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Modern militaries and law enforcement agencies often face the challenge of safely demilitarizing surplus or defective ammunition. Disassembling live rounds by hand is hazardous, labour-intensive, and error-prone, posing risks of accidental discharge or exposure to explosives [1]. Automating this process can dramatically improve safety by removing humans from direct contact with live ammunition.
Collaborative robotic arms (cobots) are well-suited for such tasks – they can perform repetitive actions with high precision and consistency, without fatigue or human error [2] [3]. Using a cobot to dismantle 7.62×39 mm cartridges (the standard AK-47 round) promise greater safety, precision, and repeatability in the disassembly process. In addition, automation enables the recovery of valuable components with minimal damage, avoiding the waste of destructive disposal methods [4]. This project proposal outlines a plan to develop and test an automated ammunition disassembly system using a Universal Robots collaborative arm, focusing on operational safety and reliability.
The following proposal is structured according to a standard research project format. We begin with background information on robotic systems and ammunition disassembly challenges, then define the aims and objectives. The experimental design section details the proposed disassembly process, required equipment, data collection, and safety measures. A resources and planning section outlines the necessary resources, project timeline, and milestones (illustrated with a Gantt chart). The proposal concludes with references to relevant literature, technical documentation, and safety guidelines, as well as a bibliography of additional resources.
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Robots and Cobot Technology.
Robotics and Cobot Technology Collaborative robots (cobots) are a class of robotic arms that are designed to work alongside humans. Universal Robots (UR) cobots, such as the UR5e, have become popular in industry for automating repetitive or hazardous tasks. The UR5e model can handle payloads up to 5 kg with a reach of 850 mm with the appropriate fixtures. The use of robots offers high precision, with repeatability on the order of ±0.03 mm, which is fundamental for repetitive precise operations like gripping a small round and extracting its components without damage [2][4][5]. This series of Cobot also integrate force-torque sensors and stop mechanisms to prevent excessive force, enhancing safety when unexpected resistance or obstacles are encountered. 
In manufacturing and assembly contexts, cobots have proven their ability to increase safety and productivity by taking over dangerous and tedious tasks. Cobots can be quickly reprogrammed or fitted with different tools for new processes, offering flexibility for small-batch or R&D applications. This project will leverage these advantages, using the cobot to perform the physically hazardous steps of ammunition disassembly with machine precision, while human personnel will provide minimal oversight [3]. The use of a collaborative robot (as opposed to a traditional industrial robot) is also motivated by its inherent safety design – if a person inadvertently enters the work cell or if an abnormal event (e.g. an explosion) occurs, the cobot can detect collisions or high forces and halt, potentially mitigating injury or further damage. Overall, robotic automation is a compelling solution to make ammunition demilitarization tasks more consistent. 
Current practices and gaps: 
 In the absence of specialized machinery, ammunition is often demilitarized by destructive methods (burning or detonating stockpiles in blast furnaces or open burn pits) or by manual disassembly using bullet puller tools and kinetic hammers. Some industrial demilitarization systems exist (e.g. large scale “pull-apart” machines for artillery shells), but these tend to be one-off, inflexible setups dedicated to specific munitions and requiring massive infrastructure [1][3][6]. For small arms ammunition like 7.62 mm rounds, automation is not yet widespread, especially at a scale and cost feasible for laboratory or small-scale use [3][7]. This project thus addresses a clear gap by developing a laboratory-scale automated disassembly process for 7.62×39 cartridges, using off-the-shelf robotic technology. 
Safety and regulatory context: 
Handling live ammunition for experimentation requires adherence to strict safety regulations and protocols. In the UK, for example, the Explosives Regulations 2014 and associated guidance mandate risk assessments, licensed storage conditions, and qualified personnel for any activity involving live ordnance. By automating the process, the aim is to reduce human exposure to danger, aligning with the defence industry’s goal of using robotics to perform “dangerous for workers” tasks and leave humans in supervisory roles. This approach not only safeguards personnel but also contributes to efficient stockpile reduction, since automated systems can potentially operate continuously and handle thousands of rounds with consistent procedure. It is worth noting that research into automated ammunition disassembly is an emerging field. For instance a method to safely unscrew fuzed components from munitions by synchronizing the backing out of the screw to prevent friction ignition [8].
[bookmark: _Toc200660287]3. Aims & Objectives

Aim: To develop and validate a safe, automated, and repeatable process for disassembling 7.62×39 mm ammunition using a Universal Robots collaborative robotic arm. 
Objectives:
To design a robust disassembly system and to implement and program the cobot operation to perform the full disassembly cycle semi- autonomously, whilst also considering Integrate sensor feedback and safety controls (force sensing, vision or proximity sensors, interlocks) to detect anomalies and to immediately stop the process if any unsafe condition arises. 
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Process Overview: 


[bookmark: _Toc200656136]Figure 1: Displays a Stepwise approach demonstrating how a Universal Robots collaborative arm will facilitate the breakdown of a 7.62mm projectile. 

