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DE LORENZQO DL SUN-WIND

1. GENERAL POINTS ON PHOTOVOLTAIC SOLAR ENERGY

Renewable solar energy of photovoltaic origin is based on a combination of two phenomena: one
natural, as is the radiation coming from the sun as a consequence of its nuclear reactions, and the
other the result of a newly created technology, that of the photovoltaic cell as a direct means of
conversion of electromagnetic energy into electrical energy and, therefore, exploitable for powering
devices requiring this kind of energy.

In fact, the sun, which is the star closest to the earth, generates electromagnetic nuclear reactions
over a wide spectrum, part of which is visible to human beings. This energy travels at its natural
speed (that of light) and impinges on the earth’s surface. Nevertheless, its attenuation is enormous
since the quantity that finally arrives is inversely proportional to the square of the distance that
separates us (150 million kilometres).

1.1 SOLAR CONSTANT

By definition, the solar constant is the incident energy from outside our atmosphere, and has a

value:
1=P/4 nd® = 1.37 kW/m’
Where:
I Irradiation
P = Radiation power of the sun (4x10°® watts)
d = Distance from the sun to the earth (150 million kilometers)

Nevertheless, water vapor and dust suspended in the atmosphere account for considerable
losses, therefore this constant has an average value on the earth’s surface, when the sun is at the
zenith, of 1 KW/m? which is the value that is adopted for calculation purposes in installations.

In the above expressions the distance from the sun to the earth has been considered to be
constant. But this is not the case. The earth describes an ellipse around the sun and, therefore,
the solar constant undergoes seasonal alterations which, however, have a very small value.
Nevertheless, when it is wished to be precise, it is necessary to turn to irradiation tables, in
which the value at different moments throughout the year is stated.
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1.2 RECEPTION POSITION

Another aspect to consider is the optimum inclination which the installed solar modules have to
have in order to achieve the maximum energy, a condition that can be stated as follows:

I’=TIcosa
Where:
I’ = Resultant energy
I = Solar constant
o = Angle of inclination of the solar panels with respect to the
radiation.

In the above expression just the elevation variable has been considered (inclination on the
surface of the earth), assuming of course that the modules have south as their coordinate origin
in the northern hemisphere and north as their coordinate origin in the southern hemisphere.

SOUTH

Fig. 1.1. - Detail of the orientation of a photovoltaic cell

For practical purposes of orientation, the parameters are as follows:

e Azimuth.
Corresponds to the movement on the horizon. Its ideal position is south in the northern
hemisphere and north in the southern.

e Elevation.
Corresponds to the angle on the plane of the earth. Its average value in the year is that of
the latitude of the site. Nevertheless, if precision is wished then the following corrector
values have to be introduced:

> Summer: + 10 °
> Winter: - 100

Any alteration to the orientation parameters leads to energy losses, whose value is difficult to
quantify without specific software.
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1.3 PEAK SUN HOURS (PSH)

In order to dimension the photovoltaic installations the parameter peak sun hours needs to be
known. This is defined as the interval or band of time for which the level of incident energy on

the earth’s surface is 1 KW/m”.

This parameter is stated in W/h and its value (the number of hours in which this condition is
maintained) depends on the site of the installation. Figure 1.2 shows an example of this time

band.
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Fig.1.2. - Example of time band of peak sun hours

During the other hours of sunlight, energy is still being received from the sun, though with
lower values. Nevertheless, this energy can be exploited. For that reason, the solar irradiation

tables state the accumulated daily figure.
The following example:

SITUATION SUMMER WINTER
North peninsula: 4.8-5 1.1-1.3
South peninsula: 5.3-6.4 2.2-2.3
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1.4 MAPS OF SOLAR IRRADIATION

The solar irradiation maps correspond to the amount of incident energy for a particular
geographical surface. The data corresponds to the annual average, which is useful for
installations having permanent use, though not for seasonal ones, for which specific tables and
zones and months need to be resorted to.

Figure 1.3 show the irradiation map of Italy divided into climatic zones. The values correspond
to the yearly average, as has been stated.

Fig.1.3. - Map of solar irradiation in Italy
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2. COMPONENTS FOR ISOLATED SOLAR INSTALLATIONS

Photovoltaic solar energy installations of the type known as isolated consist of a set of components
as shown in the figure below, and whose basic description is given in the following sections.

DC AC
12/24 V 220V

PHOTO-

VOLTAIC —p CHARGE *—> DC/AC o

MODULE REGULATOR CONVERTER
ACCUMULATOR

Fig. 2.1 - Main components of isolated photovoltaic installations

2.1 PHOTOVOLTAIC MODULES

What is known as a solar or photovoltaic cell is, in short, a transducer of light into electrical
energy. An array made of cells creates the commercial module that is distinguished by the
voltage and current it provides.

These cells are based on the photovoltaic effect which was demonstrated by Becquerel in 1887
and interpreted by Einstein in 1902, a work which led to his winning a Nobel Prize. With this
background, in 1954 Chapin, Fueller and Perarson developed the first solar cell capable of
producing electrical energy proportional to the light energy incident on its surface.
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2.1.1. Technological foundations

Solar cells are made up of semiconductors, generally silicon, in which the photoelectric effect
takes place. This effect consists of the transfer of energy to the valence electrons in the
semiconductor so that they break their bonds by means of the photons they receive coming
from the sun.

With each bond that is broken, a free electron is produced which can circulate throughout the
semiconductor device, thereby generating an electric current. The absence of the electron of the
bond that is broken in this way creates what is known as a hole and it too can be displaced
through the semiconductor. The movement of the electrons and the holes in opposite directions
generates the electrical current which can circulate outside of the device and thereby provide
energy. Figure 2.2 shows a detail of this effect.
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Fig. 2.2 - Photovoltaic effect

Each elemental cell is made up of a silicon semiconductor doped with various substances
(phosphorus, boron, etc.) in order to achieve the stated effect of converting photons from
incident light into electrical energy.

As can be seen in this figure 2.2, the movement of electrons (and therefore of holes) gives rise
to the appearance of a potential difference at the ends of the semiconductor, which confers on
the device the condition of an electric generator. Figure 2.3 shows this effect. The electrical
energy generated is proportional to the incident light.

S\ il
=1

Fig. 2.3 - Current generated in the cell with sunlight
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2.1.2. Characteristics of the cells

Grouped into what are known as photovoltaic modules, photovoltaic cells are defined by a set
of electrical characteristics, the most important of which are mentioned below:

Short-circuit current

This refers to the maximum current that can be obtained. This parameter is quantified by short-
circuiting its terminals via an ammeter and measuring the current flowing through it.

Voltage in open circuit

This is defined as the voltage provided by the panel when the flowing current is zero (no
charge).

So, by way of example, a module of 12 V without charge, under the stated conditions, can give
20 V or more at maximum radiation (1000 W/m?).

Peak power

This refers to the power (P = V.I) that can be supplied by a module at the specified voltage and
current.

Efficiency

This is the most important parameter of a module, since it gives the maximum output or
transfer of energy in the photoelectric conversion process.

It corresponds to the quotient between the power produced and the incident energy from the
light source, as is the sun.

The highest efficiency achieved is around 20%.

So, the energy exploitation per m* would be, for an incident energy of 1 kW/m?,
1 kW/m* x 20/100 = 200 W/m’.

Rated peak power

This parameter refers to the power provided by the module when the energy incident on its
surface is 1 KW/m? and the ambient temperature is 25°C.
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2.1.3. Types of photovoltaic cell

There exists a wide range of manufacturing technologies for photovoltaic cells having
applications as diverse as lighting installations and similar at the domestic level, connections to
networks and for clocks and calculators though, for obvious reasons, the only ones that we are
interested in here are those used in isolated installations and those for connections to networks.

For these installations intended for supplying electrical energy for lighting, pumping of water,
sale of energy to supplier companies, etc., different types of cell are used, as stated below:
MONOCRYSTALLINE

Cells characterized by being made of a single crystal and having
an efficient of around 16%.

This cell captures a considerable quantity of diffuse light, which
is important for obtaining energy on cloudy days.

In addition to its high efficiency is also has a low rate of
degradation, giving it a very long life.

POLYCRYSTALLINE
Unlike the previous cell, polycrystalline cells consist of
silicon mixed with other materials. Their efficiency stands

at around 14%.

The degradation of this cell is greater than the previous one.

8 Vers. 2
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AMORPHOUS

Modules with amorphous cells are characterized by having an
average efficiency, greater weight than the others and they
are more economical.

Nevertheless, they have the disadvantage of degradation with
time, which leads to a reduction in output. These panels are
generally used in small installations.

Cells with CIS technology, constructed with a fine layer, give modules that are more stable in

time and with a good response in conditions of low solar irradiation.

Their main application is in alarm systems, weather stations and similar.
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2.1.4. Connection of modules

The grouping of cells with connection of groups in series and these being connected in parallel
gives rise to what are known as modules, which consist of four main components, these being:

» Solar surface with the stated groupings of solar cells.

» Surface glass for protection of the cells, on which the solar radiation impinges. The
glass has a low iron content in order to cut down on the reflection of sunlight.

» An adhering lamina subjected to a heat process in order to fix the cells to the glass on
the one side and, on the other, to the “Tedlar” or rear lamina, thus creating a “sandwich”

of these components.

» Deposition of what is known as “Tedlar” (material existing in different colors) in order
to guarantee the sealing between the cells and the outside.

» Metal protection frame, which is fixed to the ground support, mast, roof, etc. It is made
of aluminum treated to withstand adverse weather conditions.

» Terminal box where the connection of the groups of cells ends. This box can have
terminals for a single voltage output or different ones in order to obtain 6, 12 or 24 V,
depending on whether the groups of cells are arranged in series or in parallel.

Connected to these terminals are the cables which link the module to the charge regulator.

The solar modules can be grouped together in order to achieve the necessary voltage or power,
depending on whether they are arranged to be connected in series or parallel, though for this the
following electro technical principles need to be born in mind.

» For connection in series, the panels have to have the same current intensity.

» For connection in parallel, the panels have to have the same voltage.

The figures below show some solar panels.

