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Project Description
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Advantages
* Communication reliability
= Long life (minimum 3 years)
Robust package (-40'C-70°C operation)
No FCC license required (I1SM band)

-
* Multiple sensor options in single package
-

Enclosure options suitable
for outdoor applications
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Benefits of the Technology

= Estimation of remaining life

+ |ndicator of operational efficiency

+ |mproves asset maintenance strategies
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Low-Cost Wireless Multi-Measurand Sensing Program

Condition Forecaster ™ Analysis :
Output/ Operator Interface .

Condition Forecaster™
Analysis Software
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Program Deliverables

*+ Standards-based
wiraless network

* Low cost wireless sensors
for asset monitoring
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Barriers and Pathways

Barrier-Pathway Approach

Barriers

* Noisy unreliable
channel

« Short battery life
* Life cycle costs
* Network Security
- Standards

* Cultural

@ imagination at work
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Pathways

Characterize the channel,
qualify a design approach.

Low duty cycle operation,
energy harvesting.

Minimize device cost,
maximize life and reduce
installation expense

Data
Encryption/Authentication

Utilize Standard Interfaces
Demonstrations/Education

Critical Metrics

 Accurate early prediction
of asset faults before they
occur

« 5 year average
unattended life

« Significant reduction in
installed costs.

» Market Acceptance
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Energy Savings Motor Failures
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Pareto of 12,000 motor failures
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Key: 4@ High impact, g Some impact, () Effect, {_)No Effect.

Sensor Requirements

Multiple Sensors are required to predict remaining life
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Motor Inefficiencies

* UUsa of non-high

; efficiency motors
* Power quality . ENC
* Unbalanced line Rewinding emors
129% 4.3%

~2%

Impact Unknown:

* |nsulation degradation

* Tum-to-turn short

*+ Tum-to-turn ground short

+ Cracked or broken rotor bar
+ Shorted laminations
5%

* Bearing losses (maintenance related)
* Mizaligned cnulnlings
* Misadjusted belts and pulleys
* Dirty end windings

* Partially blocked ventilation

Efficient Motor Operation and Motor Failures are related
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Energy Savings Calculation

Energy Savings
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Potential Energy Savings (Petro Chem)

Motor Size (HP)

O % Oper hours

B % Energy Used

O % used by Adoption Rate
O % Energy Saved

Savings from:

 System Maintenance
Motor Maintenance

Motor Application Practices

:

36% Captured Savings ‘
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~US DOE December 2002 United States
Electric Motor Systems Market Opportunity

Assessment

Benefits (est.)

2020

Energy Savings

122 trillion Btu

Cost Savings

Carbon Reduction

2.13 MMTCe
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Other Important Metrics

Primary Metric =) Reliability
(Mean time to attention)
VOC Data: 5 — 6 years

e ¥ T

Secondary Metrics EEE) Security > Battery Life Installation

é S Stability

Primary Effects mm)  Installation . Coexistence
Characteristics Network Size
. —> Radios/Antennas  Energy sources Applications covered
Choices Protocols Hardware architecture Packaging

“In most industrial applications, reliability is far more
important than throughput.”

DOE Document: Industrial Wireless Technology for the 21st Century, December 2002
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Accomplishments to Date

» Industrial Wireless Channel Capability Analysis
— Multipath/Interference/Coexistence
— Field data collection/analysis
= Sensor Platform Design
— Battery Life/Energy Harvesting
— Low power operation
— Hybrid Spread Spectrum
— Power Amplification
= Reliable Network Operation
— Networking protocols
— Diversity Modeling
= Demonstration Hardware Platform
— Real Hardware experience
— Network Reliability Testing and Monitoring tools
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Accomplishments to Date

Channel Capability Sensor Platform
Analysis ; - Longevit

-
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* Energy Harvesting circuit
* GE Testing complete
» KCF Technologies powered GE
Node

« Battery accelerated life testing

» Sensor life measurement based model

» Over 240 data sets collected

» Radio, channel and interference models built
- Verifications in progress

* Actual radio performance tests performed

 Data processing algorithms in place

Demonstration Reliable Network
Hardware Platform *. = Operation
(b » 110 units built (Sensors, routers, gateways) % 2 a

o' Protocols ported to new platform
® 4 * Test and Verification in process
* Tools to analyze performance

P& B

LANMEAN  Datatrese
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Accomplishments to Date

