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Introduction

* Wireless Sensor Nodes (WSN) have exceptional

benefits for 10T
* Power with Batteries or Energy Harvesters

* Maintenance Free Energy Harvesters are viable in
many applications

* EH eliminates the reliability and maintenance
issues of batteries

* Examples of successful high volume applications
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|.0.T. Characteristics

Sensor

Microprocessor

Self Powered - Energy Harvester (no batteries)
Mobile Platform (to make it more difficult)
Wireless Data Transmission to Cloud Server
Automatic alarms

Information available over the internet
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Energy Harvesting Requirements

 Suitable source of energy to be harvested
* Vibration
* Light
* Heat
* Transmitted Power
* Power Management
e Extraction of Power from Harvester
* Energy Used by WSN
e Duty Cycle Energy Storage
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Example Installations — GE, Emerson WSNs




mW to Monitor MW - Power Generation Plant
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Impact of Using Harvesters
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System Design Steps

e Select Energy Source
* Thermal
* Vibration
e Solar
* etc.
* Determine Power Required
e Duty Cycle Energy/Frequency

* Laws of Physics?
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Harvester Interchangeability

* WSNSs can be powered by different types of EH
* Needed Interchangeability

* |sa 100.18 Power Sources for WSNs
* Now IEC 62952Power sources for a wireless

communication device —

* Part 3: Generic energy harvesting adapter module
published June 2017
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Intelligent Power Module

Enables interface of WSN wireless transmitter to multiple
external energy harvesting sources and 24V DC power.

Standard OEM  Energy Harvesting Integrate GEHAM
Battery Module Adaptor Module into OEM Battery

Intelligent Power

(Emerson) Module Module (IPM)
Capability: Battery powered WSN’s to use external power sources
Flexible Voltage: Wide range of input voltage levels: 8V — 24YV.
Power Available: Integrated robust capacitive storage
Intelligent: Intelligent Power Management circuitry
Safe: Intrinsic safety designed in. Zone 0, Class 1 Division 1
Convenient: Same form, fit & function as original OEM battery module
Economics: Eliminate battery change costs & logistics for > 10 years
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PERPETUA.

Power Puck® Energy Harvesters

Thermoelectric power
solutions for

Emerson Rosemount 3051S Transmitters

Power Puck®
Model 9-IS

© 2013 Perpetua Power Source Technologies, Inc.



Thermal Harvester Applications




Design Issues

e Extracting Sufficient Power

* Max Power Point Tracking
* Rectification

* Impedance
* Energy storage

* Charge/discharge cycle life
e Storage life

* Capacity

* Leakage

 Temperature range
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Challenging Application - Trains

N

Wireless Sensor Node:

»Vibration &Temp Sensors
»Energy Harvester
»Microprocessor

» Wireless Transmitter
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Objective — Condition Based Maintenance

..............

Y CONDITION-BASED

NO SURPRISES

IMPROVED SAFETY
IMPROVED RELIABILITY

.o

MAINTENANCE

MAINTAIN ON
CONDITION

MAJOR COST
REDUCTIONS
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Higher Power Implications

= Mature Energy Harvesting Technology

= High harvested power
= Reliability in high shock environment

= High power enables Rich Data

= Frequent measurements to give better trending for
fast & accurate fault identification

= Margin for when train is slow moving of stationary
= Better positional accuracy
= Better safety and reliability of the rail network

= High power provides Future Proofing

= Provision of channel for additional 37 party sensors

= More data transmission to server allows better
algorithm development

= Spare power for future applications
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Communications

Cellular Network Algorithms Actionable

Data Concentrator Data Download Via Perpetuum Simple,
Customer Alerts

Tirst class
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Simple Display of Key Information

f.f' . - 'y \
. LI Unit Detail - DigaData Clo \_

€ - C'  { https;/perpetuum.digadata.net/Units/UnitReal GPS Data e

anromt o
PEENE =
Wood | Map | Satellite |

375819

Updated

Bluehouse
Wood

1 Min

NEWINGTON

DC Id 2495350151B6A581
Speed 70 mph p20
P P nshford Ry

Direction 271°

Altitude 63 metres

Aspy -
Orgy Cherito
. fia Bowls Cl
] o)
g \ Bargrove .
\ Wi C E
Colour coded Heane oos ! St Yo
Weekend Training g
. Centre Dibgate
filaw — =

Vood
O
51

.- Key Data on
Unit condition » - WHI | Temp  Temp Diff | PHSI  Alarms B e a ri n gl W h e e I

Little Dibgate
Woaod

B DMOSa 73319 | |‘.. MOSL 79019 .l'| |‘.. PTOSL 75219 .l'| |‘.. DMOSh 73719 .l'| etc
HD Ul HD ul HD uEl [ | ]

Wheel BHI WWHI = o PHSI all (O] all
DA1 0.72 1.50 135 0.1 0 a7 3 Mins MO1 0.54 1.20 16 0 46 4 Mins
DA2 0.53 1.31 110 24 0 45 4 Mins MO2 0.53 1.54 10 24 0 51 4 Mins
DA3 0.63 1.66 15.0 16 0 39 3 Mins MO3 0.49 1.61 145 1.1 0 60 3 Mins
DA4 0.69 1.43 120 14 0 45 4 Mins MO4 0.62 1.36 15 19 0 59 3 Mins
DAS 0.62 1.57 115 19 0 41 2 Mins MO5 0.63 1.48 125 00 0 53 3 Mins

0 0 41

- [
L A ™

perpetuum



Bearing Degradation
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BHI
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Track Features
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Rail twist

Dip In
Track
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Live Monitoring on Trains

= Axle Bearings —

® Traction Motors
_=_ ‘\?\m

= \Wheels * Track

= Gearboxes
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Energy Harvesting

Now mature technology
High Volume Applications
Maintenance Free |.0.T.

Keys to Success
 Adequate Power Generation
* Management of power
e Storage of Energy
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