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Abstract. A new system approach for battery discharge to
estimate the state of charge of lead-acid batteries has been
developed and tested. This new system is based on an industrial
network that runs the Modbus Protocol with RTU format. Each
unit includes an ID for communication in this network, its own
power supply, a stable current supply for battery discharge and its
own calibration curve for each channel at the analogical-digital
converter. All parameters can be configured by the software
supervisor. This system is able to discharge up to 16 batteries
simultaneously and save voltage and current values for each unit.
All information can be saved into a file that can be read
simultaneously to the data acquisition. Thus, it is easier to have it
integrated to a database and distributed on to a computing
network system. This system will bring more information to the
battery ageing estimator, based on the observed voltage
distributions over one month. The Pierre Auger Observatory
works with different set-ups for the 1600 PV-stand-alone
systems. Therefore, a larger scale system capacity to test each
battery unit a time has become necessary.
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1. Introduction

The Pierre Auger Cosmic Ray Observatory studies high
energy particles that reach the Earth. These particles are
detected in two different ways: a set of three fluorescence
detector fly-eye type and 1600 surface Cherenkov
detectors [1].

Each surface detector has a photovoltaic stand-alone
system which is composed of two solar panels and two
105 Ah lead-acid batteries. The detectors performance is
directly affected by the quality and quantity of the lead-
acid battery stored charge.

The replacement of one or both batteries requires high
maintenance costs, due to the fact that the detectors are
distributed in a 3000 Km? area and the access is difficult.
Moreover, bad batteries affect the whole detecting array
performance.

For this reason it is necessary determine the state of
charge of lead-acid batteries, since this parameter
provides information about the quantity of charge stored
and capability to retain charge. The state of charge must
be known before the batteries are installed on the field. It
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can bring more information to estimate the battery ageing
and life-time.

The State of Charge (SoC) is estimated by means of the
amount of charge obtained over the discharge curve and
the time necessary to discharge the battery. The curve is
built by the battery voltage as a function of time during the
battery discharge [2]. To perform this process equipment
has been developed and tested. It is capable of storing
voltage and current values using the discharge at constant
current method to determine state of charge. These values
are used to plot the discharge curve, allowing the amount
of charge and SoC calculation.

2. State of charge and method of discharge at
constant current

State of charge is defined as the relation between the
amount of charge in the battery, at a given moment, and
the amount of charge when the battery is new (100%
storing capability).

The state of charge can be calculated using the equation
(1), where Q, the quantity of charge at a given moment and
Q, is the quantity of charge when the battery is new, that
also called battery capacity [2].

- 9
SoC = - 1)

The SoC is an important information to guesstimate lead-
acid batteries performance before its installation in
photovoltaic systems as the Pierre Auger Observatory
surface detector. On PAO the batteries are located 1.5 Km
apart from each other and the access is very difficult (land
road). This way, its mandatory send to the field just
batteries passing the SOC quality test.

There are several methods to determine the SoC, one of
them is discharge at constant current method. It consists in
discharging the battery through a dynamic resistance
capable of maintain the discharge current constant. The
battery voltage is monitored during the discharge until a
preset value (11.2 V). The figure 1 shows a diagram of the
method.
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Fig 1. Constant current discharge method diagram.

Therefore, to calculate the SoC it is necessary to use the
equation (1). But first, the quantity of charge @ needs to be
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obtained using the equation (2), where I is the current
intensity and At is the time interval to discharge the
battery.

Q = IAt (2)
Using the voltage values acquired during the discharge,
the discharge curve can be plotted as a function of time.
The graphic is important to analyse the voltage behaviour
during the discharge. The figure 2 shows a typical
discharge curve.
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Fig 2. Typical discharge curve.

In the Pierre Auger Observatory, the SoC is estimated
using a constant discharge current equal 5.25A, in less
than 20 hours of a discharge regime. According to the
manufacturer, under this condition, at 25° C, the battery
furnishes 100 % its charge.

3. The system developed to determine the
state-of-charge

The system comprises of electronic, mechanical and
software components. To implement the discharge at
constant current method, the battery is discharged
through a constant current source. The constant current
source electronics circuit comprises two metal wire
power resistances, a power transistor and a constant
current driver, responsible to the battery discharge
control. Moreover, the current intensity can be adjusted
aiming to perform testing on different capacities lead-
acid batteries. The figure 3 shows the electronic diagram.
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Fig 3. Electronic diagram

In this setup, the current flows through the power resistors
and transistor which are heated. Therefore, the mechanical
aluminium structure and three coolers are used to heat
dissipation. The figure 4 shows the dissipation system.

Power resistors

Fig 4. Dissipation system

A microcontroller is used to manage the electronic set:
perform an analogical to digital conversion of the battery
voltage and current and implements the communication
protocol type Modbus. Furthermore, each microcontroller
is responsible to establish communication with the
supervisory software and each one has its own ID on the
RS — 485 network. The figure 5 shows the electronic
board.

