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TOM TAT

Mot chuong trinh mé phong két hop vdi viéc tién hanh thuc nghiém vai ba hé théng diéu hudng
tam pin mat trdi theo Mot truc va hai truc sé dugc gidi thiéu trong bai bao nay. Hé thong pin mat
troi ngay nay da rat phd bién nhung dé co thé dat dugc hiéu sudt cao, can phai thiét ké hé théng
tdm pin mat trai cé kha nang tu dong diéu huéng theo hudng vudng goc véi tia biic xa méi cd
thé t6i uu dugc cong sudt cao nhat. Do do viéc tng dung hé théng diéu hudng tam pin mat troi
khéng nhing gilip gia tang cong suat dién ma con gilp cai thién tinh trang can kiét ngudn tai
nguyén nhién liéu héa thach hién nay. Dua vao cac két qua do thuc té va di liéu md phong tinh
toan thu dugc, bai bdo cho biét cong suét dién clia tdm pin mat trai khi dp dung hé théng diéu
hudng hai truc sé tang 3.96% so vai hé théng mot truc va tang 36.8% khi so sanh vdi hé dét c6
dinh theo géc nghiéng 15 va hudng vé phia Nam, la goc dat trung binh tai Viét Nam. Ngoai ra, dua
vao cac moi quan hé tuong quan géc hinh hoc gitia Mat Trdi va mat phdng nghiéng, nhém con ap
dung chuong trinh mé phang vao nghién clu dé co thé thé hién dugc su hiéu qua khac nhau ctia
m& hinh xuyén suét trong mét ndm tai thanh phé HE Chi Minh, Viét Nam. Két qua cho thdy vao
thang 8, Mat Trai & vj tri cao nhat nén su chénh léch hiéu qua gitia hai mé hinh la khéng cao, 3.4%
nhung vao thang 1 thi Mat Trai & vi tri thap hon rdt nhiéu nén su hiéu qua thé hién rat r, loai diéu
hudng hai truc cao han 45.9% so véi loai mot truc.

Tu khoa: Goc cao, gbc phuong vi, solar tracking, tang hiéu suat pin mat trdi, diéu hudng pin mat

troi

GIGI THIEU

Viét Nam la mot qudc gia ndm trong khu vuc nhiét
déi gié mua va c6 lugng biic xa trung binh ndm kha
16n, c6 vi tri dia ly kha thuén lgi, bao gébm nhiéu dao
va quan ddo v6i dudng b bién dai chay doc. Nho
vao chinh séch khuyén khich phit trién va tim kiém
ngudn ning lugng méi ctia Chinh Pht, Viét Nam da
6 su phat trién nhay vot vé viéc 4p dung trong linh
viic nang lugng tdi tao trong nhiing nim d6 lai day,
trong d6 c6 dién mat trdi. Dén cudi thing 12 nim
2021, tdng cong sudt lap dién mit troi tai Viét Nam da
dat gin 16.544 MWD, vugt cong sudt lap dit & mot s6
nudc chau Au va diing diu tai Dong Nam A vé cong
sudt lap dat. Hién nay, Viét Nam xép thu 8 trong top
10 qudc gia c6 cong sudt ldp dit nang lugng mit troi
chiém 2.3% toan cdu®.

Tuy nhién, mt vin d€ 16n ctia cac hé théng trong cc
nha mdy hay trang trai st dung dién mdt troi hién nay
van stt dung phuong phép cti 1a dat c6 dinh theo goc
tia t6i mat troi, mic khac Mt Troi lién tuc di chuyén
ti Dong sang Ty mdi ngay ciing nhu sé thay d6i goc
do cao (altitude angle) sudt 365 ngay trong mot nam.

Goc t6i clia tia blic xa mit troi q t6i mot mit phing
nam nghiéng dugc tinh theo cong thiic trong tai liéu
Kalogirou (2013)2:

cos 0 = sin§sin®cos § —sind cosPcos B
+cos 0P cos B cos @ + cos & sinPsin  cos Y. cos @
+cosd sinfsiny,sinw

Trong do:

0: gbc tdi clia tia biic xa mit trdi t6i mat phing (do)
B: gbc nghiéng ctia tdm pin mit troi (d6)

8: do xich vi (d0)

®: vi d6 (d¢); tai Thanh phd H6 Chi Minh thi: @ =
10.8°

: goc gio (do)

Ye: goc phuong vi ctia tdm pin mat trdi (d0).

Tu cong thiic trén, thiy goc cia tia t6i sé thay d6i 8760
gid tri khac nhau ing v6i 8760 gi6 trong mét nim. Do
do, viéc xoay tdm pin theo hudng ctia tia t6i mat troi sé
giup tia téi cang gan tring véi phuong phép tuyén cta
tdm pin mdt troi thi lugng dién nang sinh ra ctia tim
pin sé dugc tang 1én ddng ké. Déy chinh la muc dich
chinh ctia viéc nghién ctiu va thyc nghiém hé thong

Trich dan bai bao nay: Khanh N Q, Khang H T, Nghi T H, Bdo N T. Nghién cttu, thuc nghiém va so sanh
hé théng xoay tam pin mat troi theo mét truc va hai truc dé tang cong suat phat dién ctia tam pin.
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xoay tdm pin mdt trdi theo hudng cua tia buc xa dé
tang cong sudt phit dién cua tdm pin sé dugc trinh
bay trong bai bdo nay.

