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PHOTOVOLTAIC/OPTIMIZATION/LOSS MINIMIZATION/SIMULATION/

FUZZY LOGIC CONTROLLER

A hybrid-energy system means a system with mixed types of energy sources. In this,
solar panels are coupled with batteries as sources for a motor with helical pump. The motor with
pump always acts as load while batteries can be either source or load. The solar panels are
weather dependent sources. Coupled modes of energy utilization together with component's
nonlinearities lead to the requirement of complex modeling and simulation.

This research presents the models of components of a hybrid-energy system, and the
results for optimization of power transfer in the system. Nonlinear characteristics of solar panels,
batteries, and motor coupled with helical pump are taken into account. The transformation ratios
for dc/dc converter are derived to achieve the maximum power transfer. Loss minimization for
the motor is conducted to obtain the optimum driving current. Furthermore, the work includes
simulation program, and simulation results. The developed simulation program is aimed to aid the
design of energy saving controller, and the analysis of energy utilization of the system. The

controller and the analysis are discussed in the thesis.
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J o Tmmummm@ﬂmmmmm (Kg.m")
a A o 4
B ﬁ’ﬂ TanoasATUYDINOINDS (N.m/rad/sec)
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7,399, B+ T,
dt

kI, =J(:j—(;)+ Bw+T, (2-9)

Waumsn 2-8) uaz (29 wwagdaumsind udndeuldogluglanmsaniug

. = v o < o ~
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angular velocity (radisec)
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300 33.82 137.99 12130
250 28.17 136.46 1.1435
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1,000 113.21 148.09 0.9074
950 107.53 147.66 0.9047
900 101.85 147.20 0.9022
850 96.18 146.72 0.8998
800 90.50 146.21 0.8975
750 84.83 145.67 0.8954
700 79.15 145.09 0.8934
650 73.48 144.47 0.8916
600 67.81 143.80 0.8901
550 62.14 143.07 0.8889
500 56.47 142.27 0.8880
450 50.81 141.38 0.8877
400 45.14 140.40 0.8880
350 39.48 139.28 0.8890
300 33.82 137.99 0.8912
250 28.17 136.46 0.8950
200 2251 134.59 0.9011
150 16.87 132.19 0.9110
100 11.23 128.80 0.9285
50 5.60 123.02 0.9654
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ANMTULAS (W/m) L (A) v, (V) D,

1,000 113.21 148.09 0.8929
950 107.53 147.66 0.8903
900 101.85 147.20 0.8878
850 96.18 146.72 0.8855
800 90.50 146.21 0.8832
750 84.83 145.67 0.8811
700 79.15 145.09 0.8791
650 73.48 144.47 0.8774
600 67.81 143.80 0.8759
550 62.14 143.07 0.8747
500 56.47 142.27 0.8738
450 50.81 141.38 0.8735
400 45.14 140.40 0.8737
350 39.48 139.28 0.8748
300 33.82 137.99 0.8769
250 28.17 136.46 0.8806
200 22.51 134.59 0.8866
150 16.87 132.19 0.8963
100 11.23 128.80 0.9135
50 5.60 123.02 0.9498
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fdenugadoans =0.5%P, (3-20)

— fW.Vt.Ia Wt _IaRa (3_21)
o B ky

aumsn (3-21) 18910 (Yao et al., 1995) &4 fw A aduilszansvesnnuilauazisa

9

9 AAw a wAa = 1 1 Av A a =
ATHAUNNNA Iﬂﬁliu‘ﬂNﬂ{]‘Uﬂ fw UA19YITNIN 0.02 - 0.05 Tuadtetiaznnsan fw i

9119 0.05

[
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sdsnugapdelunnuman -p, Wi ,p o

n' fn nfn%

hn 2
w | I

o w < o w a
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9
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U v

2

. awv J < a I3 Aw { @ 09/’
Yamada, and Miauno, 1999) Tuaadeiiiflumstloulasmuiinansinaea 394 1.=1_ aqiu

fasugadoluunuman =P M lRa L Po (VLR (3-22)
wnH Ky wﬁH Ky

4 o w <] J . @ 0911
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AweIneriwusiae hivninsan unus P uaz Py aaluaunsh (3-16) wagshimsnma



49

' 1
[ = =<

@ Y o J o ~ @ Y Y 1w 4
TANTUVUVING A Iﬂﬂﬂﬁ?ﬂ@uwu‘ﬁﬂuﬂﬂﬂ WImguny I, L!ﬁﬂiﬁmiﬂﬂﬂu&l (de/dIa =0)

f !
4 o Jd v W [ {
Favz ldnaansogluglnuimdudy 2 naasldasaunmsi (3-23)

a( t _IaRa H_Ra ZI;Ra +2+2 W\/ztla t _IaRa Ra Wz/t t _laRa =0 (3-23)
Ky, Ekb @, Ky, Ky, W, Ky

Aa o w Y

A A % A o q ¥ 7o A A
we I fo ﬂimlﬁ’ﬁ]'liLiJL%f)‘i‘V]“VIﬂ‘I’TLﬂﬂﬂ1@\1\‘1114!5111!,611'Wl’éNiJﬂLﬂfJ‘iGﬂﬁIﬂLiJﬂWﬂﬁﬂﬂ

a

o w 1 I'4 *® -4 (Y] 1 1 1 u’/‘ 4
ﬂ1ﬁﬁﬂ1uqt}}llﬁﬁlﬂﬂ‘] VoINS lag I ‘ﬂ%ﬁu@gﬂ‘ﬂfﬂ v, 219AYANITY Lﬁﬂ\ﬁﬂﬂ
A

a S A { 5 v o 1 Y
WITTUIADTIAIDUC AINHUA @QﬁWNWﬁﬂ!ﬂ%ﬂULﬁEIUﬂ'J'm’ﬁll“l"lu‘ﬁigﬂUT\iLLﬁ\?ﬂullagﬂﬁgllﬁ

J A~ a

15 IesYeNeImes  iilelimsinsanmsaamimasaugadelidrganaziieds luiins

Y I
WU AWAAIAI8ATNT 3.10 TagNAsIAURNA V, = 110 V 9gliA1 1 = 12.49 A iy a4

=\

J ' § o 1ra o v 4 {1
i]%ﬁ‘ﬂ"Iflfﬂﬂﬂ’ﬂlﬁﬂﬂﬂulllWi]”lﬁmiﬂWﬁN"mgﬂulLﬁﬂiuilmﬁﬂi (13.25 A) NUNARNIUNT 1Az

v [
[ @

o w Y Co A =} J o * 0 dy Yo A
TITOUTAINTAINUVUVIVDINDADTANTANTUNUDTNU I, AU llﬂﬂﬂﬂ"l‘W‘V] 3.11

14
12}

10}

= &
1
2
= g
w0l 1055 mirirnization

_‘_.

2l withy lorss oinimiZaticn

a #

i) 10 20 o] &l =1} &l [l B0 =] 100 174 120

Wl vils)

A = ~ @ J J
NN 3.10 ¥aMsIUTeUNIVLTIAULAS NTLEDITIND0T

WennsanaammasnugadsIndiga



50

1520

1500 |

1420

140

Pim ramis

T4 |

1420 la=132,434

a 1 £ 3 4 o B FooB 8 MM 11 12 13 14 13 1| 17 1B 19 @
la {Brrpenes)

A s o g YA o o v Jo A
AINN 3.11 ﬂigllﬁimiml%ﬂ'ﬁ‘VWHGlfVilﬂﬂﬂWﬁ\i\ﬂu"ll']HﬂsUfNiJﬂ!@]ﬂ‘i 11/11;1'@

= o g 1A o 7 S A o ' % s A
AINHNINN 3.10 ILTUNAUUUI NUITIAUDITINADIAUAYINUY ATNTTUTDITINIIDIIND
a ' o w =S YA <; A A 19 1 A o 1= a
Wﬂ15m1ﬂ1iaﬂﬂ'}ﬂ1ﬁﬁQWH@IE}JJ!ﬁEJGlﬁIJﬂWHVI’Q(ﬂﬂ$NﬂWH’E]EJﬂ’NLiJfJENlliJiJﬂTiWﬁ]ﬁm'I NITLLE
% s A I A 7o ~ v aw
mimmasmmmzﬁwqmﬂu 12.49 A 1UBUBIADTININUNUIIAUNNA 110 V 31NAUNIT (3-16)
A a 9 Y o3| = a o w =
IWOWITUL P, GL‘HLW]L!@’JEJE‘T?JT‘I”I? (3-15) uag Pz nJuNai’mmNwwmmmmawmqmma

¢ ) v @ o g
nowail oz laanuduiusuaas P asee 11l

—1,R ? ? fw.Ve L, vy 1R
— t a-a 0 t'"a t a-a
Py, =k +1,R, T1¢Rs +21, +0.5%p, + 7

(3-24)
ky, W, H ky,
& * ¥ 1 o Yo =
auUNnu 1, Gluﬁllﬂ1ﬁ (3-24) ﬂ?ﬂﬂigllﬁﬁlu‘ﬁﬁi 0-20 A WaUIU P, L!ﬁﬂ\iulﬂﬂ\iﬂ'IW“ﬂ
= o ] Y o ' A1 o A A [~ o =2 o w
3.11 WQ@W%ﬁQLﬂﬁlﬁuqﬂ%ﬂL%u31 P NﬂWﬁWﬂ’q@m'ﬂﬂileﬁlﬂu 12.49 A HUURNIYDI N1

~ J 1 Y A k4
nylﬁﬂiuuﬂl@]ﬂiuﬂ"luﬂEmfﬁ]ﬂ?]ﬂ



51

3.5a31
gy o ) g 7 o o va
Tuntidlumsinauedeyanduilsy Tesidomsiannssuuwasnumauna vl
a a Aa o 1 { o I a ' o
Uszantnmgudamsldndsnu damsnimivaue Wumsiansanmainszuauazusigu
09: o == ~ o Y a o o ~ 9 a Jda 1 1 ~
AaRATITUNINUEINT MM lARaMaIugIganANuTLLEIeINAdAINe  Tudiunaeg
ana o 1w 1 A Aan 4 ¢ A A 1
dWumsitadeamsandiumsuilas (D) ves A%/AG aounesmes Ammzaufigaszning
T o o o A ' dy 9 o ddgl K% ]
urasnewasnulUiilvan  Tasmsdutduausuiivzdesnseduiunensaiivogiunmas
' o o : % % g
endsnuuay Imaatlusieg 1 Fleelaseadands 8503 asunesimes wwdsuilu
> ¢ 2 ' ' Ao o o v a ¢ o YA o oo
UAAJe AOUNBIIABS TaeA1 D a1ee Aduiusiuanudundsenadezih Tl ldneldunas
o d a A 4 o 1 ~ 9 =
auaumstinuvesglnsaiadiadimeluneuneiwes ludiuiawlduansioazidoanms
o o = < J Jqug 4 A "o o 7
aamMaInugdsvenemasaaaIuiluilndinga emaAdanszuaiuemaIn

A A 1 Y a ( FY Y o A 1 FY A
minzaunga wone Ininalse Tesiluaiums lsnasnunliessduainga



UNN 4

MI0DNUVVIZUUNAINUNANNA 1Y

4.1 UNin

'
v =

Y ) <3| ) Y o a  J [ A
@I’Jllﬂ5ﬁ1ﬂmﬂlﬂu@]')ﬂ1‘ﬁuﬂﬂ?ﬁi%WﬁQQWULLﬁQ@’Iﬂ@Elaluigﬂﬂwa\i\i']uWﬁllWﬁWH NAD

9

' Y v
FIAVOIUNINILALUVAADT AU UAITODAUUTIIUIUVDIUNINILALLUAIAD I MHUIZ A

v 9
o [ -

' ° ' a o Yy 9 A 2 =2 a =
gouiiligmsAadeszuudtsdunudr aoiuluuni 4 i JeeBuredenszuiumslums
o o A AA A Y [l A I 9
AU IUIUVDILRITINAZUUAIADT NADDUNTUHI DUVUIUAUDI NWOIMUE 1D 1H 1A
o [ = 1 9 [ ] 1 d‘i qg/l v 1 a
S Infuiesawonons 1Fulusc UUNEINUHTUNEIUDI19AD1T1DIN A0 AN T UD DT TS
o [ A Y ) == A
WANIUNITOBAUULTZUUNAIIIUNAUNAIUNAD DZA0IUIUNIND  LuamDTIAY
© Y Y Y Y
womosaoa Uil wWieunImA NI ULE I 1NAdNaRATIIY  WINATAITINAUNITL UL
1 a EdR o @ I 1" A =} [ A ~ 3
Taga s lwesaee veeginialluszuvvzdinuduauaumiauiuunimIug 11 90N
A = 9 A o va = [ 2 [
UHITINNVBALAzIDANBINNGN IzdodlanyazauTamloununnlsemadananlums
Y A o AN A ~ a @ A ) 4 A
PONUUVILADINTIUIUVBILHIN MR sanoNazwaanasu A unew IS auames
9 qg./’ U Y U 4 1 d‘d :1} q‘z 1
nsounanelduaueamesmelurieseznaNiuaanaviya 8 %¥1ua (08.00-16.00 W.) a7
1 { [l { ] a @ =R~ y Y
¥ 29520z L uaanueaid ldansanaandsanu T 1d Addunihnveauamesndos
a P M Y P A Y A o ~ A a s WY
aamsanasnu Iihliunuemwes Tasuuamoiozdesindsnuiisanenzaassa lanaon
] d’ = dy
¥95282a luiineail
4.2 MIMUIUIINHINVDINVAINDS NIKIZ AN
o o { 4 1T Ao [ 4
TUNIAMIIUMITIUIUYBIVANDT 111099 1NTINTIUANIALT I UVDILDIADS 1E)
BuUAUNINIININIR AT IUIUgNURInUameI Noynsu Tunaazgaidonou  Tagan
v Ay Y Y A ~ ~ 9 A P Y P
usagun'ldanmseenuuy  szdealianuimeanongleluangmsdamnsaliunuomos
YANNA 110 V F391nmsiasansz ldsnunuamesloynsuaegaminy 10 gn sz

v Aa o A 3 & ~ a S qY 1 s
glﬁllﬂ@]mﬂilllﬁﬂﬂuﬂﬂ@ﬂiﬂﬂlﬂu 120VGB\TZJﬂ'JT?J!WEN‘WﬂhlLlﬂ"liﬂﬁ'ﬂﬂiiﬂﬁllﬂﬂﬂm@ﬁ



53

9 v v ]
NNUURIMIAILIVNITIUIUGANADVUIUAUYDIUVAIADT  1HDIDINITINTIVAT

v
o

A a 1 o w o 1w
ﬂizuﬁmmuamaﬂﬁawm‘im1mﬁaﬂmmmﬂuqﬂgtﬁaﬁluuamaﬂﬁ’mqwmmu 1249 A L!éj’J
A A =& o A Y] 9 a = A 9

INUNN 3 NHIUUT FINTTDINUUUITUIUEANADVUIUNY ABINITUIDITZIZIaN 17 U

a 4 Y U 4 ~ 9 = [ =1 ~ a 4 9 [
MsAFEIT9 1HLANDIADS IﬂElLL“]JS?VILGI@ﬁ%%ﬁ@\?ﬂwaﬁ\ﬂuw\lﬂx‘]wgﬂﬂgﬂﬁ“miﬂulﬂﬂﬁ@ﬂcﬁﬂﬂi$ﬂ$

Y 1 4 £ o o Yt o v @ A Y A o = =
namllumsm 9 luniadumrua lving 8 ¥ 109 AIHULUANDTVLADIUNAINTNEINON

a J ] { ] u'/ § o
waarsa lamelusieszeznamluinas 16 ¥1ue FannmasmurudleTdsunsulae

v
1w

o dsuuuiansnndiacmans luuni 2 12 ldiaugaidevuiuiuvesuames A Wiy
d! =\ =1 a 4 Y U d Aa 1 q'z d‘ = [
5 9 aelianuiisane lumsadnsa Idunvemesinunszeza 16 92 Tuei iliuag dq
y o o 2 . 4 Iy da
HEAAIAIIATNR 4.1 AITUDINMITOBNLUUTIUIUYDIDAIADS NHIZANII AN uDaReH

o qg./’ Qy 1 d @ % 1 ] 1 @ 1
$ruauiadu 50 gn aerilugauuuiy 5 ga Fuaazgaiiuuaaes 10 gn AoeynINALY

".-:l
=12 494

)

Bafery vallages (vwols)

i} 2 & 5] 8 1] 1z fd 18 16 y i
DA schange Timme (fowurs)

d' a 4 1Y ci Y U 4
NMNN 4.1 MIAFHITINAINTUVOILUALADS MHLANDINDS

= = 4 A . o o 1
nuAIABINNgNIZliglnsinIuguMsUszquuames (charge equalizer) d1MFUAIAT
@ 4 1w $ Aav

useauluvazansaliiiugng gn Fauiteves (Kutkut, and Divan, 1996) ldidonls
4 A aA an 4 S X J A o o A
gunsainauqumsdszquuaneiuuy A%/A% neunesnes Fuluuuuimangdmsuszuui

Ao ¢ ' A a y ¢ 3 yvd &5 o 1A 9
HoasIMInsInszuanges monuaaeivz 1ams uan 1AWy uazdiregaoignis g

Ay o Y A
VDILUAUNDITAIY AT AIAIYNTNN 4.2



54

Is

|

B1=

dc-to-dc

|

B3 dc-to-dc

A @ =
NINN 4.2 Qﬂﬂ‘iﬂ!ﬂ’)‘UﬂiJﬂTi“lJ‘i%ﬂq!L“Umﬁ@i

[ J { av Aa a J J a
aﬂ‘]ﬂﬂlgﬂ'ﬁ‘lﬂﬁﬂLL'UGILﬁﬂ?il&\ﬂﬂ')ﬂﬂﬂﬂﬁﬂﬂWUﬁﬁ gWQ@\‘]%WﬂU‘Wﬂ?ﬁJﬂI@Q (Bandara,
. . & @ an s A 2 Aa Y 1 '
Ivanov, and Gishin, 1999) FuduIsMsmsanminzantazidunounuegauns vae Iﬂf]
] 4 I 1 Y 1 ] I J 9 @
HUNMSTISV0MTU 2 B9 llﬂllﬂ CCC uiag CVC ¥ CCC L']JLlﬂ"li%”lﬁ]ﬂ')ﬂﬂ@i”lﬂﬁ%!iﬁgﬂ
{1 : ] 1 o { A 4 ' < ™ J @
?’Nﬁﬂ”ﬁ’iﬁﬂ ‘11!‘]53\1 CCC ﬂHlﬁﬂﬂuuﬁﬁwrfﬁilzl,Wllq\?ﬁuﬂEJ”N':T’Jﬂﬁflﬂuﬂi81/]\‘15\‘1?11&!5\1@]1!
qu‘ So a 4 1 1T wooAa A a v A dg’ =
qga “'ll”lﬂl!i!ﬂﬂnuuﬂ"lislf”ﬁﬂclu%']\? CVC afanun ﬂau1/1ilzLﬂﬂuimumumuimmmmi (11!

[ 9 o a 4 A =4 =S = |
¥4 CVC @]'EN‘VITﬂT'iaﬂﬂiiJ”Iillﬂ'i&tﬁiuﬂTi%Tii]LL']_I@]mﬂﬁaﬂl!ﬁﬂlﬂﬂ‘ﬂﬂﬂ!uutcﬂﬂafl]ulﬂi’]']_lﬂju

s A o [ ' { ! [ 1 1A [
quariesnyusaaulugie cve e Teeldasiuseaulugne cve egiszaugegall
=

sz 4 $2739 (Casacca, Capobianco, and Salameh, 1996) 39azilffuunnes 1dsums

t4

%15 90819 eI

U

Y
] o

=~ Aav a a A 4 vy o A J o o v A
LLTJ@]L@]@ﬁiuﬂTu’Jﬁ]ﬂ'J%ﬂTUWH‘ﬁu ﬂ%!ii\lﬁlﬂiﬁ]lllﬁ/‘li@llﬂu Iﬂﬂﬁ]&iuﬂﬂimﬂua”lﬂll'ﬂag
9

1 { [ H @ o " W 4
FANNAIN MU ULAIN NI BIADUUAIADT YA U MIMUIUNIAIOATINTZUA TUMTTSTY
A 1 ~ 09/’ 9 o =R =K ~ = 9 4 Y
HUAMDIN OGN IULA AT AN NOIHINZTY AR TNDIaINUDANBS 19 1UuN33T 01N
Y o A o s dq vd o Y 9
asandssfurnaituauilundn TasmsmsauamesIauis 5 ya azdesldnm
3,‘ [ ] d‘d o d! o 9 Y1 v
nanuaoglugeniings 8 1 lus Fannmsmnuateldsunsy oz ldmdasinszualums
J H 1 1 ] $ [} Y] H
13 IVANDTADYN TULAAZYAVDITI CCC NWOIMUNIZININY 16 A AUUAAIAIONINN 4.3
9 ¢; 1 1 dy o Y ~ S @ 1 o ] A 1 o w (K]
Tagddrin et sz ldnainmnsuan limngauiureszeznaniuaedasing  uaan

T dy a v oA d? A o Y Y OSJJ
gININAU wnaussaunuIu lutuanes “Vlﬂ‘l‘ifﬂfgﬂﬁclﬂf\‘ﬂuﬁuﬁ\‘i



55

Wollag ocures Tar & changing

= CC =

135 0.79 hr

o L] 1 1.5 2 2.5 3 a5 4 4.3 ]

Tires hourn)

Currend curve tor s charging

o 0.5 1 15 F 215 k] a5 1 4.5 5

Tirsa (hasra]

{ [ A { J
NN 4.3 ANEUSANTAVOULIUAADT VUL

{ [ <3 [ . 1 o 4
MINAMA 43 dzdunamiuil M wuaneIaegnluLdaryAReoAIINIINTY
] Y] 4 [ ~ 2 9
16 A Turs cCC nazons1mMsnss 16lekp (- Tuwe cve nuameinitagavz l4narluns
o qul o 9 4 1 T W o 9
¥159n9Mua 4.79 ¥11u4 TaglFnarlumsmsaris ccc miny 0.79 2 Tua vazlsnarlunms

J ] 1T W q') 4 a { 4 qu Q'l
¥I599¥29 CVC i 4 $2119 tazilofiarsanizeznainlFlunmsmisanavua 4.79 %2719

v Y
A A

1] ' 9
ABNUAIABS HHIYA  UTZNOUAUMININTANTUIUGANINUAVDIUANDINUNIHNA 5 90
1 A 4 "9 ] A J I o w A Aa [ ~ ==
uazgmazﬂ;mimﬁfu"luwsauﬂu Tﬂ&lilzlillglﬂi%Lﬂua”lmﬂmzifﬂ@”mﬂi?ﬂmwaN"IL!‘V]LLNQW’J

Aa Y& =\ Y] A 3 o (] @
Wﬁ@]‘lﬂ FINVEUANUHVIETUNUIZISLIANUUTINNTNA 8 GIf'JTiJQLGb'uﬂH

4.3 MIMUIUINNHINVDIUHINI NI AN
o == 9 o d‘ 1 I~/ [ [ =\
MIMITUIUNOAVIIRINT ADIMTIUIUNOgaNoYnITUABLHUTIUTUALILI NITY
U 1 [ == =1 =1 o 1Y d' a v =
AU TAAITIAUYBILHINT ABIUANUNEINOT NS UVLUAADTULNIANDA 120 V LAINEIND
o (% J § a o { 1 T W
dmSuveaes 110 V Fsonmanarsansg Idswiunegaveumiineynsuaeunaiiny 8
o Y A A v Ao I P =1 ~ 1 Y 1 ~
Mz IR iAItus s uRtanaety 120 vV Faianuisanenazneldunuuamesuay
s g = o o A o A Y ~ A
VoINBs NNUUTIANIUMTIUIUVBgaNdoVUIUYEWINY Tasdelinszumiisanoias
\ ) ¢ 0 Ao v < Ao
Neliuemes 12.49 A nazmsauawmeInanua 50 gnlvaunieluszezina 8 ¥ Tuaniuaa
° A o An A =< ~ An A Y]
MIMIUIUNOGANADVUIUAUYDIKIAT I NNTADIAINTZUANUHININGA TR

