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1. INTRODUCTION, MISSION SPECIFICATION , AND PROFILE  

The objective of this project is to respond to the request for proposal by AIAA to design a shoulder-

launched anti-UAV missile. The missile can have either lethal or non-lethal means to destroy or disable 

the UAV. As UAVs are highly maneuverable, the missile shall demonstrate that it is capable of endgame 

maneuvers. In addition, this report provides engineering analysis and total system design associated with 

this missile system including personnel effects. This report determines a system concept that best satisfies 

mission requirements and goals stated in the RFP and describes the design process, the physical and 

performance characteristics of the final system design and its components, an operational concept, cost 

estimate, development plan, and necessary support equipment and other resources necessary to comply 

with the technical requirements [1]. 

Table 1.1: Technical Requirements [1] 

Target UAVs Group 2 UAVs (threshold) ï group 1 UAVs (objective) 

Range 3 nmi (threshold) ï 3.5 nmi (objective) 

Service ceiling 3,000 ft (threshold) ï 5,000 ft (objective) 

Launcher + 1 missiles weight < 40 lb 

Launcher + 10 missiles weight < 125 lb 

Launcher + 10 missiles pack weight < 50 lb (distributed across 3 people) 

Interdiction rate  10 UAVs/hour 

System storage without maintenance   10 years 

Warhead arming distance (if used)  200 ft 

Noise level withing 100 ft of launch  120 dBa 

Launch acceleration  2 gôs 

Time to change payload (if used)  5 minutes 

Production rate 
200 missiles and 20 launchers a year for 10 years plus 15 

missiles for development testing 

System initial operating capability    December 2027 
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1.1. MISSION PROFILES 

 

Figure 1.1.1: Three possible mission profiles: A, B, and C 

Based on initial technical requirements, three possible mission profiles were considered as shown 

above. The first is a typical shoulder launched missile explosive engagement. The second is a non-

explosive engagement such as a net or other entanglement mechanism. The third is a reusable system. As 

seen in further sections of this report, the Valkyrie system design most closely resembles this third 

mission profile in order to capitalize on the reusability of the system and the cost benefits associated with 

such a design.   
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2. MARKET  REVIEW AND COMPETITION IN THE MARKET  

Current counter-unmanned aircraft systems (C-UAS) must partially rely on non-traditional methods 

to detect the presence of hostile or unauthorized small UAS because of their inability to be detected based 

on their size, construction, and flight altitude. These methods include using electro-optical, infrared, or 

acoustic sensors to detect targets by visual, heat, or sound signatures [2]. Radar systems are another 

method, but unreliable due to the signature and size of small UAS. Identifying the wireless signal used to 

control these systems can also be used. For redundancy, most of these systems can be combined to 

provide more reliable systems.  

After detecting UAS, a number of methods can be used to disable or destroy them. This includes 

jamming their signals to interfere with communications to their operator, or using guns, nets, directed 

energy, traditional air defense systems, or trained animals such as eagles [2]. Because the threat of small 

UAS has developed within the last few years, most C-UAS systems are very new or still in development. 

One of the most capable C-UAS is Fortem Technologyôs 

DroneHunter. This drone is a fully autonomous system that detects, 

classifies, and captures drones within a geofenced area. The air-to-

air system uses SWAP-C electronically scanned phased array radar 

that allows for good range, resolution, accuracy, and clutter 

rejection, and can be used day or night in different kinds of weather. 
Figure 2.1: Fortem Technology 

DroneHunter [4] 
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After identifying its target, the DroneHunter can track and follow the target until it captures it with a net 

and carries it to a safe location [3].  

 

Figure 2.2: DroneHunter Concept of Operations 

Low-cost solutions for close range defense utilize nets fired by humans. AMTECôs Skynet Mi5 is a 

12 gauge round fired through a choked and rifled 12-gauge shotgun. It contains five segments that use 

centrifugal force to separate and create a 5-foot-wide net to trap and 

disable a drone. It was developed for rapid deployment to defend 

against commercially available drones [4]. Drone Defenseô NetGun 

X1, developed in the UK, is a handheld gun that can shoot two 

different kinds of nets up to 15 meters and is mainly catered toward 

law enforcement and security [5]. Neither of these systems are 

automated and would likely only be considered last resort systems for 

military defense applications. 

