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Abstract

Defibrillator battery life length depends on the way of the utilization of the defibrillator, the battery type and
effectiveness of the defibrillator’s internal charging mechanism, as well as access of the personal. This paper describes
the basics of energy discharging of the accumulator during the defibrillator clinical utilization. The main parameters
and its monitoring are described as well. The methods of testing have been designed. The main part of this thesis
describes the construction of the device for the testing of defibrillator’s accumulators and its use in the Department of
medical devices in General faculty hospital in Prague. Several batteries were tested, the old an often used as well as the
new batteries bought from the producer of the defibrillators. Based on the principles of lead-acid battery there is
a predicted improvement in the acu-pack capacity while periodically being tested using our testing routine.
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Introduction

An integral part of the defibrillator is, regarding to its
structural arrangement and principle of operation, its
own battery. Battery status is checked every safety-
related control, as well as the operational test. There
are different kinds of intelligent chargers and testers,
but they mostly focus on the basic diagnostics of
battery life, and identification of defective battery pack,
despite their high cost. None of these tests give us
accurate information about the number of defibrillation
shocks that can be made, considering the condition of
acu-pack.

The motivation for this work stems from design
criteria requested by the General faculty hospital in
Prague (VEN v Praze) to produce a simple tester for
the ZOLL M-series defibrillator acu-pack. Criteria
required by the VFN v Praze is to be a tester for
clinical purposes, which is portable, easy to use and
tests the battery on the number of discharges which it is
able to supply the defibrillator. Therefore, this work
focuses solely on one specific type of defibrillator.
Another reason to focus on one type of battery is that it
has its own mechanical battery pack design, which is
different for each device.

VFN v Praze currently uses a manufacturer
recommended battery tester, with the output
information indicating only three states that say if the
battery is in order, or has a reduced capacity or is
defective. This information does not define a specific
battery status, under which it would be possible to

detect the approaching end of battery life. Our design is
therefore based on actual energy balances of
defibrillators and simulates the cyclic operation.
Therefore, the result of the routine test is information
about the number of defibrillation shocks realistically
achievable given by the tested battery in the
defibrillator. This cyclic testing according to
assumptions about the characteristics of lead-acid
batteries, leads to the revival of electrochemical
processes and partial restoration of the original cell
capacity along with the extension of the life cycle.
A pilot test in VFN Prague shows that this theory
seems to be true. To prove that this theory is true
further testing is necessary, especially using more
batteries at different stages of life.

Design of testing routine
A ZOLL tester

The ZOLL tester works with a routine based on the
measurement of capacity during charging, but not
during discharging as its real use of the battery is in the
defibrillator. During charging the battery tester works
with a much lower current, which would in practice
correspond to the regime for monitoring, but not in the
case of defibrillation shock. The tester also ignores the
multiple loading during repeated defibrillation of the
patient. The following chart indicates the charging
mode, including a fragment of a testing routine. First,
the battery is discharged to the voltage of 9 V' (point 3
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to 4 in Fig. 1) and then charged at a constant current of
1 A4 until the terminal voltage is 11 V. The points 4 and
5 in Fig. 1 shows capacity testing charges the current
by about 1 4 and measuring the voltage gradient.

ZOLL PD4410 battery in PowerCharger - Voltage (V) vs. Time (hrs)
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Fig. 1: The description of the voltage dependence on
time for charging the battery in the charger ZOLL. 1 —
acu-pack placement into the charger, 2 — power charger
switched on; 3 — discharging battery started; 4 — battery
empty — switching to charging mode, current approx.
1 A; Reducing charging current to approx. 0.45 A; 7 —
maximum battery voltage,; 8 — end of the charging cycle.

A ZOLL tester — main limitations

Acu-pack testing is made during the charging not by
the discharging. Testing current is approx. 14, but
during the defibrillation the current is up to 8.5 4 [3].

Our testing routine

It should be based on worst case scenario of
operation, i.e., the patient is being defibrillated again
and again with energy of 200 J biphasic shock, until
the battery is empty. When charging the defibrillator at
200 joules, battery is loaded by the current 8.5 4 at
12 V for 5 seconds then drops to about 0.5 4 at 12 V' in
a waiting mode and monitoring of vital functions. The
results of this collected energy from the battery 510 .J
per discharge and approximately 39 % efficiency,
according to the following calculation (Equation 1):

Egeriv = U-Tt (V, 4, 5)
Edeﬁb =12-8.5-5 (1)
Edeﬁb: 510J

Defibrillator ZOLL M-series works in testing routine
until the battery voltage drop to 9 V. At this moment
automatically switch off. For the test routine, the
battery is periodically loaded in cycles of 15 s. The first
55 is the loading current set to 8.5 4. The tester
simulates charging of the defibrillator for the shock.
Another 10s is loading current set to 0.5 4. This
second part is the simulation of the patient vital signs
monitoring. The number of cycles is calculated. The

test is stopped when battery voltage decreased to 9 V'
and tester displays the number of cycles. After this
period the whole test is terminated. Number of cycles
represents the available battery power for clinical
operation i.e. the amount of discharges, which can be
handled by the defibrillator battery. The internal
structure regarding to a text above is shown on Fig. 2.
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Fig. 2: A block diagram of a testing device conception.

