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This report explores the use of Discrete Event Simulation (DES) to support continuous improvement within the Festo CP Laboratory, a modular smart manufacturing system replicating a PCB Board production process. DES was used to analyse current performance, focusing on cycle time, queues, and resource utilisation. Results showed that 78% of total cycle time was non-value-adding, with major inefficiencies caused by waiting, transitions, and bottlenecks. 
The analysis identified key Lean opportunities, including transitioning from a push to a pull-based system, improving flow balance, and redesigning equipment to reduce manual refills. These improvements align with Lean principles of waste reduction and enhanced process flow. The report highlights DES limitations around accuracy of data for complete models and the overlook of human behaviour. Overall, the integration of DES and Lean Thinking provides a powerful, data-driven approach for identifying inefficiencies, validating improvement strategies, and supporting Lean pursuit of perfection.
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[bookmark: _Toc210675356]Introduction
The purpose of this report is to demonstrate how Discrete Event Simulation (DES) can be applied to support continuous improvement through the identification and reduction of process inefficiencies. The chosen process is the CP Laboratory, a modular smart manufacturing system replicating PCB Board production.
DES is particularly appropriate because it models event-driven changes, allowing detailed experimentation without disrupting live operations.
This report reviews relevant literature on DES and Lean Thinking before describing the development of the current state model, followed by a simulation analysis to identify improvement opportunities.


[bookmark: _Toc210675357][bookmark: _Toc180852228]Literature Review
This literature review examines how Discrete Event Simulation (DES) and Lean Thinking can be applied to analyse and improve process performance. It aims to explain key concepts, evaluate their advantages and limitations, and explore how both approaches can work together to support continuous improvement.
[bookmark: _Toc210675358]Discrete Event Simulation (DES) Concepts
Discrete Event Simulation (DES) is suited for systems characterised by discrete, event-driven state changes, such as those within manufacturing and industrial applications. It has also been widely applied in logistics, healthcare, transportation, and service industries, highlighting its versatility (Briceño et al, 2025).
The strengths of DES include: The ability to handle complex processes as it can model randomness, queues, and events that aren’t happening at the same time (Briceño et al, 2025). It also helps identify bottlenecks by measuring resource use and identifying the limitations. It also provides the ability to test alternatives, or “what-if” experiments, through modelling without disrupting live systems (Robinson, 2005). This can be cost effective in industries where downtime is costly or impractical.
However, Robinson (2025) highlights that poor quality data or incomplete input data results in inaccurate modelling leading to unreliable output data. Additionally, DES can be resource intensive for computational resources and specialist knowledge, especially with models of higher complexity. These observations are supported by Briceño et al, (2025). Evaluating the balance of cost to benefits will be important before building DES models in industrial settings.


[bookmark: _Toc210675359]Lean Thinking & Waste Elimination

Lean philosophy originated from the Toyota Production System (TPS), developed in Japan as a response to resource constraints and the need for efficiency in the automobile manufacturing industry (Womack, 2003). 
Lean manufacturing aims to reduce waste and enhance customer driven production efficiency. As Prakash (2011) defines it as “a systematic approach to identifying and eliminating waste through continuous improvement, flowing the product at the pull of the customer in pursuit of perfection.” 
There are five core principles of Lean: specify value, identify the value stream, flow, pull and pursue perfection (Womack, 2003). 
1. Value – defined from the customer’s perspective.
2. Value Stream – mapping all steps to identify waste.
3. Flow – ensuring smooth progress through value-adding activities.
4. Pull – producing only what the customer requires, when needed.
5. Perfection – continuous improvement toward zero waste and defects.
Lean identifies eight primary types of waste that should look to be reduced and ultimately eliminated. These are commonly remembered through the acronym “TIMWOODS”, which stands for Transportation, Inventory, Motion, Waiting, Overproduction, Overprocessing, Defects, and Skills (Bicheno, 2016).
Lean improvements can be measured using key performance metrics that track efficiency, flow, and quality. Metrics such as lead time, cycle time, work in progress (WIP), and first-pass yield help identify waste, bottlenecks, and areas for continuous improvement. By regularly monitoring these indicators, organisations can assess how effectively Lean practices enhance process speed, reduce waste, and improve overall performance (Bicheno, 2016). This will be useful when determining the success of Discrete Event Simulation.



