CEReE Dafiniton of some constant values
Sl=AlMRLER**2
52=R1
S3=El
H6=F1*NREF
RT=G1=NRLNE*2
SE=Hi*MREF**3

Cmid Tnitial guess for speed (X173 and flowrate (X2)
CHe®® the inftal spead is taken w be the spead where
CEEeE s HEA Dpump=HEAD=vsiom ar zero owrai:
NINIT=NREF*53/Al1=*.5
IFNINIT GENMAXITHEN
FAIL=4
LML
CEEEE ghe anital fowrat is zken o be the flowrae
C##%%F  ar maxinmum permistted spesd where HEAT pomp=HEADsystem
QIMIT=((53-51 ENMAK=+2)/(52-54))#* 5
H(L=NIMNIT
X(2)=QINIT
Cuwink The following part evaluates the torgne reguired 1o
CE%EE provide flow,
Cr#4%  Beglpation of O and H at shotolT condilien
C=+¥+  OOFF 13 chovsen Lo be very small, 1o, QINON per sccond
Cerd divided by 100
QOFF=(MNCMS3.6ES
HOFF=A1-B1*Q0OFF**2
CrdEd Computation of torque at shueeft condicion ar reference
CrdEd gnang
IF(POPELT.OTHEN
ETACGFF=E1+11 =001 PG =00FR+ 24+ H1#(0OFFE#]
TOFPOONS OO HOFRETADEENEEE
ELSE
TOFE=POFF/ 2 *PI*MREF)
ENDIF

TREQ=TOFF*MNINIT/ MR EF#+2
FATL=0
LS — Sl
ELSE
ke First and following calls in timestep
AT
{HFEE Qet npuls

TL=XIN(1)

=S IsI0RE
FrD=ROSTORESD

C¥se o avoid division by gero, Lo, if torque=0
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IFTLGT.TRECHTHEN
L=

e L e R L PP E P L EEE e
b1} COMNTINLLE
COUNTER=1
C#Ee¥ Trerative process to find the solutlon of the systam of
CERst ponlinesr eguations, using Mewlon's method
100 CONTINUE
CEdEw cap up the ohjectve finetions
CALL BYSTEME,X TL)
Cres® garup of the Jacobian marmix
CALL TACOBIAN(IX TL)

CH=*%F  To jnverse the matrix 2 direet method vig the adjuncle is used
CwawE Bealualion of the determinant of the Jacobian
DET=I(L, 13"} 2,252, 1% 1{1,2)

[EswE Evaluatiom of the inverse of the Jacabian
Vi1 13=F2 2V DET
TINV(12)=T(1,2)/DET
JNY(2, 1=-J(2.1DET
JINW(2,2=1{1,LyDET

Ce¥¥% Basic algorithon
KNEW(=X(1-(IN V(L DFFCL  JINV L 2)*F25)
KNBEWR2=X2)-(JINVEZ LR JINY (2,27 F2))

CFdEr Check pn e infinily norm of the solution vectar
CEFEE e the maximum value of xnew-xold (=man. error)
CrwEk shout convergence
DELTAI-ARSIXNEW( 1) X(1%
DELTA?=ABS(XNEW(2)-X[2)
IF (MAXCELTALDELTAYLGTERS) THEM
IF (COUNTER.LTMAXIT) THEN
COUNTER=COUNTER+I
H(=RIEWT1)
H2RNEWID)
GUYTT 1080
ELSE
e Comvargence was not alluined aler maxil ierations
FAIL=3
ENLIF
ENLIF
R R R R R R EF R F e b Rk vk e o e o e e o ol R o e
(1= XNEW(1]
RKIZXNEWD
MN=XNEW(1)
D=HMNEW(2)

Ce=td Clueck i Q) i3 in the separive range, Le. the wrong seluion

i



C¥EFF g fonnd
IF ((Q.LT.C0.0R.(N.LT.00) THEN
Bt o profzet an endlzas loop situation the [ollowing
L control function is introdoced
IFLOCGP.EQUTHEN
X(1=MNMAY
H(2)=5 FINIT
LOGP=1
GOTO S0
ELSEIE LD B TTTHEN
 th i iry again with higher lmits
E{Lm2 ¥MMAT
Hi2y=2 *NOM
LOOR=2
GO S0
El SR
CFFrs Mawton could not find proper solulon
o o 20 ahaad
FAIL=Z
ENMDIF
ENDIF

Cwews Pyaluation of sl head and efficiency
HoBR=Bd=++7
ETA=COMNSTOFHTLN
OHkEe Check if speed exceeds muaximum speed
FGT NMAX THEN

ChEEr Flowrule 15 laken o be the flowrate at maximum
e pormitied speod
Q=CINIT
FATL=1
(Heks Evaluation of wtal kead

H=533484#0) %3
Cevre Ellicieney is eviluated at WA and QINIT

ETA=S53+8EM)/NM AKX #5755 1N MAXN 2 BRI INM AT ]
(M Caorraction of inital gness

iD= NMAX

X(23=INIT

EMDITFE
ELSE

CetEE
bk

I s cuse the alfinity laws ars valid The terque
or Lhe speed Lollows a parahalic fimetion
N=MREF*(TL/TOFF %5
=0,
H=HOFE=(M/NREFF+2
BT A=},
[INIT
ENIITF

- S e i
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IR (1), G T AND. (Xi2). GT0.)THEN
SISTORE)=X(1)
SOSTORE+1)-X(2)

EMDIF

PHYD=RHOGH*H
PMECH=2*PI*TL*N

(F=%% Ber anipurs
OUT =N
OUT2=TL
OUT3=0
T =H
QUTE=ETA
DUITIR-PTEYTY
OUT?=FMECH
QUT{8=FAIL

END

L L e T S L P A B A O R T E T R T T T T TR PO P S g o

SUBRRCUTINE SYSTEM(FXLTL
Cr¥dd Subrontine provides the ebjectve [unction of the system
C of nonlines equalions
C TLX1IX?2 in
- F wual

REAL F2) 5
REAL TL,51,52,%3,51,55,56,57.58, CONST

COMMON SOORF 51,87 83,8485 56,87 88 CONST

F=014 31 282 K202 - 53 34 % (21 #¥2
Fl2=CONST/TLA (S R e R 2+ S 2R 1 N2
& SIS EMHT 2R (D) BTHER 1 R K22 -804
de HZpG
BN

et E b e R R R R R R R EE R R o T e g - PR TR TR e T

SUBROUTINE JTACORLANI X TL)
C=Ftr Subroutine provides all the derivatives for the lacobian matrix
T HLXZLTL in
c I aut

REAL Ji2,23,%(2)
REAL TL,51,52,5%,54,585,56, 57 88 CONST

COMMON JODER! 51,52,53,584,45 55,57 88, CONST

TL1=2251¥K(1)
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T(L,2)=2 MSZHI(2)-2 54K (2)
K2 T -CONETII LS #8151 )# =32 X (242 FE2ER(1 ) K2 #3)
& BASSEN(1)HH224E6EN(1)R2)-STIR IR
T(2,2)=CONST/TLA(S1¥X(1)#r443 #5243 (L 2+ K2+ 2)-
& SEK(I 22 PSR- SR 2 2
END

b SR R L e e e R TR R S PR P T T e X

SUBROUTINE HEADPOLYNOMIAL (ALBL

CF=%% Progrem Gls 2 polynomial through a piven number of dat
R nainte using [east squares methad
C#==% the palynmial has the foom y=atlmA2