Fig. 2.4 - Solar modules
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Exp.2: I-V characteristic curve of solar panel

Every PV panel have an special I-V curve , which is contain the main
characteristic values ( which is named on its name plate), but the total values
of V and I values on the curve could be obtained by using variable load value.
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Objective:

1- To draw the I-V curve of PV panel

2- To Draw the power curve of PV panel
Procedure:

1- Connect the circuit below which contain PV panel , voltmeter, ammeter
variable resistor

g

PV Module

. Warable

s

Locate the PV panel to have most radiation Irr = 1000w/m2 ,and a

suitable angel, measure these values by the radiation meter (as Exp.1)
Measure the values of variable resistor by ohmmeter and followed it in
table 1

N
1

w
1

(@2 BENSN
1 1

Put the variable resistor from maximum value

Record the value of voltage(V) and current(l) at maximum resistor

ERERENE

-

load

resistor




6- Change the variable resistor from maximum value to minimum value
7- Record all values of VV and I at every value of R and put the values in a
table 1.

R (ohm) V (V) I (A)

Max R 100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

Table 1

8- Draw the curve between I and V (I and V relation)




9- Calculate by hand the value of PV power at every step an followed it in
table 2

R (ohm) V (V) | (A) P (W)=V * |

Max R 100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

10- At the power column values , find the maximum produced value ,
its named Pmax , and V, | at same value named as Vmp, and Imp,
Draw the power curve (P-V) relation and sure on these results

Questions:

1- What is the value of Irr used in the Exp.?

2- Why the value of variable resistor is starting with maximum one?



3- The final value of variable resistor is 10 % not zero , explain ?

4- 1s the resulted Pmax having Imp and Vmp at same point ? if not what is
your reasons?

5- At pointin 4, what is the fames name of this point in PV panel , what is
mean ?



Exp 3: Series and Parallel Wiring of solar panels

Objective: connect the PV panel on series and parallel and find total produced
power

Series and Parallel Wiring

The following image is a great example of series and parallel wiring.

Each Module
12 Volts
5 Amps

PVeducation.com

Series Wiring:
Series wiring is when the voltage of a solar array is increased by wiring the positive
of one solar module to the negative of another solar module. This is similar to
installing batteries in a flashlight. As you slide the batteries into the flashlight tube the
voltage increases.

Parallel Wiring:

Parallel wiring increases the current (amps) output of a solar array while keeping the
voltage the same. Parallel wiring is when the positives of multiple modules are
connected together and all the negatives for the same modules are connected together.



http://pveducation.com/wp-content/uploads/2014/01/series-parallel-wiring.png

Series Parallel Combination:
Here is an example of what is found in most large solar systems, a series and parallel
wiring combination.

24 Volts
15 Amps

What applies to the solar panel is the same as that of a single cell in the law of succession and parallelity
as in the adjacent form :



http://pveducation.com/wp-content/uploads/2014/01/series-parallel-wiring-combination.png

Examples of different connections to calculate total power :

Connection 1:

Q 152W 152W 152W 152W

19V/8A 19V/8A 19V/8A 19V/8A

= +

Total voitage: 4 x 19V = 76V
Total current: 8A
Total power: 76V x 8A = 608W = 4 x 152W

Connection 2:

(+)
® V=42V
IT= 6.67A
@ Pr= 280W
+| |- + |- O
anei anei
100W _180W _
Vo =12V Va =24V
Ip = 8.33A Iz = 7.5A

Connection 3:

152W - +

19VIBA

152W - +

19VI8A

152w - +

19VI8A

152W - -

19VI8A
Total voitage: 19V
Total current: 4 x 8A = 32A
Total power: 19V x 32A = 608W = 4 x 152W




Connection 4:

136 W - -

17VI8A

152W |- B

19V/8A

152w - -

19VI8A

152W - +

19VI8A + Totalvoltage: 17V
Total current: 4 x 8A = 32A
Total power: 17V x 32A = 544W

(64W lower wattage or 11% loss of installed power)

IV curve of PV panel different connections

The IV curve is produced for the panel connection and the voltage and current values on it are different
from the voltage and current of the single panel as in the following connections:

Vz; =058V

String Voltage 4 <

“@ Vr=Vi+Vz+V: @
=15volts

Maximum
—FPower Paint

Cell2 Cell 3

waung =

10 String Voltage 15  V

parallel connection

I+ 1, two cells

Current

one cell
1

Voltage Voc




series connection

onecell two cells

Voltage Vo1 Voc1+ Voca

Exp 3: solar panel connections:

Experiment Procedure’s:

Solar panel |Solar panel 1 |Solar panel 2 | Solar panel 3

number
P theoretical = P theoretical = P theoretical =
V theoretical = V theoretical = V theoretical =
| theoretical = | theoretical = | theoretical =

1- Case 1: Choose two identical solar panels and connect them in
series fill the table:

| tot

V tot

P tot

2- Case 2: Repeat the previous step but connect in parallel:




| tot

V tot

P tot

3- Case 2: Connect the three different solar panels in series and
complete the table:

| tot

V tot

P tot

4- Case 3: Repeat the previous step but connect in parallel:

| tot

V tot

P tot

5- Compere between the measurement results and the theoretical
values by calculating the percentage of error in each case:
Case 1: P error = (P theo — P meas)/P theo



Find I total , V total, and total power at the following connection :

12volts 12vo|ts 12vo|ts 12volts
S5amps Samps Samps S5amps
1' - =

Solar
Panel

Solar
Panel

(+)
®
®

o s S o

[ Panel | Panel 2 Panel 3
M Vs =18V

Vi =6V

5 Vo =12V I3 = 5A



. -
—]— -
Solar Solar
Pane| Fanel
12V 4.0A 12V 40A
+ I - +] -
12V 4.0A 12V 4.0A
J I "
* -
136 W 152W 152W 152 W
- -E 3 -
3
17VI8A 19V/ 8A 19V/ 8A 19V/8A
- +




85W 126 W 152W 152W
- . 4+ -
L2
17V/ 5A 18V/7A 19V/8A 19V/8A
- +
85w - : 3
17VISA :
AXIIIIXIX1
126W |- +
18VITA
152w | - +
19V/8A
152W | - +
19VI8A ,
152W 4 f > & 152 W
19V/8A 19V/8A
152W | + - * 152 W
19V/8A g 19V/8A
|
152W | + [ 1+ 152 W
19V/8A 19V/8A
152W | + B 5 @ 152 W
19V/8A 19V/8A
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2.2 CHARGE REGULATOR
A component of great importance in all photovoltaic solar energy installations is that known as
the regulator, an electronic unit to which is the voltage from the modules is applied in order to

control the transfer of energy between the accumulator and the utilization circuits.

Four fundamental connection lines of the regulator can be considered, which are the following:

INPUT VOLTAGE (Connections from the modules)

Input for the regulator circuit to which is applied the voltage coming from the modules.

OUTPUT VOLTAGE (Utilization)
Voltage output connection under the following conditions:

» Stabilized at 12 V or 24 V (or other values).

» The energy comes from the accumulator, the regulator being what permits the passage

of the energy to the accumulator, depending on the status of the latter.

BATTERY
Connection of the accumulator in order to store the harnessed energy in the event of excess
with regard to the amount being consumed, or for supplying energy in the opposite case, for
example during the night.

CONTROL

Line via which the converter or regulator provides information on situations, such as status of
the accumulator, of the output voltage, charging, discharging, etc.
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In short, the regulator is the charge control device for the accumulator, since the utilization
energy is always taken from the latter component.

Figure 2.5 shows its basic block diagram.

DISPLAY
y ﬁl 4
CONTROL
—|j;tl—> SERIAL —'—"T_tl-
»| REGULATOR |p

i 3

P.V.
PANEL
12V

Fig. 2.5 - Block diagram of the regulator

12
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2.3 ACCUMULATORS

The accumulator is the storage component for the energy of the installation during times of
zero consumption or consumption less than the level provided by the photovoltaic harnessing
system. It also acts as an energy reserve for when the contribution from the modules is less than
the demand.

The accumulator has a highly important function in isolated installations of the type known as
“weekend”, in which all the energy received during weekdays is stored in order to supply it at
weekends and holidays. In this way the dimensioning of the modules can be made smaller,
unlike the accumulator, which has to be large.

The accumulator included in the DL SUN-WIND trainer is of the solid electrolyte type (acid
gel) in order to prevent possible spillages during practices.

The most important parameter of the accumulator is its capacity, implying a discharge current

corresponding to a tenth of the rated value, which is represented in a graph like that of figure
2.6, which is an example.

«PDISCHARGE CHARACTERISTIC T-25°C

_:=—'——__._=;==—-_____ :":‘-—
12— \ g h——c ()
I
W < ———}—155
10 \ \ l ~ 'U.Z-E»C 0.175C [0.1C 0.05C 5.0
gp— \ 3 U.I;T, 4.5
8 ‘ 3c‘..’.;‘.‘;}c':.u —— 1c 4.0
0 : 0
1 2 3 5§ 10 20 30 60 2 3 5 10 20 30
[ ——MINUTES : HOURS ———

DISCHARGE TIME
Fig. 2.6 - Example of discharge of an accumulator

The discharge hours correspond to the time in which the accumulator delivers all the
determined current. So:

C100 (Ah)

Discharge hours = X = Hours

It can be seen in the above graph that the voltage of the accumulator is higher than 12V, since it
consists of six cells of 2.45V, giving a value of 13.7V.
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Regarding the fundamental concepts of accumulators in relation to the applications, these are as
follows:

e Charge efficiency

This is the ratio between the energy used to charge the accumulator and that actually stored.
If the efficiency is low a large number of photovoltaic modules will have to be used.

Self-discharge

This is the process by which the accumulator tends to discharge when not in use. The usual
value is 3% a month.

Discharge depth

This refers to the value in percentage terms (%) of the energy that has been consumed in a
single discharge by an accumulator that was fully charged.

The accumulator must never be subjected to discharge processes that exceed 70%, since a
discharged accumulator can be seriously damaged and lose a large part of its charge capacity.
In a photovoltaic installation, an accumulator must be discharged by between 10 and 30% a
day.

Charge and discharge cycles

In an installation the accumulator can be subjected to a series of work cycles; each cycle
consists of discharging the accumulator followed by its subsequent recharging, which
implies that it has to be designed to withstand the greatest possible number of charge-
discharge cycles. This number of cycles reduces as the discharge depth increases.

During the day, the modules generate the energy that is used to satisfy consumption and the
surplus is accumulated. At night, the necessary energy for consumption is taken exclusively
from the accumulators, thus completing a daily cycle of charge-discharge.

