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[bookmark: _Toc233383165]1. Introduction
Discrete Event Simulation (DES) is used to model processes that change state at specific points in time. In a manufacturing process, these events can include a part entering a cell, a machine starting work, a part joining a queue, an operator carrying out a refill, or a completed component leaving the system. This makes DES suitable for processes where performance depends on flow, waiting time, shared resources and control logic rather than one continuous operation (Banks et al., 2010).
The aim of this report is to use DES to analyse an automated component processing cell and identify where the process could be made leaner. The process was selected because it contains clear stages that can be represented in Arena: part arrival, dispensing, camera checking, pressing, drilling, labelling, output handling, part removal and manual refill activity. These activities are discrete, repeatable and measurable, which makes the process appropriate for a simulation study.
The report focuses on the current state of the process. The main model uses a 104-second arrival rate and an eight-hour run length of 28,800 seconds. Additional 52-second and 26-second arrival scenarios are used as sensitivity tests to show how the process behaves under heavier demand. The purpose of this approach is not to create a perfect digital copy of the equipment, but to create a logical decision-support model that can highlight bottlenecks, waste and improvement priorities.
[bookmark: _Toc233383166]2. Literature Review
DES is often used where real-world experimentation would be expensive, disruptive or risky. Law (2015) explains that simulation allows a system to be studied without changing the real process first. This is useful in manufacturing because changes to resources, WIP limits or operating logic can affect output, safety and workload. A simulation model can test these interactions offline before any physical change is made.
A DES model is normally built from entities, activities, events, queues and resources. The entity is the item moving through the system. Resources are the machines, operators or equipment needed to complete work. Queues represent waiting caused by limited capacity, release rules or downstream restrictions. Robinson (2004) argues that simulation should be problem-led, so the model should only contain the level of detail needed to answer the improvement question. For this report, the important question is where time is being lost in the cell and whether demand growth would overload the process.
Model credibility depends on verification and validation. Verification checks whether the model has been built correctly. Validation checks whether it represents the real process closely enough for the intended purpose (Sargent, 2013). In this assignment, verification was carried out by checking entity routing, resource seizing and releasing, queue behaviour and output counters. Validation was based on comparing the Arena logic with the intended process sequence and reviewing whether the results were sensible for an eight-hour shift.
Lean theory is used to interpret the simulation results. Womack and Jones (1996) define value from the customer’s perspective and argue that waste should be removed from the value stream. Ohno (1988) identifies common wastes such as waiting, excess inventory, unnecessary movement and over-processing. Hines and Rich (1997) also show that value stream analysis should separate value-adding work from non-value-adding activity. In this report, DES provides the numerical evidence, while lean thinking provides the improvement framework.
[bookmark: _Toc233383167]3. Process Selection and Current-State Description
The selected process is an automated component processing cell. A part enters the model, is dispensed and positioned, passes through checking and processing stages, and is either sent to output or removed from the flow. The main automated stages are the camera module, cap or magnetic back handling, press, drill, label module and output module. A manual refill process is also included because the cell relies on operator support to keep materials available.
The customer in this process is the downstream user of the completed part. From that perspective, value is created when the part is correctly processed and made available in a usable condition. Pressing and drilling are treated as value-adding because they physically change the part. Camera checking, labelling and output transfer are treated as necessary support activities. Waiting, holding and refill delay do not directly add value to the customer, although some of these activities may be needed for control, quality or safe operation.
The process was a good choice for DES because it includes more than a simple sequence of fixed times. The performance of the cell depends on how parts move between modules, when they are held, which resources are available, and how manual refill activity interacts with automated equipment. These relationships are difficult to judge from observation alone. DES allows the current flow to be measured and then challenged using KPI results.
[image: A diagram of a computer program

