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Figure 1 illustrates Prevent & Equality Certification
In modern manufacturing environments, the ongoing demand for improved reliability, efficiency, and compliance with safety standards has driven the need to upgrade legacy systems and equipment. This report outlines a project proposal focused on the electrical upgrade of an existing industrial machine ‘The Bonemaster 2’ which is currently used for the coating of prosthetic implants such as titanium hips and kneecaps with calcium phosphate. The current system relies on outdated electrical components, including the PLC, HMI, motor drive, and servo drive, which reduces reliability, increases the risk of failure, and makes future maintenance difficult. The goal of this product is to replace these older parts with modern alternatives that will improve overall performance, safety and make future maintenance easier. This report will also explain the purpose of the upgrade and outline how the project will be delivered. It will include the projects aims and objectives, background research, and a detailed description of the design process. It will also present the planning strategy, the expected outcomes and the final deliverables. In addition, key aspects such as safety compliance, risk assessment, and ethical and environmental considerations will be discussed, along with how each one affects the planning and implementation of the project. All aspects of the upgrade will be aligned with relevant European engineering standards such as the EN 60204-1 Electrical equipping of machines [1], EN 945-1 Safety concerned parts of steering [2], EN 1050 Hazard report [3]. 
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Figure 2 shows new components used in project
The aim of this project is to modernise the electrical systems of 'The Bonemaster 2’ – an industrial coating machine used to apply calcium phosphate to titanium prosthetics such as hips and kneecaps. This process facilitates osseointegration, allowing implants to bond with natural bone [4]. The upgrade focuses on improving system performance, safety, and reliability by replacing outdated components and enhancing user interaction through updated control and monitoring solutions. To support this aim, the following objectives have been identified 
· Replace the outdated Jetter JetControl PLC with a Siemens S7-1200 PLC, offering modern communication protocols, better scalability, and integration with TIA Portal for configuration [5].
· Upgrade the legacy Jetter HMI with a Siemens SIMATIC HMI to enhance user interaction, diagnostics, and operational feedback [6].
· Replace the Stöber Drive and motor system with a Siemens SINAMICS drive [7] and servo motor [8], ensuring more accurate control of the vertical axis.
· Improve usability by introducing new operator features, including a USB port and barcode scanner mount for tracking products and identification.
· Guarantee compliance with applicable with European safety and control directives, ensuring a safer, more maintainable system.
· Extend the machines service life while reducing future downtime.
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‘The Bonemaster 2’ machine is used in the production of orthopaedic prosthetics, specifically titanium hip and kneecap implants. It performs a specialised coating process in which calcium phosphate is deposited onto the surface of the implant. This is because pure titanium wont bond to bone whereas calcium phosphate allows prosthetic to integrate to existing bone structure [9] [10]. This coating plays a vital role in osseointegration, the biological process by which bone tissue attaches to the surface of an implant [4]. Without this coating, titanium remains biologically inert, meaning it will not naturally bond with surrounding bone tissue, potentially compromising the stability and long term success of the implant [9] [10].
The coating process relies on a combination of mechanical movement and electrical induced chemical activity. The machine uses a motorised arm to lower the prosthetic into a coating bath, where electrical probes apply current to initiate the coating finish. After coating, the part is raised into a drying unit. This process demands reliable motion control, precise timing, and safe power delivery, all of which depend on a functioning and compliant electrical control system.
The original system, while effective, relied on legacy components including a Jetter JetControl PLC, Jetter HMI, Stöber drive, and Stöber motor that are no longer supported by the manufacturer. Obsolete hardware increases the likelihood of failure [11], complicates maintenance, and may not comply with updated safety standards. Replacing these components with modern Siemens systems offers significant benefits in terms of reliability, diagnostic capability, and safety.
Modern Programmable logic controllers (PLCs), such as the Siemens S7-1200 offer enhanced processing power, flexible I/O configurations, and native integration with engineering software like TIA Portal [5] [12]. Human machine interfaces (HMIs) have also evolved to support touch functionality, graphical feedback, and better fault detection, which contributes to faster fault response and reduced downtime [6].
Upgrading rather replacing the machine supports sustainability and cost-efficiency. It allows the retention of working mechanical systems while aligning the electrical control system with modern operational and regulatory requirements [13] .