During a period of cloudy days, a large part of the consumption is taken from the
accumulator, which is unable to be recharged. Once these cloudy days have passed, the
modules will recharge the accumulator though it will take several days before it reaches full
capacity since consumption will continue to exist and so only part of the energy will be
stored. This process is known as the autonomy cycle, and is calculated in advance depending
on the type of use of the installation and on the safety criteria that are required. For example,
in a weekend-type of installation the autonomy is usually 3 days and in one having
application in telecommunications, such as repeaters or similar, the autonomy is extended to
10 days.

Vers. 2
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In these conditions, the safety margin is established as follows:

C100 x days of autonomy

Safety coefficient

Where:

C100 = Amperes of the accumulator in C100

e Charge state. Voltage and density

Vers. 2

The rated voltage of each element of a solar accumulator is 2V. Nevertheless, the real
voltage depends on the charge state in which it is found. The voltage drops as the battery
discharges and it increased when the latter is charging.

The accumulator is considered to be fully charged when the voltage under no load per
element is between 2.20 and 2.30 V.

Density

A complementary yet indispensable aspect for determining the good state of the accumulator
is the density, since the voltage on its own does not reliably determine the state of the
accumulator.

The optimum density of a stationary accumulator is 1.24, though a working density can be

considered of from 1.20 to 1.8, below which there is a risk of permanently exceeding 1.15
which is the critical density that considerably reduces the life of the accumulator.

15



EXP 4.1: Charging battery using solar panel

Objective of the exercise

* Charge the battery using solar energy.

* Learn the importance of the battery as a storage device in solar panel
systemes.

* Learn the battery charge regulator basics.

Equipment used:




Practical procedures :

1- Write the rating values such as named voltage of each device, by reading it
from the name plate on the device, or search it on the data sheet of the
device, and fill the following table:

Device Current Voltage Named Current Power
type difference | voltage
electricity

Solar panel

Battery

Charge regulator
input

Charge regulator
output

Inverter input

Inverter output

CB1

CB2

CB3

C.B4

CB5

Light load 1

Light load 2

Light load 3

2- Be sure that all device is working in suitable voltage and current range ,
same named value , and based on some specification such as :



a) The charge regulator must covered the VVoc and Isc of solar panel , in
addition , adding a safety factor 25%

b) The charge regulator must covered the battery voltage , which must be
less than solar panel voltage at all cases that make an energy production

¢) The inverter must covered the max. voltage of the battery , knowing that
battery voltage will increase with increasing the time of charging, and the
high charging levels of battery (equalization )

d) The loads must be able to work in the devices voltage range

e) The circuit breaker must covering the normal current and the short circuit

current
Maximum power

breaker capacity(A) =

Minimum voltage
f) Draw an outline diagram describe the connection between the devices

using the following schematic diagram :

DC Load

1

DC Breaker

Solar T
Solar Charger

(Regulator) AC Load

' T

DC Breaker AC Breaker

} f

Solar Inverter

Panel —» >

DC Breaker

Deep Cycle

DC Breaker
v

Battery

3- Connect the devices as the following steps :



a) Connect the solar panel with C.C through a dc C.B

(Battery/Solar) Charge Regulator

Solar Battery Load
Input Input Qutput
+ - + - + -

- | | —  — j Pexm || v g
Solar panel

a8 er l
X )

b) Connect the battery with C.C through a dc C.B

(Battery/Solar) Charge Regulator

Solar Battery Load
Input Input Output

Solar panel L—j—' T o
C () : I

i

T* - ]l 21121




¢) Connect the dc load with C.C through dc C.B

(Battery/Solar) Charge Regulator

Solar Battery Load
Input Input Output

+ -

1T W T
Solar panel
cae's e

e}

Battery

d) connect the battery with dc input of the inverter using dc C.B

(Battery/Solar) Charge Regulator

Solar Battery Load
Input Input Qutput

' I DC Light%

Solar panel




(Battery/Solar) Charge Regulator

Solar Battery Load
Input Input Output

=7

DC Light %

Inverter
—1 + Batery ACLine :I
[easiss s |
(Battery/Solar) Charge Regulator
Sclar Battery Load
Input Input Quiput
s et
Solar panel 4,.j
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e) connect the AC terminal of the inverter with AC load through an
AC C.B
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(Battery/Solar) Charge Regulator

Solar Battery Load

Input Input Qutput
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f) first turn on the battery C.B , then the solar C.B , then the DC load
C.B, then the DC inverter C.B , then the AC load C.B (in this

arrangement)

practically : the students work in different teams , with different devices,
the working is by filling the following table with their data, results, and

required information



Connection | Team 1 Team 2 Team 3
Solar panel
type
PV rating Pp=165w
V=18.5V
1=8.9A
Vo.c=22.1V
1=9.15A
Charge
regulator
type
Charge Rated battery = 12/24v
regulator Rated current =30A
rating Vo.c=0-24v
24-38v
Battery

type




load type

Protection
1

Protection
2

Total
connection

Results

“ated: |
P Power:

I ©

Tables

V.bat. B Power
solar

Load

V pv

batt.

load

Battery

Solar panel




EXP 4.2 : Charging Battery
1-Using Solar Panel to Charge the Battery

Required equipment

Solar panel, battery, protective module (DL 9014), measurement module
(DL 9021), charge regulation module (DL 9012)

Introductory examples

1. Which type of energy is stored in the battery?

2. Draw the symbol of the battery which contains three serially connected
1.2 cells. What is the voltage of this battery? \

Drawing




2- Using Solar Panel and Battery to Power DC Load
Objective of the exercise
» Use both solar power and energy stored in the battery to power the DC

load.

* Learn the importance of the battery as a storage device in DC load

Systems

Follow the described procedure and fill in the following table.
1. Find the position in which the solar panel provides highest irradiation
(read the azimuth using compass and inclination using the angle-meter
built-in to the side of the solar panel): _ ° from the north and

° from the horizontal position.
2. Enable the breaker of the DL 9014 module, to connect the battery to
the circuit.
3. Switch on the halogen lamp.
4. Using the charge requlation module DL 9012 read the voltage of the




battery.

5. Using the charge regulation module DL 9012 read the load current

flow.
6. Calculate the lamp power.

7. Using the charge reqgulation module DL 9012 read the solar panel to

battery current flow.

8. Switch off the halogen lamp and switch on the LED lamp.

9. Repeat points 4-7.

10. Switch on the halogen lamp.

11. Repeat points 4-7.

12. Disable the breaker of the DL 9014 module, disconnecting the battery

from the circuit.

Halogen Halogen + LED

Voltage (V)

Load current (A)

Power (W)

Solar panel to battery current (A)

13. Disconnect the solar panel.
14. Repeat points 2-11 and fill

Halogen LED Halogen + LED

Voltage (V)

Load current (A)

Power (W)

Solar panel to battery current (A)
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2.4 DC/AC CONVERTERS

16

The need for alternating voltage with standardized values of frequency and amplitude for
supplying domestic appliances has led to the incorporation into photovoltaic installations of
what is known as the direct to alternating (DC/AC) converter or inverter, which is the more

widely used term.

This is a device based on an oscillator at the mains frequency (50 or 60 Hz) and on a final
electronic switch in which various inductive components intervene in order to provide the
stated alternating voltage. Figure 2.7 shows a basic block diagram of this device, with accords

with the stated architecture.

PROTECTION

~| THERMAL
SHUTDOWN

m encroraor 1

[] Fus.

. L E“F_Tfl““l J
| LowBAT. o] CONTROLLER f=— PwWM GENERATURI
. |
OVERLOAD FEEDBACK I
A A
Rs Ij

Low Bat.
+ DC12V - ON &
Overload

~ Malns -~

Fig. 2.7 - Basic block diagram of the converter

There exist two types of DC/AC converters or commercial inverters, differentiated by the

output waveform, which are the following:

Vers. 2
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SEMI-SINE WAVE OUTPUT

Some DC/AC converters are referred to in this manner, when their alternating voltage output is
formed by discreet amplitude patterns.

They are based on the PWM modulation (Pulse Width Modulation) of their power stage, and their
semiconductors work in a commutation mode. They are characterized by low cost, high
performance and reduced size, however their output wave form limits their use to equipment with
resistive, non-inductive load characteristics. It is not recommended to use power from these
converters to operate low noise equipment, such as HI-FI.

For inductive load (such as motor), the soft start function allows a reduced consumption at start up.

SINE WAVE OUTPUT

This type of DC/AC converter provides continuous-time sine waves, just like grid electricity.

Its power stage is formed by transistors that receive sine waves from the oscillator and thus operate
in a linear mode, not in commutation like the previous, and by a transformer whose secondary
provides the indicated alternating voltage.

The volume of this converter is greater than the previous, because it includes a transformer, its
energy performance is less because the transistors operate in a linear manner, and naturally, its price
is higher.

This type of converter is required when it is necessary to supply power to equipment with inductive
components, and very low noise equipment.

GENERAL GUIDELINES

Make sure not to exceed the input voltage (see “Technical Specifications™). - When connecting the
inverter with audio equipment, it is possible to hear noise through the speakers. This is not due to a
faulty inverter. Cheaper audio devices are generally equipped with inferior noise filters. The
inverter produces its signal at a high frequency and this high frequency signal can be equal to the
audio signal. You can correct this by placing a decent filter.

REMARK

It is not recommended to connect small devices powered by batteries to the inverter with modified
output. These devices can be damaged or can damage the inverter. - Do not connect rapid chargers
to the inverter with modified output. These devices can be damaged or can damage the inverter.
Connect these devices to an inverter with a pure output.

Switching power supplies (e.g. power supplies for laptops) can be damaged or can damage the
inverter. Some power supplies only operate with a pure sine wave.

Lots of devices need a larger amount of power during the start-up period (switch-on power). This
power can be several times more important than the operating power. You will usually find this
phenomenon with devices of the “inductive” type, like motored devices. A 600W electric drill can
easily need 1800W of switch-on power! With some devices the power will be much higher than the
mentioned power.

Multiply the device’s operating power by 3.

This value has to be inferior to the continuous (maximum) power of the inverter.

