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1.0 [bookmark: _Toc118048032]Introduction
Amongst certain military history circles there is a belief that the English Longbow was a decisive weapon which ensured the victory of Henry V against the French Dauphin in the Battle of Agincourt on 25th October 1415. Using a technical insight into the ordnance in use at the time, the longbow with bodkin arrow, and the armour used in the period as well as battlefield conditions and tactics this report aims to determine if this belief is justly held or if additional factors during the battle had a greater impact in securing victory for Henry V and his forces.
2.0 [bookmark: _Toc118048033]Events of the Battle of Agincourt
The battle of Agincourt is one of the many battles of Henry V, and his great-grand father Edward III, laying claim to the throne of France as a part of The Hundred Year War [1]. Not only was the Hundred Year war successful in bringing France under the Crown of Great Britain, a position held until 1801 when George III dropped the claim [1] but is a battle that has been lauded as a military success for a number of reasons including tactically, environmentally and, in some circles, technologically. Understanding the events of Agnincourt is vital in order to understand the impact certain weapon systems of the day may have had on the outcome of the battle. 
[bookmark: _Toc118048034]2.1-The French Campaign
[image: Map of Henry's Route to Agincourt]
[bookmark: _Ref116034748][bookmark: _Toc118047577]Figure 1-Henry V Route Through France [2]
Figure 1 shows the route Henry V and his forces took through France. Initially landing in Harfleur and laying siege to the town [3]. Henry V forces took Harfleur after 5 days when the towns garrison commander surrendered the town [1]. The siege of Harfleur took a toll on Henry’s forces with an estimated 2000 men killed and as much being sent back to England to recover, there was also a growing amount of dysentery within the force [1]. In order to have an impact and show Parliament a return on its investment in Henry V campaign, it was decided that the campaign in France would take the form of a Chevauchee, a form of quick raiding and pillaging in medieval times and traditionally was indiscriminate in who was killed [4]. Henry V however felt that the people of France were his subjects and therefore decided that only legitimate military targets would be engaged in such warfare [1]. The options open to Henry V to return to England were to either march to English held Bordeaux, a distance of 450 miles over land, or to English held Calais, a distance of 170 miles which was estimated to be covered in 8 days if the baggage train was reduced and the army was mounted [1]. On the 8th of October 1415 Henry V forces mounted up and began the march to Calais [1]. Along the march a number of French targets were engaged, and the French forces were amassing in order to cut Henry V off on his route to Calais. This cutoff happened at Azincourt on the 24th October 1415 [1]. 
[bookmark: _Toc118048035]2.2-Eve of Battle
Chroniclers of the time have suggested that the numbers of the French army may have reached as high as 200,000 however Corrigan suggests that the more realistic number is that the English forces were outnumbered 2 to 1, perhaps even 3 to 1 [1]. An estimate of Henry V’s forces for the battle is thought to be around 6000 men across men at arms and archers. The evening before the battle it rained constantly through the night and the battle was due to take place in an area that had freshly sown winter wheat [1]. This was an example of Henry V’s tactics which had been successful before of finding a favorable piece of ground and waiting out for an attack or wait out for the perfect time to strike [1].
[bookmark: _Toc118048036]2.3-The Battle of Agincourt
[image: Battle of Agincourt]
[bookmark: _Ref116043028][bookmark: _Toc118047578]Figure 2-Tactical Map of the Battle of Agincourt [5]
Figure 2 shows the plan of the Battle of Agincourt. It is noted that the archers are in triangular shaped columns in a bid to achieve 360-degree coverage if required. Henry V was aware that in order to have the advantage of the ground he needed the French army to attack first. This attack was Induced by Henry V forces in the form of an opening salvo of arrows from the archers positioned around the battle [1]. It is believed that in the first thirty seconds of the battle 25,000 arrows were loosed on French forces resulting in “chaos, horror and surprise” [1]. Any arrows which found a target would have impacted where armour was the weakest such as through the maille or in joints in the armour [3]. In response to the opening salvo the French forces began their charge down the battlefield slope only to be confronted by Henry V battle groups and archers who had dug spikes into the ground to impale any horses and dismount their riders and had funneled the French charge into a small space restricting their ability to use their arms effectively [6]. The rain sodden terrain meant that any men at arms who had been felled from horseback had difficulty returning to their feet and were crushed further into the mud by forces coming over the top of them, because of this many French men at arms died as a result of suffocation and crushing in the main battle groups [6]. The chaos caused by the initial opening salvo and charge resulted in a number of French horses being scared and spooked which resulted in a number of them charging back through their own lines to seek safety thus causing further disruption and chaos to the French army [1]. It is thought that by the time the main melee of the battle started when both battle groups met that around half of the French forces was rendered incapacitated [1]. As the battle groups came together Henry V’s groups of archers were able to get closer, shooting at a distance of around 50 yards, at this distance it is historically thought that bodkin arrows would be capable of piercing armour plate [1]. As the prospect of the first French battle group being surrounded the thought of retreat began to rise however this proved difficult as the second battle group was impeding the retreat of the first, the result was the surrender of initially one or two French men at arms but then entire sub units surrendering to Henry V’s forces [1].
In the closing stages of the battle on the main field the French staged an attack on the English baggage train [1]. The following act as a result of the attack was carried out in order to prevent the sentiments of surrendered men at arms changing from surrender to instead turn on their captors and to scare off any attempt at attack from the third French battle group, Henry V ordered the execution of any remaining prisoners in the baggage train and with that the third battle group exited the field. The battle was over and as was tradition the battle would be named after the nearest castle that was present, in this case Azincourt however it is believed that a misunderstanding of language and pronunciation has resulted in the name Agincourt [1].  
3.0 [bookmark: _Toc118048037]Ordnance and Armour
[bookmark: _Toc118048038]3.1-Ordnance
As part of the assignment brief, some details regarding the ordnance under analysis have been supplied. These are presented in Table 1.
[bookmark: _Ref116470662][bookmark: _Toc118047711]Table 1-Properties of Bodkin Arrow
	Property
	Value

