
EVOLUTION OF THE MODERN GUN MOUNTING.* 

The first high angle guns and mountings were designed at a time when the 
airship was thought to be the chief menace to warships from the air and two 
to three 3 in, H.A. guns were added to the armament of naval craft as an 
afterthought. Fig. 1 shows a 4 in. H.A. mounting designed in 1918. 
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The fuze of the shell was designed to explode on impact with the airship's 
fabric and as the target was very slow moving, existing methods of low angIe 
fire control required comparatively little adaptation to meet the new require- 
ment. Up to 1914 there had been no military or naval gunnery practice against 
targets approximating to the height and speed of the aeroplane and the prevalent 
tendency was to regard the hitting of such a target as an insuperabIe problem 
and make no attempt B tackle it. 

The R.A. fire control problem in 191 8 
After the experiences of the 19 14-1918 war on the Western Front, however, 

fast and high flying aircraft carrying bombs were thought to be the eventual 
form that the sir menace would take. Against such targets existing methodsIof 
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fire control had to be scrapped because the flimsy nature and the small size 
of the target made it impossible to use impact fuzes in H.A. shells. Cons* 
quently some sort of time fuze had to be adopted which would explode at: the 
place where the aircraft would be after the time of flight of the shell. 

This meant that a complicated calculation had to k c a r d  out very 
swiftly to predict the futyre position of the target at the estimated time of arrival 
of the projectile, and therefore " the deflections '"or the amount the gun must 
be fired ahead of the target's present position, It was also necessary to calculate 
the correct fuzasettinz to cnsure the shcll bursting at the right point in space. 

T h e  three-dimensional fire control problem had arrived. 

Much greater a m y  required in RA. flre 

1t is well to remember a t  this point not only that the H.A. probIem is 
three-dimensional but that accuracy is of much greater importance than in 
low angle fire control. Not onFy is the aircraft target much smaller, but since 
the shell's lethal radius is so limited, it must be aimed virtually to hit, e.g, at 
a slant range of P0,000 yards. an angular error of one minute In gun-pointing 
equals about fifteen feet. Compare this with the low angle shell which, aimed 
to strike a ship's water line, wiIl still hit the upperworks even if ranged several 
hundred yards " over." 

Complications p d a r  to Nawl H.A. gurmerg 

The control of H.A. gunfire was therefore a formidable problem even on 
dry land, but from a rolling platform at sea it was enormously complicated by 
the difficulty of continuously and accurately laying the director sight on the 
target (the basis of a11 data on which the calculation of  deflections depends), 
and by the great technical difficulty of establishing, by gyros or other means, 
an artificial horizontal plane on which the threedimensional problem could be 
set up. Added to this, the gun had to be on aim at all times despite the antics 
of the ship, For the order to fire must originate from the caIcuIating position 
and is given when the she11 wirh the predetermined fuze length applird is ripe 
for firing. In the face of such difficulties, it was understandable that the aero- 
nauts considered that the navies of the world were in the bag. 

Spurred on by impatient patrons, the early investigators of the H.A. 
problem, like the alchemists of old, wasted much time and energy in searching 
for a will o' the wisp in the form of a magic formula which would provide a 
simple solution to one of the most complex problems in the whole field of 
engineering. There is and can be no such short cut-that is the unpalatable 
truth. In order to make the problem a little easier, however, it was an. obvious 
step to increase the, calibre of the projectile and hence the size of the Iethal 
sphere of thc bursting shell. 

GombInation of H.A. and LA. fmetions in same weapon 

This naturally led warship designers to insist that the H.A. guns should 
also carry out the low angle functions of the secondary armament. The advan- 
tages ta the ship designer are at  once apparent, for a reduction in top weight 
and upper deck congestion naturally follow, but to the already formidable 
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gunnery problem was added that of evolving gun, mounting and control 
systems which had to be jacks of two trades and masters of both. 

In producing a good H.A.1L.A. weapon the first basic problem facing 
designers of the gun mounting was to reduce trunnion height, for jt was obvfous 
that an excellent H.A. gun would be useless for L.A. purposes if at low a%Ies 
of elevation the breech was too high for the gun to be loaded conveniently. 
To reduce trunnion height, two steps must be taken, namely the length of recoil 
must be reduced and the breech put as near t~ the trunnions as possible. Figs. 
2 and 3 show two typical low angle 4.7 in. mounting (circa 1937) with their 
guns at the maximum elevation of 40'. The H.A.1L.A. mounting, on the other 
hand, must be capable of being elevated to 80°. 

Recoil lengths were accordingly reduced to about 1 2-1 5 inches with out 
much difficulty, but with proportionately greater stresses on the supporting 
structures and decks. At the same time, the mounting was designed so that 
the gun lay right forward in the cradle with its breech almost IeveI with the 
trunnions (see Fig. 4). The loading tray and ramming mechanism, where 
fitted, were made integra1 with the cumbrous balancc weight which became 
necessary to counterpoise the gun. These balance weights have scveral hollow 
pockets which are filIed with lead in such a way as to bring the horizontal and 
vertical centres of gravity of thc elevating mass on to the centre line of the 
trunnions. It is worth noting that the horizontal centre of gravity va~ies 
according to whether the gun is loaded or not. 