Operating power of the device x 3 < inverter’s capacity

Vers. 2 17
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2.4.1. Characteristics of DC/AC converters

DC/AC converters are differentiated by a set of technical specifications among which the most
notable are the following:

INPUT VOLTAGE Range of input direct voltage that can be
applied to the converter (for example, 10.5
—-16 V).

OUTPUT VOLTAGE/FREQUENCY Rated values of the output alternating
voltage and its corresponding frequency.

RATED POWER This parameter refers to the power stated
in watts which the converter can provide
in direct mode.

PEAK POWER Power which the converter can provide
during a specified time (for example, Wp
=370 W during 2 minutes).

STARTING POINT This corresponds to the power that the

converter can provide in an instant, in
other words, during the moment of the
demand for consumption if this is
inductive/reactive, which can reach up to
300% of the rated figure.

EFFICIENCY Ratio of energy transfer between input and
output expressed as %.

It corresponds to the quotient between the
energy consumed by the input circuit and
the input to the charge as the output.

Some converters can achieve an efficiency
of 95%, which implies an energy loss of
5%.

18 Vers. 2
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Vers. 2

PROTECTION AND CONTROL

This parameter corresponds to the features
provided by the equipment for protection
of the output voltage and control of its
circuits. The most notable of these are the
following:

« Protection by disconnection of the
output circuit in case of short-
circuits, excess consumption or
high temperature.

. Warning of low input voltage.

« Warning of insufficient input
current for the consumption that is
demanded.

Control via series port of the input and
output parameters of the converter.

SOFT START FUNCTION

Inverters with soft-start circuit inverter are
intelligent, in fact, before generate the
nominal output voltage perform a check of
the connected load, and only if everything
is in place provide output voltage. This
check takes about few seconds. The output
voltage also does not appear immediately
on the user control, but increases in a
linear mode from zero to the rated voltage
in 1-2 seconds. Thanks to this operation,
when a motor, a refrigerator, an air
conditioner, or at least an inductive load,
the strong inrush current that would
normally require these types of users at
the start, is provided by the inverter in a
gradual manner in order to allow starting.

19



2.4. Solar Panel Voltage-Irradiation Curve,
Current-lrradiation Curve and Resistance of
the Solar Panel

Objective of the exercise

* Investigate how the solar irradiation influences the solar panel output
voltage.

* Investigate how the solar irradiation influences the solar panel short-
circuit current.

* Measure the solar panel resistance.
Required equipment

Solar panel, DC power source (DL 9032), solar panel measuring unit
(DL 9021)

Introductory examples

1. At irradiation 1 kW/m? a solar cell provides maximum power at loa-
ding 10 Q and voltage 0.48 V. The area of a solar cell is 6 cm?. Calcu-
late the efficiency of a solar cell.

Calculation area:

Exercise 1: Obtaining the solar panel voltage-irradiation curve

Connect the module according to the figure 2.4-1.

24-1

Connection
scheme of
exercise 1

DL SOLAR-D1
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1. Find the position in which the solar panel provides highest irradiation
(read the azimuth using compass and inclination using the angle-me-
ter built-in to the side of the solar panel): ° from the north and

° from the horizontal position.

2. Fill in the first row in the table.

3. Change the inclination and direction of the solar panel in order to
obtain at least 8 different irradiation values (between zero and maxi-
mum irradiation value). Fill in the output voltage of the solar panel for
each of them in the table.

4. Draw the voltage-irradiation graph.

Irradiation ~ Voltage
(W/m?) V)

5. Find the position in which the solar panel provides highest irradiation
again.

6. Measure the open-circuit voltage: V.

DL SOLAR D1




Exercise 2: Calculating the inner resistance of the solar panel

Connect the module according to the figure 2.4-2.

24-2

Connection scheme of exercise 2 1. Find the position in which the solar panel provides highest irradiation

(read the azimuth using compass and inclination using the angle-meter
built-in to the side of the solar panel): ° from the north and
° from the horizontal position.
2. Fill in the first row in the table.

Irradiation Current (A)

(W/m?)

3. Change the inclination and direction of the solar panel in order to obta-
in at least 8 different irradiation values (between zero and maximum
irradiation value). Fill in the short-circuit current of the solar panel for
each of them in the table.

DL SOLAR-D1




4. Draw the current-irradiation graph.

5. Find the position in which the solar panel provides highest irradiation
again.

6. Measure the short-circuit current: A.

7. Using the open-circuit voltage from point 6 of the previous exercise,
calculate the solar panel inner resistance: Q.

Questions for evaluation

1. Is the connection between the output voltage and the irradiation of the
solar panel linear?

2. At which irradiation value does the saturation occur?

DL SOLAR D1




2.5. Current-Voltage Characteristics of the Solar
Panel

Objective of the exercise
* Obtain the current-voltage graph of the solar panel.
Required equipment

Solar panel, DC power source (DL 9032), rheostat (DL 9018), solar pa-
nel measuring unit (DL 9021)

Introductory examples

1. Draw the typical current-voltage curve of a solar cell and mark the
typical points on it (maximal voltage and maximal current, short-cir-
cuit current, open-circuit voltage and maximum power point).

DL SOLAR-D1
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2. If the open-circuit voltage is 0.65 V, and short-circuit current is 3 A,
what is the value of the solar cell inner resistance?

Calculation area:

3. If we know that /. is 110% of the value of maximum current of the
solar panel, and that U_ . is 105% of the maximal voltage, what is the
fill factor of the solar cell? Is this a good cell?

Calculation area:

Exercise 1: Obtaining the solar panel current-voltage curve

The circuit diagram of this exercise is provided in figure 2.5-1, while
figure 2.5-2 provides a detailed circuit scheme.

(M)
A -
Photo +
Voltaic | ——, @)
panel
2.5-1

Circuit diagram of exercise 1
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Connect the module according to the figure 2.5-3.

2.5-3
Connection scheme of exercise 1

Resistance of 1. Find the position in which the solar panel

the rheostat (%) Current (A) Voltage (V) provide§ highest irradiatipn (reaq the a'zi—

muth using compass and inclination using

100 the angle-meter built-in to the side of the

90 solar panel): ° from the north and

30 ° from the horizontal position.

70 2. Set the rheostat to the maximum resistan-
ce position.

60 3. Fill in the values of voltage and current

50 into the table.

40 4. Lower the resistance of the rheostat to
app. 90% and fill in the values of voltage

30 and current into the table.

20 5. Repeat point 4 in 10% steps until re-

10 aching the minimum resistance position
of the rheostat.

0

DL SOLAR D1




6. Change the inclination and direction of the
Current (A) Voltage (V) solar panel in order to obtain app. 75% of
the maximum irradiation. Repeat the pro-
100 cedure described in points 2-5.

90
80
70
60

Resistance of
the rheostat (%)

50
40
30
20

10

Resistance of - () 7. Change the in.clination and Qirection 0of
the rheostat (%) u g the solar pagel in oFder t.o gbtaln app. 50%
of the maximum irradiation. Repeat the

100 procedure described in points 2-5.

90
80
70
60
50
40
30
20
10
0
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Resistance of 8. Change the inclination and direction of
the rheostat (%) (Ot (&) Voltage (V) the solar panel in order to obtain app. 25%
100 of the maximum irradiation. Repeat the

procedure described in points 2-5.
90

80

70

60

50

40

30

20

10

0

9. Draw the current-voltage
graph for all 4 irradiation

scenarios.

DL SOLAR D1




Questions for evaluation

1. In which two specific parts can the current-voltage graph be divided?

2. Which is the point of maximum power in the current-voltage graph?

3. Which way does solar irradiation determine the current-voltage graph?

DL SOLAR-D1
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2.6. Solar Panel Electricity Delivered to the Mains
Grid

Objective of the exercise

* Measure the electricity delivered to the mains grid.

Required equipment

Solar panel, DC power source (DL 9032), protective module (DL 9031),
solar panel measuring unit (DL 9021), grid tie power inverter (DL
9013G), AC measurement module (DL 9030)

Introductory examples

1. How does the grid tie power inverter operate?

2. When does the island operation occur?

3. Solar panel produces constantly 100 W of electricity during one hour.
If the grid tie converter uses 2 W of electricity, how much electricity
is delivered to the mains grid during that hour?

Calculation area:

4. If the solar electricity is subsidized with 0.48 €, what is the revenue in
the example in point 3?

Calculation area:

DL SOLAR D1
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i 2

Calculation area:

5. Ifthe solar panel with capacity 2 kW has 2 Sun peak hours daily in ave-
rage throughout a year, and solar electricity is subsidized with 0.50 €,
what is the revenue of this solar plant?

| DL 9013G |
MICRO grid tie i
i power inverter i
P.V.|panel [12v Mains | |
i +0 ° - e\, o i

Power Flow
®

Power Flow*

A
Photo Voltaic panel @

Power Grid 230 V

2.6-1
Circuit diagram of exercise 1

Exercise 1: Measuring the electricity delivered to the mains grid

The circuit diagram of this exercise is provided in figure 2.6-1.

Connect the module according to the figure 2.6-2.

Note 0y

* If PV panel produces no power then
DL9013G takes power from the grid
to work properly (less than 0.5 W)

DL SOLAR-D1




Note

DL 9021 module contains AC wattmeter, and solar panel produced DC power.
Therefore, we can not measure the solar panel power directly. The power is exercise 1
calculated by multiplying voltage and current measured with DL 9021 module.

0@) 26-2

Connection
scheme of

Delivered
electricity
(W)

Irradiation ~ Current Voltage

(W/m?2) (A) V)

. Find the position in which the solar panel provides highest irra-

diation.

. Using DL 9030 read the value of electricity being delivered to

the mains grid.

. Fill in this value into the table.

. Set the solar panel in order to obtain the irradiation app. 90%

of the highest irradiation value and fill in the appropriate row in
the table.

. Repeat point 4 in 10% steps until reaching the minimum irra-

diation is reached, i.e. 0 W/m?.

DL SOLAR D1




6. Draw the delivered electricity-irradiation graph.

DL SOLAR-D1




Calculation area:

B

1. How does the irradiation influence the electricity delivered to the ma-
ins grid? Is this relation linear?

Questions for evaluation

2. If the subsidized price of electricity produced by the solar panel is
0.52 €, how much would we earn selling the electricity from the solar
panel in one hour?

DL SOLAR D1




2.7.Solar Panel Supplying Load

Objective of the exercise

* Supply the load with both the electricity from the solar panel and from
the mains grid.

