Name: Olly Overton
Student number: 1910610 
Module: Technical Authoring
Module code: ACDA6015
Lecturer: Gareth Collett
Assignment title: The performance of the longbow against plate armour at the Battle of Agincourt.

























Contents:
Abstract								Page 3
Introduction								Page 3
Setting the scene							Page 3
Factors that contributed to the English victory 				Page 4	
Weather								Page 4
Armour 								Page 4	
Weaponry 								Page 7
Instructions/Commanders						Page 7 
Conclusion 								Page 8
[bookmark: _GoBack]References 								Page 12	





























Abstract:
Professional Historians claim the English Longbow was the decisive factor; contributing to the English victory at the Battle of Agincourt. The Longbow fired a Bodkin Arrow, of which its; mass, velocity and dimensions are known. Using these values, the performance of the Bodkin Arrow against medieval plate armour will be assessed. The following report will include calculations and simulations to assess the penetration capability of the arrowhead on said armour.

Introduction:
The Battle of Agincourt, occurred on the 25th of October 1415.  It is disputed amongst Historians to be the most significant battle within the Hundreds Years War. The Hundreds Years War was a series of battles between the English and French, for the fight over the French throne. The battles took place in the later middle ages – medieval times [1]. The battles spawned across 116 years with 62  battles taking place overall.  For this report, the battle of Agincourt will be the main focus, with an in-depth study on the performance of the longbow on French armour worn by the French soldiers.

Setting the scene:
Agincourt is a village located in Northern France, and covers an area of 3.27 square miles. On the day of attack, an already heavily saturated field was further waterlogged; with the field recently ploughed, the ground was churned further aerating the soil. This allowed for more rainfall to be absorbed through precipitation making the environment lethal. The battle in Agincourt took place on a morning following an evening of heavy rain [2]. Reports suggest the battlefield was described as a quagmire. A quagmire is an old-English term to describe loose ground that gives away easily under foot. Essentially, it is similar to that of a bog [3]. 
The terrain at Agincourt included a hill, in which the French had the higher ground. This was because the English had taken the path from Harfleur, where they had already fought and won (at great expense) another battle. The hill fought upon was flanked by two woodlands, these areas provided great natural cover and were where King Henry V instructed his some 6,000 archers to take refuge. 
[image: ]Figure 1) Map of soldier locations at Agincourt.

King Henry V’s men consisted of 8,000 soldiers (6,000 archers + 2,000 men at arms). Whereas King Charles VI’s army consisted of around 20,000-30,000 soldiers including crossbowmen, men at arms and horseback knights. The English Army were outnumbered at a 3:1 ratio. Furthermore, the English were dissipated of energy having to march 200 miles from Harfleur with many suffering from Dysentery. Dysentery is a disease in the intestines that causes diarrhoea containing blood or mucus [4].
Historians estimate the battle lasting as short as half an hour but no longer than 3 hours. Post battle it is estimated that there were 400 English casualties and 6,000 French casualties. This means the English lost 5% of their soldiers, in comparison to the French’ 20%.  So what enabled the outnumbered English to overmatch the French?

Factors that contributed to the English victory:
Weather:
As previously mentioned, the night before the attack a torrential storm hit Agincourt. This meant heavy rainfall and strong winds swept across the field causing it to become heavily saturated. Combine this with the fact the field was recently ploughed and upturned, meant that the water was more easily absorbed. As such, a thick bog was formed. After the first charge from the French on horseback, the ground was further churned; making conditions even worse. 
This quagmire was solely produced by the heavy rain. It could be argued, that if the field was not ploughed, then the horseback charge may have made conditions uneven and muddy just as much. However, without that heavy rain the field wouldn’t become waterlogged.
The effects of this rainfall included many soldiers getting stuck and even drowning in the bog. A report states that “The French sank up to their knees, through a hail of arrows. Those that fell had difficulty rising again [5].” The English were not as affected in this bog for two reasons; the first being that the English had constructed their defences (pointed wooden stakes) just up to where the bog started. This meant they were behind the bog at all times, whereas the French had to cross it. The second reason being that the English wore lighter armour than the French, thus preventing them sinking into the loose mud.
Due to the French having so many men, it meant they had numerous waves of charges. These charges were disorganised which led to them trampling their own men into the bog where they then drowned.
If the weather had been drier, I believe the English would’ve struggled against the vast numbers of the French. The French wouldn’t of been slower, the numerous charges wouldn’t impede on one another and the archers wouldn’t have a stationary target.

