64 Nguyén Van Tan, Dwong Minh Quan, Tran Anh Tuén, Pham Van Kién, L& Héng Lam, Ha Hai Long

SO SANH CAC THUAT TOAN BAT DPIEM CONG SUAT CUC PAI
BANG PHUONG PHAP MO PHONG VA THUC NGHIEM

A COMPARISON OF MAXMIMUM POWER POINT TRACKING ALGORITHMS
USING SIMULATION AND EXPERIMENTAL

Nguyén Vin Téin, Dwong Minh Quén, Trin Anh Tuidn, Pham Vin Kién, Lé Hong LAm, Ha Hai Long
Truong Pai hoc Bdach khoa - Dai hoc Da Ncing; tan78dhbk@dut.udn.vn, dmgquan@dut.udn.vn,
tatuan@dut.udn.vn, pvkien@dut.udn.vn, Ihlam@dut.udn.vn

Tém tat - Trong nhiing n&m gan day, nang Iu’o’ng mat troi ngay cang
dworc quan tam, nghién ctru va phat trién nham glam dan sy phu thudc
vao cac ngudn nang Iwong hoa thach truyén thdng. Sy phat trién cla
khoa hoc cong nghé, cu thé 1a cong nghé thong tin va cong nghé vat
liéu cting vé&i nhibng wu diém ndi bat dwoc xem la ngudn nang Iuong
vo tan, do d6 nang lwong mat troi hiva hen sé canh tranh véi cac nguon
ndng lwong truyén théng trong twong lai gan. Bén canh nhitng wu
diém ké trén, ciing ¢ nhiéu han ché vé hiéu suét lam viéc do chiu anh
huwéng boi yéu tb ngéu nhién cla thoi tiét, ...Vi vay dé cai thién hiéu
suét 1am viéc clia cac tAm pin ndng lwong mat trdi can cd cac bd bién
dbi dién ttr cong suét tich hop cac phuong phap diéu khién bét cong
suét cwc dai MPPT. Bai b4o nay trinh bay két qua so sanh mé phéng
va thuc nghiém bd chuyén déi DC/DC dé kiém tra kha nang hoat dong
thue té clia cac thuat toan so véi ly thuyét.

Tir khéa - Hé théng néng lwong mét troi; bd ting ap; INC; P&O;
MPPT.

1. it van dé

Céc ngudn dién truyén théng nhu nhiét dién, thuy dién,
dién hat nhén, ... da va dang phai dbi mat v6i nhidu van dé
kho khan do can kiét nguon nhién liéu hoa thach [1], tAc
dong tiéu cuc dén moi truong. Piéu nay dan dén nguy co
thiéu hut ngudn ning lugng dién dap ing nhu cau tiéu thu
cua phy tai ngay mét tang [2]. Do do, viéc quy hoach va
phat trién nhanh chong céc ngudn ning lugng dién gio va
mit troi 13 xu thé tit yéu khong chi & Viét Nam ma con 1a
xu huéng chung trén thé giéi hién nay [3-4].

Mot hé thng dién ning luong mat troi cung cip cho
phu tai dién mot chidu (DC) veé co ban bao gom: cac tm
pin quang dién (PV) chuyén d6i truc tiép tir ning luong cua
photon anh sang mit troi thanh dién nang; bo chuyén dbi
DC/DC va hé théng dc quy luu trir dién nang. Trong do, bo
chuyén doi DC/DC [5-6] dong vai tro rt quan trong vi nd
vira gitip tang tinh 6n dinh cua hé thdng pin ning lugng mat
tro1 vira nang cao hi¢u suét thu nhan nang lugng dién dau
ra ctia hé thong. Do hiéu suét chuyén ddi ctia cac tim Pin
mit troi da thuong mai héa phd bién hién nay chi khoang
17% [7] nén viéc nghién ciru cac bd chuyén d6i DC/DC dé
nang cao hiéu suat hé théng pin ning lwong mat troi dang
duoc cac nha khoa hoc quan tdm nghién cuu.

