ROYAL ARTILLERY HISTORICAL SOCIETY

Winter Meeting

Wednesday 19th January 2005, at Larkhill

A Presentation by Major (Retired) R J Reid MBE

THE DEVELOPMENT OF ARTILLERY AMMUNITION

The Winter 2005 Meeting of the Society was held in the Newcome Hall, Larkhill, on Wednesday 19th January at 11 am.  Some 35 members and guests attended.  Brigadier Timbers was in the Chair.

The Acting Secretary gave out administrative notices, then, in view of the numbers, it was decided to split the presentation into two halves, changing over at the halfway point.  One of the presentations was given by Major Jim Reid, who has managed the School’s excellent ammunition display room for many years.  The second presentation was given by Major David Kernohan, SO2 Munitions on behalf of the FAWS IPT in the Defence Procurement Agency at Abbey Wood.

In introducing the speakers, the Chairman said that Major Reid needed little introduction to an audience that already knew of his remarkable achievements in his chosen field of expertise, and hoped that the members would enjoy this opportunity to hear at first hand his story of the developments in ammunition in the long history of ordnance.  In the case of the second speaker, the Chairman said that the presentation was of particular interest to him because it showed how the ideas that were crystal-ball gazing 25 years before, when he had had a hand in combat development at HQ DRA, had now come to fruition. He said he felt “as though all my Christmases have come at once!”

Major Reid
To appreciate the design and purpose of today’s ammunition, it is advantageous to study the history of its development. Ammunition is a generic term having a wide application covering all missiles and devices used for offence and defence against an enemy. It includes both explosive and non-explosive components and generally embraces all military stores containing some form of explosive, incendiary or chemical hazard, together with training expedients and inert drill replicas of such stores, which, in themselves, may not display any obvious connotation of offence or defence. Today we will deal specifically with Surface to Surface Artillery ammunition.

The word “Ammunition” is derived from the Latin “Muniri” - originally to protect by a wall, then to fortify, then to supply all that is necessary for defence. The French use “Munition” in the same sense, though one may easily understand how it became used in the more restricted sense of powder and shot. The medieval Latin included the “Ad” in “Admunition”, which has become “Ammunition” in English through general usage.

Origins - The Engines of War

The act of man throwing missiles is almost as old as man himself. Initially using his hands to throw offensive missiles such as stones and javelins, he soon found that range could be increased, in the interest of surprise and/or safety, by using the mechanical advantage given by bows and slings. These not only increased range but also increased hitting power. Protection against this increase in hitting power probably precipitated the building of the walled city that, in its turn, hastened the development of the larger engines of war including the Ballista, Catapulta and Onager (Figure 1). These were followed, in the middle of the twelfth century, by the Trebuchet, an invention ascribed to the French.

The early engines of war were spring driven, the springs being wood and rope. Their ammunition consisted of stones or a form of arrow. Consistency depended on not only tensioning the spring to exactly the same level for each shot, but on the improbable ability of the wood to deliver a constant force for a given tension. The Trebuchet used a counterweight, filled with stones and earth and was, as a result, more precise in its delivery (Figure 2).  Its ammunition consisted of stones, roughly spherical in shape.

The First Gun

The next significant advancement was the gun.  When the gun appeared on the scene will probably never be ascertained.  However its origin depends for the great part on the invention, probably in several diverse places, of an explosive. That explosive was gunpowder. Without it, and the ability to cast metal (probably bronze initially), the gun could not have been born. Thus science and technology could be construed as being as much responsible for the arrival of the gun as any particular person.

To attempt to date the invention of the gun would involve volumes, be outside the scope of this lecture and almost certainly be inconclusive. However the first illustration of a gun in England occurs in a manuscript by Walter de Millimete, dated 1326, and it is generally accepted that guns featured at the battle of Crécy in 1346.  So, for the purposes of this presentation “Early to mid-Fourteenth Century” will suffice as the origin of the gun - an engine of war using explosive to propel its missile. The missile would have followed the traditional forms of an arrow or roughly rounded stone.

This first recorded gun was known as a gonne (English), vaso or schioppo (Italian) and pot-de-fer (French). It had the general shape of a vase and was mounted on a table-like structure (Figure 3). The projectile, in the form of an arrow bound on its shaft with leather thongs to form a seal, would have been wedged in the neck, while the bulbous section would have contained the gunpowder propellant. A red-hot rod was probably used to ignite the powder through a hole, or vent, in the bulbous section. The projectile, ejected like a champagne cork, would have been extremely inaccurate, and the gun incredibly dangerous, not to mention unpopular with the gunner!

Thus the first gun-launched projectiles followed the traditional form of stones or arrows and the motive force, or propellant, was gunpowder. The first gun was muzzle loaded. The following sections describe the development, from this humble beginning, of ammunition today, while also attempting to give an insight into the probable form of the ammunition of tomorrow.

Gunpowder

There can be no doubt that the first explosive discovered was gunpowder, and that as such, it was the first propellant. It is a mechanical mixture of Saltpetre (Potassium Nitrate), Charcoal and Sulphur. Its invention has been ascribed variously to the Chinese, the Arabs and others of the Muslim faith, as well as a number of Europeans including the (possibly mythical) Berthold Schwarz, or Black Bertha, and Roger Bacon. Bacon, who made no claim to its invention, describes gunpowder in a coded document dated between 1240 and 1249.

