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A multi-degree-of-freedom electrostatic energy harvester Introduction Optimisation for real vibration sources

Problem targeted: Narrow operational frequency band. Motivation of energy harvesting: To enable sustainable self Problem targeted: Lack of analytical models to describe real
powered wireless sensor networks for structural health monitoring. vibration sources. Most researches simply employ sinusoidal time
Proposed solution: With n number of proof mass, the system domain acceleration as vibration input.
would have n number of resonant frequencies. Through Ambient vibration harvesters:
designing the parameters: mass m, spring stiffness k and ¥Suitable for integration into dark and enclosed systems. Proposed solution: A genetic algorithm with numerical
damping coefbcient ¢, the resonant peaks can be placed closely ¥Vibration sources are ubiquitous. (The world is in a constant simulations that considers the effects of each parameter of the
to each other. Hence, a quasi-broadband effect can be achieved. state of agitation.) real vibration input to produce an optimal frequency response. A
. . . Equivalent mechanical model | | piezoelec_tric cantilever sys_tem_ was optimiged for_ experimental
Thlsdde5|gn teChnllqu? can be : o F Micro-Electro-mechanical Systems (MEMS): acceleration data from the vibrations of a vehicle excited manhole.
used 1o potentially increase =k —>X; i, ¥Size miniaturisation.
1 . .
g;end\?v?detltlagr?g 2|mﬂiief;liﬁer’:ﬁg ks ¥Integration with ICs. Modelling piezoelectric cantilever energy harvester:
| plitying ¥Low cost (when mass produced). Equation (3)is  Mii(t) + Da(t) + Ku(t) + Av(t) = ! Mi(t) (1)
peak displacement.
| the output power v(t) = RAu(t)! RCo(t)  (2)
Governing equation: ky N ISsues: | when the system RM2 A2
oIS 1T ¢ |—>é: : ¥Narrow operational frequency band around resonance. operates at a specibc P= 5 F Do 2 (3)
| ¥Limited power density for feasible implementation. resonant frequency. (AR + D) + (RCDw)?|
Increasing frequency bandwidth Increasing displacement ¥Lack of real vibration analytical models for system optimisation. However. real vibrations M - proof mass
Displacement o x14+X2+x3 Displacement ¥Lack of studies on the feasibility in real world applications. are broadband in nature. D »; - mechanical damping

. _ D g - electrical damping
Equivalent mechanical model D - total damping

K - spring sti! ness

Energy harvesting for water distribution systems
X Problem targetEd: FeaS|b|||ty StUdy Of emp|0y|ng energy A - piezoe|ectric co& cient

R - resistive load
C - capacitance of piezoelectric materie
u(t) - displacement

harvesting to provide sustainable power supply for inaccessible
wireless sensor nodes in water distribution systems.

