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Abstract - The principle of the developed new method for pulse
charge of batteries with microprocessor control of the
electrochemical processes is the use of current pulses with
microprocessor control of the period and the amplitude according to
the dynamically changing state of the electrochemical system.
In order to realize the method described above a programmable
current source was developed. It is connected with a Personal
Computer via RS232 standard serial interface in order to control the
electrochemical processes. The parameters to be set, the graphical
presentation of the pulse current and tension, the used quantity of
electricity and electrical energy for every pulse and for the process as
a hole are shown on the PC display.
In order to test dry-charged and wet-charged batteries a
specialized current generator was developed. It is connected
also with a Personal Computer via RS232 standard serial
interface in order to control the testing of the starting
capability of the batteries according to the requirements of the
Bulgarian State Standard EII 60095-1.

A new method and technology for pulse charge of batteries with microprocessor
control of the electrochemical processes was developed.

The principle of the method is the use of current pulses with microprocessor control
of the period and the amplitude according to the dynamically changing state of the
electrochemical system.

Investigations show that the active resistance of the batteries during formation and
charging with an impulse current is three to four times lower in comparison with the
one in the process with a direct current. Time diagrams of these resistances during
charging with a direct current and with an impulse current are given on figure 1.

Nowadays all chemical sources of electricity are produced in sealed capsules and
after that the active mass is formed. All this require a certain restrictions so that
electrolysis is avoided in the electrochemical process in the formation of the active
mass of the various batteries - lead, silver-zinc, nickel-metalhydride, nickel-
cadmium, etc.

Block formation of lead-acid batteries of sealed-capsule type and of non-sealed type
produced by using non-formed active mass is widely applied industrially.
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Figure 1.

As we know, the basic electrochemical equation in forming the active mass of the
positive and negative plates is:

2PbSO4 + 2H2O = PbO2 + Pb + 2H2SO4,

whereby on the positive electrodes there is electrochemical oxygenation of the
bivalent lead cations to trivalent cations

Pb2T - 2e — Pb4^

And on the negative electrode the bivalent lead cations are reduced to metal lead

Pb2+ + 2e -» Pb

It is of extreme importance for
the quality of the active mass
and the electrical characteristic
of the batteries that only electro-
chemical reactions take place for
oxygenation and reduction of bi-
valent lead ions on the positive
and the negative plates, respecti-
vely. This is effected through a
microprocessor setting, measu-
ring and automatic changing of
the current and the voltage du-
ring the electrochemical process
for forming and charging the ac-
tive mass.
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Figure 3.
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In order to realize the method described above a programmable current source was
developed. It is connected with a Personal Computer via RS232 standard serial
interface in order to control the electrochemical processes. Control in terms of current
and voltage of the programmable source is maintained by a PIC16F876 single-chip
microcontroller of Microchip. Two 10-bit PWM modules that are part of the timer
system of the microcontroller form the control sequences. These work at a 12 MHz
system clock, whereby an 11.7 kHz PWM frequency is obtained. Second order active
filters filter the latter frequency. The necessary duty cycle of the PWM is recorded in
the impulse length register of the timer system, and the frequency is recorded in the
period register. After that the generation is carried out in a fully automatic fashion by
the system and any further interferences of the basic processor is not necessary. This
allows measuring the values of the current and the voltage with the help of the 10-bit
ADC during the rest of the time, these values serving to calculate the basic parameters
of the process. The parameters to be set, the graphical presentation of the pulse
current and tension, the used quantity of electricity and electrical energy for every
pulse and for the process as a hole is shown on figure 2.
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Figure 2.

This allows shortening of the time for forming and charging two to three times,
economizing on electric energy 15-20 %, increasing the nominal capacity 5-6 % and
lengthening the life of the batteries with more than 30 %.

The diagram above shows the significantly higher capacity (area A) at a 20-hour
discharge (C2o) as a function of the number of cycles of reversing. Also shown is the
larger number of cycles for the batteries charged with an impulse current.

In order to test dry-charged and wet-charged batteries a specialized current generator
was developed. It is connected also with a Personal Computer via RS232 standard
serial interface in order to control the testing of the starting capability of the batteries
according to the requirements of the Bulgarian State Standard EII 60095-1. The
system to control the programmable current generator is analogous to the system for
controlling the programmable current source based on the P1C16F876 single-chip
microcontroller described above.
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The current for the battery testing, the graphical presentation of the dynamic of the
discharging electrical tension, the rendered quantity of electricity and electrical
energy from the battery is shown on figure 4.
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Figure 4

The analysis of the result obtained lead to the following conclusions:
1. Microprocessor-controlled programmable current sources have been

developed for automatic and optimal block formation, charging and testing of
batteries.

2. The electrical values of the electrochemical processes are set automatically
through a personal computer.

3. The basic values of the electrochemical processes are measured
automatically through a microprocessor board within the personal computer and the
quantity of electricity and electrical energy in charging and discharging the batteries
is calculated, shown on the monitor and printed out if needed.

4. The batteries formed fully answer the requirements of the Bulgarian State
Standard and the European norm for nominal capacity and stalling discharge current.
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