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Abstract: in this paper, a simple but effective proposal for 
piezoelectric energy collectors. synchronized switching harvesting 
in the SSIH technique (synchronized switch harvesting on 
parallel inductor consists in placing a switch which will be 
commanded on closing at the instant when the amplitude of the 
vibrations passes through the extreme  this technique makes it 
possible to increase the power harvested from a ratio of 8 
compared to the power of a harvester based on ac dc converter 
similarly the SSIH command (synchronized switch harvesting on 
inductor for LT SPICEs-based simulations of the two techniques 
is carried out finally a comparison with respect to the standard 
structure of energy harvesting is made in order to validate 
theoretical concepts.  

Keywords: harvesting, SSHI, piezoelectric, WSN, LTSPICE, 
FBR 

I. INTRODUCTION 

the recovery of vibration energy can also be carried out by 
magnetic or capacitive devices [1], but it is the piezoelectric 
solution that is the most promising because it has the highest 
electromechanical coupling coefficient, requiring no 
polarization and the material is well suited to micro systems  
manufacturing technologies . piezoelectric energy collectors 
(PEH) has emerged as a leading theme of researchers whose 
interest continues to grow. the progress of low power 
components or design methodology reduced power 
consumption mobile, and therefore allow the feasibility of 
autonomous self-powered electronics devices. this opens up 
the possibility for completely self-powered devices, and the 
notion of small generators that produce enough power for 
low-power devices,  such as wireless sensor network 
(WSN). table 1 gives a power consumption balance for 
WSN ambient vibrations are presented in many different 
environments such as automobiles, ildings, structures 
(bridges, railways), industrial machinery, etc since 2002, 
many studies have been published on the subject of energy 
recovery.  
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 tang et al. and khaligh et al. [2] made a long synthesis and 
developed a state of the art for piezo electric vibration 
energy. collector it demonstrates the interest of researchers 
in this subject. in addition, piezoelectric materials have high 
power density power density of the piezoelectric generator 
 o  e ted t e energy of t e  ibration  i  abo t 250 μw /   3. 

in comparison, the power density of the electrostatic 
generator which collected energy vibrations are only about 
50 μw /   3. the vibration-to-electricity converter can also 
be performed by electromagnetic transducers ,but the power 
density cannot be high the piezoelectric generator. 
piezoelectric technologies have received a lot of attention, as 
they have high electromechanical coupling and no 
requirement of external voltage source. table 1 give a  
comparison of the three technology for harvesting which are 
of piezoelectric, electrostatic and electromagnetic type the 
variables which appear in the energy density equation for 
piezoelectric transducers are the elastic limit of the material 
σy, t e piezoe e tri   o p ing  oeffi ient k and t e yo ng y 

 od     in t e  a e of t e e e tro tati  tran d  er, ε i  t e 

dielectric constant and e is the electric field between the 
plates. in the case of the electromagnetic transducer, B is the 
 agneti  fie d and μ0 i  t e  agneti   a  a    

permeability. ambient vibrations are present in different 
environments such as automobiles, buildings, structures 
(bridges, railways), industrial machines, etc. table 2, gives 
values of the amplitude and frequency of the fundamental of 
the acceleration for different sources of vibration. these data 
are all the more important as the recovered power is 
proportional to the acceleration squared and inversely 
proportional to the frequency, as we will see below. the 
vibrations can be continuous, impulsive or intermittent: can 
be continuous, impulsive or intermittent:- continuous 
vibrations have a constant amplitude;- impulses relate to 
shocks;- intermittent have an amplitude which varies over 
time. continuous vibrations are the most attractive for 
energy recovery. various bridges are summarized in table 3. 
the maximum acceleration of bridge vibrations reported by 
sazonov et al. is 0.55 g; however, the maximum frequency 
(40 HZ) is recoded for the bridge reported by short and 
medium range bridges vibrate with a frequency generally 
between 2 and 8 HZ and acceleration levels less than 0.1 g 
some 
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Table 1- Summary of piezoelectric generators in WSN 