The percentages of the three constituents have varied over the centuries, from Bacon’s 41.2% saltpetre, 29.4% charcoal and 29.4% sulphur, to today’s 75% saltpetre, 15% charcoal and 10% sulphur, a formula that has been in English usage since 1781.

The earliest form of gunpowder was known as Serpentine and consisted of very finely divided particles. It suffered a number of disadvantages:

· It readily absorbed moisture due to the hygroscopic nature of saltpetre, rendering it ineffective.

· Because it is a mechanical mixture, it tended to separate out, as a result of the vibrations of transport, into its constituent parts.

· It left a large residue in the gun after firing, making loading the next charge hazardous.

· Its rate of burn varied with the amount of confinement or compression, making its consistency as a propellant heavily dependent on the degree to which it was rammed.

· Large quantities of smoke were produced on firing. Initially this was considered an advantage as it added to the “Fear factor”, often more harmful to a confused and terrified enemy than the projectile, but was eventually to contribute to its downfall.

Gunpowder in England was originally manufactured in the Tower of London. In 1561 it was being manufactured at Waltham Abbey in Essex, which, by 1789, became the Royal Gunpowder Factory.

To overcome some of its disadvantages, efforts were made to control the grain size. Before the introduction of rifled ordnance, Large Grain (LG) powder became the standard. The pressures developed in the new rifled ordnance were, however, excessive and a new form of powder was approved in 1860 for rifled ordnance called A4 and later named RLG powder. Even this produced disastrously high pressures in the larger calibre guns and by 1870, Pebble or P powder was introduced, which in turn was replaced by Prism powder, so called because of its shape, in 1881. A number of other gunpowders were produced before eventually being replaced by the powerful “smokeless powders”.

Poudre B and Single Base Propellant

In 1846 two scientists, one in Basle, the other in Frankfurt-on-Main, independently invented Nitrocellulose (NC), sometimes known as Nitro-cotton or Guncotton.  Its manufacture was dangerous and attempts to use it as a propellant largely failed because of its extremely high burn rate. However, with improvements in its purity and the ability to gelatinise it, the French produced the first good smokeless powder called Poudre B, which was a mixture of two grades of NC, in 1884.  Poudre B was very hygroscopic and liable to spontaneous explosions.  Many other smokeless powders were tried, mostly for small arms, but had little application in artillery.

Propellants based on NC as the sole explosive ingredient are known today as Single Base propellants.  One form of single base propellant was adopted by the Americans at about this time.  It involved dissolving the NC completely in Ethyl Alcohol. In a slightly revised form it remains in US service to this day as M1 propellant.

Double Base Propellant

In the same year that saw the invention of guncotton (1846), Nitroglycerine (NG) was discovered.  It too, was highly dangerous and was put to little use except in minute quantities in medicine.

In 1888, the British government set up a committee to suggest a suitable smokeless powder for British service and in 1889 Abel and Dewar, who were members of the committee, took out patents on behalf of the Government for Cordite.  Mark 1 Cordite consisting of NC, NG and mineral jelly, was manufactured at the Royal Gunpowder Factory at Waltham Abbey and introduced into British service between 1891 and 1893.  Cordite Mark 1 seemed to solve all the problems associated with gunpowder for the following reasons:

· It was largely non-hygroscopic.

· It was not a mechanical mixture, therefore it did not separate into its constituent parts during transport.

· It left no residue in the gun.

· Its size and shape, thus its eventual burn rate, were controllable during manufacture so making it more consistent in shooting as a result.

· It was smokeless, which was now considered an attribute.

It had, however, two major disadvantages:

· It was very hot burning due to the large proportion of NG (58%). This caused considerable erosive wear in the guns which reduced their effective life.

· It was definitely not flashless. This not only temporarily blinded the gun detachments at night, but also gave away gun positions to the enemy.

Further forms of cordite were produced to address the problem of erosion. These were Cordite MD (ModifieD) and Cordite WM (Waltham Abbey - Modified). The latter remained in British service with the 25 pounder and 5.5 inch gun until their relatively recent demise.

Triple Base Propellant

It was not until after World War 2 that the problem of flash from cordite was addressed. A relatively flashless and non-erosive propellant was produced by adding a large proportion of Nitroguanidine (Picrite) to the NC and NG. This is essentially the Triple Base propellant of today.

Enhancements to the triple base propellant include many additives to reduce wear or coppering in the gun, as well as to increase the energy by adding other energetic explosives such as Research Department Explosive (RDX).

Loose Powder Cartridges

After the short-lived Millimete gun, or Pot-de-fer, the next generation of guns was called Bombards. Technology had not advanced sufficiently to enable the manufacture of the closed tube type of muzzle-loader.  Instead, a number of longitudinal bars were arranged in a circle and part welded together. Lead was then poured into the joins and a number of metal hoops were shrunk over the bars to take the stress of firing.  The manufacturing process was similar to that of making a barrel, hence the name in current use.  Bombards were therefore open tubes.  A breech piece with a trough was added after the barrel was fabricated.  The gun was breech loaded (Figure 4).

After the shot had been placed in the trough and pushed forward into the barrel tube, a separate chamber (looking rather like a tankard) was part filled with powder (ladled in as required), placed in the trough, and wedged tightly from behind to form a seal against the end of the barrel. The process of ladling loose powder into the chamber as required continued with the muzzle loading cannon that were to follow.  These muzzle-loaders did not appear, however, until the later technology of bell-founding could be applied to the casting of guns.