=

= A 1A 4 | Y I3 Z Aa ) A o 1
mwmwama"lam%ﬂmsmmmmﬂmmm 54 maiuszﬂznammgm 8 %UINQ WaNNaIU

A ) ¢ ¥ 2 Yy ¢ A ) !
mwimammaﬂﬂum 12.49 A ¥391NVNAU ﬂ"li%”lii]l,L‘]_l@]mﬂilmaz"ljﬂicﬂﬂizuﬁ‘lﬂﬂ CCC



56

9 9
Y

v 9
NY 16 A ATULLAABING 5 %A 291FNT2UAFI CCC MInUAIND 80 A LAZAINUTLY

IS o

a I~ % ° o c?;’ == 9 a A o 1 ~
uﬁﬁamﬂﬂﬂuaﬂ‘lgmmﬂugﬂmiﬂumizmm’n ANUULNINIVEADINAAN TSN NTIUN
' v I Y q Y1 oy "o ' = ~ v ~ ~
%'lElﬁh’illﬂmﬂ'iﬂ'ﬂﬂlLaﬂiﬁﬂJﬂWﬂEﬂQu@mﬂWﬂU 80 A NOUIIANANTNAVNLEIUMNFIFANYAYDA

Y 4 o o & 1 9 [ 1 o 3 dy @ 2L~
GU'fJ\‘]LﬁuIﬂ\‘]i3°3~I\1ﬂ'NL“IJuL'Ja']fJEI'Nu@EJLﬂWﬂU“B'N CCC UUIDN ﬂﬁulWiTg'JUWUQﬁJLLﬁQﬂﬁZNWm

J £ v 1 Y J v
8 ¥1Tue auiuanudugeganyasoavesszasazaginanivawasulinaaiiy 4 43T

a0 9

v v 4 ) '
Taslu 4 $TuauspgiimnnudutaanunnvuT o aulu 4 ¥ Tuandaziinmantiosas

& £ o o a4 A A A Y s A '
15989 PN 4 %QINQWQQHL@QVILLU@]L@’OS%QVI 5 1%1%15%15%3& CcvC mmmﬂuma
@ 4 09: @ a Jd o @ 1
CcvC ’EJG]51ﬂi%LL61Uﬂ1§‘BT§%Huﬁﬂff@ﬂaﬂﬁﬂﬂﬂgﬂﬂﬂiJﬂ’JT?JLSISIJIJLLﬁQBWTI@EJLGIf‘Llﬂ‘Ll aIULAN

1 Y ) u’j ~ a 9 4 [] d‘i [
FINNYUDN 4 “]f'JIlNLLiﬂLl‘Ll HUAUADIYAN 5 %31‘1111!ﬂ1551i15i]‘])’3\1 cCC mmmﬂuma cCcC
A4 A _ o9 ¢ A & ) vy o
HUAADTYAN 5 EJ\W]i’)ﬂﬂ”liﬂi&&ﬁi‘l!ﬂﬁﬂﬂiﬁ]ﬂ\ﬁ/]@g G]Nﬂ”Iﬂ'JHlL"’IJZJLLﬁQGLu"If’NTI”IEJEU’EN 4 "'If’JI‘JJQ
3 A Ty 3 d” Y o A A dgl A o
HINNINGINDDYLLAN TNULW51$ﬂ'J”IﬂJL"'UiJLLﬁ\ﬂu 4 “]f'JIﬂNLLiﬂﬂJﬂWLW?J?ﬂﬂEUHLi’OEJG'] HULBN

A0 1

nnmsanadieTdsunsuaz Idswuvegaiidevinuiuvesrmidiauwmiy 25

Y E4
v W o

A A = Y A A o 3 a
Quumﬂms@ammmm’mm@mmmmmmzﬁmq”lﬂ’n UAWINITUIUNMNE U 200 yoaa

a

AT LAY 25 1R Fauaazuredl 8 ueganvoYNINNUDY TaenTzudNnan Iaa 1NN

Y

A 1 o w ~ A A 9 Aa o =1
A ATAANAIYININN 4.4 mumawmmgmmwaﬂ”lﬂmﬂiusxﬂznammmd 8 ‘B’JI?N Ny

€

A A o A Y J 4 = = J = Q’/’
W 200 ¥oYa LiJ’e)‘ViﬂﬁTLl“Vl%Wﬁlﬁlﬁhﬂlﬂﬁ]iﬁ]@ﬂlmﬂ ﬂzummmmwa“lums«mmummmm 5
]

[ [

° A % Ay YAy ¥ Yy =
un \‘l\1TL!‘VI1J’E'JLﬁ@i!m%!tﬂmﬂ@iﬂﬂﬂj‘ﬁﬂqﬂﬂ']ﬂfnif)@ﬂl!‘U'U L!ﬁﬂ\‘lhlﬂﬂ?ﬂﬂ']Wﬂ 4.5

Charging Ciarenk (80
a0 R

erng 1

10

& 05
i
10
o I
[ TE
o] .
=]
a
L& (LR
20 i
(=]
o - -
[ 05 1 1 ¥ 25 3 35 & 45 5 &G 5 B5 T T.5 8
a0 -
-4 paring 3
L]
ol | . L 7 36
[ ns 1 15 3 25 3 35 & 45 5 &5 & EBS T T.5 8

Tirmea fhicasrm )

Al 4.4 puanvazveanszualumsms uuanesuaazya



57

16
18000 A
14000 < available mas povwer " .
THHE F .l-l:-l'll'll:HllllmldHﬂigll

12000
L3 hhr

1000
5000 1539 hr

B0
T
EDD0

Parasar (W

R
4000
liL ]
2000

£h |

& a3y 1 1% 2 25 ¥ A5 4 45 5 55 @ @5 T 7 ]
Tire (hers)

~ = =) 1 o w ~ A A 9
NINN 4.5 ﬂTiLﬂﬁEJ‘]JW]EJ‘Ui%‘H’JNﬂ1ﬁNWL!VILLN\1‘W’JNa§IVlﬂ

[ [

o A s Ay Y
un QQTUVI?JE]M?J?LLQ%LL‘U@ILﬁ@iﬁ@\‘lﬁlﬂf

A AxA o J AN Yo 1 A Y J
INNINN 4.4 ﬂi%!tﬁﬂ1ﬂ!LW\1W’Jﬂu1N1“ﬁT§fﬂllﬂmﬁ’ﬂi‘lﬂ‘ﬁﬂﬁ’)u‘ﬂﬂWﬂi“ﬁN’ﬂm@iﬂ@ﬂ

v S oMY & 2 A & ¢ A
a1l 1249 A ﬂ1§‘1ﬂii]‘Vl"I"I,ﬂLﬁiﬁ]ﬁuﬂ”lfﬂuigflgl’m"mlluﬁﬁ 8 GH’JI?JQ IﬂﬂﬂWi%WSﬂLLU@]mf‘)i"gﬂ

A Y v A (a = o o 1
N1, 2,3, 4 uaz 5 azdsselnnszuailsuuda 16, 32, 48, 64 1Az 80 A MNSWUNBY

@

HUAIARTYAN 1,2, 3, 4 1Ay 5 9XIFUITINNIA 0.58, 0.96, 1.38, 1.89 Ay 2.57 42 Tusaudrdy
z:y 4 { u‘a o w {
HazAugaMIFFINNaI 537, 5.75, 6.17, 6.68 1Az 7.36 ¥ TUINNAIAY (MUBIA: 19819 0
{ ) ' { o 3 1 o w
NUIBDQ 08.00 U. UazNAN 8 F U9 HU1BDI 16.00 1) AIUANN 4.5 dFUPAIUI M4
A A 9 A A a 4 = 1 Y 4 qul [}
Tfnmaa ldanumaidiaanune lunsmns swuanesuazieliuomes nasanasg
: o ] 4 a 1 { 4
naitiuas Tavezdesrhlinelduewmesdietsua 1374 w illugumnnsdineuiinzansa

=
HUALADT

4.4 aql
d' d' 1 Y Aa = o S
unn 4 A ldesuredanszurunslumises nuuuI IUINVBIUFINILAL
H H % zQ ( H H
HUANDI NWBHNIZ VDT ZVUNAINUNAUNTIN 5INNITNT TUMTHITLVAADT NN T
= o (% [ Y A 9 a eﬂj =
Tasudnguszaad lunsisendandsnunazaadununlylunisaadeszuy dalunis

o o a 4 @ 1 d
aammmzﬁ'muumumammNﬂm@ﬁ"mmuazﬂmaﬂymzmm "]J’ENQ‘]Jﬂim@]N“] Tuseuy



58

WA IURAUREIUIRMs A sZnouTIwAae MInmseenuuuszuuamsaagl1dn sTuu
o Aav Aa a c'dy Ao w = [ 9 c?/‘
wasnumauna i luauideineninusi wlididddduismedemsldauaaoaia 24
o A ¥ A Y A o o 2 T Y
2 Twgoeedasz 18 iedsznou ldeunsiiiswaunsdu 200 uvoga aortlunmavuuiu 25
§ 1 1 % 1 4 o 091’ Q" 1 I~
R BAUAAZIFI 8 WORAADIYNTUAUBY LAZUUAIADIIIUIUIIAY 50 gn AvilugavIu

A1 5 40 FAazEANIUANDT 10 N ABOYNITUNUBY



=
unns

WAIANMINAINIHYDITSUUWAINHH TN

5.1 Unin
o a Aav A a o 9 o a o 9 o
HANIANMHUNUITEINGNUT 1UA1UMNTH D0 NA M Funs Ignasnuluszuy
v v Y v
WasnuauRa UL luuni 3 Wy edludiunaunsaduiumsmunuuusy Tagedy
Bmssmnwddaanld FenuitendiunldnnsamsoieTeusidsnugegasgning
==} [ 1 U Y a = 1 o w =
urIiIg R udIvlszneua1ey Tuszuy wazldnonsandinmsaamisidnugydely
J9 Y A 9 ~ A 1 3 Aa 9 1 i
womos Idetiosiga tiesnnanu liiflwduduvesdiuilsznouae Tuszun sawau
= 9 A ¢ o ) Y Y Y2 o t ) o
faanututaaonad msazianudnla i ldsewdnanainvesszuueuil avdeoide
M531809HATLVUAIBABUNUADS VUTINGIUVRILLUTIADINNAGIAMAAT NgNADY NITH
o o 4 ] A 1 I [
Tsunsusravanadeianusuiunazilse Towiod 19899 0N TANHINATAN NG INTUVD
[ 09.1’ d' dy =3 Y a = Y o [
szuy aaiuluunn 5 4 391desu1edeIaseadavea TUsunI NS 1009NATEUUNAINUHA Y
v A Y 9 & o 2 v Ao
MU AaRAIULAAIHAANT N 1A91nms IFau Tl sunsugaimuniudisns ¢ Taglidag
s A Pz 4 @ o
Uszasael¥sz Tomi lumsAnymazeonuuuganiuauiedsendandeaiu uagms

Anszaanatanmandsnuluszuy

5.2 Tassaauazmsannldsunsuaiasna
o 4 d‘ 1 d' d’ ] A
nnuanyuzvenszualumsmnswuamosuaazgaluuni 4 Aruwn Tumssy
o A A 2 9 ' A A ] o = 9 Y A
WSWUAADTYAN 1, 2, 3, 4 uag 51U Avesemnszuanmasieliuewmesseuioondal
a =i o w 1 g A Y ~
Usuuda 16, 32, 48, 64 1Az 80 A mudwunounnase Iaeluunfiduu sgldmnszuansd
4 { Y] [} a ] o ]
Tumsmisanuamediduilasendnlumsnasaoonuuy  1ulaR1919409%29 CVC 109
= 1 1 a 4 = g o YA A o
nuAMBIUAaz YA INNNTANYsznoumInsy Juflumsialddidiuieveanasaiuain
A Y a v A o 2 o 4 Y I o
uwadin Panamull uaidionigie cve Fedasinszualumsnss ldasasuuudnds lanm
= a J 9 9 = (=) o ~ an Y U a
Feaumasandsgneumsssaglends 9ludanusuidlunumaididesnredsanssua
o 1 4 q’.z’ 1 [ Qa}l Ay Aa a L
$1wau 16 A unuuaneInng yanaeanidis CCC uaz CVC aaiunuifeinoiinus lu

dy = Y o o Y a s A o o 4
UNnu fl]\illﬂ‘V]Tﬂ?ﬁfﬂAlaf’)\jwajgllllﬂfJflﬂ@lleJW]ﬂiLll’f]llﬂ1§ﬂ5ﬂﬂ§\“iﬂ$ﬂ3ﬂﬂ“ﬂ1§%15ﬁ]



60

o a [ v w wAa { 4 a 4 o
Iauiiu ldedraaaandesnudnya auiAuouANeIMUMIFITITT taziioninudn
= a (% 1 3 a 9 [ [ = d? 1 Y A dg’
Tvdanganssusu lidwdaduvesszuundinunaunaueeandauazaeunuIneevy
= dy a 9 Aa I o I o ol A
Tumsfinll sginsanaNuIutasInadlanyuztluglms Tuaszaininam
Qsll ] & ] 9 ~ 9 [ Aa Y
AARATITY (08.00 U. — 16.00 W) FuTUANHULANVINLTINTDANADINUYINIAUATDU
[ 1 1 a I~ @ 4
penurulszmealng uazlusevilaanuduuasonadlulszmea lnedtianvaznlasuuilas
% o' 1 [} 1 { a n'q'.l
Tangdms Tuaszaiand liumin mindeyanundennudundseriadinlszmeninyn

IS 1 %

Y ' o 2 $ A o
wuidsingluum 2 vesamIdedl Hawniy 5 kw.hr/m’/day Fusievnersanlainiu

A A = '

[ { a a 7 [V a & 1
100% voaTuntdsuaaseindussigansionniseniniuiluila (sunny day) Favunedela

Q

= a J A @ = A g o Aa (a a Jda ~
mumﬂﬂﬂqmmammmﬂ YUSN 50% GIJBQ'JL!%”IL'IJ@ o IunidsnanaseNadooun

A g YAq Y= Aav a a (dy a A Jda o J o
q@ﬂ!ﬂullﬂllﬂ‘ﬂcl%ﬁﬂklﬂuﬁ"IH’J%EJ’JVIEHHWH‘EH mszlsunangemagnginn 50% UDIIU

4 1
=2 A A

a a Y Y J q’j ' 9 S IA £ o
Hudla ormatuldtesnnmmz lunsdinfimglumniu annudunaseriadluniiaiu
Aa g o 4 A '
aalusosazuesiunihitla msounulddle a) 910 100% U 50% Iasanainay 10% Nl

Y v
Tunmsfnenaian 1 andsnuueaszuuil aunsouaadlda1emnin 5.1 uazmnIsuanazis
o A o Y a o w ~ 9 (% 1 9 A JAa 3 9 v A
aunildinadidsnugegaiaeandesnumanudunasoriadnaaduiosazuesiuni
a Y A o w ~ =<
W ansonaasldadienini 52 uag 53 AWAWY (HOKA: 1A 0 HU1eDT 08.00 U,

A o =
LazIaIn 8 “B'JIIN HUWDY 16.00 U.)

100

Soler Insolation 5 (wim")

B 05 1 15 2 325 3 35 4 45 &5 55 & BS5 7 715 8

Tt (Fusiiss]

Ham dpEm

~ 1 9 a J £ o I 9 o A a
NINN 5.1 ﬂWﬂ'JHJLGIJiJLLfN@ﬁ/W]811!141!\17]1! uamgﬂuiaaammmmﬁuﬂﬂ

(100% vivedafiuila)



61

LiTEn &

-

g %5 1 15 = 25 3 35 & &5 5 55 8§ B85 7 75 8
Tirma {heurs))
Bam, T

~ 1 A o Y a o w :;’ v Ax
NMNN 5.2 ﬂ'lﬂ'i$llﬁﬂﬂ11ﬁlﬂﬂﬂ1a\‘]\ﬂuq3q@ﬂa@ﬂﬂﬂﬁu‘ﬂul!ﬁ\i

uaaududosazuesiuniuila

132

25 3 35 & 45 5 &5 B 65 7 75 @
Tirma {heurs))
Ham A,

Lo ]
=]
o
-
-
L
L'

::' 1 (% til ) Y a o w c?/l (% t:'d
NINN 5.3 muimuwﬂﬂmﬂﬂmawuqqqwaaﬂmau‘wmmq

uaaududovazuesiuniuila

TaseasananvesldsunsusraosnaioAny1DINaTANIINAIIUVDITZ U

o a J Jd { o
Uszaoudie uuuitaesnendiamansvesgunsaiaieg fsamdhiuIfifuszuy uas
@ aR 4 A 1 ~ Y v W va A 1
ganoinulumsmsuanes luuaazyandoandosnuanyazauiaveuaAes ANA1

a

a o (A I~ o {
anudunasenadmasuntasly eansouaauiluunugi ldaenini 5.4



< start

N2

62

‘ Initialization k _________________ T=0.001h,Istr=16A,Vstr=139.3V,
Vstrfull=141.0 V,n=1,i=1,t=0 and Vpmax=0
} t=t+T, i=i+1 k
r—— - - - - - - - - - - - ———— == - ——— 1
| Calculate available current,voltage,power for feeding motor&battery |
: Calculate Cal;:zji;ate Calculate Calculate Calculate :
s la,Vt from Iph(i) Ipmax(i),Inet(i) available |
pmax(i)<Vstr? from — —»  from —Vpmax(i),Pmax(i)—> Current (ltot(i)),
I solar : I
| DC motor insolation PV array from Voltage (Vtot(i)), |
model model MPPT model Power (Ptot(i))
NO | model |
- - - ___ 1
Feed motor,begin charging batt.string#1
at time=t-T,evaluate energy,
calculate final time for CCC of batt.string#1(fitimeccc(1))
‘ n=n+1 ‘
| =T, =il k
t<=fitimeccc(1))& NO | Calculate available current,voltage, |

Inet(i)<Istr*n)?

Feed motor,begin charging batt.string#n

NO at time=t-T,evaluate energy

[ — P 2
‘ t=t+T, i=i+1 <

>fitimeccC(1))& "« TR e e A i e T e
(Inet(i)<Istr*n)?
CVC,for n-1 case

Calculate current for charging
batt.string#n for CVC in each case,lbatt(i

NO

Feed motor,begin charging batt.string#
at time=t,evaluate energy

Calculate final time for CCC
of batt.string#n(fitimeccc(n)

arging began NO

all batt.string?

t=t+T, i=i+1

_— — — — — —

| Calculate available current,voltage,power
for feeding motor&battery all string

All batt.charged
completely?

Batt.may feed motor when
energy from PV insufficient—‘
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Motor take energy from solar panel at 0.21h
Batt string 1 charge start at time 0.66h

Which LV,P for supply batt and motor = 28.49A,139.30V,3969W respectively
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Batt string 2 charge start at time 0.88h

Which I,V,P for supply batt and motor = 44.49A,139.77V,6219W respectively
Batt string 3 charge start at time 1.28h

Which I,V,P for supply batt and motor = 60.49A,140.63V,8507W respectively
Batt string 4 charge start at time 1.65h

Which LV,P for supply batt and motor = 73.56A,141.00V,10372W respectively
Batt string 5 charge start at time 1.94h

Which LV,P for supply batt and motor = 82.42A,141.00V,11621W respectively
Batt string 1 charge full at time 5.45h

Batt string 2 charge full at time 5.67h

Batt string 3 charge full at time 6.07h

Batt string 4 charge full at time 6.44h

Batt string 5 or all string charge full at time 6.73h

Batt discharge energy to motor at time 7.7%h

Batt discharge until totally empty at time 26.50h
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Motor take energy from solar panel at 0.23h

Batt string 1 charge start at time 0.74h

Which I, V,P for supply batt and motor = 28.49A,139.30V,3969W respectively

Batt string 2 charge start at time 1.00h
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Which I, V,P for supply batt and motor = 44.49A,139.84V,6222W respectively
Batt string 3 charge start at time 1.46h

Which I, V,P for supply batt and motor = 60.49A,140.85V,8520W respectively
Batt string 4 charge start at time 1.84h

Which LV,P for supply batt and motor = 71.47A,141.00V,10078W respectively
Batt string 5 charge start at time 2.17h

Which I, V,P for supply batt and motor = 79.77A,141.00V,11248W respectively
Batt string 1 charge full at time 5.53h

Batt string 2 charge full at time 5.7%h

Batt string 3 charge full at time 6.25h

Batt string 4 charge full at time 6.63h

Batt string 5 or all string charge full at time 6.96h

Batt discharge energy to motor at time 7.77h

Batt discharge until totally empty at time 26.47h
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Motor take energy from solar panel at 0.27h

Batt string 1 charge start at time 0.85h

Which I,V,P for supply batt and motor = 28.49A,139.30V,3969W respectively
Batt string 2 charge start at time 1.15h

Which L, V,P for supply batt and motor = 44.49A,139.94V,6226W respectively
Batt string 3 charge start at time 1.69h

Which L, V,P for supply batt and motor = 59.79A,141.00V,8430W respectively



Batt string 4

1

charge start at time 2.07h

Which I, V,P for supply batt and motor = 68.86A,141.00V,9709W respectively

Batt string 5

charge start at time 2.48h

Which L, V,P for supply batt and motor = 76.58A,141.00V,10798W respectively

Batt string 1
Batt string 2
Batt string 3
Batt string 4

Batt all strin

charge full at time 5.64h
charge full at time 5.94h
charge full at time 6.48h
charge full at time 6.86h

g charge stop at time 6.93h
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Motor take energy from solar panel at 0.31h

Batt string 1 charge start at time 1.00h

Which I, V,P for supply batt and motor = 28.49A,139.30V,3969W respectively
Batt string 2 charge start at time 1.36h

Which I, V,P for supply batt and motor = 44.49A,140.08V,6232W respectively
Batt string 3 charge start at time 1.96h

Which I, V,P for supply batt and motor = 58.00A,141.00V,8178W respectively
Batt string 4 charge start at time 2.40h

Which LV,P for supply batt and motor = 65.70A,141.00V,9264W respectively
Batt string 5 charge start at time 2.87h

Which LV,P for supply batt and motor = 71.92A,141.00V,10141W respectively
Batt string 1 charge full at time 5.79h

Batt string 2 charge full at time 6.15h

Batt all string charge stop at time 6.74h
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Motor take energy from solar panel at 0.37h

Batt string 1 charge start at time 1.20h

Which LV,P for supply batt and motor = 28.49A,139.30V,3969W respectively
Batt string 2 charge start at time 1.67h

Which LV,P for supply batt and motor = 44.49A,140.30V,6242W respectively



Batt string 3 charge start at time 2.35h

Which I,V,P for supply batt and motor = 55.71A,141.00V,7855W respectively
Batt string 4 charge start at time 2.87h

Which I,V,P for supply batt and motor = 61.71A,141.00V,8700W respectively
Batt string 5 charge start at time 3.46h

