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INTRODUCTION

The term ‘cannon’ in British use originally referred to large-calibre muzzle-loading artillery. This book is concerned with modern cannon; while there is no agreed single definition, these are commonly regarded as being fast-firing high-velocity automatic guns with calibres (projectile diameters) between 20 mm and about 57 mm.

The precursors of such guns were developed in the late 19th century, in the form of larger versions of hand-cranked multi-barrel machine guns (MGs) like the Gatling and the Nordenfelt, which were made in calibres of up to one inch (25.4 mm) and fired solid projectiles. These were followed by the Hotchkiss cannon revolver with a rotating cluster of five barrels, also hand-cranked but in much larger calibres of 37 mm, 40 mm, 47 mm and 53 mm, which fired hollow shells filled with explosives.




2-barrel 1-inch Nordenfelt (4 barrel versions also saw service)






37 mm Hotchkiss ‘cannon revolver’



The first truly automatic cannon came near the end of that century, in the form of the Vickers-Maxim One Pounder, so-called from the nominal weight of the projectile (1 lb or 454 g). This was a scaled-up version of the company’s machine gun and used the recoil energy from firing each shot to power the firing cycle. This famous gun was nicknamed the ‘pom-pom’ from the distinctive sound of its firing, a designation which was also applied to its successors, particularly the British 2-pounder naval anti-aircraft (AA) gun of World War II.

World War I saw the first extensive use of cannon in a variety of roles, most notably against the growing threat of aircraft attacking ground or naval targets. Some were also mounted on aircraft, for firing at each other or at ground targets. The guns were still in their infancy at this stage and developed only slowly in the interwar years. Only in the late 1930s was there an accelerating rush of interest in acquiring such weapons, and World War II saw such famous names as Oerlikon, Bofors and Hispano become synonymous with cannon, principally for use against, or by, aircraft.

After World War II the development of cannon continued for a variety of roles, but from the late 1950s they became increasingly challenged by guided missiles. However, experience revealed that the theoretical performance of the early missiles was rarely achieved in combat, so cannon remained in use as primary weapon systems against aircraft for longer than expected. Cannon also found other roles, particularly for use by and against light armoured vehicles; their principal use today. Their versatility has also led to their continued use: by combat aircraft (as a back-up weapon, or for use against targets for which a missile is not appropriate); in the ground-based anti-aircraft role (to supplement missiles); and also installed on warships, for dealing with small boats and/or as a last-ditch defence against incoming anti-ship missiles, in which role they are known as Close-in Weapon Systems (CIWS). The latest application of cannon is to adapt the naval CIWS to the C-RAM role (Counter-Rocket, Artillery and Mortar), for the protection of military land bases.

Alternative weapons keep emerging, in the form of smaller and cheaper missiles or entirely different technologies such as lasers, but it is likely that there will be roles for cannon for the foreseeable future.

GUN CALIBRE

The choice of the optimum calibre for any particular purpose is inevitably the result of various compromises. Other things being equal (an important qualifier in any statements comparing guns and ammunition), large calibre weapons provide greater destructive power and a longer effective range, but are bigger and heavier, generate more recoil, have a lower rate of fire (RoF), and the bigger ammunition restricts magazine capacity.

The popularity of different calibres has varied depending on the tactical needs of the time. However, the first true automatic cannon emerged in the nineteenth century in 37 mm calibre for legal reasons. In the middle of that century explosive projectiles were introduced in rifles. These were felt to be inhumane when used against soldiers, so an international convention was held that led to the St. Petersburg Declaration of 1868, which stated:

The Great Powers agreed to renounce, in case of war among themselves, the use of any explosive projectile of less weight than 400 grams (14 ounces avoirdupois) or one charged with fulminating or inflammable substances.

At that time, a 400 g shell was typically of 37 mm calibre so this became an international standard which was honoured for the next half century. By the start of World War I, except for a few obsolete weapons there was a huge calibre gap between rifle-calibre (6.5 to 8 mm) MGs and 37 mm cannon.

The pressure of war eventually led to a demand for smaller cannon calibres, partly for the anti-tank (AT) and anti-aircraft roles and partly to provide more firepower for aircraft without burdening them with large cannon. Aircraft weapons in 20 and 25 mm were developed which, although initially available only with solid shot, used high explosive (HE) projectiles by the end of the war.

After World War I was over, it was decided that the legal position of explosive shells should be clarified so in 1922 a Committee of International Jurists met at the Hague to consider a set of rules for aerial warfare. They decided that the use of tracer, incendiary or explosive projectiles by or against aircraft was not prohibited. This draft Convention was never formally ratified, but everyone thereafter behaved as if it had been, albeit with a degree of nervousness in some quarters.

In the interwar period, 20 mm became generally regarded as the smallest calibre whose projectiles were capable of carrying a useful quantity of HE. It therefore became a standard calibre with the great majority of nations and has remained so up to the present time. The 37 mm calibre remained popular and was joined by 40 mm weapons from Britain and, most notably, Bofors in Sweden. This remained the largest calibre to see significant service in rapid-firing weapons until the middle of the 20th century, with the exception of the early Hotchkiss manually-cranked ‘canon revolver’ (actually a rotary gun in modern terminology), produced in 47 mm and 53 mm calibres.

Before World War II there were few weapons in calibres intermediate between 20 and 37 mm, the most significant being 25 mm AA guns used by Sweden, France, Japan, Russia and, just in time for the war, the American 1.1-inch (28 mm) naval gun (whose odd calibre indicates that this was probably the last cannon to have been designed to adhere to the St Petersburg Declaration, since the shell weight was 416 g). More emerged during the war, with 23 mm weapons becoming established in the Soviet Union and 30 mm guns, initially for aircraft, in Germany, with Japan following suit right at the end. Attempts were made in various countries to produce fast-firing automatic weapons in 50–57 mm calibre, but cannon of this size were not notably successful until after the war.

After the lessons of the war had been absorbed, NATO broadly settled for automatic cannon in 20, 30 and 40 mm calibre (with 35 mm, 27 mm and 25 mm being added later) plus 57 mm in naval guns (land and aircraft versions not lasting long). NATO cartridges are allocated STANAG (STANdardisation AGreement) numbers, which specify characteristics required to ensure inter-operability in different weapons. The Warsaw Pact (and by extension China and nations supplied by these countries), used weapons in 23, 25, 30, 37, 45 and 57 mm calibres. It should be noted that NATO countries currently produce or use weapons chambered for three different 20 mm cartridges, two 25 mm and four 30 mm (not including variations using different case materials or priming) as well as 27 mm, 35 mm, and soon to be two, or even three, 40 mm, and a 57 mm. In contrast, the complete and considerable range of Russian automatic cannon currently in production is focused on the 30 × 165 cartridge (albeit in both percussion and electrically-primed versions), although the 57 mm seems to be enjoying a minor revival of interest.

DEFINITIONS

The current usage of the term ‘cannon’ has only become widely accepted since World War II. Before then, the term ‘machine gun’ was used to describe a relatively small-calibre weapon normally firing solid projectiles while larger-calibre versions were generally called ‘automatic guns’. The situation changed in British practice with the selection for the Royal Air Force (RAF) of the French Hispano Suiza HS 404 moteur-canon in the late 1930s. Anglicized as ‘cannon’, the name became adopted for the Hispano and subsequently for all other automatic shell-firing guns of 20 mm or more calibre. The plural of cannon can be either cannon or cannons – the former will be used in this book.

The distinction between MGs and cannon is an arbitrary one that has varied in different countries and at different times. As far as projectiles are concerned, the accepted convention has been that MGs are designed to fire bullets: ball, incendiary and armour piercing (AP) projectiles, with or without tracers; that are usually ‘jacketed’; the core being covered by a relatively soft, usually copper-based, alloy which can be formed by the pressure of firing to fit the rifling grooves. Cannon projectiles – generally known as shells – are normally of steel with separate, softer driving or rotating bands to take the rifling, and are typically filled with HE and/or incendiary materials plus a fuse to initiate them, or have a hard metal core for armour piercing (AP shot). The dividing line between bullets and shells is generally accepted to be 20 mm calibre, exceptions to this general rule being the 13 mm Rheinmetall-Borsig MG 131 and 15 mm Mauser MG 151 aircraft heavy machine gun (HMG) rounds, which used cannon-type projectiles; conversely, the AP shot for the 25 mm Hotchkiss cannon was made just like an MG bullet.

Different nations have had different naming practices. For example, in World War II German automatic weapons of up to and including 20 mm were known as machine guns (Maschinengewehr) with larger calibres being known as cannon (Maschinenkanonen), leading to the MG and MK prefixes. In addition, designations based on function were used for particular applications, whether or not the weapons were automatic. A gun intended for the anti-aircraft role was called Fliegerabwehrkanone (sometimes given as Flugzeugabwehrkanone or Flugabwehrkanone), for the anti-tank role Panzerabwehrkanone, and for mounting in armoured fighting vehicles Kampfwagenkanone; Flak, Pak and KwK for short. The BK (Bordkanone) designation was used for very large calibre (37+ mm) airborne cannon intended for ground attack, although currently that term is applied to the 27 mm Mauser BK 27 cannon.

Nomenclature also varied between services. In Sweden, the Air Force called their 12.7 mm and 13.2 mm m/39 guns automatkanon, presumably because they were larger than usual for aircraft guns at the time, while their Navy called the 25 mm M/32 a kulspruta, (which translates as machine gun), presumably because this was a small weapon by naval standards. In the US services, naval weapons are generally given Mk (mark) designations, army guns M (model). The numbers that form part of such designations have in most cases related to the date of introduction or acceptance into service (e.g. M/32 introduced in 1932) but in other cases model numbers are allocated on a different and not always obvious basis, as is typical of current US and UK practice.

Since World War II the definition of a cannon as any fast-firing, high-velocity automatic weapon of 20 mm or more has become commonly accepted; the upper calibre limit is less clearly defined, but is generally taken to be around 57 mm as, broadly speaking, this is the largest calibre of automatic weapon to include multi-purpose guns that were fitted to aircraft, naval and land mountings. The next step up in automatic weapon calibre is to 75 mm, which are usually specialist single-purpose guns.

Calibre designations have also varied. The UK and related countries used to designate guns of 37+ mm calibre (whether automatic or not) by ‘pounder’ measurements (abbreviated to Pr or Pdr, often written PR or PDR), after the nominal weight of the standard projectile in pounds. The British also used inch measurements, but by the 20th century mostly for guns from 76.2 mm (3-inch) calibre upwards. The USA used inch measurements as standard for some weapons (e.g. the 1.1-inch naval gun) but from World War I onwards also used metric measurements, having adopted 37 mm, 75 mm, 105 mm and 155 mm artillery from France during that war. Only in the last half-century have metric calibre measurements almost entirely taken over from inch or pounder measurements in Britain and the USA. Even within the metric group, practices have varied; in wartime Germany and certain other countries, heavy weapon calibres of 20 mm or more were usually described in centimetres rather than millimetres.

The cartridges fired by the guns are also described using what has become accepted as the standard metric measurements of calibre and cartridge case length, plus any non-metric designations they have been known by. The metric measurements may not have been used at the time (e.g. the USN 1.1-inch cartridge was only ever known by that name; the metric 28 × 199 SR is a retrospective designation for comparison purposes). Metric measurements are therefore used for all calibres and cartridges in this book, alongside any other designations which may have been used. In some instances two or more cartridges may have the same measurements, so these are distinguished by additional letters which may refer to the rim design (R, SR and RB or RR for rimmed, semi-rimmed or semi-rimless, and rebated – with a small-diameter rim) or some other identifying letters, notably B to describe a belted case. The worst case of this lies with 20 mm cartridges with 110 mm case lengths: six in total (including experimentals), none of which are interchangable. So as well as 20 × 110 RB and 20 × 110 R there are three named for the gun: 20 × 110 HS (Hispano Suiza), 20 × 110 Scotti, 20 × 110 AP-20; and one named for the user organisation, the 20 × 110 USN. Again, these designations may not have been officially used, but are applied now to distinguish between them. A third metric to help with identification is the rim diameter; this is shown in the ammunition tables.

A final note on ammunition designations: in larger-calibre artillery in which the projectile and propellant are loaded separately, a ‘round’ of ammmunition refers to the projectile, the ‘cartridge’ is the separate propellant charge. However, in small arms and cannon, in which the projectile is firmly secured to the cartridge case during assembly, the complete unit of ammunition – cartridge case, propellant, projectile and primer (means of igniting the propellant) – may be known as either the ‘cartridge’ or the ‘round’ of ammunition.

BOOK STRUCTURE

This work is structured into four parts: first, a brief history of cannon and their use; second, the design of cartridges and guns; third, the cartridges described in calibre order; and fourth, the cannon arranged by country. Finally there are data tables on the cartridges and guns for quick reference purposes, and a glossary of terms.

Part I provides a history and analysis of the use of automatic cannon by armies, navies and air forces of all nations from the end of the 19th century to the present day. It is focused mainly on those guns which made it into service, and describes how their use changed over time.

Part II considers the main factors affecting the design of cartridges and cannon, including the different types of projectile used, a brief section on ballistics and consideration of unconventional systems.

Part III includes all of the cannon cartridges to have seen service, plus many which did not.

Part IV gives the same treatment to the cannon.

It should be noted that the focus in this book is sharply on the guns and ammunition, with some information about mountings but nothing about sights or fire control. These omissions are not due to any disregard of their importance – in fact, they are vital to the effective performance of the weapon systems – but they are complex subjects of their own and deserve a much more detailed treatment than there was space for in this book.


PART I: A BRIEF HISTORY OF AUTOMATIC CANNON

DEVELOPMENTS BEFORE 1932

The late 19th century was a period of rapid technological development in guns, dramatically increasing their volume of fire. The key to this was the introduction of the self-contained cartridge or round of ammunition, loaded with ‘smokeless powder’ which did not foul up mechanisms in the same way as black powder (gunpowder), and which was sturdy enough to survive the violent handling needed to achieve high rates of fire. The precision engineering needed to mass-produce the many small mechanical parts of a fast-firing gun also developed.

The first self-powered machine gun was the Maxim, which entered service in 1886. This used the recoil force from firing each cartridge to push the breechblock back, extracting and ejecting the fired cartridge case then removing the next round from a fabric belt before pushing it into the chamber (‘chambering’ it) to be fired.

The Maxim machine gun was adopted by many armies, usually firing the same ammunition as the army’s rifle. However, interest grew in a bigger model to compete with the hand-cranked multi-barrel Hotchkiss revolving cannon. Maxim selected the smallest of the Hotchkiss 37 mm rounds, the 37 × 94 R, as the basis of their large machine gun.




