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Abstract|The article presents numerous problems with

standby batteries used in telecommunications systems, with

a particular emphasis placed on the assessmenof their real
capacity. The methods usedto evaluate the technical condition

of batteries and to measuie their real capacity are presented.
Also, the a new test device which measuresthe actual battery

capacity is presented. The said measuementis basedon the

discharge test method and is performed with the useof a new

TBA-A automated test unit. The article is targeted for elec-
tronic designers,managers and telecommunicationshardware
maintenance personnel, as well as for other telecommunica-
tions systemsexperts.

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

1. Introduction

Nowadgs, a high degee of reliability is an aspectof key
signi cancein thedelivery of telecommunicationsewices.
Thismeanghattelecommunicationsystemsshouldremain
poweredevenif a mainsfailure occurs.Lead-acidbatteies
are the mog popularbad-up enegy sourceandit is ex-
pectedthatsud battefeswill remainin usefor alongtime
to come,in spiteof introduction,to the market, of new bat-
tery typesand new resewe power sourcechemigries. The
abore meanghatthe problemof maintenancef goodlead-
acid battefes till remainsanissueof high importance.

2. Batteies Usedin
TelecommunicationSystems

Telecommunicationssystems should ensure continuous
availability of sewices. This appliesboth to commercial
sewices o ered to the generalpublic, and to emegency
sewicessuppliedover critical infragructurenetworks. That
meanghattelecommunicationsystemsshouldbe powered
without ary interruptions.

Telecommunicationsystems are powvered by ingtallations
relying on recti er-basedpower systems (PS) and a hum-
ber of battefes connectedn parallel. The battefes should
be ableto provide badkup for a given telecommunications
systemfor a few hoursor more. Whenthe mainsvoltage is
presentPSsuppl enegy to thetelecommunicationecuip-
mentandto the battefes associatedherevith. Undersud
conditions,the recti er provides oat voltage (about54 V)
to the batteies, preventingtheir self-disharge.
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Figure 1 shaws threebasiccon gurationsof power systems
dedicatedo useon telecommunicationsites. The simples
structure,andthustheleag reliable,is presentedn Fig. la.
In the caseof a mainsfailure, the poweredequipment(PE)
is suppliedfrom the battey until either the battey dis-
chamges or the mainsvoltage is redored. Additionally, it
shouldbe bome in mind that if recti er or battey main-
tenanceis performed, an additional, transpotable badkup
power sourcehasto beconnected.The con gurationshovn
in Fig. 1bis morereliabledueto the addedredundancyt
allows to disconnecbnerecti er unit or one battey with-
out ary disturbancedo the PE supply. The con guration
shavn in Fig. 1cis the mod reliable,but at the sametime
the mog expensie. It relies on two independentpower
systemsandtwo independenmainsnetworks.

In orderto increasehelevel of AC voltage suppy reliabil-
ity evenfurtherabadup dieselgeneratomay beconnected
to the systemvia anautomaticswitch [1], [2]. Batteiesare
the sourceof power during mainsfailures. Therebre, their
key featuresshouldinclude long battey life, low overall
cogs of purchaseandoperation,aswell assakty of use.

It shouldbe notedthat battely weight is not an important
factorin this particular case.Hence |ead-acicbatteiesful-
[l all the requirementsmentionedabore. They are char
acteized by high power densityof up to 0.1 kWh/kg and
by low intemal resigance. Despiteof advancedtecinolo-
giesrelying on otherbattey chemigries,i.e. NiCd, NiMH,
Li-lon and Li-Po, lead-acidbattefes remainthe primary
standly sourceof enepgy in telecommunicationpower sup-

ply systems.

