troi dan dung dugc khuyén céo lap dat
nghiéng theo hudng chinh Nam (cao Bic,
thip Nam), g6c nghiéng tiy vao vi do khu
vuc lap dat (12-15°) dé thu duoc luong dién
t6i wu. Piéu nay khéng thuc sy chinh xéac, né
chi ¢6 thé giam do chénh léch vé luong dién
thu dwoc gitra CAC mua.

Hinh 1. Chuyén déng mdt troi so véi vi tri
mdt dat tai khu viec TP HCM[2]

a) Ngay 21/6 b) Ngay 22/12
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Hinh 2. Cac tham s¢ tinh géc mdt troi

- Goc gio h dugc tinh theo gio mat troi
AST (apparent solar time)

h = (AST-12)15 )

Hinh 3. Goc phwong vi va géc cao do

- Goc cao d6 (o) va goc phuong vi (2)
duoc tinh vai L la vi @6 khu vuec.

sin(o)=sin(L)sin(d)+ cos(L)cos(d)cos(h) (3)

sin(z) = cos(d)sin(h) @
cos(o)
Dua vao a va z, ta can xir ly va chuyén
ddi gia tri cua ching thanh gia tri twong wng
phu hop dé diéu khién chuyén dong cua hai
truc tracking.

Céac hudng chuyén dong caa mit troi
vao cac mua khac nhau cé sy chénh léch rat
I6n. Vao mua heé, huéng di chuyén mit troi
phan Ién léch han vé huéng Béic. Con vao
cac thang cudi nam, duong chuyén dong mat
troi Iéch hoan toan hudng nam so véi duong
dong — tay. Tai cac thoi diém mla xuan va
thu, theo duong di chuyén quanh truc déng
tay, mat troi di qua dinh dau.

2.2 Thiét ké ché tao

e Thiét ké md phong hé co khi

Hinh 4. Md phdng thiét ké hé co khi

Hé duoc thiét ké md phong trén phan
mém SolidWorks bao gom:

+ Truc dtmg: diéu khién xoay chiéu dong tay

+ Truc ngang: diéu khién goc nghiéng panel
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e Nguyén Iy diéu khién

Khoi van hanh

Midule
i salar <o CauH
il Tracking <=

% E2-
Vi diéu khién
é
-

Atmega 16

Khéi gidm sit cii djt

Khi didu khién

Hinh 5.S0 d@6 nguyén Iy diéu khién
Gom 3 khéi chinh:

+ Khéi diéu khién: mach diéu khién
trung tdm, xu ly moi hoat dong hé tracking.

+ Khdi van hanh: mach céng suat cho
dong co, nhan tin hiéu vi tri truc tra vé cho
mach diéu khién.

+ Khéi giam sat cai dat: cai dat céc
tham s ban dau, giam sat va diéu khién hé
tracking qua giao tiép khdng day.

e Thudt todn diéu khién tracking
Nguyén ly diéu khién chinh:
- Tinh toan duoc vi tri mat troi
- Xac dinh vi vi truc xoay

- Piéu khién dong co thu hep do léch
gitra vi tri truc va vi tri goc mat troi

Hinh 6. Glal thudt tracking thu dong

25

e H¢ tracking hoan thanh
Céc thong sb cua hé:
+ Kich thugc: 90x110x120 cm
+ Kha ning lap dat: 2m? solar panel
+ Sai b vj tri truc va goc mit troi: ~1°
*Truc dung:
- Gidgi han goc quay: 0-180°
- Toc do: 6°/phat
* Truc ngang:
- Gidi han géc quay: -45°- 45°
- Tbc @6 trung binh: 1%/s

Hinh 7. Hé tracking hoan thanh thyc té

e Gidm sat diéu khién tir may tinh
Hé tracking c6 thé duoc diéu khién va
gi4m sat tir méy tinh qua giao tiép khong day
theo chuan UART (truyén théng ndi tiép
khong dong bo).

Giao dién diéu khién co co6 ning

- Cai dat céc tham s ban dau: thoi gian,
kinh vi d0, thoi gian hoat dong,...

