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This project investigates the optimisation of automated manufacturing systems through the use of Discrete Event Simulation (DES), with a specific focus on the Festo CP Factory and CP Lab. This is a modular production platforms which is widely utilised in both industrial and educational contexts to replicate real-world manufacturing environments. ARENA simulation software is employed to construct a detailed DES model that accurately reflects the material flow, process interactions, and temporal dynamics observed within these systems.
In order to mirror realistic operational behaviour, the physical setup was studied and decomposed into its process modules, with each station modelled individually in ARENA using real-time data. MATLAB was integrated into the workflow to generate unique product configurations, simulating varied production demands and enhancing the versatility of the model. Delays and task durations between each station were derived from empirical timing data collected from the CP Factory's operation, ensuring the model's accuracy and relevance.
The study enables the identification of performance indicators such as system throughput, bottlenecks, and resource utilisation. These metrics provide insight into the impact of potential changes in system design, automation level, or production scheduling. By testing various production scenarios in a simulated environment, the project offers a low-risk, cost-effective approach for evaluating strategies before implementation in physical systems.
Ultimately, this dissertation demonstrates how DES, when combined with MATLAB and real-world manufacturing data, can serve as a powerful decision-making tool. The findings highlight the potential for simulation to improve manufacturing efficiency, reduce operational risk, and inform strategic investments in automation technology.
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1. [bookmark: _Toc196416498]Aims and objectives of the project  

Aim 1:
The first aim of this project is to implement Discrete Event Simulation (DES) models that accurately represent the current operational workflows of the CP Factory and CP Lab by Festo, to digitally replicate real-world processes, identify inefficiencies, and observe system behaviour under a variety of conditions.
Aim 2:
The second aim is to support data-driven decision-making by using simulation outputs to generate key performance metrics—such as cycle time, queue lengths, resource utilization, and downtime—which can be analysed to inform strategic improvements to the system.
Aim 3:
The third aim is to optimise the CP Factory and CP Lab setup by designing and evaluating a range of improvement scenarios within the ARENA simulation environment. These simulations will explore modifications to layout, resource allocation, scheduling, and automation, with the goal of translating virtual insights into practical enhancements for the physical system and advancing smart manufacturing capabilities.
Aim 1: Implement DES for System Representation
Objective 1.1:
To gather detailed and accurate operational data from the CP Factory and CP Lab, which will serve as the foundational input for constructing a representative and realistic simulation model within the ARENA software.
Objective 1.2:
To develop and validate a baseline Discrete Event Simulation model that faithfully replicates the current workflows, processing times, and interactions between resources within the FESTO system, ensuring it reflects actual system behaviour.

Aim 2: Support Data-Driven Decision-Making
Objective 2.1:
To identify and define key performance indicators (KPIs), such as throughput, queue lengths, resource utilization rates, and idle times, that are critical to evaluating the operational efficiency of the current system.
Objective 2.2:
To analyse the outputs generated by the simulation model to quantify existing system performance and establish benchmark metrics that will serve as a reference for evaluating future improvement scenarios.
Aim 3: Optimise CP Factory & Lab through Scenario Testing and Digital Integration
Objective 3.1:
To design and simulate a variety of what-if scenarios within the DES environment, allowing for the assessment of how changes to system layout, automation, or resource allocation may impact overall performance and flexibility.
Objective 3.2:
To apply insights gained from the simulated scenarios to recommend and implement tangible improvements to the physical CP Factory and Lab setup, demonstrating how digital simulation can directly support real-world optimisation and smart manufacturing strategies.
2. [bookmark: _Toc196416499]Nomenclature

	Abbreviation
	Definition

	ASRS
	Automated Storage and Retrieval System

	MES
	Manufacturing Execution System

	DES
	Discrete Event Simulation

	PLC
	Programmable Logic Controller

	CSV
	Comma Separated Values

	VA
	Value Added

	NVA
	Non-Value Added

	WIP
	Work In Progress

	RFID
	 Radio Frequency Identification

	Just – in – time 
	A form of inventory management that requires working closely with suppliers so that raw materials arrive as production is scheduled to begin, but no sooner



3. [bookmark: _Toc196416500]Methodology 1 : Modelling the CP Factory, Robotino and CP Lab in ARENA  

The first phase of the project was centred on transposing the real-world physical system of the CP Factory, CP Lab, and Robotino AGV by Festo into a virtual simulation environment using ARENA software. This current state model was established as the baseline representation of the existing manufacturing setup, allowing detailed analysis of the system’s present performance.
In line with the data-driven modelling principles outlined by (Pepin et al., 2021), each station within the CP Factory and CP Lab was modelled as an individual process module in ARENA. Observations and operational data were collected directly from the physical systems, and were used to define the flow of materials, inter-station timings, task durations, and transport delays. Each process module was parameterised using real-world data to ensure a realistic and accurate reflection of operational behaviour. To enhance statistical reliability and reduce the effect of random fluctuations, between 10 and 12 sets of timing data were collected per station under controlled and consistent operating conditions.
The Robotino platform was also modelled to simulate autonomous material transport between stations. Custom routing logic and dynamic queuing mechanisms were implemented to replicate its real-world navigation and delivery behaviour. This approach aligns with (Pepin et al., 2021), who emphasised the importance of replicating autonomous logistics systems with flexible routing and control behaviours for accurate simulation fidelity.
To further increase the realism and variability of the model, MATLAB was integrated to generate a series of unique product configurations. These were dynamically fed into ARENA to simulate demand-driven routing decisions and to evaluate system performance under diverse operational scenarios.
A critical aspect of this phase involved the incremental validation of each machine’s logic. Rather than constructing the full simulation at once, each workstation was individually modelled and tested to ensure that the logic matched the physical system’s behaviour. This included validation of start and end conditions, service time distributions, queue interactions, and transport logic. These verification steps were repeated throughout the model development process to maintain alignment with physical observations and the collected operational data, as advocated by (Pepin et al., 2021) for ensuring model accuracy and consistency.
The output of this phase was a fully validated current state simulation, designed to replicate actual system behaviour. It provided baseline data on key performance metrics such as system throughput, cycle time, bottlenecks, and workstation utilisation, and was used as the foundation for comparison against future state scenarios

[bookmark: _Toc196416501]3.1 Methodology 2 : Implementing system Changes and Assessing Performance 

Building upon the validated current state model, the second phase was focused on the evaluation of proposed system changes through future state modelling, as conceptualised by (Stewart, 1993). In accordance with Stewart’s framework, future state modelling was used to visualise, simulate, and evaluate alternative configurations of the production system prior to physical implementation. This approach was adopted to systematically investigate the potential impacts of operational changes within a controlled, virtual environment.
Strategic modifications were made to the existing simulation model in ARENA so that scenarios aimed at improving system efficiency, reducing bottlenecks, or assessing the feasibility of automation could be tested. (Pepin et al., 2021) emphasis on the iterative application of simulation to support decision-making was used to guide the design and execution of these scenarios.
Changes were introduced through the reallocation of process sequences, adjustment of workstation capacities, implementation of parallel processing logic, and variation in Robotino routing protocols. Each scenario was developed to reflect a potential future configuration of the production system, enabling both incremental improvements and large-scale transformations to be evaluated, in alignment with the methodological principles proposed by Stewart.
Following each modification, the simulation was executed using the same product configuration and demand conditions as those applied in the current state model. Key performance indicators including system throughput, station idle times, queue lengths, and process delays were recorded and compared against the baseline data.
To assess the effects of each modification, both qualitative and quantitative evaluations were carried out. Positive impacts, such as increased throughput or reduced lead times, were identified, while negative consequences, including increased complexity, longer queue times, or under-utilisation of resources, were also noted. Where appropriate, cost-benefit interpretations were provided to assess the practical viability of implementation in a real manufacturing context.
Through adherence to (Stewart, 1993) future state modelling methodology, this phase was structured to support evidence-based decision-making. By identifying which modifications were most effective in enhancing system performance and which introduced operational trade-offs, a robust foundation for informed strategic planning was established.

4. [bookmark: _Toc196416502]Breakdown of Festo’s CP Factory and CP lab

Purpose and Educational Value
The CP Factory and CP Lab, developed by Festo Didactic, are modular, cyber-physical training platforms designed to simulate the structure and function of smart factories within an Industry 4.0 context. These systems are used extensively in both academic and industrial settings to facilitate hands-on learning, advanced research, and development in areas such as automation, control engineering, and intelligent manufacturing systems.
The CP Factory represents a fully scalable smart production line, capable of integrating real-time sensors, industrial networking, cloud connectivity, and MES/ERP systems. It enables learners and researchers to experiment with realistic manufacturing processes that mirror those found in advanced industrial environments.
In contrast, the CP Lab offers a compact, lab-based version of the CP Factory, designed specifically for educational institutions. While it retains core technological features, the CP Lab is ideal for teaching foundational skills such as programmable logic controller (PLC) programming, sensor integration, human-machine interface (HMI) interaction, and basic robotics. Both platforms reflect a pedagogically robust approach to preparing students and professionals for Industry 4.0, where cyber-physical systems, digital twins, and smart automation are central pillars.

[bookmark: _Toc196416503]4.1 CP Factory 

Real-World Application and Functionality
The Festo CP Factory ASRS module replicates this by simulating a smart warehouse that can automatically retrieve a variety of part types based on customer specifications. Instead of storing bulk parts for a single product variant, it holds multiple options such as different coloured front covers and selects the appropriate one in real time based on the production order.
This mirrors actual mass customization processes in advanced manufacturing facilities, where product personalization is driven by automated systems integrated with MES platforms. These systems communicate with storage and handling equipment like the ASRS to ensure just-in-time delivery of the correct components.
Robotic Arm and Pallet Transfer
At the heart of the ASRS (Automated Storage and Retrieval System) is a robotic pick-and-place system, mounted on a vertical gantry. This arm is designed to move along the X and Z axes with high precision. When an order is received (e.g., requesting a grey front cover), the robotic arm travels to the designated storage position, aligns with the target pallet, and uses a mechanical clamp to lift the part.
Once retrieved, the robotic arm then travels horizontally and lowers the pallet onto a waiting conveyor belt, which is typically part of the wider CP Factory transport system. The conveyor then transports the selected part to the next station. This seamless transition from storage to production mimics automated material handling systems used in modern factories, where parts flow autonomously between workstations.
Available Front Cover Options
The ASRS (Automated Storage and Retrieval System) module shown below (figure 1) configured to store four different types of front covers, each identified by a unique colour and code:



· 210 – Front Cover Black
· 310 – Front Cover Grey
· 410 – Front Cover Blue
· 510 – Front Cover Red
These options reflect how customers or users can customize their product during the configuration stage, often seen in build-to-order scenarios. For example, a customer might select a red cover when ordering a device online. That input is transferred into the system, prompting the ASRS to retrieve the red cover for assembly, ensuring the product matches the customer’s specifications.

[image: A machine with a glass panel
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[bookmark: _Toc196416369]Figure 1 CP Factory
(Festo, 2025)

After the ASRS, the pallet is transferred to the robotic assembly station, known as the CPF-B-RASS. This station features a Mitsubishi Electric 6-axis industrial robot integrated within the framework. Its purpose is to carry out a series of precise and automated assembly operations, replicating the kind of robotic workflows commonly found in real-world industrial environments.
The process begins when the robot arm equips itself with a suction cup gripper. Using vacuum pressure, the robot securely lifts the part from the incoming pallet or conveyor. Once the component is picked up, it is presented to an integrated vision system mounted inside the assembly enclosure. This camera performs quality checks to verify that the correct part has been retrieved. It inspects the part's orientation, confirms the colour variant, and ensures the component is positioned accurately before further processing.
Following this verification step, the robot performs an automated tool change, replacing the suction gripper with a mechanical end-effector designed to handle the fuse board. With this tool, the robot picks up the board and places it in the correct position for assembly. Another tool change then occurs, allowing the robot to use a finer gripper typically a tweezer to pick and place one or two fuses into the designated slots on the board or component housing. This operation requires a high level of precision to ensure proper alignment and secure fitting of the fuses.
After the fuses have been successfully installed, the robot conducts a final tool change, returning to the original suction gripper. It then lifts the assembly and carefully places it onto the outgoing conveyor system, where the product is sent to the next station in the production line.
This robotic cell effectively simulates the flexibility and intelligence of modern smart manufacturing systems. The use of automated tool changing, visual inspection, and precise multi-step assembly reflects practices commonly used in industries such as electronics, automotive, and consumer goods. It demonstrates how robotic systems can be configured to handle a variety of components and tasks in a single station, enabling highly efficient and customizable production under Industry 4.0 standards.
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[bookmark: _Toc196416370]Figure 2 CPF-B-RASS
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[bookmark: _Toc196416371]Figure 3 Mitsubishi Electric 6-axis
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[bookmark: _Toc196416372]Figure 4 Gravity fed fuse dispenser  


(Festo, 2025)

[bookmark: _Toc196416504]4.2 Robotino

Robotino is an autonomous guided vehicle (AGV) to support flexible, intelligent transport within automated and production environments. Designed for modularity and adaptability, Robotino serves as a mobile logistics platform, enabling seamless, autonomous movement of pallets or components between decentralized stations.
Equipped with omnidirectional wheels, Robotino is capable of moving in any direction with precision. This allows it to navigate complex layouts and confined spaces. A conveyor unit is mounted on a base platform, which enables Robotino to automatically collect and deposit pallets at defined pick-up and drop-off points. This vertical actuator aligns with the conveyor height of CP Factory modules, allowing for smooth material handover.
Robotino uses a combination of sensors, cameras, and real-time communication protocols to map its environment and navigate autonomously. It avoids obstacles dynamically and is fully integrated with higher-level systems such as a Manufacturing Execution System (MES). Visual signals, such as LED status lights and an emergency stop button, provide immediate feedback on its operational state and safety.
In practice, Robotino acts as the transport bridge between the CP Factory and CP Lab. CP Factory is where assembly, inspection, and storage occur. This mirrors the function of AGVs in real industrial settings. Where adaptive production lines rely on mobile robots to maintain just-in-time delivery and reduce static material handling infrastructure. By incorporating Robotino into the CP Factory ecosystem, users can simulate and experiment with Industry 4.0 concepts such as autonomous logistics, flexible production routing, and intelligent material flow.

