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Overview

- Applications of Vibration Energy Harve
« Real Vibration Data
- Holistic Design of Energy Harvesting Syis.
« Accelerated Simulation |
« Case Study: Ferry Engine

« Contributions from Project Partners

« The Energy Harvesting Network
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Applications of Vibration EH

- Typically condition monitoring, using wireless sensors

— Sensors can be retro-fitted without electrician/batteries
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« Also applications in asset tracking, monitoring of
rotating machinery, even human health monitoring

Energy Harvesting used for Wireless Condition Monitoring, GE [Online]. Available: http://eh-network.org/events/dissemination2011/presentations/Tom%?20Berry.pdf
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Cutaway of the Electromagnetic Micro-generator, optimal
power output of 58uWrms @ 0.06ms™2,
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; Torah, R., Glynne-Jones, P., Tudor, J., O'Donnell, T., Roy, S. and Beeby, S. (2008) Self-
powered autonomous wireless sensor node using vibration energy harvesting. Measurement
Science and Technology, 19 (12). ISSN 1361-6501
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Southampton Tuneable Generator

Harvestervoltage [Vins]

Power 261 125
Beam generation 67 68Hz o 68 72Hz b 63 7EHz 70.85Hz el
magnets W i f_,“: b i F. Cobas
| Ll i ¥ | l. 1
2805 | | " ,-"- || P ;"' | " _;'; | 5 f o
1% Tuning = | ,‘J'-{ | L | ,f d ;J v 0%
magnet o | i = | E | J
= [ Lo » - | 085
> 28 lf,j | || - | ‘f ] fF 07s
H j§ | o |.J" o ;
: fa y v | * l;' i
i g | | AT
: ) 1 | I 1 ] | 1
H O 2595 | :|I | i | |I | |
pui imamam R L.“-' _'““ 045
Tungsten 259 T : 0
mass ] 0.1 0z 03 04 05 0 07
Time[hrs] —— Capacitor ——Harvester
0.25
N :’E‘\." — 1 3MIM
5 f \ Ji\ e 1 2N
}f \ { : \ — 1 mm
‘I‘ \\ | : \ — 0N
| 1 ——
0.15 - { \ g3 9mm
' ) ——amm
J | \
,’ \ | —7mm
0.1 A p / L .»f : \ bmm
/ ’ : R
: s AT
nos 4 - s 3MM
) R .
14Hz , &l
1
9 % 2 5 I R )} 5 8 B B O3 O R B2 R PR 5 8 8 B 8
Frequency [Hz]

Zhu, Dibin, Roberts, Stephen, Tudor, John and Beeby, Steve (2010) Design and experimental characterization of a tunable vibration-based electromagnetic micro-generator. Sensors and Actuators A, 158, (2), 284-293.
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Harvesters are usually tuned to
a fixed frequency.

Many real-life vibration sources
vary temporally and spatially in
frequency and amplitude.

Adaptive generators and sensor
systems are required
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2011- 11 -08 Ford Focus Englne (Plate)
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Holistic Design of EH Systems

« Design sub-systems, define interfaces, plug them together
« Few have considered interactions in the entire system.

 How do we design and model systems containing
mechanics, circuits, devices, computation and algorithms?
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Energy Harvesting Systems: A Block Diagram (2010, July 16). Holistic Energy Harvesting [Online]. Available: http://www.holistic.ecs.soton.ac.uk/res/eh-system.php
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Simulation and Optimisation

« EH-nodes are complex and hard to simulate

Super-

| Ambif:nt AC Boosted DC
| vibration Micro- Voltage Power Voltaﬁe '
| ' generator ' processing
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| —

4 'l \ ——
| HAAAL =
o
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« Mix of long and short time-constants

— Disparity between vibration (ms) & storage (hrs)

Simulation of the supercapacitor charging curve of an energy harvester

Simulator SystemVision OrCAD Visual C++
(VHDL-AMS) | (PSPICE) | (SystemC-A)
CPU time (P4, 2G RAM) 4h 24min Oh 48min 6h 40min

| Available |~ 7

energy
: H Load |
capacitor |

| - |

Wang, Leran, Kazmierski, Tom, Al-Hashimi, Bashir, Weddell, Alex, Merrett, Geoff and Ayala Garcia, Ivo (2011) Accelerated simulation of tunable vibration energy harvesting systems using a linearised
state-space technique. In, Design, Test and Automation in Europe (DATE 2011), Grenoble, France, 14 - 18 Mar 2011.