* Measure the electricity produced by the solar panel and supplied from
the mains grid.

« Evaluate the scale of the loads that can be supplied by the electricity
produced by the solar panel.

Required equipment

Solar panel, DC power source (DL 9032), protective module (DL 9031),
solar panel measuring unit (DL 9021), loads module (DL 9017), grid tie
power inverter (DL 9013G), AC measurement module (DL 9030)

Introductory examples

1. How can the DC electricity produced by the solar panel supply the AC
loads?

2. How is the electricity produced by the solar panel synchronized with
the mains grid electricity?

3. Which error occurs if the mains grid is disconnected from the grid tie
inverter?

DL SOLAR-D1
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4. The solar panel with capacity 3 kW has 3 Sun peak hours daily in
average throughout a year. The price of electricity is 0.05 €/kWh, and
the household uses 8450 kWh per year.

a. How much is saved on electricity bill because the part of electricity
is supplied by the solar panel?

b. If investment for the solar module is 15 000 €, what is the return of
investment period?

c. Ifall electricity that household uses is supplied from the mains grid,
and all the electricity produced by the solar panel is sold to the dis-
tribution network for 0.55 €/kWh, what is the return of investment
period for a solar panel in this case?

Calculation area:

DL SOLAR D1




Exercise 1: Measuring the electricity produced by the solar
________________________________________ panel and delivered/taken from the mains grid

r i
i DL 9013G i L . - . .
| : The circuit diagram of this exercise is provided in figure 2.7-1.
i MICRO erid ti i Connect the module according to the figure 2.7-2
i grid tie :
: power inverter i E DL 9017 :
i R | BT |
RIO® ; " L ;
| P.V.panel 12V Mains | ! i = =y ;
i +e ° - e\, e i i c i
T A Lo s ;
N + Jy | Dicroic LED(X) |
n L > | i
. > > \J i
2| |« (V j IS > i P o !
s < % Power Flow 2 1 N !
; ________________________________________ J
o
o

HF

Photo Voltaic panel

(<)

* E 2.7-1

Circuit diagram of exercise 1

Power Grid 230 V

2.7-2

Connection scheme
of exercise 1
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Note

DL 9021

multiplying voltage and current 7.

measured with DL 9021 module.

Irradiation
(W/m?)

Produced
electricity (W)

LED lamp

10

11

12

Delivered
electricity (W)

. Use DL 9021 to read the value of power produced by the solar panel and

b@zt.

module contains AC 5
wattmeter, and solar panel produ-
ced DC power. Therefore, we can
not measure the solar panel power
directly. The power is calculated by

DL 9030 to read the value of power being delivered to the mains grid.

Fill in the produced and delivered electricity values in case of LED lamp
turned on in first row of the table.

. Switch off the LED lamp and turn on the dichroic lamp on DL 9017 mo-

dule.

. Use DL 9021 to read the value of power produced by the solar panel and

DL 9030 to read the value of power being delivered to the mains grid.

Fill in the produced and delivered electricity values in case of dichroic
lamp turned on in first row of the table.

. Switch on both the LED lamp the dichroic lamp on DL 9017 module.
. Use DL 9021 to read the value of power produced by the solar panel and

DL 9030 to read the value of power being delivered to the mains grid.

. Fill in the produced and delivered electricity values in case of both LED
lamp and dichroic lamp turned on in first row of the table.

. Set the solar panel in order to obtain the irradiation app. 90% of the
highest irradiation value and fill in the appropriate row in the table.

. Repeat points 2-10 in 10% steps until reaching the minimum irradiation
is reached, i.e. 0 W/m?.

Dichroic lamp LED and dichroic lamp

Produced
electricity (W)

Delivered
electricity (W)

Delivered

electricity (W)

Produced
electricity (W)

DL SOLAR D1

B

. Find the position in which the solar panel provides highest irradiation.

. Switch on the LED lamp on DL 9017 module.




13. Draw the produced electri-
city-irradiation and delive-
red electricity-irradiation
graphs for all three cases.

DL SOLAR-D1




________________________________________ Exercise 2: Measuring the electricity produced by the solar panel, de-
livered/taken from the mains grid, and the loading of DL 9017 lamps

The circuit diagram of this exercise is provided in figure 2.7-3.

] |

i i

| MICRO grid tie !

] !

! H ] [T T T T T T T T T T T T T T T T T T T T T T

| power inverter | DL 9017 :

| | | !

| 2 | U |

I 1 L ° e |

| QR | | L |

| ' ' |

| ! ! _ _ 1

| P.V.|panel12v Mains E | — —SX i

i +eo ® - e\, o i i c E

R N IS T I L ;
2 * ] w I Dicroic LED ® :
e} Q—\ > | !
L — : 1
— > | I
a9 g - . |
g L;C) Power Flow 2 | N !

s
o

1

Photo Voltaic panel

(<)

(o 273

Power Grid 230 V Circuit diagram of exercise 1
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Connect the module according to the figure 2.7-4.

1. Find the position in which the solar panel provides highest irradiation.
2 2. Switch on the LED lamp on DL 9017 module.

Connection scheme of exercise 2
3. Use DL 9021 to calculate the value of power produced by the solar
panel (use ammeter and voltmeter), and to read the value of DL 9017
loading. Use DL 9030 to read the value of power delivered to the ma-
ins grid.

4. Fill in the produced electricity, loading value and delivered electricity
to the mains grid in case of LED lamp turned on in the table.

Note ' p 5. Switch off the LED lamp and turn on the dichroic lamp on DL 9017
'0_) module.

DL 9021 module contains AC 6. Use DL 9021 to calculate the value of power produced by the solar
wattmeter, and solar panel produ- panel (use ammeter and voltmeter), and to read the value of DL 9017
ced DC power. Therefore, we can loading. Use DL 9030 to read the value of power delivered to the ma-
not measure the solar panel power ins grid.
directly. The power is calculated b

oY P y 7. Fill in the produced electricity, loading value and delivered electricity
multiplying voltage and current . iy : . .

. to the mains grid in case of dichroic lamp turned on in the table.

measured with DL 9021 module.

8. Switch on both the LED lamp the dichroic lamp on DL 9017 module.

DL SOLAR-D1




Irradia-
tion
(W/m?)

Produced
electricity
(W)

LED lamp

Loading
(W)

Delivered
electricity

(W)

9. Use DL 9021 to calculate the value of power produced by the solar
panel (use ammeter and voltmeter), and to read the value of DL 9017
loading. Use DL 9030 to read the value of power delivered to the ma-
ins grid.

10. Fill in the produced electricity, loading value and delivered electri-
city to the mains grid in case of both LED lamp and dichroic lamp
turned on in the table.

11. Set the solar panel in order to obtain the irradiation app. 90% of the
highest irradiation value and fill in the appropriate row in the table.

12. Repeat points 2-10 in 10% steps until reaching the minimum irradia-
tion is reached, i.e. 0 W/m?.

Produced
electricity
(W)

Dichroic lamp

Loading
(W)

Delivered
electricity
(W)

LED and dichroic lamp

Produced
electricity

(W)

Loading
(W)

Delivered
electricity
(W)

DL SOLAR D1
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13. Draw the produced electri-
city-irradiation, delivered
electricity-irradiation and
loading-irradiation graphs
for all three cases.
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Questions for evaluation

1. Why is power being delivered to the mains grid smaller in case of
LED lamp than in case of dichroic lamp?

2. Why is the loading value constant regardless on the irradiation or pro-
duced electricity values?
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SOFTWARE PANEL

Main panel

Show the most meaningful parameters of the sun tracker, and allow the
comparison with expected optimal setting according to the actual / “given
time” Sun position.

Site's Position & Time

Computation time

Latitude

Fi

. lsama
Lengitude
eS|
Elevation

iz

Time Zone

P

Time Selector

Computation - SUN Elevation Angle

USING 'SYSTEM'S DATE/TIME'

SET Date & Time

Irradiation  lrr U

Settings

Figure 2: Main Control panel

e
-’<'sun Azimuth Angle
-

Limit Range?

System System
Temperature  Humidity

Setting 9600 Address 1
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DE LORENZO DL SUN-TRACKER

Control Panel

Allow to control the solar tracker Manually or let it work autonomously.

Figure 5: manual movement control panel

Set the Manual/Auto button to Manual position and use the 4 direction button to control the direction of
the panel.

Set the Manual/Auto button to Auto to let the tracker seek the best direction to optimize per collected
power.
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DE LORENZODO DL SUN-TRACKER

PROCEDURE

1) Wire the tracker like shown in picture

Solar Charge
_Controller

: ‘; TRACKER
E54, 1

e &% ie

|- !

Bess ‘.I - «I.;‘.._-a

Solar Panel B DC Load

I —
Battery ar -

2) Press the Button Uit to power on the Tracker

3) Insert the USB to RS485 Converter and install the driver by using the
CD

4) Install the Tracker Software by using the CD

5) Open the Tracker software
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RELORE NMILD DL SUN-TRACKER

8) Press the button Control and set the type of control Manual or Auto

9) Set to Auto and observe when the SUN Light is sensed.

2z RN

e o L]
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DE LORENZQO DL SUN-TRACKER

10) Set to Manual and move the panel far from the optimal direction;
observe the values of the irradiation of each sensor ant the produced
power (current from the panel).

TN
N

Y i
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DE LORENZODO

DL SUN-TRACKER

10) Set to Manual and move the panel far from the optimal direction:
observe the values of the irradiation of each sensor ant the produced
power (current from the panel).

A RN |
g,;%i | l! "aﬁ:\

BN Y
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DELDORENZO

DL SUN-TRACKER

Troubleshooting

Problem

Possible cause

Possible solution

Charging not
indicated on
display when solar
panel is connected

1. Reverse polarity
2. Loose connection

3. Not enough sunlight

1. Correct polarity
2. Secure connection(s)

3. Reposition solar panel

No output on load
connections

1. Load switch off

2. Battery not connected, loose
connection or wrong polarity.

3. Polarity load reversed
4. Over-discharge protection Enabled

5. Short circuit or overload protection
enabled

£-4

1. Press switch

2. Connect a battery to the regulator,
check correct polarity and secure
connection

3. Correct load polarity

4. Disconnect load and fully recharge

battery

5. Verify that load is not short circuited anc

draws no more than 30A. Press switch

§-3

when everything is OK.
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2.1. Basics of the Solar Trainer

2.1.1. Identification of the components of the trainer

Objective of the exercise

Become familiar to all the components of the solar trainer, and learn how
to use them properly.

