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A comparison between finite element and separation of variables method in
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In recent years, a variety of analytical methods have been used to calculate the output piezoelectric
Received 17 January 2017 energy, but the use of finite element method using analysis software in a variety circuit connection of
Accepted 23 March 2017 piezoelectric layers is something new in this field. So for the first time in this article it is tried particular

Available Online 29 April 2017 form of numerical analysis method is called separation of variables compared with the finite element

method, to take advantage of these methods in a variety connection of piezoelectric layers is to be

IFfl?e};Vgglredcs{ric determined. The model is a Bimorph beam with two piezoelectric layers and a central elastic layer. This
finite element Bimorph beam starts vibrating at various frequencies as a result of base excitation. First, frequency
energy harvesting behavior of the Bimorph beam is simulated using the separation of variables method. In this method, the
Bimorph beam equations of motion in parallel and series connection of piezoelectric layers are obtained as separate

parameters. The coupled mechanical and electrical equations are derived using the solution of equations
obtained from the separation of variables method. Finally, the output voltage, current and power are
obtained in terms of frequency.

Then, the Bimorph beam is modeled based on finite element method using ABAQUS software. After
the illustrating output voltage, current and power diagrams are illustrated for a certain range of
frequencies and the results of the finite element method and the steady state method are compared to
validate the model.
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Fig.1 Bimorph piezoelectric energy harvester configurations with (a)

series connection of piezo ceramic layers, (b) parallel connection of
piezoceramic layers
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Fig. 4 Power FRFs of the Bimorph for series and parallel connections
of the piezoceramic layers for separation of variables method at steady
state
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Fig. 2 Voltage FRFs of the Bimorph for series and parallel connections

of the piezoceramic layers using separation of variables method at

steady state
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Fig. 7 Meshing Bimorph cantilever beam
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Fig. 12 Power FRFs of the Bimorph for series and parallel
connections of the piezoceramic layers for finite element method with
the help of Abaqus software

ey (53l50 5 5y Jlail Sl 1 oz (udlS B Gsly @ Jloges 12 JSCi
oL 1810 5 S8 L sguoe ylall gy 4y S xSy

(w0 -4
LG s o be psie gilulas gy 90 5o 50 ondlS 3 L8, o aslsl o
Jlail Ao o (29,5 (S SIl Glgs g ol Gy game Glall g
g0 dumlie w2l (5lge 9 (50

s il o 3 3 iy oilS 3 Sy 5 13 JS5" o
e 990w oledl 5 bl Sl oo (6l 1) S Sy Slorio

Slye Jlail S o (g3 Sy (il S Euly @b alol o
oldl 5 L cdle o by gilulazr g, sl SopSlynn Slrio
ol 0 00l iales "14 A" o s9aze

S Jlal Ao s (el R el Bbadl s
oldl s Ll <l o b ysce lulas (s, sl 1) Soasdlgrn slaasy
oimgen 115 KA jo dg0me

-3
x 10
8 c c c c
------- finite element
" — Separation of variables |
6 [ -

Voltag FRF (V/g)

APTTL L ML T

r terss aanep®
00 1000 2000 3000
Frequency(Hz)
Fig. 13 comparing the output voltage of the Bimorph using finite
element method and separation of variables method at steady state for
series connection of the piezoceramic layers

iz s gy Ol «Bygail 15 (o7s 5 5y UKL anglie 13 JSC
Slxio gy Jlail Sl 0 dgaze szl gy 5 LL Gl o b sis

S ySlg 5

4000 5000

37

IS JJoged 3051 Caws 4 gl st sladge 38,5 a0 b aslsl o
Ll b S @ b pite gilolir Ll by, (295 5y 5050
._»)51 Cawddy i sabaly Ogoa by psie (gilulas Jdos g, 4o

Voo = %4
FRF = (0% X wy)

e o (295 ol g JSE A0) galal, S5
Aloe s 4 "10 S & jg0ds 5lge 5 (5 m

79> Oz @oge JSo 1L ST o T =VIR galal; @ ez b
Slrio ilge 5 o Jlail Sl G5 s SBiml 25
et ol @81 100 iy e L3 Conglin a5 il 4o Sy 2Slg5es
& LS, 4l d5e 50 )0 (g5 Dbz UKD 2al g, el ead
el (g Sy (S By

@o9e JS2 "12 JSa" 5 P =V2/R gabal, @ 4255 L Ll o
SSlye 9 s Jlail o )3 Gl 3 iz Bp9al 5 (295 Ol
el 581 100 1y oo (s Cenglie o5 Gl 5 Sy iSUly s lonios
N PRV SIS

40

0.015

e Parallel
H — series

5001 i 1

S i

[T

o

w

g

= :

> 0.005F b

0 e
0 1000 2000 3000 4000 5000
Frequency(Hz)

Fig. 10 Voltage FRFs of the Bimorph for series and parallel

connections of the piezoceramic layers for finite element method with

the help of Abaqus software
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Fig. 16 Variation of the current output of the Bimorph for separation of

variables method at steady state and finite element method for parallel

connection of the piezoceramic layers
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