bé nang cao hiéu sudt lam viéc cua PV, ngoai st dung
cac linh kién dién ttr cong suét tiét kiém ning lwong thi mot
trong nhiing phucmg phap pho bién hién nay la tich hop
thut toan bat diém cong suit cuc dai (MPPT) vao b
chuyén d6i DC/DC. D3 c¢6 nhiéu nghién ctru dé cip dén
thuat toan MPPT nhung da phan thuong dimg ¢ mirc d6 ly
thuyét va mo phong [8-9] hodc trién khai ng dung thyc té
moi ¢ dang don gian. Do d6, bai bao nay s€ trinh bay
nguyén ly va so sanh kha ning lam viéc cua cac thuit toan

Abstract - In recent years, solar energy is increasingly gained
attention to be resesearched and developed in place of
conventional fossil fuels. As an unlimited energy source, solar
energy is a promising alternative resource due to the development
of science and technology in the coming years. However, there are
still some limitations of solar technology such as working efficiency
and dependence on uncertainties like irradiation parameters and
ambient temperature. Hence, electronic power converters need to
be integrated with advanced control algorithms of maximum power
point tracking (MPPT) to improve the efficiency of solar panel. This
paper presents comparisons between experimental and simulation
results of a DC/DC converter to verify the actual performance of
the proposed algorithms.

Key words - Solar system; Boost Conveter; INC; P&O; MPPT.

bat diém cong suét cuc dai bang phuong phap mé phong
thong qua cong cu Matlab/Simulink va thuc nghiém véi
mach chuyén d6i DC/DC thuc te.

2. Thié,t kévvz‘l md phéng mach tiang ap két hop thuat
toan bat dieém cong suat cuc dai
2.1. Thiét ké mach ting dp

Mo hinh cta bd chuyép do6i tang dp mot chiéu (BC-
Boost Converter) 1a mot phan trong cau tric cia bo DC/DC
c6 tich hop thuét toan MPPT. B chuyén doi BC (Hinh 1)
duogc cap bdi mot nguon dién mot chicu hoat dong dua vao
thoi gian dong-mé cac van ban dan Ton, Tofr.

Load

Vout

Hinh 1. So' d6 nguyén li mach tang dp BC [6]

O trang thai déng clia van ban dan S, mach chi gdm
ngu{‘)n Vin, cudn cam L, van ban dan S. Luc nay, dong dién
trong cudn cam L dugc tang lén rat nhanh, dong dién sé
qua cudn cam tich lily ning luong tai ddy rdi qua van ban
dan. Cung lic nay, tu dién C doéng vai trdo nhu mot ngudn
DC, phéng dién cung cp cho tai. Sau do, ¢ trang thai mo
ctia van ban din, cuén cam xuat hién dién ap V.. Dién ap
d4u vao Vin cung v6i dién ap ¢ cudn cam Vi qua Diode cap
cho tai, dong thoi nap cho tu dién. Khi d6 dién ap dau ra s&
16m hon dién ap dau vao. Qua trinh 1ap lai tao nén hoat dong
cua mach tang ap, dién ap déu ra Vou phu thudc vao hé )
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dong-m¢ D cua van ban dan [5]. Hé s6 dong mo ciia van
ban dan D duoc tinh theo cong thirc sau [5-6]:
T,
D=_-o 1
T 1)
Véi T = Ton + Tost 1a chu ky dong mé cua van ban dan.
Dién 4p dau ra phia phu tai Vou duoc tinh theo cong
thirc sau [6]:
Vi, =V, D 2)

Trong d6: Vi 14 dién 4p dau vao cia mach BC. Thong
s6 c&c phan tir mach BC duoc tinh chon theo céc diéu kién
dau vao nhu sau: giéi han dién 4p dau vao 16n nhét va nho
nhét Vin-min, Vin-max, dién dp dau ra phia tai dinh mirc Vou,
dong dién tai cuc dai ow, tan s6 chuyén doi f;, d6 dao dong
dién ap AV, va dong dién Al .

Dua vao cac diéu kién o trén, dién cam cua cuon day L
va dién dung cua tu dién C dugc tinh todn béi cac cong
thuc sau [7], [15-16]:

V -V,

La¥a e @
czled g
out*'s

Trong do: Al 1a muc do dao déng cua dong dién qua
cudn cam, thuong duge chon gan bang (20% -+ 40%) dong
dién tai; f; 1a tin sb 1am viéc (tan sb dong- md) cua van ban
dan; AV 1a mirc do dao dong cua dién ap dau ra.

