Topology Optimization of EV Underbody
Considering Unpaved Road Vibration
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Motivation

1) Still lots of roads over the world are ‘Unpaved’
- EV should be considered also on the unpaved condition

<The percentage of paved roads 2015>

http://lwww.dangerousroads.org/rankings23/4941-countries-with-lowest-of-paved-
roads.html

2) Resonant frequency in EV will get lower than conventional vehicle
- Influence of EV Battery, weight is ‘Increased’

CO2 vi=% uij7| 2} BT
{o/km) {cc) (ka)
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135 3600748 1,580 SM3 Z.E 9 " a8 L M  ->Resonant Freq. Decrease

Renault Samsung Motors Official Site

EV vehicles are more exposed by Resonance condition ! HANYANG UNIVERSITY 3
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Motivation

3) Perform ‘Maximum Eigenvalue Topology Optimization’ (EV Underbody)
- By the same mass -> get the most optimized design

& 8

Eigenfrequence
8

0 5 10 15 20 25 30
Iteration

4) Optimization Target Vehicle -> ‘Body-on-Frame EV’
- Optimizing Area : EV Underbody

BODY-ON-FHAME
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Setup Road Scenario
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Setup Road Scenario

Extracting Road Profile

1) Extract Unpaved Road Surface ‘Profile’
- Make a different scenario based on road condition

4.4 Analysis of road roughness
The deviation of the road surface from a ho: ntal plane can be described by the wave-

(rm - lengths and amplitudes of the roughness, se F rgure 10. The very shortest roughness wave-
rﬁ ‘/agverket Publication 2000:31E lengths are classed as m icrafexture, which is determined by the properties of the aggregate
-3 dbincl i.{ 5 mewhat longer wavelengths are classed a extir
ch 1s hthmg s the hp of the gggt dthp ul zd.l—

are quite s Pldgndr 55 [2], often caused
VE O ens 29

Whole-body vibration when yaui
riding on rough roads

Figure 10  Wavelength (A) and amplitude (A). Above at corrugation, below at a
pothole.

m) But, the math formulations are too simple to setup various scenario
& Explanation about considering friction is ambiguous

Substituent Method mp carSim®

Mechanical Simulation
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Extracting Road Profile
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2) Extracting Procedure

(@ [Carsime22_Data] Procedures; { $ test } 3§ chassis @ [Carsim822_Data] Road: 3D Surface (All Properties); { Ride Roads } Off-Road 20 deg. [L] L= B o)
File Edit Datasets Libraries GoTo View Iools Help File Edit Datasets Libraries GoTo View Iools Help
m Proc178 m Road126 @ (g
12122016 01:3¢
12-12-2016 01:35
sl i Forvard LibTool Parsfie b Sdebar Refresh  Help  Lock
This Procedure demonsirates 3 common Double Driver Controls Start and Stop Conditions Plot Definitions o Sutt
Lane Change handiing test. e
[ Constanttagetspeed _ ¥| 60 km/h [ Stop i at specified time or station ~ Lateral Tracking vs. Station The road data are used to create up to 25 sets of
This example is used in the CarSim Quick Start Time isec] Path station [m) shapes for the animator, each conesponding to ane
Gidz, Since the test duration i short 10 e 0 bleouo o diyie ok lane along a lenath of the road. The shapes are
seconds or 210 m, whichever comes first] and the | = Braking: Brake control - enerated from the data in the four geometry links
dynamic motions are easily visibls in the animator, G S1ekS Sonte Stop: 10 210 oS P el e d SR Ion] g o >

it a lest commanly used to evaluste different
vehicle dota

To see how the diver path was set up. click on
the blue link "Double Lane Change (Quick Stat)”
for more information.

= {CarSim Fiun Controf 3 fest 47} -
Hdodels: & mulnk: $3 test sim sim expont
Animator: Camera Setup: 13 deg. Azimuth, &
Vehicle: Assembly: C-Class, Hatehback 201
Pracedures: $3 chassis

No Open-Loop Braking Pressure -
Shifting controk ClosecHoop shit contiol |

[T Specity iniialization details?

