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(57) Abstract

(54) Title: IMPROVEMENTS IN THERMAL BATTERIES

8

A thermal battery incorporating a sacrificial resistive heater (7) connectable between the terminals of the battery and
operable to maintain the electrolyte above its freezing point after initiation of the battery and for as long as useful capacity
remains in the battery. The heater may take the form of a conducting film deposited on a heat-resisting substrate or a wire
coil retained on a former and may be located either within a central shaft of the battery or it may surround the stack of
cells within the thermal insulation layer (3) of the battery. The heater may be directly connected electrically to the ends of
the cell stack or it may be connected thereto indirectly via an internal or external timer to be switched on after a pre-deter-
mined time lapse from initiation, and the heater may be thermostatically controlled.
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IMPROVEMENTS IN THERMAL BATTERIES

This invention relates to thermal batteries, and is aimed
at providing a means capable in many applications of extending
the useful life of the battery.

There are two main mechanisms by which the useful life of

5 a thermal battery is terminated - exhaustion of electrical
capacity or a rapid rise in its internal resistance caused by
cooling below a certain temperature around the freezing point
of the electrolyte. For particular battery designs, there is
often a considerable imbalance between the life expectancies

10 governed by the separate effects: ideally these should be equal
since an excess of cell volume (governing electrical capacity)
or thermal insulation represents a cost, size and/or weight
penalty. However, due to the usually wide temperature range
over which a battery is required to provide a minimum specified

15 performance, its life can often be limited by electrolyte
freezing towards the lower end of the temperature range, whilst
being capacity-limited at the top end due not only to more
extensive side reactions at a higher battery internal
temperature but also to a longer time elapse before

20 commencement of electrolyte freezing.

This invention seeks to provide a means by which a small
portion of the electrical capacity of a thermal battery can be
used, if need be, to supplement the internal resistive heating
or counter its natural cooling in order to maintain the

25 electrolyte above its freezing point.
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This invention therefore consists of a thermal battery
comprising a sacrificial resistive heater connectable between

the terminals of the battery and operable to maintain the

- temperature of the battery electrolyte above its freezing point

for as long as useful electrical capacity remains in the
battery.

The heater may be arranged to operate as soon as the
battery has been initiated or it may be switched on by a timing
device, for example after a given interval after initiation of
the battery, and in either case it may be conﬁrolled by a
thermostat. ~In the latter case, the thermostat would be
arranged to cut in when the temperature of the electrolyte was
somewhat highér than the freezing point - perhaps by as much as
50°C - since the electrolyte will continue to cool until heat
dissipates through the electrolyte at a sufficient rate to
compensate for the rate of heat loss.

The heater may be in one of several forms - thus it may be
a wire coil enclosed in an electrically-imsulating material

such as mica and supported around the periphery of the cell

stack of fhe battery inside the battery thermal insulation

layers or as a cartridge heater within a central hole in the

cell stack, or the heater could be an electrically-conducting
heat-resisting film formed or deposited on an insulating
éubqtrate at similar locations.

For simplicity the heater could generate heat uniformly
over its sufface, but it could be designed to generate greater
heat in those areas where more heat is lost or where the
electrolyte tends to freeze the most rapidly.

_ By way of example, the invention will now be described
with referencerto thg drawings, of which

Figure 1 is a schematic partly cut-away perspective view
of one embodiment of a thermal battery imcorporating the
invention, and

Figurés 2 to 8 are graphs illustrating the effect of

sacrificial heaters on the performance of thermal batteries of
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different sizes operated under various conditions.

Referring to Figure 1, a thermal battery consists of a
stack of cells 1, each consisting of zt least an anode,
electrolyte and cathode in disc form, and pressed, either
{ndividually or in multiples, together with a similar disc 2 of
pyrotechnic material between each cell, and mounted around &
central hollow shaft (not shown) to provide space for ignition
means.

The cells and pellets are contaised inside a layer of
thermal insulation 3 within a can 4. External terminals of the
battery 5 and 6 on the upper face of the battery are connected
to interior terminals at the top and Bottom ends of the stack
of cells respectively.

