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Abstract

The aim of this project is to conduct an assessment of the hazards and risks involved in firing small arms ammunition primers, and to develop a new firing procedure and test rig in order to conduct primer sensitivity testing, in particular, looking at how different primer initiation systems affect sensitivity.  
The developed test rig is designed to calculate the velocity of a projected firing pin at the point of impact with a percussion primer.  The kinetic energy is then worked out using KE = mv2.  The efficiency of the rig ensured that a large sample of primers could be tested and the rig enabled the user to control the velocity ensuring the data captured could narrow down the ‘no fire’ and ‘all fire’ thresholds.
The results indicate that Boxer priming systems appear to be more sensitive than Berdan priming systems, and statistically the kinetic energy required to initiate a Boxer primer is less than it is for the Berdan primers, albeit not by much.
This project delivers the capability to conduct further primer testing by establishing a safe method and firing procedure and has led to a better understanding of the sensitivity of primers used within 9x19 mm ammunition.
Firing pin kinetic energy alone is not sufficient to assess a primer’s sensitivity and further work is recommended to look at how the method of transferring that energy into the primer affects whether it initiates or not.  It would also be interesting to conduct research looking at how the energy transferred into a primer changes with different firing pin geometry and shapes.
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SMALL ARMS AMMUNITION PRIMER SENSITIVITY

1.0	Introduction

1.1 Aim

The aim of this project is to conduct an assessment of the hazards and risks involved in firing small arms ammunition (SAA) primers and to develop a new firing procedure and test rig in order to conduct primer sensitivity testing.  In addition to this, the testing will be used to gain a better understanding of the sensitivity of primers used within 9x19 mm ammunition.

1.2 Objectives 

The objective of this report is to:
· provide a review of prior research into primer sensitivity testing.
 
· identify the hazards and risks involved in the process of initiating primers.

· mitigate the risks and produce a safe firing procedure with associated safety documentation. 

· develop a bespoke instrumentation rig. 

· conduct a test to compare the sensitivity of different primers using a large sample. 

· evaluate the results of the testing to better understand primer firing thresholds using statistical analysis.

1.3	Background Research 

1.31	Introduction

For most applications there isn’t a requirement for people to handle primers.  Most people use a complete round of ammunition, which contains a primed cartridge case, propellant and projectile.  There have been many trials and tests under taken to establish the performance specifications of a complete round, but the focus is usually on the ballistic performance of the projectile and its target effects.  Less often is research under taken to look at the performance and reliability of primers.  As far as primers are concerned, most users require that it functions only when the firing mechanism is triggered, and does not function at any other time.  
Firearms are designed to impart an amount of energy into the primer which is above the initiation energy of the primer.  Manufacturers of primers must ensure that the initiation energy is below that of which the firearm imparts, but without making the primers too sensitive for handling, and risk accidental initiation.  
There has been limited research into the required amount of energy that is needed to initiate small arms ammunition primers, and no research was discovered that shows how different primer initiation systems compare in terms of sensitivity.  Testing has been conducted in the past which has helped to establish a set of pass/fail parameters, whereby primers are deemed statistically acceptable or not, and there have also been a number of studies which look at the relationship between firing pin mass and velocity and how that affects primer initiation. 

1.32	Drop Ball Testing

Historically, the drop ball tester has been used for determining the firing threshold characteristics of percussion primers.  The test consists of dropping a ball of known mass, from a known height, to impact a punch assembly that deforms and initiates an explosive primer (Figure 1 shows the basic configuration of a ball drop tester).  Woods et al [1] looked at why the results from this type of arrangement regularly showed a wide variation, and whether it was due to the testing equipment or a variation in the primers themselves.  It was demonstrated that attributes of the primer initiation mechanism can be measured with great accuracy and that side loading of the firing pin due to off-centre drops was shown to be the reason for a good portion of the standard deviation observed in drop ball tests.Figure 1 - Schematic of a typical drop ball tester used for primer ignition sensitivity [1]

In order for a small arms primer to be accepted into military service in the UK, it must have undergone testing to ensure that its sensitivity falls within the accepted parameters.  In this case, NATO[footnoteRef:1]’s Standardisation Agreement for 9 mm small arms ammunition determines that the primer sensitivity shall adhere to the following; “When tested by a procedure in the Manual of Proof and Inspection Procedures [2], using a ball of mass 55 g (+/- 0.5 g), all primers shall fire at a drop height of 305 mm, and no primers shall fire at a height of 76 mm” [3].   [1:  North Atlantic Treaty Organisation] 


1.33	Firing pin Mass vs Velocity Studies

There have been a small number of studies researching the link between the mass and velocity of a firing pin and the effect this has on primer ignition.
Without prior knowledge you might expect that if two different firing pins had the same energy, but a different mass, the heavier of the two would be more effective at initiating a primer.  However, it appears that the opposite is true.  Studies done by Hubbard et al [4] show that for a given energy a high-velocity/low-inertia impact is more desirable for reliable primer initiation than that of a low-velocity/high-inertia impact.  This study concluded that for readily deformed cartridge cases such as those made of brass and aluminium, the lightweight, high velocity firing pin results in a higher peak pressure with less collapse along the cartridge case, leading to more reliable initiation.  More reliable initiation was also to be expected with the lightweight pin for more rigid steel cases.
In another study Farynski et al [5] conducted tests to calculate the probability of initiating a KWM-3 type of primer cap as a function of the firing pin velocity upon impact.  The primary objective was to demonstrate a relationship between the probability of primer cap initiation and the firing pin initial velocity for a given energy input.  It was experimentally proven that when the percussion striker energy is constant, which in this case was set at 0.272 J, decreasing the firing pin velocity and thereby increasing the striker mass, reduced the initiation probability of the KWM-3 primer cap.
In 2010, Lt Belcher conducted a study [6] at Cranfield University looking at primer sensitivity.  The aim of this thesis was to investigate whether the amount of percussion energy required to initiate a 9 mm round altered with changes to velocity and mass of the firing pin.  It was determined that when the velocity of the firing pin impacting the primer is increased, the time in which it transfers energy decreases, and by using KE = mv2, a lighter firing pin can achieve the same kinetic energy as a heavier pin if it has a higher velocity.  The results of this study indicated that the required percussion energy to initiate a primer does change with velocity and, in general, as the velocity of the pin increases, the required energy reduces.
There have also been studies involving the energy required to initiate primers to help develop weapon components and firing mechanisms.  Boatright [7] wrote an article in February 2012 called ‘Firing pin impact studies’ where he attempted to justify the use of a lighter hammer and striker firing mechanism within a firearm to show that although it’s mass and resulting kinetic energy was lower, it transferred that energy over a smaller timeframe and resulted in a greater impulse force.  Although this was for a specific weapon  