[image: A white machine with a green light
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[bookmark: _Toc196416373]Figure 5 FESTO Robotino
(Festo, 2025)
[bookmark: _Toc196416505]4.3 CP Lab
Branch
The CP-Branch is a modular conveyor-based transfer system designed for transporting pallets and workpieces across the CP Factory & CP Lab production. It forms the central transport backbone of the system, enabling smooth, precise, and fully-automated movement between various modules, such as assembly, inspection, drilling, or storage.
The module features a linear conveyor belt equipped with pneumatically-actuated stoppers and optical sensors that monitor the position of each pallet in real time. These sensors ensure that the pallet is aligned correctly before entering a station and that it halts at the appropriate location for each process step. Pallets are indexed and held in place as needed for operations like drilling or inspection and then released automatically to continue down the line.
The conveyor system can be easily integrated with various hardware modules and is typically controlled by a Siemens PLC or similar industrial controller. Communication between the modules ensures that the entire system operates synchronously, with each pallet following a defined path depending on the production recipe or customer order.
	[image: A machine with black rollers
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[bookmark: _Toc196416374]Figure 6 CP Branch
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[bookmark: _Toc196416375]Figure 7 CP-L-LINEAR


(Festo, 2025)

Camera Module (CP-AM-CAM)
The Camera Module functions as the initial inspection station in the production line. Its primary purpose is to perform visual inspection and part identification through integrated vision sensors or optical cameras. Within the context of the Festo CP Factory, this module corresponds to smart sensor stations that detect the orientation, type, or quality of raw components before further processing begins. It plays a crucial role in quality assurance, allowing the system to reject defective items at an early stage. The module can be integrated with cloud-based systems to transmit image data and inspection statistics in real time. This supports data-driven decision-making and improving overall manufacturing efficiency.
[image: A glass box with a glass door
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[bookmark: _Toc196416376]Figure 8   CP-AM-CAM 	(Festo, 2025)


Drill Module (CP-AM-DRILL)
The Drill Module simulates a precision material modification process, such as drilling, boring, or cutting. In a CP Factory context, this would correspond to a CNC station or machining module that performs specific modifications to a component based on predefined parameters. The drilling process is usually automated and controlled by PLCs, with feedback provided by position and torque sensors. This feedback is critical for ensuring that the operation is performed within tolerance and can be used for predictive maintenance by detecting wear on drill bits or abnormal drilling patterns. The inclusion of this module highlights the role of adaptive machining and real-time monitoring in modern manufacturing systems.
[image: A machine with a black belt and white buttons
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[bookmark: _Toc196416377]Figure 9 CP-AM-DRILL	(Festo, 2025)

Cap Dispenser Module
The Cap Dispenser Module represents an automated assembly process in which caps or similar components are placed onto parts moving through the production line. This module is functionally similar to robotic pick-and-place systems within the CP Factory, where precision actuators and vision systems coordinate the retrieval and placement of components. The module may utilize RFID tags or barcode readers to identify the part and determine the correct cap configuration, supporting customized and flexible manufacturing. Such functionality is central to smart factories, where batch size one production customizing each product on demand—is a defining feature of Industry 4.0 operations.
[image: A white machine with a blue screen
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[bookmark: _Toc196416378]Figure 10 CP-AM-MAG	(Festo, 2025)


Press Module
The Press Module performs mechanical joining or forming operations, such as crimping, punching, or stamping. In the CP Factory ecosystem, this station typically employs pneumatic or hydraulic actuators integrated with force sensors to apply consistent pressure to each component. Sensor feedback allows for dynamic control and ensures that the pressing operation meets quality standards. This is particularly valuable for detecting issues such as misalignment, material inconsistencies, or equipment malfunctions. The press module exemplifies how real-time feedback and sensor fusion enhance process reliability and support automated quality control in cyber-physical production systems.
[image: A machine on a stand
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[bookmark: _Toc196416379]Figure 11 CP-AM-MPRESS-V2	(Festo, 2025)

Label Module
The Label Module is responsible for applying identifying information to parts, such as printed labels, barcodes, or RFID tags. In Festo's CP Factory, labelling stations are often paired with data capture systems that scan and record the identity of each part, thereby enabling traceability across the entire manufacturing process. This module plays a critical role in establishing a digital twin for each part—an exact virtual counterpart that tracks the real-world status and history of the product. Labelling also supports downstream logistics, allowing systems to sort, route, and verify parts during shipping or post-production audits. It exemplifies the tight integration between physical operations and digital information flows.
[image: A machine on a stand
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[bookmark: _Toc196416380]Figure 12 CP-AM-MPRESS-V2	(Festo, 2025)
Output Module
The Output Module represents the final stage of the production system, where completed components are inspected, sorted, and either stored or dispatched. Within the CP Factory, this module would typically consist of sensor-equipped bins, conveyor systems, and actuated gates that direct parts based on inspection outcomes. The use of smart trays, weight sensors, and image verification systems ensures that only correctly manufactured components are sent to the customer, while defective items are automatically removed from circulation. Additionally, the output module connects to enterprise-level systems MES to update inventory records, trigger delivery schedules, and monitor production statistics.
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[bookmark: _Toc196416381]Figure 13 CP-AM-OUT	(Festo, 2025)
5. [bookmark: _Toc196416506]DATA collection

Importance of Data Collection for a Discrete Event Simulation (DES) Model
Accurate data collection was recognised as fundamental to building a reliable and representative DES model. In this project, processing times for each machine within the FESTO CP Factory and CP Lab systems were manually recorded, with each operation timed over several cycles. Between 10 to 12 data sets were gathered for each machine and product configuration. For each process, the slowest and fastest recorded times were identified, and an average was calculated. This average was then used as the basis for modelling delays within the ARENA simulation.
This method provided a simple but effective way to approximate real-world variability. However, the process introduces a trade-off between data accuracy and the time invested in collecting it. Recording data manually, although practical in the short term, is limited by human reaction time and the small sample sizes that can realistically be obtained. Increasing the quantity of data collected would enhance statistical confidence, allowing for more reliable averages and a better understanding of process variability. One major improvement would be the use of automated tools such as high-speed cameras or sensors, which could capture timing data with finer resolution and consistency across a larger number of repetitions.
However, there's a balance collecting highly accurate data over hundreds or thousands of runs would be time-consuming and potentially infeasible in a university setting. This is where the Central Limit Theorem (Ross, 2017)becomes relevant. Even with a relatively small number of samples, if data is collected randomly and independently, the distribution of sample means will tend to follow a normal distribution. This statistical property means that after a certain point, increasing the sample size results in diminishing returns in terms of improvements to the model’s reliability. Therefore, the use of mean values from a modest number of well-recorded trials can still offer a representative estimate of average machine performance.
[image: Understanding the Central Limit Theorem | by Egemen Eroglu | Medium]
[bookmark: _Toc196416382]Figure 14 Central Limit Theorem	(Egemen Eroglu, 2023)
The method of data collection used was manual stopwatch timing, as shown in figure 15. Each station by hand using a stopwatch. This approach is straightforward and requires no additional hardware, making it ideal for quick estimates. However, it is limited by human reaction time and typically results in a small sample size, which can introduce variability and reduce the accuracy of the results. 
A more precise approach involves high-speed video recording as shown in figure 16. By filming each station’s operation and reviewing the footage frame-by-frame, I could obtain more accurate timings without relying on reaction speed. This method allows for detailed analysis and repeatable review, although it can be time-consuming to analyse the footage for every cycle.
Another method suitable for capturing processing times is sensor-based timestamp logging. By using integrated sensors, as shown in figure 17 such as light barriers, proximity sensors, or RFID readers, start and end times of each process can be recorded automatically. This setup enables accurate and consistent data collection across a large number of repetitions, though it requires access to the sensor data and possibly some integration effort with the control system.
Finally, PLC data extraction, as shown in figure 18 can be used where timestamps and operational states are logged directly by the programmable logic controller. This method provides a high level of accuracy and insight into internal state transitions and timing, making it a powerful tool for process analysis. However, it depends on the ability to access and interpret PLC data, which may not always be feasible.
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[bookmark: _Toc196416383]Figure 15 stopwatch
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[bookmark: _Toc196416384]Figure 16 Phantom camera
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[bookmark: _Toc196416385]Figure 17 RS retroreflective
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[bookmark: _Toc196416386]Figure 18 PLC data extraction

	(Time and data, n.d.)	(Wired, n.d.)	(RS, n.d.)	(ixon, 2021)


Limitations of the FESTO CP Factory and CP Lab
It’s important to contextualize the data within the limitations of the physical system. The FESTO CP Factory and CP Lab are educational platforms and, while highly valuable for demonstrating concepts, they are not industrial-grade systems. The modules are prone to slight inconsistencies in performance due to factors such as wear, pneumatic response lag, and air supply stability.
A specific limitation is the daisy-chained pneumatic air distribution system, which feeds compressed air sequentially across multiple machines. This setup means that pressure fluctuations or a delay in one module can propagate through the system, introducing variability in actuation times. As a result, processing times may deviate slightly even under seemingly identical conditions. While these delays were not specifically quantified in this project, their presence contributes to timing spread and must be accounted for when interpreting data and simulating realistic behaviour.
[bookmark: _Toc196416507]5.1 Transposing CP Lab into ARENA 

[bookmark: _Toc196416508]5.2 Configuration Model- Product Variation 

MATLAB Configuration Script and Its Role in DES Modelling
In a modern, customizable production environment, customers are given the ability to tailor products to their preferences. Options may include the colour of the front cover, the number of fuses, the inclusion of a PCB, the type of drilling (two or four holes), and whether a label is applied. This wide range of combinations introduces a high degree of variability in the production flow.
To simulate this effectively within a DES environment, a MATLAB script has been developed that generates 100 unique product configurations. Each configuration is created by randomly selecting values from predefined categories such as fuse options, colours, PCB options, and others representing the full spectrum of customer choices.
A key feature of this script is its conditional logic, which reflects real-world constraints. For instance, if a configuration includes one or more fuses, a PCB is automatically included to support the electrical components. This ensures that only valid combinations are simulated, aligning the model with practical engineering logic.
The resulting output, a matrix of randomly-generated product configurations is exported as a CSV file. This file is then linked to the DES model as shown in figure 20, allowing it to simulate not just a static product line, but a dynamic, customer-driven system. Each pallet in the simulation represents a unique configuration, triggering different paths through the production line, including the ASRS for part selection, the robotic cell for fuse placement, or drilling modules for physical modifications.
By incorporating this level of variability through the MATLAB script figure 50 (appendix), the DES model becomes significantly more powerful. It can analyse:
· Production time differences between simple and complex builds
· The impact of customisation on system throughput
· Resource usage (storage unit retrieval times)
· Bottlenecks under varying demand profiles
This approach is essential for simulating real-world, flexible manufacturing environments, where batch sizes of one and on-demand personalization are increasingly common. It supports testing of mass customization, smart part routing, and adaptive process scheduling.
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[bookmark: _Toc196416387]Figure 19 ARENA Configuration Block
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[bookmark: _Toc196416388]Figure 20 ARENA CV input



[bookmark: _Toc196416509]5.3 Create Block- Parts In

In the ARENA model, the simulation begins with a 'Create' block, which is configured to generate parts at regular intervals. Since the CP Factory's storage system (Figure 1) is assumed to be constantly and efficiently replenished, the model treats the arrival of parts as infinite, with no downtime for restocking. The replication parameters of this simulation are over the course of an 8-hour workday. Although in reality this process would involve occasional stoppages for refilling, these are not simulated due to time constraints. The 'Create' block requires a defined interarrival time, which in this case is set to 104 seconds.   
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[bookmark: _Toc196416389]Figure 21 Parts In create block parameters
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[bookmark: _Toc196416390]Figure 22 Replication Parameters


This value accounts for the complete duration it takes a part to exit the CP Factory’s storage system, pass through the CPF-B-RASS module, and await collection by Robotino. Once configured, each part then enters the CP Factory module, which acts as a placeholder in ARENA to reflect the internal handling steps prior to routing. The configuration assigned to each part determines its subsequent path through the system, and at this stage, the model checks whether the part requires transport to the CP Lab. If so, it proceeds to the next stage: the 'Request' block, which handles AGV allocation and manages Robotino’s availability. 