AI-generated content may be incorrect.]
Figure 1. Full current-state Arena DES model layout. Source: Arena model screenshot.
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Figure 2. Part specification and simulation display screen. Source: Arena model screenshot.
[bookmark: _Toc233383168]4. DES Model Development
The Arena model was developed using seconds as the base time unit. A single part was modelled as the main entity. The entity follows the process route shown in the full model screenshot, beginning at the create module and moving through the operating stages until it leaves the system. The current-state arrival setting uses a constant 104-second interarrival time. This represents the base demand condition used for the main analysis.
Resources were assigned to the major capacity-limited stages. These included the dispenser, camera module, press, drill, printer, output robot and refill person. The use of resources allows the model to measure utilisation and show whether a process step is heavily loaded or lightly used. The model also includes hold areas and queues because the real process does not always flow directly from one activity to the next. Parts may wait for downstream release conditions or WIP availability.
Each process module was given a delay time to represent the time taken by the real activity. Pressing and drilling were recorded as value-adding time because they transform the component. Camera checking, labelling, output handling, part removal and refill activity were recorded as non-value-added or necessary non-value-added time. This classification supports the later value analysis.
A key modelling decision was to include refill as a separate manual resource rather than hiding it inside machine cycle time. This is important because the results later show that the refill person has much higher utilisation than most automated resources. If refill had been ignored, the model would have made the process look more automated and less constrained than it actually is.
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Figure 3. Create module showing the 104-second current-state arrival setting. Source: Arena model screenshot.
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Figure 4. Read/write configuration used for process data arrays. Source: Arena model screenshot.
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Figure 5. Camera dispenser and cap dispenser logic. Source: Arena model screenshot.
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Figure 6. Camera module used for checking and verification. Source: Arena model screenshot.
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Figure 7. Press module representing a value-adding operation. Source: Arena model screenshot.
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Figure 8. Drill module with routing to drill two and drill four. Source: Arena model screenshot.
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Figure 9. Label module representing identification activity. Source: Arena model screenshot.
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Figure 10. Output module and final part handling logic. Source: Arena model screenshot.
[bookmark: _Toc233383169]5. Model Documentation, Verification and Validation
The model was documented using a full process screenshot, module screenshots and screenshots from the Arena results files. This allows the reader to follow the model logic from input through to output. The figures show how the create module, camera, press, drill, label, output and hold logic were represented. This is important because model correctness is not proven by results alone; the logic must also be understandable and traceable.
Verification focused on whether the model worked as intended. Entities were checked to ensure they entered the model, moved through the correct sequence, seized resources, released resources after the process delay, and were recorded at output. Queue results were also reviewed to make sure waiting occurred at the expected hold points rather than appearing randomly in the model. The output counters confirmed that entities were being processed and recorded through the main stages.
Validation was carried out by comparing the model with the intended real process. The model includes the main physical and logical features of the cell, including part arrival, automated processing, hold logic, output handling and manual refill. The current-state results are also reasonable for an eight-hour operating window because WIP remains low and output is stable. The model is therefore suitable for identifying improvement opportunities, although it should not be treated as an exact prediction of every event in the real cell.
The main assumptions are that process times are representative, that one entity type is sufficient, and that transport between modules is either negligible or included within the process delays. Breakdowns, quality failures, planned breaks and operator absence were not modelled. These limitations reduce the precision of the results, but they do not prevent the model being useful for lean evaluation.
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Figure 11. Example hold module showing condition-based release logic. Source: Arena model screenshot.
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Figure 12. Record module used for interarrival measurement. Source: Arena model screenshot.
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Figure 13. Example process dialog showing resource and delay definition. Source: Arena model screenshot.
[bookmark: _Toc233383170]6. Simulation Results and KPI Analysis
The original Arena Notepad result screenshots are included in Appendix A as supporting evidence. The current-state model produced stable output under the 104-second arrival rate. Across the ten replications, the average system output was approximately 271.6 parts per eight-hour shift. Average WIP was approximately 2.99 parts, which indicates that the current-state model is not overloaded at the baseline arrival rate.
The most important result is the split between value-added time, non-value-added time and waiting time. The completed part spent approximately 20.7 seconds in value-adding work, 73.2 seconds in non-value-added activity and 221.2 seconds waiting. Average total entity time was approximately 315.0 seconds. This means only about 6.6% of the total time was value-adding. The majority of the time was therefore not spent physically improving the part.
Table 1. Current-state KPI summary for the 104-second arrival model
	KPI
	10-replication result
	Interpretation

	Run length
	28,800 seconds
	One eight-hour shift

	Average system output
	271.6 parts/shift
	Stable baseline throughput

	Average WIP
	2.99 parts
	Low WIP in current-state case

	Average total entity time
	315.0 seconds
	Average time in system

	Average value-added time
	20.7 seconds
	Small proportion of lead time

	Average non-value-added time
	73.2 seconds
	Support and necessary non-value activity

	Average waiting time
	221.2 seconds
	Largest part of total entity time

	Value-added percentage
	6.6%
	Main opportunity is flow improvement


Source: calculated from Arena Simulation Results (2026a).
This changes the improvement focus. If only machine process times were reviewed, the wrong conclusion could be reached. The press, drill and other automated resources are not heavily loaded in the current-state case. The model shows that the larger issue is waiting and flow control, especially around hold areas. The queue results show notable waiting at 11 Out Hold and Mag Back Hold, while direct machine queues such as the press, camera and drill queues remain close to zero.
Resource utilisation supports this conclusion. The refill person is used far more heavily than most automated resources. The current-state refill person utilisation is about 59.1%, compared with much lower utilisation for the press, drill, camera, dispenser, printer and output robot. This suggests that the process is not mainly short of machine capacity. It is more affected by support activity and the way parts are released through the cell.
[bookmark: _Toc233383171]7. Lean Waste Identification and Value Analysis
The main waste identified by the DES model is waiting. Waiting is visible in the total entity time and in the hold queue results. In the current-state case, waiting accounts for around 70% of the total time in the system. From a lean perspective, this is a major improvement opportunity because the part is present in the process but is not being transformed or moved closer to customer value.
The second waste is inventory or WIP. The current-state average WIP is low, but the sensitivity tests show that WIP can rise quickly when arrivals increase. This means the process is stable only within a limited demand range. If the arrival rate increases without changes to flow control or refill support, the system starts to accumulate parts. This is a classic symptom of a process that looks acceptable at normal load but has little flexibility under pressure.
The third waste is manual support time. Refill activity is necessary, but it does not directly add value to the component. The refill process takes much longer than most automated process steps and uses the most heavily loaded resource in the current-state model. This suggests that refill should be treated as an improvement area rather than as a background task.
The value analysis confirms that most of the lead time is non-value-added. A value-added percentage of about 6.6% is low, but it is not unusual in processes where parts spend time waiting for control logic, checks and support tasks. The result should not be interpreted as meaning that every non-value-added activity can be removed. Some activities, such as checking and labelling, may be necessary. However, the result does show that improvement work should focus on reducing delays and support burden rather than increasing machine speed.
[bookmark: _Toc233383172]8. Sensitivity Testing
The 52-second and 26-second arrival models were used as stress tests. They were not treated as the current state because they load the system much more heavily. Their purpose was to show how the process behaves when demand increases and whether the current model has spare flow capacity.
The results show that increasing arrivals does not produce a proportional increase in output. The system output rises from about 271.6 parts in the current-state case to about 346.0 parts in the 52-second case and about 348.7 parts in the 26-second case. After that point, extra arrivals mainly create waiting and WIP rather than useful output. This indicates that the process has reached a practical throughput limit.
The difference in WIP is significant. Average WIP rises from about 2.99 parts in the current state to about 103.2 parts in the 52-second scenario and about 374.6 parts in the 26-second scenario. Waiting time also increases from about 221.2 seconds to several thousand seconds. The refill person utilisation rises to around 94%, showing that manual support becomes a serious constraint as demand increases.
Table 2. Comparison of current-state and demand sensitivity scenarios
	Scenario
	Average output
	Average WIP
	Average wait time
	Refill utilisation
	Interpretation

