Copyright © 2001 Instrumentation Technology Inc. - 1

SSR Protection

IT Inc. Meeting with ERCOT

March 12, 2010
Austin TX

N
W



Copyright 2001 © Instrumentation Technology Inc. - 2

A\
Y

J Instrumentation Technology

Colin E. J. Bowler

President

Instrumentation Technology Inc.
108 Clear Sky Ct.
Cary, NC 27513

SSE Protection and Mitigation Systems (919)-380-1039 Voice
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Instrumentation Technology Inc. Resources
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Formed in 1999

SSR Protection Systems (22 turbine-generator systems)
System Consulting Services - ESKOM, PG&E, XCEL, SCE, Pacificorp

Company Resources

Colin Bowler IT, SSR, Power Systems Eng., Embedded Systems Design
John Tarnawski Instrumentation, Embedded Systems

Duncan Walker Consultant - Rotor Dynamics

Dennis Ulery PE Consultant - Stress Analysis/Rotor Dynamics

Mike Brown PhD U Belfast Mathematician, Controls Engineering
Consulting Partner for ABB, KEMA

Technical resources

Matlab / Simulink

Load Flow & Stability

EMTP System simulation

SSR Frequency Scan & Small Signal Stability Analysis
Torsional model development, Model parameter identification
Torsional fatigue
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Application Values
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Turbine-Generator System Interaction Concerns

System faults and Transmission Operation (HSR)

Controls interaction (HVDC, FACTS Transmission Devices)
SSR interaction (Series capacitor compensated transmission)
Steel Mill Drives and Arc furnace interactions

Application Value

SSR protection
m  Torsional stability
m  Shaft Fatigue

SSR Mitigation

m  Damping Control
Remaining Life Monitoring
m  Electromagnetic response component
m  Crack propagation
[ Key-ways, Wheel disks, Blade roots
m  Combine torsional lateral monitoring
m  Torsion driven crack propagation
[ Leading to lateral vibration
Feedback on System Design
[ Opportunity to make changes affecting reliability




DMF SSR Protection
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m Torsional Response Protection

m Very Fast Reliable Detection and Protection

m Prevents severe fatigue damage

m Proven secure and dependable
m Secure — No False Trips
m Dependable — Always trips when required

m Torsional Response Monitoring

m Capture response data and its precursors
m Generator Voltage and Current
m Electromagnetic torque
m Actual response
m Predicts stress and fatigue
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DMF SSR Protection - Hardware
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DMF module
m  cPCI DSP system
] Busmaster -Windows independent

[ Pentium CPU
[ Windows 2K

m GPS

Printer

Keyboard mouse

FT1 Simulator Signal Injection (e.g. OMICRON)
m 3phaseV &l

m  Front and Rear velocity (12 sensors)

Aux relay

m Multi contact
m 1 Cycle trip
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DMF System Key Features
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Real-Time response simulation

m  Two ADSP21062 Sharc based Floating point DSP’s
m 120 MFLOP performance

m  Extension capability with four ADSP21160 DSP’s
m 1920 MFLOPS performance
m  Higher order super-synchronous response monitoring & protection

32 Channel digital oscillograph

m  Simultaneous sampling

m 7200 Hz per channel sample rate
m 32 additional computed channels
m  GPS event-time synchronization
Computing

m  Generator electromagnetic torque
m Rotor velocity all mass locations
m Shaft torque & fatigue
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DMF Module

Copyright 2001 © Instrumentation Technology Inc. - 9

DMF Protection
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Real Time Window
m Latched protection targets
m  Shaft torque bar chart
m  Oscillograph
m  Channel selection

m Auto & Manual trigger
m FFT

Hardware module
m Euro style cPCI CPU/Backplane
m  Windows independent
m Bus master data acquisition
m DSP based protection
m Hardware targets
= Trip and Alarm output
= Windows dependent
m Data storage
m Data viewing
m Data Communication
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Oscillograph Function
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Event view and selection
m  GPS Time-stamp
m  Event number

m  Channel group selection

m Time scale
m  Compression
m  Scroll event

m Channel gain control

m  Window functions
5 10/1/2003 14:6:43.082761 M\/WV\/\M/\/\ . File Operations

m Setting operations

m  Copy Conversion
m Single event DMF format
m COMTRADE format
m EXCEL Format
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DMF Torsional Protection
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m  Protection Philosophy
m TG transduces it own response

m SMF Function

m Filtered Single Mode frequency
response

m Velocity based time delay trip
m Stability detect trip

m  DMF Function
m Observer based instantaneous
modal frequency response
m Velocity permissive

m Acceleration based time
delay trip

m Trips before reaching
resonant peak

MPU Magnetic pick-up
TW Tooth Wheel

FMD Frequency Modulation Demodulator

BPF Band-pass filter
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DMF Torsional Protection
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Observer based real-time process

Measure applied torques & velocity
Predict torsional response & shaft fatigue

Acceleration feedback to converge calculated and measured instantaneous
response at key locations

Current Process aimed at subsynchronous torsional protection from SSR
induced resonant response.

