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NICKEL CADWIUM BATTERIES - A SURVEY
By: A N Noldsteck

For se long as thers have been rechargesble batteries in use they have in many
respects been a 1lisbility., It is difficult to arouse interest in battery
maintenance and consequently these batteriea normally get the minimum of
attention necessary to keep them functioning. At times even this minimum is not
maintained and the battery is then more trouble than it ie worth, This state of
affairs naturally has serious operational and economic consequences,

The nicke]l cadmium batteries which have been ueed for many years to provide
power for Pack and Pocket sets are no exception, In fact because of their sise,
construction and wariability of use, they are more lisble to premsture

failure than larger and more robust types.

Cne of the main problems stems from the battery's moet useful property, namely
its extremely low intermal resistance; this results in the "on load" potentisal
difference being mlmost equal to the electromotive force which 1s therefore
almost constant over the whole discharge cycle. The potential difference

between a cell which is 30% charged and one which is 80% charged is approximately
.05 volt, this voltage being substantially independent of load current,

The variation of the potential difference of a cell correaponding to a
temperature change of 30°C is approximately .03 volt, Thus one could be left
with .02 volt per cell as the indication of a 50% change in charge.

In addition there are other factors which affect voltage, such as the age and
eondition of the battery, and whether the battery had been removed from 2
charge or diascharge cycle.

We conclude from thesa facts that relating "state of charge” to potential
difference is unrelisble and this Pfact im borme out in practice.

Work carried out by manufaeturers, CCE, RWD Hammington, Bishops Cleeve and
Wayhill all show conclusively that even if a high grade instrument is used
for measurement, no rellance can be placed on a potential differencﬁ&tata
of chargerelationship excaept at the point where the battery is almoat discharged.

Paroughout the normal charge discharge cycle of a Nickel Cadmium battery the
electro-chemical reaction does not result in the release of any gaaecus product.
The battery can thus be hermetically sealed, this being the simplest and chespeat
methed of emsuring that there is mo leakage of electrolyte. Once a battery

has reached a fully charged state however, a continuation of the charging process
results in the release of orygen and hydrogen from the positive and negative
electrodes respectively, ie elecirolysis takes place,

It is extremely difficult to dispoae of any hydrogen produced, but the oxygen
can be recombined elsctre~chemically provided it can be routed from the
pogitive plate whers it is produced, to the negative onse, and that the rate
of release is small.

In order to ensure that hydrogen is not relessed as a result of overcharge, it
is arranged that the negative electrode has & quantity of uncharged cadmium
hydroxide left after the positive electrode has sxhausted ite ability to absorb
further charge.



As the ecells which make up a battery have alightly different capacities,
completely discharging a battery will result in a reversed polarity of the
cells with a lower capeeity. This process results in the release of gases in
reverse to the overcharge condition,and arrangements must once more be made

to prevent the production of hydrogen by adding to the positive electrode a
quantity of negative active material. Since these additional masses are
electro-chemically ineffective they play no part in the normal charge/discharge
procesaes, but as they are limited in quantity, so ia the amount of overchargs
and overdischarge which the battery can absorb without producing excess gas,
Research carried out by Ever Ready has shown that an excess current

equivalent to 0.2 of the 10 hour charge rate is sufficient to cause significant
amounts of gas to be released, The rate at which the battery is charged is

its ampere hour capacity divided by 10.

If ga=z released within the cell cannot be disposed of chemically it builds
up a pressure which either leaks out through imperfect or damaged sesls,
and may well take with it some of the elctrolyte; or alternatively it may
distend the casing making the battery too large for its housing. In either
event the battery structure becomes damaged, the life of the battery is
shortened and its capacity reduced.

TUeed in a pocketfone receiver producing nc speech output, a battery under

a normal 1 in 5 eycling condition will last well in excess of 20 hours,

whereag if the receiver were  producing a continmous tone output the battery
life could be reduced to 3 hours. These are extreme cases, but if the conditions
of use of a pocketfone in a small rural scheme, vhere very few messages &are
pagsed, is compered with that in a busy scheme with say 100 pocketfones where
many messages are being passed, it will be appreciated that the length of

time taken to discharge the batteries will be vwastly different.

