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WEERAPAT KAMPHAN : THE MAXIMUM POWER TRACKING OF PV STAND-ALONE
SYSTEM USING AN ADAPTIVE INCREMENTAL CONDUCTANCE METHOD FOR
CHARGING STATION.

THESIS ADVISOR : ASSOC. PROF. KONGPAN AREERAK, Ph.D., Number of 138 page PP.

Keywords : Maximum power point tracking/Autonomous photovoltaic system/
Incremental Conductance Method/Buck Converter/Charging station

for electric vehicles

The thesis research presents maximum power point tracing of a PV stand-alone
system using an adaptive incremental conductance method for charging stations. The
proposed adaptive algorithm is developed from a fixed step size incremental
conductance method. The working principle is based on measuring the solar cell
voltage and current to calculate the maximum power point by adjusting the duty cycle
of the buck converter. As a result, the voltage of the solar cell can be changed and
converged to the point where the maximum power is obtained for all conditions of
light intensity and temperature. In the thesis research, the simulation results using the
power system block with Simulink of the MATLAB program on the computer, 40 W
prototype for laboratory testing, and 3 kW prototype installed for charging station at
Suranaree University of Technology were used to confirm the effectiveness of the
proposed adaptive incremental conductance method. The results show that the
proposed algorithm can track the maximum power point faster and more efficiency

than the fixed step size incremental conductance method.
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PNFUN 32 TAUYAYRATATLAIDTIndaNIN Tl uRT UL AMAN WY

ANUdNRUSIEnINnszualivhveuwadiao e ()  Auussiulwivessadiasending
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¢ A eV vw ~
WALVUIUVDIARLAIDINNG LASIaUN1TA (3-3)
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Ao nzwalnininnasofing (A)
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Iy — 1, (3-1)
(vpv+|pvRs)J
3 V., +1 R
I e[ U\ —( ot loR) (3-2)
Rsh
va IpvRs
[NNJ N,
nCV; vav + 1 pv Rs
n— NI e -1 A (3-3)
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Ao nazualiihludadudidounduretlalen (A)
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o))

9 RN IVeILaALaIRINE (Kevin)

b

Ao ANUTVRIBLENATOU TAVNTU 1.602x107 (C)

9

AB AUATUNIUDYNTUVBATAR LA TINY (Q)

A ke s a 6
AD AINUATUNIUTUIUVDIBARLLAIDIVIFE ()

'
a |

8 VTUIULHIDAA WA NN NFBUUIUNU

o))

AB IUIULNITAT kAR IINENHOR YN TU

NFUNITN (3-2) wag (3-3) Ll oNIITUIAUE NEUENINT 1981988

LAt nga1u150as uenensINA ua nsaglantzuesnsekaliil s ulni ead

uase1¥ingd (-V curve) wazillothnszualiihauiuuseaulni aglansmaadnuauzianiy

Yeamaalni-ussdulvigaduaseriing (P-V curve) d3afidaluiingegasendn 90

o w

Adalningean (Maximum Power point: MPP %138 Pmpp) kagagnsiuauseduliiiives

waduasoingilagamaslnigsan (Vmpp) waznsvualiivesgaduasenfingfilaqn

o

maalnigaan (Impp) uanaRagUn 3.3



Maximum Power Point
Ly (A) bW
‘ (MPP) !
Ppp
Isc __________
— PV cirve N
= —IVeurve \\
\
\
\
\!
Vo (V)
Vinpp V..

JUN 3.3 nsminaanuslanzveITaaLae1ing

NFUN 3.3 N3 MAMANBUZRNIZUBITATRADI NG a1unTaeSulua
nszwabihluweadusndaunsuvadialen (Iy) lameanudunusseninansenalninvae

&n1995 (I,o) wazusssulnihvasDmnews(V,e) fiaunisi (3-6) uaz (3-5)

=1 |—1e (3-0)

I — SC
0 Ve (3-5)
e nCVt _1
e I, A nasualniihludaduddaundunantieuinsgiu (A)
Ty P8 9un)io1989vBAgaaLaI0NIng (Kevin)

[

E, A9 NAIUTEIINTUYDIANTNAIUN LAY 1.12eV
I, Ao nszualninvuednieas (A)

Ve 9 wsasulninvasdnieas (V)
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Y

lﬂ’l a o lﬂ' 1 1 (]
wenaniifailadenisuenidmalaunssieganisvinnueinssualiiiuas
wsarulni v Rwas was1ing Yunifs USUIuAINNI UUDILAID RS ANNTENUaE

Wa9en7ing LarguuNiveutadiaIefing ansnesuneNansENUABwaALA 1IN LANIAY

=

IUN 3.4 Uay g‘dﬂ?i 3.5

30 1 kWim?
a | T Ry
a5k AN UVDILTUNIUU \
0.75 kW/m?
—_ 20 ’ T
z & J ~ \
E sl ’ 0.5 kwim? \
= — 7\
,l h y
k- , o
10 J/ 0.25 kw/m? AR
— N
, \ \.\
. . . . N\
0 20 40 60 80 100 120
V (V)
P\
3000 o = X 1 KWim?2
AN UDIUTIUWHUU m
2500 | « -
Py 0.75 kw:mz\\
~ 2000 f e e \
a ~ —' ‘\
2 1500 | ) S 0.5 kW/m? \
a™ Lt o —— \'."
1000 f — A
: 0.25 kw/m? \ \ 4
500 F - \\ \ \.‘
\ A
(1] 1 i s L N HI
0 20 40 60 80 100 120 140
I 7
.2

JUN 3.4 nviRaEnYERNNEYRLYRARA I INdWaauMALiAIN 11 25°C

LALANUINYDILAITI NS URE UL UAS
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25+ x\\:‘ :::::\\h'k\

20 \\\’ \ i
_ VAN
< Voo

100°% | \ Vo
h | \ 1
0 | | 1 L 1 | \
0 20 40 60 80 100 120 140
V (V)
Py
3000 - : T —
—
2500 F - 0N .
Py 5 Y,
- \< v\
2000 AL
_ o \&o A7\ \
- . \
< 1500 \\rs o AN Y \
- Y \I \ \ \
9 100t AV
100 | ! ) | | b
100 Vo \\ \
¥
500 PR U T T T T
BLNERTISTRRTATI Lo
LY | U S T
0 L I il 1y 4 )
0 20 40 60 80 100 120 140

V_ (V)

pv

JUN 3.5 N3 1iRanYEla NN Y LYRARAN INdIaA TN AR 1 1000 W/m?

wagaun)iiinisiuasuLUag

q' o ¢ a ¢ A
"\]'W]?JU‘VI 3.4 ﬂﬁWWﬂmaﬂngLQquﬂJaﬂL"UaaLLﬁﬂ@W‘VWIEJLN@Q@U‘WQ
6
]

25°C WAYAINILTNYDILANLALTY UszansamnisuannidslndrvesasiasoningAliuTu

INFUN 3.5 NI MANGNYULANZVBATAALEIRIINSIoANUTLYBIRASAST 11 1000 W/m?

' £
a a =

warguUnIindy Usyansammsuanmasliihveuwaduatonfindazanas a1unsneiung

Y

nszualnihfauasensing (Ipn) lansaunisn (3-6)

G
Ly = 1o+ K (T =T ) |- == (3.6)
Gref
oedi K Ao FuUsEansonuNiveINTELAER299S (A/C)

9 Y

G AD ANUULEIYDITARLAIDTING (W/m?)

Gry D AMUTUKAIN9BIVRITAARAIDNTINE (W/m?)
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3.2.2 29954UadluNa9 WAL UUan UK IAY

NTLUUNIINTRITUIFUN 3.1 szuvdnlusesiieasuuasdumasiii

(%
a a

Hennaduaseindiidenidnuiiusaiuliinnaanduuanes Tuanuddeingrinusiay

donltasuuasiumasiniuuuanneuuwsaiu Feihasauyauwanisaguil 3.6

Iin S L ] ouft
- el M —
+ JUHL_+ +

Vm d D =C Vom

JUN 3.6 2asudasiumalniiiuvannaeul s

IN3UT 3.6 Waswlasiumasliuuvaanaeuussiulsenaulufmgaing
sl lalen anadmnieai (Capacitor) wagdauiuysezq (Capacitor) @11135008nKUY
Wsfwesnagldanuananuduiussenirussiulniiednadunssiulii Bunnvednsas

wUasiuraslniiuuuanneuwseiy (Muhammad H. Rashid, 1988) faaunisi (3-6)

V_ =dV. (3-6)

out n
el Vo Ao ussdulndiowdnnvessaswlasiumasiwiwuuannauussu (V)
Vie Ao usssulnihdunaveseaswlasdumadniiuuvanveuwssiu (V)