	104-second arrivals
	271.6
	2.99
	221.2 sec
	59.1%
	Stable current state

	52-second arrivals
	346.0
	103.2
	5,378.4 sec
	93.8%
	Overloaded; WIP grows

	26-second arrivals
	348.7
	374.6
	9,766.4 sec
	94.6%
	Severely overloaded


Source: Arena Simulation Results (2026a; 2026b; 2026c).
This sensitivity analysis is useful because it shows that the current process is acceptable only at the baseline demand rate. It also supports the recommendation that future improvement should focus on refill and flow control before attempting to push more parts into the cell.
[bookmark: _Toc233383173]9. Improvement Opportunities
The first improvement opportunity is to review the hold logic at 11 Out Hold and Mag Back Hold. These areas create the largest waiting times in the current-state model. The release rules should be checked to see whether parts are being held longer than necessary. A future-state model could test shorter holds, different release rules or revised WIP limits before changes are made to the real process.
The second opportunity is to improve the refill process. This could include pre-staging materials, improving access to refill points, increasing refill quantity, or using a simple visual trigger so refill happens before the process is interrupted. The aim would be to reduce manual support time and prevent refill from becoming the limiting factor when demand increases.
The third opportunity is to control WIP deliberately. The current-state WIP is low, but the sensitivity results show that WIP grows sharply under higher arrival rates. A clear WIP limit could protect the cell from being overloaded. However, WIP control should not be used on its own. If the refill process and hold rules are not improved, a WIP limit may simply move waiting upstream.
The fourth opportunity is to avoid unnecessary capital expenditure on additional automated equipment. The simulation does not show that the current-state process is limited by press, drill, camera or printer capacity. Investing in more machine capacity would therefore be unlikely to solve the main issue. Lean improvement should focus first on flow, manual support and control logic.
[bookmark: _Toc233383174]10. Limitations
The model is a simplified representation of the real process. It does not include machine breakdowns, quality failures, planned breaks, emergency stops or operator absence. These factors could affect real performance and should be considered if the model is developed further. The model also assumes that the input timings are representative of normal operation.
Another limitation is that the validation was based mainly on logic checks and reasonableness of output rather than a full comparison with measured production records. A stronger study would collect additional time-study data for refill, waiting, downtime and actual output over several shifts. This would improve confidence in the results and allow more accurate future-state testing.
[bookmark: _Toc233383175]11. Conclusion
The DES model provides a useful current-state analysis of the automated component processing cell. It represents the main process stages, resources, queues, hold points and manual refill activity. Under the 104-second arrival condition, the model is stable and produces approximately 271.6 parts per eight-hour shift with low average WIP.
The main finding is that the process is not primarily limited by automated machine capacity. The value-added time is only about 20.7 seconds out of an average total entity time of 315.0 seconds, giving a value-added percentage of approximately 6.6%. Most time is lost through waiting and non-value-added activity. The largest delays are linked to hold areas, while the refill person is the most heavily used resource.
The recommended improvement focus is therefore to reduce waiting, review hold logic, improve refill arrangements, control WIP and avoid unnecessary investment in extra machine capacity. The assignment shows how DES can support lean improvement by turning process behaviour into measurable evidence. It also shows why simulation results should be interpreted alongside lean theory, model assumptions and practical knowledge of the real process.
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[bookmark: _Toc233383177]Appendix A. Arena Notepad Results Screenshots
This appendix provides screenshot evidence from the three Arena Notepad result files used in the analysis. The 104-second file supports the current-state case. The 52-second and 26-second files support the sensitivity test discussion.
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Figure 14. Opening screen of the 104-second current-state Arena result file. Source: Arena output screenshot.
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Figure 15. KPI extract from the 104-second current-state Arena result file. Source: Arena output screenshot.
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Figure 16. Opening screen of the 52-second sensitivity Arena result file. Source: Arena output screenshot.
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Figure 17. KPI extract from the 52-second sensitivity Arena result file. Source: Arena output screenshot.
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Figure 18. Opening screen of the 26-second sensitivity Arena result file. Source: Arena output screenshot.
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Figure 19. KPI extract from the 26-second sensitivity Arena result file. Source: Arena output screenshot.
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ARENA Simulation Results
UWTSD - License: 2957006027