German Maxim 37 mm captured in southern Africa (NJR ZA – Wikimedia Commons CC BY-SA 3.0)



Designed in the late 1880s, the first versions entered service in the 1890s and the gun was adopted by the British Army in 1900 as the ‘Ordnance QF 1 pounder Mk. 1’ (QF stood for Quick Firing, an artillery term which meant that the propellant was contained within a brass cartridge case). However, it was popularly known as the ‘pom-pom’. The explosive shells were not only valued for their destructive effects, but also because at long range the puffs of smoke indicated where the shells were landing, allowing the aim to be corrected as required.

The pom-poms were widely used by both sides throughout World War I, although they became obsolete in ground and naval fighting. In ground fighting, they were outranged by modern fast-firing artillery, and in naval use they were no longer effective against larger torpedo boats and torpedo-boat destroyers. However, when installed on high-angle mountings they found a new role against low-flying aircraft. The first installation of a pom-pom on a high-angle mounting for anti-aircraft (AA) fire was actually approved for the British Army before World War I, in February 1914.




Naval 2-pounder pom-pom (Wikimedia Commons, public domain)



Maxim’s basic recoil-operated cannon design was scaled up and down, and modified to accommodate the use of different cartridges from the Vickers 1-inch gun (25.4 mm) to the Vickers 2-pounder (40 mm) naval AA gun, as well as versions retaining the 37 mm calibre but with smaller or larger cartridge cases to meet specific needs. In World War I Britain briefly made use of the 37 mm Vickers 1½-pounder installed in warships for the AA role (some also equipping the Austro-Hungarian navy), quickly replaced by the 2-pounder; while the small 1-pounder Mk III aircraft gun also saw very limited use. The USA developed the One Pounder ‘Heavy’ 37 mm Mk. 6 naval gun, while Krupp produced the 3.7 cm Luftschiff Flak gun, better known as the Sockelflak.

Not all such guns were inspired by Maxim’s design. In France, Hotchkiss produced Le canon automatique de 37 mm Hotchkiss Mle 1900/1901, an enlarged version of the company’s gas-operated machine gun, and this achieved some sales. Gas operation was also adopted by Samuel McClean in the USA for his 37 mm cannon which was first tested in 1904. The gun proved too unreliable to pass US tests but a couple of hundred were sold to Russia during World War I and turned up in many places thereafter.

Long recoil was the method of operation chosen for the British 1½-pounder C.O.W. gun (named after the Coventry Ordnance Works where it was developed). This gun used powerful ammunition, but only just got into service at the end of World War I and, after various attempts to arm aircraft with it (some aircraft were even designed around it, but did not see service) the surviving guns saw their last use in the AA role in World War II.

The need to ignite the hydrogen which provided the lift for observation balloons and airships led to the introduction of explosive/incendiary bullets even in MGs, which were clearly in breach of the St Petersburg Declaration (described in the Introduction). However, after World War I lawyers argued that the purpose of the Declaration was to prevent explosive bullets being used against personnel, and using them solely against aerial craft of any type complied with the spirit if not the letter of the agreement. This argument was generally accepted thereafter.

High-Explosive/Incendiary (HEI) MG bullets were really too small to be effective, so interest grew in smaller cannon, firing shells large enough to hold a useful quantity of HEI. The 1-inch Vickers (made in the Italian Terni works) and the similar 25.4 mm Revelli-FIAT did fire HEI ammunition at least later, if not initially, but saw little use in World War I, mostly flexibly-mounted in Italian bomber aircraft. In the early 1920s the Vickers-Terni was sold to Sweden for arming submarines and remained in service to the late 1930s.

Much more significant was the German 20 mm Becker, which was first designed and tested just before World War I. The Becker had a unique operating system, now called Advanced Primer Ignition (API) Blowback. It was very simple, with few moving parts, and had the effect of softening the recoil blow, so was particularly suitable for use in aircraft. Germany made several hundred Beckers during World War I, about half arming aircraft, the others on ground mountings for both AA and anti-tank (AT) use.




2 cm Becker (left) with vertical box magazine, alongside a belt-fed 7.9 mm MG 14 Parabellum (Courtesy Philip Jarrett)



After the War, Germany was prohibited from making such armaments, so further development was transferred to Switzerland and undertaken first by SEMAG and later by Oerlikon. By the mid-1930s these guns, in three versions (all 20 mm calibre but with three sizes of cartridge: 20 × 72 RB, 20 × 101 RB and 20 × 110 RB) were thoroughly developed and available on the open market. However, relatively little attention was paid to them until World War II created a huge demand for aircraft and AA cannon.

Oerlikon was not the only manufacturer developing cannon in the early interwar period. Rheinmetall of Germany nominally transferred its prohibited cannon development work to its Swiss subsidiary, Solothurn. This was based on the experimental Ehrhardt recoil-operated 20 mm gun of World War I, and while the 20 mm calibre was retained, the cartridge size was substantially increased, from 20 × 70 RB to 20 × 105 B and 20 × 138 B. However, very few sales initially resulted.

The other arms manufacturer offering 20 mm cannon at this time was the Danish company, Madsen. They had made their name with a light MG early in the century, which had many sales worldwide and remained in production until at least the 1950s, but was never adopted by a major army. Much the same could be said of their 20 mm cannon, which like many early guns of this type was marketed as a dual-purpose weapon: for AT purposes on a low mounting and AA on a high-angle one. With a 20 × 120 cartridge it was more powerful than most, and a cyclic rate of fire (RoF) of 400 rpm was par for the course at that time. It saw service with various armed forces, was still being marketed by the company in the 1950s, and ammunition was still being made for decades thereafter.



1933–1940

In 1933 automatic cannon were still a rarity in service. Most armies didn’t see the point of them, most aircraft struggled to carry them, and only navies had really identified a clear need for them. They were very aware of the threat to their ships posed by bomb and torpedo-carrying aircraft and wanted to be able to shoot them down before they could release their weapons. That meant a layered gun defence, with manually loaded guns of 76 to 127 mm calibre (3 to 5 inch) as the outer layer, something in the 25 to 40 mm calibre range (preferably in multi-gun mountings) for the middle layer, and MGs (initially) or 20 mm cannon (eventually) mainly on unpowered mountings as the inner layer.

NAVAL AA

The principal issues in selecting naval guns for the middle layer of defence at this time were: the calibre (range versus volume of fire); the choice between a high-velocity manually-loaded gun or a lower-performing automatic; the ship impact of the mounting – size and weight (linked to the number of barrels required per mounting); what kind of ammunition feeds were more suitable for extended engagements; and whether barrel cooling, power operation or even stabilisation of the mounting, were worth the added complication.

It should be noted that the tactical situations of navies required different solutions from the armies: navies expected their warships to be subjected to successive waves of air attacks, putting a premium on the ability to sustain continuous fire for an extended period, something which required water cooling or very quick-change barrels. On the other hand, weight was generally less critical aboard ship, so large, multi-barrel mountings were attractive, particularly when coupled to more sophisticated sighting systems.

The method of aiming was an important factor; MGs and light cannon used open sights so their accuracy was greatly dependent on the gunner’s skill. The larger automatic cannon mountings commonly featured director control, which added to the mounting and manning demands.

Powered mountings offered much faster training and elevation rates and (if coupled with stabilisation to compensate for ship rolling and pitching) greater accuracy, but were more expensive and vulnerable to loss of power through action damage.

Also of concern was the crew required to man the weapons (as warships were commonly overcrowded in wartime) and the maintainability of the equipment; World War II experience led to simplicity and reliability becoming highly valued.

The most prominent cannon, in terms of service with a major nation, was World War I-vintage British 2-pounder pom-pom naval AA weapon in a single mounting, nearly 800 being made for the RN, and many export sales being achieved. The pom-pom was unusually advanced for the time in having a belt feed for the ammunition (initially fabric), plus a water-cooled barrel to sustain a high rate of fire. This was supplemented by a modified gun in an eight-barrel (and subsequently four-barrel) mounting from 1930 but production was initially very slow. Furthermore, even as the octuple mounting began to enter service there was some concern about its adequacy. However, an attempt to replace the 2-pounder with a more modern system failed; instead of this, a high-velocity loading of the pom-pom was developed.




Quad Pom Pom mounting, showing the steel-link ammunition belts used by the later Marks (RAN)



One other naval AA cannon was developed in Britain in the 1930s: the high-velocity Vickers 25.4 mm gun. The only user was Argentina, and the only ship it was fitted to was a training cruiser launched in 1938, so it was of no practical significance.

Italy took the needs of the navy more seriously than most, the 37 mm Breda 37/54 being an automatic weapon available from the start in a M32 twin mounting with water-cooled barrels (although later models were air-cooled) and, very unusually for a system in this class, a limited stabilisation system.

The USN was slow to introduce an equivalent system; the 1.1’ Mk 1/1 gun was first tested in 1933 but was not available in quantity until 1940. The system proved to require expert maintenance, the rate of fire was low for the calibre, and the projectiles were also rather small for a gun in this class, so it was rapidly eclipsed in popularity by the 40 mm Bofors as soon as that became available.




Two quad 1.1-inch mountings on the USS Enterprise (USN)



The other major navy to select a calibre smaller than 37 mm for its mid-layer defence was Japan, which bought the 25 mm Hotchkiss to replace the Vickers 2-pounder. The gun was designated the Type 96 (indicating that it entered service in 1936) and was fitted into single, twin and triple mountings. Vast numbers were made, but there were criticisms: the air-cooling and magazine-feeding greatly limited the sustained rate of fire, the calibre was rather small, and there were problems with vibration, slow training and elevation rates, and inadequate sights.




This view of a triple mounting for the Japanese 25 mm Type 96 AA gun (originally naval, this one in land service on Guadacanal, October 1942) shows the three vertically-mounted 15-round box magazines (USMC Photo)



Ironically, the French navy did not order the 25 mm Hotchkiss until too late (although a few were fitted to French ships after the German invasion). Their existing systems, the 37 mm Mle 1925 (single barrel) and Mle 1933 (twin barrel), used manually-loaded air-cooled guns firing high-velocity ammunition, as did the German 37 mm SKC/30 and the Russian 45 mm 21-K; all were limited to firing at about 30 rpm. These nations all attempted to replace their systems with automatic cannon, with varying results. France held a competition which resulted in the 37 mm Mle 1935 being chosen, in a twin mounting, but it was still at the trial stage when Germany invaded in 1940. Germany developed the little-known but apparently Bofors-inspired 3,7 cm SK C/36, but few were built. Its unique ammunition as well as general design survived to be used in the Flak M42, which only entered service late in the war, followed by the Flak M43, which used the same gun and ammunition as the army Flak 43. Only the Russian navy did the obvious thing from the start and fitted the 37 mm M1939 developed for the army, which served alongside the 45 mm guns from 1941. However, these army-pattern guns relied on air-cooling, limiting their sustained firing rates.




The Bofors factory in 1936, showing the production line for naval 40 mm twin mountings, with water-cooled barrels



This brings us to the most successful of the medium-calibre cannon developed in this period: the 40 mm Bofors. The first model was introduced in 1932 but sales didn’t really get going until the middle of the decade with the M36 twin naval mounting. The navies who were the biggest users of the Bofors in World War II were the RN and the USN, but production was initially unable to keep up with demand so they did not get the guns into service until the 1941–50 period covered in the next section. Bofors also produced guns in 25 mm and 20 mm calibre in this period, but they were nowhere near as successful. The 25 mm M/32 did see service in the Swedish navy and also inspired the development of a Russian naval system in this calibre, introduced later in the war. The 20 mm m/40 was mainly used by the army.

Now to the inner-layer naval systems, or ‘last ditch defence’! The MGs fitted prewar proved inadequate in this role, being steadily replaced with shell-firing cannon of 20 mm calibre, almost invariably in a simple, free-swinging, single-barrel unpowered mounting with open sights.

Barrels were air-cooled, and magazine feed was almost universal. Several models were available, from Madsen, Breda, Lahti, and Rheinmetall, but by far the most popular was the largest and most powerful of the Oerlikons, the Type SS, which was made and used in vast numbers by both the RN and USN.

The 20 mm Rheinmetall mounting was the L/30, using their C/30 gun (the same as the land-based Flak 30), which weighed 420 kg; this became the L/38 when fitted with the Mauser C/38 gun, which first appeared at the very end of this period. Italy used the same Breda 20/65 M35 as the army, in various mountings including a complicated twin in a diagonal mounting (the RM35, featuring power operation and limited stabilisation, and weighing 2,330 kg) in which one gun was above and to one side of the other, plus two single mountings; the little-used M39 and the free-swinging M40 of 312 kg.




The gun crew of a 20 mm Oerlikon aboard a Greek warship in the Mediterranean (Wikimedia Commons / public domain)



The multi-purpose Madsen cannon saw some use on naval mountings, and a few of the Finnish Lahti L34 were fitted to small naval craft.

Some use was also made of the Hispano aircraft cannon in this role, but it was not a success. The USN BuOrd (Bureau of Ordnance) history, as quoted in Friedman’s ‘US Naval Weapons’, recounts the following concerning the Oerlikon and Hispano as naval AA guns:

‘…the Oerlikon offered greater reliability because of [its] greater reserve of power. It was operated by maximum gas pressure, about 23 tons per square inch, and by springs which were correspondingly powerful. On the other hand the Hispano-Suiza was operated by reduced gas pressure of about 8 tons per square inch and by springs which were similarly weak… the forces at work in the Oerlikon were consequently greater than those in the Hispano, and hence such factors as friction, the effect of different elevations, cold weather, rain and the like, were too small in proportion to the operating forces to cause stoppage. Primarily as a result of this reserve power, the Oerlikon did not require skilled service maintenance. One of the greatest advantages of the Oerlikon… was [that] it had a barrel which could be replaced in about 30 seconds. Since an airplane gun fired very short bursts, and was mounted in the wings of a plane moving through the air at a high rate of speed, it did not present much of a cooling problem. The Hispano was therefore designed without any thought of permitting a change of barrels during action; in fact, it was hardly possible under such conditions. At sea, however, against multi-plane dive-bombing attacks, prolonged firing was necessary… The magazine employed with the Oerlikon was superior… the Oerlikon magazine could be kept fully loaded without any tension on the springs while in the Hispano the spring was compressed as long as the magazine was loaded, a condition which brought about occasional spring collapse. Secondly, the magazine had a greater reserve because of the easier task of feeding at 490 rpm as against the Hispano’s 690. Thirdly, the Oerlikon magazine had a straight tangential lead through its mouthpiece, whereas the Hispano had a 90 degree bend…’

The naval experience of the British with the Hispano-Suiza proved the superiority of the Oerlikon. After the fall of France supplies of Oerlikons from Switzerland were cut off, and as a stop-gap Hispano guns were installed on several escort vessels. The results were uniformly bad. Ships reported frequent stoppages from the unsatisfactory design of the cradle, salt water corrosion around the breech block, unlocked tappets, and the collapse of the magazine springs… when water got into a hot gun barrel stoppage was likely at the reopening of fire. The guns were so unreliable that one vessel reported that she preferred not to open fire with her Hispanos in the hope that the Germans would think that she was not a warship. Opposed to this, British experience with the 100 Oerlikons at sea in November of 1940 was uniformly excellent.