Cr+ed HEAT -- head of the pup (1]

Crtdd CAP -~ Capaeily [volumetrie (owrale) [mf2/see]

Ceker ARl -- Cocllicients of thr construeied polynomizl

Otk MEAN — Averuge aver Lz head valucs

Cr4ex REOUARES - BA2 measure of curve fic

CrdEE BUMIL-8UMNG -« Summation terms occering in the normal aquartiong
CREER Y .o Ammay containing the tfired vaiues

HEAL SURMT,BUMZSUM STINMS STUMS SUMA AL BI
REAL MEANRSQUARE

REAL HEADI S CAPSD). Y5
INTEGEER. M

CFFER Inpet file contsins the data
COPEN (12 FILE=HEA DDA T S TATUS=1LIN
REWIND 12}

Crdix Read in nomher of data pains
REAIN1Z*3 M
CokEr Bead 1 the dula pairs
DD 1MW I=1M
READ(12,%) CALI,HEATNT
30 CONTINLILE

4%+ Evalualion of lhe sum terms in the normal cqpaations
SUML=0,
SUM2=0.
SUM3=0,
ST 1),
1203 200 T=1.M
SUMI=SUMI+-CAPI*+2
SUM2=3UM2-HEADD)
SUM3I=5UNMI+C AP+
SUMA-SUMA+HEAD{T AR #=2
2Ky CONTINUE



Cewd Boalpation of the coefficients of the polynamial
B = AESUMA-SLUIM2ZERLIM T ) MEELIBAT-SUM T =%T)
Al=(5UM2 BI1+51TM1WM

D 300 L-1,M
TWL=ATLBRLFCARL ) #2
300 CONTINUE

C=*#* Eglimalion ol the cerve fit precission

MEAN=5UMIMN

SUMS=(L

SUMA=,

0 400 LL=1.M

SUMS=STIMS+Y(LL)}-MEAN*+2
ST s=SUMe  {HEAD(LL)-MEAN)**2

400 CONTINUE
CRERs BAY messures the proponion of total variation gbout the mean
CFERE aepluined by Lthe regrossion

EEQUARE=STRSSTUNS

END

Cd‘* (EXEREZE E R R B E e T T T T T T TR R TR R TR T T g ey

SUBROUTINE EFFFPOLYNCMIALIEL F1,G1.HI)

Css Suhrontine fite a polynomial through a given pomber of dats
CHE=% noinig neing least squaras methaod
C*#=#* the polymmial has the form y=oatbetext24 3003

CH*Ees BTA — pump afficiency

Cees CAP - Capacity (volumelzic Juwrale)

e BEUMI-ESUMI12 -- Surnmaiion terms cecoring in the novmal equations
Cr#rx E] FIGLHL - Cocllicients of the constrnered polyvnomial
e WMEAN -- Averape over the eficicncy valoes

Ot REOIUARES -- BA2 measure of curve fit

Oy Array of dimension NIW conlaining the Gued values
CHbde A - Arruy of dimension WIN#*NN containing fhe cosfficients
CEkER ol the normal equatons

ol R Array of dimension NN (B vactor)

ks SO - Array confalndng the solalion, e the cocflicienis
CIEEEE El,F1G1.HL

C=#%#% LINDEX -- index veclor (Grussizn climinaton)

Codke B - seale veelor (Gacssian climination)

INTEGER M MM, NN

PARAMETER {(WN=A)

REAL GSUM1,ESUMZESUMS EXUM4 ESUMS ESUMS, ESUMT ESLIM#
HITAL ESUMO SUM10.ESUMI1,ESUMI2,ELFLG1,H]

REAL MEAN RSQITARE

REAL ETA[S00,CAP(S0), Y {500, ACNN, NN3,BINN3,SOLMNN)

REAL LINDEX MM, S(NN)



Cowdd Tnot file containg the data
OPEN (14, FILE="BFF DAT STATUS=0LD"
REWINDI( 141

CuwEs Bead in number of data pairs
EEADN14.%) I
MM=M 14
C=#¥* Brad in the data paizs
DO 100T=1M
RILAIN14,*) CAPETAL
1} CONTINUE

Co#EFE To [oree the lilled curve through the erigin a couple
s of dats pairs are sel equal i)
3 120 =k +1, MM
CAPID=L),
ETA=0.
120 CONTINUE

CrEER Bveluation of the sum terms in the aormal equations
ESTIM1=0
BRI 2=0)
ESUIM3=0.
ESTIM4=0.
ESTUMS=0,
ESUME=0,
ESTUMT=0.
ESUNE=,
ESTMa=0,
ESUM10=0
D0 200 1=1,M
ERUMI=ESTIMI-C AR
ESUM2Z=ESUM24+CAP(T =2
ESUM3=ESUM3 CAP(*2
ESUMA=ES UM+ T AT(T#"4
ESUMS=ESUMS+UIAP*=5
ESUME- BRUMAHCAR*6
ESUMT=ESUMT+ET AT
ESUIMA=ESTIME+ET AT C AT,
ESLMS=ESUMM+ETATFCARTI=*2
ESUMIN=ESUMI(H ETA{TMCATJy%=3
200 COMTINUE

CFEEE Be)opp dhe marix conwining the normal erjuaiions Alnn)
=% EH In thiz cage T0i8 2 (1%4) matcix

AL TI-REALMM

A2 1)=ESUM:1

ARD=E3UM2

AGI=ESTIM2

A2 =ESTIMG
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ABS=ESUM4
A0 =S LM
Al =ESTIM4
Afd 39=ESUMS
Aid 4)=ESUMSE

Cr¥FF hevause af the svmmetry of ha maimix,it can be
2= illed up hy

D50 =14
DO 250 11,4
ITINEITHEN
ALT=ALT)
EMDIE
250 CONTINUE

e Bat up B vector (dimension-d4)
B{I1=ESUMT
E{2=ESUNE
BA=ESUNS
B ES LMD

O#¥¥= The linear system el equations {normal sqeetions) is solved

CHde* psing Cowssian cluninelion with parisl zivolng

Cree= TINDEX & 5 musl covur in the calling sequence bacause they

CFE%= huve g varlable dimensicr. They are ot used as oumpot
CALL GAUSSIA R S0L LINIDERE 5NN

CHEEs Ot
E1=80L{1)
F1-50L(2)
CH=801.(3
Hi=5CL4)

DO 200 L-1,MM
V(LI=E1+FT*CAPLI+GT+C ALY =2+ HIHCABIL)**3
0 CONTINUE

Or#s* Extimalion of the curve fit precission
MEAN=ESTUMT/EEAL{MM)

ESLUM11=0,

ESLIMI2=0,

1303 400 LL=1 MM

ESUMMII=ESTIMILL WYTLL)-ME AT %2
ESUMI2-ESUM12+{11°A{LL) MEANY##2

A0 CONTIMLUE
(o BAY measures the propertion of tatal vadarion about the mean
CRFEE cplained by Lthe regression

RIQUARE=ESUMITIMSIMI2
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C‘&*******H LR EEEEEEEERLE LELENEEREEEEELELE LR L LR L R b b ek

Cwwne Sphroutine Ganss with partial pivating
SURROUTINE GAUSE A B X L5 NN

REAL AN MMNLE (NN LINN, S KN

Cwme Seale Factors(z) and zivot(l)
D330 I=T NN
Ll
SMAX=0
[0 20 =1 NN
SAAS =AM A TS MAK AT ALY
2 CONTINUE
B{N=5MAX
Ay CONTINLE

