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Overview

« Vibration data: a resource for the community
« Introducing the application

« System requirements

« Detail of prototype design

« Test results

« The finished prototype in operation
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Why?
 Nobody has deployed a tuneable energy harvester!

« Little data on real vibration dynamics

- By defining a real application, we find out what the
real challenges are! Addressed by other themes

« Demands a ‘holistic’ view of the whole system...
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Vibration Data

 No repository for long-term vibration data
« Only tables of ‘typical’ values
« Are they consistent?

Vibration source A (m/sz) Feak
Car engine compartment 12 200
Base of 3-axis machine tool 10 70
Blender casing 6.4 121
Clothes dryer 3.5 121
Person nervously tapping their heel 3 1
Car instrument panel 3 13
Door frame just after door closes 3 125
Small microwave oven 2.5 121
HVAC vents in office building 0.2-1.5 60
Windows next to a busy road 0.7 100
CD on notebook computer 0.6 75
Second story floor of busy office 0.2 100

Shad Roundy, Paul K. Wright, Jan Rabaey. "A Study of Low Level Vibrations as a Power Source for Wireless
Sensor Nodes". Computer Communications, 26(11):1131-1144, July 2003.
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First steps: looking at real, long-term vibration...

Looking at dynamics of vibration aids design process
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« An important resource for the community

« Available free of charge for download from the
“Energy Harvesting Network"” resources page

Energy Harvesting

Enginoering :lr:‘dlrh_vsmL Seiences
An EPSRC Funded Network

‘esting

Network

Home | About the Network | Network Members | News & Events | Resources Forum | Join the Network

Water Pump Motor

Contributor: Alex Weddell

Energy Source: Vibration

Application: Machinery

Specific Location: Motor of District Hot Water Circulating Pump
Data Duration: 01d 00h 09m 14s

Data Frequency: 1024 Hz

Date Obtained: Wednesday 9th November 2011, 1:29pm

| Network Members | News & Events | Resources | Join the Network

bsorber Casing
Abstract: Please see ‘further information and analysis’ link for details of test equipment and processed
ata.

Acknowledgement: If you use this data, please: ont LHS) on 1999 Ford Focus 1.6 Petrol

+ acknowledge 'University of Southampton, "Next Generation Energy-Harvesting Electronics: Holistic

Approach” [online]. Available: http://www.holistic.ecs.soton.ac.uk/’, 31
+ specify that the data was "Downioaded via The EH Network Data Repository (Http://eh-network.oro/data)". o
Link to Data: http://www.halistic.ecs.soton.ac.uk/data/water_pump/data.zip and analysis’ link for details of test equipment and processed

Link to Further Information and Analysis: hitp://www.holistic.ecs.soton.ac.uk/data/water_pump/data.php

* acknowledge 'University of Southampton, "Next Generation Energy-Harvesting Electronics: Holistic
Approach” [online]. Available: http://www.holistic.ecs.soton.ac.uk/’,

W W W e — n e t W O O |+ specify that the data was "Downioaded via The EH Network Data Repository (http://eh-network.org/data)".
" I " I Link to Data: http://www holistic.ecs. soton.ac.uk/dataffocus_shack_sbsorber/data zip

Link to Further Information and Analysis: http://www.holistic.ecs.soton.ac.uk/data/focus_shock _zbsorber/data.php
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Vibration Data

« Data available raw, and...
You(TD)
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Application
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Application

« Condition monitoring of a main engine
— Voith-Schneider propulsion
— 4 *fixed’ engine speeds
— Speeds drift over time, mechanically set

« Engine condition monitoring
— Monitor vibration and temperature
— e.g. detect bearing wear, imbalance

« Transmit wirelessly — no cabling to install
« Harvest energy from vibration at various frequencies

Image reproduced from http://en.wikipedia.org/wiki/File:VSPreal.jpg
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Data from Two Ferries
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System Requirements

Wireless sensor to operate on a ferry engine
— Able to sense vibration/temperature and transmit

Tuneable harvester
— Frequency range: 42-55Hz
— Max Amplitude 1.5 g,

Approx. energy budget: 1mW
Able to cold-start
Adaptive operation
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Tuneable Generator Design

Stepper
motor

Tuning magnets
A
¥

=== magnetic flux I cantilever beam

Guide
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System Topology

Actuator Ctrl.
Key:
Store V Meas. —p Power (unrectified)
P tified
Actuator Posn. i - Power (rectified)
—» Signals
—» Buses

. Power Supply
. Node Functions

Waveforms
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Tuneable Generator

Actuator

Cantilever with
PVDF strip
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Challenges

 Amplitude and frequency changes
 Tuning - the ‘cliff edge’
« Resilience to high vibration levels
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Results

« Automatically tuned (update every 30 s)

« Bridge rectifier into 3.0 V load (SMU)

 Power: average 3.8 mW, peak 7.9 mW

« Against average 2.2 mW, peak 8.1 mW (no tuning)
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The Finished Prototype

harvester

- Able to cold-start and
control its own operation

= \ - :- - Tuneable energy

< SRy « Able to sense and
transmit wirelessly
¥ « Harvests ~3.8mW
« Adaptive operation

« First deployment of a
tuneable energy
harvester!
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Questions?




