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[bookmark: _Toc242029810]Introduction 
[bookmark: _Toc242029811]Process Overview 
The Festo Industry 4.0 CP Lab is an automated manufacturing system designed to replicate a smart factory environment. This study focuses on the assembly process, including inspection, drilling, dispensing, pressing, labelling and output operations, making it suitable for DES analysis.

[bookmark: _Toc242029812]Aim and Objectives 
[bookmark: _Toc242029813]Aim

To develop a DES model of the Festo CP Lab assembly process to evaluate performance and identify improvement opportunities.

[bookmark: _Toc242029814]Objectives

1. Model the current-state assembly process.
2. Develop the DES model structure and logic.
3. Identify waste and value-adding activities.
4. Analyse throughput, cycle time, utilisation and bottlenecks.
5. Evaluate the impact of process constraints.
6. Recommend lean improvement opportunities.



[bookmark: _Toc242029815]Literature Review 
[bookmark: _Toc242029816]Discrete Event Simulation 
The importance of process efficiency requires that interactions between process functions are understood to enable optimisation. Discrete Event Simulation (DES) is one method of achieving this and is particularly useful for analysing complex systems and environments.

The adoption of lean principles in modern engineering has increased the value of simulation tools, as they support continuous process improvement through activities such as bottleneck identification, value stream analysis, and the evaluation of process changes in an offline environment.

The role of DES in analysing operational systems is increasingly significant. According to Banks et al. (2010), "a simulation is the imitation of the operation of a real-world process or system over time". This highlights its usefulness as a tool for evaluating and improving complex manufacturing systems, making it a valuable tool for analysing complex manufacturing systems such as the Festo CP Lab.

[bookmark: _Toc242029817]Lean Thinking 
Lean is a management philosophy that originated from the Toyota Production System (TPS) and focuses on maximising customer value while minimising waste. Its fundamental goal is to deliver exactly what the customer requires using the fewest possible resources while continuously improving processes and eliminating activities that do not add value. This emphasis on efficiency is reflected by Womack and Jones (2003), who state that "lean thinking is lean because it provides a way to do more and more with less and less", highlighting the importance of resource optimisation and waste reduction.

[bookmark: _Toc242029818]Waste in Processes 
Waste is a central concept within Lean Manufacturing. Womack and Jones (2003) define muda as "any human activity which absorbs resources but creates no value", highlighting the importance of identifying and eliminating non-value-added activities throughout a process. The reduction of waste is fundamental to improving process efficiency, reducing lead times and increasing customer value. Within lean thinking, eight categories of waste have been identified that can negatively affect organisational performance and operational effectiveness. These wastes can result in longer cycle times, reduced throughput, increased operating costs and lower resource utilisation. In manufacturing environments, such as the Festo Industry 4.0 CP Lab, waste can significantly affect system performance and should therefore be identified and minimised. The eight wastes are commonly remembered using the acronym DOWNTIME.
[bookmark: _Toc242029819]Defects 
Errors that result in rework, scrap or rejected products, reducing throughput and increasing costs. Within the Festo process, failed AOI inspections would constitute a defect.
[bookmark: _Toc242029820]Overproduction 
Producing more items than required by demand, resulting in excess inventory, increased storage requirements and reduced efficiency.
[bookmark: _Toc242029821]Waiting 
Idle time caused by delays between process activities. Waiting increases cycle time and reduces overall throughput.
[bookmark: _Toc242029822]Non-utilised Talent 
The underuse of employee skills, knowledge and experience, limiting opportunities for process improvement.
[bookmark: _Toc242029823]Transport 
Unnecessary movement of materials or products between process stages that adds no customer value.
[bookmark: _Toc242029824]Inventory 
Excess raw materials, work-in-progress (WIP) or finished goods. Inventory often hides process inefficiencies and increases storage requirements.
[bookmark: _Toc242029825]Motion 
Unnecessary movement of people, equipment or machinery that increases processing time without adding value.
[bookmark: _Toc242029826]Extra Processing 
Performing activities beyond customer requirements, such as unnecessary inspections or handling operations that increase cost without improving value.

[bookmark: _Toc242029827]DES and Lean Integration 
Discrete Event Simulation (DES) is widely used to support lean improvement initiatives by enabling organisations to evaluate process performance without disrupting real operations. Through the analysis of system behaviour, DES can identify bottlenecks, quantify waste and assess the impact of potential process improvements. Spear and Bowen (1999) describe the Toyota Production System as "a continuous series of controlled experiments", a philosophy reflected in DES, where alternative process configurations and resource allocations can be tested in a risk-free virtual environment.

[bookmark: _Toc242029828]Key Performance Indicators 
The performance of manufacturing systems is commonly evaluated using KPIs such as throughput, cycle time, waiting time and resource utilisation. These measures provide insight into process efficiency and are frequently generated through DES analysis to identify constraints and improvement opportunities (Slack, Brandon-Jones and Johnston, 2019; Banks et al., 2010).


[bookmark: _Toc242029829]Methodology 
[bookmark: _Toc242029830]DES Modelling Approach 
The Festo Industry 4.0 CP Laboratory was modelled using a Discrete Event Simulation (DES) approach, whereby system behaviour was represented as a sequence of discrete events occurring over time. The model incorporated process variability and material flow to replicate the operation of the manufacturing system. Simulation outputs were used to evaluate process performance and support the identification of improvement opportunities.

[bookmark: _Toc242029831]Process Description and Flow 
The production process was mapped from part arrival at the Robot Assembly station through to the completed assembly exiting the Output Station. The Festo Industry 4.0 CP Lab is a modular automated manufacturing system designed to replicate a smart factory environment. The process consists of Automated Optical Inspection (AOI), drilling, top cap dispensing, hydraulic pressing, label printing and output handling. Components progress sequentially through each station via conveyor transfers. Two product variants are manufactured, requiring either two-hole or four-hole drilling before rejoining the main process flow. The overall process flow is shown in Figure 1.
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[bookmark: _Toc242029832]Data Collection 
Data used within the DES model was obtained from the Festo CP Lab case study. The case study provided processing times, movement times, routing information and resource requirements for model development. The manufacturing mix consisted of 60% of components requiring two-hole drilling and 40% requiring four-hole drilling. The production system operates with three operators per shift. However, for modelling purposes, one operator was assigned responsibility for both dispenser refilling and output-station unloading activities in accordance with the case study assumptions. The collected data was used to define simulation inputs and operational constraints, as summarised in Table 1. 

[bookmark: _Ref242006802][bookmark: _Toc242029916]Table 1 - Process Data Collection
	Process
	Time

	Order
	Description
	Type
	Min (s)
	Average (s)
	Max (s)

	1
	Parts in From Robot Assembly
	Part Creation
	15
	18
	21

	2
	Automated Optical Inspection
	Process
	2
	2.4
	3.4

	
	Camera to Drilling
	Movement
	
	8.2
	

	3
	Drilling (2 Holes)
	Process
	16
	18
	20

	3
	Drilling (4 Holes)
	Process
	30
	33
	36

	
	Drill to Dispensing
	Movement
	
	7.3
	

	4
	Top Cap Dispensing
	Process
	2.7
	3
	3.5

	4
	Refill (every 10x cycles)
	Process
	110
	120
	135

	
	Mag Back to Press
	Movement
	
	7.3
	

	5
	Hydraulic Press
	Process
	11.7
	12.3
	12.9

	
	Press to Label
	Movement
	
	8.2
	

	6
	Label Printing
	Process
	6.2
	7
	8.7

	
	Label to Output Station
	Movement
	
	8.2
	

	7
	Output Station
	Process
	3.6
	4.1
	5.1

	7
	Remove Parts (Every 4x Cycles)
	Process
	20
	26
	32



[bookmark: _Ref242016766][bookmark: _Toc242029881][image: ]Figure 2 - Resource Utilisation %
Figure 2 presents the resource utilisation of the overall structure of the DES model developed for the Festo CP Lab production system.



[bookmark: _Toc242029833]Process Mapping 
The process map contained process, movement and decision activities. Decision points occurred at the drilling station, top-cap dispenser and output station, where routing, refill and unloading logic were applied. 

[bookmark: _Toc242029834]Process Logic & Event Triggers 
As shown in Table 2, event triggers controlled component movement between workstations. Additional triggers were implemented for dispenser refill activities and output unloading operations.

[bookmark: _Ref242009139][bookmark: _Toc242029917]Table 2 – Trigger Event Identification 
	Station
	Trigger Event

	1) Robot Assembly
	New component enters system

	2) AOI
	Sensor detects part

	3) Drilling
	Inspection complete

	4) Dispensing
	Drilling complete

	5) Press
	Cap applied

	6) Label
	Press complete

	7) Output
	Label complete



[bookmark: _Toc242029835]DES Model Development 
Figure 3 illustrates the resources incorporated within the simulation model, including the AOI station, drill station, dispensing station, hydraulic press, label printer and operator resource.

[image: ]
[bookmark: _Ref242016459][bookmark: _Toc242029882]Figure 3 – Model Simulation Overview


[bookmark: _Toc242029836]Entities 
Figure 4 to Figure 6 illustrate the entity configuration used within the DES model. Components entered the system at 15-second intervals to represent production demand variability and were subsequently tracked throughout the process. A dispatch block was used to record entity statistics upon system exit, whilst a batch block accumulated four completed assemblies before triggering operator unloading and final dispatch.

[image: ]
[bookmark: _Ref242009832][bookmark: _Toc242029883]Figure 4 – Entity 1 - Parts Inward
[image: ]
[bookmark: _Ref242010200][bookmark: _Toc242029884]Figure 5 – Entity 2 - Parts Outward
[image: ]
[bookmark: _Ref242010326][bookmark: _Toc242029885]Figure 6 – Batch Block (4 QTY)

[bookmark: _Toc242029837]Resources 
Figure 8 to Figure 20 illustrate the resource configurations used within the DES model. Each workstation was represented using seize-delay-release logic, whilst operator-controlled activities were incorporated for dispenser refilling and output-station unloading.
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[bookmark: _Ref242010730][bookmark: _Toc242029886]Figure 7 – Resource - Station Overview
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[bookmark: _Ref242025509][bookmark: _Toc242029887]Figure 8 – Resource - Camera Module
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[bookmark: _Toc242029888]Figure 9 – Resource - Drill Station - 2 Holes
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[bookmark: _Toc242029889]Figure 10 – Resource - Drill Station - 4 Holes
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[bookmark: _Toc242029890]Figure 11 - Station 2 & 3
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[bookmark: _Toc242029891]Figure 12 – Resource - Top Cap Dispenser
	[image: ]
[bookmark: _Toc242029892]Figure 13 – Resource - Hydraulic Press
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[bookmark: _Ref242011331][bookmark: _Toc242029893]Figure 14 – Resource - Top Cap Refill
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[bookmark: _Toc242029894]Figure 15 - Station 4 & 5
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[bookmark: _Toc242029895]Figure 16 – Resource - Label Printer
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[bookmark: _Toc242029896]Figure 17 - Station 6
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[bookmark: _Ref242011325][bookmark: _Toc242029897]Figure 18 – Resource - Output Station
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[bookmark: _Ref242011332][bookmark: _Toc242029898]Figure 19 – Resource - Empty Output Stack
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[bookmark: _Ref242025510][bookmark: _Toc242029899]Figure 20 - station 7


[bookmark: _Toc242029838]Logic 
Figure 21 to Figure 23 illustrate the core logic blocks incorporated within the DES model. Decision blocks were used to represent process branching and conditional activities, including the 60%/40% drilling split, dispenser refill logic and output-station unloading requirements. Hold blocks and queue structures were implemented before each processing station to capture waiting times and work-in-progress inventory, ensuring components remained in queues until the required resource became available. Delay blocks were used to represent both processing activities and non-value-added transportation delays between workstations. These delays were derived from the transfer and processing times provided in the case study, enabling process variability, system congestion and material movement to be accurately represented within the simulation model.

