&

T

FIHNUMNTIVY

ﬁuwﬁumﬁauuama%mzuﬁmwmﬂ 1 ﬁjﬁ'?iﬂﬁi
r::;.d YV o ! t:'.\'l ¥ o =Y
AU T WAI U T UMINZANNGA INUHAINAINING T
(An Optimized Drive for 1 kW DC Motor with

Solar Energy Source)

WInrhlasams
FBUAATINIGE ATATIIA GOADI
muisiaanyseina
gninIsdmnTINmani

= ar o =y
unIngdumaluladgsu

{52305

HIHAD 1H1aZD0

TasunuaanyunIdeanuninendumalulatigiin’ Yadszina w.n.2543

nanudsuilunnsuiarovve s lasimsIduuaiissdife

FHIAN 2544



=Y =
Aadnssuilszma
vayeuRMEMTING @A lu Tadgsuis i laadumpunuissdmivlasanisil
. » 1
uazvaveunst garw Fzng Hldnjaniddeyamissisiasrmduiasofndarniuy

a2 q hnlszineing



UNhaL

= ar ﬁy:sw ¢ A ] o o W i ]
TasenriteniiiingUszaed dionaranismsiammdsamldmneiga un
ar e feies ar o o o = W
STUUNEIULEID RS AE Inaaudnitusamesnszuaasaitae 2.5 usunduile 14
venld 24 $2lne meduiiunusamsndeannlszaoudas 3 dau nanfie msaaney
= vg ¥ A W - 1 & w o £ o
armgandolunomes fmialesfige midiwleuddanaumusaduaseriiag i
- o 4 oo of s J
maaldifaldqage uaznisumen lemaldndanu Idihusssaduaefindndaiu
LS - 5 [ 1 o4 ar L] = % L] A 9 P o
1Wlgunfige Awszvudnaniidouus liflugaduetann fdesdauvuiines
o = = w I [l & o
nadamaas nazn1siianinad ooy uaed msieaniswasuaauniiaoif
g o o w o e J « o oA
Franauuuuimiiuding ffannduuuluiasneuinsamesiuazawilawiing ms
s o e ] § o [ ] = oo
nagauszuy lngs AR INIUANIRen 1T asRaR i e ANITABI 1Y MANSFNETITY
Wyt 3rmsoend luadudis q Wead msldszuuarvausuumsudansidwa
] o e + b P - =4 " =t
dmelaluszdunils udszlwadindiszuulinaadlunduuaindssion waziinis

aszoedivesInanludnvasfidsrsnssanisndnunszeznaniuge q aasatu



ABSTRACT

This research attempts to optimize energy utilization in a solar energy system.
The system with a 2.5 hp de motor coupled with a pump as its main load has to withstand a
24-hour operation. The optimization problem consists of 3 parts: loss minimization in the
motor, maximization of the power transfer between the solar panels and the load, and
maximum utilization of the solar energy. Since the system is highly nonlinear, accurate
mathematical models and computer simulation are reliable state-of-the-art. Partly, the
management of energy is achieved by the proposed supervisory controller. The controller is
implemented on a microcontroller using Dynamic C™. The test of the system including the
controller employs hardware-in-loop simulation. It is found that the optimization approaches
give good results while the supervisory controller offers satisfactory performance to a certain
extent. Better performance of the controller is expected providing that the system contains
multipte groups of various types of load, and the load must be properly time distributed in

terms of energy utihization.
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exp qVPmax qVPmax +] — IP-" +1’3
kin, kTn, I ok (4-3)
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F1 v, flo us aﬁuﬁﬁﬂﬁtﬁaﬁwé’q@qqﬁ awnsesnaa 14 laolgntsdunaudeduay
V, %:'?;ue;iﬁ'u L, 40z [, maunsoudauntsi ¢-3) TaoldT8asveaiiag (Newton's
Method) udnhl@ouTusunsuite dnnamd v, 14
function V2=V3{V1 error)
ns=36;
Iph=4.38;
Irs=1.5619e-8;
q=1.6¥10°(-19);
A=2.46;
k=1.38%10~(-23);
T=311;
dx=1;
while dx>error

x1=exp{q*VI/A/T/A/ns)* ((q*V 1/ T/A/ns i 1 )<(Iph+IrsVrs;

x2=(q/k/T/ A/ns)*exp(q* V1/K/T/A/ns)*((q*V 1 /K/T/AJns)+2);

V2=V1-(x1/x2);

dx=abs(V1-V2);

Vi=v2
end
disp(V2):
rchurn
snnsdndisllsunsuez I8 v, = 18,5111 v 9imaniem Voo, inundvasly
aun1sf @1 azl8A1,_ - 4.5284 A FatuSefnoam P, 1A 18.5111*4.5284 =
83.8257 Witz aoandnsfugUns v (v.p) FagUfian, (v Faguit 42 uag 1LP) Fagildi

