
MBSE Application to a Medication Auto-Injector Design

Bridging Systems Engineering Models and 
Multi-Fidelity Analytical Models
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”By 2035, systems engineering will leverage the digital 
transformation in its tools and methods, and will be largely model-
based using integrated descriptive and analytical digital 
representations of the systems.

Systems design, analysis, and simulation models, immersive 
technologies, and an analytic framework will enable broad trade-
space exploration, rapid design evolution, and provide a shared 
understanding of the system throughout its life cycle.”

* Source: INCOSE SE Vision 2035

Meeting Challenges by 2035

https://www.incose.org/docs/default-source/se-vision/incose-se-vision-2035.pdf?sfvrsn=e32063c7_10


• Challenges and System Context Definition
• Enabling Analytics in the System Model
• Need for Multi-Fidelity Analytical Models
• Integrating Analyses with the System Architecture Model
• Design Space Exploration, from Conceptual to Detailed Design
• Benefits & Challenges
• Conclusion
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Agenda



Challenges and System Context 
Definition
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Auto-Injectors - Background

Auto-injector devices are used to treat
a variety of diseases

Highly convenient as they
support patient independence

Increased drug effectiveness and reduced 
percentage of errors vs syringes
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* Source: ONdrugDelivery Prefilled Syringes & 
Injection Device, Issue 125 (2021)

Molecule size and fragility

High dose concentrations

Large delivery volumes

Temperature effects

Optimizing bolus shape

Delivery
Challenges

Auto-Injectors - Delivery Challenges
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Auto-Injectors - Analyses

Evaluate chosen solutions for robustness against temperature variation

Analytic framework that supports the integration of simulation 
models from conceptual to detailed design phases

Determine which solutions meet our cost, safety and bolus shape 
(delivery time) requirements.

Trade-offs between multiple design configurations
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Cost

Safety Factor

Injection Time

Drug Temperature

The focus is on the cost of the force delivery system (spring) and drug containment
system (drug barrel). All other costs are maintained to be constant.

The focus is on the drug containment system and preventing loss of the
drug (highest cost of overall product).

This design parameter is a surrogate for bolus shape. For simplification, a
single drug variant and fixed injection volume is assumed.

The focus is on the effect on the proper bolus shape (injection
time) and determining if the solution can delivery it robustly across
expected temperature variation.

Auto-Injectors - System Problem Focus and Assumptions
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Digital 
Engineering 
Tools

Natural Language Modeling – the Systems Definition 
Language

A Systems Engineering Modeling Framework



Enabling Analytics in the
System Model
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System Model 

Creation

Conceptual Phase Preliminary Phase Detailed Design Phase Prototype & Test

SAM* Tool

Step 1: Enabling Analytics in the System Model
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Requirements and Parameterization

Requirements can be more than a statement. They can have values (parameters) 
behind them.
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Structural Architecture – System Parameterization 
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Functional/Behavior Architecture – Functional Parameterization



www.incose.org/symp2023 15

Architectural Decomposition/Derivation – Parameterization
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Constraint Definition – Parametric Diagram – System Cost



www.incose.org/symp2023 17

Constraint Definition – Parametric Diagram – Drug 
Containment System Safety Factor
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Constraint Definition – Parametric Diagram –
Injection Time



Need for Multi-Fidelity Analytical 
Models
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Step 2
Simulation Models 

Automation

Step 1
System Model 

Creation

Conceptual Phase Preliminary Phase Detailed Design Phase Prototype & Test

SAM* Tool

Cost Analysis 1-way FSI Workflow

CFD Analysis

Structural Analysis

Step 2: Simulation Models Automation
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Simulation Models Creation and Parametrization
CFD Analysis

Cost Analysis

Structural Analysis
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Simulation Model Automation

1-way Fluid Structure
Interaction Workflow

Cost Analysis Workflow



Integrating Analyses with
Systems Architecture Model
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Step 2
Simulation Models 

Automation

Step 1
System Model 

Creation

Step 3
Connect Simulation 
Models to the SAM

Conceptual Phase Preliminary Phase Detailed Design Phase Prototype & Test

SAM* Tool

Bi-directional Connector

Cost Analysis 1-way FSI Workflow

CFD Analysis

Structural Analysis

Step 3: Connect Simulation Models to the SAM
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Step 3: Connect Simulation Models to the SAM

Parametrized 
Architectural Entities Analysis Variables

Parametric Mapping

Server Address to access 
Simulation Workflows
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Step 3: Connect Simulation Models to the SAM

Analyses mapped 
with Component 
Entities

Analyses mapped 
with Requirement 
Entities Change Analysis & 

Requirement Status



Run Trade Studies in the SAM
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CFD Analysis

Structural Analysis

Step 4: Run Trade Studies in the SAM
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• Design of Experiments set up in the SAM directly
• Specify Design/Response Variables and DoE method
• Results gathered in a Data Explorer Table
• Save Results back to the SAM

Configure and Run Trade Studies in the SAM
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Inj. Time Constraint violated

Safety Factor 
Constraint 

violated

Inj. Time + 
Safety Factor 
Constraints 

violated

• Highly-constrained Design Space

• Useful to get Design Space Insights 
from the Conceptual Stage

• Help relaxing/refining requirements 
and narrowing down the Design 
Space

Get Design Insights and Identify Solution Space
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Step 6
System Exploration and 

Reliability Analyses
Bi-directional Connector

Metamodel 
Generation

Cost Analysis 1-way FSI Workflow

CFD Analysis

Structural Analysis

2-way FSI Workflow

Component Catalogs
Additional detailed 

analyses

Step 5: Moving into Detailed Design
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Surrogate Model2-way FSI Model

Surrogate Model Generation
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Detailed Analyses Integration in the SAM

Additional Simulation Models 
connected to the SAM

Further Design Exploration 
Studies

Low-Fidelity Analyses replaced 
by higher fidelity models
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Optimal Design 
Candidate 1

Reliab: 99.30%

Optimal Design 
Candidate 2

Reliab: 90.60%

Optimal Design 
Candidate 3

Reliab: 49.20%

Step 6: Trade Study Results and Reliability Check 

Trade studies identified a 
set of potential optimal 
design configurations

Monte Carlo analysis was 
then used to check the 
reliability of select design 
configurations against drug 
temperature variation



Keys Benefits
• Tooling and methodology to support collaboration between Systems Engineers and SMEs
• Gain in productivity & Reduce risks
• More time spent on Trades from early Conceptual Stage
• Drive innovation

Challenges
• Accessibility to analytical models from experts
• Complexity going into detailed design: need to reduce models.

• Where to stop the integration?
• Process change required for companies having SMEs and Systems Engineers working in silos.
• Architectural Trade-Off: Implies having a 150% model.

• How to handle variation points in simulations?
• Requires creation of customized workflows for now.

• In this study, integration with Physical Architecture only, not with the Functional Architecture.
• Potential topic to address next.
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Benefits & Challenges



Keys - Parameterization and Constraint Definition
The key to successful integration of Systems Models and Multi-Fidelity Analytical Models is proper
parameterization and constraint definition.

Unlocking the promise of MBSE
Bridge the gap between Systems Engineering and Domain / Disciplinary Engineering by connecting System 
Models to Simulation and Analytical Models.

Verifying Requirements and Trading off Cost, Performance & Risk
Leverage Simulation to perform Requirements Verification, and to trade between several architectures / 
design configurations, from the early stages of the Development Process.
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Take-aways
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