Required equipment

* DL 9032 (figure 2.1-1) is a power source with one input and two dis-
1 tinct outputs, as shown in figure 2.1-2. ATTENTION: Input and one
output terminal are at 230 V potential in respect to the ground. Power
cable is used to connect DL 9032 to the electrical outlet (230 V, 50 Hz).

One module output is AC voltage source that has the same characte-
ristics as module input, i.e. 230 V and 50 Hz. It is used to provide AC
voltage for DL modules that require one. There is also a green terminal
which is used for protective grounding of various DL modules that
require grounding.
The other output is a 12 V DC voltage source. 12 V DC voltage source
3 is obtained by transforming 220 V AC voltage to 12 V DC voltage
using AC/DC converter.

For module DL 9032 to work properly, power cable must be connected
to wall outlet (220 V, 50 Hz) and power switch must be turned to ON
position. The red LED is turned ON (glows red) when voltage is pre-
sent. For safety reasons wall outlet must not be used if residual current
5 device is not installed in electrical circuit that contains wall outlet. The
residual current device in wall outlet circuit must also be tested before
DL 9032 is used. If residual current device does not work as it should,

do not use DL 9032 module.

2.1-1
Power source 9032 contains: o .
1) signal lamp E DL 9032 E
2) on/off switch i |
3) 12V DC output I Off |
L o o AC e+ |
4) 230V AC output ! o ~, |
5) mains socket Wall outlet!, S On | £ DC !
230V ! i 2 g 12V i
I DC [
T e -
A |
I ]
] I
PE | !
i LED ® |1 '
[} ]
| AC |
; 230 V |
| & PE N |
I ]

2.1-2

Circuit diagram of DL 9032 module

DL SOLAR-D1
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It should be noted that the “Mains” input contains fuse. Its purpose is
to protect equipment from short circuit. If the module DL 9032 does
not work when it is supplied with electricity, it means that the fuse is
burnt and it should be replaced. Figure 2.1-3 shows a series of photos
describing how to replace the burnt fuse. The spare fuse is contained in
the “Mains” element, as can be seen in figure 2.1-3.

2.1-3

Replacing the burnt fuse:

a) use a screw-driver to set free
the plastic lid

b) take the plastic lid out

c) remove the burnt fuse

d) the burnt fuse is unclear
(grey)

e) use a screw-driver to set
free the spare fuse placed in
a separate compartment

f) the new fuse is clear

g) put the new fuse to the
appropriate position in the
plastic lid

h) press the plastic lid until it
clicks

DL SOLAR D1
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2.1-4
The voltage probe

2.1-5

Protective module DL 9031 contains:
1) Residual current device

2) AC input terminals

3) AC output terminals

When connecting wall outlet to DL 9032 one should use the probe (a
screwdriver which is lit when the voltage is present) to check if L1 out-
put is at a potential (fig. 2.1-4). If that is not the case, the power cable
should be disconnected from the wall outlet, turned for 180 degrees
and then plugged again to the same outlet. Test with the screw driver
should be preformed again. If L1 output still has no potential then the
wall outlet should be checked by authorized personnel.

* DL 9031 (figure 2.1-5) is a protective module that contains one input,

one output and a 2-pole residual current device. DL 9031 should always
be used when AC 220V voltage source from DL 9032 is used to provi-
de power for various other DL modules. Everything that is connected
after output is protected by residual current device (including output).
Figure 2.1-6 shows circuit diagram of DL 9031 module.

What is the purpose of residual current device?

Residual current device (RCD) is an electrical wiring device that dis-
connects a circuit whenever it detects that the electric current is not
balanced between the energized conductor and the return neutral con-
ductor. Such an imbalance may indicate current leakage through the
body of a person who is grounded and accidentally touching the ener-
gized part of the circuit. A lethal shock can result from these conditi-
ons. RCDs are designed to disconnect quickly enough to prevent injury
caused by such shocks. They are not intended to provide protection
against overcurrent (overload) or short circuit conditions; fuses are
used for that purpose.

L1e——— eTo—— o1

it
AC ! AC
230V :: 230V

i N o——oyo——o N
|
I

Residual current
device

2.1-6
Circuit diagram of the DL 9031 module
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RCDs are designed to prevent electrocution by detecting the leakage cu-
rrent, which can be far smaller (typically 5-30 mA) than the currents
e e 1 needed to operate conventional circuit breakers or fuses (several ampe-
f | res). RCDs are intended to operate within 25-40 milliseconds, before
< electric shock can drive the heart into ventricular fibrillation, the most
— common cause of death through electric shock. In Europe, the commonly
used RCDs have trip currents of 10-300 mA.

L N Purpose and operation of RCD

4 \ RCDs operate by measuring the current balance between two conductors
using a differential current transformer, as shown in figure 2.1-7. This

1-Electromagnet with ~ measures the difference between the current flowing out the live conduc-
auxiliary electronics  tor and that returning through the neutral conductor. If these do not sum

2 - Current transformer  to zero, there is a leakage of current to somewhere else (to earth/ground,

secondary winding or to another circuit), and the device will open its contacts.
3 - Transformer core

4 - Test switch
L - phase conductor
N - neutral conductor

An RCD will help protect against electric shock where current flows
through a person from a phase (live / line / hot) to earth. It cannot protect
against electric shock where current flows through a person from phase
to neutral or phase to phase, for example where a finger touches both
live and neutral contacts in a light fitting; a device can not differentiate
between current flow through an intended load from flow through a per-
son.

2.1-7
Residual current device scheme

Residual current device that is integral part of module DL 9031 should
not be confused with residual current device mentioned in description of
module DL 9032. The one in DL 9032 is used in electric outlet circuit,
and the one in DL 9031 is used for additional instantaneous protection.
Exercises should not be done if both residual current devices are not pre-
sent or do not work properly.

* DL 9017 (figure 2.1-8) contains two AC loads (230 kV, 50 Hz). The
upper one is a 35 W halogen lamp, and the lower one is a 3 W LED
1 lamp. They are connected in parallel and can be switched on/off inde-
pendently. Because of parallel connection voltage on each lamp is the
same as voltage on input terminals (see DL 9018 for details). Figure
2.1-9 shows circuit diagram of DL 9017 module.

| |

[} I

] 1

I I

[} [}

I [}

] ]

] [}

: |

2 | i
1 |
1 1
3 a a

[} [}

I I

I [}

| l

1 . . |

i Dicroic LED <§§> i
2.1-8 | i
Load module DL 9017 contains: i \ i 2.1-9

. . . ] :

1) dichroic lamp on/off switch ! N i Circuit diagram of the
2) LED on/off switch . ! DL9017 module

3) terminals

DL SOLAR D1
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2.1-10
Rheostat module DL 9018 contains:
1) knob for changing the resistance

2) terminals

i DL 9018

i A

: !

| Y

i L1e——— —eo L1
i

2.1-11
Circuit diagram of the DL 9018 module

| A

if U=const. then:

1
1=f(R)=U'§

oV

2.1-12
Current-load characteristic

* DL 9018 (figure 2.1-10) is a rheostat. The knob is used to change the
resistance in the 0-80 Q range. The circuit diagram of the DL 9018
module is provided in figure 2.1-11.

As the resistance of the load is changed, so is the current according to
the Ohm’s Law:

I=

g
R

The voltage is obtained from power grid or from PV panel and it should
be noted that it does not change when the load is changed. Analogy is
the wall outlet, i.e. the voltage in outlet is always 230 V no matter how
many consumers are connected to the outlet; e.g. it does not matter if one
light bulb is connected to the same outlet, or ten light bulbs, voltage will
always be the same. Current and load of the whole circuit will, of cour-
se, change but voltage is constant. Figure 2.1-12 shows how the current
changes when the load changes for constant voltage.

It is seen that larger the load, the smaller the current. This is logical
because if resistance is large, the electrons move slowly and if the re-
sistance is small, the electrons move faster because nothing obstructs
their movement. Analogy can be drawn with running water. If the pipe is
clean (no resistance) large amount of water will move through the pipe
and, vice versa, if the pipe contains obstacles (resistance) the smaller
amount of water will move through the pipe at the same time. Dependen-
ce of current and resistance must be carefully observed or some wrong
conclusions might come up. If figure 2.1-12 is misunderstood it might be
concluded that if one connects more load to the circuit, i.e. light all the
bulbs and machines in the house (large resistance), that current will be
smaller than when only one light bulb is connected. That is definitely not
the case because the more load consumer connects the larger the current
is. This can also be seen from utility bill; the more current we spend the
more money we have to pay. Why is that different then figure 2.1-12?
There is actually no difference if figure 2.1-12 is properly understood.
Figure 2.1-12 shows what is happening when only one load is connec-
ted to constant voltage source. In homes there are various loads that are
connected in parallel, as shown in figure 2.1-13.

I=lr1+IRo+R3+ Rs 1 2 3 4

R1 R2 R3 R4

2.1-13
Parallel loads
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Solar Panel Electrical Data V-A-W
+ @ S ————

3

®
+

Load or Battery Electrical Data V - A -W

6
' i ;’77

e o

1

=

o,
°

AC Electrical Data V-A-W

Solar Panel Sensors Data W/m"” -'C

13

®° ®° ® @

®
(d3
2.1-8
DL 9021
Ir.IT 219
Connector for calibrated
cell and for the temperature
Sensor.
A 2.1-10
Power supply connectors of
DC supply IN the module.
% _ Voltage must be between
10V and 35V.
2.1-11
Power switch, for the module
ignition.

IN out

. | o . 27=02
Connectors for DC signals
measuring: voltage, current
. mr . and power.
® ®. -

Connectors for AC signals

. . measuring.

2.1-14

¢ Communication port, for
the SW application interface.

1 2 I

* DL 9021 (figure 2.1-8) the module is made for realizing the measure-

ments of a photovoltaic system.

It includes a series of instruments; input terminals +/- are placed on
the left of each instrument, and the output are on the right.

It provides DC measure, AC measure and environmental quantity.
All instrument show readings using automatic decimal point position,
staring from 1/1000 up to the maximum value according the maxi-
mum magnitude of each measure.