Located adjacent to the inmer faze of the insulation layer
3 and in thermal contact with the stazk of cells is a
cylindrical heater 7 comprising a thiz insulating substrate on
the inner face of which is formed a heating element consisting
of an electrically-conductive heat-resistant film, the film
being electrically insulated from the cell stack by a mica
layer (not shown) and in electrical contact at its bottom end
with the lower interior terminal of the stack of cells and at
its upper end with a third external terminal 8. The pattern
and/or thickness of the heating element is adapted to provide
the necessary electrical resistance to generate the power
required for the particular application.

In operation, the battery is iniriated by firing the
pyrotechnic material 2 raising the temperature of the
electrolyte above its melting point, which in the typicai case
of a LiC1/KCl electrolyte is 352°C. Jm melting, the
electrolyte becomes conductive and emables the cells to
supply a useful current. In the abseace of any heater, the
electrolyte will steadily cool down &t a rate dependent on the
amount of insulation provided and the heat generated by current
flow, a function of the external loaé, through the cell stack.

Under some conditions, the electrolyte will begin to
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freeze just as the electrical capacity of the battery has
exhéusted, but in other conditions the electrolyte will freeze
before this stage is reached. As an alternative to providing
greater insulation - to which there is in any case a practical
1imit - to utilise fully the capacity of the battery the
terminals 5 and 8 arerintetconnected by an external timing
unit, and when the circuit is closed some time after inmitiation
of the battery the heater operates, reducing slightly the
output available between terminals 5 and 6 but extending the
time eiapse before the electrolyte freezes.

In other embodiments of the invention, the upper end of
the heating element is éonnected internally with the upper
interior terminal of the cell stack, either via an integral
timer or directly so that the heater operates immediately the
battery is initiated. -In any embodiment a thermostatic element
may be incorporated into the connections and in thermal contact
with.therelectrolyte so that the heater only operates when the
temperaﬁure of the electrolyte approaches its freezing point.

The effect on the battery output of the incorporation of a

heater of the kind described can be seen from the results,

. reproduced in Figures 2 to 8, of computer'sinulations of

various heater dissipations (expressed as various electrical
resistance values) incorporated in large, medium and small
sizes of commercially available batteries, and at high and low
ambient temperatures.

In Figure 2 outpﬁt voltage/time curves have been plotted
for a battery of medium size at an ambient temperature of
-40°C, having no heater and with heaters of 10, 202, 502 and
1000 (the lowest resistance heaters dissipating the most power)
and connected to the same external load. ’

7 With no heater, the output from the battery declines only
very slowly until about 900s from initiation: the firing of the
pyrotechnic will have raised the electrolyte temperature to
well abové its freezing point but by 9008 re-freezing starts to

take place. The electrolyte steadily freezes thereafter
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causing a rapid fall in battery output to an unacceptable level
after a total time elapse of 1200s or so.
The effect of a 1002 heater switched on after about 300s

from battery initiation is seen to prolong aﬁ essentially

5 constant battery output at least until about 1500s, by which
time the electrical capacity of the battery may be close to
exhaustion. The effect of even a 100Q heater has therefore
been sufficient in this case to maintain the electrolyte above
its freezing point and therefore in a fully conducting |

10 condition. Little further benefit can be gained from the use
of more powerful heaters, as the other curves show: a 50Q
heater does not drain the battery significantly but causes a
slight reduction in battery output throughout its operation.
Use of 202 and 10R heaters however exhaust the battery

15 prematurely but in certain cases the use of a 20R heater would
prolong slightly the useful 1life of the battery - at say 50% of
maximum output level.

The above curves assume operation of the battery in an

amblent temperature of -40°C. If the same battery is operated

20 at rather higher ambient temperatures then the ignition of the
pyrotechnic will raise the electrolyte temperature to a
corresponding higher value, so that a longer time will elapse
before the electrolyte freezing point is reached. Capacity
exhaustion is thus more likely to occur first. This is

25 illustrated by the curves in Figure 3, where no beneficial
effect is apparently gained from the use of even a 100Q heater
with the éame battery as before but operated at +70°C. The
effect on the output is indeed detrimental due to current drain
through the heater. The incorporation of a heater in a battery

30 for use at this temperature might however make it possible to
employ considerably less insulation, and the resulting curves
would then be more akin to those of Figure 2 even at the higher
temperature - the use of, say, a 100R heater would compensate
for the decrease of insulatioun.

