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Tom tat

Hién nay, cac hé théng pin ndng lwong mat troi dang ngay cang phé bién do nhitng wu diém cda né so véi
cac ngudn nang lwcmg hoéa thach truyen théng. Tuy nhién, nguén néng luong nay bi dnh huéng bdi sw bién
ddi ngéu nhién cua birc xa, cac théng sé va nhiét doé méi truong, v.v. Vi vay, viéc ndng cao hiéu suét cla hé
théng nay luén Ia mét van dé duwoc cac nha khoa hoc quan tadm va dau tw nghién ctru. Trong bai bdo nay, cac
tac gia tap trung nghién ctru, thiét ké bo ting 4p DC/DC cé tich hop thuét toan tim diém céng suét cuc dai
MPPT str dung phuwong phép lai. Phuong phap tim diém cong suét cuc dai duoc phét trién dwa trén nhiéu
thuét toan hién dai. Thiét bj thiét ké duwoc phén tich, danh gia va cho két qua kha quan véi hiéu suét cao.

T khoa: Hé théng pin nang lwong mét tréi, bd ting ap DC/DC, thuat toan MPPT.
Abstract

Renewable energy sources are growing rapidly and becoming an essential part of the national electricity
system. The photovoltaic (PV) system is considered an appropriate option due to its advantages over
traditional fossil energy sources. However, this energy source is affected by the stochastic variation of
irradiance parameters and environment temperature, etc. Therefore, improving the efficiency of this PV system
is always an interesting topic to scientists and many researches. This paper focuses on studying and designing
DC/DC boost converter with integrated the Maximum Power Point Tracking (MPPT) algorithm using a hybrid
method. The method of finding the maximum power point is developed based on many modern algorithms.
Design equipment is analyzed, evaluated and gave positive results with high performance.

Keywords: Photovoltaic System, boost Converter, MPPT.

1. Tong quan

Ngay nay, nang luong tai tao dang dan tro thanh
giai phap thiét thyc nhat dé dap Umg van nan vé moi
truong cling nhu sy can kiét cia nguon nhién li¢u hoa
thach. Trong d6, nang lugng gié va nang lugng mat
troi 1a cac loai hinh dugc chu trong nghién ctru nhiéu
nhit trong thoi gian qua va ngay cang duogc ap dung
rong rdi. Cac loai hinh nang luong nay vira dap ung
dugc cac nhu cau vé dién ‘nang, vira giam thiéu duoc
cac cac dong tiéu cyc dén méi truong. Tuy nhién,
nhitng anh hudng cia céac yéu t tu nhién: van tbc gio,
hién tuong che khuét mat troi... gy ra nhiéu tac dong
x4u den ngudn ning luong tai tao va ddc biét 1a voi
ngudn ning lugng mat troi [1-2]. Sy thay doi bat
thuong cua nhiét d¢ va buc xa nhiét trong ngay lam
cho ning luong dau ra cua pin quang dién ludn bién
dong.

Céc bo chuyen d6i DC/DC ket hop cac phuong

phap diéu khién dang duoc phat trién nghién ctru dé cé
thé dap tmg duoc cic yéu cau & dau ra cua hé thong
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pin quang di¢n khi c6 sy thay do6i (4ot ngdt cac gia tri
déau vao [3]. bé nang cao hi¢u suit lam viéc cua tAm
pin ciing nhu niang lugng dau ra, cac thuét toan xac
dinh diém cong suat cuc dai MPPT (Maximum Power
Point Tracker) ciing nghién ctru va phat trién.

Hién nay, hai phuong phap MPPT sir dung phd
bién 1a thuét toan nhiéu loan va quan sat P&O (Perturb
and Observe) va thuat toan dién din gia ting INC
(Incremental Conductance). Tuy nhién hai phuong
phap nay van con ton tai nhiéu nhuoc diém: kha ning
dap tmg cham, gy that thoat mot phan ning lugng
[4-71.