	Type Of Ordnance
	Bodkin Arrow

	Delivery System
	Longbow

	Length of Bodkin
	115mm

	Diameter of Arrow Shaft
	11.11mm

	Mass of Arrow
	0.116kg

	Density of Penetrator
	Bodkin-6.25g/cm3, Yew Wood-0.67g/cm3

	Angle of Obliquity to Impact
	30° to Normal or Greater

	Velocity of System
	53.34m/s



[bookmark: _Toc118048039]3.2-Armour
As well as details on the Bodkin Arrow a number of details regarding the target have also been provided and are shown in Table 2
[bookmark: _Ref116470674][bookmark: _Toc118047712]Table 2-Properties of Armour
	Property
	Value

	Density of Plate Armour
	Rank and File-2.85g/cm3, Knight-5.75g/cm3

	Thickness of Armour Plate
	2.5mm-4mm

	Yield Stress of Armour
	350MPa-600MPa

	Velocity of Target
	Foot Soldier-0.9m/s, Knight on Horseback-8.95m/s



[bookmark: _Toc118048040]3.3-Physics of Arrow Flight and Impact
[bookmark: _Toc118048041]3.3.1-Arrow Flight
The flight of the arrow will follow classic projectile motion equations. From the information provided it is possible to calculate an array of information such as the time of flight, maximum height reached and range. The first step of the calculation is to split the initial velocity into a series of components for the horizontal and vertical directions as shown in equations ( 1) and ( 2) [7]. Where ux and uy are the horizontal and vertical components, u is the initial velocity and θ is the launch angle.

[bookmark: _Ref116992106]( 1)

[bookmark: _Ref116992120]( 2)
Once in components the time of flight can be calculated for any desired angle using equation ( 3) [7]. Where T is the time of flight and g is the gravitational acceleration constant of 9.81m/s2. 

[bookmark: _Ref116992556]( 3)
The range of the arrow can be calculated using equation ( 4) [7] where R is the range.

[bookmark: _Ref116992733]( 4)
Finally maximum height during the flight can be calculated firstly using equation ( 5) [7] to calculating the time maximum height is achieved and then by using equation ( 6) [7] to determine the height at that moment in time.