Consider slso the difference between a Police Offieer on duty for a full
spell of 8 hours with one who spends part of his time in court or writing
reporta; it is evident that at the end of a "tour of duty" batteries will
have different amounts of uvmspent charge.

The transmitter battery on the other hand is subjected to a completely
different set of conditions, When a Nickel Cadmium battery is discharged
at a rate in excess of its 10 hour rate its capacity is reduced. Thus &
battery discharged at 13 x I/10, as in the case of the transmitter battery,
may have & capacity of only 50% of the nominal, Since the nominal capacity
of the battery is 75 milliampere hours and the transmitter uses some 100
millismperes during use, it would be completely discharged in 0.375 hours.

Lo the transmitter is used intermittently an assessment must be made as to
what percentage of time it will be in use, and although it is difficult to
be accurate we knmow that at least 50 units can be sccommodated on one
scheme, If messages were being continuously received at control each set
would be in use for 2% of the time, but we kmow that this is not so and we
can therefore assess the operational time of & transmitter as being sbout
1% of the on duty time.

Returning to the original calculation therefore the battery should last for
100 x 0.375 hours or 37.5 'en duty' hours. As one tour of duty is normelly
not more than 8 hours it would seem that a battery of little more than 1/5
of this capecity would suffice or alternatively that the battery could
remain in use for at least 4 touras of duty,

Neither of these peemingly attractive propositiona is possible because:-
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8., A battery of 15 milliampere hour capacity could not satisfactorily
produce the required heavy current.

and

b. The tranamitter power cutput ia proportional to the square of the
battery voltage and a reduction in battery ecapacity will cause the terminal
voltage to fall reaulting im a loss of transmitter output power.

If it were posaible to accurately assesa the amount of charge left in the
battery, the amount lost could be made up by a charge of the correct duratiom.
(This was the principle behind the "test" fitted to all chargers in Service),
but as was shown earlier there is no reliable methed of determining the "state
of charge" of a mealed nickel cadmium battery.

In additien to this problem there are two others which have to be taken into
gecount :—

a. It is not practicable to rely upon a hm:uy‘duty iat.'nurl:st,'l:\la‘1I to teat and
"mark up” all batteries and to extract them as they reach a charged state,

b. When Nickel Cadmium batteries are continuoualy "cycled" between two
points in their overall capacity, say, between and 100% charge, the
battery develops a "memory" and the overall capacity becomes nearer 40%
of the original. The battery can be reatored to normal efficisency by a
puccession of deep charpe/discharge cycles, The reason for this is not
known, but the phenomenon has been described by workers both in America
and in Europe, and it may be & process similar to sulphation in lead aeid
batteries.

Certain batteries are subjected to this topping up process under present
charging arrangements and there is reason to believe that this ie the cause
of gome of our battery problems, The answer to thim problem is to remove the
human element by introducing a fully automated system so that batteries are
"processed” and not simply "charged". This automated procees is in fact very
simple; it makes use of the discernable discharge state when this can be
related to potential difference, at a point just before complete discharge,
The battery is discharged to this point and then fully charged (1.4 x charge
rate) the discharge/charge process being timed automatically.

If a battery consists of emmber of cells in series it is neceamsary to halt the

discharge procesa before the battery is completely diaa.’na:tged..'.'l!ha reagon ia
that the cells of the battery will have slightly differemt capacitiea, the

difference depending on manufacturing inaccuracies. When ihe capacity of
the cells is small, guite small inaccuracies produce fairly large percentage
differences and consequently by the time some cella become discharged others
will have taken on a reverase charge, After recharge, a reverae charged cell
rogains its normal polarity but the process shortens cell life,

A ourrent controversy concerned with charging rates is likely, if net
seen in context, to completely cbacure the problem with which we alone are
feced, The Directorate ies the only organisation in the world with experience
in manipulating 120,000 nickel cadmium batteries and must therefore .

congider problema from its own experience. We should not aceept, without
reservation, the solution offered by those without parallel experience, who
would solve the whole problem by a aystem which charges a battery, by meana of a
pulse or short duration heavy current, ia 1 to 10 minutes.
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NOTE - For the purposes of the arguments put forward in this paper the
charging rate is completely irrelevant.