Slip Angles

Lateral Accel, of CG's

AT Al Gears hd
Roll Angle of Sprung Masses
Sieeing = “d"':“"“' Data Yam Rale of Sprung Masses
W )
Vattcal Forces
Additional Data Longtucinal Speed
( o dataset selected) > = {CarSim Fun Conlrol: $ test #1} -
; = T ] = & Modek: Simiirk: $8 est sm sin2 export
Misc: A ) Animator. Camera Setup: 13 deg. Azimuth,
Misc.: 30 10ad il o datsset selected) b i Vehicle: Assembly: C-Class, Hatchback 201
Bounce Sine Sneep 3 NoDataseq (o dateset selected) - % Procedures: $$ chassis
[Copy and Link Dataset]
i emoms d {Ho datesel selecled) -
55 sine sweep , A
el 2 Y Sstest s » iHo dataset selected) v
Misc. N 2D-spline » v) ( o dataset selected) x|
EDEE U {No dataset selested) -
Handling Roads »

Misc. N

‘ 1A B2

¥ Bounce Sine Sweep
Road Edges

Scenic Roads
straight

Test Facilities
Variable Width Roads

Large Smaoth Bump
Off-Road 20 deg.

Roll (Cross-Slope) Sine Sweep
Small, Smooth Bump

3
3
b Chassis Twist Road Sine Wave
»
3
»

Bump (Very Sharp 3.5 cm High, 40 cm Long)

<1> Choose the road type

(@ [CarSimg22_Data] /O Channels: Export; { §§ test } export [L]

Geometry

075

tesistance (typical value = 1.0} 1

Friction
ometry: Hori Friction: Mu via 5
Straight
Cematine elevation T Suface cosfficient for tre roling
Flat I+
enter elevation 1: &2 via 5L gid |
OffRoad Tenain |~

plus the shape definitions from the link below.
f Tpdais Shapes ]
Offfioad ~

Height of vehicle shadows: 50 m

Other sets of shapes associated with this road.

Misc. animator imator Group |

Sky for Light Grass

nator set

animator set

Preview the Road
Positions of r0ad reference camera points
Front 05 m Rea| 05 |m

( View with Animator |
Rear View , Road Ref. [Fit. Facing]

File Edit

Libraries GoTo View Tools Help

& {Carsim Fiun Contol §§ test H11 -
Flodsls: Simink: §3 testsim sim evpor

rimaor: Camera Setup: 13 deg. Azimuth,
ehicle: Assembly: C-Class. Hatchback 201
ocedures: $5 chassis

Undo

Rleadme fil for outputs: | Programs'solvers\FleadMei_i_oulputs_tab.tet

Categaries
G elect by units

Export variables can be ereated using equations
that you provide here. The srtax s

DEFINE_QUTPUT <name> = <expression> ; Cunits>

wihere <name> is the name of the new output variable
and <eupression’ is an algebraic expression invlving
math model varisbles. Other VehicleSim cammands
can be used to define ausiiary varisbles,

Available Vanables | Show Long Hames

Vien Spreadsheet

Active Variables for Export

R TZ0 =
ey |22 A
vt
wforn
in i st

Double-ciick on & vaiable name here to activate it
Optional equations (witten and processed after the above i)

Double-click on a variable name here to deactivate it

<3> Export Output variables

(Wheel displacement

) <4> Send to Simulink , Save data

File Edit Diagram I
- - - - - [0 blazmal
4 Scope
test
- File Tools View Simulation Help
@ |[Faltest
@- | SOr® =-|aQ-C-|F -
@
)
=
s =
==
CarSim S-Funclion
Vehicle Code: i_i
TewWenzras
To Wars paaat

(@
-5
»>

|
Ready View diagnostics 100% auto(FixedStepDiscrete) |
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’I Setup Road Scenario

Extracting Road Profile 3) Road Scenario
<1> Bounce Sine Sweep 85 Z_L1 offroad 0.2xlsx

Z 11 _offroad_0.7 xlsx
Z_L1 sinesweep_ 0.2 xlsx
Z L1 sinesweep 0.7 xlsx
Z_L1_twist_0.2 xlsx
Z_L1_twist_0.7 xlsx
Z_long_0.7 xlsx
Z_R1_offroad 0.2 xlsx
Z_R1_offroad 0.7 xlsx
Z_R1_sinesweep 0.2 xlsx
Z_R1_sinesweep_0.7 xlsx
Z_R1_twist 0.2 xlsx

<2> Chassis Twist Road <3> Off road terrain @/ Z.R1 twist 0.7 xlsx

HANYANG UNIVERSITY



’I Setup Road Scenario

Extracting Road Profile
Displacement difference by Friction? Set Mu =0.7, Mu = 0.2

Front Left Wheel Disp(m)