1.34	Firearm delivered Firing pin energy 

Although not directly researching primer ignition energy, there have been studies on the energy delivered by the firing pins of different firearms.  
A study by J S Wilkerson [8] investigated two different methods of measuring firing pin kinetic energy in order to establish the reliability of a firearm to fire primers.  One method measured the force applied to the primer using a force transducer and the other measured the depth of firing pin penetration.  Measuring the depth of penetration was found to be a better approach and gave more consistent results.  
In a similar study Jussila [9] also looked at comparing the two different methods for measuring firing pin energy.  In this study both methods gave reliable readings, and although most of the weapons tested provided sufficient energy to the primer for it to initiate, in a number of tests some weapons gave surprisingly low readings. 

Figure 2 - Pistol percussion energies [9]
[image: ]
[image: ]

Fig. 2 above shows an extract of the results from Jussila’s study.  The results suggest that the Glock 17 pistol used in this study provided a mean energy of 0.198 J (based on calculations using the depth of penetration).  It wasn’t possible to obtain a percussion energy using a force transducer for this firearm, but for the other firearms tested, the force transducer measurements resulted in similar percussion energies.

1.4	Review Summary 

Testing procedures that use a dropped ball are designed to test small batches of newly manufactured primed cartridge cases and the results are pass or fail.  The test does not give an indication of how much energy is required to cause a primer to function.  It is merely a test that must be passed for the primer to achieve the required standard to be brought into service.  In addition to this, these tests use a generic firing pin profile, which either assumes all firing pins used in firearms are the same or that the differences in firing pin shape have a negligible effect on the initiation of primers.  
It was identified in the study by Woods et al [1] that one of the main issues with the ball drop test method was off centre drops causing a variation in the results.  Knowing this, this project will aim to ensure that primer strikes are consistently central to reduce the likelihood of variations. 

The studies that look at how mass and velocity of the firing pin affect primer initiation are interesting.  Although they focus on how this relates to different firing mechanisms rather than the primer firing thresholds, they do provide information worth considering.  These studies show that even if the energy delivered by the pin remains the same, making changes to the velocity and mass can affect primer initiation reliability.  Therefore, it suggests that assessing a primer’s sensitivity based solely upon the kinetic energy delivered by the firing pin is not entirely adequate.  Other factors such as, momentum of the firing pin at impact or the impulse force and duration delivered to the primer, should also be considered.

The studies by Wilkerson and Jussila [8] [9] primarily looked at the energy delivered by a weapon firing pin, rather than the energy required to initiate primers.  However, clearly there is a link between these and it would be useful to know the difference between the energy a firing pin delivers and what energy is required to initiate a primer.  This study recommended further research on weapon and ammunition primer compatibility, which requires a better understanding of primer firing thresholds.  The method of calculating percussion energy by measuring the depth of penetration was also proven to be reasonably accurate and this will be attempted in this project to verify the results.  


1.5      Project Deliverables

This project proposes the development of an instrumented test rig, which is more user friendly and efficient than previous primer sensitivity test equipment.  This will allow for more data to be collected, in particular, at the firing thresholds in order to better analyse the probability of firings with different energy input.  The outcomes of this project are as follows:

· The capability to conduct further primer testing by using a newly developed test rig and safe working procedure. 
· A better understanding of the firing thresholds for both ‘no fire’ and ‘all fire’ for 9 mm ammunition primers, and how different primer initiation systems compare in terms of sensitivity.
2.0	Primer Initiation Systems 

There are three main types of primer initiation systems used in small arms ammunition.  They are known as Berdan, Boxer and Rimfire.  
Below is a description of the two priming systems (shown in Fig. 3) that can be found in 9x19 mm small arms ammunition.
Figure 3 - Side by side comparison of the two priming systems (L – Berdan, R - Boxer) [10]


2.1	Berdan Primer

The Berdan initiation system has an anvil that is part of the cartridge case (as shown in Fig. 4).  Berdan primer caps are manufactured from drawn brass and are designed to expand easily to provide efficient obturation[footnoteRef:2].  They must be strong enough to withstand the impact from the firing pin/striker without being perforated and be able to withstand the pressures generated by the rapid formation of gases caused by the initiation of the primer composition.  The Berdan Cap is manufactured as a parallel-sided cup shape then varnished internally.  A primer composition is pressed into the cup and covered by a paper disc (which may be pressed in with the primer composition or separately).  After filling, the Cap is sealed with varnish [11]. [2:  Prevention of rearward escape of gas] 
Figure 4 - Berdan primer initiation system [11]

