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Renishaw manufactures several encoder systems, including RGH24. An encoder is an electromechanical device that translates data between different formats and codes. For instance, it may convert rotational or linear motion into an electrical signal that indicates motion of position, speed, and direction (Renishaw, 2020).

This study examines the RGH24 production process in depth to identify any waste. Additionally examined is a study of what adds value from the viewpoint of the customer. A spaghetti diagram was utilised alongside with other lean manufacturing methods to comprehend the movement of operators within the cell. Additionally, a value stream map was created to show the whole production process for this product. Further down in this report, an evaluation is carried out to make suggestions on some improvements on how the process can be made leaner. 
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[bookmark: _Toc172465371]Current RGH Encoder Process 

Prior to introducing any lean manufacturing techniques, it is crucial to examine the existing RGH Encoder process. The process can be split up into eight jobs on different work benches which can be seen in the following:

1) Coring Assembly 
Coring Assembly is the initial step in the production process of RGH. In this process, a PCB panel is obtained, and the operator will solder the 8 and 2 pins to the PCB after cutting it off. This step of the procedure scans the PCB panel for traceability and scans the Operator ID and Job Number. 

2) RGH Pinning 
Gold pin insertion into the RGH body is the next step. A pressing jig will be used by the operator to stamp the gold pin into the body once the pin has been manually inserted into the jig. 


3) PCB Gluing Part 1 
The process's next step involves attaching the ERiS PCB to the body with glue. Before the PCB is inserted and the body is positioned on a jig, operators will apply UV glue to it. The adhesive will then cure once the entire unit is exposed to a UV oven for 20 seconds. 


4) Gluing Part 2
In this step, the stage 1 prepared PCB is adhered to the stage 3 body via adhesive. After that, this will be set on a jig and put in the oven for ninety minutes. 


5) Indexing 
This is the point at which the index grating is placed onto the encoder body. Next, using software, the operator will manually adjust the grating such that it is in the green target. Once the signal is adjusted, the index grating—basically a tiny piece of glass—must be glued to the encoder body using UV light, which is used one more time to cure the glue. 




6) Confirmation 
Setting the encoder Rideheights and Yaw angle is done in the RGH Confirmation phase. For the encoder to pass the final test, both need a high degree of precision. After determining the ride height and yaw angle, the on-screen instructions will provide the resistor value, which must be soldered to the body. 


7) Cable Lidding 
After the indexing and confirmation phases are finished, the cable and lidding procedure starts. This procedure entails stamping the unit's lid onto the component after attaching a cable (which come in various versions).


8) Final Test
This final test rig checks the completed component for a variety of parameters, such as yaw and riding height angles, to determine if it passes or fails. Testing will occur once operators manually insert the RGH bodies into the rig and scan the lid's barcode. 
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From the perspective of customer, value is knowing precisely what the consumer wants and then tailoring the good or service to fulfil those needs. Value is defined as everything that a consumer is willing to spend to increase their level of happiness with the product.

Customer value added for the RGH manufacturing line could involve assuring that cell activities provide high-quality output or exceeding customer expectations for accuracy and performance. A long-lasting, fully functional product should be the minimum that the customer expects.
Additionally, the customer will be expecting the product within the specified time range. Customers, especially those making important purchases, rely on shipping times that are guaranteed. Satisfaction and trust are increased when these expectations are met. In addition to this, the product should also be aesthetically pleasing as well as fully functioning. Goods with an appealing appearance frequently give the impression that they are of greater quality and worth. It's possible that buyers may pay extra for goods that appear attractive in addition to performing well. Delivering visually appealing items on a regular basis enhances the brand's reputation for excellence in quality and design. 
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One visual tool for identifying areas for improvement in lean manufacturing is the spaghetti diagram. It enables users to diagram how information, people, or things move across a workplace or process (PV, 2017). This works ideally in a fixed setting like the RGH Line, where employees do similar or repetitive activities several times each day.