Which LV,P for supply batt and motor = 65.74A,141.00V,9270W respectively
Batt string 1 charge full at time 5.99h

Batt string 2 charge full at time 6.46h

Batt all string charge stop at time 6.46h
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Motor take energy from solar panel at 0.45h

Batt string 1 charge start at time 1.52h

Which I,V,P for supply batt and motor = 28.49A,139.30V,3969W respectively
Batt string 2 charge start at time 2.19h

Which I,V,P for supply batt and motor = 44.49A,140.73V,6261W respectively
Batt string 3 charge start at time 2.99h

Which LV,P for supply batt and motor = 52.32A,141.00V,7377W respectively
Batt string 4 charge start at time 3.76h

Which LV,P for supply batt and motor = 55.60A,141.00V,7840W respectively
Batt string 5 charge start at time 4.64h

Which LV,P for supply batt and motor = 54.38A,141.00V,7668W respectively

Batt all string charge stop at time 6.01h
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Motor take energy from solar panel at 0.26h

Batt group 1 have 9 batts in series charge start at time 0.46h

Which LV,P for supply batt and motor = 25.31A,126.90V,3212W respectively
Batt group 2 have 9 batts in series charge start at time 0.89h

Which LV,P for supply batt and motor = 45.01A,126.90V,5712W respectively
Batt group 3 have 10 batts in series charge start at time 1.26h

Which I, V,P for supply batt and motor = 59.92A,141.00V,8448W respectively
Batt group 4 have 10 batts in series charge start at time 1.40h
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Batt group 4 charge full at time 6.1%h

Batt group 5 charge full at time 6.55h
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Batt discharge energy to motor at time 7.75h
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Motor take energy from solar panel at 0.3%h

Batt group 1 have 9 batts in series charge start at time 0.69h

Which LV,P for supply batt and motor = 25.32A,126.90V,3213W respectively
Batt group 2 have 9 batts in series charge start at time 1.38h
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Batt discharge energy to motor at time 7.62h
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Motor take energy from solar panel at 0.56h

Batt group 1 have 9 batts in series charge start at time 1.01h

Which I,V,P for supply batt and motor = 25.03A,126.90V,3176W respectively
Batt group 2 have 9 batts in series charge start at time 1.81h

Which I,V,P for supply batt and motor = 39.30A,126.90V,4987W respectively
Batt group 3 have 9 batts in series charge start at time 2.23h

Which LV,P for supply batt and motor = 45.02A,126.90V,5713W respectively
Batt group 4 have 10 batts in series charge start at time 3.19h

Which LV,P for supply batt and motor = 53.55A,141.00V,7551W respectively
Batt group 5 have 10 batts in series charge start at time 3.52h

Which LV,P for supply batt and motor = 55.02A,141.00V,7758W respectively
Batt group 6 have 3 batts in series charge start at time 4.29h

Which LV,P for supply batt and motor = 55.52A,141.00V,7829W respectively



Batt group 1 charge full at time 5.80h

Batt all group charge stop at time 6.01h
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/***************************************************************************

Program sim1.cpp by Padej Pao-la-or, March 2002, Suranaree University of Technology

This program computes time and energy for charge and discharge batt 5 strings
and supply DC motor in case sunshine parabola

****************************************************************************I

#include <stdio.h>
#include <conio.h>
#include <math.h>

#define LEN 30000
#define AREA 100.00 //AREA=Percent of sunny day;(50-100)

int sim2(void);
void  sim3(void);
int sim4(void);
void  sim5(void);
void  sim6(void);

int n,i,j,m,repeat,count; //Declare variables

double T=0.001,la=12.49,1str=16.00,Vt=110.00,V str=139.30,V strful|=141.00;

double np=25,ns=36*8,Irs=1.5e-8,q=1.6e-19,A=1.2 k=1.389e-23, Temp=298,CCC=0.79;
double V0=133.00,Vempty=115.00,Rtot=(10/5)*6.15e-2,K1=0.9,K2=2.2,nn=1.16;

double t,tstop,tfinal,C,timeg 10],fitimesccc[ 10],S[LEN],Iph[LEN],Inet[LEN];

double Ipmax[LEN],Vpmax[LEN],Pmax[LEN],Itot[LEN],Vtot[LEN],Ptot[LEN],Ibatt[LEN];

void main()

{ clrscr();

/[This system have to support DC motor first

/[Then support the charging of batts previoudy adequate current available
n=1;i=1;j=1;repeat=0;count=0;t=0;tstop=0;|pmax[i-1]=0; //Initiaize all variables

/*****************************/

/[Compute time for motor take energy from solar panel

while(Ilpmax[i-1]<la) //Motor take energy from batt discharge
{ sm2();

Itot[i]=lg;

Vtot[i]=Vt;

Ptot[i]=Itot[i]*Vtot[i];

t=t+T;

i=i+1;

printf("Motor take energy from solar panel at %.2fh\n" t-T);



/*****************************/

/ICompute time and energy for charge batt 1st string and supply DC motor
while(Vpmax[i-1]<Vstr)
{ sm2();
Itot[i]=lg;
Vtot[i]=Vt;
Ptot[i]=Itot[i]*Vtot[i];
t=t+T;
i=i+1;
}
timeg[n]=t-T;
Itot[i-1]=Istr+l3a;
Viot[i-1]=Vstr;
Ptot[i-1]=Itot[i-1]*Vtot[i-1];
printf("Batt string 1 charge start at time %.2fh\n" times[n]);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW respectively\n",
Itot[i-1],Vtot[i-1],Ptot[i-1]);
fitimescee[n]=timeg n]+CCC; //Final time on CCC of batt string n
n=n+1,

/*****************************/

/ICompute time and energy for charge batt 2nd string and supply DC motor
//Batt 2nd string charge start on CCC of batt 1st string
sm3();
/[Batt 2nd string charge start on CV C of batt 1st string
while((t>fitimescee[j])& & (Inet[i-1] <Istr*n))
{ ms;
if(sm4())
{ break;}
}
fitimescee[ n]=timeg n]+CCC;
n=n+1,

/*****************************/

/ICompute time and energy for charge batt 3rd string and supply DC motor
//Batt 3rd string charge start on CCC of batt 1st and 2nd string
sSim3();
//Batt 3rd string charge start between on CV C of batt 1st string and CCC of batt 2nd string
while((t>fitimescee[j])& & (t<=fitimescec]j+1]) & & (Inet[i-1] <Istr*n))
{ ms;
if(sm4())
{ break;}

//Batt 3rd string charge start on CV C of batt 1st and 2nd string
while((t>fitimescee[j+1])& & (Inet[i-1] <Istr*n))

{ me+L
if(sim4())
{ break;}
}

fitimescee[ n]=timeg n]+CCC;
n=n+1,
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/*****************************/

/ICompute time and energy for charge batt 4th string and supply DC motor
/[Batt 4th string charge start on CCC of batt 1st,2nd and 3rd string
sim3();
//Batt 4th string charge start between on CV C of batt 1st string and CCC of batt 2nd and 3rd string
while((t>fitimescee[j])& & (t<=fitimescec]j+1]) & & (Inet[i-1] <Istr*n))
{ m=j
if(ssim4())
{ break;}

//Batt 4th string charge start between on CV C of batt 1st and 2nd string and CCC of batt 3rd string
while((t>fitimescee[j+1])& & (t<=fitimescec[j+2]) & & (I net[i-1] <Istr*n))
{ me+L
if(simd4())
{ Dreak;}

}
/[Batt 4th string charge start on CV C of batt 1st,2nd and 3rd string
while((t>fitimescee[j+2])& & (Inet[i-1] <Istr* n))
{ mej+2
if(sm4())
{ bresk;}
}
fitimescee[ n]=timeg n]+CCC;
n=n+1,

/*****************************/

/[Compute time and energy for charge batt 5th string and supply DC motor

/[Batt 5th string charge start on CCC of batt 1st,2nd,3rd and 4th string
sim3();

/[Batt 5th string charge start between on CV C of batt 1st string and CCC of batt 2nd,3rd and 4th string
while((t>fitimescee[j])& & (t<=fitimescec]j+1]) & & (Inet[i-1] <Istr*n))

{ m=;
if(sm4())
{ break;}
//Batt 5th string charge start between on CV C of batt 1st and 2nd string and CCC of batt 3rd and 4th
string
while((t>fitimescee[j+1])& & (t<=fitimescec[j+2]) & & (Inet[i-1]<Istr*n))
{ m=j+L
if(sm4())
{ Dreak;}

/[Batt 5th string charge start between on CV C of batt 1st,2nd and 3rd string and CCC of batt 4th string
while((t>fitimescee[j+2]) & & (t<=fitimescec[j+3]) & & (I net[i-1] <Istr*n))
{ me+2
if(sim4())
{ break;}

}
//Batt 5th string charge start on CV C of batt 1st,2nd,3rd and 4th string
while((t>fitimescee[j+3])& & (Inet[i-1] <Istr* n))
{ m=j+3;
if(sim4())
{ Dreak;}

}
fitimescee[ n]=timeg n]+CCC,;
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/*****************************/
t=t+T,
i=i+1;
while(t<=fitimesccc[ m+1])
{ if(sm2())
{ Dreak;}
sim5();
[tot[i]=Ibatt[i] +l&;
Viot[i]=Vstrfull;
Ptot[i]=Itot[i]*Vtot[i];
t=t+T,
i=i+1;

}

/*****************************/

while((m<=3)& & (t<=fitimesccc[m+2]))

{ if(sm2())
{ Dreak;}
sim5();
[tot[i]=Ibatt[i]+la-(Istr-1str* exp(-(t-fitimesccc[ m+1])));
Viot[i]=Vstriull;
Ptot[i]=Itot[i]*Vtot[i];
t=t+T,
i=i+1;

}
while((m<=2)& & (t<=fitimesccc[m+3]))
{ if(sm2())
{ Dreak;}
sim5();
[tot[i]=Ibatt[i]+la-(Istr-1str* exp(-(t-fitimescee[ m+1])))- (I str-1str* exp(-(t-fitimescec[ m+2])));
Vtot[i]=Vstrfull;
Ptot[i]=Itot[i]*Vtot[i];

t=t+T;

i=i+1;
}
while((m==2)& & (t<=fitimesccc[n] +4))
{ if(sm2())

{ Dreak;}

sim5();

[tot[i]=Ibatt[i]+la-(Istr-1str* exp(-(t-fitimescee[ m+1])))- (1 str-1str* exp(-(t-fitimescec[ m+2])))-
(Istr-1str* exp(-(t-fitimescee[ m+3])));

Vtot[i]=Vstrfull;

Ptot[i]=Itot[i]*Vtot[i];

t=t+T;

i=i+1;
}
while((m==3)& & (t<=fitimesccc[n] +4))
{ if(sm2())

{ break;}

sim5();

Itot[i]=Ibatt[i]+la-(Istr-1str* exp(-(t-fitimescee[ m+1])))- (1 str-1str* exp(-(t-fitimescec[ m+2])));
Vtot[i]=Vstrfull;

Ptot[i]=Itot[i]*Vtot[i];

t=t+T,

i=i+1;



while((m==4)& & (t<=fitimesccc[n] +4))

{

}

if(sim2())

{ Dreak;}

sim5();

[tot[i]=Ibatt[i]+la-(Istr-1str* exp(-(t-fitimesccc[ m+1])));
Vtot[i]=Vstrfull;

Ptot[i]=Itot[i]*Vtot[i];

t=t+T;

i=i+1;

/*****************************/

count=1;//Reset variable
while((Ipmax[i-1]>=la)& & (count==1))

{

}

if(sim2())

{ Dreak;}

Itot[i]=lg;

Vtot[i]=Vt;
Ptot[i]=Itot[i]*Vtot[i];
t=t+T,

i=i+1;

/*****************************/

count=0; //Reset variable
while((count==0)& & (Ipmax[i-1]>=1a)& & (fitimesccc[ n] +4<t))

{

if(ssim2())

{ Dreak;}

Itot[i]=lg;

Vtot[i]=Vt;
Ptot[i]=Itot[i]*Vtot[i];
t=t+T,

i=i+1;

}
if(repeat==>5)

}

sim2();
tfinal=t-T;

printf("Batt discharge energy to motor at time %.2fh\n" tfinal);

C=5*70; //Capacity of battery
sim6();

/*****************************/

FILE *fpl,*fp2,*fp3; //File pointers
fpl=fopen("Count.dat","wh"); //Open file
fwrite(&i,sizeof(int),1,fpl);  //Write datato "Count.dat"
fclose(fpl); //Closefile

fp2=fopen(" Current.dat","wh");

}

fwrite(& Itot,sizeof(double),i,fp2); //Write datato " Current.dat”

fclose(fp2);
fp3=fopen("Voltage.dat","whb");

fwrite(& Vtot,sizeof (double),i,fp3); //Write datato "V oltage.dat”

fclose(fp3);
/*****************************/

getch();
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I
/IModel of solar insolation,PV array and MPPT
/ICompute time which batt each string charge full
//Compute time batt charge stop
int sim2(void)
{ if((repeat==0)& & (t>=fitimesccc[1] +4))
{ printf("Batt string 1 charge full at time %.2fh\n" t-T);
repeat=1,

}

if ((repeat==1)& & (t>=fitimesccc[ 2] +4))

{ printf("Batt string 2 charge full at time %.2fh\n" t-T);
repeat=2;

}

if ((repeat==2)& & (t>=fitimesccc[ 3] +4))

{ printf("Batt string 3 charge full at time %.2fh\n" t-T);
repeat=3;

}

if((repeat==3)& & (t>=fitimesccc[4] +4))

{  printf("Batt string 4 charge full at time %.2fh\n"t-T);
repeat=4;

}

if ((repeat==4)& & (t>=fitimesccc[ 5] +4))

{ printf("Batt string 5 or al string charge full at time %.2fh\n" t-T);
repeat=5;

}

if(n==5)& & (repeat<4)& & (Vtot[i-1]>Vpmax[i-1])) //Knew batt all string will charge stop when
charge start already all string
{ tstop=t-T;
printf("Batt al string charge stop at time %.2fh\n" tstop);
repeat=06;
return 1,

}
if(n==5)& & (tstop==t-T)& & (count==0))
{ returnl;}

/*****************************/

if(t<=8) //Careful log domain error dueto 1 day have 8 hours (8am.-4pm.)
{ gi]=(940-(58*pow(t-4,2)))* (AREA/100); //Define for solar insolation
Iph[i]=(5*np/1000)* F[i]; //Define for photocurrent
Ipmax[i]=0.95* I ph[i]; //Define for current at maximum power
Vpmax[i]=(k* Temp* A*ns/q)*log(((0.06/Irs)* (Iph[i]/np))+1); //Define for voltage at
maximum power
Pmax[i]=lpmax[i]*Vpmax[i]; //Maximum power
Inet[i]=Ipmax[i]-la; //Available current after feeding motor

return O;



I
/[Compute time and energy to start CCC charging
void sim3(void)
{ while((t<=fitimesccc[1])& & (Ineti-1]<Istr*n))
sim2();
[tot[i]=Istr* (n-1)+la&;
Vtot[i]=Vstr+2.152* (t-timegq[1]);  //Slope of voltage on CCC duration is 2.152
Ptot[i]=Itot[i]*Vtot[i];
t=t+T;
i=i+1;

if (t<=fitimesccc[1])
{ timegn]=t-T;
Itot[i-1]=lstr*n+la;
Ptot[i-1]=Itot[i-1]*Vtot[i-1];
printf("Batt string %d charge start at time %.2fh\n",n,timeg[n]);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW respectively\n",
Itot[i-1],Vtot[i-1],Ptot[i-1]);
}

}

I
/[Compute time and energy to start CV C charging
int sim4(void)
{ sm2();
sim5();
if(Inet[i]>=lbatt[i])
{ timegn]=t;
Itot[i]=Ibatt[i]+]&;
Vtot[i]=Vstrfull;
Ptot[i]=Itot[i]*Vtot[i];
printf("Batt string %d charge start at time %.2fh\n",n,timeg[n]);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW respectively\n",
Itot[i],Vtot[i],Ptot[i]);
return 1,
}

else

{ [ltot[i]=lIbatt[i]+la-Istr;
Vtot[i]=Vstrfull;
Ptot[i]=Itot[i]*Vtot[i];

t=t+T;
i=i+1;
}
return O;
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/[Compute CV C charge intervals for all batt strings
void sim5(void)

{

I

if(m==j)

{ Ibatt[i]=lstr*exp(-(t-fitimescee[j]))+str* (n-m);}

if(m==j+1)

{ Ibatt[i]=lstr*exp(-(t-fitimescec|j]))+I str* exp(-(t-fitimescec[j]-(fitimescec[j +1] -
fitimescee[j])))+l str* (n-m);}

if(m==j+2)

{ Ibatt[i]=lstr*exp(-(t-fitimescec|j]))+I str* exp(-(t-fitimescec[j]-(fitimescec[j +1] -
fitimescecl[j])))+1str* exp(-(t-fitimescec[j]-(fitimescec]j +2] -fitimescec[j]))) + str* (n-m); }
if(m==j+3)

{ Ibatt[i]=lstr*exp(-(t-fitimescec|j]))+I str* exp(-(t-fitimescec[j]-(fitimescec[j +1] -
fitimescec[j])))+1str* exp(-(t-fitimescec[j]-(fitimescec|j +2] -fitimescec[j]))) + str* exp(-(t-
fitimescecfj]-(fitimesceclj +3]-fitimescec[j]))) +str* (n-m);}

//Béatt discharge energy to motor
void sim6(void)

}

Itot[i]=lg;
Vtot[i]=V0;
Ptot[i]=Itot[i]*Vtot[i];
while(Vtot[i]>Vempty)
{ [ltot[i+1]=lg;
Vtot[i+1]=V0-Rtot* | a-(K 1* (pow(l a,nn))/C)* (t-tfinal-T)-(K 2/(C-(pow(l a,nn)* (t-tfinal-T))));
Ptot[i+1]=ltot[i+1]*Vtot[i+1];
t=t+T;
i=i+1;

printf("Batt discharge until totally empty at time %.2fh" t-T);

//************************** END PROGRAM **************************/l
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/***************************************************************************

Program simfuzl.cpp by Padej Pao-la-or, March 2002, Suranaree University of Technology

This program computes time for charge and discharge batt 50 batts
and supply DC motor in case sunshine parabola with fuzzy logic controller (FLC)

****************************************************************************I

#include <stdio.h>
#include <conio.h>
#include <math.h>

#define AREA 100.00//AREA=Percent of sunny day;(50-100)

void simfuz2(void);
void simfuz3(void);

int j,n,i,m,Gbatt,Nbatt; //Declare variables

double T=0.01,1a=12.49,Istr=16.00,Vt=110.00,V strfull=14.10;

double np=25,ns=36*8,Irs=1.5e-8,q=1.6e-19,A=1.2 k=1.389e-23, Temp=298,CCC=0.79;
double t,fitimeccc[10],S,Iph,Ipmax,Vpmax,lreq;

void main()

{ clrscr();

/[This system have to support DC motor first

/[Then support the charging of batts previoudy adequate current available
j=1;n=0;i=0;t=0;1pmax=0;V pmax=0;lreg=0; //Initialize al variables

/*****************************/

/ICompute time for motor take energy from solar panel
while(n==0)
{ if((Ipmax>=15)& & (Vpmax>=112.5)) //1st rule of fuzzy algorithm
{ printf("Motor take energy from solar panel at %.2fh\n" t);
n=n+1;
}

t=t+T,;
simfuz2();

}

/*****************************/

/ICompute time and quantity batt for charge batt 1st group and supply DC motor
while(n==1)
{ if((Ipmax>=25)& & (Ipmax<35)& & (Vpmax>=112.5)& & (Vpmax<127.5))  //2nd rule of
fuzzy algorithm
{ Gbhatt=8;//Quantity battery per group
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
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printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);

Nbatt=Gbatt; //totally battery

fitimeccc[n]=t+CCC; //Final time on CCC of batt group n

n=n+1,

}
if(Ipmax>=25)& & (Ipmax<35)& & (Vpmax>=127.5)& & (Vpmax<142.5))  //3rd rule of fuzzy
algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;

}
if(Ipmax>=25)& & (Ipmax<35)& & (V pmax>=142.5)) //4th rule of fuzzy algorithm
{ Ghbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();

}

/*****************************/

/ICompute time and quantity batt for charge batt 2nd group and supply DC motor
//Batt 2nd group charge start on CCC of batt 1st group
while((n==2)& & (t<=fitimeccc][j]))
{ if((Ipmax>=45)& & (Ipmax<55)& & (Vpmax>=112.5)& & (Vpmax<127.5)) //5th rule of fuzzy
algorithm
{ Gbatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if(Ipmax>=45)& & (Ipmax<55)& & (Vpmax>=127.5)& & (Vpmax<142.5))  //6th rule of fuzzy
algorithm
{ Gbatt=9;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
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if(Ipmax>=45)& & (Ipmax<55)& & (V pmax>=142.5)) //7th rule of fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
}
t=t+T,
simfuz2();

}
//Batt 2nd group charge start on CV C of batt 1st group
while((n==2)& & (t>fitimeccc]j]))
{ ms;
if((((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireg<55))) & &
(Vpmax>=112.5)& & (Vpmax<127.5)) //8th rule of fuzzy algorithm
{ Gbatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",I pmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireg<55))) & &
(Vpmax>=127.5)& & (Vpmax<142.5)) //9th rule of fuzzy algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireg<55))) & &
(Vpmax>=142.5))  //10th rule of fuzzy algorithm
{ Ghbatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();
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/*****************************/

/ICompute time and quantity batt for charge batt 3rd group and supply DC motor
//Batt 3rd group charge start on CCC of batt 1st and 2nd group
while((n==3)& & (t<=fitimeccc][j]))
{ if((Ipmax>=65)& & (Ipmax<75)& & (Vpmax>=112.5)& & (Vpmax<127.5)) //11thrule of
fuzzy algorithm
{ Gbatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if (Ipmax>=65)& & (Ipmax<75)& & (V pmax>=127.5)& & (Vpmax<142.5))  //12th rule of
fuzzy algorithm
{ Gbatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;

}
if (Ipmax>=65)& & (Ipmax<75)& & (V pmax>=142.5))//13th rule of fuzzy algorithm
{ Gbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
}
t=t+T,
simfuz2();

}
//Batt 3rd group charge start between on CV C of batt 1st group and CCC of batt 2nd group
while((n==3)& & (t>fitimeccc[j])& & (t<=fitimeccc[j+1]))
{ ms;
if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (1req<55))||((Ipmax>=55) & & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireg<75))) & &
(Vpmax>=112.5)& & (Vpmax<127.5)) //14thrule of fuzzy algorithm
{ Ghatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}

if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (1req<55))||((Ipmax>=55)& & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))) & &
(Vpmax>=127.5)& & (Vpmax<142.5)) //15thrule of fuzzy algorithm
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{ Gbatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",I pmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (Ireq<55))||((Ipmax>=55)& & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireg<75))) & &
(Vpmax>=142.5))  //16th rule of fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,
simfuz2();
simfuz3();

//Batt 3rd group charge start on CV C of batt 1st and 2nd group
while((n==3)& & (t>fitimeccc[j+1]))
{ m=j+L
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireg<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireg<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75)))& & (Vpmax>=112.5)& & (Vpmax<127.5))  //17thrule of fuzzy
algorithm
{ Ghatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if((((I1pmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireq<65))||((I pmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75)))& & (Vpmax>=127.5)& & (Vpmax<142.5))  //18thrule of fuzzy
algorithm
{ Ghatt=9;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
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if((((I1pmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireq>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireq>=65)& & (Ireg<75)))& & (V pmax>=142.5)) //19th rule of fuzzy algorithm
{ Gbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
}
t=t+T,;
simfuz2();
simfuz3();