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Figure 3 illustrates Electrical drawings of project
The design of ‘The Bonemaster 2’ electrical upgrade was based on replacing obsolete control hardware with modern, efficient, and maintainable Siemens components. The project retained the existing mechanical framework, including the structural cabinet, lifting mechanism, and electrical probe arrangement, while focusing on rewiring, reconfiguration, and safe integration of the updated control system.
At the core of the system is a siemens S7-1200 PLC, selected for its flexibility, ease of programming in TIA portal, and a compatibility with digital and analogue I/O expansion modules. The PLC is responsible for managing all core operations, including temperature monitoring, motor control, user input via the HMI, and safety functions. 
The HMI interface was upgraded to a modern Siemens Simatic touchscreen, enabling real time monitoring of system status and user input for control operation. The panel allows the operator view temperatures, system status, and error conditions. Key features added include LED indicators for visual feedback, a front mounted USB port for data access, and a scanner holder to support traceability in a production environment. 
Motor control was updated by replacing the original Stöber servo drive and motor with a compatible Siemens drive and servo system, allowing precise vertical motion of the mechanical arm used to lower and raise parts during the coating process. 
The electrical panel was redesigned and documented using CAD software, ensuring an organised layout with grey slotted trunking for efficient cable management. As shown in the provided diagrams, all input and output wiring are carefully labelled and routed to meet EN 60204-1 standards [1]. The system uses a 400V/50Hz 3-phase main supply, while a 24VDC control circuit and 250VDC auxiliary voltage. 
Temperature sensors monitor both the air dryer and water bath. Their data is fed into the analogue input module and used in logic to trigger over temperature errors or system shutdowns if thresholds are exceeded. The arm movement is movement is monitored by reference and limit switches to prevent overtravel or collision. A fault LED alerts operators to any system issue, while logic conditions block further operations until faults are cleared.
[bookmark: _Toc203394129]Resources 
The electrical upgrade of ‘The Bonemaster 2’ machine requires a range of hardware, software, materials, facilities, and personnel. The project is being carried out by 1 apprentice engineer with additional support and guidance by 2 supervisors to ensure safety, accuracy and adherence to safety standards.  
The software used for programming and system configuration is TIA Portal V19, which supports the Siemens S7-1200 PLC and associated components. CAD software was also used to develop panel layouts and electrical schematics to assist with both the design and documentation phases.
Hardware includes the Siemens S7-1200 PLC with expansion modules such as the Siemens S7-1200 16 channel Digital Input Card, Siemens S7-1200 16 channel Digital output card and Siemens S7-1200 RTD temperature card. Hardware also includes a Siemens WinCC 7-inch Unified Comfort Panel, Siemens Sinamics V90 Servo Drive, Siemens Sinamics V90 Servo Motor, Power cable, Feedback cable and Brake cable. The panel features grey slotted panel trunking and standard wiring components. The system also integrates new features such as a USB port, a scanner holder, an internal LED light, and a fan for drying coated parts. Functional components specific to the process like a mechanical lifting arm, glass beakers for calcium phosphate application, and electrical probes to apply current during the coating process.
All work is being carried out in an industrial workshop. Upon completion, testing will be conducted on-site with input from customer representatives to verify performance and satisfaction. Final steps will include safe packaging and delivery arrangements, which are covered under the total project cost.
The total cost of the upgrade including all materials, labour and logistics is £48,662.64.
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Figure 4 illustrates Gantt Chart
Effective planning is essential to ensure that ‘The Bonemaster 2’ upgrade is completed within the project timeline and adheres to the quality and safety standards. A 30-day Gantt chart has been developed to outline each task and its corresponding duration, dependencies, and order of execution. 
The planning phase begins with establishing project objectives and holding consultations with the customer and internal team, to define expectations and identify requirements. These initial steps guide the development of a project plan and budget, followed by setting a realistic deadline for completion. Once the scope is defined, the focus shifts to determining the necessary hardware components and resources needed for the electrical upgrade.
The core technical activities follow, beginning with programming the S7-1200 PLC using TIA Portal V19 and developing a CAD schematic for the updated electrical system. Once the design is approved, panel preparation begins, including trunking installation, hardware mounting (PLC, HMI, motor and drive), and internal wiring. After installation, rigorous I/O checks and system tests are carried out to ensure compliance with safety standards.
