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1: Introduction 
Modelling and Simulation is an approach to understanding the behaviour of a complex system (Robinson, 2009). A model provides analysts with a simple system representation, enhancing the ability to examine its structure and behaviour (Menner, 1995). A simulation is the use of a model for insight and experimenting about the behaviour of a system (Robinson, 2009). While Robinson (2009) highlights DES flexibility, McCabe (2010) argues that its effectiveness depends on data quality, limiting its applicability in the real-world, highlighting importance of modelling decisions.

M&S is useful in system design. It enables organisations to evaluate alternative ideas and assess possible outcomes without disturbing the real-world operations.
 This report focuses on production planning at Safran Seats, where the complexity of resource constraints, demand variability and scheduling, aerospace is considered a highly dynamic environment. M&S provides an effective approach when evaluating potential improvements in a controlled environment. Within the report, we will define the problem, evaluate the role of modelling and assess the solution provided.  
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Safran Seats is a subdivision of the global aerospace company Safran. Long lead time and high value mean that the industry requires accurate production planning to meet the needs of customers and remain successful. In this real-word example, production moves through processes such as machining, trimming, sub-assembly and final assembly.

In aerospace manufacturing, long lead time parts can cause many issues influencing a company financially and its ability to perform.  Production planning is required to ensure parts meet demand and prevent bottlenecks. These issues can increase lead times by causing production delays, labour over or under utilization and disruption in processes further upstream.
These challenges impact several key aspects of the business. Aligning material availability with changing schedules, periods of over or utilization creating these issues. Overall, customers within the aerospace industry may experience late delivery which will impact customer satisfaction and service levels and could even affect contractual agreements.
This issue is highly relevant to M&S. Resources, workflows and varying demand causes a very complex production system at Safran. The use of M&S in these conditions is needed to ensure that a possible adjustment would be effective or possible for the company by testing it out in a simulation before implementing it into the real world. A simulation allows the company to test possibilities such as changes in staff numbers, changes in capacity and changes in efficiency without impacting operations.

The ‘real world’s’ experimentation in aerospace is high risk and high cost making a simulation essential when planning potential improvements. Through simulation, different scenarios can be tested without the disruption of ongoing operations. This makes data-driven decisions on potential improvements within the industry to be effectively supported, in this case optimizing planning, capacity and efficiency.
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[bookmark: _Toc229646784][bookmark: _Toc229997534]3.1: Why modelling is used in logistics
Simulation is the implementation of a dynamic model to evaluate system behaviour and analyse how a system would operate in a dynamic environment (Ingalls, 2011). Logistics is an unpredictable and dynamic environment where simulation is essential before implementation. As a result, a simulation is used as a dynamic decision-making support tool based on optimized capacity, operational efficiency and overall performance before implementation.
Furthermore, the variety of data sets in a logistics environment makes data integration difficult, increasing likelihood of errors within the system. There are two different approaches in these scenarios: stochastic and deterministic. Stochastic determines multiple outcomes for all scenarios whereas deterministic focuses on a singular outcome with no randomness (Sawik, 2017). 
Due to supply chain uncertainty, such as demand variation, lead time variation and machine breakdowns, there are many different possible outcomes. Ensuring these outcomes are taken into consideration is essential in logistics, especially in the aerospace industry where operational performance, safety and quality standards are crucial. Simulation allows an evaluation of potential disruptions on these factors supporting stronger planning and decision making regarding future workflows.
[bookmark: _Toc229646785][bookmark: _Toc229997535]3.2: Types of Paradigms
In logistics, different modelling paradigms are used based on decisions and systems. Discrete modelling simulation occurs when a system’s behavior is driven by certain events, making it suitable for the analysis of operational processes such as manufacturing (Ullrich and Lückerath, 2017). Agent-based modelling is a system made up of interacting ‘agents’ where system behaviors are caused by individual actions (C. Macal, 2010). This is commonly applied when behavior emerges from a 3rd party source such as suppliers. Optimsation models are used to support decision making by identifying optimal solution for scheduling, capacity planning and cost minimisation (Loucks and van Beek, 2017).  System dynamics is used to analyse complex systems’ feedback driven behaviour over the long term through factors impacting system performance (Naugle et al, 2017).

