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[bookmark: _Toc239954407]Introduction done
Discrete event simulation also known as DES is used to represent a systems operation as discrete events. This is an effective tool to use when visualising a system to find bottlenecks and improve overall performance. This is due to the software’s ability to highlight bottlenecks allowing for experimentation and improvements to be made prior to implementation.  (Steele)
A discrete event simulation was created for the CP laboratory for UWTSD. This is made up of different complete process made up of different stations such as, parts in, optical inspection, drilling stations, dispensing, pressing, labels and an output station.  A DES was made to show the operation of the laboratory and demonstrate its different operation process.  A benefit of using a DES is it allows you to add timing of each process including average time allowing for a more accurate, real-life representation of the system and how it works. This makes it much more accurate in mimicking real time production and the bottlenecks included. (Zable)

[bookmark: _Toc239954408]Discrete Event Simulation Model 
When creating the model, the first part was the collection of data, this is essential to create the model and ensure it is correct prior to improvements. When the data was collected, averages were taken to ensure the system simulated was accurate, this was done to account for variation in the cycles of data collected.  The data listed below was the maximum, minimum, and average time for each station in the process and its completion time. These values were imputed into the model to make it as close as possible to the real processes.  (Rockwell Automation)
Table 1 - Simulation Collected Data  appendix 1 
[image: ]
The simulated model was created using Areana simulation software by Rockwell Automation, this is a DES software platform that is used to create a flowchart made of the complete process needed and is able to show the flow of entities throughout the complete process. This was done using, different blocks such as process, delay, assign and decision blocks to reproduce the required process. 

[image: ]
Figure 1 - Discrete Event Simulation Flowchart Appendix 2 
When New blocks are added into the system, these are used for different functions depending on what is required. These can be an input block to add entities to the simulation or a dispose block to have them removed. 
When using Arena, there are different types of blocks that are used to organise and define parts of each process these are seen below. Each section is used to define different parts of the process. 
[image: ]
Figure 2 - Arena Project Bar - Appendix 3
[bookmark: _Toc239954409]Data Definition
Data definition is used for Queues and resources for this simulation, the queues which are represented below,  are where parts are held prior to moving into a process, this allows us to see where parts could be held up in a process 

[image: ]
Figure 3 - Queue List - Appendix 4
Resources as seen below are used to show how much of something is available and its capacity.  This could also show where bottlenecks are due to its availability throughout the simulation. 
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Figure 4 - Resources List - Appendix 5











[bookmark: _Toc239954410]Discrete Processing
Discrete processing is where most of the blocks are defined and assigned. The blocks used here are the create, dispose, process, delay and assign blocks. 
Create blocks are used to add entities to the simulation, this would be the parts coming into the process as seen below. The expression seen below averages the parts arriving making it much closer to real life deliveries. 
[image: ]
Figure 5 - Creation Block - Appendix 6
Dispose blocks are to simulate the completion of parts leaving the process as seen below. 
[image: ]
Figure 6 - Dispose Block - Appendix 7
Process blocks are the main part of the simulation where changes to material take place. Each process is defined differently to its maximum, minimum and average time and are assigned resources that are used to complete tasks as seen below. 
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Figure 7- Process Block - Appendix 8


Delay blocks are used to show parts moving and transitioning from one process to another as seen below.  This is essential to track time added from parts moving to ensure it is accounted for. 
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Figure 8 - Delay Blocks - Appendix 9
 
Assign blocks are used to assign tasks to make changes to parts as seen below, these are assigned a resource such as an operator to complete these tasks. 
[image: ]
Figure 9 - Assign block - Appendix 10
[bookmark: _Toc239954411]Decisions 
The decisions section was used due to two blocks being required, these are the decide and hold blocks, these are required due to parts going to different processes and if assignments need to be completed or are able to carry on as normal. 
The decide blocks are used when a decision is required, for example if parts are required at one process or another. These are essential to meet the case study where drilling two or four holes are required. 
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Figure 10 - Decide blocks - Appendix 11




Hold blocks are used where processes are at full capacity and parts are required to wait to be completed. This is also essential due to different processes taking different amounts of time as seen below. 
[image: ]
Figure 11- Hold Blocks - Appendix 12
[bookmark: _Toc239954412]Input Output 
Recording data blocks were used as seen below to record different parts of the process such as the count for parts leaving the product line, this is useful to see progress of parts and how they move around the simulation. 
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Figure 12 - Recording blocks - Appendix 13
[bookmark: _Toc239954413]Animations 
Different animations were used to show different parts of the simulation so you can see its progress or utility at a given time as seen below. This is very useful allowing parts to moving in real time. 
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Figure 13 - Camera Queue Animation - Appendix 14
[bookmark: _Toc239954414]Waste identification 
One form of waste was found in the form of bottlenecks; the first major bottleneck was the drill hold. This needed to be resolved to increase throughput as seen below which is 1181. 