The Spaghetti Diagram for the current RGH Process can be found in figure 2.
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In conclusion from the spaghetti diagram, there are a couple of processes that have been highlighted that are non-value adding to the customer and that they should be looked at in more detail. Currently, to obtain the necessary material (body) for Pinning Bench 2A Coring, the operator must go beyond the coring zone and around the back. Since excessive material movement does not add value to the product, it is seen as waste. The time spent travelling to gather material is time lost that could be spent on building product. Overall efficiency may be greatly increased by cutting down on travel time (Point A).  The material is currently collected by the operator, and the total recorded distance is 25 metres. The procedure of gathering the material and walking back to the workstation took a total of 2 minutes when timed with a stopwatch. This can be seen in figure 3 with the red line representing operator movement.
The distance that operators must go to reach the booking station to book jobs out is another issue that has to be addressed. There is just one booking out station now, and it is situated in front of the cell. (Point B)

The final point relates to the glue procedure on bench 2B (left). Operators currently must complete the gluing process, walk right around to the right side of the cell, and put the components into the ovens for ninety minutes. (Point C)
This can be seen in figure 3 with the blue line representing operator movement. 
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It is crucial to remember the significance of facility layout in a production setting. Having a well-planned facility layout is essential to increasing productivity and streamlining processes. A well-designed layout minimises pointless motions and cuts down on cycle times to guarantee a fluid and effective workflow (Juneja, 2015).

When it comes to production line waste, time is one of the most significant factors. Moving items or materials from one manufacturing stage to the next takes longer when they must travel large distances inside the facility. Workers may spend more time looking for supplies or equipment in disorganised workspaces, which can be quite challenging. 

"Future flexibility to grow or change" is another important consideration that should be looked at. One explanation for this is the need to adjust trends in the market, which can happen quickly. A facility with a flexible plan may adjust production lines quickly in response to these changes. With a flexible plan, manufacturing capacity may be increased to meet increased demand without requiring expensive adjustments or a large amount of downtime (Bennett, 2022).
Due to the completion of the plant expansion this year, which included the addition of two new production halls, space at Renishaw will not be an issue as company grows. 
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A lean management technique called value stream mapping (VSM) is used to plan, organise, and monitor the flow of information needed to deliver an item to a customer. It enables the visualisation of more than just one process throughout production where users can see the flow of the complete product from start to finish including delivery (BasuMallick, 2022).
A straightforward VSM was performed, as shown in figure 6 below. The RGH line's whole flow is displayed in the VSM. The procedure seems as follows: 

· Customer order received 
· Production control talk to suppliers for material 
· Goods in to put material into inventory 
· Manufacturing stage 
· Packing the product 
· Product gets sent to Renishaw Subsidiary 
· Sent to customers / Put into stock 

Two process bottlenecks are present now, according to the VSM analysis. The Pinning Stage is among the bottlenecks. The spaghetti diagram helps customers understand motion waste associated with this level, where uptime is now at 85% for an 8-hour shift. At the same time, the second bottleneck is the gluing step, when motion waste has been detected once more. As a result, the uptime is not as great as it is in the other stages.
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[bookmark: _Toc172465378]Facility Layout 

The waste identified in Point A of the spaghetti diagram approach is the first area where the RGH manufacturing process may be made leaner. With reference to point A, the operator is presently losing time by walking to obtain the necessary materials. Additionally, productivity and efficiency would rise if the necessary materials were moved to the vacant space (the green box on the floorplan) seen in figure 7. 
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Figure 9 above shows the times for four separate operators who are collecting the material. At the moment, returning to the workstations after retrieving the material takes an average of 120.8 seconds. Following an experiment in which material was relocated to the empty area shown above, more testing was done, and the findings indicate that moving the material would result in a faster process. According to the findings, gathering material would take 30.8 seconds on average as opposed to 120.8 seconds. This demonstrates that there is a significant waste within this manufacturing cell. Overall if this change was implemented properly, the RGH cell would experience quicker production. 