}

/*****************************/

/ICompute time and quantity batt for charge batt 4th group and supply DC motor
//Batt 4th group charge start on CCC of batt 1st,2nd and 3rd group
while((n==4)& & (t<=fitimeccc[j]))
{ if((Ipmax>=75)& & (Ipmax<85)& & (Vpmax>=112.5)& & (Vpmax<127.5))  //20th rule of
fuzzy algorithm
{ Ghatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
}
if((Ipmax>=75)& & (Ipmax<85)& & (V pmax>=127.5)& & (Vpmax<142.5))  //21th rule of
fuzzy algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;

}
if(Ipmax>=75)& & (Ipmax<85)& & (V pmax>=142.5)) //22th rule of fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,;
simfuz2();
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//Batt 4th group charge start between on CV C of batt 1st group and CCC of batt 2nd and 3rd group
while((n==4)& & (t>fitimeccc[j])& & (t<=fitimeccc[j +1]))
{ ms;
if(((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (1req<85)))& & (Vpmax>=112.5)& & (Vpmax<127.5))  //23th rule of
fuzzy algorithm
{ Gbatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (1req<85)))& & (Vpmax>=127.5)& & (Vpmax<142.5))  //24th rule of
fuzzy algorithm
{ Gbatt=9;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (I pmax
<85)& & (Iregq>=75)& & (Ireq<85)))& & (Vpmax>=142.5)) //25th rule of fuzzy algorithm
{ Ghbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();

}
//Batt 4th group charge start between on CV C of batt 1st and 2nd group and CCC of batt 3rd group
while((n==4)& & (t>fitimeccc[j+1]) & & (t<=fitimeccc|j+2]))
{ me+L
if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (Ireq<55))||((Ipmax>=55)& & (I pmax
<65)& & (Iregq>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))||
((Ilpmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (1req<85))) & & (V pmax>=112.5)& & (V pmax
<127.5))//26th rule of fuzzy algorithm
{ Gbatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
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Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (1req<55))||((Ipmax>=55)& & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))||
((lpmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (1req<85)))& & (V pmax>=127.5)& & (V pmax
<142.5))//27th rule of fuzzy agorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (Ireq<55))||((Ipmax>=55) & & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))||
((lpmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85)))& & (Vpmax>=142.5))  //28th rule of
fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();

}
//Batt 4th group charge start on CVC of batt 1st,2nd and 3rd group
while((n==4)& & (t>fitimeccc[j+2]))
{ me+2
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireg<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireg<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireg<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireg>=75)& & (1reg<85)))& &
(Vpmax>=112.5)& & (Vpmax<127.5)) //29th rule of fuzzy algorithm
{ Ghatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireg>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireq>=65)& & (Ireg<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireg>=75)& & (Ireg<85))) & &
(Vpmax>=127.5)& & (Vpmax<142.5)) //30th rule of fuzzy algorithm
{ Ghbatt=9;



131

V pmax=Gbatt*V strfull;

printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);

printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);

Nbatt=Nbatt+Gbatt;

fitimeccc[n]=t+CCC;

n=n+1,

}
if((((I1pmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireq<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))) & &
(Vpmax>=142.5))  //31th rule of fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,;
simfuz2();
simfuz3();

}

/*****************************/

/[Compute time and quantity batt for charge batt 5th group and supply DC motor
//Batt 5th group charge start on CCC of batt 1st,2nd,3rd and 4th group
while((n==5)& & (t<=fitimeccc][j]))
{ if((Ipmax>=95)& & (Ipmax<105)& & (Vpmax>=112.5)& & (Vpmax<127.5)) //32th rule of
fuzzy algorithm
{ Gbatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if(Ipmax>=95)& & (Ipmax<105)& & (V pmax>=127.5)& & (Vpmax<142.5)) //33th rule of
fuzzy algorithm
{ Gbatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if(Ipmax>=95)& & (Ipmax<105)& & (Vpmax>=142.5))  //34th rule of fuzzy algorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
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printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();

}
//Batt 5th group charge start between on CV C of batt 1st group and CCC of batt 2nd,3rd and 4th group
while((n==5)& & (t>fitimeccc[j])& & (t<=fitimeccc[j +1]))
{ m;
if((((I1pmax>=75)& & (Ipmax<85)& & (Ireg>=75)& & (1req<85))||((Ipmax>=85) & & (I pmax
<95)& & (Ireq>=85)& & (1req<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq
<105)))& & (Vpmax>=112.5)& & (Vpmax<127.5))  //35th rule of fuzzy algorithm
{ Gbatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75) & & (1req<85))||((Ipmax>=85) & & (I pmax
<95)& & (Ireg>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq
<105)))& & (Vpmax>=127.5)& & (Vpmax<142.5))  //36th rule of fuzzy algorithm
{ Gbatt=9;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75) & & (1req<85))||((Ipmax>=85) & & (I pmax
<95)& & (Ireg>=85)& & (1req<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq
<105)))& & (Vpmax>=142.5)) //37thrule of fuzzy algorithm
{ Ghbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();

}
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//Batt 5th group charge start between on CV C of batt 1st and 2nd group and CCC of batt 3rd and 4th
group
while((n==5)& & (t>fitimeccc[j+1])& & (t<=fitimeccc[j+2]))
{ m=j+L
if((((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (1req<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (1req<85))||((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||
((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireg<105)))& & (Vpmax>=112.5)& & (V pmax
<127.5))//38th rule of fuzzy agorithm
{ Ghatt=8;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if((((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (1req<85))||((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||
((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireg<105)))& & (V pmax>=127.5)& & (V pmax
<142.5))//39th rule of fuzzy algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (1req<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (Ireg<85))||((I pmax>=85)& & (I pmax<95)& & (Ireq>=85)& & (I req<95))||
((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq<105)))& & (V pmax>=142.5)) //40th rule of
fuzzy agorithm
{ Ghatt=10;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,;
simfuz2();
simfuz3();

}
//Batt 5th group charge start between on CV C of batt 1st,2nd and 3rd group and CCC of batt 4th group

while((n==5)& & (t>fitimeccc[j+2]) & & (t<=fitimeccc[j+3]))
{ m=j+2

if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (1req<55))||((Ipmax>=55)& & (I pmax
<65)& & (Ireg>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireg<75))||
((lpmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireg<85))||((Ipmax>=85)& & (Ipmax<95) & &
(Ireg>=85)& & (Ireg<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireg>=95)& & (Ireq<105)))& &
(Vpmax>=112.5)& & (Vpmax<127.5)) //41thrule of fuzzy algorithm

{ Gbatt=8;

V pmax=Gbatt*V strfull;
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printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbaitt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (Ireq<55))||((Ipmax>=55) & & (I pmax
<65)& & (Iregq>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))||
((lpmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))||((I pmax>=85)& & (Ipmax<95) & &
(Ireg>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq<105))) & &
(Vpmax>=127.5)& & (Vpmax<142.5)) //42thrule of fuzzy algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if ((((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45) & & (Ireq<55))||((Ipmax>=55) & & (I pmax
<65)& & (Ireg>=55)& & (Ireg<65))||((| pmax>=65)& & (I pmax<75)& & (Ireq>=65)& & (I reg<75))||
((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (1req<85))||((Ipmax>=85)& & (I pmax<95) & &
(Ireg>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireg>=95)& & (Ireq<105)))& &
(Vpmax>=142.5))  //43th rule of fuzzy algorithm
{ Ghbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,;
simfuz2();
simfuz3();

}
/[Batt 5th group charge start on CV C of batt 1st,2nd,3rd and 4th group
while((n==5)& & (t>fitimeccc[j+3]))
{ msj+3
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireg>=55)& & (Ireq<65))||((I pmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))||
((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& &
(Ireg>=95)& & (Ireq<105)))& & (Vpmax>=112.5)& & (Vpmax<127.5)) //44thrule of fuzzy
algorithm
{ Gbatt=8;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
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Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
if(((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireg<65))||((Ipmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireg<85))||
((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& &
(Ireg>=95)& & (1req<105)))& & (V pmax>=127.5)& & (Vpmax<142.5)) //45thrule of fuzzy
algorithm
{ Ghatt=9;
V pmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",I pmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,

}
if((((I1pmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (1req<35))||((Ipmax>=35) & & (I pmax
<45)& & (Ireg>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireq<65))||((I pmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))||
((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||((Ipmax>=95)& & (Ipmax<105)& &
(Ireg>=95)& & (Ireq<105)))& & (Vpmax>=142.5))  //46th rule of fuzzy algorithm
{ Ghbatt=10;
Vpmax=Gbatt*V strfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T,;
simfuz2();
simfuz3();

}

/*****************************/

/ICompute time and quantity batt for charge batt 6th group and supply DC motor
/IKnow charge max 6th group every value AREA
//Batt 6th group charge start on CCC of batt 1st,2nd,3rd,4th and 5th group

while((n==6)& & (t<=fitimeccc][j]))
{ if((Ipmax>=105)& & (Ipmax<115)& & (Vpmax>=112.5)) //47th rule of fuzzy agorithm
{ Gbatt=50-Nbatt;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which 1,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax*V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
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t=t+T,;
simfuz2();

}
//Batt 6th group charge start between on CV C of batt 1st group and CCC of batt 2nd,3rd,4th and 5th
group
while((n==6)& & (t>fitimeccc[j])& & (t<=fitimeccc[j +1]))
{ m=j;
if((((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (1req<105))||((I pmax>=105)& & (I pmax
<115)& & (Ireq>=105)& & (Ireg<115)))& & (Vpmax>=112.5)) //48th rule of fuzzy algorithm
{ Gbatt=50-Nbait;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which I,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",I pmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbaitt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();

}
//Batt 6th group charge start between on CV C of batt 1st and 2nd group and CCC of batt 3rd,4th and
5th group
while((n==6)& & (t>fitimeccc[j+1]) & & (t<=fitimeccc|j+2]))
{ m=j+L
if(((I1pmax>=75)& & (Ipmax<85)& & (Ireg>=75)& & (1req<85))||((Ipmax>=85) & & (I pmax
<95)& & (Ireg>=85)& & (1req<95))||((Ipmax>=95)& & (I pmax<105)& & (Ireg>=95)& & (Ireq<105))||
((Ipmax>=105)& & (Ipmax<115)& & (Ireg>=105)& & (Ireq<115)))& & (Vpmax>=112.5))  //49th
rule of fuzzy algorithm
{ Gbatt=50-Nbatt;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();

}
//Batt 6th group charge start between on CV C of batt 1st,2nd and 3rd group and CCC of batt 4th and
5th group
while((n==6)& & (t>fitimeccc[j+2]) & & (t<=fitimeccc|j+3]))
{ me+2
if((((I1pmax>=65)& & (Ipmax<75)& & (Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (I pmax
<85)& & (Ireg>=75)& & (Ireg<85))||((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireq<95))||
((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (Ireq<105))||((Ipmax>=105)& & (Ipmax<115)& &
(Ireg>=105)& & (Ireq<115)))& & (Vpmax>=112.5))  //50th rule of fuzzy algorithm
{ Gbatt=50-Nbatt;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
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fitimeccc[n]=t+CCC;
n=n+1;

}

t=t+T;

simfuz2();

simfuz3();

}
//Batt 6th group charge start between on CV C of batt 1st,2nd,3rd and 4th group and CCC of batt 5th
group
while((n==6)& & (t>fitimeccc[j+3])& & (t<=fitimeccc[j+4]))
{ me+3
if((((Ipmax>=45)& & (Ipmax<55)& & (Ireg>=45)& & (1req<55))||((Ipmax>=55) & & (I pmax
<65)& & (Ireg>=55)& & (1req<65))||((Ipmax>=65)& & (Ipmax<75)& & (Ireq>=65)& & (Ireq<75))||
((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))||((I pmax>=85)& & (Ipmax<95) & &
(Ireq>=85)& & (Ireg<95))||((Ipmax>=95)& & (Ipmax<105)& & (Ireq>=95)& & (1req<105))||
((lpmax>=105)& & (Ipmax<115)& & (Ireg>=105)& & (Ireg<115)))& & (Vpmax>=112.5))  //51th
rule of fuzzy algorithm
{ Gbatt=50-Nbeatt;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1;
}
t=t+T;
simfuz2();
simfuz3();

}
//Batt 6th group charge start on CVC of batt 1st,2nd,3rd,4th and 5th group
while((n==6)& & (t>fitimeccc[j+4]))
{ mj+4;
if((((Ipmax>=25)& & (Ipmax<35)& & (Ireg>=25)& & (Ireq<35))||((Ipmax>=35) & & (I pmax
<45)& & (Iregq>=35)& & (Ireq<45))||((Ipmax>=45)& & (Ipmax<55)& & (Ireq>=45)& & (Ireq<55))||
((Ipmax>=55)& & (Ipmax<65)& & (Ireq>=55)& & (Ireq<65))||((I pmax>=65)& & (Ipmax<75)& &
(Ireg>=65)& & (Ireq<75))||((Ipmax>=75)& & (Ipmax<85)& & (Ireq>=75)& & (Ireq<85))||
((Ipmax>=85)& & (Ipmax<95)& & (Ireq>=85)& & (Ireg<95))||((Ipmax>=95)& & (Ipmax<105)& &
(Ireg>=95)& & (1req<105))||((Ipmax>=105)& & (Ipmax<115)& & (Ireq>=105)& & (Ireq<115)))& &
(Vpmax>=112.5))  //52th rule of fuzzy algorithm
{ Gbatt=50-Nbatt;
Vpmax=10*Vstrfull;
printf("Batt group %d have %d batts in series charge start at time %.2fh\n",n,Gbatt,t);
printf("Which |,V,P for supply batt and motor = %.2fA,%.2fV,%.0fW
respectively\n",Ipmax,V pmax,| pmax* V pmax);
Nbatt=Nbatt+Gbatt;
fitimeccc[n]=t+CCC;
n=n+1,
}
t=t+T;
simfuz2();
simfuz3();
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/*****************************/

/[Compute time which batt each group charge full
//Compute time batt charge stop
while(n!=13)
{ if((n==7)&& (t>fitimeccc[1] +4))
{ printf("Batt group 1 charge full at time %.2fh\n" t-T);
n=n+1,

}

if((n==8)& & (t>fitimeccc[ 2] +4))

{ printf("Batt group 2 charge full at time %.2fh\n" t-T);
i=1; //Index for batt charge full more than 10 batts
n=n+1,

}

if((n==9)& & (t>fitimeccc[ 3] +4))

{ printf("Batt group 3 charge full at time %.2fh\n" t-T);
n=n+1;

}

if(n==10)& & (t>fitimeccc[4] +4))

{  printf("Batt group 4 charge full at time %.2fn\n" t-T);
n=n+1;

}

if(n==11)& & (t>fitimeccc[5] +4))

{ printf("Batt group 5 charge full at time %.2fh\n" t-T);
n=n+1,

}

if(n==12)& & (t>fitimeccc[6] +4))

{ printf("Batt group 6 or al batts charge full at time %.2fh\n" t-T);
n=n+1,

}
if(n<=11)& & (Vpmax<10*Vstrfull))  //Batt group 5 charge not complete, Usually have to
142.5V but this point significance //53th rule of fuzzy algorithm
{ printf("Batt al group charge stop at time %.2fh\n" t);
n=13;

}
if(n==12)& & (Vpmax<Vt)) //Batt group 5 charge complete, Usually haveto 112.5V but
this point significance//54th rule of fuzzy algorithm
{ printf("Batt al group charge stop at time %.2fh\n" t);
n=13;
}

t=t+T;
simfuz2();

}

/*****************************/

/ICompute time for batt discharge energy to motor due to solar panel insufficient support
while((n==13)& & (i==1)) //Batt charge full more than 10 batts
{ if(Ipmax<15)//55th rule of fuzzy algorithm

{ printf("Batt discharge energy to motor at time %.2fh\n" t);
n=n+1,
}

t=t+T;
simfuz2();

}
getch();
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I
/IModel of solar insolation,PV array and MPPT
void simfuz2(void)
{ S=(940-(58*pow(t-4,2)))* (AREA/100); //Define for solar insolation
I ph=(5*np/1000)*S; //Define for photocurrent
I pmax=0.95*Iph; //Define for current at maximum power
Vpmax=(k* Temp* A*ns/q)*1og(((0.06/Irs)* (Iph/np))+1); //Define for voltage at maximum power

}

I
/ICompute requirement current on CV C for charge batt and supply DC motor

void simfuz3(void)

{ if(m==))

{ Ireg=latlstr*exp(-(t-fitimeccc[j]))+l str* (n-m);}

if(m==j+1)

{ Ireg=latlstr*exp(-(t-fitimeccc]j]))+I str* exp(-(t-fitimeccc[j]-(fitimeccclj +1]-fitimeccc
(i) +lstr*(n-m):}

if(m==j+2)

{ Ireg=latlstr*exp(-(t-fitimeccc]j]))+I str* exp(-(t-fitimeccc[j]-(fitimeccclj +1]-fitimeccc
[ID)+str*exp(-(t-fitimeccc[j]-(fitimececlj +2]-fitimeccc[j]))) +1str* (n-m);}

if(m==j+3)

{ Ireg=latlstr*exp(-(t-fitimeccc]j]))+I str* exp(-(t-fitimeccc[j]-(fitimecccj +1]-fitimeccc
[ID)+Istr*exp(-(t-fitimecce[j]-(fitimececj +2]-fitimeccc[]]))) + str* exp(-(t-fitimeccc|j] - (fitimeccc[ +3] -
fitimeccclj])))+Istr* (n-m);}

if(m==j+4)

{ Ireg=latlstr*exp(-(t-fitimeccc]j]))+I str* exp(-(t-fitimeccc[j]-(fitimecccj +1]-fitimeccc
[ID)+str*exp(-(t-fitimeccc[j]-(fitimececlj +2]-fitimeccc[]]))) +1 str* exp(-(t-fitimecec|j]-(fitimeccc[j +3] -
fitimeccclj])))+1 str* exp(-(t-fitimeccc[j]-(fitimeccclj +4]-fitimeccc[j]))) +1str* (n-m);}

//************************** END PROGRAM **************************//
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OPTIMIZATION OF POWER TRANSFER
IN A SOLAR ENERGY SYSTEM

S. SUJITIORN
P. PAO-LA-OR

School of Electrical Engineering, Suranaree University of Technology Nakhon Ratchasima,
Thailand 30000.

ABSTRACT This article presents an approach to maximize the transfer of power to al load
elements in a solar energy system. Transfer of power from the solar panel to batteries and motor
utilizes a maximum-power-point-tracker (MPPT) and a DC/DC converter. This converter operates on
optimum transformation ratios. Losses of the motor are minimized such that the energy fed to the load
is kept minimum.

1. INTRODUCTION

This article describes the optimization of power transfer in a solar energy system. The system
consists of 200 modules of solar or PV panels and 50 packs of lead-acid batteries supplying a motor
with a helical pump. This system has to withstand 24 hours of operation as, for instant, a blood
supplying system for a clinic in rural area, water circulation system for a resort in remote places, etc.
The batteries can be either source or load in the system, while solar panels are weather dependent
source. Both sources exhibit highly nonlinear characteristics. The structure of the system is shown in
fig.1. In order to maximally use the energy available from the PV panels, detailed consideration of the
power transfer throughout the system must be conducted.

DC st ‘\
L DC

MPPT

control

Fig. 1 Structure of a solar-energy system

It isalways said that the solar energy isfree. However, to convert it into a useful form of electricity
is very expensive. Moreover, the electrical characteristics of the PV panels are highly nonlinear as
described by [1-8]. These characteristics based on technical data from [8] are depicted in fig.2 and 3.
The maximum power point tracker or MPPT control plays an important role to track maximum power
available from the panels and lock them as instantaneous operating points. Those maximum power
points are aso shown in fig.2 and 3. The MPPT controller is usually implemented using
microprocessor technology. Its description can be found in [5,8].

Our work described herein is concerned with how to maximally transfer the available power from
the PV panel to feed the components on the right of the DC/DC converter (see fig.1). The converter
acts as an agent to maximize the power transfer via its operation under optimum transformation ratios.
These ratios are presented in the next section. Losses minimization for the motor coupled with pump is
described in the paper.
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Fig. 2 Power vs voltage characteristics of PV panels
(vary dueto solar insolation)

_ Prean

Fig. 3 Current vs voltage characteristics of PV panels
(vary dueto solar insolation)

2. DERIVATION OF THE TRANSFORMATION RATIO (D) FOR THE DC/DC
CONVERTER

The DC/DC converter acts as a power transferring device to the rest of the components of the
system. This converter operates according to precalculated transformation ratio (D). In terms of
electronic implementation of the device, this ratio can be referred to as firing delay factor of the
switching components. There are 3 modes of operation to consider, ie (1) the PV panels supply the
motor with helical pump directly, (2) the PV panels supply the battery banks under charging scheme,
and (3) the PV panels supply both battery banks and motor coupled with pump simultaneously. The
derivation of the ratio Ds must take into account the nonlinear characteristics of the panels, motor, and
batteries. To derive these ratios requires the knowledge of component's models. Due to the limited
space, the readers should refer to [1-8] for the PV panel model, [9-12] for the battery model, and [13-
16] for the motor model. The helica pump is considered a parabolic mechanical load [15]. The
summary of these derived ratios is what follows.

2.1 PV panels supply motor with helical pump
Running the motor and pump at steady flow is of our interest. During this operation the motor
voltage can be expressed by
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v. =R, +k,0 2" (B/k2)2+(4kb'a/k)§ (1)

where V. isthe motor armature voltage (V)
|, isthe armature current (A)
R, isthe armature resistance (Q)
ky isthe motor constant (V/rad/sec)
B isthe viscousfriction of the motor (N.m/rad/sec), and
k isthe pump constant (N-m/(rad/sec)?).

Providing the MPPT tracks the maximum power available from the PV panels (Pna), to maintain
this power to drive the motor one can state that

—_ Vt e IPmax (2)

From the Eq. (1) and (2), case (1) transformation ratio can be expressed by

D - kb B;B.'.l ng_'_ kaPmax L lomaRa =0 (3)
" Veme 2k 2\IkD H Dk D, Vora

Conventional numerical technique can be used to solved the Eq. (3) for thesolutions of the ratio.

2.2 PV panels supply battery banks

Charging the batteries during the day can be achieved by using solar energy available. In this case,
batteries are the PV panel's load. Even though batteries are nonlinear components, during charge time
their terminal characteristics can be approximated by

v, =V, R, O) @
where V}, isthe battery terminal voltage (V)
Vo isthebattery initial voltage for each charging rate (V)
Rt 1sthe equivalent internal resistance of the battery packs (Q), and
I, isthe charging current (A).
In asimilar manner to case (1), one can obtain the transformation ratio for case(2) as the following

O
D :} O VO + H:I VO + 4 PmaxRtot (5)
’ 2Ly, ax VPmax %

E Pmax
Again, to obtain numerical solutions for the ratio requires some computing based on conventional
numerical procedures.