Fhere could be merit for instance in reducing the charging time from 11
hours or approximately 2 tours of duty duration to something under 8 so that
2 sets of batteries instead of 3 would suffice for 24 houra continuous duty.
If a reduction in charging time below this figure would enable the battery
to be charged during the "set changeover period”, it could result in only
one set of batteries being required. As a result the battery would become
part of the setshich could present operational difficulties.

In sny case the gain resulting from a reduced number of batteriea per set
is not by any means all profit aa a battery in use continmiously would laat
only 1/3 as long a8 a battery in use for 1/3 of the time,

Rapid charging does not overcome the difficulty of overcharging. Unless it
can be shown conclusively that rapid oversharging does not cause battery
damage or batteries can be made which are immune to damage from overcharge,

a method is still needed whereby the batiery can be safelybrought to a
discharged state before subjecting it to a charging process. If it is shown
that future batteries can be reliably charged without damage, whatever their
initial state of charge, a processing system will still be required to ensure
that each battery is satisfactorily charged irreapective of initial
asnditions.

A battery is often rendered umserviceable because one or mors cells have
failed in an otherwime good battery and it is worth relating this premature
Pailure to the overcharge and overdischarge problem.

If we consider a cell which has an initisl capacity slightly below others,
it is obvious that this cell will be subject to more overcharge than others,
furthermore, every time the battery is fully discharged the same cell will
inevitably be reverse charged, (a lmown contributory factor to premature
failure). This process is cumulative and must hasten the process in respect
of the cell in question,One might say that {neglecting other reasons for
failure) the cells most likely to fail first are determined when the battery
is first assembled.

The resscns which make it necessary to radically change the present system
of battery charging are as follows:-

a. Moat Police Officers are now concerned about the repercussions
that battery charging has on set reliability; if they were more
conversant with the true number of set failures which are
attributable to battery condition their desire for a change would
certainly be pursued with more vigour.

Those officers moet concerned and technically inclined construct
"pattery testers! some of which appear from time to time for
avaluation.

b. At recent Regional Crime Squad 0fficers Conferences every officer
voiced a complaint regarding the reliability of his Cub set. An
investigation has shown that mos%t failures are due to faulty batteries
although this reason was not suspected by the officers,
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¢. Many Fire Service Officers suspect that their Packset batteries are
responaible for unreliability of the equipment.

Some officers clearly believe that alerter batteries are the cause of lost
calls. The fact that these batteriss do not always last a full day may
be due to the differing domestic habits of the officers and the use of &
standardised gystem of charging,

d, Many technician man hours are wasted on "call-outa" where no faults
are found, and on Pocketfones returned for service when the faults have
been either wholly, or (more difficult to determine) partly due to battery
problems.

a. 4dded to these reaaona iz the situation that ia apparent whenever a
pocketfone control ia viaited, In general ,

little or no informetion can be extracted regarding the position in respect
of batteries,

Manufacturers Sclutions

Very little work seems to have been carried out in the United Eingdom aimed at
providing foolproof charging systems for Nickel Cadmium batteries, Werk
carried out in America mainly by P R Malloery and Company to produce safe

fast cherge systems, was aimed at popularising Nickel Cadmium batteriea for
toothbrushes, shavers etc and resulted in the investigation of 6 aystems:=

a, Third elsctrode:— an suxiliary electrode incorporated in the battery
recombines the orygen that is present on overcharge and produces a voltage
which switches off the charger. Batteries of this type are said to cost
five times as much as normal batteries, but the system is effective.

b, Preasure Sensing:=- a preasure sensitive switch operates when
preasure, caused by gas, sterts to build up in the battery. It is
expensive and unreliable.

c. Voltage Monitor:= the very small voltage changes during charge are
monitored and used to switch off the charge, Because battery voltage
depends upon ambient temperatures, the syotem must be temperature
compensated, The circuitry is critical and the system unrelisble.