Figure 2.3: AMTEC Skynet 

Mi5 [ 4] 
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Figure 2.4: Centrifugal Net Deployment CONOPS 

OpenWorks Engineeringôs Skywall system is a man-portable 

shoulder launcher that uses compressed gas to launch a projectile 

toward a drone using its SmartScope technology that compensates for 

the droneôs speed and range automatically. The projectile explodes into 

a net that then captures and disables the drone causing it to fall to the 

ground. It has two kinds of reusable projectiles--one with a net only and 

one with a net and parachute--that are pre-programmed by the gunôs 

targeting system to expand the net at the right time (Figure 2.5)  [7].  

IXI Technologyôs Dronekiller is another man-

portable handheld C-UAS that utilizes software 

defined radio. This allows the system to target the 

specific frequencies a drone is using and add noise or 

additional data to the signal to break the link between 

the drone and operator. It also works against drones 

capable of channel-hopping while still only blocking 

Figure 2.5: OpenWorks 

Skywall [6] 

 

 

Figure 2.6: IXI Technology Dronekiller [ 8] 



16 
 
 

certain frequencies so as to not jam other nearby devices using similar frequencies. The loss of 

communication between the drone and operator causes the drone to return to its home base (Figure 2.7) 

[8]. 

 

Figure 2.7: RF Blocker Concept of Operations 
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3. DESIGN OPTIMIZATION FUNCTION  

The purpose of this chapter is to develop the optimization function for the anti-UAV system. Mission 

requirements (Table 3.1.1) are based on technical requirement thresholds. Mission objectives are based on 

cost and mission effectiveness as well as objectives listed in the technical requirements. Ancillary 

objectives (Table 3.1.2) are based on subject matter expert feedback. From these requirements and 

objectives, the optimization function can be found using the following equation: 

'ÅÎÅÒÁÌ /ÐÔÉÍÉÚÁÔÉÏÎ &ÕÎÃÔÉÏÎ'/& 2
ρ

Í
/

ρ

Î2/7&
!/  

3.1. OPTIMIZATION FUNCTION 

Table 3.1.1: Mission Requirements 

R1 Target UAV size 
ρ ÉÆ ÍÉÓÓÉÌÅ ÃÁÎ ÄÉÓÁÂÌÅ ÇÒÏÕÐς 5!6Ó 
π ÉÆ ÍÉÓÓÉÌÅ ÃÁÎ ÄÉÓÁÂÌÅ ÇÒÏÕÐς 5!6Ó

 

R2 Range 
ρ ÉÆ ÒÁÎÇÅ σ ÎÍÉ 
π ÉÆ ÒÁÎÇÅ σ ÎÍÉ

 

R3 Service ceiling 
ρ ÉÆ ÁÌÔÉÔÕÄÅσȟπππ ÆÔ ÁÂÏÖÅ ÇÒÏÕÎÄ ÌÅÖÅÌ
π ÉÆ ÁÌÔÉÔÕÄÅσȟπππ ÆÔ ÁÂÏÖÅ ÇÒÏÕÎÄ ÌÅÖÅÌ

 

R4 Launcher + 1 missiles weight 
ρ ÉÆ ×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρ ÍÉÓÓÉÌÅ τπ ÌÂ 
π ÉÆ ×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρ ÍÉÓÓÉÌÅτπ ÌÂ

 

R5 Launcher + 10 missiles weight 
ρ ÉÆ ×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρπ ÍÉÓÓÉÌÅÓρςυ ÌÂ 
π ÉÆ ×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρπ ÍÉÓÓÉÌÅÓρςυ ÌÂ

 

R6 Launcher + 10 missiles pack weight 

ừ
Ừ

ứρ ÉÆ 
×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρπ ÍÉÓÓÉÌÅÓ

σ ÐÅÏÐÌÅ
υπ ÌÂ 

π ÉÆ 
×ÅÉÇÈÔ ÏÆ ÌÁÕÎÃÈÅÒρπ ÍÉÓÓÉÌÅÓ

σ ÐÅÏÐÌÅ
υπ ÌÂ

 