[image: ]
[bookmark: _Ref242014032][bookmark: _Toc242029900]Figure 21 – Decision blocks
[image: ]
[bookmark: _Ref242014039][bookmark: _Toc242029901]Figure 22 – Hold blocks - Queuing
[image: ]
[bookmark: _Ref242014336][bookmark: _Toc242029902]Figure 23 – Delay Blocks
Figure 24 to Figure 29 illustrate the assignment logic incorporated within the model. Assignment blocks were used to control dispenser inventory, product routing and output-station counting, ensuring that replenishment and unloading activities were triggered when predefined thresholds were reached.
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[bookmark: _Toc242029903][bookmark: _Ref242029926]Figure 24 – Assignment Decision Overview
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[bookmark: _Ref242014812][bookmark: _Toc242029904]Figure 25 – Assignment decision - Top cap station - Reset count to 10
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[bookmark: _Ref242014818][bookmark: _Toc242029905]Figure 26 – Assignment decision - Top cap station - remove 1 from count until 0
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[bookmark: _Ref242014824][bookmark: _Toc242029906]Figure 27 – Assignment decision - Drill station - 60% chance
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[bookmark: _Toc242029907]Figure 28  – Assignment decision - output stack - Reset count to 0
	[image: ]
[bookmark: _Toc242029908][bookmark: _Ref242029927]Figure 29  – Assignment decision - output stack - Add 1 to value until 4




Figure 30 to Figure 36 illustrate the record blocks used to capture throughput, processing times and workstation performance metrics throughout the simulation.
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[bookmark: _Ref242026202][bookmark: _Toc242029909]Figure 30 – Record Block Overview
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[bookmark: _Ref242014835][bookmark: _Toc242029910]Figure 31 – Record Block - Camera Data
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[bookmark: _Toc242029911]Figure 32 – Record Block - Drill Data
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[bookmark: _Toc242029912]Figure 33 – Record Block - Top Cap Data
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[bookmark: _Toc242029913]Figure 34 – Record Block - Press Data
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[bookmark: _Toc242029914]Figure 35 – Record Block - Label Data
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[bookmark: _Ref242019147][bookmark: _Toc242029915]Figure 36 – Record Block - Output Data





[bookmark: _Toc242029839]Input Data Modelling 
As shown in Table 1 and Figure 7, process times within the DES model were represented using triangular probability distributions based on the minimum, average and maximum values provided in the case study. Triangular delay distributions were incorporated within the seize-delay-release blocks associated with each workstation, ensuring that processing times remained within the specified operating range whilst reflecting the expected average process duration. In addition, conveyor transfer times between stations were modelled as fixed delay blocks to accurately represent material handling and transportation activities throughout the manufacturing system. The use of triangular distributions enabled process variability to be represented within the model whilst utilising the limited input data available from the case study (Banks et al., 2010). Example model inputs included a triangular distribution of minimum = 15s, average = 18s and maximum = 21s for part arrivals; minimum = 2s, average = 2.4s and maximum = 3.4s for AOI inspection; minimum = 16s, average = 18s and maximum = 20s for two-hole drilling; and minimum = 30s, average = 33s and maximum = 36s for four-hole drilling operations.

[bookmark: _Toc242029840]Product Routing Logic 
Components were routed at the drilling decision point according to the product mix specified within the case study. Following inspection, 60% of components were directed to the two-hole drilling operation (Type A route), whilst the remaining 40% were directed to the four-hole drilling operation (Type B route). Upon completion of drilling, both product types rejoined the main process flow and continued through the dispensing, pressing, labelling and output stages.

[bookmark: _Toc242029841]Resource Constraints 
Table 3 summarises the resources incorporated within the DES model. Each workstation was modelled as a dedicated resource with a capacity of one, reflecting the configuration of the Festo CP Lab production system.

The manufacturing system operates with three operators per shift; however, in accordance with the case study assumptions, one operator was assigned responsibility for both top-cap dispenser refilling and output-station unloading activities within the simulation model. Resource constraints were incorporated to reflect operational limitations, including replenishment of the top-cap dispenser after every ten dispensing cycles and unloading of the output station after every four completed assemblies. These constraints were included to evaluate the impact of shared operator responsibilities on system performance, waiting times and potential bottleneck formation.

[bookmark: _Ref242019723][bookmark: _Toc242029918]Table 3 – Resources
	Resource
	Quantity

	AOI Station
	1

	Drill Station
	1

	Dispensing Station
	1

	Press Station
	1

	Label Printer
	1

	Operators
	3



[bookmark: _Toc242029842]Validation and Verification 
Verification was conducted by checking model logic, routing decisions, event triggers and resource allocations against the process flow. Validation was performed by comparing simulation behaviour with the expected operation of the Festo CP Lab case study to ensure that process flows, constraints and decision points were represented accurately.
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[bookmark: _Toc242029843]Results 
Run execution date : 7/31/2026   |   Model revision date: 7/31/2026
Simulation run time: 0.02 minutes.   |   Simulation run complete.

[bookmark: _Toc242029919]Table 4 – Arena Simulation Results - Summary (Output Summary for 10 Replications)
	Identifier                                 
	Average    
	Half-width 
	Minimum    
	Maximum 
	Replications

	2.CAMERA Module Accum NVA Time
	1299.7
	3.4273
	1291.3
	1308.1
	10

	3.Drill 2 Holes Accum Wait Time             
	0
	0
	0
	0
	10

	4.Top Cap dispensing Accum VA Time          
	1532.5
	2.4659
	1527.8
	1540.4
	10

	5.Hydraulic press Number In                 
	500
	0
	500
	500
	10

	6.Label printing Accum Wait Time           
	0
	0
	0
	0
	10

	5.Hydraulic press Number Out               
	500
	0
	500
	500
	10

	3.Drill 4 Holes Accum VA Time               
	6679.8
	200.22
	6267.2
	7010.1
	10

	7.Empty output stack_remove parts Accum NV  
	3151
	21.833
	3106.7
	3201.3
	10

	3.Drill 4 Holes Number In                   
	202.7
	5.9374
	190
	213
	10

	4.Top Cap dispensing Accum Wait Time        
	19.76
	3.7144
	14.358
	32.723
	10

	4.Refill _per 10 cycles Accum NVA Time      
	6667.3
	36.857
	6584.2
	6737.9
	10

	6.Label printing Accum NVA Time             
	3645
	8.8697
	3623.5
	3664
	10

	7.Empty output stack_remove parts Number O  
	121.1
	0.5278
	120
	122
	10

	7.Empty output stack_remove parts Number I  
	121.1
	0.5278
	120
	122
	10

	4.Refill _per 10 cycles Number In           
	55
	0
	55
	55
	10

	3.Drill 4 Holes Number Out                  
	202.7
	5.9374
	190
	213
	10

	4.Top Cap dispensing Number Out             
	500
	0
	500
	500
	10

	4.Top Cap dispensing Number In              
	500
	0
	500
	500
	10

	7.Empty output stack_remove parts Accum Wa  
	4028.2
	202.96
	3633.4
	4458
	10

	4.Refill _per 10 cycles Number Out          
	55
	0
	55
	55
	10

	3.Drill 4 Holes Accum Wait Time             
	0
	0
	0
	0
	10

	4.Refill _per 10 cycles Accum Wait Time     
	257.31
	26.859
	184.89
	309.49
	10

	7.Output station_4 stack Accum NVA Time     
	2129.3
	4.7837
	2117.4
	2137.2
	10

	2.CAMERA Module Number In                   
	500
	0
	500
	500
	10

	3.Drill 2 Holes Accum VA Time               
	5351.4
	111.55
	5159
	5596.6
	10

	5.Hydraulic press Accum Wait
	0
	0
	0
	0
	10

	2.CAMERA Module Number Out                  
	500
	0
	500
	500
	10

	7.Output station_4 stack Accum Wait Time
	49.756
	9.866
	16.421
	62.247
	10

	2.CAMERA Module Accum Wait Time
	0
	0
	0
	0
	10

	3.Drill 2 Holes Number Out                  
	297.3
	5.9374
	287
	310
	10

	3.Drill 2 Holes Number In                   
	297.3
	5.9374
	287
	310
	10

	6.Label printing Number Out                 
	500
	0
	500
	500
	10

	6.Label printing Number In                  
	500
	0
	500
	500
	10

	5.Hydraulic press Accum VA Time             
	6150.2
	4.552
	6138
	6158.5
	10

	7.Output station_4 stack Number Out         
	500
	0
	500
	500
	10

	7.Output station_4 stack Number In          
	500
	0
	500
	500
	10

	PARTs.NumberIn                              
	625
	0
	625
	625
	10

	PARTs.NumberOut                             
	625
	0
	625
	625
	10

	press.NumberSeized                          
	500
	0
	500
	500
	10

	press.ScheduledUtilization                 
	0.21355
	1.5806E
	-4 .21313     
	0.21384
	10

	operator refill.NumberSeized                
	176.1
	0.5278
	175
	177
	10

	operator refill.ScheduledUtilization        
	0.34092
	0.00126
	0.33752
	0.34341
	10

	drill.NumberSeized                          
	500
	0
	500
	500
	10

	drill.ScheduledUtilization                  
	0.41775
	0.00315
	0.41135
	0.42293
	10

	output robot.NumberSeized                   
	500
	0
	500
	500
	10

	output robot.ScheduledUtilization          
	0.07393
	1.6610E
	-4.07352
	0.07421
	10

	label printer.NumberSeized                  
	500
	0
	500
	500
	10

	label printer.ScheduledUtilization          
	0.12657
	3.0798E
	-4.12582
	0.12723
	10

	camera.NumberSeized                         
	500
	0
	500
	500
	10

	camera.ScheduledUtilization                 
	0.04513
	1.1900E
	-4.04484
	0.04542
	10

	dispenser.NumberSeized                      
	500
	0
	500
	500
	10

	dispenser.ScheduledUtilization             
	0.05321
	8.5624E
	-5.05305
	0.05349
	10

	System.NumberOut                           
	125
	0
	125
	125
	10



[bookmark: _Toc242029844]Simulation Setup 
The simulation model was executed over ten independent replications to account for process variability and improve the reliability of the performance measures obtained. No warm-up period was applied, as the system was analysed from the beginning of each simulation run. Each replication represented an 8-hour production shift, with time measured in seconds as the base unit. A 24-hour day configuration was used within the simulation settings to maintain consistency across all experimental runs.

[bookmark: _Toc242029845]KPI Results 
[bookmark: _Toc242029846]Throughput 
A total of 625 components entered the system during the simulation period. However, overall throughput was recorded as 125 completed outputs, as assemblies were accumulated into batches of four at the output station before being released from the system. This batching logic reflects the case study requirement that completed assemblies are removed in groups of four, thereby reducing the number of final output transactions recorded by the model.

[bookmark: _Toc242029920]Table 50 – Results - Throughput
	KPI
	Result

	Components Entered
	625

	Components Processed
	500

	Completed Output Batches
	125



[bookmark: _Toc242029847]Utilisation 

[bookmark: _Toc242029921]Table 6 – Results - Utilisation
	Resource
	Utilisation

	Drill
	41.8%

	Operator Refill
	34.1%

	Hydraulic Press
	21.4%

	Label Printer
	12.7%

	Output Robot
	7.4%

	Dispenser
	5.3%

	Camera
	4.5%



The drill station achieved the highest resource utilisation at 41.8%, indicating that it was the most heavily utilised workstation and the most likely source of process bottlenecks within the system.



