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STC CONDITION

Temperature of the cell - 25°C.

Solar Irradiance - 1000 Watts per square meter

Mass of the air - 1.5.
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Poly-Crystalline Mono-Crystalline
Solar Cell Solar Cell
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12 Volts 12 Volts 12 Volts
200 Watts 200 Watts 200 Watts
SOLAR SOLAR SOLAR
PANEL PANEL PANEL
1 2 3
-+ J—
Created By
A .
MC4 Connector MC4 Connector

aronweb.com

+

0 o
36 Volts DC - 600 Watts ( Power )

In this type of connection Voltage in the three units will sum up and the current will remain constant
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Connecting Solar Panels In Parallel
Design By Sikandar Haidar From ElectricalOnline4u.com
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San Francisco:
Peak Sun Hours sarstamua
average, tilt at
latitude*
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400
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*Source: http://rredc.nrel.gov/solar/old _data/nsrdb/redbook/sum2/23234.txt
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Misalignment (angle of incidence 7 indegrees)
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Simulated energy production of one kilowatt of solar PV capacity in Los Angeles, Calif.

average energy production in a day annual energy production
watts (alternating current) kilowatthours (alternating current)
roo tracking,
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Fixed | Adj. 2 seasons | Adj. 4 seasons | 2-axis tracker

% of optimum | 71.1% 75.2% 75.7% 100%
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The amount of solar radiation incident on a tilted module surface is the component of the incident solar radiation which is perpendicular
to the module surface. The following figure shows how to calculate the radiation incident on a tilted surface (Srcque) given either the

solar radiation measured on horizontal surface (Shoriz) or the solar radiation measured perpendicular to the sun (Sincident).

solar
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rays
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horizontal plane

Tilting the module to the incoming light reduces the module output.
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The equations relating Smodule, Shoriz aNd Sincident are:

Shorizontal = Sincident sina

Smodule = Sincident Sin(a 57 ﬂ)

where
a is the elevation angle; and
B is the tilt angle of the module measured from the horizontal.

The elevation angle has been previously given as:
a=90—¢@+35 Gt ni)i Sl

where @ is the latitude; and
0 is the declination angle previously given as:

& = 2345 sin[z—g(s)(284+ d)] L):\.A:.\Aﬁ e A Gt by A (8l il 4 gl )

where d is the day of the year. Note that from simple math (284+d) is equivalent to (d-81) which was used before. Two equations are
used interchangeably in literature.

From these equations a relationship between S;o4yle and Sheriz Can be determined as:

S _ Shorizontai Sin(a+p)
module —

sina
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Optimal angle for fixed solar panels depending on installation position
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PWM (Pulse Width Modulation ): Wi L
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MPPT (Maximum Power Point Tracking ): s A &
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http://kalaamooz.ir/sunpanel/

“Maximum Power Point Tracking
[t consist of electronic circuit allow to collect maximum
power from PV module under different condition

Solar
Panel
R

Basic PV Col Behaviowr $
Coiag =

DC-DC Power |
Converter

PV
array

Clamtrod vin DAC

» Control signal vary duty cycle of converter
» For Buck converter, equivalent impedance
of load reflected at sourceside is given by:
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Growatt 10000V

Input Data

Max. DC power
Max DC voltage
Start Voltage

PV voltage range

MPP voltage range /
nominal voltage

Full load DC voltage range

Number of MPP trackers/
strings per MPP tracker

Max. input current
Max. input current per string

Output (AC)

Rated AC output power
Max. AC apparent power
Max. output current

AC nominal voltage;
range

AC grid frequency;
range
Power factor at rated power

Displacement power factor
configurable

THDI

AC connection

11000W
1000V

350V

180V - 1000V

300V - 1000V / 600V
400V - 800V
2/2

15A / 15A
20A

10KW
10KVA
16A

230V/400V
184 - 275V

50-60Hz;
44-55Hz/54-65Hz

1
0-~08leading - 0~0.8lagging

<3%
3/N/PE, 3W+PE(Opt)

Growatt 12000UE

13200W
1000V

350V

180V - 1000V

300V - 1000V / 600V
400V - 800V
2/2

17A / 17A
20A

12KW
12KVA
19A

230V/400V
184 - 275V

50-60Hz;
44-55Hz/54-65Hz

1
0-08leading - 0-08lagging

<3%
3/N/PE, 3W+PE(Opt)