Pm

2.3 PV panels supply both batteries and motor coupled with pump

More complication is added to the problem of transformation ratio derivation when the PV panels
have to supply both batteries and motor. Regarding to this, the currents are drawn from the panels to
drive the motor and charge the batteries as can be seen from the Eq. (6) for the formulation of
transformation ratio.
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Dh: \]t - Vb - IPmax (6)
P max VPmax Ia + Ib

In asimilar manner to the above two cases, one can derive the Eq. (7) for the transformation ratio
of this case. The numerical results are plotted against various levels of solar insolation as shown in
fig.4. When insolation is below 150 w/m?, one have to adopt the transformation ratios obtained for
either case (1) or case (2) corresponding to real situation.

k ] maxRo D ZV max+D \ Lo D ZV ; +D V kB (7)
_b E a+4kb P tot h P h 0 Ra Pmax " tot h "Pmax h 0 DhVPmaX b =0
2 D, kR, D,R 2%

ot h™ "tot

oy mm o, o

Fig. 4 Case (3) transformation ratio vs solar insolation

In terms of implementation, a microcontroller is required to choose the corresponding mode of
operation based on current solar insolation. The ratio Ds should be computed off-line.

3. LOSSESMINIMIZATION INMOTOR

Since the current from the PV panelsis expensive, driving the motor must be safely conducted. One
effective strategy is to minimize possible losses in the motor. In practice, this motor coupled with a
helical pump is driven at constant field, constant motor current and voltage to meet the flow-rate
requirement. The discussion of technology to implement this is omitted in the paper. It is of interest
here to investigate how to drive the motor at minimum losses to save available power generated by the
PV panels. Hence, the electrical power can be equated by

Pin=Vila=Pou + Pz (8)

where Py stands for motor losses. The composition of the losses is armature losses, field winding
losses, core losses, brush losses, friction and windage losses, and stray losses. Details for these loss
terms can be found in [16-18]. The previous work [4] omitted the core-loss terms, while [15] employed
field control. The work [17] utilizes filtering concepts. In our work, the minimum principle (dP,/dl, =
0) is applied to derive an expression for motor current that guarantees minimum losses under fixed
filed operation. Based on P, of the Eq. (8), one can obtain the Eq. (9)

3k l_laRa Ra 2|;Ra+2+2 sztla I_IaRa Ra WVI I_IaRa :0 (9)
Ky Ky O Ky Ky w; Ky
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where 1, isthe feeding current (A) to the motor underminimized losses condition
fw isthe coefficient of the friction and windage, and
o), isnominal speed of motor (rad/sec).

According to our motor characteristics, the current is 12.50 A compared to 13.25 A of the conventional
drive (without losses minimization).

4. CONCLUSIONS

This research contributes mainly to the design and development of an energy-saving controller of
supervisory type. Due to the limited space, the design, implementation, and test results of this
controller cannot be presented herein. Briefly, this controller has been implemented on a single-board
with C codesto operate in real-time. This paper presents analytical details to obtain realizable functions
embedded in such a controller. These consist of optimum transformation ratios and the motor current
level to attain minimum motor |osses.
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Simulation of a Solar Energy System
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ABSTRACT - This article reports our developed simulation program for a solar
energy system. The mathematical models of various components are described. These
include solar cells, batteries, motor, and helical pump. The motor and pump isa coupled
load. Solar cells are weather dependent sources. Batteries act in two modes of ether
sources or loads. Due to the component's nonlinearity and insolation characteristic, the
simulation program is necessary and useful for energy studiesin such a system.
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________________________ 1
Batt string n charge start at A
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POWER TRANSFER OPTIMIZATION FOR A SOLAR PANEL

SYSTEM

Abstract

This article presents research results in the optimization of power transfer in a solar energy system.
Nonlinear characteristics of solar panels, batteries, and motor coupled with pump are taken into account.
The transformation ratios for dc/dc converter are derived to achieve the maximum power transfer. Loss

minimization for the motor is conducted to obtain the optimum driving current.

QU )
unneee
X, a v Al dJ o v [ a d oA
‘u*nﬂ3mﬁu1!msawmmmﬂé’fmm‘mawm"lummidwiaummmﬂmzuuwmemumamm NMIAUUU

Y o R R v way 1 A Y ¢ a d ~ J g ¢
ami)zﬂam1mmanymzaunm"lmﬂmmmummumwaaumammm HUAUNDY !!ﬁ%N@!ﬂ@ﬁﬂf’)ﬂ’JUﬂNW

a 1 S| a do 1 o aa as d ¢ A Y a '
ﬂﬁW‘i]ﬁt]ﬂ!!“lNﬂﬂﬂ!ﬂuﬂﬁ’J!ﬂ§1$°ﬁ€)ﬂi1i;T’J‘MiﬂimJﬂQWadﬂuﬂlﬂﬂﬂ“”/ﬂ“ﬂﬂﬂu!’mimﬂi !Wﬂnlﬁ!ﬂﬂﬂ1iﬂ1ﬂ

a

o w a dou [y 1 a c’;
ToumaanuIdgaga nazmsdmngrisnnnszuatunemesluanzivzidansgudalunemesdmnga
o
YN
By o o A J o w o o A ' A
Phgiu szvundnuuaseriag Madldsuann  wasounaunuiiaulandumasous m3ldung
' P v ¢ A s A IR Y YN YY 1
aulaodraunnludumsoysnindenn ewnn  aduaseIiaddedes ]l laduainenisaanu
o { 1 1] I Aa o § o 3y
wasau Ideglugwasau i lneass vaziilu uddenduaueluunanuil auls
o ~ £ ' A o A oA A wa ]
wasnuiazern Teemwizdszmalnedeglugl  szuuwdsnuudseiadnannsolfiiamsla 24
Ay vo A J1 9 A S a2 & A @ v L 4 o
man Idsuuasoriadnoudensiaasanst Juily  lue edszTemidensldanluiuinsiuais
A 0 A A ° o A < P Ao o ~ o o A £ 9
HaARENBINIs I INAINUIa g IFn uwe N9 uilu Tasliesndsznouuaaidagln 1 Fades
wasuaemasndnyaems I lihein msz e FeuNaI9IeNAINUTIUIUNIN  HHATATLA

v s Ay A g o A o ' o 42 o
GlWLﬂWG]V!WV].lNL‘ﬂuLGHQLﬁu WuLLﬂi‘lﬂﬁmIﬂaﬂ ﬂqﬂ@ﬂlﬂu!,iwaQWﬁﬂﬂquﬂmuﬂUaﬂWWGWﬂqﬁ

A3

a A a J a o
Ysmamasiinsznunazguugiluaamneden  Usznoudlumaduaseiiadiiiua 200 luga

Y

v ' ' '
weNINITY  aszaANSa A azIIINe ua  uuameIazn-nsa HuldNanradn1enaaany

= o I a ' o Ao wany 1 a 9
Lummﬂ“lui‘]%quuumwaauﬁmmﬂmﬁmmm ’dﬁmuaﬂwaﬂwnaﬂymzﬁnum"luLﬂuwuﬁu



Fa
o % o
fuianua 50 gn wewwes IWihnszuaasauuiag
o \ &

2.5 hp wioutlutivioalva (helical pump) (HuTnan
9 Y Y o a Jd Y
wionldau mylsnuunusaduaionadodagy
AR DITINIYANIVANAIYT DR 1AIIUTIGA

=

a oA J J 4
(MPPT control) a2 A%Y/A% ABULIBIADT !ﬁﬂiﬁ)

=2 A 1

1 Ea
faalwiheeningega FuSenszunuiingzuy
@ a Jd av dya Y
NAINULAIINAS NUIVeRNITUTLVV RTINS
T¥wasnuediuningauiga (optimization) 420
AMINA1IDIT1BALIBIAMTHIABATIA UM A

A ° ' o w 4
nagiltaunsoneTousdsnueidyaainung
4 a 79 Y Y o
aauaeeInad 19 lagega  uaziinsaamsqay
A o o ' s A Y ¥ o
iFohdenuaen veuemes el ldssuunas

a (d'd a a a 9 @
Nuueaseagnilszaniangaluranmislends

QU
)
DC 51 ‘\
L DC ‘
MPPT
— control

a [ a d
ETJTI 1 33VUNAINUHUAIDINAEY

MINIUANMNIBYNNINUGIGA

N L AR R TR R ARSI RIIE R AUITECE
s ' VoA o w
nIzuMoIANaT9nIan  uagan Iis g
d' 9 1 a A ' = o w
AANANMINLEIANG  WNBUAYAASD DAY
gagaamnsonm lannanuduiusvesnszuauas
o s a 7 o a
USIAUVDIURAFAAUEIDINAY Aeaumsn (1) Tag
WHARIAIANUAIUMUVUIUTOIAD p-n 11BN
=\ ] 9 d’l £ o
nvmalvan  vazanudumuluitioansnd

o & A Ay
UULASYALFDUADIUDIVINUATUDYNIN [1]

O qV O
l=n]l,-n I,S@xp%%lm (M
PP P 0 TAI’]S 0

158

9 1, Ao nazualla (A)

'
A a

I_fio nszuddudfoundu (A)

Rk

9 11 Tuganaevuuny

>

=

E D D D 3

o SUAdNAveYNIUAY

s

o Alszydianasou (1.6x10"° C)

'
1 ~

9 AAaN Tuansuul (1.38x10 7 J/K)

1w

2 MAUZNOVUDITREAD p-n

4 » = .o
3

a 4
anguIoIEan (K)

[«)]
Pl

NNFUMSN (1) MUIUMIANMY (P)

]
v v oA

9 o ¢ X~ o Y 1o
LLﬁ’J“I’HfJ‘I{WL!‘ﬁ UAUNKUUNIUNY V Iﬂﬂiﬂm1ﬂ'ﬂ

=

o 3 v o { 4
qud (dP/dV =0) ¥avz lawadnsasaumsi (2) tile
A v o ya o w
v, fe ussauihldinadidenugega aunse

udauns 1dTaeldsdwnandduay Fniillg

mImimsaenugga (P ) o'l

max-

% U] \ 1 +1 @)
P Max 1 @(p P Max ph 1S
TAn s D ETAH s % Iph

Hrnune gamsihauvesinaneg

' = 4 a o o w

R TN L TG AR ML A SR R RIS
o Mg A o O o

Fom It Iddse Teani liwun  duiuddeserdona

Tnnsausesfiidenugaga (Maximum Power
. @ Y 4

Point Tracker MPPT) Tﬂwanmmmqﬂﬂim

MPPT azdams limas ihedwavesunasad

o Y

A ¢ 1A o
HANPINAGOYNILAUFIGATOANADIN LAY L

A 2 o 9 d‘ &
naead luvaztiu AaaInezili 2 nay 3 &9
iWumsuaasanuduiusszrnamaad i us
o A v o A Ja
¢y aznszuan ldannraduaeInadianua 200
Tuga Aundsldaruarmduuaeering

(insolation, S)



51 2 andniussennaussdufumasvivh

VOWH AT AAUAIDINAE

L, el

51 3 anudniussennaussduiunszualulih

VOWH AT AAUAIDINAE

mMImmonaaIumsuias

A1n0AY MPPT azihaundug lliu A%/A% aou
¢ s X o v Vo '

o3BT FIN1nuAIeAdaTIdIuMIlas D

(transformation ratio) MU AUAVANIIZAT

Manveaanasnuaz Ivan  Tagazulanms

@

a ' < = d"
WTUIAT D aamﬂu 3N AU

J a dir % y I
UHAUTaalaa01nMned 'IEIWZNQ"IHIWEIW?\??%MH

d
Nomos (D,)
Aa dyd
1Jﬂm’aéﬂl%lﬁmim’c’fmwwmﬁmﬂuummmmﬂu
Y a o ' £ qu v o
Llﬂﬂﬂﬁ%GJUWﬂﬂLLEJﬂﬁ’Ju “If\isl"lﬁ"mﬂ?ﬂﬂ"li‘lli‘ﬂlﬁﬂ

o s 'z a Y 2 Ao A
ﬂuﬂﬁlllﬁ]@iiﬂﬂllﬂ’l"lllﬁ]ll’du"IlIWllIWﬂﬂ Tﬂ‘c’]‘l/l

159

ANIZAIGITIFUNA U 19D3 YDANDINDT
A o o 2 1A ~ & Vo 3
dioduilinives Tisiitiussdaiuegiuanusives
womes nanfe T, = k¥ [2] uaaslddeauns
1)

N 2 ad
\/t :Rala +ka B/k+ (B/k) +(4kb|a/k)|:| (3)

H 2 H

A A o v s s s
$\13] V[ D UINAUNNATUDITINLIIDTUDINDIANDT
V)

= J J
I A9 NITUADITINNDT (A)

)3

J J
R, fio Armdumueisnees (Q)

]
1 ~

k, A9 AANN (V/rad/sec)

P

P3

a

B Ao Fanoansaruusiusines
(N.m/rad/sec)

k A9 AnanUealuw (N-m/(rad/sec)’)

4 a g o @
fumugaduaso1iadviofiasliiig
A 9 o < as Aan o
qa (P ) wWoldluvemesiiu A%/AT aoues
o ~ % 4 ' ~
995 22 1daumn @) Fudeunua luaumsn 3)
4 % (IR~ a
aldaumsn 5) dalidlugaudy awsoudlae
Yyad o a o :z, o 1 I
1A wansednay vindnhin D Tiuwdean
= [ 9 [ 9 A £ =
swhiisunuanudunas Auaasdiegli 4 49 @
| 4 o dd’ld
Az asunosnes lunsdithiuuny buck/boost
A 9 ° 1 2 [~
converter 1AgNANVTNUFAIRINIT 150 w/m® i) 1
buck converter FINNIBANVINTEUAN IADINLA

g A dage a " A Yo v A
L“IfflﬁLL?N't‘)"l‘ﬂﬁ‘(’JiJGﬂLﬂHﬂ'J"mGl‘]fEU“UIWﬁﬂIlﬂ NIUN

=<

9
= 3| a
mmﬁfmlmqaﬂ'nu converter WUWHA boost %

vedenszuan Ianumasaduaiindlgunu

Ay )
Neeemsvy ITvaa
VAR 4
D =t = emx (4)
m
VPmaX Ia
Dm_ I(b H;B_'_} gg_'_ bIPmax I IPmaxRa =0 (5)
VPmax %% 2 |:| Dmk DmVPmax



31# 4 a1 D, lunsazamdunas

A' 9 1 1 d?’ a
e li¥IAT D 110U WNIREIMONLS
HadanoanTadu (viscous friction BW) ¥94
s A Ay v o A o
POINDT 1919991nNAT0Y [3] A9l UNENIIZAIAD

@ 9 o o o Y o

HTIAUNNAIUDIT DS VB INDIARS LA lAda ey
M3 (6) unuaraumsn @) lu 6) azldaumsn
(7 ¥ D nlanamIndiResiuiionasaumen

usadadaneansavulunoudu

V, =R, + (k, )1, /k (6)
D 3 _ Ral Pmax ) — (kblis) IPmax =0 7
" V AAY/ k

Pmax Pmax

Jd A U % 7
UW\“W@ZTUZTQ?)7Wﬂﬂﬂ7ﬂWﬁQQ7uiﬂﬂﬂ53?ﬁﬂﬂ
A
HUMMUANO T (Db)
A o E0 = Y
nuamesagn-nsauiinziinngn mlddelu
1A o wa ° AN 1 a
Uszma uandanvazauiansinaui lidhes
k) 1 g/’ o a 4 A
duegnannialuvazmsaazaamnss mediely
MINDTUIMNIAT D, AUNTUTIAUVDIUAINDS
4 a [ vAa o a 9
Y3y dznnsandnyazaviahusady [4]
Faaaalddsaumsa (8) msmiaAr D, Ndnwue
miloulunsdidy s lddsaumsi (9) udnien
o I = o F)
D, nmsdwahinwasansliisusvaudy
M P A 2R Aas as s s
uae AanaaIRlegli 5 ¥3a5/AT aounesimes lu

v
I
n31T11T1U1111 buck converter

160

v, = vy +(R

tot Ijb) (8)
4 a v 4 i
eV, A9 UIIaUNUIUeILUames (V)
A v A g A '
Vv, A9 UFIAUSTUAUVOUUAN DT IUuAY
% 4 a A o A
DATINITYITY (V) (WITUINLLIIAULTY
1 AA v o I A
dulusantanuduiusiludadn)
R, Ao Anudumumelusiy Q)

1

A A o A
I, A9 NTTUANWTIUAADT (A)

D :}g VO + H:I VO +4|PmaxRtot % )
’ 2 EV ax VPmax %

E Pmax Pm:

e

~ ' v v
E‘I.I‘VI 5 Dﬂmmazmmwmma

v

d a d1 % Y v d
AN aalaa011M0ned ”IEIWZN\HH?TWNJJE)JWEW

uazuumna3 (D,)

A 1 a g =
QWUVIﬂﬁWﬂ{(]lﬂﬂ@u [5] wmimmamaigﬂmwm

! ' v Ea
ANUMUNIUFIMITINA DU U VHVAIADT N 11T

v
a g

ua 1IN TUINOADT AUV VT 109N
A 7 Y} ' o A '
AalaransNgnaes [6] lasAwssaunannion

Y 24

POINBSLAZIUANBI VXA UMY Fumiuasa

'
v A

s A J a ' ~
ﬂumsmwaaumammwaﬂ‘lﬁ' TAIUNTTLANLN
% A ¢ a Y A 1w =Hq 9
L%ﬁﬁllﬁ\iE]Tﬂ@]EJNﬁ@]llﬂﬁwuﬂ']Wl']ﬂ‘]Jﬂi%LLﬁ‘Vli“]fslu

o s o dqy o )
ﬂ"lisll‘Ulli’Jmf’Jﬁi’JiJﬂ‘iJVli"lf‘]i"lﬁ]LL‘]_lﬂmﬂi PANUU D1
s A d1 o w A 9o
umwaaummmﬁmwmm'lmlﬂwqqqmwaglwu

yowesuazaeliuuamesiiy A%AT asues



Y

w5 dasrdumsuias D, oWAAUMTRIITAN
I@dsaums (10) LL‘I/luﬂlelmiﬂ 3) uag () 1u
10) algaumsn (1) dalihuFadu a D, i
A ldgmir lwdeanswlilsusuanuduuas
fauansdogili 6 ¥95F/A% aounesiaes Tunsdl
dyd = ° 1
iy buck converter Tasfinrundunasiini
150 wim® g lyaunsamar D, 14 ifleaninumg

4 a o 1A o [ = d' [
[y uaae1nag 1 is1asuieanenazae

' F '

wewosazuuameInouiu duiuiaNutuaa

° U U dy Y A a J v J
A1n1A1H Aeudenna1su119e 1FurIsanLE
a d o 1 1 % 1 3 A
oadvu Ivanedralasdranitannin lunsdin

9 1 < @ " v
ﬂ’J"IllHJiJLLﬁQ’O’OHlﬂf‘lf‘lﬁT’l]*U‘]JT‘HﬁﬂlliJllﬂmﬂ

D = Vi — V% — Temax (10)
" +
Vemax  Vemax LT,
2
R —D.°V +D V,
pMax ™ tot h Y Pmax hv0
thRtot
. ~D, 2y +D V,
pmax R P Max h'0
D Rlot
b —_
Dy, Vi max 0
2
(11

317 6 M D, Tunsiazaandumas

161

aa d o (Y] =
nisiflug drdsnugapaaly

UOINDS

A o w Ay v s A Ja
11199910818991UN 1d 1nuNIsas a1 Nag N
a o w Y o o

Usadna nmsvulvaavomesssdealisuleds
msdsgndandsay luauddediulvg s

a 2 o w = J 1A J
wmimmqmawmqqmﬂummm%z”lmw%laﬂ

Ay o o Aao "y T a oA
UATUBDINIMNIANTUNNNABDYLIA D ﬂ15ﬂ1ﬂ1/\|ﬁﬂ1/]
Y

b}

A o w £ g
Lﬁﬂﬂ1a3\11uu1ﬂ5‘]uﬂqﬂ

<]

1 Ay A A o 9 I3 Awv
e luuIveil mmmuﬂumwmﬂaﬂmuwm

A A 7 7 &
LUBNITINWITTIUIADIA NS UDIUDIADT [6] L']J“L!

A v

annznilaanng

Nanzadd Masuvedlvaauaasld
% d' d! = Al Y o o
FaaNnIN (12) FeANNINUMEINUVIDDNUD

llf]!.@]ﬁ]i ® ) mumawmmmwmmmm P,)

out

A 1

%leﬂ111/]WﬂUﬁWﬁQ\ﬂu"lﬂﬂﬂﬂﬂlﬂ\U\l@m@ﬁi’]llﬂ“]J

9
A o

o ¢ o
MANNUFUTITNUUAVDIUDINDT (Pz) Llﬁﬂﬂqﬁ)ﬂﬂ

~1LRa (12)
Ky

Pm = VtIa = Pout+ Pz (13)

quNIN (13)

P =T, w=kw’ =k

%1 Py dsznoulifine Masnugadelu

=

4 o o w
UYAAINDITINIIDT (armature losses), NMANIUFUITY

a o o w
luvaalatlan (field winding losses), NAINIUYN

g

a

1@ 11011)5981% (brush losses), MANUGYFOANT
o o a A A

(stray losses), MasUgadoIiaaInANLHauaz

TERERITatY (friction and windage losses) pazn1ag

2 <
muqtgmaﬁluuﬂumaﬂ (core losses)

Tag armature losses = IazRa (14)

2

field winding losses =LR, (15)



brush losses [7] ~ =2I_ (16)

stray losses HAUNIAY 0.5% VOINAINIU

Ao o [ I ' <3|
WNa (P) MUILUBINDTNUMIYALTY uavzttu 1%
'E

& A '
lunsainotmesnuumsyave [8] lunilay

a " g PRy o &
‘WflnimTJ““lJull@lﬁﬂﬁﬂllﬂ1i°]5ﬂL”]fﬂ PNUU

stray losses =05%P, amn

friction and windage losses = fw.P, . E(’o é
n
=fwV. I, BV, -1LR. H (18)
o} K,
2 A '

@ a o A
¥ fw A mMavilszansvesanuraay

=t

ussdauinna Taslunalfiia 0.02 < fw < 0.05

d'dy a =S 1 -7
[2] Tuntagnsa fw YAWIHNU 0.05

—. wf wl
Phn | 2 + Pen I
(‘on fn n'fn

9 P, uag P Aam hysteresis g eddy

core losses

current losses NNANINE1RY Tag hysteresis losses
A " e A
IMUszuIae 5 % Vo9 core losses U [9] 11D

v Y '
vnlunidumstloutladifuiiianiiaaen 3914

v
I=1, A9

W,

n

corelosses=ﬁ|:f‘/t‘|aRa P;mFM"aRa (19)
H k B« k

aov dgl Ya 1 1 =
Gluﬂu:ﬁmu IlﬂWinﬁilﬂ'ﬂﬂW core losses U

" ' ~
Moo unum P, uag Py adluaumsi (13)

uazdtinsmiamiiiasuyudigega  Tagnsn

'
~

o Jdo o £ A o Y qY 1o s
ﬂiéwuﬁ@uﬂﬂﬂﬂu%ﬂﬂﬂﬂﬂ Ia Lla’Jﬁle'lﬂUﬂL!ﬂ

(dP, /1, =0) ¥a9z lawadnsaaaunish (20)

162

*
—I R *
3k@,‘ — “HF2I R, +2
kb kb
* * (20)
2
wn kb kb
*
_i_E'wVt VLR H
?
wn kb
A A 7 s o q ¥ a
e | A NszUde1s TN 1ina

o w

818990V 10 INBIABS gagalo o1 miA

2
s J % 1o

Nugdsae o veawewes lag || azTuagium
T = 1 3 4 ) dq/ 4 d'
V, 0810Rg WM 1189915 Tlne3 @10, A9
= = ~ v o o
vina 3ui 7 fumsnlSeufiouanuduiug
FEUINUIIFUUASNTEUTDTF UIDOS YDINDINDT

A~ a aa o =Y
Welinmsnnisanmsii ludmdsnugaydonas
{ o = A 8 o I o
wedluiinsfionsan Ferdunamuinnusdu
2 s A o e ' P s A
915101905 AUALITUTY  AINTTUADITINIBT D
a aa do o = a0 Y 1
Ansamsin ludmaanugydeziianiesni

A oy s a
mam”lmmswmimw

d' = v o d \
31U 7 wamsnlSeueunnuauius sz nI1ans
o ¢ ¢ ¢ A~

UUAZNITZUADISINIDDSVDINBINDS 1NDIMS

Ansanmsiit ludmdsnugade



a3l
d’l o A Al
unanui Id i uauedoyaiiiulse Tominens
o @ a J = a a
Wannszuundsnuuaseiad 1vdszanian
a Y o ' A o =
galudanisldndany  drusnmivaueiums
Janeaeandiumsuias (D) Mmzauiga
s o ° A AaA s s &
FMTUMIMNUVIAT/AT AoUNeTIAes Felag
I ' ' A
Taseadraszdouilu buck/boost A1 D @1 @
v o Ju Y a < o YA o oo
dgusiusnuanuduuasoindazirlydnesedy
o ? a Ia
AUANNITINUYRIRUnIsiaInTFInelunoy
s s ' A Y = Aaa
nesiaes luaunaelduanisivazidean sl
o o a Px YIRS A
lugidsnugadelusemesaoniuilnith e
W19AIINTZUATUNOIARS Iz aufiga A3
9 9
Auiiuauaiuizdeanszindusiensaivudy
4 a [~ a
Tnanvewmasasuasoadinsizszuy T
Y ' Y a Pz v Y o Aa
Wy nelinalse Tewi luduns ldnasauni

' ¥ 1A
’E'an\iﬂllﬂnlcﬂqﬂ

Pannssndszmea

YovoUAM VHIIMNaumMa Tulaggsuisdmiunu
@ av 4 4 a J
ATVAYUMIINY 1AZFUIIATOININNMAATIAL
malulad wininedoma lulaggius N8I

Y A A A
ﬂ')"lllﬁgﬂ'lfﬁ/n\iﬂWHLﬂiﬂﬂll@LLﬁgﬁﬂTuﬂGLUﬂTi

1PNA15919949

[1] K.H.Hussein, I.Muta, T.Hoshino, and
M.Osakada, "Maximum Photovoltaic Power
Tracking : an algorithm for rapidly changing
atmospheric condition", [EE Proc-Gener.
Transm. Distrib,, Vol. 142, No. 1, pp.59-64,
January 1995.

