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when the converted power is small, typically less than 1W.
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There is no "one fit all” solution

Typesof harve
providing pow
without extarnal

charger - o Rotary. E‘Eclrndynamlc\ww
E 1w

N pP desktop
pP laptop
Electroluminescent display
Bicycle lighting

100 mW. NGSM & Mobile phone
i Small LCO and OLED displays
16 mw. 3 Conventional WSN transmit,

PALM MP3
LED indicator light

Vibration harvester .
Lk Transceiver Bluetooth

(electrodynamic or pisza)

100 W

 Minfature FM Recelver
/hdvanced WSN/Activate RFID

Hearing aid

RF beam.
o F bea =
rpr::l‘nm“‘:ltzmc o L
linear =
elec!

rodynamic 1 WV Passive RFID (no battery)

ey Electranic watch
or calculator
10w £
32 KHZ quartz indicatar

Standby

Each solution may be efficient in a certain range of Power.
Meanwhile, shrinking Chips consumption come at a time when energy harvesting becomes efficient and practical
(source: IDtechex.com)
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@ Dynamic of the mass M:
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M the mass

f, the force onto M

A, vibration's amplitude
w, vibration's pulsation
facc is the inertial force

i current of the device
(actuator convention)

im motional current
fp inside piezo force

N Piezoelectric force
factor (depends on
geometry)

fp Piezo internal force

fs Material internal elastic
force

Ks equivalent stiffness
(depends on geometry)

Ds Viscous coefficient
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Power Extraction on a load resistor R; from harmonic oscillation
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pPe = Vv.i is the output power, p,, = foccW is the mechanical input power

and both should be < 0
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SM ) Comparison with a DC motor
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Presentation of the system
Modelling of a piezoelectric energy harvester EMR of the system
Power Extraction on a load resistor R; from harmonic oscillation

Example

Device's properties

N =0.012N/V, Ks = 6300N/m, C, = 300nF, Ds = 0.17Ns/m,
M=1g

Calculate for A= 0.1mm

@ the best working frequency,

@ the harvested P, power in the best

case, Validation
@ the power of the source P; in such Is v =—Ryin a valid
best case, assumption?

@ the optimal resistor Ry,

@ the deflection amplitude of the bender,

@ the voltage for this working point.
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Answers

@ The best working frequency is given by

1 Ks _ 1 6300 __
fo=2:\/ % = 27\/ 1103 — 400Hz
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Presentation of the system
Modelling of a piezoelectric energy harvester EMR of the
Power Extraction on a load resistor R; from harmonic oscillation

Answers

@ The best working frequency is given by

1 Ks _ 1 6300 __
fo=2:\/ % = 27\/ 1103 — 400Hz

@ For the best case, P, is given by

Py = \%55\2 _ (1.10*3.1.18(?(;";-.7(27&400)2)2 — 464mW
@ For the best case Py = 2.P, = 928mW/
@ The optimal resistor Ry is given by

Riopt = B = %10, = 11800

0,0122 —
@ The deflection W,y is given3by \ )
_ facel _ (1.1073.1.10—%.(27.400)%) __ |
Winax = (D-+N2R)wo 2.0,17.27.400 = 738um!
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Answers

@ The best working frequency is given by

1 Ks _ 1 6300 __
fo=2:\/ % = 27\/ 1103 — 400Hz

@ For the best case, P, is given by
2 -3 —4 2)2
P, — \fabcs\ _ (110 .1.18(?O 1.7(27r.400) P _ 464mW
@ For the best case P, = 2.P, = 928mW

@ The optimal resistor Ry is given by
Riopt = D5 = %17 — 1180Q

N2 T 0,012
@ The deflection W,y is g|ven3by \ )
_ facel _ (1.1073.1.10—%.(27.400)%) __ |
Winax = (Ds+N2R)wo 2.0,17.27.400 = 738um!

@ The voltage is then given by
Vmax = NRwo|w| = 0,012.1180.27.400.738.10~¢ = 26
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Modelling of a piezoelectric energy harvester
n a load resistor R; from harmonic oscillation

Answers

@ The best working frequency is given by

1 Ks _ 1 6300 __
fo=2:\/ % = 27\/ 1103 — 400Hz

@ For the best case, P, is given by
2 -3 —4 2)2
P, — \%Es\ _ (110 .1.18(?0’1.7(27r.400) Y — a64mW
@ For the best case Py = 2.P, = 928mW/

@ The optimal resistor Ry is given by
Riopt = B = %10, = 11800

0,0122 —
@ The deflection W,y is given3by \ )
_ facel _ (1.1073.1.10—%.(27.400)%) __ |
Winax = (D-+N2R)wo 2.0,17.27.400 = 738um!