2.2	Boxer Primer

The Boxer initiation system (Fig. 5) is a common method of initiating small arms ammunition.  This system differs to that of the Berdan system, in that the anvil is an integral component of the percussion cap and has one flash hole as opposed to multiple flash holes.  Boxer Caps are manufactured in a similar fashion to Berdan Caps, though the inclusion of the Anvil requires an additional step of assembly to fit the Anvil into the Cap after pressing the paper disc into the Cap. The Assembly, including Anvil, are then varnished [12].
Figure 5 - Boxer primer initiation system [12]


2.3   Primer Initiation

The purpose of a percussion primer is similar to that of an energy transducer, whereby it converts mechanical energy into chemical energy in the form of a deflagrating pyrotechnic reaction.  
Impact by a suitably constructed firing pin creates an indentation on the primer cup.  This impact compresses the sensitive primer composition between the cap and the anvil, putting it under extreme pressure and causing it to deflagrate.  Primers are generally constructed from a ductile metal such as brass, which allows for the required deformation while still maintaining the integrity of the primer cup.
Too much energy imparted can lead to perforation of the primer cup, which results in gases escaping rearward as the primer functions.  However, too little energy may not sufficiently collapse the cup against the anvil, resulting in a misfire[footnoteRef:3].  With conventional firing mechanisms it has been found that a penetration depth of .020 to .025 inches is considered suitable for small pistol primers to reliably function, and a minimum of .012 inches (0.3 mm) of penetration is required to reduce the likelihood of a misfire [13]. [3:  misfire – no successful initiation when deliberately fired] 


3.0	Testing Requirements

In order to achieve the objectives of the project and get the results required, six essential things have to occur:

1. The primed cartridge case needs to be fixed in a test rig.
2. A method is required to impart kinetic energy into the firing pin.
3. The firing pin must follow a path which causes it to impact with the primer.
4. An accurate means of recording the velocity of the firing pin at the point of impact.
5. The geometry of the firing pin needs to be selected.
6. Primers have to be prepared and made available prior to testing.  

In addition to the six requirements above, a rig needed to be developed that would enable the user to conduct tests using a large sample efficiently and obtain accurate and repeatable results.  

4.0	Hazard and Risk

Prior to beginning development of a test rig and firing procedure, an assessment of the hazards and risks involved in working with primers was conducted to enable the author to develop a procedure that would be safe.
This information was primarily gathered by three methods;

· Using the author’s prior knowledge and experience of initiating ammunition primers.

· Studying similar risk assessments relating to the firing of ammunition primers (although limited in number).

· Breaking down each phase within the process of working with primers, beginning with taking custody of primers right through to the disposal of tested primers.   For each phase an assessment of the tasks being carried out was done.  Hazards that could occur were recorded and methods to mitigate the hazard were suggested.

4.1	Risk Management and Hierarchy of Controls
Figure 6 - Hierarchy of Controls [14]


The hierarchy of controls is a way of determining which actions will best control exposure to risk.  
It is not possible to eliminate or substitute some of the hazards to achieve the desired results in this experiment.  Therefore in order to manage the risk, engineering and administrative controls along with the use of personal protection are suggested to ensure the risk is ALARP[footnoteRef:4]. [4:  As low as reasonably practicable] 



4.2	Significant Hazards Identified 

This is a list of the hazards that were deemed significant, whereby mitigation would be required, and the ways in which harm could occur:

Initiation of primers (intentional or unintentional) - Injury from Noise, blast, heat, debris and fragmentation.
Noise from repeated exposure to initiating primers - Hearing damage to people in the near vicinity.
Poor ventilation - Injury from inhalation of gases created by the initiation of primers.
Manual handling - Injury from incorrect movement/lifting of testing equipment and/or ammunition containers.
Hazardous waste - Incorrect disposal of explosives waste resulting in harm through contact or contamination of environment.
Compressed air/Gas cylinder - Injury from injection injuries of material or compressed air through skin.

4.3	Hazard Mitigation

The controls and mitigation suggested for the hazards identified:

Initiation of primers (intentional or unintentional)

· Safety glasses will be donned before removing the primer from the ammunition container and worn throughout the process.
· The personnel conducting this work will be fully trained and competent in the handling of live ammunition primers or under direct training/supervision of those who are.  
· All SAA primers will be stored in a suitable ammunition container with a closed lid at a distance of not less than 2 metres from the test area until needed, and they must only be removed one at a time.
· The test rig will be designed as such that the primer is enclosed when fired and therefore most of the effects from primer ignition will be contained within the rig.  
· Single SAA primers will be used ensuring very small energetic quantities (<250mg).
· No contraband will be allowed into the room in which the activity takes place.
There will be controlled access to the room where the experiment is being carried out. 

Noise from repeated exposure to initiating primers

Very small energetic quantities (<250mg) of primer composition will be used in each test.  
The test rig will be designed as such that the primer is enclosed when fired which will help to dampen the noise output.
A suppressor will be fitted to the rig to further limit the noise.  
A decibel test will be conducted to assess whether hearing protection is required. 


Poor ventilation

Extraction will be used to remove fumes from the working area.
Consistent fresh air to be circulated into the test area, by use of efficient air handling system or simply leaving the door ajar.

Manual handling

All personnel involved in the test will have completed manual handling training.
Protective footwear will be worn.
The test equipment is to be set up in such a way that prevents unnecessary movement of ammunition containers.
A gas cylinder trolley is provided for the movement of gas cylinders.

Hazardous waste

Fired primers will be segregated and kept away from live primers.
Fired primers will be labelled as explosive waste and disposed of via the correct disposal procedure. 


