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Motivation

1) Still lots of roads over the world are ‘Unpaved’

- EV should be considered also on the unpaved condition   

http://www.dangerousroads.org/rankings23/4941-countries-with-lowest-of-paved-

roads.html

<The percentage of paved roads 2015>

2) Resonant frequency in EV will get lower than conventional vehicle

- Influence of EV Battery, weight is ‘Increased’
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EV vehicles are more exposed by Resonance condition !  
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Motivation

3)  Perform ‘Maximum Eigenvalue Topology Optimization’ (EV Underbody)

- By the same mass -> get the most optimized design

4) Optimization Target Vehicle -> ‘Body-on-Frame EV’

- Optimizing Area : EV Underbody
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Setup Road Scenario



6

Setup Road Scenario

Extracting Road Profile

1) Extract Unpaved Road Surface ‘Profile’

- Make a different scenario based on road condition  

But, the math formulations are too simple to setup various scenario

& Explanation about considering friction is ambiguous

Substituent Method 
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Setup Road Scenario

Extracting Road Profile 2) Extracting Procedure

<1> Choose the road type 
<2> Specify road characteristic in detail (Friction etc.) 

<3> Export Output variables (Wheel displacement) <4> Send to Simulink , Save data



Setup Road Scenario

Extracting Road Profile 3) Road Scenario

<2> Chassis Twist Road <3> Off road terrain

<1> Bounce Sine Sweep 



Setup Road Scenario

Extracting Road Profile 4) Road Analysis

Displacement difference by Friction? Set  Mu = 0.7, Mu = 0.2 

<3> Off road terrain<2> Chassis Twist Road

<1> Bounce Sine Sweep

Friction value is working as 

variable at Scenario <2>, <3>



Setup Road Scenario

Extracting Road Profile 4) Road Analysis

Perform Road’s Fast-Fourier Transform (FFT)  Analysis

- To compare road’s frequency with that of EV Model. 

<1> Bounce Sine Sweep <2>Chassis Twist mu = 0.2 <3> Chassis Twist mu = 0.7

<4> Off-road  mu = 0.2 <5> Off-road  mu = 0.7

Unpaved Road prevail frequency

-> 11Hz ~ 16Hz !!
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Specification of 

EV Underbody Model



Specification of EV Underbody Model

Benchmarked Underbody Model

-> Mercedes – Benz G Class



Specification of EV Underbody Model

Modeling Tool -> Autodesk Inventor 2016

Design Domain Model

(For Topology Optimization)

Real Model

(For Modal Analysis)



Specification of EV Underbody Model

Modal Analysis (Real Model)

Modal Analysis

Recall that Unpaved Road 

prevail frequency is 

11Hz ~ 16Hz !!

-> Resonance could  

happen easily

Topology Optimization

Process
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Topology Optimization 

(Eigenvalue Maximization)



Topology Optimization (Eigenvalue Maximization)

Recall ( )
2

f Hz



 (eigenvalue property)

Gray : Non - Design Domain

Blue :  Design Domain

Eigenvalue Maximization



Topology Optimization (Eigenvalue Maximization)

Maximization 

Completed !!

volfrac >= 0.5
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Conclusion



Result & Conclusion

Recall ( )
2

f Hz



 (eigenvalue property)

Natural Frequency

15.65 Hz (Real Model)

Natural Frequency

20.13 Hz (Optimized Model)

-Eigenvalue : 1.6e4 !

20.13Hz is bigger than 11Hz~16Hz (Unpaved Road Freq)

- Adequate design for avoiding resonance !!



Result & Conclusion

- Model is not sophisticated ( We need to input more condition) 

- Investigated in only 3 road Scenario 

- In reality, Vehicle Natural frequency should be analyzed 

in comprehensive point.

- Battery Weight and EV body-on-frame dimension 

could be quite different

Limitation 



Thank you for your attention