The amount of gunpowder to be used was a matter for the gunner. Shooting was very clearly an art. In 1863 some standards were laid down; when firing shot from guns, the powder should weigh about one quarter the weight of the shot, while for shell the proportion was between one sixth and one twelfth of the shell weight.

The Charge Bag

The clear advantage of pre-packing the propellant powder in a bag or other container, rather than ladling it in for each round, had not occurred to the gunner of the day.  Indeed, when bagged powder was eventually taken into use it was to reduce the effect of fouling, not to increase the speed of loading. Serpentine powder, especially when damp, left very heavy fouling in the chamber and the first few inches of the bore, which made reloading difficult after only a few rounds.

These Cartridges were made of paper or linen bags. By the middle of the Sixteenth Century canvas bags were in general use on all English brass muzzle loaders. It was not until the Seventeenth Century that the idea of using them to speed up the rate of fire gained popularity. It was to be the end of the Nineteenth Century before the true Quick Firing (QF) gun and cartridge appeared.

The material for the bags underwent many changes in the attempt to find a bag of sufficient strength that would be completely consumed on firing. Cotton and linen were found not to burn completely, and by the beginning of the nineteenth century flannel became the standard. Silk cloth and shalloon became normal towards the end of the Nineteenth Century and have remained in use ever since.

Guns eventually returned to Breech Loading (BL) and the bagged charge was to remain to the present day. For BL guns, the trend is now back to paper for the bag. This time however, it is Kraft paper impregnated with propellant. It is made sufficiently thick to be rigid and usually contains a waterproofing agent.

The Cartridge Case

In 1897 the French surprised the world of artillerymen by announcing the production of a gun that could fire twenty aimed shots a minute. The 75mm gun, “The French 75” as it became known, was the world’s first true QF gun. It had a recoil system and fixed round. The cartridge, in a brass case, was secured to the shell and the two were loaded as one item. The French 75 made all other field guns museum pieces overnight and set the standard for the next century and beyond.

The cartridge case has been made out of various materials other than brass, generally because of shortages of copper or zinc, but its function has not changed since.  The only significant changes made to QF field gun cartridges in the century since the advent of the French 75 have been to separate the brass case from the projectile and to change from single to triple base propellant. The separate brass case allowed for the adjustment of charge weight by the gunner in the smaller calibres and to ease loading in the larger calibres.
Ignition - The Priming Iron

The chamber wall of all early breech and muzzle-loaded guns was pierced with a narrow hole called the vent. Ignition was achieved by thrusting a red-hot priming iron into the vent. The gunner’s hand would be directly above the vent, in the path of the escaping flame and hot gases, making this a dangerous occupation. By priming the vent with loose powder, the priming iron could be applied from one side, with a small improvement to safety.

Ignition - Slow Match

The priming iron method of ignition continued until the middle of the Sixteenth Century, when a slow match was used to light the loose powder, so eliminating the need to light a fire to heat the priming iron.

A slow match consisted of a number of strands of hemp, some of which had been boiled in a solution of saltpetre, wood ash or lees of old wine. It burnt at a rate of about four inches (100mm) an hour. The linstock was used to hold a length of burning slowmatch, fan the flame into life and apply it to the vent.

Ignition - Quick Match

A century later, loose powder for vent priming was replaced by a length of Quick Match threaded into the vent. Quick match burned at a rate of about one foot (300mm) in ten seconds. When used for vent priming it was known as a “Porte-feu”.

Ignition Tubes

The 1760s saw the next significant step in the development of ignition systems - the Quick Match Tube. This was a tin tube of the dimensions of the vent, wrapped round a piece of quick match with a priming composition on the top. This innovation protected the vent from erosion and fouling, was safer than priming with loose powder and enabled greater rates of fire. It was the original “Tube”, the principle of which is still used today in all BL equipments.

The tube underwent many changes over the next hundred and twenty years. The quick match was replaced by various priming compositions, all based on gunpowder. In the mid nineteenth century, the tubes were topped by a cross piece containing a composition that would ignite on impact from a hammer hinged to the gun and actuated by the pull on a lanyard.

The tin was replaced by many materials; in British service largely copper then quill (Figure 5). Quill was used only in Naval service, copper being used in Land Service (L.S.) as indicated in the following extract from “A Treatise on Ammunition, 1897”:

“Copper friction tubes are used in the L.S. They are stronger and better suited for their purpose than quill ones and keep better. Tubes, however, made of the latter material are used by the Navy, as the exploded copper tubes blown out of the gun on the ignition of the charge are dangerous on the decks where the men are working with bare feet. Moreover, the copper tubes rebounding from the upper deck beams, or the roof of a turret, &c., are apt to cut men’s faces or other exposed parts of their bodies.”

In the mid Nineteenth Century, electric tubes appeared, but these had little application to field artillery.

The Armstrong Rifled Breech Loading (RBL) gun was introduced in 1855.  Although unsuccessful as a result of inefficient rearward obturation, it heralded the modern breech-loading gun.  Most Armstrong RBL were converted to Rifled Muzzle Loading (RML); more pure RML guns were built before obturation problems were resolved.  The RBL gun eventually returned to the scene by about 1880, complete with Welin breech screw, mushroom head and De Bange obturator pad. Thus sealing the breech to the end of the gun was almost accomplished, leaving only the vent to be sealed.