Growatt 18000UE

19800W
1000V

350V

180V - 1000V

300V - 1000V / 600V
400V - 800V
2/3

23A/ 23A
20A

18KW
18KVA
28.6A

230V/400V
184 - 275V

50-60Hz;
44-55Hz/54-65Hz

1
0~1leading -0~1lagging

<3%
3/N/PE, 3W+PE(Opt)

Growatt 20000UE

22000W
1000V

350V

180V - 1000V

300V - 1000V / 600V
400V - 800V
2/3

26A / 26A
20A

20KW
20KVA
32A

230V/400V
184 - 275V

50-60Hz;
44-55Hz/54-65Hz

1
0~1leading - 0~1lagging

<3%
3/N/PE 3W+PE(Opt)
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M Solar Inverter

1
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1
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Solar power
(option)

L.%__Tj

BATTERY

External Home Appliances
Battery packs

Hybrid Power System
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Solar Panel

-~ Storage tank

Agricultural irrigation
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Submersible Pump
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Output I-V characteristics of the PV module with different temperatures
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output P-V characteristics

of the PV module with different temperatures
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THERMAL CHARACTERISTICS

Nominal operating cell temperature ‘ NOCT G 46 +/- 2
Temperature coefficient of P, ; Y .T %/°C “ -0.42
Temperature coefficient of V,, | Buec “ %/°C -0.31
Temperature coefficient of I, | o, .7 %/°C 0.04
Temperature coefficient of V__ [ Byer | %l°C -0.41
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Pout=Pn-(Pc+Pm+Pa+Pt) : ‘J"f Sl

Pout~ %7 5 Pn

Pn-Pc-Pm  )Pn-Pc-Pm-Pa ) Pn-Pc-Pm-Pa-Pt
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/")/\ :
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Teelleff=Ta.day+25

ftemp =1 —(Y*(Tcell.eff—Tstc))
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Tecell.eff=Ta.day+25

Teelleff | 3 Smile as j0 40 Jolu Jige 4 )55 sled G&ile
Taday @ 2 Kuba as 5040 (ki 2 cke 53 ) 5o dsh o L il
€ 30 aalsa s sl 4135 (sles (p8lae i 28U o Kl sy 0+ 4tk 3 55 anSke sles 811 Jia

Ta.day=50
Tcell.eff=50+25=75
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ftemp =1 —(Y*(Tcell.eff—Tstc))
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Tcell.eff=Ta.day+25=50+25=75
ftemp=] —(Y*(Tcell.eff—Tstc))=] —(0.0042(75—2 5))=] -0.21=0.79

Pout=Pn * ftemp =320 * 0.79 =252 w
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Pout=Pn * (%100-%5-%5-%5-%21) = 320 * (%100 - %5 - %5 - %5 - %21) =320 * 0.64 = 204.8 w
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Vmp.cell.eff =Vmp.stc - [vapp * ( Tecell.eff - Tstc) ]
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Tcell.eff =Ta.day+25

Tcell.eff =50+25 =75
Vmp.cell.eff =Vmp.stc - [vapp * (( Teelleff — Tstc) ]=31.7-[0.0041*(75-25)]=31.5 v
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wire resistance

A - @
+| \_ fa e_/* TN
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T voltage source voltage
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L
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R=(p*2L)/A

R= aal e JAS e slia

p:(\,\/*\ AA wdﬂs Ls\_)" ) d.dS o}j ‘L\A}&A
L= s p S Jsh

A= e s 5 QIS ahaite mhas
Sylaw4ash: P=|*I"R = P= I"“I"“(p"“ZL)/A

P= 048 s o il g5

" www.automation-solar.com T _—_ s - % AR s
solar_iran @automationsolar 0 info@automation-solar.com 0 FEYFAOY - £PYPALFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o



Adlue %0 Sl g 68 s 50 QS Hlas (AU Gl g8 5iShaa T A

D eV IS sk 5 a3l el 3 0l oad Gloa 5l TY e Sl g8 st a1 ol 55 &) U
2 dalae 1) JIS (6 5 Sy il 5 5hi 350 JiS pate mlans 2 g 4t Kl

Dl sl A 2dlie %00 Jlae (Al () 55 yiSha 4SSl 4 da i L
S 2 Sl )55 P=0.05 *4ll ol 5
P=0.05*320=16 W

