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Abstract|The article presents numerous problems with
standby batteries used in telecommunicationssystems, with
a particular emphasis placed on the assessmentof their real
capacity. The methodsusedto evaluate the technical condition
of batteries and to measure their real capacity are presented.
Also, the a new test device which measuresthe actual battery
capacity is presented.The said measurement is basedon the
discharge test method and is performed with the useof a new
TBA-A automated test unit. The article is targeted for elec-
tr onic designers,managers and telecommunicationshardware
maintenancepersonnel, as well as for other telecommunica-
tions systemsexperts.

Keywords|batter y capacity measurements,maintenance,tele-
communicationssystems.

1. Introduction

Nowadays, a high degreeof reliability is an aspectof key
signi�cancein thedelivery of telecommunicationsservices.
Thismeansthattelecommunicationssystemsshouldremain
poweredevenif a mainsfailureoccurs.Lead-acidbatteries
are the most popularback-up energy sourceand it is ex-
pectedthatsuch batterieswill remainin usefor a long time
to come,in spiteof introduction,to themarket, of new bat-
tery typesandnew reserve power sourcechemistries. The
abovemeansthattheproblemof maintenanceof goodlead-
acid batteries still remainsan issueof high importance.

2. Batteries Usedin
TelecommunicationsSystems

Telecommunicationssystems should ensure continuous
availability of services. This appliesboth to commercial
services o�ered to the generalpublic, and to emergency
servicessuppliedovercritical infrastructurenetworks. That
meansthat telecommunicationssystemsshouldbepowered
without any interruptions.
Telecommunicationssystemsare poweredby installations
relying on recti�er-basedpower systems(PS) and a num-
ber of batteriesconnectedin parallel. The batteries should
be able to provide backup for a given telecommunications
systemfor a few hoursor more. Whenthemainsvoltage is
present,PSsupply energy to thetelecommunicationsequip-
mentandto the batteriesassociatedtherewith. Undersuch
conditions,the recti�er providesoat voltage (about54 V)
to the batteries,preventingtheir self-discharge.

Figure1 shows threebasiccon�gurationsof power systems
dedicatedto useon telecommunicationssites.Thesimplest
structure,andthustheleast reliable,is presentedin Fig. 1a.
In thecaseof a mainsfailure, thepoweredequipment(PE)
is supplied from the battery until either the battery dis-
charges or the mainsvoltage is restored. Additionally, it
shouldbe borne in mind that if recti�er or battery main-
tenanceis performed,an additional, transportable backup
powersourcehasto beconnected.Thecon�gurationshown
in Fig. 1b is morereliabledueto theaddedredundancy. It
allows to disconnectonerecti�er unit or onebattery with-
out any disturbancesto the PE supply. The con�guration
shown in Fig. 1c is the most reliable,but at the sametime
the most expensive. It relies on two independentpower
systemsandtwo independentmainsnetworks.
In orderto increasethe level of AC voltage supply reliabil-
ity evenfurtherabackupdieselgeneratormay beconnected
to thesystemvia anautomaticswitch [1], [2]. Batteriesare
thesourceof power during mainsfailures.Therefore,their
key featuresshould include long battery lif e, low overall
costs of purchaseandoperation,aswell assafety of use.

It shouldbe notedthat battery weight is not an important
factorin this particular case.Hence,lead-acidbatteriesful-
�ll all the requirementsmentionedabove. They are char-
acterized by high power densityof up to 0.1 kWh/kg and
by low internal resistance. Despiteof advancedtechnolo-
giesrelying on otherbattery chemistries,i.e. NiCd, NiMH,
Li-Ion and Li-Po, lead-acidbatteries remain the primary
standby sourceof energy in telecommunicationspowersup-
ply systems.

3. VLRA Batteries

Floodedlead-acidbatterieshave beenusedin the telecom-
municationssectorfor about 100 yearsnow. Becauseof
their opendesign,they must be installed in separate,ven-
tilated and securedrooms. The �rs t leak-proof, valve-
regulatedlead-acid(VRLA) batteries �rs t appearedin the
1960sin theUSA, but they only beganto beusedonawider
scalein Europein the1990s.It is di�cult to say if VRLA
batteries are signi�cantly superior to the ooded variety,
but they o�er certain advantages which have contributed
to their widespreaduse. VRLA batteries have a shorter
lif etime,but their maintenancecost is lower. They do not
require separate,specialrooms,but thereis a needto pro-
vide oat voltage thermal compensation.VRLA units can
beinstalledin roomsusedby sta� or otherelectronicequip-
ment, but in a designatedarea. Adequate room must be
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Fig. 1. Examplesof power system con�gurations.

