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Summary of Projects

Recap
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Summary of MBSE Projects at Hyundai

Xcelerator
Selected

Xcelerator chosen
for digital mobility
transformation
(2021)

Architecture
Definition
Focus on SoS

context, vehicle

performance, tire
development
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Architecture-driven

simulation & design

Architecture
Definition
Focus on vehicle
performance,

parameterization,
process integration

System
Simulation

performance

-~ -
S

MDAO

Architecture-driven
multidisciplinary
design, analysis and
optimization

—————
- ~
-

Modularization

Architecture
“module” definition,

Architecture
Definition

Focus on unifying
models from PoC 1-2,
added SoS scenarios
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Background & Motivation

Introduction
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Relevant Background

e Standard function
table (UPG)
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— Design BOM
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Motivation

Dramatic complexity explosion
Automotive systems are SoS
Emergent mobility features

Homogenous system modeling
Complicated representations of system
Limited standardization & reuse

Document-based SE Lack of digital threads
Communication challenges Challenges Parameter/requirement traceability
Time/cost of data duplication Disconnect with design infra

MBSE “business process”
Siloed performance development
Need for a common reference

Capturing knowledge
Legacy module design infrastructure
Legacy design models
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SoS Scalability

MBSE Approach
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MBSE Lifecycle (as-is)

Concept Development Stage

Concept Review

Propose Performance Target Fix Performance Target

Vehicle Vehicle, Subsystem & Component
Setting Performance @l )
Target Direction @El Verify System Performance

Establish Performance Target
Vehicle, Subsystem & Component

Propose Performance Target
Vehicle & Subsystem
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MBSE Lifecycle (to-be)

I
A | s Requirements = Vehicle Test Model
' v”“ 1‘?::8::‘:Constant ‘ Re\)%e
: Parameter
’ 1.1.1.3 Response Del
T (606
= Architecture Model 0 = 1D Simulation Model
= Simulation Model oV 6‘0 = ROM Model _
e n L e ’ — -
%‘(\a( Test Model ‘ 17 gl
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= 3D Design Model
= E/E Model
= Software

= 3D Simulation Model
= Part Test Model
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Smart Mobility System of Systems

« SoS challenges on the
horizon

« Emergent mobility features

« Significantly higher product
line variations

 Faster market response

» Potential for cross-enterprise
MBSE
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Modularization in MBSE (Vision)

Need understanding
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Most abstract
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Level 0

Level 1

Level 2

e SMW Project

% SysML V2 Project
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! B Avionics Bl Suspension @ Driveline 82:%? @ Multimedia % Smart Charging
e OEM | | Tier1 | Tier2
Smart Mobility SoS model organization vision
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Project Objectives

B Unification: Unify electric vehicle concept architecture models
from the previous two PoCs and model additional operational
capabilities required by the smart mobility SoS,

Optimization: Optimize vehicle performance architecture for
drivability, ride comfort, and handling and,

¥ Modularization: Modularize levels 0 and 1 of the smart
mobility SeS_hierarchy.
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Business Process

Modular MBSE
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Business Process

. Unification Optimization B Modularization
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(2] System Architecture Definition (Operational Analysis)
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Operational Analysis
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€ System Architecture Definition (System Analysis)
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System Analysis
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€ System Architecture Definition (Logical Architecture)
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v & Common Parameters
> [ Driving Type (ex.LHD)
> [ Vehicle Overall Height
> [ Front Overhang
> [ Wheel base
> [ Y-Direction Center of Gravity
> B v_GVW *(1- v_Axle Weight Ratio)
> [ Vehicle Overall Length
> [ Full Option Empty Vehicle Weight
> [ Vehicle Total Mass (Vehicle + Load + Passenger)
» [ Standard Option Empty Vehicle Weight
> [ Vehicle Ground Line
> [ Vehicle Overall Width
> [ Front/Rear Weight Ratio
> [ Frontal Area of Vehicle
> [ Rear Overhang
> [ Vehicle Cooling Area
> [ v_GVW * v_Axle Weight Ratio
> B v_F.CVW * v_Axle Weight Ratio
> [ v_S.CVW * v_Axle Weight Ratio
» [& Z-Direction Center of Gravity
> [ X-Direction Center of Gravity
> [ Vehicle Type (ex. Sedan)
> [ v_S.CVW *(1- v_Axle Weight Ratio)
> B v_F.CVW *(1- v_Axle Weight Ratio)

Logical Architecture

Common Vehicle
Parameters

Common Vehicle Parameters, Logical Architecture Views, Traceability



Logical Architecture
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€ System Architecture Definition (Physical Architecture)

B unification Optimization B Modularization
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€ System Architecture Definition (Physical Architecture)
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v B Physical Architecture
> @& Physical Functions
& Capabilities
& Interfaces
> & Data
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Conclusion & Observations
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Conclusion

Iterative knowledge capture
Legacy product knowledge
Design evolution

Configurability
Module standardization
Interface definition

Managed complexity
Modular architecture decomposition
Granular model management
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Benefits

www.incose.org/symp2024 #INCOSEIS

Distributed development
Designated module teams
Designers and vendors

Improved reuse
General vehicle module libraries
Program-specific usage

Cross-enterprise collaboration
Multi-stakeholder requirements mgmt.
Model-based supplier collaboration
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Observations

* Modular architecture development a possible way to manage
model development complexity

« Potential for module-based product line engineering

« Significant upfront architecture definition efforts needed for true
ROI

- —Pilot-MBSE-initiatives must extend beyond organizational silos

« When will MBSE-driven digital twins of entire product lines be a
reality? Or will it”?
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