[bookmark: _Toc210675360]Integrating DES and Lean for Continuous Improvement
The integration of Discrete Event Simulation (DES) and Lean Thinking provides a powerful framework for continuous improvement. While Lean principles focus on systematically identifying and eliminating waste, DES provides the quantitative means to model, test, and validate those improvements before implementation. According to Briceño et al. (2025), DES enables engineers to evaluate process changes under various operating conditions, reducing risk and supporting data-driven decision-making.
DES supports the ideas of Lean by enabling measurable waste reduction and visualising value stream performance. It complements Lean tools like Value Stream Mapping (VSM) by adding analytical depth. A simulation can model the dynamic behaviour of value streams, allowing the assessment of variability, waiting times, and resource constraints over time (Robinson, 2005). Studies have successfully applied this combined approach in diverse sectors. In manufacturing, DES has been used to optimise production scheduling and evaluate Kaizen improvements (Jahangirian et al., 2010). Also, in health care DES complemented Lean initiatives by testing and validating proposed improvements in dynamic, real-world conditions to significantly reduce waiting time, improve patient flow whilst balancing service efficiency (Demirli et al., 2021).
While DES enables quantitative analysis of system behaviour, Lean offers qualitative insight into cultural and operational barriers. DES does not address human or behavioural factors that Lean emphasises (Jahangirian et al., 2010). The literature supports that DES and Lean Thinking are mutually reinforcing methodologies for process optimisation. Together, they can create a structured and evidence led approach to continuous improvement.


[bookmark: _Toc210675361]Process Selection
[bookmark: _Toc210675362]Festo CP Laboratory 
According to the CP Laboratory Simulation Document (University of South Wales, 2024), the FESTO I4.0 CP Lab represents a modular smart factory system used to model discrete event processes.
The Festo CP Laboratory consists of 7 stations, these include Distribution, Automated Optical Inspection, Drilling, Top Cap Dispensing, Hydraulic Press, Label Printing, and Output Handling. Each station is triggered by discrete events. These discrete events can include sensors to detect parts are present, movement of conveyors and confirmation of robotic operations.
This process was selected as it is well suited for Discrete Event Simulation (DES) because it operates sequentially determined by state changes rather than continuous flow production. It is a controlled and realistic representation of modern automated manufacturing systems. Each station has defined process times with minimum, average, and maximum values. The drilling station has two- or four-hole drilling with different average timings. In addition, activities such as refilling the top cap dispenser unit or removing assemblies from the output station introduce periodic delays and seizure of resources. These measurable variables enable accurate modelling to be developed. Simulating, recording and analysing the effects of these variables will aim highlight waste in production and the potential for lean based efficiency and performance improvements.
The scope of this simulation will focus on the end-to-end part flow through each station. Special attention will be paid to resource utilisation, queue build-ups, and cycle times across stations.




[bookmark: _Toc210675363]Current State Model Development
[bookmark: _Toc210675364]Data Collection
Developing a Discrete Event Simulation (DES) model involves several structured steps that ensure accuracy and reliability. Process data such as processing times, arrival rates, and resource capacities should be recorded. The reliability of this data is critical, as any assumptions or inaccuracies can affect model outcomes. Data collection should also ensure data sources are valid and document any estimations made (Li et al., 2021).
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[bookmark: _Toc210673397]Figure 1 – Festo CP Laboratory - Process DATA (University of South Wales, 2025),
The colours represent: blue - part creation time, orange – movement times and green – process times.
It is assumed that one production operative refills the dispensing unit and empties the output station.
[bookmark: _Toc210675365]Arena Software Suitability
Arena is well suited for the CP Laboratory system because it operates on a discrete event model. Its visual, drag-and-drop module flow modelling makes process flows easy to map without requiring coding, while its established user community and online resources provide strong development support. Arena also offers features for detailed statistical outputs, and queuing analysis for replication and bottleneck identification. Additionally, it can link with Excel data, custom logic and report generation make it adaptable for a simple model but also possessing capabilities to add bespoke complexity (Rockwell Automation, no date).