[bookmark: _Toc242029848]Waiting Time 

[bookmark: _Toc242029922]Table 7 – Results - Waiting Time
	Process
	Average Wait Time

	Drill 2 Holes
	0 s

	Drill 4 Holes
	0 s

	Camera
	0 s

	Hydraulic Press
	0 s

	Label Printing
	0 s

	Top Cap Dispensing
	19.8 s

	Refill Activity
	257.3 s

	Output Removal
	4028.2 s

	Output Stack
	49.8 s



The output-station unloading operation exhibited the highest waiting time within the manufacturing process, suggesting that the operator-controlled removal activity is constraining system throughput and contributing to the accumulation of work-in-progress inventory.

[bookmark: _Toc242029849]Value-Adding Time 

[bookmark: _Toc242029923]Table 8 – Results - Value-Adding Time
	Process
	VA Time

	Drill 2 Holes
	5351.4 s

	Drill 4 Holes
	6679.8 s

	Top Cap Dispensing
	1532.5 s

	Hydraulic Press
	6150.2 s




[bookmark: _Toc242029850]Non-Value-Adding Time 

[bookmark: _Toc242029924]Table 9 – Results - Non-Value-Adding Time
	Process
	NVA Time

	Camera Inspection
	1299.7 s

	Label Printing
	3645.0 s

	Refill Activity
	6667.3 s

	Output Removal
	3151.0 s

	Output Stack
	2129.3 s



The top-cap dispenser refill operation was the most significant source of non-value-added time, suggesting that manual replenishment activities have a considerable impact on system performance and operator workload.




[bookmark: _Toc242029851]Bottleneck Analysis 
Operator-controlled refill and unloading activities were identified as the primary bottlenecks. Output unloading recorded the highest waiting time (4028.2 s) whilst dispenser refill generated 6667.3 s of non-value-added time.
[bookmark: _Toc242029852]Queue Analysis 
[bookmark: _Ref242010763][bookmark: _Ref242010769][bookmark: _Ref242010775]No significant queues were observed at the AOI, drill or hydraulic press stations, all of which recorded average waiting times of 0 seconds. Queue formation occurred primarily at operator-controlled activities.	



[bookmark: _Toc242029853]Waste and Value Analysis 
[bookmark: _Toc242029854]Waste Identification 
[bookmark: _Toc242029855]Waiting & Work-in-Progress (WIP) 
Waiting and work-in-progress (WIP) inventory were identified as significant sources of waste within the process. The output-station unloading activity recorded the highest average waiting time of 4028.2 seconds, whilst the dispenser refill operation accumulated an average waiting time of 257.3 seconds. Both activities required operator intervention, resulting in delays when the required resource was unavailable. These waiting periods contributed to increased cycle times and reduced process flow efficiency. The accumulation of completed assemblies at the output station prior to unloading also created temporary WIP inventory within the system. This was evidenced by the excessive waiting times associated with output removal activities, indicating that assemblies were required to remain within the process until operator capacity became available. Consequently, waiting and WIP inventory were closely linked and represented two of the most significant wastes observed within the current-state process.

[bookmark: _Toc242029856]Motion & Non-Value-Added Activates 
Motion waste was primarily associated with the manual activities required to support the process. In accordance with the case study assumptions, a single operator was responsible for both top-cap dispenser refilling and output-station unloading activities. The requirement for the operator to perform multiple tasks increased non-value-added work and contributed to delays within the system. The dispenser refill operation generated the greatest amount of non-value-added time, accumulating 6667.3 seconds during the simulation, while output handling activities contributed a further 3151.0 seconds. Additional non-value-added time was also generated through transportation activities between workstations. Although necessary for system operation, these activities did not directly contribute to product value and therefore represented a significant source of process waste.


[bookmark: _Toc242029857]Customer Value Analysis 
Customer value analysis was conducted by assessing each activity against its contribution to the finished assembly. As Womack and Jones (2003) state, "value can only be defined by the ultimate customer". Consequently, only activities that physically transformed the product or contributed directly to the final assembly were classified as value-adding, whilst waiting, transport and support activities were classified as non-value-adding.

[bookmark: _Toc242029925]Table 10 - Customer Value Analysis
	Activity
	Classification

	AOI Inspection
	NVA

	2-Hole Drilling
	VA

	4-Hole Drilling
	VA

	Top Cap Dispensing
	VA

	Hydraulic Press
	VA

	Label Printing
	NVA*

	Dispenser Refill
	NVA

	Output Removal
	NVA

	Conveyor Transfer
	NVA



*Unless customer traceability requirements make labelling essential to the delivered product.

Simulation results showed that the total value-added time was primarily generated by drilling, dispensing and hydraulic pressing operations. The 4-hole drilling process accumulated 6679.8 seconds of value-added time, whilst the hydraulic press and dispensing operations accumulated 6150.2 seconds and 1532.5 seconds, respectively. The greatest sources of non-value-added time were the dispenser refill operation (6667.3 seconds) and output-handling activities (3151.0 seconds), indicating that manual support tasks contributed significantly to process inefficiency. These findings suggest that a substantial proportion of process time was spent on activities that did not directly increase customer value, highlighting opportunities for lean improvement.



[bookmark: _Toc242029858]Lean Evaluation and Improvement Opportunities 
Simulation results were analysed to identify operational constraints and opportunities for lean process improvement. The results indicated that operator-dependent activities, dispensing refills and output handling generated the highest levels of waiting and non-value-added time, whilst the drill station recorded the highest resource utilisation. Based on these findings, several improvement opportunities were identified.

[bookmark: _Toc242029859]Improvement Opportunity 1: Increased Output Station Capacity 
The output station currently accumulates assemblies in batches of four before an operator unloading activity is triggered. This resulted in significant waiting time accumulation and contributed to flow interruptions within the system. Increasing the output station capacity or implementing automated removal of completed assemblies could reduce blocking, improve throughput and decrease waiting times.

[bookmark: _Toc242029860]Improvement Opportunity 1: Dedicated Operator Allocation 
A single operator was responsible for both dispenser refilling and output-station unloading activities. As these activities generated substantial waiting and non-value-added time, assigning a dedicated operator to one of these tasks could reduce delays and improve process continuity. This change would be expected to reduce queue lengths and improve overall system responsiveness.

[bookmark: _Toc242029861]Improvement Opportunity 1: Increased Dispenser Capacity 
The top-cap dispenser required refilling after every ten cycles, creating a significant amount of non-value-added time. Increasing the magazine capacity would reduce the frequency of refill activities, thereby lower downtime and increasing available production time. This improvement would be expected to reduce waiting times and improve throughput.

[bookmark: _Toc242029862]Improvement Opportunity 1: Additional Drilling Capacity 
The drill station recorded the highest utilisation level within the manufacturing process, indicating that it was the most heavily loaded workstation. Introducing an additional drill station or reducing drilling cycle times could improve resource balancing and reduce the risk of future bottlenecks. This would be expected to increase throughput whilst reducing work-in-progress inventory and waiting times. 

[bookmark: _Toc242029863]Discussion and Conclusion 
[bookmark: _Toc242029864]Discussion 
The simulation demonstrated that operator-dependent refill and unloading activities constrained system performance. These findings support lean principles regarding the impact of waiting and non-value-added activities on process efficiency. DES proved effective in identifying performance constraints without disrupting production. However, the model remains dependent on several simplifying assumptions.

[bookmark: _Toc242029865]Conclusion 
The simulation results indicate that the current process operates effectively but is constrained by several resource and operational limitations. Waiting and inventory were identified as the primary forms of waste, primarily due to operator-dependent refill and unloading activities. The drill station recorded the highest utilisation level and therefore represented the most heavily loaded workstation within the manufacturing system. Improvements such as increasing output-station capacity, increasing dispenser magazine capacity and introducing additional drilling capacity could reduce non-value-added time, improve throughput and enhance overall process efficiency. The DES model successfully achieved the project aim by modelling, analysing and identifying lean improvement opportunities within the Festo Industry 4.0 CP Lab.


[bookmark: _Toc242029866]Evaluation and Reflection 
The use of DES provided a clear visual representation of the manufacturing process and generated quantitative evidence to support performance analysis. However, the model was based on case-study data and several simplifying assumptions regarding operator activities and process behaviour. Future work could involve modelling proposed improvements and evaluating their impact through future-state simulation scenarios.
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[bookmark: _Toc242029869]Results Summary - Replication 1
                                    