'
v v Y

d Ao AdnInsvthnveniswlasiumasiihiuvannaulsaiu
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n1seenwuugUnsallniiisng q lursesuvasiumasiiuuvanneuusdu

P = o a ¢ = v o = = A Y] av v g va
Lu@ﬂ‘ﬂ']ﬂllﬂ']ilsﬁﬂ']ua'lﬁsm/]']ﬂ‘l%lﬂ'] ‘ﬂﬂ‘ﬂgﬁaﬁf’ﬂuxﬂﬂﬂﬂqiﬂigl,wamsﬂaﬂammqmﬂlﬂ I‘Villﬂ']ﬁ

a

nsziilesveadynnaniostign wazinuszduussiuedmalinegg mansilouvesdayny o
Fosidafeiite Ausiunan (Ripple voltage: AV,) LAZANNTLLENE (Ripple current:
Al ) vesdyaamuLe1ing nsoonuuuIAaAmileniuaduAvUsey (Muhammad H.
Rashid, 1988) T¥munzausunsldauanunsamlassaunisa (3-7) uag (3-8) auasu

aelud

L = Vout (Vin _Vout) (3-7)

Al

C=

Toed L
C
Js
AV,
Al

(1-d)V

Ao manaiawide (H)

Ao ArLfiulszq (F)

Ao ArudvesaEdndnslninildluaces (Hz)
Ao AUSITUNE (V)

AD ANNTTLANED (A)

out
NVou (3-8)
AC_8Lf?
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3.2.3 LUALABSS

wuaLae3 (Battery) ugunsalildiiundsnulnilusuwuuveswdsaud

ansasenldlaniends wazdinsdmnundanulnilugluuuresasiaiviediannsou

Tuwaruumnedkignldnuy wdsnuinuliluwuameiannsasuddudigunsalniassuy

I ed 1y wuawesinatesuwuukazruInaaiulaelesun1saanwuULLND a9 UNS
Y

Tduiuananeiu wuseendu 3 Useinnsasaluil

1)

LUALABIWUUWAS (Dry Cell Battery) wusno3lidngnldlugunsalidng

Y

fa

iy Trlarewnwn Sluvasulvsa wiRng wavaunsaldidnnsedndnnnn
= a Y Y & I v o g v
du9 wuame3 huuwisdlaseasreneludulnudiu et uaeals
Saninslad wWelduldudliausavndvunldsnle
LWUMLADI WUUUT (Wet Cell Battery) wuntaas wuuidainladlusasus
F0ANTBIUBUS wazIEUUNATIUd1ses wuuiideuldnuiuninfigaife
a Y] a S ~ % v
LUMLADIALAI-NTA UNLADS WUUN da1salazarsludn wazasia
| a = a @ | a
N5ELA LN 1N IUNISEAR B UTI VDIDLANMSTOUTENIN19AT I ULUALADS
wUSALABI hUUT AT ORNESAT Az UL e LA NS IrulAD a8 AT
urnoszansy Talunisiiuissannianimdunse
Aa o . A . a Q’lld a
WURLRDIALSeY (Lithium-ion Battery) wumima3iuutiinnuidsnlussuu

a

Sidnvsefndiode uduiiey vruesudliiy wazgunsalnnmidug
Hemnfusyansamlunstnfundsnuguagiiiminu waedeny
nslfnuuunituunneivindy 9 wuameddBeuldaiSenduianmdn
Tunsiiundsnuliiuasiissuumugudidnasaulunszuiunisgse

warldanu

TuauAdeinednusdazidonldauwunmas Useunnatiioy 189911910

'
=

ﬂizﬁwﬁmwiumsﬁ“ﬂLﬁuwé’amquq anunsalgudlavateseu dnisatelaunidaluing

< Aa A v d 1 1 @A
b3 LLUG]LG]@?WL&@ﬂI‘UQ']U?]%JJE]Q 2 d3UNAD

1)

LUALABS Lithium titanate (LTO) model: EQ48VA0Ah AaRslugueyus

Tl wanatagui 3.7 waznnsfiweslumsldnuuaniismisd 3.1



5U# 3.7 uuee3 Lithium titanate (LTO) model: EQ48VA0AN

mswﬁ 3.1 ‘Wﬁ’]ﬁL@@%LL‘U@LW@% Lithium titanate (LTO) model: EQ48V40Ah

25

FIATBIUALAET Lithium titanate (LTO)
AUINEN91U (Capacitor of module) 1.92 kWh
AIIUYUINIFIU (Standard capacity: 1C40A) 40 Ah
mmaﬁuﬁﬂ (Minimum Capacity: 6C240A) 37 Ah
usssulisin (Rated voltage) a8 v
wsssiulniingean (Max. Charge voltage) 52V
wsssulwiidngn (Cut-off voltage) 40 Vv
ﬂ'ﬁzLLﬁlWﬁwﬁﬂmmgm (Standard charge current) 40 A (10)

5%88198719159 (Charging Time)

About 1.0 hours

nzianIeUszasieLiledgagn

(Max Continuous discharge current)

100 A(2.50)

nIigwaAIuUTz9a9an (Peak discharge current)

400 A (10C)

9aun)IN15¥1191U (Operate temperature)

Charge 0°C ~ 45°C
Discharge -50°C ~ 65°C
Storage 0°C ~ 45°C

souldau (Life cycle)

> 20000
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2) yadauszqlnii (Sirius capacitor module) model: 3550-48-B-1.7C-M-
SD-A-G daudmiusauszaliiueueudlnih wansissud 3.8 wagd

P15ITLHDSLUNNT BN ULAAININTTIN 3.2

5U7 3.8 uUAAB3 Lithium titanate (LTO) model: EQ48VA0AN

M13099 3.2 Msfiwesyadauseglnii (Sirus capacitor module)

AUINEN1U (Capacitor of module) 3.55 kWh
wsesulaiin (Rated voltage) ag v
AUINEN91U (Capacitor of module) 74 Ah
wsssiulnfingaan (Max. Charge voltage) 54V
AanurUsEq (state of charge: SOC) 98
#n91N151159 (Charging rate) 1.7C

<

P Y a o Aav a a =1 o a2 A
f\]qﬂﬂqiLaaﬂIGUGUUWLLU@L@@iququﬁf\]EJ'JV]EJ']UWUﬁu %muvl,@]’m LUALADILUUEIUN

o = = a a

°o o o v & ) A a 1% I a ¢ v ]
dnAgldlunisiniiundsnuiindnlaanngasiasoniing dosmdstslszdansnnlunisansy

Taundanu 9uiuseulunisldnu wasvuneiwinsausuuni iWweliiiesmenanisldau
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3.3 wannisiasduvasnisesntuudmiuaaiiidnuszasugudlnii

ann1siasiuveInIseaniuudmsuanisnusegeueudlni asfiansangunsal

FUAUNSIUNTOIUAALTIIY WAZLTASLAIDINRE 1AsazSUNANTUINATUSEU U NEn

o
(% |

wuseentlu 2 diu Afe wumne3NAndsagAerueud i WDuuumne3via Lithium
titanate (LTO) 9113u 4 an wagyadauszalii 1 9a axnsawaninisaialadasioluil
Total Load = 3.55 kWh + 4x1.92 kWh = 11.23 kWh
A o a o = Y - v O = A
devinsiiansantvanlday aunsudsinandsuliihneely andulufeniuin
a v 3 a 3 av a a s A ¥ 3 a &
Ainveuwaduatofing lnglunuidedng inug asfenldnuuraivaduasefingilunuy
agani1 (Bifacial solar cell) model: LR4-72HBD-43M #1n15USUQMAMNAINTTAL T DU

20 % Y3518 LDUANTIINLNDTVDUYRALAIDIANTLANININITIN 3.3

M5 3.3 Wsilwesiwaduaseniindvila Bifacial solar cell (model: LRA-72HBD-43M)

aalnfinasan (Maximum power: Pypp) 430 W
LLiqéﬁ’ulﬂ/\Iﬁﬁﬁﬁ;mﬁﬁé’ﬂi/\lﬂ’lgqqm (Voltage at MPP: Varp) 40.6 V
ﬂi%LLﬁlWﬂﬂﬁQﬂﬁﬂﬁﬂiWﬂﬂq\iqm (Current at MPP: Iypp) 10.6 A
nszvualninvurdna93s (Short-circuit current: Is) 11.30 A
usanulnivzana93s (Open circuit voltage: Vo) 48.9 V

s

1NN 3.3 WIsTRRswadLasaingMaenldiduluuanntn fatudeedinis

a

USugaunnenisaziouil 20 % agldfdnveaunaiindudu 430 W x 1.2 = 516 W 9101y

° ° & a6 al Xy a
LVNNITININUIUVD IR LY AALEID AN LT LA A9EUNTTT (3-9)

