





























that about 17% more light is obtained at a given wattage, than with Argon-filled types. The reason for this
is that Krypton has a higher density and a lower specific heat than.Argon, so higher filament temperatures
can be used which in turn leads to higher efficiency.

Bulbs are normally rated at 4 volts, 1 amp; and occasionally at 3.6 volts or 0.9 amps. The mean
discharge voltage of a lead-acid battery is typically 3.8 volts, hence a 4 volt bulb is being underrun for most
of the discharge period, with a mean drop in the light output of about 12% (Roberts: 1958; Cotton: 1955).
There is therefore some argument for using bulbs rated at 3.6 volts if any are obtainable. As the bulb is
then being overrun by 7% on average, improved light output is obtained at the expense of a slightly higher
current drain and reduced life (being about 60% of normal).

It is informative to consider the performance of a standard 4 volt 1 amp bulb as the voltage drops
from 4 volts, as occurs at the end of the discharge period. Some voltages are tabulated below for a typical
buib.

4 volts: 1.00 amps: Normai full brightness.

3.4 volts: 0.94 amps: Brightness first noticeably dimmer than normal.

2.5 volts: 0.80 amps: Brightness equivalent to normal pilot bulb at full voltage.

1.8 volts: 0.70 amps: Light weak but just usable.

1.2 volts: 0.60 amps: Light no longer usable.

From this table it may be deduced that there is no great saving to be made by switching over to the pilot
bulb once the main bulb becomes dim, since the pilot bulb would then be dimmer still, and possibly
unusable, It is far better to switch the lamp off for 30 minutes or so, and then perhaps use pilot bulb.
(see section 3.2).

The specification for the life-span of main bulbs is laid down to be 200 hours continuous (BS535:
1973). In practice, bulb life has been found to vary between 400 and 4500 hours of normal use (Roberts:
1958; BSb535: 1973). It therefore seems most improbable that a bulb would last for less than 400 hours,
so the careful caver could virtually eiiminate the possibility of bulb failure underground by carrying out a
routine replacement after 400 or 500 hours.

Bulb.failures are caused mainly by mechanical or normal end-of-life breakage of the filament.
Occasionally with older bulbs the cement holding the cap to the glass part disintegrates, |f this occurs, the
bulb is best replaced since it must be fairly o'd. Barnard (1936) states that filaments are strongest when
hot a point to be borne in mind when headsets are being banged around in transit.

Modern bulbs have a filament temperature of over 2800°C, and do not give a pure white light, the
colour being similar to that of the common household mains bulb. The total light output is typically 40
lumens, which may be considered to be about three candle-power. The reader is referred to ‘Underground
Lighting’ (Roberts: 1958) for a full discussion on photometry as applied to miners’ cap lamps.

Most of the above also applies to pilot bulbs, which are rated at 4 voits, 0.46 amps (for Oldham
lamps); or 4 volts, 0.3 amps (for Ceag lamps). If a famp is used solely on pilot bulb, the increased
efficiency due to the lower discharge rate would result in an increase in the discharge time of about 2.2 or
3.5 times respectively, when compared with the normal main bulb discharge time, This might be relevant
if a lamp is being used for continuous low-leve! illumination — at an underground camp-site, for example.

Unless damaged, pilot bulbs should last indefinitely if subjected to normal occasional use.

5. THE CABLE AND BATTERY COVER

Cables are aimost without exception spirally wound short lay types with a central textile cord to
reduce stresses in the wite cores themselves. The whole is enclosed in a close fitting sheath of polychloropene
which fills all the gaps between the inner cores (BS4945: 1973). The cores have a low resistance (less than
0.03 ohms per metre}, which means that power wastage in the cable is‘about 1% of the power developed by
the battery during discharge.

The identification colours for the cores are:

Positive: Brown (Red on old cables)
Negative: Blue {Black on old cables)

The most common cause of damage to the cable occurs when it is used to pick the lamp up. This
can cause internal stresses close to the battery which may lead to an increase in resistance or an open circuit,
especially in older cables where the centre cord might have been broken or weakened. Also, if the cable
grip is defective, the wires could be pulled off the battery terminals. The best way to test the resistance of
a cable is to switch the lamp on, and then to measure the voltage across each of the two cores. Neither
should exceed 0.1 volts, and should be less than 0.05 volts.

