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Experimental study of dynamic vibration absorber and energy harvester
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ARTICLE INFORMATION ABSTRACT

In this study, application of a dynamic vibration absorber system consists of two symmetric cantilever
beams with tip mass and piezoelectric layer, in order to suppress undesired vibrations and harvest
electrical energy, is studied. The main vibratory system is a simply supported beam, which is excited by
a DC motor with rotating unbalance mass. To derive the governing electromechanical equations, the
Euler-Bernoulli beam theory and the energy method are used. Then the governing electromechanical
equations are experimentally validated and accommodation between theoretical and experimental
results is shown using several frequency response plots. Using the non-dimensional governing
equations, effect of changing the system parameters such as the tip mass, load resistance and length of
the cantilever beam is studied. Then, considering ability of system to effectively suppress undesired
vibrations and increase the harvested electrical energy, the proper range for selecting the non-
dimensional tip mass and non-dimensional load resistance is presented. Finally, using the so-called
perfection rate parameter, the best parameters, to have a good vibration suppressor and energy
harvester, are obtained. Results shown that both of energy and vibration considerations can be satisfied
using the system.
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Fig. 2 modal analysis test setup
1- DC Motor
2- Wire holder
3- Accelerometer

4- Data analyzer
5- DAQ card
6- Modal hammer
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Fig. 1 Schematic of the main vibratory system with piezoelectric
dynamic vibration absorber
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Fig. 4 The dynamic vibration absorber
1- Cantilevered beam 3- Substructure
2- Tip mass 4- Piezoelectric layer

il Sl L3l 4SS
S ySlg5m el -3 oS S i -1
SepSlopn a¥ 4 Sy (SaS o2

SeySlgney 5 kol e Slasiie 2 Jgu
Table 2 Properties of the main system and piezoelectric device

slade sles sSmd sl
805.50 Ly (mm) shol 55 Jsb
5.78 I1 (mm) S Sy cla i shal b alols
78.90 I, (mm) S Sy Y (glol b alols
17.28 Is (mm) S S5 el slel b alols
69.06 1, (mm) S Sy &Y bl b alols
80.4 ls (mm) Ol (SaS o,z slal b alol
92.7 ls (mm) I (SeS g2 lag b alold
162.15 I (mm) ol Qi 55 Jsb
12.65 tm (Mm) ol i culies
25.31 Wiy (MM) shol 55 oy
0.92 tp (Mmm) [ERIES RN
12.82 Wy (Mmm) RIS S-S
0.05 tp (mm) S Sy Y Caolies
36 w, (mm) S yiSlse &Y o
0.15 tep (M) S Sy Sl sy Cales
36.94 Wsp (Mm) SopiSlgrm CSlu ) oy
6353.1 Mmotor () Syl ygige oy
1713 M, (1) Sl (SaS slaaiyg o>
14.3 Munbatance (OF) OBy Sagd (VUL oy
36 r (mm) OBz Sens VLG gl
7498 pn(Kgim?) el 3 Sz
77879  py(Kg/md) A L JE

7500 pp(Ka/md)
2700 psp (Kg/m?)
742.5 Jiip (gr.cm?)
-280 da1 (PC/N)

Sl Y JSx

Sl cSbop; JBo

SOl (SoS 4y (arz (omrbl Oles
Sy aY (R S

210 Co(nF) SeySllyie 4 il codyb
10 R (MQ) polie (S SIl L
190 En (GPa) Lol 55 S Jgaa
190 E» (GPa) il 5 Sl g
62.5 E, (GPa) S pSlgiey 4Y Sy Jgoe
69 Esp (GPa) S Slgs ¥ p; S Joue

90 S0 el e sl (o 68 s8ge Sl eslinul b (Lol g
alwgdy e Sllug amels 00,5 0 Soymd wade JuS ol
S5t S s L 43 35,5 on 5,53l oo 1S i 2

! Lutron VB-8203

03 o los 18 055 1397 slsya (e Silse uwiie

G 4 00 oyl glaosls i eoliul b odel Cowds pgo 5 Jsl camd
OS5 onl 5 wen gids gy BB USS 4 conl Sl Gy <l
i A Jloge (28 Cend 3l edal sy slo il S g 5500
ol 4t Lol 107.44 7037

odel ey slo el oo Dslis e o el 3Y S5 (ol 4y 4z
s 60l50 50 Blgice |y o Gtalejl 5l ol @l b 9 Laly,
i Rl 15 e g (Jake SlallaSS s Siasl g2y
Saals Sl 5 il ol 5 gise Sl e 3 sase
s il gl il )| Sl by 5 bl addel wliles)
o jlodae jlosel cusay (5,55 sloyial)ly 3l ealinl jslaie 4 il
el 55 oMol 350 e gl ool delol o e ail| Slloe 45 L5k,
it & s ol 85 Sl 55 4 oY agise Jlael i (Seid
sl o a5 695 5 (225 losls Gl SoldS sbml Jelse sl
Sgi o Slowle 3y tads Cums oyl 5550 50 BISTL

o oy s S o gy oSl SeilSog S| EYolas aslsl 4o
b oyd Sy 55 90 3 UKD el 0als 5,108 dms 0,55 Ojgoa
75 g a5 awd oo plis | ()] (Seelins @3 Gl e 3 (o
oS S s i o i (el i) e e 53
ooles 4SS 5o pin i b aidbige SopSllyny slaaY Jels
Aloads osls

Gl 2 Jouz 30 5 Seiprr g SepSlonn sloay o olasis

Liloads

Joe Glo) 59, 4 5l am 5 B oando slauils B dslie 1 Jgue
Table 1 Comparison between natural frequencies before and after
model updating

S el canlil s s caaljlan s
Jil ok 55 8070 14.68% 70.4 0.00%
ps5 b LS 107.9 0.43% 107.8 0.34%

—— L
Fig. 3 Equipment and tested system
1- DC motor 4- High speed camera

2- Main vibratory system 5- Portable vibrometer
3- Vibration absorber 6- Oscilloscope
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Fig. 7 Frequency response of the root mean square of the output
electrical voltage
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Table 4 Perfection rate of the system for the non-dimensional tip mass
0.04 and non-dimensional load resistance 1

P.R. (%) Is/1(%)
83,51 66.93
72.94 74.93
62.75 83.26
54.20 91.58
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Fig. 9 Variation of the non-dimensional output electrical power with
changing the non-dimensional tip mass and load resistance
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