                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 1 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        213    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        287    
5.Hydraulic press.VATimePerEntity           12.310     .02210     11.742     12.851        500    
5.Hydraulic press.TotalTimePerEntity        12.310     .02210     11.742     12.851        500    
2.CAMERA Module.TotalTimePerEntity          2.5918     .02589     2.0393     3.3566        500    
Camera_INTERArrival time                    14.447     1.3937     2.0393     98.654        499    
7.Empty output stack_remove parts.WaitTime  30.028     (Insuf)    .00000     125.20        121    
Drill_INTERArrival time                     24.320     .78039     16.194     35.748        499    
4.Refill _per 10 cycles.NVATimePerEntity    120.09     (Insuf)    111.19     132.40         55    
2.CAMERA Module.NVATimePerEntity            2.5918     .02589     2.0393     3.3566        500    
7.Output station_4 stack.TotalTimePerEntit  4.3841     .05110     3.6500     8.4986        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03154     .02195     .00000     2.7384        500    
Press_INTERArrival time                     24.374     .85547     11.792     77.604        499    
6.Label printing.TotalTimePerEntity         7.2470     .03548     6.2415     8.6017        500    
3.Drill 4 Holes.VATimePerEntity             32.911     (Insuf)    30.262     35.748        213    
3.Drill 2 Holes.VATimePerEntity             17.975     (Insuf)    16.194     19.871        287    
Label_INTERArrival time                     24.374     .85674     10.214     78.667        499    
Throughput Rate_Whole Process               173.95     (Corr)     .00000     185.96        500    
7.Output station_4 stack.NVATimePerEntity   4.2738     .03073     3.6500     5.0444        500    
7.Empty output stack_remove parts.NVATimeP  26.206     (Insuf)    21.014     30.879        121    
7.Empty output stack_remove parts.TotalTim  56.234     (Insuf)    21.014     148.73        121    
6.Label printing.NVATimePerEntity           7.2470     .03548     6.2415     8.6017        500    
4.Refill _per 10 cycles.TotalTimePerEntity  124.51     (Insuf)    111.19     147.10         55    
Top Cap_INTERArrival time                   24.374     .86844     2.7396     77.297        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .11030     .04253     .00000     3.9366        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.4155     (Insuf)    .00000     26.480         55    
4.Top Cap dispensing.TotalTimePerEntity     3.0891     .02528     2.7244     5.7946        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.911     (Insuf)    30.262     35.748        213    
3.Drill 2 Holes.TotalTimePerEntity          17.975     (Insuf)    16.194     19.871        287    
4.Top Cap dispensing.VATimePerEntity        3.0576     .01320     2.7244     3.4728        500    
PARTs.VATime                                158.82     (Insuf)    130.22     195.76        125    
PARTs.NVATime                               291.46     (Insuf)    211.83     394.23        125    
PARTs.WaitTime                              10345.     (Insuf)    397.00     19868.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2741.7     (Insuf)    200.44     5164.9        125    
4.Top Cap dispensing.Queue.WaitingTime      .03154     .02195     .00000     2.7384        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .05338     .02808     .00000     3.8449        500    
cam hold.Queue.WaitingTime                  .25473     .06104     .00000     4.9185        500    
7.Empty output stack_remove parts.Queue.Wa  30.028     (Insuf)    .00000     125.20        121    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   34.310     2.8936     .00000     146.71        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.858     1.3081     .00000     28.448        500    
press hold.Queue.WaitingTime                2.0121     .30161     .00000     17.403        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.4155     (Insuf)    .00000     26.480         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        213    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        287    
Drill hold.Queue.WaitingTime                2531.0     (Corr)     .00000     4942.5        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .11030     .04253     .00000     3.9366        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   46.857     (Corr)     .00000     209.00     .00000    
press.NumberBusy                            .21373     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21373     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .33946     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .33946     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .42254     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .42254     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07420     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07420     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12582     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12582     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04500     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04500     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05308     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05308     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     5.4757E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue              9.2674E-4 (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00442     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .12616     (Insuf)    .00000     1.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .59567     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18852     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03493     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00843     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              43.941     (Corr)     .00000     201.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00191     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1295.9    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1528.8    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               7010.1    
7.Empty output stack_remove parts Accum NV  3170.9    
3.Drill 4 Holes Number In                   213.00    
4.Top Cap dispensing Accum Wait Time        15.770    
4.Refill _per 10 cycles Accum NVA Time      6605.4    
6.Label printing Accum NVA Time             3623.5    
7.Empty output stack_remove parts Number O  121.00    
7.Empty output stack_remove parts Number I  121.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  213.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  3633.4    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     242.85    
7.Output station_4 stack Accum NVA Time     2136.9    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5159.0    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    55.149    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  287.00    
3.Drill 2 Holes Number In                   287.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6155.4    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21373    
operator refill.NumberSeized                176.00    
operator refill.ScheduledUtilization        .33946    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .42254    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07420    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12582    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04500    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05308    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 2 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        207    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        293    
5.Hydraulic press.VATimePerEntity           12.300     .02404     11.719     12.887        500    
5.Hydraulic press.TotalTimePerEntity        12.300     .02404     11.719     12.887        500    
2.CAMERA Module.TotalTimePerEntity          2.6052     .02531     2.0148     3.3220        500    
Camera_INTERArrival time                    14.804     1.4215     2.1030     115.54        499    
7.Empty output stack_remove parts.WaitTime  31.662     (Insuf)    .00000     125.03        121    
Drill_INTERArrival time                     24.213     (Corr)     16.282     35.861        499    
4.Refill _per 10 cycles.NVATimePerEntity    119.71     (Insuf)    110.91     131.87         55    
2.CAMERA Module.NVATimePerEntity            2.6052     .02531     2.0148     3.3220        500    
7.Output station_4 stack.TotalTimePerEntit  4.3936     .06066     3.6765     8.9367        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03671     .02007     .00000     2.7042        500    
Press_INTERArrival time                     24.261     .69790     11.736     73.110        499    
6.Label printing.TotalTimePerEntity         7.2913     .03994     6.2138     8.5805        500    
3.Drill 4 Holes.VATimePerEntity             33.067     (Insuf)    30.275     35.861        207    
3.Drill 2 Holes.VATimePerEntity             17.994     (Insuf)    16.282     19.950        293    
Label_INTERArrival time                     24.261     .70463     10.218     73.355        499    
Throughput Rate_Whole Process               173.03     (Corr)     .00000     184.18        500    
7.Output station_4 stack.NVATimePerEntity   4.2691     .02698     3.6483     5.0703        500    
7.Empty output stack_remove parts.NVATimeP  25.921     (Insuf)    21.000     31.693        121    
7.Empty output stack_remove parts.TotalTim  57.583     (Insuf)    22.006     155.33        121    
6.Label printing.NVATimePerEntity           7.2913     .03994     6.2138     8.5805        500    
4.Refill _per 10 cycles.TotalTimePerEntity  124.49     (Insuf)    110.91     154.89         55    
Top Cap_INTERArrival time                   24.261     .72212     2.7162     77.409        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .12449     .05112     .00000     4.2880        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.7805     (Insuf)    .00000     28.600         55    
4.Top Cap dispensing.TotalTimePerEntity     3.1015     .02544     2.7245     5.8274        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          33.067     (Insuf)    30.275     35.861        207    
3.Drill 2 Holes.TotalTimePerEntity          17.994     (Insuf)    16.282     19.950        293    
4.Top Cap dispensing.VATimePerEntity        3.0648     .01658     2.7162     3.4943        500    
PARTs.VATime                                158.39     (Insuf)    130.17     195.94        125    
PARTs.NVATime                               291.22     (Insuf)    210.77     471.96        125    
PARTs.WaitTime                              10130.     (Insuf)    276.69     19264.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2685.9     (Insuf)    179.72     5025.9        125    
4.Top Cap dispensing.Queue.WaitingTime      .03671     .02007     .00000     2.7042        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .07746     .04076     .00000     4.5549        500    
cam hold.Queue.WaitingTime                  .25784     .07599     .00000     4.2128        500    
7.Empty output stack_remove parts.Queue.Wa  31.662     (Insuf)    .00000     125.03        121    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   37.833     (Corr)     .00000     149.12        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.613     (Corr)     .00000     28.561        500    
press hold.Queue.WaitingTime                1.8420     .26350     .00000     17.447        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.7805     (Insuf)    .00000     28.600         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        207    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        293    
Drill hold.Queue.WaitingTime                2473.5     (Corr)     .00000     4777.7        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .12449     .05112     .00000     4.2880        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   45.919     (Corr)     .00000     209.00     .00000    
press.NumberBusy                            .21355     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21355     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .33752     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .33752     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .42074     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .42074     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07412     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07412     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12659     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12659     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04523     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04523     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05321     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05321     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.3735E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00134     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00448     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .13303     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .65683     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18426     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03198     (Insuf)    .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00913     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              42.943     (Corr)     .00000     199.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00216     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1302.6    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1532.4    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6844.9    
7.Empty output stack_remove parts Accum NV  3136.5    
3.Drill 4 Holes Number In                   207.00    
4.Top Cap dispensing Accum Wait Time        18.355    
4.Refill _per 10 cycles Accum NVA Time      6584.2    
6.Label printing Accum NVA Time             3645.6    
7.Empty output stack_remove parts Number O  121.00    
7.Empty output stack_remove parts Number I  121.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  207.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  3831.1    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     262.93    
7.Output station_4 stack Accum NVA Time     2134.5    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5272.2    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    62.247    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  293.00    
3.Drill 2 Holes Number In                   293.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6150.3    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21355    
operator refill.NumberSeized                176.00    
operator refill.ScheduledUtilization        .33752    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .42074    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07412    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12659    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04523    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05321    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 3 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        190    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        310    
5.Hydraulic press.VATimePerEntity           12.312     .01787     11.738     12.874        500    
5.Hydraulic press.TotalTimePerEntity        12.312     .01787     11.738     12.874        500    
2.CAMERA Module.TotalTimePerEntity          2.5988     .02514     2.0250     3.3463        500    
Camera_INTERArrival time                    15.596     1.5032     2.1054     109.44        499    
7.Empty output stack_remove parts.WaitTime  36.843     (Insuf)    .00000     123.89        121    
Drill_INTERArrival time                     23.738     (Corr)     16.305     35.648        499    
4.Refill _per 10 cycles.NVATimePerEntity    121.13     (Insuf)    111.87     132.13         55    
2.CAMERA Module.NVATimePerEntity            2.5988     .02514     2.0250     3.3463        500    
7.Output station_4 stack.TotalTimePerEntit  4.3394     .06525     3.6565     8.4996        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03810     .02737     .00000     3.0598        500    
Press_INTERArrival time                     23.720     .59597     11.761     76.827        499    
6.Label printing.TotalTimePerEntity         7.2689     .04773     6.2554     8.5273        500    
3.Drill 4 Holes.VATimePerEntity             32.985     (Insuf)    30.294     35.648        190    
3.Drill 2 Holes.VATimePerEntity             18.053     (Insuf)    16.305     19.909        310    
Label_INTERArrival time                     23.721     .59271     10.250     76.891        499    
Throughput Rate_Whole Process               177.55     (Corr)     .00000     188.62        500    
7.Output station_4 stack.NVATimePerEntity   4.2475     .02564     3.6408     4.9882        500    
7.Empty output stack_remove parts.NVATimeP  25.756     (Insuf)    20.355     31.336        121    
7.Empty output stack_remove parts.TotalTim  62.600     (Insuf)    20.460     149.95        121    
6.Label printing.NVATimePerEntity           7.2689     .04773     6.2554     8.5273        500    
4.Refill _per 10 cycles.TotalTimePerEntity  126.10     (Insuf)    111.87     151.71         55    
Top Cap_INTERArrival time                   23.719     .64401     2.7154     77.993        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .09194     .05226     .00000     4.3821        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.9689     (Insuf)    .00000     23.205         55    
4.Top Cap dispensing.TotalTimePerEntity     3.1027     .03095     2.7217     6.1180        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.985     (Insuf)    30.294     35.648        190    
3.Drill 2 Holes.TotalTimePerEntity          18.053     (Insuf)    16.305     19.909        310    
4.Top Cap dispensing.VATimePerEntity        3.0646     .01377     2.7154     3.4593        500    
PARTs.VATime                                156.41     (Insuf)    130.51     196.92        125    
PARTs.NVATime                               291.49     (Insuf)    209.37     480.17        125    
PARTs.WaitTime                              8402.6     (Insuf)    413.52     16398.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2260.5     (Insuf)    207.72     4375.5        125    
4.Top Cap dispensing.Queue.WaitingTime      .03810     .02737     .00000     3.0598        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .13818     .04258     .00000     4.6671        500    
cam hold.Queue.WaitingTime                  .24826     .05792     .00000     5.0216        500    
7.Empty output stack_remove parts.Queue.Wa  36.843     (Insuf)    .00000     123.89        121    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   37.074     (Corr)     .00000     153.19        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             9.7604     .97904     .00000     28.348        500    
press hold.Queue.WaitingTime                2.0224     .34612     .00000     17.656        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.9689     (Insuf)    .00000     23.205         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        190    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        310    
Drill hold.Queue.WaitingTime                2041.8     (Corr)     .00000     4048.6        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .09194     .05226     .00000     4.3821        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   38.414     (Corr)     .00000     182.00     .00000    
press.NumberBusy                            .21376     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21376     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .33954     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .33954     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .41194     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .41194     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07374     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07374     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12620     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12620     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04512     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04512     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05321     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05321     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.6143E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00240     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00431     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .15479     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .64365     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .16945     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03511     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00949     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              35.448     (Corr)     .00000     172.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00160     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1299.4    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1532.3    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6267.2    
7.Empty output stack_remove parts Accum NV  3116.5    
3.Drill 4 Holes Number In                   190.00    
4.Top Cap dispensing Accum Wait Time        19.049    
4.Refill _per 10 cycles Accum NVA Time      6662.3    
6.Label printing Accum NVA Time             3634.4    
7.Empty output stack_remove parts Number O  121.00    
7.Empty output stack_remove parts Number I  121.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  190.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4458.0    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     273.29    
7.Output station_4 stack Accum NVA Time     2123.7    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5596.6    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    45.969    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  310.00    
3.Drill 2 Holes Number In                   310.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6156.1    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21376    
operator refill.NumberSeized                176.00    
operator refill.ScheduledUtilization        .33954    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .41194    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07374    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12620    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04512    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05321    
System.NumberOut                            125.00    