Sunmary for Replication 1 of 10

Project: Unnamed Project Run execution date : 6/22/2026
Analyst: Jordan Jenkins Model revision date: 6/22/2026
Replication ended at time : 28800.0 Seconds
Base Time Units: Seconds

TALLY VARIABLES
Identifier Average  Half Width Minimum Maximum  Observations
Press.TotalTimePerEntity 7.3417 (Insuf)  6.4146 8.5688 274
Label.WaitTimePerEntity 00000 (Insuf) .00000 00000 160
08 Mag Back.TotalTimePerEntity 3.0649 (Insuf)  2.7548 3.4116 274
Camera.NVATimePerEntity 2.5711 (Insuf) 2.0696 3.3541 275
08 Mag Back.WaitTimePerEntity 00000 (Insuf) .00000 00000 274
Drill Two.TotalTimePerEntity 10.361 (Insuf) 9.2726 11.329 134
Drill Four.TotalTimePerEntity 10.099 (Insuf)  9.2975 11.237 141
Remove Part.TotalTimePerEntity 118.29 (Insuf) 109.69 129.58 67
Label.TotalTimePerEntity 7.4429 (Insuf)  7.2436 7.7481 160
Press Interarrival 104.92 (Insuf) 6.4146 476.39 273
Drill Four.VATimePerEntity 10.099 (Insuf)  9.2975 11.237 141
11 Out.NVATimePerEntity 4.3021 (Insuf) 3.8083 4.9986 272
Drill Inter Arrival 104.76 (Insuf) 102.07 208.39 274
Label.NVATimePerEntity 7.4429 (Insuf) 7.2436 7.7481 160
Refill Process.WaitTimePerEntity 00000 (Insuf) .00000 .00000 30
Camera.TotalTimePerEntity 2.5711 (Insuf) 2.0696 3.3541 275
Press.WaitTimePerEntity .00000 (Insuf) .00000 00000 274
Label Interarrival 104.95 (Insuf) 00000 468.86 273
Cap Interarrival 104.87 (Insuf) 2.7548 476.23 273
Remove Part.WaitTimePerEntity .00000 (Insuf) .00000 .00000 67
08 Mag Back.VATimePerEntity 3.0649 (Insuf) 2.7548 3.4116 274
Press.VATimePerEntity 7.3417 (Insuf)  6.4146 8.5688 274
Drill Two.WaitTimePerEntity .00000 (Insuf) .00000 00000 134
Output Interarrival 105.67 (Insuf)  3.8162 556.73 271
11 Out.TotalTimePerEntity 4.3021 (Insuf) 3.8083 4.9986 272
Remove Part.NVATimePerEntity 118.29 (Insuf)  109.69 129.58 67
Drill Two.VATimePerEntity 10.361 (Insuf) 9.2726 11.329 134
Drill Four.WaitTimePerEntity .00000 (Insuf) .00000 .00000 141
Refill Process.TotalTimePerEntity 296.37 (Insuf) 249.03 342.30 30
Refill Process.NVATimePerEntity 296.37 (Insuf)  249.03 342.30 30
Camera.WaitTimePerEntity .00000 (Insuf) .00000 00000 275
11 Out.WaitTimePerEntity 00000 (Insuf) .00000 .00000 272
Camera Inter Arrival 104.76 (Insuf) 103.01 208.27 274
Entity 1.VATime 20.632 (Insuf)  19.017 22.243 272
Entity 1.NVATime 73.018 (Insuf) 6.1538 467.47 272
Entity 1.WaitTime 219.99 (Insuf)  39.200 573.10 272
Entity 1.TranTime 00000 (Insuf) .00000 .00000 272
Entity 1.0therTime .00000 (Insuf) .00000 00000 272
Entity 1.TotalTime 313.64 (Insuf) 65.458 712.53 272
Refill Process.Queue.WaitingTime 00000 (Insuf) .00000 00000 30
08 Mag Back.Queue.WaitingTime 00000 (Insuf) 00000 00000 274
Out WIP Hold.Queue.WaitingTime 16.912 (Insuf) .00000 285.12 273
Drill Two.Queue.WaitingTime 00000 (Insuf) 00000 00000 134
Remove Part.Queue.WaitingTime 00000 (Insuf) .00000 00000 68
Label Hold.Queue.WaitingTime 06676 (Insuf) .00000 1.6117 274
Press.Queue.WaitingTime 00000 (Insuf) .00000 00000 274
11 Out hold.Queue.WaitingTime 111.17 (Insuf) 00000 525.26 272
Press Hold.Queue.WaitingTime 2.2622 (Insuf) .00000 14.582 274
11 Out.Queue.WaitingTime 00000 (Insuf) .00000 .00000 272
Mag Back Hold.Queue.WaitingTime 50.598 (Insuf) .00000 270.91 274
Camera.Queue.WaitingTime 00000 (Insuf) .00000 .00000 275
Drill Hold.Queue.WaitingTime .00000 (Insuf) .00000 00000 275
Drill Four.Queue.WaitingTime 00000 (Insuf) .00000 .00000 141
Label.Queue.WaitingTime .00000 (Insuf) .00000 00000 160
Camera Hold.Queue.WaitingTime 00000 (Insuf) .00000 .00000 275