P: |7'<|7'<(p7'<2L)/A : AZI*I*(p*ZL)/P

= A= (9%9*1.7*10A-8%2%10)/16 =1.72 g sie Ll

= R=(p*2L)/A~0.2Q

—> V=I*R=10%0.2=2v

" www.automation-solar.com ———— _—_ — - x AR s
solar_iran @automationsolar a info@automation-solar.com 0 FEYFAOY - £EYEALFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o




PV

PV gPV .
Switch fuse . Switch
9PV Disconnector Disconnector
fuse
> > > i
e e - .
M b :1 J_
ey el ey EE % %
M :
I
—all—all—al =
Surge Surge
Arrester Arrester

" www.automation-solar.com Yy T s - % AR s
solar_iran @automationsolar 0 info@automation-solar.com o FEYFAOY - £PYPALFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o



CH 10 gPV fuse selection

Define panel data:
L, (string) . Doesstring NO . .
- U.c>c (STC) - open cir- > - > No gPY string fusing
cuit voltag_e atstand- exceed TWO? required
ard conditions
-number of panels
-number of strings
YES
gPVstring fuse In> 1,4 xI_
(panel) Apply gPV string fuse
gPV string fuse Un> 1,2x U_(STC) > to+and- pole of string
(panel) x number of panels

" www.automation-solar.com Yy T s - % AR s
solar_iran @automationsolar 0 info@automation-solar.com o FEYFAOY - £PYPALFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o



NH gPV fuse selection

Define panel data:
-1_(panel) NHPVfusel > 1,5x1_
-U_ (STC) - open circuit (panel) x number of strings Apply NH PV fuse
oc —_— —_—
voltage at standard NHPV fuse U_> 1,2x U_(STC) to+and - pole of string
conditions (panel) x number of panels
-number of panels
-number of strings
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ETITECPV selection

External
lightning
protection
exist ?

NO Apply ETITECCPV on
== | string and on inverter
side

Define PV system
data: —( U _>12xU__ |=>
-U

OoC max

‘YES

Apply ETITEC B PV on string
and inverter side
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ETITECB T12 PV for photovoltaic system on a building with External Lightning Protection

T connection V connection
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ETITECCT2 PV for photovoltaic system on a building without External Lightning Protection

i

2 XETITECCT2 PV 100V/550V

230/400V

2 X ETITEC CT2 PV 1000V

%T!t-vé-
= -

V connection ETITECCT2PV

T connection ETITECCT2 PV
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Protection of PY modules on REVERSE current
by CH gPV fuse link
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N M
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Protection of the wiring between ARRAYS
from short-circuit
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Sieg 1
NH DC (cable protection)
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Protection from »AC REVERSE current«
(transformerless inverter)

g 1 B[RS —
L
DC
sreg2 s I 2 = -t AC

M ac
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PV off-grid system protection

DC charger

DC junction panel
PV modules -RDC & DC distribution box

ETI

-0ODC
r‘wn_lq—rvui— - —{Wl.nq— DC m
[—Lw-n,li—hmzi— I —- S

Island inverter

Battery
AC distribution panel
i 1B -~ A
+ = +
= + -
(c] —© DC
To AC-powered
©] A consumer loads
(¢ 9]
- - -
5 A %
oo || o -
DC distribution box

-GDC

Option: generator
or grid input
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ofefefefofofo modules I o |
) i |
FEEE y - &
|
@' I | [j::‘" L+ X
|
s[sfefslo]o]e | i - X2
© s [ :
o o i G.;gp\”u% I To charger
St
% LS 32 SMA A4 I
il L |
Panel type ECH-12 I
: : | Fs
Fuse disconnector type: VLC 10 PV i ETITEC G-V I
Switch disconnector: LS 100/20 :
Surge arrester: ETITEC C, PV
I |
| |
I |
e R R A R R e R R e R R R B O R A R R R, j

.|H
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\Fuse disconnector type: VLC 10 j

:
|
i :
| | To DC-powered consumer
f \\ i f : loads
fm I \% hog L
0 — O™ l ? |
olofo]e : |
FEEE | — e at o
no+ | :
| |
olofo|o L : |
|
|
0 m O~ | From charger I cﬁmg :
et a
: o | Sm +
. | :
|
Panel type ECH-8 : B | Sm_-
} |
|
' |
' |
' |
| J
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ToDC/AC To DC-powerad

island inverter From charger consumer loads
PROTECTING MAIN POWER LINES . : . : .
= A 3 ]

=GDC

5 e [ | e e | I [ — ¢ }
! i
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! i
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i |
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e e 4]