Trén thé gi6i da cé nhiéu tac gia thyc hién va nghién
ctiu co cdu diéu hudng tdm d€ ting céng sudt phat
dién cta tdm pin mdt troi. Hussain Mohammad Fa-
had va cac cong sy da stt dung cac dit liéu sin c6 d&
mo6 phong tinh hiéu qua ctia hai hé thong mot truc va
hai truc tai Bangladesh c6 xét dén hé s6 quang may tai
khu vic. Nhém tdc gid da két ludn ring, hé xoay hai
truc hiéu qua hon hé xoay mot truc 3.96% va 3.44%
khi khong xét va c6 xét dén hé s6 quang may trong
khi ca hai hé théng hiéu qua hon so véi hé diing yén
lan lugt la 36.8% va 32.2%. Tuong tu, nhém tac gia
khéc bao gom Yonggiang Zhu, Jiahao Liu, Xiaohua
Yang? d3 mo6 phong ning lugng buic xa roi trén mit
phing khi cho quay theo mét truc véi nhiéu huéng
khdc nhau. Két qua mé phong rat kha quan khi hiéu
qua cta viéc diéu hudng theo mot truc c6 thé hip
thu dugc 78.56% dén 96.4% nang lugng biic xa mit
troi trén Trai Dt tly theo hudng quay trong khi &
mit phdng c8 dinh chi nhén dugc 63.46% téng nang
lugng.

Bai bao nay sé gidi thiéu ca ba loai hé théng diéu
huéng tdm pin mat troi véi nguyén ly hoat dong khac
nhau bao gém xoay hai truc bing cdm bién anh sang,
xoay hai truc va mot truc theo di liéu tinh toan va
sti dung dong co budc. Bai bao ciing trinh bay mot
mo6 hinh toan hoc st dung chtic nang Simulink ctia
phin mém Matlab dé€ thé hién tinh hiéu qua thong
qua céc mbi quan hé hinh hoc dé so sdnh va xdc thuc
tinh chinh xdc ciing nhu d¢ tin ciy cia mo hinh thyc
nghiém. Muc dich cua bai bdo nay nhdm nghién
cliu céc vi tri goc thuan lgi d€ dit tdm pin mat troi
tai thanh phé H6 Chi Minh, Viét Nam va thong qua
chuong trinh ma c6 thé moé phong dii liéu géc cho cac
tinh thanh khac d€ c6 thé khai thac nguén ning lugng
tai tao nay mot cach hiéu qua.

MO TA HINH THUC VA CONG THUC
TOAN HOC

Ca ba mo hinh déu c6 ba thanh phén chinh, bao gom:
tdm pin mat trdi, phin co khi va mach dién. Trong
dd, hai mo6 hinh c6 khé néng xoay tdm pin theo cé hai
truc thing ding va ndm ngang dé c6 thé hudng theo
cac tia mdt troi theo bon hudéng mot cach hiéu qua
nhit. Mo hinh diéu huéng tdm pin theo mét truc c6
thé hudng theo tit Dong sang Ty va c6 nguyén ly hoat
dong tuong tu nhu vdy. Bang 1 trinh bay thong s6 ky
thuét ctia tim pin mat troi dugc st dung trong phén
thuc nghiém.

MO HiNH PIEU HUGNG TAM PIN

MAT TROI BANG CAM BIEN ANH
SANG

Hé thong dugc hoat dong duya trén su chénh léch gia
tri dién dp gitia cac tdm pin nho véi nhau (bo phén
cam bién). Hinh 1 va Hinh 2 thé hién co ciu chuyén
dong va Hinh 3 thé hién m6 hinh hoan chinh.

Hinh 1: Déng co DC hé trg quay theo truc thang
ding

Hinh 2: Dong co DC hé trg quay theo truc nam
ngang

Goi cac 6 0, 1, 2, 3 1a ky hiéu vi tri cac tdm pin mat
troi nho va [0], [1], [2], [3] dugc xem nhu gia trj dién
ap tuong ung tai thoi di€ém dang xét. Goi K va N la
khodng chénh 1éch thiét lap cho trudc va thanh lap
cac cong thiic nhu trong Bang 2.

Hé théng dugc diéu khién qua moét hé mach dién tu
v6i bd phén chinh 1a mach Arduino Uno R3. Ngén
ngii 14p trinh dugc thuc hién trén mdy tinh bdng phian
mém Arduino IDE rdi sau d6 nap vao mach Arduino.
Céng nhén tin hiéu ctia Arduino sé két néi véi bén
tdm pin mdt tr6i nho doéng vai tro la cdm bién anh
sang dugc ngdn cdch nhau béi mét tim chdn hinh ddu
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Bang 1: Théng sé ky thuat ctia tdm pin

THONG SO KY THUAT CUA TAM PIN

DUGI MOI TRUGNG VAN HANH TIEU CHUAN: 1000 W/m? cudng d6 biic xa, 25°C nhiét d6 tdm pin

Cong sudt cuc dai (Pyqx)

Hiéu dién thé tai cong sudt cuc dai (Vpmuax)

Cudng d6 dong dién tai cong sudt cuc dai (Ipyax)
Hiéu dién thé hd mach (V)

Cudng d6 dong dién ngin mach (L)

HIéu dién thé cuc dai

Sai s6 anh huéng ctia nhiét d6 1én céng suét (Br)
Sai s6 anh hudng cua nhiét d6 1én dién 4p hé mach
Sai s6 anh hudng ctia nhiét d6 1én dong ngén mach
Nhiét d6 hoat dong danh nghia

