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The tank has evolved throughout history, with the main properties summed up by the Iron Triangle: firepower, protection, and mobility. The First Word War tank was limited by immature technology and compromised in each corner of the Iron Triangle. The Second World War tanks was purpose built with developed technology and doctrine and expressed specificity in its characteristics. The problem solution theme runs throughout, with each technological advancement a new issue needed to overcome. Modern warfare now births tanks who have an immense Iron Triangle, with problems such as drones currently driving innovation and forcing new ways to think about the tanks purpose.
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Tanks first appeared at the Battle of the Somme, September 1916. Machine guns and barbed wire rendered infantry assault across open ground impossible, with the Western Front settling into a continuous entrenchment that neither side could break out of without a serious loss of life. This stalemate was soon to end, however, with a novel solution supposed by British Lieutenant-Colonel Ernest Swinton in his letter to the British Army depicting a “machine gun destroyer” [1]. Initially General Sir John French rejected this idea, but he wrote again to Maurice Hankey who forwarded it to Winston Churchill, the navy minister at the time. Winston Churchill had his own similar ideas and after hearing Swinton’s letter wrote to Asquith about “petrol tractors on the caterpillar principle and armoured with hardened steel plates,” for which he quickly set up the Landship Committee in 1915 to seriously look at development of the machine [2].
The naming of the Tank was brough about by wartime secrecy. The machines were designated as “landships” but were concealed by their official description as “water carriers.” This description was so effective, even among British troops, with one solider later recalling that upon first seeing the machine and being told they were “tanks,” he and his comrades assumed they were mobile reserve water supplies [4]. From the outset, this highlights the grave secrecy the tanks were initially overseen with but also indicates an improvised creation as opposed to a fully fleshed out and settled military doctrine.
[bookmark: _Toc231160036]Initial specifications
The Landship Committee proposed a set of initial specifications for the design [1]:
· A top speed of 4mph
· The capability to turn sharply at top speed.
· Reversable
· Climb a 5-foot parapet.
· Cross an 8-foot gap
· House up to ten crew with two machine guns and a 2-pound gun.
The initial specifications do not include any protection capabilities or new weapons, with the basic description depicting a mobile machine gun.
[bookmark: _Toc231160037]The Iron triangle
The iron triangle splits the tank into three key properties: firepower, protection, and mobility. This aids for comparison between tanks across different periods and allows one to gain a clearer picture of each tanks use, and trade-offs.
For the First World War, tanks failed as they were designed to reach as far into each corner as possible. This was limited simply by the novelty of the tank; it had not been used before and lacked any proper research. This contrasts WW2, where the tanks were now established machines with research backed technological advancements. The tanks of WW2 were specialised for specific roles, lifting the limit for each corner of the triangle and allowing for unique tank designs.
Specialisation was not a guaranteed success, however, as many British Cruiser tanks, famed for their great mobility, were left under protected and outclassed by German tanks which used a more rounded approach [7]. Knowing where to place each tank and its primary use was an integral development during WW2.
The framework has use in literature, with Ogorkiewicz organising tanks under the same attributes [5]. Nuvolari also uses the same corners but as “service characteristics” [6]. Both treat the Iron Triangle as a heuristic for capturing design trade-offs instead of predictive outcomes, indicating that the triangle may be better used to understand how the tank could be defeated as well as where it should be placed.
[bookmark: _Toc231160038]The Iron Square, Pentagon, Hexagon, and more
The three corners of the Iron Triangle are well established, but warfare has dramatically changed since the end of World War 2. Tanks who originally were fit for purpose are now defeated in ways which they were never designed to overcome. Furthermore, tanks are now using properties which do not fall directly under the service characteristics described by the Iron Triangle, such as growth potential, signature, and more. The shape of the Iron Triangle needs  adaptation to keep up with modern warfare, but the underlying principle (finite resources, competing properties) will stay the same.