Van ban dan S dugc lya chon theo gia tri dién ap cuc
dai va dong dién cuc dai di qua van. Dong dién cuc dai qua
van dugc xac dinh boi cong thie sau [7]:

A_IL + Iout—Max (5)

1-D

Tuy nhién, véi cac thong sb tinh toan & trén méi chi 1a
diéu kién gidi han dé lya chon gia tri cua cac phﬁn tur trong
mach dién ma chua phai la diéu kién chuén dé mach hoat
dong tdt nhat. Vi cac burc xa mit trdi va nhiét d6 méi trudng
ludn thay ddi s& 1am cho thong sé dong dién va dién ap dau
vao cua mach dién bién ddi theo nén dé du ra ludn thu
duoc gia tri cong suat 16n nhét thi bat bugc phai sir dung
cac thuat toan do tim két hop voi mach dién phéan ctng.
2.2. Thudt todn bit diém céng suit cwe dai - MPPT

Thuat toan bt diém cong suit cuc dai MPPT
(Maximum Power Point Tracking) la phuong phap do tim
cac diém l1am viéc ti uu cua hé thong PV thong qua viéc
dong mé cac van caa cac linh kién ban dan trong cac bo
chuyén doi theo thoi gian tir &6 thu nhan dugc gié tri cong
suét 16n nhét & dau ra caa hé thong. DBiém lam viéc véi cong
suat tdi wu dugc goi 1a diém coéng suat cuc dai MPP
(Maximum Power Point).

S-Max —
2

Hai phuong phap do tim diém céng suat cuc dai phd
bién nhat 13 phuong phap nhidu loan va quan sat P&O
(Perturb and Observe) va phuong phap dién din gia ting
INC (Incremental Conductance) [9], [11-12].

a. Thuat toan Nhiéu loan va quan sat (Perturb and

Observe — P&O)

Bét diu P&O

Do V(K), I(K)

P(K)=V(K)I(K)
AP=P(K)-P(k-1)
AV=V(K)-V(k-1)

| a=a+aD | [ A=a-aD | | a=a+aD | | a=A-aD |

I [ [ I
v

V(k-1)=V(K)
P(k-1)=P(k)

Hinh 2. Lueu do thudt todn P&O [9]

P&O la mot phuong phap tuong ddi don gian va duoc
sir dung thdng dung nhat. Thuat toan nay xem xét sy ting,
giam dién &p theo chu ky dé tim duogc diém lam viéc c6
cong suét Ion nhat. Néu su bién thién cua dién 4p lam cong
suét tang 1én thi sy bién thién tiép theo s& gilr nguyén chiéu
huéng tang hoac giam. Nguoc lai, néu sy bién thién lam
cong suat giam xudng thi sy bién thién tiép theo s& c6 chiéu
hudng thay d6i nguoc lai. Khi diém lam viéc c6 cong suat
I6n nhat duoc xac dinh trén dudng cong dic tinh P-V thi
su bién thién dién 4p s& dao dong xung quanh diém 1am
viéc c6 cong suat 1on nhat do (diém MPP) [11].
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Hinh 3. Puong dac tinh PV va thudt toan P&O

b. Thuat toan di¢n din gia ting INC

Thuat todn INC st dung tong dién dan gia tdng cua
day pin mat troi ¢é do tim diém cong suit téi vu duoc
trinh bay & Hinh 4 va Hinh 5. Phuong phép ndy co ban
dya trén dac diém la: do doc ciia duong dic tinh pin bang
0 tai diém MPPT, d6 dbc nay la duong khi & bén tréi
diém MPP, 14 4m khi & bén phai diém MPP. Bang cich
so sanh gia tri dién dan tac thoi (I/V) véi gia tri dién dan
gia ting (AI/AV), dé tim dugc diém lam viéc c6 cong
sudt 16n nht.
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Hinh 6. Biéu dé thé hién su thay déi ciia birc xa mdt troi va
nhiét d¢ mai truong.