Total load x Recharge factor x (1+Mppt loss)

FTUIULNG =
Peak sun hours (3-9)

. 11.23 kWh/day x 1.2 x (1+0.1)
VIUIULNY = =574 = 6 LN

5 hr/day




ImEJ‘ﬁ Total load

Recharge factor

Mppt loss

Peak sun hour

28

Ao wasveInIsUTENNlran (KWh/day)
Ae Auvinineaimusunalaeiia

1.15 < dwsulvianiilidddey

1.20 < ABududmiuszuuiily

130 < dwSuszuuiifianuddadeddnderunasnieiu

Ao ANYAENTEYLEENAI

Ao ANSTEANLWET TkW/m? 6o 1 Tu

NAIAINLNITANUIUNTTUIULHILDAALEIDTINIUAT EABIN1DDNUUUITNITABINS

(%

AR AN NAGFA1NTUAARILTINU 1Al UIUAITINGITNUS T AL H DALY AR hAID1ARE LA

YaRiaveusIiulnivesukgaRLaIRN TIndganIusTukuAmes Wenaeldanuiuieas

(%
LYY |

wlasiumaslviiuuvannaunssiun1dausey daunsrelgaduatofingagsouiuiy 3

WY LAz isoaynsuiy 2 90 LanInaguil 3.9 uaslinsdinessInLantiwmsnn 3.4

-

JUT 3.9 MIsipunuwaduateinduuugamit 2 Series box 3 parallel string
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M9197 3.4 s dweswaduaefinduile Bifacial solar cell (model: LRA-72HBD-43M)

F1UIU 6 Wi USuAnaINAINITaEiowi 20 %

aalnfinasan (Maximum power: Pypr) 3096 W
usasulifinfigaridsluiingean (Voltage at MPP: Vi) 81.2V
nszualniifigamdsluliingaan (Current at MPP: Iypp) 38.13 A
nyzualnnvazdn99s (Short-circuit current: Z.) 41.46 A
usanulnivEan2933 (Open circuit voltage: Vo) 99V

(v d’lj % o [ a o =3 7
nuannIsesduveiniseantuudmnsvanidsnusegeueudini azwiuladn
druifinnudidgsensndanasnuiiedauszglidueueudliiduife wadwaseing
£A098N1590NkUULIALNINDFA BN LTI WAZLA BN LT YRAVDILHI AL NUNLAUAUADIUN
° | Aa o = a a a o v 1% o ¥
AuwUanfnee saulufauseansanlunisudanasnulninfdeseaen adaeiunislaaru g
& v I3 A ¢ v & Ao v a a Al 44' ~ YY)
Hanldunagaduiase1indwuuassinidunnsiiviuseansnmangadadisuiuiuweeiuy

Mlunurieman

3.4 NMIRNIREYRRIaNHIgednR83eNITIUNIULAZHINA

¥

nMsnusegqaidslnfiigaaasieisnssunmuuazdanmuisnsmusesliifiag
fealdiulutagiiu Wumehouwuuiushdenmsusuussiulifihvessaduaseningligidn
yafmaabniligegn nsavaumgiguweslunsianseualiiuazissdulniveugad
wae9ing lunrsariamigamaddiiiasan diulvgazldaunivgdurasuuadiu
md el 1 Tusated asdnavenanisneudueds1unI3s1aIan U5 A28

MATLAB/Simulink tielUSeuiieuUseansn1nnisniusesaaiaslniniuizdu « vely
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3.4.1 WANNIIVNUYBIATNTIUNIULAZEUNA
MANN1IMNUVBINITANLTOERAMas i 1gaamedsn1ssunIuazdeng
Humehauuuuiugkiuaunafenssunmunsiisnieasussiuliiiiesaduaseniiog
TlFussaulaini gamdsluingagn fnnsiaruseiulniuaznszualuiinvesad
wasefindiitoAuinmeArfdaliiwagyinsuiuaussiueaduaefindiiuaining
wihlvesrsasudasiumddlwihuuuanmouussiu aunsaeduismensminudnuugiany

o W

maslnihuazusaduliiwaduatofingrasisn1ssuniulasdunakanInagun 3.10

ar
Ppy (W) NG
* (MPP)
Pmpp ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Iy o,
AV : \ Ay
i va (V)
VT”PP VOC

JUT 3.10 nemRadnwazianzisssiulnidumanieaduaseing
YDIBNTIUNIULAZHANN

o w

913U 3.10 igamdalnilngean (MPP) aziuladnaiudu (Slope) vos
nsmpnsnvazanziasniazussuliiigaduaseind danduaud 1naunisves
useiuRTLUasumasliiLuuaanaulsiuaun1si (3-6) Laggui 3.1 ssuuniansan
TAwssudunmaasasiumadlniAsussiulnirvessaduaeiing wazhssiuomng
N Y A v o Y ' 1% v w W
AausIRUTRLUAMBINIBLT T AL TEuans daguaunsivd aglaauduiiuses

AN (3-10)
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\V = _DCBus (3-10)

pv d

NENNITN (3-10) WINABINTADIUTULTIAULNTANALYINAY Vingp P20

USuaripdnsnihivenasudasiumdalniy Feiarsanganisiaudieaunisi (3-11)

AP AV, =0; PNFeeETIgn MPP
AP AV, >0; ANFYINUBEAUEIEIN MPP (3-11)
AP, AV, <0; ANTINUBELAIUVINYN MPP

'
=

31NE@NN15T (3-11) WoNIIUIANITINUVINENNTANUTBEFANFIbNH

[

WUUSUNIULALEILNR 27090 0anaSNURIIU Mvuald k Assaulunisiugiluaiuian

Ua90u wae k-1 Ao seulunisugilumunaineuni aglaluunImnIsauYeanng

mmaaf\;mﬁﬁé’qvl,w%qqqmé’aaﬁ‘émiiumuuazﬁdmm WaRapagun 3.11

Toedi Vi (K)
| (K)
Po (K)
d(k)
V, (k-1)
P,y(k 1)
d(k-1)
AV

pv

AP

pv

Ad

Ao uswiuliihwaduaseniindseulagdu (V)

e nsvudlnieaduasaniindseutagiu (A)

Ao Maslniwaduaserfindsoutagiu (W)

A | v @ v a £y

A Adndnsutimseutlagtu

P LY (3 a & ! ¥

Ao ussRugadkateIIndsauReuUW (V)

Ao Maslniwaduaserfindseunountn (W)

B ATIININNNTEUROUNIN

A ! ! (% (3 a C U
Ao NarsEInLsssulnihwaduateindseutagiu
fuseuneunt (V)

A HasesEnINmalniwaduaeindseulagiu

Ausaunaun (W)

A ! ?Ij dl 1w % v dl
A ﬂ’lsU‘LJﬂ’l’iLﬂaEJULLU@Q%E]QF]']’JQ‘«]ﬂ'ﬁMU'Wl



P
L

U

7

- / Measurement
( 7 VB, )
v

Calculate
Ppv(k) = Veu(k) *Ipn(k)

ﬂ'Pp\' 1 Pp‘v(b - va‘(k‘})
-&Vp\' y Vp‘»(b - va‘(;{'j)

dk) = d(k-1) - Ad

d(k) = dk-1) + Ad

dik) = d(k-1) - Ad

J

Update
Vonlk-1) = Vp(B)
PPV(‘TC'U T Pp\-‘&)
dk-1) = d(t)
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3.11 WNUATNANSYINUYBINIIAILTREIAMIANL NIRRT N1ssUNIULAEALNA
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IN3UT 3.11 wEnn1siaunsmusesynmatininasdnnieisnissuniu
wardne azin1sTansssulnitwaznseualwi1veswadwasaning Jn15A1UIUNI
AMaalnin wazdn159919a@0ULTIIU MNWSIRULeNILsIuTalNTNNsELanse TAssuUan

[V

ANV THUa UM AT TNa N O NLTIAY INTVUATIVFBULTIAUINTNIT
Maueggaluu 1Ngan1svinauegign MPP seuuazyinisasabssnulilingy mnge
NsYUeguUgIEn MPP ssuuasinnsiiiuAssiuiiolid1lndan MPP unndumienis
anfA1iInIninvereasulaumalniias uazmngan1svitued AuvIn MPP

o i o oA v v v P a1 v o v o )
SEUUITTNIsanALs e i lndan MPP sign1sifiua1igdnsninivesisasulasiu

AasldnTu

3.5 NMIRNTRERARIaNHIgeEan83aNSINNAIAINLILUUAIAITUNIS

Waguwlag

manusesidilaigearlngld#i8maiuamutuuuassdunsudsuandy
Sawilsluisnisausesgaddaliiinddealiludagdu fudnnsemuauduuuuiud
willpuiuIsnssunukazduns wiazdnsanamaamasiilingegamenisiisuiey
ussslnihiunszualinlaonse vilildseansnwlumsmusesiidni Tasiauenanis
d1aosan1un15alnaelusunsy MATLAB/Simulink