Sai s6 cong suét

Kich thuéc

Trong lugng

135 Wp
17,7V
7,63 A
22,4V
8,18 A
715V
-0.47%/°C
-0.35%/°C
0.06%/°C
41 £ 3°C
+5%

1494 664 34 + 1 mm

11.4 kg

Bang 2: Céng thuic xac dinh d6 chénh léch dién ap cia cac tdm pin nhé

X[o0] = ([o0] + [2])/2
X[1] = ([1] + [3])/2
X = X[0] -X[1]

Y[0] = ([0] + [1])/2
Y[1] = ([2] + [3])/2
Y = Y[0] -Y[1]

Hinh 3: M6 hinh diéu huéng tam pin bang cdm bién
anh sang

cong, tin hiéu tit cAm bién sé dugc xu 1y theo quy tic &
Bang 2. Néu nhu X > K thi ¢6 nghia la cuéng d6 anh
sang roi trén hai tdm pin bén trai dang 16n hon hai
vi tri con lai. Luc nay, mach Arduino sé gti tin hiéu
dén b6 phan diéu khién dong co quay theo truc thing
ding d€ khién dong co hoat dong va quay m6 hinh

sang bén trdi cho dén khi X < K thi duing lai. Ngugc
lai, néu hai tdm pin nhé bén phai dang nhan lugng biic
xalén hon, X sé c6 gid tri am va néu X < -K thi déng co
sé nhén tin hiéu tit mach diéu khién va quay m6 hinh
sang phai cho dén khi X > -K thi duing lai. Tuong tu
cho dong co quay theo truc thing diing, néu gia tri
ctia Y ngoai khoang [-N, NJ thi dong co sé hoat dong
cho dén khi sy chénh 1éch dién 4p thdp hon do 16n
ctia N cho truge. K va N sé thé hién d¢ nhay ctia hé
thong, do 16n ctia K va N cang nho thi mé hinh cang
nhay. Hinh 4 mo t& so d6 hoat dong ctia hé thong.

Mé hinh diéu huéng tam pin mat tréi bang
dong co buéc theo hai truc va mot truc

DE ¢6 thé nhan ning lugng mét trdi mot cach hiéu
qud, can phai dy doan chinh xdc vi tri ctia mat trdi
so v6i ngudi quan sat trén mat dit. Theo géc nhin
ctia Claudius Ptolemaeus 2, mot nha dia ly, toan hoc va
thién van hoc ngudi Hy Lap, néu xem Tréi D4t dling
yén va Mit Trdi xoay quanh nd, su di chuyén cua Mit
Troi d6i voi ngudi quan sat tai mot vi tri bt ky trén
Trai Dat sé bi rang budc bdi hai gia tri goc la goc do
cao ¢ (solar altitude angle) va goc phuong vi mat troi
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Sensor

hin dong

)

V1 tri céc tam pin ghd

°

gin tin hiéu

Arduine nhin va xi ¥ 56 lign

[

| Quay sang trai | |'Q1:a_'~' sang phis

STOP

2

| Qray 1én trén |Q'L.a xudng dudn

\f

Hinh 4: So d6 qua trinh hoat dong cta hé théng

7 (solar azimuth angle). D€ c6 thé giai dugc phuong
trinh ctia ¢¢ va ¥ cdn phai xac dinh trudc hai thong s6
14 d¢ xich vimit tr&i § va goéc gid @. Hinh 5va Hinh 6
trinh bay co cdu truyén dong ctia hé théng. Hinh 7 va
Hinh 8 thé hién md hinh mot truc va hai truc hoan
chinh.

Khac v6i mo hinh trén, mé hinh nay khong c6 cam
bién dé€ nhan biét truc tiép vi tri ma tdm pin vudng
g6c v6i buic xa ma thay vao d6 la mot bang s6 liéu ¢
dugc tit cac cong thic tinh todn d€ xac dinh hai goc
o va y. Phuong thic tinh todn sé dugc thé hién qua
cdc cong thiic (2) dén (9).

DAu tién, cin phai tinh d¢ xich vi mit trdi 6 dya theo
gid tri n. V6in la thd tu ngdy trong ndm (n="1" Ging
v6i 01/01 va n="365" ting v6i 31/12).

)0

Goc gio o tai mot vi tri duge dinh nghia la goc lam

284 +n
365

0 =23.45sin (360

cho Trai it quay sao cho dinh d4u ctia quan sét vién
tai vi tri dang xét ngay bén du6i Mit Troi. Véi 0=0°
vao 12 gi6 trua, méi gio thay déi thi goc gid gidm mot
gboc w=-15° vao budi sang va ting thém 1 gbc w=+15°
ting v6i git budi chiéu !
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(a) (b)

Hinh 5: Co cau truyén dong phia trén xoay theo truc
nam ngang

Hinh 6: Ca ciu truyén déng phia dudi xoay theo truc
théng ding

Hinh 7: M6 hinh diéu huéng tam tam pin theo mét
truc bang dong co budc

Hinh 8: M6 hinh diéu huéng tam pin theo hai truc
bang déng co budc

G6c d6 cao o la gée biéu thi cho cao do clia mit trdi so
v6i mit phing ndm ngang va c6 quan hé phu nhau véi
gdc thién dinh 6., 1a gdc gitta phdp tuyén mit phing
ngang vdi tia mat troi. Nghia la a+6,=90°. Véi @ la
vi d0 tai vi tri dang xét, cong thiic todn hoc thé hién
gbc do cao la:

sin(a) = cos (6;)