The length of cables is usuaily about 1.3 metres, but the individual caver might prefer a longer or
shorter cable. Metal clips for attaching cables to the rear of helmets should be carefully inspected to
ensure that they cannot damage the cable. In general, nylon or similar cord is preferable to a metal clip,
since high stresses may result whenever the cable is held at a sharp angle to the clip, as may occur while
crawling.

Battery covers are all very similar in design and are interchangeable between batteries of different
makes. They are made of stainless steel, and incorporate some form of cable grip, and a grommet where
the cable leaves the cover. Covers are held on by a simple locking device with a special screw that is-sealed
with wax when the lamp is used in mines. This seal is usually removed, and a normal slot cut in the screw
when the lamp is used for caving (see section 6.).
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The Oldham cover has a very much better cable grip than the Ceag type, at the expense of
increased height. In addition, since the cable leaves the cover in the middie, the cable is far more protected
against abrasion than with other types of cover.

6. MODIFICATIONS

Some possible modifications are described in this section. They are fettered, and interspersed
with comments,
a) The standard miners’ cap lamp has two locks on it in order to conform to BS4945 and the NCB
safety requirements. These locks are wax filled, and exist to prevent unauthorised tampering while
underground, For cavers these precautions are not required, and indeed it may be desirable to be able to
dismantle the headset or battery cover while in use, for inspection, or to effect a temporary repair. The
first two modifications which are carried out almost without exception are therefore:

Cut through or remove the headset bezel focking pin.

Remove wax from battery cover lock, and either replace the special screw with a normal one, or
cut a slot in the original screw, so it can be removed with a normal screwdriver.
b) B. Joplin (Private communication; 1974) has pointed out that if it is necessary to remove a battery
cover underground, it is considerably simpler if a wing-nut arrangement is used:

Cut screw guard off cover lock, and either replace screw with a commercial wing-nut and bolt, or
convert the existing screw by brazing a short piece of rod to its head.
c) It is very common practice to replace the fuse with ordinary wire (or omit it entirely in the case
of Exide batteries). The reason for this is that short circuits are often only temporary, and if such an event
should occur underground, the fuse would blow and one would be left totally without light. The danger is
the risk of damage to the battery or the possibility of a great deal of heat being generated by a short circuit.
An alternative to using plain wire is to instal a low value resistor together with a low voltage bulb. The
effect of this is to afford a measure of protection against short circuits (and also obviates the need for a
ballast resistor during charging — see section 7.3). However, 1/13th of power is wasted, and light output is
reduced by 10%, compared with the normal system using a 4 volt main bulb. It is up to the individual to
decide whether he values light {and by implication, safety} or his battery most! [t is suggested that if a
lamp is properly maintained, there is very little chance of there being a short circuit, and therefore it is
generally safe to replace the fuse with plain wire. The modifications discussed are therefore:

Replace fuse with normal wire; OR Replace fuse with a 0.33 ohm resistor (3 watt, wirewound},
AND replace bulb with a 3.6 volt 1 amp type.

d) If this latter method of fuse replacement is not used, a 3.6 volt bulb can be used anyway to give a
greater light output, as described in section 4.3. i.e. replace main bulb with one rated at 3.6 volts at 1 amp.
e) Some older headsets have a small, rounded switch-knob which can be very difficult to grasp when

muddy or when one’s hands are cold. A cure for this is: stick a toothpaste-tube cap onto the switch-knob
with an epoxy resin glue. (This can make the switch more likely to be turned on or off accidentatly.)
f) Some users advocate totally filling the battery cover with wax or pitch. This makes it difficult to
inspect contacts, and could cause stress points in the wires if inexpertly carried out. It also makes
replacement of batteries or cables difficult. The advantage is that it will totally inhibit corrosion and
shorting inside the battery cover: fill battery cover with soft wax or pitch.
g A much used battery will often be found to have worn corners, especially the Oldham type R
which has a comparatively soft casing. This will eventually lead to an acid leak, and so it is necessary to
strengthen the corners in some way should such wear become apparent. Probably the best way to do this
is to use a metal mesh, like an old loudspeaker grille, or alternatively aluminium mesh as used for car body
repairs. A stainless steel cover can also be used: coat bottom of battery with & car body-filler, then wrap
mesh around corners. Clamp or weight until set.
h} For long trips of over ten hours where it is desirable to use two batteries, it is possible to use the
alkali lamp system — that is, use one headset, cable, and battery cover; and one ‘blank’ cover to protect
the spare battery. Contacts inside the ‘live’ battery cover can be made from car contact breaker springs
(B. Joplin: 1974, Private communication), and the blank cover can be used to carry a spare bulk. The
author has been assured that this system works well in practice, with no contact problems, i.e.:

Convert battery cover to make contacts with battery by means of springs — this allows easy
movement of cover from one battery to another,

The reader may decide to carry out some of the above moficiations, or perhaps some of his own.
However, whenever any changes are made to a standard battery, possible disadvantages and dangers should
always be carefully evaluated.

7. CARE AND MAINTENANCE

7.1 Electrical abuse. Summary

Lead-acid lamps are not as tolerant of electrical abuse as some others utilising different types of
battery. The most common probiem, suiphation, is mainly caused by storing batteries when they are not
fully charged. This leads to the forming of a hard crust of lead sulphate on the negative plates as the
crystal structure of the lead sulphate changes. This effectively reduces the porosity of the piates, and hence
the capacity is also reduced. (see section 3.3).
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Overcharging a battery will also eventually lead to damage, as will using too high a current while
charging or discharging.

Using an incorrect type of bulb will always be inefficient, and could damage the battery if too
high a current is taken by the bulb (see section 4.3).

7.2 Mechanical Abuse. Summary

One of the causes of cable failure, especially in older lamps, is using the cable to pick the battery
up. Even if the cable is known to be well anchored, this practice can cause failure as undue strain is put on
the wire cores. This can eventually lead to a total breakage, or the breakage of just a few strands which
increases the resistance of the cable.

Care should always be taken to avoid banging headsets on the ground etc. when in transit, as,
despite their excellent design and great strength, repeated shocks could tead to failure. The bezel is
especially prone to damage. A tidy way of safe-guarding the headset is to tie up the cable in a loose
overhand knot.

On some older batteries, the screw threads on the top are in lead which is soft. If care is not
taken, the threads are easily stripped if the screws are overtightened.

On many batteries the cover over the topping up holes is brittle. |t can easily be cracked, and
ideally the proper tool should be used to remove or replace the cover.

It is sensible to keep batteries, and indeed the entire lamp, clean. This aliows easy inspection for
damage or wear.

7.3 Charging

{see also section 3.4).

In order to achieve satisfactory performance, lead-acid batteries must be charged correctly. !f not
fully charged, the lamp could fail unexpectedly early which might be dangerous on an extended trip
underground. If repeatedly overcharged, damage will occur to the plates.

There are many methods of charging lead-acid batteries, of varying complexity (Smith: 1972,
Neill: 1965, Manoharan: 1972), some of which require relatively complex electronics. These include such
methods as gas, float, and temperature-controlied charging.

In Britain, lead-acid lamps were charged by constant current methods until the mid 1930s. This
was manually controlled, with frequent adjustment of voltage being required to maintain the constant
current. This was often skimped or incorrectly carried out, with the result that lead-acid lamps acquired an
undeserved reputation for unreliability. Gradually, first in the United States and then in Britain, the
modified constant potential method — now used universally — became accepted.

To recap, with this method a voltage, typically 5 volts, is applied across each battery through a
ballast resistor. Originally, this resistor used to be incorporated in the headset cable, but obviously this was
inefficient during discharge, and so nowadays it is included in the charging equipment instead, usually in an
ammeter. This ballast serves to limit the current throughout the charge, which is initially approximately 1.8
amps if the ballast resistor is 0.33 ohms and the battery has been discharged normally. As charging
progresses, E (the battery open-circuit voltage) will rise slowly (see Fig. 6a) and so the current will fall.
When the battery is fully charged, the voltage will approach 5 volts, and the current will have dropped to
about 100 milliamps.

This method is undoubtedly the best for general use by cavers, since it is almost foolproof — a
necessity — and cannot lead to overcharging if any lamps on charge are taken off within a week.

It is recommended that, wherever possible, the Oldham charging system should be used, where
the battery is charged via a special rack and the contacts on the headset. Not only is this vastly more
convenient than removing the battery cover etc., but it also makes incorrect connections an impossibility.