4.3 auaRY
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o o o L =Y s
nsMauYeeglnsel MPPT sedum V uaz I huwwaaninld Tnsaoandesdy
- 1 nr ) = [} o e &
P Annuduuasing  davueasduiivousinudiumsioununnuduig
NNASRMAATAIRND 1IININL AT FaNSnI WU on-line WIBB1RldMITAIUINGA P,

o4

arporldoamid  uazlémstumed Tmandvvnzdutiveninss FRBUAIMDY off-
line saz¥iiMIveiuifunuzadnan v uaz 1 lnvaoandasiu P, ﬁ’aﬁguqﬂﬂmi MPPT
Tumalgiasaiidalszneundniifiy asunofinesuastylnsneunsawed oty
M3$10seHassuIReE Bmsnafede T 15791991289M IV 1UYBIMPP TR

»
= == 1 %
s« Tgaaninadvaululdsunsyid
o d 4:; & = £ @ ] ] 1 & ar ¥4 :
4.3 N1I0ONA INFWAI W oA adLaIMAtTusaIT U uBme s VU T

g = de o o r
WesninraduassfindiiganismauvssdunaznIzILERIARAT 1A N
A Yo v& a4 m 1 = 2 = 4 A o )
unvaties Wimasgege Iddulliivangador Jafailymanfie ymsiauveslvaney
[ - o - shul o & a W M s o o = a
vunngafmaduasefind i danugegs  Fashliidfvdsglemlinnddsauinga
P 1 d A w e A g aw a o Y = a o
1@hddun danuieihlfdsz@ninmensszuvanns  msuddaymidiordomsieuyes
o ,:; = 1 o é o %
MPPT At ldosuioruinds msiiauves MPPT @edosiantagucgsmes e
=S 1 o =1 é ol
Sonimientasdd (DC-DC Transformer) ¥4 1at Inseardrsorailuteesdu W (chopper)
F 5', o o =1 z [ =By - o
F1ATA (buck) e (boost) M3aTAA A IAMUAIIMMIIETY  TALITI@AINITHIY
v £
4 ool o 1 s ot o * ar 1
YoiADUNOTMeTH ujUdasdumanlamdinuniefondun . dandiumsuias
. R . 4 = a o o = o as
(transformation ratio) D A1 D Amsnzauigam iunaanduasoiindiiondas i
A o A & e = !
ponugegn (P =v, I, ) moldlunisiunSetiwluaadsiinisfiosanuioondu 3
Snuagmsiam 148 () vowesnszuanswuunszduiaduunduaeniuiuiiuwey
. o o .
T9uiluinan (@) nuaweivazdaszadulvan uaz (1) Newawes iy uay wuawes
vugdadszandsnuiiuveandouqfu  Awwunmunussutluglf 44
ar 3 ﬁ’ =S clca'd 1 d'l, Tam [ F=}
Turdiell 1mAnITannsiing Inaauuu (n) ey e WAamMdanugadoues
3/ = 3 o o o a o ’
nitsulasdd sz ldanuduiusvesmdanun

Vi =V_ I

inin ot ™ ont

out __ " in

=D (4-4)
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D fin dan1dumsutas (Transformation Ratio)
- s ¥ o 1Y ey
v, 9 USIAUNNATUBUNAYDY miloilashd
= o ¥ o ¥ oy
Vo A8 USIAUNNATUOANAYDI MBI DIAT
o ¥ o= 3 o
N flo NITUANNATUBUNAYDI MBI naRY
) 3 i 1Y =
Le A9 NITUANNATLOWMWAYDI LB BAT

pC
L
Solar Panel Moter ?\ e ¥
N
DC
MPPT
control

710 4.4 TasaedHravesruudieindouraddadidausufumepT

o - o y = o oo &
Waunsh (3-6) wAnTeivaumsd-slusmet  Hanizasannuduriuys

o 9 o« o 31
YOIULTIAUNNATUD TS e Laad 1A

- Bk +(B/k) +(4k,1_ k)
2

V, =R,I, +k, (4-5)

Wo R,=06Q , B =0.004 N-msecirad , k, (Virad/sec) = 0.55 N-m/A

k = 1.898*10" N-m/(rad/sec)’ 1flumnsfid e omes
¥ o a o o A
turaaaumsindiendan dheenngege @_~v, 13 itel$lums

o a1 9 e o o :
YUWAABTHIY MU IR% A2 Aty



(4-6)

& o » ’ d = sa I
lﬁﬂ D, ﬁﬂﬂ'!ﬂﬂi'l’ﬂ']uﬂ'liI.ll]f\s‘l‘izﬂ'l'lw‘.llle‘lI.‘lfﬂﬂilﬁiﬂ'lﬂﬂ!lﬂﬂﬁﬂlﬂﬂ‘i

WITUAITA (4-6) unumaaluaunmyh @-5) v 1d

2 .
Voo 2k 2\ Kk D k D, Voo

Fmax

Tag1435n 15891964 (Newtor’s Method) msAmuaaiia D, v 1dsinTulsunsudadl

YaFind transformation ratio:Dm

function D2=Dm{(Vm,Im,D1,error)

Ra=0.6;