Vent Sealing Tubes

The final step in the development of the ignition system was to use the tube to seal the vent, which now ran axially through the mushroom head and stem, rather than be forcefully ejected as had previously been the case. The Tube, Vent Sealing, Percussion was approved in 1882.  The modern-day tube had arrived.
Shot

The earliest gun-launched projectiles followed the form used immediately before the introduction of the first gun; arrows and stones. The word arrow is used here in a very general sense to suggest a pointed shaft with fins. It was probably short and stout, more like the bolt or quarrel used with the crossbow or the arbalista than the arrow used with the longbow. To give forward obturation, it would have been bound with leather around the shaft. Stones would have been roughly rounded and were usually of granite for the larger calibre weapons, including the bombards (Figure 6).

The arrow shot passed into history with the demise of the pot-de-fer type of gun, the spherical shot remaining until well into the nineteenth century.  Spherical, or round shot, was made of various materials through the ages, including stone, lead, iron, bronze or steel. Spherical shot for muzzle loading guns was of a diameter significantly less than the calibre of the gun to permit air, trapped between the shot and the chamber, to escape as the shot was loaded. This difference in diameter is known as Windage and applies to all muzzle loaded projectiles. Windage was typically .( inch (6mm), sometimes more.

Other forms of shot existed from the early days. Among the more successful types were:

· Red Hot Shot.  This was dangerous to load until the introduction of the thick wad that could be wetted.  It was used at the siege of Gibraltar (1779-83) to good effect.

· Langridge.  An assortment of old iron, bolts and stones as available, loaded and fired. It was probably quite effective at short range and was the forerunner of case shot.

· Case Shot.  Initially Langridge placed in a suitable container, it developed with the eventual addition of a short fuze and bursting charge.

· Grape Shot.  Quilted grape shot consisted of a number of lead balls (sometimes rather misleadingly called sand shot) packed around an iron shaft and enclosed in a canvas bag. Strong line was tied around the bag between the balls, which gave it the look of a bunch of grapes. Caffin’s grape shot was similar but the balls were confined in layers, between metal plates, by bars. Grape shot was not manufactured after 1868.

· Bar or Chain Shot.  Bar shot was dumbbell shaped and tumbled wildly in flight causing extra havoc. Chain shot consisted of two spherical shot joined by a short length of chain. It was designed to smash ships’ masts and bring down rigging. 

Round shot remained in service with Smooth Bore Muzzle Loaders (SBML) until their demise. Elongated shot, as opposed to shell, was not required initially in rifled guns, but was introduced for armour piercing against the ironclad ships in 1887 and lasted until the very early 1900s. It was reintroduced in the 1930s for use against the tank and other armoured vehicles. It remains in service today in the specialist armour-defeating role.

Spherical Shell

The idea of a projectile that burst, spreading many sub-projectiles around the target area, certainly pre-dated the technology necessary for its successful manufacture by several centuries. Such a projectile, or shell (from the German noun schale meaning outer rind or bark) was known to exist as a crude fabrication as early as the Fourteenth Century.  These shell were of very weak construction and suitable only for firing with very small propelling charges.  It was not until the Seventeenth Century that explosive spherical shell, known as Common Shell, came into general use with mortars, and the Eighteenth Century before they were considered strong enough for use, firstly with howitzers and finally with guns.

Effective fuze design also limited the general introduction of spherical, or common shell. Early fuzes were ignited by the propelling charge flash (the shell were loaded with the fuze facing the charge), or by thrusting a port-fire down the bore to ignite a muzzle-facing fuze.  Both systems were liable to cause premature functioning and were extremely dangerous.

Other types of spherical shell existed at various times.  Incendiary shell, or Carcass, although originally oblong in shape to contain the maximum incendiary composition, soon became spherical for ballistic reasons.  The spherical iron carcass was filled with a mixture of saltpetre, sulphur, resin, sulphide of antimony, turpentine and tallow; it had a number of large holes, or vents, from which the flames of the burning contents issued.  The number of vents varied but a standard of three was established in 1860.

An alternative incendiary shell filled with molten iron was proposed by a Mr Martin in 1855. It was a spherical shell, thicker at the base than normal, and coated internally with loam and cowhair as an insulator and was filled with molten iron immediately prior to firing.  It was said to be easier to handle than red hot shot, as well as having a greater incendiary power when it broke open on impact.  Martins’ incendiary shell stayed in service until 1869.

Although the primary purpose of the carcass was arson, light was a powerful secondary effect. Illuminating shell therefore, in the form of the Ground Light ball, grew out of the technology of the incendiary shell, the difference between the two shell was minimal.  In 1850, Colonel Boxer introduced the Parachute Light Ball (Figure 7), the direct antecedent of the current illuminating shell. It consisted of two outer and two inner hemispheres of tinned iron, the outer hemispheres being rivetted together while the upper hemispheres were joined by a chain. A fuze ignited a bursting charge, blowing the outer and upper hemispheres away and igniting the illuminating composition contained in the lower inner hemisphere. A parachute contained in the upper hemisphere and attached to the lower inner hemisphere was deployed and controlled the rate of descent of the burning light. The ten-inch Parachute Light Ball, the last in service use, was declared obsolete in

December 1920, although it had probably not been manufactured or used for many years before.