DISCRETE-CHANGE VARIABLES

Ln1,Coll 100% Windows (CRLF) UTF-8
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11 Out.Queue.WaitingTime 00000 (Insuf) .00000 .00000 272
Mag Back Hold.Queue.WaitingTime 50.598 (Insuf) 00000 270.91 274
Camera.Queue.WaitingTime 00000 (Insuf) .00000 .00000 275
Drill Hold.Queue.WaitingTime 00000 (Insuf) 00000 00000 275
Drill Four.Queue.WaitingTime 00000 (Insuf) .00000 .00000 141
Label.Queue .WaitingTime 00000 (Insuf) .00000 00000 160
Camera Hold.Queue.WaitingTime 00000 (Insuf) .00000 00000 275

DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum Maximum  Final Value
Entity 1.WIP 2.9830 .14359 .00000 7.0000 3.0000
Printer.NumberBusy .04135 (Insuf) .00000 1.0000 00000
Printer.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Printer.Utilization .04135 (Insuf) 00000 1.0000 00000
Cam Module. NumberBusy .02455 6.1041E-4 .00000 1.0000 .00000
Cam Module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Cam Module.Utilization .02455 6.1041E-4 .00000 1.0000 .00000
Drill.NumberBusy .09766 .00150 .00000 1.0000 00000
Drill.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Drill.Utilization 09766 .00150 .00000 1.0000 00000
Output Robot.NumberBusy .04063 .00168 .00000 1.0000 00000
Output Robot.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Output Robot.Utilization .04063 .00168 .00000 1.0000 .00000
Refill Person.NumberBusy .58719 (Insuf) .00000 1.0000 1.0000
Refill Person.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Refill Person.Utilization .58719 (Insuf) 00000 1.0000 1.0000
MPress.NumberBusy .06985 .00302 .00000 1.0000 .00000
MPress.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
MPress.Utilization .06985 .00302 .00000 1.0000 .00000
Dispenser.NumberBusy 02916 .00141 00000 1.0000 00000
Dispenser.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Dispenser.Utilization 02916 .00141 00000 1.0000 00000
Refill Process.Queue.NumberInQueue .00000 (Insuf) 00000 00000 .00000
08 Mag Back.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Out WIP Hold.Queue.NumberInQueue 116331 (Insuf) 00000 3.0000 1.0000
Drill Two.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Remove Part.Queue.NumberInQueue .00000 (Insuf) 00000 00000 00000
Label Hold.Queue.NumberInQueue 6.3517E-4 (Insuf) 00000 1.0000 .00000
Press.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
11 Out hold.Queue.NumberInQueue 1.0500 (Insuf) 00000 3.0000 .00000
Press Hold.Queue.NumberInQueue .02152 (Insuf) 00000 2.0000 00000
11 Out.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Mag Back Hold.Queue.NumberInQueue .48373 (Insuf) 00000 3.0000 1.0000
Camera.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Drill Hold.Queue.NumberInQueue .00000 (Insuf) 00000 .00000 00000
Drill Four.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
Label.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
Camera Hold.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
OUTPUTS

Identifier Value

Label Number In 160.00

Drill Four Accum Wait Time 00000

Refill Process Number In 30.000

Refill Process Number Out 30.000

Drill Two Number In 134.00

11 Out Number In 272.00

11 Out Number Out 272.00

Label Number Out 160.00

Drill Four Number Out 141.00

Label Accum NVA Time 1190.8

08 Mag Back Accum Wait Time .00000

Press Accum VA Time 2011.6

Press Accum Wait Time .00000

Camera Accum NVA Time 707.06

Refill Process Accum Wait Time .00000

Camera Accum Wait Time .00000

11 Out Accum Wait Time .00000
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ARENA Simulation Results
UWTSD - License: 2957006027

Sunmary for Replication 1 of 10

Project: Unnamed Project Run execution date : 6/22/2026
Analyst: Jordan Jenkins Model revision date: 6/22/2026
Replication ended at time : 28800.0 Seconds
Base Time Units: Seconds