Compressed air/Gas cylinder 

· All gas cylinders will be fitted with in-date pressure regulators and pre-user checks must be carried out and any defects reported.  
· All cylinders are to be stored in an upright position, in a well ventilated area and away from sources of fire, heat, sunlight and ignition.
· All airlines and air tools are to be stored correctly after use.  No other products such as oil, paint or corrosive liquids are to be stored with gas cylinders.  Hoses and fittings are to be kept away from oil and grease.
· The supply pressure to the test rig is to be regulated to match the tooling parameters (in this case the working pressure required for the test rig is between 10-20 Bar). 
· The personnel using the equipment will have completed suitable training or under direct supervision of those that have.

5.0	Development

5.1	Development of Instrumented Test Rig

In order to gain a better understanding of the primer firing thresholds, the more data gathered the better.  For this activity, useful data is in the small window either side of the ‘no fire and ‘all fire’ thresholds which helps to narrow them down.  An objective of the test rig will be to ensure that the delivered firing pin energy is within this target window and the ability and it is important to be able to control the energy input.  (i.e. it is important to avoid the pin impacting a primer with too much energy as this isn’t representative, and likewise with too little energy) 
It was decided that for the rig operator to be able to control the pin velocity and energy, it could best be achieved by a controlled release of compressed gas.  This would also aid in the operator being able to achieve a large number of firings.  It was accepted that by using compressed gas instead of using a spring or gravity it would introduce a new hazard.  This hazard was identified in Section 4.2 and the mitigation and controls that were suggested deemed it an acceptable risk.
Rather than using a spring loaded plunger or gravity to give the firing pin energy (as seen in other primer sensitivity test equipment), the rig was built around the gas chamber and firing mechanism from an air rifle, as shown in Fig. 7.  The chamber was fed a source of nitrogen from a regulated gas cylinder.  A smooth bore barrel was machined to a high quality and fixed to the gas chamber.
Figure 7 - Image of Test rig firing mechanism



In accordance with the hazard controls and mitigation the test rig has been designed to partly contain the effects produced by the functioning of a primer.  When being fired, the primed cartridge case is enclosed within a machined component which still allows for the gas products to vent.  A noise suppressor is fitted to this machined component.  This arrangement can be seen in Fig. 8.  The result is that the effects of a functioning primer, hot gases, flame, noise etc. are mitigated to an acceptable level.
Figure 8 - Image of machined component and noise suppressor

On the subject of measuring velocity, the author looked at the Belcher study [5] for inspiration.  This equipment used a sensing unit which consisted of 3 light sensors and the output from these were fed into a Nicolet PRO 904 channel storage scope.  The trigger for the scope was the output from the first sensor, which then enabled time to be measured between sensors 1 to 2 and sensors 2 to 3.  These measurements were then used to calculate the deceleration of the firing pin and the final velocity on impact with the primer.  Figure 9 - Different options regarding the position of light sources to record velocity


By increasing the number of sensors it would improve the accuracy of recording velocities.  It was decided by the author that, although the more the merrier, using six sensors would be sufficient.  The position of the sensors in the barrel was considered (Fig. 9) and although some of the suggestions would give a better understanding of the change in velocity across the barrel length, the option at the top was selected as it would record average velocities over a smaller distance and thus give the most accurate measurement of velocity and pin deceleration at the point of impact.  Fig. 10 shows a drawing of the component designed to house the sensors, and a National Instruments USB-6363 data recorder was also selected, which has the ability to record data every 4 ms. 
Figure 10 - Schematic of sensor housing



Another tool that was developed to aid efficiency was a bespoke software package.  Rather than the recorded data only being placed into an excel document, the software could show the operator the estimated velocity (based on the gas pressure within the gas chamber) which enabled the user to amend the velocity prior to firing.  This ensured that the majority of firings were within the window of useful data and reduced the number of shots which were either too high or too low to be counted as effective.

The developed test rig satisfies four of the six testing requirements shown below and as stated in Section 3.0. 

1. Primed cartridge cases need to be fixed [image: ]
2. A method is required to impart kinetic energy into the firing pin [image: ]
3. The firing pin must follow a path which causes impact with the primer. [image: ]
4. A means of recording the velocity of the firing pin at the point of impact. [image: ]

The other two testing requirements are addressed below.

5.2	Development of Firing Pin Flights

There is some variation in the firing pin tip profile for different weapons that fire 9 mm ammunition.  
The shape of the firing pin will have an effect on how the energy is transferred from the pin to the primer.  A flat ended pin would have a larger surface area in contact with the primer, whereas a pointed pin would focus the energy over a smaller area and be much more likely to penetrate a primer cap.  The drop ball test methods mentioned in this report use a pin with a generic hemisphere shape which is not representative of any particular weapon.   
It would be useful to know the difference between the energy a firing pin delivers and what energy is required to initiate a primer.  Jussila’s study shows an estimate of the delivered firing pin energy from a variety of pistols.  For this project the firing pin geometry and tip profile were manufactured based on the firing pin of a Glock 17 pistol, which is a firearm familiar to the author and easily accessible.  The hope being that by replicating the tip profile, the results from the test can be compared to Jussila’s results.  
The firing pin flights were machined so that they would fit snug in the barrel and ‘fly’ centrally.  Fig. 11 below shows the machined firing pin flights.  It was discovered during pre-testing that the first cylindrical attempt hindered too much by frictional forces within the barrel and an improved Mk 2 version was developed to reduce this.  The pin flights were machined and hardened to withstand the repeated primer impacts and have a mass of 7.4g which is comparable with a standard Glock 17 firing pin.  
Figure 11 - Image of manufactured pin flights



In order to be representative, pin protrusion[footnoteRef:5] was achieved by the placement of a washer fitted at the end of the barrel which only allows the correct length of pin to pass through.   [5:  Pin protrusion – the length of firing pin tip that enters the weapon breach] 