3. VLRA Batteies

Floodedlead-acidbatteies have beenusedin the telecom-
municationssectorfor about100 yearsnow. Becauseof
their opendesign,they mud be ingtalled in separateyen-
tilated and securedrooms. The rst leakproof, valve-
regulatedliead-acid(VRLA) batteies rst appearedn the
1960sin the USA, butthey only beganto beusedonawider
scalein Europein the 1990s.1t is di cult to sa if VRLA
batteies are signi cantly supefor to the ooded variety,
but they o er certain advantages which have contributed
to their widespreaduse. VRLA batteies have a shoter
lif etime, but their maintenancecog is lower. They do not
require separatespecialrooms,but thereis a needto pro-
vide oat voltage themal compensationVRLA units can
beingalledin roomsusedby sta or otherelectronicequip-
ment, but in a designatedarea. Adequate room mug be
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Fig. 1. Examplesof power system con gurations.

provided aroundthe battey system to allow maintenance,
including the exchange of blodks/cells. The arearequired
for installation of VRLA battefes can be smallerthanin
the caseof their ooded counteparts. The battely canbe
placedvettically or horizontally and can be stadked with
the useof a dedicatedad enclosure.

All lead-acidbattefes have a de ned maximum storage
time of six monthsat the temperaturef 18{30 C. By the
end of that period, battefes should be either installed or
chamged. Therebre, it is importantto schedulethe delivery
of batteresto the site andtheir dateof productionasclose
aspossibleto the dateof actualingtallation.

Two primary typesof VRLA batteies exist, relying on gel
and AGM tedhnologies. In the caseof the gel technol-
ogy, silica dug is addedto the electroyte, forming a thick
putty-like gel. The AbsorbedGlassMat (AGM) technology
emplgss a berglassmeshbetweenthe individual battesy
plates. The meshabsorbsandretainsthe electroyte. Both
technologieso er similar advantagesand disadwantagesin
compaisonto conventionalbatte types.

4. Battery Condition Monitoring

To improve operationafunctionality of batteiesandto pro-
tect them agping damag, the use dedicatedequipmentis
required. A relevant device can be integrated within the
power suppy system, may congitute a part of the battey
itself, or may be ingtalled as additional, sand-aloneted
equipment[3], [4]. Thefollowing parameterganbe mon-
itored with useof this equipment:

battey voltage,

chamging/distamging current,
ambienttemperature,

all cell/blok voltagesandtemperatures,
AC ripple currentandvoltace.
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Voltage and temperaturemeasurementpetrtaining to all
cells/bloks enhanceassessmenf battely cell balancing
and help detectdamagd cells. Compaisons of battely
string temperaturesn turn, allow for detectionof themal
runawvays.

Specializedtircuitsareusedin orderto improve cell voltage
balancing. They reducecell voltage if it is higher than
the prescibed limit value while the battey is chamging.
Balancersare alsousedin which the cells with the lowed
voltage levels are charged with higher current in orderto
manag cell voltage moree ectively [3], [5], [6]-
Generaly speakingmonitoring systemsare capableof in-
dicating the actual condition of the batteies, but do not
re ect their actualcapacity

5. Key ParameteiMeasurements

All battey manugcturersrecommendperiodic ched of
battefes conditionincluding:

leaks,
veri cation of cell interconnectiorresitance,
battely capacitymeasurements.

Battely maintenancealways requiresthat periodic site vis-

its be paid (evenon unmannedites),but attemptsaremade
to minimize the maintenancéime. It is recommendedhat
only afew measurementse madeto evaluatethe condition
of a battey, with a patticular focuson its capacityandthe
remaininglifetime. With the accuracyof all crucial pa-
rametermeasurementghe time and cog of teds, aswell

asthe needto mitigateted-relatedrisks taken into consid-
eration,one may concludethat no single methodmeeting
all the requirementsexists [4], [7], [8]. Therebre,intemal

resigancemeasurementanddischarge teds areamongthe
mog commony usedprocedures.The propeties of sudh

methodsare descibed in detail below.
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6. Intemal ResitanceMeasurement

The commonintemal resigancemeasuremerprocedurds
cheap,fag and sak, and usually doesnot recuire that the
battely undegoingtheted be disconnectedrom the power
sysem. It relies either on the anaysis of DC pulsesor
on resigancemeasurementgerformedwith the useof AC
signals[5], [9]. Theresidancere ects not only the battey
capacity but also:

grid corrosion,

loss of active mateial from electrodes,
possiblesulfation,
temperaturencrease,

intemal shott circuit,

othercell failures.