TALLY VARIABLES
Identifier Average  Half Width Minimum Maximum  Observations
Press.TotalTimePerEntity 7.3574 .04129 6.4119 8.5723 504
Label.WaitTimePerEntity 00000 (Insuf) .00000 00000 279
08 Mag Back.TotalTimePerEntity 3.0508 .01144 2.7524 3.4149 504
Camera.NVATimePerEntity 2.5704 02921 2.0180 3.3425 549
08 Mag Back.WaitTimePerEntity 00000 .00000 .00000 00000 504
Drill Two.TotalTimePerEntity 10.347 (Insuf) 9.3125 11.314 267
Drill Four.TotalTimePerEntity 10.099 (Insuf)  9.2975 11.311 282
Remove Part.TotalTimePerEntity 120.07 (Insuf) 109.37 128.72 85
Label.TotalTimePerEntity 7.4427 (Insuf)  7.2435 7.7272 279
Press Interarrival 56.961 2.8107 6.4546 471.13 503
Drill Four.VATimePerEntity 10.099 (Insuf)  9.2975 11.311 282
11 Out.NVATimePerEntity 4.2973 02354 3.8134 5.0073 343
Drill Inter Arrival 52.474 .40207 49.948 104.79 548
Label.NVATimePerEntity 7.4427 (Insuf) 7.2435 7.7272 279
Refill Process.WaitTimePerEntity 00000 (Insuf) .00000 .00000 55
Camera.TotalTimePerEntity 2.5704 .02921 2.0180 3.3425 549
Press.WaitTimePerEntity .00000 00000 .00000 00000 504
Label Interarrival 56.978 2.7923 00000 463.76 503
Cap Interarrival 56.934 2.9698 2.7524 472.31 503
Remove Part.WaitTimePerEntity .00000 (Insuf) .00000 .00000 85
08 Mag Back.VATimePerEntity 3.0508 01144 2.7524 3.4149 504
Press.VATimePerEntity 7.3574 .04129 6.4119 8.5723 504
Drill Two.WaitTimePerEntity .00000 (Insuf) .00000 00000 267
Output Interarrival 83.636 4.2840 3.8296 470.62 342
11 Out.TotalTimePerEntity 4.2973 02354 3.8134 5.0073 343
Remove Part.NVATimePerEntity 120.07 (Insuf)  109.37 128.72 85
Drill Two.VATimePerEntity 10.347 (Insuf) 9.3125 11.314 267
Drill Four.WaitTimePerEntity .00000 (Insuf) .00000 .00000 282
Refill Process.TotalTimePerEntity 303.79 (Insuf) 247.88 347.67 55
Refill Process.NVATimePerEntity 303.79 (Insuf)  247.88 347.67 55
Camera.WaitTimePerEntity .00000 00000 .00000 00000 549
11 Out.WaitTimePerEntity 00000 .00000 .00000 .00000 343
Camera Inter Arrival 52.474 .40722 50.936 104.95 548
Entity 1.VATime 20.627 .08439 19.115 22.870 340
Entity 1.NVATime 73.811 4.5020 5.9293 461.01 340
Entity 1.WaitTime 5636.1 (Corr) 39.200 10817. 340
Entity 1.TranTime 00000 00000 .00000 .00000 340
Entity 1.0therTime .00000 .00000 .00000 00000 340
Entity 1.TotalTime 5730.5 (Corr) 65.993 10897. 340
Refill Process.Queue.WaitingTime 00000 (Insuf) .00000 00000 56
08 Mag Back.Queue.WaitingTime 00000 .00000 00000 00000 504
Out WIP Hold.Queue.WaitingTime 4670.1 (Corr) .00000 9183.3 343
Drill Two.Queue.WaitingTime 00000 (Insuf) .00000 00000 267
Remove Part.Queue.WaitingTime 00000 (Insuf) .00000 00000 85
Label Hold.Queue.WaitingTime 19777 .05155 .00000 2.2330 504
Press.Queue.WaitingTime 00000 .00000 .00000 00000 504
11 Out hold.Queue.WaitingTime 84.161 14.425 00000 640.37 340
Press Hold.Queue.WaitingTime 7.7666 (Corr) .00000 34.994 504
11 Out.Queue.WaitingTime .00000 .00000 .00000 .00000 343
Mag Back Hold.Queue.WaitingTime 1236.5 (Corr) .00000 2492.3 505
Camera.Queue.WaitingTime 00000 .00000 .00000 .00000 549
Drill Hold.Queue.WaitingTime .00000 .00000 .00000 00000 549
Drill Four.Queue.WaitingTime 00000 (Insuf) .00000 .00000 282
Label.Queue.WaitingTime .00000 (Insuf) .00000 00000 279
Camera Hold.Queue.WaitingTime 00000 .00000 .00000 .00000 549

DISCRETE-CHANGE VARIABLES
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11 Out.Queue.WaitingTime 00000 -00000 .00000 .00000 343
Mag Back Hold.Queue.WaitingTime 1236.5 (Corr) 00000 2492.3 505
Camera.Queue.WaitingTime 00000 .00000 .00000 .00000 549
Drill Hold.Queue.WaitingTime 00000 00000 00000 00000 549
Drill Four.Queue.WaitingTime 00000 (Insuf) .00000 .00000 282
Label.Queue .WaitingTime 00000 (Insuf) .00000 00000 279
Camera Hold.Queue.WaitingTime 00000 .00000 .00000 00000 549

DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum Maximum  Final Value
Entity 1.WIP 107.61 (Corr) .00000 209.00 209.00
Printer.NumberBusy .07210 (Insuf) .00000 1.0000 00000
Printer.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Printer.Utilization .07210 (Insuf) 00000 1.0000 00000
Cam Module. NumberBusy .04900 8.5503E-4 .00000 1.0000 .00000
Cam Module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Cam Module.Utilization .04900 8.5503E-4 .00000 1.0000 .00000
Drill.NumberBusy 19482 .00253 .00000 1.0000 00000
Drill.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Drill.Utilization 19482 .00253 .00000 1.0000 00000
Output Robot.NumberBusy .05118 (Insuf) .00000 1.0000 00000
Output Robot.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Output Robot.Utilization .05118 (Insuf) .00000 1.0000 .00000
Refill Person.NumberBusy 193911 (Insuf) .00000 1.0000 1.0000
Refill Person.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Refill Person.Utilization 93911 (Insuf) 00000 1.0000 1.0000
MPress.NumberBusy .12876 (Insuf) .00000 1.0000 .00000
MPress.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
MPress.Utilization .12876 (Insuf) 00000 1.0000 .00000
Dispenser.NumberBusy 05339 (Insuf) 00000 1.0000 00000
Dispenser.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Dispenser.Utilization 05339 (Insuf) 00000 1.0000 00000
Refill Process.Queue.NumberInQueue .00000 (Insuf) 00000 00000 .00000
08 Mag Back.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Out WIP Hold.Queue.NumberInQueue 80.854 (Corr) 00000 161.00 161.00
Drill Two.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Remove Part.Queue.NumberInQueue .00000 (Insuf) 00000 00000 00000
Label Hold.Queue.NumberInQueue .00346 (Insuf) 00000 1.0000 .00000
Press.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
11 Out hold.Queue.NumberInQueue 1.0076 (Insuf) 00000 3.0000 3.0000
Press Hold.Queue.NumberInQueue 13592 .00338 00000 5.0000 00000
11 Out.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Mag Back Hold.Queue.NumberInQueue 23.414 (Corr) 00000 47.000 44.000
Camera.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Drill Hold.Queue.NumberInQueue .00000 (Insuf) 00000 .00000 00000
Drill Four.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
Label.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
Camera Hold.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
OUTPUTS