Common shell and carcass were fitted with wood bottoms early in the nineteenth century (Figure 8).  The wood bottoms had the following functions:

· To reduce the effect of the shell bouncing against the barrel walls on firing (particularly with bronze guns).

· To steady the shell in the limbers.

· To keep the fuze, or the vents in the case of carcass, pointing away from the charge (by now it had been established that sufficient windage existed to allow the flame of firing to encircle the shell and ignite the fuze or primed vents).

Common shell were originally filled with gunpowder which split them open in a random manner when initiated. Improvements were few and largely involved increasing the amount of powder in the filling. In 1784, Lieutenant Henry Shrapnel of the Royal Artillery proposed his Spherical Case Shot. In this, a number of musket balls were filled into a shell, with just sufficient gunpowder to open the shell body (Figure 9). In Shrapnel’s own words:

“The object now accomplished is the rendering of the fire of case shot effectual at all distances within the range of the cannon”.
Spherical case shot was not approved for service until 1803, but not until 11th June 1852 was it officially named the Shrapnel Shell - ten years after the death of its inventor.

The shrapnel shell was, however, liable to premature ignition, and a number of theories were proposed as to why this was so. It was eventually proven that the intimate mixing of the balls and the powder was responsible. In 1852, Colonel Boxer suggested separating the balls and the powder with a wrought iron diaphragm. Initially, all shrapnel shell were modified, the powder being kept in a tin cylinder inserted through the fuze hole. These shell were known as Improved Shrapnel shell.  Boxer’s Diaphragm shell was approved for service on 27th September 1864 and remained in use until the demise of the smooth bore gun with the advent of rifled ordnance (Figure 10).

Elongated Projectiles and the Development of Spin

Elongated projectiles provide either a greater payload potential, or a greater mass/diameter ratio, which is necessary for kinetic energy attacks such as those against armour. Elongated projectiles are quite unstable unless spun to give an element of gyroscopic stability; many attempts were made in the second half of the Nineteenth Century to achieve this.

The many and varied attempts, too many for a complete listing here, can be divided into the following five categories (Figure 11):

· Projectiles Rotated by the Air Flow Over Them in Flight.     Such projectiles had spiral or angled grooves, flanges or fins on their outer surface, designed to catch the airflow and thus cause rotation. One such projectile, Clarke’s fishtail shot (1853) was surely the forerunner of the modern mortar bomb.

· Projectiles Rotated by Gas Action.     These projectiles had shaped bases to interact with the propelling gases, or angled holes in the base filled with gunpowder to form a kind of rocket motor rotation.

· Projectiles Shaped to Fit Spiral Grooves, or other Shape, in the Gun.     Projectiles in this category include Lancaster’s oval section shot (1851) fitting an oval spiral bore; Whitworth’s hexagonal spiral shot (1855) fitting a similarly shaped bore; Palliser’s copper studded shot (1860) with rifled grooves in the gun; various grooved projectiles to fit spiral ribbed guns and ribbed projectiles to fit spiral grooved guns. Lancaster and Whitworth failed to surmount the problem of excessive wear in the gun, while Palliser’s limiting factors were the shear strength of the studs and forward obturation.  Forward obturation was addressed initially by papier-maché wads between the charge and the base of the projectile. These were quickly superseded by Bolton Wads made of a pulp from old rags (known as tammies or woollens) and old tarred rope. These too were of little use and were soon replaced by copper gas checks and then by ribbed gas checks which also replaced the studs.  Palliser studded shot and shell were, however, standard for RML guns for nearly half a century.

· Projectiles Engaging Rifling by Expansion.     Included in this category were lead skirted shot and projectiles fitted with copper gas checks.  In both cases sufficient windage was available for muzzle loading but, on firing, the lead skirt or copper gas check was forced out into the rifling by gas pressure, causing projectile rotation and affording forward obturation.

· Projectiles Rotated by Engraving Part of the Projectile Surface in Rifling.     In this category, Armstrong’s lead coated projectiles (1860) established the principle in use today in small arms, where the whole of the full calibre section of the projectile is engraved by the rifling. Then, in 1883, Vavasseur invented the copper driving band that is still in use on most artillery projectiles today.

Projectiles in the first two categories above were for SBML guns and were failures at the time but some of the ideas surfaced in other applications years later. Projectiles in the next two categories were for RML guns, while those in the fifth category were for RBL guns. The technology of rifling was thus essential to the successful employment of elongated projectiles.

From the mid 1850s, gas checks, lead coated shell and eventually the Vavasseur driving band formed reasonably effective forward obturation of the gun. Additionally, the large amount of windage (essential with muzzle loading guns) was no longer required with RBL guns. With reduced windage the projectile was less able to bounce along the bore and its exit from the gun was resultantly more stable. These two factors, forward obturation and increased stability, led directly to more consistent shooting; while forward obturation led also to the need for a time fuze that did not rely on the propellant flame to initiate the timer.

Fuzes

The date of origin of the fuze is synchronous with the date of origin of the shell, as one has no function without the other. The earliest of fuzes proved no more than an attempt to get the shell well clear of the gun before it functioned, an aim it frequently failed to achieve. The timing device in the early fuzes was priming composition, fairly slow burning, placed in the fuze hole. This was loaded either facing the charge, in which case it often blew into the shell causing a premature; or it was loaded facing the muzzle and ignited by throwing a portfire down the bore, also causing frequent prematures.  Fuzes were clearly not popular in those early days.