Céc két qua md phong dugce thé hién trong cac hinh sau:

S
[ a=a-ap | [ a=a+aD | [ a=a+aD |[ a=a-aD | ™ S—
- | v | ‘ 60F \\/ TR T~
V(k-1)=V(k) 50
P(k-1)=P(k) Sl
Hinh 4. Luu d6 thudt toan INC [9], [12] o —P0
9 5 =INC
Tai diém MPP, dién ép chuin Ver= Ve, ThUgt toAN Ry~ 50
c6 uu diem cho ket qua tot trong truong hop gia tri dién dan ”
gia tang 16n twong (tng ¢ dieu kién thoi tiet thay doi dot ngot.
70 T T T T 00 1 2 3 4 5 6
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Hinh 5. Buong dac tinh PV va thudt toan INC

3. M6 phéng mach ting ap két hop thuat toin MPPT
Mach tang ap két hop thuat toan MPPT duoc md phong

trérj cong cu Matlab/Simulink v6i gia thi€t mach hoat dong 38 98 _— 358 L

¢ tan so fs= 95 kHz [10]. Dya vao céc cong thie tur (1) dén . ) ) ) ”

(5) tinh chon cac phan tr & muc 2.1 va qua qua trinh mo Hinh 8. Céng suat ra ciia tam pin umg véi hai thudt toan P&O

phong thir nghiém & cac diéu kién khac nhau, nhém tac gia va INC khi CDBX tang (Ving 1 Hinh 7)
da chon céc thong s6 phu hop 1a L =0.1mH va C = 100 pF. o ‘ T T T ‘ ‘ ‘
Déu vao ctia mach md phong 1a mo hinh pin ning lugng
mat trdi c6 nhi¢t d6 va birc xa mat troi cé thé thay do6i dugc, war 1

dam bao két qua md phong sat voi thyuc té. Trong qua trinh
md phong so sanh gitra hai thuat toAn P&O va INC, ching
ta gia thiét ring nhiét 46 moi truong khong ddi, chi thay
d6i cuong do birc xa (CPBX) mat troi (Hinh 6). Cac két
qua md phong thu nhan duge tng ¢ cac kich ban sau:

CONG SUAT (W)

- Nhiét d0 moi truong va cuong do bic xa mat troi
khong doi.
A A A \ A R \ \ A , 845 7
- Nhiét d6 moi truong khong doi va cudong do bic xa T TP TRy Fra— " o

madt troi tang. Tme () 1

- Nhiét d6 moi truong khong d6i va cudng do birc xa Hinh 9. Cong sudt ra ciia tam pin umg voi hal thudt todn P&O
mit troi giérﬁ. ' ' va INC khi CDBX khéng doi (Vung 2 Hinh 7)
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Hinh 10. Céng sudt ra ciia tam pin ing voi 2 thudt todn P&O
va INC khi CDBX giam (Ving 3)

Tir cac két qua mé phong & trén cho thiy khi cuong do
btrc xa tang, thuat toan P&O bat diém cong sudt cuc dai
nhanh hon thuat toan INC (Hinh 8), dong thoi toc do bat
diém MPP va kha nang 6n dinh cta thudt toan P&O ciing t6t
hon. Khi cudng d6 birc xa khong doi (Hinh 9) va cudng do
buic xa giam (Hinh 10), cong suét cua thuat toan INC dao
dong it hon hén so v&i thuat toan P&O, bam sat diém MPP.

4. Lip dat mach ting ap BC tich hgp MPPT va kiém
tra thue té
4.1. Mach tang ap BC tich hop thudt toan MPPT

Mach ting 4p BC thyc té (Hinh 11) dugc thiét ké va lap
dat dua trén m6 hinh m6 phong ¢ muc 3. Tat ca thong s6
cac phan tir dugc Iya chon nhu da tinh toan va m6 phong
dé dam bao tinh thyc tién va chinh xac.

Hinh 11. Mgch ldp dat thuc té

a. Mach dong luc

Mach ddng luc sir dung hai MOSFET IRF250N [13] c6
tan sb dong cit 1én dén 7.6 MHz, chiu dugc dong cuc dai
30A va dién ap 200 V. Hai MOSFET dugc ndi song song
dung dé doéng mé trong hai nira chu ki xung tir mach diéu
khién dam bao d6 chinh xac ciing nhu giam ton hao trén
van ban din. MOSFET va Diode duoc gin nhom tan nhiét
dé tranh tinh trang phat nong khi lam viéc voi dong dién
16n. Gié tri cta cudn cam va tu dugc lip dat nhu mé phong
tuong ung L = 0.1mH va C = 100 pF.