R7 Interdiction rate 
ρ ÉÆ ÉÎÔÅÒÄÉÃÔÉÏÎ ÒÁÔÅρπ 5!6ÓȾÈÏÕÒ 
π ÉÆ ÉÎÔÅÒÄÉÃÔÉÏÎ ÒÁÔÅρπ 5!6ÓȾÈÏÕÒ

 

R8 System storage without maintenance 
ρ ÉÆ ÓÔÏÒÁÇÅ ×ÉÔÈÏÕÔ ÍÁÉÎÔÅÎÁÎÃÅρπ ÙÅÁÒÓ 
π ÉÆ ÓÔÏÒÁÇÅ ×ÉÔÈÏÕÔ ÍÁÉÎÔÅÎÁÎÃÅρπ ÙÅÁÒÓ

 

R9 Warhead arming distance (if used) 
ρ ÉÆ ×ÁÒÈÅÁÄ ÁÒÍÉÎÇ ÄÉÓÔÁÎÃÅςππ ÆÔ 
π ÉÆ ×ÁÒÈÅÁÄ ÁÒÍÉÎÇ ÄÉÓÔÁÎÃÅςππ ÆÔ

 

R10 Noise level withing 100 ft of launch 
ρ ÎÏÉÓÅ ×ÉÔÈÉÎ ρππ ÆÔρςπ Ä"Á 
π ÎÏÉÓÅ ×ÉÔÈÉÎ ρππ ÆÔ ρςπ Ä"Á

 

R11 Launch acceleration 
ρ ÉÆ ÌÁÕÎÃÈ ÁÃÃÅÌÅÒÁÔÉÏÎς ÇᴂÓ 

π ÉÆ ÌÁÕÎÃÈ ÁÃÃÅÌÅÒÁÔÉÏÎ ς ÇᴂÓ
 

R12 Time to change payload 
ρ ÉÆ ÔÉÍÅ ÔÏ ÃÈÁÎÇÅ ÐÁÙÌÏÁÄυ ÍÉÎ 
π ÉÆ ÔÉÍÅ ÔÏ ÃÈÁÎÇÅ ÐÁÙÌÏÁÄυ ÍÉÎ

 

R13 System initial operating capability 
ρ ÉÆ )/#$ÅÃÅÍÂÅÒ ςπςχ 
π ÉÆ )/# $ÅÃÅÍÂÅÒ ςπςχ

 

R14 Production rate 
200 missiles and 20 launchers a year for 10 years plus 15 

missiles for development testing 



18 
 
 

Table 3.1.2: Design and Ancillary  Objectives 

O1 Target UAV size 

ρ

ς
 ÉÆ ÍÉÓÓÉÌÅ ÃÁÎ ÄÉÓÁÂÌÅ ÇÒÏÕÐ ς 5!6Ó  

ρ ÉÆ ÍÉÓÓÉÌÅ ÃÁÎ ÄÉÓÁÂÌÅ ÇÒÏÕÐ ρ 5!6Ó
 

O2 Range 

2ÁÎÇÅσ ÎÍÉ

πȢυ ÎÍÉ
 ÉÆ σ ÎÍÉ2ÁÎÇÅσȢυ ÎÍÉ

ρ ÉÆ ÒÁÎÇÅσȢυ ÎÍÉ
 

O3 Service ceiling 

3ÅÒÖÉÃÅ ÃÅÉÌÉÎÇσȟπππ ÆÔ

ςȟπππ ÆÔ 
 ÉÆ σȟπππ ÆÔÓÅÒÖÉÃÅ ÃÅÉÌÉÎÇ υȟπππ ÆÔ

ρ ÉÆ ÒÁÎÇÅυȟπππ ÆÔ

 

O4 Kill probability 

0+ ωπϷ

ρπϷ
ÉÆ ωπϷ 0+ ρππϷ

ρ ÉÆ 0Ë ρππϷ

 

O5 Minimum cost 
#ÏÓÔ  #ÏÓÔ  

#ÏÓÔ  

 