Many attempts were made at producing a safe fuze, either time or percussion, over the centuries. Few were successful, and none significant in terms of the modern fuze, until the middle of the Eighteenth Century.

Time Fuzes

In 1596, Sebastian Halle proposed regulating the burning time of fuzes, a sound proposal needing only suitable technology for its implementation. Such suitable technology did not arrive until 1675 with the invention of the pocket watch, which enabled the calibration of the burning time of a length of fuze composition. However, not until the Eighteenth Century did an adequate time fuze appear in service use. Such fuzes were made of Beechwood, bored through and filled with mealed powder. They were cut to the desired length before insertion in the shell.

Single-fire, which is the art of igniting the charge, which in turn lights the fuze via the windage, was first used in about 1750. This made firing the gun considerably safer, although not yet particularly safe.

These early fuzes, however ignited, suffered many problems. In the first place they were wooden  and parallel sided. If the wood shrunk in storage the fuze would fall through into the shell during fuzing, while if it expanded through dampness it would not fit. Secondly, assuming it was of a suitable size to fit and was cut to the correct length before fitting, its accuracy was dependent on the fuze composition which varied significantly from mix to mix. Such fuzes proliferated as attempts were made to secure a significant improvement in both accuracy and safety (Figure 12).  

Indeed it is noted that in 1819 there were 21 different varieties of bored shrapnel fuzes alone.

The next step in the development of the time fuze occurred on the recommendation of Colonel Boxer on 27th April 1849.  After many trials and modifications the Boxer time fuze was introduced into service on 18th August 1855 (Figure 13).  The following quote from “Treatise on Ammunition, 1897” needs no further explanation:

“It is not necessary to give any account of fuzes manufactured for the service prior to 1855. In that year, General Boxer introduced his time fuzes, which are still used in the Service, and which were greatly superior to the fuzes they replaced, both as to accuracy and facility of preparation.  Wood was the material adopted for the body of the fuze, a hard durable wood with a grain suitable for turning is required; beech is found to answer well. The wood is seasoned, and is afterwards desiccated by artificial heat.

All Boxer fuzes are conical, this shape having a great advantage over the cylindrical form, as there is no risk of the fuze setting back into the shell on the shock of firing, at least not when the angle of the cone is sufficiently great; also, if the wood expands or contracts the fuze will only project or go in a little more, but with a cylinder the result would be either that the fuze would not enter the fuze hole when expanded, or would fall through into the shell when shrunk.

The same pitch of cone is used in all wood time fuzes, being that introduced by General Boxer. The cone increases at the rate of 1 inch in diameter for every 9.375 inches in length. The different sizes are obtained by taking different sections of the cone.

The fuze composition is contained in a channel which is not bored completely through the wood, as it is necessary to support the composition to prevent it from setting back on firing. This channel is placed centrally in the body of the fuze, except in fuzes which have two powder channels, in these the composition channel is eccentric. Powder channels are essential in fuzes for shrapnel shells, having the bursting, charge in the base, because if a fuze having no powder channels were bored short, the hole would come in contact with the metal of the shell, and the flame of the composition could not ignite the charge.”
The introduction of rifled guns, which included forward obturation to a greater or lesser degree, meant that there was no available windage to permit single fire. This brought about the next major step in the development of the fuze, the utilisation of the setback force to initiate the timer. Simply, a detonator was incorporated with a hammer suspended on a copper wire above it. On the set-back of firing, the hammer was driven into the detonator which, in turn, started the burning of the time composition. This design was approved in 1864.

Armstrong introduced his fuzes in 1860 with the “A” pattern fuze.  Not a complete success, modifications advanced the pattern designation eventually to the “F” pattern fuze which was the first Time and Percussion (T&P) fuze. The percussion element caused problems so its predecessor, the “E” Mk III fuze was retained as a time fuze only.  A redesigned percussion element was added to the “E” Mk III and the new fuze eventually became the Fuze, T&P, No 52.

Accuracy of burning of the fuze composition focussed the minds of fuze designers at this time. Their other problem was the production of a fuze suitable for the high velocity and long times of flight of the guns, while making it suitable for the low velocity howitzer. “Sensitive” fuzes were the first solution. Instead of using the set-back on firing to initiate the timer they used centrifugal force to throw the lighting pellets outwards onto firing needles.

The peak of igniferous fuze design in Britain was achieved in 1905 with the introduction of the Fuze, T&P, No 80 (Figure 14). It was based on an earlier design by the German manufacturer Krupp and manufactured in England by Vickers. It was introduced for the 13 and 18-pounder guns; it employed two time rings, effectively one larger ring, to increase the accuracy of timing. This two-ring system had been used unsuccessfully by Armstrong some years earlier. It offered time settings from zero to 22 seconds, in tenths of a second.  Setting was achieved by turning one time ring with respect to the second, the principle used by all subsequent igniferous time fuzes.  Many modifications to, and variants of, this fuze appeared over the years but the principles remained until the arrival of the mechanical time fuze.
Igniferous fuzes suffered further setbacks that eventually led to their demise. The burning rate of the fuze composition varied not only from mix to mix as was the original belief, but also varied as a result of:

· The rotational, or spin velocity of the shell.