[bookmark: _Ref116992935]( 5)

[bookmark: _Ref116993036]( 6)
It can be assumed that the horizontal velocity of the arrow never changes due to losses, this significantly simplifies the calculations however will provide an optimistic value of range and impact velocity. Therefor the only velocity that changes will be the vertical component which has a downward acceleration of 9.81m/s2. Using the height from equation ( 6) it is possible to calculate the final vertical component in the following manner using equation ( 7)

[bookmark: _Ref116993752]( 7)
It can be assumed that when the arrow reaches its maximum height that its vertical velocity is 0 and therefore is accelerating under gravity as this point. Once the final vertical velocity is known the impact velocity and angle can be calculated by creating the resultant of the velocities in equation ( 8) and then calculating the inverse tan of the resultant to find the angle in equation ( 9) 

[bookmark: _Ref116993972]( 8)

[bookmark: _Ref116994180]( 9)
From these equations a table can be drawn up which models impact velocity and angle for a given launch angle and velocity. This data is presented in Table 3. 
[bookmark: _Ref117003463][bookmark: _Toc118047713]Table 3-Arrow Flight Model Data
[image: ]
From the data present the data set which most accurately matches the brief set out for a 30° oblique impact from normal predicts that a 30° launch angle was used giving a range of 251m, an altitude of 39m, a time of flight of 2.7 seconds and an impact velocity of 36.9m/s. This velocity will be required to calculate the impact properties of the arrow.
[bookmark: _Toc118048042]3.3.2-Arrow Impact
The arrow due to its mass and its velocity will impart kinetic energy on its target. The amount of kinetic energy it imparts could change depending on the closing speed of the target for example more energy will be imparted if the target if coming towards the flight of the arrow than if it were travelling away from the arrow. This is because momentum is conserved in all cases and can be represented by the equation ( 10) [8]. Where m is the objects mass and v are the objects velocity 

[bookmark: _Ref117004302]( 10)
Further to this the energy that is imparted into the target will be represented by equation  

( 11)
Using the data obtained from the modelling of the arrows flight and the given data on the parameters of the arrow, Table 4 presents the kinetic energy for each angle of launch modelled in Joules
[bookmark: _Ref117004907][bookmark: _Toc118047714]Table 4-Kinetic Energy for Launch Angle
[image: ]
As can be seen for a launch angle of 30° which gives an impact angle of approximately 30° the arrow imparts 79.1J of energy into the target. Compare this value with that of a modern-day weapon such as a 9mm pistol. A modern 9mm Parabellum projectile may weigh approximately 8g and travel at a velocity of 400m/s, this gives a kinetic energy value of 643J of energy impacting into the target.
Another factor that affects the penetration effects of the arrow is the oblique nature of the impact. As specified, there is an impact angle of 30° to the normal. In studies carried out by Backman and Goldsmith [9] it was found that for velocities below 100m/s and impact angles 30° or greater that a projectile will ricochet off a target [9]. The graph shown in Figure 3 shows the projectile behavior at impact for a variety of angles and velocities.
[image: Diagram
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[bookmark: _Ref117513454][bookmark: _Toc118047579]Figure 3-Projectile Impact Behavior [9]
This shows that for the properties specified the arrow is more likely to ricochet off the target than begin perforating the armour plate. If angles are less, then the arrow is more likely to penetrate the armour plate.
[bookmark: _Toc118048043]3.3-Testing of Ordnance and Armour in Academic Literature
Over time a number of academic scientific studies have been carried out investigating the capabilities of Bodkin arrows from the period of the 100 years war and the effect the weapon system has on armour. The first study performed by Magier et al. [10] which although investigating arrows and armour from the Battle of Crecy more than 50 years prior to Agincourt still hold relevance as this was of around the same time period. The study performed modelling on bodkin arrows and found that flight performance is similar to that calculated in section 3.3.1 and is shown graphically in Figure 4 [10]. It is however the Finite Element Analysis (FEA) modelling where the report delves further into the performance of impact. In this modelling two arrow heads were modelled, a needle type and a heavy bodkin type arrowhead. Various angles of impact were modelled however the report highlight two angles which best show the penetrative performance of both the needle and heavy bodkin arrow heads. These results are shown in Figure 5 [10] and Figure 6 [10].
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[bookmark: _Ref117588961][bookmark: _Toc118047580]Figure 4-Graphic representation of flight path from Magier et al study [10]
[image: ]
[bookmark: _Ref117589469][bookmark: _Toc118047581]Figure 5-Needle arrowhead FEA model impacting at 2.6 degrees and 52 degrees [10]
[image: ]
[bookmark: _Ref117589474][bookmark: _Toc118047582]Figure 6-Heavy Bodkin arrow FEA model impacting at 2.6 degrees and 52 degrees [10]
The needle point arrow has then been compared with needle arrow heads which have gone through physical testing and the arrow heads have been damaged in a similar way as to that modelled thus adding validity to the numerical modelling. 
[image: ]
[bookmark: _Toc118047583]Figure 7-Comparison of deformation of modelled arrowhead (right) and physical arrowhead (left) [10]
The second academic study was carried out by Bane in 2006 [11]. In this study 4 different arrowheads were tested and are shown in Figure 8 [11]. These are the triangular broadhead, ogive broadhead, needle bodkin and short bodkin.
[image: ]
[bookmark: _Ref117590008][bookmark: _Toc118047584]Figure 8-Arrow heads on test [11]
Similar modelling was carried out to determine energies involved with the arrow impacting the target and it was found that 74.1J would be imparted onto the target with a bow of 75 pounds draw strength. This is conservative of the values calculated in section 3.3.1 however is in the vicinity for an arrow impacting at an angle of 30°.
The armour that was chosen to be tested against were a cloth type armour consisting of multiple layers and deer skin, almost a medieval Kevlar, called jack cloth, butted and riveted maille of differing qualities, coat of plate armour and finally plate armour.
[image: A picture containing shape
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[bookmark: _Toc118047585]Figure 9-Short bodkin jack cloth test [11]
[image: A picture containing shape
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[bookmark: _Toc118047586]Figure 10-Short bodkin butted maille test [11]
[image: A picture containing text, different
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[bookmark: _Toc118047587]Figure 11-Short bodkin riveted maille test [11]
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[bookmark: _Toc118047588]Figure 12-short bodkin high quality riveted maille test
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[bookmark: _Toc118047589]Figure 13-short bodkin coat of plate test [11]
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[bookmark: _Toc118047590]Figure 14-short bodkin plate test-steel-1.2mm thick [11]
Bane used armour testing criteria set out by the National Institute of Justice to determine if deformation into the body backplate would have been lethal or not. It was found that the jack cloth, coat of plates armour and plate armour were good at withstanding the deformation caused by the impact of the arrow however the maille armour performed less satisfactorily and it was found that the short bodkin caused rings of the maille to be pushed into the skin and caused deformations which would be regarded as lethal as set out by the criteria of the standards as set out by the National Institute of Justice [11].