LAND AA

Most armies showed very little interest in AA cannon until the end of the 1933–1940 period. The typical approach was to field manually-loaded 75+ mm guns, backed-up by MGs for close defence. What changed this attitude was the Spanish Civil War (1936–39), an intense conflict in which several countries became involved, mainly for ideological reasons but they also took the opportunity to test how their latest weapon systems and tactics worked in practice. The Republicans (loyal to the existing democratic government) were supported by Russia, while the eventually successful Nationalists led by General Franco were supported by Germany and Italy. France, the UK and the USA stayed officially neutral but their militaries observed developments with professional interest.

One of the lessons of this conflict was the devastating potential of air attacks and the inadequacy of existing AA systems to deal with them: the 75+ mm guns were too slow-firing, and their elevation and training rates too low, to engage fast-moving planes, particularly at low level, while MGs were not destructive enough. The result was a sudden interest in cannon for AA purposes. The initial focus was primarily on medium-calibre guns (34 to 40 mm) which were in many cases similar to those being sought for middle-layer naval defence. However, the requirements of land forces were somewhat different from the naval ones. Mobility was far more important, so minimising weight was a priority and single-gun mountings with air-cooled barrels plus manual training and elevation were the norm. The lack of sustained fire capability which resulted was not regarded as much of a problem, as it was expected that air attacks on ground forces would be more sporadic and dispersed than attacks on ships, with engagement opportunities for the guns being brief and widely separated.

The British Army initially took the logical step of adopting a version of the naval 2-pounder pom-pom, but when the 40 mm Bofors gun was evaluated in 1937 its superiority in terms of mobility, ballistics and reliability was so obvious that the Army changed tack and ordered the Bofors instead, the few 2-pounder which had been delivered being used for static defence before ultimately being handed to the RN. Between 1937 and 1939, orders for more than 500 guns were placed with Bofors, with licensed domestic production beginning in mid-1939. The typical towed Bofors mounting for land use weighed around 2,000–2,500 kg.




40 mm Bofors in Dutch Indonesia, post-World War II



The US Army was the other major, large-scale user of the Bofors (although many other armies bought it in smaller quantities), but they used it alongside their Browning-action 37 mm M1.

Russia used the 37 mm M1939, derived from a Bofors design. Germany had the benefit of Rheinmetall’s considerable resources and experience, so they had the 37 mm Flak 18 cannon in service in 1935; this was rapidly replaced by the Flak 36 and then the 37, but the changes concerned the mounting and sights, not the gun. Italy had the Breda 37/54. All of these guns had a comparable performance in terms of ballistics and rates of fire, and all of them used magazine or ammunition strips for feeding, but the quality of their mountings and sights (crucial issues in determining effectiveness) is more difficult to evaluate.

One of the earliest army AA cannon to be developed was the French Schneider 37 mm Mle 1930, using its own unique and quite powerful ammunition. Interest at this time was negligible, however, and the gun did not achieve any significant sales until the French Army realised that war was looking increasingly imminent, and their preferred 40 mm Bofors would not be available for some time. An interim order for the Schneider was placed, but only a handful of guns made it into service. A 37 mm Hotchkiss saw even less use.

A very interesting system in this class was the Swiss 34 mm Flab K38. This was unusual in two respects (in addition to its calibre): it had belt feeding and a water-cooled barrel, thereby enabling a much higher sustained rate of fire than most other guns in this class. Even the cyclic rate was much superior to other pre-war systems in this class, as it fired at 250–270 rpm instead of the more usual 120–160 rpm. Only the Swiss acquired it, but it stayed in service until the late 1960s.

This takes us the ‘inner layer’ cannon, which were of 20 to 25 mm calibre. Before the fall of France, the 25 mm guns in service were mainly confined to a couple of hundred M1940 twin Hotchkiss mountings with the French army. The Russian army adopted the Bofors-based 25 mm M1940 which entered service in the following year.

The 20 mm guns were generally marketed as dual-purpose AA and AT guns (in the 1930s the AP ammunition of many of them could penetrate most tanks). This was of course dependent on the mounting, a high-angle mount being needed for the AA role, a low tripod for AT; some were convertible between the two. All cannon were air-cooled. The great majority of the guns were fed by magazines: either box magazines typically of 20 rounds (mounted horizontally or vertically) or drums (typically of 60 rounds, but both smaller and larger were used).

Some used strip-feed, in which clips of cartridges, held together at the base by metal strips, were placed on trays feeding into the side of the gun (permitting continuous feed without the need to pause for a magazine change – but the ammunition was exposed to the elements instead of being protected). Only a small minority were belt-fed.

First in the field were Oerlikon, with variants of their Type L and Type S; photos exist of an anti-tank model on a tracked trailer, for towing behind a small tracked vehicle. Madsen were marketing their 20 mm Model 1935 with some success, and in the German invasion of 1940 the Danish army knocked out several light AFVs with them. The Swedish army adopted the Bofors 20 mm m/40. The Swiss had their 20 mm Flab K38 which again differed from most other guns in this class in using a belt feed rather than magazines.




Oerlikon 20 mm gun on an interesting anti-tank mounting



In Finland, Lahti introduced the M40 but the designation is somewhat misleading: the prototype was commissioned in 1939 but due to the lack of German Flakvisier sights, it did not get into service until much later. Italy had two 20 mm AA cannon from different designers: the Breda 20/65 M35 came first, followed in 1938 by the Scotti 20/77. These two guns, and the Lahti, all used Rheinmetall’s 20 × 138B ammunition.

Rheinmetall put a great deal of effort into developing effective 20 mm cannon, initially marketed through their Swiss subsidiary, Solothurn, as a result of treaty limitations on German arms production following World War I. The first into service was the Flak 30, in 1935. From 1940 this was supplemented in service by a modified version by Mauser, the Flak 38, which had a higher rate of fire (420–480 rpm rather than 280 rpm). There was a lightweight mounting for mountain and airborne troops (the 2 cm Gebirgs Flak) and a successful quad mounting, the Flakvierling, much feared by Allied close-support fighter-bombers. Different versions of these cannon (the KwK 30 and 38) were mounted as light AFV armament. All of these were fed 20 × 138 B ammunition via horizontal magazines.




20 mm Madsen in the AT role; a 40-round drum magazine is fitted, belt-feed was available



The Imperial Japanese Army (IJA) adopted 20 mm as their standard light AA cannon calibre. Their first attempt was a massive 20 × 157 cartridge in a modified Rheinmetall/Solothurn gun designated Type 94, but this was unsuccessful so quickly replaced by the Type 98, firing 20 × 143 ammunition. Despite an effort to copy the Bofors they never did manage to get a larger-calibre AA cannon into service, although later in the war they acquired some 25 mm Type 96 mountings from the navy.

Poland and Russia, as well as Germany, mounted 20 mm cannon in some of their light AFVs for ground fighting.

AIRCRAFT CANNON

The French built on their World War I experience of manually-loaded 37 mm calibre moteur canon, this time focusing on 20 mm cannon. One benefit of such a centrally-mounted position was that the projectile trajectory remained in line with the sights at all ranges, without the lateral harmonisation issue of wing-mounted guns (although the sights still needed to be adjusted for vertical harmonisation at some specified range). Other advantages of moteur canon were that the weight was concentrated along the centreline rather than spread along the wings, which helped with the aircraft’s roll-rate; the gun could be rigidly attached to the crank case to help with recoil control (some strengthening of the crank case was required); there was likely to be room for a bigger magazine in the fuselage; and (in some cases) it permitted the use of a bigger gun than would be desirable in the wings. Cowling or wing-root mounted guns also enjoyed some of these benefits, but they needed to be synchronized with propeller rotation to avoid the projectiles hitting the blades, which added complication and reduced the rate of fire. These remarks are of course concerned with conventional front-single-engined fighters with tractor propellers; even small twin-engined fighters could group several cannon in the nose (e.g. the Westland Whirlwind), and there were a few unconventional single-engined fighters with pusher props but these were not successful.

In the early 1930s Hispano-Suiza developed a liquid-cooled V12 engine with a 20 mm cannon firing through the propeller hub. It was almost essential to design or at least considerably adapt the engine specifically for such an installation, because the space between the cylinder banks (through which the gun barrel would need to run) would normally be filled with items such as intake ducting, carburettors or fuel injection systems, superchargers and other essential impedimenta. The propeller needed to be designed with a hole in the centre of the hub and its location also needed to be adjusted so that the hole lined up with the gun barrel. And of course, there was no hole through the centre of a radial engine, so such installations were impossible with this engine type. Evidently, it would not have been feasible to take an existing fighter designed for wing armament and fit it with an engine gun, without some major redesign.

Hispano-Suiza’s choice of moteur canon was the biggest of the Oerlikon cannon which it licence-manufactured under the HS 7 and HS 9 designations (the differences being minor). The engine and cannon combination was fitted into the Dewoitine D 501 fighter, which entered service in 1934, and subsequently into the D 510. The Oerlikon gun family continued to be developed even after this, with the guns becoming steadily lighter and faster-firing. By 1935 they were close to their ultimate in performance, in the FF, FFL and FFS, the last of these being a lightweight version of the Type SS AA gun. The smaller aircraft guns were primarily used by Germany as the MG-FF (the Oerlikon FF with minor modifications) and Japan, as the naval Type 99–1 (FF) and Type 99–2 (FFL). The earliest user, however, seems to have been Poland, which mounted two of the AF or FF cannon in the PZL P.24 from 1934 (service entry 1936).

Meanwhile, two inventors tried to improve on the Oerlikon API blowback design by introducing a locked breech which enabled the reciprocating bolt to be lighter and thereby faster-moving, to increase the rate of fire. The first of these was the Italian designer Alfredo Scotti, followed by the Swiss Marc Birkigt. Scotti developed more than one aircraft gun but his only success was the 20 mm AA cannon which made it into service. Birkigt, working at the French branch of Hispano Suiza, developed the 20 mm HS 404 aircraft gun whose test-bed performance was so impressive that it was not only adopted by France (it entered production in 1938, and in service with the M.S.406 and D 520) but also by the UK and the USA. However, it proved a troublesome weapon to develop, with various installation issues which took time to resolve, making it too late for the Battle of Britain. Like the Oerlikon guns, it was initially fed by a 60-round drum magazine, with belt feed entering service in RAF planes in 1941.




HS 404 mounted on engine block as designed



The Russian Polikarpov I-16 Tip 17 was another early user of contemporary cannon; this variant entered service in 1937 armed with a pair of 20 mm ShVAK in the wings; these enjoyed the benefit of belt feed, permitting a significant increase in ammunition load. Russia also acquired a licence to build the Hispano V12 engine, and became a prominent user of engine-mounted cannon.

Germany initially tried the French motor-cannon approach by fitting the very powerful 20 mm Rheinmetall-Borsig MG C/30L into a prototype He 112 fighter which was sent to Spain for combat testing. It was found to be effective against vehicles, but too slow-firing at 300–350 rpm for aerial combat, as well as too heavy. The ammunition feed was of interest: a 100-round drum mounted under the gun. The cannon were later put into use as light AA weapons, fitted with shorter barrels (the aircraft version had a very long barrel, to fill the space all the way to the propeller hub). While this aircraft installation was unsuccessful, the motor-cannon concept was later revived.

Rheinmetall-Borsig developed other aircraft guns at this time. A lot of effort went into evolving 20 mm cannon using less powerful ammunition than the MG C/30 L, resulting in the MG 204 of which only a small number was built and deployed by the Küstenfliegergruppen (coastal air service). More successful was the company’s 30 mm MK 101, firing very powerful ammunition. This was primarily used in ground attack, first being fitted to a dozen Messerschmitt Bf 110C-6 in 1940. Both guns were magazine-fed.

Other aircraft cannon developed in this period included:

•Madsen 23 mm: identical to the 20 mm except for the increased calibre: belt feed standard. Tested by various countries (including the USA) but only a small number were sold in South America.

•20 mm Furrer FMK 38: aircraft version of the AA gun described above, saw Swiss service both in engine-mounted installations and in twin-engined planes.

•37 mm M4, developed from a Browning design, which went on to see service in the Bell P-39 Airacobra.

Various French aircraft cannon were developed in the 1930s in 33 mm, 25 mm and 23 mm calibres, but apart from these being installed in a handful of aircraft mainly for test purposes, they saw little or no use.

Last but far from least, the MG 151/20 entered production in 1940 and went on to be the Luftwaffe’s principal aircraft cannon in World War II.



1941–1950

This section encompasses the period of the most urgent development of cannon at the height of their importance. Their principal use was against aircraft, for which purpose they were fitted to warships, ground vehicles, towed mountings, and other aircraft. Some use was also made of cannon for arming AFVs for ground fighting (although this developed to a far greater extent later), and for arming aircraft for ground or naval attack.

The primary concern was initially to obtain enough cannon which were suited to these purposes as well as meeting reliability requirements (particularly for installing in aircraft, when repairs and maintenance in flight were not feasible). Even with competent and experienced cannon engineers (a rare species) the process of designing, developing, debugging and manufacturing a new design took years. The cannon which had most impact in World War II were therefore those which were either already in production at the start of the war, or for which a great deal of development work had already taken place. Development during the war was mainly focused on incremental improvements to existing designs or, in some cases, a concentration on simplifying the manufacturing process to aid mass production.

In the years after World War II some radical innovations such as revolver and rotary cannon were developed, but with the loss of wartime urgency (and reduced resources) these were not introduced into service until the 1950s.

GROUND AND NAVAL ANTI-AIRCRAFT SYSTEMS

With a few exceptions, the cannon used in the AA role were multi-purpose, being used in land or naval mountings as required. Most of them had already emerged before World War II and were mentioned in the previous section.

Wartime experience revealed the practical superiority of the 20 mm Oerlikon and 40 mm Bofors over their contemporaries with their principal development emphasis being on simplifying manufacture for mass production (both guns initially required a lot of hand-finishing). Both the UK and USA were involved in this process; production time required for the Bofors dropped by around 50% while that for the Oerlikon was reduced by no less than 80%. The USN formally decided to adopt the 20 mm Oerlikon to replace the .50 Browning on 7 August 1941, at the same time as they decided to adopt the 40 mm Bofors to replace the 1.1-inch system.

A variety of naval mountings for the Oerlikon gun were developed for both the RN and USN. Most were single, unpowered, free-swinging mountings, but there were also twin mountings, both unpowered and powered. Some of the British powered Mk V twins were converted to take one 2-pounder Pom Pom, others to take a 40 mm Bofors gun (a system designated ‘Boffin’) as a result of the advent of kamikaze attacks, as they stood a much better chance of destroying the aircraft. Both navies also developed powered quad mountings, the Mk 15 for the USN (which saw limited service) and the Mk XIV, using belt-fed Oerlikons, for the RN (which did not, as the RN decided that fitting a pair of Bofors guns made a better use of the mounting).




