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Noise:
The first hazard identified was the noise from the gunfire. The AJAX armoured vehicle is equipped with powerful weapons systems including the 40mm Cased Telescoped Armament System (CT40) cannon and a 7.62mm coaxial machine gun [1]. The noise produced when firing these weapons presents a significant hazard to the vehicle’s crew.
Firstly, looking at the CT40 cannon, this is the primary weapon of the AJAX and is an advanced automatic cannon. This weapon is capable of firing a variety of munitions, including armour-piercing and high-explosive rounds, providing significant firepower for the vehicle. Firing of the CT40 cannon generates extremely high levels of impulse noise, of around 150dB. This sudden, intense noise can cause immediate and severe hearing damage if unprotected [2]. The operation of the firing mechanism and autoloader also contributes to overall noise, adding mechanical clatter to the explosive sound of firing. The 7.62mm coaxial machine gun is mounted alongside the main cannon and serves as a secondary weapon. This is used for engaging infantry and light vehicles and offering rapid-fire capabilities to complement the CT40 cannon. The rapid firing of this machine gun produces noise levels of approximately 140dB, with the bursts of gunfire creating a high-intensity noise environment. Sustained firing of the machine gun contributes to continuous noise exposure which can lead to hearing fatigue and damage. The AJAX armoured vehicle is also fitted with smoke grenade launchers, fitted on the vehicle to deploy smoke grenades for defensive purposes. This provides concealment and can obscure the vehicle from enemy targeting systems. The detonation of the smoke grenades is a lot less intense than the primary and secondary weapons but can still produce significant noise of around 120dB.
The firing of all 3 weapons systems can cause hearing damage. Exposure to high-decibel impulse noise from the CT40 cannon and coaxial machine gun can cause both temporary and permanent hearing loss without adequate hearing protection. High noise levels can also interfere with verbal communication among crew members, leading to potential operational errors. Continuous exposure to loud noise can increase cognitive and physics stress, reducing concentration, causing fatigue, and impacting overall performance and well-being. When analysing this in the risk assessment, it was deemed that the personnel affected would only be the tank crew of approximately 4 people. It was given a likelihood rating of 5 and a severity rating of 4, giving it an overall score of 20/25 on the risk assessment.
The first mitigation technique was to reduce the firing rate. By doing this, the occurrence of the noise hitting peak noise levels is reduced as well as decreased frequency of loud impulses. This means less risk of immediate hearing damage and less damage on hearing from impulse noise. The average noise levels in the vehicle are also reduced as continuous noise from sustained firing is minimised. With less sustained firing, it also means fewer mechanical vibrations and secondary noise. Other ways of reducing the risk caused by the noise hazard are engineering controls. Things such as advanced soundproofing materials within the vehicle to reduce noise transmission will reduce the chances of hearing damage to the crew. Procedural controls can also have a big impact on reducing the risk. Implementing procedures to limit exposure to the noise, such as rotating crew duties and scheduling regular breaks can have a big impact. This way ensures there is no impact on the testing, as well as the crew’s hearing not being damaged. PPE such as ear defenders will also reduce the risk caused by the noise hazard. With all the controls in place, the likelihood of the hazard remains at 5, however, the severity is reduced to 2, making the total risk 10. This is because it won’t do as much damage with all the control measures in place.
Fumes:
Firing of the weapons systems on an AJAX armoured vehicle generates hazardous gases and fumes which pose significant health risks to the crew. The CT40 cannon releases gases such as carbon monoxide (CO), nitrogen oxide (NO) and other combustion by-products when it is fired. The 7.62mm coaxial machine gun also generates hazardous gases and particulates from the machine gun’s propellant. The deployment of smoke grenades releases chemicals that can be harmful if inhaled in high concentrations as well. Overall, the likelihood was rated at 5 and the severity rated at 4. This gave it a rating of 20 for risk, and it was deemed to affect the tank crew; approximately 4 people.
Before implementing any controls, the risk posed by inhalation of hazardous gases and fumes from gunfire is significant. Inhalation of combustion by-products can cause immediate respiratory irritation, coughing and shortness of breath. Other affects include chronic respiratory conditions, cardiovascular diseases and increased cancer risk caused by prolonged exposure to hazardous gases or fumes. Exposure to high levels of CO and NO can also cause headaches, dizziness, confusion and, if severe enough, unconsciousness or death. The inhalation of fumes can impair cognitive functions and reduce alertness, increasing the likelihood of operational errors, causing safety concerns, and possibly leading to other hazards.