5.3	Primer Preparation

It would be difficult to conduct tests on primers alone as it would be hard to fix them in place when they are fired.  Therefore it was sensible to utilise the cartridge case to which the primers are already fixed during its manufacture.  
Before primer sensitivity testing could begin a large sample (2400) of 9x19 mm primed cartridge cases needed to be made available.  A de-bulleting activity was conducted which disassembled small arms ammunition by removing the bullet and emptying the propellant, which leaves an empty but primed cartridge case.  
In general, there are two main methods used to achieve this; a press tool which clamps the bullet and pulls the cartridge away, or by using a kinetic hammer.  The hammer secures the round of ammunition and uses the sudden deceleration of impact and the bullets own inertia to release the bullet from the cartridge case.  Due to the large number of primed cases required the kinetic hammer method was employed.  Figure 12 - Image of kinetic hammer

Figure 12 – RCBS Kinetic Hammer [13]




6.0 Method and Operation

6.1           Equipment and Resources

Test rig
Figure 13 - Image showing the Test rig during development













Equipment required for this activity:
· Test rig
· Nitrogen cylinder & trolley
· Cylinder tools
· National Instruments 6363 Recorder & cables
· Laptop/PC
· 12V power source
· Manufactured pin flights
· Pin flight reseating rod
· Primed cartridge cases to test
· Empty ammunition containers & seals

Personal Protective Equipment:
· Safety glasses
· Protective footwear
· Ear defenders
Other:
· Location/facility suitable to fire primers
· Extraction/ventilation

6.2	Ammunition Details

Eight different batches of primed cartridge cases were prepared for this test, of varying manufacturers and of varying condition and age.  The primer type was also split between Boxer and Berdan to assess if this had an effect on the primer sensitivity.   Details of the eight batches are as follows:

1. 9 mm Luger TULA – Berdan primed, manufactured in Russia (Lot no. Z458-18)
2. 9 mm Luger WOLF Military Classic – Berdan primed, manufactured in Russia in Dec 2017
3. 9 mm Brown Bear – Berdan primed, manufactured in Barnaul, Russia in Oct 2016
4. 9 mm Luger RG Mk 2Z NATO – Berdan primed, manufactured in UK in Dec 1987 (RG311287F)
5. 9 mm Luger IMI Samson – Boxer primed, manufactured in Israel (Lot no. 00116/C)
6. 9 mm Luger Sellier & Bellot – Boxer primed, manufactured in Czech Republic (Lot no. 2708/134)
7. 9 mm Luger Magtech – Boxer primed, manufactured in Brazil (Lot no. BL0410 L-112)
8. 9 mm Luger IMI L18A1 NATO – Boxer primed, manufactured in Israel in 1998 (IMI 26-04-98)




6.3	Operation of Test Rig  

A primed cartridge case is placed into the machined cartridge case housing, which is then attached to the end of the barrel.  The pin flight is positioned at the opposite end of the barrel and the desired volume of gas is allowed into the gas pressure housing.  Activating the trigger releases the gas into the barrel.  The pin flight is projected down the length of the barrel and prior to impact with the primed cartridge case, it passes 6 light sensors.  These sensors consist of a photo-diode located opposite an infrared LED[footnoteRef:6] and as the pin flight passes and blocks the light, the voltage drop across the diode is recorded and timed.  These recordings are then used to calculate the velocity of the pin flight at impact.  Depending on the velocity at impact, it will either cause the primer cap in the cartridge to initiate, or not. [6:  Light Emitting Diode] 


To operate the test rig:

1. Set up the test rig and associated equipment and don PPE[footnoteRef:7]. [7:  Personal Protective Equipment] 

2. Conduct an inspection of the gas cylinder and regulator to ensure they are in good condition and fit for purpose.
3. Connect the gas cylinder to the test rig and set the working pressure (10-20 Bar).
4. Test the firing mechanism with an empty barrel and no live primers.
5. Reset the working gas pressure required and then insert the flight pin into the barrel.
6. Take out one primed cartridge case from the ammunition container and insert it into the machined component designed to house the cartridge case.
7. Place the protrusion washer at the end of the barrel.
8. Screw the cartridge case housing onto the barrel.
9. Turn on extraction.
10. Trigger the instrumentation and pull the firing trigger.

In the event that the primer functions;
1. Unscrew the cartridge case housing and remove from the rig to allow the fumes to be fully extracted.
2. Place the spent cartridge case in an allocated ammunition container.
3. Use the rod to push the flight pin back to its starting point.

In the event that the primer does not function;
1. Unscrew the cartridge case housing and remove from the rig.
2. Place the misfired primed case in a suitable ammunition container ready to be disposal
3. Push the flight pin back to its starting point.



7.0	Results

7.1	Kinetic Energy vs Fire/No Fire

Results data can be found in Appendix A





9 mm Luger TULA 
Graph 1 - Kinetic Energy vs Fire/No Fire – 9 mm Luger TULA


Graph 1 shows the calculated kinetic energy for each of the 300 primers tested, and whether the primer functioned or not (as shown by the terms ‘Fire’ and ‘No Fire’).  The lowest KE of a pin flight that resulted in a ‘Fire’ was 0.138 J.  The highest KE of a pin flight that resulted in a ‘No Fire’ was 0.178 J.  Therefore, this has shown that for this batch of primers in this test, all primers will function if struck with a pin flight with KE greater than 0.178 J, and no primers will function if struck with a pin flight with KE lower than 0.138 J.  There is a range of KE that overlaps, whereby if a pin flight strikes the primer with a KE between these two figures, the result is not certain and could result in either a Fire or No Fire.
 
9 mm Luger WOLF Military Classic 








Graph 2 - Kinetic Energy vs Fire/No Fire – 9 mm WOLF Military Classic


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.142 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.185 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.185 J, and no primers will function if struck with a firing pin with KE lower than 0.142 J.  