[bookmark: _Toc231160039]Firepower, the first corner
In WW1, tanks guns were used primarily for suppression. The guns were not expected to destroy the enemy, and instead to force them to keep down so that allies could push forward and cross the open ground. The gun’s purpose was to serve the foot soldier’s advance. 
By WW2, tanks guns were used to destroy. They can seek out enemy infantry and eliminate enemy weapons and fortifications. The tanks now fought independently and were weapons of destruction. 
The contrast is seen directly in Table 1 comparing an early WW1 tank to a later WW2 Model.
[bookmark: _Toc231160052]Table 1: The difference of firepower between WW1 Mk1 and WW2 Panzer IV [8] [9]
	Feature
	WW1 – Mk1 Male
	WW2 – Panzer IV

	Main Gun
	QF 6 Pounder Hotchkiss
	7.5cm KwK 40L/48

	Gun Origin
	1880s naval gun
	Purpose built tank gun

	Mounting
	Fixed side sponson
	Fully rotating turret

	Muzzle Velocity
	411 m/s
	750 m/s

	Penetration
	Negligible
	Up to 92mm at over 1000m

	Purpose
	Suppress infantry
	Destroy vehicles and facilities

	Range
	Short
	Over 1000m

	Secondary Armament
	3-4 machine guns
	2 machine guns


One of the major differences is the design intent. For WW1, the QF 6 Pounder Hotchkiss was a naval gun dating from 1880, designed to defend warships against torpedo boats. The gun was never fit for its purpose; it had a long barrel that was prone to striking obstacles and was fixed in a set direction. In WW2, The KwK 40 was a purpose built weapon, designed to defeat standard armour at over 1000m. The weapon was designed to integrate with rotational capability and sat on top of the tank rather than the side. 



[bookmark: _Toc231160040]Protection, the second corner
[bookmark: _Toc51833419]Armour served two distinct purposes on the tank between both great wars. During the First World War, tank armour protected the infantry following behind. It absorbed enemy fire so that the allies could survive and advance, acting as a mobile shield. 
For WW2, armour protected the crew inside, keeping them alive so that the tank could keep running and lead and decide the engagement. The vehicle was now the weapon and needed protecting.
The difference in armour thickness is seen in Figure 1, showing nineteen times increase from early WW1 to late WW2.

[bookmark: _Toc231160051]Figure 1: Average frontal armour thickness across WW1 and WW2, showing nineteen times increase [3] [10] [5].
The geometry of the armour also changed with each tank. The Soviet T-34, for example, had just 45mm of armour (as compared to the 100mm on the Tiger) yet was sloped at 60 degrees. The slope of the armour increases its effective thickness and makes incoming rounds more likely to be deflected. The T-34 repeatedly deflected bullets at a similar rate to that on the Tiger, at a much smaller weight and hence had a greater mobile ability [5] This change uses physical properties known at the time of tank development in WW1 but were never used due to manufacture constraints and lack of testing.
[bookmark: _Toc231160041]Dangers from within
Protection also reached inwards, addressing hazards that were easily overlooked. Early tanks suffered heavily from bullet splash, where the impact of bullets on the outside of its hull sprayed fragments of hot metal throughout the inside of the tank. This posed such a problem in WW1 that crew wore chain mail visors to protect their faces [3] WW2 designs reduced splash with better materials and tighter construction, however suffered from the development of better weaponry, as firepower in WW2 was capable of destroying a tank. WW1 tanks also lacked proper ventilation, causing extreme heats to build up from the engine and gun fumes getting trapped inside. This frequently caused tank crews to go unconscious during operation. Within, the tank was dark and extremely loud with no noise protection. Tank crews often could not communicate to each other without being misunderstood. For WW2, ventilation eased the heat inside but failed to fully protect from it, and carbon monoxide poisoning was still largely present. Noise suppression was built into modern designs with engine running quieter, with additional cladding. 
Protecting the crew from the vehicle was necessary to make the tank a weapon that could fight for extended periods of time, rather than shielding to survive a single advance.