Looking at the controls and mitigations of the hazard, some of the more effective methods are engineering controls that are put in place. Ventilation systems in order to expel fumes from the vehicle interior and ensure a continuous supply of fresh air would make the breathing conditions much safer and reduce the risk of any respiratory issues caused by the hazardous fumes. Other engineering controls include using HEPA filters and activated carbon filters to remove particles and gases from the air, and sealed cabins for the tank crew in order to prevent the ingress of fumes. Some of the procedural controls include having a safe systems of work, as well as competent persons that understand it. Rotating the crew duties would also mean that crew aren’t exposed to the hazardous gases for as long. Regular maintenance of the weapons systems to ensure they are operating efficiently and emitting minimal fumes are important as well as operating procedures to limit the duration and intensity of the weapon. This ensures that the fumes being generated are reduced.  PPE such as respirators for use during extended firing operations are important to ensure the crew aren’t inhaling toxic fumes; as well as gas monitors to monitor the air quality and hazardous fumes in order to alert the crew if the levels of fumes reach a dangerous level.
The hazard of inhalation of hazardous gases and fumes from gunfire on the Ajax armoured vehicle poses significant health and operational risks. By implementing a comprehensive set of engineering controls, procedural controls, PPE, and training, these risks can be effectively managed and reduced to ALARP. This ensures the health and safety of the crew while maintaining the vehicle’s operational effectiveness. With the controls and mitigations, the likelihood is reduced to 3, and the severity is reduced to 2, making the total risk 6. 
Unintended initiation of ammunition:
Unintended initiation of ammunition on an Ajax armoured vehicle refers to the accidental discharge or detonation of the vehicle's stored or loaded munitions. This hazard can occur due to various reasons, including mechanical failure, human error, or external influences. The CT40 cannon uses high-explosive rounds, armour-piercing rounds, and other specialized rounds. The coaxial machine gun uses standard and other tracer rounds and then the AJAX also uses smoke grenades. The likelihood of this happening was scored at 2, and the severity was rated at 4, giving the total risk a score of 8.
The obvious risk that comes from unintended initiation of ammunition is injury or death. Accidental discharge or explosion can cause severe injuries or fatalities to the crew either due to blast or fragmentation. Another risk of accidental detonation is fires or secondary detonation, possibly from other rounds, which can cause widespread damage within and around the AJAX. The risk of unintended detonation can also cause the crew to suffer from significant stress and anxiety, affecting their performance and decision-making. There are also operational risks associated with unintended detonation. Explosions can damage the vehicle, leaving it inoperable. 
To mitigate the risk of unintended initiation of ammunition, several controls and mitigation measures are implemented. One control measure is to incorporate advanced safety features in weapon systems to prevent accidental discharge, such as safeties on firing mechanisms and secure storage racks for munitions. As well as this, ensuring the vehicle's interior environment is unlikely to trigger the munition, such as ensuring the temperature and vibrations aren’t severe, will also reduce the risk of unintended detonation. Less sensitive propellant and munition fill will also make the munition less prone to accidental detonation. There are procedural controls that can also help to reduce the chances of unintended detonation. Ensuring there is enough time between shots to allow the barrel to cool down, regular maintenance of weapons systems and ammunition storage, and competent crew members who are trained in the handling of ammunition will make the system safer and reduce the chances of accidental detonation of the ammunition.
 The hazard of unintended initiation of ammunition on an Ajax armoured vehicle poses significant health, safety, and operational risks. By implementing a comprehensive set of engineering controls, administrative controls, training, and PPE, these risks can be effectively managed and reduced. With the controls and mitigations in place, the likelihood of unintended detonation is reduced to 1, and the severity is still at 4, making the total risk a score of 4.