 
Table 2 – comparison of different harvesting technic 
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 4.5 80 
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bridges exhibit low frequency random vibrations (2 to 30 HZ) and weak excitations of 0.01 to 0.05 g [3]. huanghe cable-
stayed bridge (china) 1-2 0.015 however, on others bridge structures, vibrations are comparatively more severe with a 
frequency range of 1 to 5 HZ and acceleration levels of 0.3 to 1.5 g. from table 1, it can be seen that in the vibrations of 
bridges, the overall frequency content is in fact between 0 and 40 HZ and the overall various bridges are summarized in table 
2. the maximum acceleration of bridge vibrations reported by sazonov et al. is 0.55 g; however, the maximum frequency (40 
HZ) is recorded for the bridge reported by short and medium range bridges vibrate with frequency generally between 2 and 8 
HZ and acceleration levels less than 0.1 g [some bridges exhibit low frequency random vibrations (2 to 30 HZ) and weak 
excitations of 0.01 to 0.05 g ,huanghe cable-stayed bridge (china) 1-2 0.015 

Table-3 : bridge structures  vibrations RECOVERY 
 Bridge frequency (HZ) Acceleration (g) 
rt11 (new york, usa) 1 0.55 
Ferrite (sweden) 14_   15 0.02 
Barrel springs 2–30 0.01–0.035 
new arsta (sweden) 1–5 0.3–1.5 
Komtur (berlin) 2–2.6 0–0.006 

new carquinez (california, usa) 2–30 0.01–0.13 

(north, france) 2 0.05 0.05 
 

The main objective of the power electronics technology in 
the power conditioning circuit, is described in figure 1.2, it 
is to process and control the flow of electrical energy from 
the source to the load in such a way that energy is used 
efficiently. Maximum power is transferred from the source 
to the electrical load. 

 The power conditioning circuit involves 
the conversion and regulation of 
electrical  
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voltage to appropriate levels for the loads. To ensure the 
continuity of operation of the load, even when the external 
power source is weak or temporarily essential, the extra 
energy already harvested must be stored in the rechargeable 
battery or in the super capacitor,. Depending on the 
conditions of the ambient energy source, characteristic of 
the energy collector , and the power supply to the load (i.e. 
the wireless sensor node and the control circuit), 

 
Figure 1.1 - structural diagram of a vibratory energy 

II. MODELIZATION OF PIÉZO 
CONTILEAVER 

the structure of a piezoelectric energy collector described in 
figure 2.1 consists of a beam whose one end is rigidly linked 
to the vibrating structure. a flyweight is placed at the other 
end, which amplifies the displacement. it adjusts the 
resonant frequency and increases the bandwidth. the 
piezoelectric elements are glued on one side (single morph) 
or on each side (dimorphic) of the beam, .. mode 31 [5] [6].  
is used allows, thanks to the bending of the beam, to 
optimize the stress applied at the level of the beam. 
piezoelectric material, the piezoelectric generator can be 
 ode ed by a “ a   + po e +  pring + da per” a  e b y. ", 

figure 2.2. gives, the structure is equivalent to a mass m 
resting both on a spring of stiffness k, representing the 
mechanical rigidity of the structure, on a damper or damping 
dissipator D (in kg / s), corresponding to the mechanical 
losses of the structure, and on an ideal piezoelectric element 
related to the structure. of the collector. table.3 gives some 
examples of energy sources as well as their power densities           
α  N /    for e fa tor, it i  t e ratio between t e for e  p and 

the voltage V at zero strain. (the first equation reflects the 
dynamic equilibrium of the system and the voltage V at zero 
strain. (the first equation reflects the first equation eq(1) 
reflects the dynamic equilibrium of the system and the 
second corresponds to the displacement of mass is denoted 
by x, i and V being the output current and voltage collected 
on the piezoelectric 

                   
                      

          
                (1) 

Fp is the force applied to the piezoelectric element. the 
equations are derived from the standard equations which 
relate the stress T3, the strain S3, the electric field E3 and 
the electric induction D3. they involve the geometric 
dimensions of the piezo element from the equations we can 
establish an equivalent electrical diagram of the generator 
the electrical part is separated from the mechanical part by a 
perfe t tran for er of gain 1 / α     stiffness of the 
piezoelectric element when short-circuited, blocked 
capacitance         of the dynamic equilibrium of the system 
and the       