CERrE ook [or lanzest ratio 1o select mivel row
Do T0 K=1,M0M-1
EMAZ=0,
DOA0DT=5 NN
R=ANSCALIDIOYSLIY
I {RGT RAMAX) THEN
I=l1
EMAX=R
EMIDIF
Al CONTINLE

Cr=rE Undale pivol veelor
KE=L(D)
L{T=LiK}
LEKFRK

CFerE Fopward elimineion
Do 60 =K+ 1,9
AMULT=ALI AL R
P 530 J=E+ LN
ALDI=a LD DR MULT* ALK,
50 CONTENUE

ALME=XMULT
S0 CONTINUE
0 CONTINUE

CF=w®F Backward substimirion
D0 100 K=1, M N -1
DO 100 =K +1 NN
BLA=BLD}- ALK #ILE)
L} CONTINUE
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KON =BLINNA (LINM), NN
DO 150 [=NN-1,1,-1
SUM-B(1ATY)
D 140 T=[+1,WNH
SUM=SUM-ALTI*ET)
140 CONTINUE
XD=SLMIATLIDD
150) CONTINUE

END

Resistance
C*++=-+r.- Sk ok ko o ok o ok ok e oo ol o oo i 30 e o 0 o o 0 o R e B e e R R e e R b R
SUBROUTINE TYPESS(TIMEXINOUT, T.DTDT, PAR INF)

Version from: L2/14/80

Thiz submuiine represents a model of an olmic resistanca,

The value of the resistance hag o be provided z5 a

parameter by the user, 'This componant is designed o operate

in a phomvaltaio powerad energy system. IL can operale on

Lo different modses: vollage or current mode. I the MODE

signal is sel la be one, Lhe current is signifant ipot and

vollnge will be pveluzted, Otherwize voltage it sipnifant

input end currenl will be evaloated carresponding 1o the

olonic law.

(7 2 T B e e e sk e R e s ok Rk e e o b sl o o e e S o o e e

iE=

Mo O o an oD

Crdid Tefinidon of the variables:

R TRNSYS epecific variables:

0 XIN - inpat array

C o OUT — ennpmat arcay

1 PAR == parasnelers

€ TIME == simulzation time

C T,DTDT == nat used in this camponent

0 IMPO — armay 1o nsa TEMSYS iniema] infomation

CF¥% componenl spevilic verizhles:
€ I ==curenl [amps]
T ¥ =rwclaga [volia]
€ T power [walts]
B == resistance [olons]
MODE == sigaul delcmmining operating onale
MODE=1: current iz significant inpat
MODE=2: voluge is signifianct gl
it e LR e e S R R R Rk R R ol T g T oy gt PEps Tyt SRSt N APy

L R0 o e TR

#EAE doclaration of wariables:
T ITCGER TNEOD
REAL RV ITIMEXIVOUL TLTIIT,PAR MODE

-
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INMENSION XIN), OUTS), PARDD, INFOQ10)
(ST T E TR T SR e PR PR TR E R R R R R T T R e

THFOEE=S

INEC@)=D)
Qi : r J
CuwE gniral call of component

IF(NIMCE N L TANTHEMN

CALL TYPECEK (1, INFO,3,1,00

C=hd wel parsmelers

E=T"AR{1)

EEMLMTE

CEFRF enr inpurs
[=XIN(1Y
W=RKIN(Z)
MODE=XIN3)

TF (MODE DO THEN
CE=EE apronl puoss
V=ItR+R
EL=E
CE=dd wnllyre guess
I=(V-BW/R
ENIE
P=I*y

CHFEE pt putpnts
COUT 1)1
OLUTE =V
CUT 3=

END

lfattery

CHFeFsdeddbbbbodrdddhh ekt T o iUl o B s e Rk kR R e
SURROUITTNE TYPETD (T, XN OU TG DODT, PARINFD:

T wersion from L3/22/80

i e i b e e R Iy

C THIS COMPOMNENT SIMULATES THE PEEFDRMANCE OF A LEADRACTD

C FTORAGEBATTERY, IT IS DESIGNED TO OFERATE IN CONTUNCTION

COWITH A ROLAR CELL ARRAY AND A REGULATOR.

1 3 =5TATE CF CHARGE [AH)

C QM =RATED CAPACITY () CHLL |AH|

C QGO0 - CAPACITY PARAMETERS ON CHARGE, DISCHARGE

VP =FRACTIONAL STATE OF CHARGE = Qy0M (1115 FULL CHARGE)
C CRCE=NUMEER OF CELLS TN PARALLEL, SERIES
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P=POWER [WATTS]

10 =CURRENT [AMFS

IOMAX IO = MAXDMUM CURRENT (CHARGE), MINIMUM CURREN
(DISCHARGE)

W= VOLTAGE [VOILTS)

YOI = CUTOFRE VOLTAGE OMN CHARGE, CURRENT CORRESPONDING

TOVC

ICTOL =PAEAMETER FOR ITERATIVE CALCULATIONS

WO - CUROP YOLTAGE ON INSCHARGE

FI3L R = DAT A TISED TC CALCULATE VD WHEN VOONTE LT. 0.

VCONTR = SPECTFICATION OF VOLTAGE CONTROL ON DISCHARGE.
POSITIVE MEANS VD=VCONTE. NECATIVE MEANS VD-ED-ABSTO = RIL

VLI =DIDDE VOLTAGE FRORM =P MODEL

VOO = OFEN CIRCUTT VOLTAGE AT BLHLL CHARGH

ESCESD = EXTRAPOLATER QOPEN CIRCUIT VOLT AGES

GCGD = COEFEITIENTS OF (1-FiN WV FORMULAS

RECRED = INTERMAL RESISTANCES AT FULL CHARGE

MCMD = CELL TYPE PARAMETERS WHICH DETERMINE THE SHAPES (OFTPHLE
LV CHARACTERTISTICS

HOHINT=00UNTS THE NUMBER OF ITEEATIONS INVOLVED TN OBRTAINING I

THE BATTERY MODEL 18 THE MODEL RECOMMENIIED INTHIE BEST

REPORT (THE HYMAN MODELYL T 15 THE SHEPHERD MODEL MODIEIED BY

THE ADDITION OF A YIMMERMAMN-BETERSEN DIODE IN BOTH THE CHARGE AND
DISCHARGE TOUIVALENT CIRCUITS.

ettt L e AR AR R RS AR AR R RS 22 R R RSt S R LR EEEE R R
DIMEMSION

+ DQDTL,  DNFC, oUW, PARGID,

+ Gl HIN(L

5 T 50 e S B S T B S 0 - S S L 0 B 4 1 0 S o e 0 T O o o R

-~

REAL

poIL, 1C, 11, Wren.,

+ IDF, 13, IOMAX,  OMIN,
FE, MC, ML

Rk Rk kR e kR kR R R FEF S H R b b bk ok kv e o s o ok ok o ok o ok oo oK O R
IF(INFOT)LGEMTHEN
CHS¥F gar npuls
IQ=XT¥(1)
Ok E et for one cell
IQ=IQ/CP
EMDIF

TFNFOC T BN UHIEN
A pampncation af state of cherge of ballery from
CHeE he previous time stap
F=Umas
H=1.-I
EMNIVE