=cos(¢)cos(w)cos(6)+sin(¢)sin () ®)

V6i co ché diéu hudng theo hai truc thi bé mat cua
tdm pin ludn vudng gdc véi cac tia mit troi, vi thé géc
t61 6=0° tai moi thoi diém. D€ dugc nhu thé, cin phai
dat tdm pin nghiéng mot goc B o gia tri bing vai goc
thién dinh 6,. V6i sy xuit hién ctia 8, c6 thé xem
tdm pin dang dugc dit trén mdt phdng ngang véi mot
vi 6 nhén tao (®-f). D6i véi mit phing ndm ngang
thi 6=0.. Vithé, cong thiic (3) c6 thé dugc diéu chinh
stia nhu sau:

cos (0) =cos (¢ — B)cos(w)cos(5)
+sin(¢ — B)sin(8)

Tuy nhién, chi m¢t minh f thi khong du diéu kién
lam cho 6=0° tai moi thoi diém bai vi chi véi 6 va §
trong phuong trinh (4), chi ¢6 thé dang xem nhu cac
tdm pin va Mt Trdi ndm trong mot mit phing ding
va Mit Troi thay d6i do cao theo mét dudng thing.
Trong thuc t€ thi phtic tap hon nhiéu boi vi Mt Troi
di chuyén theo mét hinh vong cung tit Bong sang Tay.

)

Vi thé, can phai xac dinh thém mot bién s6 khac, goc
phuong vi mit troi ¥, 1a gc trong mét phdng ngang do
ti truc phuong Nam dén hinh chiéu cta tia mét troi
lén mit phing ngang. Ciing tuong tu nhu trén, géc
phuong vi clia tdm pin y_c, 1 goc trong mét phing
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ngang do tli truc phuong Nam dén hinh chiéu ctia tim
pin 1én mit phdng ngang, phdi bing véi géc phuong
vi mit troi y. Di v€ huéng Tay 4y gia tri duong va
ngugc lai thi 14y gia tri &m. Cong thiic xac dinh goc
phuong vi la:

cos () sin (w)
cos (o)

sin (y) = sin () = 5)
Khong can thiét phai tinh tat cac cac gia tri goc ting
vGi 24 gio dong hé ma chi cdn xdc dinh cdc goc vao
khoéang thoi gian mit troi xudt hién trén bau troi
thong qua gbc gié mat troi moc (wy,) va lan (o) va
do6 dai ngay D.

Vi tri ma Mét Troi moc va lan trong mot ngay sé ting
véi gid tri goc do cao o bing 0. Vi thé, gbc mit troi
lin @y c6 thé tim dugc bing cach giai phuong trinh
(3) khi a=0°. wgs c6 gia tri duong tai thoi diém Mat
Troi lan.

sin (0) = cos (@) cos (@ss) cos (8)

+sin(¢)sin(6) ©)

Hay
cos (oss) = —tan(¢)tan (8) (7)

B&i vi goc gid o tai thai diém gitia trua 14 0° va méi
15° tuong duong véi 1 gio, thoi gian Mat Troi moc
(Hsy» tinh ti ldc méi moc cho dén gitia trua) va lan
(Hgs, tinh i luc gitia trua cho dén khi ldn hoan toan)
theo tai liéu Kalogirou (2013) 2 e la:

_ (8)

'[—tan(¢)tan (8)] (h)
Tuong ty, c6 thé tinh dugc do dai ngay la gdp doi thoi
gian moc hodc ldn ctia Mt Troi.

D= %cosf1 [—tan(¢)tan(8)] (k) )]

Dii liéu cta hai goc B va y tinh todn dugc sé dugc
théhién dudi dang bang va dua vao bo nhé ciia mach
Arduino Mega 2560 CH340. Véi sy h6 trg ciia module
thoi gian thuc, mach Arduino sé cé di liéu vé thoi
gian thuc té€ va tit d6 tra theo hai bién 1a thit tu ngay
trong ndm va mdc thai gian gio trong ngay dé1dy dung
chinh x4c hai géc B va y cin thiét r6i gui tin hiéu 1énh
cho mach diéu khién dong co bude. Pong co bude véi
thong s6 14 0.25 40 mdi vi bude sé diéu hudng tdm pin
vao dung vi tri goc nhu da tinh todn. Pdng co phia
trén sé diéu khién tdm pin quay theo goc B va dong
co phia dudi sé diéu khién tdm pin theo goc y. Hinh 9
dugc trich tii tai lieu? sé lam r6 mot cach truc quan
vé méi tuong quan hinh hoc gitia tdm pin trén bé mit
ndm ngang va cic tia mét troi.

Cong thuc mé phong

So véi cudng do buc xa dugc do trén mit phing tim
pin cia m6 hinh xoay theo hai truc, cudng d¢ biic xa
trén mit phing ndm ngang sé tinh dugc qua cong thiic
(10). Khi xét & m6 hinh xoay theo m¢t truc thi khong
¢6 thanh phéin géc phuong vi y va dugc thé hién &
cdng thiic (11).