- biéu khién manual

- Giam sat va thu thap du liéu

- Xuat Iuu dit liéu dinh dang excel



26 Tap Chi Khoa Hec Gido Duc Ky Thudt Sé 39 (12/2016)
Trwong Dai Hoc Sw Phagm Ky Thudt TP. Ho Chi Minh

S m . e
woovee e | | g o7 [ Larrooe 1078 SOLAR TRACKING MONTIOR
| DATE 13 06 poxcrrupe 10668
I R o
GAUTD [ GETOse TK TIME [0 18 STDLONG. |105.00
MANUAL CONTROL |ty 2 o A fae =

el TRACKER
4 ANGLE

el ]
= = ANGLE

Range of Graph

[
TKZ [15695 TKA (6710 G
1

6l 92 & [67 2,

T —— =

(o216 e

Hinh 8. Giao dién diéu khién giam séat

3. KET QUA THUC NGHIEM
3.1 Hiéu qua ki thuat

Pé xac dinh duoc hiéu qua cua giai phép,
chung t6i da thiét 1ap hai hé dién mat troi co
cau hinh giéng nhau, do thyc nghiém so sanh
trong ciing vi tri va thoi gian trong mot sé diéu
kién thoi tiét khac nhau (ning luong buc xa).

+ Heé 1: lap ¢ dinh tam panel goc nghiéng
15°heo hudng chinh nam

+ Hé 2: 1ap trén hé tracking thu dong

Dia diém khao sat: khu dan cu Vinh
Loc B, huyén Binh Chanh, TP HCM.

Cau hinh mdi hé gom:

- Solar panel: 80Wp

- Bo diéu khién sac: MPPT 12V-20A
- Ac quy: 12V-18Ah

Bdng 1. Két qua do khao sat vé ning hrong

5 Dién nang thu

Nang duroc (KWh) Chénh
heon | Ngay o léch (%)
birc xa 0 i '

. dinh Tracking

Thap |19/8/16| 0.16 0.22 37.5
g 1o47116| 027 | 034 | 259
binh

Cao |21/8/16| 0.34 0.46 35.3

CONG SUAT PANEL HE CO DINH VA HE TRACKING
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Hinh 9. Céng suat ngd ra panel hé cé dinh
va hé tracking ngay 21/08.2016

3.2 Nang lwgng tiéu thu cta hé tracking

Bdng 2. Két qud do khao sat vé nang heong
tiéu thu cua hé tracking

| C g | Thei | Nang
Thiet i o ;? gian | lwong tiéu
bi xoay | 2 (ilN) hogt | thu/ngay
(phtt) dong (Wh)
bC1 30.5 0.88 61, 0.90
phat
bC2 1.5 1.53 | 3 phat 0.08
Mach .
dién 0.73 | 12 gio 8.76

Nang lugng tiéu thu Ién nhit cua hé
tracking: 9.74 Wh/ngay.

bién luong tiéu thu tinh riéng phan
truyén dong: 0.98Wh/ngay.

3.3 Phan tich va thio ludn

Hé tracking thu dong c6 thé diéu khién
tracking goc mat troi voi do chinh xac rat
cao va khong bi anh huong bai cac yéu td
bén ngoai.

Ning luong tiéu hao cua hé rat bé so
v6i niang lugng thu duoc chénh léch nhiéu
hon, chiém 0.8-1.6%.

Trong céc diéu kién thoi tiét khac nhau,
giai phap tracking luon thu dugc lugng dién
I6n hon rat nhiéu so véi cac hé Iap c¢b dinh tir
25.9% - 37.5%. Vi thé giai phap ki vong dat
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hiéu qua vé nang luong trén 30% so vai lip
cb dinh.

4. THIET KE PHAN TICH DU AN
PIEN MAT TROI HOA LUOI

4.1 Co sé thiét ké

Nang lwong buc xg mat troi: dir ligu st
dung gom céc sb liéu vé vi tri kinh vi do,
cuong d6 birc xa trung binh céc thang,... cia
38 khu vyc tinh khap Viét Nam.

Thong sé ky thugt pin mgt troi: cac
thong s6 ky thuat cua tam pin mat troi: cong
suat, dién ap ho mach, dong ngan mach, dién
&p va dong tai diém dat cong sut cuc dai.[4]
Phan mém thiét ké st dung chu yéu céc
model pin mat troi cong ty Mat Troi Do.