[bookmark: _Toc196416510]5.4 Request Block – Request an AGV

The transport between the CP Factory and CP Lab is modelled in ARENA using a dedicated logic flow that replicates the behaviour of the Robotino AGV. At the core of this logic is the ‘Request’ block, which is responsible for simulating AGV allocation and availability. When a part requires transport across zones the model triggers this block to check if Robotino is free. If Robotino is currently in use, the part will wait until the resource becomes available, accurately reflecting the availability constraints and scheduling challenges typically associated with AGV-based intralogistics.
To simulate movement with realistic timing, the MES tools within ARENA are used to define Robotino’s motion characteristics. In this case, a velocity of 1.3 metres per second was assigned, based on the real specification of the Robotino platform. The travel distance entered into the model was 72 units inches. This combination of velocity and distance allows ARENA to calculate a transport time automatically within the Request logic, which directly influences the pacing of the overall simulation. 
This not only introduces accurate movement delays but also ensures that Robotino’s involvement creates a dynamic constraint, especially when multiple parts are queued for transfer.
Once Robotino has been successfully allocated and the part transported, the model proceeds to the next set of blocks Delay blocks. 
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[bookmark: _Toc196416391]Figure 23 Request an AGV information tree
[image: Several machines with different components

AI-generated content may be incorrect.]
[bookmark: _Toc196416392]Figure 24 Request an AGV timeline	
[bookmark: _Toc196416511]5.5 Delay Block – CP-L-LINEAR

Delay blocks are used to simulate movement between physical stations via CP-L-LINEAR conveyor modules. These delays are fixed times based on measured performance data and represent the actual travel time of pallets as they move between the core modules of the CP Factory and CP Lab. Each Delay block ensures that the simulation accounts for both the physical spacing of the factory layout and the mechanical time required for transfers, completing a realistic representation of the factory’s material handling system.
	[image: A machine with a rectangular object on it

AI-generated content may be incorrect.]
[bookmark: _Toc196416393]Figure 25 CP-L-LINEAR      (Festo, 2025)
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[bookmark: _Toc196416394]Figure 26 ARENA 'drill to magback' linear speed
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[bookmark: _Toc196416395]Figure 27 CP L Corner Conveyor       (Festo, 2025)
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
[bookmark: _Toc196416396]Figure 28 ARENA 'Mpress to Label' Corner Conveyor speed   


Each physical transition between CP Factory modules whether handled by linear transfer conveyors or branch modules was modelled in ARENA using transfer delays.  Each delay  "Drill to Magback", "Mpress to Label" reflects a travel time measured from the actual system, typically around 7.34 to 7.735 seconds. This ensures a high degree of timing fidelity in the model. 


[bookmark: _Toc196416512]5.6 Process block
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[bookmark: _Toc196416397]Figure 29 Process block - Camera
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[bookmark: _Toc196416398]Figure 30 Process - block Mpress
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[bookmark: _Toc196416399]Figure 31 Process block - Label
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[bookmark: _Toc196416438]Table 1 Process Block - info tree


In ARENA, the Process block offers a straightforward yet powerful way to represent real-world manufacturing activities, making it ideal for modelling the CP Factory and CP Lab system. Each module such as the camera inspection, mechanical press, and label application is simulated using this block type, which uses the classic Seize–Delay–Release structure table 1. Despite the simplicity of this setup, it effectively captures both the processing logic and resource constraints observed on the physical production line.
As demonstrated in the configuration table, each process uses a triangular delay distribution, which closely mirrors the variability of real-world operation times. For instance, the Camera module, figure 29, is set with a minimum of 2.0 seconds, a most likely (average) value of 2.35 seconds, and a maximum of 3.4 seconds. This approach introduces realistic timing fluctuations without overcomplicating the logic, while still maintaining traceability and control over system performance.
Similarly, other modules such as 09 Mpress and 10 Label are modelled with delay values derived from actual observations. The press process averages 7.06 seconds, and the labelling process takes approximately 7.34 seconds on average. These values have been carefully measured, ensuring output metrics such as throughput and cycle time are representative of those in the real CP Factory environment.



[bookmark: _Toc196416513]5.7 Decide Block 

In the ARENA, ‘Decide’ blocks play a critical role in controlling the routing logic of parts through the production system. These blocks evaluate the configuration of each part and determine whether it should be directed through a specific module or bypass it entirely, thereby enabling the model to accurately reflect the flexible, customer-driven nature of the CP Lab.
‘Decide’ block, checks the Part Config , figure 32, attribute to determine if the part requires either a "TWO DRILL" or "FOUR DRILL" operation. This is done using an N-way by Condition logic, where the condition reads the part’s configuration array and routes it accordingly. If the value is “TWO DRILL,” the part is sent to the "Drill Two" process; if it’s “FOUR DRILL,” it is routed to the "Drill Four" process. If neither condition is met, the part is bypassed and continues along the line. This logic ensures that only relevant parts are processed at each drill station, saving both time and resources while simulating realistic manufacturing decision-making.
Similarly, in the Label Module, a ‘Decide’ block is used to evaluate whether the part configuration includes a label. If the condition returns true, the part is routed to the "Label" process block for label application, figure 34. If the part does not require a label, it is immediately rerouted to the next module in the production sequence. This logic effectively simulates optional processing steps based on customer choice, maintaining the efficiency of the line and ensuring only necessary operations are performed on each part.
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[bookmark: _Toc196416400]Figure 32 Variable Array
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[bookmark: _Toc196416401]Figure 33 Drill Decide
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[bookmark: _Toc196416402]Figure 34 Label Decide


The use of ‘Decide’ blocks in this simulation is essential for conditional routing. It provides a simple yet effective method to implement mass customization logic in a discrete event model, allowing different product variants to share the same line while being processed according to their specific requirements. This makes the simulation highly representative of real-world smart factories, where adaptability and product-specific routing are key to operational success.

[bookmark: _Toc196416514]5.8 Refill logic 

The refill logic within the MagBack module adds depth to the simulation by mimicking real-world inventory consumption and replenishment. In ARENA, this is implemented through a combination of Decide, Process, and Assign blocks that work together to model the use and refill of caps during production.
As parts arrive at the MagBack station, a ‘Decide’ block evaluates whether the system needs to be refilled. If the answer is True, indicating that the cap supply has been depleted, the part is routed to a Refill logic path. This path includes two blocks: the Refill block, which represents the resource assignment to initiate the task, and the Refill Process, which models the downtime required to perform the refill. The refill duration is based on a triangular distribution using real-world values: a minimum of 8.57 minutes, an average of 9.76 minutes, and a maximum of 17.35 minutes, as shown in table 1. These values reflect observed variability in human or system performance during restocking.
The simulation also includes a ‘Count Down’ mechanism, implemented using an Assign block, to track cap usage. Each time a part passes through the MagBack station, the variable Num_Caps is reduced by one using the assignment:
“Variable, Num_Caps, Num_Caps – 1”   (Figure 36)
This decrement represents the consumption of one cap per unit processed. When Num Caps reaches zero, the Decide block logic is triggered to route the next incoming part through the refill loop, simulating a pause in production while the dispenser is replenished. Once the refill process is complete, the Num Caps variable is reset to its original value, allowing normal operation to resume.
Together, this refill and countdown logic captures the resource dependency, inventory tracking, and refill downtime observed in actual production settings. It provides a realistic representation of how consumables such as caps or backing plates are managed on the factory floor, enabling a more accurate reflection of station utilization and potential throughput constraints within the simulated environment.
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[bookmark: _Toc196416403]Figure 35 MagBack module
	[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc196416404]Figure 36 Count down





[bookmark: _Toc196416515]5.9 Tray out logic 
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[bookmark: _Toc196416405]Figure 37 Tray out logic
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[bookmark: _Toc196416406]Figure 38 Count up




The tray logic in the model is designed to simulate the behaviour of the CP-AM-OUT automated tray handler station. This logic closely mirrors the earlier refill structure but instead manages the accumulation of finished parts onto a tray.
Once a part is finished with all production steps, it enters the “up” stage, where an Assign block increases the value of the variable Part_on_tray by one:
“Variable, Part on tray, Part on tray +1”
This increment represents the physical placement of a finished part onto a tray in the real-world CP Factory. The tray acts as a temporary buffer, collecting products until a predefined capacity is reached.
A Decide block monitors this Part_on_tray variable. When the number of accumulated parts equals the tray’s full capacity, the logic directs the flow to the Remove Part process. This block simulates the unloading of a full tray whether that be physically transferring it to storage, inspection, or shipment zones. After the “Remove Part” process is completed, the Part_on_tray variable is reset to zero, effectively clearing the tray and allowing the cycle to repeat.
This batching logic introduces a realistic constraint to the model by accounting for limited tray capacity, which affects overall output flow. It ensures that finished goods are not processed endlessly without consideration for packaging or handling stages. More importantly, it enhances simulation fidelity by modelling the end-of-line handling seen in automated factories, where products must be organized in manageable quantities before dispatch or downstream operations.



6. [bookmark: _Toc196416516]Validation of the DES model

To ensure that the Discrete Event Simulation (DES) model accurately reflects the behaviour of the real-world CP Factory system, a full system validation test was performed. This involved comparing the total time required for a single part to progress through the entire physical system from start to finish with the equivalent performance observed in the simulation.
Real-World System Test
A complete test run was conducted on the physical CP Factory setup, capturing the time taken for one part to pass through all process stations under standard operating conditions. The total measured time was 83.59 seconds.
DES Model Comparison
In the ARENA simulation model, the same test scenario was replicated. Two key values were extracted from the simulation results to represent the variability inherent in the system:
· Worst Case (Slowest Time): 86.099 seconds
· Best Case (Fastest Time): 70.919 seconds
These results reflect the natural variability in processing and queueing times caused by stochastic elements such as randomly distributed delays and resource availability.
Validation Outcome   (Table 1)
The simulation results are within a reasonable tolerance of the real-world time:
· The worst-case simulated time (86.099 s) exceeds the actual time by only +2.509 seconds (+3.0%).
· The best-case simulated time (70.919 s) is -12.671 seconds (-15.2%) faster than the physical system.
The actual observed time of 83.59 seconds falls comfortably between the best- and worst-case simulated outcomes, confirming that the DES model provides a realistic and accurate approximation of the physical system's performance for the full part processing cycle.
This supports that the simulation model has been successfully validated for single-part flow through the system. The results demonstrate that the model behaves consistently with the real-world setup and is appropriate for use in further analysis and experimentation.
During the real-world validation test, it was observed that the MPress module introduced additional, unintended delay due to a physical interference issue. Specifically, the rubber guide rails (soft alignment lips located at the entry of the press unit) were rubbing against the component as it entered the module. This caused a noticeable slowdown in part positioning, which would not normally occur under ideal operating conditions.


The issue is visible in the image below, where the rubber lip can be seen in contact with the part path:
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[bookmark: _Toc196416407]Figure 39 MPress rubber guide rails
This interference affected the accuracy of the cycle time recorded from the physical CP Factory, particularly for the MPress station. As a result, the total system time measured during validation may be slightly longer than expected under normal conditions.

[bookmark: _Toc196416517]6.1 Implication for Model Validation

It should be emphasised that the discrepancy between the DES model and the real-world performance is not due to an inaccuracy in the simulation, but rather due to this temporary mechanical issue. The model assumes ideal, fault-free operation and was built using standard process times based on normal functioning of each station. Therefore, the validation remains valid within the expected tolerance, and the observed variation can be confidently attributed to the hardware anomaly rather than a modelling error. 
In the paper (Hsieh et al., 2008) ("An Error-Rate-Based Test Methodology to Support Verification of Hardware Systems"), the authors introduce a systematic approach to quantify and classify error rates in hardware verification. Although their work focuses on hardware testing rather than manufacturing systems, the methodology of tracking error patterns, identifying maximum deviation, and statistically validating outcomes translates well into the realm of simulation-based analysis. 
Error rates serve as an essential diagnostic tool when validating simulation models. They allow engineers to distinguish between discrepancies caused by genuine modelling inaccuracies and those arising from anomalies or irregularities in the physical system. In the case of the CP Factory validation, the observed deviation in the MPress station's cycle time was initially a potential concern. However, further investigation revealed that the additional delay was due to physical interference from a rubber guide lip, rather than an error in the simulation model itself.
Without a proper analysis of error rates, this discrepancy could have been incorrectly attributed to a fault in the model. However, by comparing the simulation’s best- and worst-case outcomes to the real-world data and observing that the real cycle time fell within that range, it became clear that the simulation remained valid under normal, fault-free operating conditions. Thus, error rates enabled a deeper understanding of where the model accurately reflected system behaviour and where external factors in the physical environment may have influenced results.

In conclusion error rates are not only indicators of model accuracy but also powerful tools for understanding the behaviour of complex systems under a range of conditions. In Discrete Event Simulation, where inherent randomness and variability are expected, error rate thresholds help define realistic performance bounds and reinforce the credibility of the model. By comparing simulated data with observed performance and investigating significant deviations, engineers can both validate their models and uncover real-world issues that may otherwise go unnoticed. This approach enhances confidence in the simulation results and ensures that they are suitable for further analysis, optimisation, or decision-making.

7. [bookmark: _Toc196416518]Research / literature review 
The rapid adoption of automation technologies in manufacturing and logistics is reshaping operational paradigms globally.(Mital & George, 1989a)  (Shanmugapriya & Pougajendy, 2023)Within this context, the Festo CP Factory and CP Lab serve as pedagogical and experimental platforms that simulate Industry 4.0 production environments, facilitating research into flexible manufacturing systems, cyber-physical integration, and DES. This project employs ARENA simulation software to assess the transition from manual to automated inspection systems, with a focus on operational performance, economic feasibility, and the socio-technical implications for the workforce.

