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Abstracd - When 1o replace your baltery is & critical
and  inevitable decision Tor dhe  Dabery  wser.
Feplace too laie and reliability of the battery and the
systems thay serve 1o protect will be degraded
resulling i the inevilable Service  failure,
Replacemend oo eady  increases  cosis
unnecessarly, and with lypical WVRELA battery Efe
being belween 4-8 years, depanding on operabional
femmperalure, even a8 shod time period can be a
significant percentage of whole life costs.

Far the manufiecurer, replscemenl decisions also
presanl a dilemma: The replacement  Business
would certginly be apprecisied whilst on the other
hand, repes! business may well depend wpon
customer satisfaction in achieving reasonable life
and reliability in ihe first instance,

This paper describes the impodance of modem
battery mondoring techniques and the imerpretation
of data that can essist the badtery User in
determining & coberenl and cosl effective ballery

replacement sralagy.

| INTRODUCTION

The subject of Impedance andior Concuciince
measuremanis has attracied controversial debate
for more than 10 years. The  imstrumanl
manufaciurers have edolled the wvitues of this
jechrique 83 & “fued gauge”, wheraas the batbery
manufacturers have hed grave doubis about the
capabiity of fthe technigue to measure baflery
performance to the neam:s 20 percenlage poims. n
the middie of this debale. i the User who needs
soma quaniitative method of appraising his V.RLLA.
kattery stock, bul is unablea to find & solution 1o his

problerm,

BT have been studying ihe “A.C, Characlenstic”
(mpedance amdior Conductance] of V.RLA
batieries since ihe lale 1980's [1,2)). In this work,
afention was drawn to the obvious lack of definifion
between reconded capaciy and the measured “AC
Charsclenstic®. A {ypetal example af this featura is
mpmdueced in Fig.1 where it can be seen that a
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vaniation abol the mean of 30% exisls  for
conduciance and 25% for time.
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Figure 1. Depreciation of parformance with
Conductance duning Battery Service

It waas howeves & wery uSeful jechnigque to use in a
qualitative manner, and as & consequance, in joim
invastigations with thedr suppiers, and an update of
this work was published [3] st ivtelec S4  In this
work, @ coOmpanson was made betwesn fhe SAC
Characlenialic” measured on 8 seves of VRLA.
biocs and using three different types of instrument.

This infeemadion is reproduced in Fig, 2,
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Figure 2. Comparison of Instrumeants.
Intelec 84

In addifion, atlermion was drawn 10 the effects of
“Slale of Charge” In relation 10 the messurad “AC
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Characienstc’, and this information is reprodoeced n
Fig.3.
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Figure 3. State of Charge of Blocs, |Inlelec 94

Froem this work il was concluded from the results in
Fig. 2 that -

If all mstruments wede appraised on & common
basis, then their indicated measured wvalues were
comparable in relation 1o the measured capacity of
the battery.

and from the resulls in Fig, 3 it was concluded tihal -

Enormous ermars could be made If the maasuremen
of the “AC Characteristic® was carried oul in any
condition other than the fully charged stale.

Investigations hawve continued on a joint basis for the
past fowr wears and this paper provides an update an
ihe developments thet hawe taken place in the use
of A0 Characterisiic® technbgues, and their
consaquant usa n the formutation of Replacemen

Strategies.
Il MEASUREMENT PROCEDURES

The qualily of the "AC Cheraclerstic” measurament
is fundamental to the development of a relationship
bebwean il and the batery performance, which in
fum is one of the prncipal issses supporling a
replacament sirategy.

Where poriable measuring instruments are usad to
measure the “AC Chargcteristic® messurement s
influenced by the effeciiveness of the “clip on®
conneclor and the location al  which  the
measuremeend is made.

In orcler b quantify the qualidy of this measurenend,
an experiment was arranged using & blocs of each
of two differamt V.R.LA producis bul wsing the
same pillar arangemen as required by the BT type
approval. Two types of inslremen were used in the
exercise, one of the “conductance” iype and the
ather of the “impadance” bype,

The pillar connecling nuts on all the blocs were
“torgued” o manufacturers requirements, and the
location of the messurement was ecross the “flats”
of the connechor nud. In 8l cases the measure mens
wereg made by the same person, in a laborafory
environment, A set of sk messuremeants was mede
on each bloc of eighl bocs for Doth lypes of
W.R.L.A. batiery.