Trong ndi dung bai bao, dau tién cac tac gia
nghién ctru va dé xuat quy trinh thiét ké bo bién ddi
dién ap DC/DC boost converter c6 tich hgp thuat toan
lai MPPT. Thiét bi nay cho phép néng cao hiéu suét
cua hé thong pin quang dién, khic phuc duoc mot sb
nhuoc diém con ton tai ciia cac thuét toan trudc day.
Phan 2 cta bai bao gidi thiéu vé bo DC/DC boost
converter va thuat toan lai MPPT. Nguyén 1y thiét ké
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mach DC/DC boost converter s€ dugc trinh bay trong
phan 3. Phan 4 s€ trinh bay mdt thiét ke thiét bi thuc té
va danh gia hiéu qua hoat dong.

2. B} tiing 4p DC/DC sir dung thujt toin bit diém
cong suat cwe dai MPPT st dung phwong phap lai

~ Hinh 1 trinh by so d kh6i md ta mot bo chuyén
do6i tang ap DC/DC Boost converter tich hgp thuat toan
MPPT, trong do:

- Khéi PV: Céc tim pin ning lugng mat troi

- Khbi DC/DC: B6 chuyén d6i dién ap mot chidu
DC/DC

- Khdi DC Load: Tai dung dién 4p mot chiéu.

- Khdi MosFet Driver: 1a mach dém cong suat dé
dong cat MosFet

- Khdi Micro Controler STM32F103: 1a b6 vi diéu
khién STM32F103 chira chuong trinh diéu khién
va thuat toan MPPT. C6 nhi¢ém vu thu thap céc gia
trj dién 4p va dong dién cua tm pin Vpv, Ipv; dién
ap va dong dién ngd ra cta bo bién dbi Vout, Tout.
STM32F103 duoc lap trinh véi thuat toan MPPT
va sit dung chtc nang diéu ché do rong xung
(PWM) gtri dén khdi MosFet Driver dé diéu khién
dong cit mosfet.

2.1. B¢ ting ap DC-DC Boost Converter

Mach ting ap dugc sir dung phd bién véi kha
nang diéu chinh dién ap dau ra 16n hon dién ap dau vao
(Vo>Vin). Nguén 4p mot chiéu dugc méc nbi tiép voi
mot cudn cam cd vai tro nhu mot ngu?)n dong. Mot
khoa chuyén mach mic song song dwoc dong mé theo
chu ky va ty dién ding dé loc dién 4p dau ra nhu
Hinh 2.

Mach tang ap lam viéc luén phién ¢ 2 trang thai
khoa S dong va khoa S mé.

Duya vao nguyén 1y hoat dong va dang soéng cia
dién ap va dong dién ta co thé thict 1ap dugc moi lién
hé gitra dién ap dau vao va dién ap dau ra nhu sau:

V.

in 1
- (1)

v

out =
1

trong do:
- Vou 12 dién 4p ddu ra, (V)
- Vin 12 dién ap déau vao, (V)
- D 1a d rong xung diéu khién.
2.2. Thudt toan MPPT sii dung phwong phap lai

Thuat toan bat diém cong suit cuc dai MPPT la
phuong phap do tim ho diém lam viéc t6i vu cua cac
hé théng PV theo cac diéu kién moi truong khac nhau.
Ngay nay, dé nang cao cong suét thu dugc tir PV hay
tang hiéu suat chuyén doi niang lugng, phuong phap
MPPT 4p dung thuat toan nhiéu loan va quan sat P&O
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(Perturb and Observe), thuat toan Hill Climbing dang
duogc st dung thinh hanh [4-6].

Phuong phap P&O dua trén viéc theo ddi sy bién
thién dién ap theo chu ky dé tim dugc diém lam viéc
¢6 cong suat 1on nhat. Hinh 3 mé ta nguyén Iy hoat
dong cua thuat toan P&O.