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Project: Unnamed Project                                             Run execution date : 7/31/2026
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                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        206    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        294    
5.Hydraulic press.VATimePerEntity           12.297     .02105     11.718     12.894        500    
5.Hydraulic press.TotalTimePerEntity        12.297     .02105     11.718     12.894        500    
2.CAMERA Module.TotalTimePerEntity          2.5922     .02365     2.0143     3.3517        500    
Camera_INTERArrival time                    14.302     1.4299     2.0456     119.80        499    
7.Empty output stack_remove parts.WaitTime  34.833     (Insuf)    .00000     130.42        120    
Drill_INTERArrival time                     24.127     .69210     16.128     44.496        499    
4.Refill _per 10 cycles.NVATimePerEntity    122.00     (Insuf)    110.33     133.86         55    
2.CAMERA Module.NVATimePerEntity            2.5922     .02365     2.0143     3.3517        500    
7.Output station_4 stack.TotalTimePerEntit  4.3570     .05477     3.6315     8.4225        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .02872     .01797     .00000     2.5094        500    
Press_INTERArrival time                     24.201     .65913     11.778     72.989        499    
6.Label printing.TotalTimePerEntity         7.2752     .04903     6.2181     8.6621        500    
3.Drill 4 Holes.VATimePerEntity             32.836     (Insuf)    30.582     35.552        206    
3.Drill 2 Holes.VATimePerEntity             17.962     (Insuf)    16.128     19.871        294    
Label_INTERArrival time                     24.200     .65303     10.468     74.073        499    
Throughput Rate_Whole Process               173.23     (Corr)     .00000     184.26        500    
7.Output station_4 stack.NVATimePerEntity   4.2511     .02942     3.6315     5.0654        500    
7.Empty output stack_remove parts.NVATimeP  26.123     (Insuf)    20.151     31.748        120    
7.Empty output stack_remove parts.TotalTim  60.956     (Insuf)    21.352     157.09        120    
6.Label printing.NVATimePerEntity           7.2752     .04903     6.2181     8.6621        500    
4.Refill _per 10 cycles.TotalTimePerEntity  127.53     (Insuf)    112.16     163.25         55    
Top Cap_INTERArrival time                   24.200     .68793     2.8984     77.043        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .10582     .04958     .00000     4.2316        500    
4.Refill _per 10 cycles.WaitTimePerEntity   5.5372     (Insuf)    .00000     29.844         55    
4.Top Cap dispensing.TotalTimePerEntity     3.0962     .02350     2.7131     5.5367        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.836     (Insuf)    30.582     35.552        206    
3.Drill 2 Holes.TotalTimePerEntity          17.962     (Insuf)    16.128     19.871        294    
4.Top Cap dispensing.VATimePerEntity        3.0675     .01298     2.7131     3.4864        500    
PARTs.VATime                                157.82     (Insuf)    131.28     198.12        125    
PARTs.NVATime                               292.03     (Insuf)    211.37     535.22        125    
PARTs.WaitTime                              10548.     (Insuf)    253.18     19830.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2789.9     (Insuf)    183.88     5178.8        125    
4.Top Cap dispensing.Queue.WaitingTime      .02872     .01797     .00000     2.5094        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .07260     .04292     .00000     4.2504        500    
cam hold.Queue.WaitingTime                  .32941     .10198     .00000     6.7954        500    
7.Empty output stack_remove parts.Queue.Wa  34.833     (Insuf)    .00000     130.42        120    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   32.177     2.7386     .00000     134.40        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.473     1.1550     .00000     28.252        500    
press hold.Queue.WaitingTime                2.2904     .33795     .00000     17.760        500    
4.Refill _per 10 cycles.Queue.WaitingTime   5.5372     (Insuf)    .00000     29.844         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        206    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        294    
Drill hold.Queue.WaitingTime                2582.5     (Corr)     .00000     4913.9        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .10582     .04958     .00000     4.2316        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   47.734     (Corr)     .00000     213.00     .00000    
press.NumberBusy                            .21350     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21350     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34183     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34183     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .41824     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .41824     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07381     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07381     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12631     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12631     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04500     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04500     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05326     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05326     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     4.9854E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00126     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00572     (Insuf)    .00000     3.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .14514     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .55864     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18183     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03976     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .01057     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              44.836     (Corr)     .00000     207.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00184     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1296.1    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1533.7    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6764.3    
7.Empty output stack_remove parts Accum NV  3134.7    
3.Drill 4 Holes Number In                   206.00    
4.Top Cap dispensing Accum Wait Time        14.358    
4.Refill _per 10 cycles Accum NVA Time      6710.0    
6.Label printing Accum NVA Time             3637.6    
7.Empty output stack_remove parts Number O  120.00    
7.Empty output stack_remove parts Number I  120.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  206.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4180.0    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     304.54    
7.Output station_4 stack Accum NVA Time     2125.5    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5281.0    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    52.910    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  294.00    
3.Drill 2 Holes Number In                   294.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6148.6    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21350    
operator refill.NumberSeized                175.00    
operator refill.ScheduledUtilization        .34183    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .41824    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07381    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12631    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04500    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05326    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 5 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        210    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        290    
5.Hydraulic press.VATimePerEntity           12.297     .02133     11.710     12.850        500    
5.Hydraulic press.TotalTimePerEntity        12.297     .02133     11.710     12.850        500    
2.CAMERA Module.TotalTimePerEntity          2.6042     .02998     2.0075     3.3239        500    
Camera_INTERArrival time                    15.145     1.4877     2.0075     118.92        499    
7.Empty output stack_remove parts.WaitTime  35.108     (Insuf)    .00000     120.44        120    
Drill_INTERArrival time                     24.203     .77083     16.244     35.863        499    
4.Refill _per 10 cycles.NVATimePerEntity    121.43     (Insuf)    110.63     133.32         55    
2.CAMERA Module.NVATimePerEntity            2.6042     .02998     2.0075     3.3239        500    
7.Output station_4 stack.TotalTimePerEntit  4.2678     .03490     3.6338     6.8084        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .06545     .02911     .00000     3.0079        500    
Press_INTERArrival time                     24.241     .87834     11.726     77.959        499    
6.Label printing.TotalTimePerEntity         7.3049     .04818     6.2927     8.6408        500    
3.Drill 4 Holes.VATimePerEntity             32.935     (Insuf)    30.094     35.863        210    
3.Drill 2 Holes.VATimePerEntity             17.913     (Insuf)    16.244     19.916        290    
Label_INTERArrival time                     24.241     .88334     10.209     78.361        499    
Throughput Rate_Whole Process               170.37     (Corr)     .00000     184.75        500    
7.Output station_4 stack.NVATimePerEntity   4.2349     .03031     3.6338     5.0344        500    
7.Empty output stack_remove parts.NVATimeP  26.200     (Insuf)    20.987     30.860        120    
7.Empty output stack_remove parts.TotalTim  61.309     (Insuf)    20.987     148.85        120    
6.Label printing.NVATimePerEntity           7.3049     .04818     6.2927     8.6408        500    
4.Refill _per 10 cycles.TotalTimePerEntity  126.29     (Insuf)    110.63     147.59         55    
Top Cap_INTERArrival time                   24.239     .91570     2.9106     78.182        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .03284     .02283     .00000     2.8089        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.8576     (Insuf)    .00000     24.343         55    
4.Top Cap dispensing.TotalTimePerEntity     3.1463     .03470     2.7340     6.3564        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.935     (Insuf)    30.094     35.863        210    
3.Drill 2 Holes.TotalTimePerEntity          17.913     (Insuf)    16.244     19.916        290    
4.Top Cap dispensing.VATimePerEntity        3.0809     .01695     2.7340     3.4784        500    
PARTs.VATime                                158.40     (Insuf)    129.92     196.65        125    
PARTs.NVATime                               291.95     (Insuf)    210.70     398.93        125    
PARTs.WaitTime                              9359.0     (Insuf)    333.98     18410.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2495.3     (Insuf)    206.58     4798.7        125    
4.Top Cap dispensing.Queue.WaitingTime      .06545     .02911     .00000     3.0079        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .14181     .05030     .00000     4.4448        500    
cam hold.Queue.WaitingTime                  .26830     .08900     .00000     5.3214        500    
7.Empty output stack_remove parts.Queue.Wa  35.108     (Insuf)    .00000     120.44        120    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   35.295     2.5350     .00000     150.72        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.714     1.2868     .00000     28.563        500    
press hold.Queue.WaitingTime                2.0708     .34778     .00000     18.072        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.8576     (Insuf)    .00000     24.343         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        210    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        290    
Drill hold.Queue.WaitingTime                2282.2     (Corr)     .00000     4534.7        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .03284     .02283     .00000     2.8089        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   42.575     (Corr)     .00000     201.00     .00000    
press.NumberBusy                            .21349     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21349     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34107     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34107     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .42054     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .42054     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07352     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07352     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12682     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12682     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04521     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04521     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05349     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05349     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue    .00114     (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00246     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00466     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .14629     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .61277     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18601     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03595     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00928     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              39.621     (Corr)     .00000     192.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue   5.7019E-4 (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1302.1    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1540.4    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6916.4    
7.Empty output stack_remove parts Accum NV  3144.0    
3.Drill 4 Holes Number In                   210.00    
4.Top Cap dispensing Accum Wait Time        32.723    
4.Refill _per 10 cycles Accum NVA Time      6678.7    
6.Label printing Accum NVA Time             3652.4    
7.Empty output stack_remove parts Number O  120.00    
7.Empty output stack_remove parts Number I  120.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  210.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4213.0    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     267.17    
7.Output station_4 stack Accum NVA Time     2117.4    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5194.9    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    16.421    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  290.00    
3.Drill 2 Holes Number In                   290.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6148.5    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21349    
operator refill.NumberSeized                175.00    
operator refill.ScheduledUtilization        .34107    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .42054    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07352    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12682    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04521    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05349    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 6 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        192    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        308    
5.Hydraulic press.VATimePerEntity           12.276     (Corr)     11.761     12.828        500    
5.Hydraulic press.TotalTimePerEntity        12.276     (Corr)     11.761     12.828        500    
2.CAMERA Module.TotalTimePerEntity          2.5935     .02386     2.0263     3.3609        500    
Camera_INTERArrival time                    14.553     1.2468     2.0263     101.64        499    
7.Empty output stack_remove parts.WaitTime  35.364     (Insuf)    .00000     124.22        122    
Drill_INTERArrival time                     23.672     .80449     16.181     35.809        499    
4.Refill _per 10 cycles.NVATimePerEntity    122.04     (Insuf)    111.68     129.64         55    
2.CAMERA Module.NVATimePerEntity            2.5935     .02386     2.0263     3.3609        500    
7.Output station_4 stack.TotalTimePerEntit  4.3774     .04683     3.6442     8.3202        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03647     .02052     .00000     2.9644        500    
Press_INTERArrival time                     23.712     .82889     11.761     80.391        499    
6.Label printing.TotalTimePerEntity         7.2719     (Corr)     6.2861     8.6498        500    
3.Drill 4 Holes.VATimePerEntity             32.778     (Insuf)    30.136     35.809        192    
3.Drill 2 Holes.VATimePerEntity             18.030     (Insuf)    16.181     19.870        308    
Label_INTERArrival time                     23.713     .83405     10.453     81.485        499    
Throughput Rate_Whole Process               175.93     (Corr)     .00000     188.17        500    
7.Output station_4 stack.NVATimePerEntity   4.2617     .02814     3.6442     5.0381        500    
7.Empty output stack_remove parts.NVATimeP  25.964     (Insuf)    20.391     31.251        122    
7.Empty output stack_remove parts.TotalTim  61.328     (Insuf)    20.416     151.67        122    
6.Label printing.NVATimePerEntity           7.2719     (Corr)     6.2861     8.6498        500    
4.Refill _per 10 cycles.TotalTimePerEntity  127.66     (Insuf)    111.68     153.21         55    
Top Cap_INTERArrival time                   23.713     .87091     2.7961     80.114        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .11571     .05389     .00000     4.3720        500    
4.Refill _per 10 cycles.WaitTimePerEntity   5.6271     (Insuf)    .00000     26.598         55    
4.Top Cap dispensing.TotalTimePerEntity     3.0922     .02838     2.7112     6.1992        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.778     (Insuf)    30.136     35.809        192    
3.Drill 2 Holes.TotalTimePerEntity          18.030     (Insuf)    16.181     19.870        308    
4.Top Cap dispensing.VATimePerEntity        3.0557     .01712     2.7112     3.4783        500    
PARTs.VATime                                156.10     (Insuf)    130.84     194.33        125    
PARTs.NVATime                               292.34     (Insuf)    211.18     396.86        125    
PARTs.WaitTime                              10041.     (Insuf)    384.00     18347.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2668.2     (Insuf)    215.55     4776.6        125    
4.Top Cap dispensing.Queue.WaitingTime      .03647     .02052     .00000     2.9644        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .09302     .03932     .00000     4.2416        500    
cam hold.Queue.WaitingTime                  .31117     .09813     .00000     5.6091        500    
7.Empty output stack_remove parts.Queue.Wa  35.364     (Insuf)    .00000     124.22        122    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   37.073     (Corr)     .00000     145.14        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             9.7298     1.4355     .00000     28.509        500    
press hold.Queue.WaitingTime                1.9730     .33656     .00000     16.333        500    
4.Refill _per 10 cycles.Queue.WaitingTime   5.6271     (Insuf)    .00000     26.598         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        192    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        308    
Drill hold.Queue.WaitingTime                2451.7     (Corr)     .00000     4556.4        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .11571     .05389     .00000     4.3720        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   45.527     (Corr)     .00000     203.00     .00000    
press.NumberBusy                            .21313     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21313     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34306     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34306     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .41135     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .41135     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07399     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07399     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12625     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12625     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04503     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04503     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05305     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05305     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.3311E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00161     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00540     (Insuf)    .00000     3.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .14981     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .64363     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .16892     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03425     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .01075     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              42.564     (Corr)     .00000     193.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00201     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1296.7    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1527.8    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6293.4    
7.Empty output stack_remove parts Accum NV  3167.6    
3.Drill 4 Holes Number In                   192.00    
4.Top Cap dispensing Accum Wait Time        18.233    
4.Refill _per 10 cycles Accum NVA Time      6712.3    
6.Label printing Accum NVA Time             3635.9    
7.Empty output stack_remove parts Number O  122.00    
7.Empty output stack_remove parts Number I  122.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  192.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4314.4    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     309.49    
7.Output station_4 stack Accum NVA Time     2130.8    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5553.5    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    57.856    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  308.00    
3.Drill 2 Holes Number In                   308.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6138.0    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21313    
operator refill.NumberSeized                177.00    
operator refill.ScheduledUtilization        .34306    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .41135    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07399    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12625    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04503    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05305    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 7 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        211    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        289    