B=0.004;

kb=0).55;

k=1.898*10-4);

dx=1;

while dx>error
x1=D1-(kb/Vm)*((-BA2*k))+(1/2)*sqrt({B/K)"2+(4*kb*Im/(D 1*k))))-Im*Ra/(D1*Vm);
x2=1+((kb 2 ¥ Im)AD12*Vm*k*sqri((B/K ) 2-H4*kb*Im/AD1 *k)))+{Im*RaAD142*Vm));
D2=D1-(x]/x2}:
dx=abs(D1-D2):
D1=D2;

cnd

disp(D?2);

returm
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swnssnaudleldsunsy  Sumausadumssrindiinissuimidifadidiay
gega v, =110V unzswnzuaiildifefdgege i, <1325 Andrasléen o,
» v .
= 1.000 AnfuuEsINm ldvInmsiuudoTlsunsugndes tissnn Tdnsnneu
[ H g g o w < : o o
ud291 Hen1agnadniy vaweiliusiunuaiueifouees v, = 110 V uarlinszusonsiy
o d': = d'( ar o T r » i ] dg :f
1997 I, = 13.25 A tia@munioiviluvesTie  meldaismat D 9103 (518199zazRs
» v 3
WRUAUNITAR (viscous friction = Bo) (1199 nNAMIDONIN [20] AILUTINALNISH(3-S)

TSNS A UNIIAIUD T RDS NANIIZAIRIND

V‘l = RaIa + (kbl-s)\} Ia /k (4’8)

Taumsh (4-6) unusaaluaunsh (4-8) w214

I 1.5
Dm3 — Ra P max Dm _ (kb ) Pmax __ 0 (4_9)
VPmaJ( VPmax k

dATUNT (4-9) ﬁ’wﬁﬁ;’a polynomial BY19319

Yalind transformation rate:Dm

function polymotor{Vm,Im)

Ra=0.6;

kb=0.53;

k=1.898*107(-4);

X={1 0 (Ra*Im/Vm) (Kb~} 5Vm)*sqritmA)l:

Dm=roots{3X)

fazlrntssnaees b Sumawadumofiadiousuiildfiaddngeqa v,
=10V uazswnszuaihlfifatdaangagal, ~13.25 A uda 9218 D_ - 1.0175
@vsaawizat b idui ey FesshdhidwendsiunsdRvisanamile

= &2
W nuUal
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2 [ i o = r’q‘; a
whnsnAes D disliusaeradumewindvianuméay 200 luga (= 25, n, =
A 4 el T =y ; z o&F
8*36)  Filneinmsesnuuuszuudisfvsanmausduimefadaivauenaeatisu
Tausnines v, wag 1, 1idnnasiiacuees MPPT Anmuiduuassie q fu

; ; : o 2
unumIn luaums@-7) eonid D_ iomngaw saaadumazas g S

= o . = o o o = L] o o
M5NN 4.1 snidumsudasidniuidulTnaenutuuaseringnzvonasnSuiuila

AIIAY (w/m) V. . (V) oo (A) D,
1,000 148.09 113.21 1.8011
950 147.66 107.53 17706 |
900 147.20 101.85 1.7391
850 146.72 96.18 1.7065
800 146.21 90.50 1.6725
750 145.67 84.83 1.6372
700 145.09 79.15 1.6003
650 144.47 73.48 1.5616
600 430 67.81 1.5210
550 143.07 62.14 1.4782
500 142.27 56.47 1.4327 'J
450 141.38 50.81 1.3842
400 140.40 45.14 1.3319
350 _ 139.28 39.48 1.2753
300 137.99 3382 1.2130
250 136.46 w17 | 1.1435
200 134.59 22.51 1.0640
150 132.19 | 16.87 | 0.9701
100 128.80 11.23 0.8521
50 123.02 5.60 | 0.6834
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Tunrsnorsanmmdanadunmsiasvemouasng e Tound I

1 & o o e d‘ [ e &% & 4=; ar ¢=: J

T TIURUEAUAID Al DI ¥ir oAl T2y oz LAt e e NS IR UMY

1 7] [-¥) LT3 r - J z ) =y b :

ponnsERUiL  mazmanmssimainarutaduslunaduinadiuiiadfni = dniu

AuMIusIAuveMUAmeSvartalsyy  srAamwzsiilinmudriusiiudadu ndn
F |
fio

V, = V,+IR_ (4-10)

b

»

¥V, A usundIvesuamoTvazdalszy
o v A w = 1 o o A o = ar
V, A9 usAuGuANYsumames luuaazsnsimsonlszy GuniiseRnsaniiusaiu
- L3 r aa o ow o ) ¥
SudulugreifinnuduiuiihuGudu)
of ' b3 5
R, fio fnnudmuniuniglusmsazdalssg
1 ho swmszud A TwaluamoSvasdarlsey

[ o ey o [ LY 1 o
umasratng e Rt wndanu ihesmngsga SRS A S W O T TS TS T

Prnax

nlsuasaguds

D, = = CPmax (4-11)

4 1 e [] 1 w dar = ] =
iiie D, flomdasdaumsudasszrNnunagaduaiefindfutuames thaumsh @-11)

unuaa luaunn (@-10) 92 14

2 V | maxRiot -
D, —V” D, - f’v ' =0 @12

Prmax Pmax

ufmumsfdide 2 TasAnisamns b, Hdudwon szl
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2
V, V, 44, R
D,,:l -+ [V" ] $‘*" = (4-13)
2 VPmax P max P max