[bookmark: _Toc210675366]Defining Entities & Resources
Once the data has been collected the model components need to be defined. The model builder identifies Entities and Resource:
Entities are the dynamic objects moving through the system. In this instance the entity of the system is a PCB board as this is what is being processed through the CP Laboratory.
Resource are machines, workers, or equipment that perform activities. The resources include all the equipment at stations that perform activities: Optical Inspection Camera, Drill, Top Cap Dispenser, Hydraulic Press, Label Printer and Output Station. The human resource for the activities around the CP Laboratory is identified as the Operator.
Logic and constraints are then defined using Arena’s flowchart modules. These include Create, Process, Delay, Assign, Hold, Decision, and Dispose. These represent how entities interact with system resources under various conditions (Li et al., 2021).
[bookmark: _Toc210675367]Model Logic
The logic code is built up through use of discrete processing modules and decisions.
[bookmark: _Toc210675368]Discrete Process Modules
Create
The logic code is started with a create module. This creates the entity “PCB Board”, based on schedule or time between arrivals, for flow throughout the model. Each entity moves to the next step in the process flow. This model has 1 PCB enter the model every 104 seconds.
[image: ]
[bookmark: _Toc210673398]Figure 2 - Arena Software - Create Module
Process
The process module depicts an activity. The process is usually performed by one or more resources and requiring some time to complete. Options for seizing and releasing resource constraints are utilised within the model.
The process time is allocated to the entity as a triangular distribution. A triangular distribution models a continuous variable using a minimum, maximum, and most likely value, creating a triangular shaped probability density function where values near the peak are more likely (Savolainen, 2016).
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[bookmark: _Toc210673399]Figure 3 - Triangular Distribution Graph (Savolainen, 2016)
It can also allocate whether the process is a deemed value added or non-value added which will be used to help analyse the process. 
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[bookmark: _Toc210673400]Figure 4 - Arena Software - Process Module
Delay
The Delay module delays the PCB Board entity by a specified amount of time. The time is then allocated to the entity’s value-added, non-value added, transfer, wait, or other time for model analysis. In the model Delays are used to show the transfer time between stations. These values are then allocated to “Transfer” for later model analysis.
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[bookmark: _Toc210673401]Figure 5 - Arena Software - Delay Module
Assign
The assign module is used for assigning new values to variables, entity attributes, entity types or other system variables. This example below was used to reset the “Cap Count” variable back to 10 after a “Refill” process has been complete. 
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[bookmark: _Toc210673402]Figure 6 - Arena Software - Assign Module
Dispose
The dispose module is intended as the ending point for the entity in a simulation model. Entity statistics can be recorded before the entity is disposed from the process model.
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[bookmark: _Toc210673403]Figure 7 - Arena Software - Dispose Module
[bookmark: _Toc210675369]Decisions
Hold
The hold module will hold an entity in a queue to wait for a signal. The hold release signal condition in the example below is when no entity is being processed, or “Work in Process” (WIP), within the automated optical inspection process. 
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[bookmark: _Toc210673404]Figure 8 - Arena Software - Hold Module
Decision
This module allows for decision-making processes in the system. It includes options to make decisions based on one or more conditions or based on one or more probability. Conditions can be based on attribute values, variable values, the entity type, or an expression. Exit points can be determined on condition or multiple exit points can be determined on probability. In this example the refill decision is based on the variable “Cap Count”. An assign module is used to remove 1 from the “Cap Count” on each process of “Top Cap Dispenser” process. Once the “Cap Count” is less than 1 the decision path is true and moves to the “Refill” Process. If the “Cap Count” is not less than 1, the decision path is false, and the entity will pass to the “Top Cap Dispenser” process.
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[bookmark: _Toc210673405]Figure 9 - Arena Software - Decision Module
[bookmark: _Toc210675370]Model verification 
Arena has a “check model” feature, this ensures that the logic operates as intended. 