Communication terminals are located on the right low part of the
panel; two RS485 outlet, one male and one female, are available for
the connection with the PC running the acquisition software and/or
with other module in a chain configuration.

Instruments support MODBUS RTU protocol over RS485 interface,
used by the DL RE-SW software application, available separately, to
perform a guided analysis of the electrical characteristics on trainer
modules.

It must be feed by the Battery module; it has also a switch to discon-
nect the module when not in use, leaving the experiment connections
intact.

INSTRUMENTS CHARACTERISTICS:

* Solar Panel Electrical Data: usable for measure of voltage, current
and power provided by photovoltaic panel to the load directly or to
the charge regulator; can be connected to PFS output, but the user
could also use it as DC voltmeter to measure other variables in the
laboratory; the unit of measurement are V for voltage , A for current,
W for power.

* Load or Battery Electrical Data: usable for measure of voltage,
current and power flowing through the battery or to the connected
load; typically it is connected between the battery and the charge
regulator connector (battery plugs). The measured value can be
simply compared to the value indicated on the charge regulator (if
available). The unit of measurement are V for voltage , A for current,
W for power.

* AC Electrical Data: usable for measure of AC voltage, current and
power flowing to the AC load, connected at the inverter output.

The unit of measurement are V for voltage , A for current, W for
power.

* Solar Panel Sensors Data: the instrument measures typical environ-
mental quantity that influence a solar panel output: the power of
irradiation on the PV module and the temperature of PV cells; the
signal is provided by the 5 poles cable; the unit of measurement are

2.1-15
Multifunction display

DL SOLAR D1
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Table-1
Instrument specification

Instrument Input Range Resolution Output Range
DC Voltmeter + 65V 1/1000 Measured
AC Voltmeter 512V 1/1000 Measured
Ammeters +30A 1/1000 Measured
Power Meters + 1000 W 1/1000 Computed
Solar irradiance meter| (0 - 1000 W/m?> 1/1000 0.4mA (W/m? = 400mA @ 1000 W/m’
Thermometer 0 + 400°C 1/1000 10mV/°C = 400mV @ 400°C

figure 1

figure 2

Voltmeter connected to the source
terminals

DC power measurement using voltmeter and ammeter

The power of the load P, is equal to the product of its current / and
voltage U:
P=1I-U..

When measuring power, the voltmeter can be connected to the load
terminals (figure 1) or to the voltage source terminals (figure 2). If
the instrument consumption is much lower than the load, both cases
will result in practically the same result. Otherwise, it is necessary to
take the instrument consumption into account. In first case it is the
ammeter, and in second one is the voltmeter.

If measuring load power with voltmeter connected to the load, the
power is:
U 2
P=UJ =U/(I-IL)=Ul -UlL =Ul —R—‘.
\Y
If the voltmeter consumption is neglected, i.e. R << R _, the power
of the source is:

P, =(U+IR)1,=Ul, +1R, .

If measuring load power with voltmeter connected to the source, the
power is:

P=UJ =(U,-1R)I,=UlI -I'R,.

If the ammeter consumption is neglected, i.e. R <<R,, the power of

the source is:
2

U
P, =Ug(lt +I\,)=Uglt +
Vv

Since both cases are equivalent, it is better to use the connection
in which the instrument consumption is lower. If it is the same, it
is better to use the connection in which the voltmeter consumpti-
on requires correction. This is because the voltage resistance R is
always known and it does not depend on temperature.

DL SOLAR-D1
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DC power measurement using wattmeter

It is always more accurate to measure power using a wattmeter. In
this case, the power can also be measured two ways:

* the voltage branch of the wattmeter is connected to the load,

« the voltage branch of the wattmeter is connected to the source.

In first case it is necessary to take into account the consumption of
voltage, and in the other the consumption of the current branch, just
like in the case of measuring power using voltmeter and ammeter.

In case of voltage branch being connected to the load (figure 3) the
load power is:

figure 3

DC power measurement using wattmeter

with voltage branch connected to the
|Oad I)t :Utlt =Ut (Ig _Iw _IV) :Utlg _Utlw _Utlv =PW o

u: U}
RW RY .

The power of the source is:

2
[ A lRW Ri / Pg:Uglg:II(UI+IgRW+IgRA):P\V+Ig(RW+RA).
]
> W @ >
| In case of voltage branch being connected to the source (figure 4) the
T U load power is:
A & On P
RVC\P P=UI=1(U,~IR,~IR,)=UI,~I’R, IR,
\i \
i P[:PW_IIZ(RW_Ra)‘
figure 4 The power of the source is:
DC power measurement using wattmeter 1 1
with voltage branch connected to the P=U, =U, (It +1,+1 ) =P, + ng — +— |
source Ry, R,

Power is equal to the product of current and voltage. Thus, the

) . U
wattmeter will show the same value in case we have | —-2/ | or

%-10] . This means that the overload of either voltage either cu-

rrent coil cannot be identified just from the displayed value of the
power. Therefore, it is necessary to control the voltage in the voltage
branch and current in the current branch independently.

DL SOLAR D1




* DL 9013G (figure 2.1-21) is a grid tie power inverter. The main diffe-
rence between a standard power inverter and a grid tie power inverter
is that the latter also ensures that the power supplied will be in phase
with the grid power. This allows individuals with surplus power (wind,
solar, etc.) to sell the power back to the utility in the form of net mete-
ring or the arrangement that local power utility offers.

The traditional grid tie inverters are in the high output, about 1-10 kW,
they are very heavy and expensive. Therefore, most people interested
in green energy generation cannot afford it. DL 9013G micro grid tie
inverter is very economical, easy to install, convenient and reliable.

MICRO grid tie inverter’s advantages compared to the traditional grid
tie inverters are:

1. Easy to install, low cost per unit power, low cost of maintenance, as
well as an extremely low power consumption. As the equipped micro
solar grid tie inverter is made with digital logic components and low
consumption.

@

|
f
1
i

2. The combination can be made according to user’s needs while the

number of combination is not limited by the system itself, which me-
3 12 4 5 ans one can add or reduce the number of system according to one’s
needs. But the traditional inverter is very expensive, if an additional

2.1-21 . .
solar panel is needed, one has to add an expensive inverter too.

Grid tie power inverter DL 9013G contains:
1) island protection indicator

2) output power indicators

3) PV panel input terminals

4) PE terminal

5) mains terminals

3. Not interactive between the units of the combination system. The tra-
ditional grid inverter system just combines the solar panels for higher
output to the grid system, if there is one of the solar panels that has
some problems due to failing leaves, bird drops, dust, etc, the whole
system performance would be affected. However, our micro system
has solved the above problem. If poor performance occurs in one of the
solar panels, then its poor performance would not affect the performan-
ce of the other units in the whole system.

i As shown in figure 2.1-21, DL 9013G module has 12 V solar panel
i input, ground terminal and AC terminals. Power grid voltage should
| be connected to “Mains” terminals to ensure that power supplied will
i be in phase with grid power. “Mains” terminals should also be connec-
i ted to the load (lamp for example) that is supposed to be powered
| from solar panel connected to the PV input. Power inverter in module
® i DL 9013G is programmed to supply load from PV source and surplus

MICRO grid tie

power inverter

energy is sent to the mains grid. If PV source cannot produce enough
X)X X energy for the load, then mains grid supplies the load. The result is that
the load is always supplied with electrical energy. If “Mains” terminals
are disconnected from power grid then Island Protection LED glows
red. Figure 2.1-22 shows circuit diagram with proper connections.

L o—(X)—e  Power Grid 230 V

Power Flow
—
[e]
Q

I 2

Possible Power Flow

i

Photo Voltaic panel

2.1-22
MICRO grid power inverter circuit diagram
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Specifications:

Model GT-360 W
Normal AC Output Power 300 W
Maximum AC Output Power 360 W

AC Output Voltage Rang 190 V~260V

AC Output Frequency Range 46 Hz ~ 65 Hz
Total Harmonic Distortion(THD) < 5%

Power Factor 0.99

DC Input Voltage Range 14V~28V
Peak Inverter Efficiency 95%
Standby Power consumption <0.5W
Output Current Waveform Pure sine-wave
MPPT Function Yes

Over Current Protection Yes

Over Temperature Protection Yes

Reverse Polarity Protection Yes

Island Protection Yes
Stackable Yes

Operating Temperature Range ~ —10 °C ~ 45 °C

Net weight 1 kg

Gross weight 1.5 kg

Dimension 240 mm x 185 mm x 95 mm
Features:

* Generates pure Sine Wave

* Plug and Play Design, simply plug into an outlet (GFI), no hard-wiring
» Maximum Power Point Tracking (MPPT) - optimize power output
» Stackable (connect in parallel for higher output)

* Island protection: Inverter will shut down during black outs.

* Simple and safe installation

* Reverse polarity protection

 Constant power output

* Low distortion output on all ranges

* Allows different power factor from loads

* Does not require rewiring of existing electronics

» LED indicators to reflect power output rate

» Compact and light-weight design

DL SOLAR D1
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Generally 24 V solar panel rated
voltage is 36 V, so please DO NOT
connect 24V solar panel to this in-
verter, because the inverter input is
14-28 V, otherwise the inverter will
be burnt.

2.1-23

Measurement module DL 9030 contains:
1) RS485 communication port

2) display with navigation buttons

3) on/off switch

4) terminals

5) mains socket

a)

Current measurement

2.1-24

e 1

User guide:

1. Connect the solar panel’s DC supply cables to the DC input terminal
of the inverter; be sure that the polarity is correct. Recommended DC
input cable size for maximum output is 10 A or cables that can handle
more than 30 A. Optimal length would be less than 8 m, longer cables
will experience higher voltage drop. The range of output power of
Solar Panel is 20 W ~ 300 W.

2. Put the AC output voltage switch on the inverter to the correct position
(115 V or 230 V) according to your location home grid AC voltage.

3. Connect the supplied AC power cord to the inverter and plug it to a
home wall socket.

4. The 3 green LED indicators will start to cycle from left to right when
the grid and DC supply is detected. This indicates the inverter is ope-
rating under normal condition. The rate of the cycling is according to
how much power is being output from the solar panels or the wind
turbine. The greater the power output, the faster the rate. If there is no
AC grid detected, the red LED will be on, the inverter will not provide
power, this is called the “Island Protection”.