CrH+* Initializalion--first eall of comporent
IF {INFO(7}.LT.00 THEN



INFO(E=1
INFOG)=2
CALL TYPECK (1.INFO,L.21.1)
MDER=INFO3)
IF (NDER.NE.1) THEM
CALL TYPECK (5, INFOL D)
RETURM
ENDIF
vk Qof paraetars
OM—PAR(T)
CF=FARID)
CE=FARD)
EFF=T"AR{
YVO=PAR(S)
WOCDNTR=FPAK{G)
IF (VCONTR.GT.0) THEN
VD=VCONTE
C#¥%  Cleck on minimum discharge valtage
IEF (VDLGT.25.0R.VOLLT.] 5) CALL TYPECK (-4, INFC, 0,003
EMDIF
ICTOL=PART)
FRC=PARD)
EST=PAR{D
GO=PAR(LD)
Gh=PAR(1L)
MC=FaAR(ID
MD=PAR{13)
ED=FAR{1)
RD=PAR[13)
I1=PAR[16)
K1=TAR(17)
QU-T'AR(1E)
QD=PAR(19)
RAC=PAR{2N
RSD=PAR(2L)

CH#32  Cheek om manimum charge valage
IF(VC.GT2H0RNMOLT1E) CALL TYPECK (-4, INFO,0,0,00

Coe= first and Tollowing eells in tine siep
ELSE

Credd Maodified Shepherd Model
VOC={ESC 1 EXDWI,
IF (1Q.GE.0.) THEN
CHmdd Charging
VIN=1/E1*ALOGIOTL 1.
V=VOCHVIOL-GOHATOFRECH L+ MO A OCOM-HY

ICCUNT-0

-



=50,
CrwEH Tierative gearch for corrent
R CONTINLIE
IC1=IC
VD=1, /E1*ALOGIABSTCLA1+1.)
POV D G0 HYR S CYU LA OO CAOM - HY)
LCOUNT=ICOUMT -1

ek 100 itarations are permittad b find 10
HICCUNT.GT M THEM
GOTO 50
ELEE
IF (AES(IC1-IC)LGTICTOL) GO TO 30
ENDF
50 CONTIMULE

DO =10* 0P

EISE
CHerr Dhschorgieg
VOE=1 /K 1*ALOG-IQTI+1.)
F=VOC-VD-G DA H T RS DM L+ D i QU0 -H)
DDT =IO
EBIIR
EMDIF

Pl

CERE Chprpt
OUT=0010
OUTZ=00100M
OUTGR)=PHOPHCS
OV d)=0,
IF (PAGT.00 QUT=1.-EFF = P05
OUT{E =T
DLTR=V*C8
LE QVCONTRLTO) YVD=ED-ABRSIQFRD
QUT{N=VD*5
OUT(E=VCCS
OUTE=ICH*CT
EETURN
LMY

Series Type Charpe Uontroller

R e e R E R RN R R L T o T Y T T r g eyt

SUBRQLUTINE TYFETS ITETJ"-'l E D9 OUT T, LT, AR, NS
C version from 12722480

B e R R T L P e T
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LR Luhroutine roprosents a charpa conrallor for a sverem inclnding
Crd%% PV arraw, load snd battery storage.
C*##% The conlroler Tepresenls a series Lype conlroler.
(Imww® A hlncking diods is included in the madal, [t provents that the
CrEE battery 1s being dischurged Grough e cell. IU s nssomed {hat
Crdkr wplnee drop al the diode 15 constent throoghoul the simulalion
C=¥¥* gnd just depends on the diode material used in the svstem.
O Tha pear has o grovide this information 48 a parameer
Bl T e e R e S T
T Vziables:
VB -- luitery vollage [volls)
VI .- low limil en veltage, when baitery discharping
VO — high Hmit om voliape, when hameny charging: autaft wlnge
YIZA - limit on veltags, sbove battery cat again begin to discharpe
after being charged
YVCA - Lt on volioge, above battery cor ngois begin to charge
after being dischazged
VRIODE -- vollsge of divds
WCELL -- volige send 1o call
YLOALD -- wolcage send 1o load
I' — fractional state of charge
F1¥ -- discharga limiten F
FC -- charge limir o F
FOA -- linit on F alove battery cen be discharged again aller
being cluazged
FCA — lumit oo F below bultery can be charged egain aller
being discliarged
IBEMIMNIBMAY -- min. and mas. bullery cuzrent permalizd
1B -- butlery current
[:'**'*?‘ Lt et e LE LR E R LS R R s B e R T S R

OO0 oOonDaOn oo

DMPLICTT NONE

INTEGER INFU

INTEGER ISTORE NISTCRE AV

REAL TIMEXIN,OUT, T.DTDT,PAR,§

REAL VB VC VDV, VDA, VCA, VDIODEIE
REAL F.FDLFC FDAFCAIBMIVIBMAX, FAIL
REAL YCELL.VLOAD,DUMMY

DIMENSION XINGS), OUTGR), PAR(SY, INFO{LD)

COMMON (STORE! NSTOREIAY,S(5000)

¥ crore is vsed Lo store values Tom previous dmestep

|:+--1= LR R R i R L T EE TR s oy g P TR e TR i e T e R S T T
IMNFCs)=3
HRIRSIE Y

L i
CF#R= Tnitial call of component
TFINTO FLLT AN THEN
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Creed girppe slloealion
INFO(10=1
CALL'TYPECK NS89,
ISTORE=INFOCIN
Ce#Er Timihalizaben of auxiliscy variables csed in scoant
CowdE mathod
SN TOREY=DL
O#=%% EET PARAMETERS
FD=PAR(1)
FC=PAR(2)
FrA=T"ARE)
FOA-PAIRLY
VDA=PAR(S)
VCOA=PAR(R)
IBMAK=PART)
IEMIN=["ARE)
VDIDE=PARY)

DUMMY =0

o 2 ST S AL

CEEEn frel gnd Tollowing calls in time sep
ELSL
DUMMY=S({STCRE)
CHEATE Qe Inpuls
WR=XIN(1}
IB=XIMN(Z)
F=5 N3
VXN
WE-XIN(T

CEEEE chack on discharge rate

IFIB.LT.0THEN

IFB.LTIEMINTHEN
FAIL=1

ENLIF

ELSE
IMIR.GTIRMAXITHEN

FAIL=2

EMAFR

EMIME

C#=%¥  initiolly no restriclions are made, battery can alther
CRet* be charged or discharpad
IFDUMMY.ECLOYTHEN

CHesE check on low limdt of Fand ¥
WF. LT.F CROVE LT VD) THEN

Zond will be disconneeted from barery and from call,
HEEY but cell exn sull charpe Batcery

(s



183

YLOAD=0.
VCELL-YDIODE+YH
1IN Y =1,
CH=¥% check on high Hmit of valtege
ELSEIF((F.GT.FCLOB(VB.GT. VC) THEN
| cell will be disconnected from banery and Ioad,
| Bt hartery will he discharzed
WCELL= 333,
i s 15 just o chazsclenisic value tiat e cell
{exes recogmizes Lhal il is being disconnectzd
VLOAD-VI
UMY =2,
ELEE
e Tesirelions
VCELL =VIOE+Y D
WLOAD=VR
EMIHE

(mokdek

ELSEIFDIUMMY EQ L1 THEN
battery cun only begin lo discharge agan, when VB s
Cexew® grester than VDA and F iz greater then FLDA
IR E.LIFDAY DR (VLT VIIANTHEN
WLORA D]
VOELL=VDIODE+VE
ELEE
L s ne resticlions
VCELL=VLIODE+VE
VLOAD=VE
DUMMY=0,
EMDIF