[bookmark: _Toc210675371]Current State Model
The current state model is as shown in figure 10.
[image: ]
[bookmark: _Toc210673406]Figure 10- Arena Software - Current State Model


[bookmark: _Toc210675372]Waste Identification 
Based on the current state model data collection and development, waste can be identified pre simulation. At station 1, “Parts in from Assembly” it takes 104 seconds for each entity to arrive at the model. The fixed input timing indicates a push production system. This could pose potential risk of overproduction as lean manufacturing relies on pull production systems to minimise waste in inventory.
The collected data also reveals several inefficiencies that align with Lean waste categories. The Refill process has an average cycle time of 260 seconds, with a large range between 240 and 300 seconds. It is considerably slower than other stages and is predictions can be made that this will likely cause the entities to be held upstream, and stations downstream will be underutilised.
Multiple transfer times between stations, such as 7.3 seconds between drilling and dispensing, indicate transport and motion waste. 
The “drill station” has one resource available between the two processes, and the top cap refill process and outstation removal of parts are reliant on one operator. Both these processes take long times and if the operator can only do one at a time it can be predicted that waste will be incurred waiting for the operator to finish their task before starting the other task, the travel time between tasks can produce motion waste and depended on the tasks and the skillset of the operator this can also produce waste.




[bookmark: _Toc210675373]Value Analysis 
From a customer’s perspective, value is created by activities that directly contribute to the completion and quality of the final product (Bicheno, 2016). In the CP Laboratory process, value-adding steps include Drilling, Top Cap Dispensing, Hydraulic Press and Label Printing. These stages transform the product to meet customer demands.
Non-value-adding stages include part transfers between stations and delays such as Top Cap Refill and Output Remove Parts operations. These represent motion, transport, and waiting wastes necessary for flow but do not contributing to the final product. Another non-value adding process would be the automated optical inspection, although it does not directly add value directly it is a necessary non-value adding process which can remove defects within the production line.
Using the Arena report for the simulation, the average Value-Added Time per PCB Board Entity is 31.76 s against a Total Time of 144.54 s. This calculates as about 22% of cycle time is value-adding. This highlights that 78% is non-value-adding, but potentially necessary, processing. 
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[bookmark: _Toc210673407]Figure 11 - Current State Model - Replication 1 Tally Variables

[bookmark: _Toc210675374]
Simulation Analysis 
The simulation of the model was run for 8 hours for 20 replications.
The simulation results show that each entity required an average of 144.54s to travel through the entire system from creation to disposal. This total time includes all process, queue, and transport delays experienced throughout the model. A total of 277 entities were processed for each replication with individual entity times ranging from approximately 69.707s (replication 1) to 392.6s (replication 9). This variability is likely to queues forming at bottlenecks and resource availability.
Along with figure 11, the results from the simulation are below:
[image: ]
[bookmark: _Toc210673408]Figure 12- Current State Model - Replication 1 Discrete Change Variables
[image: ]
[bookmark: _Toc210673409]Figure 13 - Current State Model - 10 Replication Output Summary
[bookmark: _Toc210675375]Non-Value Adding.
As previously mentioned, 78% of the cycle time is non-value-adding processing. Of this Wait Time averaged 27.11 s (18.8%), Transition Time averaged 39.2s (27.1%), and non-value adding processing averaged 46.48s (32.2%). The total throughput remained consistent at 277 units per replication which shows a stable system performance but there is a significant amount of non-value adding time which can be addressed.
[bookmark: _Toc210675376]Queues and Bottlenecks
Waiting and queues caused by bottlenecks represents one of the largest inefficiencies in the system. PCB Boards spent an average of 27.11 seconds waiting, mainly at the Dispenser Hold queue, which showed the highest average waiting time of 23.48 seconds. Additional waiting was recorded at the Top Cap Refill queue averaging 5.01 s and Press Hold queue averaging 3.11 s. These results identify the the Dispenser Hold station as the main bottleneck in the process and a priority area improvement.
[bookmark: _Toc210675377]Resource Utilisation
The operator utilisation rate averaged at 38% This indicates that the operator was unutilised more than half of the time. This highlights potential waste in the form of underutilised skills, as operators could be performing additional value-adding. What has not been simulated is the motion time between stations, but also other tasks or maintenance the operator could be doing in this time. This highlights the point that DES does not address human or behavioural factors (Jahangirian et al., 2010) and that additional understanding is required alongside DES data.