Vp\'. ]pv

VUUI. [oul

Hinh 1. So db khdi bo chuyén déi DC/DC tich hop
thuat toan MPPT

+

LOAD | Vout

Hinh 2. So db nguyén Iy ciia mach DC/DC ting ap
Boost
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a. Bac tinh P-V

A
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Giam D ! _
Vmpp
R=R(1-D)?

b. Pac tinh I-V

Hinh 3. Nguyén ly tim diém lam viéc cong suat 16n
nhat P&O
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- Néu diém hoat dong cta hé thong dang di chuyén
theo huong 1 (4V>0 va 4P>0) hodc theo hudng 2
(4V<0 va AP<0) thi can tang dién ap hoat dong lén dé
di chuyén diém hoat dong téi diém MPP.

- Néu diém hoat dong ctia hé théng dang di chuyén
theo huéng 3 (4V<0 va AP>0) hoac hudng 4 (4V>0
va AP<0) thi can giam dién ap hoat dong dé di chuyén
diém hoat dong t6i diém MPP.

Phuong phap Hill Climbing 1a mét ky thuat tdi
wu toan hoc dé tim kiém cac gia tri cuc dai hodc cuc
tiéu trong mot vung lan can dang xét. Ta nhan xét ho
dudng dic tinh cong sudt ciia tim pin khi birc xa hodc
nhiét do thay ddi thi chi c6 mot gia tri cyc dai ting voi
mot mién nén ta co thé ap dung giai thut nay dé do
tim diém cong suit cuc dai. BO diéu khién st dung hai
thong s6 1a cong suat AP, do rong xung AD dé kiém
tra:

- N:éu cong suat ting (AP>0) khi d6 rong xung diéu
khién tang (AD>=0) thi ti¢p tuc tang D.

- Néu cong suét ting (AP>0) khi d6 rong xung diéu
khién giam (AD<0) thi giam D.

- Néu cong suét gidgm (AP<0) khi do rong xung diéu
khién tang (AD>0) thi giam D.

- Néu cong suét gidgm (AP<0) khi do rong xung diéu
khién giam (AD<0) thi ting D.

Tir md hinh hoat dong cua b bién déi DC/DC
tang 4p Boost, ta thdy dé ting dién ap ciia dau ra cua
tam pin nhu trong thuat toan néu trén c6 nghia 1a ting
dién ap dau vao ctia V;, va theo cong thirc (1) ta thiy la
can phai giam D va nguoc lai thi tang D.

Thuét toan MPPT lai dugc dé xuat trong bai bao
1a thuét toan két hop gitta thuat toan P&O va thuat toan
leo ddi Hill Climbing. Pé ap dung thuat toan Hill
Climbing vao két hop véi thuét toan P&O truyén
thong, ta xét thém mot tham s trong thuat toan diéu
khién 14 d6 gia tang ctia d rong xung diéu khién dD/dt.
Khi dD/dr>0 (truong hop d6 rong cua xung diéu khién
D tang 1én) va dP/dt>0 (cong suét thu dugc tir hé thong
PV tang Ién) thi ta tiép tuc tang do rong cua xung diéu
khién dé giam dién ap trén tdm pin quang dién. Ta ap
dung truong hop nay khi buc xa tang hoac nhiét do cta
tdm pin giam. Cac trudng hop lam viée & bic xa va
nhiét do it thay ddi van do thuét toan P&O dam nhiém.

