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[bookmark: _Toc146225226]Introduction

[bookmark: _Toc146225227]Company 
Renishaw was founded in 1973, the first product that the company marketed was touch trigger probing for precise inspection of the Olympus engines at Rolls Royce (Renishaw, 2022). Renishaw is a worldwide leader within the metrology, encoders, and machine tool sector of industry. Sectors that Renishaw supply to include research, healthcare and additive manufacturing as shown in Figure 1. Renishaw has a massive global presence with 81 locations across 36 countries (Renishaw, 2022). UK sites are utilised to conduct most of the research and development on new products as well as the manufacturing of products.







Figure 1 - Renishaw's Key Products (Renishaw, 2020)

[bookmark: _Toc146225228]Authors Role
The author’s function within the company is Process Development Technician working for the Assembly Systems Group (ASG). ASG are responsible for providing both test rig development and process automation to the Current Products Divisions (CPD). ASG consists of electronic, software, automation, and mechanical design functions. Forming part of the wider Manufacturing Service Division (MSD), ASG do not own any of the manufacturing processes, however their function is to provide assembly solutions and test rigs to allow the production teams to carry out the manufacturing processes. This can also mean assisting the production teams with any breakdown assistance that may be required due to rig failure. 



[bookmark: _Toc146225229]The Proposed Project 

[bookmark: _Toc146225230]Background
The project is set to take place within the Additive Manufacturing assembly line at the Miskin site. AMPD (Additive Manufacturing Product Division) has contacted ASG to investigate potential improvement projects to further enhance the assembly of the RenAM 500 machine. 
Figure 2 - RenAM 500M








RenAM 500ML additive machine is built at Miskin. The machine is broken down into six main assemblies:
	CELL 1
	Chamber Mechanical
	CELL 2
	Chamber Electrical
	CELL 3
	Electrical Module

	CELL 4
	Filter & Pump
	CELL 5 
	Pump
	CELL 6
	Gas & Laser

	CELL 7
	1st Commission
	CELL 8
	Wrap Fit
	CELL 9
	Optical Commission



These six assemblies as well as the commissioning phase of the machine build all have individual cells in which the sub-assemblies are made. These are added to the machine as it is progressed down the assembly line.
[image: A diagram of a machine

Description automatically generated]Figure 3 - RenAM 500 Assembly Line (Top Level)




[bookmark: _Toc146225231]Breakdown Cost per Cell
As a team ASG investigated breakdown time spent on each cell, a fault log was kept by AMPD for the past year. The results are shown below: 
Figure 4 - Cost per Cell
Figure 5 - Breakdown per Cell


















Having reviewed the results it was clear that Cell 1 was the highest contributor to downtime across the assembly line. The total amount of downtime recorded was approximately 120 hours. Renishaw as a company price labour at £68 per hour, the total downtime incurred in cell 1 was approximately £8,200 in lost labour alone. Further investigation revealed that the Z-Axis straightness verification was causing the most problems, it was also highlighted as a potential source of repetitive strain injury with the current process, this led to AMPD highlighting this as a priority project.   
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[bookmark: _Toc146225233]Assembly definition
The Z-Axis Assembly is a moderately complicated assembly with heavy/awkward components that are required to be assembled with a tight tolerance.
The main components of the Z-Axis Assembly (A-6521-2126) include the Build Volume, Angle Bracket, Gearbox Assembly, Encoder and Motor Servo. There are several other parts such as fasteners, bellows, seals, and rails etc to make this assembly functional. Further components to make the Z-Axis Assembly an A-6521-4050 include the Heater Top Plate Assy, the Chamber Blanking Kit and the Heater/Top Plate Conversion kit.

[image: A blue and white machine

Description automatically generated]Figure 6 - Z-Axis Assembly









[bookmark: _Toc146225234]System Purpose
The Z-Axis Assembly is one of the main components of the RenAM 500ML range. It is fitted within the Chamber Module. Its function is to provide a level and straight build plate to allow for the ‘printing’ of an accurate and repeatable component. As its name suggests, the motor is powered to move the Heater Plate and Build Volume in the Z-direction during the build operation.


[bookmark: _Toc146225235]Current Process 
Figure 7 - RenAM 500M Bare Chassis











The current process for verifying the straightness of the Z-Axis’ build volume is to clamp two large engineers squares to the build plate in both the X and Y direction. A DTI is then clamped in a position to allow contact with the back edge of the engineer’s square, once in place it is ‘zeroed’. 
The Servo Motor is removed, and a drill is used to drive the ball screw up and down to move the Z axis. One operator is required to read the DTI every 10mm 25 times whilst the other operator is required to use the drill to drive the bed, continuously keeping the drill running. The operator driving the drill is also in an uncomfortable position due to the location of the motor. 
The build volume is tested over 250mm, a reading is taken every 10mm and the maximum deviation allowed in each axis is 0.1mm. This test is repeated for both the X and Y axis and is a time-consuming operation. 
Figure 8 - Clamping Engineers Square
Figure 9 - Aligning DTI






[bookmark: _Toc146225236]Project Outcomes
[bookmark: _Toc146225237]Description
Design, build and implement a system that can test the Z-Axis assembly before it is fitted inside a chamber during its assembly and maintenance. 
The testing must include the straightness test of the heater plate as it is driven down the build volume.  The solution requires the Z-Axis assembly to be driven up and down using the fitted motor. It would be ideal if the design could be replicated to be able to test the Z-Axis on the next generation of the AM machine.  
The solution should be repeatable, easy to use and safe for the operators. The solution will need to be CE compliant, and fully documented following the tooling process used within ASG. Any measuring equipment used will have to be calibrated to ensure it is accurate before releasing to production. 
[bookmark: _Toc146225238]Aims & Objectives
· Reduce measuring time by 50%.
· Improve the ergonomics of the process.
· Remove the need to use the handheld drill.
· Test both X and Y axis simultaneously.
· Increase the range of vertical testing of the build volume.
· Introduce traceability of testing.
· Decrease the set-up time for the test.
· Automate the process as much as possible.
· Re-work to be intuitive and user friendly.
· Error proof, ease of use for the operator(s).
· Conform to CE and UKCA requirements.
· Gauge R&R to be carried out to confirm new testing procedure.
[bookmark: _Toc146225239]Project Requirements
The project will be carried out by a team of two, but the author will lead the project and mechanical design. The author will also be involved in the electrical design and software for learning purposes.
To complete this project the resource that is required will be:
· A budget - this will be confirmed and allocated to the project.
· Mechanical Design – CAD Software primarily Siemens NX.
· Electrical Design – Schematic Software, Zuken E3 
· PLC & Software design – Mitsubishi PLC and GX works software. 
· Gauge R&R expertise – Minitab utilised as the software. 
· Compliance – Expertise required for CE marking.

[bookmark: _Toc146225240]Workplan
Please refer to Appendix 1 for a top-level plan for the completion of this project. As mentioned, this is a very top-level plan just for the readers information. An in-detail Gantt chart is currently being drafted for senior management and key stakeholders. However, as is the issue with most major projects, they are prone to continuous change and amendment. 
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Cost of Downtime per Cell

Cell 1	Cell 2	Cell 3	Cell 4	Cell 5	Cell 6	Cell 7	Cell 8	Cell 9	8153	1536.8	583.44000000000005	799	136	974.44	1870	17	6800	
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