X1 . . .
Possible sources of energy: 38 g)ljfgjtt I\cl)gltglg ep lacement
Frequency Frequency (1) Hydraulic energy in bypass pipes. ﬁy(t) D - output power
(2) Hydrothermal energy in water-air temperature gradient. w - natural frequency
3D view of the designed 3 degree-of-freedom MEMS energy harvester (3) Kinetic energy from water pressure 3uctuation.
Method: Initially, a trial point is selected _Power after n-generations
’ Background research: The power consumption of a typical for each parameter and is then iteratively |2 2
wireless hydraulic sensor node is at the order of 10"s mW. While optimised. Roulette wheel select_lon IS 1§ o
solar cells can generate sufbcient power, they are not suitable for used tQ reproduce new generation of o 15
enclosed applications. Ambient vibration energy harvesting from populations. Result converges to an [
manhole cover, even after the optimisation using the genetic optimum design Wlth_ maximum energy |=
algorithm, was still not enough to power the sensors. output after n-generations. ’ e’ *
| Displacement amplification
¢ (1) Hydraulic energy harvester: 2 Result: EXperimental testing has shown signibcant enhancement
. . . In energy harvested from the design optimised by the genetic
Diverting water. Into bypa}ss pipes A rubine . . . . . . . . .
Method Smaller to power microturbines. A ) algorithm than sinusoidal simulations. This technique is promising
3-degree-of-freedom MEMS-based ‘ﬂdisplaccment oressure gradient is needed Main pipe 1 ‘. for optimising harvesters aimed at practical applications.
abricated using e Sandard SOL Three designs were investigated .
| . - ovel design improvements
fabricated using the standard SOI- Bigger %—v . —
MUMPS process. Testing and Sopiacenient Bypass systems Power ) Torsional ‘wbratlon mode Advantages Out—of-plane.wt’_)ratlon mode
characterisation of devices at Prst (a) Release waterto| 144 D 196 W Turbine ¥Large &aC Wlt.h O.Ut
resonant mode was carried out both | the environment 5 - displacement limit.
In air and in vacuum. Experlmenta/ tSt Setup (b) Flow driven by 0.07 B 0.32 mV o Vt ,‘ ¥A”OW COmpaCt placmg
S " pressure drop after 1 r-+| 2 4 > of comb Pngers. Thus, |
Result a valve E= S | . increases power density. | -
Th . 9 (c) Flow driven by <1pw viain pipe valve |
© Mmaximim meastred power " DN a Pitot tube Two-axis vibration power harvester
output from the current device Is . e (b) Advantages Spring Siffness Ratio
. | gl : . (ki k,:k,=10:100:1)
0.076 #W with peak to peak voltage | Shaker (S8 he System (a) provides more than Turbine ¥Simultaneous energy harvestin o > ot
o1 0.88 V, frequency of 14 kHz, input | 3 N\ enough power. However, it wastes = | in x & z directi ” ¥
acceleration of 1.53 ms= and \ G > __ A signibcant aﬁount of \;vater and M Ié.éI\)/I(e(:rfanlirceafl ISOth- er to limit
external load of 5.1 M$. . . Main pipe 2 pPREt 10 fimit.
causes severe disruption to the |, P P unexpectedly large vibration in
Power output Pos is directly — Effect of pressure on Pout water distribution system. While v real-world engineering structures. | ¢
proportional to the square of g (b) and (c) are inadequate to meet
input acceleration and bias [ the power budget requirement. () Development of new
Vo|tage_ In termS. of effect from g— 0.03 - | micro-fabrication process Spring thinning Substrate as mass
pressure, there is a threshold Q (2) Hydrothermal energy T”gm""”“mc on SOl wafer e _ = i SR
be'QW which _the da_lm_p_ing 5 0014 harvester: A water bypass | =~ eneratof_____()_"_t_s';c"_e_"_";r_ (collaboration with National - - " _
begins to drastically diminish. 0 | | | | system was designed for this = Research Council, Italy)
Thus, enabling larger vibration 01 1 10 100 1000 purpose (right). The mean water- oot ¥To fabricate more complicated structures for higher performance.
amplitudes. Pressure (Torr) air temperature gradient (North bypass pipe Manhole ¥To enable device & circuits integration.
England) is around 3 jC. Using Chamber
Comparing the current device with selected electrostatic harvesters this value, a thermoelectric m
Reference Fre(};lency Po%er Power/l\g[?ss/Acc_eéeration generator of size 40%40%4.2 mMlyain pipe || ¥YMEMS design improvement.
. (H2) (L) (pW/g/ms™") can generate about 2.8 mW. An | Valve 1 ¥ Investigate novel methods to maximise the power density and
Tashiro (2002) 6 36 0.046 array of these generators can increase operational bandwidth.
Mitcheson (2004) 30 3.7 0.74 meet the power requirement. - Wide band
Arakawa (2004) 10 6 2.37 - Random vibration
Despesse (2005) 50 1052 1.15 (3) Water pressure fluctuation K%” - Mec_han_lcal amplifier
12]4; (2(005) ) 4200 0.065 0.42 energy harvester: An electro- ] I(\:/Igllj[;lae )garllarvesters
iu (2007 1870 1.2 1.85 - - |- i
This device (in air) 1400 0.017 1316 mechanical system (right) was piston it 4 ¥Device design for various energy sources and real applications.
This device (i 1430 0'113 87'97 d_e5|g_ned, which “harvests the Main pipe ¥Power circuit design and system integration.
‘s device (in vacuum) ' ' Kinetic energy from pressure ¥Test equipment setup to model real vibrations
. . . . Vv .
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