[2] Y.Yao and R.S.Ramshaw, "Optimized dc motor
output in a photovoltaic system", Can.J.Elect. &

Comp.Eng., Vol.20, No.2, pp.79-84,1995.

163

[3] M.M. Saied, A.A.Hanafy, M.A.EI-Gabaly,
Y.A.Safar, M.G.Jaboori, KH.A.Yamin,and
A.M.Sharaf, "Optimal design parameters for a
PV array coupled to a dc motor via a dc-dc
transformer", IEEE Transactions on  Energy
Conversion, Vol.6, No.4, pp.593-598, December
1991.

[4] J.Applebaum, "The Quality of Load Matching in
a Direct-Coupling Photovoltaic System", /EEE
Transactions on Energy Conversion, Vol.EC-2,
No.4, pp.534-541, December 1988.

[5] Z.Zinger and A.Braunstein, "Dynamic matching
of a solar-electrical (photovoltaic) system an
estimation of the minimum requirements on the
matching system", IEEE Transactions on Power
Apparatus and systems, Vol.PAS-100, No.3,
pp.1189-1192, March 1981.

[6] C.D.Sousa and K.Bose, "A fuzzy set theory
based control of a phase-controlled converter dc
machine drive", IEEE Transactions on Industry
Application, Vol.30, No.l, pp.34-44,
January/February 1994.

[7]1 S.J.Chapman, Electric machinery fundamentals,
2nd ed., McGraw-Hill, 1991.

[8] N.Margaris, T.Goutas, Z.Doulgeri, and
A.Paschali, "Loss Minimization in DC Drives",
IEEE Transactions on Industrial Electronics,
Vol.38, No.5, pp.328-336, October 1991.

[9] M.Hippner, H.Yamada, and T.Miauno, "Iron

Loss Analysis in Linear dc Motor", IEEE

Transactions on Magnetics, Vol.35, No.5,

pp-3715-3717, September 1999.



164

[ d
m5aammmzuuwmamummﬁﬂﬂ

< ' a A
WA 1H1AZ0D |, 431791 gaADT

[ Ao 4
' A¥1e798 , C 5e9ranI1nngd

e

a a o w A a 4
amnIennssu i dnindndmnssumans
wriIneama Tu Tadgsuts 0.14e3 9.uATIIFNT 30000

TN3: (044)224400-1 E-mail: padej@ccs.sut.ac.th

o
NN
9. A dugy S T A I~ o A d oo
UszimetInsaglugiman lasunaserindneudnens aaoansdl Juiluwafiodnganaziimes
a ¢ & o o = Y 4 @ a 49 9 o
Nunnuaead Fudlundsnunazoramnldlselem mswlamdsnuannauasenadlidlundsanu
T erdoraduaseriindioglugdvesmusaduaoring Tasunusaduasorindianyarmsldau
o 9 S Ay g A g o a = a
Tidwenin mselhoranan lidwdadn dunldsldawIvan Jsmamasinsznuuazguvgiluanin
9 ;’,’ o A a a ° VA LY J a o ~
wiagen wenNtiu Hilsza@nimmdwazinune uaioannluilagpiiuumaraduasernadiluiies
A . y A o (& y 4 S v o
madenifer dmsumsudaandenunaseriad luidundsau T uive 1915z Towd datu msldaumm
J a  d=R 9 Y T
(FAALEIDINATIIADIANABNTAIN Y

Aawv d' o dy [ a o’d‘ a va k2 M d‘
nuvenitave luunanui Z‘T”Llsli]53“]J‘]J‘Wﬁ\NTHLLEN@TVW]El‘l/l’(."'fﬁﬂiﬂﬂi]‘ﬂﬁﬂ?ihlﬂ 24 "lf'JIlN WD

=

P v & o Ao ' ~ o A A '3 a
ﬂiﬂﬂ%uﬁ6ﬂ151%01u1uwuwniﬂuﬂ13‘Vlin!,ﬂu HU ADIUNIIVIE dDI1UDUINY NVIVUHANITURNIRU
A ] o Vo ~ ' A o Py ' o & oA A Y A
HIDLUNTENUUNAINDUNYINTNYNYTUA N fﬂﬁ'ﬂﬁ]gﬂﬁigjﬁi}ﬂﬁgﬁﬂﬂﬂﬂﬂﬁ1j mgﬂuaﬂnmmmmu

' ) o Y 1 s A < { a ] o ' o o
l!wa\iWEN\ﬂHﬁ'1§ﬂ\ﬂﬂl!ﬂLLW\?!‘]ﬂﬁﬁLlﬁ\?@’]ﬂﬂfJ LﬁﬂWTl’]ﬁﬂﬂﬁ\iﬂ']’]iJ@]@\?ﬂ’]ﬁ"11@\155‘U‘]Jﬂ\1ﬂﬁ’13ﬁ1“§ﬂ1]§$ﬂ/]ﬁ

o v w Y

' o A A 3 ~ s R o '
Masiaud) urasmasuiuuyetetazimgn aulluuuaneisooud Fandesseniuluniugen
9 o [ @ wa A [ a 9 1 A 9 1 @ A
Aumsigesne wagdnvazauian biduFaduedrannvewuanes 1nmslurnamdenuingy
s a o A = v o ' =2 A e o A o
URIEAALEIDINAIAZIANDT B IUTZUUIRGINUAINGTY TUTONTZUUTUTNTZUUNAIIULAIDINAG
& s S \ ! o ! o W 1 &  a
Tasi Tnaaluvomesuaziunveslas msnvzimnudilali ldasainanaiavesszuun lidhaga
1 dy:: [ o a 4 d dy
Wuruiitiu asdesordoanuinedunuuiraemundamansvesginiainieg luszuy unanuiivs
Y a ° A YR~/ o ~ 9 ' A 1 ] °
lanantsiazideanuuiiaesisonruiuduszuuaegli 1 wenszymmimosane Inawisoh
k4 4 o 1 a o 4
TFszTomilaTasase o1 ldgmsesuredenszuaumslumsesnuuusmiuueumasaduag

a A4 o a < Ao 1% o o
DINAULATHLUAND T NNDINNIEVDITEUUNAINTULAIDINAY Tﬂﬂll’«]@f!ﬂigﬁﬂﬂﬂluﬂTﬁ'ﬂig‘HﬂﬂWﬂQﬂWH Hag

[ A o as a A a @
UlﬁiﬁJ']JWEN\ﬂULL?NE]WWIEJ anﬁzﬁmquwmmﬂ%'wawm

o a Jd
HUUADINNNAUAATITANT
o A da @ o & ¢ Yy g < "
ﬁZUUWﬁ\NWH!LﬁQﬁ]1°ﬂ@lﬂllﬂ\‘1ﬂ1_]§$ﬂﬂﬂﬂﬂ§]1]‘ﬂ 1 YBIDIVUIA 2.5 hp wienilunnos lvailulvan
Ay a9 & 2 9 o "o o o v ¢ o oAl
NaoalFaunaoa 24 ¥ 109 FIA0I0IFHELHAIDIINAIIUIIUIUNN UTLAOUAIBUAITAALFIDINAINVY

o & v = < o Y A g Y s a
AUTNINDINIA LLaz!L‘U@]L@‘Iﬁ]3@Zﬂ?-ﬂiﬂcﬁﬁ1“U1Qmm3ﬂﬁ]%ﬂ1ﬂu1ﬂlﬂu1ﬂﬁﬂ fﬂi1%Q1ULLWQ!%ﬁaL!ﬁ\1@1WS§]ﬂ



165

=

[ Y 4 £ o w a2 A 4 s A v ¥
BYNANAINDININIYAAIUANNINITDINIANNTUGIGA (MPPT control) L8 A%/AY ADULIDILADT LW?JGlW“lﬂ

fdeliliheenuigegadmsuldlse Toand

DC Sl‘\
L DC ‘
MPPT
—— control

= Y a @
sUf 1 szvunaeanuaseInag

U

o a o o a 4 a Jd
HUUDINNAUAFTATUDILNUF AU TIDINAY ﬁﬂ‘]&l1”lé,]}i]Tﬂ’Nﬁ]iﬁlly'd“ﬂﬂﬂl“ﬁﬁm!’ﬁﬂﬂ1ﬂﬁﬂ [4]

=

2 ~ Aa 9 1 = [ Y dy &£
%Qllﬁﬂﬂqﬂﬂﬁgﬂ‘ﬂ 2 ﬂﬂ@]ﬂ’ﬂn@nu‘ﬂWH"Uu1uiﬂﬂﬁ@ pn (Rsh) %%Nﬂﬂﬂiyiﬂﬂ uazmmmumu“lmuamﬁm
o o 4 ' A o a s v o
mwmzwx%ma (Rs) ﬁ]mmﬂgjﬂmﬂﬂ UUUDINWNAUANTATNUTAIANVUTUNUTUDINTSLUTLUATLIT

o s A JR A Yo A
AUUVDILNIUHEAALTIDINAY ﬁ]\iﬁ]‘ﬁ]ullf’fﬂﬂllﬂﬂﬂﬁllﬂ"ﬁﬂ (1)

a g A o
gﬂ‘ﬂ 2 NITAUYAVDUFAALUTIDINAY

O qV O (1)
Il=nl_—-nl ?Xgi 1
P prs|:| P kl“ns% O

¥ 1, Ao nazualla (A)

'
a

1_flo nszuddudIfoundu (A)

P

8 11U Tuganasyuuny

)Y

n
p

o sa o
R mu’mwaaﬁmmgﬂiuﬂu

=

D D) 2D DD

s

o Alszydianason (1.6x10"° C)
' d' 4 4 23
o A Tuangunul (1.38x10™ I/K)

1w

0 A1A2U52NOUVOITOUAD p-n

=4 > = .o

mo))
[«]
Plo)

a J
UNQUIAEaR (K)

v o Y s a o ~ 7 & Y 7
magaiumsmaawa Gl‘BLLNQL“’Iiﬁﬁllﬁ\i’ﬂ?ﬂﬁﬂﬂlﬂ\icﬁmUC‘T SP-75W [5] Tuﬂawmﬂiznaummmaa

3 0 @ J a d @ Y
MNUA 36 LFAAADDYNTUNU A lmesa 9 Aatl



166

- AU 1000 W/mz(peak power)

- gl 25°C (298 K); A=1.2

- delldhiisa 75 W nszuanng 4.4 A
- USIUNAR 14-17 Vi1 =48 A

- U5 UHYUSTAI9RT 21.7 V;R=0Q

~ s A @ P A A 4 ¢ A @
NITUUNIUEAALTIDINAY SP-75W U A1 IIS:36 VYUSN anI NFUNITN (1) Lﬁﬂllﬂ\u“ﬁaallﬁ\jﬂjcﬂﬁﬂ

™= o PR aq ¥ a g a ¢ A v
Illllli'ﬂﬁﬂ ﬂ1u3mb1ﬂ31 Ir§=15619E'8 A Tﬂﬂﬁllllﬁblﬁqmﬂ{]lﬂ]ﬂ\ncﬁaallﬁ\jﬂﬂlw‘ﬂﬂﬂﬂ‘ﬂﬂa@ﬂ ﬂ1516]5\11ullW\1

J a Jd J @ o [ 4
raguaeIndodduA1 desordonalnmsmwsesiaenugeganse MPPT Iasnanmsudiginsal

@ o Y

Y o s s A ¢ A Y
MPPT i]%i]ﬂﬂ'liclﬁ}ﬂ']ﬁﬂvh\lﬂ'llﬂ1§l‘I/!@]"llﬂ%lﬂ\?l%’ﬁmlﬁﬂﬂ'mﬂﬂ@ﬂ'ﬂi$ﬂ1Jq@q@ﬁﬂﬂﬂa@ﬂﬂﬂﬂfﬂul%ﬂl!ﬁﬂ

a ¢ L d' b o o @ ' o A
p1iad (S) Tuvaiiu duaasdogii 3 Fudumsuaasnnuduiusszniussdunaznszua lwihild
¢ A do v a 2 PR o W (o
i]']ﬂLLW\u"Ifaal!ﬁ\jﬂ'nﬂ@]ﬂwullﬂivlﬂﬁ']uﬂ'J']NL"’Umlﬁ\if)']rﬂﬁﬂ Gluﬂ']\iﬂaﬂﬂﬂjﬂjﬂﬂll MPPT W1\11uﬂjuﬂllﬂﬂﬂ

A AA J 4

% 9 o 9 [ 1 . . § @
AY/AY ADULIDINDT “?\1"l]g@]i’]QﬂW\iWUﬂ’JﬂﬂﬁiTﬁUUﬂ"ﬁuﬂﬁﬂ D (transformation ratio) ﬁl“ﬁlﬂ%ﬁllﬂﬂﬁﬂﬂ]ﬁ

MIMOUVBUHAINAIULAL THan

e

e T

T

d‘ v o J ' v v J a J
ETJTI 3 ﬂ’ﬂll’CTIJ‘Wu‘ﬁi$1’i’JNLLSQﬂuﬂ‘UﬂSﬁllﬁ‘lWﬁWﬂlﬂﬂlLNQL%ﬁﬁuﬁﬂi’JWW]EJ

A o ' o o Y I A Jaa PR
Llﬂﬁlﬂﬂiﬂgﬂ?-ﬂiﬂl“ﬂuu‘ﬂﬁQWﬁQNHﬁWi’t’Nﬂl‘HLLﬂlLPNL“Ifﬁﬁllﬁﬂﬂ1ﬂﬁﬂﬂlli"lﬂ"lgﬂ m'lmw“lu

1S o wa o R A \ o ¢ a s d'
ﬂﬁzmﬁ LL@]ﬂﬂJ'ﬂﬂ‘]ﬁ!ﬂ!%ﬁll‘ll@lfni’VIN11!1’]113JL‘ﬁ‘L!l"INlﬁ%}u@fJ'l\ﬁﬂﬂ’Vl\‘ﬂu"lJﬂ!Z"]ﬂﬁi]!mgﬂﬁﬁlﬂi‘ﬂ aumsn (2)
a s a s =~ v o 1 a J o o 7
DFVWNTZUIUNITBITILASATBITD [8] Eﬂﬁllﬂﬁ’ﬂl]i'lﬂ;]"Uﬂwuclﬁlgf)ﬁ"]“l’iill“]ﬂ\‘iﬂ'liﬂﬁ“]ﬂiﬁ] AIHITUB NV

A ) A 4 o
IATDINVYAUNNATUUNUDITUNITN (2) %Lﬂﬁﬂmﬂuﬂ’m'ﬂﬂﬁuﬂ

O,1" 0 k2 [ )
=V, - —xIB-f-8 5
Vi Vi (th m) H‘ c aﬂ @‘In E]E

24 A v Ao ~
EA V, A9 UIIAUNVIVOIULUALADT V)

V, fio s s uduveuanes (V)



167

Rmﬁa anuiumumelusu (Q)
1 #e aszua I Tvalusuames (A)
A 1 d'
C 9 ANNNNIVOIULALADT (Ah)
A a s 7 d'
t  feo nanlFlumsaanss @59) uuanes (h)
n fo Peukert’s exponent

4
K1 Ao Mdudsz@nFe1n Peukert’s equation

'
A o

A "o a 9 o A CY A Aa J J Y
K2 Ao maudszaniniilvussauan (WN) nIenuRUenUaneIaa¥1sy (1159) 1nanua

(Lau)

=

v v 1 v F4
VINFAUMTN () TRNTUURWIZFNANIZAWINIIY FeanzdIagnednldlusamazi
= A o 3 a o @ Y 1 A 3,’ a | ~ a a
wuaeeslasumsmaunnanznsaduaanss uazndulndlrerraandumnaaiiuiieadiaa
A a X 1o = = AL v & = a o o ° A 3 ' A ' s
i A lddiiadalunil duiv fainsaniginsmsiinuvesiuamesiu 3 ¥39 [9] na1Ae $95
A ' s o A 1A s A
ABNTZUTAAINY30 CCC FNMTINBUTIAUAINTTD CVC LAZFNAAIIIN0NTZUAAINNTD CCD Toya
Tumsdiaena 1dunameiazni-nsaved CELTIC [6] usainlnd 12 V Manugiiig 70 Ah A1 R, vaz
a J o 1w ) ) o w 1 a 4 d A 1w
ATWITULDZHITUNIND 6.15 E~ Q 1az 6.56 E~ Q mud1a1 A1 K1 1ag K2 vaead$15aaz s anaunIng
WY 0.90 1A% 2.2 MUY LAZA n YSATIIS IAZHISUNITY 1.16 1A 1.00 MUSIFY dIUAIFINT
o a d A Y] @ ° 1 [] 1% d A Y] °
AUVUTATWITIVAMIIAUGIGA 13.3 V UazusdudIga 11.5 V 4azmeiausiquuasmsalasauda
qA 11.8 V 1azisiaugaga 14.1 vV
° P AAa g Y o '
m3muuuiaeawemes Wihnszuaassinnsanluunanuiidunuunszduiladuondiu Tag
~ o A A ] Y o o s o ~ ] 3 Ao
Uasasauyaasgdin 4 [7] eldnuuewmesdiensUsuusauersnass lasianuduauauing

a o 7 o @ {
ﬁ111"Iiﬂﬂ‘ﬁ‘]J"lEJﬂWiVﬂ\ﬂHﬁUﬂﬂllﬂmﬂﬁﬁ?mlﬂﬂiﬂﬁﬂﬂﬂﬂﬁuﬂ"ﬁﬁ 3)

o, 0 O-R, _kbEﬁ] 01,0
O, 0 O | Ov, O 3)
at B_ YL L 41, Bf '
D_D a a a D
&wﬂ Dﬁ ;B%")Hﬂo ;]'%LD
OdtO 8 J J B g J B



168

A A o A v s ] s s
o v fAe ussuiteulduemesnadiueisumes (v)
A o o
[ D NTLUADITINNDT (A)
A ~ ° v '3 s
L, 19 ANNMHENIMNANUTIINDT (H)
R, o AudumueIsiuees (Q)
A < a
W AB AT UFIYY (rad/sec)
A Yy o A s 2
J Ao Tudunusunesveinomes (Kg.m’)
A a a o o
B fio ddneansatuveinemes (N.m/rad/sec)
E, fiD usaudounau: k,w (V)
A A
T, Ao usdiinvedlvan (N.m)
9 o J A o dy
Yoyalunmstiaoinavewemes [10] AL
- y1ATNA 110 V, 20 A, 2.5 hp, 1800 rpm, 9.89 N-m
-R,=0.6Q,L =8mH
-1=0.0465 kg-m’, B = 0.004 N-m.sec/rad

-k, (N-m/A) =k, (V/rad/sec) = 0.55 N-m/A

v Y
AN

A s S ' X £~ a & Vo <3 s

Tnaannemos vy luntineiluiviesTue (helical pump) FalusetiaTuegiUANUISIVRINOINDS

' A 2 & A ~ o d A " -4 2 A A aa J

na1fe T, = ko B4 k Aomasivesdlu Hauiny 1.898*10™ N-m/(rad/sec)’ [11] o5 szl lud
o w a ¢ ¢ ¢ . o A A R R

fdegadolunemes nszuaeimmeiaznganzaian 1249 A wmmiu Fadiawieaniuileds hiting

W15 (13.25 A)

\ o ) a < v v a o a1 a

drunuuiiaesnnuduiaoad wldonndeyanruiion GMS 4 1oz GMS 5 AusROY

=K o ' = Y a Jd . o dy = ISP

UNIAY 2536 DITUNAY 2541 AURAIANUTNLAIDINAT (insolation, S) Wlszmet Insarnnniiufaziian

AU 18.2 MI/m’/day [1] 150 Tagdszanaumdy 5 kw.hr/m’/day Tasunany [3] Tdausmanuduuas

A I < o 0 o ~ = T Y] ~ Y & a
E]']’VWI?JﬂJﬁﬂEﬂ!%LﬂuzﬂWﬁ'lIUa'li%‘JNﬂ'J'l ﬂﬂzlh/l 5 “ﬁQLﬂUﬂ1ﬂ'J'liJl"UiJLLﬁ'\Wlﬁﬂﬂﬂﬁﬁ]\?ﬂﬂﬂ??ﬂlﬂu%iﬁﬁlu

=

] ¥ Vv
Funfluila (sunny day) e A Ao ldAns ezl uag p Avszezaingasea liauunumsTuar ag'ld

Insolation(S)

(T/2,Sm)

©0 0 » Time(t)

@

31U 5 dnbaizvoagina Tumszaanh

T 1.0 T T T (4)
A =[Sk =[S, Zp-!% EE—S,“T =



169

' v o Jdo o a
ﬁ]x"l@’fmmmm’fmm S AUNUTNUNIA t AFNNITN (5)

s=3ARBAR_TH )
2000 T°0 20
Tagiiuinldnsm A Wi 5,000 whr/m’day tazlu 1 5 swsmualituaseriadiamua 8 9

T34 (08.00-16.00 1.) #1331 T = 8 hr. Ha9AAUNIN (5) 3914

S=937.5-5859(t - 4) (6)

