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This dataset was generated from experiments on a bank
of six 1200 Ah OPzS stationary batteries connected in se-
ries to form a 12 V storage system. Each cell was moni-
tored for voltage, temperature, and electrolyte density using
a DataTaker DT85M recorder, complemented by Pt100, ana-
log voltmeters, and Hall effect sensors. Charging was per-
formed with a programmable DC power supply under con-
ventional, photovoltaic, and wind profiles, while discharging
used a programmable electronic load capable of reproducing
C10 and C20 curves, real consumption patterns from Gran
Canaria, and random pulse sequences.

Data were collected at one-minute intervals between Au-
gust 2024 and May 2025, covering 1375 h and 42 min. The
dataset includes 14 charge-discharge cycles, with 1053 to
13,385 records per cell. Provided in CSV format, the dataset
enables straightforward processing and supports applications
in battery modeling, comparative performance analysis, and
validation of energy management algorithms.
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Specifications Table

Subject Engineering & Materials science

Specific subject area Evolution of the voltage, current, temperature, capacity and state of charge parameters
of a high-power stationary lead-acid battery.

Type of data Table (.csv format)

Variables obtained by an industrial data logger that transfers the values of the voltage,
temperature and current sensors that it creates in a temporary database every minute.

Data collection Each cell of the 1200 Ah OPzS stationary accumulator was equipped with individual
sensors for measuring electrical and physical-chemical parameters, specifically voltage,
temperature, and current. These devices were integrated into a data acquisition system
based on the DataTaker DT85M industrial recorder, complemented by Pt100
temperature sensors, analog voltmeters, and Hall effect sensors for current monitoring.
The charging process was carried out using a Magna Power SL100-15/UI
programmable direct current source, which allowed emulation of both the charging
patterns specified by the manufacturer and photovoltaic and wind generation profiles.
The discharge process was controlled by a 6 kW Adaptive Power 5VP06-42C
programmable electronic load, capable of reproducing C10 and C20 regimes, in
addition to consumption profiles characteristic of the island of Gran Canaria and
random pulse sequences. The management and visualization of the experimental data
was carried out using the recorder’s dEX 2.0 software, and they were subsequently
adapted for processing in CSV format,

Data source location Circuits and Power Electronics Laboratory of the School of Telecommunications and
Electronics Engineering (EITE), ULPGC, Tafira Baja, Las Palmas, Canary Islands, Spain.
GPS coordinates: 28.071111111111, —15.453611111111.

Data accessibility Repository name: Zenodo.
Data identification number:
(13:italic )https://doi.org/10.5281/zenodo.17252822(/13:italic)
Direct URL to data: https://zenodo.org/records/17252822
Instructions for accessing these data: Structure of the dataset, called ‘Experimental
dataset of charge and discharge patterns in a 1200 Ah OpzS battery bank’. Within the
same folder there are six ZIP compressed subfolders (cells 1 to 6). After decompressing
the ZIP files, each subfolder contains data from an OPzS battery cell, with 15 data files
for cell 1 and 19 data files for cells 2 to 6, representing the different charge and
discharge pattern tests performed. Each file is named according to the following
structure: “Cell measurements N - Ordinal number of the test - Type of charge
pattern - Type of discharge pattern,” where N represents the cell number. The 19 files
for each cell, with the exception of cell 1, which has unified the photovoltaic
measurements on clear and cloudy days, resulting in 15 files.

Related research article The XXXVIII ENDIO - XXXVI EPIO conference proceedings are currently pending
publication (#16):
https://epio.org.ar/endio-epio-2025/trabajos- Sincronica-remota-1/

1. Value of the Data

The main beneficiaries of this experimental work are researchers working on high-capacity
stationary lead-acid battery systems and their applications. The dataset may also benefit en-
gineers and professionals involved in integrating such storage systems into renewable energy
applications—particularly photovoltaic and wind systems—as well as those developing and opti-
mizing electrical microgrids [1,3,8]. Systematic recording of experimental parameters is essential
for modeling high-capacity lead-acid batteries, since most existing datasets focus on smaller
systems. In this work, measurements were obtained using calibrated and highly reliable equip-
ment, ensuring data accuracy and enabling validation of battery models by comparing exper-
imental and simulated results. The controlled tests performed on a 1200 Ah OPzS stationary
battery provide a transferable scientific resource that goes beyond case-specific analyses.
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The dataset can be reused for:

