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THIET KE, CHE TAO VA THU NGHIEM MACH BIEU PHOI
NANG LUONG (PNG DUNG CHO UAV NANG LUONG MAT TROI

DESIGN, FABRICATION AND TESTING OF A MPPT CIRCUIT FOR APPLICATION
IN SOLAR UAV

Pinh Tan Hung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Véi nhiéu wu diém, may bay khong nguwoi lai (UAV) dang dwoc nghién civu, phdt trién trén
toan thé gidi va c6 nhiéu vmg dung trong ca dan sw va qudn sw. Hau hét cac UAV déan dung déu cé
thoi gian bay duwéi 1 gio, diéu ndy han ché kha ning iing dung ciia ching. Vi vdy, nhiéu nha khoa
hoc tdp trung vdo viéc tang thoi gian lam viéc ciia UAV dé mé rong pham vi vmg dung. Va, UAV
sir dung nang lieong mdt troi la mot trong nhitng gidi phdp givip ting thoi gian bay. Pé hé thong
pin nang lwong mdt troi trén UAV hoat ddng véi céng sudt t6i wu, mach MPPT (Maximum Power
Point Tracking) dwoc lva chon st dung trén UAV nang lwong mat troi. Bai bdo nay nham muc dich:
(i) Thiét ké, ché tao va thir nghiém mach MPPT; va (ii) Tich hop mach MPPT trén mau UAV nang
lwong mat troi da dwoc phat trién. Mach MPPT tich hop trén UAV dau tién duwoc kiém tra tinh trén
mat dat dé danh gid do on dinh ciia mach trong hé thdng hoan chinh va sau do thu nghiém trén cac
chuyén bay cia UAV dé danh gid kha nang tang thoi gian bay trong cdc diéu kién thoi tiét khdc
nhau.

Tir khéa: Mach MPPT: Piéu khién sac nang lwong mat troi; Nang lwong mat troi; UAV
nang lwong mat troi.

ABSTRACT

With many advantages, unmanned aerial vehicle (UAV) is being studied, developed
worldwide and has many applications in both civilian and milittary. Most developed civil UAVs
has a flight time less than 1 hours which limit their applications. Thus, many scientists focus on
extending the endurance of UAV to open a wide range of application. And solar powered UAV
is one of the solutions to increase the flight time. For solar battery systems on UAV operate with
optimal power, the MPPT circuit is used on solar UAV. The aims of this paper consist of (i) Design,
fabrication and testing of a MPPT circuit, (ii) Integration of the MPPT circuit on the solar UAV
prototype. The MPPT circuit integrated on the UAV was first static test on the ground to evaluate the
stability of the circuit in complete system and then flight testing to evaluate the increased endurance
in different weather conditions.

Keywords: MPPT circuit; Solar Charge Controller, Solar power, Solar UAV.
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1. GIOI THIEU

La mot ngudn ning lugng tai tao, ning
lugng mit troi dang ngdy cang tré nén pho bién
trong doi song hién dai. N6 hoan toan cé thé
thay thé cic ngudn ning luong khong tai tao
nhu than d4, ddu mé va nang luong hat nhan.
Ning lwong mit troi khong 6 nhiém, tin cdy va
c6 thé san xuit ning lwong bat ctr noi nao cd
mit troi chiéu sang. N6 tham chi con ¢6 1oi thé
hon cac ngudn nang lugng tai tao khac nhu gio
va nang lugng nude. Nang lugng mat troi dugc
tao ra tir cac tAm pin, khong can bét ky bo phan
co khi truyén dong 16n nhu tuabin gié, khong
gy 6n va bao tri don gian. Tudi tho cta cac tAim
pin mat troi co thé kéo dai dén vai chuc nim ma
khong can thay thé. Mit khac, khdi luong cua
mot hé théng pin mat tro1 1a khé nhe so véi cac
hé thong cung cdp ning luong khac véi cing
mot cong suat. Tur nhimg wu diém cua ning
luong mat troi, viéc ing dung no6 trén UAV dé
kéo dai thoi gian bay la hoan toan kha thi. Thyc
té, trén thé gidi da co cac nghién ciru vé linh
vyc ndy va da c6 cac san pham kha thanh cong,
kéo dai thoi gian bay cua UAV 1én dén 1 tudn
[1]. Tuy nhién, nang lugng di¢én mat troi luon
bi anh huong boi didu kién thoi tiét (nhiét do,
cudng do sang), dé khic phuc diéu nay, pin mat
troi s& duoc két hop véi pin luu trir dé dam bao
cong sudt du ra cho tai trén UAV. Vay, viéc
nghién ctru va thiét ké mach do tim diém cong
suat 1am viéc t6i uu cho hé thong pin mat troi
& cac diéu kién thoi tiét khac nhau, phdi hop
ngudn ning lugng pin mit troi va pin luu trix
trén UAV 1 rit can thiét va 1a van dé dang duoc
nghién ctru hién nay.