[image: ]
Figure 14- Simulation 1 – Base Simulation – Appendix 15
To increase throughput, a second drill was added so both drill processes can be used at the same time to increase throughput. When this was done, throughput only increased to 1194 which is very little for a high investment and does not remove the bottleneck. 
[image: ]
Figure 15- Simulation 2 - Drill Quantity Increase - Appendix 16
Working further, experimenting through increasing drill capacity cutting the effective time in half increased throughput significantly which would cover the increased cost as seen below. Throughput increased 1194 to 1429 which is a much higher increase for having more drills. This could be argued to help argue the cost of new equipment. 
[image: ]
Figure 16 - Drill Time Decreased - Appendix 17
Improving further, when this change is made, the bottleneck moves to the cap section of the processes. This is largely down to the amount of caps per refill being 10. By increasing the number of caps filled to 20instead of 20 , it increases from 1429 to 1589. This is a very large upgrade to throughput without large investment as seen below. 
[image: ]
Figure 17 - Cap Storage Increase - Appendix 18
Another form of waste would be if parts get stuck in the process and do not come out, when running each simulation, all part amounts were checked to ensure o parts were left in the system. This is essential to ensure the simulation is working correctly, and no wasted parts are created. (Elizabeth)
Other forms of waste include the utilisation of operators, through making different simulations to increase throughput, the operator was only utilized to 61% meaning they could be doing something else to further utilised.  
Transportation between stations is a waste that could be reduced according to (Skhmot), time taken between stations will increase overall cycle time leading to a loss of parts being created such as the camera to drill step. By reducing the movement times parts should be quicker through the system increasing throughput. 

[bookmark: _Toc239954415]Value Analysis 
Value analysis is essential for improving manufacturing processes. This is due to all parts of the system being divided into three types, these are value adding, non-value adding and necessary non-value adding processes.  Most processes are either non-value adding or necessary non-value adding processes followed by a small amount of value adding processes. (Ung) The steps to sort activities to improve is first to map the processes and then separate them according to (Ailani and Vaidya). It is also important to record waiting times and delays as these will be clear wastes that will need to be removed in order to further improve the processes.  
[bookmark: _Toc239954416]Value Adding Processes
Value adding process such as the drilling processes, top cap dispensing hydraulic press. These processes directly change the product to add value to it and are required by the customer. These are the parts are directly adding value to the completed product. This process must be kept ensuring a product is built to customer specification. (Z.) These processes can normally not be removed to improve cycle time and should be improved by making them more efficient. 

[bookmark: _Toc239954417]Non-Value Adding Processes
Non-value adding processes are process that occur that do not directly add value to the completed product. Examples of this within this system are movement between the different process stations and the holding points to where the parts are waiting for value added process to become available. These should be made to be as few as possible to reduce waste or reduce the time these processes take according to (Krasteva). Using value stream mapping could be used to look at the current state of the CP laboratory and seeing how it could be improved. 

[bookmark: _Toc239954418]Necessary Non-Value Adding Processes 
These processes are required but do not directly increase value to the product to the customer according to (Frady). Examples of these include inspections and labels being fitted. This is because although checks and inspections do not increase value to the product. It does ensure that the product meets the customer specification and does not have any problems. This is essential to ensure the quality of the product. These steps should be streamlined to reduce time taken but ensure quality is controlled to ensue the customer is happy with the completed product.