Measurementequipment manufcturersrecommendthat

a principle be adoptedin line with which a 20% loss of

battey capacityis relatedto a 25% increasein the resis-
tanceof eat cell. It is also edimated that the loss of

battey capacityis relatedto only 40% of the total inter

nal resigance(for the entirebatter). Additionally, intemal

battey residancemay vary by appraimately 10% for

the sametype. Therebre, it is recommendedo measure
ead cell and the entire blodk separatsf, and directly at

battey teminals. If the measurementare performed pe-

riodically underthe sameconditions,i.e. temperatureand

chamge level, it is possibleto identify deteforation of the

cells basedon historical dataanaysis. Unfortunatey, re-

seart fails to prove that the intermal resigancetes may

be consideredan ecuivalent of the battey capacitymea-
surementhat relieson the discharge tes. Hence,it is not

commony usedto actualbattely capacityassessment.

7. Dischage Ted

The discharge ted is the only reliablemethodusedto eval-
uateactualbattely capacitywith a high degeeof accuracy
It takesalongtimeto perform { evenupto 20 hours. While
the measurementare performed, the battey needsto be
disconnectedwhich resultsin a considerablelepletionof
the amountof resere enegy availableon site. A few teg
proceduregndequipmentsetupsmay be emplo/ed, which
canprovide resultscharacteizedby avarying degeeof ac-
curacy The cogd of the measurementgerformedmay vary
as well. Examplesof the ted proceduresare presented
below.

7.1. Discharge TestBuilt into the Power System

Modem DC power systemso er anadwancedfunctionality
enablingthe e cient useof enegy from VRLA batteies,
refered to as the \battery teq". This function is capa-
ble of controlling the powveredequipmentbasedon prior-
ity levels assignede.g. critical equipmentand non-citical
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equipment). The tes may be run periodically, e.g. after
a prolonged mainsfailure, or on-demand.Chaging volt-
age may be booged or reduced.

Theted is basedon a simultaneouspatrtial dischamge of all
batteres (up to 50% of the battefes designcapacity).Dur-
ing the ted, the output voltage of the power system's rec-
tier is temporaily reducedto the pre-progammeadvalue,
e.g. 44 V. If the batteies mana@g to keep the telecom-
municationsequipmentpoweredup, over a pre-de nedpe-
riod of time, with the voltage remaininghigher than the
recti er-provided value, the teg resultis deemedpositive.
If the battey voltage dropsbelown the recti er-fed value,
over a petiod of time thatis shoter thanspeci ed, the teg
resultis considerechegtive.

Power consumptiorof moden telecommunicationsystems
remainscongant. Therebre,the amountof enegy drained
from batteies canbe measuredjuite easiy. Intempretation
of ted resultsis much easierwhen cell voltage of all bat-
teries is monitored. This solutionis simple and cheapto
implement,but the capacityof batteies availableat the -
nal stages of the teg is unpredictable. Therebre, the real
battely capacityis unknown.