Efix = Epyei c0s (B) cos (7) (W/mz) (10)

Efix = ESing/e Ccos (ﬁ) (W/mz) (11)

Nhiét d6 tdm pin c6 thé tinh dya trén cudng do biic xa
rdi trén tAm pin qua cong thiic (8) L. Véi Teell 1a nhiét
do6 ctia tdm pin, Ta la nhiét d¢ moi trudng, NOCT la
nhiét d6 hoat dong danh nghia ctia tdim pin (Nominal
operating cell temperature), Tr la nhiét d¢ tiéu chudn
cta tdm pin (25°C) va E la gia tri cuong do btic xa do
trén tdm pin.

Teeti =T+ (NOCT —T,) (12)

To0o (©)
Lugng dién ndng ma tdm pin sinh ra tinh todn dua
theo lugng biic xa dugc thé hién & phuong trinh
(13)°. VGiPla lugng dién nang sinh ra, 1, 13 hiéu
sudt ctia tdm pin va B, la sai s6 anh hudng clia nhiét
do 1én cong suit (Temperature coefficient of Ppqy) va
dugc cung cip béi nha san xuit.

P=EN [l =By (Teet1 — Tr)] (W/mz) (13)

KET QUA THUC NGHIEM VA THAO
LUAN

bia diém tién hanh do thyc nghiém la trong khuén
vién Pai hoc Quéc Gia - Trudng Pai hoc Bach Khoa,
thanh ph6 H6 Chi Minh. Khoang thoi gian do la vao
thang 8 c6 d¢ dai ngay 16n trong suét 1 ndm theo tinh
toan (12 gi®). Khoang thai gian tién hanh do dac la
tu 7 gid sang dén 17 gid chiéu. Trong phan thdo luidn
thuc nghiém nay st dung ki hiéu tém tit ctia ba hé
thong (A), (B), (C) sé dugc mo ta tén goi trong Bang
6 & cudi bai béo.

Déi véi s6 liéu & Bang 3, vao ngay 24/08/2023, cac s6
liéu thé hién khong mdy kha quan khi sy chénh léch
hiéu qua vé€ mit ning lugng sac gitia cic mo hinh la
khong cao. (A) chi hiéu qua hon (B) 3.34% trong khi
so v6i (C) thi (A) chi cao hon 1.65%. Tuy nhién, méi
mo hinh ¢6 muc tiéu thu tai khiac nhau. Do co ché
hoat dong ctia (A) kha don gian, chi cdn do vi tri ndng
t6t thong qua cam bién va hudng tdm pin theo do nén
stt dung dong co DC va chi hoat dong khi sy chénh
léch cudng do biic xa 16n nén trong sudt modt ngay,
thoi gian hoat dong khong dang ké. Nguoc lai, do (B)
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Sun

k— Phap tuyén ctia mit phing ngang

Hinh cl]iéu phép tuyén cua Y
mat phang ngang

Ye

pin

Hinh chiéu phép tuyén ctia tim

Sun

Huéng nhin thé hién
gdc phuong vi

Hinh 9: Méi quan hé hinh hoc gitta tia mat trgi va tam pin trén mat dat

Bang 3: Sé liéu luong dién nang ngay 24/08/2023

24/08/2023
M6c thoi gian (h) 8 9 10 11 13 14 15 16 17
(A) Wh (sac) 71 143 219 299 388 475 545 603 641 679
Wh (tiéuthy) 1 2 3 4 7 8 9 10 12
Wh (hiiuich) 70 141 216 295 382 468 537 594 631 667
(B) Wh (sac) 67 135 208 289 377 463 533 588 620 657
Wh (tiéuthy) 7 16 25 34 43 51 60 69 78 87

Wh (hituich) 60 119 183 255 335 412 473 519 542 570
(C) Wh (sac) 69 139 213 293 381 467 536 593 629 668
Wh (tieuthu) 0 10 21 32 44 55 66 78 89 101

Wh (hitu ich) 59 118 181 249 326 401 458 504 528 557

va (C) c4n phai diéu hudng tdm pin theo ding dii liéu
tinh todn nén dong co stt dung 1a dong co budc. Khac
v6i dong co DC, dong co budc sé trugt truc khi khong
cdp dién nén khi dat dung goc tinh todn thi dong co
van phai hoat ddng d€ giti c6 dinh tdm pin, vi vy dién
nédng luon tiéu thy mot cach lién tuc. Khi da tri di
nédng lugng hao phi cho viéc vin hanh, (A) hiéu qua
hon 20% so véi (B) va 22% so véi (C).

Dé xdc minh do tin ciy cua s6 liéu do dugc trong
Bang 3, mdt dung cu do buic xa PCE SPM da dugc
st dung dé do cudng do biic xa vi mit phing ddu do
dit song song véi mit phing tdm pin cta (B). S6 liéu
do dugc 14y méi phut va lién tyc 10 tiéng trong sudt
qua trinh thyc nghiém. Pon vi ctia dung cu do dugc
théhién bang W/m2. Bang 4 trinh bay cac s6 liéu tinh
toan ly thuyét ti cac s liéu biic xa do duge. Cot 2 1a

téng ctia 60 gid tri do trong 1 gid, ¢t 3 1a trung binh
cong ctia 60 gia tri do, ¢t 5 1a sy chuyén d6i don vi tu
cdt 2 va ¢t 5 va 6 1a két qua tinh todn theo cong thiic
(12) va (13). Sai s6 gitia s6 liéu tinh todn trong Bang 4
va thuc nghiém ctia (B) theo Bang 3 la gin bing 7%
trong khi do, con s6 nay la 10.2% khi xét vé (C). Cac
s6 liéu tinh todn ctia (C) hoan toan cé thé tinh dugc
khi dya vao cong thiic (10) va (11) d€ tim mdi quan
hé goc véi goc ¥ ¢6 sin ting v6i mdi gid. Nhu vay, c6
thé két luan rang céc s6 liéu thuc nghiém trong Bang 3
la hoan toan dang tin cdy vdi cac két qua sai s c6 thé
chdp nhén dugc.