Armour:
During medieval times, armour was expensive and only worn by the noble knights. These knights had the funds to purchase items such as breastplates, gorgets, rerebraces and sallets. These items all protect the upper body. Around 25% of King Henry V’ army were men-at-arms, these men were frontline knights and wore the thickest high quality armour. The remaining 6,000 men were archers. Archers were paid half that of men-at-arms and were not able to afford as much armour. These men typically wore leather vests as heavier armour would restrict movement and affect fire rate.
The French army had wealthier backgrounds and wore better armour. As a result, even the crossbowmen had chainmail. In short, due to the conditions the English were more mobile and quicker than the French; allowing them to surge through the bog and finish off easy victims [6]. 
To compare the armour worn by both the French and English, calculations can be made. Due to the lack of evidence from the battle occurring so longer ago, a few assumptions are to be made for these calculations to take place. 
A Vlim  calculation can tell us if the weapons used at Agincourt were indeed capable of penetrating the armour. The Vlim  is a velocity in which a given projectile (in our case the bodkin arrow and crossbow bolt) is capable of penetrating a specific target (in our case armour) at least 50% of the time [7].
The Vlim equation incorporates; the penetration calibre (this is the diameter of the bore), the armour thickness, the obliquity (angle of attack) and penetrator mass. There is also a constant which is dependent on the penetrator. In figure 1, you will see my calculations for the velocity required to penetrate armour 50% of the time. I was assuming the penetrator calibre was 1cm, due to that being the widest section of the arrowhead. Initially I was getting a small velocity, I soon realised this was because I had converted my measurements to meters from millimetres. When doing the equation correctly seen in figure 2, a velocity of 207.54ms-1 is required to penetrate the armour. Figure 1. Calculations for V50.

From reports and the data provided in the assignment brief, the velocity of an arrow fired from a longbow is 53.34ms-1 thus meaning our arrow would need to travel 3.89 times faster. As a result, the arrowhead would not penetrate armour worn in the battle. This is also the findings of real life tests carried out by Historic war analysts [8]. At timestamp, 09:35 a longbow is drawn and aimed at armour worn in Agincourt. The arrowhead shatters and fails to even scratch the armour.Figure 2. Calculations in meters.

It is important to mention that some assumptions are used in this V50 equation. The first being the target is stationary. However, in battle the French would have been charging forward. With horseback men travelling at around 60kmph (16.6ms-1); men at arms travelling at around 5ms-1. This would elevate our velocity of impact to 69.94ms-1. However, this is still not close to our penetration velocity. But it is still possible for penetration to occur at less than 50% of the time at this velocity.
It is worthy to mention some historians believe the arrowheads would still cause damage despite not penetrating the armour. The arrowhead strike was still capable of slowing targets due to; the sound (causing confusion within the helmets), the shock of the impact scaring soldiers and the arrow penetrating body parts exposed with no armour. Figure 3. Calculating the angle of attack and its relationship between armour length.

In terms of ballistics, the angle of attack is crucial in deciphering the behaviour of a penetrator. A 60° obliquity of attack is the worse angle for a penetrator. This is because the armour length doubles. You will see that in figure 3 equation 2, at an  obliquity of 60° the length of armour to be defeated is 8mm. Whereas at an obliquity of 30° the length of armour is almost half at 4.62mm. In the battle of Agincourt the angle of attack will vary. 
As the French attacked, the archers would be required to arc their arrows in such a way to achieve the longer range. As the French close in, this trajectory would be less. Therefore, the angle of attack will differ at certain points throughout the
battle. I have calculated the angle of attack at both 20° and 40° to work out the average length of armour requiring defeat to be 4.7mm. To see if the arrows will defeat this armour length, a penetration energy calculation is required.
The armour worn in the battle of Agincourt was either bloomery wrought iron with a 0.05% carbon alloy; or hardened bloomery steel with a carbon allot of 0.64%. Many of the French knights were extremely wealthy and had the best armour available. On top of the quality of armour, they also had more of it. It is estimated the French men-at-arms wore armour weighing around 30Kg-50Kg. This weight was heavily focussed on protecting the upper body; the use of breastplates, gorgets, rerebraces and sallets were perfect for this [9].Figure 4. Calculating the penetration energy required to defeat steel.