 
[bookmark: _Toc239954419]System Analysis 
When looking at the simulation analysis, the Arena software creates a report of all parts of the simulation to understand what happening during its run time. The simulation was run for 8 hours a day for 10 days simulating 2 weeks. The simulation also accounts for breaks and start times for employees to ensure that it is as close to real life as possible. See figure below for simulation results, full results stored in appendix 19.The simulation speed was increased massively to collect results quickly.  
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Figure 18 - Simulation Results - Appendix 19
When looking at the simulation results, the parts into the system was 1600 but the number of parts out that was completed was only 1189. This is not good because it means that multiple parts were not completed by the end of the simulation. This is a huge waste due to parts being incomplete create a backlog of parts. When looking at the results, the parts are getting stuck at the drill processes and would need to be greatly improved. 
Though experimentation as seen below by increasing capacity of drills to 2, reducing time for drill process to complete by 50% and increasing cap storage by 10 to 20, the number out increased to 1429. This was a much higher increase to remove the bottleneck. Out of these changes made, the increased drill capacity would be a small change but through testing, it was found  that this alone does not increase throughput for the amount of investment required.

[image: ]
Figure 19 - Improved Process Simulation Results - Appendix 20
When including the reduction in drill time, this increased throughput considerably meaning it would be better to work to increase efficiency of drilling processes rather than simply adding capacity. This would be a much better alternative to resolve this bottleneck by getting the most value for money. 
When the drill process bottleneck is removed, the bottleneck then moves to the cap refill processes. This was found to be resolved by changing the number of caps stored prior to refill from 10 to 20. By effectively doubling its capacity, it requires less refills by the employees and allows it to continue without stopping. This is turn increases throughput and stops the major buildup within the system. 
Most processes when looking at the results have no downtime which is good because it means that some processes such ad drilling and optical inspection are being 100% utilised but this also means that there is no room for error. If a process were to go down for maintenance, it would stop every process further, slowing production. 
When looking at the operator utilisation, the are only utilised 61% of the time. This means that if improvements are made, they could be able to handle the increased demand without issue and could also be used for other tasks increasing their utilisation further. 
[bookmark: _Toc239954420]Opportunity Analysis
A potential opportunity for improvement for the CP laboratory is to start with removing any unnecessary holds within the manufacturing system. Examples of this include the output and refill holds, these steps both have delays due to an operator being required to complete a task. IF these processes could be automated, the hold areas could be removed improving the efficiency of the system. This would remove the waste of time but also remove the wasted resource of the employee. 
Another waste found within the laboratory and other manufacturing systems is the waste of part movement. Throughout the day, the operator will move between multiple stations to complete both tasks which is a lot of wasted time. This could be improved by wither moving the processes closer together or by increasing their capacity. This benefit was proved to be beneficial earlier within the simulation to remove bottlenecks. Another method could also be automating both stations to remove the operator entirely allowing for less wasted time but also freeing up resources for other tasks. 
When looking at the results, multiple parts of the system are underutilised meaning resolving bottlenecks and improving throughput would allow for more parts without upgrading the entire system due to parts already not being fully utilised. 
Another method would be to combine stations so that processes are completed at the same time. This would be very useful because you could remove the movement time between them. The optical inspection could be completed while the hols are being drilled completely removing the inspection process saving time and resources. (ASCM)
Implementing lean techniques could also be done to remove potential defects and faults with parts and to improve overall efficiency. Techniques such as kaizen or continuous improvement could be used to slowly increase efficiency over time such as reducing process times, reducing hold times, or reducing movement times. These are essential to provide low-cost improvements. 
Implementing 5S could also improve the organisation overtime to also improve the system overtime. Parts are also added to the system infinitely but the system could become more efficient by implementing a pull system. They should only create parts that are require so they do not have overhead costs of storing parts that will not be sold. (Werma)
[bookmark: _Toc239954421]Conclusion 300
In conclusion, discrete event simulation software was used to create a visual example of the CP laboratory to understand how the system operates and how improvements could be tested prior to implementation. The simulation software was used to show inefficiencies within the manufacturing systems. Many parts of the hold areas are not currently being used meaning they should be removed to improve efficiency. Some parts of the system are also not being fully used allowing for improvements to be made or using the lost utilisation for other tasks. Multiple different methods were simulated for improvements including increasing capacity and reducing process times, the other method that could be used was automation which would be a great increase to efficiency. Recommendations would be improving the drill and cap stations to resolve major bottlenecks by reducing processing time and increasing capacity or implementing automation. This would allow other bottlenecks to become apparent which implementing 5S or other continuous improvement methods would aid in further improvements to the reduction of waste and improving efficiency. 
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