[bookmark: _Toc196416519]7.1 Literature on Simulation in Manufacturing 
Simulation modelling is a core tool for analysing complex systems, allowing decision-makers to experiment with various configurations without disrupting real-world operations. (Sokolov et al., 2023) articulates the value of DES in optimizing production flow, validating process improvements, and supporting strategic investment decisions. 
ARENA, a widely used platform in industrial engineering, supports the development of detailed process models that can capture variability in cycle times, delays, and resource utilization. Its compatibility with real-time data and external scripts, such as MATLAB, allows for hybrid simulation environments. This feature is central to the current project, which integrates MATLAB-generated product configurations to explore variability in system performance under stochastic conditions.

[bookmark: _Toc196416520]7.2 Economic Feasibility and Automation Investment
A key objective of this dissertation is to evaluate the financial and strategic viability of automating inspection within the CP Factory setup. Several studies have examined the economic implications of automation. The uploaded .bib entries provide insights into the capital-intensive nature of automation and its justification through lifecycle cost savings, productivity gains, and quality consistency.
For example, studies such as “Economic Feasibility of Product Assembly Lines” (Mital & George, 1989b) and “Investigation of Auto Strategies and Their Effect on Assembly Cost” (Gajjar & Sheth, 2014) highlight the need to balance initial investment with throughput improvements and reduced error rates. When applied to the CP Factory, these principles translate into measurable metrics like queue times, work-in-progress (WIP) levels, and utilization of automated inspection modules.



[bookmark: _Toc196416521]7.3 Automation and Workforce Dynamics
(Bessen et al., 2020) provide a comprehensive empirical evaluation of firm-level automation impacts on individual workers. Their findings reveal that automation can lead to a 9% loss in cumulative wage income over five years, primarily driven by reduced days worked. These effects are more pronounced in smaller firms and for older, middle-educated workers. Notably, investments in computerization did not produce similar displacement effects.
This insight is particularly relevant when evaluating the transition within the CP Factory from manual inspection to a fully automated optical inspection station. The simulation results will explore not only the operational efficiency but also the potential role of human operators in hybrid systems—supporting upskilling rather than displacement.

[bookmark: _Toc196416522]7.4 Performance Monitoring and KPIs
The integration of performance indicators into simulation models is another emerging area. Literature such as “Integrating Performance Indicators to Track Production Development of Manufacturing Lines” (Sokolov et al., 2023) emphasizes the value of real-time data tracking, feedback loops, and predictive analytics to optimize system-wide performance. This dissertation incorporates similar methodologies by evaluating throughput, utilization, and inspection accuracy across different configurations in ARENA, supported by experimental data and MATLAB inputs.

[bookmark: _Toc196416523]7.5 Alignment with Industry 4.0 and the Fourth Industrial Revolution
The fourth industrial revolution is characterized by digital transformation and intelligent automation. Literature in the “Fourth Industrial Revolution” (Xu et al., 2018) reference underscores the need for adaptive systems that support mass customization, decentralized decision-making, and human-machine collaboration. The CP Factory and CP Lab exemplify these principles, providing an ideal testbed for evaluating automated inspection technologies in a controlled yet realistic setting.

[bookmark: _Toc196416524]7.6 Role of Simulation in Smart Manufacturing
DES has emerged as a powerful tool to analyse complex manufacturing processes without disrupting real-world operations. As described by (Lo et al., 2006) and (Chwif et al., 2023) DES enables engineers to model events that occur at distinct points in time, such as workpiece transfers, quality checks, and equipment delays. The modularity and flexibility of DES tools like ARENA make them suitable for analyzing system performance, queue dynamics, and resource utilization.
The Festo CP Factory and CP Lab systems are well-suited to DES, as they represent a network of discrete processes including robotic assembly, manual stations, optical inspections, and AGV-based logistics. In this study, MATLAB is used to generate product configuration variants, with these inputs dynamically linked to ARENA, enhancing simulation realism and scalability. 


[bookmark: _Toc196416525]7.7 Limitations of Discrete Event Simulation 

Despite its advantages, DES has notable limitations:
Dependence on Static Input Data: DES models are only as accurate as the data fed into them. They do not self-adapt to real-time variations unless integrated with live data streams—something not natively supported in DES environments. For truly adaptive decision-making, real-time feedback mechanisms or digital twins are needed.
Simplified Representation: DES abstracts many physical and spatial elements. For example, it doesn't naturally simulate spatial dynamics, visual ergonomics, or physical interactions between components unless extended by additional modules or tools.
Lack of Real-Time Visualization: DES lacks immersive visualization, which can be essential for stakeholder buy-in, especially in systems where safety and human-machine interaction are important.

[bookmark: _Toc196416526]7.8 Research / Literature review summary
DES is a proven approach for modelling the performance, cost, and workflow impacts of automation. Its application to the Festo CP Factory and CP Lab through ARENA software, enriched by MATLAB-generated product configurations, enables comprehensive scenario testing. While limitations such as lack of real-time data integration and immersive visualization exist, the benefits of DES in flexibility, speed, and analytical rigor make it ideal for this feasibility study. Complementing this, the literature on economic trade-offs, workforce implications, and performance measurement provides a holistic framework for evaluating the impact of automated inspection in a smart factory environment.


8. [bookmark: _Toc196416527]Baseline Model Results
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[bookmark: _Toc196416408]Figure 40 Baseline Model CP Factory  and Robotino
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[bookmark: _Toc196416409]Figure 41 Baseline Model CP Lab


[bookmark: _Toc196416528]8.1 Key bottlenecks – Baseline run

	Bottleneck
	Details
	Impact

	AGV System
	Utilization at 99.8%, queue wait time 784.8s average, queue length up to 15
	Primary bottleneck causing major delays

	Drill Modules
	VA time ~10.3s, sequential routing through Drill Two or Four
	Moderate delay, can become secondary bottleneck

	Refill Process
	Total time 11.7s, only 28 entities processed, utilization just 1.1%
	Low frequency use but relatively slow

	Output Hold Queue
	Average wait time 162.3s, queue up to 3 items
	Output buffering may limit system flow


[bookmark: _Toc196416439]Table 2 Baseline results

The Camera Module performed well with an average value-added (VA) time of 2.56 seconds and a utilization of only 2.3%, indicating that it is lightly loaded and not causing delays. Similarly, the 08 Mag Back module had an average VA time of 3.07 seconds and a utilization of 2.7%, again reflecting a well-balanced process. The Press Module operated consistently with an average VA time of 7.33 seconds and a utilization of 6.6%, and no waiting time was recorded. The Label Module demonstrated efficient performance as well, with an average VA time of 7.44 seconds, a utilization of 2.9%, and smooth processing for all entities. The Remove Part / Output Module had a VA and NVA time of around 3.4 seconds and showed very low utilization at 0.76%, suggesting that it is underutilized and not a source of delay. Data set can be found in the appendix figure 51- 53.
To alleviate the primary bottleneck, it is recommended to either introduce a second AGV or improve the dispatch logic to optimize transport scheduling and reduce waiting time. Additionally, balancing the load more effectively between the Drill Two and Drill Four modules or allowing parallel processing could minimize delays in this stage. Improving the capacity or flow rate of the output tray or hold buffer may also help eliminate the queuing at the final stage of the process. Finally, the logic governing the Refill Process should be reviewed to ensure that, if it is essential to the product configuration, its usage is more consistent, and its performance is not contributing to overlooked delays.
[bookmark: _Toc196416529]8.2 Removal of Robotino and the effect it has on CP Lab
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[bookmark: _Toc196416410]Figure 42 Request an AGV timeline
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[bookmark: _Toc196416411]Figure 43 Removal of Robotino



	Metric
	Baseline Run
	No Robotino

	System.NumberOut
	256
	272

	The Parts.TotalTime (Avg)
	1122.1 sec
	229.91 sec

	The Parts.WaitTime
	987.6 sec
	150.57 sec

	The Parts.VATime
	26.419 sec
	26.583 sec

	The Parts.NVATime
	6.3823 sec
	6.4540 sec


[bookmark: _Toc196416440]Table 3 Removal of Robotino results against Baseline Run
Replacing the Robotino AGV as shown in figure 43 with the CP Lab linear conveyor resulted in a significant improvement in overall system performance, as demonstrated by the Discrete Event Simulation results. This change eliminated transport delays between the CP Factory and CP Lab, enabling a more continuous and efficient material flow. As a result, the system throughput increased by approximately 6.25%, while the average total time per part was reduced by nearly 80%. Furthermore, the average wait time per part dropped by over 84%, highlighting how the AGV had previously acted as a bottleneck. These improvements confirm that using a fixed conveyor system in place of mobile transport can lead to substantial gains in productivity and system responsiveness.
[bookmark: _Toc196416530]8.3 Removal capacity increased from 4 to 10 – Negative Implications
	Metric
	Baseline (AGV)
	No Robotino
	OUT Increased
	Comment

	Parts Completed
	256
	272
	270
	No meaningful gain

	Avg Total Time per Part (sec)
	1122.1
	229.91
	541.37
	Time more than doubled after OU change

	Avg Wait Time per Part (sec)
	987.6
	150.57
	462.5
	Huge increase - queuing/bottlenecks

	Remove Part – Number Processed
	64
	68
	27
	Sharp drop - due to bottleneck buildup

	11 Out – Queue Time (sec)
	162.25
	150.57
	462.50
	Major bottleneck formed at output

	11 Out – Avg Queue Length
	1.46
	1.43
	4.37
	Buffer overwhelmed


[bookmark: _Toc196416441]Table 4 Negative implications
After replacing the Robotino AGV with a CP Lab linear conveyor, system performance improved significantly. However, a further modification increasing the output unit capacity from 4 to 10. It did not yield the expected benefits. Instead, it introduced new bottlenecks and inefficiencies.
What Went Wrong?
Increased Wait Time
The average wait time per part more than tripled after increasing the output unit capacity:
From 150.57 sec (without AGV) to 462.50 sec (with 11 Out)​ 

Longer Total Time Per Part
Total time per part increased from 229.91 sec to 541.37 sec, which is more than double. Undoing many of the gains made by removing the AGV.

New Bottlenecks at ‘11 Out’ Station
Average queue length increased from 1.43 to 4.37, and queue wait time jumped by over 200%.
The 11 Out station, which handles the final step in the process, became overwhelmed due to an increase in batch sizes without a corresponding improvement in dispatch or buffer logic.

Underutilization of ‘Remove Part’
Although the "Remove Part" station had more time per part (from 3.42 sec to 4.42 sec) it processed less than half the number of parts, down from 68 to 27.​


Business Implications and Informed Decisions
These results provide a data-driven foundation for operational and strategic decision-making:
What This Tells a Company:
· Scaling capacity without balance causes inefficiency. Simply increasing buffer size or output unit capacity won’t help unless downstream handling and flow logic are also improved.
· Bottleneck identification is critical. DES has highlighted "11 Out" as a choke point. Without this simulation, the company might have missed this or found out too late through costly trial-and-error on the factory floor.
· Simulation prevents waste. Instead of physically implementing a flawed output increase, simulation reveals the issues early. Saving time, labour, and financial resources.
How This Can Be Used:
· Design better layouts or handling systems. Companies can now test parallel "11 Out" lines or smarter part removal strategies digitally before making changes.
· Justify investment decisions. Proposals for additional automation or workforce adjustments can now be backed with quantitative data.
· Support continuous improvement. Simulations like these give companies ongoing insight into process limitations and improvement potential.

[bookmark: _Toc196416531]8.4 Increasing Part in Arrival time & Magback capacity increased.

In these iterations, two changes were made. Decreasing the time taken for parts to arrive and increasing the magback capacity. A major enhancement was achieved by reducing the part inter-arrival time from 104 seconds to 84 seconds. This adjustment increased the rate at which products entered the system, which in turn raised the total output from 272 to 334 parts. Although this created additional queuing at the '11 Out' buffer station, the overall increase in productivity made the trade-off worthwhile.
Further improvements were made by increasing the capacity of the magazine back (MagBack) buffer from 10 to 20 units (Figure 44 & 45). While this did not contribute to a further increase in throughput, it had a substantial impact on the efficiency of the refill operation. Specifically, it reduced the average refill time from 12.4 seconds to 5.2 seconds and decreased the utilization of the refill operator from 1.29% to just 0.5%. This enhancement made the system less reliant on manual intervention and improved the consistency of part availability.
In addition to these targeted interventions, average part wait times were significantly reduced from 987.6 seconds in the initial simulation down to approximately 375 seconds in the optimized system. This represents a 60% reduction and highlights the success of the iterative changes in addressing and eliminating key inefficiencies.
Finally, the level of Work-In-Progress (WIP) within the system, which is a critical indicator of flow balance, was more than halved as a result of the initial improvements. It remained stable in later iterations, even as throughput increased, indicating that the system changes successfully optimized part flow without overloading any particular stage of production.
	Metric
	Baseline (AGV)
	No AGV
	Output Capacity Increased
	84s Interval
	MagBack  Capacity Increased

	System Output
	256
	272
	270
	334
	334

	Avg Total Time per Part (s)
	1122.1
	229.9
	541.4
	454.5
	454.5

	Avg Wait Time per Part (s)
	987.6
	150.6
	462.5
	375.5
	375.6

	WIP (avg)
	10.66
	2.19
	5.13
	5.33
	5.32

	Refill Time per Entity (s)
	11.70
	12.39
	12.40
	12.40
	5.22

	Refill Person Utilization
	0.0114
	0.0129
	0.0159
	0.0159
	0.0033

	Remove Part Avg Time (s)
	3.42
	3.42
	4.42
	3.41
	3.41

	 11 Out Hold Queue Time (s)
	162.3
	150.6
	462.5
	375.5
	375.5



[bookmark: _Toc196416442]Table 5 Magback & Arrival data comparison
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[bookmark: _Toc196416412]Figure 44 Magback Original Capacity
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[bookmark: _Toc196416413]Figure 45 Magback Increased Capacity
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[bookmark: _Toc196416443]Table 6 Original refill time from baseline run
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[bookmark: _Toc196416414]Figure 46 New Magback refill time to complete process