O6 Minimum complexity 
0ÁÒÔ ÃÏÕÎÔ  0ÁÒÔ ÃÏÕÎÔ  

0ÁÒÔ ÃÏÕÎÔ  

 

O7 Minimum weight 
7  7  

7  

 

AO1 

Interoperable with civil 

airspace and law 

enforcement 

ρ ÉÆ ÉÎÔÅÒÏÐÅÒÁÂÌÅ ×ÉÔÈ ÃÉÖÉÌ ÁÉÒÓÐÁÃÅȾÌÁ× ÅÎÆÏÒÃÅÍÅÎÔ 
π ÉÆ ÎÏÔ ÉÎÔÅÒÏÐÅÒÁÂÌÅ ×ÉÔÈ ÃÉÖÉÌ ÁÉÒÓÐÁÃÅȾÌÁ× ÅÎÆÏÒÃÅÍÅÎÔ

 

AO2 
Compatible with FCC and 

FAA regulations 

ρ ÉÆ ÃÏÍÐÁÔÉÂÌÅ ×ÉÔÈ &## ÁÎÄ &!! ÒÅÇÕÌÁÔÉÏÎÓ
π ÉÆ ÎÏÔ ÃÏÍÐÁÔÉÂÌÅ ×ÉÔÈ &## ÁÎÄ &!! ÒÅÇÕÌÁÔÉÏÎÓ

 

AO3 Optional hard launch 
ρ ÉÆ ÈÁÒÄ ÌÁÕÎÃÈ ÃÁÐÁÂÌÅ
π ÉÆ ÎÏÔ ÈÁÒÄ ÌÁÕÎÃÈ ÃÁÐÁÂÌÅ

 

AO4 No energetics 
ρ ÉÆ ÎÏ ÅÎÅÒÇÅÔÉÃÓ ÕÓÅÄ
π ÉÆ ÅÎÅÒÇÅÔÉÃÓ ÕÓÅÄ

 

AO5 No pyrotechnics 
ρ ÉÆ ÎÏ ÐÙÒÏÔÅÃÈÎÉÃÓ ÕÓÅÄ
π ÉÆ ÐÙÒÏÔÅÃÈÎÉÃÓ ÕÓÅÄ

 

AO6 
Safe bystander 

engagement 

ρ ÉÆ ÓÁÆÅ ÂÙÓÔÁÎÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÍÅÔÈÏÄ
π ÉÆ ÕÎÓÁÆÅ ÂÙÓÔÁÎÄÅÒ ÅÎÇÁÇÅÍÅÎÔ ÍÅÔÈÏÄ

 

AO7 
Day/night/all-weather 

interdiction capability 

ρ ÉÆ ÄÁÙȾÎÉÇÈÔȾÁÌÌ×ÅÁÔÈÅÒ  ÉÎÔÅÒÄÉÃÔÉÏÎ ÃÁÐÁÂÉÌÉÔÙ
π ÉÆ ÎÏ ÄÁÙȾÎÉÇÈÔȾÁÌÌ×ÅÁÔÈÅÒ  ÉÎÔÅÒÄÉÃÔÉÏÎ ÃÁÐÁÂÉÌÉÔÙ

 

AO8 Minimal training 
ρ ÉÆ ÍÉÎÉÍÁÌ ÔÒÁÉÎÉÎÇ ÒÅÑÕÉÒÅÄ
π ÉÆ ÅØÔÅÎÓÉÖÅ ÔÒÁÉÎÉÎÇ ÒÅÑÕÉÒÅÄ

 

AO9 
AVS accommodation with 

telemetry 

ρ ÉÆ !63 ÃÏÍÐÁÔÉÂÌÅ ×ÉÔÈ ÔÅÌÅÍÅÒÙ
π ÉÆ !63 ÎÏÎÃÏÍÐÁÔÉÂÌÅ ×ÉÔÈ ÔÅÌÅÍÅÒÙ

 

AO10 1 minute interception 
ρ ÉÆ ÔÉÍÅ ÔÏ ÉÎÔÅÒÃÅÐÔρ ÍÉÎ 
π ÉÆ ÔÉÍÅ ÔÏ ÉÎÔÅÒÃÅÐÔρ ÍÉÎ