Fig 5. Electronic Board

The system was built to perform the state of charge tests
safely and stably. The units can be connected as a daisy-
chain network based on RS - 485. Due to this network
standard and the supervisory software, the test may be
performed in 16 batteries simultaneously, what is an
advantage, since each battery takes 20 hours to be
discharged. The figure 6 shows the unit prototype.
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Fig 6. Constant current dicarger prototype.

The supervisory software has been written in Visual basic
programming language. It manages the equipment and
provides communication. It stores voltage and current
values into files, each file corresponding to one
equipment unit, implements Modbus communication
protocol and stores calibration parameters. Figure 7
shows the supervisory software interface.
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Fig 7. Supervisory software interface

4. Results

As said before, to determine the state of charge, the
battery needs to be discharged under 20 hours in constant
current regime at 25° C of temperature. In the Pierre
Auger, where 105 Ah stationary batteries are used, the
SoC test is done at 5.25 Ampere [3].

Tests were performed on the laboratory using two
equipment units and two batteries: a Moura© used
battery with 60 Ah capacity and a new Zetta© battery
with 45Ah capacity.

All the tests were performed in 5.25 A discharge regime
as used in the Auger.

According to manufacturer, a battery is considered
discharged when its output voltage reaches 10.5 Volts,
but the batteries used in the test were discharged down to
11.2 Volts for safety reasons, a battery discharged down
to 10.5 Volts can be irremediable damaged.

Both batteries were recharged before the test, the charge
procedure adopted was to charge the battery over
constant current using 10% of the battery capacity as
charge current. Therefore, the 45Ah Zetta© battery was
charged over 4.5A and the 60Ah Moura®© over 6A.

In the first test, the 45Ah Zetta© battery was discharged
using unit 255, the figure 8 shows the test result.
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Fig 8. Zetta battery discharge curve.

This battery was discharged in 4 hours and 30 minutes, it
represents 23.80 Ah of quantity of charge (Q), according
to equation (2) and SoC of 52.89 %, using the equation (1).
During this test the equipment was kept stable, with
constant current, no overheating and no communication
problems. The voltage and current values were stored into
files on supervisory software without any problem.

The second test was performed with unit 254, using the 60
Ah Moura®© battery, the figure 9 shows the discharge
curve.
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Fig 9. Moura battery discharge curve

This battery was discharged in 2 hours and 56 minutes
and, as in the first test, the system was kept stable. It
presented 15.40 Ah of quantity of charge and 25.67 % of
SoC.

A third test was carried out using the equipment units, 254
and 255, connected as a network to perform tests in both
batteries simultaneously. The same batteries Zetta© and
Moura© were used. This test aimed to validate the
communication, the RS — 485 network and whether the
supervisory software manages more than one unit. Figure
10 shows the discharge curves of each battery.
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Fig 10. Discharge curves.

The Zetta battery was discharged in 3.5 hours whereas
the Moura was discharged in approximately 0.27 hours
(16 minutes). The Zetta battery capacity was 18.375 Ah
and the SoC of 40.83 %. The Moura’s capacity was 1.4
Ah and SoC of 2.33 %.

In all tests the batteries have presented low quantity of
charge and SoC. There are several reasons that could
explain this behaviour, such as temperature, discharge
current values and battery age.

As said before, to obtain the state of charge of the 105 Ah
batteries in the Auger, the discharge current needs to be
5.25 A. But since the batteries used in the laboratory tests
needed to be performed at 2.25 A for Zetta© and 3 A for
Moura®, this was not the case and 5.25 A was adopted in
all tests, aiming to make sure the equipment maintained
the current constant in this value. However, using this
current value the Zetta© and Moura© cannot deliver
100%.

The Tests were performed mainly to validate the system,
that is, check the electronics, mechanics, software and
data acquisition. The calculations of quantity of charge
and state of charge were carried out only to figure out the
quantity of charge.

In all tests it could be clearly realized that the state of
charge might be estimated over quantity of charge,
acquired using the discharge curve obtained using the
data stored.

5. Conclusion

The equipment was built and tested. During the tests it
was clearly realized that it works, the electronics kept
stable, no communication problems came up, data
acquisition was well performed and the discharge curves
could be plotted using it, since the curve is important for
analyse the battery drop voltage

At the Auger tests will be performed in the batteries
which were recently bought and are stored for a long
time. This way, only good batteries will be installed on
the surface detector, that is, batteries which present good
quantity of charge and SoC. As a result, it presents less
battery failures, less Photovoltaic system failures and
thus, the surface detection performance is not affected.
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There are today five equipments like that in the Auger
Observatory  acquiring data, interconnected and
discharging batteries simultaneously. The results will be
analysed as soon as the data are received.
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