Adaptable to any dynamic process

m Especially useful where response variables are inaccessible
m  When dynamic process is reasonably linear

Opportunity for understanding life-time issues

m Externalities such as system disturbances

m Internal stimuli such as engine-order harmonic forces

= Fatigue processes
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Requirements
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m Reasonably accurate torsional model

m Observer accommodates model errors

m  Accounts for damping variability - all sources
m  Appropriate response measurements

m Measurement locations must have observability of all modeled modes of
vibration and reject all others

m Understood fatigue regime
m Time to crack initiation model

m Crack propagation model
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Generating Accurate Models
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m  Build physical model from geometry

m  Account for non uniform stress distribution

m  Form factor variation of stiffness
m Elliptical & Cruciform generator rotor section
m  Wedge Locking Stiffening
m  Abrupt changes in rotor diameter
m  Shrink-fit stiffness adjustments

m Calibrate physical model by test and event monitoring
m  Model parameter identification
m Applied Electromagnetic Torque, Rotor velocity, Coupling velocity
m  Sweep test for mode-shape and frequency
m  Adjustments for G-field effect on blade vane stiffness

m Rated-speed low-voltage short circuit test for final calibration

m Micro-version of actual events
m Balanced and unbalanced fault
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Typical Modeling
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m Gas Turbine Example
m 140 mass reduced to 9 mass
m Max frequency 304 Hz
m TW at each end of Generator

m Steam turbine example
m 340 mass reduced to 22 mass
m Max frequency 160 Hz
m TW ateachend of TG
m L-O Blade modes required

2186 freq=77 B1 freq=10.29

freg=1
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DMF Qualification
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m Qualification by Real Time Event
Simulation — Mohave Example

m Stability Evaluation

m  Model system for operating range
calculating torsional damping
contours

m Variables
m Units in operation

m Levels of line series
compensation

m Line outages

m Establish range of conditions
suitable for operation

m Time response and fatigue

Damping
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DMF Qualification
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Case elmhsed0 with DMFE.TKS P-P Method

m Time response evaluation
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DMF IEC Certification
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Statement of Compliance

Manyfaciurer:  Instromentation Technology Ine.
108 Claar Sky Ct.
Cary, NC 27513
S19-380-1039
Feguester / Applicans:  Colm Bowler

Name of Equipmeny: DMF Belay

Medel: 55E Belay Torsional Protection Device
Type of Eguipment:  Industrial, Scientific, or Medical (IS
Class of Equipment:  Class A
Application gf Regulations: EMC Directrve 89/336EEC
Test Dares: 29 November 2004 to 3 December 2004

Guidance Documents:
Erissions: EN&1000-6-4:2001
Teomunaty - EMG1000-6-2:2001

Tert Methods:

Emnssions: EN35011:1998+A1:1999+A2:2002, EMa1000-3-2:2000, EN61000-3-
3:1995+-A1:2001

Iomumity:  EN61000-4-2:19935-A1:1998+A2:2001,  EN61000-4-3:2002, IEC  61000-4-
4:1995=A1:2000+A2:2001, ENG1000-4-5:1995+A1:1996, EN61000-4-
6:1996-A1:2001, EN61000-4-8:1993, IEC 61000-4-11:2001

The electromagnetic compatibility test and documentad data desenbed i thes report has been performed
and recorded by TUV Eheinland of North Amenca, m accordance with the standards and procedures
listed herem. As the responsible authonzed agent of the EMC laboratory, I herebrw declare that a sampls
of ong, of the squipment daseribed zbove, has been shown to be compliant with the EMC requivements of
the stated regulations and standards based on these results. If anv special accessories and'or modifications
ware required for compliznes, they are listed in the Executive Summary of this report.

This repert mmst not be used to clam product endorsement by WVLAF or any agency of the US.
Government. This report contains data that are not covered by NVLAP acereditation. This report shall net
be reproduced exeapt in full, without the wntten authorzation of the laboratory.

ryd
%ﬁm% 15 February 2005

NVLAP Signatory Date
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Certification
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1.3 Summary of Test Results

Table 1 - Sunumary of Test Results

Table 2 - Summary of Immnmity Test Rasmlts

1009+A72:2
ANSI L'..‘:u 4: "E'El:

Emission Test Method(s) Test Parameters Result
Fadiated 47 CFR. 15, 30 MHz to 1000 MHz, Class A cormplisnt
Emissions EN53011:] DDS—A'.'