(i) electrical and electrochemical modeling for equivalent circuit calibration;
(ii) validation of state-of-charge (SOC) and state-of-health (SOH) algorithms;
(iii) studies of degradation and lifetime;

(iv) evaluation of energy management strategies;

(v) artificial intelligence applications for anomaly detection and prediction;

(vi) interlaboratory benchmarking for protocol comparison and standardization.

2. Background

The primary motivation for generating this dataset was the development of advanced model-
ing methodologies for energy storage systems based on lead-acid batteries [5-7]. The objective
is to optimize these models through the use of genetic algorithms [2], with the goal of im-
proving their dynamic representation and predictive accuracy under real-world operating con-
ditions. This work is particularly relevant in the context of microgrids with renewable energy
integration [4], where efficient storage management is essential to maintain system stability and
maximize energy utilization. The experimental data presented here not only provide a robust
foundation for validating optimization models and algorithms but also constitute a key element
of a broader research effort aimed at improving the design, control, and operation of stationary
storage batteries in distributed energy applications. Importantly, very few experimental datasets
are available for high-capacity OPzS batteries, which makes this contribution a unique and valu-
able resource for the research community [9,10,12].

3. Data Description

There are six folders (Cell 1 to Cell 6), each corresponding to one of the battery cells. Within
each folder, fifteen (Cell 1) and nineteen (Cell 2 to 6) data files are provided, representing the
different charge and discharge tests performed.

The experiments were performed using batteries in factory-new condition. Therefore, the ini-
tial state of health (SoH;) was equal to 1 [11]. After electrolyte filling, the tests were initiated.

In each cell's first CSV file, measurements from the initial charge-discharge cycle are
recorded. Column 6 contains the initial capacity value (Q,) expressed in ampere-hours (Ah),
while Column 7 shows the initial state of charge ( %SoCy), which evolves throughout the exper-
iment.

Accordingly, the values in the last row of each CSV file represent the results at the end of that
specific test cycle. These results serve as the initial conditions for the following charge-discharge
cycle, and the same approach is maintained for all subsequent cycles.

Each file is named according to the following structure: Cell measurements N - Test ordinal
number - Charge pattern type - Discharge pattern type, where N denotes the cell number. All
files are provided in comma-separated values format (CSV extension). The delimiter used is a
semicolon (;), which ensures clear separation of fields across columns. This format is widely
compatible with data analysis software, databases, and programming languages such as MATLAB
and Python, and facilitates data exchange between different applications.

Each file consists of a single main table, containing N records distributed across seven
columns, organized in a clear tabular structure. In total, the dataset comprises 579,448 indi-
vidual records (about 96,500 per cell), distributed across the 19 experimental cycles. The num-
ber of records per cycle varies substantially, ranging from around 1053 to 13,385 entries per
cell (equivalent to 6318 to 80,310 records when considering all six cells), reflecting the different
durations and operating conditions of the tests.

The dataset is therefore arranged in a straightforward and consistent manner, which supports
efficient access, processing, and reuse in diverse analytical environments.
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The columns are:

Column Structural description Format

Timestamp Timestamp with one-minute [DD/MM/YYYY hh:mm]
resolution.

Vn (mV) Voltage values in millivolts. [XXXX,XX]

Vn (V) Voltage values in volts (adjusted [XXXXXX]
magnitude).

Tn (°C) Temperature values in degrees [XX,XX]
Celsius.

1 (A) Current in amperes (+ charge | - [£XXX,XX]
discharge).

(Ah) Accumulated magnitude in [XXXX,XX]
ampere-hours.