<1> Bounce Sine Sweep

Bounce Sine Sweep
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<2> Chassis Twist Road

Chassis Twist Road
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4) Road Analysis

Friction value is working as
variable at Scenario <2>, <3>

<3> Off road terrain

Off Road Terrain
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’I Setup Road Scenario

Extracting Road Profile
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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

Single-Sided Amplitude Spectrum of X(t)

n 1
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<2>Chassis Twist mu = 0.2

Single-Sided Amplitude Spectrum of X(t)

<3> Chassis Twist mu = 0.7

; Single-Sided Amplitude Spectrum of X(t)
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150

Unpaved Road prevail frequency

-> 11Hz ~ 16Hz !!
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Specification of
EV Underbody Model
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Specification of EV Underbody Model

Benchmarked Underbody Model
-> Mercedes — Benz G Class

Dimensions

187 56"

a0.e°

More Exterior Dimensions

Overall height
Overall length

Overall width
Coefficient of drag
Wheelbase

Curb weight

76.9in

187 6 in (including spare tire, excluding
brush guard)

80.9 in(with mirrors)
TBD

1122in

5724 |bs

™ | Unlike other solutions in the market,
E‘ H O D R | \/E EchoDrive does not replace the existing
drivetrain but rather adds energy to it.

Electric Motor Advanced Battery System
EchoDrive's advanced batteries allow
for high capacity in a small space.
Developed and tested over several
years with safety and reliability being
the top engineering priority

Driveline integrated system
simplifies torque assist and

utilizes regenerative braking to /
recharge the batteries giving

greater overall efficiency.

A — Plug-In Charging

By leveraging grid power,
Inverter EchoDrive utilizes an inex-

pensive and cleaner energy

source stored in its battery
packs. This cheap energy
helps EchoDrive increase
fuel efficiency by up to 50%

rts the direct current
battery pack to high

energy alternating current for
the electric motor

HANYANG UNIVERSITY



’I Specification of EV Underbody Model

Modeling Tool -> Autodesk Inventor 2016

Real Model
(For Modal Analysis)

Design Domain Model
(For Topology Optimization)

mm) midas NFX

HANYANG UNIVERSITY




’I Specification of EV Underbody Model

Modal Analysis (Real Model)

MODE
MUMBER.

LY I = RN B = LT IR O I R O R

=]

EIGEMVALUE

0.000000e 4000
4. 7883172007
9.6740342 4003
1.497929e+005
2.3420132 4005
4, 5267932 +005
5.290715e 4005
7.253579e+005

7.6008592+005
1 NN 74= 400A

RADIANS

Computational
C Design
Lab

Recall that Unpaved Road

Modal Analysis

CYCLES

0.000000e4000 | 0.000000e 4000

§.919757e-00
9.835667+00
3.87030%e+00g
4,839435e 4002
6. 728145e+002
7.273730e4002
3,516795e+002
8.718291e4002
1 NN1N1 78 4007

7.702199= 4001
1.070313e+002
1.157550e+002
1.355490e+002

1.387559e+002
1 GOT1AN=40N7
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CIEEA  |[DHILSEA
EEE 50
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1]

prevail frequency is
11Hz ~ 16Hz !!

-> Resonance could
happen easily

Topology Optimization

Process

HANYANG UNIVERSITY
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Topology Optimization
(Elgenvalue Maximization)
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Topology Optimization (Eigenvalue Maximization)

NG

Recall Py f (Hz) (eigenvalue property)
T
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-
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e e 1
HunEE  [DCod 0 aHEE FEEENE] =
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ay or 5 e 0.01
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B3 30,10
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. .
Gray : Non-D n Domain
ray : Non - Design Domai

Blue : Design Domain

Eigenvalue Maximization

HANYANG UNIVERSITY
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’I Topology Optimization (Eigenvalue Maximization)

‘Objective Function vs. Iteration

Looeso
soneo
L40e-0 /waw—‘—*—ﬂ
12060
L0080
£00er0
::::::
e
200000
00000
oo ooe ooweao0 so0ev00a e e 00

Iteration

Maximization
Completed !!

volfrac >= 0.5

HANYANG UNIVERSITY
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Conclusion
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Result & Conclusion

Recall 2—/1: f (Hz) (eigenvalue property)
T

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 !!

HANYANG UNIVERSITY
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Result & Conclusion

Limitation

- 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

HANYANG UNIVERSITY



Thank you for your attention
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