In this connection also, it is important to remember that the largest H.A. 
gun which can be loaded and rammed " uphill " without the aid of a loading 
tray and rammer is the 4 in., and even this size requires a fairly brawny man for 
the round weighs some 63 16s. 

Twin moantings 
In order to get the necessary number of H.A. guns into the small clear and 

blast-free space which couId be allotted in the average wanhip, designers were 
soon forced to develop a twill mounting (Fig, 5). 

This has the foZIowing advantages :- 
(i) One gun does not blast the crew of  the other, therefore doubIe the 

number of guns can be mounted in the same space, if weight and 
stability permit. 

(ii) If twin, cradles are employed, only one layer and one trainer is required 
for two guns. 

(iii) The same shield can be used to protect both guns' crews from spray, 
blast er splinters. 

(iv) Given an equal number o f  guns, whether singles or twins, ammunition 
supply is simpIified by adopting the twin. 

The chief and immediate disadvantage was that the moments of inertia 
for training and eIevating were seriously increased. These, combined with the 
high speeds and accderations which are necessary i f  the gun is to be kept 
continuousfy on aim in a seaway, made it impossible to follow the pointers by 
hand and forced designers to introduce power operation throughout. The 
moment of inertia of the training mass can be kept down by grouping the 
heavy masses 'cIose to the centre of rotation, but congestion and inaccessibility 
set a limit to this. 

mid growth of R A .  ILG twin 
It will be seen that the dual purpose H . k  1L.A. weapon was fast developing 

into a miniature power-worked twin turret with its own central ammunition 





FIG, 5.-A HANDWORKED 4# R A . . m  MOWNTWO DESIGNED circa 
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less the trunnion height is too gmst far rapid LA. fire. The speed of elevating and training 18 20" per second. 



supply. Two further inescapable requirements rapidty forced its development 
to that logical conclusion. One was the fact that the designess of warships, 
and particularIy aimaft carriers, were forced to site the mounting so close to 
one another that nothing short of a totally encIosed cupola or turret would 
suffice to protect the crews from mutual blast interference (Fig 6). 

The second was the urgent necessity to increase still more the size of the 
lethal sphere round thc shell burst, a sphere that was continually tending to 
contract as the armouring and Iocal strength of aircraft improved. The radius 
of this sphere varies approximately as thc calibre to  the power of 312 and it 
was soon deemed imperative to go beyond the 4 in. which, it  wit1 be recollected, 
is the largest that can be loaded by hand. This finally and irrevocably forced 
inertia values in training and elevating beyond the point where hand operation 
was possible, and aIso made all-angle power ramming essential to maintain 
the high rate of fire that was invariably demanded. 

Additioml problems in H.A./L.A. mountings 
Three other complicated problems had to be solved before the H.A./L. A. 

gun mounting could be considered emective :-- 
(a) The need for shifting rapidly from one form of target to another 

made a dual ammunition supply essential, one Tor projectiles and 
fuzes suitable for H.A. targets and the other for projectiles suitable 
for ship or Iand targets. Fig. 7 and 9 show a 5.25 in. twin H.A.1L.A. 
mounting with integral H.A. and L.A ammunition supply. 

(b) The necessity For excluding human errors in gun pointing. 
(c) Since the guns were no longer to be locally aimed, il was necessaq 

to provide some automatic device which would prevent the closely 
grouped turrets firing into the ship's structure or into one another. 

Rapid evoIntion Zn recent years 
Thus, in the space of nine years between 1930 and 1939, the H.A. weapon 

unavoidably grew from a 4 in. single hand-worked mounting weighing threc or 
four tons (Rg. l), to the 4.5 in. or 5.25 in. twin power-worked turrets weighing 
about 45 and 98 tons respectively (Figs. 6 to 9). h n g  range N.A.1L.A. 
weapons such as these are now mounted as the secondary armament of battle- 
ships and the main armament OF aircraft carriers, destroyers and some cruisers. 
In terms of cost and therefore complication, the growth was from £2,000 to 
£50,000, a ratio of twenty-five to one. 

But it is in destroyers, pcrbaps, that the effects of this rapid evolution are 
most evident. Whereas in 1914 the main armament of destroyers was three 
or four 12 Pdr. or 4 in. L.A. gun mountings of extreme simplicity, it now 
normally consists of six remotely controlled 4.5 in. guns mounted in three 
twin H.A.1C.A. turrets of the latest type (see Figs. 6 and 10). This sudden jump 
in weight, cast and ~omplication of gun mounting i s  difficult for the 
layman to understand unless hc can appr@ate the relentless logic of the 
warship designer's demands, and the increasing scriousness of the menace 
from the air. 