[bookmark: _Toc231160042]Mobility, the third corner
The First World War tanks only needed enough mobility to cross a single trench and cross a barbed wire ground. In contrast, the Second World War tank now needed enough mobility to drive deep into enemy territory, cross multiple terrains, and be able to return.
The figures can be seen below for an early WW1 tank and late WW2 tank, See Table 2.
[bookmark: _Toc231160053]Table 2: A comparison of mobility, from walking pace (WW1) to a useable operational range (WW2) [10] [3]
	
	Mk 1
	Churchill Mk VII

	Top road speed
	~4mph
	~13mph

	Range
	~37km
	~145km

	Weight
	28 tons
	40 tons

	Soft ground
	Immobilised
	Excellent

	Reliability
	Poor
	Great


In the original design requirements, the tank was never assessed to need to cross over muddy ground and the Mk1 suffered greatly because of this. Varied weather conditions at the battle front, as well as the constant foot fall and munition usage caused the ground to become slippery and soft. The Mk1 had tracks that went right around the vehicle and was designed to grip the ground and span trenches. The wide tracks were intended to help with unexpected muddy conditions but were not designed correctly to support the tank, due to technological constraints restricting engine power and track material. This made the Mk 1 extremely unreliable, breaking down constantly. At its debut in 1916 at Flers Couceletter, forty-nine tanks were sent out by only thirty-two managed to even make it to the front [11]. A solution to this was later discovered, where crews would tie a large unditching beam on the top of the tanks in case they got stuck in boggy conditions.
The Second World War saw major improvements to engine technology. The max speed of its tanks was comparatively greater, but not by much. The major advantage came when looking at the range and reliability of the WW2 tank. They could run more than ten times that of the WW1 tank, allowing them to exploit weaknesses in the enemy’s defences and get deep behind lines to cut off supply routes. The specialisation of tanks in WW2 was also further extended with the fascine carrying tank [12]. In the First World War, main tanks were strapped with big bundles of sticks, fascines, and were dropped inside of trenches to allow them to cross over. For WW2, however, there were whole fleets of tanks who had extreme mobility and armour, with minimal firepower, whose sole purpose was to deliver fascines and equipment to aid other tanks at the front, e.g. Churchill AVRE carried trench crossing fascines and Churchill Bridgelayers carried bridging equipment. The solutions which were used in WW1 on tanks that were built to fight but obstructed their vision, were now used on purpose built WW2 tanks who could oversee the handicap that came with carrying them.


[bookmark: _Toc231160043]The modern tank
The three corners of the Iron Triangle are still able to define the modern battle tank. The technology used for each corner has advanced beyond anything the designers in 1916 could have predicted but are governed by the same principle. This can be seen below for the M1A2 Abrams in Table 3.
[bookmark: _Toc231160054]Table 3: Values for the Firepower, Protection, and Mobility for a modern Abrams tank [13] [5].
	M1A2 Abrams

	Firepower
	120mm M256 Smoothbore Gun, accurate beyond 2000m

	Protection
	Composite armour, ~600mm equivalent RHA

	Mobility
	42 mph road,
30mph cross country
265mile range


For firepower, the modern tank carries a large calibre and high velocity gun, laid by digital fire control and laser range finding. The mark one sprayed suppressing fire and the Panzer IV aimed shots by eye.
For protection, composite armour with steel and ceramics are now the standard. Some tanks, like the Abrams, use a depleted uranium mesh to defeat kinetic penetrators and shape charges. Tank armour today is now simply a materials science problem.
For mobility, the Abrams uses a 1500 hp gas turbine engine, allowing for a mobility only available for cars during WW2. 
[bookmark: _Toc231160044]Does the Iron Triangle still work?
The iron triangle endures because its logic is not defined by technology, but the balance between resources. Yet, the modern tank now faces challenges that are not described by the same definitions. The Active Protection Systems that modern tanks use is an example of this, as it extends protection beyond the limits of the tank and instead actively searches for and intercepts attacks before they can reach the tank [14]. Information is now vital for modern tanks, with them relying on sensors and radio networks for signature management. If a tank in the modern day is detected, it can be attack instantly. Remaining unseen is a key characteristic that tanks must adhere to. 
With this, a new model must be used to define the modern tank. The Iron Triangle is still itself relevant as a basic overview, but new challenges require designers to look at new areas for the tank to develop in. 