Some people charge several lamps in series, with, for example; 30 volts being applied across six
batteries. A moment’s thought will show that this can lead to serious overcharging: suppose five batteries
need full charging, and the other is nearly fully charged. Initially, more than 1 amp wiil flow through all
six batteries, and will continue to do so for some hours. This of course will overcharge the battery that was
initially well charged. Therefore, lamps should not be charged in series unless they have had the same
amount of use, and all the batteries are known to have similar characteristics. Even then the method should
be used with care.

The ‘ideal’ charger is therefore a 5 volt supply which has the charging racks and ballast resistors
(one resistor to each rack) connected in parallel across it. The ballast resistors should be about a third of
an ohm, and if ex-equipment (or new) Oldham or Ceag ammeters are available, so much the better. These
resistors also serve to limit any currents that might flow should lamps be on the racks when the charger is
not switched on.

The 5 volt supply should be controlled in such a way that the voltage cannot rise above 5.05 volts;
if this is the case then lamps may be left on the charging racks for several days at least. ldeally the voltage
should be electronically regulated, especially if a large number of lamps are to be charged. It is realised that
for reasons of economy this may not always be possible, and so a watch may need to be kept on the charger
output voltage. Circuits for constant voitage regulators of high current ratings may be found in many
standard electronics reference books, since 5 volt power supplies are often needed for modern electronic
equipment.

As with most engineering problems, a compromise has to be made building an expensive ‘super-
charger’ to eke out every day of life from ones batteries; and using a cheaper system which could mean
more frequent replacement of batteries or longer charging times,
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During an emergency of some kind, it may be necessary to charge lamps as fast as is practicable
without causing permanent damage. To achieve this, a charge tapering from 2.5 amps to 1 amp can be
used (Neill: 1974, Private communication). This will recharge a fully discharged battery in 5 to 6 hours,
and the battery will be 80% charged in about 4.5 hours, This taper charge can easily be carried out using
the normal charging arrangement but with a supplied voltage of 5.4 volts. With this method, the lamp must
be taken off charge as soon as its voltage has risen to 5 volts. Failure to do this will result in overcharging.

If a lamp is not expected to be used for some time, it should be stored away from high
temperatures, and should be given a discharge/charge cycle at least once a month. The battery should
always be fully charged before storage.

Finally, it must be remembered that all mains-run charging equipment should be fused and
adequately earthed — as it is all too easy for a charger being used by cavers to become damp.

7.4 Maintenance Checks

Using an unreliable lamp is as irresponsible and dangerous as using an unsafe ladder or rope, and
so the same care shouid be taken over the maintenance of lamps as over the maintenance of other
equipment. The chances of a lamp failing in normal use can be kept down to negligible proportions by
using common sense and a logical approach to maintenance.

The areas where most faults occur are indicated in Fig. 8. It is suggested that a scheme of
maintenance be followed which will detect all of these potential faults. For those who like a set scheme,
the following two part method is suggested — the first part, of simple checks, can be quickly carried out
between trips, and the second more exhaustive part could be carried out after every 25 trips (or more often
if the lamp is not used requiarly). Some possible remedies for any faults that might be found are described
in the next section.

Between trips:

A Check both bulbs light.
B Check both bulbs switch reliably.
o Examine battery case for holes and cracks.
D Check battery for signs of acid or corrosion.
E Check cable is gripped securely at both ends and is not damaged.
F Clean headset glass.
G Check for water inside headset.
After 25 trips:
H Check electroiyte level. (Preferably more often.)
| Open headset, and check seals.
J Open headset, and check condition of cable in headset.
K Open headset, and check bulb contacts, metal strips, and switch.
L Check charging switch.
M Open battery cover, and check inside for signs of corrosion.
N Open battery cover, and check cable, grip, and wires to terminals.
O Open battery cover, check terminals for good contacts.
P Charge battery, and test discharge time — it is not a bad idea to keep a record of all such tests for each

battery owned.

Where a set of lamps is owned by a club rather than by individuals, each caver who uses a lamp
should remember that it is his (or her) responsibility to check that the lamp being used appears to be in
good condition. Also, should any fault appear during use, it should be reported to whoever maintains the
lamps; and the lamp should be clearly labelled to ensure that it is not accidentally used before the fault is
corrected. '

7.5 Repairs

This section describes some remedies for the faults listed in section 7.4. it is not intended to be a
detailed maintenance manual, but rather a general guide.