provided aroundthe battery system to allow maintenance,
including the exchange of blocks/cells. The arearequired
for installation of VRLA batteries can be smaller than in
the caseof their ooded counterparts. The battery canbe
placedvertically or horizontally and can be stacked with
the useof a dedicatedrack enclosure.
All lead-acidbatteries have a de�ned maximum storage
time of six monthsat the temperatureof 18{30� C. By the
end of that period, batteries shouldbe either installed or
charged. Therefore,it is important to schedulethedelivery
of batteriesto thesiteandtheir dateof productionasclose
aspossibleto the dateof actualinstallation.
Two primary typesof VRLA batteriesexist, relying on gel
and AGM technologies. In the caseof the gel technol-
ogy, silica dust is addedto the electrolyte, forming a thick
putty-likegel. TheAbsorbedGlassMat (AGM) technology
employs a �berglassmeshbetweenthe individual battery
plates.The meshabsorbsandretainsthe electrolyte. Both
technologieso�er similar advantagesanddisadvantagesin
comparison to conventionalbattery types.

4. Battery ConditionMonitoring

To improveoperationalfunctionalityof batteriesandto pro-
tect them against damage, the usededicatedequipment is
required. A relevant device can be integrated within the
power supply system, may constitute a part of the battery
itself, or may be installed as additional, stand-alonetest
equipment[3], [4]. The following parameterscanbe mon-
itored with useof this equipment:

� battery voltage,

� charging/discharging current,

� ambienttemperature,

� all cell/block voltagesandtemperatures,

� AC ripple current andvoltage.

Voltage and temperaturemeasurementspertaining to all
cells/blocks enhanceassessmentof battery cell balancing
and help detect damaged cells. Comparisons of battery
string temperatures,in turn, allow for detectionof thermal
runaways.
Specializedcircuitsareusedin orderto improvecell voltage
balancing. They reducecell voltage if it is higher than
the prescribed limit value while the battery is charging.
Balancersarealsousedin which the cells with the lowest
voltage levels are charged with higher current in order to
manage cell voltage moree�ectively [3], [5], [6].
Generally speaking,monitoring systemsarecapableof in-
dicating the actual condition of the batteries, but do not
reect their actualcapacity.

5. Key ParameterMeasurements

All battery manufacturersrecommendperiodic check of
batteries conditionincluding:

� leaks,

� veri�cation of cell interconnectionresistance,

� battery capacitymeasurements.

Battery maintenancealways requiresthat periodic site vis-
its bepaid(evenonunmannedsites),butattemptsaremade
to minimize themaintenancetime. It is recommendedthat
only a few measurementsbemadeto evaluatethecondition
of a battery, with a particular focuson its capacityandthe
remaining lif etime. With the accuracyof all crucial pa-
rametermeasurements,the time and cost of tests, as well
asthe needto mitigatetest-relatedrisks taken into consid-
eration,one may concludethat no single methodmeeting
all the requirementsexists [4], [7], [8]. Therefore, internal
resistancemeasurementsanddischarge tests areamongthe
most commonly usedprocedures.The properties of such
methodsaredescribed in detail below.
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6. Internal ResistanceMeasurement

Thecommoninternal resistancemeasurementprocedureis
cheap,fast and safe, andusually doesnot require that the
battery undergoingthetest bedisconnectedfrom thepower
system. It relies either on the analysis of DC pulsesor
on resistancemeasurementsperformedwith the useof AC
signals[5], [9]. The resistancereects not only thebattery
capacity, but also:

� grid corrosion,

� lossof active material from electrodes,

� possiblesulfation,

� temperatureincrease,

� internal short circuit,

� othercell failures.

Measurementequipment manufacturersrecommendthat
a principle be adoptedin line with which a 20% loss of
battery capacityis relatedto a 25% increasein the resis-
tanceof each cell. It is also estimated that the loss of
battery capacityis relatedto only 40% of the total inter-
nal resistance(for theentirebattery). Additionally, internal
battery resistancemay vary by approximately � 10% for
the sametype. Therefore, it is recommendedto measure
each cell and the entire block separately, and directly at
battery terminals. If the measurementsare performedpe-
riodically underthe sameconditions,i.e. temperatureand
charge level, it is possibleto identify deterioration of the
cells basedon historical dataanalysis. Unfortunately, re-
search fails to prove that the internal resistancetest may
be consideredan equivalent of the battery capacitymea-
surementthat relieson the discharge test. Hence,it is not
commonly usedto actualbattery capacityassessment.

