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[bookmark: _Toc172471394]Introduction

During the migration to the new manufacturing hall (Hall 3) at Renishaw’s Miskin site this was an ideal opportunity to identify assembly processes that were not efficient and could become leaner. The Additive Manufacturing line was targeted, and the assembly process of the Wrap Panels for the AM machines was identified as an inefficient process and had lots of room for improvement. 

In the previous Hall (Hall 1) the wrap panels were kitted one panel at a time to a single bench where they were assembled and then transported to the commissioning cell one at a time for fitment to the machine. This was identified to have several wastes in the process that were inefficient and highlighted many non-value-adding tasks. 

To improve the process lean principles can be applied and improvements can be made to reduce or eliminate the waste. While implementing change there are several different issues with personnel (operators and management) and cost. Several tools can be used to manage this problem and implement change smoothly and efficiently. While introducing these changes it is important to portray the benefits to the company. The process being made leaner may reduce the product cost and any defects. 
































[bookmark: _Toc172471395]Identification of Waste

The company's objective in every manufacturing process is to enhance a product with value that consumers will be willing to pay for. Some jobs need to be done to finish the work but don't directly add value to our products; setups and inspections are only a couple of examples. Then there are the additional wasteful actions that take place throughout production (Chittenden, 2012). 


When looking into the current process in Hall 1 we identified several different wastes which are adding inefficiencies and no value. The layout below shows the current layout of hall 1 and it shows the distance between the wrap assembly area and the commissioning cell.
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[bookmark: _Toc172471050]Figure 1: Hall 1 AM Layout








[bookmark: _Toc172471396]Process Walk/Process Map:

To identify the wastes in the process a process walk was completed and then further a process map was used to visually display where the bottlenecks are in the process. The benefit of a process map is to standardise how process is displayed throughout the company, and it allows for management to have a visual aid of the process. In some cases, visual aids are key to getting management buy in on projects to improve a process (Team Asana, 2021). 

When completing the process walk production management, lead engineers and operators were involved to ensure all key stakeholders were involved and had an input. It is important to involve production operators as they carry out the tasks every day, so they have a good understanding of key issues within a process. 
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[bookmark: _Toc172471051]Figure 2: Process Flowchart for Wrap Panel Assembly

After completing the process walk above the following wastes were identified and were decided that these were nonvalue adding activities to the customer. The following three wastes were identified were Motion, Waiting and Defects. 



[bookmark: _Toc172471397]Motion:

The waste identified which contained the most nonvalue adding time was motion. It was identified that the operators were moving around too much during the kitting, assembly and fitment process. The first issue identified was the number of times the operators had to go back and forth stores to kit parts and place in the assembly area, this was identified during the process walk. Operators walk back and forth cell 16 times due to only being able to transport 1 wrap at a time due to size and H&S. To quantify the issue a value stream map was created to show the amount of time taken during the kitting process due to the about of walking. 
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[bookmark: _Toc172471052]Figure 3: Value Stream Map of Wrap Panel Assembly Process


Another issue identified was that the technicians not being able to able to fit the wrap panels all at once due to having to pick up panel and fit the panel from the current wrap assembly area which was not near the commissioning cell. Due to the size of the panels a Genie Lift is used to lift and place the panels into position and then secured to the machine via the technicians. This process takes a long time to complete due to the distance of the wrap assembly area to commissioning and only having one genie lift in the commissioning cell.  Fig X shows the process off lifting and fitting a panel to the machine. 
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[bookmark: _Toc172471054]Figure 5: Lifting Wrap Panel with Genie

[bookmark: _Toc172471398]Waiting: 

Waiting is the act of waiting for a prior stage in the process to happen or doing nothing or working slowly. Due to only a single operator working in the wrap assembly cell the wrap panels are waiting processing due to the amount of kitting time. This then affects the commissioning cell technicians as they are waiting for the panels to be built so they can wrap the machine. When the technicians are waiting, they are not contributing value. Your customers will not want to pay for waiting; the expense of their time will be deducted directly from your earnings. Every cent you can save will be reinvested into your business (Lean Manufacturing Tools, 2011).
 

From the value stream mapping completed above it is evident that there is a lot of time waiting for the commissioning cell technicians due to kitting. The aim is to reduce the kitting time to allow for a more efficient process. 