In figure 4, I have assumed the French had the latter option of hardened bloomery steel. The toughness of steel is 350MPa. For a bodkin arrow to defeat this armour 161,000 Joules of energy is required. This seemed like a lot of energy to penetrate such thin armour. 
Upon further research it is known that you need 55 Joules in order to penetrate a 1 mm mild steel plate with a fracture toughness of 235 kJ/m2 with a 10*10 mm square shaped bodkin arrowhead 40 mm deep [10]. However, the armour was around 4mm thick so this will increase the Joules required. To assess the energy exerted onto plate armour we need to understand the weaponry.




Weaponry:
The English had a total of 8,000 soldiers at Agincourt, with 6,000 of these being archers. The archers used the English longbow - a drawstring bow made of yew wood, firing the bodkin arrow. These men were highly trained, making them highly efficient at firing the arrows. As a result, they were capable of firing 12 arrows per minute (1 every 5 seconds) [11]. With 6,000 archers firing 12 arrows a minute, the French would’ve been bombarded with 72,000 arrows a minute. It is estimated the French had 20,000-30,000 men. If we assume there were 20,000 men, an individual soldier would be exposed to 3.6 arrows a minute. Assuming all the arrows were on target that is.Figure 6. English Longbow men [19].

In comparison, the French favoured the bolt crossbow. The crossbow was capable of firing a much heavier bolt, in turn reducing the maximum velocity achieved. The crossbow was also much slower to re-load than the longbow. The French commanders, placing soldiers too close together, worsened the fire rate of crossbowmen. This prevented them being able to load crossbows and raise swords.
To directly compare the crossbow to the longbow we have to look at their kinetic energies. Modern weapons have may defeat mechanisms; NEQ (Net Explosive Quantity), Brisance, Fragmentation pattern, Blast, Heat and Overpressure to name a few. Whereas, Crossbows and Longbows solely rely on kinetic energy to defeat their intended targets. To compare the two we can calculate these kinetic energies. 
The mass of the bodkin arrow is 0.116Kg, with a velocity of 53.34ms-1. When factoring in these values into the Kinetic Energy equation (K.E = ½ x M x V2), we get a K.E of 330J. On the other hand, the crossbow had a mass of 35g (0.035Kg) [12] [13] and a velocity of under 200 feet per second (61ms-1). As a result, the estimated K.E of a medieval crossbow bolt is around 130J, making the longbow 2.5 times more powerful.
Despite the calculated values, many factors will influence whether these results were seen on the battlefield. Firstly, the draw weight is vital in maximising the penetrators K.E. It is reported that the English archers were trained vigorously from a young age [14]. This meant they were highly competent to reach the maximum draw weight of a longbow. The French however, were not well trained and were merely handed the crossbow with little to no training. Many of the crossbow men would have failed to load to the weapon correctly, and many would have failed to optimise the draw weight. 

Instructions/Commanders:
During the times of the battle of Agincourt, King Charles VI ruled the French. At the time of the battle, he was both mentally and physically ill. As a result, he transferred his leadership to Charles d’Albert; he was ignored by many of the French noble knights, thus resulting in his commands being ignored and the French lacking an organised charge. The French were so unorganised, that rear charges were overtaking forward charges causing them to stumble over one another. Amongst this chaos, many French soldiers drowned and suffocated in the boggy conditions [15]. 
King Henry V. on the other hand, led the English. He strategically placed wooden daggers facing the oncoming French. The chaotic charge from the French, forced those at the front to be impaled on these daggers. King Henry V. also placed his archers flanking the French, where they were also able to take cover amongst the trees. With this organised plan, the English were able to land arrows in a sea of French who were already heavily disturbed. 
If the French were under better leadership, the English may have been easily stormed by organised charges.  Resulting in the archers potentially fleeing/surrendering.