@ The voltage is then given by
Vmax = NRywo|w| = 0,012.1180.27.400.738.107° = 26V
s = 19909 ~ R;, — Calculations

_ 1 _ 1
® Zcb = G5 = 27200.300.10°
are NOT valid!
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2 Cases to consider, since w should be wy:

1 1
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Presentation of the system

Modelling of a piezoelectric energy harvester EMR of the
Power Extraction on a load resistor R; from harmonic oscillation

For a real Generator, Ds # 0 and v # —Ryip,

We can show:

. ___ R P 1—jwR, Cp
im 63 ]VRL V= —kclim = ~JWONRLT R G W
and we write: v = —jwNrjgqw — Nkegw

2 Cases to consider, since w should be wy:

1 1
“ <SRG “ > R
ILeqldB: KieqldB IlegldB, KieqldB
— w — w
0 1 1 0
RLCp RLCp
Mleqg = Rr and kieq >~ 0, no problem, rleqg <K Rr and kiq is high, an other
just use the assumption study is needed

((Ks + Nzkeq) - sz) +jw(Ds + Nereq)ﬂ = facc
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Partial Conclusion

A resistor can recover the power optimally. But the study was not
valid for high R;. What happens for R, > R?

If Ropt < R

If Ropt > Rb

The power is not well extracted because Py < Popax. This
happens for high damped mechanisms.

A simple resistor cannot recover the power optimally (and this is
due to Cp).
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What happens if Ry < Rp and R > Rp?

resonance is shifted

R

— L ~
® Ieq = TH(R.Gu)? = (RLCow)?

_ wW?R; Cp
® ke = Rimfricup = G

((Ks + N?keq) — Mw?) + jw(Ds + N2rieq)w = f

—acc
N2
ol — JEetNkea _ ([ BTG
0 — M - M

leads to:
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What happens if R,,r < Ry and R > R),?

resonance is shifted

_ RL ~ Ry
® leq = THR,GuP = (RLCow)?
WCRC 1

® ke = Rimfricup = G

((Ks + N?keq) — Mw?) + jw(Ds + N?rpeq)w = £, leads to:

N2
b Kt N2keq _ 4 | KT
Wy = = M

Another optimal resistor

|7

The optimal power is harvested is N2rLeq = D, leading to:

N’R _ N2 -D
(R Cpuwyp)? , Kﬁg—z s
LCh—m
Rioprz = & 1 =R 1
opt2 — Dy ~2 K N2\ T R N2
* Gt rg) £oPP Lot

ot
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Conclusion

@ For the realistic case, there is one or two resistive loads which
allow to extract the maximum of power,

(log)

|
RLopt2
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Conclusion

@ For the realistic case, there is one or two resistive loads which
allow to extract the maximum of power,

@ There exist an optimal frequency which may vary if R; is very
high,

'D2/'D2Max P2/P2max

|
T
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Conclusion

@ For the realistic case, there is one or two resistive loads which
allow to extract the maximum of power,

@ There exist an optimal frequency which may vary if R; is very
high,

@ For highly damped structure, a simple resistor is not optimal.

P>/ Papax P>/ Pamax P>/ Papgax

Releg) | ‘ L
R I Iy B w
Lopt2
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Conclusion

@ For the realistic case, there is one or two resistive loads which
allow to extract the maximum of power,

@ There exist an optimal frequency which may vary if R; is very
high,

@ For highly damped structure, a simple resistor is not optimal.

— we always want to harvest the maximum of power!

P>/ Papax P>/ Pamax P>/ Papgax
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Conclusion

Performances

@ SSHI can extract energy more efficiently than a resistor when
damping is important,

P2/ Pamax
Standard Parallel SSHI
1 | 20F7 T 20FF
| 5 5
g s E_ts
33 33
EE s
| SSHI Ny 10 S 10
T2 T2
-T- | ER ER /\
2 5 2 5
|
| R rElTE Lherasrar
10° 10° 10 10° 10" 10
[ N B B B A D. Normalized load (a.u)  Normalized load (a.u.)
1T T T T T S
Frédéric Giraud Master E2D2 November 27, 2012

33 /40



Introduction
SSHI: Synchronized Switch Harvesting on Inductor
An Example of inverter Conclusion

Conclusion

Performances

@ SSHI can extract energy more efficiently than a resistor when
damping is important,

@ But Power extraction still depends on the load,

P2/ Paptax
Standard Parallel SSHI
4 | 20f T 20f~
I - .
B_ 15 B_15
35 33
EE s
| SSHI E § 10 E § 10
s =
T | ER ER
I 2 5 2 5
PR o
10° 10° 10 10° 10" 10
IR I T T N B | D. Normalized load (a.u)  Normalized load (a.u.)
1T T T T T S

Frédéric Giraud Master E2D2 November 27, 2012 33 /40



Introduction
SSHI: Synchronized Switch Harvesting on Inductor
An Example of inverter Conclusion

Conclusion

Performances

@ SSHI can extract energy more efficiently than a resistor when
damping is important,

@ But Power extraction still depends on the load,

@ Needs to measure bender's deflection w(t).
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General conclusion

In this presentation, applications of Energy Harvesting were shown.
The modelling of a piezoelectric generator has shown that the
power source needs an adaptation:

@ in frequency,
@ in load.

to maximize the harvested poer.

The key energy management rules were presented through the
analysis of the EMR of the system. A typical power electronic
circuit was also presented, but the bibliography shows a lot of
example.
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End of the presentation

Questions?
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