[bookmark: _Toc172471399]Defects:

Defects occur when goods or services don't meet specifications or consumer needs. Apart from the apparent expense of the first scrap item, there are several extra costs that are sometimes overlooked or not immediately obvious, but often exceed this initial cost significantly. The standard procedure is to multiply the scrap cost by ten to get the actual cost to your company (Lean Manufacturing Tools, 2011).
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Description automatically generated]During the wrap assembly process, it was identified that there were cosmetic defects occurring before and after the assembly process. The root cause of these defects was down to several failure modes. Firstly, there is no storage for the inventory; this meant panels raw material and assemblies were just stored on pallets while waiting for the next process, this allowed for scratches and blemishes to occur. In addition to this it was noticed panels were the victim of cosmetic damage during the kitting process, this could have been a result of the number of trips back and forth the warehouse and assembly cell resulting in a careless work due to completing a monotonous task. Finally, it was identified that the failures were during the assembly. Due to having no cell-based area not set up the operators were using tools from other areas resulting in incorrect tooling being used and defects were a result of that. The images below show examples of some of the defects being seen. [bookmark: _Toc172471055]Figure 6: Wrap Panel Defect


[bookmark: _Toc172471400]What is Value added to the customer?
In the product the customer values and efficient machine which can produce good working parts from the AM machine. In terms of the current process, it is important that the machine also meets all aesthetic requirements set by the design team. As additive manufacturing is an upcoming manufacturing method companies tend to carry out marketing on the machines to show the potential additive manufacturing has to offer. Due to this marketing, it is important that the machine looks aesthetically pleasing to the customer (Institute, 2021). 

[bookmark: _Toc172471401]Value-Added vs Non-Value-Added Activities
From the identification of wastes it was noticed that most of the process was nonvalue adding to the customer however the assembly process where quality inspections take place has been highlighted as value adding. 
The Nonvalue adding activities which have been identified is the waste in motion. The reason this does not add value is because it doesn’t directly contribute to the product from the customer’s perspective. However, motion is required to complete the process, but the aim is to reduce this as much as possible.           
[bookmark: _Toc172471402]Lean Improvements

To eliminate or reduce the wastes identified within the wrap panel kitting and assembly process the following improvements have been made while following the lean tool and techniques discussed. 

[bookmark: _Toc172471403]Wrap Panel Assembly Cell:

Firstly, a wrap panel assembly cell has been set up near the commissioning cell. Originally there was a storage area and a quarantine rack which did not need to be in the current location. The wrap cell was set up with lean principles in mind resulting in several small but useful ideas to reduce the waste identified. 

The cell is set up to have the product flow in from the back and then leave from the front of the cell these areas clearly marked and labelled for the operators to understand the process. In addition to this it was noticed that operators were using incorrect tooling therefore shadow boards were introduced, this is then maintained following the 5s lean principle. With this cell set up operators were asked to report any issues/improvements they could think of to ensure continuous improvement is achieved. 
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[bookmark: _Toc172471056]Figure 7: Hall 3 Wrap Assembly Cell
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The area was already claimed in Hall 3 by the AM department therefore no added extra costs to the overhead price. The benches used in the cell were free from another department within the company and the acrylic was already purchased from another previous project. However, the tooling for the shadow board cost a total of £155. The aim for the shadow board is to reduce defects caused by operator error. 





[bookmark: _Toc172471404]Kitting/Transportation Trolley:	
These allow the operator to go to the warehouse and kit all wrap panels at once safely and ensure no defects happen due to the previous kitting operation being a monotonous task. The kaizen principle was used to develop and continuously improve the process. Once the wrap panels have been assembled, they go back on the trolley for the commissioning technicians to transport all the panels at once to the machine, this reduces a lot of motion. In addition to this all the wrap panels are also being stored in the same area of the warehouse to speed up the kitting process. The trolley is made of stainless steel and uses heavy duty wheels to ensure it can withstand the weight of all wrap panels. The image of the trolley is displayed below in figure X being populated with raw material and assembled.

[image: A cart with several black and white objects

Description automatically generated with medium confidence][image: A large black and white machine on a cart

Description automatically generated]















[bookmark: _Toc172471058]Figure 10: Raw Material Populated to kitting trolley

[bookmark: _Toc172471059]Figure 9: Assembled Product Populated to kitting trolley


The wrap trolley cost a total of £450 which was purchased from a local fabrication company. Previous kitting time took a total of 1 hour and 15 minutes and due to the new kitting trolley, this has reduced to a total of 35 minutes. This is a huge reduction in takt time which also results in a reduction in labour costs. 