Conclusion:
Before summarising the performance of the longbow against plate armour, it is important to stress the lack of certainty in any claims made throughout this report. The battle occurred a long time ago, meaning a lot of the evidence from the battle has since been destroyed or even lost by museums/collectors. Many of the reports, written by Historians who have devoted years to researching the battle; often conflict one another’s opinion and make differing claims. As a result, not every calculation and resulting assumption can be held to 100% certainty.
Nevertheless, the success of the English longbow is highly praised and promoted by many professional historians. This is not to say the weapon performed as intended. We have seen from my calculations, that the bodkin arrow does not carry enough kinetic energy to penetrate 4mm thick steel armour. Even with the added velocity of a horseback charge, the arrow fails to penetrate. These claims are backed up by many tests carried out by enthusiasts on YouTube. I even conducted 
test of my own. Whereby, I ran a simulation of a bodkin arrow firing at 4mm thick armour in a hydrocode software; which I usually model shaped charges in. 
[image: ]You will see in figure 7, I have created a model where a generic triangle with the properties of iron strike the armour at 53.34ms-1. This simulation is reflected to reduce computational time. This means I have only plotted the armour and penetrator from 0.0 (x-axis) out to 5.0 (x-axis). This does not affect the results, because the simulation assumes the co-originates plotted in positive X are then mirrored in negative X. To further make the model more accurate, the triangle can be altered to a user-defined shape i.e. thus allowing a replica of the bodkin arrow to be simulated.
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In figure 8, I have modelled an accurate replica of a bodkin arrow. The length of the arrow is 11.5cm and the widest point is 1cm [16]. The material properties of this arrowhead are that of iron [17]. The armour plate is that of steel with edited parameters to align with values given in the assignment brief. The images in figure 8 show the material, a further simulation in figure 9; runs the same simulation as figure 8 with a pressure function. These images show the armour slightly warps and undergoes plastic deformation. The units of the software are in dyn/cm2. The conversion is 1dyn/cm2 equals 0.1 Pa. The pressures in the simulation exerted on the steel max out at 100MPa. The yield stress of armour is 350MPa, thus meaning the arrowhead does not exert pressures to fail the armour.
[image: ]
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Limitations in figures 8 & 9, include the lack of angle of attack. Both figures 8 & 9, show results for a strike to the normal. This attack type does not replicate that seen in the battle. To rectify this, I had to make a simulation with a defined mesh in the negative X-axis. If I were to angle the armour in the previous simulations; the armour would look like a V shape due to the positive X-axis being mirrored. With the new mesh defined, new co-ordinates can be plotted to create the same arrowhead seen in figures 8 & 9. However, the armour is now at a 30 degree angle. The simulation predicts the armour warping more than that seen in the previous simulations. However, in figure 11 you will see the pressures observed are still the same. Thus meaning no penetration. A limitation to figure 11, the armour does not have a human body behind it. The body will absorb some of the energy from the armour, reducing the maximum pressures seen in the simulation data.
[image: ]
From the simulations, there is no evidence to suggest the arrow would penetrate the plate armour. Which leads to the question – Why do Historians praise it so highly? I believe the rationale for the longbow being so successful was the fact it could penetrate chain mail. The small arrowhead would pass through the small openings of chain mail inflicting internal harm. Despite it being almost useless on plate armour, it was still lethal on exposed areas on both soldiers and horses. When both a soldier and horse run, the armour moves with the body opening gaps for the arrow to pass through. Due to the number of arrows fired at Agincourt, it is highly likely the arrows struck unarmoured areas on the French Army. Therefore, it slowed them massively, caused confusion and ultimately allowed the English to win despite the odds being against them [18] [19].
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ure 7. A simulation of a triangle with Bodkin Arrow properties
‘penetrating’ 4mm thick medieval steel armour.
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Figure 8. A simulation of a revised triangle, with alterations to make it a Bodkin Arrow penetrator. The arrow is assigned a y
velocity of 53.34ms 1. The images show the material output.
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Figure 9. A simulation of the same event in Figure 8; this time with
a pressure filter applied over the two components.




image15.png
Materials Time=0.00 us

Materials Time=168.01 pis.

Materials Time=196.02 us

Materials Time=242.00 ps

10

X (em)

X(em)

Figure 10. A simulation of the same penetrator from figures 8
&9, however this time the armour is at a 30-degree angle of
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Figure 11. Pressure overlay from the same simulation in figure 10.
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