Traversing of the gun:
Traversing the gun on an AJAX armoured vehicle involves rotating the turret to aim the main weapon systems at a target. Doing this comes with several hazards. Firstly, there is hazard of injury. Crew members can suffer crush injuries if body parts are caught between moving parts of the turret or between the turret and the vehicle hull. Hands, fingers, or other body parts can also be caught in pinch points within the turret mechanism. As well as that, the turret is at risk of colliding with external obstacles such as buildings, trees, or other vehicles. This can cause damage to the vehicle and potentially harm the crew. Sudden movements of the turret may also lead to impacts against crew members not properly positioned or secured. Operational errors could possibly occur due to the rapid or unanticipated movement of the turret as it can affect the situational awareness of the crew. Another hazard is that improper or sudden movements can damage sensitive equipment mounted on the turret, such as the optics and sensors. Prior to the controls being put in place, the likelihood was scored at 3 and the severity at 3, making the total risk 9. 
To mitigate the risks associated with traversing the gun, several controls and mitigation measures are implemented. Beginning with the engineering controls, one option to reduce the risk is to install physical guards or barriers to protect crew members from pinch parts and moving parts. Interlocking systems can be implemented which prevent turret movement until all crew members are in safe positions. By doing this there is no risk of any personnel being crushed making it completely safe. Reducing the speed in which the turret moves at would also reduce the risk, however, could affect the performance of the AJAX. Another way of mitigating the risk is procedural controls. Having an operating procedure for safe turret operation in place with clear communication and designated safe zones will ensure crew members are less likely to be injured; as well as conducting pre-operation checks to ensure all safety mechanisms are functional and that the turret is clear of obstructions and personnel. The correct crew training to ensure crew members understand the risks, proper positioning and emergency procedures while also training them on situational awareness during turret operation will ensure the crew will stand well clear of the turret while it is moving and are less likely to be crushed or injured. PPE such as helmets and gloves will also protect the crew if they were to get caught by the traversing of the gun.
Traversing the gun on an Ajax armoured vehicle poses significant health, safety, and operational risks. By implementing a comprehensive set of engineering controls, administrative controls, training, and PPE, these risks can be effectively managed and reduced. Having put all the controls and mitigations in place, the likelihood was reduced to 1 and the severity was reduced to 2, making the final risk 2.









ALARP
As low as reasonably practicable is a method used in the management of safety in a system. It is used to reduce risk to the lowest level which is achieved within reason. Essentially, it is a way of balancing cost and effort used in reducing risk against the benefit that is gained. For a risk to be considered ALARP, the cost of further risk reduction must be grossly disproportionate to the benefit gained. By using ALARP, risk is reduced first through identifying what the risks of a system are. This can be done by using ERICP. This first looks at eliminating the hazard altogether. This is best case scenario as if the hazard can be eliminated then there is no longer a problem. If this is not possible, the next step is to look at reducing/substituting the hazardous materials or processes with safer alternatives. Isolating the hazard means separating the hazardous areas/activities from people or other assets so that no one is harmed by the hazard, however it is still there. ERICP then looks at engineering controls to modify systems or processes to reduce risk. The last part looks at the PPE that can be worn in order to reduce the affect of the hazard. ALARP is also important for legal compliance. If there was to be an incident at a workplace causing a legal case, the workplace may need to demonstrate the use of ALARP when considering the hazards. By showing the use of ALARP, it shows that the hazard was identified and controlled to a reasonable level. If it is deemed that the risk management wasn’t to the standard of ALARP, and that more could have been done to control the hazard, then the company could be fined. It can make legal proceedings much simpler and quicker if a company can show that they used ALARP to a fair level. 
For this part of the assignment, the use of ALARP on an AJAX to control the noise hazard will be explained. AJAX had suffered excessive noise and vibration problems which had been a big issue and caused injuries to crew members. This caused trials to be halted until the problems were resolved [3]. The armoured vehicle was originally meant to be delivered in 2017, however that was delayed until 2020. This was when trials were halted due to excessive noise and vibration. During an investigation by the MOD, it was found that there was excessive noise. The INM issued a full report which concluded that exposure to noise and vibration inside the armoured vehicle was likely to exceed the exposure action values stated in the Control of Noise at Work Regulations 2005 [4]. 
When looking at the hazard itself, there is multiple causes of the high levels of noise exposure in AJAX. Firstly, the engine noise. The AJAX is powered by a diesel engine, which can generate significant noise during operation. The noise level depends on the engine’s output, RPM, and maintenance status. The vehicle’s engine and transmission systems generate significant noise, especially during high-speed operations. 