· The effect of temperature of the composition.

· The effect of local pressure.

With low trajectories and very short ranges these factors had little effect, but with the advent of the aircraft as a threat on the battlefield, trajectories went up into regions of very low temperatures and pressures. The inability to resolve the resultant inaccuracies led to the eventual demise of the igniferous fuze and the adoption of Mechanical Time fuzes.

The aircraft drove another change as significant as, though far removed from, the mechanical time fuze. The Shrapnel shell relied for its effect on the forward velocity of the shell imparting velocity to the musket balls. But aircraft were attacked at or near the trajectory vertex where the shell has minimum velocity, thus Shrapnel burst near an aircraft at altitude had little or no effect. Directly or indirectly, the realisation of this fact hastened the development of the High Explosive (HE) shell and the decline of the Shrapnel shell.

Early in World War 1, the Germans invented a time fuze whose timer was driven by a pre-wound spring. The clockwork time fuze had arrived; the British were quick to copy the technology when samples were eventually returned to Britain from France. The Fuze, Time, Mechanical, No 200 was the result and was the first of a long line of mechanical time fuzes, driven either by a spring or, later, by the action of centrifugal force.

Mechanical time fuzes, while solving many of the problems of the igniferous time fuze, had a number of inherent inaccuracies of their own. It was not until 1944, following the advent of radar, that the problems were finally resolved with the introduction of the Proximity Fuze which operated on radar type principles and facilitated accurate height of burst by sensing the target. Such a fuze, after many minor refinements, remains in service today.

Igniferous fuzes for carrier shell, such as smoke and illuminating, remained in service until relatively recently. They enjoyed a very gradual change over to mechanical time fuzes and, when technology was ready (in the 1980s), to the Electronic Time Fuze.

Percussion Fuzes

The earliest proposal for igniting explosive shell on impact came from Sebastian Halle in 1596 and had no more success than his proposal for time fuzes.  Although there were a number of subsequent, and unsuccessful, attempts at producing a percussion fuze, it was not until the invention of the copper percussion cap for small arms cartridges that percussion fuzes became a possibility.

Unlike the time fuze, the link from the earliest to the current percussion fuze is a simple one. The first proposed percussion fuzes were tried in 1845 by the Army and the Royal Navy and were found wanting.  Each service went on to develop a suitable fuze and by 1851 each had its own percussion fuzes, which became obsolete as soon as they were introduced because the introduction of the Boxer time fuze had changed the fuze-hole gauge.  The matter was resolved by Mr Pettman, a foreman in the Royal Arsenal at Woolwich, whose design was introduced into Land Service in 1861 and into Sea Service a year later. Pettman’s fuze was modified to make it suitable for rifled guns and was introduced for General Service in 1866.

All further changes in the design of the percussion fuze were refinements to improve handling, muzzle and flight safety, and to improve speed of reaction and to include a graze function which prevented blinds at low angles of arrival. Two fuzes stand out in the evolution of the modern percussion fuze (Figure 15):

· Fuze, Percussion, No 106, which, after a hasty modification to improve muzzle safety became the “106 E”, was extensively used by the field guns throughout World War 1.

· Fuze, Percussion, No 117, which, with many minor modifications, served through World War 2 and well into the second half of the twentieth century. It was last fired in British service in January 1995 with the final firing of the 5.5-inch gun at Larkhill.

Base percussion fuzes were introduced in 1886 with the Fuze, Percussion, Base, Hotchkiss; in 1890 the Fuze, Percussion, Base, Armstrong, No 9 was introduced for QF guns. Base fuzes were introduced for the Armour Piercing (AP) Common Pointed shell and have remained in an AP role ever since.

Rockets

Rockets undoubtedly preceded guns, but probably only by a century or so as some form of gunpowder would have been needed as a propellant. They were used from time to time, particularly in the East, but in Europe they fell into disuse from the beginning of the Fifteenth Century to the end of the Eighteenth. It was their employment at the siege of Seringapatam in 1799 that brought them to the attention of the Board of Ordnance and the Royal Laboratory.

Colonel William Congreve, head of the Royal Laboratory in Woolwich Arsenal and formerly of the Hannoverian Army, applied his imaginative engineering skills to the problem of their production and in 1804 the war rocket reappeared in service. His original rockets had a paper case and were stabilised by a stick, but in 1806 he substituted an iron case and with his 32-pounder rocket achieved a range of 3000 yards (almost 2750 metres).

The 32-pounder rocket was contained in an iron cylinder with a conical head. The cylinder was approximately one metre in length, and 100mm in diameter. The stabilising stick was over 4.5 metres in length. The incendiary head was equivalent to that of the ten inch spherical shell which required a heavy gun to propel it a mere 2000 yards (approximately 1800 metres). Later marks replaced the stick with a stabilising blade (Figure 16).

The advantage of rockets is best summed up in the words of Congreve:

“The rocket carcass is not only fired without reaction upon the point from which it is discharged, but is also unencumbered with the necessity of heavy ordnance to project it as is the case with every other carcass. These are points which first induced me to speculate upon it; it is on these properties that depend its peculiar facilities for sea and land services, as will be hereafter more fully explained. It is ammunition without ordnance, it is the soul of artillery without the body; and had therefore from the first principles of its flight, a decided advantage for the conveniency of use over the spherical carcass.”