7.2. Discharge TestUsing Battery Discharger

In order to detemine the real capacity of a battew,
a dischamge with the currentof 0.1 C is usualyy peformed
[10){[12]. There are mary types of battey dischamgers,
but in general, all of them are passie and rely on the
transbrmationof powerinto heat. The mgority of moden
battey discharmgers are equipped with monitoring circuits
that measurehe following parametersbatter voltage, in-
dividual cell voltage, dischaging current and battely tem-
perature.Hence,they are capableof working out the bat-
tery capacity It is possibleto setthresholdvaluesfor the
parameterseferredto abose, andto programthe dischamger
to discontinuethe ted if oneof themis reated. This sim-
plies the entire teg procedureand allows to protectthe
battey from dama@g causedby excessie dischaige. An
exampleof the dischaiger unit that can sink up to 120 A

Fig. 2. Battery dischaiger with nominalcurrent of 120 A.
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Fig. 4. Power system with ATE (a) stand-aloneTBA160-1S and (b) built-in teg functionality (TBA-ST).

from 48 V battefesis presentedn Fig. 2 [13]. However,
teds peformedwith the useof sut devicesaretime con-
suming,asthefull ted procedureequiresthatseveral steps
be completed:

disconnectinghe battey to beteged from the power

system,
chamging the battey to its full capacity
dischaming the battes,

re-chamging the battel to regore its operationalpa-
rameters,

reconnectinghe battey to the power system.

Unfortunatey, the retum chaiging processs not monitored
and battely enegy e ciency cannotbe assessed.Ead

stage of the processrequires that battey connectionsbe
altered,and that the measurementbe activated manualy.

One full battey teg cycle takes apprximately one day

to complete,which meansthat in the caseof sites with

two batteies, the power system operateswith a reduced
enegy capacityfor two days. Therebre, often only pattial

dischamgesare performed.
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It needsto be addedthat large amountsof heatare dis-
sipatedin the courseof the ted, which increasesambient
temperaturen theroomand,of course the battely temper
ature. The abore meansthat not only all dischaige enegy
is lost, but that air conditioningsystemsin useon the site
consumemore pover aswell.

7.3. Battery TestAutomation

The entire battey teg cycle can be automatedthanksto

the use of sophigicatedtegers, either of the stand-alone
variety, or onesthat are built-in to the power suppy sys-

tem. TBA-IL is anexampleof astand-alonegportabledevice

designedto measurereal capacityof batteies at telecom-
municationssites(Fig. 3). The device canbe connectedo

the battey andthe power system via universal e xible ca-

bles,or with the useof a dedicatederminal bax. As men-
tioned above, the battely undegoing the teg needsto be

disconnectedrom the power system. TBA160-1S was de-

velopedwithin the framenork of a projecttitled \ The new

generationof VRLA battey control devices for telecom-
municationspower systems"”, and was subsidizedby the

EuropeanUnion underthe Innovative Econony Operating
Progam [14].
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The teg unit canoperatein a full automaticmode (Auto-
mated Ted Equipment){ Fig. 4a. All input parameters
andmeasurementesultsare storedin its memory andmay
be transkmred to a local or remote PC by meansof the
LAN-WAN interface. The unit presentedn Fig. 3 is very
e cient { enegy discharged from the batte is retumed
to the power system andlessthan5% enegy is dissipated
in the form of heat. The enclosureof the device is also
smallerthanthat of a typical resigive dischamer.

The ATE teg device may beintegratedwith the power sys-
tem, as shawn in Fig. 4b. In this case,it is supevised
by a power system controller and managd by the main-
tenancecenter In sud a case,the ATE compiisesonly
abidirectionalpower corverterandrelevantsensorsThere-
fore, the built-in ted device can be a few times cheaper
thanthe stand-aloneversion. Automatecdbattery switch-o
functionality is anotherof the advantagsof this patticular
con guration. No manualoperationis required, and the
switching-o processs initiated by the power system con-
troller. However, thereare certtain regrictions inherentin
this solution. Theonly dravbad is thefactthatthe built-in
unit is capableof controlling battefes with the maximum
capacityof 1000 Ah.