CrrbE

ELSEIFDUNMMY.EQ.Z. S THEN
battery can anly hegin ra charpe again, wher VB is
Crs Npge than WOA and F is less thon FOA
IF{(F.GT.FCALOR (VB GT.VCANTHEN
VCELL=-333,
VLOAD=VE
DUMMY=2,
ELSE
R ne restrictions
VCELL-YRNIE YR
VLOAID=YR
DILMMY ),
ENDIE
ENDIF
ENDIF

Cs***

SISTORD-DUMMY

== SET QUTPLUTSE
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O D=VCELL
DUT{-VIDAD
CUT(3=AIL

EMLY

Shunt Type Charge Comtrollers Part A
C* 0 e o ok ok o0 ol o o 08 e i o o o ol o e e o e ol e o e e o e e e e D e e R e o
SUBROUTINE TYPETA(TIME,XIN, QLT T, LD, PAR INEDY
o varsion Trom: 1222059
e T e L PR T B T R P P PP PR PR T TR L B P P T T TR T G B S T g
represents & charge controller for  sysiern weluding
Cadds PVoyrrgy, load and batlery sworege.
CHrd The conlzoler represents o shuml lype controler, A multi slep
CEEEr contrel scheme 13 amplemnented, That means if the calery vollage
C=ttr eneceeds the pessing voltuge spoeilicd oy the user, Lz curren
CEHREE e the batlery will be limited to the corrent corresnonding
CH#MA 1o the gassing voltage. Excess emargy is shunted theovgh a
CHERE dinsipater.
CEEEE A Dlocking diode is incloded in the meds] to prevenl tha Qi
CHF%E battary s belng dischorged Drowgh e cell, Tt s wssemed that
Crbe voltaze diop al the diods 15 consiant troughout the simulation
T grd Jusl depends on the diode material used in the systam.
oFEER The user has o provide this information as a pararmater.
Crdds Apoler diode i3 ineladed in the undervoltage protection
CHer device. This way the ballery can be disconnected from the load,
CFkEr j e e ballery won'l be discharged, while the arcay can il
CFERS charee the ballery.
I e e e R P e P P T S T T T
CFEud variables:
! Fe={ractional State of Charpes
F1Y - elischarge Lmit oa F
FC - clarge it e F
FDiA — F aller which baulery can be dischargad 2gain,
wfler being charged
FCA - F afizr which bettery can be charped again,
aller being discharpge:d
CRUJARDY - signal from wodarvoltege regalalor
TR -- nartery current [armps)
SIGMAL - signals thal undervollage limit is exceeded
SUW - signul o undervolizge regnlator
YEB -- batlery voluge [valns]
VA - Timit on woltage, above baltery con sgain begin to charge
after being discharged
WOELL - voltage send Lo ogl]
YT - high limil on vellage, when bavery chorping-entoff voltoge

e B o A T o s o M 3 R e W e M s o s o v

VA -- limit on voltage, ahove hattery can again begin o dischares



after being charged
YOIODE -- volluge o divde
YD} -- low Hmit on valtage, whan batcery dizscharging
YWLOALY -- woloage rend wm Inad

5238 ¥ P

]

IMPLICIT NONE

INTEGER INFQ

INTEGER ISTOREMSTORETAV

REALTIME XINOUTT,RTIIT EARS

REAL ¥BVDWCYDAVCA VIDIDODE

REAL VCELL VLOAD DUMMY

EEAL SIGWALASUV GUAED

EEAL TR FFDLRC DA TCA

LI ENMRION XN, QLTS PAR(G), INFO(LDY

COMMON STORE! NSTORETAY 330000

CEE=E ghore 18 wyed o slore valees from previous Umeslep

INEE S5
IMFO{4 =1

DM Y=8(ISTORE)
[ SR A L e
CEEEx Inijal ezl of eomponent
IFINFOCT LT MTHEN
CHE* storage allocation
IMFC{100=1
CALL TYPECK(L.INFC, 76,07
ISTORE=INFOI 10}
s Tinialization of auxiliary variaklas wsed in secart
Lot ppathod
SUETERE=I),

CHsd SET PARAMETERS
VDA=FAR(L)
FO=PAR(D
FC=PAR(3)
FDA=FAR4)
FOA=PAR(S)
VDICDE-T ARG}

DAY =00,

s S

CEEEE first and following colls in dme step
ELSE

CEE=F  Fallowing calls in dme sten

CER=F Bel inpuls

WE=NIN{1}

VLOAD=XIN(Z)
GUARD-XIN(3)



B=XINi4)
F=XIN(5)
YC=XIN{&)
WI=XIN{T

[EINETLEQOTHEEN
TECUMBM Y B T RN

DUMMY=I1,

ELSEIF{DUMMY B 22{THEN
DUMMY=0.

ENDIF

EMIIF

Otk

C*H g

Chrss

C*B**

[t

CrEEE
CrhEE

{_"*S{*d

i

CHE
ke

wikially no restrictions are made, Dattery con cithes
be charged or discharped
[FCLU MM Y. LR YT TEN

F checks
IR F.GT FOLANDLIE GT.0.)THEN
very lilde current into battery
current it shonted throuph a dissinative device
WORELL =YD
VINAD=VR
STGMNAT=L,
SUV=E
DUMMY=2,

ELEEIFF.LT.FI)ANDIE.LT 0. THEN

oy current ool of ballery
Jireel voupled maesde: ammay dircel connestzd 1o foad
VCELL-VDIODE-VI.OATD

SICMAL-L
S

DLMMY=1.
ELSE

check voltape
TFVE.LT.YDYITIEN
satisfying tha laad is prioe to charping the battery

VCELL=VTIODE { VLOAD
SIGNAL=L.

SUv=D,

DUMMY=1.

ELSEIF(VE.GT VCITHEN
cureent 15 shunbed Urough a dissipativa device
e rzduce the batery velmge: wickle chargo

186
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YCELL-VDIODE-VE
VLOAD=YH
SIONAL=D

sUV=3,
DUNMY=22

ELSE
o bk no rasirictions

VOLRLL=VIRIODRE=YEB
YLOAD=VE
SIGMAL=0.
SUV=0.