[bookmark: _Toc172471405]Potential Problems with Implementing Improvements

[bookmark: _Toc172471406]Identification of Potential Problems

During the implementation of the improvements, it was recognised that there are several potential problems that can occur. However, due to the operators buying in to the project the process was smooth. However, it was evident that there was some resistance from the warehouse operators are they were not too keen on the trolley being used in the warehouse. After discussions with management and the health and safety team the issues were quickly resolved, and the benefit was seen by the operators. 

Due to the costs of equipment being covered by the engineering team all that was required was training for the operators. This resulted in a disruption of current operations, however, was soon back operation due to the process change being so simple. 

[bookmark: _Toc172471407]Strategies to Overcome Problems

The initial strategy to overcome the issues was to implement a pilot program, this consisted of small changes at a time. Firstly, the introduction of the use of the trolley, this meant the trolley was used just for transportation from the wrap assembly cell to the commissioning cell, after this it was then used as a kitting aid and then finally the whole process was introduced and another trolley to be purchased in the future to keep up with the demand. 

As mentioned, training programs were also used to introduce the process to the operators and management. This allows the engineering department to continuously monitor the process and make changes where necessary. The productions team’s feedback was vital as they are the workforce that will be carrying out this process on a day-to-day basis. 






















[bookmark: _Toc172471408]Cost Analysis of Improvements

In total the changes cost some money to implement, however they are beneficial to the process as they aim to reduce the non-value adding activities. 

[bookmark: _Toc172471409]Assembly Cell:

The assembly cell cost a total of £0 as all the benches and chairs were taken from a cell which were also moving to hall 3 however, they did not require the benches anymore. The assembly cell is now also being internally audited to ensure it is up to standard with the rest of the production line. 

[bookmark: _Toc172471410]Shadow boards:

The shadow boards have been a great addition to the cell as the operators are now using the correct tooling for the job. The boards to make were free as the acrylic was already on site. However, the tooling cost a total of £155. Prior to the tooling implementation there was a total of £668 scrapped off over a 3-month period due to operator error. However, since implementation there has only been a total of £110 scrap cost. 

[bookmark: _Toc172471411]Transportation/Kitting Trolley:

Finally, the Trolley has been implemented for a 1-month period and production has reaped the benefits through product cost and efficiency of the operators. The hourly production rate for the AM cell is £155. Prior to the change the time taken for each part of the process is shown below: 

· Kitting was a total of 1 hour and 15 minutes. 
· Assembly was a total of 4 hours and 25 minutes. 
· Machine fitment a total of 4 hours and 10 minutes. 

Resulting in 9 hours and 50 minutes. With a total cost of 9.83 x 115 = £1,130.45.

After the trolley transportation the time taken to complete the process is shown below:

· Kitting was a total of 35 minutes
· Assembly was a total of 3 hours and 45 minutes
· Machine fitment was a total of 3 hours and 20 minutes

Resulting in 7 hours and 40 minutes. With a total cost of 7.66 x 115 = £880.9

From the improvements below a total of 2 hours and 10 minutes was saved and a total cost of £249.55 

The wrap panels are kitted and built 4 times a month resulting in a monthly cost saving of £998.2 and a yearly cost saving of £11,978.4




[bookmark: _Toc172471412]Conclusion

Throughout the project attempting to make the Wrap Panel assembly process leaner there was several wastes identified. The wastes were identified by using tools and techniques such as process walks and Value Stream Mapping (VSM). These tools help management and stakeholders see the bottlenecks in a visual representation. 

To tackle the wastes identified the following lean principles were used, Kaizen, 5s and Value Stream Mapping. When applying these tools, we developed improvements to the process which reduced the motion, waiting and defects. In total the improvements save a potential of £11,978.4 due to reducing kitting and transport time of material. 

Continuous improvement is important within an assembly process as it aims to increase efficiency and productivity. Continuous improvement also improves employee engagement as they see their ideas and efforts lead to positive outcomes. Finally continuous improvement aims to reduce waste and defects resulting in a cost benefit to the company. 

To conclude, the project outcome was a success resulting in lean principles aiding in the reduction of waste throughout the wrap panel assembly process. Several tools were used to achieve this outcome while maintaining a cost benefit to the company. In future the rest of the additive manufacturing line would be targeted with the same strategy applied. 
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