4 »
a [ o o o a .
Mnisniniaes D, lellunuradumasnadianunad i 200 lugo @ =25 ,n, =
o v 5 o 4o o 4 e -
8¢36) 1dnunwldanmuduimefiadminmuennsansiundhidla sk

Aol v, uag [, N1d9nnsiiaiutes MPPT finnuduuasdis q Asiuramiuan

k- d \ ™ = - 3 = el 1 el 3
ud7r  wwrumasluauns® (4-13) e D, Iz 93iinl R, YDIUAARSSNL
. 4 & o ' 4 '
VuA 70 9N = (10/7)%6.56E-2 © ua luaunsh (4-13) 1 Gadomswa v, 430 i3 v, Ao
) e - 1 ] P woooar d'ﬂ L = ‘g ] 3
HIAUUAYBYARET TagisazRIsanm v, Tugisniianudyausahigadumniy
1 ar s 1 = = P [ o A
uazudazdnsimsdeszy 1 (usnzauduna ) fazlia v, Auandreiuday saamnso
naaeladns M iuglf 4.7 Taefinrudiues 1,000 wim®, 800 wim’, 600 w/m’, 400 w/m’
uag 200 wim' 38R TIMIoalszy I, 1y 113.21 A, 90.50 A, 67.81 A, 45.14 A uag
22.51 A A1MMAL
P at L] 1 [ o/ ar o a

1nnT i lugtn 4.7 wwdanemuh udazdasimsoalicy 1, elis v, Nuen
A1y ARLRe 1,000 wim®  Boasimadatasy I, wiifiu 113.21 A 9287 v, im
ar CII ﬂé - ot 1 ol =
1 128.61 V uazAnnuduund 800 wm' Falidnainsdailizy 1, (i 90.50 A 9zi]
t v ol r_;i 1 a o \
AV, ML 12649 V iudu  dam1 v, aansedaldeiniuuiaesisanane’

- o ¢ b o e 4 v Ve o w &

Tavwssanfinauilugud  Feinanflugudiier 18 v, semnlusisiifinnuduiuiiiu

wWady faeuns (4-14)

: K2
V, =E+(R,, [+ o2 (4-14)
C
Tashi E = 118 v §danmsdalsey I nafinaorsudalszg@n  m1E Aeziien

mfuuswudgenanzmstalszgadnii hinaeaauiu), R, =(10/7)*6.56E-2 Q
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C=7%70 Ah,uaz K2=22 soiulunsmidiD, aweunsdi (4-13) szdesiiiladanm
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v, luurasdasimsdarlsey 1., Wuq ddw diehmves v, , 1,,, Aldnmsiau
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M3t 4.2 Sandunsulaifimnzruiiounuradumoinddalssyuuamesediuan

ATUEANUES (w/m®) v, (V) L. (A) v, (V) D,
1,000 148.09 11321 12861 0.9443
950 147.66 107.53 128.08 0.9400
900 147.20 101.85 127.55 0.9358
850 146.72 96.18 127.02 0.9317
800 146.21 90.50 126.49 0.9277
750 145.67 84.83 125.95 0.9237
700 145.09 79.15 125.42 0.9200
650 14447 73.48 ' 124.89 0.9165
600 143.80 67.81 124.36 0.9132
550 143.07 62.14 123.83 0.9102
500 142.27 56.47 123.30 0.9076
450 141.38 50.81 122.77 0.9056
400 140.40 45.14 122.23 0.9039
350 139.28 39.48 121.70 0.9032
300 137.99 33.82 12117 0.9035
250 136.46 28.17 120.64 0.9054
200 ! 13459 22.51 120.11 0.9096
150 13209 1687 119.59 0.9177
0o 128.80 11.23 119.06 0.9331
50 123.02 5.60 118.53 0.9679
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(4-10) 9218

\Y Vv |
D — t = b — P max 4-15
s v T (4-15)

P max a '

& o 1 . o o a  da o1

e D, o Awanduamilas  lunsdifusaradursemiadl moatunemeideniy
o b q‘u LYY 3 a c: t a'
fullunasiuawesimdedalszy  dusnihaumsh (4-5) uay (4-10) wnusaaluaumsh

(4-15) 9214

3 T -
I R, ~D, V. . +DV -D*
(E] +4kb[ pomax ” “tot D LRPmax h "4 } + R‘(E?F“E’E‘Rw gthpmn +thn]_ thp _ ksz =0
h w h™ ™t k

(4-16)
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ganldnanfanfeundy msudaumsn @-16) aunsaldRiveuiifuusa sae,

Tauiinamsfuand D, 1esumsuanlilugiit 410 wozasan 43 eudidy
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i ldd a1 udwazuaaaluaisei 41 uag 4.2

= o r = & < a daw =
f1919N 4.3 a‘a'i'iﬁ']uﬂ']‘illﬂﬁQﬂL'HH']zﬁllluﬂlLFNl‘ﬁﬁﬂllﬁqg']ﬂﬂﬂﬂﬂﬂ'izﬂllﬂﬂlﬂaillﬁz

swlduewmes liwdouq i

AU (w/m®)

V.. (V) i, (A) 1(A) v, (V) D,
1,000 148.09 113.21 99.96 127.37 0.9251
950 147.66 107.53 94.28 126.84 0.9209
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Supervisory Controller
BL1120/Little Giant (Zworld Inc.):Dynamic C