N300 NUUUIZULNEINUUTIDNAE

e a o N ¢ A o
vndazdumsetuieds nszuIums IUMSAIUIUMITIUIVVOILHITAT LA INAG AL
A 9 A o A ' ' 4 o
HUAADINNOIMUNIZYBITEUUNSINULAIDINAS Tagaziasann szuudedldaulddeiioswann 24 9
! o o ¢ A ¢ A s S ¢ A '
Tus Fananlumsesnuuuszuy szdonitsaduaso1nad, tuawmesuazuamos nieuiluw mia1saniiy
Y Y Ao I A A ~ a o A o s a
fuihuszuy Tasdeatisuveaunasaduasonadiisanenaznaanasny I uier lumsanuames
Yy o ¥ P , Ao \ , A A ¢ - '
wounaneliunuomes melurieszeznaniuas diureszeznain uiuae Aumasaduaae1nag 1
a o g ~ Aa A s o ' P
asanaanaanu ihld Addumihnvewvamesndesdamsandsnu Wi ldunuemesae ae
~ = o =} ~ a 4 1 ~ (= dy
HUAMDI az Aol ndennieane nazaasa ldnasareszeznain luluaaiidie
° ~ 4 | Ao o s v o °
UMM IUIUVOIAIABT  1118991ANTIVAINAALTIAUUDINDIANDT UED TUALLINIININT
o o A 1 s 1 o Ay y Y =
Annaumiiugnueauames neynsuluudazurudoney Tasawseaui ldanmsesnuuy sgdel
~ ~ 9 A s ¥ s Ao &£ a Yo
anuisanenaz1Fluanzmsdamssliunuemosviania 110 vV #391nmsnasanag lasiuou
A 1 (Y o A [ a I 2 A =1
HuAKReI NYNTURBLAUIND 10 gn miziliuuaneiiussdulndnataidlu 120 v delinnuiioane
a ¢ 1 ¢ 2 . o o A o A A
TumsaansaIiuauemes 910 UIMIAIUIVNITIUILUAINABVLUA UV VANDS 11PN INI
' s A a Aa do W a S 1w % °
AnszuaveNemosiilonnanmsii ludidsgardelunemesiiiy 1249 A Gimsesnuuuiuau
A [ 9 a =< ~ 9 a s Y 1 J = 9 =) [
HEHINARUUIUIY dzdoannsandeszeznaIFlumsaamsaliunuemes Tasuunnoazdainadany
= d‘ a o 9 [ d' =t d! @ o YA o'/ [ 3
MeanoNazaamsa ldnaoariaszeznain luiuas alu 1 Ju sSwualdiuaalszna 8 $2Tue dariu
= =\ o = A a 4 1 ~ (= ) % o
HUANDI 9z Aol ndenieanonozaasa lameluaieszeznan lutiuas 16 ¥ Tu9 FamMssiIu
@ o a S 1 o A 1 @
#FraTsunsuTasedeunusiasanadiaenaasniuuludiady  a2'1ds munmangevuuiuU
A (Y I = a 4 1 d A 1 ) A (=]
HUAIADINAINMIAY 5 uea Falanuisanslumsaamnsaliunuemesinunszeznal 16 %1 1uen i
o v 4 o o PR Ao o g o
uas AanaasAlegli 6 duiuninmseenuuudld uummeTitmawiaue 50 gn Aerdluunsyuuiy

5 UAN FauAaZUANILLAIABS 10 gn ABOYNTUNLBY



170

el sl

ReBre,

a a s o Aq ¥ 1 ¢
ETJYI 6 NFAAWITINAINUVOIUANDT IHUANDIADT

' o P A 7o o A ) & v
daumimiulugaveusaduaseriadiu deaniauluganoynsuasuauiuduaunsn
Aou TAgA T IAUVDIHUTAAUAI0INAY FoaANUREAN T IHTULLANMDIVATNTA 120 V LaziNgane
dmSuvemas 110 V Fwnmsinsanag ldiaulugaveusadiaorindfoynsuaoumaiiiy 8
o Y 4 a I v Ao 3 & A ~ ~ 1 9 1 ~
myzi lunasaauaMagiussaunnanatay 120 V. aaianuiisanenazanelvunuuamesuas
P 2 ° o A o ¢ A @ a - A
vores Mtiudaiamiulugaisevuiuveusaauaieind Iasdeslinszuaiioinenizing
v ¢ P A ¢ v Q o A
Tnemes 12.49 A nazmsauamasnanua 50 gnlmaunelussozinan 8 ¥ luantueas Tagluunaiy
v v Y
il LANBINNGNIL charge equalizer HFUAIALT WU IUVRIzNT IR IIIAUNNY gn AnTsTeiiansan
o A g Y] ' s 3 ' Y ' I
mymswuamesoanilugng 18 Tasuismsmsvesmilu 2 ¥39 Tdun ccc uaz cve $33 ccc wluns
J 9 @ A £ 1 [ o A A d?‘ ] <3 o =2
13IAYOATINTLUAGIAINAHHL 1B CCC AWIIAUUUAINBT VLINUFIVUDENTIAFTINUNTZINIDIM
o S B0 a P ' T S v a A '
U3IAUGIgA NTUARUTUMINIVIUFI CVC doriun neunvzinaussauauluuuames Tusie cve
v ° a s a g o A A I3 s A o Y
apviimsanlsmanszualumsmsanuameiauudns lwssasumnouilugud masny Ay

@

' { A o o Y Yo s ' 4
Glu"lﬁ]\i CvC Glﬁﬂﬂﬁﬂﬂﬁi%ﬂﬂq@q@ﬂiﬁﬂ?m 4 ‘]5’3111\1 %\1"1]31/]"Ial“rsi}LﬂJﬁWl'l’nglg]}i‘]_lﬂ"li‘]ﬂﬁﬁ]f’]ﬂNﬁll“UEﬂ! [2]

b

v A 1

4 2 4 R 4 s o v
meﬁﬂﬂu“}mmmu "l]&ﬁll"]ﬂﬁi]ulllcll\ﬁﬂﬂﬂu Iﬂ‘(’J"l]gﬁll"lﬂﬁﬂLﬂuaWﬂUﬂaglmﬂﬁ"ﬂlﬂ"lﬂ'JnJHJllLlﬁ\i

' { o ° o 7 i ' {
ﬁwmﬁﬂmmmmm?umuw} mimmmmamwmmﬁ“lumﬁmmmmmﬁﬁagﬂslmmazumﬁwammz

Qe

F o = = A q 9 7 q¥ Y o Aa o s
Uy i]3&51@\1ﬂ?uﬁﬂﬂl’m?‘mm@]m831%1Uﬂ13%15%1Wﬁﬂﬂﬂﬁ@Qﬂﬂ‘]ﬂ’)ﬂl?ﬁ1ﬂullﬁﬁlﬁu1’iﬁﬂ Iﬂﬂﬂﬁﬁlﬂi%

T Y q9 H 9 1 A 4 2 o v
HUARD THIANI 5 1A 9zARlFaManuaeg lugeniiuas 8 91119 Fannmsmuiudisllsunsy oz
Témdasinszualumsmswumasiaognluusazurueasia CCC inemmzmiy 16 A AudEAIAIe

- Y o 114 oaqy 4 ¢ @ gy o Aa "o w 'y '
jﬂ‘ﬂ 7 Iﬂﬂfﬂgnﬂrﬂﬂﬂnl "1]37”1‘”&'37311/161515%!;@1]‘11]&‘”1“3?[1]f‘lﬂ"]f:]\jigﬂglqa1ﬂullﬁqaﬂ1\‘]ﬂ1ﬂﬂ LADIFINIAN

k1

b ©

a

il vwifaussduAulunuanes ﬁﬂﬁ’mqmﬂ%’qmgum nngilit 7 fumsuansmansuwaneidegnlu
AAZIRIAIE8AT1NM550 16 A Tua COC 1azdns NI 16%exp () 1T CVC LuARBI MM
wldnanlumsndaanua 4.79 $27T Taoldnalumsndasae coc wify 079 $2T wazldnalu
MIWFIFI CVC D 4 2 Tua ieiinsanidszneumsmuiaudin nuameiudazumszisumnss i

v o 2 Y o v A 2 Y Aa o
NIDUNU Tﬂﬂﬂgliuz’]ﬂjﬂlﬂuﬁ1ﬂuﬂagllqulﬂ SUANUURVIZTUNUTCYSLIATNULULAL 8 GH'JTlN



171

Vmorag e bt g ey my

. - C

e s b § caging

51 7 anwduiusvewswunaznszuaiiouiunavewuames YUY

mimiulugaidevinuiuveusaduaiefind wnnsandmInszuaiunusasuaIoIiag
A Y~ ~ A ¢ dqvad o Ao & A o 1 Al
wan @ HanuiieaneNaznauuames AN 5 una Meluszeznaniuas 8 ¥ 1u9 Werindune
s = P i ' Vo
THuowosontdl 12.49 A 30l H391A9198Y MIMTVARMDIUAazURlFATZIAYIN CCC MAY 16
v o A e , H ' ' A cdAw
A FUTUHDANDIN 5 U 91FATLUEARI CCC TIMUAMITY 80 A LAZAIANUTUUAIDINASINAN YL
v 4 o @ P A ¢ 9 a A o 1 A v ¢ )
Wuztwisloaszalnh dufuunavaduasoindizdownannszumiionnauiinelivemesoonidn
' ' VW ] § ' { o ' Vo
Thtisedtloaminy 80 A noudegaianudundlisgeganyaseavesszauilunatediarivamn
' o o & o 2~ o v o P ~ o 1A
%39 CCC el Matlmsty Tunialualszun 8 $1lus duiuanudugeganyasenvesszaazogn
v o 1A A Vo o ) A ] A 2 A ' o
naniuauaisuinaunny 4 ¥ 1ue Taelu 4 ¥ Tuausnagiinanudunaanunniuses diulu 4 ¥
o A 9 A & o v 4 4 A d' 9 P A
Tuaragezlinantiosauings ¥9na1 4 ¥ luanastieanuuamesuren 5 1Flumsmsere CVe g
[] o 4 :/’ 9 v v 9 a Jd o @ 1 1
9310119 CVC 9as1nseua lunsmsaiLanlpeaiaoanaoInUANNITNLEIDINASITUNY aIUIA15I9
9 ) g ~ ~ Y, S A ' = ~
MOVDd 4 9 1uausniY vuaeesuran 5 32195 1um 5599529 CCC 1p991n 1UEI9 CCC HuANDI MR 5
o 9 P A ST S ) "y & 3~ vy oA
fadoamanszualumsmisniied smanuduuaslureieves 4 1 luausniiisaneegudd Nl

) < a4 £ A & o ) Yo
LWﬂxﬂ’nm‘Ummﬂu 4 "lfaill\uﬁﬂllﬂuwull1ﬂmu!5@ﬂc] HULDN i]1ﬂﬂ15ﬂ1u'}]mﬂjﬂjﬂillﬂﬁuﬂgqﬂﬂTH’J'HIN

Jui o ¢ A dar 1w o o ' s A oo
AANADVUIUNUUDIEAAUTIDINQIUAUNINY 25 muumﬂmiﬂﬂmmuﬁﬂﬁ"ﬂ AN INAYNDTIHIY

o | o S ~ s A o ' o 1

INHUA 200 ZHE';IZ? mu/mmwumnu 25 UAN ‘?J!!ﬁﬁ&‘fﬂ!ﬂ\?ﬂ!‘b’ﬁﬁ!!ﬁ'\?@ﬂ’lﬁﬂ 8 Iﬂ@ﬁﬁ@@yﬂiﬂﬂuﬂg Iﬂﬂ
A a yny s a o A o A v s Y a a

ﬂigﬁllﬁ‘ﬂNﬁﬁiﬂﬂWﬂL%ﬁmlﬁQﬂ?ﬂﬁﬂ 200 Illﬂmll'ﬂ‘ﬂﬂﬁ’)uﬂ%181W11?)Lﬁ’t’)§"t’)’l‘)ﬂuﬁ’) i]%ﬁllﬂ’ﬂlJLWt’NW't‘)Gluﬂ"li

s Ao o A Lo A ¢ A ¢ a A

FITVLUAUADTNG 5 LINS ﬂ\?l!ﬁﬂ\‘lﬁ}?ﬂ?’ﬂ'ﬂ 8 ﬁ'Juﬂ1ﬁﬂﬁ1uﬂllﬂﬁ!%aﬂllﬁ\1@1‘ﬂ§lfJWﬁ@lllﬁ‘ﬂ1stlu§$ﬂ$L'Jﬁ1W3J
o o w ~ s = A a o A a

UaN 8 "]5'31%1 Llﬁ$ﬂTc’I\i\T]uVIlIE]L@]fJi!Lﬁ$L!’UGIm@igl}ﬂﬁfﬂi'Vlvlﬁ}ﬁ]Tﬂﬂ']ﬁﬂﬂﬂllﬂﬂlﬂﬂﬂﬂﬂ‘ﬂ(g]}ﬂﬁﬁl%ﬂiﬁ Llﬁ'ﬂﬁllig{

v 4
Aru31)7 9 fail



172

——

e |
s B BE & An 7 TH &

L
=

_— ]

'k 1n ] d
ﬂ—‘;'m.__ :
| ._"‘—\—\_ P
.._'\h; — T T itk
T

@

H ¢ a8
gﬂﬁ 8 @]ﬁqﬂigllﬁllagna'lﬁluﬂ'ﬁqﬂjﬁ]!u]@u@]aﬁ(ﬂq 5 LN

- e T P

e

a v o s A
zﬂ“ 9 ANUADINITNIAINIUUBDIUDADILASLLUNND T

= 4 a o o 4 & o 1A 7
1n3U7 8 nszuavnInuRITaduaIIiadMihwswuanes ldinaiunnieliuemeseenid)
s o < 2 Aa < s 4 4
12.49 A mssvih ldsaduneluszoznanings 8 ¥ 1ua Taemsnssuuaaesumal 1,23, 4 uay
v 9 2 (a = o W 1 = ~
5 vzdeeso Iinszuallsuude 16, 32, 48, 64 1Az 80 A MUAINUNOU HUANOTLMIN 1,2, 3, 4 1A 5 V2
v v v 4 v

Susaiina 0.58, 0.96, 138, 1.89 1Az 2.57 1IN ma 1Ay uagdugamsmnsaina 5.37, 5.75, 6.17,
6.68 1Az 7.36 $1 TINAWAINY (MaeHa: 19817 0 WD 08.00 U. tazh 8 2119 118D 16.00 1) dIU
= o w A A P % A da A s o ' 9 s
s 9 Sddlwihisdaldnnunaraduaseriadiannnnuwe lumsmnsauanesuaziienuemes
2 Aa ' ¢ 1a < a4 ¢ 4 2
aapaterIantna Tnsazdesseliuemes s 1374 willugugnnssineuiivzmnsauanes na

& A A o o ¢ a ¢ BT W Yo
iiiiesninlumseonuunemuimmsIuvesusaauaiiaduazuuaaes ludnedu  ildigag

A a s & Ao s S my
CVC vpauaAsuaazurauIiasalsznoumsnss Felugniisasinszualumsmninivldanas
3 = ' o w = = s A A~

puudng luudeauda Jedawaliigs liihiuuamesdedldlumsmnsanldainmseenuuy fiaigs
"o w A v y S a o & S A Yy o o o
nndalihinuameidesldlumsanseseguin duivaulududell aisiszasiesdinuguiiiu
v 4 s o A | v o wa ~
@3m13 (supervisory controller) tioAANMINS A IR IN T odnaRAndDINIAN VAT AUTAvE SLAAGS

=) o a 4 Y o A 9 ¥ @ a Jaa a a
ATUNITFITIVIN Llﬁg'ﬂ"IﬂTi’JLﬂinWﬂ"liﬁlG]fWﬁQ\‘ﬂualu531J‘]Jl1/‘|'t‘)1‘ﬂhlﬂi$ll“]J'W'ﬂ\‘l\ﬂuuﬁ\?'ﬂ"mﬁﬂﬂﬂﬂigﬁﬂﬁ

MNGILAzANAIABNITAIU



173

agl
dy Y o o A oA a wa 9 o 1 =
unanuil ldiuaneszuundsuaseiadnawnsnliams 18 24 $3us Tasnande wuw
o a J d [ a J 3 1 a o 1
$raeanundiamansveglniaiang  luszpuwdsnuuasoiiadndeuneszyamimesaien 19
o @ 4 o ! a o
awnsoii ) ldalsz TeniId Tasasa iverinligmseuretenszuiumslumsesnuuusiuiuveuns
¢ a A o a S I o o
IALENDINAIIAZIUAINDS TNDIMNIZYBITEUUNAIIUIEIead Taslidngiszadlumsilsendanda

@ A A a A a @
U uax“lﬁ%xuuwawmummmEJ anizﬁm‘:ﬁquﬂumﬂﬁl%’wawm

1PNA13919049

[1] s 3nerdedathng uas nsuanuasduasundey. o). umuiidnenmmdanuuaeifindan
Joyaaruioudmsuilszma’lne ( Solar Radiation Map of Thailand) [F#]. NTIMWA: nsuwaLmAzd
ATUNEINUIWAVNHINFefal .

[2] Casacca, M.A., Capobianco, M.R., and Salameh, Z.M. (1996). Lead acid battery storage configuration for
improved available capacity. IEEE Transactions on Energy Convertion. 11(1): 139-145.

[3] Harrington, S., Corporation, K., and Dunlop, J. (1992). Battery charge controller characteristics in
photovoltaic systems. IEEE AES MAGAZINE: 15-21.

[4] Hussein, K. H., Muta, 1., Hoshino,T., and Osakada, M. (1995). Maximum photovoltaic power tracking : An
algorithm for rapidly changing atmospheric condition. IEE Proc-Gener. Transm. Distrib.142 (1): 59-64.

[5] Pan, C., Chen, J., Chu, C., and Huang, Y. (1999). A fast power point tracker for photovoltaic power system.
Industrial Electronics Society,1999. IECON’99 Proceedings. 1: 390-393.

[6] Protogeropoulos, C., Marshall, R. H., and Brinkworth, B. J. (1994). Battery state of voltage modelling and
an algorithm describing dynamic conditions for long-term storage simulation in a renewable system. Solar
Energy. 53 (6): 517-527.

[7] Ramamurthi, V.P. and Subrahmanyam, V. (1991). Performance of a separately excited dc motor fed from a
multiphase chopper. TENCON’91.1991 IEEE Region 10 International Conference on EC3-
Energy, Computer,Communication and Control Systems. 1: 238-241.

[8] Rynkiewicz, R. (1999). Discharge and charge modeling of lead acid batteries, Applied Power Electronics
Conference and Exposition. IEEE. 2: 707-710.

[9] Salameh, Z.M., Casacca, M.A., and Lynch, W.A. (1992). A mathematical model for lead-acid batteries.
IEEE Transactions on Energy Conversion. 7 (1): 93-97.

[10] Sousa, C.D. and Bose, K. (1994). A fuzzy set theory based control of a phase-controlled converter dc
machine drive. IEEE Transactions on Industry Application. 30 (1): 34-44.

[11] Yao, Y. and Ramshaw, R.S. (1995). Optimized dc motor output in a photovoltaic system. Can.J.Elect. &
Comp.Eng. 20 (2): 79-84.



174

1 nu 51450 6 unInunauma TuTadgsus
111 ouuunMAnedy Muagaus
l"lll‘ & duneolos JamiauasIEEN 30000
>
1y innlule "’s

36 Tunu 2545

4 4 RN f oo e o oa
Foa  udwansfinsanumdndenuise ieduaus lumnlszguaneranidvszaulindafnuwatszmalne afed 3

o

d '
gy UIYIHAY INTAZDD

a4 v @ o S . T | a ;
TINTINY it EﬂItl“]I'llﬂ'l‘iﬂﬂ‘n'Iinﬂ’J11JI.WBﬂWlquluﬁﬂi'JlJ‘lH’IﬂTIlJ}‘]ﬂﬂ'li (Proceeding)

2. nnuaasA s wnsy sz

awinulddamaadenanuits  Wedvauelunisdsegpuanenanuitoszavliudatinyives

o d | a o Y a o
dsznalne a5 3 szrdnadui 18 - 19 n3ngiaw 2545 @ uv1Ine1dema uladesus wu

>
a

nuzoynssumsihuImnmImsiansiszaua veudmamsiinizan il

Ao o ’ & Y o A e o
WONWIDEUYON WINHAD IHasee 15303 ﬂﬁﬂﬁ)m!ﬂﬂlma‘;ﬂuTJI’WD‘Jﬂ?ﬂﬂu?’v‘ﬂ"ﬂ!Wﬂﬂﬂﬂ'ﬁWﬂJﬂH?u

syyynasauaseing ldsumsiiosantiivauelumsispnauenamidussiuiudiainm
voaszmalng a¥af 3 sznediedl 18— 19 pangian 2545 o amimendmaluTadgsud Taada

aglunguayidusu Inanssumani

o 4 a o 1 o s - ) = o = =
Wall Tumsfiosandangummimveduuunssnenseldmaes W wminendomalulabgsnd
o W e o A - 4 a .
azddfrinmswlaesiael) tazveliiuiamduntiivunanuiediuiludormumauimms (Proceeding) Uo3
o a @ ] A ¥ oa a & A P A o
mstlsyauaiei dmuwouns lunsyszg uasiesudandnms Fwnsaden]dnw lnenienwnsdinay Tao
voliiadsduniumeluiui 15 dguiou 2545 swazBoamsiaiuazmsdadaunany Usingmuenasdaidan

éo 1.

-~ "W Wy =) A o ' = P ¥ & q v o
ety wnvimda L ldamatisunofiszmamaiouvennunganduiiumsdon welimsasoums
Pszguannsaduiiums ll1ddeanussudeouaznsuinnuddisamivauenanuiivinduey  swazduamsiag

=t v gy o a a0 3 & o 5
nzdounda Budr luenasdafidandie 2. vish Web Site : http:// www.sut.ac.th/gradresearch3

- F- | .