During the main testing, the battery is cyclically
loaded with the current up to 8.5 4, until final
discharge at 9 V. For testing it is necessary that the
battery is fully charged at room temperature and
several hours after the disconnection of the charger. At
the end of the test the battery is fully discharged and
must be recharged immediately. Equipment cannot be
used for the precise measurement of capacity, but the
indicative testing resistance of the battery under the
load. Because the battery is loaded much more
intensively than during the real utilization in the
defibrillator for clinical use, the information about the
number of discharges is lower than the actual lifetime
of the battery in a real defibrillator. This is not
a problem because this is a guaranteed minimal number
of discharges.

Design of the testing device

Unfortunately there is no standard design of the
battery case for the medical devices. In the tester must
be used original battery bed of ZOLL defibrillator. The
device is based on commercially available components.
Internal PCB’s arranged in a modular concept with the
possibility of future expansion.

The construction was made considering the large
power losses that arise during the testing. It is
necessary to assume the range of power lost is about
100 w.

According to the principle of function when it is
necessary to load the battery using defined current and
measuring the voltage, the commonly used PCBs were
used. A current source printed circuit board is realized
using a feedback controller with the reference voltage
and timing control block. Its accuracy is ensured by
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a crystal. Measuring circuits are built on precision
instrumentation amplifiers produced by Texas
Instruments [4].

Overall, the device is designed as a compact and
durable box that corresponds to the endurance of daily
workload. In order to achieve long life battery pack
connecting terminals were used in the construction of
the original bed of the battery pack ZOLL.

Fig. 3: Mechanical conception of the testing device. A -
-an original ZOLL lead-acid battery pack, B — a
battery pack berth (original ZOLL), C — metallic box
with the printed circuit boards.

Results

Several lead-acid ZOLL M-series defibrillator
compatible acu-packs were tested. The testing was
realized in the Department of medical devices in
General faculty hospital in Prague including batteries
in different state of battery life cycle. This gives us an
opportunity to see the differences between new fresh
batteries and the old items with reduced capacity. The
comparison between different types (pieces) shows
Tab. 1.

Tab. 1: The comparison between different types of
batteries tested with our device

Average nr. Of
Battery SN Tests Nr. discharges + SD
1102 3 20
1416 11 18,72
21010 9 371
51211 3 26+ 0
81211 5 272

The result from lead-acid batteries can be seen in
Fig. 4. The comparison between the old batteries and
the newer ones is made.

The device is considered to be very useful for the
purposes of General faculty hospital in Prague. The
main goal of this paper was to describe a testing

routine and our device. Some results from the testing
were published. Testing of the device still continues
and detailed analysis of the results will be achieved in
a few months.
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Fig. 4: A comparison between different acu-packs.
Amount of discharges depends on the age of acid-lead
batteries. Figure shows differences between the
extremely old (Nr. 1102), mid age batteries (Nr. 1416,
51211 and 81211) and anew omne (Nr. 21010)
represented by its serial numbers for the database.

Conclusion

Main goal of this paper was to fulfill a very specific
requirement of General faculty hospital in Prague for
the testing of lead-acid defibrillator batteries. An
original ZOLL tester function was analyzed and its
weakness was described.

A testing routine which simulates the cyclic
defibrillation was described and designed. The
comparison between ZOLL tester and our testing
routine for lead-acid acu-pack show Tab. 2.

A new testing device was created. It’s construction
corresponding to the designed testing routine.

Tab. 2: The comparison between ZOLL tester and our
testing routine for lead-acid acu-pack ZOLL.

Tester ZOLL Our testing routine

Testing during charging | Testing during discharging

Testing current 1 A Testing current 8,5 A

Test runs one time Cyclic testing

Peripheral test Full capacity test

Preliminary results show that periodic testing of
batteries using our testing routine and our device could
be beneficial for the lead-acid batteries. The main
reason is periodic charging and discharging of the
batteries using a very similar current as the defibrillator
using during the charging for the defibrillation.

Whole device was designed and constructed as
arequirement of VFN v Praze. Its purpose of
application is to give brief information about the
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condition of lead-acid batteries for the ZOLL M-series
defibrillators in VFN v Praze. There is no metrological
defined merit determined by this device. Only brief
information about the condition of the acu-pack
represented by the number of achievable defibrillation
shocks that can be given. After the evaluation of the
results of a half year testing period, there will be made
a decision about the possible upgrading of the testing
device and its validation by a ZOLL company.
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