A If only one bulb fails to light, either the bulb is faulty, or more probably the switch is corroded or
broken. Replace bulb or faulty part. if neither bulb lights, first check switch and contacts inside the
headset. If no fault is obvious, carry out a full maintenance check, as a more serious fault must
exist.

B If switch is unreliable, dismantle and clean it. If no improvement, replace contacts.

C Battery may have to be replaced, but car body filler may do the trick. First turn the battery so hole
is uppermost, wash and leave for 24 hours. Then remove all remaining traces of acid with sandpaper
or a small blowtorch.

D If acid comes from top of battery, pitch can be used to reseal the leak, after all traces of acid have
been removed — ideally with a small blowtorch, If the acid comes from the vents, the cells have
probably been over topped-up — check. If the acid comes from the case of the battery, treat as in C.
If acid comes from topping-up seal, smear lightly with vaseline — note that care must be taken with
Exide batteries not to block the holes in the plug, since they form part of the venting system.

E 1f loose at headset end, tighten grip-nut. If loose at battery cover, the gripping device is probably
broken and needs replacing. If the cable is damaged, repiace, or cut off damaged area if near end and
the resultant shortened length can be tolerated.

F If glass is badly scratched, light will be over-diffused. Replace.
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G Dismantle headset. Check switch seal, cable seal, gasket ring. Vaseline on the latter may help.
Replace faulty seals. Clean and dry every part of the headset before reassembly.

H With all types of batteries, the electrolyte should just cover the plates. Any higher and the non-spill

system will not work correctly; much lower and eventually the capacity of the battery will be

reduced. If a great deal of topping up is needed, check for leaks or a fault in the battery charger

causing overcharging.

Replace if damaged. See also G.

|

J As E.

K if not obviously in good condition; dismantie and clean all parts. Replace any suspect parts. All
parts should be lightly smeared with vaseline before reassembly.

L Dismantle switch and cléan parts. If any seem very worn, replace. Do not apply any lubricant or

grease, as this can trap grit and form an abrasive paste.
M Acid corrosion implies acid leak, Clean affected parts, and replace any severely damaged (including
cable). Repair acid leak — see D.

N Cable should be checked for short circuit, open circuit, or high resistance due to corrosion. If any of
these are found, it is best to replace cable. If grip is inefficient, it will probably need to be replaced.
(0] All terminals should be clean and virtually free from corrosion. Undo all screws, clean contact areas,

smear with vaseline and replace. Excessive corrosion is probably caused by an acid leak. See M.

P Charge battery fully {see section 7.3). Allow to stand for about an hour, then switch on main bulb.
Leave on continuously and time until voltage across battery falls to 3.4 volts. This time is the discharge
time of the battery, and should be at least 7 hours. The discharge time will drop with age, but it is
possible that sulphation has occurred (see section 3.3). If this is suspected, a reconditioning charge of
a third to one half of an amp should be applied for about 30 hours. This will normally result in an
increase of discharge time. If it does not, the battery is either damaged beyond repair by severe
sulphation or other abuse, or has reached the end of its life. In any case, before a battery is discarded
for giving a low discharge time, a reconditioning charge should be tried. The charger being used should
also be checked, as if it is faulty, then the battery may not be receiving a full charge.

In many places in the above, replacement of faulty parts is advocated. Where appropriate, suitable
home-made replacements can of course be used, though their suitability and safety should always be
carefully assessed first.

8. CONCLUSIONS
In the author’s opinion, the possibility of lead-acid lamp failure underground is extremely remote
if.common sense is used, and a few simple rules are adhered to.
The maximum life should be obtained from a lamp if:
Constant Potential charging with a maximum of 5.05 volts is used;
The battery is recharged as soon as possible after use;
The cells are topped-up regularly;
The cable grips are maintained in good condition;
The interior of the headset is kept dry.
In an emergency; the following facts could be very useful:
If a battery has been discharged until the light is no longer usabje, a surprising amount of light can be
obtained by switching off for up to two hours so the battery can ‘recuperate’. .
An 80% charge can be achieved in about 4.5 hours by using a fast charge tapering from 2.5 towards 1 amp.
It is hoped that the information included in this paper will be useful to many people, and will
contribute towards the safety of any speleologist or sportsman using a lead-acid cap lamp underground.
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