[bookmark: _Toc196416532]8.5 Drill Module Improvements & Increasing Part in arrival time 84s to 60s. 
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[bookmark: _Toc196416415]Figure 47 Original drill time
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[bookmark: _Toc196416416]Figure 48 New drill time



Previously, an adaptation was made by reducing the part arrival time from 104 seconds to 84 seconds, which significantly increased system throughput and efficiency. To further test the performance limits of the CP Factory system, the part arrival time was reduced again from 84 seconds to 60 seconds. This more aggressive input rate simulates improvements that could be achieved in a real manufacturing environment. Enhancements such as fewer tool head changes on the Mitsubishi Electric 6-axis robot or faster movement speeds through control system optimization. The aim of this adjustment was to determine whether the system could maintain stability and continue increasing output under higher production pressure.
To further enhance the output and efficiency of the system, two critical optimizations were implemented: a reduction in drilling process times and an increase in the part arrival rate.
First, the drilling processes were made faster by adjusting the delay times for both Drill Two and Drill Four. Initially, Drill Two operated with a triangular delay ranging from 9.23 to 11.38 seconds (figure 47), with a most likely value of 10.50 seconds. Drill Four operated within a similar range of 9.26 to 11.38 seconds (figure 47). These ranges were reduced to 7.00 to 9.00 seconds for Drill Two (figure 48), and 7.30 to 9.20 seconds for Drill Four. In a real CP Factory setup, these improvements could be achieved by minimizing tool head changes on the Mitsubishi Electric 6-axis robotic arm or by increasing actuator speeds through enhanced control logic and hardware optimization. The impact of these changes was a measurable decrease in the average value-added (VA) time for drilling, which helped maintain or reduce overall part processing time even as part inflow increased.
	Metric
	84s Arrival Time
	60s Arrival Time

	System Output
	334
	470

	Avg Total Time per Part (s)
	451.26
	340.43

	Avg Wait Time per Part (s)
	375.57
	264.90

	Drill Two VA Time (s)
	7.99
	7.97

	Drill Four VA Time (s)
	8.26
	8.21

	The Parts.VA Time (s)
	24.49
	24.33

	The Parts.WIP
	5.29
	5.60


Second, the part arrival rate was increased from 84 seconds to 60 seconds. This adjustment allowed parts to enter the system more frequently, effectively pushing the system closer to its operational limits. The purpose of this change was to evaluate how the system would respond to a higher input rate and to determine whether it could sustain higher throughput without introducing new bottlenecks or performance degradation in downstream processes.
[bookmark: _Toc196416444]Table 7 Arrival time data comparison
The key outcomes of these optimizations reveal significant improvements across several performance metrics. System throughput increased by more than 40%, rising from 334 to 470 completed parts. Despite the higher inflow of parts, the total processing time per part decreased by approximately 25%, demonstrating that reducing delays in the drilling process effectively unlocked previously untapped system capacity.
Additionally, average wait times dropped by around 30%, indicating that the system was able to absorb the increased pace of operations without introducing major bottlenecks in downstream processes. The performance of the drilling stations remained consistent, confirming that the reduced drill times were sufficient to handle the accelerated arrival rate without creating new queues.
While work-in-progress (WIP) levels increased slightly, they remained stable and within a manageable range. This suggests that the overall flow of parts through the system remained balanced, even under the pressure of a higher production rate.



[bookmark: _Toc196416533]8.6 Final improvements compared to baseline results.
	Metric
	Baseline (AGV)
	Final Model (60s Arrival)
	Improvement

	System Output
	256 parts
	470 parts
	+83.6% increase

	Avg Total Time per Part
	1122.1 sec
	340.4 sec
	-69.7% reduction

	Avg Wait Time per Part
	987.6 sec
	264.9 sec
	-73.2% reduction

	WIP (avg)
	10.66
	5.60
	-47.5% reduction

	VA Time (per part)
	26.42 sec
	24.33 sec
	Slight reduction, process more efficient

	NVA Time (per part)
	6.38 sec
	0.00 sec
	Eliminated through parallel flow

	Tran Time (per part)
	94.34 sec
	50.91 sec
	-46% faster transport between stations

	Operator Utilization (Refill)
	1.14%
	0.46%
	Less dependence on manual refilling



[bookmark: _Toc196416445]Table 8 Baseline compared to Final model

The transformation from the baseline model to the final optimized version yielded dramatic improvements in both system efficiency and capacity. Most notably, system output rose from 256 to 470 completed parts a near doubling of throughput over the same simulation time frame.
This improvement was primarily driven by a series of data-driven optimizations:
· Replacing the AGV with a linear conveyor eliminated a major transport delay and significantly reduced the variability in part flow.
· Quicker drilling processes, increased MagBack buffer capacity, and refill process streamlining ensured that faster part arrivals did not overload the system.
· The final adaptation, reducing the part inter-arrival time from 85s to 60s, pushed the system to its tested limits, confirming that all prior changes had created enough spare capacity to handle higher input without bottlenecking.
Additionally, average total time per part dropped by almost 70%, proving that efficiency gains weren’t merely the result of faster input but true flow optimization. Average wait time was also reduced by over 73%, indicating fewer and shorter queues throughout the process. Importantly, non-value-added time was eliminated, suggesting all steps in the system were productive or essential.
WIP inventory was cut by nearly half, meaning the factory became more responsive and less congested. Despite this, output doubled an ideal outcome in lean manufacturing.

The comparison between the baseline and final model illustrates the transformative impact of systematic, simulation-driven process improvement. By validating each adaptation through discrete event simulation, risks were minimized, and outcomes were quantified before implementation. For a real-world manufacturer, this approach supports smarter investment in automation, leaner operations, and higher productivity without trial-and-error costs.

Chart: Total Output of Completed Parts / No. of Products in 8 Hours
· Baseline vs. Final: The number of completed parts increased from 256 (Baseline) to 470 (Final with 60s arrival), representing an 83.6% increase in productivity.
· Plateau at 334: Many intermediate improvements (arrival time 104s >84s, drill speed increase, MagBack upgrades) held output constant at 334, indicating system equilibrium was reached until more radical input change was applied.
· Final push: Only when the part arrival time was further reduced to 60 seconds did the system overcome this plateau. Previous changes unlocked hidden capacity but only became visible under increased load.

[bookmark: _Toc196416417]Figure 49 Average wait time against each change made
Chart: Average Wait Time
· Highest Wait: Removing the Robotino without full logic redesign caused wait time to skyrocket this underlines how poor implementation of changes can backfire.
· Best improvement: Drill Speed Increase lowered average wait time to under 200 seconds, highlighting it as the most effective change for reducing system idling.
· 60s Arrival saw a moderate rise in wait time (~330s), expected due to higher input—but the system still coped without severe queuing or deadlock.


9. [bookmark: _Toc196416534]Conclusion

This project has demonstrated the significant impact of simulation-driven decision-making in the optimization of manufacturing systems. Through a series of incremental improvements ranging from the replacement of the Robotino AGV to enhancements in drilling speed, buffer capacity, and part arrival rates. System performance was methodically evaluated and improved using Discrete Event Simulation (DES).
Each adaptation targeted specific inefficiencies, and while some changes offered immediate benefits, others only revealed their full potential under higher input pressures. The advantages of increased MagBack capacity or faster refill operations became most apparent when the arrival rate was reduced to 60 seconds, pushing the system toward its tested limits. This illustrates the importance of understanding interdependent system dynamics rather than evaluating changes in isolation.
The results also highlight a classic trade-off between efficiency and capacity. The lowest average wait times and total processing times were not observed during the highest-output scenario. As throughput increased, moderate rises in wait time emerged. Expected consequence of higher operational load, even within an optimized layout. This underscores the need for balance when scaling production.
Despite this, the final model not only outperformed the baseline in terms of productivity, achieving an 83.6% increase in output. It maintained far greater stability and responsiveness. System robustness improved significantly, with lower wait times and reduced WIP, indicating that the changes did not merely accelerate flow but also improved overall system resilience.
Ultimately, this work reinforces the value of simulation-led engineering. By iteratively validating decisions within a digital environment before physical implementation, manufacturers can minimize risk, maximize efficiency, and make data-driven choices that support both economic and operational goals. The CP Factory and CP Lab models served not only as educational tools but as robust, practical platforms for industrial insight. Proving that Discrete Event Simulation is not just theoretical, but a powerful enabler of smart manufacturing strategy.

10. [bookmark: _Toc196416535]Recommend further works

On further reflection as part of the proposed future work, a comprehensive Discrete Event Simulation (DES) model of the CP Factory should be developed. The model should then be further enhanced by introducing additional complexity and testing it under a variety of scenarios to push its capabilities to the limit. For example, adding unexpected stoppages, failures, material defects. Additionally, the dataset of recorded operational timings for each machine should be significantly expanded, ensuring a broader and more representative range of timings across different product configurations and operating conditions. Efforts should also be made to improve the accuracy of these timing measurements by implementing higher-resolution data collection methods, such as sensor-based logging or integration with existing MES systems. Finally, any process improvements or optimisations identified through the DES model should be implemented in the physical CP Factory system, followed by a validation phase. In which the real-world outcomes are compared with the simulation results to confirm the effectiveness of the model and the reliability of its predictions.
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[bookmark: _Toc196416418]Figure 50 MATLAB Configuration script
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[bookmark: _Toc196416419]Figure 51 Baseline result output data set no.1
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[bookmark: _Toc196416420]Figure 52 Baseline result output date set no.2
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[bookmark: _Toc196416421]Figure 53 Baseline result output data set no.3
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[bookmark: _Toc196416422]Figure 54 Removal of Robotino data set no.1
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[bookmark: _Toc196416423]Figure 55 Removal of Robotino data set no.2
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[bookmark: _Toc196416424]Figure 56 Removal of Robotino data set no.3
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[bookmark: _Toc196416425]Figure 57 CP factory arrival time increased data set no.1
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[bookmark: _Toc196416426]Figure 58 CP factory arrival time increased data set no.2
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[bookmark: _Toc196416427]Figure 59 CP factory arrival time increased data set no.3
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[bookmark: _Toc196416428]Figure 60 Magback improvements data set no.1
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[bookmark: _Toc196416429]Figure 61 Magback improvements data set no.2
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[bookmark: _Toc196416430]Figure 62 Magback improvements data set no.3
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[bookmark: _Toc196416431]Figure 63 Drill improvement data set no.1
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[bookmark: _Toc196416432]Figure 64 Drill improvements data set no.2
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
[bookmark: _Toc196416433]Figure 65 Drill improvements data set no.3
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[bookmark: _Toc196416434]Figure 66 Arrival time improvements data set no.1
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[bookmark: _Toc196416435]Figure 67 Arrival time improvements data set no.2
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[bookmark: _Toc196416436]Figure 68 Arrival time improvements data set no.3

[bookmark: _Toc196416437]Figure 69 utilization improvements
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Average Wait Time

Avg Wait Time	Baseline	No Robotino	Output Capacity 4 	>	 10	Arrival 104s 	>	 84s	MagBack Capacity 10 	>	 20	Drill Parallelized	Drill Speed increase	Arrival time 85s 	>	 60s 	264.89999999999998	987.62	375.57	375.58	375.55	375.58	150.57	462.5	Types of changes


Average total wait time



Utilization improvements

Baseline	Drill Utilization	Press Utilization	Printer Utilization	9.153E-2	6.5949999999999995E-2	2.946E-2	Improvement no.7	Drill Utilization	Press Utilization	Printer Utilization	0.13361999999999999	0.12175999999999999	5.3859999999999998E-2	
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% Define possible values for each column
colors = {"RED", "BLUE", "BLACK", "GREY"};
peb_options = {"PCB", "NO-PCE"};

fuse_options = {"NO FUSE", "ONE FUSE", "TWO FUSE"};
drill_options = {"TWO DRILL", "FOUR DRILL"};

label colors = {"RED", "BLUE", "BLACK", "GREY"};
label options = {"LABEL", "NO LABEL"};

% Number of configurations
total_configs = 100;
random_config = cell(total_configs, 6);

% Randonly select one value from each category
otal_configs

color = colors{randi(numel(colors))};

fuse = fuse_options{randi(numel(fuse_options))};

drill = drill_options{randi(numel(drill_options))};
label_color = label_colors{randi(numel(label_colors))};
label = label_options{randi(numel(label_options))};

for 1

% Ensure PCB is selected if a fuse is present
if wstrcmp(fuse, "NO FUSE")

peb = "PCE";
else

pcb = peb_options{randi (numel (pcb_options))};

end

random_config(i,

end

% Save to CSV
Filename = "part_configuration.csv
writecell(random_config, filename);

{color, peb, fuse, drill, label_color, label};
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TALLY VARIABLES