+ -
Battery
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ETI

Transfer switch  _
EFl2p / Z‘
LAS-CO1-0-2 - Type A Y»{_
C > |
2
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o |m
o

LY

Panel type: ECH-12
RCB:EFI 2, type A
MCB: ETIMAT 6

Qra nsfer switch: LAS CO )

EI'IMAT?\ E”MAT?\ EnMA;E\ EFIMA1)::6>\
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Fromisland From generator To AC-powered To AC-powered
inverter or grid consumer load 1 consumer load 2

" www.automation-solar.com Yy T s - % AR s
solar_iran ) @automationsolar 0 info@automation-solar.com 0 FAYPASQY - PRYPATY ° s Gl Ry ISl Sayen Do b Sls SUE SR BRI Se Ol OLE o



2 Su\wW 95 45 oo W luwlno

i s Q) peay (8 pae Jgan agi - Al

JEls 6lS | Qi | abba SIS | S, @iyl Al a SO T gl | eaiS aean | iy
1200wh | 1200wh 12 Owh 0 100W | iy, \
1100wh | 600wh 6 500wh 5 100W | sl Y
1000wh | 500wh 5 500wh 5 100W Jlady X
1000wh | 400wh 4 600wh 6 100W S ¥
3000wh | 1000wh 1 2000wh 2 1000W s 3
7300wh | 3700wh 3600wh

solar_iran @ @automationsolar 0 i

www.automation-solar.com : &
OY- . 5395 (6551 olhg B g olhles - Sy (b (ol 23k 5 ‘ 6L (O
nfo@automation-solar.com B F7Y5A-0r - 25Y54. ¢ () asdsgs (63510095 5 olkiales- G900 ly s sconall e 3oty ($3282 82940 Ol 6 ()




DA Jh alaed aulas - )

b L s adlne e lu l g VT 55 aild SO i 350 Cel Ol g LS g sane Sl 4 da i Ly
Gl VP, A S VY /Yl el d ado) A R Caelu Vo i 8

YOPY =) FY/V e Ll daed Gy peaiy) jaasd 4t 8l 5o i Vs ealdiul 0 se Ju R

J99 ) ga dae P Ledhy alaad

:Lg)klgﬁsuﬂijﬁ\ww&—g_\

Sy o R has 5ol 5 adlie el s TV e Al 5l 3 g0 Celu Gl IS £ gane 4S8l 4 s L
da ) O G i O sisai |y Al sl yhal e g el VOF = TV /YF Ll sl A il Yy
Leobl (s Gllaiy) o aS 2l Vo A=TF1 0T JBlas Al soldinl 0590 sla (5 by (w2 9ad 5 LSS
235 (5 ) 3a 5 m sl YA+ 5 VY (5ol e lea3) 13 adlne iy YF a5l 5 aiile cily ) Y

3 e ool sy

" B www.automation-solar.com ———— _—_ — - % AR s
solar_iran @automationsolar 0 info@automation-solar.com @ PEYFAOF - PPYFAFE ° Sashogs- 53 1 iy b g ol - Saggear Sy i ool 2Dl Sl 5922 S geeer Ol N8 o



P AS GO el dsilae - 2

130 22sa (Lol IS 555 31) aal AP iz oa oassd Ghisn 5 23kae 20 ¥ Leliy 3t 450 43 45 5 L
2528053 yual VO lagas 1K 5Lyl

i) Ol 5 Asalas -
e gl 52 4S 2 pdne 488 8 It 50 i Ha O Oladen 3 80ee (55 G VL sl ()5 dplae g

3 e oy b g VP e 1A Adle i 4l le jea 3 Sdee 55 s

&_Lu.:‘D.J..\:ud\_\ﬂ)gJ.LIJJJ&LI‘)%@AJULAJJ\J)\ASAY\J&I—\MIMJJby

" www.automation-solar.com T _—_ s - % AR s
solar_iran @automationsolar 0 info@automation-solar.com 0 FEYFAOY - £PYPALFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o