7. Discharge Test

Thedischarge test is theonly reliablemethodusedto eval-
uateactualbattery capacitywith a high degreeof accuracy.
It takesa longtimeto perform { evenupto 20hours.While
the measurementsare performed, the battery needsto be
disconnected,which resultsin a considerabledepletionof
the amountof reserve energy availableon site. A few test
proceduresandequipmentsetupsmay be employed,which
canprovide resultscharacterizedby a varying degreeof ac-
curacy. Thecost of themeasurementsperformedmay vary
as well. Examplesof the test proceduresare presented
below.

7.1. Discharge TestBuilt into the Power System

Modern DC power systemso�er anadvancedfunctionality
enablingthe e�cient useof energy from VRLA batteries,
referred to as the \battery test". This function is capa-
ble of controlling the poweredequipmentbasedon prior-
ity levels assigned(e.g.critical equipmentandnon-critical

equipment). The test may be run periodically, e.g. after
a prolonged mains failure, or on-demand.Charging volt-
age may be boosted or reduced.
Thetest is basedon a simultaneous,partial discharge of all
batteries(up to 50%of thebatteries' designcapacity).Dur-
ing the test, the output voltage of the power system's rec-
ti�er is temporarily reducedto the pre-programmedvalue,
e.g. 44 V. If the batteries manage to keep the telecom-
municationsequipmentpoweredup, over a pre-de�nedpe-
riod of time, with the voltage remaininghigher than the
recti�er-provided value, the test result is deemedpositive.
If the battery voltage drops below the recti�er-fed value,
over a period of time that is shorter thanspeci�ed, the test
result is considerednegative.
Powerconsumptionof modern telecommunicationssystems
remainsconstant. Therefore,theamountof energy drained
from batteries canbe measuredquite easily. Interpretation
of test resultsis much easierwhencell voltage of all bat-
teries is monitored. This solution is simple and cheapto
implement,but the capacityof batteries availableat the �-
nal stages of the test is unpredictable.Therefore, the real
battery capacityis unknown.

7.2. Discharge TestUsing Battery Discharger

In order to determine the real capacity of a battery,
a discharge with the current of 0.1 C is usually performed
[10]{[12] . There are many types of battery dischargers,
but in general, all of them are passive and rely on the
transformationof power into heat.Themajority of modern
battery dischargers are equippedwith monitoring circuits
that measurethe following parameters:battery voltage, in-
dividual cell voltage, discharging current andbattery tem-
perature.Hence,they arecapableof working out the bat-
tery capacity. It is possibleto set thresholdvaluesfor the
parametersreferredto above,andto programthedischarger
to discontinuethe test if oneof themis reached. This sim-
pli�es the entire test procedureand allows to protect the
battery from damage causedby excessive discharge. An
exampleof the discharger unit that can sink up to 120 A

Fig. 2. Battery discharger with nominalcurrent of 120 A.
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Fig. 3. Stand-alonebattery ATE: (a) up to 160 A and(b) up to 50 A.
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Fig. 4. Power system with ATE (a) stand-aloneTBA160-IŠ and(b) built-in test functionality (TBA-ST).

from 48 V batteries is presentedin Fig. 2 [13]. However,
tests performedwith the useof such devicesaretime con-
suming,asthefull test procedurerequiresthatseveralsteps
be completed:

� disconnectingthebattery to betestedfrom thepower
system,

� charging the battery to its full capacity,

� discharging the battery,

� re-charging the battery to restore its operationalpa-
rameters,

� reconnectingthe battery to the power system.

Unfortunately, thereturn charging processis not monitored
and battery energy e�ciency cannot be assessed.Each
stage of the processrequires that battery connectionsbe
altered,and that the measurementsbe activatedmanually.
One full battery test cycle takes approximately one day
to complete,which meansthat in the caseof sites with
two batteries, the power system operateswith a reduced
energy capacityfor two days. Therefore,often only partial
dischargesareperformed.

It needsto be addedthat large amountsof heat are dis-
sipatedin the courseof the test, which increasesambient
temperaturein theroomand,of course,thebattery temper-
ature. The above meansthat not only all discharge energy
is lost, but that air conditioningsystemsin useon the site
consumemorepower aswell.