P 4 v o W o 4 A £
WEsuuuiens 1w uazllsadahauativunanunoAUN ﬂi‘miﬂull’.l‘l.l'lﬂﬁuﬁ’m

yauaan iU

ﬂ\, ol

yoa (709PNAATINGG AT, AU A1A3A)
ﬂmzal{ﬂiiuﬂﬁd'lﬂ}‘lﬂﬂ'ﬁ"l

Ty (4 aksta, $34057 seseimsvAthaum unInedama TuTadgsuts
Tn3 13 (044) 224050 sgmuamzeynssumsthedmnms

aw W o a @ o
msdszyuauenanuidssziuiudaannvetlszmang asm 3

111 DUUEAVENdE FLRaTUTT Snellles dandauasse@in 30000 °Lmﬂ"'wﬁ (044) 223000 13813 (044) 224070
SURANAREE UN[VEHSITY_ OF TECHNOLOGY

111 UNIVERSITY AVENUE. SUB DISTRICT SURANAREE. MUANG DISTRICT. NAKHON RATCHASIMA 30000, THAILAND Tel. (044) 223000 Fax. (044) 224070



175

FaunAN: NseanuULLarayinAaAANHTTINad AN INAN WU T LLNAI ULAIRN iR

€

WEIN: LHAR LENAZee wAY @919 4ARAT

INLAUDLNAIN: INAA LHNAYaa

¢ eX¢ &

o

danm: a11n3radanssn i dnindendmanssuenans unnananaumatulatigsus

Ag: padej@ccs sutac.th| Tns: (044) 224400

NANITN: NgNANEAARTIAINgINAERT-naTulat

naldnuITLUNAsULAe ingiANduteuge esanesdsznausine lwsruy du

Usenausing LNATASUAIDTIAT WUALEET FRAILANAINIALNNANIUEIEA Nata oAl 59K11

!
o waa

17 a 4 ' @l [ a ¥ 1 o a =2 v ¥ =< o
AMNLANLAIRNNAE  FNNH ﬂEm:@N‘U[ﬂ‘WiNLﬂuL‘NL@u@H’NN’Wﬂ ngaiuuAnE I ladenadn

o

Y o = v o A o Mg s e X
NWATUNANTY LW@i‘Tﬂuﬂ’]ﬁ"ﬂ@ﬂLLUULL@&@HQE‘]@Q?]QU@N LW@"M’Wﬂ’]iW@\N’]HIMi‘ZUUVﬂNL‘]J“LéL‘NL@‘NL‘]]uu

AYABIBNAENITILATIZHHAAINNNTANa894011N190]  (simulation) LUIINFIUTBILLLANABINIG

49

De

v
KX o

AoinAnansesgnanisne Mlsznevtuiussunetamizan ANinuddeil AniiaueuuLaang
neAfliRA1ansresddullsneusne Tusruundsnulasenfing  wiannessyAnlinessine i
anwnsnth lddssTaadlflaanss uazyinnnsaaasnasyLLfmaAaNRamasiNaAnsLaziAIzinadn
— o : . 4 4~ y

NAUNEINUTIBITTLIL WeysanisilgniseenuuusiauAnitd Seiilaseaiieuuugiung (rule-

dla/ é’ v v a o dl o ° o eI/ Y a v o
based) NNRINTWANAMNIFUNGANTINNIINANINIszUL  iweth lAdudsnsidAnnsldnas
Nuuaseindlifligegn  IagsinaruanazlniNENATIRaN 19 ENATUNIELRNFNATBUNS T AT
waveiind wdanufliunisdnduladentsadindoitelaundsnuliungunsaline Tuszuuedamuizay
Waunealun1smagauss UL AAIAYIANAIENNIR180940 UM LATEINNSILATITITHANIT
nageLuaziFaLaLadaRrewn AnsIun i uNAs I WIBsssULHaRAALAN  iaTlunnsEudu

< XK L a2 a o dl o 5 d‘ o o ¥
winiatlszTamiuazise@nsnavassinmaununimunay etlszTamilunisdssudandanny uazldszuy

WaULase R R sz AnEningadanisldwasanu


mailto:padej@ccs.sut.ac.th

176

D.

@

I ] a 4 Aa a { o @ @
HIYINAY NSO mmﬁmuw 1 vy W.A.2519 Lﬂﬂﬁ@”llﬂﬂlﬁﬂﬂ IINIA
= o < = Y a aa o a a a
UATIIBAN ﬁuii]ﬂ”l'if”fﬂ‘]sl”I’i%ﬂ‘]_l‘ﬂiﬂﬁy,”I@]i’Jﬁ’JﬂiiﬂJﬁ”lﬁﬁﬁJm"V]@ ﬁ"l"lﬂ’l%"l?ﬂ’lﬂiiil]hhﬂ”l
a o ! A o o a A v o = Y
mmmnmmaamﬂuiaaqimi WHIAUATI VTN LUD N.7.2540 ﬂ?ﬂﬁﬂ\iﬁuifﬂﬂﬁﬁﬂﬂﬂﬂ
o o 1 ] a o a a o v A a o
L%'mNm“lumummé’m&ﬁ@uuamﬂﬂ ﬁ”lelJ”I’JGIﬂ’Jﬁ’Jﬂi'ﬁJthﬁ”l FAIUNIFNIAINTTUATAT
a o ~ = 3 = o o & o Aa ~ a [
ymIneaemalulaggsus unar 1 1 vazddednwiszauliygn InuiIneds
~ AN Yo ao o = Y v o
maluTadgsund 1asunuganyuitelsziitl 2543 nedmmseyindnasanunInmg

YNNG



	¹ÒÂ à¼´ç¨  à¼èÒÅÐÍÍ
	ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õéà»ç¹ÊèÇ¹Ë¹Öè§¢Í§¡ÒÃÈÖ¡ÉÒµÒÁËÅÑ¡ÊÙµÃ»ÃÔ��ÒÇÔÈÇ¡ÃÃÁÈÒÊµÃÁËÒºÑ³±Ôµ
	ÊÒ¢ÒÇÔªÒÇÔÈÇ¡ÃÃÁä¿¿éÒ
	ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕÊØÃ¹ÒÃÕ
	»Õ¡ÒÃÈÖ¡ÉÒ 2544

	º·¤Ñ´ÂèÍ-E.pdf
	FUZZY LOGIC CONTROLLER

	ÊÒÃºÑ�.pdf
	ÊÒÃºÑ� (µèÍ)
	
	
	
	
	Ë¹éÒ
	Ë¹éÒ






	ÊÒÃºÑ�ÀÒ¾.pdf
	ÊÒÃºÑ�ÀÒ¾ (µèÍ)
	ÊÒÃºÑ�ÀÒ¾ (µèÍ)
	
	
	
	5.4	á¼¹ÀÙÁÔáÊ´§â¤Ã§ÊÃéÒ§¢Í§â»Ãá¡ÃÁ¨ÓÅÍ§¼ÅÃÐºº¾ÅÑ§§Ò¹¼ÊÁ¼ÊÒ¹………………..62�5.5  	¾ÅÇÑµ·Ò§´éÒ¹¡ÃÐáÊ¢Í§ÃÐºº¡Ã³Õ¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂìà»ç¹ 100% ¢Í§ÇÑ¹·Õè¿éÒà»Ô´.....…67�5.6  	¾ÅÇÑµ·Ò§´éÒ¹áÃ§´Ñ¹¢Í§ÃÐºº¡Ã³Õ¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂìà»ç¹ 100% ¢Í§ÇÑ¹·Õè¿éÒà»Ô´...…..68�5.7  	¾ÅÇ
	¢Í§ÇÑ¹·Õè¿éÒà»Ô´…………………..…………….………………………………………….101�6.9 	¾ÅÇÑµ·Ò§´éÒ¹áÃ§´Ñ¹¢Í§ÃÐººàÁ×èÍÁÕµÑÇ¤Çº¤ØÁã¹¡Ã³Õ¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂìà»ç¹ 100%
	¢Í§ÇÑ¹·Õè¿éÒà»Ô´………...………………………………………………………………….101





	º··Õè 1 º·¹Ó.pdf
	º··Õè 1
	º·¹Ó


	º··Õè 2_1 áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì.pdf
	º··Õè 2
	áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃìÊÓËÃÑºÃÐºº¾ÅÑ§§Ò¹¼ÊÁ¼ÊÒ¹

	ÀÒ¾·Õè 2.6 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§áÃ§´Ñ¹¡Ñº¡ÓÅÑ§ä¿¿éÒàÁ×èÍ¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂìà»ÅÕèÂ¹á»Å§

	º··Õè 2_2 áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì.pdf
	ÀÒ¾·Õè 2.16 Ç§¨ÃÊÁÁÙÅ¢Í§ÁÍàµÍÃìä¿¿éÒ¡ÃÐáÊµÃ§
		   								B					¤×Í 	ÇÔÊ¤ÍÊ¿ÃÔ¤ªÑè¹¢Í§ÁÍàµÍÃì (N.m/rad/sec)
	ÀÒ¾·Õè 2.18 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§áÃ§ºÔ´¡Ñº¤ÇÒÁàÃçÇ¢Í§»ÑêÁ

	º··Õè 2_3 áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì.pdf
	¨Ò¡ÀÒ¾·Õè 2.22 ¨ÐÊÑ§à¡µàËç¹ÇèÒ ¡Ã³Õ·ÕèäÁè¾Ô¨ÒÃ³Òà·ÍÁáÃ§½×´ÇÔÊ¤ÍÊ¿ÃÔ¤ªÑè¹ ÅÑ¡É³ÐÊÁºÑµÔáÃ§´Ñ¹-¡ÃÐáÊ¢Í§ÁÍàµÍÃì ¨ÐÁÕ¤èÒáµ¡µèÒ§¡Ñº¡Ã³Õ·Õè¾Ô¨ÒÃ³Òà·ÍÁáÃ§½×´ÇÔÊ¤ÍÊ¿ÃÔ¤ªÑè¹ à¾ÕÂ§àÅç¡¹éÍÂ â´Â¡Ã³Õ·ÕèäÁè¾Ô¨ÒÃ³Ò ¨ÐÁÕ¤èÒ¤ÇÒÁªÑ¹¹éÍÂ¡ÇèÒ¡Ã³Õ·Õè¾Ô¨ÒÃ³Ò à¹×èÍ§¨Ò¡ÁÍàµÍÃìäÁ
	2.7 áºº¨ÓÅÍ§¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂì
	2.8 ÊÃØ»

	º··Õè 3_1 ¡ÒÃ¶èÒÂâÍ¹¾ÅÑ§§Ò¹ÍÂèÒ§àËÁÒÐÊÁ.pdf
	¡ÒÃ¶èÒÂâÍ¹¾ÅÑ§§Ò¹ã¹ÃÐººÍÂèÒ§àËÁÒÐÊÁ·ÕèÊØ´
	
	
	
	
	
	àÁ×èÍ¤ÇÒÁà¢éÁáÊ§à»ÅÕèÂ¹á»Å§
	ÀÒ¾·Õè 3.2 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§áÃ§´Ñ¹¡Ñº¡ÃÐáÊä¿¿éÒ¢Í§á¼§¾ÕÇÕ 200 ÁÍ´ÙÅ



	àÁ×èÍ¤ÇÒÁà¢éÁáÊ§à»ÅÕèÂ¹á»Å§

	ÀÒ¾·Õè 3.3 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¡ÃÐáÊâ¿âµ¡Ñº¡ÃÐáÊ·Õè·ÓãËéà¡Ô´¡ÓÅÑ§§Ò¹ÊÙ§ÊØ´
	ÀÒ¾·Õè 3.4 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¡ÃÐáÊâ¿âµ¡ÑºáÃ§´Ñ¹·Õè·ÓãËéà¡Ô´¡ÓÅÑ§§Ò¹ÊÙ§ÊØ´




	º··Õè 4 ¡ÒÃÍÍ¡áººÃÐºº¾ÅÑ§§Ò¹.pdf
	¡ÒÃÍÍ¡áººÃÐºº¾ÅÑ§§Ò¹¼ÊÁ¼ÊÒ¹

	º··Õè 5_1 ¾ÅÇÑµ·Ò§¾ÅÑ§§Ò¹¢Í§ÃÐºº.pdf
	sim2		ÁÕË¹éÒ·Õèã¹¡ÒÃ¤Ó¹Ç³ËÒ¤èÒµèÒ§æ ¢Í§áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì¢Í§ÍØ»¡Ã³ìµèÒ§æ ã¹ÃÐºº ÍÒ·Ôàªè¹ áºº¨ÓÅÍ§¢Í§á¼§¾ÕÇÕ áÅÐáºº¨ÓÅÍ§¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂì à»ç¹µé¹ à¾×èÍ¹ÓÁÒãªéã¹¡ÒÃÇÔà¤ÃÒÐËìÃÐºº¾ÅÑ§§Ò¹ áÅÐ¿Ñ§¡ìªÑ¹ÂèÍÂ¹Õé ÂÑ§ÁÕË¹éÒ·Õèã¹¡ÒÃ¾Ô¨ÒÃ³ÒÇèÒáºµàµÍÃÕèªØ´ã´ªÒÃì¨àÊ
	Batt string 5 or all string charge full at time 6.73h
	Which I,V,P for supply batt and motor = 71.47A,141.00V,10078W respectively


	º··Õè 5_2 ¾ÅÇÑµ·Ò§¾ÅÑ§§Ò¹¢Í§ÃÐºº.pdf
	Batt all string charge stop at time 6.46h

	º··Õè 5_3 ¾ÅÇÑµ·Ò§¾ÅÑ§§Ò¹¢Í§ÃÐºº.pdf
	ÀÒ¾·Õè 5.14 ¾ÅÇÑµ·Ò§´éÒ¹¡ÃÐáÊ¢Í§ÃÐºº¡Ã³Õ¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂìà»ç¹ 50% ¢Í§ÇÑ¹·Õè¿éÒà»Ô´

	º··Õè 6_1 ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¡Ó¡ÑºÊÑè§¡ÒÃ.pdf
	¡ÒÃÈÖ¡ÉÒ¾ÅÇÑµ·Ò§¾ÅÑ§§Ò¹¢Í§ÃÐºº à¾×èÍ·Ó¤ÇÒÁà¢éÒã¨ÃÐººÍÂèÒ§ÅÐàÍÕÂ´áÅÐ¶èÍ§á·é â´ÂÍÒÈÑÂâ»Ãá¡ÃÁ¨ÓÅÍ§¼ÅÃÐºº¾ÅÑ§§Ò¹¼ÊÁ¼ÊÒ¹·Õè¼èÒ¹ÁÒã¹º··Õè 5 ¹Ñé¹ ÁÕÇÑµ¶Ø»ÃÐÊ§¤ìà¾×èÍà»ç¹»ÃÐâÂª¹ìÊÓËÃÑº¡ÒÃÍÍ¡áººáÅÐÍ¹ØÇÑµµÑÇ¤Çº¤ØÁ¡Ó¡ÑºÊÑè§¡ÒÃ (supervisory controller) ã¹¡ÒÃãªé¾ÅÑ§§
	¡ÃÒ¿áÊ´§¿Ñ§¡ìªÑ¹¤ÇÒÁà»ç¹ÊÁÒªÔ¡ã¹¿Ñ««Õèà«çµÍÒ¨ÁÕÃÙ»ÃèÒ§àªè¹ã´¡çä´é àªè¹ S-¿Ñ§¡ìªÑ¹ �Z-¿Ñ§¡ìªÑ¹ ÃÙ»ÊÒÁàËÅÕèÂÁ áÅÐÃÙ»ÃÐ¦Ñ§¤ÇèÓ à»ç¹µé¹ ´Ñ§áÊ´§´éÇÂÀÒ¾·Õè 6.2 ¡ÃÒ¿áÊ´§ÊÁÒªÔ¡ÀÒ¾�´Ñ§¡ÅèÒÇÍÒ¨ä´éÃÑº¡ÒÃà¢ÕÂ¹¢Öé¹¨Ò¡¤ÇÒÁÃÙéáÅÐ»ÃÐÊº¡ÒÃ³ì¢Í§Á¹ØÉÂìâ´ÂµÃ§ (heuristic) ¡Ò
	ÀÒ¾·Õè 6.2 µÑÇÍÂèÒ§¢Í§¿Ñ§¡ìªÑ¹¤ÇÒÁà»ç¹ÊÁÒªÔ¡
	ÀÒ¾·Õè 6.3 ÅÑ¡É³Ð¾×é¹˚Ò¹¢Í§ÃÐºº¤Çº¤ØÁáºº¿Ñ««Õè
	- ªØ´»¯ÔºÑµÔ¡ÒÃ´Õ¿Ñ««Ô¿Ôà¤ªÑè¹ ·ÓË¹éÒ·Õèá»Å§¢éÍÁÙÅáºº¿Ñ««Õèä»à»ç¹µÑÇá»Ãáºº¸ÃÃÁ´Ò (conventional variable) ·ÕèÊÁ¹ÑÂ¡Ñ¹ à¾×èÍãËéÃÐººÀÒÂãµé¡ÒÃ¤Çº¤ØÁÊÒÁÒÃ¶à¢éÒã¨ÊÑ��Ò³´Ñ§¡ÅèÒÇä´é ¢éÍÁÙÅáºº¿Ñ««Õè·Õè¡ÅèÒÇ¶Ö§¢éÒ§µé¹à»ç¹¢éÍÁÙÅ·Õèä´é¨Ò¡¡ÒÃÍ¹ØÁÒ¹¡®¡ÒÃ¤Çº¤ØÁáºº¿Ñ««Õ
	6.3 ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¡Ó¡ÑºÊÑè§¡ÒÃ´éÇÂµÃÃ¡ÈÒÊµÃì¿Ñ««Õèà¾×èÍ¡ÒÃ»ÃÐËÂÑ´¾ÅÑ§§Ò¹
	ã¹ÀÒ¾ÃÇÁ¢Í§¡ÒÃÍÍ¡áºº˚Ò¹¡®¡ÒÃ¤Çº¤ØÁÍÂèÒ§¡ÇéÒ§æ ¢éÒ§µé¹¹Õé à»ç¹¡ÒÃ¾ÂÒÂÒÁ¨Ñ´áºµàµÍÃÕèà¢éÒªÒÃì¨ à¾×èÍ´Ö§¾ÅÑ§§Ò¹¨Ò¡á¼§¾ÕÇÕÁÒãªé»ÃÐâÂª¹ìãËéÁÒ¡·ÕèÊØ´ â´Âà¹é¹·Õè¡ÒÃ¨Ñ´ãËéÁÕ¡ÒÃ¹ÓáºµàµÍÃÕèà¢éÒªÒÃì¨ä´é·ÕèÅÐÅÙ¡µÒÁ¤èÒ¡ÃÐáÊáÅÐáÃ§´Ñ¹¨Ò¡á¼§¾ÕÇÕ·ÕèÊÍ´¤ÅéÍ§ «Öè§ÊÒÁÒÃ¶¹Óáº
	˚Ò¹¢éÍÁÙÅ ·ÕèµéÍ§¤Ó¹Ö§¶Ö§ã¹¡ÒÃ¡ÓË¹´¡®¡ÒÃ¤Çº¤ØÁ¢Í§§Ò¹ÇÔ¨ÑÂÇÔ·ÂÒ¹Ô¾¹¸ì¹Õé àÃÔèÁ¨Ò¡¡ÒÃàÅ×Í¡µÑÇá»ÃÍÔ¹¾ØµáÅÐµÑÇá»ÃàÍÒµì¾Øµ·ÕèÊÍ´¤ÅéÍ§¡Ñº¡®¡ÒÃ¤Çº¤ØÁãËé¤Ãº¶éÇ¹ áÅÐ´Óà¹Ô¹¡ÒÃ¡ÓË¹´ÅÑ¡É³Ð¢Í§¿Ñ§¡ìªÑ¹áÊ´§ÊÁÒªÔ¡ÀÒ¾¢Öé¹ â´Â¡ÒÃ¡ÓË¹´¿Ñ§¡ìªÑ¹¤ÇÒÁà»ç¹ÊÁÒªÔ¡ãËéàËÁÒÐÊÁ¨ÐÊè§ã

	º··Õè 6_2 ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¡Ó¡ÑºÊÑè§¡ÒÃ.pdf
	simfuz2 ÁÕË¹éÒ·Õèã¹¡ÒÃ¤Ó¹Ç³ËÒ¤èÒµèÒ§æ ¢Í§áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì¢Í§ÍØ»¡Ã³ìµèÒ§æ ã¹ÃÐºº ÍÒ·Ôàªè¹ áºº¨ÓÅÍ§¢Í§á¼§¾ÕÇÕ áÅÐáºº¨ÓÅÍ§¤ÇÒÁà¢éÁáÊ§ÍÒ·ÔµÂì à»ç¹µé¹ à¾×èÍ¹ÓÁÒãªéà»ç¹à¤Ã×èÍ§Á×Íã¹¡ÒÃÇÔà¤ÃÒÐËì¾ÅÑ§§Ò¹ã¹ÃÐºº
	
	
	ã¹º·¹Õé ä´é¹ÓàÊ¹Í·ÄÉ®ÕÃÐºº¤Çº¤ØÁâ´ÂãªéµÃÃ¡ÈÒÊµÃì¿Ñ««Õè µÅÍ´¨¹¡ÒÃ»ÃÐÂØ¡µìãªé¿Ñ««ÕèÅÍ¨Ô¡à¾×èÍá¡é»Ñ�ËÒÃÐºº¤Çº¤ØÁ·ÕèÁÕ¤ÇÒÁäÁèà»ç¹àªÔ§àÊé¹ ÍÂèÒ§àªè¹ÃÐºº¾ÅÑ§§Ò¹¼ÊÁ¼ÊÒ¹·Õè»ÃÒ¡¯ã¹§Ò¹ÇÔ¨ÑÂÇÔ·ÂÒ¹Ô¾¹¸ì¹Õé â´Âä´é´Óà¹Ô¹¡ÒÃÍÍ¡áººáÅÐÍ¹ØÇÑµµÑÇ¤Çº¤ØÁ¡Ó¡ÑºÊÑè§¡ÒÃáºº¿Ñ««Õè




	º··Õè 7 ÊÃØ»áÅÐ¢éÍàÊ¹Íá¹Ð.pdf
	ÊÃØ»áÅÐ¢éÍàÊ¹Íá¹Ð

	àÍ¡ÊÒÃÍéÒ§ÍÔ§.pdf
	àÍ¡ÊÒÃÍéÒ§ÍÔ§
	Casacca, M. A., Capobianco, M. R., and Salameh, Z. M. (1996). Lead acid battery storage configuration for improved available capacity. IEEE Transactions on Energy Convertion. 11 (1): 139-145.
	Chapman, S. J. (1991). Electric machinery fundamentals. 2nd ed. : McGraw-Hill.

	ÀÒ¤¼¹Ç¡ ¤_1.pdf
	S. SUJITJORN
	ABSTRACT This article presents an approach to maximize the transfer of power to all load elements in a solar energy system. Transfer of power from the solar panel to batteries and motor utilizes a maximum-power-point-tracker (MPPT) and a DC/DC converter.
	1.  INTRODUCTION

	Fig. 2 Power vs voltage characteristics of PV panels
	Fig. 3 Current vs voltage characteristics of PV panels
						   							(vary due to solar insolation)
	2.1 PV panels supply motor with helical pump
	Providing the MPPT tracks the maximum power available from the PV panels (Pmax), to maintain this power to drive the motor one can state that
									 											�			               					                                  (2)
	From the Eq. (1) and (2), case (1) transformation ratio can be expressed by

	Simulation of a Solar Energy System
	
	º·¤Ñ´ÂèÍ – º·¤ÇÒÁ¹Õé¹ÓàÊ¹Í¡ÒÃ¨ÓÅÍ§¼ÅÃÐºº¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂì ¾ÃéÍÁÃÒÂÅÐàÍÕÂ´áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì¢Í§ÊèÇ¹»ÃÐ¡ÍºµèÒ§æ ä´éá¡è á¼§à«ÅÅìáÊ§ÍÒ·ÔµÂìµèÍ¤Ùè¤Çº¡ÑºáºµàµÍÃÕè·ÓË¹éÒ·Õèà»ç¹áËÅè§¾ÅÑ§§Ò¹ ¨èÒÂãËéÁÍàµÍÃìáÅÐ»ÑêÁ¾ìËÍÂâ¢è§·Õèà»ç¹âËÅ´¢Í§ÃÐºº áºµàµÍÃÕèºÒ§¢³Ðà»ç¹á
	¤ÓÊÓ¤Ñ� – ¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂì, â¿âµâÇÅµÒÍÔ¤, ¡ÒÃ¨ÓÅÍ§¼Å
	�	   (3)
	àÍ¡ÊÒÃÍéÒ§ÍÔ§





	ÀÒ¤¼¹Ç¡ ¤_2.pdf
	Abstract
	
	
	º·¤Ñ´ÂèÍ


	¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ
	àÍ¡ÊÒÃÍéÒ§ÍÔ§
	áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì
	¡ÒÃÍÍ¡áººÃÐºº¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂì
	ÊÃØ»
	àÍ¡ÊÒÃÍéÒ§ÍÔ§




