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Energy Harvesting (Piezo) + Tire
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1) Modeling

Vehicle nodel : Tesla nodel S
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Hyperelastic material

S =S5u+ aglés , O :j'lFSFT, J = det(F)
o 1T
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W, = Cyoi1- 3) + Coyliz - 3) + ;—x( Ju-1)7

Settin
Hyperelastic Material

Label:  Hyperelastic Material 1
Domain Selection

Selection: | Manual

Override and Contribution
Equation
Model Inputs
¥ Coordinate System Selection
Coordinate system:

Global coordinate system

¥ Hyperelastic Material

IMateriaI model.

Mooney-Rivlin, two parameters

Model parameters:

Cio | User defined
0.517[MPa]

Co1 | User defined

nASIMARAT



1) l\/bdellng constrains

4 7 Solid Mechanics (sofia)
I W@ Linear Elastic Material 1

" G Free 1]

I W@ Initial Values 1

> AlPE fix

"Erolol RHEEHY

I (@ Fixed Constraint

I @ tire_hyperelastic

» quarter modelingZ 2|3

oller 2 M

Auxiliary sweep
Sweep type: [ Specified combinations v]

Parameter ni Parameter value list Parameter uni

force - | range(0,1380/39,1380) N ‘

I
I == Contact 1 » Elolo | AEXRT
e, I | -lgé d#-'_l- L T T T R
I & Prescribed Displacement 2 N . .
I mw vehicle_load > ¥ o] r'\J,Q.TI ol AERM
I mw air_pressure > kl'Eol:gl oy - Force
i Equation View (2250*9 81(4 Load type:
' I( Pressure -
> H- OI °'| 2' :61- 1' OA° P air_pressure Pa

@B6psi = 0.24821 [MPa])



T
coarsed| Wl Mesh %!

-1

o

Mesh

o=}

1) Modeling

QA@AEH Lk reEEER E@EE s~EEES®

Graphics
B a




1) lVdehng Nonlinear solving

o Range X

Entry method: Number of values =

Start: 0

Stop: 1380

Number of values: 40

Function to apply to all values: l None v]
[ Replace I l Add ] l Cancel ]

auxiliary sweep : force gf &

S =6l o] solve

Settings E
Stationary Solver
T- Compute to Selected = Compute

Label: Stationary Solver 1

¥  General

Defined by study step: | Step 1: Stationary v] =1
Relative tolerance: 0.001

Linearity:

Linearity2 Nonlinear= M E{
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2) Analysis

Graphics | Convergence Plot 1
aQ@d | L-ukE=EE0 @ @
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2) Analysis

Messa... Progre.. Log Tal
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Graphics | Convergence Plot 1 - T [_|
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force (N) solid.cnt2.Tn>0 (mA2)
1203.1 0.0012213
1238.5 |0.0012213
1273.8 0.0012213
1309.2 |0.0012213
13446 0.0012213
1380.0 |0.0012213

Contact area
12.21*4
4884 cm?
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2) Analysis

Convergence Plot 1
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Line Graph: First Piola-Kirchhoff stress, zZ component (N/m?)
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1) Modeling

El }Aa.ometry 1
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Form Unicn (fin)

4 555 Materials

[ =E= Lead Zirconate Titanate (PZT-4) (mati)
4 527 5plid Mechanics (solid)
T Linear Elastic Material 1
T Free 1
T Initial Values 1
& Piezoslectric Material 1
(mw Fixed Constraint 1
(mw Boundary Load 1 ———
el Equation View
% Electrostatics (as)
iy Multiphysics
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Width:
Depth:

[ Total force

0

A Mesh 1

4 % Electrostatics (es)

I umm Charge Conservation 1

© fmw Zero Charge 1
© fum Initial Values 1

|-
»
I8 Charge Conservation, Piezoelectric 1 |
I (mw Ground 1
I (mw Floating Potential 1
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2) Analysis

4 [ Results

Data Sets
oL Views
4 3 Derived Values
2 Point Probe Expression 1
© B Tables
4 Nl Stress (solid)
3 @ Surface 1
- NIl Electric Potential (es)
4 . Probe Plot Floating potential(v)
|E8 Probe Table Graph 1
+ Nl 3D Plot Group 7
4 7w 10 Plot Impedance
(&) Global 1

-Stress

F(6)=631.31 Surface: von Mises stress (N/m?)