 

AO11 Target UAV size 
ρ ÉÆ ÍÉÓÓÉÌÅ ÃÁÎ ÄÉÓÁÂÌÅ ÇÒÏÕÐ σ 5!6Ó  

π ÉÆ ÍÉÓÓÉÌÅ ÃÁÎᴂÔ ÄÉÓÁÂÌÅ ÇÒÏÕÐ σ 5!6Ó
 

 Based on subject matter expert feedback, the ancillary objectives were weighted half as much as 

the mission objectives leading to the following system optimization function: 

/& 2
ρ

χ
/

ρ

ρρ
ρ
ς

!/  
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4. STAMPED DATA PRESENTATION  

The following section examines the current competitors in the UAV suppression market. The examples 

presented in this section are divided into three categories based on the method of interdiction used to down 

enemy drones. The first of these methods is radio frequency jamming. RF is an engagement form where 

drone communication is interrupted, defaulting the drone to emergency landing or retreat procedures. This 

method of interdiction is measured in in hours of use per charge compared to weight. The second method 

of interdiction is kinetic kills, which either impact enemies destroying their components or destroying the 

drone itself, or trapping the enemy drone for capture. These engagement types are measured in number of 

interdictions compared to weight, as some like the stinger missile are single shot, while others allow 

multiple uses. Finally, there are a number of interdiction systems which do not fit into one of the two 

categories above. These are presented in the section marked other mechanisms and are tracked in number 

of interdictions per weight. The following page contains a graphical representation of the market 

competitors. 

 

Figure 4.1: RF Jammers Graphed 
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Figure 4.2 Kinetic Weapons (Top) and Unconventional (Bottom) Market Competitors  
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5. CLASS I WEIGHT SIZING  

The weight sizing methods performed in this section are based on STAMPED analysis of empty 

weight to takeoff weight ratios. A modified iterative process from Dr. Jan Roskamôs Airplane Design Part 

1 [9] is used to estimate the takeoff, empty, and fuel weight of the system. Based on assumptions made 

from similar UAS in Group 1 as defined by the Department of Defense, initial preliminary estimations 

were made for the takeoff weight of the system and empty to takeoff weight ratio. The tentative operating 

empty weight is calculated based on these estimations. Empty weight and operating empty weight will 

always be equal because there is no weight of a crew and no trapped (unusable) fuel and oil in an electric 

system.  

Instead of using fuel weight estimations as described in Airplane Design Part 1 [9], an alternative 

method is used to account for the mass of the battery in place of fuel. A lithium-thionyl chloride battery 

with specific power of 1000 watts/kg [10] is used to estimate the mass of the battery needed. A cruising 

speed of 150 ft/s is considered for the amount of power needed. For each iteration, a takeoff weight is 

estimated to determine the battery sizing and empty weight of the aircraft until the empty weight 

estimation is within 0.5% of the design point. After several iterations, a battery weight of 0.035 lbf is 

calculated with a payload weight of 0.11 lbf and takeoff weight of 0.29 lbf.  

The final preliminary weight sizing configuration is show in Table 5.1. Unfortunately, there are very 

few systems currently available with similar specifications and information about them is very scarce. 

Many assumptions were made based on the information found through STAMPED analysis and 

requirements from the RFP. Sample calculations for the final preliminary weight estimations are shown in 

the appendix.  

Table 5.1: Final Preliminary Weight Sizing 
 

 

  

Wto (lbf) Wbattery (lbf) Woe (lbf) Wpl (lbf) 

0.29 0.035 0.15 0.11 
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6. DESIGN OF ENGAGEMENT SYSTEM  

This chapter of the report covers the various engagement systems considered in the design process. 

Table 6.1 below shows designs that were considered but decided against for a variety of safety and 

complexity concerns. 