351  ®ANNISNIIUYRIIDNISENNAIANUULUUAIAITUNTSHUABURUAY

N130145083ANE 9NN 1398 AR 18TT NS UAIANTT WUUAIAITUNTS

Wasuwlag asiindnnisvhaupdeduisnissuniuuazduns lnenismunuaziduuuiug

1 IS

HumMUnalUTuNsiiuv sanussiulninwad LaseindRIuATInInsnnNve Ik Ay
maslniwuvaaneuussiuiiewldgandsliiigan wissuandaiunismseudisy
Welrlagamdslnirgeganunseualniuazusaiuliilaenss ansaesuieaiensiviam

anwaglangMasliiuazuswiuliihwaduaenfindvesiiuAmnnmhuanwagui 3.12
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AL
I (A) AV Y P, (W)
4 (MPP) 2+
PIH.
[S(’ _________ / "
Impp
—— PV curve
= — [Vcurve
Al 1
NS 2
Vv (V)
Vmpp Voc

JUN 3.12 nsninasdnuazianizusaiulnihiumasliiuazusaiulnihdunssualuih

LWARLAIRNNNGVBITNISHANAI AL UUAIAITUNNS VR ULUAY

31n3U7 3.12 Nyandeliiigsannsvlaudnwuzianzussiulnifiy
mMasniwaduaserindverisnsiinainnuinuuaadunisiisuwdasazdiule i
Autduvesmasliidandugud arsmgamdsliinasdaazdedainaunisidlui
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dP, di
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ARG
v
Calculate

AV, = Vin(®) - Vin(R- 1)
ALy = Iu(k) - Inu(k-1)

dk) = dfk-1) + Ad

d(k) = d(k-1) - Ad

Y

Y

dif) = dk-1) - Ad

dfl) = d(k-1) + Ad

©

A
Update
L Vis(k-1) = Vil )
Lps(k-1) = (k)
dik-1) = d(k)
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maalnfingasan (Maximum power: Pypp) 3095.74 W
usasulyifinfigarndsluiingean (Voltage at MPP: Vigpp) 84.75 V
ﬂizLLﬁiWﬂﬂﬁ@@ﬁﬂé’ﬂWﬂﬁqqqm (Current at MPP: Iypp) 36.53 A
nszualnnuazan9as (Short-circuit current: Zi) 39.28 A
usarulWivzan1993 (Open circuit voltage: Vo) 104.49 V

2995 VAU N LU UAAN D ULLS I

L (AI<0.04A) 15 mH
C(AV<0.01V) 2200 |F
Cp» 1000 pF
Ts 0.1 ¥
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_h/ Measurement
( ] Vnl®), Inf®
v

Calculate
Pon) = V(K I ()
AP, = P,.(k) - P, (k-1)
AV = V() - Vo -1)
ALy, = In(®) - Ln(k-1)
Ad = N¥AP ATV

YES

— dk) =d(k-1)

YES

d(k) = dk-1) + Ad dk) = dk-1) - Ad

Y

d(k) = d(k-1) - Ad

Y
'« dik) = dk-1) + Ad

=T= v
Update
PPF(';C'-!T) = valﬁj
h Vor(k-1) = Vpu(®)
‘{W{‘k‘jf} = Ipb@
dif-1) = dk)
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#ifin 40 W fiAnnsdlwesnldluganaaeunaniananisnei 5.1

M1349 5.1 Annsimeinldluganaaauiiin 40 W

LYARLLEAIDITINE
aalnfinasan (Maximum power: Pypp) 40 W
usaslifinfigardsluiingean (Voltage at MPP: Vi) 38.125 V
nszualniifigamdsluliingaan (Current at MPP: Iypp) 1.033 A
nyzualnnvalzan99s (Short-circuit current: Zi) 1.1A
usanulninvEan1933 (Open circuit voltage: Vo) 43.125 V

2995 UaIN UM AN LU UAAN D ULLS I
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C (AV <0.01V) 2200 pF
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Ty 1 3w
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31N3UN 5.11 vaiamuAulilasaoulnsalaesaglddyae1dnnueiang

nsrvinnsenuliiuasnssualnin wdwnaiginswing asedyarasegannuning

% 3

Wad (Pulse-Width- Modulation : PWM) aaglndiues/tanidines 1 Thnulrsasulasiu
sl uuvanmounssiu THnunesawlasdyanausuiasniduiinea e ADC (Analog
to digital converter) Auaztdun 10 Un (10-bit resolution) AWsIFU +5V Luasdygyroune

wiaendufineasglinfiiaveyszning 0 - 1024 vesalulasraulvsaaesiiuaga ADC

o 1 U A Y 1

U 16 Yoedyayns Ae ADCO — ADCL5 Tuganaaeuazidonldrasdeyyins ADCO dwsu

wladsd QN aLeUIaanve99Ins NS Ul LT uF e ufanea waz ADC1 @Sy

A7) A
o

wasdyananeuasnvenasnryianssualii i dudygranines nsulasdygimuwoun

T o T o

annlufIneaanusasulalle a1naunisi (5-4)
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Vouput o Touoy 10U 019 NA VRN TIVIRTIR Ul ez nseualii (V)
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nsasedyINdyIMLoNARNUN IR AgdasainaLAzAINRYDS

a o s aay

Fyanalagdnedadyanainueialilasreulnsames anudndesnisldluganaasune 10

kHz @unsamaiiInualinusaanes ICR1 Failvuis 16 Taleainaunisi (5-5)

f _16x10° (5-5)

TOP = + ]
2xNx fou 2x1x10

=800

oot Toum Ao mrwiddygamegianaunhsiad (Hz)
f & o a ¢ ¢ a
ak Ao AnuddygIauIRn1vesuesalulasreulnsaaes fuunn 16 MHz
TOP fg Aviifwusliiusdawmes ICR1 Fellvun 16 Tn

N Ao AUSana@es (Manneudyyia) Tuntdnwuald N =1
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(Deg. O)1

PV Array

gﬂﬁ 5.13 N59asdnIuN13aliig MATLAB/Simulink vesganageuiiin 40 W

M3 5.2 Amnsimesilalunissiassaniunisalaag MATLAB/Simulink 40 W

LYARLEAIDITINE
Maslniingegn (Maximum power: Pypp) 40 W
LLiqﬁulwﬁﬂﬁﬁ;@ﬁﬂé’ﬂﬂﬂﬂqqqm (Voltage at MPP: Vipp) 38.125 V
nszudlniifigarddluliingaan (Current at MPP: Iypp) 1.033 A
nszualni1vaean1995 (Short-circuit current: Zse) 1.1A
usanul i vzan1993 (Open circuit voltage: Vo) 43.125 V

2995 VAN UM AN LU UAAN D UL T I
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31NFUN 5.17 Han1sinaesaniamsainisnuseemasiningwaisnisiiaeiaui
wuuUsusufisuiuasiiuAAiuuuAIA U 1sUas LAY aumiulidnIsnsiiiuAAu
wuudsusaiinsguinganizegdilaisondt uwasiinnisdulnidesniniSnismiudiainui

1 gj A
LUUAIAIYUNISIUASULUAS

54  HANINATRUIMNYANATDUNAR 40 W

NSNAFBUYANAABUNIIANTBEAMEINTINGIgnvaLaadLaDing 40 W nadau
frnudueuas 1000 W/m?gaumafl 40°C nMsviadeuaziusennidy 3 du Fedui 1 lu
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WasuuUaaiisuduignissuniuuagduns uansdaguil 5.18 duil 2 waden 5.4.2 azlu
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Y
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v A
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N < 0.002 é’fﬂﬁ?uf\mﬁaﬂmmﬂ%’uqmmﬁ N = 0.001
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5.4.1 35MSNAIAMULUUAIAIIUNISUABULUAIBUNUIT NMSTUNIULAZE BN

P&O Ad =01
INC Ad =01

S a0t
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JU 5.18 mansvnaeunsmuseeiaaliingeaanSe Ui useninaismaiuAIA U U UAY
& = = U an @ PN v 2
ANunNsURUauEUAUTEMITUMULazduNANAIUNILET 1000 W/m
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AU URBUMavIURTY 913deInentinusildennisaiusesgamaalnigeansie
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542 A1588NANUN1SUATULUAUBISNISHINAIAIINUILUUAIAITUNS

wWasuwlag

INC Ad =0.01
INC Ad =01
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SUt 5.19 namsvraoumsIusesiddlnihgaamadendrdfunsdsuuame i madiven