ENLIF

EMNDIF

ELISEIF(DUMMY B THEN
direct conpled mode; array diract connectad w0 load
VCELL=YOICDE+VLOAD
SIGNAL=L.
SUV=L

Ak

ELEEIFDUMMY.EQL1L)THEN
Iry o mun the sysem with batrery
Crdws barery is discormaeted fram lnad
WOLLL-YRNODE=Y DICOESYVE
WLERAL A DIOESVE
SIGMNAL=].
U=t
[ Y=12,

Cﬁ*ﬂ*

ELSEFDUMMY EQL2ITHEN
by Lo run the syslem with battery
FFLT FOALCR VLU T VAN THEN
B hartery is 810 discormected from load

C‘*?*a—c

[EGITARD EQL 1 THEN
Irtbery would be dischargeds swixch o
direct couplad moda
VCELL=VIIO D+ LIAL
SIGM AL
U=,
DUMMY=1.
ELSE
dummy=11 mada ig contnnerl
YVOBELL=WRIODES TAONERVE
YVLOAD=VDIODE +VE
STENAL=0,
EUV=1.
EMLME
LELSE

[:-‘ka:*x

[:‘-‘k ]

,::‘-‘k***



CEErd no reslrictions:

VYCELL=VLICGDE +VBE
WLOAL L
SEGMAL=D
SLV=0,
Db LY =0,

BN

ELSEFDUMMY . EQ2THEN
Tutlery cun only begin o charge agein, when F iz
CHFeEE lews than FCA
TFIR.GT.THEN

ClEETE

CEewE hartery s s6ll on charge
T C T PO AT RN
CHEkE very little curment info battery
REE current is shunted theough o dissipative device
VCELL=VTICDE | VB
VLDAD=VE
SIGNAL=D.
SUV=3.
DUMMY -2,
F1 S8R
TF{VER OT, VOTHEN
it current is shuntad theengh o dissipative device
etk

tor redoee the badery vellage: wickle charps
VCELL=VTIODEIVE

VLODAD=YE

SIGRAL=D,

SLv=3,

UMM Y =22,

ELSE
T Teseions

VCELL=-VDIODE+V
YIIMAID=WR
SIGNAL=D.
STV,
DURMY=0.

ENDIF

LEMIF

C=kEk

ELSE
T Tesrclions
WVCELL=Y IO 1]
YLOALDSYR
SIGNAT=D,
STLIV=0,

CrtE

188



D30I Y (1
ENDIF

ELSEFDUMMY ECQL22)THEN
CHsdE® e serent is shunted throuzh a dissipative device
CEmwE fo radics (e bartery voltags) mickle chargs
VCELL=VDIODE+VE
VLOAD=YE
SIGNAL=D,
SUV=2
DUMMY--22
BRDIF
ENDIF
DA e,
& I?TUREPDU‘PIMY
CFEHE aol oulpuls
OUTLT =LY
OLTE2=V0OAD
OUTD=SIGMNAL
OUTH =SV
OIS =DM Y
ExT

Shunt Type Controller: Iart B
SRR EEE LR L e e R S E R L E R R E R R S R R R
SURKOUTIME TYPETSTIME XD, OUT, T, DTTT, PAR INFO
e vorsion from: 12/22/80
[(IkaFefFiffdbddodobrdrbdfrrdadod b bomrdd bbb oo ol @ e b e s s e e e
CFEed Splrontine represenis a charge controller for a systen including
CHEs® Pioarmay, load and hattery storage.
L#E%% The eontroler represents a pert of a shuet bype vonioalen
CFe=% tha nndarvoltage and overvollege prolocelion
ks Fsbeddbd bbbt bbb T AR TSR AR R e Rk kR R R e
CHerd Variables:
1B -- baerny current [amps]
SUY — cantral sigmal: incaming
GUARID -- control sigual: outgeing
IBMAXN - maximum battery curment pormilled
TBMIN -- mirarven ballery curment permited
FAIL -- message: =1 IBMIN iz excead
=2 IHMAX 15 cxcond
IT -- current correspanding o Vi [amps]
VI .o gessing valtage of te hattery [volts]
WEB -- battery voltage [valts]
IDI55 - dissipated current [anigs)
WSS -- voltage drop al dissipaier [volz]
PTITAE -- dissipated power [wans]
C‘-h‘i R R e e ey R L T e A e Lo Tt TR P TP pprepupr gy

R U 5 B TR e o o I g g

159
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IMPLICIT MONE

TNTEGER INF(

EEAL TIMEXIN OUT T OTOT PAE.

REAL IB 32UV GUARD IBMAT TRMIN FATL
REALICVC, VEIDISS VDISS,PDISSE

DIMEMSION XIM{SLPARZ)OUTHE L INEC0)

C* e R E R R EREE R EE R EEEEREEEEREEEEEEEEEEE LRt e e

LN FCH A
IWNFO=0

Credk PARAMETERS
THMAR-TAR(T)
IBMIN=PAR(

FAIL=0,
C#Fke Bel anpuls

TB=XTN(1}

VI XN

IC=X1MN

VE=3TMi4)

SUV=EING

IFSUY EQL1 THEN
CrEae pndervoltage orotection
Crwd check on 1B
I LTI LN
GLARD=1.
IB=0.
ELSE
GUARD=C.
ENTIIF
ELZEIF(SUV.ED.2)THEN
OFFEs ha) 13 when battery SOC {upper limit) is exceadead
CFEER pyrzent gels shunved theovgh dissipater
IDLSS-I8-0.1
YDLSE=VN
[T 1S5, LT.0, THEN
IDIS5=0.
VOIS,
EL3E
IB=01
EMLIF
ELAEINSI RO 3 OTHEN
e rickle charge o constenl chazge rate 1C
IDISE=IR-IC
VDISs=VC



[EIMESS.LT.0THEN
TS50,
YIOISS=,

ELSE
IB=IC

ENDITF

ELSEIFSEUV EQUOTHEN
GUARD=0,
EMDIF
CF#=% check on discharga tate

IEIB LT IBMINITHEN
FAIL=].

ELSEIFMR.GTIBMAZKTTIERN
Eall-2

ENIE

PLIRE=IDI85=VDISS
CHHEH gop quiputs

DUTIL=15

O T2 -G AL

DUTEN=PINSS

OUTE=FAIL

END

191
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Appendix B

TRNSYS DECKS

- 1
Direct-Coupled Systems

L e R e R R e e
= P¥-cell connected to s separately excited DC motor and a

= centrifugal pump

B o R R P T e P R EE PR p e
= Slelation stars at TIME L and will ren 24 hours wilh &

* fune step ool L

SIMULATION 124 1

"

WILTTI B0

* uge relative nlerances

TOLERANCES 401 001

P
LIMITE &l 10
®

BOUATIONNSG B

SUN=]2.61/3.6

SUNA=[2.6]/3.0¥33 002

QHOUR=[6,3]73600

EEE R R L e e ettt e
UNIPTEYPER 2ATA ROADER (FORMATED)

PFARAMETERS 13

MDELTATAHOURS IH  TA  LUNIT FORMATED

201 -l10-210332751 1

(A3 F3.0, 753, P, 25, 17300

T L T T R R TR 28 T T8 e E e g
UNIT 2TYPE 16 SCLAR RADTATION PEOCESS0OR

PARAMETERS T

TEATMODE TRACKMOD M LAT 3C SHFT TE

1 1 152 43148710 -1

INFUTE &

*L Wl 192 rhog heca gamma

1,4 1,19 1,20 00 0.0 G0

Do ¢ 0240 0

LEEE RS R B E B T aE P T LT S e e P e T T T T
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UNIT 3 TYEE 62 FVLCELL