7.3. Battery TestAutomation

The entire battery test cycle can be automated,thanksto
the use of sophisticated testers, either of the stand-alone
variety, or onesthat are built-in to the power supply sys-
tem. TBA-IL is anexampleof astand-aloneportabledevice
designedto measurereal capacityof batteries at telecom-
municationssites(Fig. 3). The device canbe connectedto
the battery andthe power system via universale xible ca-
bles,or with theuseof a dedicatedterminal box. As men-
tioned above, the battery undergoing the test needsto be
disconnectedfrom the power system. TBA160-IŠ wasde-
velopedwithin the framework of a projecttitled \ The new
generationof VRLA battery control devices for telecom-
municationspower systems", and was subsidizedby the
EuropeanUnion underthe Innovative Economy Operating
Program [14].
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The test unit canoperatein a full automaticmode(Auto-
matedTest Equipment) { Fig. 4a. All input parameters
andmeasurementresultsarestoredin its memory andmay
be transferred to a local or remotePC by meansof the
LAN-WAN interface. The unit presentedin Fig. 3 is very
e�cient { energy discharged from the battery is returned
to the power system andlessthan5% energy is dissipated
in the form of heat. The enclosureof the device is also
smallerthanthat of a typical resistive discharger.
TheATE test device may beintegratedwith thepower sys-
tem, as shown in Fig. 4b. In this case,it is supervised
by a power system controller and managed by the main-
tenancecenter. In such a case,the ATE comprisesonly
abidirectionalpowerconverterandrelevantsensors.There-
fore, the built-in test device can be a few times cheaper
thanthestand-aloneversion.Automatedbattery switch-o�
functionality is anotherof the advantagesof this particular
con�guration. No manualoperationis required, and the
switching-o� processis initiated by thepower system con-
troller. However, thereare certain restrictions inherentin
this solution. Theonly drawback is thefactthatthebuilt-in
unit is capableof controlling batteries with the maximum
capacityof 1000Ah.

8. UniversalModule for
Charging/Discharging Batteries

TheNationalInstitute of Telecommunications(ITL) boasts
extensive experiencein designingdevices for testing bat-
teries usedat telecommunicationssites. ITL cooperates
with the ElectronicPower and Market (EP&M) company.
A consortium led by ITL won a contract from the Na-

Fig. 5. Universalbattery charging/discharging module.

tional Centrefor Research andDevelopmentfor designing
a \Control systemsfor telecommunicationssite energy re-
serve solution- SKOT". TBA-A with themoduleshown in
Fig. 5 wasdevelopedwithin the framework of this project,
which can serve as a TBA-ST device integratedwith the
power system. Therearesimilar solutionsavailableon the
market, i.e. [15], but ITL TBA-ST ATE o�ers optimized
functionality. The TBA-ST is dedicatedfor mediumsize
telco sites and it is capableof driving/sinking current of
up to 50 A. Whencombinedwith theTBA-W control unit,
the TBA-A moduleforms anotherATE unit. Its �r mware
wasalsodevelopedunderthe project in question.

Thecoreof theTBA-A hastheform of a bidirectionaladdi-
tive/subtractive power converter basedon T1{T4 switching
transistors,L1 inductorandC1{C2 capacitors.Theswitch-
ing processis controlledby the PWM circuit at the �x ed
frequencyof 35 kHz, enablingoutput voltage to be regu-
lated, and the energy from the tested battery (either Bat-
tery 1 or Battery 2) to betransferredto thepowersystemor
in the reversedirection. The charging anddischarging cur-
rentis stabilizedby usingahighaccuracyLEM currentsen-
sor. The input andoutputvoltage is monitoredfor exceed-
ing thresholdvalues. The power conversionis controlled
by the STM32F103VE 32 bit microcontroller. It gener-
atesPWM waveforms,readsbattery voltage, power system
voltage, each cell/block voltage and charging/discharging
current from theLEM transducer. It alsoo�ers anexternal
communicationsinterface. All parametersandoperational
modescan be transferred remotely via the RS232/485in-
terface. The serial port is usedalso for downloadingthe
measurementresults.TheTBA-A is alsoequippedwith an
additionalRS232port usedfor servicing. More detailsare
presentedin Fig. 6 andin [16].

The �r mware of the device presentedabove constitutes is
core component,as it controlsthe bidirectionalconverter.
It was developedbasedon the authors' extensive experi-
ence. The �rs t power converter dedicatedto charging/dis-
charging batteries wasdevelopedby ITL 15 yearsagoand
weighedapproximately 10 timesmorethanthe current so-
lution [6], [17]{[19]. The useof fast MOSFETtransistors
with internaldiodes,the32-bitARM-basedmicrocontroller
and sophisticated�r mware hasenabledto develop a very
small, light andpowerful unit.