%SOC State of Charge percentage. [XXX,XX]

NOTE: The value ‘n’ indicates the cell number.
Conceptual example of a CSV:

A table like this in Excel:

Timestamp V1 (mV) V1 (V) T1 (°C) 1(A) (Ah) %S0C
28/08/2024 9:30 2094,36 2,09,436 25,06 10,10 0,17 0,00 %
05/09/2024 18:02 2304,65 2,30,465 26 1,94 633,56 53 %
24/09/2024 18:00 2293,85 2,29,385 25,48 -10,01 633,39 53 %

Saved in CSV format, the text file would look like this:
Timestamp; V1 (mV); V1 (V); T1 (°C ; I (A); (Ah); %SOC
28/08/2024 9:30; 2094,36; 2,09,436; 25,06; 10,10; 0,17; 0,00 %
05/09/2024 18:02; 2304,65; 2,30,465; 26; 1,94; 633,56; 53 %
24/09/2024 18:00; 2293,85; 2,29,385; 25,48; —10,01; 633,39; 53 %

4. Experimental Design, Materials and Methods

The experimental setup was configured as illustrated in Fig. 1. The acquisition system in-
cluded voltage and temperature sensors connected to a DataTaker DT85M data logger (Fig. 2).

1 L
ar wilF e wikar e =
-+ -+ - 4+ -+ -+ - 4+ Fuses
Battery Battery Battery Battery Battery Battery
c1 c2 c3 ca c5 [
Temperature
sensor
Voltage | | I I I I Switches
7 I 7 R 7 N 7) R 7 B 7 B (2T
Data logger
: Blocking diodes
______________ Programmable Programmable
Power Supply Electronic Load
—————————————— Ethernet .
____________________________ J

Fig. 1. General configuration of the experimental setup for charge and discharge tests.
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Fig. 2. DataTaker DT85M data logger connected to the acquisition system.

Fig. 5. Switching and current-limiting system with NH fuses and four-pole disconnectors.

The logger, linked to the local area network (LAN), integrated and processed the collected sig-
nals. Data management was carried out through the dEX 2.0 application, which handled logger
requests, extracted sensor readings, and stored the information in a database via a 10-meter LAN
connection.

For charging, a Magna Power SL100-15/UI programmable DC power supply was used (Fig. 3).
This equipment allowed the reproduction of conventional charging profiles as well as photo-
voltaic and wind patterns. System protection was implemented through parallel power-blocking
diodes (Fig. 4).
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Table 1
Parameters of the operating protocol for charge and discharge cycles.
Combination Switch K1 Switch K2 Parametro
1 OFF OFF K1 and K2 are deactivated, the battery is empty.
2 OFF ON Only K2 activated, battery is charging.
3 ON OFF Only K1 activated, the battery is discharged.
4 ON ON K1 and K2 activated, prohibited combination.

Fig. 7. Experimental bench consisting of six 1200 Ah, 2 V OPzS lead-acid stationary batteries.

A switching and current-limiting system was also integrated into the power line, consisting
of European NH blade fuses and four-pole disconnectors, K1 and K2 (Fig. 5). By operating the
rotary knob, the circuit could be closed (1, “ON”) or opened (0, “OFF”), enabling or interrupting
current flow according to the specified operating protocol. This protocol covered both charging
and scheduled discharging of the batteries, as defined in Table 1.

The discharging process was carried out using a 6 kW Adaptive Power 5VP06-42C pro-
grammable electronic load (Fig. 6). This equipment allowed the reproduction of C10 and C20
discharge curves, real consumption profiles from Gran Canaria, and pulse sequences consisting
of 10 min at a constant high current followed by 20 min without current. Data management and
visualization were performed with dEX 2.0, the proprietary software of the recorder, in combi-
nation with Microsoft Excel.

Finally, the experimental bench consisted of six stationary OPzS lead-acid batteries, each
rated at 1200 Ah and 2 V (Fig. 7). Together, the integrated charging, discharging, monitoring,
and protection systems provided a controlled yet realistic experimental environment, ensuring
reliable and high-quality data for analysis and reuse.