Théng so ky thugt thiét bi hoa hedi: céc
thong sé quan trong trong viéc thiét ké tinh
toan cua thiét bi hoa luéi 1a: céng suat, s6
ngd MPPT(Maximum power point traking-
do diém cong suat cuc dai) doc 1ap, sb input
trén mdi ngd, diy dién ap MPPT va dong
gidi han trén mdi ngd,...Phan mém sir dung
cac thong s thiét bi hoa ludi hang SMA.[5]

Gidi phap ldp dat: tng dung tir két qua
nghién cau, gia thuyét giai phap tracking
gitip tang nang suit 30% so véi lap cd dinh.
4.2 Phan mém thiét ké h¢ thong dién

mat troi
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Hinh 10. Giao dié¢n phan mém thiét ké hé
thong dién mdt troi hoa leéi-Solar design

Tir cac dir liéu, phan mém sé& tinh toan
ra cau hinh cho hé théng, phuong thuc két
ndi panel voi thiét bi hoa ludi, nang lwong
thu dugc trung binh cac thang, v.v... Nguoi
ding c6 thé phan tich két qua tir 4o thi biéu
dién birc xa mat troi va san luong dién thu
duoc trung binh cac thang, xuét file thiét ké
dinh dang word.doc.

43 Hiéu qua kinh té cho hé théng 50 KWp

Str dung két qua tinh toan tir phan mém,
khéi lwong thiét bi vat tu chinh duoc cong ty
CPNL Mt Troi Do lap du toan chi tiét. Theo
d6, hién tai chi phi cho hé théng 50KWp lap
khung gi& ¢ dinh 1a 1.505 ty ddng. Chi phi
lip dit cho tracking dao dong trong khoang

200-250USD/KWp.

a) Lép ¢b dinh
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b) Traking

Hinh 11. Co cdu ti 1é vé gia thanh hé 50KWp
lap cé dinh va tracking

Két qua tinh toan cho thiy dé thu duogc
cung san lugng dién, giai phap tracking du cé
hang muc khung gid lip dat cao hon
60-100% so Véi lap cb dinh nhung nho giam
dugc 30% tong cong suét thiét ké nén cudi
cling ¢6 thé giam duoc khoang 17% tong chi
phi dau tu so véi viéc lap cd dinh.

5.  KET LUAN

Giai phap tracking thu dong c6 nhiéu
vu diém ndi bat so voi mot sé phuong phap
khéc. Nang luong st dung cho diéu khién
tracking chi chiém khoang 1% luong dién
thu dugc nhiéu hon. Giai phap ky vong gilp
taing hon 30% nang suit thu dién cac hé
théng dién mat troi so véi viéc lap ¢b dinh
cac tam solar panel. Véi thoi diém hién tai,
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giai phéap co thé giup tiét kiem 17% chi phi
dau tu ban dau cho cac hé théng dién mit troi
quy mé lon.

Phan mém thiét ké cho cac du an dién
mat troi voi co s dir liéu dac thu cho cac khu
vuc Viét Nam s& giup cho ngudi sir dung thiét
ké cau hinh cho mot hé théng hoa ludi va woc
lwong san luong dién theo phuong phap lip
dat mot cach nhanh chong gop phan phé bién
viéc st dung nang luong mat troi, dat dugc
cac muc tiéu qudc gia. Tuy nhién can cap nhat
day du hon cac dir liéu va tao thém chirc ning
phén tich tic dong dén moéi truong va hiéu qua
kinh té, thoi gian thu hdi vn dwa trén chi phi
dau tu, gia mua dién, v.v...dé c6 thé tao thanh
mot san pham hoan chinh.

Cac yéu t6 vé diéu kién thoi tiét, bic
Xa mat troi 14 bt dinh, cling nhu su khac biét
vé vi tri dia Iy 12 nguy@n nhan khéach quan
dan dén két qua thuc nghiém va tinh toan

mang tinh udc lugng va ki vong ap dung cho
mot pham vi khu vuc riéng. Can phai mo
rong pham vi khu vuc do thuc nghiém déng
thoi thuc hién lién tuc xuy@n sudt thoi gian
dai dé c6 két qua chinh xac hon. Tuy nhién
céc két qua nghién ciru ban dau cho thay giai
phép mang lai hiéu qua rat 16n vé kinh té va
ky thuat. Véi su phat trién céng nghé, hiéu
Suat pin mat troi ngay cang duoc cai thién thi
gia tri giai phap mang lai sé cang dugc nang
cao trong tuong lai khéng xa.
LOI CAM ON

Nhom tac gia xin chan thanh cam on
Cong ty CPNL Mit Troi Do da hd tro mot sb
thiét bi, dung cu va gilp du toan danh gia chi
phi vé cac hang muc cho hé théng dién mat
troi hoa ludgi trong qué trinh thuc hién nghién
ctru dé tai. Phan khao sat va do dugc thuc hién
tai BM VLDT (Truong PHKHTN-DHQG
Tp.HCM)
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