5.Hydraulic press.VATimePerEntity           12.285     .02099     11.725     12.848        500    
5.Hydraulic press.TotalTimePerEntity        12.285     .02099     11.725     12.848        500    
2.CAMERA Module.TotalTimePerEntity          2.6051     (Corr)     2.0150     3.3843        500    
Camera_INTERArrival time                    15.517     1.5414     2.0408     109.74        499    
7.Empty output stack_remove parts.WaitTime  31.613     (Insuf)    .00000     128.11        121    
Drill_INTERArrival time                     24.338     (Corr)     16.133     35.858        499    
4.Refill _per 10 cycles.NVATimePerEntity    121.84     (Insuf)    113.85     134.01         55    
2.CAMERA Module.NVATimePerEntity            2.6051     (Corr)     2.0150     3.3843        500    
7.Output station_4 stack.TotalTimePerEntit  4.3919     .06473     3.6485     8.6744        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .04742     .02340     .00000     3.0417        500    
Press_INTERArrival time                     24.513     .66527     11.741     87.694        499    
6.Label printing.TotalTimePerEntity         7.3192     .04396     6.2713     8.6271        500    
3.Drill 4 Holes.VATimePerEntity             33.036     (Insuf)    30.299     35.858        211    
3.Drill 2 Holes.VATimePerEntity             18.026     (Insuf)    16.133     19.782        289    
Label_INTERArrival time                     24.512     .66326     9.9423     87.292        499    
Throughput Rate_Whole Process               171.04     (Corr)     .00000     182.92        500    
7.Output station_4 stack.NVATimePerEntity   4.2745     .02667     3.6485     5.0734        500    
7.Empty output stack_remove parts.NVATimeP  26.355     (Insuf)    20.755     31.364        121    
7.Empty output stack_remove parts.TotalTim  57.968     (Insuf)    22.024     159.11        121    
6.Label printing.NVATimePerEntity           7.3192     .04396     6.2713     8.6271        500    
4.Refill _per 10 cycles.TotalTimePerEntity  125.20     (Insuf)    113.85     151.80         55    
Top Cap_INTERArrival time                   24.512     .66126     2.7987     87.330        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .11737     .05587     .00000     4.3619        500    
4.Refill _per 10 cycles.WaitTimePerEntity   3.3618     (Insuf)    .00000     27.511         55    
4.Top Cap dispensing.TotalTimePerEntity     3.1145     .02829     2.7254     6.0129        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          33.036     (Insuf)    30.299     35.858        211    
3.Drill 2 Holes.TotalTimePerEntity          18.026     (Insuf)    16.133     19.782        289    
4.Top Cap dispensing.VATimePerEntity        3.0671     .01586     2.7254     3.4787        500    
PARTs.VATime                                158.85     (Insuf)    129.30     195.74        125    
PARTs.NVATime                               292.71     (Insuf)    210.04     397.71        125    
PARTs.WaitTime                              8216.1     (Insuf)    281.47     17910.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2214.6     (Insuf)    181.48     4624.7        125    
4.Top Cap dispensing.Queue.WaitingTime      .04742     .02340     .00000     3.0417        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .18971     .06694     .00000     4.6757        500    
cam hold.Queue.WaitingTime                  .24874     .06950     .00000     3.3827        500    
7.Empty output stack_remove parts.Queue.Wa  31.613     (Insuf)    .00000     128.11        121    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   35.733     (Corr)     .00000     167.56        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.804     .99224     .00000     28.558        500    
press hold.Queue.WaitingTime                1.9727     .28090     .00000     17.466        500    
4.Refill _per 10 cycles.Queue.WaitingTime   3.3618     (Insuf)    .00000     27.511         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        211    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        289    
Drill hold.Queue.WaitingTime                1996.9     (Corr)     .00000     4419.2        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .11737     .05587     .00000     4.3619        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   37.620     (Corr)     .00000     193.00     .00000    
press.NumberBusy                            .21329     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21329     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34341     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34341     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .42293     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .42293     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07421     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07421     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12707     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12707     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04523     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04523     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05325     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05325     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     8.2321E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00329     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00432     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .13282     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .62037     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18757     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03425     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00642     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              34.668     (Corr)     .00000     183.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00204     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1302.5    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1533.5    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6970.6    
7.Empty output stack_remove parts Accum NV  3189.0    
3.Drill 4 Holes Number In                   211.00    
4.Top Cap dispensing Accum Wait Time        23.708    
4.Refill _per 10 cycles Accum NVA Time      6701.2    
6.Label printing Accum NVA Time             3659.6    
7.Empty output stack_remove parts Number O  121.00    
7.Empty output stack_remove parts Number I  121.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  211.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  3825.2    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     184.89    
7.Output station_4 stack Accum NVA Time     2137.2    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5209.6    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    58.686    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  289.00    
3.Drill 2 Holes Number In                   289.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6142.8    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21329    
operator refill.NumberSeized                176.00    
operator refill.ScheduledUtilization        .34341    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .42293    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07421    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12707    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04523    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05325    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 8 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        205    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        295    
5.Hydraulic press.VATimePerEntity           12.309     .02193     11.766     12.820        500    
5.Hydraulic press.TotalTimePerEntity        12.309     .02193     11.766     12.820        500    
2.CAMERA Module.TotalTimePerEntity          2.6163     .02687     2.0386     3.3747        500    
Camera_INTERArrival time                    15.719     1.5012     2.1105     87.808        499    
7.Empty output stack_remove parts.WaitTime  29.786     (Insuf)    .00000     128.78        122    
Drill_INTERArrival time                     24.198     .63647     16.140     35.659        499    
4.Refill _per 10 cycles.NVATimePerEntity    120.22     (Insuf)    111.67     133.11         55    
2.CAMERA Module.NVATimePerEntity            2.6163     .02687     2.0386     3.3747        500    
7.Output station_4 stack.TotalTimePerEntit  4.3705     .05916     3.6250     8.7499        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .04026     .02271     .00000     2.6305        500    
Press_INTERArrival time                     24.248     .74473     11.802     79.391        499    
6.Label printing.TotalTimePerEntity         7.3281     .04731     6.2915     8.5798        500    
3.Drill 4 Holes.VATimePerEntity             33.093     (Insuf)    30.536     35.659        205    
3.Drill 2 Holes.VATimePerEntity             18.050     (Insuf)    16.140     19.862        295    
Label_INTERArrival time                     24.246     .74461     10.308     80.101        499    
Throughput Rate_Whole Process               172.14     (Corr)     .00000     184.04        500    
7.Output station_4 stack.NVATimePerEntity   4.2474     .03117     3.6250     5.0961        500    
7.Empty output stack_remove parts.NVATimeP  26.240     (Insuf)    20.141     31.063        122    
7.Empty output stack_remove parts.TotalTim  56.027     (Insuf)    20.141     153.40        122    
6.Label printing.NVATimePerEntity           7.3281     .04731     6.2915     8.5798        500    
4.Refill _per 10 cycles.TotalTimePerEntity  125.05     (Insuf)    113.73     154.22         55    
Top Cap_INTERArrival time                   24.248     .80261     2.9551     79.786        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .12306     .04653     .00000     3.9185        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.8241     (Insuf)    .00000     28.233         55    
4.Top Cap dispensing.TotalTimePerEntity     3.1078     .02815     2.7247     5.7062        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          33.093     (Insuf)    30.536     35.659        205    
3.Drill 2 Holes.TotalTimePerEntity          18.050     (Insuf)    16.140     19.862        295    
4.Top Cap dispensing.VATimePerEntity        3.0676     .01596     2.7247     3.4885        500    
PARTs.VATime                                158.38     (Insuf)    129.71     189.87        125    
PARTs.NVATime                               292.07     (Insuf)    211.51     399.33        125    
PARTs.WaitTime                              8462.1     (Insuf)    375.19     17095.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2277.3     (Insuf)    200.61     4422.6        125    
4.Top Cap dispensing.Queue.WaitingTime      .04026     .02271     .00000     2.6305        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .09658     .04887     .00000     4.7075        500    
cam hold.Queue.WaitingTime                  .22042     .07101     .00000     5.5188        500    
7.Empty output stack_remove parts.Queue.Wa  29.786     (Insuf)    .00000     128.78        122    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   38.235     (Corr)     .00000     139.05        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.521     1.0538     .00000     28.359        500    
press hold.Queue.WaitingTime                2.1725     .35765     .00000     17.285        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.8241     (Insuf)    .00000     28.233         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        205    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        295    
Drill hold.Queue.WaitingTime                2056.3     (Corr)     .00000     4231.9        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .12306     .04653     .00000     3.9185        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   38.683     (Corr)     .00000     189.00     .00000    
press.NumberBusy                            .21371     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21371     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34076     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34076     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .42046     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .42046     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07374     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07374     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12723     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12723     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04542     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04542     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05326     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05326     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.9890E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00168     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00383     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .12618     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .66381     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .18267     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03772     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00921     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              35.700     (Corr)     .00000     180.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00214     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1308.1    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1533.7    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6784.0    
7.Empty output stack_remove parts Accum NV  3201.3    
3.Drill 4 Holes Number In                   205.00    
4.Top Cap dispensing Accum Wait Time        20.128    
4.Refill _per 10 cycles Accum NVA Time      6612.4    
6.Label printing Accum NVA Time             3664.0    
7.Empty output stack_remove parts Number O  122.00    
7.Empty output stack_remove parts Number I  122.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  205.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  3633.9    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     265.32    
7.Output station_4 stack Accum NVA Time     2123.7    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5325.0    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    61.528    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  295.00    
3.Drill 2 Holes Number In                   295.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6154.9    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21371    
operator refill.NumberSeized                177.00    
operator refill.ScheduledUtilization        .34076    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .42046    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07374    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12723    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04542    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05326    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 9 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        195    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        305    
5.Hydraulic press.VATimePerEntity           12.317     .02220     11.753     12.889        500    
5.Hydraulic press.TotalTimePerEntity        12.317     .02220     11.753     12.889        500    
2.CAMERA Module.TotalTimePerEntity          2.6043     .02858     2.0141     3.3727        500    
Camera_INTERArrival time                    14.364     1.3696     2.0718     89.900        499    
7.Empty output stack_remove parts.WaitTime  33.885     (Insuf)    .00000     120.25        121    
Drill_INTERArrival time                     23.818     .64660     16.137     35.905        499    
4.Refill _per 10 cycles.NVATimePerEntity    122.50     (Insuf)    112.41     132.08         55    
2.CAMERA Module.NVATimePerEntity            2.6043     .02858     2.0141     3.3727        500    
7.Output station_4 stack.TotalTimePerEntit  4.3496     .04545     3.6462     8.2256        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03502     .02033     .00000     3.0212        500    
Press_INTERArrival time                     23.851     .74184     11.753     77.287        499    
6.Label printing.TotalTimePerEntity         7.2919     .04513     6.2589     8.6037        500    
3.Drill 4 Holes.VATimePerEntity             32.928     (Insuf)    30.254     35.905        195    
3.Drill 2 Holes.VATimePerEntity             17.945     (Insuf)    16.137     19.907        305    
Label_INTERArrival time                     23.851     .74670     10.515     76.600        499    
Throughput Rate_Whole Process               176.84     (Corr)     .00000     188.15        500    
7.Output station_4 stack.NVATimePerEntity   4.2555     .02840     3.6334     5.0496        500    
7.Empty output stack_remove parts.NVATimeP  25.676     (Insuf)    20.603     31.433        121    
7.Empty output stack_remove parts.TotalTim  59.561     (Insuf)    20.890     146.89        121    
6.Label printing.NVATimePerEntity           7.2919     .04513     6.2589     8.6037        500    
4.Refill _per 10 cycles.TotalTimePerEntity  126.43     (Insuf)    112.41     155.80         55    
Top Cap_INTERArrival time                   23.845     .76270     2.7234     80.236        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .09412     .04265     .00000     4.2416        500    
4.Refill _per 10 cycles.WaitTimePerEntity   3.9228     (Insuf)    .00000     26.396         55    
4.Top Cap dispensing.TotalTimePerEntity     3.0967     .02625     2.7061     5.9678        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.928     (Insuf)    30.254     35.905        195    
3.Drill 2 Holes.TotalTimePerEntity          17.945     (Insuf)    16.137     19.907        305    
4.Top Cap dispensing.VATimePerEntity        3.0617     .01603     2.7061     3.4784        500    
PARTs.VATime                                156.67     (Insuf)    130.73     194.78        125    
PARTs.NVATime                               292.16     (Insuf)    211.48     399.48        125    
PARTs.WaitTime                              9653.5     (Insuf)    165.58     18883.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2566.6     (Insuf)    151.53     4894.4        125    
4.Top Cap dispensing.Queue.WaitingTime      .03502     .02033     .00000     3.0212        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .10634     .04695     .00000     4.1631        500    
cam hold.Queue.WaitingTime                  .28943     .07588     .00000     4.4705        500    
7.Empty output stack_remove parts.Queue.Wa  33.885     (Insuf)    .00000     120.25        121    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   34.571     2.3320     .00000     147.54        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             9.9951     1.0962     .00000     28.605        500    
press hold.Queue.WaitingTime                1.8805     .28999     .00000     18.335        500    
4.Refill _per 10 cycles.Queue.WaitingTime   3.9228     (Insuf)    .00000     26.396         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        195    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        305    
Drill hold.Queue.WaitingTime                2357.7     (Corr)     .00000     4699.5        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .09412     .04265     .00000     4.2416        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   43.847     (Corr)     .00000     205.00     .00000    
press.NumberBusy                            .21384     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21384     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34183     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34183     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .41300     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .41300     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07388     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07388     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12660     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12660     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04521     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04521     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05316     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05316     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.0800E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00185     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00502     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .14236     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .60020     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .17353     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03265     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00749     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              40.933     (Corr)     .00000     198.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00163     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1302.1    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1530.8    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6421.0    
7.Empty output stack_remove parts Accum NV  3106.7    
3.Drill 4 Holes Number In                   195.00    
4.Top Cap dispensing Accum Wait Time        17.510    
4.Refill _per 10 cycles Accum NVA Time      6737.9    
6.Label printing Accum NVA Time             3645.9    
7.Empty output stack_remove parts Number O  121.00    
7.Empty output stack_remove parts Number I  121.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  195.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4100.0    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     215.75    
7.Output station_4 stack Accum NVA Time     2127.7    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5473.3    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    47.061    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  305.00    
3.Drill 2 Holes Number In                   305.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6158.5    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21384    
operator refill.NumberSeized                176.00    
operator refill.ScheduledUtilization        .34183    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .41300    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07388    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12660    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04521    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05316    
System.NumberOut                            125.00    
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                                      ARENA Simulation Results
                                     UWTSD - License: 2957006027