Awmte gun pointing-the problem and its main factors 
But while this revolution was going on during the nineteen thirties, it 

was becoming increasingly obvious that the problem of accurately pointing 
the H.A. gun in the right direction could never be satisfactorily solved until 
the directors were fully stabilised and all human links betwccn the calculating 





FIG. S.-% INSIDE OF A 5.25' H,A.L.& TURRET EOOKWG mWARDS THn FRONT 



FIG, %-A 525" H.R.ILA. M- NO A 
Note the duplex cmml ~tnmunraon hoim integral with the turret. 

machines and the guns had been eliminated. That is, until target rates and ship 
motion rates were accurately measured and automatically applied. 

The necessity for stabilisation and remote power control are not generally 
understood by the unitiated and their introduction has evoked mistaken 
criticism in some quarters. One can bring them into correct perspective if one 
visualises them as two of the three interlocking links in the only chain which 
can produce accurate gun pointing. The three links of this chain arc :- 

(a) Stabilisation at the director sight. 
(b) Calculation of the correct, deflections at the computer. 
(c) Actuation of the gun to move in strict conformity with the up-to-date 

caIcnIatcd deflections and ship mmbn rates. 
It must be emphasised that each link is meless u n l e ~  combined )with the 

other two. Of the three, stabilisation i s  probably the most important, for, 
besides producing dry land conditions at the director, so necessary for smooth 
tracking, its accuracy vitally affects the accuracy of the data fed to the de- 
ff 8ction computer. 



Fxo. 10.--A 4.5' mm H.A,/L.A. wmr m m c r m u ~ ~  REMOVED 
This portion of the mounting is below the upper deck 



The function of the computer, the second link in the chain, is to calculate 
the deflections, i.e., the amount the gun must be aimed ahead of the target, 
and the setting which must be put on the fuze to make it detonate the shell 
at the right point In space. The answers to these sums obviously depend on 
the speed and range of t h e  target, the shell's time of flight and its ballistic 
properties. But the most accurate ca1culating machine in the world will not 
bring the aircraft down unless the gun cIosely follows the order signals with 
which it is fed. 

It is thus with the third link that the designer of gun mountings is most 
concerned. 

Remote power mmhl 
It has already been shown how the H.A.1L.A. mounting had unavoidably 

evolved from hand to  power operation. The latter development, while re- 
lieving thc layer from physical exertion, still left him with a most diflkult 
task, that of keeping his gun pointer in line with an order pointer that was 
liable to move unpredictabiy and violently according to thc movement on the 
ship. To follow the order pointer (Fig- 11) with accuracy dernandcd exhaustive 
practice and great skiI1, since the operator was required not only to appreciate 
the early incidence of pointer error, but also its rate of increase. 

The efficiency of this human link, besides being affwted by the ship's 
movement, also depended on the reaction time and the health of the individual, 
including even what he had to eat or drink the night before. The human link 
is particularly likely to be inefficient at moments of great excitement, which is 
just when it is most necessary for it to be eficient. It was clear that except under 



very easy conditions, the pointer foIlowing error would all too often lay the 
gun outside the limits set by the lethal radius of the shetl burst. It was therefore 
essential to eliminate the human link and to actuate the gun direct from the 
deflection computer by means of a form of remote power control (R.P.C.). 

There would be no dificultj in R.P.C. if generous lags and overshoot 
could be accepted-what is difficult is to ensurz that  the gun is pointing precisely 
in t h e  desired direction irrespective of the acceleration or deceierations being 
applied at the director or by the stabilising element. 

The significance of remote power confrol was much greater than the 
actual electro-mechanical development involved, since it brought continuous 
and accurate gun pointing into the reaIm of practical achievement. Its arrival, 
in effect, enormously increased the potency of the gun which could now be 
accurately laid in a sea-way. More will be said about R.P.C. in another article. 
It is mentioned here merely to show how it took i t s  place in the series of inter- 
woven problems confronting the designers of gun mounting. 

LhiteS scope of this article 
It i s  pcrhaps necessary to emphasise that this article deals only with the 

evolution of the medium mnge H.A. /LA.  weapon. This weapon cannot meet 
a11 naval AJA defence requirements for the following main reasons :- 

(a) neither the control nor the fuze have been suficienlly developed to 
deal with a close range high speed attack, 

(b) a ship's bigger guns may be otherwise engaged, and i t  is therefore 
necessary to provide a close range armament as a final line of defence. 

The evolution of  close-range weapons will be dealt with in future articles. 

Conclusion 
Tn trying to bring this brief histosy of gun mountings and their control. 

into fucus, it is interesting to note that, whereas in the nineteenth and early 
twentieth centuries the improvements and inventions were generally imposed 
on the user by the engineer and scientist, the advent of the aeroplane caused 
the gunner to demand a better article ; that is to say, the driving force was 
supplicd not by inventive genius but by the instinct of self-preservation. 
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