Table 6.1 Initial Designs Considered for Engagement System 

Concept of Interdiction Method Concept of Interdiction Method 

 

Grappler:  

¶ Add weight to 

cause loss of 

control 

 

EMF Absorbing 

Paint: 

¶ Spray EMF 

absorbing paint 

disrupting 

communication 

 

Kinetic Kill:  

¶ Ram into and 

pierce enemy 

UAVs 

 

Expanding Foam: 

¶ Spray foam 

increasing drag 

and eliminating 

lift  

 

EMP:  

¶ Short circuit 

enemy hardware 

to cause loss of 

control 

 

Flamethrower: 

¶ Melt or destroy 

sensitive 

components 

 

Electromagnet: 

¶ Corrupt or erase 

data 

¶ Cause loss of 

control 

 

Napalm Charge: 

¶ Melt or destroy 

sensitive 

components 

 

High Power Laser: 

¶ Melt or destroy 

sensitive 

components 

 

Explosive Charge: 

¶ Destroy enemy 

UAVs with an 

explosive blast 

 

RF Jammer: 

¶ Interrupt 

communication to 

cause loss of 

control 

 

Semi-Auto Rifle:  

¶ Tube-magazine 

fed .22 long rifle 

system 

 

Retractable Saw: 

¶ Remove critical 

components 

 

Collapsible Spear: 

¶ Ram into and 

pierce enemy 

UAV 
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Further design consideration produced the designs presented below in Table 6.2. These design options 

addressed safety concerns associated with engagement methods relying on large explosives and fire-based 

engagement systems, as well as energy use and mechanical complexity concerns brought up by previous 

designs.  

Table 6.2 Shotgun Based Engagement Systems 

Concept of Interdiction Method Concept of Interdiction Method 

 

.410 Shotgun: 

¶ Destroy 

sensitive and un-

armored 

components 

 

Rope Dart: 

¶ Destroy 

sensitive and 

un-armored 

components 

¶ Tether target to 

interceptor, 

allowing 

capture 

 

Chain Shot: 

¶ Chain Shot (two 

heavy spheres 

bound together 

with a length of 

chain) to shatter 

enemy 

quadcopter 

limbs 

 

Net Cannon: 

¶ Entangle 

propellers or 

engines to 

cause loss of 

control 

 

Kevlar Wad:  

¶ Entangle 

propellers or 

engines to cause 

loss of control 

  

The natural limitations of range present in shotguns also addressed the concern with having a gun 

platform mounted to the interceptor associated with the semi-automatic rifle design discussed previously. 

Several of these designs were later tested according to safe handling procedures to determine effectiveness 

of deployment.  

Range experiments were conducted at the Platte Falls Conservation Area Shotgun Range. Safety of 

personnel involved in the testing process as well as of any individuals not involved in the test was of the 

utmost importance during the testing process. In the pursuit of safety, all individuals were required to wear 
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hearing and eye protection during the test firing procedure. During the test firing, the shotgun used to fire 

the test shells was mounted to a ground stand designed to absorb recoil, secure the firearm, and to place the 

test individuals outside the potential danger zone. Typically when firing a shotgun or similar firearm, the 

userôs face is placed next to the breech of the gun, and so by using the test stand, the individuals conducting 

the test were removed from the zone of danger in case of a breech explosion due to misloading.  

Rounds tested at the range included a selection of the engagement systems outlined in Table 6.2, namely 

the Chain Shot and Kevlar Wad. In addition to these designs, the team also tested firing strands of Kevlar 

loaded loosely, strands with weight on only one end, and finally strands with a single weight brushed to 

form a cat of nine tails. Each test procedure began with carefully slicing the top off of a standard 12-gauge 

shell and carefully weighing the shot present in the shells as shown Figure 6.1. The shells were then reloaded 

with the test round, and the original weight was matched by supplementing the test round with pellets 

extracted from the standard round. After this, the shell was taped shut and carefully loaded into the shotgun. 

Prior to cocking the gun, safety checks were conducted to ensure that no personnel were in the field of fire 

and that all members present had donned proper safety gear. After completing all safety checks, the gun 

was cocked and fired. One such test can be seen here. 

 

 

 

 

 

 

 

 

 

Figure 6.1 Emptied 12-Gauge Shells (left) and Weight of Shot (right)  

https://vimeo.com/522963257
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Figure 6.2 Catalogue of Tests Including Effectiveness Test Against a Tree Branch 










































































































