Hinh 10 so sanh d¢ ting nang lugng sac gifia thuc
nghiém va céc két qua tinh toan theo s6 liéu btic xa
do dugc cua (B). Hai dudng trén do thi tuy thé hién
sui sai s6 kha dang ké tai mét s6 thoi diém nhung c6 xu
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Bang 4: K&t qua tinh toan céng suat phat dién cia (B) dua trén sé liéu birc xa do dugc

(0] (2) (3

Thoi gian Cuong do btic xa Cuong do biic
(h) (W/m?) xa trung binh

(W/m?)

7-8 20278 367

8-9 24528 444

9-10 27359 495

10-11 29469 533

11-12 37233 673

12-13 36062 652

13-14 25817 467

14-15 18591 336

15-16 13049 236

16-17 13162 238

4 (5) (6)
Nhiét do tdm  Néingluongbtc  Nang lugng P
pin Tcell xa (Wh)
(°C) (Wh)

49 338 50.8
48 409 61.1
49 456 68.4
49 491 73.8
52 621 94.4
51 601 90.9
50 430 64.9
45 310 45.9
48 217 32.5
43 219 32.1

hudng ting gidm nhu nhau. Nguyén nhan din dén sai
$6 c6 thé ké dén nhu anh hudng tit moi trudng xung
quanh (nhiét d0 moi trudng, toc do gio, hiéu sudt thuc
clia tdm pin...) va cac sai s6 trong cdc budc tinh trung
gian.

Hinh 11 trinh bay xu huéng d¢ ting ning lugng hiiu
ich qua mdi git do. C6 thé thiy sy hiéu qua cua (A) so
v6i hai mo hinh con lai. (A) ludn sinh ra nang lugng
nhiéu hon khoang 10Wh & mbi gid. So vé nang lugng
sac, (A) so v6i (C) c6 su chénh léch khé ddng ké. Vi
theo ly thuyét thi ca hai sé cho ra hiéu sudt sac nhu
nhau khi déu dén dugc nang lugng biic xa 16n nhét
tai moi thoi diém. Diéu nay c6 thé 1a do céc thong s6
dau vao va cong thic khong chinh xéc so véi thuc t&
va nguyén nhan dia hinh ciing gép phan lam sai léch
di mot chut cac vi tri géc da tinh todn. Thém mot
luu y khac, cdng sudt ning lugng gitia (A), (B) véi (C)
khong chénh léch nhau nhiéu la vi trong thang 8, vi tri
ctia Mit Troi rat cao (géc a 16n) nén gén nhu cé hai
mod hinh nhan dugc buic xa giéng nhau. Trong nhiing
thang ddu ndm hodc cudi ndm, sy chénh léch sé thé
hién rét ro boi lac nay, Mét Troi & vi tri thip (goc o
bé) ma (A) va (C) sé nghiéng thém mot géc B theo
huéng Bic - Nam dé€ dén ning tét hon so véi (B) chi
nghiéng tim pin d€ xoay theo huéng Dong - Tay.

Dé lam rd hon sy khdc biét vé cic khodng chénh
léch lugng btic xa nhan dugc qua cac ndm trén cac
mod hinh, chiic ndng Simulink ctia phdn mém Matlab
dugc st dung d€ mo phong lugng buc xa trong sudt
mot nam. SO lidu biic xa va nhiét d6 dugc do tii thang
10 ndm 2017 dén théng 9 ndm 2018. Hinh 12 thé
hién so d6 chuyén d6i cong sudt tdm pin dya trén méi

quan hé hinh hoc, Hinh 13 m6 phong biic xa thu dugc
trén cac mo hinh trong suét mét nam va Hinh 14 md
phong cong sudt phat dién lan lugt trong quy 1, quy 2,
quy 3 va quy 4. Trong phidn moé phong cong sudt phat
dién trong mot ndm thi dugc tién hanh m6 phong véi
ba loai diéu huéng FIX, SINGLE, DUAL dugc ki hiéu
tén goi trong Bang 6 & cudi bai béo. & Hinh 12, day
la so d6 chuyén déi cong suit tdm pin dya trén mdi
quan hé tuong quan hinh hoc, dau tién, st dung phin
mém simulink tao bén khéi bién gia tri ddu vao bao
gomE, T_cell, B, v (trong phdn mém ky hiéulaz). Tu
céc cac khdi gia tri dau vao, tinh dugc cong sudt phat
dién tuong ting vé6i ba loai diéu hudng FIX, SINGLE,
DUAL thong qua céc cong thiic tinh toan da dugc thé
hién tit cong thic (10) dén cong thic (13).