Voltages of the batteries (B1 and B2 in Fig. 6) and cells
(a1: : :a4, b1: : :b4) are measuredwith the accuracybetter
than 1%. The real capacitycalculatedin relation to the
capacityat 20� C is saved with the accuracy2%. In ad-
dition, the device calculatesworks out the energy of the
discharged battery. The test device o�ers high energy ef-
�ciency. About 95% of the discharged energy is returned
to the power system to supply telecommunicationsequip-
ment. As no heat is generated,the measurementcondi-
tions remain very stable. The room itself and especially
the battery are not exposedto any additionalheat,which
meansthat the air conditioneroperatesunderstableambi-
ent conditions. The TBA-ST ATE device was developed
underthe \Monitor ing system for telecommunicationssite
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energy reserve solutions{ SKOT" project. Theprojectwas
implementedby the National Institute of Telecommunica-
tionsandtheEP&M company, andwasco-�nancedby the
EuropeanRegionalDevelopmentFundundertheInnovative
Economy OperationalProgram.

9. Deepor Partly Battery Discharge

Theprimary objectiveof thestudy is to evaluatetheenergy
reservesstoredin the battery. It is usually assumed,in the
caseof telecommunicationspower systems,that thebattery
remainsoperationalif its capacity(Q) is not lowerthan80%
of ratedvalueat thedischargecurrentof 0.1C. Thatis why
the designedbattery capacityis 20% greater. It enablesto
achievetherequiredcapacitywithin thepowersystemat the
end of the battery's lif etime declaredby its manufacturer.
Due to the adverse operatingconditions, some batteries
fail to achieve the average declaredlif e expectancy, but
a signi�cant portion of them remainoperationaluntil the

end of the speci�ed period. It should be noted that the
e�ciency of each battery is determinedby theconditionof
its weakest cell.
Figure 8 shows the resultsof checks performedon various
batteries ratedat 48 V/1000 Ah after operationleadtimes.
Thedrawingspresentcell voltagesduring thedischargeand
charge test underthe sameconditions. The cell discharge
cut-o� voltage was set at 1.80 V. If the voltage of any of
thetestedcellsdropsbelow thatvalue,thebattery discharge
stops.
The initial charging current wasset at 0.1 C (100 A), the
�nal charging battery voltage was56.00V, andthehighest
cell voltage was set at 2.38 V. If either the voltage of the
battery reaches56.00 V or any the voltage of any of the
cells is equal to 2.38 V, the charging current is decreased
andthe charging processis stopped.
The discrepanciesbetween cell voltage characteristics
shown in Fig. 8 tend to increasewith time of use, and
with the reducedbattery capacity. It canalsobe notedthat
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Fig. 8. The resultsof inspectionof various 48 V/1000 Ah batteries.

in the �rs t stage of the discharging process,cell voltages
are usually similar and do not suggest a failure of any of
the cells. Moreover, the voltage of smallercapacitycells
recordedduring the �rs t stage of discharge processmay be
higher than that of higher capacitycells. Such a caseis
presentedin Fig. 9. The cell with the lowest voltage in the
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Fig. 9. Detaileddischarge characteristics of a 700 Ah battery.

�nal stage of the discharge phase(after 360 minutes)has
thesmallest capacity. But in the �rs t stage of thedischarg-
ing process,thevoltageof thisparticularcell wasgood,and
noevidenceenablingto predictits reducedcapacityexisted.
This meansthat is not easy, or evenimpossible,to evaluate
battery parameters,especially its capacity, basedon thecell
voltage chart during the�rs t stage of thedischarge process.
The National Institute of Telecommunications[20] has
performed research focusingon this particular issue,but
no e�ective algorithm to predictthebattery capacitybased
on short discharge resultsonly hasbeendevelopedyet.

10. Conclusions

Currently, the discharge test methodremainsthe only re-
liable way to evaluatethe real capacityof batteries. Such
a measurementmethodrendersresultswith the accuracy
of � 2%, a level that is unattainablein the caseof re-
mainingmethods.Unfortunately, measurementsmadewith
dischargers or stand-alonetesters are expensive and time
consuming.The useof a measurementmodulethat is in-
tegratedwith thepower supply systemcansigni�cantly re-
ducethe cost of testing batteries to the level that is com-
petitive with alternative solutions.
The methodpresentedand the ATE testers do not reduce
the measurementlead time, but o�er the opportunity to
stop the test at any given moment,e.g. if the continuity of
powersupply is jeopardized.Oncethetest is completed,the
battery is reconnectedto the power system andthe reserve
power is increased.
The measurementmodule enablesalso to disconnectthe
battery remotely, shoulda needarise.
Thesebene�ts make the application of the ATE system
very pro�table in the caseof remotetelecommunications
facilities.
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