The aversge value, standard deviation, and range (&
x sdandard deviation), were calculated for esch sat
of measurements 1 o & for each Boc,  Similar
values were calculated for eech seres of blocs 1 fo
8 ol all readings 1 0 8 in furn. The most imponant
factor in this evaluation is the *Ranges” and the value
far the “Range” has been expressed as & % of the
redewand averade value, in order 10 elsmamae natural
diffarencas  in  walues  ansing  from  differen
instrement lechnologies. These values are shown in
Table 1 for the sets of repeal readings per blog;
Table 2 for the senes of reedings per 8 blocs; and
Table 3 for the combined population of s&ts and
serias readings.

Table 1 Ranges ansing from sels

Product Range - % of the mean
Type Conductanca Impedanca
| Instrument Instrurnent
Miax Min M M
WRLAT 49 Q 12.0 1.6
WRLAZ 8.8 o] 112 4.0

~ Tabde 2 Ranges anising from Series

Product | Range - % of the mean
Type | Conductance | Impedance
Instrament Instrurment
| Max heiri Max Min
VRLAT | 120 1i3| 146| 83
VRLAZ | 145 106 11.4 2.7

Table 3 Ranges arlsing from all data

Praduct FRange - % of tha mean

Tipe Conduciance Impedance
Instrurment Instrument

WRLA1 11.1 10.7

WRLAZ 11.4 9.4

From this exercise, Table 1 would indicate thal from
a repeatability of measurement view paind (he
conduciance Instrument would be prefemed in
{'.I:Impﬂrimﬂ to the mpedancs insiement.  However,
in Table 3, the overall results show a Tairdy close
comparison  between  both  instruments. Tha
differcnce betwesn the Max Min range % values in
Table 2 would Indicate a Etile mome consistency in
favour of the conduciance insfrument In comparison
o the impedance instrument.

It should be noted howewver that for porlable “clip on”
type instrumnents the smailest range of the mean
values for the "AC Characlenstic™ | obdained undes
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mdeal conditions |s of the order 10.5%.

As a separale exercisa, 30 differer Blocs wers
measured for conductenca in laboratary conditions
by three differant personnel, and the mesults showed
thal aversge values agreed fo within £ 0.33% and
the range of the results expressed as & % of the
average values agried la within £ 1.5%

This would indicele thet under ideal comdilzons the
smalkest % range of the mean value for the “AC
Characheristic™ would mcrease from 10.5% for one
parson measurements o 11.0% for muli-parson
MEasurements.

The quality of measurcmems has se far been
determined  under  ideal laboratory  conditions.
Howewer, under oparational condiions, where il is
offen difficull 1o achieve the recommended “chip on”
location, e smalles! % range of the mean value of
15.0% can no longer be sustained. & mecent
exercise mvalving six faily new batieries of eight
blocs per batbery, indicated that the smallest %
range of the mean valse could be between 12% and
18%. It shoukd be nated however thal the battenes
were beteeen one and heee years old, and the
wider % range valuas do reflect he condilion of the
alder Batleries.

Beference has already be made to the wse of
aversge % valees 1o eliminate nafural differences in
mstrument  technologies and this has to be
considered a5 part of the “Cuaily of Measurament”
maue, particulary whan measuremens have 1o b
faken ower the replacemant cycle of the product life,
The aclual wvalue for the &G Characierstic™ s
knoewn ko depend dpon the fallowing parametens:
s The frequency of oparation.
« The level of AC cument injected imto the
béocibatiery.
= The lewel of cument discharged from the
biccibatiery. (For those instruments using the
fegt sample 8BS 8 source of pawer)
Al ihess parameders should femain constant
throughead thee product service bfe, othensise the
guality of measuremens will be impaired to fhe
extent thet both average and % wvaluas will depart
from the relationship bétwesn “Performance” and
*AC Characteristic® 1o the exden that defining limits
for a “Replacement Shrategy” could bacoma
mnpracticatle.

Il DEFINING LIMITS

Given  fhe conclusions of  the “Quality  of
Measumements” review it would appear that fhese
may be possibilies of sccommodating the wide
vernation in blog characterstics in terms of bhe
average bloc walue, and allowing this vakue fo be
related 1o the electrical performance of the battery.

H was therefore necessary to @sfablish whether of

nol there was an acceptable relationship between
Average bloc  duration; duration; “ALG
Characleristic”; over the servica life of the battery

A% during the Tl two years of BT operational
service fhere s liflle change in fhe battery
cheracteristics, batterses wene selected represening
commencament of service in 1995, 1954, 1993 and
two befteries in 1862, Each battery consisted of
eight blocs and prior to any dischange testing it was
established thal the battery was at the “Top of
Charge™ ocondition and individual conductance
measuremenis were taken of sach bloc in the
battery. The dischamge was pedformed a8 the BT
rate of dischange of S04 to an end voltage of 525 W,
per bloc (42 volts per battery). The balkery duralion
was recopded to 42V and the individual bloc
duralions were recorded to 525 V. per bloc
Average values were then calcwlated for bloc
duradion and conductance and thesa resulls together
with the battery duration, and nelevant battery
service are shown in Table £