Upon completion of technical testing, the project enters the final phase: customer inspection, feedback collection, and any necessary adjustments. Once approved, the machine is securely packaged and arranged for delivery to the client. Regular progress monitoring, evaluation, and updates throughout the project are crucial to maintaining alignment with objectives and deadlines.
The structured Gantt chart format enables efficient tracking of each phase, ensures logical task flow, and highlights dependencies, supporting timely project delivery and risk management.
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The expected outcome of this project is the successful electrical upgrade of ‘The Bonemaster 2’ prosthetic coating machine, ensuring reliable operation, improved safety compliance and alignment with current technological and industrial standards. The machine will retain its mechanical framework but will be fully equipped with updated siemens components, including S7-1200 PLC, Siemens HMI, Siemens Drive, and compatible Siemens motor. These upgrades are expected to enhance operational control, diagnostic capabilities, and future maintainability.
One of the key deliverables is the integration of a new PLC program, developed using TIA Portal V19, which will manage all the key machine operations. This includes the motion of the mechanical arm, temperature monitoring for the water, pump control, dryers, and fault signalling. The new software will be validated through systematic I/O testing and functional inspections, followed by live testing in the workshop in the presence of customer representatives.
The upgraded electrical panel, complete with new layout drawings created using CAD software, will be fitted with Improved wiring and trunking, a front panel LED indicator system, and a USB port for diagnostics. New safety and consistent power delivery will also be established.  
Final deliverables will include al, completed schematics, documented test results, a backup of PLC program, and full system demonstration. Once approved by the customer, the unit will be safely packaged and delivered. The upgraded machine is expected to operate with greater reliability, simplified maintenance, and improved compliance with related safety standards.


[bookmark: _Toc203394132]Risks & Ethics
‘The Bonemaster 2’ machine plays an important role in helping people who rely on prosthetic implants, including individuals injured in accidents, elderly patients with mobility problems, and children in need of orthopaedic intervention. Ensuring its continued function through careful upgrades is not only technically working but also socially valuable. By keeping this equipment operational, the project supports the medical industry’s ability to provide life changing prosthetics to those who need them most.
The upgrade is also ethically aligned with sustainable engineering practices. Rather than replacing the entire machine or electrical system, only the necessary components such as the PLC, HMI, drive and motor are being upgraded. This minimises waste, reduces environmental impact, and avoids scrapping components that are still operative and functional. The reuse of viable parts supports material efficiency and responsible resource management [14].
A structured approach to risk has also been applied throughout the project. Technical risks include wiring faults, component mismatches, or configuration errors. These risks have reduced through staged testing, software simulation in TIA portal, and regular supervisor oversight. Safety risks, including electrical faults and moving component hazards, are addressed through compliance with EN 60204-1 [1], appropriate circuit protection, emergency stops, and safe voltage tests. Functional risk is also managed through I/O checks and final system validation.
Operational risks such as project delays or cost overruns are being controlled using a Gantt based project schedule, clear planning, early consultations with the customer. All systems will undergo full inspection and testing prior to delivery, with customer representatives invited to observe final trials.
Ethical responsibility has also been prioritised through transparency, quality assurance and adherence to safety standards. The outcome is a modernised machine that meets both technical expectations and social needs, without unnecessary or financial cost.
[bookmark: _Toc203394133]Conclusion
This proposal has detailed the successful planning and execution of an electrical upgrade for ‘The Bonemaster 2’ machine, which plays a key role in the coating of titanium prosthetic implants. This project is aimed to modernise the machines control system by replacing outdated and obsolete components with new Siemens hardware, improving both operational reliability and compliance with safety standards.
The upgrade was approached methodically, covering technical research, risk assessment, sustainability considerations, and structured project planning. Key tasks such as PLC programming, control panel redesign, component installation, and system testing were carried out in line with industry standards and supported by a clear timeline and resource plan.
The original objectives were met, resulting in a fully functional and maintainable system. By upgrading only the necessary electrical components, the project reduced material waste and extended the machines service life, alignment with ethical principles.
Overall, the project has delivered a safer, more efficient, cost-effective solution that will continue to support the production of life enhancing prosthetic parts for those in need.
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The Bonemaster 2 Gantt Chart
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