L e e R T A S PR R SIS LA R L L L L LN

void Decision{void);
void Decisionl(void);
void Decision2(void);
void Decision3(void);
vioid Prm_DataOut(void),
void Prn_Dataln{void);
long int Encoder(int dd);
int n,z,h, Npack;
double 1a=12.49,Istr=16.00,Vt=110.00,Vstr=139.30,Vstrfull=141.00,CCC=0.79;
/fMust be floating
double t,Ipmax,Vpmax,Pmax,Ibatt,Itot,Vtot, Ptot times[ 1 0], fitimescec[ 10];
int data_in; //Data input LPT port
int Pm Data[16),Prn_DA,Pm_DB; //Save temporary data input
long int D Time,D_Ipmax,D Vpmax,D IbattD Sum,D_Status;
main(}
{ Ddelay_1sec(); /IWait required after reset
outport{ PIOCA,0x07); {/Diable Interrupt
outport{ PEFOCB,0x07); {fDiable Interrupt
outport(PIOCA,0x7f); #PA=1In
outport{PIOCB,0x3f); HPB = Qut
printf{"\nFirst Run for Waiting Receive Data\n"} ;
n=1;h=1;z=0;
while(1) {Looping
{ hitwd();

Ddelay 100ms;
data_in=inport{PIODAY;
if-(data_in != 0xff)

{ if (data_in != Qxaf)
{ Prn_Dataln();}
else
{ D Time = Encoder(0x00); //Encoderdatato D Time
D Ipmax = Encoder(0x04); //Encoder data to
D_ipmax
D Vpmax = Encoder{0x08); {/Encoder datato
D_Vpmax
D _Ibatt = Encoder(0x0c), //Encoder data to D_lbatt
hitwd();

Decision();
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Prn_DataOut();

}
b
}
1
A S R R R R R R BRI A S
void Decision(void)
{ hitwd();
D Sum = D Time+D Ipmax+D_Vpmax+D_Ibatt;
t = D_Time*0.01; /Multiply 0.01 for double
Ipmax = D_Ipmax*0.01; /Muitiply 0.01 for double
Vpmax = D_Vpmax*(.01; /Multiply 0.01 for double
Ibat = D Ibatt*Q.01; /Multiply 0.01 for double
Pmax = Ipmax*Vpmax;

PO R Y,
printf{"\nRECEIVE DATA INPORTn™);
printf("Time = %.2f h\n",t};
printf{"Ipmax = %.2f A\n",Ipmax),
printf("Vpmax = %.2f Vin",Vpmax);
printf{"fbatt = %.2f A\n",Ibatt);
hitwd(};
printf("\nFOR ERROR CHECKING\n");
printf("D_Sum = %dwn",D_Sum);
f**** '*t***‘*‘*‘t‘lt**‘*ti****’
//This system must support DC motor first
{//Then support the charging of batts previously adequate current available
{fFind time for motor take energy from solar panel

if(z=20) .
{ if (Ipmax < 1a)
£ D_Status=0X00;} //Batt. discharge energy to motor
else
{ printf{"\nMotor take energy from solar panel at %.2fh\n",t);
=1,
D Status=0X01; /Motor take energy from solar pane}
goto END_DECISION;
}

JEEERRREEERRRA RN R R R Tt R bRy

{Find time and energy for charge batt 1st group and supply DC motor

if{(z==1)
{ if - (=1
{ h=2;
goto END_DECISION;
}
if (Ipmax < la+Istr)
{ D Status=0X01;}
clse
f times{n]=t;
Ttot=Ia+Istr;
Viot=Vi;

Ptot=ltot*Vtot;
printf{"\nBatt pack 1 charge start at time %.2fh\n" times[a]Y;
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printf{*Which I,V,P for supply batt and motor = %.2fA % 2V %.0fW
respectively\n”, ot Viot, Ptot);

Npack=1; //Know charge start max 1 pack in first group every Percent of
area parabola

fitimescce[n]=times[n1+CCC; //Finai time on CCC of batt group n

n=n+1,

z=2;

D_Starus=0X02; //Charge batt Lst group and suppty DC motor

goto END_DECISION;

}

{**t*#*ttttS“ttttt#t#t*****tt!

{/Find time and energy for charge batt 2nd group and supply DC motor

if(z=2)
{ if (h=2) //Synchrorization between PC and board
{ h=3;
goto END_DECISION;
}
{//Batt 2nd group charge start on CCC of batt 1st group
if (t <= fitimescec[1])
{ if (Ipmax < Ia+{Istr*n))
{ D_Status=0X02:}
else
{ Decisienl();
z=3;
D Staus=0X03; //Charge batt 2nd group and supply DC motor
goto END DECISION,;
}
}

//Batt 2nd group charge start on CVC of batt 1st group
if (t > fitimescce[1])

{ if (Ipmax < la+Ibatt)
{ D Status=0X02;}
else
{ times{n]=t;
ltot=la+1batt;
Viot=Vstr; //Know Vpmax >= Vstr at 2nd group every Percent of area parabola
Ptot=ltet*Viot;

printf{"\nBatt pack %d,%d in series charge start at time
%.2fh\n" ,Npack+1 Npack+2, times[n]});

printf{"Which 1,V,P for supply batt and motor =
%.2fA,%.2(V % 0fW respectively\n”,Itot, Vtot,Ptot);