 
Figure 2.1- Configuration of piezoelectric energy  

harvester 

 
Figure 2.2 -Localized constant model of the generator 

 
part is separated from the mechanical part by a perfect 
tran for er of gain 1 / α     stiffness of the piezoelectric 
element when short-circuited, blocked capacitance         of 

the piezoelectric element,         
          

                
   (2) 

 
Figure 2.3 - Electrical diagram of piezo generator 

represented by a capacitance cm, the mass m by an 
inductance lm and the damping by a resistance r m. the 
resonance frequency f 0 is that of the mechanical structure 
and remains fixed whatever the load by analogy, in the 
mechanical branch the equivalent stiffness is       K  
is represented by a capacitance cm, the mass m by an 
inductance Lm and the damping by a resistance R m. the 
resonance frequency f0 is that of the mechanical structure 
and  remains fixed whatever the load 
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in the case of a mechanical excitation maintained at the 
resonant frequency, the electrical diagram can therefore be 
given in fig 2.4. the associated waveforms are shown. the 
consumption of the circuit for which the electrical energy is 
intended is modeled by a resistor r. the current ie is the 
image of the speed of vibration at resonance the diagram can 
be simplified     
 

 

 
Figure  2.4 - Resonance electrical diagram and 

waveforms 
 

  The output power is 

   
   
  
 

   

         
 
   

the force factor being very low, the maximum power is 

obtained for the resistance:      
 

    
 

and its expression is:          
     

 

      
  

the power is proportional squared of the applied force or of 
t e a  e eration γ        =   γ  and in er e y proportiona  to 
the vibration frequency fig 2.5 shows the equivalent circuit 
of cantilever piezoelectric energy harvesters [7]. this 
simplified model can be used in the case where the force 

coupling factor is weak and the piezoelectric voltage doesn't 
have a significant effect on the vibration behavior of the 
structure. the input vibration is modeled by a current source 
α    ,      is the velocity of the vibration, the force-voltage 
 o p ing fa tor  α  deter ine  t e energy  on er ion of the 
piezoelectric from the vibration to the electric voltage and 
Cp is clamped capacitance of the  piezoelectric element this 
model will be adopted for the simulation suite of non-linear 
techniques with lt spice. once the PEH is excited, an internal 
piezoe e tri  a ternating   rrent α      arge  and di   arge  
the inherent capacitor Cp, generating a voltage Vp across 
the PEH (10) (fig.3.1). in order to power a full bridge diode 
rectifier (FBR) (8)  is used to rectify the voltage Vp, energy 
can be extracted regardless of the type and frequency of 
excitation, as long as Vp exceeds the output buffer voltage 
VDC. however, this energy extraction is only optimized 
when VDC is equal to half of the peak open circuit voltage 
PEH  ˆpo  .t e period i  denoted T, t e instants T1 and T3 

correspond to the passage through zero of the speed of 
vibration, or even to the minimum and the maximum of the 
displacement. during a half-period, we can therefore write 
the following relation: 

       
  
  

   —             the second equation thus               

gives      
   

 

  
  

 

 
     the output voltage is given in eq (3)           

     
     

        
                    ( 3)               

 therefore depends on the maximum displacement     . to 
express it as a function of the applied force FE, the 
assumptions are: - first, the resonant frequency is that of the 
structure, electric; - then, we neglect the termVin the first 
equation            therefore 
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 the power is  obtained in eq (4) for the resistance: and its 
expression is it should be noted that during operation at 
maximum power with the impedance matching, time T2 is 
equal to the maximum power 

         
  

      

  
 

  
 

