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[bookmark: _Toc51833421][bookmark: _Toc152258628]Introduction
The Battle of Agincourt was fought in 1415 where, as A. Curry describes, ‘English foot soldiers and archers decimated the French chivalry’ [1]. This battle is often thought of immediately when discussing the use and efficiency of the longbow, where J. France recalls the account of Agincourt describing the ‘volley of arrows making “a weird clanking and banging” as they struck plate armour’ [2] This is further enforced at the UK Ministry of Defence (UK MoD) weapons collection at Waterloo Lines within Warminster Garrison where their 20,000 plus collection begins with the longbow. The tour of the collection starts with a description of the English counter to the short bow and the creation and craftsmanship of the longbow. Followed by anecdotal evidence of the longbow with bodkin arrows piercing the upper thigh of a solider through chainmail, padding, flesh, padding, and further chainmail being stopped by a final layer of chainmail on the opposite limb. J. Guttman also claims that the use of the longbow could pierce ‘most types of plate armour’ and this led to the decisive victories at Crecy (1346), Poltiers (1356) as well as Agincourt [3].The accounts of the longbows effectiveness in the 12th and 13th century have created a legacy that the weapon and projectiles were a ‘highly important factor on the battlefield’ [2].
This report will analyse and discuss whether the longbow does, or does not, deserve the praise it has been given, specifically in its use at the Battle of Agincourt. It will focus on the use of the ‘needle bodkin arrow’ and will use penetration mechanics and research on external factors to judge how well the arrow would have performed against plate armour. It will also briefly touch on any other factors that may have contributed to the English victory, such as the environment and human factors before drawing a conclusion.




[bookmark: _Toc152258629]Discussion
[bookmark: _Toc152258630]Longbow
The English longbow consisted of three main components, as shown in Figure 1. These were the stave, the string, and the horn nocks. The stave was commonly made of wood, either ash or yew. While the horn nocks were placed on either end of the stave to hold the string that could be made from hemp, flax, or silk. The bow would then require a projectile in the form of arrows, that will be discussed in section 2.3. The longbow also featured a grip that also provided a point for the arrow to rest prior to firing. This design provided an optimal set up for a long-range assault while archers could be protected by stakes in the ground to deter a counterattack from foot soldiers.
The longbow also required significant amounts of training in order to use effectively. Untrained archers were more likely to have arrow sway or lower draw strength than those that had spent years perfecting their craft.Compared to the use of foot soldier weapons such as sword, there is far more technical ability required to weild the longbow effectively. 
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[bookmark: _Ref149903970][bookmark: _Toc152258618]Figure 1 - Diagram of a longbow [4]
The first thing to consider when determining the effectiveness of the longbow is where the initial energy of the projectile originates. The law of conservation of energy means that the maximum potential energy of the projectile must be equal to the energy used by the archer to draw the bow. It can therefore be said that the greater the draw distance, the greater the energy of the loosed projectile, as shown in Figure 2. The energy the archer must expend to draw the bow will be discussed further in section 2.5 while discussing human factors.
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[bookmark: _Ref149772190][bookmark: _Toc152258619]Figure 2 - Draw distance vs Force [5]
P.H. Blyth  determined that ‘the traditional longbow, while subject to various limitations of the environment and climate was very close to an optimal design’. [5] J. Guttman described the English longbow as being six feet in length with a draw weight up to 100 pounds (450N) [3]. C.N. Hickman’s research then states that an average draw distance of 28 inches (0.72m) results in a bow of 60% efficiency [6]. Efficiency is determined by the amount of energy transferred to the arrow, where lost energy is transferred to the arms of the stave unbending as well as vibrations and residual kinetic energy in the bow string after release.
The average draw distance results in a bow that produces a projectile with approximately 195 joules of energy as show in Equation 1.

[bookmark: _Ref149774210][bookmark: _Toc152258607]Equation 1 - Calculation of projectile energy based on draw weight, distance, and efficiency.
Compare this to the energy of a sword impact found by G.L. Turner of 140J at 95% efficiency [7], it shows that even while at 60% efficiency, the long bow can release a significant amount more energy in the projectile while also being able to maintain a greater degree of safety via range.
While it does seem that the longbow was able to provide more energy per hit than the sword, there are some aspects that may contradict this. The first being that G.L. Turners research only investigates targets of 10kg, however a fully armoured person would provide significantly more resistance to movement upon impact. This means that it’s likely that more force is absorbed by the target of the strike rather than in G.L. Turners research where the force is counteracted by the backward motion of the 10kg target used.
The second is that the 195J calculated for the longbow is based on the velocity of the arrow on release. As J. Guttman’ diagram shows, the longbow was capable of ranges up to 250m [3]. At this range the wind resistance would have slowed the arrow significantly, resulting in a loss of energy available at the target. This effect will be discussed further in section 2.3.
Overall, the longbow was an optimised design capable of releasing projectiles with significantly more force that a sword swing while also providing the advantage of range. However, this range also introduces another method of this energy to be lost and therefore it’s likely that a sword would cause more damage to a single target in direct comparison to the longbow.
[bookmark: _Ref150416418][bookmark: _Toc152258631] Armour
Now that the efficiency and energy released by the weapon system has been determined, the next aspect to look at is the target. The 20,000 to 30,000 French men-at-arms would have likely worn heavy steel plating, shown in Figure 3, while the ranged archers would have stayed with the lighter leather and chainmail armour [8].
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[bookmark: _Ref150157821][bookmark: _Toc152258620]Figure 3 - Example of plate armour
The technical details of the plate armour will have varied between the standard foot soldier and that of a man of the king, as detailed in the assignment specification [9]. The penetration mechanics will be calculated in section 2.3, however Table 1 shows the property values for armour that will be used for both a best- and worst-case scenario for when archers are firing at both types of targets.
[bookmark: _Ref150158463][bookmark: _Toc152258614]Table 1 - Armour properties
	Property
	Standard Knight
	King’s Knight