PARAMETERS 9

FECR VOOR TCR SUNRED VMR IME  MISC  MVOC  NC3

29 20, 301, 1000, 165 2,67 132563 -775E-3 36

PARAMETERS &

S WP TCNOCT TANDCT SUNNOCT AREA TAUALEG RS

14 10 31% 293 800 0427 9 112 -1

INPLTS 4

*SUNTA V' MODE

26 1.3 42 00

o001l

ol B B N e B e B B SR R O e e o e el TR S
LOOF 2 REPEAT 30

48

e S LS LR LR R R A S AR AR Rl E RS RS E N
UNIT 4 TYPE 66 DC MOTOR

PARAMETERS 2

FTYPE NMAX IRATIMAX KF CSTAT CVISC RA

I 70 20 25 .39 05 002 14407

INFUTS 5

% ¥ N OTM MODE

3.2 3,7 6,1 6200

oo oa0

A SR EI AR R EREEEE X ERE TR EEL R LSRR E R Bt
UKIT 6 TYFE 63 PUMP

PARAMETERS 6

SE1 KX NREF NMAX POFFQRNOM

3048 4.2104E5 50, 583 -1 18

INPUTS 1

*TT,

4,4

0

EEEEEE R EEE R E L LRy T R R R E e e e U R R TR e e
UNIT 7 TYPE 25 PRINTER 1

TARAMETERS 4

SPRINT EVERY 1IOUR

1124 7

INPUTS 6

31 323234 35 3UN

¥ I P PMAX UTILSUN

B L e e e R R R R R F S E LR R E S F -

UNIT 8 TYTE 25 PRINTER 2

PARAMETERS 4

1 124 %

NPUTS 5

6,2 &1 QHOUR &4 &5

el ™ 3 1 FTA

EEEuErEEEFFF AT e b R r kA kR w A R et b e ek
1UNIT @ TYPE 25 PRINTER 3

PARAMETERS «
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1 134 10

INFUTS 2

B ALK

BEAILP FAILM

EEE L 2R e e R R R R e R R R R T
UNIT 10 TYTE 25 PRINTER 4

PARAMETERS 4

112411

MNPUTE 6

33 45 4.8 606 67 SUNA

PCELL PEL PMECHM T'HYD PMECHM 5TINA
e e e s a LS e s

EXDy

FEFEFEEEFFEFSFEF TR bbbk kbbbt drkdrd bk b rdrEdaddbh bbb hd vt

* PV-array connceted o g series DC motor and u

4 centrlfugal pump
*5********“*"a***ﬂ*HlH*?********H¢B$H**********3$3¢h*¢**$***¢*4*
* Simulasion starte at TIME 1 and will tun 24 hoors with a

# ume zep of 1

SIMULATIONN 1241

*

WIDTH 80

¥ uze relotive tolerunees

TOLERANCES 001 001

£y

LIMITS &0 10

£l

EQUATIMNSE 3

SUN-12,51/3.

AUMNA—|2,6]/3.6%85.692

OHOUR=[n,3]* 3600

om g o ok b ok o ok ok e ok s o sl o o obe oot o o R e e M e e sk Rk
UNIT 1 TYFE 9 DATA READER (FORMATED)
PARAMETERS 13

*NDELTATdHOURS 11 TA  TUMITFORMATED
3 1 1102107202731 1

(A3 F3.0, 758, P40, 2, FLy

Lttt B L R L R R R R R R R R R R T g T Y T PR Tt PRy
UNIT 2TYPE 16 SOLAR RADIATION PROCESSCOR
PARAMETERS 7

YRADMODE TEACKNOD M LAT 5C SUFT IR

1 1 132 43148710

IMPUTS 6

¥L Wl 142 rhog Reta gamima

1,2 1,09 1,20 00 00 20

b0 o 0240 0

B e LR T 22k L o P g e



LT3 IYPE 62 PW-CELL

PARAMETERS &

FISCE VOCRTCR SUNEEF VME IME MISC  MWVIOE MNCE

2.9 20. 201, 1000, 165 2.87 1.33I5E-3 -T75E-3 36

PARAMUITERS 2

*ME NP TCNOCT TANOCT SUNMMOCT AREA TALAL LG KRS

14 1y 315 203 BOO 0427 9 112 -1

INFUTS 4

#3UNTAa ¥V MOLDE

6 15 A2 00

0 a0 1

EE R bRt 2 b bt R s R LR b s R R L S A b Rt S SRR R E R LR b
LOGP 2 BEPEAT 20

4 8

B R L T F T T T e o e e e T T
LINIT 4 TYPE &8 DIZ-MOTOR

PARAMETERS O

FTYFENMAX IRATIMAX KF CSTATCVISC RA RF

270 20 2% 0278 05 002 naM 07

INI'LFIS 5

* OV N TM MODRE

32 31 616200

0 o a01
dppagahkfbadmprhb bbbk ke bbb bk bbbk kr kb kb kit nd ket bh bbbt
UNIT 6 TYFE 08 PIMP

PARAMETERS &

*H1 KX  NREF NMAX PFOFF QNOM

3048 42104E5 30, 383 -1 13

INPUTE 1

*TL

4,4

a

LER LR R RS LR B L e e T R R e P
UNIT 7 TYPE 25 PRINTER

FARAMETTERS 4

*PRINT EVERY HOUE

1 124 7

TNFUTE 8

1 32 33 34 55 SUN

Vol I PMAX LTI SEN

R R e R L R R A R s R R R R A R b B e e T
TINIT 8 TYPE 25 PRINTER 2

FPARAMETERS 4

L 124 9

I N

62 61 DHOUR a4 6.3

™ N 3 1T BTA

EEEEEEREELELELE R RS LR B E B T e R T T T T e i S e o e S e P et
UNIT 9 TYFE 25 PRINTER. 3

TARAMETERS 4



112410

IMPLTS 2

i 4.8

FATLP FAILM

E e e e EE PR T R P PP L L S R B E R E
UMIT 10 TYTE 25 PRIMTER 4

PARAMETERS 4

1124 11

INPUTE &

33 454,86 4667 SUNA

PCELL-PEL PMECHM PHYID} BMECHM SLINA

EXE RS EF S S S SR E 2SI R SR E RS E SRS AR ER SRS EES RN

EMDy

Systems with Battery Storage

ddkmFeFedbkdkekegy bk bk eFaddddp ko kekaFid kbbb adakkd ik ugs
¥ PV-cell connected with a DO maror, & cenirifnzal poamp,

o o battery and a series type charge controller

L A T A e R T R R R P R R A P PP P PR R R R
* Shinuletion starls al 18t of June and will run 48 hours wilh a

* limee step ol one

SIMULATION 148 1

b

WIDTH &0

" use zheplue tolerances

TOLERANCLES (1 001

LIMITS 100 10

&

EQUATIONS ¥

Mi=14

MP=20

AREA=042Y

TBAT=[3,2]-[1.1]

SUN=]2.6]/3.0

CHOUER=[6,3]*3600

SUNMA=[2,8]/3.8°N3* N AREA

Ea g E e EE e R E R L B E R R R R R T T T S o e o T N S SR T
UNIT 1 TYFPED DATA KEADER (FUORMATELY

FARAMETERS 13

FN DELTATAINIIRS IH T LUMIT FORMATED

01 114 213312731 1

X F3.0.TE.F4 0.2 Fi.0)

ISR R R Ry T o T e o U R D TR E e = P EE Y
UNIT 2TWTE 16 SOLAR RADIATION PEOCESSOR

PARAMETERS 7

FREADMODETREACKMOD M  LAT 8C SHFT IE

1 l 132 4314810 -

196
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IMPUTS &

*1 wll 1d2 rhop Teta ganuna

1.2 119 120 00 00 00

o o 0 0z240 0

bt e e A e LR EELEE LEEELEEREEERLNEEE LN LR ELEL RS DL L T ]
LIMEP A TY PRI BATTERY (250 AH lead scid)