Bofors STAAG mounting (NavWeaps)



The Polsten, a drastically simplified version of the Oerlikon, was used by the British army rather than the navy (presumably to avoid any logistics muddle) and was fitted to a variety of wheeled and vehicle mountings, including double, triple and quadruple (Canada having developed and manufactured the quad). It was in service between March 1944 and the 1950s.

The naval Bofors mountings saw considerable development in UK and US service. The RN equipment ranged from army-pattern air-cooled guns on single naval mountings (which made up most of the installations) to twin mountings featuring water-cooled barrels and in some cases stabilisation and even an on-mount radar.

While the 20 mm Oerlikon remained in USN and RN service in vast numbers to the end of the war, the British Army showed less interest in the light cannon, preferring improved models of 40 mm Bofors. This view was probably influenced by operational research into the relative effectiveness of the 20 mm Oerlikon and 40 mm Bofors in dealing with low-flying coastal raiders. It was noted that these were not usually spotted until 1,500 yards (1,370 m) away, so the Bofors could not use its range advantage. Engagement times were only about 13 seconds (from first sighting the target to the last shot) and the Bofors only had time to fire seven or eight rounds to the Oerlikon’s fifty. Even so, in most circumstances the Bofors was more effective.

Calculations were made about the probability of success (immediate break-off, or eventual crash) against a Junkers 88. Using simple sights only, the Oerlikon’s chances were estimated at 3% against a crossing target, 12% against one approaching head-on; the Bofors’ 18% and 20% respectively. With more advanced sights, performance was much better. Using predictor control, the Bofors’ success rate rose to 35% and 39%. The addition of a Triple Gyro sight had an even more dramatic effect on the Oerlikon’s performance – to 17% and an astonishing 76% respectively.

In USN service, the Bofors accounted for 33% of all Japanese aircraft shot down by AA fire during World War II, compared with 28% for the 20 mm, 30% for 5 inch guns, and 3% for MGs. The Bofors was credited with 50% of the total between October 1944 and March 1945, showing how its importance increased as the war progressed. In terms of the number of rounds fired for every plane shot down, the Bofors averaged 1,713; the 1.1-inch 1,932; the Oerlikon 5,287; HMGs (.50-inch cal/12.7 mm) 11,143; and MGs (.30’ cal/7.62 mm) 28,127. At the other end of the scale, the 5’ guns firing time-fuzed ammunition managed 654 rounds per plane; when firing proximity (VT) fuzes this improved to 340 rounds.

While generally considered inferior to the Oerlikon in the AA role, at the end of the war the Hispano HS 404 was being proposed for such use by the USN, for example in ‘Assembly 334’ with quad guns as an anti-kamikaze weapon capable of 2,800 rpm, but this was too late to see action in World War II.

Although Japan had criticisms of the 25 mm Type 96, it was nonetheless rated by users as the most reliable Japanese AA weapon of World War II. Late in the war it saw some use on land, with a two-wheel carriage being designed for it. The maximum effective range was 2,000 m, with the system being most effective at under 1,000 m. It took an average of 1,500 rounds to shoot down an aircraft at a range of 2,000 m and an altitude of 1,000 m.

Japan captured numerous 40 mm Bofors guns from both the Netherlands and the UK early in the war, manufactured the ammunition and tried to reverse-engineer the guns, but too late to have any effect.

Germany saw significant development of AA cannon during the war, although new guns arrived too late to see much service with the exception of the 2 cm Flak 38 which was just beginning to enter service in 1941. In the second half of the war the formidable Flakvierling emerged as a major threat to Allied fighter-bombers.

Others which entered service were the 3,7 cm Flak M42 naval gun (which seems to have been an improved version of the unsuccessful SK C/36) and the 3,7 cm Flak 43 intended for both land and naval use which fired the standard 37 × 264 B, but neither was in time to make a difference. The same could be said of the 3 cm MK 103 aircraft gun when installed in ground mountings: the Flak 103/38 was an unsuccessful combination of the gun with the 2 cm Flak 38 mounting. Another high-performance 30 mm AA gun was being developed in Czechoslovakia under the designation MK 303; this eventually entered service in that country as the M53.

Germany was the only country which put a larger-calibre automatic AA gun into (limited) service, in the form of the 5 cm Flak 41. The gun part apparently worked well enough, but the mounting and sights were unsatisfactory. Late in the war a second attempt was made, in the form of the 5,5 cm Gerät 58, but this did not have time to get into service. The Russian 57 mm S-60 just squeezes into this section, entering service in 1950, as does the Bofors 57 mm M/50 naval gun.

Only a few years after World War II, both Oerlikon and Bofors began to replace their wartime guns with faster-firing models designed around more powerful, high-velocity ammunition; a process driven by the much briefer firing opportunities provided by high-speed jet aircraft. Oerlikon introduced two different high-performance general-purpose cannon, the Type 5 TG (later known as the KAB) and the Type 204 GK (KAA), both using a new 20 × 128 round. Bofors introduced the L/70 development of their 40 mm gun firing 40 × 365 R rather than 40 × 311 SR ammunition. Hispano-Suiza became involved in the AA field as a direct rival to Oerlikon, in new 20 mm (HS 820) and 30 mm (HS 830) calibres, while the Russian 25 mm benefited from a major redesign to achieve a significantly higher rate of fire. Mountings and sights also needed to become more sophisticated to provide any chance of a successful engagement.

The older Bofors L/60 guns were not forgotten, with improvements being made to the huge existing stocks of guns. Immediately after the war the British army introduced the Bristol Bofors, which had a powered version of the single towed mount, able to be laid on target by one man instead of two.

Self-propelled anti-aircraft guns (SPAAGs) became more common; initially consisting of little more than standard land or naval mountings fitted to the back of a truck, some became better protected by mounting them in turrets on AFV chassis, with powered elevation and traverse and gyro sights adding to their effectiveness. The high volume of fire made these systems popular for use against ground targets also; e.g. the US M19 with twin 40 mm Bofors, which was too late to see action in World War II but extensively used in Korean ground fighting in the early 1950s.




‘Wirbelwind’ self-propelled anti-aircraft gun on the chassis of the PzKpfw Ausf H tank with the Flakvierling (Narodowe Archiwum Cyfrowe / Wikimedia Commons / Public Domain)



Purpose-designed cannon for ground fighting remained rare at this time, the German 20 mm KwK 30 and 38 already mentioned being the main exceptions, but Poland also developed a 20 mm gun which saw action in a light tracked chassis. The Russians fitted a modified version of the 20 mm ShVAK aircraft cannon to some light tanks.

AIRCRAFT CANNON

By far the most intensive cannon development in this period concerned the armament of fighter aircraft and, to a lesser extent, ground attack planes (see separate section below). The former was driven by the rapid development of aircraft in the pre-World War II period; in the decade from 1935, combat aircraft in service went from being primarily biplanes with fabric-covered wings to all-metal jet-powered aircraft capable of three times the speed. These developments not only made aircraft much harder to hit, their stronger construction also made them far harder to damage, requiring guns of ever-increasing destructive effect.

These developments did not apply equally to all theatres in World War II. The Japanese favoured light, manoeuvrable aircraft with a very long range, so saved as much weight as they could and did not fit much in the way of armour protection until very late in the war. Most of their aircraft therefore remained vulnerable to machine gun fire, and the batteries of heavy machine guns (HMGs) of 0.50-inch / 12.7 mm calibre carried by US fighters were more than adequate to deal with them.

In the European theatre the USAAF was primarily concerned with combating fighters which were easier to damage than bombers, so again their .50 cal HMGs proved adequate. However, the USN was more worried about bomb and torpedo-carrying planes attacking their warships, so wanted the more reliable destructive effect of 20 mm cannon. Unfortunately, they selected the Hispano which proved even more problematic for the USA than it was for the UK. As mentioned, the USA did develop the Bell Airacobra fighter with a 37 mm M4 or (later) M10 cannon, but Russia was the main user of these.

The RAF primarily faced medium bombers and fighters, and after the Hispano’s teething problems were surmounted, their eventual standard fighter armament of four 20 mm cannon proved more than adequate to deal with these targets (the Spitfire usually had only two cannon, plus MGs or HMGs).

After early-war experience with the MG-FF (which remained in service for a long time), Germany adopted the Mauser MG 151, initially in 15 mm calibre but soon modified to 20 mm to be able to use the MG-FFM’s high-capacity Minengeschoss shells. The resulting MG 151/20 was certainly one of the best – if not the best – all-round aircraft guns of World War II. The icing on the cake was that it was also available in an electric-primed version ideally suited to synchronized installations, so it could be fitted into wing-root and cowling mountings (the Hispano, like the Oerlikons, could not be synchronized – at least until the electric-primed M24 version was made by the US post-war).

Russia started the war with the 20 mm ShVAK cannon, one of the most fast-firing guns whose main problem was its relatively light and ineffective projectiles for the calibre. The 20 mm Berezin, based on the 12.7 mm HMG from the same designer, maintained the performance of the ShVAK with a considerable weight saving and much better reliability, but did not come into use until the latter part of the war.

The Japanese had the most varied and interesting collection of 20 mm cannon in service, although the initial focus was more on MGs. As ever, the Imperial Japanese Army and Navy (IJA and IJN) went their different ways. The IJN displayed a great enthusiasm for Oerlikon 20 mm cannon; the Type 99–1 (Oerlikon FF) was in service at the start of the Pacific war, the more powerful Type 99–2 (Oerlikon FFL) partly replacing it later. The IJA showed a similar enthusiasm for Browning MG designs, scaling them up to 20 mm (Ho-5), 30 mm (Ho-155) and 37 mm (Ho-204) calibre. They also adopted the powerful 20 mm Ho-1 and Ho-3, based on a self-loading anti-tank rifle.

In the latter part of the war, Germany and Japan shared a problem which the other nations in World War II escaped: they were both attacked by massed fleets of heavy bombers. Against such targets, the 20 mm cannon were found wanting. In one calculation, the Luftwaffe estimated that it took, on average, 20 hits to down a heavy bomber, and average shooting accuracy was such that only around 5% (at best) of shots fired hit the target. This meant that about 400 rounds needed to be fired for each bomber shot down, and that was more 20 mm ammunition than most planes carried.

The German response was to focus on developing 30 mm guns in two flavours: a low-velocity weapon which was light and compact enough to be carried by small fighters (the MK 108); and a high-velocity one for arming the largest and most powerful fighters (the MK 103 – although in practice this was mostly used against ground targets). The Japanese also developed 30 mm aircraft cannon – three of them (the IJA Ho-155 mentioned, plus the IJN Type 2 and Type 5) – although they were too little, too late to make a difference.

Neither country stopped at 30 mm calibre for aerial combat: Germany fitted the 50 mm BK 5 (based on an automated anti-tank gun) to some heavy fighters and, at the end of the war, were working on low-velocity (MK 112) and high-velocity (MK 412) guns in 55 mm calibre, on the basis that one hit from such shells could be expected to bring down a heavy bomber. Japan fielded low-velocity 37 mm (Ho-203), 40 mm (Ho-301) and 57 mm (Ho-401) cannon as well as the more powerful 37 mm Ho-204 already mentioned. Such guns had a negligible impact on the fighting.




Japanese 37 mm Ho-203 in the nose of a Ki-45KAI aircraft



Russia may not have had heavy bomber fleets to deal with, but the aircraft of their German opponents were well-protected. A high-velocity cannon (the VYa-23) was developed for use in both aerial combat and ground-attack roles, and by the end of the war a lower-velocity gun in the same calibre (the NS-23), but smaller, lighter and faster-firing, was becoming available. Guns in 37 mm calibre were also fielded, the similarly dual-purpose high-velocity NS-37 saw some wartime service (as an engine cannon in the Yak-9K fighter) with the lower-velocity equivalent, the N-37, in use in the post-war period. Various cannon in 45 mm and 57 mm calibre were tested but not adopted.

GROUND ATTACK

Any 20 mm cannon could be very useful in the ground-attack role against unarmoured targets, but for the specific purpose of punching holes in tanks, something more powerful was needed. It should be pointed out that airborne AT cannon had two advantages over their ground-based equivalents; the speed of the aircraft added to the velocity of the projectiles, increasing their effectiveness, and the pilot could choose to attack the side, rear or top of the vehicles, where the armour was much thinner than over the frontal arc. Airborne AT cannon therefore did not have to be as powerful as the army anti-tank guns.

Ground attack aircraft of World War II can be divided into three categories: more-or-less modified fighters; light bombers; and purpose-designed close-support planes armoured against ground fire. The modified fighters were most common in the USAAF and RAF, because these forces had no previous requirement for the ground attack role (it was seen by some as making the air force too subservient to the needs of the army). Furthermore, fighters were already available in large numbers, and had the added advantage of versatility, as they were better able to defend themselves against enemy fighters. It was also an attractive way of making use of planes which had been superceded in their designed role. Fighters modified for ground attack missions typically received better armour protection of vital areas but were usually limited in terms of their ability to carry cannon powerful enough to penetrate tank armour. As a result, rocket projectiles (RPs) became popular in both the RAF and USAAF; it was easier to modify planes to carry them, and they could be omitted if the planes were needed in the fighter role.

Unfortunately, RPs were far less accurate than cannon (and bombs even more so). Even when practising in ideal conditions, the RAF hit rate with RPs against tank-sized targets was around 5%; British Operational Research teams discovered that in the stress of combat, this dropped to 0.5% (better sights improved this somewhat). In contrast, the one US/UK fighter which saw action with heavy AT cannon – the Hawker Hurricane (in IID and IV versions, carrying two 40 mm Vickers S guns underwing), achieved around a 25% hit rate, with much less difference between practice and combat. However, these guns became less useful in Europe as tank armour thickened up.

The light bombers proved too vulnerable to both ground fire and fighters, and did not survive for long, except in the general case of carrier-borne naval attack planes which were obviously limited in size. There was another exception: the Ju-87G, which was adapted from its designed dive-bomber role to carry two powerful anti-tank cannon underwing; the 37 mm BK 3,7, a modified AA gun. This achieved considerable success, the development of tungsten-cored Hartkernmunition helping to keep the guns effective.




Hans-Ulrich Rudel’s Ju-87G (Bundesarchiv, Bild 101I-655–5976–04 / Grosse / CC-BY-SA 3.0)



Germany did have available another powerful aircraft cannon which was developed pre-war and used primarily in the ground attack and anti-shipping roles; the 30 mm MK 101. It saw little use until it found its niche from 1942 onwards in the Henschel Hs 129B-1 described below. It was out of production by then, so the gun was gradually replaced by the 30 mm MK 103.