8. UniversalModule for
Chaging/Disdaging Battelies

The NationalInstitute of TelecommunicationfTL) boass
extensive experiencein designingdevices for teding bat-
teries used at telecommunicationsites. ITL cooperates
with the Electronic Power and Market (EP&M) compayy.
A consotium led by ITL won a contractfrom the Na-

T2 Tm 715
[ L ]

) v
‘g moduf “A30"

[ B

Fig. 5. Universalbattey chaging/disdaiging module.
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tional Centrefor Researh and Developmentfor designing
a\Control systemsfor telecommunicationsite enegy re-
sewne solution- SKOT". TBA-A with the moduleshavn in

Fig. 5 wasdevelopedwithin the framework of this project,
which can sewve asa TBA-ST device integatedwith the
power system. Thereare similar solutionsavailable on the
market, i.e. [15], but ITL TBA-ST ATE o ers optimized
functionality The TBA-ST is dedicatedfor medium size
telco sitesand it is capableof driving/sinking current of

up to 50 A. Whencombinedwith the TBA-W control unit,

the TBA-A moduleforms anotherATE unit. Its r mware
was alsodevelopedunderthe projectin quegion.

Thecoreof the TBA-A hasthe form of a bidirectionaladdi-
tive/subtractie power corverter basedon T1{T4 switching

transigors, L1 inductorandC1{C2 capacitors.The switch-

ing processis controlledby the PWM circuit at the x ed
frequencyof 35 kHz, enablingoutput voltage to be regu-
lated, and the enepgy from the teded battey (either Bat-
tery 1 or Battery 2) to betranstrmedto the powver systemor

in the reversedirection. The chaiging anddischaiging cur

rentis stabilizedby usingahighaccuracyLEM currentsen-
sor. The input and outputvoltage is monitoredfor exceed-
ing thresholdvalues. The power corversionis controlled
by the STM32F103VE 32 bit microcontroller It gener

atesPWM waveforms, readsbattery voltage, power system
voltage, ead cell/blok voltage and chamging/disharging
cumrentfrom the LEM transducerlt alsoo ers anextemal

communicationgnterface. All parameter&nd operational
modescan be transémred remotey via the RS232/485n-

terface. The seifial port is usedalso for downloadingthe
measurementesults. The TBA-A is alsoequippedwith an
additionalRS232port usedfor sewicing. More detailsare
presentedn Fig. 6 andin [16].

The r mware of the device presentedabore conditutesis

core componentasit controlsthe bidirectional corverter.

It was developedbasedon the author$ extensive experi-

ence. The rst power corverter dedicatedo chamging/dis-
chamging battefes was developedby ITL 15 yearsagoand
weighedappraximately 10 times morethanthe current so-
lution [6], [17]{[19]. The useof fag MOSFET transisors
with intemal diodes the 32-bit ARM-basedmicrocontroller
and sophisicated r mware hasenabledto develop a very

small, light and powerful unit.

Voltages of the battefes (B1 and B2 in Fig. 6) andcells
(al::a4, bl:::b4) are measuredvith the accuracybetter
than 1%. The real capacity calculatedin relation to the
capacityat 20 C is saved with the accuracy2%. In ad-
dition, the device calculatesworks out the enegy of the
dischaged battey. The teg device o ers high enegy ef-
ciency. About 95% of the discharged enegy is retumed
to the power system to suppl telecommunicationgquip-
ment. As no heatis generatedthe measurementondi-
tions remainvery stable. The room itself and especialf
the battey are not exposedto ary additional heat, which
meansthat the air conditioneroperatesunder stable ambi-
ent conditions. The TBA-ST ATE device was developed
underthe \Monitor ing system for telecommunicationsite
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enegy resewre solutions{ SKOT" project. The projectwas
implementedby the National Ingtitute of Telecommunica-
tionsandthe EP&M compaly, andwasco- nancedby the
EuropearRegionalDevelopmentrundunderthe Innovative
Econony OperationalProgam.