Increasing Simulation Speed
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« Able to simulate complete tuneable EH systems

— New simulation technique: accurate and 100x faster
— Permits system optimisation, and potentially synthesis
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Download: Holistic Energy Harvesting Simulation Toolkit, http://www.holistic.ecs.soton.ac.uk/resources.php

Accelerometer

Existing technique

Proposed technique

Integration Implicit Newton- Explicit linearized
method Raphson based Adams-Bashforth
HDL VHDL-AMS SystemC-A

Scenario 1 2448 sec 3155 sec | 23.3 sec

L. Wang, T.J. Kazmierski, B.M. Al-Hashimi, A.S. Weddell, G.V. Merrett, I.A Garcia, “Accelerated simulation of tunable vibration energy harvesting systems using a linearised state-space technique. In,

Design, Test and Automation in Europe (DATE 2011), Grenoble, France, 14 - 18 Mar 2011.




Simulating EH-WSNodes

Power Processing
and Energy Storage
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Kazmierski, Tom, Merrett, Geoff V., Wang, Leran, Al-Hashimi, Bashir, Weddell, Alex S. and Ayala Garcia, Ivo (2012) Modeling of Wireless Sensor Nodes Powered by Tunable Energy Harvesters: HDL-
Based Approach. IEEE Sensors Journal (In Press)
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EH-WSN Design Explorer

Vibration
Source

8 parameters
4 circuits

6 performance
indicators

RSM built from
180 simulations

generator

Ability to explore a design in real-time
— Energy-aware node, simulated for 10 hours
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Vibration Micro- Power Storage Sensor node
source generator processing
User Amplitude of | Proof mass Diode bridge [Super- Threshold
parameters sine wave rectifier capacitor when
Stiffness of 3-stage VM value transmission
cantilever frequency
Frequency of | Number of coil | 4-stage VM changes
sine wave turns
Mechanical Q |5-stage VM
factor
Performance Generated Power Super- Number of
indicators power consumption | capacitor transmissions
Maximum Transfer voltage
displacement | efficiency




ol RSM Design Explorer

File Edit Help

Performance estimator of wireless sensor powered by kinetic energy harvester

Generated Power: Power Consumption: SuperCap
10.91 mW 14 mw Voltage:

Sensor Node

Micro-generator Power Processing For the given input vibration

amplitude and frequency
: . magnets "
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Transmission duty cycle depends on
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coil” P agelitn:
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RSM.exe

Engine Condition Monitoring

Engine Speeds
Idle (350RPM)
Slow (550RPM)

Normal (795% h\
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Long-Term Tests on Two Ferries

« Is the vibration signature similar on

— different crossings, and
— different ferries?
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Tuneable Generator
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Tuneable Energy Harvester
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Resistor Voltage (V)
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Results

 Manually tuned
« 3009 load

Mean power 11mW

MeLan power ?.8mW
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System Diagram

Actuator Ctrl.

Key:

Store V Meas. —p Power (unrectified)

= Power (rectified)
—» Signals
—» Buses

. Power Supply

Waveforms . Node Functions
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Project Details

« £1.6M, three-year, EPSRC-funded project EDGRC
« Kicked off in Q4 2009
« Over 25 people at four UK institutions:

« Industrial advisory board:

DICDES ARM {dialog cMSpiX
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UNIVERSITY OF

Newcastle Imperial College EAK university of
Southampton b ) BRISTC

University | ondon BRISTOL
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Project Partners

« University of Bristol
— Input power conditioning: maximise harvester utilisation

 Newcastle University

— Asynchronous circuits for power-modulated computing
- Imperial College

— Novel tuning mechanisms (including MEMS)
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he EH Network: eh-network.org

Started 01 March 2010, funded by EPSRC for 3 years

Motivated by UK/Europe’s strength in EH, potential for new applications and to identify

new research challenges

Objectives: define research challenges, catalyse

collaboration, disseminate advances
UK Steering Board (academic/industrial)

304 members in 243 companies/institutions
worldwide, ~50/50 academia/industry

EH Network Data Repository

An open-access EH database for researchers to
download and share data

Wide range of sources — cars, bridges, ferries,
humans, CHP, machinery etc

Energy Harvesting

An EPSRC Funded Network

Home | Aboutthe Network | Network Members |  News & Events

Events

This page contains news and events that we believe are of interest to the community.
If you wish to contribute, please follow the instructions at the bottom of this page.