Another source of noise is the weapon systems. The firing of the vehicle’s primary and secondary weapons can produce extremely high noise levels. The main weapon is the CT40 Cannon. This is a 40mm Cased Telescoped Armament System which is a highly advanced and powerful automatic cannon. This does however come with a high noise hazard, as the discharge of the CT40 cannon produces noise levels often exceeding 150dB due to the explosive force required to propel the 40mm projectiles at high velocities. The operation of the cannon’s firing mechanism and autoloader also contribute to the overall noise level. The AJAX is also fitted with a 7.62mm coaxial machine gun which is mounted alongside the main cannon. The machine gun produces high noise levels during rapid firing sequences, often reaching approximately 140dB. There are also smoke grenade launchers that the vehicle is equipped with. These aren’t as intense as the main cannon or machine gun; however, they can still produce significant noise levels of around 120dB.
The movement and operation of the AJAX also causes a fairly significant level of noise. The noise from the tracks and suspension, especially on rough terrain, contributes to overall noise exposure. All these various causes of high noise levels have an affect on the crew. Prolonged exposure to high noise levels can lead to permanent hearing damage. Even if the firing of the weapons systems isn’t as regular, the noise from the engine and transmission for a long period of time could have a serious affect on the crew’s hearing. High noise levels can also interfere with communication. If communication among crew members is impaired by the noise, it could lead to operational errors. Cognitive and physical stress is another issue caused by exposure to loud noise for an extended period of time. This is due to the continuous exposure to loud causing fatigue, reducing concentration and increasing stress.
The noise hazard presented by AJAX is rather significant and a main reason of trials originally being stopped. Despite this, there are mitigation methods in place in order to ensure that the noise hazard is ALARP. One of the main issues with the noise hazard is there is no way of eliminating it completely. The armoured vehicle is always going to make a reasonable amount of noise, even when not firing the weapons systems. This makes it difficult to deal with, however there is ways of reducing it. The next best alternative to eliminating the hazard is to reduce/substitute the hazardous material or operation. This can be achieved by reducing the firing rate. If the weapons systems are being fired less regularly, the crew aren’t exposed to it as much and the hazard isn’t as much of a risk. This would work during trials, however, in operation it might not work as well.
Another method for dealing with the hazard, is isolating it. One way of doing this would be to get rid of the tank crew and have the AJAX automated. However, this would cost more than the benefit would be worth and wouldn’t fit ALARP. However, there are controls to lessen the risk of the noise hazard. Firstly, engineering controls such as soundproofing and insulation can be used in order to reduce the impact from the noise. Installing high-quality soundproofing materials to absorb and dampen noise would lower the overall noise levels caused by the weapons systems. As well as this, structural modifications can help lower the noise level by enhancing the vehicle’s structural components to reduce vibration transmission. If the AJAX isn’t vibrating as much then the overall noise level will be slightly reduced. The other control methods that can be implemented are procedural. One example of this is reducing exposure limits. By implementing procedures to limit exposure to high noise levels, the crew are less likely to have their hearing damaged. This could be by rotating crew duties or scheduling regular breaks. Another procedural control that could be introduced is to provide comprehensive training on the use of hearing protection and the importance of adhering to noise exposure guidelines.
Finally, the use of correct PPE is another solution to dealing with the noise hazard. Ear plugs and noise cancelling headsets given to the tank crew will reduce the damage caused by the noise hazard. Other important measures that should be taken include noise monitoring and crew feedback. Continuously monitoring noise levels within the vehicle will ensure they remain within safe limits. Crew feedback is important for if the noise levels increase suddenly, as well as being useful to suggest improvements. 
In conclusion, the noise hazard posed by the AJAX is quite significant, however, with the correct mitigation measures it can be managed and can ensure they are ALARP. The weapons systems on the AJAX armoured vehicle, in particular the CT40 cannon and coaxial machine gun, create significant noise hazards due to the high intensity sounds of firing and mechanical operations. By implementing a combination of engineering controls, procedural controls. PPE, etc. the noise risks are managed to ensure they are ALARP, therefore protecting the health and safety of the crew while maintaining the vehicle’s combat effectiveness. Any further efforts to reduce the noise hazard, or the risk it poses to the tank crew, would probably be unnecessary and unlikely to have too large of an effect for the cost and effort it would require.
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