ANUTUUUALANS NS UB BULUa i P aaLas 1000 W/m?
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WasuuwaweismsiiuAemniuuuardunswasuwlas avdiuldindunmsasuudadi
Tnanavaueslngifosiu 3 A1 Jufifie Ad= 0.1 Ad= 0.02 uaz Ad = 0.01 M3denaAd

winzaudmsuldnisdiaesanunisaldmsuyanaaey 40 W agldan Ad = 0.02 1i8397nAn
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6.1 uni

n13ausesganIadliingeanaiedsuAInudIwuuUTUdY Aldvaaauiuyn

wva a a

negeuluiesljUinis auisanuseeyanidaliivasgaduasoniindlaiivsz@nsaim

'
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wnnidlofieufuiBifiuaamuminuuasstunsidasunas fafulumnuideinednug
unisandenitifiudmnuihuuutiuiuanldnusuwaduasoindficn 3 kw idnssogi
anfignuszquuuiiadmsunsunsaerueud bl nan1sedeUYAULUUNIIAINTOEA
dslifihgegaimedsiiuAinuuuuUiudiasunSsuiisuiunanisaaeuainlea
11591985 (solar charge controller) fianauarlFnuiuanilsnuszquuuidmiunsnss
gugudlitii winedemaluladasu? ilofuduussavsmmussgadunuuiivaunduly

AT NG TNUS

6.2  MIVBNUULYARULUUNIINNIREYAMAIINH g sAvaswad s WIng 3 KW

JUM 6.1 gasuluUNIINuTeEgniaslnihganvetwaduasefing 3 kw
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NNFUN 6.1 N1508NLULYAAUKUUNITANTREINNAIINTNEsgnvedwadLase1ing

3 kW 2ga1580191n58Uuvasannlonuszasueudbliliifge 3 kw delauaualivaqlus

9 Y

[

1 3.1 999Uyl 3 Nseenuuukarasvgunsalvemasuluuliansaldnulaniiin 3 kw i

eavdunvasgunIniuanslassialuil
6.2.1 WaAuEDINgNAA 3 kKW
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AUANEMEYBIEad kAt ITIng lamen1sUsuATIgInsvTNve navswlasumasiviuuy
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6.2.2 72995052IANTTHARAZLIIAULNRHN

299505727 An s Ul I luAuwuy avldwuigasussauliiiiues LV 25-P fifn
wser Ul A1 uussgavindu 500V Adanseualniiaiunsegavinny 10 mA T laily
NITUARTIVUIN +15 V, 0 wag -15 V lumeviiau avesnuuuwsatuliihauusegelin 150

V a11150MIA1ANAUNIUAULIEdlaanaunisi (6-1) Tiddunuuue 15 ke ludu

[ dl'

VIF YY1 UDINNAVDINATITLNTH AT UN U UTURUA Y au e MmN sauiunI g

Y

PlUldUszaunanuuasalulasreulnsaass IngazaanldAmIAuAIUnIuILIg 200 Q

V,, 150V

"1, 10mA

=15kQ (6-1)

29330593 anseualniindldludunuy avldisuwesnssualniiiued HXN
25-NP fifitansinnssualnding 60 A llufinszuanssvunn +15V, 0 wag -15 V luns
vi191u dn1siedadiunuIuIn 1 kQ 1.5 kQ uazdalAulszguuin 0.1 pF Wieuiuuss
dygao1finnved9snsIaianszralnii niseeldiuiasnsiataussdulniuag

nzualil uandagun 6.3 uargUesldauuansissun 6.4
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<
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Voltage
(] L L L e b
Sensor o " o 1 1Ch ™
HXN 25-NP
LV25P 5
. S
MT +MT 5
[ T =
<
o- + o+ -
Input Voltage Sensor Input Current Sensor

JUN 6.3 nsseldanuiasanainwsadulnihuagnssualnih
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JUN 6.4 209399 dnusaiulnihuaznszualndi

1n3UN 6.3 nssieldrurnmmsaiausaduliiiuaznssualuiy asdaadl
NINAFDUNMANNTANUAUNUTTE I3 U A UL S IgeAUE 0D NAVBI9aS
ATIVIALTIAU WATNAADUMANNTITANNFUNUS SenIenseualiviiudygyiasednnves
wasnsinnszudlniy negeumsnsaeininselanslyiuagas 0 - 150V uag 0 - 6A
wefinegeulsundennsmanuduius Ladigui 6.5 uazgui 6.6 loaunsauduius
5enI19u 59U AN AUd e NAV8929959 59 TR UL Asdunisit (5-2) wagld
U o 6 U U U I3 L U
aun1saudniusseninanszualniiudygiaednavenasngivianseualiii dg

aun1sn (5-3) welvuluvesalulasnaulnsatass

VHV =30V, utput,LP25—p + 0.26 (6-2)

(o]

Iy = 8'4V0utput,HXN 25 np +0.072 (6-3)

Toot Vv Ao ussiuliihsunssgeuensasnsaiausedulaiih (v)

by #o nsualvlidhuussgevensasasiatanszualai (A)
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JUN 6.6 naAnudNTusTEnIenuduiussEnienseualiiiiu

dye 0o IANRaIn I Ianseuali
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6.2.3 2995uUaUNAINHILUUAANDULIIAY

1935uUasiumas il uvannoulssAuAlTNUYARULUUNITANTREA

o L4 Ll =

maslnigeanvesgaduatonfing agdesliniseanwuuaintneliihiiAdamugauiv

nslgau Tunwddeinerdnusezdenidaindmlnfiiduluga IGBT wes MDI 145-12 A3

[

Ainussiulnfingegan 1200 V Ainanszualuihgani 160 A uayldgndenszuieainusou

AMNITIELABSANS o) T NA1TUNITORNLUUAINAUNITA (3-7) Laz (3-8) Nlauansludiures

<

UMY 3 FATUAIITUNG AN TERANT TR NLUUMAFINUUSERkavYR I Tea1

WoniinveagunIalhandfianined 6.1 warguaeasiasiuaiiumaslniuuuanneaun sy

Mauiuygaduwuun1snusesgnmatiningianvessaduaefing 3 kW uansiagun 6.7

Q‘I ! a s L o w Y
A519% 6.1 AiinesvensasiiasiumadlniluuannaeuLs Iy

gunsal Il
Tuga IGBT Luas MDI 145-12 A3 1200 V 160 A
Funulseq (AV <0.01V) 2200 pF 250 V
anaawmiet (AT < 1A) 1 mH 80 A 250 V
fi 10 kHz

5UT 6.7 1ansasuasiuidslnihuuvannauussiuldanuiugaduwuu3 kw
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NFUN 6.7 wasuvaduiasiniuuvanneunssiuldanuiugasuwuy 3
kW azdasiinsnaasunauthlUldiuwadanasanindiing 3 kw weliliinenudemenu
N W & o o I 9 v Y] o
JeUUTRtanI8nUsEuuUSEmMSUNITISAeUEUA i 2esildnaaeuazlduneing
JuwesiSesnszua Tnasadudidiuniuaun 10 Q 4 kw fvuaA1indnsminfivedisns
wUasdumaslnihuuvanneunseiuildlugaaing IGBT winiu 80% warAudlunisaing

9891SWINNU 10 kHz HANISNAFDUBAAIAINITIN 6.2

A5 6.2 Han1snageUsashuasumaslniuuuanneLLT L

gyl wsaiuliih | nsswalvdh | eaumaliluga | eumaiilviandy
NAADU (W) L2INA (V) L219NR (A) IGBT (°O) AN (°O)

500 70 6.88 29 73

1000 105.2 10.25 29.3 133
1500 129.8 12.64 29.4 149.2
2000 150 145 314 185.9
2500 155.5 16.2 32.8 200.1
3000 160.3 18.7 38.5 2115

d‘ U o U U
PMNAST 6.2 HANISNAEDUINITUUAIRUMAINHILUUaANADULS Y 9%

Wiuldadloufinavesnidelnireasulassumdslidnuvaanaunsasuaiuisavinaule

1 [

Tnefiflaauigiinlaaawnn amnsailuldauldfvanidalsyquuuisidmsunisansaeu

U

gud il wvinedemaluladgsuns
6.2.4 wsninasuasiaddmiulnninszueanss

wsninasuasiddmsulniinssuansaildauluyaneaey avdenldiusn
INOSEUSUwRANAIDINE B LIKET wes LKTB1-50/PV #ifn 500 V 63A wayldszuaniiad
8410 Yinrong W3 YRPV-63 @slunszuaniladgazildsrilndnsinseuanauiniinn 1500V 63A

[

WiataatunseuwalnflAuanwaduai1fingnnm 3 kW hashummos
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6.2.5 2995uvaIglniInsLEnTS