Throughout the process, safety interlocks and sensor feedback will play a critical role. The cobot’s force-torque sensor will detect if, for example, the bullet is stuck and requires force above a safe threshold – in which case the system can abort and alert an operator rather than persist and risk an incident. A position sensor could also confirm when the bullet separates. Additionally, before each cycle, the system can perform a brief self-check. The robot will not commence operation unless a safety prompt/ signal is given. These measures ensure that the automation always operates within safe limits. 
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A crucial part of the experimental design is collecting data to evaluate the process performance and safety. The following data will be gathered during test runs: Extraction Force Profile: Using the cobot’s sensors, we will record the force applied during bullet extraction for each round. This will be analysed to determine the peak force required to unseat the bullet and to ensure it stays below safety limits (if unexpectedly high forces are needed, that indicates a potential problem like an overly tight crimp or a stuck bullet). A successful disassembly should show a force that rises to a moderate peak then drops when the bullet pops free. Fundamentally meaning the following will be recorded: 
· Cycle Time per Round
· Success Rate and Failure Modes
· Incidents or Safety Events
· Qualitative Observations
[bookmark: _Toc200660290]4.3 Risks & Limitations
Working with live ammunition entails inherent risks, as such all tests will be performed upon deactivated munitions. There is still an outstanding intrinsic risk to using Cobot arms and a thorough risk assessment will guide this project at every stage. Additional risk is present should budgetary commitments change during the process of this project. 

[bookmark: _Toc200660291]4.4 Ethical Issues
The project will adhere to ethical guidelines and legal requirements at all times. Ethically, there is an obligation to minimize risk to any personnel. Any person involved will be informed of the hazards and trained in emergency procedures and processes. There will be no live-disassembly demonstrations to the public or outside personnel without stringent safety measures, to avoid any chance of harm to untrained individuals. Finally, the outcome of this project will be documented responsibly. We acknowledge that such a process has dual-use implications it could theoretically be misused to tamper with ammunition. Therefore, details like specific jig designs will be shared in a controlled manner, and any publication will be reviewed to ensure it doesn’t inadvertently facilitate unsafe or illicit activity, or breach classifications. The intent of this research is to contribute to safer ammunition disposal techniques in authorized settings, and all project activities will reflect that intent. 

[bookmark: _Toc200660292]6. Resources & Planning 
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[bookmark: _Toc200660294]6.1.1 Physical Resources

[bookmark: _Toc200656149]Table 1: Displays the proposed materials that are currently within the scope of this study, scope of study might change, depending upon the direction of the project, and ultimately the end customers’ requirements.
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The project will be executed by one primary researcher (the proposing student) working full-time on it as a final-year project. This researcher will be responsible for design, programming, and testing under supervision. A faculty supervisor (with expertise in robotics) will provide guidance, and a workplace engineers will assist in manufacturing the custom fixtures and in setting up the robot cell. It’s also prudent to involve the employer’s safety officer or an explosives safety specialist at the planning stage to review the proposed methods. While not full-time on the project, such personnel will provide critical oversight at key points. Should the project require skills beyond the immediate team (for instance, writing interface code or advanced data analysis), we have access to other staff in the robotics group to consult. 
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[bookmark: _Toc200656150]Table 2: Displays a Gantt Chart that illustrates the proposed timelines for work.
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Collect Round


A 7.62 round will be collected by the Cobot


Position round 


The Cobot will place the round into a fixture device 


Remove Projectile


Segregate projectile 


Segregate Propellant


Segregate Casing


The Cobot will remove the projectile from the casing


The cobot will place the projectile into a container


The cobot will extract the propellant 


The cobot will place the casing into a container
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Equipment  Description / Function  

Universal  Robots Cobot  (UR5e)  6 - axis collaborative robotic arm (5 kg payload, 850 mm reach). Provides the   primary manipulation capability for picking and disassembling rounds. Offers   ±0.03 mm repeatability for precise handling and integrated force sensing   for  safety  

End - Effector  Gripper Tool  Custom gripper attached to the UR5e’s flange. Interchangeable fingers or   collets to securely grasp a 7.62 mm round and the bullet. May include a   specialized collet for the bullet to avoid slippage. Potentially equipped with   soft  jaws or a compliant   mechanism to prevent crushing the round.  

Lathe Chuck  Fixture  A three - jaw lathe chuck mounted on a fixed base (or small lathe bed). Acts as   a  secure clamp for the cartridge case during bullet extraction. The chuck is   oriented vertically and can be tightened either manually (in initial tests) or via   a  motor/air actuator under robot control. Its heavy steel construction also   serves  as a partial protective barrier for the primer.  

Force/Torque  Sensors  The UR5e has a built - in force - torque sensor at its wrist; additional external  sensors (if needed) can be attached to measure the extraction force more  directly. These sensors provide data on how much force is applied to the bullet  and can trigger a stop if   a preset limit is exceeded (to avoid pulling so hard as  to cause an accident).    

Containers  (Projectile &  Powder  Two separate containers for collecting disassembled components: one  hardened container (e.g. thick plastic or metal jar) for the bullets, and one anti - static container for the powder. These will be positioned within the robot’s  workspace so it can deposit  materials into them reliably.    

Control System  & Software  A control PC or the UR5e’s teach pendant running UR PolyScope software to  program the robot’s motions. Additional control scripts will coordinate the  chuck actuation and sensors. The software will log data (forces, cycle times) for  analysis.    

Miscellaneous  Power supply and air compressor (if using pneumatic chuck or vacuum for  powder), tool changers (if needed to switch gripper tools), lighting and  cameras (for monitoring and data collection) .     
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 Jun 2025  Jul 2025  Aug 2025  Sep 2025  Oct 2025  Nov 2025  Dec 2025  Jan 2026  Feb 2026  Mar 2026  

  Background Research      X    X    X    X        

  Design and Procurement        X    X    X       

  Assembly and Programming           X      

  Testing and Data Collection            X     

    Data Analysis & Evaluation             X    

  Report Writing and Finalisation               X    X  

 


