Here is a ready-to-use teaching material (lecture + practical case study) on Applying Modelling and Simulation of Logistics Operations at LSN Diffusion. It is designed for undergraduate/postgraduate teaching in logistics, industrial engineering, or digital manufacturing.

📘 Teaching Material
Modelling & Simulation of Logistics Operations
Case Study: LSN Diffusion (UK)

1. Learning Objectives
By the end of this session, students should be able to:
· Understand logistics processes in advanced manufacturing systems
· Apply modelling & simulation (M&S) to real industrial contexts
· Identify bottlenecks and inefficiencies in logistics operations
· Design improvement scenarios using simulation tools
· Interpret Key Performance Indicators (KPIs) from simulation outputs

2. Company Context: LSN Diffusion
LSN Diffusion is a UK-based manufacturing company (founded 2012) specialising in metal alloy powders used in:
· additive manufacturing (3D printing)
· surface engineering
· high-temperature brazing
· powder metallurgy [datanyze.com], [lsndiffusion.com]
Key characteristics:
· Produces gas- and water-atomized powders in various size distributions [lsndiffusion.com]
· Serves sectors such as aerospace, automotive, energy, and oil & gas [astroalloys.com]
· Operates advanced manufacturing systems with strong R&D integration
· Uses digital systems and simulation (e.g., CFD models) to improve production processes [jobs.leeds.ac.uk]
👉 Relevance for Logistics:
Production involves complex flows of materials, powders, and components requiring precise handling, storage, and distribution.

3. Logistics Operations at LSN Diffusion
3.1 Typical Internal Logistics Flow
1. Raw material receipt (metals/alloys)
2. Storage in controlled environments
3. Feeding into atomisation systems
4. Powder production & classification
5. Quality control & testing
6. Packaging (fine vs. coarse powders)
7. Storage & order picking
8. Shipping to global customers
3.2 Logistics Challenges
· High-value, sensitive materials (quality critical)
· Batch processing with variability
· Complex routing between production stages
· Inventory management with different particle sizes
· Integration of R&D and production flows

4. Role of Modelling & Simulation (M&S)
4.1 What is Logistics Simulation?
Simulation creates a digital representation of logistics systems, allowing experimentation without disrupting real operations [numberanalytics.com]
4.2 Why Use Simulation at LSN Diffusion?
· Analyse material flow bottlenecks
· Optimise warehouse layout and storage
· Improve throughput and reduce waiting times
· Evaluate “what-if” scenarios
· Support digital transformation initiatives
4.3 Suitable Simulation Approaches
· Discrete Event Simulation (DES): flow of materials and jobs
· Agent-based simulation: behaviour of operators, machines
· CFD simulation: powder atomisation processes (already used in R&D) [jobs.leeds.ac.uk]

5. Conceptual Model of Logistics System
5.1 System Components
· Entities: raw materials, powder batches, orders
· Resources: atomisers, storage units, conveyors, operators
· Processes: receiving, batching, production, testing, packaging
· Queues: buffers between stages
5.2 Example Flow Diagram (Simplified)
Supplier → Receiving → Raw Storage → Production (Atomisation)
→ Classification → Quality Control → Finished Goods Storage
→ Order Picking → Dispatch

6. Practical Teaching Exercise (Workshop)
🧪 Task: Simulate a Powder Warehouse System
Step 1: Define the Problem
· Increase demand for powder orders
· Current warehouse experiencing delays
Step 2: Build a Model (e.g., AnyLogic, FlexSim)
Include:
· Storage racks
· Forklifts/AGVs
· Receiving & dispatch docks
· Order picking logic
Step 3: Input Data
· Order arrival rate
· Handling times (receiving, picking)
· Storage capacity
· Number of workers/vehicles

🧪 Step 4: Experiment Scenarios
	Scenario
	Description

	Base case
	Current system

	S1
	Increase workforce

	S2
	Introduce AGVs

	S3
	Change picking strategy

	S4
	Redesign layout



🧪 Step 5: KPIs to Analyse
· Throughput (orders/day)
· Average lead time
· Resource utilisation (%)
· Queue lengths
· Inventory levels
👉 Example: A logistics simulation case demonstrated:
· 25% increase in throughput
· 18% reduction in travel time after optimisation [github.com]

7. Digital Twin Concept for LSN Diffusion
Simulation models can evolve into a Digital Twin, enabling:
· Real-time monitoring
· Predictive maintenance
· Scenario forecasting
· Integration with IoT systems
👉 Particularly relevant as LSN Diffusion is already digitising operations and improving data-driven workflows [2767973.fs...nt-na1.net]

8. Benefits of Applying M&S at LSN Diffusion
· Reduced operational costs
· Improved material handling efficiency
· Better decision-making using data-driven insights
· Reduced risk when implementing changes
· Support for sustainability and resource optimisation

9. Discussion Questions
1. What logistics bottlenecks are most critical in powder manufacturing?
2. How would variability in powder demand affect simulation results?
3. What trade-offs exist between inventory levels and responsiveness?
4. How can simulation support sustainability goals?