Trén thé gidi da co nhiéu nghién ctu
vé mach MPPT duoc cong bo, tuy nhién cac
nghién ctru chi yéu tap trung cho hé thong pin
mit troi va acquy dat tinh tai mat dat, chua co
nhiéu nghién ctru vé mach MPPT cho UAV

ning lugng mat troi. Vi thé can thiét phai
nghién ctru vé mach MPPT cho Solar UAV.

Muc tiéu cua bai bao bao gom:

- Thiét ké, ché tao va thr nghiém mach
MPPT tng dung cho mau solar UAV;

- Tich hop mach trén solar UAV va tién
hanh thtr nghiém:

+ Thtr nghiém tinh dé danh gia d6 6n
dinh cta mach trong mdt hé thong hoan chinh;

+ Thir nghiém bay dé danh gia thoi gian
bay tang thém trong cac dicu kién thoi tiét khac
nhau.

2.LY THUYET

2.1. Pwong dac tinh lam viéc cia pin mat

troi

Vé mit nguyén 1y, pin mat troi twong
duong véi so d6 mach gdm ngudn dong thuc
mic song song voi diode nhu trong Hinh 1 va
duong dac tinh -V nhu trong Hinh 2.

g (W

Viltage %)

Hinh 2. Duong dac tinh I-V cua pin mdt troi
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Quan h¢ gitra dién ap (V) va dong dién
(I) cua pin mat tro1 nhu sau (Hinh 2):

Izlsc_ld _IP

1
=akbk -1, exp( qv J—l _r M
n,k,T R,

Trong do, I 1a dong quang dién, ty 1€
(o)) v6i cudng do chiéu sang ctia mit troi (E) va
do duoc thuc nghiém bang cach do dong ngan
mach; I, 1a dong qua diode tuan theo ham mi
voi 1 1a dong bdo hoa qua diode, phu thudce dic
tinh cua tung diode; I la dong qua tr& R.

2.2. Nguyén ly dung hop tai

Khi pin mit troi duge mac truc tiép vai
tai, diém lam viéc cua pin sé 1a giao diém giira
duong dac tinh I-V cua pin va dudng dac tinh
I-V cua tai. Trén duong dac tinh P-V cua pin
luén c6 mot diém cong sudt cyc dai (MPP). Khi
do, diéntro taiR =V /I v6iV 1  ladién
ap va dong dién ra; Tai 16n nhat cua pin R
= Vi ey VOI Vi Iy, 18 di€n ap va dong
dién tai diém cong suat cuc dai MPP. Khi gié
tri cua tai khép voi gia tri R thi cong suét
truyén tir pin dén tai s& 1a cong sudt 16n nhat.
Tuy nhién, diéu nay thuong hiém khi dat duoc
trong thuc t€, nén hé khong sinh ra cong suit
16n nhat. Mach MPPT s& diéu khién dién ap
hai dau pin mat troi dé diém lam viéc dao dong
quanh diém MPP. Phuong phap MPPT c6 thé
xéc dinh chinh x4c dén 97% diém MPP. Trong
bai bdo nay, mach gidm 4p Buck [2] (Hinh 3)
v6i xung diéu khién (Hinh 4) dugc sir dung dé
phéi hop tro khang.

| -V

u[()_#gﬁn_zs T‘unL c.l_ R Iu,

Hinh 3. Mach giam ap Buck
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Hinh 4. Xung diéu khién

Nhu vay:
V. V. /D R
= in _ out/ — _2 (2)
Iln DIOM[ D

Vé6i D 1a ti sb giira thoi gian khoa S
dong va chu ky T.