Duya vao d6 thi ¢ Hinh 13, dé dang théy dugc su chénh
léch cong sudt phat dién sé dat gid tri cao nhét vao
nhiing thang cudi ndim vao d4u ndm. Tu thang 4
dén thang 9 cong sudt phat dién gitia hai loai diéu
huéng SINGLE va DUAL kha tuong dong nhau. Vé
nhiing thang con lai, c6 thé quan sat dugc rd rang
khoang chénh léch cong sudt phat dién gitia hai loai
diéu hudng. Diéu nay xay ra la do anh hudng ctia géc
dd cao . Bén canh d6, néu so sdnh véGi FIX thi ca
hai loai diéu huéng déu thé hién cdng sudt hiéu qua
hon rat nhiéu tai moi thoi diém. Trong quy 1 va quy
2 ¢6 thé thdy ring sy chénh léch ning lugng bic xa
gitia DUAL va SINGLE la rat 16n. Tuy nhién, vao cudi
quy 2 va quy 3 thi khoang cach ngay cang hep dan va
dudng nhu s6 liéu ctia hai hé thong diéu huéng tim
pin la trung nhau do géc a lic nay rdt 16n. Khi dén
quy 4 thi khoang céch nay lai gidn ra va bat dau lai
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Hinh 11: D6 thj d6 téng nang lugng hitu ich ngay 24/08/2023
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=l i =
gP_=;...,== -
T cell
= _cel Scope_Single
Single P_Single
T_cell E
E_fi E_fi T E_fi
[Single - T_Fix - Scope
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E_Dual
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Hinh 12: So d6 chuyén déi cong suat dién tdm pin dua trén méi quan hé hinh hoc
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Ning lugng bire xa img véi cac ngay tir thang 1 dén thang 12
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Hinh 13: Cong suat phat dién tir thang 1 dén théang 12

vong ldp nay. V€ phén buc xa trén FIX thi lugng buic
xa nhan dugc ludn thdp hon so véi cac tdm pin dugc
diéu huéng boi hé théng xuyén sudt mot nam.

Hinh 14 1a so d6 ¢t m6 phong cong suit phat dién
theo cac quy trong ndm tai Thanh Phé H6 Chi Minh.
Theo két qua thu dugc cong sudt phat dién & quy 1 va
quy 4 cho thdy dugc su chénh léch r6 rang vé cong
sudt phét dién ctia loai diéu huéng DUAL véi FIX vi
lic nay goc do cao ctia Mt Troi la khd nho. Bén canh
d6, & quy 4, khoang chénh 1éch thé hién r6 rang nhit
va c6 s6 liéu cao nhét vi mét phan cac tia biic xa khong
thing géc va theo tai liéu! thi khoang cich gitia Mt
Troi va Trai Dat trong thang 12 1a nho nhét nén cé
lugng bic xa I6n. Xét vé€ quy 2 va quy 3 thi chénh
1éch gitta cic loai diéu hudng khong 16n vi vi tri Mt
Troi luc nay cao nén hudng dén ning cia DUAL va
FIX khong léch nhau nhiéu. Trong quy 2, thang 6, thi
khoang cach gitia Mdt Troi va Trai Dt 1a xa nhét nén
du trong thdng nay céc tia bic xa thng géc nhung
lugng biic xa thdp hon trong quy 4 va su chénh léch
cong suét phat cing khong dugc th€ hién ro rang. Quy
3 lakhoang thoi gian muia mua xay ra 6 Viét Nam nén
cong sudt phat dién sé bi anh hudng dang ké bai thoi
tiét. V€ phan cong suét phat dién cta tdm pin dat ¢
dinh trén mit phing ndm nghiéng thi luén thdp hon
s0 v6i cac loai diéu hudng con lai.

Nhu két qua thyc nghiém phia trén cho thdy, trong
thang 8, su hiéu qua gitia cic m6 hinh khong dugc
thé hién mot cach ré rang va trong moé phong ciing
cho ra két qua tuong tu nhu vdy. Téng nang luong
btic xa trong thang 8 ma DUAL nhan dugc chi cao
hon so v6i SINGLE 3.4% v6i ngay chénh 1éch cao nhit
dugc ghilai la 5.2% va thdp nhat Ia hon 1%, rét sat véi

két qua thuc nghiém trén. Ngay ca trong quy 3 (gom
thang 7, 8, 9) thi DUAL cling chi nhan lugng bitic xa
cao hon 5.6% so véi SINGLE va cao hon 39.1% so v6i
FIX. Tuy nhién, cang gdn d4u ndm va cudi nam thi sy
chénh léch nay thé hién rét o vi vi tri ctia Mat Troi
tai thién dinh la thip hon nhiéu so véi quy 3. Trong
thang 1, 756.2”<a<”61.4” thi lugng biic xa ma DUAL
nhan dugc cao hon 46% so v6i SINGLE. Bang 5 trinh
bay chi tiét su so sanh ning lugng btic xa d6i véi cac
loai diéu hudng theo thang va theo quy.