2esunasieliihnszuanseayligunsalamunsussduliiinnszuanss e Xp wes
JCK2048512 TifinvedusaiuluihBunmegsening 38 - 75V ussruliliendnawiriu 12v
Vi fuusatulniiannuuamedauin 48 V uazdsusaiuluirvuie 12 v Iifuled
mupuussdulwihiaun 3 & 18ud lefiues IL12155 Seussiulnihaun +15v ov Ty
asuenlandaygiad 1aduasNMV12155C neussnulniliuwn +15v -15V 0V Taiua9as
avvianszualniuazusenulnia leFiues MEE1S12125C Freussnulniiaun +12v oV
Titvuesalulasaaulnsaiaes maluaqasla%nﬂ&]’aﬁﬁmﬂ%’ﬂgu%ﬁula%ﬁLwﬂimmﬁ’tymwm
n3ziansa (DC/DC isolator) nndaitalliigunsalsing 4 melugadunuulddunudene
MAinnsaaeas uenanituasesdeinmsseldnuiiad wum 5v iesufddlivhauny

seegamasinihgeananaindvinduestasiuiuy lWivednlulasreulnsamesuasvasnalv

LED UaAeainIugn1sinauvasasuluy Waskrasdglninssuansauansfsgun 6.8

p(d XP Power
JCK2048512
Input: 36-75 VDG

Output: 12VDC 1.67A

JUN 6.8 wasunasaelniinnssuanss
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6.26 29UENIAAFRYYIN
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n1sneldaunanidagufl 6.9 auend Yy 1TendI NFYYIUIATUIUNNVDIUBTA
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Lulasaoulnsaiaesivdyingavuiuinneedaing IGBT nedyyindunai alansdagy

o (3

6.10 wazdysrauo1dnailalanssisgy 6.11
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Y

6.2.7 2993YavaianluaNlulasAauInsalaas

19590usamuaulilasaeuinsalaesild nuiuyaduluunsALTosYa
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msmusesgniddluihgsgavesvaduaseiing sonuuuiduinuesamunuiitelsiiesenisld
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U
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6.3 WaNIINAEIU

KA IMAgRUAMTUYARULUUNIIUTEEYRMAlNTgaame TRt LTLUY

v
§ a v U

UFud7 agnaaeuiisuiulearisaaes iinn 60 A 3 kw Aifasswazlduiuaniddnusey

wuusidmsunIsasaeueudlinin wninedomeluladgsus uandgun 6.13

[

U7 6.13 Tedmn3aiaes fifn 60 A 3 kw

MInpERUYARLLUUNNSINTERRmAalningegase SR US U
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nageun1InUTeEgardtlnihgegavesaaivsaaes nageuiiudeyann 9 5 Juril tna
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1200 ¢ Solar charger
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function Dref = fen(lpvk, Ipvk 1, Vpvk, Vpvk 1, Dk 1)
K=0.01,
dl = Ipvk - Ipvk_1;
dV = Vpvk - Vpvk_1;
if (dV==0)
if(dl==0) deltaD = deltaD;
else (dI>0) deltaD = +K;
else deltaD = -K;
end
else if (dI/dV) == -(Ipvk/Vpvk) deltaD = deltaD;
else if (dI/dV) > -(Ipvk/Vpvk) deltaD = -K;
else deltaD = +K;
end
end
Dref = Dk _1 + deltaD;

end
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function Dref = fcn(Ppvk, Ppvk 1, Vpvk, Vpvk 1, Dk 1)
K=0.01,

dP = Ppvk - Ppvk 1;

dV = Vpvk - Vpvk 1;

if dP/dV > 0
deltaD = K;
else
deltaD = -K;
end

Dref = Dk_1 + deltaD;

end
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function Dref = fen(lpvk, Ipvk 1, Vpvk, Vpvk 1,Ppvk, Ppvk 1, Dk 1)
dP = Ppvk - Ppvk 1;
dV = Vpvk - Vpvk 1;
dl = Ipvk - Ipvk_1;
Slope = dP/dV;
N = 0.001;
K = N*abs(Slope);
if (dV==0)
if(dl==0) deltaD = deltaD;
else (dI>0) deltaD = +K;
else deltaD = -K;
end
else if (dI/dV) == -(Ipvk/Vpvk) deltaD = deltaD;
else if (dI/dV) > -(Iovk/Vpvk) deltaD = -K;
else deltaD = +K;
end
end
Dref = Dk_1 + deltab;

end
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// INC MPPT

int ClockPin = 11;

int SW = §;

float StepSize = 0.01*800;

float Ts = 1; // samplingtime(s)

float count = 0;

float Voltage = 0, Current = 0;

float Vpv =0, Ipv = 0;

float Ipv_1=0,Vpv_1=0, dI, dV, Dref, D 0 =0,D 1 =0, deltaD = 0;

long previousTime = 0;

int DriveON = 0, Action = 0;

void setup() {
// clock
TCCR1A = (1<<COM1A1)|(1<<COM1A1);
TCCR1A |= (1<<COM1B1)|(1<<COM1B1);
TCCR1B = (1<<WGM13)|(0<<WGM12);
TCCR1A |=(0<<WGM11)|(0<<WGM10);
TCCR1B |= (0<<CS12)|(0<<CS11)|(1<<CS10);
ICR1 = 800;
OCR1A = 0;
OCR1B = 0;
TCNT1 = 0;
//Pinmode
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pinMode(ClockPin,OUTPUT);
pinMode(SW, INPUT _PULLUP)
pinMode(13, OUTPUT),
Serial.begin(115200);
}
void loop() {

Switch();

if(millis() - previousTime >= Ts*1000) //*1000 make for seconds

previousTime = millis();
Voltage sensor();
Current_sensor();
Check Vpw();

MPPT();

count = count + Ts;

if (count == 60){count = 0;};

}
void Voltage sensor(){

int Read_Voltage sensor = analogRead(A0);

Voltage = Read Voltage sensor* (5.0 / 1023.0)

Vpv = 30*Voltage + 0.26;
Vpv = constrain(Vpv,0,150);
}
void Current_sensor(}

int Read Current_sensor = analogRead(A1);

)

Current = Read_Current_sensor* (5.0 / 1023.0);
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// lpv = 5*Current + 0.19;// HX10-NP
// lpv = 8.4*Current - 0.072;// HXN 25-NP
lpv = 1.3*Current - 0.038;// HX05-P
Ipv = constrain(lpv,0,60);
}
void MPPT(){
dV = Vpv - Vpv_1;
dl =lpv-lpv_1;
if (dV == 0){
if (dl == O)}{deltaD = 0;}
else if (dl > 0){deltaD = -StepSize;}
else{deltaD = StepSize;}
}
elsef
if (dI/dV) == ((Ipv/Vpv)deltaD = 0;}
else if((dl/dV) > ((lpv/Vpv){deltaD = -StepSize;}
else {deltaD = StepSize;}}

Dref = (D 0 + D_1 + deltaD)*Action;
Dref = constrain(Dref,0,800);
OCR1A = Dref; // Duty cycle

D 1 = OCRI1A;
Vpv_1 = Vpy,
lpv_1 = Ipv;

}
void Switch()
int  Sw = digitalRead(SW);
if (Sw == 0) {
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digitalWrite(13, HIGH);
DriveON = 1;
}
else {
digitalWrite(13, LOW);
DriveON = 0;
}
}
void Check Vpw()
{
if (DriveON = 0 && Vpv > 5) {
DO0=1
Action = 1;
}
else {
D0=0;

Action = 0;
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// P&O MPPT

int ClockPin = 11;

int SW = §;

float StepSize = 0.01*800;

float Ts = 0.1; // samplingtime(s)

float count = 0;

float Voltage = 0, Current = 0;

float Vpv =0, Ipv = 0;

float Ppv, Ppv_1,Vpv 1=0, dP, dV, Dref, D 0 =0, D_1 = 0, deltaD;

long previousTime = 0;

int DriveON = 0, Action = 0;

void setup() {
// clock
TCCR1A = (1<<COM1A1)|(1<<COM1A1);
TCCR1A |= (1<<COM1B1)|(1<<COM1B1);
TCCR1B = (1<<WGM13)|(0<<WGM12);
TCCR1A |= (0<<WGM11)|(0<<WGM10);
TCCRIB |=(0<<CS12)|(0<<CS11)|(1<<CS10);
ICR1 = 800;
OCR1A = 0;
OCR1B = 0;
TCNT1 = 0,

//Pinmode

pinMode(ClockPin,OUTPUT);
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pinMode(SW, INPUT_PULLUP);
pinMode(13, OUTPUT);
Serial.begin(115200);
}
void loop() {
Switch();
if(millis() - previousTime >= Ts*1000) //*1000 make for seconds

previousTime = millis();
Voltage sensor();
Current_sensor();
Check Vpw();