[image: ]9 mm Brown Bear  Graph 3 - Kinetic Energy vs Fire/No Fire – 9 mm Brown Bear


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.137 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.181 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.181 J, and no primers will function if struck with a firing pin with KE lower than 0.137 J.  
	
9 mm Luger Radway Green Mk 2Z NATO 









Graph 4 - Kinetic Energy vs Fire/No Fire – 9 mm Luger Radway Green Mk 2Z NATO

The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.137 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.184 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.184 J, and no primers will function if struck with a firing pin with KE lower than 0.137 J.  
9 mm Luger IMI Samson  








Graph 5 - Kinetic Energy vs Fire/No Fire – 9 mm IMI Samson


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.127 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.160 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.160 J, and no primers will function if struck with a firing pin with KE lower than 0.127 J.  

9 mm Luger Sellier & Bellot 








Graph 6 - Kinetic Energy vs Fire/No Fire – 9 mm Luger Sellier & Bellot


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.132 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.170 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.170 J, and no primers will function if struck with a firing pin with KE lower than 0.132 J.  

9 mm Luger Magtech








Graph 7 - Kinetic Energy vs Fire/No Fire – 9 mm Luger Magtech


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.119 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.165 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.165 J, and no primers will function if struck with a firing pin with KE lower than 0.119 J.  

9 mm Luger IMI L18A1 NATO 
Graph 8 - Kinetic Energy vs Fire/No Fire – 9 mm Luger IMI L18A1 NATO


The lowest KE of a firing pin that resulted in a ‘Fire’ was 0.129 J.  The highest KE of a firing pin that resulted in a ‘No Fire’ was 0.164 J.  Therefore, this test has shown that for this batch of primers, all primers will function if struck with a firing pin with KE greater than 0.164 J, and no primers will function if struck with a firing pin with KE lower than 0.129 J.  

7.2	Depth Measurements
During the test, a random selection of 9 mm WOLF primers were set aside for further measurements post testing.  This was a selection of primers from both those that did fire and those that didn’t.  The depth of penetration into the primer cap was measured using Keyence measuring equipment.

[image: ]
Graph 9 - Penetration depth of primers that did not fire


[image: ]
Graph 10 - Penetration depth of primers that did fire
7.3	Statistical Analysis
A statistical tool using R programming language was used to analyse the statistical probabilities of a primer firing for a given amount of kinetic energy.  The full tables of results are at Appendix B.   
Graph 11 - Kinetic Energy required to provide 99.9% probability of firing with a 99% confidence level


The graph shows the required kinetic energy to cause primers to function 99.9% of the time with a confidence level of 99%. 
8.0	Discussion

Test Results
As shown by the Kinetic Energy vs Fire/No Fire graphs there is a range of KE between ‘All Fire’ and ‘No Fire’, whereby if a pin flight impacts the primer with a KE between these two figures, the result isn’t certain and could result in either a Fire or No Fire.  This overlap or window of uncertainty, in terms of firing probability, is common for all of the primers tested.  The size of this window is a measure of the variance 
The range of overlap for Berdan primers was on average 0.44 J compared to 0.38 J for Boxer primers.
The results appear to show that the method of primer initiation i.e. Berdan or Boxer priming system has an effect on the sensitivity of the primer.  The lowest recorded kinetic energy that successfully initiated a Berdan primer was 0.137 J, compared to that of 0.119 J for a Boxer primer.  Clearly, this in itself is not enough to determine which is more sensitive than the other, as these figures represent the most sensitive primer within a batch and doesn’t take into account anomalies.  However, as shown in Graph 11, statistically the kinetic energy required to initiate a primer is less for the Boxer primers than it is for the Berdan primers.  This is a much more accurate way to determine the difference in primer sensitivity, as this uses statistical analysis to take into account the whole sample tested.  Based on these statistics, the Boxer primer is more sensitive than the Berdan primer, however, this project only tested 8 different batches of ammunition and further work comparing the sensitivity of Berdan vs Boxer primers would need to be done to confirm this.
Research has shown that measuring the depth of penetration is a reasonable method of calculating the delivered energy of a firing pin.  Graphs 9 and 10 show the depths of primer penetration for a range of kinetic energies.  Graph 9 shows that there is a clear linear relationship between the kinetic energy of firing pin and the distance of penetration which supports the research.  Graph 10 shows no clear trend.  This is likely due to the effects of the primer functioning and causing it to distort the shape of the primer cap thereby making it difficult to measure.
The statistical results (shown in Appendix B) can be used to determine the required kinetic energy in order to either be 99.999% confident it will function, or alternatively, that the probability of it functioning is 0.001%, at both 95 and 99% confidence levels. This data will be useful for those designing firearms, specifically those that fire 9x19 mm ammunition.  
The highest Kinetic energy that resulted in a No fire, across all batches, was 0.185 J, therefore when KE was greater than 0.185 J, all primers fired.  Statistically, the results show that between 0.1889 - 0.2166 J is required to provide a 99.9% probability of firing with a confidence level of 99%.  Jussila calculated that the Glock 17 provided on average 0.198 J of energy, which would be sufficient to initiate all of the primers tested in this project.  However, 