3. Nguyén 1y thiét ké mach ting ap DC/DC Boost
Converter

Cudn cam L cta bo Boost Converter dugc xac
dinh theo cong thirc sau [8]:
V. *(V -V )

in out in

V.. AL *f

out

2

trong do:
- L: Giatri dién cam ctia cudn cam, H

- Vi Dién ap vao ctia mach Boost Converter, V
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- Vou: Dién ap ra ciia mach Boost Converter, V
- f tan s6 dong cit Mosfet, Hz.
- Al DO nhép nho6 dong dién qua cudn cam, A

Néu ta chon A7}, c6 gia tri bé thi gia tri cua L s&
16n. Liac nay viéc ché tao cudn cam trong thuc té s& tén
kém do gia tri cua L 16n. Néu ta chon 41 c6 gia tri 16n
thi gia tri cua L s€ nhd. Lic nay viéc ché tao cudn cam
trong thyc té & it tn kém do gia tri ciia L nho. Nhung
ngugc lai khi A7; 16n s€ lam cho dong dién hi¢u dung
qua thiét bi dong cit cling nhu dong dién qua cudn cam
16n. Vi vy, trong thyc té dé t6i wu gia tri dién cam L,
khi tinh toan thiét ké ta thuong chon:

*

— (20 40) (y nut out

in

Do I(k-1), V(k-1)
P(k-1)=I(k-1)*V(k-1)

[
‘

Do I(k), V(k)
DI = I(k)-I(k-1)
DV = V(K)-V(k-1)
DP =DV *DI
DD =D(k)-D(k-1)

3)

b. DP=0

S——<DP>D
&

\D:D-DD\ \D:D+DD\ \—>{D=D+DD‘ [D=D-DD|

) | } J
|
D(k-1)=D(k)
1(k-1)=I(k)
V(k-1)=V(k)

End

Hinh 4. So db thuét toan MPPT lai

Trong thiét ké cudn cam, ta phai chon tiét dién
mach tir sao cho diém lam viéc & cong suit cuc dai
khong 1am mach tir bio hoa. Vi tan s lam viéc trong
pham vi 10 kHz dén 200 kHz, vat liéu lam mach tir
dugc chon thong thuong 1a dung vét lidu Ferrite. Ton
that cuc dai trong 15i Ferrite thuong phai nho hon
0,1 W/em? dé dam bao nhiét 36 lam viéc cua mach tur
ludn duy tri dudi 60 °C.

Viée tinh chon tu C ¢ ngd ra cua by Boost phu
thudc vao thoi gian luu gilt nang luong Ar=1/fva dugc
xac dinh theo cong thirc sau [8]:

D *1 .
f*AV

“
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AV : D06 gon (do nhép nho) dién ap ngd ra, thudng
dugc lay AVp= 0,5%*V,u; D 1a d6 rong xung (duty
cycle) cua Mosfet.

4. Vi du 4p dung thye té

Chung ta xem xét thiét ké mot bo chuyén doi
DC/DC Boost Converter trong thyuc té. Gia thiét hé
thdng dugc thiét ké véi cong suat 1600W. Céc thong
s0 clia bd DC/DC nhu sau: Dién ap vao Vi, =200 Ve
dong dién vao [, = 8 A; dién ap ra Vou =400 Vpc; dong
dién ra I, =4 A; cong suétra cuc dai Ppa = 1600 W;
tan sb dong cétf: 40 kHz.

4.1. Xdc dinh cdc gid tri L, C va thiét ké mach tiv

Duya trén cong thirc (3), (4), ching ta c6 thé xac
dinh céc gia tri nhu bang sau:

Al L I
1,6 A 1,56 mH 8,8 A

Tur gia tri L va dong dién qua cudn cam /;, ta thiét
ké dugc cudn cam. Pau tién, tiet dién day quan cua
cudn cam dugc xac dinh boi cong thic:

I, 838

Et = _L =

] kt 35

=2,5(mm?) ®)]

trong do: ju (A/mm2) la mat d6 dong dién kinh té ciia
day quan vt lieu dong. Chiing ta c6 thé chon kiéu day
quan kép, mdi soi co duong kinh 1 4mm c6 16p emay
cach dién. Kiém tra tlet dién day quén sau khi chon cho
thdy thoa mén yéu cau:

2
23 07(mm?) > Fu (6)

Véi tan sb lam viéc 40kHz, ton thét trong 161
Ferrite 1a 0,1 W/cm?®, thi gia tri tir cam cuc dai trong
mach tir 1a B, = 190 (mT). Chiing ta s€ chon 16i ferrite
EE55 (g0m 2 15i chit E ghép lai), c6 thé tich V, = 43,7
cm® va tiét dién 161 4. = 3,54 cm?.