Identifier Value

Label Number In 279.00

Drill Four Accum Wait Time 00000

Refill Process Number In 56.000

Refill Process Number Out 55.000

Drill Two Number In 267.00

11 Out Number In 343.00

11 Out Number Out 343.00

Label Number Out 279.00

Drill Four Number Out 282.00

Label Accum NVA Time 2076.5

08 Mag Back Accum Wait Time .00000

Press Accum VA Time 3708.1

Press Accum Wait Time .00000

Camera Accum NVA Time 1411.1

Refill Process Accum Wait Time .00000

Camera Accum Wait Time .00000

11 Out Accum Wait Time .00000
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ARENA Simulation Results
UWTSD - License: 2957006027

Sunmary for Replication 1 of 10

Project: Unnamed Project Run execution date : 6/22/2026
Analyst: Jordan Jenkins Model revision date: 6/22/2026
Replication ended at time : 28800.0 Seconds
Base Time Units: Seconds

TALLY VARIABLES
Identifier Average  Half Width Minimum Maximum  Observations
Press.TotalTimePerEntity 7.3529 .03563 6.3830 8.5727 513
Label.WaitTimePerEntity 00000 (Insuf) .00000 00000 260
08 Mag Back.TotalTimePerEntity 3.0413 .01251 2.7534 3.4116 513
Camera.NVATimePerEntity 2.5815 .01985 2.0205 3.3541 1098
08 Mag Back.WaitTimePerEntity 00000 .00000 .00000 00000 513
Drill Two.TotalTimePerEntity 10.389 .04037 9.2893 11.314 528
Drill Four.TotalTimePerEntity 10.111 .03798 9.2975 11.311 569
Remove Part.TotalTimePerEntity 119.69 (Insuf) 110.37 130.30 87
Label.TotalTimePerEntity 7.4380 (Insuf)  7.2440 7.7493 260
Press Interarrival 55.797 2.9678 6.3830 445,53 512
Drill Four.VATimePerEntity 10.111 .03798 9.2975 11.311 569
11 Out.NVATimePerEntity 4.3066 .03630 3.8095 4.9850 351
Drill Inter Arrival 26.239 (Corr) 23.738 53.602 1096
Label.NVATimePerEntity 7.4380 (Insuf) 7.2440 7.7493 260
Refill Process.WaitTimePerEntity 00000 (Insuf) .00000 .00000 56
Camera.TotalTimePerEntity 2.5815 .01985 2.0205 3.3541 1098
Press.WaitTimePerEntity .00000 00000 .00000 00000 513
Label Interarrival 55.797 (Corr) 00000 452.86 512
Cap Interarrival 55.770 (Corr) 2.7534 466.26 512
Remove Part.WaitTimePerEntity .00000 (Insuf) .00000 .00000 87
08 Mag Back.VATimePerEntity 3.0413 01251 2.7534 3.4116 513
Press.VATimePerEntity 7.3529 .03563 6.3830 8.5727 513
Drill Two.WaitTimePerEntity .00000 00000 .00000 00000 528
Output Interarrival 81.489 (Corr) 3.8095 474.63 350
11 Out.TotalTimePerEntity 4.3066 .03630 3.8095 4.9850 351
Remove Part.NVATimePerEntity 119.69 (Insuf)  110.37 130.30 87
Drill Two.VATimePerEntity 10.389 .04037 9.2893 11.314 528
Drill Four.WaitTimePerEntity .00000 .00000 .00000 .00000 569
Refill Process.TotalTimePerEntity 296.62 (Insuf) 244.72 353.12 56
Refill Process.NVATimePerEntity 296.62 (Insuf)  244.72 353.12 56
Camera.WaitTimePerEntity .00000 00000 .00000 00000 1098
11 Out.WaitTimePerEntity 00000 .00000 .00000 .00000 351
Camera Inter Arrival 26.237 (Corr) 24.752 52.658 1097
Entity 1.VATime 20.619 .08818 18.632 22.738 348
Entity 1.NVATime 72.516 4.3609 6.2445 454.36 348
Entity 1.WaitTime 9565.7 (Corr) 39.200 19364. 348
Entity 1.TranTime 00000 00000 .00000 .00000 348
Entity 1.0therTime .00000 .00000 .00000 00000 348
Entity 1.TotalTime 9658.9 (Corr) 74.648 19425. 348
Refill Process.Queue.WaitingTime 00000 (Insuf) .00000 00000 57
08 Mag Back.Queue.WaitingTime 00000 .00000 00000 00000 513
Out WIP Hold.Queue.WaitingTime 4439.7 (Corr) .00000 9063.1 351
Drill Two.Queue.WaitingTime 00000 .00000 00000 00000 528
Remove Part.Queue.WaitingTime 00000 (Insuf) .00000 00000 87
Label Hold.Queue.WaitingTime 11939 .03807 .00000 1.9193 513
Press.Queue.WaitingTime 00000 .00000 .00000 00000 513
11 Out hold.Queue.WaitingTime 80.106 14.563 00000 350.62 348
Press Hold.Queue.WaitingTime 7.7592 .37725 .00000 26.642 513
11 Out.Queue.WaitingTime .00000 .00000 .00000 .00000 351
Mag Back Hold.Queue.WaitingTime 7539.4 (Corr) .00000 15180. 514
Camera.Queue.WaitingTime 00000 .00000 .00000 .00000 1098
Drill Hold.Queue.WaitingTime .00000 .00000 .00000 00000 1098
Drill Four.Queue.WaitingTime 00000 .00000 .00000 .00000 570
Label.Queue.WaitingTime .00000 (Insuf) .00000 00000 260
Camera Hold.Queue.WaitingTime 00000 .00000 .00000 .00000 1098