2.3. Thuit toan bam diém 1am viéc ¢é cong
suit 16n nhat (MPPT)

C6 nhiéu phuong phap dé thuc hién
thudt toan MPPT, trong bai bdo nay, ta sir dung
phuong phéap nhiéu va quan sat (Perturb and
Obsserve — P&O). Bay 1a phuong phap don
gian va duoc st dung thong dung nhat nho sy
don gian trong thuat toan va viéc thuc hién dé
dang. Thuat toan nay xem xét sy tang, giam
dién ap theo chu ky dé tim dugc diém 1am viéc
c6 cong suat 16n nhat. Néu su bién thién cia
dién ap 1am cong suat ting 1én thi su bién thién
tiép theo s& giit nguyén chiéu huéng ting hodc
giam. Nguoc lai, néu sy bién thién lam cong
sudt giam xudng thi sy bién thién tiép theo s&
¢6 chiéu hudng thay d6i nguoc lai. Khi diém
lam viéc c6 cong suét 16n nhét duoc xac dinh
trén duong cong dic tinh thi su bién thién dién
ap sé dao dong xung quanh diém lam viéc c6
cong suat 16n nhat do.
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Hinh 5. Phuong phap P&O
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Hinh 6. Luu do thudt toan P&O

Cu thé nhin vao Hinh 5, ta thdy néu
APAV > 0, diém lam viéc dang nim bén trai
diém MPP, ta can ting gia tri dién ap (V. hay ti
1€ D) dé diém lam viéc tién gan téi diém MPP.
Nguoc lai, diém lam viéc dang nam bén phai
diém MPP, ta can giam dién 4p. Diéu nay dan
dén dao dong ciia diém lam viéc xung quanh
diém MPP, gy ton hao mot phan cong suat. Dé

giam su dao dong nay, ta c6 thé giam bude bién
thién cia D, tuy nhién nhu vay mach lai dap
mg chdm v6i su thay d6i cua diéu kién thoi
tiét. Hinh 6 1a luu d6 thuat toan P&O.

3.THIETKE, CHE TAO VA THUNGHIEM
MACH MPPT

3.1. Thiét ké, ché tao mach MPPT

Mach MPPT hoat dong theo nguyén ly
cua mach giam ap Buck DC-DC Converter véi
chi tidu thiét ké:

- Pién 4p dau vao (pin mit trdi) 15-30V;

- Péu ra két ndi pin Lipo 2-4S (7,4V —
14,8V);

- Dong dién 16n nhét 15A, ¢6 chéng
dong xa nguoc;

- Cong suat 150W;

- Sai s dién ap dau ra khong qua 5%.

So d6 khdi mach MPPT dugc thé hién
trong Hinh 7 va mach MPPT thiét ké duoc thé
hién trong Hinh 8.

Wmame

s

BLUK converier

Hinh 7. So dé khéi mach MPPT

Hinh 8. Mach MPPT
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3.2. Thir nghiém tinh va hiéu chinh mach
MPPT

a. Kiém tra xung PWM ciia cdu Mosfet

Str dung oscilloscope kiém tra tin hiéu
xung PWM ctia ciu Mosfet véi D = 50%. Cac
két qua cho thay tin hiéu PWM khong nhiéu,
khong méo va chinh xac (Hinh 9).

Hinh 9. Xung ra tir Mosfet

Hinh 10. Két qud Buck & @6 rong xung 75%
b. Kiém tra d¢ chinh xdc ciia mach Buck

Cép dau vao 1a Pin Lipo 3S dién ap do
duogc 11,889V, sau do6 chon do rong xung D la
75%. Xung tin hi¢u thu dugc & di€p ap ra Hinh
10 c6 gia tri dién ap dau ra on dinh 8,942V so
v6i 1y thuyét 1a 8,917V. Sai sb bang 0,28% la
rat nho, phu hop chi tiéu thiét ké da dua ra.

c. Dung bg loc Kalman xuw ly tin hiéu cam bién

Tién hanh thir tai va ldy mau gid tri
dong dién do duoc tir cam bién dong (téc do
lay mau 10 1an/s) v6i viée dung va khong ding
bd loc Karman [3-4]. Khong st dung b loc
Karman (Hinh 11a), gié tri dong dién do duogc
khong on dinh va c6 nhiém (do linh kién, di¢n
ap nguon...). Con voi bd loc Karman (Hinh
11b), cac gia tri wéc lugng twong ddi 6n dinh
va chinh x4c, gia tri nhiém d3 bi loai bo.