L1

Hé s6 dién cam cua mach tir khi quén trén 16i mot
vong day: A, = 1100nH/N2. S6 vong day cua cudn cam
duoc xac dinh nhu sau:

1L
AL

Ta s& chon sb vong ddy quén 1a 38 vong. Vay,
cudn cam su dung 181 Ferrite EESS5, day quén kép, moi
so1 c6 duong kinh 1,4mm, vt liéu ddy quan bang dong
¢6 phu 16p cach dién emay. S6 vong day quén 38 vong.

1,56x10°*

= 7
1100x10~° ™

Ap dung cong thirc (4), gia tri tu dién C duoc xac
dinh nhu sau:
D <1,
foV

0,5x4
~ 40000 % 0,005 x 400

:25(uF)

Ta chon: C =47 (uF)
4.2. Thiét ké mach di¢n tir cong sudt va chon cdc thiét
bi dién tir

Dong qua khod S va diode it nhit bang véi dong
dién cyc dai qua cudn cam L.

Do do: Is=1p=1,=8,8 (A)

DPién ap lam viéc ciia MosFet va diode 16n hon
dién &p ra. Us= Up >= 400V

Chon van bén, dan loai MOSFET IRFP460 loai N c6
cac thong s6 nhu bang 1 va chon diode loai
MUR30600PT v¢i cac thong s6 nhu bang 2.

Béng 1. Céc thong s6 cia MOSFET IRFP460.

Vbs Rpson Inax (A)

Qg(max) e
%) Q) (T=100°C)
500 0,27 210nC 13

1.0EmH

=21 =322
e =

AWFPET | AKuFEALY

Poned

Ra7 R58

a1 a1 RE3
33K

Fv

—-

RALIHILEGL |

Q2
9 RFP26

Do

[

FRAE

= czs
2kt ” RS

Hinh 5. So d6 thiét ké bo chuyén d6i DC/DC
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Béng 2. Céc thong s6 ctia Diode MUR3060PT

Verst (V) | e (A) | Toax (°C) | Vr (V)
600 30 175 1,2

4.2.1. Thiét ké mé hinh mach chuyén déi DC/DC

Hai dién tré Shunt !257 va R5g c6 gia tri 0,1ohm
duoc dung trong mach dé€ phan hoi tin hi¢u dong dién
(Hinh 5). Khi c6 dong dién 7 chay qua trd shunt s€ tao
ra m(f)‘t dién ap roi trén do. Tin hiéu dién ap nay duogc
dua ve d¢ do ludong dai luong dong dién trong mach.
4.2.2. Thiét ké mach Mosfet Driver

_ Dién ap lam viéc cua cyc cong (Gate) cia mosfet
nam trong pham vi 10-20V. Trong khi dién ap ra cua
vi diéu khi‘én l1a 33,3V nén ta can phgii ¢6 IC dém @é tao
dién ap di€u khién cho chan cuc cong cua mosfet phu
hgp. O day ta chon IC IR2110 c6 céac thdng s6 nhu sau:

- Pién 4p ngd ra diéu khién cyc cong: 10-20V

- Dong dién déng/cit cyc dai: 2A/2A

- Thoi gian tré ctia suon 1én/sudn xudng ciia xung
dicu khién: 120ns/94ns.

- Pién ap ngd vao logic diéu khién: 3.3V
_Mach cap ngué{l cho vi didu khién (+5V) va cép
nguodn +12Vpc dé diéu khién dong cat Mosfet. Mach
st dung IC 6n ap 7805 va 7812 d€ cap ngudn 6n dinh.