[bookmark: _Toc210675378]
Opportunity Identification
The analysis finds Lean opportunities throughout the system:
Station 1, “Parts in from Assembly,” where entities arrive at fixed 104-second intervals, indicating a push production system. The system could be transitions to a pull-based system, where downstream demand would trigger part arrivals. This would better align production flow with actual needs, reduce inventory waste and work-in-progress to support just-in-time production. 
Based on the DES analysis, 78% of total cycle time was non-value-adding, waiting and transition times. 
The Dispenser Hold station was the main bottleneck, with the highest queue times. This process utilised an operator to refill 10x caps at a time. This Cap dispenser could be increased to a hopper design to continuously feed caps. This would require significantly less refill processes. 
To address the workflow inefficiencies the flow balancing must be addressed. Each station should have equal processing and travel times to ensure just-in-time production. This could be done by speeding/slowing travel times or assigning more resource such as 2 drills for the Drill Station to reduce processing time. 
These improvements align with Lean principles of reducing waste, improving flow, and increasing resource utilisation. While there would be upfront and service cost for additional equipment, the process should be more efficient. The proposed measures are low-risk and feasible compared to automation investments. The operation staff could pose oppose change, but clear communication and engagement can help ensure successful adoption. 



[bookmark: _Toc210675379]Conclusion
Overall, integrating Lean initiatives with DES insights offers a cost-effective path to improving efficiency, stability, and long-term operational performance.
The Discrete Event Simulation (DES) of the CP Laboratory revealed several inefficiencies in the current process. The main sources of waste were waiting and transition delays, particularly at the Dispenser Hold station. Operator utilisation was also low at 38%, indicating underused utilisation but the simulation does not account for other tasks of the operator or time in motion between tasks. Opportunities for improvement include introducing a pull-based system to reduce overproduction, redesigning the cap dispenser to minimise refill delays, and balancing workflows across stations to improve flow and efficiency.
DES proved highly valuable in supporting continuous improvement by providing quantitative insight into process performance without disrupting live operations. It enabled the visualisation and measurement of waste, bottlenecks, and resource inefficiencies, allowing Lean principles to be applied with and justified by the supporting data. This combination of analytical precision and process improvement philosophy enhances the effectiveness of operational decision-making. It did however highlight the lack of human consideration the model didn’t account for other tasks and time in motion of the operator. This also highlights the additional data for the model to become more accurate, this can also include defects detected during optical inspection.
The opportunities identified could be applied to the model to evaluate the benefits. Integrating DES into regular improvement cycles can create a proactive, evidence-based approach to achieving long term operational improvements in the pursuit of perfection.
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Descrete Event Simulation – FESTO CP Laboratory
[image: CP Lab – Schülerunterlagen]The Festo I4.0 CP Lab is a modular, automated production system designed to represent a real-world smart factory. For your Discrete Event Simulation (DES) task, you will model this system by focusing on how individual components interact through a sequence of events over time. The CP Lab includes stations such as Distribution, Processing, Testing, and Sorting, each triggered by specific events, such as sensors detecting a part presence, moving conveyors, or robots performing operations.
[image: A close-up of a machine

AI-generated content may be incorrect.]In DES, your goal is to represent the lab not as a continuous process, but as a series of discrete state changes based on these events. You’ll need to define the logic of these stations, simulate system behaviour under different conditions, and analyse key performance metrics such as throughput, queue lengths, and resource utilisations.3.
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1. Parts in from Robot Assembly
2. Automated Optical Inspection
3. Drilling (2 or 4 holes drilled)
4. Top Cap Dispensing (refill after 10 components)
5. Hydraulic Press
6. Label Printing
7. Output Station (Max. 4 Assemblies)

	Process Function
	Min(s)
	Average(s)
	Max(s)
	
	