                                  Summary for Replication 10 of 10

Project: Unnamed Project                                             Run execution date : 7/31/2026
Analyst: UWTSD                                                       Model revision date: 7/31/2026

Replication ended at time      : 28800.0 Seconds 
Base Time Units: Seconds

                                           TALLY VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Observations
___________________________________________________________________________________________________

3.Drill 4 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        198    
3.Drill 2 Holes.WaitTimePerEntity           .00000     (Insuf)    .00000     .00000        302    
5.Hydraulic press.VATimePerEntity           12.297     .01785     11.750     12.885        500    
5.Hydraulic press.TotalTimePerEntity        12.297     .01785     11.750     12.885        500    
2.CAMERA Module.TotalTimePerEntity          2.5826     .03195     2.0139     3.3315        500    
Camera_INTERArrival time                    15.934     1.8054     2.0368     121.77        499    
7.Empty output stack_remove parts.WaitTime  33.549     (Insuf)    .00000     120.22        122    
Drill_INTERArrival time                     23.964     .72179     16.076     35.614        499    
4.Refill _per 10 cycles.NVATimePerEntity    121.25     (Insuf)    112.90     130.00         55    
2.CAMERA Module.NVATimePerEntity            2.5826     .03195     2.0139     3.3315        500    
7.Output station_4 stack.TotalTimePerEntit  4.3496     .04951     3.6253     8.5985        500    
6.Label printing.WaitTimePerEntity          .00000     .00000     .00000     .00000        500    
4.Top Cap dispensing.WaitTimePerEntity      .03555     .02061     .00000     3.0269        500    
Press_INTERArrival time                     24.047     .77739     11.750     77.489        499    
6.Label printing.TotalTimePerEntity         7.3027     .04313     6.2487     8.6412        500    
3.Drill 4 Holes.VATimePerEntity             32.958     (Insuf)    30.401     35.614        198    
3.Drill 2 Holes.VATimePerEntity             18.043     (Insuf)    16.076     19.915        302    
Label_INTERArrival time                     24.045     .78115     9.9756     76.999        499    
Throughput Rate_Whole Process               173.13     (Corr)     .00000     186.22        500    
7.Output station_4 stack.NVATimePerEntity   4.2701     .02982     3.6253     5.0550        500    
7.Empty output stack_remove parts.NVATimeP  25.762     (Insuf)    20.412     31.365        122    
7.Empty output stack_remove parts.TotalTim  59.312     (Insuf)    20.832     148.18        122    
6.Label printing.NVATimePerEntity           7.3027     .04313     6.2487     8.6412        500    
4.Refill _per 10 cycles.TotalTimePerEntity  125.74     (Insuf)    112.90     153.18         55    
Top Cap_INTERArrival time                   24.048     .84057     2.7978     77.501        499    
5.Hydraulic press.WaitTimePerEntity         .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.WaitTimePerEntity  .07948     (Corr)     .00000     3.6108        500    
4.Refill _per 10 cycles.WaitTimePerEntity   4.4895     (Insuf)    .00000     27.128         55    
4.Top Cap dispensing.TotalTimePerEntity     3.0979     .02655     2.7144     6.1061        500    
2.CAMERA Module.WaitTimePerEntity           .00000     .00000     .00000     .00000        500    
3.Drill 4 Holes.TotalTimePerEntity          32.958     (Insuf)    30.401     35.614        198    
3.Drill 2 Holes.TotalTimePerEntity          18.043     (Insuf)    16.076     19.915        302    
4.Top Cap dispensing.VATimePerEntity        3.0624     .01282     2.7144     3.4838        500    
PARTs.VATime                                157.24     (Insuf)    130.00     190.29        125    
PARTs.NVATime                               291.91     (Insuf)    210.84     482.91        125    
PARTs.WaitTime                              9269.5     (Insuf)    235.57     16299.        125    
PARTs.TranTime                              .00000     (Insuf)    .00000     .00000        125    
PARTs.OtherTime                             .00000     (Insuf)    .00000     .00000        125    
PARTs.TotalTime                             2477.4     (Insuf)    163.88     4262.6        125    
4.Top Cap dispensing.Queue.WaitingTime      .03555     .02061     .00000     3.0269        500    
6.Label printing.Queue.WaitingTime          .00000     .00000     .00000     .00000        500    
output hold.Queue.WaitingTime               .12624     .04809     .00000     4.2384        500    
cam hold.Queue.WaitingTime                  .26252     .07406     .00000     4.5161        500    
7.Empty output stack_remove parts.Queue.Wa  33.549     (Insuf)    .00000     120.22        122    
Label hold.Queue.WaitingTime                .00000     .00000     .00000     .00000        500    
Batch 1.Queue.WaitingTime                   37.618     2.7151     .00000     156.54        500    
5.Hydraulic press.Queue.WaitingTime         .00000     .00000     .00000     .00000        500    
dispense hold.Queue.WaitingTime             10.160     1.2322     .00000     28.314        500    
press hold.Queue.WaitingTime                2.1851     .31674     .00000     17.902        500    
4.Refill _per 10 cycles.Queue.WaitingTime   4.4895     (Insuf)    .00000     27.128         55    
3.Drill 4 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        198    
3.Drill 2 Holes.Queue.WaitingTime           .00000     (Insuf)    .00000     .00000        302    
Drill hold.Queue.WaitingTime                2258.2     (Corr)     .00000     3993.1        500    
2.CAMERA Module.Queue.WaitingTime           .00000     .00000     .00000     .00000        500    
7.Output station_4 stack.Queue.WaitingTime  .07948     (Corr)     .00000     3.6108        500    