Accuracy of Results
The accuracy of the results depend on a number of factors;
The data recorder that records the time at which the voltage drops in each light gate is limited to recording data every 4 micro seconds (0.000004 seconds).
In designing the test rig, the distance between each of the light sensors was determined to be 15 mm, resulting in a total distance between light sensors 1 and 6 as 75 mm.  The velocity was calculated using these figures.  Subsequent measurement was conducted, using a depth micro-meter and multi-meter, to record the distances between the gates.  This resulted in a distance of 75.05 mm which is due to small tolerance in manufacture. This has a negligible effect on the calculated velocity and resulting kinetic energy.
In order for the testing to be representative of a Glock 17 pistol, the tips of a range of standard firing pins were scanned and weighed, and the tip profile was then replicated and machined onto a pin flight.  The pin flights underwent a process of heat treatment/hardening in order to prevent the tip from wearing which ensure that the tip profile remained the same for all firings.  The average mass of a standard firing pin was measured to be 7.4 g.  The pin flight used in the test weighed 7.37 g caused due to the effects of the heat treatment process, but this difference of 0.03 g was deemed acceptable due to slight variations in standard firing pin masses, and the negligible effect on kinetic energy calculated.
Little information was found regarding the pin protrusion details of a Glock 17, other than it must protrude sufficiently.  The pin protrusion of two different pistols was measured at 1.625mm.  This was replicated in the rig by manufacturing a washer which only allows the correct pin protrusion through to impact the primer cap.  The final protrusion was 1.631mm due to tolerances during the manufacturing and this was deemed acceptable.
Factors to consider
Usually primer sensitivity testing is conducted using newly manufactured primers that have been stored in a controlled condition.  The primers tested in this project were from a wide variety of manufacturers, of different ages and stored in unknown conditions.  In addition to this, there was a considerable amount of time between preparing the primers (de-bulleting) and the test itself, whereby it’s possible for the primer cap composition to absorb moisture from the air.  These may have an effect on the sensitivity of the primer and must be taken into account if comparing these results against other tests.  It cannot be said in this report how these factors affect the sensitivity, further testing would need to be done to compare the sensitivity of new vs aged primers, with all other factors remaining constant.
The research conducted as part of this project found that assessing a primer’s sensitivity based solely upon the kinetic energy delivered by the firing pin is not entirely adequate.  For example, you could put a primer in a vice and slowly crush it flat without it igniting.  The key to igniting a primer is not simply applying sufficient energy, but applying that energy over a short enough period of time to generate the shock necessary to ignite the primer composition.
This test used a projected ‘free flight’ pin and on impact with a primer, the pin flight would bounce back up the barrel a short distance.  As a result not all of the calculated kinetic energy is transferred directly into the primer, but how much energy is lost because of this wasn’t calculated.  It was not considered an issue when comparing the batches of primers against each other, as all of the primers tested experienced the same.
However, although this test did attempt to be representative of a specific firearm, the results from this test cannot be directly compared to the delivered firing pin energy of a Glock 17.  This is because the firing pin transfers it’s energy into the pin differently. 
In a Glock 17 pistol pulling the trigger causes the trigger bar to pull the firing pin back and compress the firing pin spring.  When the trigger reaches a certain point the firing pin is released and the stored spring energy is converted into firing pin kinetic energy.  When the firing pin impacts the primer there is still energy within the spring that counters the bounce back.  The energy that remains in the spring is still acting on the firing pin during impact, so the mass of the spring and spring force also contribute to the energy imparted into the primer.  This is not reflected in the test.   


9.0	Conclusion

This project successfully identified the hazards involved in firing small arms primers and suggested appropriate controls and mitigation to bring the risk to ALARP.  With these controls in mind a method and procedure was created that ensured the process of firing primers was safe.  In addition to this, the procedure was efficient which allowed for a large sample of primers to be tested.
The test rig that was developed for this project managed to achieve the six essential testing requirements
Due to the large sample size, it can be said that the results are a fair reflection of the primers tested.  The project has delivered in terms of gaining a better understanding of the sensitivity of primers used within 9x19 mm ammunition and the results are very effective at comparing the sensitivity of the different primers under test.  Berdan primers appear to be less sensitive than Boxer primers and require more energy to function, albeit not by much. 
This project attempted to be a representation of the action of a Glock 17 pistol.
What it means?

Reflection –
This testing method, by design, produces a large number of primers which do not function as intended after energy is imparting in to them. These primers are then treated as misfires. Initial plan to segregate and dispose of via burning.
Quickly became apparent during the testing that his would mean ammunition containers containing misfire primers sat around for longer than necessary due to slow disposal procedures.  
Author changed the procedure to prevent this, by segregating the misfires and then putting them back through the rig, with much higher pressures and velocities, to force them to function.

This test rig and procedure enables the user to control a number of variables and directly compare the sensitivity and reliability of different primers.
A lot of effort was put into manufacturing a pin flight that were representative of the Glock 17 firing pin.  This was partly because of the delivered firing pin energies found in the study by Jusilla.  Rather than using a generic hemisphere firing pin, the author decided to copy the Glock 17 firing pin to see how the results compared to this research.  
While carrying out this project the author gained a better understanding of how firing pin energy is transferred to the primer.  This test rig and procedure enables the user to control a number of variables and directly compare the sensitivity and reliability of different primers.  However, as referred to in this report, the delivered energy of a Glock 17 firing pin

10.0	Recommendations
Future testing – looking at how varying mass and velocity for a given impact kinetic energy affects the results
How tip profile shape affects the energy transfer
Further investigation is required into the relationship between Ewe and the energy actually absorbed by the primer cap subject to deformation.
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Appendix B

	
	99.9%
	99.99%
	99.999%
	99.9999%

	TULA 300 9x19mm
	0.1922 - 0.2133
	0.1994 - 0.2243
	0.2057 - 0.2338
	0.2112 - 0.2424

	IMI L18A1 9x19mm 300
	0.1785 - 0.1962
	0.1846 - 0.2055
	0.1899 - 0.2136
	0.1946 - 0.2208

	RG 9mm 1987 300
	0.1920 - 0.2106
	0.1978 - 0.2198
	0.2029 - 0.2278
	0.2074 - 0.2350