This takes us to the specially-designed ground attack planes. Only two of these saw extensive service, and it is no surprise that these were with Germany and Russia, which were both far more concerned with providing maximum support to their armies and therefore developed aircraft well-suited to the role.

Russia built vast numbers of the Il-2 from 1941 to the end of the war. This was heavily armoured and most of the planes carried a pair of 23 mm VYa-23, but in the later Il-2M of which about 1,000 were built, this was changed to the powerful 37 mm NS-37. The heavy recoil of these guns did cause aiming problems, however: the Il-2 suffered from being single-engined, using an engine not designed to take a motor cannon, so the guns had to be carried underwing.

This problem did not affect the German equivalent, the compact and equally well-armoured Hs 129. This had twin engines in the wings, leaving the fuselage free to carry a wide variety of armament without any concerns about synchronisation. This layout meant that one really big cannon could be carried instead of two smaller ones underwing; the central gun location made it easier to adjust the sights and also to absorb recoil, and provided more space for automatic loading systems and large-capacity magazines. The most common versions of the Hs 129 carried one 30 mm MK 101 or 103, but some variants carried the BK 3,7 instead, or even the huge BK 7,5 which was essentially an automated version of the standard Pak 40 75 mm anti-tank artillery! The Hs 129 was a highly impressive design, almost perfect for its role although serviceability was not good and its low performance made it vulnerable to fighters.

The British attempted something similar with a version of the DH Mosquito high-speed light bomber, the FB Mk XVIII ‘Tsetse’, which was armed with a 57 mm Molins gun (an autoloading version of the army 6 pounder AT gun). This combination proved exceptionally accurate and effective in testing. However, while the plane carried additional armour there was clearly some concern about its vulnerability to the formidable German light Flak, and with the RAF deciding to use RPs for the AT role instead, the Tsetses were handed over to Coastal Command without ever being used against tanks. The small number in service achieved modest success in the anti-submarine and anti-ship roles.

THE AFTERMATH

The end of World War II saw the production of most of the cannon of the Axis powers cease (although some equipment remained in service with smaller armed forces for decades). The two notable exceptions were from Mauser: the MG 151/20 and the MG 213C. The MG 151/20 saw continued service for some years with France and is still made in South Africa as the GA-1. The fact that it is significantly lighter than most other 20 mm cannon, and with a lot less recoil, has enabled it to find a niche arming light vehicles and helicopters. The MG 213C was the original of the multi-chamber but single-barrel revolver cannon; the UK and France continued the development of the 30 mm version which entered service as the ADEN and the DEFA series respectively. Switzerland, the USA and Russia produced more heavily modified versions of the principle.

The development of conventional cannon was not forgotten, however. The Hispano-Suiza HS 404 was taken over by the Swiss branch of the firm and renamed HS 804. Bofors developed their own recoil-operated 20 mm aircraft guns around the Hispano’s ammunition; these only saw service with Sweden. They also produced the rather odd medium-velocity 57 mm m/47 aircraft gun, intended for the anti-shipping role, which saw service in a twin-engined light bomber. In the late 1940s Russia introduced the faster-firing NR-23 to replace the NS-23, firing the same ammunition, and also the N-37 in 37 × 155 calibre, a faster-firing, lower-velocity but much smaller and lighter gun than the NS-37.



1951–1969

Development during this period was a combination of technological improvements on the one hand, and on the other, doubt about the future of cannon in the light of the promise of guided missiles. For example, the French were initially unwilling to spend too much on the 30 mm DEFA aircraft revolver cannon as they expected that it would only be a temporary solution. For the AA role, the Royal Navy never adopted the 40 mm L/70 Bofors gun, putting their money into the Seacat manually-guided short-range AA missile instead (they ended up keeping the basically World War II-era 40 mm L/60 Bofors for longer than the Seacat). The nuclear-powered missile cruiser USS Long Beach was designed in the 1950s without any guns at all; it was well-equipped to counter major warships, warplanes and even submarines, but had nothing to engage other kinds of target, for example small craft or coastal defences, or to fire warning shots. Some guns were added later.

The faith which some users placed in the guided missile was initially misplaced. Success rates for missiles achieved in testing under ideal conditions turned out to have no bearing on the actual effectiveness in combat, particularly for air-to-air missiles which suffered from being carried externally and battered by the elements; hit rates in the 1960s typically dropped to around 10%. Aircraft designers had been happy to omit guns, which cause problems with recoil, vibration, and propellant chemicals affecting the airframe and being sucked into the engines (potentially causing flameout). However, once the lessons of combat had been learned, air forces scrambled to fit guns to their fighters once again.

For much of this period the main driver affecting AA and aircraft cannon development was again the need to shoot down faster and stronger planes, calling for an increased rate of fire and/or more destructive ammunition. There were (and still are) three principal sources of cannon design and production, which took different approaches: the USA, Russia, and Western Europe. The last of these was originally composed of a diverse group of companies, mainly in Switzerland (Oerlikon and Hispano-Suiza), Germany (Rheinmetall and Mauser), France (DEFA, later GIAT) and to a lesser extent the UK (Royal Small Arms Factory at Enfield Lock); Bofors in Sweden concentrated on improvements to the 40 mm and 57 mm systems introduced after World War II. Occasional mergers and closures have reduced the number of firms since then.

ANTI-AIRCRAFT SYSTEMS

As mentioned in the previous chapter, new 20 mm AA guns were introduced in Western Europe, faster-firing and using higher-velocity ammunition. These were all based around two new cartridges of virtually identical performance: the 20 × 128 Oerlikon and 20 × 139 Hispano-Suiza. The 20 × 139 has been more widely used, not just in the original HS 820 but also in the Rheinmetall Rh 202 and French 20 F-1 and F-2 (later designated 20M693) also made in South Africa as the G1–2. The Oerlikon round was used in various products of this company, namely the Type 204GK (now KAA), Type 5TG (now KAB), and Type FZK (now KAC).

Despite developing the 37 mm T249 Vigilante SPAAG (designed around the T250 six-barrel rotary cannon) in the 1950s, the USA did not adopt any new cannon specifically for AA. Instead, they adapted their 20 mm Vulcan aircraft cannon (see below) for AA use as the M168 gun, in two mountings: towed (M167) and self-propelled (M163).

Doubts began to be raised about the adequacy of the 20 mm AA guns in dealing with jet aircraft. The Russian army already had a very powerful HMG – the 14.5 mm KPV – and in the cannon class preferred AA guns of larger calibre than 20 mm. They selected 23 mm and designed new guns around the powerful 23 × 152B cartridge, an uprated version of the one used in World War II VYa-23 aircraft guns. The guns were the 2A14 (used in the ZU-23 towed twin mounting) and the 2A7, a water-cooled version in a quad mounting for the ZSU-23–4 Shilka tracked SPAAG.




ZSU-23–4 Shilka (Bukvoed – Wikimedia Commons – CC-BY-SA-3.0)



The Russian navy retained the 25 mm calibre (albeit with a modified 25 × 218 cartridge), introducing first the 110-PM in 1950, then the faster-firing M-110 in the late 1950s; the twin gun mountings were designated 2M-3 and 2M-3M respectively. From 1960 onwards these were replaced by 30 mm guns in the form of the NN-30 revolver cannon, installed in a remotely-controlled, radar directed, twin mounting designated AK-230.

At the end of World War II Germany was trying to get 30 mm AA guns into service, with negligible success. One project, the MK 303 gun developed in German-occupied Czechoslovakia, was continued by that country after the war and adopted in the 1950s as the M53. Initially this was in a towed twin mounting but it is better known mounted in a 6x6 SPAAG; the M53/59, and modified M53/70. It was distributed to several other countries friendly with the Warsaw Pact, but is now probably only held in reserve.

Another high-velocity 30 mm intended primarily for AA use was a Hispano-Suiza project dating from around 1940. Originating in the French branch as the HS 411, this was evaluated (unsuccessfully) in the UK in 1942 and was taken over by the Swiss branch as the HS 830 (later modified and redesignated HS 831). During the 1950s it was acquired by France for use in towed mountings, with the AMX-13 DCA tracked SPAAG following in the late 1960s. It saw wider use in naval mountings, both single and twin, but with few sales until the 1970s.

Oerlikon skipped the 30 mm calibre for AA guns, focusing instead on larger and more powerful cartridges. After an unsuccessful attempt to introduce the 42 mm 421 RK revolver system (paralleled by a British effort in the same calibre) Oerlikon concentrated on the 35 mm calibre.




Oerlikon Twin Field AA Gun GDF-005 (Oerlikon Contraves)



The KD series guns were developed to use the resulting 35 × 228 round, the KDA being for use in SPAAGs and naval mountings, its earliest and best-known application being the German Gepard tracked SPAAG. Other models (KDB and KDC) were used in towed mountings.

During World War II the principal Russian naval AA gun in larger cannon calibres was a manually-loaded 45 mm, and after the war an automatic gun was developed to fire considerably more powerful ammunition in the same calibre. This was the 45 mm SM-21, which only saw limited service before the Russians decided that, with 30 mm and 57 mm AA guns in use, there was no need for something in between. The ammunition for the Russian naval 57 mm guns was the same as the army’s S-60, but a different design of gun was selected, the SM-15, and used in various single, twin and quad mountings in the ZIF series. The gun evolved with the mountings, a series of improvements being made over its production life.

As mentioned in the previous chapter, Bofors introduced a 57 mm naval gun in 1950; the gun, feed arrangements and mounting were all gradually improved, a process which goes on today. A towed version was also developed, but had had much less success and a shorter life.

One other 57 mm AA gun is worth mentioning, the Czech R10 (also known as the PLK). This was developed as a rival to the Russian S-60 but was much less successful, only a couple of hundred being bought by the Czech government, for mainly political reasons. It used its own ammunition.

AIRCRAFT GUNS

In the 1950s a new generation of aircraft guns began to enter service, most notably including revolver and rotary cannon, all delivering far higher rates of fire than those in service in World War II. The Mauser MG 213C revolver cannon, first designed in 20 mm calibre but soon modified to 30 mm to increase its destructive effect against heavy bombers, was developed to production in the UK and France. The resulting ADEN and DEFA guns comfortably exceeded the original Luftwaffe target rate of fire of 1,000 rpm, achieving 1,200–1,400 rpm. The ammunition for these guns only developed a medium muzzle velocity, no higher than the previous generation. Oerlikon produced a series of aircraft revolver cannon in 20 mm, 25 mm and 30 mm calibres, mostly using their own high-velocity ammunition, but only one of these saw service, the big 30 mm KCA, which was installed in some versions of the SAAB Viggen.

After achieving little in World War II US cannon designers were working overtime, with a wide range of development projects involving a variety of operating systems. Only one of the successful ones was closely related to anything done in World War II: the USN’s MK 12, based on the Hispano only firing more powerful ammunition, the 20 × 110 MK 100 series with a muzzle velocity of over 1,000 m/s, at a rate of fire of around 1,000 rpm. This remained the navy’s standard cannon for this period. Interestingly, it met the German late-war target for a ‘million point gun’ without the complication of a revolver mechanism.

The US did introduce into service two very different revolver cannon: one was the relatively conventional M39 firing the new 20 × 102 ammunition. The M39 was the USAF’s standard fighter gun in the late 1950s/early 1960s and would have disappeared from view shortly afterwards were it not for its use in the widely popular Northrop F-5 light fighter. The other was the USN’s wildly unconventional MK 11, a twin-barrel revolver used only in a gunpod, and using the Navy’s 20 × 110 MK 100 ammunition.

In parallel with revolver cannon US engineers were also working on multi-barrel rotary guns. These were highly modified versions of the original Gatling hand-cranked rotary MG of the latter half of the 19th century, and promised both a very high rate of fire and a relatively smooth system of operation, to the benefit of reliability and longevity. What became both the USAF’s and subsequently the USN’s definitive fighter gun, the six-barrel 20 × 102 M61, appeared in the 1950s and is still in service in updated form as the M61A2. The rate of fire has remained at around 6,000 rpm since the advent of the linkless feed M61A1 in the late 1950s. The main downsides are that the system is bulky and heavy; the ammunition feed as well as the gun. It was decided to power the gun and linkless feed with an electric motor, which has the advantage that it continues working even if a round fails to fire, and fired cases can be returned to the magazine instead of being ejected from the aircraft.

The basic rotary design was modified to meet other needs: the GAU-4, intended for gunpods, was gas-operated to save weight; and the M197 is a helicopter version with three barrels and a rate of fire reduced to 1,500 rpm.

It is notable that the US has retained the 20 mm calibre for fighter guns, when Europe was using 30 mm (and more recently 27 mm) and Russia started with 23 mm guns, rapidly followed by 37 mm and 30 mm cannon. The US felt that the high rate of fire of their rotary cannon in particular compensated for their less destructive ammunition. However, by the end of this period they were working on a replacement for the M61 in a larger calibre: the GAU-7.

Russia initially followed a different development path, of steady evolution based on existing design principles. The NR-23 of 1948 had already replaced the NS-23 in the early 1950s was in turn replaced by the AM-23 using the same 23 × 115 ammunition, which fired even faster (1,250 rpm instead of 800–950 rpm). However, it was decided to develop a gun intermediate in calibre between the 23 mm and 37 mm, resulting in the NR-30 of 1955. This used powerful 30 × 155B ammunition, of only medium velocity similar to the ADEN/DEFA guns but firing much heavier projectiles. For a basically simple recoil-operated design weighing only two-thirds as much as a revolver cannon it managed an impressive 850–1,000 rpm.

This does not mean that the Russian engineers were closed to new ideas: they did adopt the revolver mechanism for one aircraft gun (as well as a naval AA gun as described); the remarkable R-23 of 1964. This was specifically designed for mounting in a remote-controlled defensive turret and adopted a front-loading design to keep the ammunition feed as close as possible to the centre of gun mass, near the trunnions. This also meant conventional ammunition could not be used, and the gun saw service in only one type of bomber. Another novel operating system was adopted for the far more successful GSh-23, adopted a year later and used in a wide variety of installations. This is the twin-barrel Gast type firing the standard 23 × 115 ammunition, with the operating mechanism firing the barrels alternately. Very compact and light, this fires at 3,000–3,400 rpm.



1970 ONWARDS

This period is mainly notable for the following:


•A new class of weapon, the naval Close-In Weapon System (CIWS) designed to shoot down incoming anti-ship missiles, which have been subsequently doubling-up in the land-based Counter-Rocket, Artillery, Mortar (C-RAM) role for base protection.

•The design and evolution of AFV cannon for ground fighting, now a major application; similar guns are also being used to protect naval vessels against small-boat attacks.

•The appearance of new gun mechanisms, most notably externally-powered, especially the US Chain Gun series.

•The development of an entire family of Russian 30 mm cannon based on the 30 × 165 cartridge case, using various operating systems, to replace previous models for all purposes.