Point C is mentioned next. The process of gluing to the oven was found to be another waste after analysing the spaghetti diagram. This can be labelled as waste of motion, similarly like the last point, operators must walk to their location, which results in a loss of critical time. The operator will save time by placing the components in the oven without having to walk around if the Gluing 2B bench is moved to the right, where the other Gluing bench is positioned. The proposed layout can be seen below in figure 10.
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Finally, with reference to point B, it would be appropriate to install extra booking out stations since, at current circumstances, each operator must walk to the cell's beginning to book a job off. Alternatively add a booking out station at the beginning and end of the cell or add software that allows operators to book jobs off on the standard PCs at each workstation. 
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Modifying a facility's layout might present several difficulties and possible issues. Improving a layout has many advantages, but making changes to it may be difficult and disruptive. For instance, changing the layout often involves production potentially being on stop. To overcome this problem, work should be carried out on a weekend where production is not running.

Cost implications are another issue that might come up while modifying the layout. Installing air supply or electrical outlets may be necessary to move the workstations, and this might be a costly task. 
Manufacturing moves and installations can pose risks if not executed correctly, resulting in equipment failures or accidents.

[bookmark: _Toc172465380]5s

[image: 5S Lean Tool]Another option is to implement the 5s approach on the RGH production line. The workplace may be managed and organised more effectively with the 5S method. The acronym "5S" refers to five Japanese phrases (Seiri, Seiton, Seiso, Seiketsu, and Shitsuke) that characterise the processes involved in this procedure. [bookmark: _Toc172053380][bookmark: _Toc172054206]Figure 11  - 5s

5s methodology can be brought into the cell by following; 
Examining each bench to determine what is necessary and what is waste would be the first step. For instance, just keeping items like WIs (Work Instructions), tools, and equipment required for the task at hand on the bench.  Users should "red tag" any items they believe they might not require and move them out of the way into a temporary holding area as part of the removal procedure. 


[image: Image preview]Organising all the tools, supplies, equipment, and other items in the workspace would be the second step. Having shadow boards for instance. The advantages of this are ensuring that just the tools required for the task are present, and it is evident if any items are missing.[bookmark: _Toc172053381][bookmark: _Toc172054207]Figure 12 - Shadow Board


Thirdly, maintain a tidy and well-organized workspace. Every day, operators will have to sign a daily check sheet on the production line confirming to the fact that they have cleaned the jigs, examined the wires and other tasks. 

The fourth step is to establish standards. It is advisable to post job instructions, cleaning schedules, and visual standards so that operators may refer to them and compare outcomes.

The last step in the 5S Principles is just going over the first 4 stages again and making any necessary updates. 
When introducing 5s, one of the possible issues that the production line can run into is that the operators might spend some of their time cleaning or other new procedures, which could be perceived as non-value added to the customer. 

[bookmark: _Toc172465381]JIT 

JIT is another lean methodology to enhance this process if done correctly with no errors. Just-In-Time (JIT) inventory management aims to maximise manufacturing processes, reduce waste, and boost efficiency by perfectly matching production schedules with demand. By using the Just-In-Time (JIT) process, Renishaw builds precisely the right amount of stock needed to satisfy orders as soon as they are received, as opposed to presently having items sit in a subsidiary before shipping to a client. 

Lower carrying costs for raw materials, WIP, and completed items are some advantages of putting this into practice. less money invested in inventories, freeing up funds for other purposes. However, JIT might be problematic due to its heavy reliance on suppliers for immediate material supply which can be very risky. This risk can be reduced by setting up several trustworthy providers.



[bookmark: _Toc172465382]Conclusion 

In summary, improving facility layout and implementing lean manufacturing concepts like 5S and JIT are essential for raising productivity and cutting waste in the production process. After applying these lean methods to the process, several wastes were identified, and improvements were suggested. Potential problems with these improvements were also looked at and how they could be overcome. 

Value Stream Mapping (VSM) is a useful instrument for process analysis and improvement from the customer's point of view, emphasising activities that bring value. Tools like Spaghetti diagrams are very useful to identify the movement of employees where waste was identified. 

If these improvements are implemented, the RGH line might benefit overall. Since changing the layout is the most frequent improvement, most changes appear to be straightforward solutions. 
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