4.0 [bookmark: _Toc118048044]Discussion
From the analysis undertaken for this report investigating the military tactics employed by Henry V and the events of the Battle of Agincourt, modelling the predicted energies imparted by the bodkin arrow under investigation and investigating academic studies which have performed studies in the field there are a number of points to discuss regarding if the English longbow and bodkin arrow were a deciding factor in the outcome of the battle of Agincourt. 
Similar tactics to those employed by Henry V have been employed numerous times throughout history of forcing an enemy to fight in a section of ground which is either more familiar or can reduce contact with the enemy to a more manageable amount. Such tactics were employed by William Wallace at the Battle of Stirling Bridge where the English Infantry advanced and were funneled by the crossing eventually being cut off by Wallace’s Schiltron spear defence thus enabling victory for Wallace’s forces [12]. Henry V employed similar tactics by forcing the French to advance on the English in a narrow section of the field, thus limiting the numbers which could advance, and which had been freshly sown and turned to mud by the previous days rainfall thus limiting the speed of their advance. Henry V also made use of a Schiltron style tactic and deployed stakes in the ground to capture the advancing French cavalry and protect elements of Henry V's army.  
The psychological impact of a weapon or a show of force can have a significant effect on the battlefield and the outcome of a war. As has been investigated in this report the Bodkin Arrow and Longbow played a significant part in causing the horses of the French cavalry to become scared and cause chaos on the battlefield by running back through their own lines, the fear of the English archers may have also been felt by the French army as there is no warning when and where the arrows may come from in the battlefield. As has been demonstrated by the technical academic studies carried out the arrow would need to find a gap in the armour and impact through the maille armour to cause significant injury and in some cases lethality to the target, the probabilities of this happening are low and in order to increase that probability a significant number of arrows need to be flying at once in order to potentially find a target, the potential of this happening may have induced more fear in the French army thus making them more susceptible to either retreat or surrender.
The weather conditions of the day before and day of the battle played a part in the outcome of the battle. There is significant historical research to suggest that many of the more heavily armoured French forces were suffocated either through a crush on the battlefield or by falling in the mud and being trampled by advancing forces coming over the top of them. This would have limited the numbers Henry V’s forces would have had to encounter in close quarter combat. The crushing element of the battlefield also played to Henry V’s advantage as it restricted the movements of the French forces reducing their ability to use their weapons effectively. 
Because of the evidence raised through the analysis of the Battle of Agincourt it is the professional opinion that the longbow and bodkin arrow, although their use tactically important were not the major contributing factor to causing French losses and to ensuring Henry V’s victory at Agincourt and instead a more holistic viewpoint on the battle is required in that the tactics employed, the terrain of the battle, the weather conditions preceding it and the weaponry and forces available to Henry V all played significant roles in securing victory. 
[bookmark: _Toc118048045]5.0 Conclusion
This report has performed an in-depth study into the Battle of Agincourt and attempted to answer if the English longbow and bodkin arrow were a significant attributing factor to Henry V’s victory. A significant number of sources have been consulted including historical based works and technical investigations carried out by academia. Modelling has also been performed to predict the dynamics of an arrow and the energies that such arrows may impart on a target and has compared this with academic studies which carried out both numerical models and physical testing. The report then proceeded to discuss the merits of the historical information and combined these with the scientific studies that have been carried out and drew an informed opinion that although tactically significant but not in terms of enemy losses, that a holistic viewpoint of the Battle of Agincourt is required to fully understand the Longbows place and impact in the battle.
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Angle of LaunchU Ux Uy Time of FlightRange Time of Max HeightMax HeightVy Vx Vres ATAN RATIO IMPACT ANGLE