	1.Parts in From Robot Assembly
	
	104
	
	
	Legend

	2.Automated Optical Inspection
	2
	2.4
	3.4
	
	Part Creation Time

	Camera to Drilling
	
	8.2
	
	
	Movement times

	3.Drilling (2 Holes)
	9.2
	10.5
	11.38
	
	Process Times

	3.Drilling (4 Holes)
	14.6
	15.1
	16.2
	
	

	Drill to Dispensing
	
	7.3
	
	
	

	4.Top Cap Dispensing 
	2.7
	3
	3.5
	
	

	4.Refill (every 10x cycles)
	240
	260
	300
	
	

	Mag Back to Press
	
	7.3
	
	
	

	5.Hydraulic Press
	11.7
	12.3
	12.9
	
	

	Mpress to Label
	
	8.2
	
	
	

	6.Label Printing
	6.2
	7
	8.7
	
	

	Label to Output Station
	
	8.2
	
	
	

	7.Output Station
	3.6
	4.1
	5.1
	
	

	7.Remove Parts (Every 4x Cycles)
	48
	62
	88
	
	

	
	


Note: It is assumed that one production operative refills the Dispensing unit and empties the output station.
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image12.png
Identifier Average  Half Width Minimum  Maximum Observations

PCB Board.VATime 31764  (Insuf) 24321 39.238 277
PCB Board.NVATime 26.476  (Insuf)  6.6072  296.49 277
PCB Board.WaitTime 27.107  (Insuf)  .@00e0  207.48 277
PCB Board. TranTime 39.200  (Insuf)  39.20  39.200 277
PCB Board.OtherTime .60080  (Insuf)  .00000  .00000 277
PCB Board. TotalTime 144.54  (Insuf)  69.767  370.36 277
Top Cap Refill.Queue.WaitingTime 5.0065 (Insuf)  .e0e00  21.472 28
Drilling 4 Hole.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 122
Output Hold.Queue.WaitingTime .60803 (Insuf)  .00000  .87338 277
Dispenser Hold.Queue.WaitingTime 23.481  (Insuf)  .@00e0  198.71 277
Top Cap Dispensing.Queve.WaitingTime 60080 (Insuf)  .00000 .00060 277
Label Hold.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 277
Press Hold.Queue.WaitingTime 3.1117  (Insuf)  .@00e0  23.622 277
Drilling 2 Hole.Queue.WaitingTime .60080  (Insuf)  .60000  .00060 155
Output Station Loading.Queue.WaitingTime  .00080  (Insuf)  .60000 .00060 277
Drill Hold.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 277
Camera Hold.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 277
Automated Optical Inspection.Queue.Waiting .60080  (Insuf)  .60000 .00060 277
H Press.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 277
Removal Process.Queue.WaitingTime 60080 (Insuf)  .60000  .00060 55

Label Printing.Queue.WaitingTime .60080  (Insuf)  .60000  .00800 146
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DISCRETE-CHANGE VARIABLES