4.1. Data acquisition methodology

The study was conducted under different operating regimes and thermal conditions in order
to characterize the system’s dynamic response. A total of 15 (Cell 1) and 19 (Cells 2 to 6) charge
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Table 2a

Experimental summary for cell 1.
File Number of  Duration

records (Hour/min.)

Cell 1 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 1 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 1 Measurements - Third Charge-C20 discharge.csv 8502 141/42
Cell 1 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 1 Measurements - Fifth Load-C10 discharge.csv 9389 156/29
Cell 1 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 1 Measurements - Seventh and Eighth Photovoltaic Load clear - C20 discharge.csv 4746 79/06
Cell 1 Measurements - Seventh and Eighth Photovoltaic Load Cloudy - C20 discharge.csv 4782 79/42
Cell 1 Measurements - Ninth and Tenth Photovoltaic Load Clear - C10 discharge.csv 3259 54/19
Cell 1 Measurements - Ninth and Tenth Photovoltaic Load Cloudy - C10 discharge.csv 2710 45/10
Cell 1 Measurements - Eleventh Load - GC discharge.csv 8196 136/36
Cell 1 Measurements - Twelfth Photovoltaic Load cleared - GC discharge.csv 5757 95/57
Cell 1 Measurements - Twelfth Photovoltaic Load Cloudy - GC discharge.csv 5757 95/57
Cell 1 Measurements - Thirteenth Load wind energy - GC discharge.csv 2819 46/59
Cell 1 Measurements - Fourteenth Load - Discharge Pulses.csv 5931 98/51

and discharge cycles were carried out, with data recorded at a frequency of one data point per
minute.

The experimental phases are detailed in Tables 2a (Cell 1) and 2b (Cells 2 to 6), which sum-
marizes the dataset obtained through continuous monitoring. Data collection was performed at
one-minute intervals between August 28, 2024, at 09:30 a.m. and May 5, 2025, at 05:34 pm.,,
resulting in a total duration of 9657 h and 28 min, comprising 579,448 recorded data points.
Table 2b

Table 2b
Experimental summary for cells 2 to 6.

Cell File Number  Duration
of records (Hour/min.)

2 Cell 2 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 2 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 2 Measurements - Third Charge-C20 discharge.csv 8493 141/33
Cell 2 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 2 Measurements - Fifth Load-C10 discharge.csv 9388 156/28
Cell 2 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 2 Measurements - Seventh Photovoltaic Load clear - C20 discharge.csv 1848 30/48
Cell 2 Measurements - Eighth Photovoltaic Load clear - C20 discharge.csv 1849 30/49
Cell 2 Measurements - Seventh Photovoltaic Load Cloudy - C20 discharge.csv 1849 30/49
Cell 2 Measurements - Eighth Photovoltaic Load Cloudy - C20 discharge.csv 1895 31/35
Cell 2 Measurements - Ninth Photovoltaic Load clear - C10 discharge.csv 1253 20/53
Cell 2 Measurements - Tenth Photovoltaic Load clear - C10 discharge.csv 1258 20/58
Cell 2 Measurements - Ninth Photovoltaic Load Cloudy - C10 discharge.csv 1253 20/53
Cell 2 Measurements - Tenth Photovoltaic Load Cloudy - C10 discharge.csv 1258 20/58
Cell 2 Measurements - Eleventh Load - GC discharge.csv 8162 136/02
Cell 2 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 2 Measurements - Twelfth Photovoltaic Load Cloudy - GC discharge.csv 2121 35/21
Cell 2 Measurements - Thirteenth Load wind energy - GC discharge.csv 2816 46/56
Cell 2 Measurements - Fourteenth Load - Discharge Pulses.csv 5916 98/36

3 Cell 3 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 3 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 3 Measurements - Third Charge-C20 discharge.csv 8502 141/42
Cell 3 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 3 Measurements - Fifth Load-C10 discharge.csv 9389 156/29
Cell 3 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 3 Measurements - Seventh Photovoltaic Load clear - C20 discharge.csv 1849 30/49
Cell 3 Measurements - Eighth Photovoltaic Load clear - C20 discharge.csv 1895 31/35

(continued on next page)
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Table 2b (continued)

Cell File Number  Duration
of records (Hour/min.)