IEEE 802.15.4 2.4GHz Physical Layer with
Hybrid Spread Spectrum
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* DSSS reduces Frequency Selective
Fading

* DSSS spreads narrowband noise
power while enhancing desired signal

* FHSS Hops around interference

* FHSS Hops around multipath

» Collision Avoidance waits for clear
channel — reduces interference to
others/avoids interference from others
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Field data — showing time
and frequency dependent
interference and multipath

DOE Sensors & Automation 2005 Annual Portfolio Review
DE-FC36-04G014001

Daniel Sexton / 10



Accomplishments to Date

Diversity Gain

30 M
% jz /Hu e e —— 0%
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R AR W R e NLOS Channel
Diversity Factor Rayleigh Faded

Methods to Obtain Diversity Gain (Small Scale)

- Frequency Diversity (> Coherence Bandwidth) )
» Good Margin for fading and interference

 Path Diversity (> 1 wave length) 3 .
» Good Margin for fading, some for interference - 10° Margin

* Time Diversity (> Coherence Time) | Improvement
» Good Margin for interference, some for fading

*15 dBm output power
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Accomplishments to Date

Network Visualization Tools

GE Research Mesh Network Analysis Suite. Michael Laj esearch.ge.com) GE PROPRIETARY -100 x|

l_ﬁ GE Research Mesh Network Analysis Suite.
Visualize
Input File: ‘ [{ . |DBLogin: DB Password: [wireless Import Data ﬁ—l

@ Navigate ) Edit [Zoom v | [4]
Output File: [L1DOEsouthwickiouput | ’: Calculate Path Lives
Output File: ‘L.\DOE\sumhmeluumut J ,j Calculate Per Path Packet Loss
Output File: [L1DOEisguthwickioutput | ’j Window itws): [6_| | Calculate Packet Count
Output File: \L:\DOE\south\cmoutput \ ,j Calculate RSSILOI
Output File: ‘L\DOE\snulhwmk\nupu( ‘ ’j Calculate Global Channel Data
Output File: |L:\DOE\suulhwicmouput \ ,: Calc Per Node Channel Data
Output File: |_1DOE: | ’j Calculate End2End Data |

| Cancel Import H Clear Database H Create Database H Clear Console H End paths H Calc. Last Seen |

D]

ISTART.
IGE Research Mesh Network Analysis Suite. Michael Lapinski (lapinski@research.oe.com) GE PROPRIETARY
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Accomplishments to Date

Network Dlagnostlcs and Performance Tools
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Effect of Bad Transmltters

Effect of Gateway
Synchronization Problem

Data collected and gathered
without a back channel

Network Still Performing the Mission
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Next Project Steps

= System level simulation based on primary reliability
factors

= Continue network testing and improvements — bug
fixes

= Monitor performance and feedback into models.

» Refining channel models

= Deploy at customer site — gather field experience.
= Network Security Design Implementation

= Support standards efforts.

* Improve hardware platform design

= Major Field Demo

. K‘-, o DOE Sensors & Automation 2005 Annual Portfolio Review
'\ )/ megnaton atwork DE-FC36-04GO14001

Daniel Sexton / 14



Future Milestones

* Improvements in Scalability

= Adaptive/Cognitive behavior added to Network
= Authentication and trust

* Improved Battery Life

* Transition to product

= Standards
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Continuation after ITP-Sponsored Project

= Market pressure very high — technology needed
before it is ready

= This technology will transition straight to market
— Product design efforts anticipated to start this year

= Additional R&D required over the next 24 months as
follows:

— Defining standards covering a range of applications
— Optimizations dealing with coexistence issues
— Increased performance to widen range of applications

— Adaptive/Cognitive techniques to improve radio performance over
time.

DE-FC36-04G0O14001
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Value Proposition for End User

Lifetime Cost of Operating a Motor "Unscheduled downtime

= is the largest single
le factor eroding plant
=" Bectricity Cost performance. Over $20
5977000 Billion, or almost 5
Burchass Prin percent of total
of Motor production, is lost each
$11,000 .- year in North America
*’ | | | alone due to
- S A— PEEE— unscheduled downtime.*
e b aar Tt i Yaar ~ ARC 2002
20pmair @ Igifs e J0050Mhdewity @ 15w

Source: Electric League of the Pacific Northwest

*Electric motors systems consume approximately 60% of all
electricity generated in the United States.