[bookmark: _Toc231160045]Tactics, new or old?
Tactics from ancient wars all the way to modern day have stayed untouched, with the difference stemming from its application.
Before the tank, mounted arms would charge forward to break formations, using speed to exploit a lesser defended section and breakthrough. Alexander the Great used such tactics across his major battles in the Persian empire, such as at Gaugamela (331 BCE) [15]. The same is true for encirclement, with Hannibal commanding his troops to close around the roman army [16], a parallel to how German tanks encircled soviet troops in 1941 at the Battle of Kiev [17]. Most tactics including armoured or mounted cavalry can be performed by tanks. For modern day, tactics remain solved, with improvements in equipment being a main deciding factor.
[bookmark: _Toc231160046]Blitzkrieg
The Blitzkrieg was a journalistic term from 1939 and was not official German doctrine [18]. The tactic was already known as “Bewegungskrieg,” the war of manoeuvre [19]. The Bewegungskrieg performed in WW1 failed yet was heavily successful in WW2 due to the improvements in tanks and general technology, allowing for longer operations, larger striking power, and coordinated attacks.
The tank is not the sole cause of this, as it was majorly dependant upon developments external to the tank such as wireless radio. A well designed tank will always integrate with modern technology and use it to its advantage.
[bookmark: _Toc231160047]Psychological 
The idea of a war machine capable of equally stopping bullets and providing firepower was unheard of. This was completely new and the shock of such a design had a significant impact in WW1. The secrecy of these “water tanks” were immense and this showed in the accounts of seeing them for the first time. The psychological effect of the tank was considerable. Sidney Taylor “saw these tanks coming over for the first time…. And it was horrifying. It gave you a funny sensation to think that all these were coming, and they were on our side, they were not against us!” [20]. And from the opposite side, Andrew Bain describes seeing German tanks as “terrifying because we could not stop it!... Rifle bullets just skidded off them like peas” [20].


[bookmark: _Toc231160048]Drones and the future of tanks
Since 2022, the Ukraine war has shown repeatedly that inexpensive first person view drones can destroy tanks worth millions of pounds. NATO estimates that drones [21] destroy 60-70% of Russian tanks. These drones strike where armour is thinnest, sometimes using multiple sustained drones strikes to breach a hole within the tank. A large problem is that the attacks are economically lopsided, so the solution to such drones needs to be equally as cheap or completely effective.
The proposed Abrams M1E3 would use its own loitering drones and an automatic unmanned turret [22]. Many designers are also looking towards autonomous tanks; however, this does not overcome the cost of production. A potential area of research is that of anti-drone drones, fighting drones head on with themselves.
The future of the tank still exists, but it must evolve. Many tanks are already equipped with anti-drone technology that destroys them before they get close, and many areas are being fitted with anti-drone nets and drone jamming devices. As the trenches demanded for improvisation to overcome the stalemate, the tank must now improvise to overcome the drone.


[bookmark: _Toc231160049]Conclusion
The design of the tank changed warfare between WW1 and WW2 to a substantial degree, but through its evolution rather than any reinvention. Firepower was lifted from short range suppression to long range destruction; protection increased almost 19 fold and developing mobility went from the pace of a brisk walk to a slow car. Designers turned the tank from a mobile shield that assisted infantry to a decisive offensive weapon of WW2. The designs of WW1 tried to reach every corner of the Iron Triangle, potentially because of the design constraints at the time, with the Second World War tanks being built specifically for each task with developed technology.
The initial purpose of the tank never changed from antiquity. From armoured cavalry to the Blitzkrieg, and now to the drone warfare used in modern times, the fundamental principle is to have a mobile firepower, able to withstand attack, to restore power to the battlefield. The problem of the drone is now being addressed, and as it has always been new challenges force innovative solutions, which will only drive the tank to an even greater military height.
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