: Npack=Npack+2,

fitimescec[n]=times{n]+CCC;

n=n+l;

=3,

D Status=0X03;

goto END_DECISION;

}

JERTERERRRR RS AR R R R

//Find time and energy for charge batt 3rd group and supply DC motor
if(z==13)
{ if (h==13) //Synchronization between PC and board
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{ h=4; :
goto END_DECISION;
)
//Batt 3rd group charge start on CCC of batt Ist and 2nd group
if (t <= fitimescee[1])
{ if (Ipmax < laHIstr*n))
{ D_Status=0X03;}
else
{ Decision1();
=4
D_Status=0X04; {{Charge batt 3rd group and supply
DC motor
goto END_DECISION;
}
}

//Batt 3rd group charge start between on CVC of batt Ist group and CCC of batt 2nd group
if ({t > fitimescee[1]) && (t <= fitimescec[2]))

{ if {Ipmax < [a-+Ibatt)
{ D Status=0X03;}
else
{ Decision2();
z=4;

D_Status=0X04;
goto END DECISION;
}
b
//Batt 3rd group charge start on CVC of batt st and 2nd group
if {t > fitimescec[2])

{ if (Ipmax < [a+Ibatt)
{ D Status=0X03;}
else
{ Deeision3();
774,

D Status=0X04;
goto END DECISION;

\
1]
JERERR R A R AR LT R R LA AE ]

//Find time and energy for charge batt 4th group and supply DC motor
if (z == 4)
{ if {h==4) //Synchronization between PC and board
{ h=5; ’
goto END DECISION;

1

¥
//Batt 4th group charge start on CCC of batt 1st,2nd and 3rd group

if{t <= fitimescee[1])
{ if {[pmax < la+(1str*n))
{ D_Status=0X04;}
else
{ Decisionl();
z=5;
D Status=0X05; /fCharge batt 4th group and supply

DC motor
goto ENID DECISION;
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\ ;
//Batt 4th group charge start between on CVC of batt 1st group and CCC of batt 2nd and 3rd group
if ((t > fitimesccc{1]) && (t <= fitimesccc(2]))

{ if (Ipmax < fa+Ibatt)
{ D_Status=0X04;}
else
{ Decision2();
=3;
D_Status=0X05;

goto END_DECISION;
} }
//Batt 4th group charge start between on CVC of batt 1st and 2nd group and CCC of batt 3rd group
//Batt 4th group charge start on CVC of batt 1st,2nd and 3rd group

if (1 > fitimescec[2])
{ if (Ipmax < la+Ibatt)
{ D_Status=0X04;}
else
{ Decision3();
z=5;

D_Status=0X05;
goto END_DECISION;

}

JEEERRRRRT AR AR AR EREA L

//Find time and energy for charge batt 5th group and supply DC motor

if(z==13)
{ if (h=—75) //Synchronization between PC and board
{ h=6:
goto END_DECISION;
1
//Batt 5th group charge start on CCC of batt 1st,2nd,3rd and 4th group
i (t <= fitimescee{1])
{ if (Ipmax < la+(istr*n})
{ D Status=0X05;}
else
{ Decision1();
=6;
D Status=0X06; #/Charge batt 5th group and supply
3¢ motor
goto END_DECISION,;
}
b

/Batt Sth group charge start between on CVC of batt 1st group and CCC of batt 2nd,3rd and 4th
group

if 1(t > fitimescec[1]) && (t <= fitimescec[2])}

{ if (Ipmax < la+Ibatt)
{ D Status=0X05;}
else
{ Decision2();
7=6;

D Status=0X06;
goto END_DECISION;



i
//Batt 5th group charge start between on CVC of batt 1st and 2nd group and CCC of batt 3rd and
4th group
//Batt Sth group charge start between on CVC of batt 1st,2nd and 3rd group and CCC of batt 4th
group
//Batt 5th group charge start on CVC of batt 1st,2nd,3rd and 4th group

if (t > fitimescec[2])

{ if (Ipmax < Ia+Ibatt)
{ D Status=0X05;}
else :
{ Decision3();
z=6;
D_Status=0X06;

goto END_DECISION;
3
JERFRRRE KRR Rk kR R KRT RN

//Find time and energy for charge batt 6th group and supply DC motor
/IKnow charge max 6th group every Percent of area parabola

if {(z==16}
{ if {(h==46) /fSynchronization between PC and board
{ h=7;
goto END_DECISION;
b
//Batt 6th group charge start on CCC of batt 15t,2nd,3rd,4th and 5th group
if (t <= fitimescoc[1])
{ if (ipmax < laHlstr*n))
{ D_Status=0X06;}
else
{ Decisionl();
z=7;
D_Status=0X07; /fCharge batt 6th group and supply
DC motor
goto END_DECISION;
)
b

//Batt 6th group charge start between on CVC of batt st group and CCC of batt 2nd,3rd 4th and 5th
group
- I ({t > fitimescee{ 1]) && (1 <= fitimescec[21))