. it noted that when operating at maximum power with the 
impedance matching, the instant T2 is equal to T / 4 
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figure 2.5 -Standard energy recovery  and wave  forms for standard technical  Ip= 800μA    c0=470nF   R=100kΏ  

f=20HZ PDC= 16.9μw  

III. TECHNIQUES SSHI (SYNCHRONIE 
SWITCH HARVESTINGS ON INDUCTION): 

3. 1 Parallel SSHI : 
 The principle of non linear optimization is based on the 
addition of a switch in series or in parallel with an inductor. 
the switch is briefly closed at each extremum of the 
deformation to phase the voltage across the piezoelectric 
and the speed of vibration, and therefore minimize the 
energy stored in the capacitor C0 . .[9]. [10]  to increase the 
accumulation of electric charges on the parallel SSHI 
electrode: the diagram of the piezoelectric element and of 
the parallel SSHI circuit,  

 
as well as the associated waveforms are presented in figure 
3 .1.       

 
figure3.1-Parallel SSHI technique diagram and 

waveforms 
T1 and T4 correspond to the zero crossing of the vibration 
speed at the instant T1, the switch k is closed, the inductance 
l and the internal capacitance c0 of the piezoelectric element 
start to oscillate, the current ip and the vp voltage then 
evolve sinusoid ally  halfway through the Tlc oscillation 
period   

                   

(instant T2), [5]    the current is canceled out (unidirectional 
current circuit) and the voltage reaches the value  

  
   
 
         

  

       
   
         

  

    
  

                        
  

    
    

with       
 

 
 
 

  
>>1  is the quality factor of the resonant 

circuit r is the serial resistance of the coil added to the 
resistance of the switch .  

 
the  maximum power is obtained for the resistance: 
       

 

           
 ,   T3 is equal to T/4 the block diagram 

simulation with ltspice is given in fig 3.2     
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Figure 3.2-Waves signals parallel SSHI technique  R=100kΩ 

r=336    l=14mH  cp=14nF    qlc=0.36   p= 57 μW 
   =10μ  
   
qlc  inversion coefficient after simulation we retain the 
likelihood of the signals between the theoretical and 
practical signals for parallel SSHI control 
3 2   Serial SSHI : 
serial SSHI diagram, this nonlinear optimization technique, 
and associated waveforms are shown in figure  3. 3 .[11] 
.[12]  this version has the drawback of transferring energy 
only for a very short time (closing time of k), corresponding 
to the half-period of oscillation of the circuit lc  the average 
current at the output of the piezoelectric element during half 
a period of mechanical oscillation is equal to the average 
current in the load  

                          

  

  

 
   
 

 

 
                                                                      

the expression of the output voltage as a function of the 
amplitude of the applied force is therefore 
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Tigure 3.3 Diagram and waveforms of the SSHI serial technique 
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3.3. Comparison  
the variation in power, normalized compared to the power 
obtained with the rectifier bridge without SSHI, as a 
function of the load resistance standardized for the different 
energy recovery techniques. the interest of SSHI techniques 
is clearly evident there. [13]   these graphics are independent 
of the model parameters. only the qlc inversion coefficient is 

needed for the plot. practically, it is difficult to obtain a 
value of qlc greater than 0.7, which corresponds to an 
increase in the power of a ratio 8 it should be noted that this 
technique is interesting for weakly coupled structures or 
during operation outside the resonant frequency. with the 
values obtained during the simulation, we obtain results 
close to the theoretical results, noting moreover the tests are 
carried out for load resistances different from the optimal 
resistance giving maximum powers  
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dc 
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Disa dependence on 
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IV. CONCLUSION  

the SSHI circuit, has also been explored for the even 
strongly mechanically nonlinear and broadband structure. 
We know that the SSHI circuit increases the output power 
for weakly coupled, structurally (i.e. mechanically linear 
energy collectors). In this work we studied the performance 
of both serial SSHI circuits and with parallel SSHI . It has 
been observed that SSHI circuit can increase the output 
voltage of the branch of great amplitude for certain 
frequencies compared to the linear resistive loading. we 
could see the amplification factor of   the output power 8 
between the parallel sshi technique and the standard 
rectifier,only technique the impedance adaptation is always 
solicit in order to supply a maximum power to the load 
circuit WSN which is studied theoretically and carried out in 
simulation 
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