The benefits of the modelling concepts include strong predictive power, cost effective experimentation and enhanced strategic insights into proposed operational changes. However, there are also a few limitations. These include the data intensive nature of simulation models tend to be and the need for assumptions to enable system models to operate effectively. The selection of an appropriate modelling paradigm is based on its analytical simplicity and behavioural realism. However, models are highly dependent on data input which determines reliability of results. Simulation offers a more realistic insight into the system’s dynamic behavior (stochastic) whereas optimization will provide mathematically optimal solutions under simplified assumptions (deterministic). Selecting the paradigm depends on the complexity of the system, its variability and associated level of decision risk. In highly complex and varied environments like aerospace manufacturing, simulation-based modelling is essential in the support of production planning.
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[bookmark: _Toc229646787][bookmark: _Toc229997537]4.1: Overview of chosen software: Simul8
The effectiveness of modelling and simulation in an aerospace environment is highly dependent on the selected software and its ability to represent complex workflows and operational constraints. Aerospace’s production is characterised by low-volume, significantly complex processes with high operational variance.
Several software packages exist, each with their strengths and limitations. The most suitable software is ‘Simul8’. Hlubic and Bosilj-Vuksic (2002) highlight Simul8 as a mature DES platform capable of modelling stochastic, business operations. Employing DES enables systems to be modelled around resource constraints, making it suitable for aerospace logistics systems characterized by high variability. This capability allows aerospace’s unique characteristics to be accounted for.
[bookmark: _Toc229646788][bookmark: _Toc229997538]Figure 4.1: Simul8 suitability in Aerospace

[bookmark: _Toc229646789][bookmark: _Toc229997539][image: ]Figure 4.1 Analysis
In aerospace environments, system performance is driven by material availability, labour and equipment constraints. The table focusses on how Simul8 assists with decision making in aerospace environments driven by labour, equipment and materials which determine system performance. This enables bottlenecks and areas of under utilization can be identified improving decision-making processes.
The table also emphasizes the importance of representing variability and capacity through stochastic simulation providing more realistic predictions of cycle times. Furthermore, the ability to replicate staffing, demand and efficiency is possible in a risk-free environment prior to implementation.
Overall, the alignment between the rationale’s goals, aerospace environment and Simul8’s capabilities make it the most effective tool for the desired environment.
Simul8’s data input is highly efficient through its spreadsheet formatting enabling easy integration of operational data into the tool. Despite these advantages, Simul8 can oversimplify these interactions, which can limit modelling depth.

4.2: Alternative Software’s
However, several alternatives were considered during the software selection process.  Arena is also a well-established DES tool used in supply chain and has been widely applied in supply chain and logistics modelling systems. This tool is used to support performance optimisation through the effective quantitative modelling of supply chain and logistics processes. This enables data driven evaluation of system performance using representative figures, providing realistic simulation results (Yassine et al., 2019).  However, studies indicate that Arena offers more limited visualization of results. Unlike Simul8, Arena is less ‘user friendly’ making It less engaging for stakeholders (De Felice et al, 2025). AnyLogics’ main advantages its hybrid simulation platforms combining DES, Agent Based and System Dynamics (Kuhl et al 2013). However, this can cause additional system complexity making it less user friendly than Simul8 which is unnecessary in the aerospace sector. Compared with complex platforms such as Anylogic, Simul8 has a more accessible licensing model and is less costly, further reinforcing the choice.
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[bookmark: _Toc229646791][bookmark: _Toc229997541]5.1: Conceptual design
The conceptual model represents the planning system within Safran Seats, from the creation of manufacturing orders to the final assembly of parts. This model focusses solely on these internal functions as its purpose is to optimise internal capacity, headcount and operational efficiency. 
Key processes involved in this model include kitting, sub-assembly, machining, trimming and final assembly. Depending on the part being modelled, components follow a strict manufacturing sequence as they progress through the production process. In some cases, the sequence of sub-assemblies may be adjusted to accommodate delays or capacity constraints in other steps of the process.

[bookmark: _Toc229997542]Figure 5.1:


The sequence highlights the dependency between stages where inefficiencies and delays can affect downstream due to resource constraints and processing times. This further supports the use of DES as it models queues, resource utilisation across all stages. However, this simplifies real world variability, which may affect system accuracy.



 The resources within the model include specialist labour operators, machine availability and workstations which are constrained by shift patterns and available headcount. 
Performance in manufacturing is measured through KPIs such as efficiency, production lead time, labour and machine utilisation. These aspects were carefully selected to support cost effective decision making, to evaluate planning and operational performance, ensuring system behaviour is captured at a suitable level of detail.