5 53.34 53.137 4.64889 0.947785 50.3625 0.47389 1.1043267 4.655 53.137 52.933 0.08737634 5.006295507

10 53.34 52.5296 9.26239 1.888358 99.19475 0.94418 4.4166663 9.309 52.53 51.698 0.175390811 10.04915321

20 53.34 50.1232 18.2434 3.719338 186.4252 1.85967 17.625708 18.6 50.123 46.546 0.355266765 20.35528626

30 53.34 46.1938 26.67 5.437309 251.1699 2.71865 39.259992 27.75 46.194 36.927 0.541018749 30.99809098

40 53.34 40.8608 34.2863 6.99007 285.6199 3.49503 67.912431 36.5 40.861 18.362 0.729123772 41.7757149

50 53.34 34.2863 40.8608 8.33044 285.6199 4.16522 100.06471 44.31 34.286 28.066 0.912234381 52.26717995

60 53.34 26.67 46.1938 9.417695 251.1699 4.70885 129.01379 50.31 26.67 42.661 1.083361929 62.07206621

70 53.34 18.2434 50.1232 10.2188 186.4252 5.1094 144.57019 53.26 18.243 50.036 1.240779586 71.0914336

80 53.34 9.26239 52.5296 10.70941 99.19475 5.3547 134.73532 51.42 9.2624 50.574 1.392558607 79.7877309


image5.emf
Angle of LaunchKE

5 162.5088

10 155.0171

20 125.6581

30 79.08797

40 19.55551

50 45.68775

60 105.5578

70 145.2115

80 148.3475


image6.png
1400

1300

PERFORATES SHATTERED

1200

1100~

1000~

H

g
T

IMPACT SPEED m/SEC
g 3
T

H

PERFORATES INTACT

PERFORATES BROKEN

(BALLISTIC LIMIT CURVE)

RICOCHETS INTACT

EMBEDS INTACT

(RICOCHET CURVE)

| 1 L

g
§
§
<
&
S
B

0 a0 %0 &0
OBLIQUITY DEGREES.

70




image7.png
™
“Tor lotu strzaly na wybranc donosnosci / Arrow flying path for selected ranges

—2som
—2sm
—20m
—7sm
—som
s
—oom

75m
~sm
—25m

0

‘Wysokos¢ lotu / Elevation of the flight [m]

Donosnoéé / Range [m]

Rys. 6. Tor lotu strzaly podczas strzelania na wybrane donosnosci
Fig. 6. Arrow flying path at shooting for selected ranges





image8.png
Grot typu Needle / Needle type head
Kat/ Angle 2,6°

|
Vo=52,1m/s :z, |

Kat / Angle 52,1°

Vo=46,4m/s
g‘





image9.png
Grot typu Heavy War Bodkin / Heavy War Bodkin head

Kat/ Angle 2,6°
Vo= 52,1
o= 52,1 m/s :1

-m

Dy Du
Kat/ Angle 52,1°

D
Vo=46,4m/s
\gl .





image10.png




image11.png




image12.png




image13.png




image14.png




image15.png




image16.png




image17.png