{ if {Ipmax < la+lbati)
{ D_Status=0X06;}
else
{ Decision2();
=7,

D Status=0X07,
goto END_DECISION;
}
i

//Batt 6th group charge start between on CVC of batt 1st and 2nd group and CCC of bau 3rd 4th
and St gmovp
//Batt 6th group charge start between on CVC of batt 1st,2nd and 3rd group and CCC of batt 4th
and 5th group
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//Batt 6th group charge start between on CVC of batt 1st,2nd,3rd and 4tk group and CCC of batt 5th
aroup ’
//Batt 6th group charge start on CVC of batt 1st,2nd,3rd 4th and 5th group

if (1> fitimescec(2))

{ if (Ipmax < la+Ibatt)
{ D_Status=0X06;}
else
{ Decision3();
z=T;

D_Status=0X07;
goto END DECISION;

}

FRR R L L L LT

//Find time which batt each group charge full

fz==7)
{ if (h==7) //Synchronization between PC and board
{ h=8;
goto END_DECISION;
if (t < fitimescec{1]+4)
{ D Staus=0X07;}
else
{ printf{"\nBatt 1st group charge full at time %.2fh\n",t);
z=8§;
D_Status=0X038; //Batt 1st group charge full
}
}
if(z=8)
{ if (t < fitimescec[2]+4)
{ D Status=0X08;}
¢lse
{ printf{"\nBatt 2nd group charge full at time %.2fh\n"1);
=9,
D_Status=0X09; /fBatt 2nd group charge full
}
i
if(z==9)
{ if (t < fitimescec[3]+4)
H D_Status=0X09;}
else
{ printf{"nBatt 3rd group charge full at time %.2th\n".t);
z=10;
D_Status=0X0a; //Batt 3rd group charge full
;
}
if (z==10)
{ if (t < fitimescce[4]+4)
{ D_Status=(GX0a;}
else
{ printf{"\nBatt 4th group charge full at time % .2fhwn",t);

z=11;
D_ Status=0X0b; //Batt 4th group charge full
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1
if(z==11)
{ if (t < fitimescec[5]+4)
{ D_Status=0X0b;}
else
{ printi{"\nBatt 5th group charge full at time %.2fh\n",t);
z=12;
D_Status=0X0c¢; //Batt 5th group charge full
}
H
if (z==12)
{ if (t < fitimescec[6]+H4)
{ D Status=0X0c¢;}
else
{ printf("\nBatt 6th group or all group charge full at time %.2fh\n" 1),
z=13;
D_Status=0X0d; //Batt 6th group or all group charge full
3

[AEEREECR R R R kR e EEEER A
#/Find time batt charge stop

//Know batt all group will charge stop when charge start already all group
if ((n==7) && (z < 13) && (Vpmax < Vstrfull))

{ printf{"nBatt all group charge stop at time %.2fh\n" t);
n=n+l;
z=13;
D_Status=0X0e; {/Batt all group charge stop

,‘**tttt*qxttt**t#t*:*tts***tttq
{{Find time batt discharge energy to motor due to energy from solar panel insufficient support to
motor .

if ((z= 13) && (Jpmax < Ia))

{ printf("\nBatt discharge encrgy to motor at time %.2fh\n"t);
z=14;
D Status=0X00; /fBatt. discharge energy to motor

FEARREERRE Rk RS Rk ]

END_DECISION:

h
R BRI R R S R B R R R B R
vold Precisiontiverd)
{ times{n]=t;
hot=la+{Istr*n);
if (Npack==1)
{ Viot=Vstr;}
else
{ Viot=Vstr+2.152*%(t-times[2]);} //Slope of voltage on CCC duration is 2.152

Ptot=Itot* Viot;
printi{\nBatt pack %d,%d in series charge start at time %.2fh\n",Npack+1,Npack+2,tintes
{nl)
printf(" Which 1,V P for supply batt and motor = %.2fA,%.2fV %.0fW
respectively\n",ltot, Viot, Plot};
Npack=Npack+2;
fitimescee[n]=times[n]+CCC;
n=n+|;
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}

S R R R R R A R R B BB R R it
void Detisior2({void)
{ timesfn}=t;
hot=la+ibatt;
Viat=Vsir+2.152%(t-times] 21},
Prov={iot* Viot,
printi{"\pBatt pack %d,%d in series charge start at time %.2fh\n" Npack-+1, Npack+2, times
[al);

priutf{"Which 1,V,P for supply batt and motor = %.2fA,%. 2V 2%%.0fW
respectivelvn” ltat, VoL, Plot);

Npack=Npack+2;

fitimesceeln}=times{n]+CCC;

n=n+i;

1

b R S R S R S T e T e e
void Decision3(void)
{ times{n=t;
hor=la+iban;
Viot=Vstriudl; HRaow Vpmax >= Vsufull every Percent of area parabola
Prot=ltot*Vtoy;
if (Npack<9)
{ printf(inBatt pack %od,%d in series charge start at time
%6.2fh\n" Npack+1 Npack+2 times{n});
printf{"Which 1V, P for supply baw and motor = %6.2fA, % 2fV 26.08W
respectivelyn” hot, Viot, Prot);
Npack=Npack+2;
}
else
§ printf("\nBatt pack {0 charge start at time %.2fhin" times{n});
prirgf{"Which 1LV, P for supply bayt and motor = %.2A % 2FV, %.0fW
respectively'n”,ltot, Vot Ptot),