10. Assignment
📌 Individual / Group Task
Develop a simulation model of LSN Diffusion’s logistics system:
Deliverables:
· Conceptual model diagram
· Simulation model (software-based or pseudo-code)
· Scenario comparison
· KPI analysis and recommendations

11. Key Takeaways
· LSN Diffusion is a high-tech manufacturing system with complex logistics flows
· Modelling & Simulation is essential for analysing complex, stochastic systems
· Simulation supports design, optimisation, and decision-making
· Real-world case studies enhance student understanding of Industry 4.0 logistics

12. Suggested Tools for Teaching
· AnyLogic
· FlexSim
· Siemens Tecnomatix Plant Simulation
· Simul8

At a discussion level, we can infer the simulation and modelling tools LSN Diffusion might use based on:
· their process-intensive, R&D-driven manufacturing environment
· the type of logistics and material flow challenges they face
· standard practices in advanced logistics and industrial systems modelling

Likely Simulation Tools Used by LSN Diffusion
1. Discrete-Event Simulation (DES) Tools
Examples:
· AnyLogic
· Simul8
· Arena (Rockwell Automation)
· FlexSim
Why relevant:
· LSN Diffusion operates batch-based production systems (atomisation, HIPing, etc.)
· DES is ideal for modelling: 
· production scheduling
· equipment utilisation
· material handling
· order fulfilment
DES tools simulate systems as a sequence of discrete events (e.g., machine start/stop, shipment dispatch), which is standard for logistics operations. [prologistik.com]
Critical insight:
DES would likely be used for:
· identifying bottlenecks in powder production and distribution
· analysing throughput and lead-time variability
· optimising warehouse and dispatch processes

2. Supply Chain Simulation Platforms
Examples:
· AnyLogic (multimethod supply chain library)
· Supply Chain Guru (LLamasoft / Coupa)
· InterDynamics Supply Chain Sim
Why relevant:
These tools allow:
· network design (locations, flows, distribution routes)
· scenario testing (“what-if” analysis)
· KPI-based evaluation (cost, service level)
Simulation platforms enable users to visualise product flows and experiment with logistics configurations under varying conditions, including demand and capacity changes. [interdynamics.com]
Application to LSN Diffusion:
· modelling global distribution of alloy powders
· testing alternative logistics networks or customer demand scenarios
· evaluating inventory vs. lead-time trade-offs

3. Process Simulation & Engineering Tools
Examples:
· Aspen Plus / Aspen HYSYS
· COMSOL Multiphysics
· ANSYS Fluent
Why relevant:
LSN Diffusion’s core operations involve:
· thermal processes
· fluid dynamics (atomisation of molten metals)
· material transformations
These tools simulate:
· physical and chemical processes
· particle formation and flow behaviour
· heat transfer and phase changes
LSN perspective:
This represents a deep integration of engineering simulation with logistics modelling, where:
· production outputs influence logistics decisions
· variability in material properties affects supply chain performance

4. Agent-Based Modelling (ABM)
Examples:
· AnyLogic (ABM capability)
· NetLogo
Why relevant:
ABM is useful when:
· multiple autonomous entities interact (e.g., machines, operators, vehicles)
· system behaviour emerges from local interactions
Application:
· modelling shop-floor behaviour
· analysing human–machine interactions
· simulating fleet and transport decision-making

5. Data Analytics and AI Tools
Examples:
· Python (SimPy, Pandas, SciPy)
· MATLAB / Simulink
· R
Why relevant:
LSN Diffusion’s R&D environment implies:
· heavy use of experimental and operational data
· need for model calibration and validation
These tools support:
· statistical modelling
· optimisation algorithms
· predictive analytics

6. Digital Twin Platforms (Emerging / Potential)
Examples:
· Siemens Digital Twin (Tecnomatix / Plant Simulation)
· Dassault Systèmes (DELMIA)
· Azure Digital Twins
Why relevant:
Digital twins provide:
· real-time simulation linked to physical systems
· predictive insights and scenario testing
They combine:
· IoT data
· AI
· simulation models
Digital twins enable organisations to monitor operations, simulate scenarios, and proactively manage disruptions. [forbes.com]
Future relevance for LSN Diffusion:
Given their R&D capabilities, LSN could evolve toward:
· real-time production and logistics optimisation
· predictive maintenance and supply chain resilience

7. Hybrid Tool Ecosystem (Most Likely Reality)
At LSn level, the most realistic conclusion is:
LSN Diffusion is likely to use a combination of tools rather than a single platform, integrating:
· engineering simulation tools (for material/process modelling)
· discrete-event simulation tools (for operations and logistics)
· data analytics tools (for validation and optimisation)
This aligns with advanced logistics modelling frameworks, where:
· systems are multi-layered (physical + operational + strategic)
· simulation is iterative and data-driven

8. Critical Discussion
Strengths of Such Toolsets
· Enable multi-scale modelling (material → process → supply chain)
· Support high-fidelity experimentation without operational risk
· Provide decision-support for complex industrial logistics systems
Limitations
· High implementation cost and expertise requirements
· Integration challenges between: 
· engineering models
· logistics simulation systems
· Potential lack of real-time capability without full digital twin infrastructure

9. Conclusion
While LSN Diffusion does not publicly specify its simulation tools, its operations strongly suggest the use of:
· DES tools (Simul8, AnyLogic) for logistics and production
· engineering simulation tools (ANSYS, COMSOL) for material processes
· data-driven platforms (Python, MATLAB) for analysis and optimisation
· with potential progression toward digital twin technologies

If you want, I can map these tools into a specific case study (e.g., atomised powder supply chain simulation) or create a tool-selection framework for teaching.