O i e

b o225 B e g S350 el oliaia
e ﬁ. wiiiais o ‘-_JL‘ . s Ja o okl | ey Jek s B olel (=le) e ole ity abms g0
(whid) ju, a8l
0 8 8 0 0 Y
0 0 0 0 0 Jlm
0 0 0 0 0 Oasieb
0 0 0 0 0 SsS
0 0 0 0 0 4
0 0
0 0
0 0
0 0
0 0
0 (5 @il o Casls Olgals) oy ailils Job po b ol B pae IS (8 e o5 gar
o 24 e 5 TR i fhal o3 lagg, el 7 535 s 48 B Sde s
=1 8.05 (IsC)lisS ol ol =k 24 il oo 5l <y 300 ghtyge e Gl
1 45 25ls g gloz| el 250 el s ol = 12 rodlicl 830 (sl il 515
< 24 S 55l 8 51 Lo 30% e DAL 1o 50% el 5l 2l B =Sl

" www.automation-solar.com Yy T s - % AR s
solar_iran @automationsolar 0 info@automation-solar.com o FEYFAOY - £PYPRFY ° Gdygs (65 1 olhg B g o1l od - (S39@02 Sluly L eVl #3e Sloly (5929 (SIgeex ObLS Ol @ o



===

E|E

=
oI oOlon|on |- O

solar_iran @automationsolar 0

www.automation-solar.com
info@automation-solar.com

O ssvsaor-ssysacrr ° Gtz (53 5 olig b 5 ol lai- (§35005 SLul (i el #3le SLuly (59,28 S g0 Dbl (O 0



Vmax=Vm , Vrms(ph)=220, Vrms(ph)=Vm/1.41 , Vm=311

Iph : Vdc=0.636*Vm=0.636%1.4*220=197v

Vs (1) AC Voltage form on the transformer secondary output
I I | | |

Vmax - — ——————— == T B e e s B — —+——Vmax = 1.414 x Veff = 12.73 Volt
e N ettt :-—/Z\:——————}—-/f--\\j——vm:svm
| [ | | N
| \/ \/
| | | | |
7 I | — ]I___ A—— .3 S L W

% = T T T
) 0.017s I | !
| | I | |
I : - .
Vout (2) Rectified Voltage form without the Capacitor
g : T 4, ? P Vmax = 1.414 x Veff — 1.4 Volt =
I I | [ 11.33 Volt

|
Vmax|- — SKOR T sl B aap R TR B
|
|
| | | |

D2,04 Forward |D2,04 Reverse | 02,04 Forward | D2,04 Reverse [ D2,D4 Reverse : D2,D4 Reverse
D3,D1 Reverse |D3.D1 Forward| D3.D1 Reverse | D3,D1 ForwafdI D3,D1 ForwafdI D3,D1 Forward

| | |
Vout ' (3) Rectlified Voltadle form witl1 the Capacftor '
SRR

Capacitor Capacitor
Charge Discharge

The AC to DC full wave rectifier Voltage time diagram
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3-Phase signals

eak

V,

peak

Vpeak=Vm

Vrms(ph)=220
Vrms(ph)=Vm/1.41 Vi
Vm=311 ViV

Voltage (V)
o

Vdc=1.654*Vm ViV
Vdc=1.654%1.4*220 =

)
Vdc=5T11v g
© 0
=
o
>
7Vpcak\
L 1 1 1
V3V o
‘/Pe“k [ /"ﬂ_\\ B e TR PR ]
— - s N oo ~ P’ ~ s
> \\/ N N SN s N 7
= N > ~ oA A
[} / « ’ soiN 7N RN
=)} ok ’ N Ao iMoo N 4 Y
© N 7 A ; N 2 N 7
= Nos N NI N
g N v v N4
N N VAR 7N
v . _7 PN _ e L s _T N —
~Vipeak == B T N e
7\/§‘/Emk_ ................ e R AT IUITERE oo
| 1 1 1 1
0.00T 0.25T 0.50T 0.75T 1.00T 1.25T 1.50T
Time
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» 1ph : Vdc=0.636*Vm=0.636*1.4*220=197v

» 3ph : Vdc=1.654*Vm=1.654%*1.4%*220=511v
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Cooling Mode

High pressure, High
temperature Vapor

Low Pressure
Vapor

High pressure
Liquid

High Pressure
Vapor
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Tank Level Switch

Water Level
Monitoring
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PV array

I

Solar pump controller

DC purmp with motor
e

protovoltaic aray is
composed of a number
of solar moduesin
parallel. It absorbs
sunlight radiation
erergy and converts
irto electrical power.

DG power

adjust and control solar
pumping system;
maximize power output
and adjust output
frequency in real-time
according to insolation.

DC power

solar_iran @automationsolar 0 i

www.automation-solar.com
nfo@automation-solar.com

pump from water
source into the pool or
irrigation system.
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