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An Ultra-Fast Battery Charging System
By J.P. Starkey

Abstract

Increased awareness of the effects of atmospheric pollution, especially in inner city
areas, makes the use of electric vehicles more appealing. The lead-acid battery is one of
the most viable power sources for such an application, due to its low cost.
Unfortunately, it is one of the heaviest of such systems in use (in terms of energy stored
per unit mass), and is traditionally slow to recharge. This can make it impractical for
use in an electric vehicle as the largest usable battery only has a low capacity, yielding
a short range. If electric vehicles are to become more commonplace, technological
advances in the lead-acid battery system must be sought, not only to increase capacity,
but also to reduce the charge time.

It has been shown, using a constructed novel resonant power converter, that the overall
charge time of a lead-acid battery can be reduced by a factor of five by employing a
pulse charging technique, with further reductions possible, whilst evolving significantly
less gas than a standard constant-current, constant-voltage technique. This increases
battery life expectancy, especially in ‘sealed’ cells. This method has also been proven
suitable for recharging dry cells.

[t has also been shown that pasted plate cell performance can be improved by
redesigning the grid structure. An increase in electrode current of 5%, and a reduction
of 25% in the lead used are both possible, without compromising cell performance.
This is important for applications where portability is important. Lightweight
electrodeposited lead plates are a feasible alternative to conventional pasted plates,
although careful design is required to minimise cell weight.
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Glossary of Terms

Electrochemistry

c concentration (M)

Cp, Cn capacitance of the Diffuse and Helmholtz layers per unit area (Fm™)
d diffusion layer thickness (m)

D diffusion coefficient (m’s™)

e charge on an electron (C)
f geometric surface area (m”)

F Faraday constant (96484.56 Cmol™)

i current density (Am'z)

io peak current density (Am™)

i limiting current density (Am™?)

k Boltzmann constant (1.3 80662x107% JK")

n ion concentration (M)

N ion flux (Mm™)

K, acid dissociation constant

R gas constant (8.31441 Jmol 'K™)

t time (s)

t transference number (to distinguish from time)
T absolute temperature (K)

Xy effective plate separation (m)

z ionic charge magnitude (valence)

o bulk solution activity (molm™)

0 layer width (m)

€ permittivity of free space (8.85x107"2 Fm™)

&r relative permittivity

N e activation and concentration polarisations (V)
A ionic conductivity (m*Q 'mol™)

¢ diffusion direction (m)

p resistivity (Qcm)

Dy electrode potential (V)



PRC

SRC
ZCS
ZVS

AGM
RGT
VRLA

Power Electronics
Capacitance

Inductance

Parallel Resonant Converter
Resistance

Series Resonant Converter
Zero Current Switching

Zero Voltage Switching

Battery
Absorbent Glass Mat

Gas Recombination Type
Valve Regulated Lead Acid
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Chapter 1: Introduction

1.1 Introduction

The lead-acid battery was first demonstrated over 140 years ago, and has been at the
forefront of battery applications ever since. As such it is certainly a ‘tried and tested’
technology; it is robust, reliable and above all, low cost. However, it is one of the
heaviest systems in use (in terms of energy stored per unit mass (J/kg)), and it is also
traditionally slow to recharge [1]. If we consider its employment in an electric vehicle
application, for which it is one of the few serious contenders due to its low cost — many
other lighter technologies would be prohibitively expensive, then it can easily be seen
that the largest battery that could be used, due to weight and size limitations, would
only be relatively small in terms of capacity, yielding a comparatively low range. This
in itself would necessitate the inclusion of an increased number of refuelling stops, each
of which would be of several hours as the ‘refuelling’ rate is typically about 10,000
times slower than for petrol, making a journey of any reasonable length with an EV
prohibitively time consuming [2]. Therefore, it can be seen that if the lead-acid battery
system is to remain competitive, and if EV’s are to become more popular and
commonplace, technological advances in the lead-acid battery system must be sought,
not only to increase capacity, and thus range, but also to significantly reduce the charge

time.
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