KET LUAN

Bai bdo da thuc hién dugc ca hai viéc thuc nghiém
thuc té va m6 phong hiéu qua ctia ca ba hé théng solar
tracking v6i nhiing nguyén ly hoat dong khac nhau.
Tt d6, thu dugc nhiing két qua khac nhau tuong ting
v6i tiing hiéu qué 1am viéc ctia mdi hé. Ning lugng
nap hiiu ich da tru di tai tiéu thu thi hé thong (A) hiéu
qué hon so véi cac hé thong (B) va (C) 1an lugt 1a 20%
va 22% trong mot ngay thang 8. Nang lugng nap hitu
ich da tri di tai tiéu thu hé théng (B) va (C) c6 hiéu
sudt nap la tuong duong nhau. Tuy nhién néu chi xét
riéng v€ hiéu qua nang lugng nap thi hé théng (A)
va (B) 1a chénh léch khong qua 16n trong mot ngay.
Nhung néu xét hé thong dugc dp dung cho mot nim
thi hé thdng hai truc van mang lai hiéu qué cao nhét.
Su chénh léch lugng buic xa trong mdi thing la khac
nhau do sy thay d6i d§ cao cua Mit trdi so véi mit
phing nghiéng. Trong quy 2 va quy 3, loai diéu hudng
tdm pin theo hai truc khong thuc sy hiéu qua hon so
v6i loai diéu huéng theo mot truc khi chi hon nhau
chi 5.8%. Nhung trong nhiing khoang thdi gian dau
ndm va cudi ndm, loai diéu hudéng hai truc dé6n lugng
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Bang 5: So sanh theo ngay va quy lugng biic xa trén tam pin véi su diéu huéng khac nhau

W/m?

x 10000
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Hinh 14: Cong suat phat dién theo céc quy trong nam

mFIX
m SINGLE
= DUAL

Thang

10
11
12
Quy 1
Quy 2
Quy 3
Quy 4

Goéc d6 cao lac 12h (do)

56.2°<a<61.4°
61.7°<0<70.9°
70.9°<01<82.9°
83.2°<<86.2°
85.9°<01<78.9°
78.7°7<0<77.6°
77.7°<01<82.6°
82.9°<01<87.3°
86.9°<a<75.3°
75.0°<0<64.1°
63.8°<<57.2°

57.1°<0<56.1°

Chénh léch cong sudt phét dién gitia cac loai diéu huéng

DUAL vé6i FIX (%)

119.6
93.8

41.7

48.1
44.1
41.1
27.0
349
68.6
119.7
134.7
79.2
39.5
34.3

107.5

DUAL véi SINGLE
(%)

45.9
30.3
7.4
0.8

6.2

9.5
34

3.8

39.2
454
26.3
58
5.6

35.2

SINGLE véi FIX

50.5

48.7

30.4

39.4

27.7

28.8

22.8

29.9

41.2

57.8

61.5

41.8

27.1

53.4

(%)
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btic xa cao hon 26.3% trong quy 1 va 1én dén 35.2%
trong quy 4.

DANH MUC CAC TU VIET TAT

(A): M6 hinh diéu hudng tdm pin mat trdi bang cam
bién 4nh séng.

(B): M6 hinh diéu huéng tdm pin mit troi bing dong
co budc mot truc.

(C): M6 hinh diéu huéng tdm pin mit trdi bang dong
co budc hai truc.

Wh (sac): Nang lugng ma tdm pin san sinh ra.

Wh (tiéu thu): Nang lugng cdp cho viéc vAn hanh mé
hinh.

Wh (hiiu ich): Nang lugng dugc luu trii trong ac quy.
SINGLE: Tém pin dugc diéu huéng xoay quanh mot
truc.

DUAL: Tdm pin dugc diéu huéng xoay quanh hai
truc.

XUNG POT LOI ICH

Nhom tac gid cam két khong c6 xung dot vé loi ich
nao vé toan bd ndi dung trong bai bao.

PONG GOP CUA CACTACGIA

Ng6 Qudc Khanh: X4y dung mé hinh, tién hanh thuc
nghiém va viét ban thao.

Hoang Trong Khang: Tién hanh thuc nghiém, xu ly
s0 liéu va viét chuong trinh mo phong.

Tat Han Nghi: X4y dung mo hinh, tién hanh thuc
nghiém, xt Iy s6 liéu, chinh stia ban thao.

Nguyén Thé Bdo: Tu vin cong thic todn hoc, tu vin
thuc nghiém, chinh stia ban thao.
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Research, experiment and comparison of single axis and dual axes
solar tracking to increase solar panel power capacity

Ngo Quoc Khanh'2, Hoang Trong Khang'2, Tat Han Nghi'?, Nguyen The Bao'?"*

ABSTRACT

A simulation program combined with experimental testing of three solar panel tracking systems
along one axis and two dual axes will be introduced in this article. Solar panel systems are widely
used today, but to achieve high performance, it is necessary to design solar panel systems that
can automatically align themselves perpendicularly to the incident radiation to optimize their ef-
ficiency. Therefore, the application of solar panel tracking systems not only increases the gener-
ated electrical power but also helps improve the current state of depletion of fossil fuel resources.
Based on actual measurement results and simulated data, the article demonstrates that the elec-
trical power output of solar panels increases by 3.96% when a dual-axis tracking system is applied
compared to a one-axis tracking system, and it increases by 36.8% compared to a fixed 15 tilt-angle
panel, a common angle in Vietnam. Furthermore, based on the geometric angle relationships be-
tween the Sun and the inclined plane, the research team also applied a simulation program to
investigate the different efficiencies of continuous tracking models throughout a year in Ho Chi
Minh City, Vietnam. The results show that in August, when the Sun is at its highest position, the
efficiency difference between the two models is not significant, at 3.4%. However, when the Sun
is in a lower position in January, the efficiency difference is more pronounced, with the two-axis
tracking system being 45.9% more efficient than the one-axis system.

Key words: Solar altitude angle, solar azimuth angle, solar tracking, increase solar panel perfor-
mance, solar geometry
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