	Density
	2.85gcm-3
	5.75gcm-3

	Thickness
	2.5mm
	4.0mm

	Yield Stress
	350MPa
	600MPa


In addition to the properties in Table 1, the angle of obliquity of the impact is assumed to be 30°. This has been based on the average range of engagement and the elevation required for the arrow to reach the target. 
There is also a variation on the velocity of the target advancing towards the archer. Knights advancing on horseback are assumed to have a velocity of 8.85ms-1 towards the archer and the foot soldier velocity is 0.9ms-1.
The ability for the armour to resist penetration from the archer’s arrow is just one aspect of how effective it was. There are also considerations for how much impact the heavy steel armour had on the weight and manoeuvrability of the foot soldiers. As reported by M. Moyer and R. Hardy, the armour could have weighed between 30kg to 50kg for the French 300-yard charge over fields thick with mud, which as concluded by the research resulted in a doubling of the metabolic requirements of the soldiers [8] [10].
This increase in metabolic requirements would have certainly slowed down the French charge in an open field against archers that J. Guttman claimed could fire up to six arrows per minute [3]. Assuming a foot soldiers speed of 0.9ms-1, and a 300-yard (274m) charge, this would have taken 5 minutes to cross in the best of conditions and likely up to 10 minutes being slowed by the field conditions and additional energy required to advance. With the 5,000 archers present, as claimed by M. Strickland and R. Hardy [11], this means that the French men-at-arms could have been hit with between 150,000 to 300,000 arrows over the course of their charge. 

[bookmark: _Toc152258608]Equation 2 - Calculation of total arrows fired during French charge.
While the English longbow is the ideal weapon to capitalise on this circumstance, the influential factor in this case is the overwhelming weight of the steel armour designed to protect the French soldiers. Had a similar charge been made by unarmoured or lightly protected solider in leather armour, their ability to advance would have been significantly less hindered.
[bookmark: _Ref149903716][bookmark: _Ref149909965][bookmark: _Ref150158235][bookmark: _Toc152258632]Arrows
In the years leading up to the Battle of Agincourt the British used a variety of arrowheads such as the two-winged arrowhead designed to cause maximum damage when fired into flesh [12]. The downside of this design (second from the left in Figure 4) is that it lacks the penetration power that the bodkin needle arrow (far right in Figure 4) aimed to solve.
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[bookmark: _Ref150415896][bookmark: _Toc152258621]Figure 4 - Comparison of Medieval arrowheads
The bodkin needle arrowhead is designed as the first attempt at a long rod penetrator, commonly used in modern tank warfare. This means that the penetration mechanics used can be applied to the impact of the bodkin arrow striking the metal armour of French foot soldiers. Section 2.2 details the armour properties that will be used in the calculations, while the properties of the bodkin arrow are found in Table 2.
[bookmark: _Ref150417573][bookmark: _Toc152258615]Table 2 - Bodkin Arrow Properties
	Property
	Value

	Length (Arrow only)
	115mm

	Diameter
	11.11mm

	Density 
	6.25gcm-3

	Mass
	0.28kg (based on arrowhead volume and density)

	Angle of Obliquity 
	30°


The bodkin arrow is quoted to have had a velocity of impact of 53.34ms-1 [9], putting the method of penetration into the sub-hydrodynamic range. This means that the density of the projectile and armour is far less significant than the projectile calibre and mass, thickness of armour, and angle of obliquity. 
Using the properties in Table 2, the limiting velocity can be determined. This velocity is minimum velocity at which the arrow will potentially penetrate with the given armour and arrow properties. Two variations of the equations were completed, the first being that of the arrow’s performance against the general foot soldier, and the second aimed towards a Kings knight with the higher specification of armour. The equation used is found in Equation 3, while the two calculations are found in Equation 4 and Equation 5.

