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The Science of Battery Testing
By Bob Gell - GELCOservices
Automotive batteries we find today in
current model cars are becoming far more
complex to effectively test in the field due
to the variances in battery chemistry,
construction and designed purpose.
The recent introduction of Idle Stop
Start (ISS) systems and Hybrid drive
systems has launched a plethora of
new battery technology, all designed to deliver higher
Amp Hour capacities and sustainable high current
recharge in very short periods of time as we see with the
regenerative battery charging from ISS applications.
Idle Stop Start batteries are a classic case to consider. These
ISS battery chemistries can be Enhanced Flooded Batteries
(EFB) or a new version of the regular Absorbent Glass Mat
(AGM) chemistry and grid metallurgy, all designed to be able
to accept in just 20 seconds or less high charge currents in the
order of 80-110 amps at >14.5 volts and receive this charge
current impact at high operating temperatures for the battery.
At last the aftermarket battery tester manufacturers are
beginning to recognise that the older testing platforms
and algorithms may not be suitable any longer for the new
regime of battery technologies. Some progressive battery
tester manufacturers have now launched an ISS (both EFB
and AGM/ISS) testing capability as a selectable option.

cranking capability - measured in Cold Cranking Amps (CCA)
which is the Standard for battery measurement in Australia.
There are five common methods to estimate battery capacity:
1.
Discharging a charged battery while tracking the elapsed
time (Discharge method as used in Laboratory testing)
This battery test, whilst extremely accurate is impractical
in workshops or under engine hood battery testing.
2.

Observing voltages, impedance and in-and-outflowing currents (Coulomb counting - as used in the Storage battery
industry). Once again very impractical in the workshop environment.

3.

Taking a snapshot of the electrochemical condition of the battery with frequency spectroscopy (EIS)

The battery is excited with a sinusoidal signal of 10mV or less.
After filtering, the retrieved signal produces a Nyquist plot onto
which various electrochemical models are superimposed. The
algorithm finds the best match within given margins; non-fitting
models are rejected. Data fusion correlates the values of key
parameters to derive at capacity and CCA estimations. DSP
technology shortens the computation of 40 million transactions to
a mere 15 seconds.

Essentially, there are three battery tester technology
platforms that have the capability of testing current
battery chemistry design and ISS batteries;
•
•
•

Conductance testing
Ohmic Load testing
Electrochemical Impedance Spectroscopy (EIS)
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The objective of testing a battery is to determine the battery
capacity in Amp Hours (Ah), the battery internal resistance
(mO), the State of Health (SOH), State of Charge (SOC), Open
Circuit Voltage (OCV) and the State of Fitness (SOF) of the
battery when deployed in an ISS application. These tests will
then determine the ability of the battery to meet the engine
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EIS is quick and practical with a battery test result to
96% accurate in around 15 seconds. Unfortunately
the tester technology is expensive.
4.

Ohmic load testing - portable and less than 15 seconds, applies a given load to the battery and measures the resistance
and recovery time.
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Typical graph showing the discharge of the battery at the designed
C,_ Ah rate, measured over the time taken to reach 10.5v at 25°C.
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A number of techniques are used to measure internal battery
resistance. One common method is the DC load test, which
applies a discharge current to the battery while
measuring the voltage drop. Voltage over
current provides the internal resistance.
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Randies model of a lead acid battery
Resistance is a characteristic that reveals the battery's
ability to deliver load current. Internal resistance
provides useful information in detecting problems and
indicating when a battery should be replaced.
The overall battery resistance consists of Ohmic resistance,
~| as well as inductive and capacitive reactance. The
schematic and electrical values differ for every battery.
From the explanation of the three tester technology platforms
and the five methods to apply that technology it can be seen that
the new generation of battery testers are well designed for most
accurate battery capacity tests, however some equipment is not
portable sufficient to be practical in the field. The best testers
0V
also offer complete charging and engine cranking systems
analysis, passive discharge recording and offer a print out so the
technician can discuss the battery capacity with the customer.
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The DC load test measures the battery's internal resistance by
reading the voltage drop. A large drop indicates high resistance
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5.

Conductance testing - uses an AC ripple to measure
impedance and Alternating Current phase split.

Randies model of a battery

The conductance test measures the electrochemical
characteristics of a battery. This technique applies
an alternating current to the battery terminals.
Depending on tester manufacturer and battery type,
the frequency ranges from 10 to 1000Hz.

Most businesses now offer their customer a "dynamic" battery
test whenever the car is presented to the workshop for
service. This quick and accurate value add to the customer
experience is generally well accepted as the fear of a battery
failure without any warning can be most inconvenient.

The impedance level affects the phase shift between voltage
and current, which reveals the condition of the battery

Shown below are the three different battery test technology
platforms as delivered in the form of a portable battery tester.

The AC method measures the phase shift between
voltage and current. The battery's reactance
is used to calculate the impedance.

Bob Gell and his business GELCOservices operates a Technical
Laboratory service and Consultancy based in Adelaide which focusses
on battery testing and validation to manufacturer's specifications and
relevant Standards. More info go to www.gelcoservices.com.au

Midtronics
Conductance tester

DHC BT2000 Ohmic
resistance tester

CADEX Electrochemical Impedance
Spectroscopy (EIS) tester
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