Tdentifier Average  Helf Width Minimum  Maximum Final Value
PCB Board.WIP 1.3992  .02019  .00000  4.6000  .00000
Top Cap Dispenser.NumberBusy 02955 4.6828E-4 00000  1.0000  .08000
Top Cap Dispenser.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Top Cap Dispenser.Utilization .02955 4.6828E-4 00000  1.0000  .0000
Optical Inspection Cam.NumberBusy .02480 5.6650E-4 .00000  1.0000  .00060
Optical Inspection Cam.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Optical Tnspection Cam.Utilization .62480 5.6650E-4 .00000  1.0000  .00060
Operator. NunberBusy 38105 (Insuf) ~ .00000  1.0000  .00000
Operator. NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Operator.Utilization 38165 (Insuf)  .00000  1.0000  .00000
Hydraulic Press.NunberBusy 11837 .00129  .0e000  1.0000  .08000
Hydraulic Press.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Hydraulic Press.Utilization .11837  .00129  .0e000  1.0000  .0000
Drill.NumberBusy 12023 .60280  .00000  1.0000  .00000
Drill.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Drill.Utilization 12023 .60280 00000  1.0000  .00000
Label Printer.NumberBusy 83736 (Insuf)  .00000  1.0000  .0000
Label Printer.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Label Printer.Utilization 83736 (Insuf)  .00000  1.0000  .0000
Output Station.NumberBusy .e4116 7.1705E-4 60000  1.0600  .08000
Output Station.NumberScheduled 1.0800  (Insuf)  1.0000  1.6000  1.0000
Output Station.Utilization .e4116 7.1705E-4 60000  1.0800  .08000
Top Cap Refill.Queue.NumberInQueue .60487  (Insuf)  .00000  1.0000  .0000
Drilling 4 Hole.Queue.NunberInQueue 60080 (Insuf)  .00000  .00000  .0000
Output Hold.Queue. NumberTnQueue 7.7211€-5 (Insuf) ~ .00000  1.0000  .00060
Dispenser Hold.Queue.NumberInQueue 22585 (Insuf) ~ .00000  2.6000  .00060
Top Cap Dispensing.Queue.NunberInQueue 60080  (Insuf)  .00000  .00000  .08000
Label Hold.Queue.NumberInQueue 60080 (Insuf)  .00000  .00000  .0000
Press Hold.Queue.NumberInQueue .02993 (Insuf) ~ .00000  2.6000  .00000
Drilling 2 Hole.Queue.NunberInQueue .60080  (Insuf)  .00000  .00000  .000
Output Station Loading.Queue.NumberInQueue .00800  (Insuf)  .00000  .00000 .00000
Drill Hold.Queue.NumberInQueue .60080  (Insuf)  .00000  .00000  .0000
Camera Hold.Queue.NumberTnQueue .60080  (Insuf)  .00000  .00000  .0000
Automated Optical Inspection.Queue.NumberI .00600  (Insuf) ~ .00060  .00000  .00000
H Press.Queue. NumberInQueue .60080  (Insuf)  .00000  .00000  .0000
Removal Process.Queue.NunberInQueue .60080  (Insuf)  .00000  .00000  .0000

Label Printing.Queue.NumberInQueue .60080  (Insuf)  .00000  .00000 .0000
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OUTPUTS

Identifier Average  Half-width Minimum  Maximum # Replications
PCB Board. NumberIn 277.00 00000 277.00 277.00 10
PCB Board. NumberOut 277.00 00000 277.00 277.00 10
Top Cap Dispenser.NumberSeized 277.00 00000 277.00 277.00 10
Top Cap Dispenser.ScheduledUtilization .02954 8.2568E-5 .02936 02971 10
Optical Inspection Cam.NumberSeized 277.00 00000 277.00 277.00 10
Optical Inspection Cam.ScheduledUtilizatio .02499 1.2413E-4 .02480 .02528 10
Operator.NumberSeized 83.000 .00000  83.000  83.000 10
Operator. ScheduledUtilization .38476 .00256 .38044 139155 10
Hydraulic Press.NumberSeized 277.00 00000 277.00 277.00 10
Hydraulic Press.ScheduledUtilization .11833 9.8774E-5 .11802 .11855 10
Drill.NumberSeized 277.00 00000 277.00 277.00 10
Drill.ScheduledUtilization 12310 .00119 12023 12512 10
Label Printer.NumberSeized 144.20 5.4246 129.00 153.00 10
Label Printer.ScheduledUtilization .03651 .00135 .03267 .03885 10
Output Station.NumberSeized 277.00 00000 277.00 277.00 10
Output Station.ScheduledUtilization 04094 1.0725E-4 .04078 .04117 10

Systen. NumberOut 277.00 00000 277.00 277.00 10
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Process Function Min(s) | Average(s) | Max(s)
1.Parts in From Robot Assembly 104
2Automated Optical Inspection | 2 24 54
‘Camera to Drilling 82
02 105 1138
126 151 162
Drill to Dispensing 73
4.Top Cap Dispensing 27 3 35
4.Refil (every 10x cycles) 240 260 300
Mag Back to Press 73
5 Hydraulic Press. 117 123 129
Mpress to Label 82
6.Label Printing. 62 7 87
Label to Output Station 82
7.0utput Station 36 E) 51
7-Remove Parts (Every 4x
Cycles) ] 62 8