PARAMETERS 7

*OM CP CS EFF VC VD ICTOL

230 2 102 085 23 -1 i

PARAMETERS 7

*ESC ESD GC oD MZ MD EDR

225 20 008 008 0B82 1. 1.8

FPARAMETERS 7

*ED OIDI KD O 10 RSO RS

24E-3 23 293 -RTS 29412 0012 0002

INPLITS 1

*1IBAT

IBAT

12.40

DERIVATTVES

250,
Fr¥sFdtdrdebrrdrbrbrbrddrdrbhb e s drhbak kiR F G ER kAo
UINIT 14 TYPE 73 SERIES CHARCE CONTROLER

PARAMETERS: 9

WEDFC FRA PCA VIDA VOA  IBMAX TRMIN VIICODE

09 1 72048 223 215 40 40 0.7

[MPUTS S

*FWRIR F VT WD

5655525857

00000

Frdddrdd bk add b TR R e R R R R B T B e R R R R Sk R R o ok sk ek
UNIT 3 TYPE 62 PV-CELL

PARAMETERS 9

HISCR VIKIKTUR SUNREF YMRE DME MISC MVOC  MCOS

259 2. 3]t 1000 165 267 1323E-3 97SE3 38

PARAMETERS 9

*NEA NP TCNOCT TAMOCT SUNNOCT AREA TAUALEG RS

MNE MNP 219 207 BO00 0427 0 112 -]

IMPLITS <

*[5UNTA Vv MODE

26 13 141 00

600 G

e i ke o b ol b S M e e e S R R S e S b sk b b h o ol e e e b b
LOCP 2 REPEAT 50

46

Wk ek ke FeFafh bk r ek A R R R R e e ak e kR
LUNIT S TYPE 656 DC-MOTOR

PARAMETERS

*TYPE WMAX IRATIMAX KPP OSTAT OVISC RA
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1 T O3 O5R D ONDZ 144

IWNFUTS 5

*[ ¥ N T MODE

i 142 61 62 00

O R A

T T LR T PR P R R T T DTS 4 E T S T e PR e P R
USIT & TYTE 68 MUMD

PARAMETERS &

*E1 KX  MREF NMAX POFF QINOM

3048 42104E5 30, 63 -1 15

INPUTS 1

#TL

A4

0

o B T e T A e P T e T BT TP T L DL e T
UNIT 8 TYFPE 25 PRINTER |

FPARAMETERS 4

EPRINT EVERY TOUR

1 148 7

INPUTS &

31 32 33 34 3.5 EUN

WV I P PMAX UTILEUN

EE bR R e B e e e e R e R e e e e e R e e e
UNIT & TYTE 253 FEINTER 2

PARAMEIERS 4

HIRIMT EVERY HOUR

1 1448 #

INPLTS S

301 A2 56 51357
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Appendix C

SIMULATION DATA

This Appendix contains the data used for the simulations perlormed in Chapters 2, 3,

4, and 5.

Motor - Centrifugal Fan Data

Series sap. exeited
EA [ohms] 1.5 1.5
EF [ohms] .7 n/a
kd [Vs] n/a 0.621
MAF [henry] (.0675 n/a
n-raied [1/5] 25 25

"T'he coetticients for the fan tarque-speed relalion according to equation (3.3.15) are:

a=10.3 b= 0.00039 g=1.8

The static and viscous [riclion compenents of the mortor are:

Cypar = (.2 N Cuien = (L0135 Nny¥g
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Motor - Centrifugal Pump Data
Series Sep. excited
RA [ohms] 1.44 1.44
RF [ohms] 0.7 1/
kep [Vs] n/a (.54
MAF [henry] 0.0275 i
n-riated [1/5] 38.4 38.4

The static and viscous friction components of the motor are:

Copar = L3 Nm Cuie = 0.02 Nm¥s

The Pump data are read from Figure 3,14, The two following tables contain the head-

flowrate and the efficiency-flowrate profiles at a reference speed of 3000 Rpm.

J [m*3/5] Head [1n]

Q 37.785
0.00063 37.49
0.00126 36.881
0.0018% 38,271
0.00252 35.357
0.00315 34,138
D.00378 32,308
0.00441 29.566
0.06504 26.822
0.0C5E67 22.86

Q) [m"3/5] efficiency
0.002014 0.45
0.002587 0.5
0.003218 .05
0.004354 0.58
0.005363 0.55
0.005742 0.5




207

PV Array Data for a Single Maodule

Solarex MSX-30 Kwvocers
ISCREF 1.82 2.9
VOCREE 21.3 2()
TCREF 208 301
DREF 1000 1000
VMPREF 17.8 16.5
IMPREF 1.68 2,67
HISC 0.0015 0.001325
Vo -).073 -0,0773
TenNocT 318 219
DNOCT 1000 800
TANIKT 203 243
&6 .12 1,12
Arez-module 0.259 0.427

The parameters for a lead-acid battery are taken from TRNSYS [2].

Ego =225V Mp =10

Egp =210V Er, =18V

G =008 Ry  =24E-3 ohms
Gp =008 Iy =25 amps
Mo = 0.8064 Kpr =293

The following parameters depend on the size of the batiery and can be obtained using

the proposed relations [2]:

E:’M
.= -0.035 = M
Qe Qu 9o =57%3
RSC — .-?'_iﬂ R\.: — M
O A

Cor all simulatiems, the rated capacily, Qug, was taken to be 230 ampere-hours and the

charging eflicicney was assumed to be (1L.95,



Appendix D

COMPARISON DATA

This Appendix contains the data for the comparison between the simulations and the

experiments conducted at the Florida Solar Ensrgy Center.

Pump-Motor Data

The muotor parameters were obtained from measured -V motor-pump curves and the
rated motor data, Simulations were run for two different sets of motor parameters
(indicated as estimated - 1 and estimated - 2; see also Chapter 6). The punyp
performance dala were given in a combined form together with the maowor dara, ‘I'ha
head-flowrate profiles were given as 2 function of voliage and electric power. To run
simulations, the pump data are required in an explicit form (as head-flowrate and
efficiency-flowrate profiles for a mlference speed). The motor-pump relations derived
in Chapter 3 were used o make the data compatible to the requirements of the
simulations. Thercfore, two different sets of pump performance data are given

vorresponding to the two different sets of molor pararneters.

rated permanent magnet motor data: 36 V-DDC, 1500 Rpm, 1/2 Hp

MOTOr DEraimeiers

estimated - 1: RA =043 ko=0.188
estimated -2: RA=0.59 ko=0.173

The motor loss coefficients were assumed o be: ¢, =025 Nm ¢, = 0.011 Nms



Pump performance data for estimated - 1:

Purnp performance data for estimated - 2;

Q |m"3/s] Head |m] efficiency
0.000208 18.5 0.24
0.00049 175 0.37
0.000764 15 0.43
0.000903 14 0.42
Q001184 10 0.32
0.0014 i 0.22

Q [m"3/5] Head [m] efficiency
(LOG025 195 0,23
0.00044 17 0.41
0.000628 16 0.44
(0.000903 14 (.34
0.001133 8.5 0.27
0.001389 4 (.15

The pump performance data are provided at the reference speed of 1300 Rpm.

PY Array
Single module ralings:

Tops =50°C

DCunp = 1000 W/m?

Y\’r(_)CREF = ].E'U L

Ve = 1350V

Lserer

Lvrrer

the following paramerers were assurned

TCEDCT =319"K

Tavocr =293 °K
oo
AREA

= 500 W/
=(0.720 m2

HIsC

Mo
NCS

TEAYVE

=487 amps
=4.32 amps

=3.e-3 A/K

=-73.5e-3 V/K

=36

= (.8
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