Cell 3 Measurements - Seventh Photovoltaic Load Cloudy - C20 discharge.csv 1849 30/49
Cell 3 Measurements - Eighth Photovoltaic Load Cloudy - C20 discharge.csv 1895 31/35
Cell 3 Measurements - Ninth Photovoltaic Load clear - C10 discharge.csv 1253 20/53
Cell 3 Measurements - Tenth Photovoltaic Load clear - C10 discharge.csv 1258 20/58
Cell 3 Measurements - Ninth Photovoltaic Load Cloudy - C10 discharge.csv 1253 20/53
Cell 3 Measurements - Tenth Photovoltaic Load Cloudy - C10 discharge.csv 1258 20/58
Cell 3 Measurements - Eleventh Load - GC discharge.csv 8162 136/02
Cell 3 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 3 Measurements - Twelfth Photovoltaic Load Cloudy - GC discharge.csv 2121 35/21
Cell 3 Measurements - Thirteenth Load wind energy - GC discharge.csv 2816 46/56
Cell 3 Measurements - Fourteenth Load - Discharge Pulses.csv 5916 98/36
4 Cell 4 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 4 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 4 Measurements - Third Charge-C20 discharge.csv 8502 141/42
Cell 4 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 4 Measurements - Fifth Load-C10 discharge.csv 9389 156/29
Cell 4 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 4 Measurements - Seventh Photovoltaic Load clear - C20 discharge.csv 1849 30/49
Cell 4 Measurements - Eighth Photovoltaic Load clear - C20 discharge.csv 1895 31/35
Cell 4 Measurements - Seventh Photovoltaic Load Cloudy - C20 discharge.csv 1849 30/49
Cell 4 Measurements - Eighth Photovoltaic Load Cloudy - C20 discharge.csv 1895 31/35
Cell 4 Measurements - Ninth Photovoltaic Load clear - C10 discharge.csv 1253 20/53
Cell 4 Measurements - Tenth Photovoltaic Load clear - C10 discharge.csv 1258 20/58
Cell 4 Measurements - Ninth Photovoltaic Load Cloudy - C10 discharge.csv 1253 20/53
Cell 4 Measurements - Tenth Photovoltaic Load Cloudy - C10 discharge.csv 1258 20/58
Cell 4 Measurements - Eleventh Load - GC discharge.csv 8162 136/02
Cell 4 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 4 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 4 Measurements - Thirteenth Load wind energy - GC discharge.csv 2816 46/56
Cell 4 Measurements - Fourteenth Load - Discharge Pulses.csv 5916 98/36
5 Cell 5 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 5 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 5 Measurements - Third Charge-C20 discharge.csv 8502 141/42
Cell 5 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 5 Measurements - Fifth Load-C10 discharge.csv 9389 156/29
Cell 5 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 5Measurements - Seventh Photovoltaic Load clear - C20 discharge.csv 1849 30/49
Cell 5 Measurements - Eighth Photovoltaic Load clear - C20 discharge.csv 1895 31/35
Cell 5 Measurements - Seventh Photovoltaic Load Cloudy - C20 discharge.csv 1849 30/49
Cell 5 Measurements - Eighth Photovoltaic Load Cloudy - C20 discharge.csv 1895 31/35
Cell 5 Measurements - Ninth Photovoltaic Load clear - C10 discharge.csv 1253 20/53
Cell 5 Measurements - Tenth Photovoltaic Load clear - C10 discharge.csv 1258 20/58
Cell 5 Measurements - Ninth Photovoltaic Load Cloudy - C10 discharge.csv 1253 20/53
Cell 5 Measurements - Tenth Photovoltaic Load Cloudy - C10 discharge.csv 1258 20/58
Cell 5 Measurements - Eleventh Load - GC discharge.csv 8162 136/02
Cell 5 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 5 Measurements - Twelfth Photovoltaic Load Cloudy - GC discharge.csv 2121 35/21
Cell 5 Measurements - Thirteenth Load wind energy - GC discharge.csv 2816 46/56
Cell 5 Measurements - Fourteenth Load - Discharge Pulses.csv 5916 98/36
6 Cell 6 Measurements - First Charge-C20 discharge.csv 13,385 223/05
Cell 6 Measurements - Second Charge-C20 discharge.csv 9905 165/05
Cell 6 Measurements - Third Charge-C20 discharge.csv 8502 141/42
Cell 6 Measurements - Fourth Load-C20 discharge.csv 9878 164/38
Cell 6 Measurements - Fifth Load-C10 discharge.csv 9389 156/29
Cell 6 Measurements - Sixth Load-C10 discharge.csv 10,153 169/13
Cell 6 Measurements - Seventh Photovoltaic Load clear - C20 discharge.csv 1895 31/35
Cell 6 Measurements - Eighth Photovoltaic Load clear - C20 discharge.csv 1895 31/35