	S&B 2016 Boxer 9x19mm 300
	0.1842 - 0.2019
	0.1908 - 0.2118
	0.1965 - 0.2203
	0.2016 - 0.2281

	IMI Carbine 9x19mm 300
	0.1758 - 0.1905
	0.1812 - 0.1986
	0.1859 - 0.2057
	0.1901 - 0.2120

	Brown Bear 9x19mm Berdan 300
	0.1913 - 0.2103
	0.1983 - 0.2208
	0.2044 - 0.2300
	0.2098 - 0.2382

	WOLF 9x19mm Berden 300
	0.1900 - 0.2074
	0.1964 - 0.2170
	0.2019 - 0.2254
	0.2069 - 0.2329

	MAGTECH 9x19mm Boxer 300
	0.1752 - 0.1910
	0.1813 - 0.2001
	0.1866 - 0.2080
	0.1914 - 0.2151


Table 1 : Expected Kinetic Energy for varying probabilities of perforation at the 95% confidence level
	
	0.1%
	0.01%
	0.001%
	0.0001%

	TULA 300 9x19mm
	0.1034 - 0.1231
	0.0925 - 0.1158
	0.0829 - 0.1096
	0.0743 - 0.1040

	IMI L18A1 9x19mm 300
	0.1037 - 0.1202
	0.0944 - 0.1141
	0.0864 - 0.1088
	0.0792 - 0.1041

	RG 9mm 1987 300
	0.1188 - 0.1359
	0.1096 - 0.1301
	0.1016 - 0.1250
	0.0945 - 0.1205

	S&B 2016 Boxer 9x19mm 300
	0.1033 - 0.1207
	0.0934 - 0.1141
	0.0848 - 0.1083
	0.0771 - 0.1032

	IMI Carbine 9x19mm 300
	0.1089 - 0.1240
	0.1008 - 0.1186
	0.0937 - 0.1140
	0.0873 - 0.1098

	Brown Bear 9x19mm Berdan 300
	0.1049 - 0.1237
	0.0943 - 0.1166
	0.0852 - 0.1105
	0.0769 - 0.1051

	WOLF 9x19mm Berden 300
	0.1115 - 0.1284
	0.1019 - 0.1220
	0.0935 - 0.1164
	0.0861 - 0.1115

	MAGTECH 9x19mm Boxer 300
	0.1002 - 0.1164
	0.0911 - 0.1103
	0.0832 - 0.1050
	0.0761 - 0.1003


Table 2 : Expected Kinetic Energy for varying probabilities of perforation at the 95% confidence level
	
	99.9%
	99.99%
	99.999%
	99.9999%

	TULA 300 9x19mm
	0.1889 - 0.2166
	0.1955 - 0.2282
	0.2012 - 0.2383
	0.2063 - 0.2473

	IMI L18A1 9x19mm 300
	0.1757 - 0.1990
	0.1813 - 0.2088
	0.1862 - 0.2173
	0.1905 - 0.2249

	RG 9mm 1987 300
	0.1890 - 0.2136
	0.1943 - 0.2233
	0.1989 - 0.2318
	0.2030 - 0.2394

	S&B 2016 Boxer 9x19mm 300
	0.1814 - 0.2047
	0.1875 - 0.2151
	0.1927 - 0.2241
	0.1974 - 0.2322

	IMI Carbine 9x19mm 300
	0.1735 - 0.1928
	0.1784 - 0.2014
	0.1827 - 0.2088
	0.1866 - 0.2155

	Brown Bear 9x19mm Berdan 300
	0.1883 - 0.2133
	0.1947 - 0.2244
	0.2004 - 0.2340
	0.2054 - 0.2427

	WOLF 9x19mm Berden 300
	0.1873 - 0.2101
	0.1931 - 0.2203
	0.1982 - 0.2291
	0.2028 - 0.2370

	MAGTECH 9x19mm Boxer 300
	0.1727 - 0.1935
	0.1784 - 0.2031
	0.1833 - 0.2114
	0.1876 - 0.2189


Table 3 : Expected Kinetic Energy for varying probabilities of perforation at the 99% confidence level
	
	0.1%
	0.01%
	0.001%
	0.0001%

	TULA 300 9x19mm
	0.1003 - 0.1262
	0.0888 - 0.1195
	0.0787 - 0.1138
	0.0697 - 0.1087

	IMI L18A1 9x19mm 300
	0.1011 - 0.1228
	0.0913 - 0.1172
	0.0829 - 0.1123
	0.0752 - 0.1080

	RG 9mm 1987 300
	0.1161 - 0.1386
	0.1064 - 0.1333
	0.0979 - 0.1287
	0.0904 - 0.1246

	S&B 2016 Boxer 9x19mm 300
	0.1005 - 0.1234
	0.0901 - 0.1173
	0.0811 - 0.1121
	0.0730 - 0.1074

	IMI Carbine 9x19mm 300
	0.1065 - 0.1264
	0.0980 - 0.1215
	0.0905 - 0.1172
	0.0838 - 0.1133

	Brown Bear 9x19mm Berdan 300
	0.1019 - 0.1266
	0.0908 - 0.1202
	0.0811 - 0.1146
	0.0725 - 0.1096

	WOLF 9x19mm Berden 300
	0.1089 - 0.1310
	0.0987 - 0.1251
	0.0899 - 0.1200
	0.0820 - 0.1155

	MAGTECH 9x19mm Boxer 300
	0.0976 - 0.1190
	0.0880 - 0.1133
	0.0797 - 0.1085
	0.0722 - 0.1041


Table 4 : Expected Kinetic Energy for varying probabilities of perforation at the 99% confidence level




Kinetic Energy required to provide 99.9% probability of firing with a 99% confidence level
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