It was also a period of consolidation in the European cannon market, with Oerlikon acquiring Hispano-Suiza in 1971, Rheinmetall taking over Mauser in 1995 and Oerlikon Contraves in 1999, leaving the French company DEFA/GIAT/NEXTER as the only other major group designing and developing new cannon. US firms have also been through many changes in this period; a process which is continuing, as described in the USA section of the national summaries.

ANTI-AIRCRAFT GUNS

The importance of cannon in the AA role has been declining for some decades due to the steady improvement in effectiveness of surface-to-air guided missiles (SAMs), from shoulder-fired up to vehicle-mounted short-range systems. Those gun systems which survive are now mainly from 23 mm calibre upwards and are frequently found sharing a mounting with SAMs; missiles usually have a minimum range under which they don’t have time to acquire the target and steer towards it, so guns help to fill that close-in gap to give comprehensive coverage.

The oldest of the current systems seeing significant use is the towed ZU-23 mentioned in the previous chapter. The survivors have seen various upgrades, and mountings are still being developed, especially in Poland. First, in 1988, came the ZUR-23–2S Jod with improved electro-optical sights and a twin launcher for StrelA-2M AA missiles. In 2002, the Polish Army ordered 44 examples of the more heavily modified ZUR-23–2 KG which has two 23 mm guns and two GROM MANPADS, plus a more advanced sight. Rosboronexport of Russia also offers a ZU-23–3 upgrade, with powered elevation and traverse, new sights, plus an optional twin-SAM pod (9M333 – SA13). NORINCO of China is also offering upgrades.

Naval versions of the twin-23 mm have also been developed in Poland (the ZU-23–2M Wróbel).




ZU-23–2M_Wróbel 2 (Łukasz Golowanow / Wikimedia Commons / Public Domain)



Upgrades of the Shilka SPAAG system are popular, for example: the Ukraine has offered ‘Donets’ on a T-80U chassis with improved radar and FCS plus four SA-13 SAMs; a Russian upgrade adds SA-16/SA-18 SAM pods to the turret; and the Netherlands offers an upgrade to the radar and FCS.

As well as updating the FCS, improvements in effectiveness have been achieved by changing the ammunition. The best-known example is the 35 mm Oerlikon AHEAD which fires time-fuzed shells set to burst open and release a ‘shotgun blast’ of tungsten pellets in the path of the target. In smaller calibres Frangible APDS (FAPDS) ammunition consists of a sub-calibre tungsten projectile fired at high velocity, which fragments on striking the target.

The equivalent Western cannon to the Russian 23 mm is the Oerlikon KBA in 25 × 137 calibre, but this has only been used in one dedicated army AA system, the Italian SIDAM 25, a tracked SPAAG mounting a quad turret. Greater success is being enjoyed by the Chinese PG-87 (25 × 182B) which is in service in the Type 87A twin mounting (1,500 kg) and two tracked SPAAGs with quad mountings: the PGZ95 and the PGZ04. Oerlikon tried again with the more powerful KBB (25 × 174/181) but this was only sold as part of the Sea Zenith CIWS (see below).




SIDAM 25 (Oerlikon Contraves)



Several 30 mm AA systems were developed from 1970. One of the first was an oddity: the A436 Model 1980 from Romania, a towed system utilising a pair of Russian NN-30 naval cannon, with various modifications. This was followed in the early 1980s by the Russian 2S6 Tunguska tracked SPAAG, mounting two twin-barrel (Gast type) 2A38M cannon (30 × 165), alongside SAMs. This has been replaced in production by the similarly-armed Pantsir. By the mid-1980s Greece had developed the Artemis towed system with two Mauser MK 30 Model F (30 × 173), related to the KUKA Arrow (KUKA having since been acquired by Rheinmetall).

In larger calibres, the long-established Bofors 40 mm L/70 remains in service. One famously abortive application was the US M247 Sgt York SPAAG (using two of the guns) in the 1980s, but in the early 1990s the gun was used in the Luftvärnskanonvagn (lvkv) a SPAAG based on the CV90 MICV. In the same decade, the Oerlikon Contraves Skyshield 35 towed system was revealed, based on the fast-firing 35 mm KDG revolver cannon. The combat weight is 3,600 kg for the gun mounting only; sensor units and a command post are required in addition. Finally, Thales revealed their RAPIDFire SPAAG in 2012, a wheeled vehicle mounting a turret with a CTAS 40 mm cannon and SAMs.




25 mm Type 95 SPAAG turret (Max Smith – Wikimedia Commons – Public Domain)



There has recently been some upsurge of interest in the potential effectiveness of SPAAGs against the proliferating miscellany of UAS – drones used by armed forces for tasks ranging from reconnaissance, through target laser illumination, to suicide types with an HE payload. Many of these are too small and cheap to be worth a guided missile (even assuming that the missile guidance system is capable of dealing with such targets) but an airburst or AHEAD type shell might be able to deal with them quite economically.

CIWS

On 21 October 1967 the Israeli destroyer INS Eilat was sunk by three Russian P-15 Termit missiles (known to NATO as the SS-N-2 Styx) which had been launched from Egyptian Navy missile boats. Although ships had been sunk by German guided missiles in World War II, these had been launched by aircraft. The Eilat was the first victim of a ship-launched anti-ship missile, and this caused great concern among NATO navies, as existing AA systems had extreme difficulty in defending against such attacks. The Styx was relatively large next to most modern anti-ship missiles, but compared with manned aircraft it made a very elusive target: small, fast, and giving the target ship only a short time to react.




Phalanx CIWS and Bofors 40 mm L70 Gun aboard ROCN Di Hua (Xuan Shisheng – Wikimedia Commons – CC-BY-SA-3.0 licence)



Work began on countermeasures in the USA, resulting in a prototype system in 1973 which was approved in 1977 and entered service in 1980. This was given the designation Mk 15 Phalanx, and at its core is a 20 mm M61 six-barrel rotary cannon. This is an automated system, the mounting having its own radar and a fire control system which is capable of tracking the trajectory of the gun’s projectiles as well as the incoming missile and correcting the aim if necessary – referred to as a ‘closed loop’ system. The system is fully automatic; once switched on, it will detect any incoming aircraft or missiles, aim, and fire as many bursts as necessary to destroy the target. It is also quite compact and easy to install, as the 6 tonne mounting does not penetrate the deck but sits on it. It has therefore been fitted to a large number of warships in many navies and has been steadily updated during its life.

Anti-ship missiles have been fired at Phalanx-equipped ships on only a handful of occasions. On 17 May 1987, the destroyer USS Stark was hit by two Exocet missiles while patrolling in the Persian Gulf; the Phalanx system was not switched on. On 14 July 2006 the Israeli corvette INS Hanit was hit by a missile. Again, the Phalanx system was not switched on. In February 1991 during the Persian Gulf War an Iraqi Silkworm missile was fired at the battleship USS Missouri, which was being escorted by HMS London and HMS Gloucester (both Type 42 destroyers carrying Sea Dart). The missile was destroyed by a Sea Dart fired from Gloucester, the first time a SAM had successfully engaged an enemy missile during combat at sea. The Missouri did have Phalanx systems but these did not engage as the missile was destroyed before getting close. A few weeks later, Missouri was involved in another incident in which a (mistaken) warning of a missile attack was given. The Phalanx system of the escorting frigate USS Jarrett was switched on, and fired at defensive chaff launched by Missouri.

The versatility of Phalanx has been increased in recent years by fitting a manual control coupled to an electro-optical system, enabling the controller to engage other targets such as small boats. On the other hand, the development of much faster anti-ship missiles, greatly reducing Phalanx’s engagement window, has raised concerns about its effectiveness against such threats.

Phalanx dominates the Western fleets, but other systems have seen much more limited service. The most-used is the Dutch Goalkeeper (first ordered in 1983), which is similar in principle and capabilities to Phalanx, but is designed around the much more powerful GAU-8/A cannon in 30 mm calibre. As a result, it is bigger and heavier, using a deck-penetrating mount, and is more difficult to fit to existing warships. The gun mounting weighs 6.8 tonnes (loaded) and the remainder of the below-deck equipment 3.75 tonnes. Two other western systems are in service: the Oerlikon Contraves Sea Zenith, mounting four KBB cannon in 25 mm calibre, which has been acquired only by the Turkish navy, entering service in the late 1980s; and the Spanish Meroka, a unique 12-barrel volley gun in 20 mm calibre, which is slowly disappearing as the ships it is fitted to are retired from service.




Meroka gun of the Spanish Navy aircraft carrier Príncipe de Asturias (Outisnn – Wikimedia Commons – CC-BY-SA-3.0 licence)






Goalkeeper CIWS (LA(Phot) Amanda Reynolds / MOD 45151583 / OGL v1.0 / via Wikipedia Commons)



A more recent challenger from Rheinmetall in a slightly different category is the Millennium in 35 × 228 calibre, with a KDG revolver cannon firing AHEAD ammunition. This has separate gun and radar modules and is intended for both land and naval use. The AHEAD projectile is packed with tungsten pellets and has a small explosive charge in the base, initiated by a time fuze set as the projectile leaves the muzzle. This splits the projectile apart before it reaches the target and sends a ‘shotgun blast’ of pellets in the path of the target. The KDG fires at 1,000 rpm, so a short burst will shower the target with high-velocity pellets. This is effective against both aircraft and missiles, but also against other targets such as small boats or personnel on shore. Against larger vessels, the time fuze can be disabled so that the projectile penetrates the target before splitting up with considerable fragmentation effect. The Millennium system was developed in the mid-1990s and in service from 2003.




35 mm Millennium CIWS (MKFI – Wikimedia Commons – Public Domain)



Russia having developed the world’s first shipborne anti-ship missiles, it is not surprising that they were also first in the field with CIWS. The AK 630, mounting an AO-18 (later, the improved GSh-6–30) six-barrel rotary, replaced the AK 230 in production and has been in service since 1976, the first of the new family of guns in 30 × 165 calibre. This was followed in 1989 by the redoubtable 3M87 (better known as the Kortik, or Kashtan for the export version) which mounts two GSh-6–30P cannon plus eight guided missiles (with a power reloading system below deck). These systems, plus the simpler and lighter Palash or Palma (export version), have been improved in service but do not feature closed-loop gun aiming.




Kashtan ‘Chestnut’ (from manufacturer’s brochure, courtesy Richard Jones)



The most recent Russian development is the Pantsir-ME, a naval version of the Pantsir system, announced in 2019. This is claimed to offer a considerable improvement in effectiveness over Kashtan-M.

China has so far stuck with gun-only CIWS mountings: the seven-barrel rotary H/PJ-12 (known as Type 730 in the West) which appears to be based on the GAU-8/A except it fires electrically-primed 30 × 165 Russian ammunition rather than percussion-primed 30 × 173. This was recently joined by an eleven-barrel version, the H/PJ-11 (or Type 1130) which reportedly fires at 10,000 rpm. Little is known about the performance of these systems.

As a result of experience in Iraq and Afghanistan, where military bases were attacked using indirect fire weapons, some of these naval CIWS have found a new role in the protection of such bases, known as C-RAM (Counter-Rocket, Artillery and Mortar). The first of these (and it appears the only one to have seen active service so far) was Phalanx in 2005, fitted to a wheeled trailer or truck-bed complete with its own generator and renamed Centurion. The US Army made extensive use of these systems which are credited with defeating more than 100 attacks. The British also deployed some Centurion systems, based on Phalanx 1B mountings borrowed from the RN (and since returned).




See-through illustration of Oerlikon 30 mm Twin Naval Gun Type GCM-A03–3 (BMARC)



Other systems developed since then are the German MANTIS based on the Skyshield 35, and two Chinese systems; truck-borne versions of the naval Type 730 and 1130 known as the LD2000 and 3000 respectively.

GENERAL-PURPOSE NAVAL CANNON

On 2 April 1982 Argentinian forces invaded the Falkland Islands, a British Overseas Territory in the South Atlantic. The invasion was repelled after intense fighting which concluded on 14 June. Casualties were heavy as were material losses, including several warships. The RN lost the Type 42 destroyer HMS Sheffield to an air-launched Exocet anti-ship missile, and another Type 42, the Coventry, plus two Type 21 frigates Ardent and Antelope, to bomb-carrying aircraft in confined waters. The RFA Sir Galahad was also lost to bomb attack, while the container ship SS Atlantic Conveyor was sunk by another Exocet attack.

Many lessons were learned from this conflict, but in terms of naval armament it was clear that close-in defences against air and missile attack needed to be increased. The RN acquired both the Phalanx and Goalkeeper CIWS to address the anti-ship missile problem, but also opted for new automatic cannon to replace their basically World War II-era 20 mm Oerlikon SS and 40 mm Bofors L/60. These were the 20 mm Oerlikon KAA in a single, manually-operated GAM-BO1 mounting, and the 30 mm Oerlikon KCB in manually-aimed single (LS-30B) and twin (GCM-AO3) power-operated and stabilized mountings.

In the 1980s the Italian company OTO Breda also developed single and twin Sentinel remotely controlled mountings for the 30 mm Mauser MK 30F.

As time passed, so short-range missiles became more effective and were fitted as a matter of course to frigates and larger warships. The installation of AA guns therefore declined. In the case of the RN, the number of ships equipped with the 30 mm twin mount reduced steadily, although the 30 mm single mount became more popular as a replacement for both of World War II-era 20 mm and 40 mm guns. At this point, yet another incident caused a different view to be taken.

On 12 October 2000 the destroyer USS Cole was refuelling in Aden harbour when it was attacked by two suicide bombers in a small boat packed with explosives. Casualties were heavy and the ship was severely damaged, out of commission for over a year. This incident had a similar effect to the sinking of the INS Eilat by anti-ship missiles in 1967: navies worldwide reviewed their security procedures and defensive systems. One outcome was an increase in the number of light guns, from MGs to medium automatic cannon.

Compared with AA guns, there was an important difference in the nature of the cannon preferred for providing close-in defence against small boats; they did not require a high rate of fire. So guns which were designed for ground fighting, such as the Bushmaster family, were frequently chosen; these are claimed to offer lower running costs and greater accuracy, reliability and longevity.

A good example of this change is the RN’s 30 mm gun: in the latest mounting, designated DS30M Mk 2, the 30 mm Oerlikon has been replaced by the 30 mm MK 44 (Bushmaster II) which has a cyclic rate of around 200 rpm rather than 650 rpm for the Oerlikon. Another difference between the mountings which is typical of current production is that the Mk 2 is designed for remote operation, by a gunner within the ship using electro-optical day/night sights and a joystick to adjust traverse and elevation.