* DL 9030 (figure 2.1-23) is measurement module. The main part of the
module is Nemo 96HD+ network monitor. It measures current and vol-
tage in electrical circuit and from obtained values calculates various
parameters like frequency, power, energy etc. Current is measured with
element that has almost zero resistance, and voltage is measured with
element that has huge resistance. It can be imagined that resistance
of voltage measuring device is equal to infinity. Nemo 96HD+ must
measure current that flows through phase and voltage between pha-
se and neutral line. Figure 2.1-24a shows current measurement, figure
2.1-24b shows voltage measurement and figure 2.1-24c¢ shows what it
looks like when two measurements are combined.

Voltage measurement Power measurement

Current, voltage and power measurements

DL SOLAR-D1
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That is exactly the way Nemo 96HD+ is connected which means that
it measures current and voltage at the same time. That is Watt meter
connection because if power calculation is needed then current and volta-
ge values must be obtained. Why? Because for load R power is obtained
through following equitation:

P=U-1

Nemo 96HD+ also needs power to operate. “Mains” plug should be
connected with power cord, and power cord should be connected to wall
outlet. After connection “Power on” switch should be turned to ON state
for Nemo to operate. Module 9030 also has RS 485 port which can be
used to connect Nemo 96HD+ to computer. Figure 2.1-25 shows how to
connect DL9030 module.

U

Power source

Load

Wall outlet
2.1-25 230V

DL 9030 connection scheme

DL SOLAR D1




figure 1
Phase shift problem

)

If there is a small phase shift between the voltage U, and current /
(both in the voltage branch), the wattmeter will not measure the actu-
al power of the load P = U, - I, - cos ¢, but P_= U, - I - cos (¢ — 9).
This causes the error:

P =M-100%=%'%'Cos(w_s)_y‘/'%'cow~100%.
% P ;‘}I/ t.cosgo

Since cos (¢ — d) = cos @ cos d + sin ¢ sin J, and 0 << ¢ and J is a
small angle, we have sin d = ¢ and sin ¢ = ¢, which gives us:

AC power measurement using wattmeter

p, =SOSPHISINP=COSP 16500 5 tangp-100% .
» cosp

Measuring current, voltage and power P_ provides data for calcu-
lation of ¢’. By definition (COSQD,=P7WJ. According to figure 1

@ = @’ + 0, which results in:

_ . tang’+tand
y=6—r =

P .100%z5tai

v —-100% -
1 -tang'tand 1-dtang’s

Greater 0 and greater tan ¢ (lower power factor) cause greater error.

* Frame for DL modules (figure 2.1-26). Modules can be put in two
rows. The order of the modules should be set in such a manner to pro-
vide as least cable crossing as possible. This way you will reduce the
number of wrong connections.

2.1-26
Frame for DL modules
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The procedure for installation of DL modules into the frame is pro-
vided in figure 2.1-27. First, it is necessary to insert the back of the
module into the frame. After that, insert the upper part of the module
into the rail. Finally, push the lower part of the module and let it slide
into the lower rails.

2.1-27
Installation of DL modules into the frame
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¢ Solar panel (figure 2.1-28) incorporates a solar module (85 W, 12 V) and
C-EE sensors for irradiation and temperature measurements (figure 2.1-29).
Red and black terminals provide the solar panel power output, while
5-pin terminal provides irradiation and temperature data (figure 2.1-30).
For easier handling, the light-weight solar module is placed on wheels.
Side of the panel contains a meter for measuring the angle of the solar
panel inclination towards the horizontal surface (figure 2.1-31).

[

2.1-28 2.1-29
Solar panel Sensors for irradiation and temperature measurements

Irradiation and
temperature output Power output

2.1-30 2.1-31

Solar panel outputs Meter for measuring the angle of the
solar panel inclination towards the
horizontal surface
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* Single black cable, length = 160 cm (figure 2.1-32)
* 5 black and 5 red cables, length = 60 cm (figure 2.1-33)
* 4 black, 5 red and 5 blue cables, length = 110 cm (figure 2.1-34)

* Two mains power cables , length 200 cm (figure 2.1-35). One is used
to power the DL 9032, and the other to power the DL 9030 module.

* Temperature and irradiation signal cable (figure 2.1-36).

281532
Single black cable

2.1-34

4 black, 5 red and
5 blue cables

2.1-33
5 black and 5 red cables

2.1-35
Two mains power cables

2.1-36

Temperature and irradiation
signal cable
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SOLAR UTILITY INTERACTIVE
TRANSFORMERLESS INVERTER
MODEL: PVI-5000-OUTD-US

@

uL 1241
CSA-C222N0. 107101

@ oo

©)

i DCRATING (@) J
Nominal Input Operating Voltage 360 V===
Max. Input Volitage 600 V===
Range of Input Operating Voltage 90 - 580 V===
Range of Input Voltage @Full Power 200-530 V==
Max. Input Current 2x18A

(Max. Input Short Circuit Current (PV. Panels) 2x22A >

[ ACRATING (3) )
Nominal Output Voltage 277V~ 240V~ / 208V~ 10
Operating Voltage Range 244-304 V~/211-264 V~/183-228V~
Nominal Output Frequency 60 Hz (factory preset)
Operating Frequency Range 593()-605()Hz
Output Power Factor >0.995
Max. Output Current 20A/23A/27 A(rms)
Max. Continuous Output Power 5000 W @ 60°C amb.

\ Max. Output Overcurrent Protection 25A/30A/35A

s Ao
Type of Enclosure: NEMA 4X
DCG

\
-25 10 +60°C (-13 to +140 F), with Output Power Derating

(1 Adjustable from 57.0 Hz to 59.8 Hz
(% Adjustable from 602 Hz to 630 Hz

For more detalls about product specifications refer to the Instruction Manual

d Fault Det Anterrupter ks Provid

This device complies with Part 15 of the FCC Rudes. Operation s subject to the
following twoconditions: (1) this device may not cause harmful interference, and
d, inchuding

ofs that

(2) this device must accept any interf .
may cause undesidered operation,

T
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i DC RATING =1
Nominal Input Operating Voltage | 1 360 V===
Max. Input Voltage 2 600 V===

Range of Input Operating Voltage 3 90 - 580 V===
Range of Input Voltage @Full Power 4 200-530 V==
Max. Input Current 5 2x18A

\Max. Input Short Circuit Current (PV. Panels) 6 2x22A y
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& AC RATING E
Nominal Output Voltage 1 277V~f 240V~ 208V~ 1@
Operating Voltage Range 2 244-304 V~§211-264 V~{183-228 V~
Nominal Output Frequency 3 60 Hz (factory preset)
Operating Frequency Range 4 59.3 (') - 60.5 (‘) Hz
Output Power Factor 5 >0.995
Max. Output Current 6 20Af 23 A 427 A (rms)
Max. Continuous Output Power 7 5000 W @ 60°C amb.

\Max. Output Overcurrent Protectiona 25A30Af35A )
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Technical Data

m Rated power 1500 W

®5urge power 1650-1750W,1805; 1750- 3000W, 65
@ Input 48 Vdc

@Operating voltage 41.2to 61.2Vdc

(5) shut down low battery 41.2 Vdc

@ Battery low voltage alarm 42.0Vdc

Over'.roltage shut down 61.2Vdc

[E] No load current draw < 0.4 Adc

@ Save mode max. current draw < 0.09 Adc

@ Output 230 Vac

B Efficiency at rated Vdc, full load 93%

@Dimensions 16.5x8x3.5in (420 x 205 x 90 mm)
fi3 Weight 10.6 Ibs (4.8 kg)
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II] AL regulation +/- 3%
Frequency swith select. 50/60 Hz +/-0.1%
@ Protections Overload, short circuit, DC over/under voltage, over temperature
@Wa veform True sine wave
@ Power factor cos @ 0.8 to 0.95
@Dneratinu temperatre -4 to 104 *F-20° C to + 40°C
mMax. humidity Q0%
Safe ty standard UL458
ml:u-nlinq Load/temperature controlled fan
Reverse polarity protection Mo, will result in permanent damage
@Remote control unit Si-RSW
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MODEL 27TMH with PODvent §

VOLTAGE 12 B
MATERIAL Polypropylene §

DIMENSIONS Inches (mm) .
BATTERY Deep-Cycle Flooded/Wet Lead-Acid Battery [
COLOR Maroon §
WATERING N/A @
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(apacity * Minutes Capacity ®* Amp-Hours (AH) Energy (kWh)
@ 25 Amps @75 Amps S-Hr 10-Hr 20-Hr 100-Hr 100-Hr
2wl B % 106 @ 15 128 1.54
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BulkCharge | 14.82
FloatCharge [ 13.50
Equalize Charge . 16.20
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MP 6VUS GC2 210 220 430 261 | 181 | 276 0 Dual |FLAT

MP6V DIN 240 250 500 244 | 190 | 274 0 Dual FLAT
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CHARGING TEMPERATURE COMPENSATION

0.005 volt per cell for every 1°Cbelow 25°C | 0.005 volt per cell for every 1°Cabove 25°C
0.0028 volt per cell for every 1°F below 77°F | 0.0028 volt per cell for every 1°F above 77°F
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STATE OF CHARGE MEASURE OF OPEN-CIRCUIT VOLTAGE

D 12 Volt

100 1277 2122 12.73
90 1.258 2103 12.62
80 1238 2.083 12.50
70 1217 2.062 1237
60 1195 2.040 1224
50 1172 2017 12.10
40 1148 1.993 11.9
30 1124 1.969 11.81
20 1.098 1.943 11.66
10 | 1073 19| 1n.s1




Al dalall el i Iﬂ
Al J3)s spasal Jslaall st (2]
saalsl 2at a1 3

cAgylaall 0l E

LY S, 2.017 (S Saalsh sl Aglgh ol el 12,1 ) Zdlyd il 13
% 50 Lgb 3gagall o tll dus (9855 ¢1.172

5—15% per month depending on storage Gk e 2D Gkl Zad (e %(15-5) o
temperature conditions. )
Al Aoy Guaall

djladll 1Y) Fade -

e (Y saall) GLAIL dlad) g a3 of oSa A1) ARANL B G A ladll IS (o
Aoy 4280 900 52l Lol 13 2y Leal<ali Lgia () 10

1000
Estimation Purposes Only
= 100
E
-
g
B
=
= 10 (10,900)
1
0 100 1000 10000 100000

Tirne (mins)