Ngoai cac phén tir chinh, mach dong lyc con céd céc
module do dong dién ACS712 [14] va cau phan 4p phan
hdi gia tri dién ap, dong dién dé do ludng so sanh phyc vu

cho viéc tinh toan cac thong so vao-ra ciia mach diéu khién.
b. Mach diéu khién

Hinh 12. Vi xit li Arduino Nano

Mach diéu khién sir dung bo mach xu 1y Arduino Nano
dugc thiét ké nho gon, dé dang 1ap dat, ton hao thp. Thuat
toan xir Iy dugc 1ap trinh trén may tinh va nap vao Arduino
Nano duéi dang Code kha dé dang va thuan loi.

Céc tin hiéu do ludng dién ap va dong dién duoc phan hoi
tir cac mo dun do luong & mach dong luc vé Arduino dé xu 1i.
Arduino sau khi thuc hién tinh toan cac vong 13p sé dwara goc
m& D phit hop dudi dang tin hiéu sb voi do phan giai 12 bit.
IC MCP4921 ¢6 nhiém vu bién ddi tin hidu sb sang tin hiéu
tuong tu (Digital — Analog Converter) va truyén dén IC tao
xung SG3525 dé tao ra xung PWM diéu khién cac MOSFET.
Ngudn dién cung cp cho Arduino va cac IC dugc lay tir pin
mit troi thdng qua hai mé dun on dp ngudon LM25968, tao ra
dién ap 12 V cho SG3525 va 5V cho Arduino, MCP4921.
Man hinh LCD kich thudc 20x4 ding dé hién thi cac gié tri
dién ap va cong suit du ra ciia hé thong PV va dau vao phia
phu tai, gidp ching ta c6 thé quan sat tric quan duoc cac dap
{tng Va0-ra cta mach ting ap BC, tir d6 kip thoi kiém soat va
diéu chinh khi mach c6 su ¢b hodc mat 6n dinh.

4.2. Két qua theec nghiém

150 T

1 1
0 5 0 1 k)
Thoigin ()

Hinh 13. Két qua cong sudt PV do thure nghiém so véi mé phong
trén Matlab/ Simulink

Tir cac két qua thuc nghiém thu dwoc cho thiy, ca hai
thuat toan INC va P&O déu cho kha ning tim dugc diém
MPP kha tét. Tuy nhién, phuong phap INC cho két qua tot
hon khi cho thay muic d6 dao dong cong suat it hon so voi
P&O nhu Hinh 13. Bé dat dugc két qua tt hon do, trong
giai thuat INC c6 kha nang diéu khién goc md cac van ban
dan nhanh hon (d4p tmg goc md D cua INC thay ddi nhiéu
hon nhu Hinh 12) dan dén cong suit ddu ra bo chuyén doi
khi tich hop thuat toan INC t6t hon so véi P&O.
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5. Két luan

Tir céc két qua thu nhan dwoc qua mo phong trén cong cu
Matlab/Simulink va thue nghiém thuc té cho thdy ca hai thuét
toan INC va P&O déu c6 kha ning do tim duoc diém cong
suat cuc dai. Trong mdi diéu kién thoi tiét khac nhau, cac thuat
toan trén déu thé hién nhimg wu diém riéng biét ctia minh
tuong g véi cac bién ddi cta birc xa mit trdi va nhiét do
moi trudng khac nhau. Tuy nhién, néu xét vé mat tong thé cho
thay & bat ki diéu kién o snh nao ciing ¢ thé két luan ring
thuat toan INC cho gia cong sudt du ra cua hé thong PV 6n
dinh hon, murc d6 dao dong thip hon so vé6i thuat toan P&O.

Lé&i cAm on: Xin chan thanh cam on sy hd tro tir dé tai
khoa hoc ma sb: T2018-02-01, truong Pai hoc Bach Khoa
— Pai hoc Pa Ning va dé tai khoa hoc cong nghé cip TP
Pa Ning nam 2018 dot 2 da tao diéu kién giup nhém tac
gia hoan thanh bai nghién ctru nay.
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