9. Deepor Partly Battely Dischage

The primary objective of the study is to evaluatethe enegy
reservesstoredin the battey. It is usualy assumedin the
caseof telecommunicationpower systems,thatthe battely
remainsoperationalf its capacity(Q) is notlowerthan80%
of ratedvalueat thedischaige currentof 0.1 C. Thatis why
the designedbattely capacityis 20% greater It enablego
adhieve therequiredcapacitywithin the power systematthe
end of the battey's lif etime declaredby its manufcturer
Due to the adwerse operatingconditions, some batteies
fail to achieve the averag declaredlife expectancy but
a signi cant portion of them remain operationaluntil the
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end of the speci ed period. It should be noted that the
e ciency of eat battey is deteminedby the conditionof
its wealeg cell.

Figure 8 shaws the resultsof cheds performedon various
battefesratedat 48 /1000 Ah after operationleadtimes.
Thedrawingspresentell voltagesduring the dischaige and
chame ted underthe sameconditions. The cell dischage
cut-o voltage wassetat 1.80 V. If the voltage of ary of
thetededcellsdropsbelow thatvalue,the battely dischamge
stops.

The initial chamging currentwassetat 0.1 C (100 A), the
nal charmging battely voltage was56.00V, andthe highes
cell voltage wassetat 2.38 V. If eitherthe voltage of the
battey reahes56.00V or ary the voltage of ary of the
cellsis equal to 2.38V, the chamging currentis decreased
andthe chamging processs stopped.

The discrepanciesbetween cell voltage characteistics
shavn in Fig. 8 tend to increasewith time of use, and
with the reducedbattely capacity It canalsobe notedthat
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Vicell V/cell Vicell
2.3 2.3 23
2.2 2.2 2.2
2.1 2.1 21
2.0 2.0 2.0
1.9 1.9 1.9
1.8 Q = 36% 1.8 Q=70% 1.8

Fig. 8. Theresultsof inspectionof various 48 V/1000 Ah battefes.

in the rst stage of the dischamging process,cell voltages
are usualy similar and do not suggeg a failure of ary of
the cells. Moreover, the voltage of smaller capacitycells
recordedduring the rst stage of dischamge procesamay be
higher than that of higher capacitycells. Sud a caseis
presentedn Fig. 9. The cell with the loweg voltage in the

2.3
2.25
2.2
2.15
2.1
2.05

2.0

Cell voltage [V]

1.95
1.9
1.85

18

1 3 530 75 120 180 240 300 360 420 476
Time [min]

Fig. 9. Detaileddischaige characteistics of a 700 Ah battes.

nal stage of the dischamge phase(after 360 minutes)has
the smalles capacity But in the rst stage of the dischag-
ing processthevoltage of this patticular cell wasgood,and
no evidenceenablingto predictits reducedcapacityexisted.
This meanghatis not easy or evenimpossible to evaluate
battey parametersgspecialy its capacity basecon the cell

voltage chart during the rst stage of thedischarge process.

The National Institute of Telecommunicationg20] has
performed researh focusingon this patticular issue, but
no e ective algorithm to predictthe battely capacitybased
on shot discharge resultsonly hasbeendevelopedyet.
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10. Conclusions

Currently, the dischaige tes methodremainsthe only re-
liable way to evaluatethe real capacityof batteies. Sud
a measuremeninethodrendersresultswith the accuracy
of 2%, a level that is unattainablein the caseof re-
mainingmethods.Unfortunatey, measurementsadewith
dischamgers or stand-aloneteders are expensie and time
consuming. The use of a measurementodulethat is in-
tegratedwith the power supply system cansigni cantly re-
ducethe cog of teding battefes to the level thatis com-
petitive with altemative solutions.

The methodpresentedand the ATE tegers do not reduce
the measurementead time, but o er the oppotunity to
stop the teg at ary given moment,e.g. if the continuity of
powersuppy is jeopardized.Oncetheted is completedthe
battey is reconnectedo the power system andthe resere
power is increased.

The measuremenmodule enablesalso to disconnectthe
battely remotey, shoulda needarise.

Thesebene ts make the applicationof the ATE system
very pro table in the caseof remotetelecommunications
facilities.
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