MPPTO);

count = count + Ts;

if (count == 60)}{count = 0;};

}

void Voltage sensor(){
int Read Voltage sensor = analogRead(A0);
Voltage = Read Voltage sensor* (5.0 / 1023.0);
Vpv = 30*Voltage + 0.26;
Vpv = constrain(Vpv,0,150);

}

void Current_sensor(){
int Read_Current_sensor = analogRead(A1);
Current = Read_Current_sensor* (5.0 / 1023.0);

// lpv = 5*Current + 0.19;// HX10-NP
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// lpv = 8.4*Current - 0.072;// HXN 25-NP
lpv = 1.3*Current - 0.038;// HX05-P
lpv = constrain(lpv,0,60);
}
void MPPT(}{
Ppv = VpV/Ipy;
dP = Ppv - Ppv_1;
dV = Vpv - Vpv_1;

if (dP/dV == 0){deltaD = 0;}
else if (dP/dV > 0) {deltaD = -StepSize;}

else {deltaD = StepSize;}

Dref = (D 0 + D_1 + deltaD)*Action;
Dref = constrain(Dref,0.2¥800,800);
OCR1A = Dref; // Duty cycle
D 1 = Dref;

Ppv_1 = Ppv;
Vpv_1 = Vpy;
}
void Switch()
{
int  Sw = digitalRead(SW);

if (Sw == 0) {
digitalWrite(13, HIGH);

DriveON = 1;

}
else {

digitalWrite(13, LOW);

DriveON = 0;
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}
}
void Check Vpw()
{
if (DriveON I= 0 && Vpv > 5) {
Action = 1;
}
else {
Action = 0;
}
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//Adaptive INC MPPT

int ClockPin = 11;

int SW = 8;

float N = 0.01; // Multiplicative constant

float StepSize = 0;

float slope = 0;

float Ts = 0.1; // samplingtime(s)

float count = 0;

float Voltage = 0, Current = 0;

float Vpv =0, Ipv = 0;

float Ppv, Ppv 1, Ipv 1=0,Vpv 1=0, dI, dV, dP, Dref,D 0 =0, D 1 = 0, deltaD;

long previousTime = 0;

int DriveON = 0, Action = 0;

void setup() {
// clock
TCCR1A = (1<<COM1A1)|(1<<COM1AL);
TCCRI1A |= (1<<COM1B1)|(1<<COM1B1);
TCCR1B = (1<<WGM13)|(0<<WGM12);
TCCRIA |= (0<<WGM11)|(0<<WGM10);
TCCRI1B |= (0<<CS12)[(0<<CS11)|(1<<CS10);
ICR1 = 800;
OCR1A = 0;
OCR1B = 0;
TCNT1 = 0;
//Pinmode
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pinMode(ClockPin,OUTPUT);
pinMode(SW, INPUT_PULLUP);
pinMode(13, OUTPUT);
Serial.begin(115200);
}
void loop() {
Switch();

if(millis() - previousTime >= Ts*1000) //*1000 make for seconds

{
previousTime = millis();
Voltage sensor();
Current_sensor();
Check Vpw();
MPPT();
count = count + Ts;

if (count == 60){count = 0;};

}
void Voltage sensor(){

int Read_Voltage sensor = analogRead(A0);

Voltage = Read Voltage sensor* (5.0 / 1023.0)

Vpv = 30*Voltage + 0.26;
Vpv = constrain(Vpv,0,150);
}
void Current_sensor(}

int Read Current_sensor = analogRead(Al);

)

Current = Read_Current_sensor* (5.0 / 1023.0);

// lpv = 5*Current + 0.19;// HX10-NP
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// lpv = 8.4*Current - 0.072;// HXN 25-NP
lpv = 1.3*Current - 0.038;// HX05-P
lpv = constrain(lpv,0,60);
}
void MPPT(}{
Ppv = Vpv¥ipy,
dV = Vpv - Vpv_1;
dP = Ppv - Ppv_1,;
dl =lpv-lpv_1;
slope = abs(dP*dV);
slope = constrain(slope,1,100);
StepSize = N*slope*800;
if (dl/dV == -Ipv/Vpv){deltaD = 0;}
else if (dI/dV > -Ipv/Vpv) {deltaD = -StepSize;}
else {deltaD = StepSize;}
Dref = (D_0 + D_1 + deltaD)*Action;
Dref = constrain(Dref,0.2*¥800,800);
OCR1A = Dref; // Duty cycle
D 1 = Dref;
Ppv_1 = Ppv;
lpv_1 = Ipv;
Vpv_1 = Vpy;
}
void Switch()
{
int  Sw = digitalRead(SW);
if (Sw == 0) {
digitalWrite(13, HIGH);
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DriveON = 1;
}
else {
digitalWrite(13, LOW);
DriveON = 0;
}
}
void Check Vpw()
{
if (DriveON = 0 && Vpv > 5) {
Action = 1,
}
else {
Action = 0;
}
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Abstract

This paper presents a generalized state-space averaging model for

PV included parallel buck converter. The mathematical model derived by

-

it d state-space ging approach is a time-invariant model.
The proposed technique is able to eliminate the switching action of power
electronics to provide the time-invariant model. The resulting model is
suitable for system analysis and design. The simulation in MATLAB was
used to validate the model. The results show that good agreement
between the proposed model and the exact topological model can be
achieved.

Keywords: Buck Convertor, Photovoltaic System, Generalized state -

space averaging approach
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Absiract—This paper presents an adaptive incremental
conductance to track the maximum power point for
charging station. The proposed technigque is used to increase
the performance of the conventional incremental
conductance approach. The simulation results via
MATLAB/SimPowerSystem” are used for validation. The
results show that the MPP of PV panel can be achieved even
the irradiance value is changed instantaneously. Moreover,
the proposed adaptive step-size of duty eycle is very simple
for proposed implementation.

Keywords— maximum power point tracking (MPPT),
incremental conductance, standalone operation,
photovoltaic system

I.  INTRODUCTION

Nowadays, the use of renewable energy has extremely
increased because it cannot release the CO, and other
greenhouse effect gases [1]. One of the many renewable
energy types is the photovoltaie (PV) that the people
interest to use it more than in the past [2]. The PV system
is suitable to apply m the older power system because it
can be used for the grid connected operation [3, 4].
Nevertheless, the PV system can be also wsed in the
standalone mode [5-7]. As the aforementioned, the PV
system 1s the popular choice in Thailand in which the
location is the subtropical region with the great sunshine
irradiance [5]. Unfortunately, the performance of the PV
energy is poor m both the operational modes (gnd
connected and standalone mode) since it depends on the
natural irradiance. Thus, many systems including the PV
are necessary to have the maximum point tracking
(MPPT) for the achievement of the maximum energy
from PV. For the standalone mode, the energy from the
PV source depends on the natural sun irradiance and the
connected load condition [8]. When the characteristic of
the P-V curve is considered, it has been found that the PV
source cannot supply the energy in the maximum power
point (MPF) at any natural irradiance. Hence, the PV
standalone system 1s necessary to have the MPPT which
can control the maximum output energy from the PV
source. For this paper, the considered PV system is the
charging station which can be only concerned in the
standalone operation mode. Therefore, the MPPT is
important to ensure that the energy from the PV source
will be controlled at the MPP in every irradiance
condition. For the charging station, when the energy is
over to supply the loads, the remaining power will be
charged into the battery.

978-1-T281-9584-1/21/$31.00 ©2021 IEEE 53

It 15 well-known that many techniques can be applied
for the MPPT such as the rotational PV tracking toward
the sun by the mechanical system or the MPPT
algorithms possessing in the controller of the power
converter [5]. The MPPT algorithms are widely used in
the PV system because of incomplexity and inexpensive
costs. Many approaches of the MPPT algorithm can be
found in [9, 10] such as the fuzzy logic, neural network,
fractional open-circwt voltage, ripple correlation control
(RCC), perturbation and observation (P&0), incremental
conductance (IncCond) and etc. Both of the IncCond and
the P&0O methods have been commonly used to
determine the MPP in the PV system [11-13]. From the
summarized literature reviews| 10, 14, 15], it can be seen
that the IncCond 1s more lightly complex than the P&O
[3]. However, the IncCond provides a good performance
in both the transient and steady-state responses[3, 9]. In
addition, the IncCond can effectively track the MPP
under the fast-changing condition of solar irradiance
compared with the P&O method. For the conventional
IncCond method, the slope of the I-V curve is used to
determine the MPP in term of the derivative of current
and voltage with respect equal to 0 ( difdl" =0) [16]. The
output IncCond method 15 the fixed step-size value of the
duty cycle for the power converter [17]. When the slope
will be nearly going to zero, the constant duty cycle can
affect to mistake the accurate MPP resulting in an
oscillation of power response. Therefore, this paper
presents the adaptive step-size output into the
conventional IncCond algorithm process for the charging
station in which this method can solve the problems and
increase the performance.