                                     DISCRETE-CHANGE VARIABLES

Identifier                                  Average   Half Width  Minimum    Maximum   Final Value
___________________________________________________________________________________________________

PARTs.WIP                                   42.181     (Corr)     .00000     182.00     .00000    
press.NumberBusy                            .21351     (Corr)     .00000     1.0000     .00000    
press.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
press.Utilization                           .21351     (Corr)     .00000     1.0000     .00000    
operator refill.NumberBusy                  .34070     (Insuf)    .00000     1.0000     .00000    
operator refill.NumberScheduled             1.0000     (Insuf)    1.0000     1.0000     1.0000    
operator refill.Utilization                 .34070     (Insuf)    .00000     1.0000     .00000    
drill.NumberBusy                            .41580     (Insuf)    .00000     1.0000     .00000    
drill.NumberScheduled                       1.0000     (Insuf)    1.0000     1.0000     1.0000    
drill.Utilization                           .41580     (Insuf)    .00000     1.0000     .00000    
output robot.NumberBusy                     .07414     (Corr)     .00000     1.0000     .00000    
output robot.NumberScheduled                1.0000     (Insuf)    1.0000     1.0000     1.0000    
output robot.Utilization                    .07414     (Corr)     .00000     1.0000     .00000    
label printer.NumberBusy                    .12678     (Corr)     .00000     1.0000     .00000    
label printer.NumberScheduled               1.0000     (Insuf)    1.0000     1.0000     1.0000    
label printer.Utilization                   .12678     (Corr)     .00000     1.0000     .00000    
camera.NumberBusy                           .04484     (Corr)     .00000     1.0000     .00000    
camera.NumberScheduled                      1.0000     (Insuf)    1.0000     1.0000     1.0000    
camera.Utilization                          .04484     (Corr)     .00000     1.0000     .00000    
dispenser.NumberBusy                        .05317     (Corr)     .00000     1.0000     .00000    
dispenser.NumberScheduled                   1.0000     (Insuf)    1.0000     1.0000     1.0000    
dispenser.Utilization                       .05317     (Corr)     .00000     1.0000     .00000    
4.Top Cap dispensing.Queue.NumberInQueue     6.1711E-4 (Insuf)    .00000     1.0000     .00000    
6.Label printing.Queue.NumberInQueue        .00000     (Insuf)    .00000     .00000     .00000    
output hold.Queue.NumberInQueue             .00219     (Insuf)    .00000     1.0000     .00000    
cam hold.Queue.NumberInQueue                .00456     (Insuf)    .00000     2.0000     .00000    
7.Empty output stack_remove parts.Queue.Nu  .14212     (Insuf)    .00000     2.0000     .00000    
Label hold.Queue.NumberInQueue              .00000     (Insuf)    .00000     .00000     .00000    
Batch 1.Queue.NumberInQueue                 .65309     (Corr)     .00000     4.0000     .00000    
5.Hydraulic press.Queue.NumberInQueue       .00000     (Insuf)    .00000     .00000     .00000    
dispense hold.Queue.NumberInQueue           .17640     (Corr)     .00000     1.0000     .00000    
press hold.Queue.NumberInQueue              .03794     (Corr)     .00000     2.0000     .00000    
4.Refill _per 10 cycles.Queue.NumberInQueu  .00857     (Insuf)    .00000     1.0000     .00000    
3.Drill 4 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
3.Drill 2 Holes.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
Drill hold.Queue.NumberInQueue              39.205     (Corr)     .00000     172.00     .00000    
2.CAMERA Module.Queue.NumberInQueue         .00000     (Insuf)    .00000     .00000     .00000    
7.Output station_4 stack.Queue.NumberInQue  .00138     (Insuf)    .00000     1.0000     .00000    

                                             OUTPUTS

Identifier                                   Value
_____________________________________________________________

2.CAMERA Module Accum NVA Time              1291.3    
3.Drill 2 Holes Accum Wait Time             .00000    
4.Top Cap dispensing Accum VA Time          1531.2    
5.Hydraulic press Number In                 500.00    
6.Label printing Accum Wait Time            .00000    
5.Hydraulic press Number Out                500.00    
3.Drill 4 Holes Accum VA Time               6525.8    
7.Empty output stack_remove parts Accum NV  3143.0    
3.Drill 4 Holes Number In                   198.00    
4.Top Cap dispensing Accum Wait Time        17.772    
4.Refill _per 10 cycles Accum NVA Time      6669.0    
6.Label printing Accum NVA Time             3651.3    
7.Empty output stack_remove parts Number O  122.00    
7.Empty output stack_remove parts Number I  122.00    
4.Refill _per 10 cycles Number In           55.000    
3.Drill 4 Holes Number Out                  198.00    
4.Top Cap dispensing Number Out             500.00    
4.Top Cap dispensing Number In              500.00    
7.Empty output stack_remove parts Accum Wa  4093.0    
4.Refill _per 10 cycles Number Out          55.000    
3.Drill 4 Holes Accum Wait Time             .00000    
4.Refill _per 10 cycles Accum Wait Time     246.92    
7.Output station_4 stack Accum NVA Time     2135.0    
2.CAMERA Module Number In                   500.00    
3.Drill 2 Holes Accum VA Time               5449.1    
5.Hydraulic press Accum Wait Time           .00000    
2.CAMERA Module Number Out                  500.00    
7.Output station_4 stack Accum Wait Time    39.738    
2.CAMERA Module Accum Wait Time             .00000    
3.Drill 2 Holes Number Out                  302.00    
3.Drill 2 Holes Number In                   302.00    
6.Label printing Number Out                 500.00    
6.Label printing Number In                  500.00    
5.Hydraulic press Accum VA Time             6148.9    
7.Output station_4 stack Number Out         500.00    
7.Output station_4 stack Number In          500.00    
PARTs.NumberIn                              625.00    
PARTs.NumberOut                             625.00    
press.NumberSeized                          500.00    
press.ScheduledUtilization                  .21351    
operator refill.NumberSeized                177.00    
operator refill.ScheduledUtilization        .34070    
drill.NumberSeized                          500.00    
drill.ScheduledUtilization                  .41580    
output robot.NumberSeized                   500.00    
output robot.ScheduledUtilization           .07414    
label printer.NumberSeized                  500.00    
label printer.ScheduledUtilization          .12678    
camera.NumberSeized                         500.00    
camera.ScheduledUtilization                 .04484    
dispenser.NumberSeized                      500.00    
dispenser.ScheduledUtilization              .05317    
System.NumberOut                            125.00    
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                                             OUTPUTS

Identifier                                 Average    Half-width Minimum    Maximum # Replications
___________________________________________________________________________________________________
	
2.CAMERA Module Accum NVA Time              1299.7     3.4273     1291.3     1308.1     10
3.Drill 2 Holes Accum Wait Time             .00000     .00000     .00000     .00000     10
4.Top Cap dispensing Accum VA Time          1532.5     2.4659     1527.8     1540.4     10
5.Hydraulic press Number In                 500.00     .00000     500.00     500.00     10
6.Label printing Accum Wait Time            .00000     .00000     .00000     .00000     10
5.Hydraulic press Number Out                500.00     .00000     500.00     500.00     10
3.Drill 4 Holes Accum VA Time               6679.8     200.22     6267.2     7010.1     10
7.Empty output stack_remove parts Accum NV  3151.0     21.833     3106.7     3201.3     10
3.Drill 4 Holes Number In                   202.70     5.9374     190.00     213.00     10
4.Top Cap dispensing Accum Wait Time        19.760     3.7144     14.358     32.723     10
4.Refill _per 10 cycles Accum NVA Time      6667.3     36.857     6584.2     6737.9     10
6.Label printing Accum NVA Time             3645.0     8.8697     3623.5     3664.0     10
7.Empty output stack_remove parts Number O  121.10     .52780     120.00     122.00     10
7.Empty output stack_remove parts Number I  121.10     .52780     120.00     122.00     10
4.Refill _per 10 cycles Number In           55.000     .00000     55.000     55.000     10
3.Drill 4 Holes Number Out                  202.70     5.9374     190.00     213.00     10
4.Top Cap dispensing Number Out             500.00     .00000     500.00     500.00     10
4.Top Cap dispensing Number In              500.00     .00000     500.00     500.00     10
7.Empty output stack_remove parts Accum Wa  4028.2     202.96     3633.4     4458.0     10
4.Refill _per 10 cycles Number Out          55.000     .00000     55.000     55.000     10
3.Drill 4 Holes Accum Wait Time             .00000     .00000     .00000     .00000     10
4.Refill _per 10 cycles Accum Wait Time     257.31     26.859     184.89     309.49     10
7.Output station_4 stack Accum NVA Time     2129.3     4.7837     2117.4     2137.2     10
2.CAMERA Module Number In                   500.00     .00000     500.00     500.00     10
3.Drill 2 Holes Accum VA Time               5351.4     111.55     5159.0     5596.6     10
5.Hydraulic press Accum Wait Time           .00000     .00000     .00000     .00000     10
2.CAMERA Module Number Out                  500.00     .00000     500.00     500.00     10
7.Output station_4 stack Accum Wait Time    49.756     9.8660     16.421     62.247     10
2.CAMERA Module Accum Wait Time             .00000     .00000     .00000     .00000     10
3.Drill 2 Holes Number Out                  297.30     5.9374     287.00     310.00     10
3.Drill 2 Holes Number In                   297.30     5.9374     287.00     310.00     10
6.Label printing Number Out                 500.00     .00000     500.00     500.00     10
6.Label printing Number In                  500.00     .00000     500.00     500.00     10
5.Hydraulic press Accum VA Time             6150.2     4.5520     6138.0     6158.5     10
7.Output station_4 stack Number Out         500.00     .00000     500.00     500.00     10
7.Output station_4 stack Number In          500.00     .00000     500.00     500.00     10
PARTs.NumberIn                              625.00     .00000     625.00     625.00     10
PARTs.NumberOut                             625.00     .00000     625.00     625.00     10
press.NumberSeized                          500.00     .00000     500.00     500.00     10
press.ScheduledUtilization                  .21355      1.5806E-4 .21313     .21384     10
operator refill.NumberSeized                176.10     .52780     175.00     177.00     10
operator refill.ScheduledUtilization        .34092     .00126     .33752     .34341     10
drill.NumberSeized                          500.00     .00000     500.00     500.00     10
drill.ScheduledUtilization                  .41775     .00315     .41135     .42293     10
output robot.NumberSeized                   500.00     .00000     500.00     500.00     10
output robot.ScheduledUtilization           .07393      1.6610E-4 .07352     .07421     10
label printer.NumberSeized                  500.00     .00000     500.00     500.00     10
label printer.ScheduledUtilization          .12657      3.0798E-4 .12582     .12723     10
camera.NumberSeized                         500.00     .00000     500.00     500.00     10
camera.ScheduledUtilization                 .04513      1.1900E-4 .04484     .04542     10
dispenser.NumberSeized                      500.00     .00000     500.00     500.00     10
dispenser.ScheduledUtilization              .05321      8.5624E-5 .05305     .05349     10
System.NumberOut                            125.00     .00000     125.00     125.00     10

Simulation run time: 0.02 minutes.
Simulation run complete.
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