IR2110
B w0

NA3

PWN_TIMER3_CH3,

sy —]
4303 =

V3

IR R Rl

Hinh 7. M6 hinh mach thuc té (Kich thuéc mach in
125 mm x 158 mm)

Thiét bi dwoc thiét ké thyuc t& va mach cudi cing
duogc gidi thi¢u nhu Hinh 7.

4.3. Kiém tra higu sudt ciia mach dwoc thiét ké

Tu mod hinh mach la'ip dat t}}uc té, qua trir}h do
luong V? thu thép dir liéu dugc tién hanh, cac két qua
duoc thé hién qua Hinh 8.

trong do:

87

Cong suét ddu vao bo chuyén dobi: P, = POSI + POS?2
(hay P, = P1+P2)

Cong suét dau ra bo chuyén ddi: P, = POS3

out

Hiéu suat bo chuyén ddi: 17 =—2< x100 (%)

in

V6i mé hinh mach thyce 1p dat, thiét bi do luong
ctia “LabVolt” ¢c6 sai s6 trong pham vi £ 1%. Do d6,
$6 liéu thu duogc trong qua trinh do ludng thuc té nhu
Béang 3 ¢6 du co sé dam bao do tin cdy va chinh xac.
Mach DC/DC dugc thiét ké c6 hiéu suit cao (gin 97%)
va hoat dong tot.

k]
Labifott i
=AkEl =)
B B |ffe2] ez |fle] ez |l 7| T [fl Al
oc | v Il _oc | v ||l oc | v [l _nc | Nm_ |
n| n I A N (N - | N |{l &
oc_ | A [l _oc | Al oc | A | vmin_ |
| Past @10 f| Pos2 | Pas2E2i2) ||| Pasa | PassEa||| 7o | Pmin) [ C
P1 | w|[|_r2 | w (P3| w ||| _nc | w_| |
Acquisition | Extended Sampling Window
- o X
n 2 13 P81 (E1,1) PQS2 (E212) PQS3 (E313) ol
(A) (A) (A) (w) (w) W)
057 058 056 1047 10553 20366
107 107 109 208.86 2091 405.16 =
148 149 165 31045 33 60294
186 187 22 41222 41334 799.94
186 187 23 466.01 466.68 90448

Hinh 8. Két qua do ludng thyc té

Béng 3. Két qua tinh toan hiéu sut by chuyén doi
Lén

do |PIW) | P2(W) | Pi(W) | PouW) | (%)
1 | 104,7 | 105,53 | 210,23 | 203,66 |96,87
2 208,86 | 209,01 | 417,87 | 405,16 | 96,96
3 131045 | 311,3 | 621,75 | 602,94 |96,97
4 412,22 | 413,34 | 825,56 | 799,94 | 96,90
5 466,01 | 466,68 | 932,69 | 904,48 |96,98

5. Két qua chay mach that:
Cong suét hé pin mit troi: Ppea = 1650W

Thoi gian lay s ligu: 9:12:47 dén 10:50:05 ngay
10/6/2020.



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 3, July 2021, 083-088

,,,,,,,,,,,

‘‘‘‘‘‘‘‘‘‘

Hinh 9. Cac gi4 tri do ludng thyc té cia mé hinh
6. Két luan

Trong ndi dung bai bao, phuong phap xéc dinh
diém MPPT dua trén thuat toan P&O va thuét toan leo
d6i Hill Climbing da duoc trinh bay. Bai bao ciing giéi
thiéu chi tiét nguyén 1y va phuong thirc thiét ké mach
DC/DC boost converter tich hop thuat toan MPPT. Tu
cac két qua do dac thuc té, hiéu suat va kha ning lam
viéc cuia mach thiét ké dwoc kiém chimg. Cac nghién
ctru vé twong thich dién tir cia mach DC/DC ciing nhur
thiét ké mach DC/AC sé& duge tiép tuc trién khai trong
thoi gian téi.
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