[bookmark: _Ref150422960][bookmark: _Toc152258609]Equation 3 - Limiting velocity equation
Where;
· Vlim = limiting penetrator velocity (ms-1), 
· P = armour thickness (mm), 
· d = penetrator calibre (mm),
·  θ = impact obliquity, 
· W = projectile weight (kg).
Using the values from Table 1 for the standard knight, gives the following calculation:

[bookmark: _Ref150422966][bookmark: _Toc152258610]Equation 4 - Bodkin arrow limiting velocity against standard knight armour
Using the values from Table 1 for the Kings knight, gives the following calculation:

[bookmark: _Ref150422971][bookmark: _Toc152258611]Equation 5 - Bodkin arrow limiting velocity against Kings knight armour
The equations above show that at 100 meters, with a velocity of only 53.34ms-1, the bodkin arrow would not be capable of penetrating the armour of the knights regardless of their armour type. When the velocity of the charging forces is also considered, where the horseback knights were travelling at 9.85ms-1 and 0.9ms-1 [9], this gives a resultant velocity of 63.13ms-1 and 54.24ms-1 respectively. Both of which remain under the limiting velocities of 133 ms-1 and 173 ms-1.
For the arrow to have penetrated the armour, the design or material of the arrowhead would have had to change significantly. If the design had halved the diameter while increasing length and density in order to double the mass, the limiting velocity would have resulted 48.62ms-1 and therefore could penetrate the armour at 100m with ease. This improvement is demonstrated in Equation 6. However, this would only apply to the standard knight, as the Kings knight armour thickness would resulting in a limiting velocity of 63.23ms-1, which is above the resultant velocity of those on horseback. 

[bookmark: _Ref150425291][bookmark: _Toc152258612]Equation 6 - Theoretical design of bodkin arrow against standard armour
The results from these equations show that the bodkin arrow and longbow was not the primary solution to defeating the French knights armour and there must have been additional factors in play that secured the English victory. This could have come from the sheer quantity of arrows that were fired on the advancing French forces. As discussed in section 2.2, up to 300,000 arrows could have hit the French advance, many of this would have caused damage to armour, found gaps in the plating, or struck unarmoured forces. There is also the effect against horseback knights, with horses being less heavily armoured and easier to remove from the battle with an arrow strike.
[bookmark: _Toc152258633]Environment and Tactics
As determined by previous sections, the bodkin arrow and longbow have severe limitations in order to be considered the biggest factor to contribute to the English victory at Agincourt. It is then likely that the environmental and tactical decisions of both sides had a significant affect on the result of the battle. 
R. Hardy and M. Strickland report that the French forces had numbers between 20,000 to 50,000 that had just come off the back of a long chase of the English forces [11]. Once they had concluded the chase, it is said that the French chose the ground of the fight. However, a fatal consequence of this decision was that the ground was too restrictive for their large numbers. Figure 5 demonstrates this mistake as they had to condense their large force through a choke point to advance on the English position. 
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[bookmark: _Toc152258622]Figure 5 - Plan of probable position of the French and English at Agincourt [11]
It is also reported that the field of Agincourt had ‘recently been sown with corn’ resulting in muddy farmland, caused by ‘widespread flood that came with sudden and heavy rainfalls’ that would have been difficult to traverse across [10]. The English forces were then able to set up in a 1000-yard formation consisting of mainly archers with stakes, as shown in Figure 6. This formation would have allowed the English archers to create a barrage of up to 300,000 arrows, as discussed in previous sections. Despite the arrows being unable to reliably defeat the armour of the French knights, the sheer quantity of projectile will have certain created casualties and significantly hindered the French advance. This, along with the conditions of the fields, will have left the French forces out in open field.
This formation also, as claimed by R. Hardy, allowed the English to advance or retreat as necessary in response to the French assault [10]. 
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[bookmark: _Ref150426445][bookmark: _Toc152258623]Figure 6 - English archer formation [11]




[bookmark: _Toc152258634]Conclusion
Overall, it is clear from the previous sections on the performance of the longbow and bodkin arrow that it’s ability to penetrate the French knight armour is not the main contributing factor to the English victory at Agincourt. It is far more likely that a large combination of factors played into the victory that can be limited to a single statement. 
The choice of battleground was made by the French forces, which resulted in their first devasting mistake. Choosing grounds that were too restrictive for their large force allowed the English to set up a mobile, compact formation that could fire upon the chokepoint created by the fields of Agincourt.
The environmental effects of heavy flooding, rains and recently sown fields significantly hindered the advance of the French forces leaving them in open terrain for the English archers to fire at. 
Combining these two factors led to a circumstance that enabled the English archers to unleash up to 300,000 arrows on a single advance of the French forces. Despite their lack of performance, the quantity of arrows meant that severe casualties would have been taken. Therefore, the contributing factor wasn’t that the longbow was too powerful, it was the French allowed the English archers to fire too many arrows at them in open field. 



[bookmark: _Toc152258635]Recommendations
If the bodkin arrow was to have been the main contributing factor in the English victory, the design would have had to change. This could be a reduction in diameter, with an increase in weight and mass. To confirm this, a series of trials could be conducted on a redesigned arrowhead and fired against similar target materials as the French armour. 
There are factors that played into the French loss not covered in this report. Further research on the exact tactics and environmental challenge would be required to fully understand the additional factors in play.
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