MK 44 cannon on British DS30M Mk 2 from MSI



Such remotely-controlled mountings (generally known as RWS for remote-controlled weapon system) are becoming the norm for all naval cannon. The most popular general-purpose cannon is probably the Bushmaster (25 × 137; known to the US Army as the M242) due to its adoption by the US Navy in the late 1980s in the MK 38 MGS (Machine Gun System). The original MK 38 (now designated the Mod 1) utilized a MK 88 single mounting, which was neither stabilized nor powered. In the mid 2000s, a powered, stabilized and remotely-controlled mounting was introduced based on the Israeli Raphael Typhoon Weapon System and designated MK 38 Mod 2. Various other options exist, including 40 mm MK 19 Grenade Launcher and 7.62 mm MG as coaxial armament alongside the Bushmaster. The Typhoon RWS, which can take a range of armament, is mostly associated with the 25 mm Bushmaster cannon and is in service with several navies. Many other similar mountings are now available, in calibres from 20 mm to 30 mm.




25 mm Mk 38 Mod 1 (USN / Wikimedia Commons / Public Domain)






25 mm MK 38 Mod 2 (USN / Wikimedia Commons / Public Domain)



Not all such installations use slow-firing guns, however: since gun calibre is not particularly important, the opportunity has been taken to recycle some older cannon to defend against small craft. A good example is the French 20 mm Modèle F2 (20M693 gun; 15B mounting), and the smaller 20M621 (15A mounting); both mountings are manually-operated, and both guns are capable of around 750–800 rpm. More recently, the French Navy has adopted the Narwhal RWS which uses the 20M621 gun.

Interestingly, Rheinmetall introduced in 2015 a modified version of the Oerlikon KAA cannon (20 × 128) adapted to remote-control mountings and designated KAE. This is designed for use in the Searanger 20 RWS, along with new SAPPIE-T ammunition (Semi-Armour Piercing Pyrotechnically Induced Effect – Tracer) optimized for the close defence role.

The Republic of China (Taiwan) has single and twin remotely-controlled mountings (XTR-101 and XTR-102 respectively) fitted with the US M39 revolver cannon (20 × 102). The German Navy (and some others) have adopted Rheinmetall’s MLG 27 using the Mauser MK 27 revolver cannon (27 × 145B); both the M39 and the BK 27 fire at about 1,700 rpm. Their use, however, may be more connected with the availability of surplus aircraft guns rather than any perceived advantages of such cannon in this role.




MLG 27 on K130 Braunschweig class corvette F264 at DSEi 2015



China offers three remotely-controlled single-barrel 30 mm mountings, the H/PJ-14, -15 and -17, but very little is known about them.

At the heavier end of the general-purpose naval cannon market come mountings for guns in 35+ mm calibre. These can be divided into those intended only for surface targets or helicopters, and those also suited for AA defence.

Oerlikon developed the 35 mm GDM-A naval twin mounting, introduced in the 1970s, which has both KDC guns mounted close together. Oerlikon also cooperated with OTO Melara in developing the GDM-C twin mounting, in which the KDC guns are mounted wide apart. More recently Denel has developed the GA-35 gun, which matches the performance of the KDC and is available in a twin mounting designated the Naval Air Defence System 35 mm Light Gun Mount (NADS 35 LGM) and has been in service on South African frigates since 2005.




Denel 35 mm (NADS 35 LGM) (Brent Best – Wikimedia Commons – Public Domain)



China is offering two different naval guns in its own 37 × 240 calibre: the original Type 76 twin mounting available in two versions (H/PJ76A), which has an automatic fire control system, and a simpler manually-directed mounting, the H/PJ76F. In addition, there is a single manual or semi-automatic mounting, the AN3, which is available in either the 37 × 240 or Oerlikon 35 × 228 calibres.

The Bofors 40 mm L/70 has a long history as related in previous sections. It reached its peak of performance in the OTO Breda Dardo system, which comes in two versions, both with twin guns mounted close together; the Type A deck-penetrating mount, with 736 rounds in a seven-layer magazine, and the Type B with 444 rounds in four layers. This was developed in Compact and Fast Forty versions capable of 600 rpm or 900 rpm respectively. The Fast Forty is intended for the anti-missile as well as AA role and the guns have dual feed, with HE mainly used but APFSDS available for when missiles close to 1,000 m.

The latest development for the naval 40 mm Bofors are in a different direction, with lightweight, non-deck penetrating, remotely-controlled general-purpose mountings being developed by both BAE and OTO Melara. The BAE Bofors 40 Mk 4 weighs less than 2,500 kg complete with 100 rounds of ammunition (30 rounds in the primary magazine plus another 70 in an intermediate magazine which are loaded automatically into the primary magazine). The turret uses electric drive rather than hydraulics and is fully digitized and modular in the approved modern fashion. Local control is possible using a gun-mounted video sight. Rate of fire is variable between 30 and 300 rpm. Its 3P ammunition is basically pre-fragmented HE and includes a fuze which can be set electronically in various ways, including impact, time and proximity, with sub-options such as delayed-action impact and gated proximity (i.e. the fuze only becomes active when close to the target). Development was completed in 2015 and the launch customer was Brazil, with five mountings ordered for patrol vessels.




BAE Systems Bofors 40 Mk 4 naval gun system (BAE)



Oto Melara’s Forty Light was developed a few years later than the Mk 4. Its performance appears to be virtually identical, and it weighs 1,900–2,100 kg depending on the mounting: Type A (full remote-control slaved to a combat management system); Type B (includes a co-axial daylight TV camera to provide a reversionary autonomous mode); or Type C (fully autonomous, incorporating its own fire-control system based on an on-mount EOD equipped with a daylight TV, a cooled thermal camera, and a laser rangefinder). The mount carries 72 ready-to-fire rounds with a dual-feed system, and a newly-developed smart-fuzed programmable ammo is comparable with the 3P.




OTO Melara Forty Light (Leonardo S.p.A.)



One new option not yet in service at the time of writing is the Thales RAPIDSeaGuardian, announced in 2016. This is based on the CTAI 40 mm CTAS (Cased Telescoped Armament System) developed jointly by France and the UK.

Finally, two larger guns which have, in various mountings, been around for about seven decades have been making a come-back. The first is the 57 mm Bofors, now adopted by the USN and USCG as the MK 110. The other is the Russian 57 mm A-220M, based on the army S-60.

The Bofors gun, now in the SAK 57 L/70 Mk 3 version, fires at 220–230 rpm, contains 120 rounds in the turret and a similar number below deck, and weighs around 7,000 kg. It is in Swedish service in the Visby class corvettes, and US service in the Littoral Combat Ships and Coast Guard cutters.

The A-220M has had its performance upgraded to fire at a cyclic rate of up to 300 rpm with the aid of a barrel cooling system. The 6,000 kg mounting holds 400 ready rounds below the deck. So far, no users have been identified.

GUNS FOR GROUND FIGHTING

The use of automatic cannon for ground fighting in recent decades has almost entirely been restricted to mountings (usually in turrets) in light AFVs, with the main purposes of engaging other light AFVs and of providing general fire support for infantry attacks. The cannon have two origins; adapted versions of the automatic cannon also used in air-defence weapon systems, and specially developed weapons optimized for the ground fighting role.

The German Army was among the first to reintroduce the concept after World War II, with the adoption of the Schützenpanzer HS 30 (SPz lang) APC in the late 1950s. It was low, with well-sloped armour, and some carried a 20 mm Hispano-Suiza HS 820 cannon in a turret. In modern parlance, these were really Armoured Infantry Fighting Vehicles (AIFV) or Mechanised Infantry Combat Vehicles (MICV), as they were intended for fighting as well as carrying troops.

The HS 30 was replaced from the late 1960s by the much heavier Marder MICV with the Spähpanzer Luchs 8 × 8 Armoured Car (AC) of 1974 taking on the reconnaissance role. Both of these feature a Rheinmetall Rh 202 cannon, firing the same 20 × 139 ammunition as the HS 820, in a turret mounting.




Bundeswehr Marder A5 with 20 mm Rh 202 cannon (KrisfromGermany / Wikipedia Commons / public domain)



During the 1960s Hispano-Suiza offered a range of cannon in 20 mm, 23 mm, and 30 mm calibres. These all used a recoil-operated mechanism and were intended for AFV use. However, they might have been ahead of their time as they failed to achieve any sales.

Many other nations have since adopted high-velocity small-calibre cannon for arming their light AFVs, a typical example being the South African Vektor (now Denel) 20 mm G1–2, a version of the French 20 F-2 which is fitted to armoured cars (ACs). While the Warsaw Pact’s BMP-1 tracked MICV of the late 1960s featured a 73 mm low-velocity smoothbore cannon, the BMP-2 of the early 1980s switched to the 2A42 30 mm cannon. The gun was specifically designed for the AFV role and features a variable rate of fire (either 200–300 or 600–800 rpm). In the BMP-3, the Russians have covered all of the options, providing the turret with 7.62 mm, 30 mm 2A72, and a 100 mm cannon.

The requirements of the fighting in Chechnya stimulated the development of a variety of more or less informal cannon installations to provide heavy firepower for close-in fighting, ranging from a 30 mm 2A42 on an overhead mounting installed on a BTR-80, to installations of 23 mm guns – not just the 2A14 in 23 × 152B but even the GSh-23 twin-barrelled aircraft gun in 23 × 115, delivering 50 rounds per second. More formally, there is the BMPT Tank Support Combat Vehicle on a T-90 chassis, intended to protect tank formations from infantry wielding anti-armour weapons. This has a remotely operated overhead mounting with two coaxial 30 mm 2A42 plus a 7.62 mm PKTM plus 16 AT-16 supersonic ATGW, and two remote controlled 30 mm AGS-17D grenade launchers on the vehicle sides. One unusual Russian light AFV gun is the KPVB, which is the 14.5 mm KPV HMG rechambered to use 23 × 115 ammunition. This involved lengthening the action as the 23 mm round is longer than the 14.5 mm. The current status of the project is uncertain.




BRDM with 23 mm KPVB in 2000 (Maxim Popenker)



The Yugoslav Army went their own way with their locally-designed 30 mm Zastava M86 (single feed) or M89 (dual feed) cannon (also used in the AA role) in the BVP M80AK MICV, unusually chambered for the 30 × 210B ammunition from the Russian naval NN-30 revolver cannon. Armour penetration is claimed to be 60 mm at 1,000 m (projectile type and striking angle not specified). This gun continues to be developed, the latest version being the M97/12, offered by Yugoimport in either 30 × 210B or the 30 × 173 NATO chamberings.

During the 1980s the Bulgarians introduced the BMP-23 AIFV and BRM-23 reconnaissance variant armed with the 23 mm cannon from the ZU AA gun, the 2A14. The BMP-30 version uses the Russian BMP-2’s turret and 30 mm 2A42 gun. The 2A14 cannon was also used by the Ukraine in a twin overhead mounting in their BTR-94, a modified Russian BTR-80 8 × 8 vehicle, 50 of which were made for export to Jordan and subsequently passed to Iraq. The Ukraine now offers two 30 mm cannon: the ZTM-1 (closely based on the Russian 2A72) in an external, overhead mounting in the upgraded MT-LB tracked AIFV; and the ZTM-2, based on the older Russian 2A42. This is installed in the Grom Universal Fighting Module.

The British Army also moved to automatic cannon in the series of LAFVs introduced in the early 1970s, with the Fox 4 × 4 AC and the Scimitar tracked reconnaissance vehicle both being equipped with the Royal Ordnance Factory (ROF) L21 Rarden cannon. This was a ground-breaking weapon in two ways; it introduced the 30 mm calibre to AFVs, in a gun which was specifically designed for AFV use. The gun is optimized for maximum single-shot accuracy rather than a high rate of fire.




Scimitar with Rarden gun (MoD Pattern Room)



The British originally backed both horses with the 1970s LAFVs, as the original version of the Scimitar, the Scorpion, was introduced with a modified version of the Saladin AC’s 76 mm manually-loaded gun. This battle was evidently won by the Rarden, since the 30 mm gun was not only fitted to the MCV-80 Warrior but was also retrofitted to the Scorpion, using turrets from scrapped Fox ACs to create a new model called the Sabre (the recoil of the 76 mm having apparently caused structural cracking in the lightweight aluminium alloy Scorpion). Incidentally, this change also indicated that the tracked reconnaissance vehicle had triumphed over the wheeled armoured car in British Army thinking, followed through by the selection of the (much larger) GD ASCOD 2 as the Ajax, due to enter service in 2019/20. The Ajax is another ground-breaker, being the first application of the Anglo-French 40CTWS (40 mm Cased Telescoped Weapon System), along with the French Jaguar 6 × 6 AC.




AJAX with 40CTWS (Andrew Linnett / MOD_45159445 / OGL v1.0)



The US Army was surprisingly slow to adopt the MICV concept. Some use was made of the 20 mm M139 (the US Army’s term for the HS 820) installed on the M114 Command and Reconnaissance Carrier, but it was not found to be satisfactory as it needed to be kept clean and well-lubricated to function properly. The 1980s saw the introduction into US service of the M2 Bradley MICV, equipped with a turret-mounted 25 mm McDonnell Douglas M242 Bushmaster, popularly known as the Chain Gun. This weapon has become a standard fitting in a wide range of light AFV turrets (including the USMC 8 × 8 LAV), with some competition from the Oerlikon KBA, a conventional fast-firing cannon using the same ammunition, and from the externally-powered GIAT/NEXTER 25M811.

China has adopted a 25 mm gun for its ZSD-89-II (Type 89) MICV, presumably using the PG-87 high-velocity AA gun. Both manned turret and overhead gun mounts have been seen. A curious new vehicle has also been developed; the NORINCO FAV (Fast Attack Vehicle). It has an open, jeep-type body and is primarily of interest because of a 23 mm dual-feed cannon in 23 × 115 calibre mounted on the roll-over bars. This is said to be capable of 200 to 400 rpm and to be a Chain Gun type although ATK, which owned the rights to the name, professed no knowledge of this gun.

There is clear evidence of a classic gun-armour race taking place in MICVs. As their armour becomes tougher under the threat of attack from enemy MICVs, so the gun calibre goes up in order to defeat the thicker armour. The 25 × 137 ammunition, which was at one time the standard calibre for NATO light AFVs, is being replaced in new developments by the 30 × 173 round, either in the Mauser MK 30 or the Bushmaster II/MK 44 (redesignated XM813 in the latest AFV version, with a magazine attached to the gun). Apart from the German Puma MICV, the MK 30 has been adopted by Korea (in the KIFV), Austria (Ulan), and Spain. The Bushmaster II/MK 44 equips the Norwegian CV-90/30, the Swiss SPZ2000, and in its XM813 form, some of the US Army Stryker 8 × 8 fleet in an overhead mounting.

South Africa did consider the EMAK 35, an externally powered gun in 35 mm Oerlikon calibre, for arming future IFVs but in the end settled on a smaller version of the same thing in 30 mm; the GI-30 Cam Gun. This is intended to arm the Denel Badger 8 × 8, and has also been chosen by Malaysia, who selected the Denel LCT 30 two person turret armed with a stabilized GI-30 to arm their new 8 × 8 IFVs.