U ing Events

26/Jun/2012: iNet Innovation Lab: Energy Harvesting

Interested in exploring new or innovative applications for your ideas and capabilities,
or existing products and services? The Microelectronics iNet is actively seeking to
provide financial support and free business services to projects relating to the
development of new technologies in Energy Harvesting.

22/3ul/2012 - 27/3ul/2012: Summer School on Energy Harvesting at Micro and
Nanoscales

This year, the NiPS Summer School is being held in Erice, Sicily (IT) on July 23-27, 2012.
The school is devoted to "Energy harvesting at micro and nanoscales” and also has a
one-day International Workshop on "Energy harvesting: models and applications’.

Previous Events

EPSRC

Engineering and Phys
Research Council

| Resources Forum | Join the Network

Latest News

News: Internships at EnOcean GmbH, Munich & Project Support
Enocean is to announce that they are launching a new Internship
Program for Engineering Students at its headquarters in Munich. These
placements run for one year with  follow-on ane month handover, and wil
provide an outstanding learning enviranment for motivated Students. During
Q2 2012, EnOcean will also begin supporting Universities wi...

News: Call for SPARK Awards 2012: Materials for Energy Harvesting
An OEM is seeking innovative technology in the area of energy harvesting in
order to seek to power products in the absence of mains electricity, but stil
allow for the collection and transmission of data. SPARK Award projects,
launched by the Materials KTN in collaboration with and funded by an GEM to
help supply chain companies accelerate the dev...

News: Webinar - What Can Energy Harvesting and Wireless Sensor
Do For You?

IDTechEx invite you to join Dr Harry Zervos from IDTechEx for a free
webinar on Tussday 20th March, when he will ask: What Can Energy
Harvesting and Wireless Sensors Do For You?

News: Launch of the EH-Network Data Repository.
The Energy Harvesting Network has just launched the EH-Network Data
Repository - an online repository to provide a common resource for

22/May/2012: Battery Free Wireless Sensing and Communication Systems For
Structural Health Monitoring

Cranfield University invites you to join them for a one-day event on high performance
power harvesting demonstrations for battery-free wireless sensing and communication
systems focused on structural health menitoring applications. You will have an
appartunity to see energy harvesting demonstrations of Cranfield's cutting edge
research activities in this area.

15/May/2012 - 16/May/2012: Energy Harvesting & Storage and Wireless Sensor
Networks & RTLS Europe 2012
Learn about the diverse range of energy harvesting and storage technologies, their

to share data on energy availability.

News: Energy Harvesting in Government's Strategy for Growth

The UK Government's strategy for research and innovation (published
December 2011) explicitly recognises energy harvesting as an area for
investment. Further information can be found by dewnleading the full report
via the link below.

News: Research Post: Energy Harvesting (Tyndall)

Tyndall heterogeneous systems integration group have an opening for a
post doctoral fellow with experience of using piezoelectric materials to
create energy harvesting devices which are compatible with CMOS
fabrication technologies.

Join for free: http://eh-network.org/join.php



Energy Harvesting

www_eh-network.org

EH Network Data Repository

Connecting to OBD via bluetooth (1)
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Visit: http://eh-network.org/data Join for free: http://eh-network.org/join.php
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Energy Harvesting EPSRC

Engineering and Physical Sciences
Research Council

www_eh-network.org

Events: Workshops and Conferences

» 3 workshops to define new challenges: human power, structural monitoring, and MEMS/NEMS
* Road-mapping reports available to download from the Network’s website
* Energy Harvesting 2011 (EH Network’s annual conference) was held in February 2011 (London)
* Energy Harvesting 2012 was held in March 2012 (London)
* ~100 attendees, 12 presentations (academia/industry), 10 PhD posters, 5 company stands

* Will be held again next year — join to find out more!
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