DISCRETE-CHANGE VARIABLES
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11 Out.Queue.WaitingTime 00000 -00000 .00000 .00000 351
Mag Back Hold.Queue.WaitingTime 7539.4 (Corr) 00000 15180. 514
Camera.Queue.WaitingTime 00000 .00000 .00000 .00000 1098
Drill Hold.Queue.WaitingTime 00000 00000 00000 00000 1098
Drill Four.Queue.WaitingTime 00000 00000 .00000 .00000 570
Label.Queue .WaitingTime 00000 (Insuf) .00000 00000 260
Camera Hold.Queue.WaitingTime 00000 .00000 .00000 00000 1098

DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum Maximum  Final Value
Entity 1.WIP 372.97 (Corr) .00000 750.00 750.00
Printer.NumberBusy .06715 .01136 .00000 1.0000 00000
Printer.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Printer.Utilization .06715 .01136 .00000 1.0000 00000
Cam Module. NumberBusy .09842 9.5287E-4 .00000 1.0000 .00000
Cam Module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Cam Module.Utilization .09842 9.5287E-4 .00000 1.0000 .00000
Drill.NumberBusy .39049 (Corr) .00000 1.0000 1.0000
Drill.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Drill.Utilization 39049 (Corr) 00000 1.0000 1.0000
Output Robot.NumberBusy .05249 (Insuf) .00000 1.0000 00000
Output Robot.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Output Robot.Utilization .05249 (Insuf) .00000 1.0000 .00000
Refill Person.NumberBusy 94580 (Insuf) .00000 1.0000 1.0000
Refill Person.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Refill Person.Utilization 94580 (Insuf) 00000 1.0000 1.0000
MPress.NumberBusy .13098 (Insuf) .00000 1.0000 .00000
MPress.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
MPress.Utilization .13098 (Insuf) 00000 1.0000 .00000
Dispenser.NumberBusy 05417 (Insuf) 00000 1.0000 00000
Dispenser.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Dispenser.Utilization 05417 (Insuf) 00000 1.0000 00000
Refill Process.Queue.NumberInQueue .00000 (Insuf) 00000 00000 .00000
08 Mag Back.Queue.NumberInQueue .00000 (Insuf) 00000 .00000 .00000
Out WIP Hold.Queue.NumberInQueue 79.763 (Corr) 00000 162.00 162.00
Drill Two.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Remove Part.Queue.NumberInQueue .00000 (Insuf) 00000 00000 00000
Label Hold.Queue.NumberInQueue .00213 (Insuf) 00000 1.0000 .00000
Press.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
11 Out hold.Queue.NumberInQueue 99063 (Insuf) 00000 3.0000 3.0000
Press Hold.Queue.NumberInQueue .13821 .00805 00000 4.0000 00000
11 Out.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Mag Back Hold.Queue.NumberInQueue 289.32 (Corr) 00000 583.00 583.00
Camera.Queue.NumberInQueue 00000 (Insuf) 00000 .00000 .00000
Drill Hold.Queue.NumberInQueue .00000 (Insuf) 00000 .00000 00000
Drill Four.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
Label.Queue . NumberInQueue .00000 (Insuf) 00000 .00000 00000
Camera Hold.Queue.NumberInQueue 00000 (Insuf) 00000 00000 .00000
OUTPUTS

Identifier Value

Label Number In 260.00

Drill Four Accum Wait Time 00000

Refill Process Number In 57.000

Refill Process Number Out 56.000

Drill Two Number In 528.00

11 Out Number In 351.00

11 Out Number Out 351.00

Label Number Out 260.00

Drill Four Number Out 569.00

Label Accum NVA Time 1933.8

08 Mag Back Accum Wait Time .00000

Press Accum VA Time 3772.0

Press Accum Wait Time .00000

Camera Accum NVA Time 2834.5

Refill Process Accum Wait Time .00000

Camera Accum Wait Time .00000

11 Out Accum Wait Time .00000
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