Identifier Average  Half Width Minimum  Maximum Observations
09 Mpress.VATimePerEntity 7.3332 (Insuf)  6.4146 8.5723 259
08 Mag Back.TotalTimePerEntity 3.0723 (Insuf) 2.7644 3.4078 259
10 Label.VATimePerEntity 7.4429 (Insuf) 7.2435 7.7309 114
Drill Two.TotalTimePerEntity 10.366 (Insuf) 9.3848 11.329 130
Drill Four.TotalTimePerEntity 1e.144 (Insuf) 9.3158 11.283 127
Drill Four.VATimePerEntity 1e.144 (Insuf) 9.3158 11.283 127
11 Out.NVATimePerEntity 4.2592 (Insuf) 3.7951 4.9988 259
Drill Inter Arrival 110.96 (Insuf)  99.944 160.07 258
Camera.TotalTimePerEntity 2.5552 (Insuf) 2.0413 3.3541 259
Camera.VATimePerEntity 2.5552 (Insuf) 2.0413 3.3541 259
08 Mag Back.VATimePerEntity 3.0723 (Insuf)  2.7644 3.4078 259
11 Out.TotalTimePerEntity 4.2592 (Insuf) 3.7951 4.9988 259
Remove Part.NVATimePerEntity 3.4195 (Insuf) 3.3145 3.4942 64
Drill Two.VATimePerEntity 10.366 (Insuf) 9.3848 11.329 130
Refill Process.TotalTimePerEntity 11.7e4 (Insuf) 9.4556 15.355 28
Refill Process.NVATimePerEntity 11.704 (Insuf) 9.4556 15.355 28
Camera Inter Arrival 110.95 (Insuf)  109.64 159.24 258
10 Label.TotalTimePerEntity 7.4429 (Insuf) 7.2435 7.7309 114
@9 Mpress.TotalTimePerEntity 7.3332 (Insuf) 6.4146 8.5723 259
The Parts.VATime 26.419 (Insuf)  12.486 32.712 256
The Parts.NVATime 6.3823 (Insuf) 3.8347 20.003 256
The Parts.WaitTime 987.62 (Insuf) 68.923 1868.7 256
The Parts.TranTime 94.336 (Insuf) 94.336 94.336 256
The Parts.OtherTime 7.3470 (Insuf) 7.3470 7.3470 256
The Parts.TotalTime 1122.1 (Insuf) 198.60 2011.2 256
11 Out hold.Queue.WaitingTime 162.25 (Insuf)  .eee00 378.07 256

Request an AGV.Queue.WaitingTime 784.79  (Insuf)  .eeeee  1545.2 261
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DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum  Maximum Final Value
The Parts.WIP 10.655 (Corr) 00000 20.000 19.000
Magback module.NumberBusy 02763 6.1216E-4 00000 1.0000 00000
Magback module.NumberScheduled 1.0000 (Insuf)  1.e000 1.0000 1.0000
Magback module.Utilization 02763 6.1216E-4 .00000 1.0000 -00000
Printer.NumberBusy .62946 (Insuf)  .0e0e0 1.0000 60000
Printer.NumberScheduled 1.0000 (Insuf)  1.e000 1.0000 1.0000
Printer.Utilization .62946 (Insuf)  .0e0e0 1.0000 60000
Press . NumberBusy -06595 -00122 00000 1.0000 00000
Press.NumberScheduled 1.0000 (Insuf)  1.@000 1.0000 1.0000
Press.Utilization -06595 00122 -00000 1.0000 -00000
Leaving components.NumberBusy -e3830 8.6701E-4 .00000 1.0000 00000
Leaving components.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Leaving components.Utilization -3830 8.6701E-4 .00000 1.0000 -00000
Drill.NumberBusy .9153 -00182 00000 1.0000 00000
Drill.NumberScheduled 1.0000 (Insuf)  1.@000 1.0000 1.0000
Drill.Utilization .9153 -00182 -00000 1.0000 -00000
Cam Unit.NumberBusy 02298 4.4519E-4 00000 1.0000 00000
Cam Unit.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Cam Unit.Utilization -02298 4.4519E-4 00000 1.0000 -00000
Refill Person.NumberBusy -e1138 (Insuf)  .eoeoe 1.0000 00000
Refill Person.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Refill Person.Utilization -e1138 (Insuf)  .eoeoe 1.0000 -00000
Removal Man.NumberBusy -00760 (Insuf)  .eoeoe 1.0000 00000
Removal Man.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Removal Man.Utilization -00760 (Insuf)  .eoeoe 1.0000 00000
11 Out hold.Queue.NumberTnQueue 1.4579 (Insuf)  .0e0e0 3.0000 3.0000
11 Out.WIP.Queue.NumberInQueue 60000 (Insuf)  .0e0e0 60000 60000
11 Out.Queue.NumberTnQueue 60000 (Insuf)  .0e0e0 -60000 60000
Request an AGV.Queue.NumberInQueue 7.4875 (Corr) 00000 15.000 14.000
AGV.NumberBusy 99831 (Insuf)  .eoeoe 1.0000 1.0000
AGV.NumberScheduled 1.0000 (Insuf)  1.e000 1.0000 1.0000
AGV.Utilization 99831 (Insuf)  .0e0e0 1.0000 1.0000
CP branch.NumEntTrans -50000 -00459 -00000 1.0000 -00000
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Identifier Value
Camera Total Accum Time 661.81
10 Label Accum VA Time 848.49
Refill Process Number In 28.000
Refill Process Number Out 28.000
Drill Two Number In 130.00
11 Out Number In PEER)
11 Out Number Out PEER)
Drill Four Number Out 127.00
09 Mpress Total Accum Time 1899.3
11 Out Total Accum Time 1103.1
Remove Part Total Accum Time 218.84
Drill Four Number In 127.00
Drill Two Total Accum Time 1347.5
Drill Two Accum VA Time 1347.5
08 Mag Back Number Out 259.00
08 Mag Back Number In PEER)
Camera Number Out PEER)
09 Mpress Number Out PEER)
Drill Four Total Accum Time 1288.3
Camera Number In 259.00
Drill Two Number Out 130.00
09 Mpress Accum VA Time 1899.3
08 Mag Back Total Accum Time 795.75
Refill Process Accum NVA Time 327.71
08 Mag Back Accum VA Time 795.75
Camera Accum VA Time 661.81
11 Out Accum NVA Time 1103.1
Drill Four Accum VA Time 1288.3
Refill Process Total Accum Time 327.71
10 Label Total Accum Time 848.49
10 Label Number In 114.00
Remove Part Number Out )
10 Label Number Out 114.00
Remove Part Number In )
09 Mpress Number In PEER)
Remove Part Accum NVA Time 218.84
The Parts.NumberIn 277.00
The Parts.NumberOut 258.00
Magback module.NumberSeized 259.00
Magback module.ScheduledUtilization 02763
Printer.NumberSeized 114.00
Printer.ScheduledUtilization 02946
Press.NumberSeized 259.00
Press.ScheduledUtilization 06595
Leaving components.NumberSeized 259.00
Leaving components.ScheduledUtilization 03830
Drill.NumberSeized 257.00
Drill.ScheduledUtilization -09153
Cam Unit.NumberSeized 259.00
Cam Unit.ScheduledUtilization -02298
Refill Person.NumberSeized 28.000
Refill Person.ScheduledUtilization 01138
Removal Man.NumberSeized 64.000
Removal Man.ScheduledUtilization -00760
CP branch.AccumVATime 6763.3
CP branch.AccumNVATime 1633.8
CP branch.AccumlaitTime 41536.
CP branch.AccumTranTime 9971.7
CP branch.AccumOtherTime 1880.8
CP branch.TotalAccumTime 61786
CP Factory.AccumWaitTime 2.1763E+5
CP Factory.TotalAccunTime 2.1763E+5
System.NumberOut 256.00
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TALLY VARIABLES

Identifier Average  Half Width Minimum  Maximum Observations
09 Mpress.VATimePerEntity 7.3540  (Insuf)  6.3830  8.5482 275
08 Mag Back.TotalTimePerEntity 3.0459  (Insuf)  2.7467  3.4149 275
10 Label..VATinePerEntity 7.4336  (Insuf)  7.2436  7.7213 124
Drill Two.TotalTimePerEntity | 10.379  (Insuf)  9.3846  11.240 143
Drill Four.TotalTimePerEntity 10.117  (Insuf)  9.3082  11.245 132
Remove Part.TotalTimePerEntity 3.4156  (Insuf) 3.3133  3.4870 68
Drill Four.VATimePerEntity 10.117  (Insuf)  9.3082  11.245 132
11 Qut.NVATimePerEntity 4.2961  (Insuf)  3.8145  5.0087 275
Drill Inter Arrival 104.76  (Insuf)  101.85  207.36 274
Camera. TotalTinePerEntity 2.5655  (Insuf)  2.0368  3.3541 275
Camera.VATimePerEntity 2.5655  (Insuf)  2.0368  3.3541 275
08 Mag Back.VATimePerEntity 3.0459  (Insuf)  2.7467  3.4149 275
11 Out. TotalTimePerEntity 4.291  (Insuf)  3.8145  5.0087 275
Remove Part.NVATimePerEntity 3.4156  (Insuf) 3.3133  3.4870 68
Drill Two.VATimePerEntity 10.379  (Insuf)  9.3846  11.240 143
Refill Process.TotalTimePerEntity 11.935  (Insuf)  9.3596  15.572 30
Refill Process.NVATimePerEntity 11.935  (Insuf)  9.3596  15.572 30
Camera Inter Arrival 104.75  (Insuf)  102.75  207.44 274
10 Label. TotalTimePerEntity 7.4336  (Insuf)  7.2436  7.7213 124
@9 Mpress.TotalTimePerEntity 7.3540 (Insuf) 6.3830 8.5482 275
The Parts.VATime 26.583  (Insuf)  21.493  32.623 272
The Parts.NVATime 6.4540  (Insuf)  3.8223  22.830 272
The Parts.WaitTime 15.57  (Insuf)  .000e0  326.71 272
The Parts.TranTime 26.299  (Insuf)  46.299  46.299 272
The Parts.OtherTime 00000 (Insuf) 00000 - 00000 272
The Parts.TotalTime 229.91  (Insuf)  71.783  403.44 272

11 Out hold.Queue.WaitingTine 150.57  (Insuf)  .00000  326.71 72
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DISCRETE-CHANGE VARIABLES

Tdentifier Average  Half Width Minimum  Maximum Final Value
The Parts.WIP 21922 (Corr) .60000  4.0000  3.0000
Magback module.NumberBusy .02908 6.2001E-4 .00000  1.0000  .00000
Magback module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Magback module.Utilization 02908 6.2001E-4 .00000 1.0000 00000
Printer. NunberBusy 03201 (Insuf)  .00000  1.0000  .0600
Printer.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Printer.Utilization 03201 (Insuf) 00000 1.0000 00000
Press. NumberBusy 67022 .00131  .00000  1.0000  .00000
Press.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Press.Utilization 67022 00131  .00000  1.0000  .00000
Leaving components. NumberBusy .e4102 8.3460E-4 .00000  1.0000  .00000
Leaving components.NumberScheduled 1.0000  (Insuf)  1.0000  1.6000  1.0000
Leaving components. Utilization -04102 8.3466E-4 .00000  1.0000  .00000
Drill.NumberBusy 09791  .00143 60000  1.0000  .00000
Drill.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Drill.Utilization 09791 .00143 00000  1.0000  .00000
Cam Unit.NumberBusy .62450 5.7451E-4 .00000  1.0000  .00060
Cam Unit.NumberScheduled 1.0000  (Insuf) 1.000  1.6000  1.0000
Cam Unit.Utilization .62450 5.7451E-4 .00000  1.0000  .00060
Refill Person.NumberBusy .01243 (Insuf) ~ .00000  1.0000  .00060
Refill Person.NumberScheduled 1.0000  (Insuf) 1.0000  1.6000  1.0000
Refill Person.Utilization .01243 (Insuf) ~ .00000  1.0000  .00060
Removal Man.NumberBusy 60866 (Insuf)  .00000  1.0000  .00000
Removal Man.NumberScheduled 1.0000  (Insuf) 1.0000  1.6000  1.0000
Removal Man.Utilization 00806 (Insuf)  .00000  1.6000 00000

11 Out hold.Queue . NumberInQueue 1.4348  (Insuf)  .00800  3.0000  3.0000




image55.png
Identifier Value
Camera Total Accum Time 705.51
10 Label Accum VA Time 921.76
Refill Process Number In 30.000
Refill Process Number Out 30.000
Drill Two Number In 143.00
11 Out Number In 275.00
11 Out Number Out 275.00
Drill Four Number Out 132.00
09 Mpress Total Accum Time 2022.3
11 Out Total Accum Time 1181.4
Remove Part Total Accum Time 232.26
Drill Four Number In 132.00
Drill Two Total Accum Time 1484.2
Drill Two Accum VA Time 1484.2
08 Mag Back Number Out 275.00
08 Mag Back Number In 275.00
Camera Number Out 275.00
09 Mpress Number Out 275.00
Drill Four Total Accum Time 1335.4
Camera Number In 275.00
Drill Two Number Out 143.00
09 Mpress Accum VA Time 2022.3
08 Mag Back Total Accum Time 837.63
Refill Process Accum NVA Time 358.05
08 Mag Back Accum VA Time 837.63
Camera Accum VA Time 705.51
11 Out Accum NVA Time 1181.4
Drill Four Accum VA Time 1335.4
Refill Process Total Accum Time 358.05
10 Label Total Accum Time 921.76
10 Label Number In 124.00
Remove Part Number Out 68.000
10 Label Number Out 124.00
Remove Part Number In 68.000
09 Mpress Number In 275.00
Remove Part Accum NVA Time 232.26
The Parts.NumberIn 277.00
The Parts. NumberQut. 274.00
Magback module. NumberSeized 275.00
Magback module. ScheduledUtilization 02908
Printer. NunberSeized 124.00
Printer. ScheduledUtilization 03201
Press. NumberSeized 275.00
Press. ScheduledUtilization 07022
Leaving components.NumberSeized 275.00
Leaving components.ScheduledUtilization -04102
Drill.NumberSeized 275.00
Drill.ScheduledUtilization 09791
Cam Unit.NunberSeized 275.00
Cam Unit.ScheduledUtilization 02450
Refill Person.NumberSeized 30.000
Refill Person.ScheduledUtilization 01243
Removal Man.NumberSeized 68.000
Removal Man.ScheduledUtilization 00806
CP branch.AccunVATime 7230.6
CP branch.AccunVATine 1755.5
CP branch.AccuniaitTine 40956.
CP branch.AccunTranTime 12593.
CP branch. TotalAccunTine 62535.
Systen. NumberOut 272.00
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TALLY VARIABLES