Table 4. Pefermance = Coanductance and Lite
Fﬂnﬂ. | Baltery Bioc Parkrmance

Durataen
jminsy
100.2 |
100.5 |
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The szama data is shown in Fig.4 where il can be

seen that 8 usable melationship exisls between
pattery duration, swversge bloc duration and

conductance,
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Figure 4. Performance and Conductance with
Battery Service in BT Operadion

i shiould be noded however that the service values
reflect BT operational service which maans thi
battery lemperalures can vary between 25°C and
A5°C,

In conchusion therefore it would appear possible 1o
amve at acceptanceirejection limis suitable for BT
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operation, which can be used 10 Suppon a
Replacemen! Slralegy,

IV OPERATIONAL ENVIRONMENT

Hawing rawiewed the quality of measuremenis and
described a lechnique for the determination of
accaplance/rejection [Emis, the outstanding issue is
their application to operational service.  This
requires the definidion of a Iypical operalional
sarvice life from which replacement stralegies can
be deduced. As the mosi impodant factor affecting
operatiocnal service life is operational femperature,
which i vanable throughout any one year, a method
of defining a typical operstional temperature is
esgential

Because batlery service life is reduced by one hail
for  every 10°C rise, a Sypical operational
temperature” cannol be defined as the arithmeic
mean  bebseen the meximum and  minimum
operating tempersiures obsarved owver a 12 month
pericd, The whole of the lemperalurafime profile
has fo be considered for the 12 month pedod and
the <ypical operational temperaiure” 15 based upan
the lemperature (TWfe factors (F) shown in Tabde 5,

Table 5. Temperature fl'}:'Lila Factors {E:I

me*c |[F (M) °C m'c
20| 1.00 Fi n.uz n.a.n
21| 0.53 28 | 0.57 35 0.35
22 | 087 28 053 38| 033
3 | 0.82 30 | 0.50 a7 | 0.3
24| 076 31 | 047 34| 0.2
0N 12 | D44 39 | 0.27
26 | 0.66 33 | 0.41 40 | D.25
Froem  operalional  lemperalunetime profiles

gencrated from 12 momdh field dafa a “typécal
operational life facior Fy,, for that profile is:

where (I} is the prapartion of time &l lemperatures
(T °C, between 20°C and 40%C and (F) is the
relevant life factor oblained from Table 5

Having deduced the typécal oparational life faclor
Fie this walue can then be wsed 1o delermine the

typlcal operational temperature Fep by back
reference 1o Table 5, or, 0 calculale the product
replacement pedod by multiplication of the produc)
“Design Life® by Fyy  Given this information, i is
now possibhe to develop a prodiect Creplacement
strategy”,

V REPLACEMENT STRATEGIES

The proceeding seclions have identified the guality
required of the measurement procedures, and a
mizthod has been given to define operational Emils,
Most impardantly, we have quantitatively defined the
operaling temperature  conditions that adwversely
affects battery life.  These are the essential
ingrediants to formulate & bablery replacemen
stralegy,

One exireme strategy could be to replace individual
battery systems as and when they fail the prescribed
criteria Al the other extreme, automatic
replacement on & fied time basis may be a mone
sultable option. BT along with oiher users oparates
a combination of these extremes but common o
both is the essenlial need for an accutale battery
ivemary,  Suech an  imventory Should contain
essential data such as battery make, fype, age and
kxcation sa that financial and logistical management

is possible.

The propdsals in this paper assume fhat “normar
corrosion deterioration with service e is taking
place, This should not be confused with the use of
the conductancefimpedance [nstrument as 4
diagnosiic tester for which other methods of analysis

are maore appropriale

Howewver, it is possible 1o enhance W B LA baltery
rellabiity by moniloring conduclancelimpedance
data, tegether with an appreciation of environmental
conditions and the comesponding limils on V. R.L.A,
technology that dictale when replacement s
required,

VI CONCLUSIONS

This paper has shown  that  two  particular
parameters, namely comnduciance/impadance
manidaring and temperaturedimeife faclors can be
affactve I forecasting battery replacement
timescales. Users are adwvised 1o inferprel
conduclanceimpedance data  carefully,  paying
paricular attention o the “battery state-of-changpe®
the wariabléty of Instrument readings and the
affectivenass of the method of connection onfo the
battery terminals.

The use of lemperature lime faclors has boen
explained in a way thal users can anticipate
expecied life, by doing so they can formudate
budgets for a timely and cosi eNeclive bDatiery
replacemen programime thal maintaing and probects
their vital neteorks.
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