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FIG. 2. Recorded vibrations at different speeds of the engine. FIG. 9. FFT response of the cantilever beam showing the st natural frequency of 31.63 Hz.
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FIG. 3. Piezoelectric cantilever beam based harvester.

- EZm): M., (Effective Mass of Beam + Tip Mass)
. AIEl(k): keq (Stiffness of Composite Beam)

 SHH(DB): beotar = Bunecn + etec (71715 O + 4 H7| % Zal)
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FIG. 4. Cantilever beam in bending.
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TABLE II. Material properties of the piezoelectric material: PZT-5A4E from Piezo Systems, Inc.

There are two layers of piezoelectric each 0.9 mm connected in parallel

5. No. Parameters Values
I Young's modulus (GPa)
50
£y
E3 62
2 Poisson’s ratio {us) 0.3
3 Density p (kg/m?) 7500
4 Piezoelectric constants (=< 10 12 m/V)
-3
ds) 320
dss 630
5 Coupling coefficients
ki 0.44
ks 0.75
Relative dielectric constant, &35 3400
Mechanical quality factor, O, 32
Length > width (mm) 64 x 20
Thickness (mm) 0.19
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= I_I
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« Target =Lt Hd (k = 4.98e10)

FIG. 7. Piezoelectric cantilever beam mounted on the engine.
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R (COMSOL Modeling)
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Modal Analysis
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Frequency Response Study

Frequency Response Validation
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FIG. 3. Piezoelectric cantilever beam based harvester.

2025 CAE Team Project




Part 2 Physics Modeling & Validation

Damping Uncertainty

|'0|'
N
I
R’
il
>
1

7M||:||(Damping Ratio)= &=
HOle girs Sl A8

o

ot = &
> MQ @K} (42.78%)°| 0loz2 HI|= Of

2025 CAE Team Project

Open Circuit Voltage (V)
(%] Je Je on
(] ] on L]

(%]
]

20

15

Sensnmty Analyas Vcltage VS. Damplng

+FEM 5|mulat|0r1 (3D Model with Polsson Effer:t}
== Analytical Theory (1D Model, Conservative)

Gap due to
B 3D Poisson Effect
.
“n
- Ny, ‘.
Sy .-. -
- .“' L
.
~8.
.
R o~ -
. B- -
- s
[ 1 1 1 | 1 1 1
0.4 0.45 05 0.55 06 0.65 0.7 075

Isotropic Loss Factor (n)




Part 2 Physics Modeling & Validation

A=N g2 fra P

Frequency Response Validation
- W AV[0f B 2 2K} 42.78%)7F =) ' - | | |
70 1 Freq Error (vs 31.639Hz): 3.99% 1 T 1
. _(ID_l'Xl Dl_l' % E —_|'L9| .6._|_I| AI:I %EE RPM I:H Q:'. 0" Voltage Error: 42.78% CAE Peak: 62
2 3T FIk: R “;//%/,,%ffﬂfﬂ’*” | |
S
. et Meto| Mrjgtechs B Foigel  gw | | | | —
Bt 242 4l & £t ot= i X7 O e S NG SRS A M
> 40 L - === | | 4
« Frequency ErrorZ} 1% O[2H0.917%)2 2 ER
TxH 5540 A5E 5o -
o
. [M2tM & comMsoL 22 x|™351E 2|3t 820l |
ol RAE HEd
10 |—e— COMSOL Simulation (FEM) i i i .
— — Analytical Sweep Data
Exact Theory (31.639Hz)
0 1 1 1 1 1
30 30.5 31 31.5 32 32.5 33

Frequency (Hz)

2025 CAE Team Project




3

Optimization Study

2025 CAE Team Project



Part 3 Optimization Study

Sett ngs % Case 1 20l (L) [m] © Zol (L) mm]E E2F(M_tip) [ E 2 (M_tip) [ HIZ2 (Note)
Parametric Sweep 1 0.155 155 0 0 Baseline (Initial Model)
= Compute ' Update Solution 2 015 150 0.00062 062
Label:  Parametric Sweep 3 0.145 145 0.00131 1.31
. 4 0.14 140 0.00209 2.09
Study Settings 5 0.135 135 0.00295 295
Sweep type: | Specified combinations - 6 0.13 130 0.00393 3.93
» ) ) 7 0.125 125 0.00505 505
Farameter name Parameter value list Farameter unit
e o080 " 8 0.12 120 0.00635 6.35
= 9 0.115 115 0.00785 7.85
m._tip [l i 10 0.11 110 0.00962 9.62
003 . . . . ‘Libsam:IO‘OS. mi‘tlp:O.OEIIIQ frsq(?l)zSE le Sur‘fac‘e: wvon Mllses strES‘S (N/m?) . . 11 0.105 105 0.01171 11.71
12 01 100 0.01419 1419 Restricted Design (Selected)
0.025 13 0.095 95 001723 17.23
ooal 14 0.09 90 0.02092 20.92
TTP MSS _967]_ -\ 15 0.085 85 0.02549 25.49 _
o015} \_/ 16 0.08 80 0.03119 31.19 Extreme Case (Lowest Efficiency)

« Beam length2} Tip mass2| 167tX| X2 =2
| M 2EH ZN

» ST IO 220 M 40| Zitots 22X =2
0.015 —t | —
detot gf= FE517| 023

0005 © 0005 0oL 0015 002 0025 003 0035 004 0045 005 0055 008 0055 007 0075 008 --> %'%I:AO_I ﬂE‘A—-!% %E
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Resonance Check (Target Matching)
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Tip Mass Required to maintain 31.6 Hz
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Effect of PZT Coverage & Optimization
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_ » Performance Optimization (Energy Density) x108
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Part 4 Critical Analysis & Conclusion
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Settings

Condusion

. COMSOL A2 Al =32 = 4| 0| E{ 9| Bt ALS] = Compute to Selected = Compute
=3 T_I_X-” I:él-g v Error

Failed to find a solution.
The relative error (0.0014) is greater than the relative tolerance.

Returned solution is not converged.

- H2 #HRQ H0|HE =57 TS,
3 Error >
o ?:! gl = &! IE _él;l' Da mp INg a;l\- ; 'g_' O'I 7|'D:| )é! 6.;',' _OLH |®| The following feature has encountered a problem:
A-I AEI X-” %F%J__Il- El-% 2 O."A-I Al EE | M_:I El A Failed to find a solution.
% 7 r%g | 9)\% The relative error (0.0014) is greater than the relative tolerance.
Returned solution is not converged.

- Feature: Stationary Solver 1 (sol1/s1)
OK

2025 CAE Team Project




Part 4 Critical Analysis & Conclusion

Acceleration (mm/s?)
o

Il i S ;.. 1750t02050 | 2050t0 2400

. . -1
| }‘; l 750 to 1700 rpm rpm rpm

750 1400 1700 2050
Speed in RPM

FIG. 2. Recorded vibrations at different speeds of the engine.
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