Identifier Average  Half Width Minimum  Maximum Observations
@9 Mpress.VATimePerEntity 7.3864 05821 6.4426 8.5727 340
08 Mag Back.TotalTimePerEntity 3.0526 01569  2.7515  3.4197 340
10 Label.VATimePerEntity 7.4412 (Insuf) 7.2363 7.7211 154
Drill Two.TotalTimePerEntity 16.342  (Insuf)  9.3169  11.268 175
Drill Four.TotalTimePerEntity 16.101  (Insuf)  9.3103  11.135 165
Remove Part.TotalTimePerEntity 3.4122  (Insuf)  3.3139  3.4870 33
Drill Four.VATimePerEntity 16.101  (Insuf)  9.3103  11.135 165
11 Out.NVATimePerEntity 4.2948 03497 3.8020 5.0073 339
Drill Inter Arrival 84.743  .85018  81.874  169.04 339
Camera. TotalTimePerEntity 2.5534 02523  2.0433  3.342 340
Camera.VATinePerntity 2.5534  .e2523  2.0433  3.342 340
08 Mag Back.VATimePerEntity 3.5 01569  2.7515  3.4197 340
11 Out.TotalTimePerEntity 4.2948 03497 3.8020 5.0073 339
Remove Part.NVATimePerEntity 3.4122  (Insuf)  3.3139  3.4870 33
Drill Two.VATimePerEntity 16.342  (Insuf)  9.3169  11.268 175
Refill Process. TotalTimePerEntity 12.401  (Insuf)  9.1852  16.727 37
Refill Process.NVATimePerEntity 12.401  (Insuf)  9.1852  16.727 37
Camera Inter Arrival 84.743  .86097  82.904  168.23 339
10 Label.TotalTimePerEntity 7.4412 (Insuf) 7.2363 7.7211 154
09 Mpress. TotalTinePerEntity 7.384  .05821  6.4426  8.5727 340
The Parts.VATime 26.59  (Corr)  21.347  32.812 334
The Parts.NVATine 6.0095  .20096  3.8020  21.274 334
The Parts.WaitTime 375.55  (Corr)  .60000  844.04 334
The Parts.TranTime 46.299  (Corr)  46.299  46.299 334
The Parts.OtherTine 00000  .00000  .00000  .00000 334
The Parts.TotalTine 454.45  (Corr)  71.986  916.82 334

11 Out hold.OQueue.WaitingTime 375.55  (Corr)  .00000  B844.04 334
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DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum Maximum  Final Value
The Parts.WIP 5.3291 .19433 . 00000 11.000 6.0000
Magback module.NumberBusy .03604 6.5481E-4 .00000 1.0000 00000
Magback module. NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Magback module.Utilization .03604 6.5481E-4 .00000 1.0000 00000
Printer. NumberBusy .03979  (Insuf)  .00000  1.0000 00000
Printer. NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Printer. Utilization .03979  (Insuf)  .00000  1.0000 00000
Press.NumberBusy .08720 .00124 . 00000 1.0000 . 00000
Press. NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Press.Utilization .08720 .00124 . 00000 1.0000 . 00000
Leaving components.NumberBusy 05065 9.0651E-4 .00000 1.0000 1.0000
Leaving components. NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Leaving components.Utilization 05065 9.0651E-4 .00000 1.0000 1.0000
Drill.NumberBusy .12072 .00197 . 00000 1.0000 . 00000
Drill.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Drill.Utilization .12072 .00197 . 00000 1.0000 . 00000
Cam Unit.NumberBusy .03014 6.0987E-4 .00000 1.0000 . 00000
Cam Unit.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Cam Unit.Utilization .03014 6.0987E-4 .00000 1.0000 . 00000
Refill Person.NumberBusy .01593  (Insuf)  .00000  1.0000 00000
Refill Person.NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Refill Person.Utilization .01593  (Insuf)  .00000  1.0000 00000
Removal Man. NumberBusy .00391  (Insuf)  .00000  1.0000 00000
Removal Man.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Removal Man.Utilization 00391 (Insuf)  .00000 1.0000 00000

11 Out hold.Queue.NumberInQueue 4.3982  .19540  .00000  9.0000  5.0000
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Identifier Value
Camera Total Accum Time 868.16
10 Label Accum VA Time 1145.9
Refill Process Number In 37.000
Refill Process Number Out 37.000
Drill Two Number In 175.00
Drill Four Accum Wait Cost 00000
11 Out Number In 340.00
11 Out Number Out 339.00
Drill Four Number Out 165.00
09 Mpress Total Accum Time 2511.3
11 Out Total Accum Time 1455.9
Remove Part Total Accum Time 112.60
Drill Four Number In 165.00
Drill Two Total Accum Time 1809.9
Drill Two Accum VA Time 1809.9
08 Mag Back Number Out 340.00
08 Mag Back Number In 340.00
Camera Number Out 340.00
09 Mpress Number Out 340.00
Drill Four Total Accum Time 1666.7
Camera Number In 340.00
Drill Two Number Out 175.00
09 Mpress Accum VA Time 2511.3
08 Mag Back Total Accum Time 1037.8
Refill Process Accum NVA Time 458.86
08 Mag Back Accum VA Time 1037.8
Camera Accum VA Time 868.16
11 Out Accum NVA Time 1455.9
Drill Four Accum VA Time 1666.7
Refill Process Total Accum Time 458.86
10 Label Total Accum Time 1145.9
10 Label Number In 154.00
Remove Part Number Out 33.000
10 Label Number Out 154.00
Remove Part Number In 33.000
09 Mpress Number In 340.00
Remove Part Accum NVA Time 112.60
The Parts.NumberIn 343.00
The Parts. NumberQut. 337.00
Magback module. NumberSeized 340.00
Magback module.ScheduledUtilization 03604
Printer. NunberSeized 154.00
Printer. ScheduledUtilization 03979
Press. NumberSeized 340.00
Press.ScheduledUtilization 08720
Leaving components.NumberSeized 340.00
Leaving components.ScheduledUtilization 05065
Drill.NumberSeized 340.00
Drill.ScheduledUtilization 12072
Cam Unit.NunberSeized 340.00
Cam Unit.ScheduledUtilization -03014
Refill Person.NumberSeized 37.000
Refill Person.ScheduledUtilization 01593
Removal Man.NumberSeized 33.000
Removal Man.ScheduledUtilization 00391
CP branch.AccunVATime 8881.3
CP branch.AccunVATine 2007.1
CP branch.AccuniaitTine 1.2504E+5
CP branch.AccunTranTime 15463
CP branch.AccunOtherTine 00000
CP branch. TotalAccunTine 1.5179E+5
System. NumberOut 334.00
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TALLY VARIABLES

Identifier Average  Half Width Minimum  Maximum Observations
09 Mpress .VATimePerEntity 7.3566  .05863  6.4146  8.5727 340
08 Mag Back.TotalTimePerEntity 3.0533 01911  2.7415  3.4197 340
10 Label.VATimePerEntity 7.4440 (Insuf) 7.2542 7.7422 154
Drill Two.TotalTimePerEntity 16.361  (Insuf)  9.3275  11.327 175
Drill Four.TotalTimePerEntity 10.115  (Insuf)  9.3125  11.229 165
Remove Part.TotalTinePerEntity 3.4175  (Insuf)  3.3398  3.4748 33
Drill Four.VATimePerEntity 10.115  (Insuf)  9.3125  11.229 165
11 Out.NVATimePerEntity 4.2885 03176 3.8252 4.9986 339
Drill Inter Arrival 84.745  .84800  81.930  168.89 339
Camera. TotalTimePerEntity 2.5802 04033  2.0338  3.3422 340
Camera.VATinePerntity 2.5802 04033  2.0338  3.3422 340
08 Mag Back.VATimePerEntity 3.0533  .e1911  2.7415  3.4197 340
11 Out.TotalTimePerEntity 4.2885 03176 3.8252 4.9986 339
Remove Part.NVATimePerEntity 3.4175  (Insuf)  3.3398  3.4748 33
Drill Two.VATimePerEntity 16.361  (Insuf)  9.3275  11.327 175
Refill Process. TotalTimePerEntity 5.2185  (Insuf)  4.3532  5.8671 18
Refill Process.NVATimePerEntity 5.2185  (Insuf)  4.3532  5.8671 18
Camera Inter Arrival 84.743  .85541  82.838  168.47 339
10 Label.TotalTimePerEntity 7.4440  (Insuf)  7.2542  7.7422 154
09 Mpress. TotalTinePerEntity 7.3566  .05863  6.4146  8.5727 340
The Parts.VATime 26.604  (Corr)  21.556  32.812 334
The Parts.NVATine 4.9689  .07630  3.8252  13.175 334
The Parts.WaitTime 375.58  (Corr)  .60000  843.38 334
The Parts.TranTime 46.299  (Corr)  46.299  46.299 334
The Parts.OtherTine 00000  .00000  .00000  .00000 334
The Parts.TotalTine 453.39  (Corr)  71.986  917.60 334

11 Out hold.Queue.WaitingTime 375.58  (Corr)  .00000  843.38 334
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DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum Maximum  Final Value
The Parts.WIP 5.3168 .19383 . 00000 10.000 6.0000
Magback module.NumberBusy .03605 6.4387E-4 .00000 1.0000 00000
Magback module. NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Magback module.Utilization .03605 6.4387E-4 .00000 1.0000 00000
Printer. NumberBusy .03981  (Insuf)  .00000  1.0000 00000
Printer. NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Printer. Utilization .03981  (Insuf)  .00000  1.0000 00000
Press.NumberBusy .08685 .00129 . 00000 1.0000 . 00000
Press. NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Press.Utilization .08685 .00129 . 00000 1.0000 . 00000
Leaving components.NumberBusy 05056 9.2610E-4 .00000 1.0000 1.0000
Leaving components. NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Leaving components.Utilization 05056 9.2610E-4 .00000 1.0000 1.0000
Drill.NumberBusy .12091 .00214 . 00000 1.0000 . 00000
Drill.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Drill.Utilization .12091 .00214 . 00000 1.0000 . 00000
Cam Unit.NumberBusy .03046 5.3417E-4 .00000 1.0000 . 00000
Cam Unit.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Cam Unit.Utilization .03046 5.3417E-4 .00000 1.0000 . 00000
Refill Person.NumberBusy .00326  (Insuf)  .00000  1.0000 00000
Refill Person.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Refill Person.Utilization .00326  (Insuf)  .00000  1.0000 00000
Removal Man.NumberBusy 00392 (Insuf)  .00000 1.0000 00000
Removal Man.NumberScheduled 1.0000 (Insuf)  1.0000 1.0000 1.0000
Removal Man.Utilization 00392 (Insuf)  .00000 1.0000 00000

11 Out hold.Queue.NumberInQueue 4.3984  .19499  .00000  9.0000  5.0000
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Identifier Value
10 Label Accum VA Time 1146.3
Drill Four Accum Wait Time 00000
Refill Process Number In 18.000
Refill Process Number Out 18.000
Drill Two Number In 175.00
11 Out Number In 340.00
11 Out Number Out 339.00
Drill Four Number Out 165.00
Drill Four Number In 165.00
Drill Two Accum VA Time 1813.2
08 Mag Back Number Out 340.00
08 Mag Back Number In 340.00
Camera Number Out 340.00
09 Mpress Number Out 340.00
Camera Number In 340.00
Drill Two Number Out 175.00
09 Mpress Accum VA Time 2501.2
Refill Process Accum NVA Time 93.933
08 Mag Back Accum VA Time 1038.1
Camera Accum VA Time 877.27
11 Out Accum NVA Time 1453.8
Drill Four Accum VA Time 1668.9
10 Label Number In 154.00
Remove Part Number Out 33.000
10 Label Number Out 154.00
Remove Part Number In 33.000
09 Mpress Number In