This paper consists of five parts as follows: An
introduction 15 presented in section 1. Section 1T describes
the considered system and the details of the PV
characteristic curves and the adaptive step-size IncCond
are presented in section 111 In section [V, the simulation
results of the proposed technique are addressed. Finally,
section V provide the conclusion.

. The Considered System

In this paper, the charging station operated in the
standalone mode is considered as shown in Fig. 1. It
consists of the PV panel, buck converter and the 4 series
of 12V battery (48V). In addition, the current and voltage
sensors are used for the power caleulation in the
procedure of the proposed MPPT algorithm.

Authorized licensed use limited to: Suranaree University of Technology provided by UniNet. Downloaded on December 15,2023 st 17:45:02 UTC from |EEE Xplore. Restrictions apply.
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Fig. 1 The considered system.

It is shown in Fig.] that the buck converter receives
the energy from the PV panel and supplies this energy
into the DC bus. When the loads are not connected to the
DC bus, whole energy from the PV source will be
charged into the battery. For the buck converter, the
MPPT algorithm 1s used to control this converter for
tracking the MPP. The output from the algorithm is the
duty cycle (d) for controlling the input voltage of the
buck converter because the output voltage of this
converter is naturally regulated by battery as shown in (1)

[51.
v, =V, = (N

In the part of the model and characteristic of PV module,
the equivalent circuit generally consists of the ideal DC
current source parallel with the diode and parallel resister
( R, ), series resister ( & ) as shown in Fig. 2 [18].

Ry

ANN,
VW

b L +

Tov—s

Iy Yo Zhy i

-

Fig. 2 The equivalent circuit of PV source.

From Fig. 2, the equation that will be used to explain the
behavior of the PV is shown in (2). The details of the
variable values and the equation of [, in (2) can be found
from [18]. In (2), the 7, can be calculated by using (3)

that depends on the irradiance and temperature.

Al e R0 I" V. +I R
‘Jr,. =f,m —fn|:£'[ T _|:|_ v . el @)
ke
I
Ly= 1 +(K(T=T,))—= 3)
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After the (2) 1s used to find the characteristic P-V and I-V
curve, these curves of the considered system are shown
as Fig. 3 at the fixed temperature equal to 25" C and
varied irradiance equal to 200, 500, 600, 800, and
IOUOWIml, respectively. The parameters of PV module
are described as follows: [, =1000W/m", T =25°C,
I, =9013A, 1, =45666V . In the considered system,
there are six modules connection to be the PV panel in
which they are 2 module string and 3 parallel strings. It

can be seen in Fig. 3 (I-V and P-V curves) that each
irradiance values have only one-point of the MPP.
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Fig. 3 The characteristic curves of the considered PV source.
III.  The principle of the proposed technique

The conventional IncCond is well-known for tracking
the MPPT of the PV system because it is simple and
better performance. Based on the slope of the P-V curve,
the IncCond algorithm will use this curve in term of
dif{dV in order to track the MPP as shown in Fig. 4.
From Fig. 1, the MPPT algorithm receives the discrete-
time values of current and voltage from the sensors.
These values will be calculated in each of the period time
and the algorithm will determine the 4 to control the
buck converter. The output 4 from the IncCond
algorithm 1s varied with the fixed step-size ( Ad ) until the
output voltage of PV panel is regulated at MPP. When
the output voltage of PV source is controlled at MPP, the
maximum power from this source is achieved.

Ipv (A) Py (W
- AriAve=e " )
- Y Puax
dsr
Ture
dlid V- IV iV < - LY
Ly
Vi (V)

V= - YV

Fig. 4 The I-V and P-V curves for the process of IncCond.

The power from PV source as shown in (4) will be
regarded in the conventional IneCond. The slope of the
power can be calculated i term of the period time by
using the derivative with respect to time as expressed in
dPldt=aP=P_ - F . The P, and P is the PV power in
current time and previous time, respectively. The asr and
AV are similarly as AP in which they are equal to d//dt
and dV/dt. When the (4) is divided by AV, the
summarized equation is shown in (5).

P=IV @)
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dP IV
av o dr
dP _ydv di
v dv dv (5)
AP
crrd

AV dv

AP
r—=l+F—

AV Al

From Fig. 4, it can be seen at the MPP that the slope of
APfAV is equal to 0. Therefore, the concept of IncCond

can be calculated by (6).

E:U:f-}-!’ﬂ
AV AV

| (6)

AV

In the conventional IncCond algorithm, the Ad is set
to be the constant value for controlling the buck
converter. If the Ad is defined as too much, it may
generate the oscillation around the MPP. On the other
hand, the response of the MPPT is very slow when the
Ad 15 very small. To solve this problem, this paper
presents the adaptive step-size IncCond for the MPPT
applied in the charging station. The flowchart of the
proposed technique is depicted in Fig. 5.

In Fig. 5, the proposed algorithm will receive the
current and voltage from sensors to calculate the power.
After the power is determined, there are three-stage to
decide the step-size in which it 18 a new approach for the
IncCond. It can be seen in the highlight part that the Ad
is adjusted. For example, if the AP/AV is not lesser than
5, the Ad will be equal to 0.01. In addition, the Ad may
be equal 0.05 or 0.01 when the APfA) is more over 5.
Nevertheless, the desired values of Ad are obtained from
the trial and error in which it is suitable and can provide
the pood performance. However, if the system 1s
changed, this condition will be changed. The trial and
error approach is repeated again. After the Ad 1s defined,
the next process of the proposed method 15 the operating
point consideration at the current time. If the power from

PV is the MPP (%:-{7), the algorithm will only

update the parameters. However, the d will be added by
Ad when the operating point of output power from PV

source 18 more than the MPP {%( -%}. On the other

hand, if the MPP is more than the operating point {
Rz -2 ) the Ad will be minus from the d . After the
proposed algorithm is used, the d is varied to control the
input voltage of the buck converter. When the input
voltage of the buck converter is controlled at the MPP,
the maximum output power from PV panel 15 always
obtained.
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Fig_ 5 The adaptive IncCond flowchart.

To ensure the proposed algorithm, the simulation results
will be presented in section IV,

IV. The simulation results

In this paper, the considered system in Fig. 1 w1]| be
simulated by using MATLAB/SimPowerSystem®. The
systemn parameters are defined as follows: F_ =48V,
C, =100pF, C,=220pF, L=10mH. The switchirlg
frequency of buck converter is equal to 10kHz. To assess
the proposed algorithm, the irradiance is set to rapidly
l:h.angc between 500 and 1000W/m®. The simulation
result is illustrated in Fig. 6.

It can be seen in Fig. 6 that both of algorithms
(conventional and proposed IncCond) can be used to
track the MPP when the irradiance 1s varied. The
responses from these algorithms are almost similar in the
steady-state operation. However, the transient responses
are significantly different as depicted in. When the
iradiance 15 changed to increase and decrease, the zoom
area from Fig. 6 can be shown in Fig. 7 and Fig. 8,
respectively.
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Fig. 6 The MPPT simulation result.
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Fig. 8 The response of zoom2 area in Fig. 6.

As seen in Fig. 7 and Fig. 8, it can confirm that the
proposed IncCond can rapidly track the MPP of PV panel
compared with the conventional approach. Therefore, the
adaptive step-size of Ad can be modified into the
conventional method to achieve the good performance of
MPP. Moreover, the proposed algorithm is very simple
and comfortable to modify in the microcontroller board.

V. Conclusion

This paper presents the adaptive step-size of Ad into
the conventional IncCond for the achievement of the
MPPT applied in the charging station. In this paper, the
PV panel model is explained. In' addition, the
characteristics of P-V and I-V curves are addressed to
describe the behavior of the considered PV source. After
the proposed algorithm modified by three-stage of
adaptive step-size is implemented, the simulation results
show that the MPP of PV panel is achieved while the
irradiance value is quickly changed. Moreover, the

proposed adaptive step-size of Ad is very simple to use
for the experiments in the future.
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Abstract

Tracking the maximum power point of a PV system is essential for both stand-alone and grid-connected PV systems
to ensure that the solar cells can produce the highest power for different environmental conditions. This paper proposes
the maximum power point tracking for a PV stand-alone system using incremental conductance method. The control
principle of the proposed method uses the duty cycle adjustment via the buck converter to obtain the maximum power
output of stand-alone PV system. The control performance was confirmed by MATLAB/Simulink sirmulation and

experiment results. it has been demonstrated that the maximum power point tracking of stand-alone PV system by

incremental conductance method can follow the peak power point in all environmental changes.
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