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Requirements

Adopted from Khan (2024)

Most impactful architectural decisions (relative)

Size battery pack & 

determine EV range

Select 

Cell

Range > 275 km

Mass < xxx kg

Cost < xxx $

…

Budget 

& 

derive

eVehicle Architectural Definition & Trade Study
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Analyses, V&V & Trade Studies
SAM Part Attributes 

& Requirements
Analysis Variables 
(Inputs & Outputs)
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Architectural modeling

Cloud-based SysMLv2 modeling for real-time collaboration
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Architectural modeling

Blend of 

• SysMLv2 standard libraries

• User-defined libraries to

provide Automitve context
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Modelling Overview
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Battery sizing and range requirements
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Analyses, V&V & Trade Studies
SAM Part Attributes 

& Requirements
Analysis Variables 
(Inputs & Outputs)
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Simulation workflow and connection to MBSE

Select battery cell information from 

look-up table or material database

Size a battery using simple 

canonical equations in a script

Run a Modelica system simulation 

model to evaluate eVehicle range

Inputs from SAM Outputs to SAM
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Analyses, V&V & Trade Studies
SAM Part Attributes 

& Requirements
Analysis Variables 
(Inputs & Outputs)
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Linking MBSE with Engineering Simulation 

Model-based

Systems Engineering

Engineering 

Simulation
Requirements & Architecture M&S of behavior and physics

…

      

                      

          

                           

      

                                            

      

                                                  

          

                                       

                       

         

   

      

                              

          

   

                                    

                                    

                                  

                                                              

                                                      

                                                   

                                             

                                              

                              

                                        

                                                                      

                                                     

                                  

             

                                                   

             
                                                                          

         

   

             

                                   

             
                                                             

             

                                   

             
                                                                

      

             

         

      

        

          

                                         

             

                       

             

         

             

                                            

             
                                                           

             

                                            

             
                                       

             

                                           

             
                                        

             

                                           

             
                                   

      

               

          

                                

                          

             

                                           

             

         

             

                             

             
                                                                          
                                                         

             

                                   

             
                                                                   
                                                              

         

         

         

         

         

         

         

API

Analyses, V&V & Trade Studies
SAM Part Attributes

& Requirements

Analysis Variables

(Inputs & Outputs)

Enabling System Analysis, 

V&V by Simulation and 

Trade Studies

… with full digital 

continuity
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Example

① Execute 

verification by 

system-level 

simulation

② Perform trade 

study to identify 

viable system 

design

③ Verify the viable 

system design & 

save back to the 

SAM

Analyses, V&V & Trade Studies
SAM Part Attributes

& Requirements
Analysis Variables
(Inputs & Outputs)
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Analyses, V&V & Trade Studies
SAM Part Attributes 

& Requirements
Analysis Variables 
(Inputs & Outputs)
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Low-Fidelity & 0D

Early-on conceptual design

Verify by Simulation
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Early-on conceptual design

Time
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Later-on detailed design
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Later-on detailed design

High-Fidelity & 3D

Verify by Simulation
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Analyses, V&V & Trade Studies
SAM Part Attributes 

& Requirements
Analysis Variables 
(Inputs & Outputs)

      

                      

          

                           

      

                                            

      

                                                  

          

                                       

                       

         

   

      

                              

          

   

                                    

                                    

                                  

                                                              

                                                      

                                                   

                                             

                                              

                              

                                        

                                                                      

                                                     

                                  

             

                                                   

             
                                                                          

         

   

             

                                   

             
                                                             

             

                                   

             
                                                                

      

             

         

      

        

          

                                         

             

                       

             

         

             

                                            

             
                                                           

             

                                            

             
                                       

             

                                           

             
                                        

             

                                           

             
                                   

      

               

          

                                

                          

             

                                           

             

         

             

                             

             
                                                                          
                                                         

             

                                   

             
                                                                   
                                                              

         

         

         

         

         

         

         

High-fidelity System Simulation Model
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High-fidelity System Simulation Model
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Battery Electro Thermal Submodel

ECM Cell Battery Pack

3D CFD-based Thermal Model

Electrical Equivalent Circuit Model

HPPC Data

CFD Simulation Thermal ROM

Battery Pack
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High-fidelity System Simulation Model
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Motor + Inverter Plant submodel

Generating the motor 
response surface Plant model 

Verification

FMU Export
(Plant Model) M

o
to

r 
D

at
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Pr
e

p
ar

at
io

n
 

MOP

Input Output

Saturation Model Buildup Torque Grid as a function of DC VoltageEfficiency Map at 375V DC

Motor CAD 
Output
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5
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6
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High-fidelity System Simulation Model
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Virtually verify and validate vehicle performance with 

simulation in system context

Max Speed

Gradeability

Acceleration

Regeneration

Range

Drivability
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Takeaways

An open tool ecosystem that leverages open standards to connect architecture & 

requirements with simulation for distributed teams across organizations.

21st century product & system development faces increased complexity, tighter 

budget, faster time-to-market as well as distributed engineering teams.

Req. Verification & Trade Studies
SAM Part Attributes

& Requirements

Analysis Variables (Inputs 

& Outputs)

Requirements & Architecture M&S of behavior and physics

      

                      

          

                           

      

                                            

      

                                                  

          

                                       

                       

         

   

      

                              

          

   

                                    

                                    

                                  

                                                              

                                                      

                                                   

                                             

                                              

                              

                                        

                                                                      

                                                     

                                  

             

                                                   

             
                                                                          

         

   

             

                                   

             
                                                             

             

                                   

             
                                                                

      

             

         

      

        

          

                                         

             

                       

             

         

             

                                            

             
                                                           

             

                                            

             
                                       

             

                                           

             
                                        

             

                                           

             
                                   

      

               

          

                                

                          

             

                                           

             

         

             

                             

             
                                                                          
                                                         

             

                                   

             
                                                                   
                                                              

         

         

         

         

         

         

         

MBSE Connectivity Engineering Simulation

…for Virtual Verification & 

Trade Studies
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MBSE with Ansys / SAM and / ModelCenter

Register Here



incose.org | 27 

Thank you.
Alex Busch, Ph.D., CSEP
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