d, Cell temperature sensing:- the rise in cell temperaturs obtained when
full charge is reached ia used to operate a Bwitch. The high thermal maas
delays temperature rise detection until too late, eapecially if high charge
rates are used, and the circuitry has to take mccount of ambient
temperaturs. Becaume of these problems the system is not considered viable.

e. Coulometer Sensing:- & chemical coulometer determines the amount of
discharge and the result is used to determine re-charge, This method iz
expensive and difficult to track across the temperature range of the
charge cycle,

f. Diode monltored charger:— in this system each cell of the battery on
charge is bridged by a zener dicde which mcts a3 a low resistance, by-
pasaing heavy charging current when the cell voltage reaches a pre-
determined level., This system is complex, needs temperature compensetionm,
but nevertheless was accepted as the best of a poor bunch,
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48 stated earlier, the problem facing the Directorate has been to some extent
unique in that very large numbers of batteries are involved, there is little
point therefore in expecting to find a solution, proposed or preduced by
others who have not yet encountered the problems.

Directorate's Solution

The main featurea of the syetem proposed by the Directorate are shown in
Figure 1, By using the cell or battery voltage at the discharge point as the
control for the proceseing system, a degree of reliability is achieved which
no other system can offer, and in additiom, by eyeling the cell over the full
paximum capacity required, there is no question of residual active material
becoming electrochemically inactive,

The diascharge circuit is vis D1, relay I, 85, S1 and R1 ete. A level
detector senses the voltage mcross bus bare and causes Relay I to open when
the voltage is 1 volt per cell. The charging circuit is via R4 and 54 ete.
Switches S4 and 85 control the chargefdischnrge functions and are operated
by a motor driven timer, so arranged that in any period of 16 hours 54 is
¢loaed for 12 hours and 55 for 4 hours.

The discharge rate in the system described is 2.5 x the tem hour charge rate,
and the charge rate a little below the ten hour rate.

The charge rate if maintained for 12 hours will achieve an BOF charge.
There is little point in increasing this to 100%, since the batiery will
obviously be required to give satisfactory service when its capacity has
dropped to 80%., This approach will prevent overcharge of & battery after
its eapacity is reduced by detericratiom.

81, 52, 83 are microawitches; they bring into cireuit discharge reasistors
R1, R2, R3 and are operated by insertion of the batteries. Any number of
batteries can be conmected into the system which may therefore be extended
ag required. Two such banks of chargers are required for each charging
location and they are comtrolled by two level detectors and one time motor.
Timewise the system is a replica of that in use at present and the same
number of batteries are required.

As described earlier & faster charge rate resuliing in an 8 hour process
time would reduce the number of batteries required from 3 to 2 per set,
but this would only produce an economic advantage if the battery life
span was not subsequently reduced.

The recommended routine for a charging location would be:-

a. When coming on duty remove all batteries from the appropriate
charger and place in a dispenser.

b. Put into the charger all batteries used during the previous 8
hour spell of duty, and depress the start button.

e. Assemble 81l batteries which have beemn in use during the duty
apell, but de not put them into the charger, this will be done by
the officer coming on the next duty spell.

d. Batteries for use should be taken from the dispenser and once a
battery ie put into a met it should be left in, irrespective of the
fact that the set may be returned from duty and re-issued during the
duty spell.
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The basic control system herein described can be used, with appropriate numbers
and types of battery positions, to process large batches of batteries or
individual units for UBP officers and Fire Brigade alerter users. Provided
resistors R1, R2, R3 and R4, RS, R6, are included in the battery aocket unit,
the control system can process & mirture of battery types, capacities, and
voltages,

The economics of this type of battery processor will obviously depend upon
whather the control system is used to process a large number of batteries
simnltaneously, or individual batteries as used by UBP officers working from
home or Fire Officers with alerters. The cost of parts used in the control
would be in the region of £10 and when spread over a number of batteries would
be very much leas than the battery "test"™ system used at present. At the same
time battery life would be extended to at least twice that achieved at present,
and the financisel result of this would be recovery of cost of the controller in
a month or so for large installations, end 3 to 4 years for single battery unite.

Added to this are the very great asdvantages, difficult to quantify, which will

acerue Trom greatly increased customer satisfaction, scheme reliability, and
reduced techmician attendance.
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