4
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a. Két qua khéng bé loc Karman
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b. Két qua voi bo loc Karman
Hinh 11. Két qua cam bién

3.3. Thir nghi¢ém
a. Thir nghiém tinh

Thir nghiém tinh dugc tién hanh trén
mat dit voi hai phuong 4n: (1) Chi pin Lipo
don thuan; va (2) Két hop pin Lipo v&i pin mat
troi. Két qua do dac ¢ Bang 1 cho thay, viéc st
dung pin mat troi voi mach diéu phdi di cho
két qua rat tét & ca hai ché do tiéu thu ning
lugng 50% ga va 70% ga. Thoi gian st dung
pin Lipo két hop véi pin mit trdi trong cac lan
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thir nghiém c6 sy chénh 1éch 16n do diéu kién
nang trong mdi lan thir nghiém khac nhau. Két
qua thtr nghiém cho thay, thoi gian hoat dong
c6 thé 1én t6i 133 phut ¢ ché d6 50% ga (day
1a mirc cong suat ciia dong co khi may bay bay
bang) cho thdy mach MPPT di hoat dong 6n
dinh trong mdt thoi gian kha dai.

Badng 1. Két qua thir nghiém tinh

) Chi pin Lipo | <¢thop pin Lipo
Mirc ga va pin mat troi
Lian1 | Lan2 | Lan1 | Lan2
133
o , , ,
50% | 20 phat | 20 phat | 63 phut phit
70% 8 phut | 8 phut | 11 phut | 30 phut

b. Thir nghiém bay thuc té véi mach MPPT

Thir nghiém bay tu dong UAV nang
lwgng mat troi cua [5] voi truong hop st dung
pin Lipo két hop voi pin ning lwong mat troi.
Két qua thoi gian bay voi mach MPPT ting
gép hon hai lan tir 15 phat 1én 35-40 phut trong
diéu kién c6 nang (Bang 2). Két qua hién tai da
chtirng t6 mach hoat dong tdt va on dinh, phat
huy tac dung cia pin mat troi.

Bdng 2. Két qua bay thir nghiém véi pin mdt troi

va mach MPPT
N Lén 1 Lén 2 Lén 3
Diéu ki¢n NG g
thoi tiét | Ning nhe, | Néng nhe, a1:g ga t
khi ba , N ., , N ., 40 C, 1t
Y | it may, gid | it may, g1 méy, gi6
thi 4p 1- ap 1- ’
cap 1-2 cap 1-2 nhe
lgzct’}lm 3 gio 3 gio | gio
& o chiéu chiéu chiéu
nghiém
Téi c6 ich
trén Og Og 800 g
Thoi gian , , ,
bay thir 35 phut 40 phut 40 phut
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4. KET LUAN

May bay khong nguoi 1ai sir dung nang
luong mat troi 1a mdt trong nhitng gidi phap
giip tang thoi gian bay va mé ra pham vi ing
dung rong rai cia UAV. Mach MPPT dugc thiét
ké thanh cong, hoat dong on dinh, chinh xéc
va phu hop véi yéu cau ciia UAV ning luong
mit troi. Két qua bai bao cho thdy mach MPPT
dong vai trd quan trong trong viéc phdi hop
ngudn ning lugng mit troi va pin Lipo véi tai
hé thong trén UAV. Khi két hop mach MPPT
va pin nang lugng mat troi, thoi gian bay tang
hon gap d6i. Két qua nay 1a co s& dé phat trién
mach MPPT ting dung trong UAV nang luong
mat tro1 & quy mo 16n hon trong tuong lai. <+
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