10 Label Accum Wait Time 00000
Remove Part Accum NVA Time 112.77
The Parts.NumberIn 343.00
The Parts. NumberQut. 337.00
Magback module. NumberSeized 340.00
Magback module.ScheduledUtilization 03605
Printer. NunberSeized 154.00
Printer. ScheduledUtilization 03981
Press. NumberSeized 340.00
Press.ScheduledUtilization 08685
Leaving components.NumberSeized 340.00
Leaving components.ScheduledUtilization  .05056
Drill.NumberSeized 340.00
Drill.ScheduledUtilization 12091
Cam Unit.NunberSeized 340.00
Cam Unit.ScheduledUtilization 03046
Refill Person.NumberSeized 18.000
Refill Person.ScheduledUtilization 00326
Removal Man.NumberSeized 33.000
Removal Man.ScheduledUtilization 00392
CP branch.AccunVATime 8385.7
CP branch.AccunVATine 1639.5
CP branch.AccuniaitTine 1.254E+5
CP branch.AccunTranTime 15463
CP branch.AccunOtherTine 00000
CP branch. TotalAccunTine 1.5143E+5
System. NumberOut 334.00




image62.png
TALLY VARIABLES

Identifier Average  Half Width Minimum  Maximum Observations
09 Mpress .VATimePerEntity 7.3566  .05863  6.4146  8.5727 340
08 Mag Back.TotalTimePerEntity 3.0533 01911  2.7415  3.4197 340
10 Label.VATimePerEntity 7.4440 (Insuf) 7.2542 7.7422 154
Drill Two.TotalTimePerEntity 7.9945  (Insuf)  7.0835  8.9465 175
Drill Four.TotalTimePerEntity 8.2610  (Insuf)  7.3725  9.0949 165
Remove Part.TotalTimePerEntity 3.4175  (Insuf)  3.3398  3.4748 33
10 Label.WaitTimePerEntity 00000 (Insuf)  .00060 .00060 154
Drill Four.VATimePerEntity 8.2610  (Insuf)  7.3725  9.0949 165
11 Out.NVATimePerEntity 4.2881 03176 3.8252 4.9986 340
Drill Inter Arrival 84.745  .85058  81.977  168.83 339
Camera. TotalTimePerEntity 2.5802 04033  2.0338  3.3422 340
Camera.VATinePerntity 2.5802 04033  2.0338  3.3422 340
08 Mag Back.VATimePerEntity 3.0533 01911  2.7415  3.4197 340
11 Out.TotalTimePerEntity 4.2881 03176 3.8252 4.9986 340
Remove Part.NVATimePerEntity 3.4175  (Insuf)  3.3398  3.4748 33
Drill Two.VATimePerEntity 7.9945  (Insuf)  7.0835  8.9465 175
Refill Process. TotalTimePerEntity 5.2185  (Insuf) 4.3532  5.8671 18
Refill Process.NVATimePerEntity 5.2185  (Insuf)  4.3532  5.8671 18
Camera Inter Arrival 84.743  .85541  82.838  168.47 339
10 Label.TotalTimePerEntity 7.4440  (Insuf)  7.2542  7.7422 154
09 Mpress. TotalTinePerEntity 7.3566  .05863  6.4146  8.5727 340
The Parts.VATime 24486 (Corr)  19.513  30.420 334
The Parts.NVATine 4.9689  .07630  3.8252  13.175 334
The Parts.WaitTime 375.57  (Corr) ~ .60000  842.91 334
The Parts.TranTime 46.299  (Corr)  46.299  46.299 334
The Parts.TotalTine 451.26  (Corr)  69.742  915.20 334

11 Out hold.Queue.WaitingTime 375.57  (Corr)  .00000  842.91 334




image63.png
DISCRETE-CHANGE VARIABLES

Identifier Average  Half Width Minimum  Maximum Final Value
The Parts.WIP 5.2922  .19216  .00000  10.000  6.0000
Magback module. NumberBusy 03605 6.2318E-4 00000  1.0000  .00000
Magback module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Magback module.Utilization -03605 6.2318E-4 00000  1.0000  .00000
Printer. NunberBusy 03981 (Insuf)  .00000  1.0000  .0000
Printer. NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Printer.Utilization 03981  (Insuf)  .00000  1.0000  .00000
Press. NumberBusy 08685  .00135  .00000  1.0000  .00000
Press. NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Press. Utilization 08685  .00135  .00000  1.0000  .00000
Leaving components.NumberBusy 05062 9.5411E-4 .00000  1.0000  .00000
Leaving components.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Leaving components. Utilization 05062 9.5411E-4 00000  1.0000  .00000
Drill.NumberBusy 09591  .0177  .00000  1.0000  .00000
Drill.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Drill.Utilization 09591  .0177  .00000  1.0000  .00000
Cam Unit.NunberBusy 03046 5.3417E-4 .00000  1.0000  .00000
Cam Unit.NunberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Cam Unit.Utilization .03046 5.3417E-4 .00000  1.0000  .00000
Refill Person.NumberBusy 00326 (Insuf)  .00000  1.0000  .00000
Refill Person.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Refill Person.Utilization 00326 (Insuf)  .00000  1.0000  .00000
Removal Man.NumberBusy 00392 (Insuf)  .00000  1.0000  .00000
Removal Man.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Removal Man.Utilization 00392 (Insuf)  .00000  1.0000 00000

11 Out hold.Queue.NumberInQueue 4.3987  .19342  .00000  9.0000  6.0000




image64.png
Identifier Value
10 Label Accum VA Time 1146.3
Refill Process Number In 18.000
Refill Process Number Out 18.000
Drill Two Number In 175.00
11 Out Number In 340.00
11 Out Number Out 340.00
Drill Four Number Out 165.00
Drill Four Number In 165.00
Drill Two Accum VA Time 1399.0
08 Mag Back Number Out 340.00
08 Mag Back Number In 340.00
Camera Number Out 340.00
09 Mpress Number Out 340.00
Camera Number In 340.00
Drill Two Number Out 175.00
09 Mpress Accum VA Time 2501.2
Refill Process Accum NVA Time 93.933
08 Mag Back Accum VA Time 1038.1
Camera Accum VA Time 877.27
11 Out Accum NVA Time 1457.9
Drill Four Accum VA Time 1363.0
10 Label Number In 154.00
Remove Part Number Out 33.000
10 Label Number Out 154.00
Remove Part Number In 33.000
09 Mpress Number In 340.00
10 Label Accum Wait Time 00000
Remove Part Accum NVA Time 112.77
The Parts.NumberIn 343.00
The Parts. NumberQut. 337.00
Magback module. NumberSeized 340.00
Magback module.ScheduledUtilization 03605
Printer. NunberSeized 154.00
Printer. ScheduledUtilization 03981
Press. NumberSeized 340.00
Press.ScheduledUtilization 08685
Leaving components.NumberSeized 340.00
Leaving components.ScheduledUtilization  .05062
Drill.NumberSeized 340.00
Drill.ScheduledUtilization 09591
Cam Unit.NunberSeized 340.00
Cam Unit.ScheduledUtilization 03046
Refill Person.NumberSeized 18.000
Refill Person.ScheduledUtilization 00326
Removal Man.NumberSeized 33.000
Removal Man.ScheduledUtilization 00392
CP branch.AccunVATime 8178.4
CP branch.AccunVATine 1639.5
CP branch.AccuniaitTine 1.254E+5
CP branch.AccunTranTime 15463
CP branch.AccunOtherTine 00000
CP branch. TotalAccunTine 1.5072E+5
System.NumberQut 334.00




image65.png
Identifier Average  Half Width Minimum  Maximum Observations

89 Mpress.VATimePerEntity 7.3667 .04895 6.4212 8.5896 476
08 Mag Back.TotalTimePerEntity 3.0554 .01307 2.7467 3.4149 476
10 Label.VATimePerEntity 7.4549 (Insuf)  7.2439 7.7272 208
Drill Tuo. TotalTimePerEntity 7.9676  (Insuf)  7.0365  8.9178 25
Drill Four.TotalTinePerEntity 8.2081  (Insuf)  7.4091  9.0529 231
Remove Part. TotalTinePerEntity 3.4182  (Insuf) 33371 3.4918 47
Drill Four.VATimePerEntity 8.2081  (Insuf)  7.4091  9.0529 231
Drill Inter Arrival 60.506 .49886 58.271 121.80 475
Camera.TotalTimePerEntity 2.5657 .03349 2.0251 3.3422 476
Camera.VATimePerEntity 2.5657 .03349 2.0251 3.3422 476
Remove Part. TranTimePerEntity e (o) 373 47
69 Moress. WaitTimePerEntity -00000 .00000 00000 476
Refill Process.OtherTinePerEntity o () ase  eawe 2
88 Mag Back.VATimePerEntity 3.0554 .01307 2.7467 3.4149 476
11 OQut.TranTimePerEntity 4.2825 .03203 3.8108 5.0073 475
11 Out.TotalTimePerEntity 4.2825 .03203 3.8108 5.0073 475
Drill Two.VATinePerEntity 7.9676  (Insuf)  7.0365  8.9178 25
Refill Process. TotalTinePerEntity 53069  (Insuf)  4.3827  6.1386 2
Camera Inter Arrival 60.504 .49995 58.756 120.88 475
10 Label.TotalTimePerEntity 7.4549 (Insuf)  7.2439 7.7272 208
@9 Mpress.TotalTimePerEntity 7.3667 .04895 6.4212 8.5896 476
The Parts.VATime 24.331 (Corr) 19.513 30.476 470
The Parts.WaitTime 264.90 (Corr) 00000 546.72 470
The Parts.TranTime 50.914 (Corr) 50.109 54.730 470
The Parts.OtherTime .28228 .04927 . 00000 6.1386 470
The Parts.TotalTime 340.43 (Corr) 70.019 620.82 470
10 Label.Queue.WaitingTine .00000  (Insuf)  .00000 00000 209

11 Out hold.Oueue.WaitingTime 264.99  (Corr)  .00000  546.72 470
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image66.png
Identifier Average  Half Width Minimum  Maximum Final Value

The Parts.WIP 5.5993  .15206  .ee0e0  11.000  7.0000
Magback module. NumberBusy 05050 5.2825E-4 .00000  1.0000  .00000
Magback module.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 0000
Magback module.Utilization .05050 5.2825E-4 .00000  1.0000  .00000
Printer. NunberBusy S () .60000  1.0000  1.0000
Printer.NumberScheduled 1.0000 (Insuf) 1.0000 1.0000 1.0000
Printer.Utilization 65386 (Corr) .60000  1.0000  1.0000
Press.NumberBusy 12176 .00123  .00000  1.0000  .00000
Press. NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Press. Utilization 12176 .00123  .00000  1.0000  .00000
Leaving components.NumberBusy 07063 8.6342E-4 00000  1.0000  .00000
Leaving components.NumberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Leaving components. Utilization 07063 8.6302E-4 00000  1.0000  .00000
Drill.NumberBusy 13362 .00117  .00000  1.0000 .00000
Drill.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Drill.Utilization 13362 .00117  .00000  1.0000  .00000
Cam Unit.NunberBusy 04241 6.3911E-4 00000  1.0000  .00000
Cam Unit.NunberScheduled 1.0000  (Insuf)  1.0000  1.0000  1.0000
Cam Unit.Utilization .04241 6.3911E-4 00000  1.0000  .00000
Refill Person.NumberBusy 00461 (Insuf)  .00000  1.0000  .00000
Refill Person.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Refill Person.Utilization 00461 (Insuf)  .00000  1.0000  .00000
Removal Man.NumberBusy 00558 (Insuf)  .00000  1.0000  .00000
Removal Man.NumberScheduled 1.0000  (Insuf) 1.0000  1.0000  1.0000
Removal Man.Utilization 00558 (Insuf)  .00000  1.0000 00000

11 Out hold.Queue.NumberInQueue 4.3514  .14993 .00000  9.0000  5.0000




image67.png
Identifier Value
10 Label Accum VA Time 1550.6
Refill Process Number In 25.000
Refill Process Number Out 25.000
Drill Two Number In 245.00
11 Out Number In 475.00
11 Out Number Out 475.00
Drill Four Number Out 231.00
11 Out Accum Transfer Time 2034.1
11 Out Accum Wait Time 00000
Refill Process Accum Other Time 132.67
09 Mpress Accun Wait Time 00000
Remove Part Accum Wait Time 00000
Drill Four Number In 231.00
Remove Part Accum Transfer Time 160.65
Drill Two Accum VA Time 1952.0
08 Mag Back Number Out 476.00
08 Mag Back Number In 476.00
Camera Number Out 476.00
09 Mpress Number Out 476.00
Camera Number In 476.00
Drill Two Number Out 245.00
09 Mpress Accum VA Time 3506.5
08 Mag Back Accum VA Time 1454.4
Camera Accum VA Time 1221.2
Drill Four Accum VA Time 1896.0
10 Label Number In 209.00
Remove Part Number Out 47.000
10 Label Number Out 208.00
Remove Part Number In 47.000
09 Mpress Number In 476.00
10 Label Accum Wait Time 00000
The Parts.NumberIn 181.00
The Parts. NumberQut. 474.00
Magback module. NumberSeized 476.00
Magback module.ScheduledUtilization 05050
Printer. NunberSeized 209.00
Printer. ScheduledUtilization 05386
Press. NumberSeized 476.00
Press.ScheduledUtilization 12176
Leaving components.NumberSeized 475.00
Leaving components.ScheduledUtilization  .67063
Drill.NumberSeized 476.00
Drill.ScheduledUtilization 13362
Cam Unit.NunberSeized 476.00
Cam Unit.ScheduledUtilization 04241
Refill Person.NumberSeized 25.000
Refill Person.ScheduledUtilization 00461
Removal Man.NumberSeized 47.000
Removal Man.ScheduledUtilization 00558
CP branch.AccunVATine 11435.
CP branch.AccuniaitTine 1.2450E+5
CP branch.AccunTranTime 23930.
CP branch.AccunOtherTine 132.67
CP branch. TotalAccunTine 1.6000E+5
System. NumberOut 470.00