(continued on next page)
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Table 2b (continued)

Cell File Number  Duration
of records (Hour/min.)
Cell 6 Measurements - Seventh Photovoltaic Load Cloudy - C20 discharge.csv 1849 30/49
Cell 6 Measurements - Eighth Photovoltaic Load Cloudy - C20 discharge.csv 1895 31/35
Cell 6 Measurements - Ninth Photovoltaic Load clear - C10 discharge.csv 1253 20/53
Cell 6 Measurements - Tenth Photovoltaic Load clear - C10 discharge.csv 1258 20/58
Cell 6 Measurements - Ninth Photovoltaic Load Cloudy - C10 discharge.csv 1253 20/53
Cell 6 Measurements - Tenth Photovoltaic Load Cloudy - C10 discharge.csv 1258 20/58
Cell 6 Measurements - Eleventh Load - GC discharge.csv 8162 136/02
Cell 6 Measurements - Twelfth Photovoltaic Load Clear - GC discharge.csv 2121 35/21
Cell 6 Measurements - Twelfth Photovoltaic Load Cloudy - GC discharge.csv 2121 35/21
Cell 6 Measurements - Thirteenth Load wind energy - GC discharge.csv 2816 46/56
Cell 6 Measurements - Fourteenth Load - Discharge Pulses.csv 5916 98/36

Start of the experiment
(System setup and configuration

!

Measurement of variables
using data logger DT85M

A 4
dEX 2.0 application

— Generates CSV with voltage,

temperature, and current values

A 4

with PPPE application
— Generates CSV with supplied voltage,
current, and power

Programmable power supply Magna Power SL15

!

Electronic load APS 5VP06-42C
with DC Load GUI software
— Generates CSV with consumed voltage,
current, and power

!

Synchronization of time stamps
between the three measurement sources

Cross-check and validation of common
parameters (total voltage and current)

A

End of the experimental process
— Ensures data coherence and traceability

Fig. 8. Flowchart of the experimental procedure and data acquisition process.
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In summary, the experimental setup combined high-capacity OPzS batteries, programmable
charging and discharging systems, calibrated monitoring equipment, and robust data acquisition
tools. This configuration enabled controlled yet realistic operating conditions, ensuring a com-
prehensive dataset suitable for modeling, validation, and energy management studies.

All values from these sources were synchronized to ensure full coherence and traceability
across the experimental records. Fig. 8 has been included to illustrate the overall data acquisition
and synchronization process.

Limitations

The main limitation during data acquisition was related to laboratory safety protocols . These
refer to inactivity periods between charge and discharge phases, which occurred because, for
safety reasons, tests could only be performed under the supervision of technical staff.

These inactive periods are reflected in the current measurements, where the recorded current
value is 0 A. In continuous operation cycles, by contrast, the current transitions smoothly from
positive values (charging) to negative values (discharging). No artificial correction or filtering has
been applied to these data, as they represent actual operating conditions during the experimen-
tal procedure. The overall dataset remains comprehensive, reliable, and suitable for modeling,
validation, and comparative studies.
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