Congreve’s rockets were referred to by their total weight, the 32-pounder being the most common. They had an assortment of heads for the target effects, explosive, incendiary or shrapnel, and had a range similar to, and in some cases greater than, the guns of the day. They featured extensively in the Napoleonic wars and a Rocket Troop (Whinyates’) took part in the battle of Waterloo.

In 1866, Congreve’s rockets were briefly superseded by those designed by Colonel Boxer. These in turn were superseded a year later by those of Mr Hale, a mechanic at the Royal Arsenal.  Hale’s rockets dispensed with the unwieldy stabilising stick and were spin stabilised by a form of turbine rotational effect, achieved by extending the vents in the form of curved shields (Figure 17).  His rockets underwent many modifications over the years but were unable to keep pace with the improvements in both range and consistency of field artillery and, in September 1919, all rockets were declared obsolete.

In the 1930s it was known that Germany had expended considerable resources on the development of rockets and, as the possibility of another war with Germany loomed, a Rocket Advisory Committee was established to investigate the possibility of reintroducing rockets into British service. Three potential uses were identified:

· An Anti-Aircraft (AA) Weapon.

· An Aircraft Launched Weapon.

· A Long Range Weapon.

The first priority was for an AA weapon and amid much secrecy the 3-inch (76mm) AA rocket was born. The word “Rocket” was banned, such was the secrecy, and all rockets were referred to as UP short for Unrotated Projectiles. The 3-inch rocket motor, some 1.4 metres in length, initially carried a HE warhead initiated by a fuze actuated by air pressure (Figure 18).  The complete UP was a little over two metres in length.

The pressure of war tends to accelerate technological inventiveness and perhaps nowhere is this better illustrated than in the growth of the rocket during World War 2.  A novel warhead was designed for the 3-inch AA rocket consisting of two parachutes of different sizes attached one to each end of 1000 yards of steel wire.  Attached with the smaller parachute was a grenade with an impact fuze.  Deployed at high altitude, this assembly hung in the air under the larger parachute, falling only very slowly.  When an aircraft flew into the wire the grenade was dragged up to the wing as a result of the difference in drag between the two parachutes.  The result was a direct hit.

New uses for the rocket appeared constantly. Projectors for 5-inch (127mm) rockets with HE warheads were mounted on ships. Called the Mattress, it was used to assist contested landings.  In land service the 5-inch head, fitted to a 3-inch motor, was fired from the 16-rail launcher called the Land Mattress, while 32-rail launchers also existed. The land mattress had a range of 8000 yards (7300 metres) and was used successfully at the crossings of the Scheldt and Rhine in the closing stages of the war. In 1942 the Hurricane aircraft was equipped with eight rockets. Originally employed against submarines, these rockets, mounted on Typhoon aircraft, were eventually directed against land targets.

Out of Germany came the long-range rockets. In 1933, the A1 was born. Tiny by comparison with its successors, being only 1.4 metres long, it was followed by the A2 a year later. In 1938 the A3 appeared. It had a ground range of 18 kilometres and reached an altitude of 40,000 feet (over 12000 metres). Then in 1942 the liquid fuelled A4 went into production and entered service use two years later. Known in this country as the V2, it was the original Guided missile. Although guidance was not quite as we understand it today, the missile had an element of on-board control of its flight. The on-board control system could:

· Maintain the rocket in a predetermined plane.

· Stabilise the rocket in the roll axis.

· Rotate it about the pitch axis at a predetermined rate.

· Measure its velocity during flight, and cut off the main fuel supply at a point which corresponded to the required range.

Since the end of World War 2, all rockets have descended from either the 3-inch UP (ballistic missiles) or the A4 (guided missiles). While technologies have changed significantly over the past 50 years, the principles of the 3-inch UP and the A4 remain.

Summary

Clearly ammunition and the projector (gun or launcher) have developed together, advances in one driving or permitting advances in the other. Advances in science and technology have been responsible for advances in ammunition design, while the requirements of the gun or its ammunition have undoubtedly hastened advances in technology.

The rate of advance has varied significantly. Rapid changes have occurred in times of war, while in times of peace, or relative peace, advances have been much slower.  The industrial revolution of the late 18th century and early 19th century led to rapid advancements in the gun, including rifling and the complex breeches of the BL guns.  The technologies of the time also permitted the manufacture of more effective projectiles.  With the industrial revolution came a requirement for standards in manufacture which were to lead indirectly to greater accuracy. Since World War 2, materials technology has enabled the manufacture of considerably more effective ammunition.

However, the principles I have outlined today have changed but little for a century or more. What has changed, and continues to change almost exponentially, is technology and man’s inventive use of it.

Major Reid then showed the Members the Ammunition Room which contains many examples of the ammunition described in the lecture while Major XXX spoke about modern developments in ammunition. 

The Chairman thanked both speakers for their excellent presentations. It had been an eye-opening morning for all members present, not only in showing how artillery ammunition had developed over the past 600 years, but also how it was still developing into areas that seemed close to the realms of science fiction. It would be difficult to encapsulate the modern ideas in the Proceedings in view of the very high content of films and graphics used in the presentation, but all those who had attended the meeting could attest to the quality of this particular event.

This brought the Meeting to an end and Members entertained Major Reid and Major XXX to lunch in the RA Mess.