Npack=1{; IMnow charge pack 10 at 6th group every Percent of area
parabela
}
fittmescec]n|=times{a}+CCC;
a=ntly

h

HBREERHHRE B R R S SRR AR R R S B R R B ey
void Brn_Drataln{void)
{ int i .

ii=data_in & OxO0OF:

i=(dara_in >> 4) & OxGG01

if (Prn, DA == jj)
{ H{®m_DB == Pm_DA)
§ Pm_Datalii=ij:}
glse
{ Prn_{B=Pm_DA;}
H
else
{ Prn_DA=iji}
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T T e P S Lt R R e L s L E A
void Pra_DataOut{void} '
£ ni ii,datal6;

long int data32;

data32=D Status << 4;

far (ii=0; {i<G; ii++)

{ datal6=({data32 >> (4*i1)) & DxO0MD) § ii;
ouipor{PIODR datalé), #18end data joop
printf(" "), HDelay
hirwd();

}

data32=D_Sum << 4;

for {1i=0; '<4; ii++)

{ datal6={(da1a32 >> (4*i1)) & Ox0080) | (ii+6);
outport{ PIODR datals); #Send datz loop
printf(* "), HDelay
hitwd{);

}

outport{ FIODB,0xff}; /iSend goto idle Yine

i

J L e e T e L S T s S e s R S
long int Encoder(int dd)
{ int 1i;

long it temp.d_temp;

d_temp=0,

for {ii=0; 14, H+t)

{ temp=Pm_Data{dd-+iil;
temp={ternp & Ox0f) << (it*4);
d_temp=d temp|temp;

¥

return{d_tempy,

}

[ERREEE R Rk R AR RS R bk Ak F 5 DN PROGRAM

FEEREES RN AR AR RN R RRRRRE LR LK ]
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Parallei communication support software {dos mode)

t**t**t*****t**#tttttt*******ttttt**t**t*#*t*tttttttt*#**t#tt**ttttltt#*‘[

thinclude <stdio.h>
#include <conio.h>
#include <dos h>

#include <math h>

void Transfer L-.taQl{void),

void  Pm_DataOut(long int sd_in,int sd_jj); //Printer data outport 1 frame
void Pm_Dataln{void); //Printer data inport 8 bit

int data_in,LPT1=0x378;

long int D_Time,D_lpmax,D_Vpmax,D_ibatt,D_Status,D_Sum;

b s e s S B T e e R e D L A R Y
void Transfer DataQl(void)
{ imt iLjj,xx,data8[10];
long int temp32;
printf{"Send & Waiting Receive Datai\n”}; //Delay wating Z[ 8@ calculation
SENDING:
delay(1000);
Prn_DataOut(D_Time,0x00);  /Sending D_Time
Pm_DataOut(D_Ipmax,0x04);  /Sending D_lpmax
Prn_DataOut(D_Vpmax,0x08); /Sending D_Vpmax
Pro_DataOut(D Tbatt,(x0c); /Sending D_Ibatt
outport(LPT] 0xaf); /Conversion Command
delay(20);
outport{LPT1,0xf); /ldle State
for (ii=0; 1i<10; ii++)
{ for (xx=0; xx<200; xx++)
{ delay(3);
Prn_Dataln(); /Get data_in 8 bit
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jj=data_in & Ox000f;
if (jj == i)
{ goto DATAINCOM;}
}
goto SENDING;
DATAINCOM:
Ij=(data_in >>4) & 0x000f;
data8[ii]}=ij;
!
D_Status=0x00;,
for (ii=0; ii<6; iit+)
{ temp32~data8[ii];
temp32=(temp32 & 0x0f) << (ii*4);
[3_Status=D_Status | temp32;
3
D_Sum=0x00;
for (ii=0; ii<4; ii+)
{ temp32~data8[ii+6);
temp32=(temp32 & Ox0f) << (ii*4);
D_Sum=D_Sum | temp32;
1
i

SRR R R R S R R R AR
void  Prn_DataQut(leng int sd_in,int sd_ji)
{ int wWw;
tong int temp;
for (ww=0 ;ww<4 ;ww++)
{ temp=sd_in << 4;
temp=({ter.p >> (4*ww)) & 0x00f0) | sd_ji;
outport(LPT1.temp);
delay(10);
sd_jj++,;
1
b

JIBHR RS BRI R B I B R B R R S S

void Pm_Datain({void)

{ int data_|.data_h;
outport{ LPT1+2,0x0000); /fSelect Data H
data_h=inport(LPTi+1);
data_h=({data_h & Ox00fD) ~ 0x0080);
outport(LPT1+2 0x00f%); f8elect Data_L.
data_l=inport(LPTi+1);
data_l=((data_l & 0x00{0) ~ 0x0080) >> 4;
data_in=(data_l | data_h},

}

JIEEERREE Rk kR Rk R LR £ R 254 END PROGRAM EEEERREEREERRTERR AR ERE A ]

3
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