*Motors Systems represent about 70% of total power costs for most

process industries.
~US DOE December 2002 United States

Electric Motor Systems Market Opportunity
Assessment

—.\\ e —— DOE Sensors & Automation 2005 Annual Portfolio Review
imagination atwork DE-FC36-04G0O14001

Daniel Sexton / 17



Commercialization Plan
GE Infrastructure — Wireless

> Sensor Networks for Condition
Monitoring & Telematics Services

> Factory Automation Systems
> Residential Security & Automation

> Enterprise Security & Building
Automation

> Cargo Security

>  Property Management

> Video Distribution
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Commercialization Plan
GE Energy — Services

Fle Edt Yew Favortss Tools Help
dback ~ = - (D [2] A | Doearch Cravorites Jvedia (f | By S il -
Address [&] hitp: fwww.bently.comfservice Services_Solutions.htm =] @

I,

Services

Related Links: Packaged Systems Sample Documertation

Services Solutions
For Improved Plant Asset Management

Plant Asset Management Table of Contents ||
Bently Mevada, The Plant Asset Management Cornpany®", offers a complete I@AIW i BDF format
portfolio of products and serices designed with one thing in mind - to help you s arein orms
get more from your plant's production-related assets. Mare availability, more Program Management Senices (BEKE)
reliability, mare safety, more quality, mare productivity. OpportunityRisk Assessment Senices (B5KE)
Pre/Post-Dutage Assessment Semvices (92KE)
Bently Nevada's semice solutions can help improve any plant's asset S )

Packaged Systems (B4KB)
Machiners Disgnostic Services (103KE)
Produst Verification And Repair Semices (115KB)

management program by addressing the following important areas

. ey Machinerny Balancing And Alignment Services (B0KB)
Benchmarking Your Current Activities i : -+
Opportunity/Risk Assessment Serices Tiaining (74KE)

Why Bently Newada'? (218KB)

Supporting Your Progr_am Complets Services Solutions Brochure (1528KE)
Program Management Services

Assessing/Correcting Asset Condition Download Adobel Actobst: Reader:
Pre/Post-Outage Assessment Services from Adobe Sustems Incorporated.

Machinery Diagnostic Serices
Thermodynamic Peformance Services
Machinery Balancing And Alignment Services

[ | s meemet

[T
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Commercialization Plan
GE Consumer and Industrial

Plant Network — Distributed Protection Sensors included with motors
Built to customer specs

802.11 wireless
802.3 wired
Industrial Ethernet Protocols

M60 Motor Management Relay

*Wireless Interface Large Motors
*Samples Line current and voltage directly

e — DOE Sensors & Automation 2005 Annual Portfolio Review
Imagination at waork DE-FC36-04GO14001

Daniel Sexton / 20



Commercialization Plan
Sensicast

‘ Currently selling 900MHz version
. SEﬂSICaSt DOE Developed path to market
2.4GHz DOE sponsored platform offered — Summer 2005

Iﬂj httpe f e, bb-glec, comfwireless_mesh_netwarks, asp

B3 electronics 7 Sroppingeart | | s )

MANUFACTURING COMPANY
.Im Products Partners Support Tech Notes News About B&B Contact

Hoime = Products = Wireless Mesh Metworks

Wireless Mesh Networks-
New freedom from power wiring and data cabling

Sensicast Systems Wireless Mesh Networks
No power wires, no data cabling needed for

Temperature f Humidity Monitoring
Industrial Maonitaring

Building Automation

Data Centers

Refrigeration Monitaring Off-the shelf models & OEM wersions

Facility Manitaring

Perimeter Security Features and benefits

and rnany other applications Wodels and prices
How wireless mesh netwarking works

waould you like to place sensars just about anywhere you Applications
want, without wiring for power or cahling for data? To Success stories
move them as needed? To add or reduce the number of Custorn and OEM products
nodes easily? These are some of the benefits of WAR and Sl programs

wireless mesh network systems from B&B Electronics

d Sensicast Systarns. . .
—.\\ e nsas e Portfolio Review
iIMagination ww winn
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Commercial/Technical Risks Remaining

= Technical Risks

— Ability to accurately predict installation requirements without a site
survey.

— Outdoor installations may pose special problems where no
significant multipath exists.

— Automatic learning, adaptation and system warnings based on

changing environment — eliminate the need for frequent user
interventions.

= Commercial Risks

— Multiple non-standard options, marketplace confusion.
— Systems that don’t perform well can spoil the market.
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