2) Analysis

4 [ Results

3 Data Sets
b L Views
4 3 Derived Walues
2 Point Probe Expression 1

v B Tables
4 Nl Stress (solid)

3 @ Surface 1
o il Electric Potential (es)

4 ~w Probe Plot Floating potential(v) ———
|E8 Probe Table Graph 1
+ Nl 3D Plot Group 7
4 7w 10 Plot Impedance
(&) Global 1

Floating potential (v, Point; (0. €, 0)

€000 7000  BOOD 9000 10000 11000 12000
[

Palevcn psdvoce il

clobat Ratwance mpasinca (0

F

Floating potential (V), Point: (0, 0, 0

12121
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Modeling Outline

SAE's "Level 1/2/3"

DC Charging Systems

DC Level 1 200-450 volts DC up to 36

kiloWatts (80A)

DC Level 2. 200

Converter

-450 volts DC up to go

kiloWatts (2004)

DC Level 3: 200-600 volts DC up to 240

kiloWWatts (400A)
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[EV-Ful model Simulink paraneters]

MATLAB
SIMULINK

Electric motor Front and rear motor combined
output up to 772 bhp (581 kW),
920 Ib-ft (1,250 M-mj), 3-phase AC
induction motor

Transmission 1-speed fixed gear (3.73:1)
Battery 100 kwh lithium ion

Curb weight 4,960 Ib (2,250 kg) (P100D)
x  HERZ ST gg oz
7 HHESRI HE (0 250
BHE{2] S (sh) 280
Tesla Model S Tire Sizes
100D 245/45R19

930Nm

tor maxi R
moter maxim | . 0-5.100 1/min

vehicle_data Tg_max

FGR = 9.73; % Gear Ratio

m = 2250; % Weiaht

ocv = 345

C_non=290; % rated capacity [4h]

R_tire = 0.2413; % Tire radius - 19inch{0. 4826m)
DEESERNNREI

1 0.0001 130 9308
2 1250 130 9308
3 1300 130 9308
A 14000 1217143 8R4 3143



[SOC Calculation]
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1 vHE{2] SOC &H A

[SOC with charging in 1300sec] [SOC without charging in 1300sec]

~/5% at 9361 (sec) ~/5% at 847.7 (sec)
~74.6% at 12167 (sec) ~74.6% at 1101.4 (sec)




[80%—20% SOC with charging] [80%—20% SOC without charging]

75% t 20% approx. 385825 seconds 75% to 20% approx. 34883.75 seconds

80% © 20% approx. 10.977 Hours 80% o 20% approx 9.92 Hours
(9.925 Hours = 35000 seconds)

At constant Velocity 60kmh
658 A43km 595.524km
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About 10.599% Efficiency
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1. Electrical4ucom

2. https: Jkemathworks. compratlabeentral fileexchange 35735-charger-for-battery-48v-fromrdc-source-32v-
with-two-nmode-cc-and-cv

https: imwnvengineersgarage.comyarticle basics-li-ion-battery-charging-0

https: /Asmwaresearchgate. netpostHow does_a_CC-

CV_charper works_and How to_design a_Buck Converter based Battery Charper

http: At Ihu lv Conference proceedings 2017 Papers NOA3. pdf

https: /Amwarconsol. compblogs piezoelectric-energy-harvester-increases-car-efficiency/

hittp: At Thu tv €onference poroceedings 2017 Papers NO43. pdf

Evs Using Piezoelectric Phenomenon by Muhanmad Kanran
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https://www.researchgate.net/post/How_does_a_CC-CV_charger_works_and_How_to_design_a_Buck_Converter_based_Battery_Charger
https://www.comsol.com/blogs/piezoelectric-energy-harvester-increases-car-efficiency/
http://www.tf.llu.lv/conference/proceedings2017/Papers/N043.pdf
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