[bookmark: _Toc229646792][bookmark: _Toc229997543]5.2: Simulation approach and testing
A discrete event simulation (DES) is used to model the production system at Safran due to its ability to model system in which state changes occur in discrete points in time. The simulation will run a 24-month schedule. The key data inputs include manufacturing times, labour availability and demand.  The model is characterised by event-driven structure where parts flow through the workflow, with capacity and efficiency can be impacted by external factors. The simulations outputs were measured using KPIs like labour and machine utilisation, production lead time and efficiency. Stochastic variability cannot be effectively captured by deterministic methods, making this DES highly appropriate whereas deterministic models assume fixed conditions.

[bookmark: _Toc229646793][bookmark: _Toc229997544]5.3: Scenario testing and simulation-show what if analysis
The simulation model will be used to evaluate possible improvements in Safran Seats production plan by assessing the possibilities of constraints. The first scenario looked at decreasing headcounts in certain departments to determine whether capacity would be met.  A second scenario would look at machine capacity and if an increase would cause delays in production lead time. A third scenario looked at how batch size for seat numbers impacted Safran’s ability to remain efficient without having to alter other factors. 
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6: Evaluation of results
Results from the simulation highlight that targeted adjustments towards labour and capacity can significantly improve production planning at Safran through reductions in lead times, increased efficiency and labour utilisation. The results confirmed that a slight reduction in headcount in certain departments maintained acceptable system outputs whereas in some departments it negatively impacted the processes. Reducing headcounts caused minor disruptions which accumulated over time and led to significant delays due to resource constraints. In some departments, this was not the case, enabling operational costs to be reduced whilst maintaining operational efficiency.

The system also highlighted its ability to simulate changes in demand. At Safran, ensuring customer demand is fulfilled prior to the deadline is crucial as there are large sanctions in aerospace. Upon the simulation, increasing demand introduced multiple pressures on the system such as longer lead times by approximately 13% and improved labour utilisation by 22% (based on average simulation outputs). This highlights the system’s sensitivity to demand changes and the need to balance capacity and workload. This Simulation model enables improved production planning essential in aerospace manufacturing.

These results indicate an improvement in one area may cause constraints in another area. This highlights the necessity for an optimisation approach for the entire system. 
However, the results are assumption-based regarding processing and demand created by estimated processing times, which might not reflect real world variances. As a result, the results should be approximated rather than treated as exact.
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[bookmark: _Toc229997546]7: Conclusion
This report examined the applications and value of modelling and simulation within Safran Seats’ production planning, evaluating where and when it can be used effectively. It focused on the challenges arising from resource constraints, demand variability where a discrete –event simulation was developed to analyses stochastically how the system behaves under the potential changes.

The results obtained from scenario testing strongly justify the integration of the simulation tool into Safran’s production planning is highly recommended. It can enable significant production performance benefits such as reduced lead times and improved efficiency due to improved resource allocation resulting in more efficient workflow. Although not yet fully implemented, the outcomes from the test offer strong justification for the complete implementation as it enables Safran Seats to assess and refine strategies prior to real-world application.
 Overall, modelling and simulation at Safran Seats provides an effective approach to the support of production planning decisions.
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9: AI declaration

Use of Generative AI in Assessment 
 
 
	RESEARCH 
	For this assessment, you can use Generative AI to support you in research, including searching for bibliography, using tools to summarise, compare and interrogate materials. 
	Yes ​☒​ 
 
No  ​☐​ 

	STRUCTURE 
	For this assessment, you can use Generative AI to support you in structuring your submission, including creating a draft argument structure, identifying parts and headings, etc. 
	Yes ​☒​ 
 
No  ​☐​ 

	PROOFREADING 
	For this assessment, you can use Generative AI to check your own text/creation for grammatical and syntactical mistakes, including rephrasing of your own work within specific standards. 
	Yes ​☒​ 
 
No  ​☐​ 

	WRITING 
	For this assessment, you can use Generative AI to create text for submission. 
	Yes ​☐​ 
 
No  ​☒​ 

	CREATIVE 
	For this assessment, you can use Generative AI to create creative materials, such as images. 
	Yes ​☐​ 
 
No  ​☒​ 

	PROGRAMING 
	For this assessment, you can use Generative AI to create and check code. 
	Yes ​☐​ 
 
No  ​☒​ 

	NONE 
	For this assessment, you are not allowed to use any type of Generative AI support. This includes research support, structure support, writing/proofreading support and creative support. 
	Yes ​☐​ 
 
No  ​☒​ 


  
In this assignment I declare that AI was used within the structuring and proofreading of assignment.
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