Japan chose the 35 mm Oerlikon KDE for its Type 89 IFV (which still appears to be in low-rate production) and the 35 mm Bushmaster III is in service in the CV90/35 used by Denmark, the Netherlands and Estonia. Sweden has a version of the classic Bofors 40 mm L70 in its CV90/40; to date, the most powerful automatic cannon to see service in a MICV. South Korea has followed suit with the K40 gun firing Bofors ammunition in the K21 MICV. The almost equally powerful 40CTWS is shortly to enter service, as may be the Super 40, a less powerful 40 mm gun with ammunition created by necking-out the 30 × 173 case (the XM813 requires little more than a barrel change to fire the new ammunition).

Even larger calibres are being considered. The US Army has expressed interest in a version of the Bushmaster III in 50 mm calibre, modified with a new barrel and stronger recoil management and renamed the XM913. The ‘Super 50’ ammunition was created by necking-up the 35 mm Oerlikon case. Russian companies are offering a modified version of the old 57 mm S-60 cannon in a AU-220M turret for ground fighting, and are developing new ammunition for it.

One reason for this increase in calibre can be understood by looking at comparative armour penetration figures. Depending on the range, striking angle and projectile type, a 20 × 139 shot will penetrate about 25 mm, a 25 × 137 about 30–40 mm, a 30 × 170 APDS 40–60 mm and 30 × 173 APFSDS around 80 mm, a 35 × 228 APDS 85 mm and APFSDS 110 mm, and a 40 × 365R or 40CTWS APFSDS c.140 mm. These figures also indicate why APFSDS has taken over from APDS as the preferred anti-armour munition.

Another reason for the calibre increase is the emergence of Air-Burst Munitions, also known as High Explosive Air Burst or Programmable Air Burst Munition (ABM/HEAB/PABM). These are HE/fragmentation shells (designed to generate a spherical pattern of small, high-velocity fragments) which are detonated by a time fuze set as the projectile leaves the gun, and designed to explode in the air directly over the target. Clearly, this requires a sophisticated and expensive sighting/fire control/fuzing system, so larger and more effective shells make better use of the costly fuze.

A different approach to the same problem is the Oerlikon AHEAD or KETF (Kinetic Energy, Time Fuzed), in which the shell’s payload consists of tungsten pellets with a small burster charge in the base, with a time fuze set at the muzzle to explode the shell before it reaches the target. This generates an expanding cone of pellets mostly in a forwards direction, in the path of the target. HEAB is better at catching personnel hiding behind walls or in trenches, KETF delivers a much denser pattern of heavy pellets onto the target and could be effective against even MBTs by damaging their optical sensors.

Among the light automatic cannon, which use less-powerful cartridges in order to minimize weight and recoil, are the South African 20 mm GA-1 Cobra, which uses 20 × 82 MG 151 ammunition and weighs just 39 kg, the Israeli G360, firing the 20 × 110 Hispano cartridge, which weighs 48 kg, and the 56 kg M230LF, a longer-barrelled, belt-fed version of the M230 Chain Gun in service in the AH-64 Apache combat helicopters.




Armadillo Lemur RWS mounting a medium-velocity 30 mm M230LF / XM914



The conventional turret mounting of such weapons is also under threat in favour of external mounting in remote (controlled) weapon stations (RWS). This in effect reduces the ‘turret’ to the gun mounting, leaving the crew sitting down inside the vehicle. The advantage is that only the gun need be exposed when firing from cover, and more space is freed up in the compartment. This has only become feasible because of modern sighting arrangements, using low-light and/or thermal imaging electro-optical sights on the mounting, providing a day/night, all weather image which can be viewed on screens inside the vehicle.

Installation weight of modern RWS varies with both the calibre and the degree of armour protection provided. However, a typical 20 mm RWS (including a co-axial MG) weighs in at 300–400 kg, with those for the 30 mm M230LF weighing only a little more, at 350–450 kg. Most RWS for the 25 mm NATO guns are in the region of 800–1,000 kg, while those for the 30 mm cannon are around 1,500–2,000 kg. For 35 mm guns, the KMW RWS weighs in at 3,500 kg (with a two-man turret being closer to 5,000 kg), and a manned Nexter 40 mm CTWS is 4,200 kg; but the Lockheed Martin turret adopted by the UK weighs no less than 6,000 kg because of its extra armour protection.

Typically, IFVs are armed with cannon whose size and power is primarily determined by the need to punch holes in their enemy equivalents. This gives priority to armour penetration with the use of HE ammunition against other targets being a secondary, albeit very important, requirement. High velocity 30 mm cannon must now be considered the minimum to deliver adequate penetration against medium AFVs, with 35 mm or one of the more powerful 40 mm rounds providing a margin for future-proofing.

Armies with AFVs which are not intended to fight their opposite numbers might find RWS with lighter weapons, better suited to general fire support, more appropriate. In which case, the various lightweight mountings for the 30 mm M230LF / XM914 might well be of interest, especially to those armies using the AH-64 Apache helicopter. The standard ammunition for the AH-64 is a HEDP which has some armour penetration capability, but other HE rounds are being developed for the XM914.

Broadly speaking, in IFVs in which delivering cannon fire is a primary role, a manned turret still tends to be preferred as the gunner and commander are always facing in the direction the gun is pointing and the commander can put his head out of the turret to improve situational awareness, although given the risks of so doing and the development of 360 degree all-weather, day and night optronic coverage by cameras spread around the vehicle, the advantages of relying on the unaided eyeball may not be what they were.

It is not difficult to foresee the adoption of technical developments from the computer gaming industry which will see crew helmets fitted with visors incorporating video screens, with the view slaved to the head and eye position so that the crew can effectively look through the vehicle in all directions as if it weren’t there. Something like this is in service with the F-35 Joint Strike Fighter.

No-one really knows how the pros and cons of the different gun and mounting options will work out until they are thoroughly tested in combat against sophisticated as well as irregular enemies.

AIRCRAFT GUNS

There was a period in the 1950s and 1960s when most nations felt that guns would no longer be required, and several fighters were designed to use only missiles. Most of these, such as the USAF’s F-102A and F-106A, were intended for intercepting strategic bombers. Naval fighters such as the RN’s Sea Vixen and the USN’s F-4 Phantom II were also introduced without guns.

The US realised its mistake in the Vietnam War and accordingly fitted the USAF’s F-4E with an M61A1 cannon. This version achieved half of its kills with the gun rather than its missiles. Some F-106As were also modified to carry an M61A1 in the missile bay. Where guns could not be retrofitted, gun pods were used as an expedient, but they were not as rigid (and therefore as accurate) as internal cannon, besides increasing aerodynamic drag.

The experience of the Americans, Europeans and Russians in developing their current range of aircraft cannon has been markedly different. After an attempt at updating the M-39 (the Ford Tigerclaws, intended for the abortive F-20 Tigershark light fighter) the Americans have remained true to the rotary cannon.

In the late 1960s the Americans attempted to produce an advanced 25 mm rotary cannon (the Philco-Ford GAU-7/A being the chosen version) intended for the F-15 fighter. The projectile was buried within a cylindrical combustible case which resembled an oversized shotgun cartridge. This was defeated by technical problems and the 20 mm M61 has remained in US service ever since, with the latest M61A2 version (with lighter barrels to reduce both weight and spin-up time) being installed in the F-22 and F/A-18E/F. A three-barrel version of the M61A2 has also been developed for export; it is fitted internally to the TA-50 and FA-50 light combat variants of the South Korean KAI Golden Eagle, and the gun appears to be known as the A-50.

The USMC was the first of the US combat plane operators to mount a 25 mm gun; the five-barrel GAU-12/U rotary cannon fitted externally to the AV-8B (American Harrier). The new F-35 is the first tri-service (USAF, USN, USMC) combat plane to carry a 25 mm gun; in this case, the GAU-22/A which is a lightened, four-barrel version of the GAU-12/U. Only the USAF F-35A will carry the gun internally; for the USMC’s F-35B and the USN’s F-35C the cannon is optional, and when carried is installed in a conformal pod.

Two 30 mm cannon have seen USAF service, but only in the ground attack role. These are the massive seven-barrel General Electric GAU-8/A rotary cannon fitted to the Fairchild A-10 ‘tankbuster’ (which was designed around the gun and its ammunition tank) and a four-barrel version of the same gun, the GAU-13/A, which has only been used in the GPU-5A gun pod, for fitting to aircraft with only an occasional need for such firepower. Like gunpods in general, this suffers from accuracy problems due to the relative lack of rigidity in the mounting.

In contrast, Western Europe has remained wedded to the revolver. In 1977 the JA 37 variant of the SAAB Viggen entered service, equipped with a powerful Oerlikon KCA 30 mm revolver cannon in a conformal pod under the fuselage. In addition to the ADEN, DEFA and Oerlikon developments, Mauser re-entered the market with the BK 27, which fires high-velocity 27 mm ammunition. Introduced in the Panavia Tornado and the Alpha Jet light strike aircraft in the 1970s, it is also fitted to single-seat versions of the SAAB Gripen and the Eurofighter Typhoon. Although it was originally expected that the Eurofighter would carry the Oerlikon KCA, this was changed to a version of the BK 27.

The French have been primarily concerned with the low muzzle velocity of their 30 mm cannon, which they have remedied by developing a longer case (which also differs slightly in other dimensional details) to create the 30 × 150B. The associated GIAT 30M791 seven-chamber revolver cannon is fitted to the Dassault Rafale; it is heavier than earlier models at 120 kg but can achieve a remarkable 2,500 rpm.

The British decided to develop a new weapon, the ADEN 25, to equip the final version of the RAF’s Harrier, instead of staying with the very similar BK 27 which was already in RAF service. The ADEN 25 was essentially similar to the earlier models and could fit into the same mountings but was designed to use the standard 25 mm NATO ammunition. It experienced considerable development problems which led to its cancellation in 1999.

The 1970s saw the start of a rash of new cannon for all three services in Russia, with no fewer than four new aircraft guns entering service between the mid-1970s and mid-1980s. First up was the six-barrel rotary GSh-6–23, adopted in 1974, which achieved a remarkable 9,000 rpm. It was fitted to the Su-24 for ground attack, and also to the MiG-31 interceptor (for use against cruise missiles) but was withdrawn in the early 1980s due to various problems.

The other three guns were all designed around the new tri-service 30 × 165 Russian cartridge, originally developed for the naval AO-18 six-barrel rotary cannon. The GSh-6–30 (9A621) is an air-cooled version of the navy gun, developed in parallel with the GSh-6–23 and also accepted into service in 1974. From 1975 it equipped the MiG-27 ground attack fighter but was not popular, developing too much vibration and recoil in the relatively light aircraft, leading to some equipment literally falling to pieces; it was withdrawn from service in the late 1990s.

There is also a twin-barrelled gun, the GSh-30, which was fitted to the Su-25 ground attack aircraft from 1978. It was also originally intended for the new generation of fighters (the Su-27 and MiG-29 families) but preference switched to the lighter and more compact GSh-301.

The GSh-301 is a single-barrelled 30 mm gun weighing only 45 kg and firing at 1,500–1,800 rpm, continuing the Soviet tradition of combining remarkably low weight with high rates of fire. Amazingly, it has an ‘old fashioned’ recoil-operated linear action rather than the revolver mechanism originally attributed to it by Western sources, but handsomely beats all other aircraft guns in terms of hitting power for its modest weight and size. To make an historical comparison with World War II weapons, it is approximately the same size and weight as a 20 mm MG 151 but has the hitting power of a battery of four 30 mm MK 103s – which weighed twelve times as much! Such power did bring with it some initial problems with equipment damage in the MiG-29 due to vibration.

Incidentally, it is curious that in the ‘collectivist’ USSR, successful gun designers were generally honoured in the designations of their guns, as with Gryazev and Shipunov in the current ‘GSh-’ range, whereas in the ‘individualist’ West this tradition largely died with John Browning. It is tempting to speculate that this might have a bearing on the remarkable performance of Russian guns.

One typically Russian characteristic is the tendency to favour heavy projectiles at the expense of muzzle velocity. The 23 × 115 round fires a 170 or 200 g projectile, in comparison with the 102 g of the 20 × 102 M61 and the 180 g of the much bigger NATO 25 × 137. Similarly, the 390 g 30 × 165 projectile compares with around 270 g for the 30 × 113B (ADEN) and 30 × 150B (GIAT). If the Russian cartridge were loaded with 270 g projectiles, muzzle velocity in the GSh-301 could be expected to increase, for the same muzzle energy, from 860 to around 1,030 m/s. The preference for the relatively low MV is surprising, as this is generally considered to be of paramount importance in air fighting because it minimizes the time of flight and therefore reduces the problems of deflection shooting. The Russians are apparently content to accept a lower velocity in return for greater destructive effect. A heavy projectile is also a benefit in low-altitude firing (especially ground attack) as it loses velocity at a slower rate than a lighter projectile of similar shape.

One interesting cannon developed by the Czech Republic is the ZPL-20, a version of the GSh-23 modified to fire the US 20 × 102 ammunition. This required significant changes to convert the gun from percussion to electric ignition. It is so far only available in the Plamen (Flame) PL-20 gun pod system, compatible with standard NATO pylons, which weighs 259 kg with 210 rounds of ammunition. It can fire at two rates: 780 rpm or 2,600 rpm.

Despite the retention of the fighter gun, it is worth noting that while its technology and performance has continued to develop (although in rather more subtle ways than in the past, concerned with better materials and careful design analysis) its relative fall in importance is reflected in reduced magazine capacities. A typical revolver cannon installation includes space for only about 150 rounds; enough for just five or six seconds’ firing. The MiG-29 carries only 100 rounds. Even the apparently generous 570 rounds in the F/A-18 lasts for only six seconds, while the GSh-6–23 installation in the MiG-31 could expend its 260 rounds in less than two seconds. On the other hand, some modern fire control systems can prevent a gun from firing until a hit is certain, so wasted ammunition is far less of a problem than in the past.

In the specialized field of ground attack, the GAU-8/A of the American A-10 ‘tankbuster’ has a clear lead in hitting power over any other, and also has a huge advantage in combat persistence. Its massive ammunition capacity lasts for about twenty seconds firing; the GSh-30 in the Su 25 just five seconds.

HELICOPTERS AND GUNSHIPS

Arming helicopters with cannon started in France in 1957, with the testing of a 20 mm MG 151/20 attached to a Sikorski H-34 (S-58). The MG 151/20 was preferred to the French Hispano-Suiza HS 404 in this and other mountings because it is a significantly smaller and lighter gun and generates much less recoil. These installations were prompted by the wars of independence with French colonies in North Africa.
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