35 Consistent results are found in simulations of larger and
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smaller batteries. Figure 4 shows the effect on electrolyte
temperature of a larger battery of various heaters switched on
at 1100s in order to attempt to maintain output to 2000s, this
not being possible without a heater'dne_to electrolyte freezing
at 352°C, which is seen to commence at about 1750s. It is seen
that a 50Q heater is sufficient to maintain the electrolyte
above freezing, more powerful heaters causing unnecessary
current drain and even overheating. The effect of this on
output is seén in Figure 5, showing that ﬁeavyrpulses can be
obtained from the battery at high voltage up to 2000s with a
50Q heater, and the effect of current drain with the other
heaters is quite clear.

With a smail battery, the effect of heat loss through the
insulation is more marked, especially at low temperatures. '
From Figure 6 it is seen that in spite of greater current drain
20Q and 109 heaters are neéded to maiatain the electrolyte
above freezing at 352°C in an ambient temperature of -40°. The
corrésponding output curves in Figure 7 confirm that a 20Q
heater is closer to optimum under these conditioms, the similar
electrolyte temperature maintained by a 102 heater being more
than offset by its much higher curreat drain.

With the same battery used at +70°C though, the effects
are very different. VFrom Figure 8 it is seen that since the
electrolyte does not freeze during its operation, no bemefit
appears to be gained from the use of a heater in these
conditions. To use the same battery over a wide range of
ambient temperatures, some kind of thermostatic control is
needed. 7

The above examples illustrate tkat the degree of‘heafing
needed depends on all the variables wnder which the battery is
used - its size, power requirement and ambient temperature
range among others. The use of thermostatic control would
reduée unnecessafyrheating and currest drain, while the
possibility of usihg less thermal insulation increases the
efficiency of the battery in terms of energy per unit weight or
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volume. Overall it is possible to make the effective capacity
of the battery to be less dependent on its operating
variables.
. Nevertheless, there are many instances - for example for
5 some applications of smaller batteries such as that described
with reference to Figure 8 - where a sacrificial heater would
not only be unnecessary but would be detrimental by adding to
the current drain of the battery, but by reference to all the
 examples described the extent of usefulness of this invention
10 will be understood.

The heater need not be in the form of a conductor formed
on a substrate; it may be in the form of a wire coil, enclosed
for example in mica and supported on a heat-resistant former
and it may be appropriate in some applications for the heater

15 to be located along the ceantral hole of the battery rather than
surrounding the electrolyte. Other variations in the form of
the invention will be readily apparent to those skilled in the

art.
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CLAIMS

1. A thermal battery characterised by comprising a sacrificial
resistive heater (7) connectable between the terminals of the battery
(5, 6) and operable to maintain the temperature of the battery
electrolyte above its freezing point for as long as useful electrical

capacity remains in the battery.
2. A thermal battery according to Claim 1 in which the heater (7)
comprises a layer of electrically-conducting material formed or
deposited on an insulating substrate.

3. A thermal battery according to either preceding claim in which the
heater is arranged to surround the stack of cells of the battery and in
thermal contact therewith.

4. A thermal battery according to Claim 1 or Claim 2 in which the
heater is located within an axial hole extending through the stack of
cells of the battery. '

5. A thermal battery according to any preceding claim including a
timing device arranged to actuate the heater after a pre-determined
time lapse after initiation of the battery.

6. A thermal battery according to any preceding claim including a
thermostatic device to prevent operation of the heater under conditions
where the electrolyte is not in danger of freezing within the required
life of the battery. |

7.  Athermal baftery according to any of Claims 1 to 4 in which the
heater is connected internally and directly between the terminals of
the battery so that heat is generated whenever the battery electrolyte
is in a conducting state.
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