47 CFR. 15,

EN55011: "993—;.'.-

1009+A2:2002,
AMSI C63.4:2

2
003

150 kHz to 30 MHz, Class A

Nt Requited

ENG1000-3-2:2000,

EN&1000-3-
3:1985+A1:2001

Nt Required

Disturbance Test Method Test Parameters Eesult
Electrostatic EMG1000-2- Ajir: +- 8kV comipliznt
Dizcharge 2:1995+A1:1905+A | Contact +- 4V

2:2001
Fadiatad EMNG1000-4-3:2002 3 Vim, 80 MHz to 1000 MHz compliant
Tnnunicy 50%: AM Modnlation
Electrical Fast | IEC 61000-4- AC Lines: +- 10kV compliznt
TransientBurst | 4:1995+A1:2000+4 | DC Lines: 4~ 05 EV
2:200 I'Q Limes: +- 0.5 kW
Lighming EMA1000-2- (L-L): +- 1.OEV comipliznt
Surga 5:1995+A1:1904 L-E) =- 20KV
L-E)y =- 05KV
(L-E) =~ 1LOKV
Conducted EM&1000-4- 3 Vi{rms), 150 kHz to 80 MHz complizmt
Dismrbances §:1996+A1:2001 50% AM Modunlation
Fower ERMG1000-2-8:1995 1 Am 50 Hz Not
Freguency Fequirad
Magpenc Field
Woltage Dips, IEC G1000-4- =05% for 0.5 periods (dips) ot
Wariztions, snd | 11:200 -30%% for 25 ]:lE']l:Ilii Fequirad

Shart
Infermuptions

=05% for 250 pertods (intermapis)

A\
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Certification
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Fizwr= 5 - Radiated Emissions Test Setun (Chamber — Fromt)

TUW Rheintand of Norh America
782 Park Ave., Youngswille, NC 27584
Tel: (819 554-3282, Faw: (219) 5543542

Radiated Immunity

513 Photos

Figure 13 — Radiated Immunity Tast Setup {Front)




Certification
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& Test Equipment Use List

Equipment

Manufacturer

Model #

Sernalfinst #

Last Cal
ddmmtyy

Mext Cal
ddimmiyy

SOF 1 - Radiated Enussions (5 Meter Chamber)

Ant. Biconcal EMCT 3367 4-Fab-04 2]
Ant Log Pariodic AH Sysans 133 19-Ta=-04 19-Tan-05
Cahbls, Coax 030 13-Jaz-0 15-Tan-05
Cahbls, Coax Andrsw 043 13-Jaz-0 15-Jan-05
Clambar, Semi-Ansckeds Sradan Shislding Af7631 27-Tan-03
Dasa Table, EMCWin TUV Bheinlend [ &-Ja=-01 §-Tan-08
Spactram Analvzes Agilant Tec. UIB394401 61 11-Auz-04 I-Ang-03
SOP 3 - Electrostatic Discharge Inmumity
E5D Geesrator & T &1 EanTak MZ-15/EC & TPC-2 OOL126500L12EE | B-Ana-04 E-Aug-03
SOF 4 - Radiated Immoumity (5 Meter Chamber)
Amplifiar T 40B-0%93 CNR I S0P4
Axt. Biconilog EMCD 1138 S0P 4
Cabls, Coax Andrsw 42 15-Jan-05
Cabls, Coax Andraw 043 15-Tan-0%
Crambar, Seam-Anockodc Beaden Shislding 3 mmatur AfT631 27-Jan-05
Daza Tabla, TUW Rheanla=d 0oL 24-Ac-04 T4-Apr-05
Dz Talbla, TUW Rhednlesd ool 24-Age-04 24-Apr-03
Gemarater, Sigmal Raoda & Schwarz B37306/013 T-Ang-05
RFI (o) Th TUW Rhetnla=d CHER IO CHE. L

t Transient Burst Immmoity
KanTak 9511208 CHRI S0P 3
EanTak SC0P3 6
HayTak E-Aug-05
HayTak E-Aug-03
HayTak E-Aug-07
S0P 6 - Lishtning Surge Imomnity
e KanTak 0511340 SCP35E
T 4.4kW Module HanTak g311236 E-Aug-07
T Surge Couplar KoyTak 9511211 B-Aug-05
T Sargs Moduls K Tak oLg3ce 11-Aug-0%
S0P 7 - Condueted Immunity
Amplifiar FI MT3 Cl35-1180
Atramuzzor, High Powar Warmachal WA-6-34 4003
Cabls, Coax Saldan 207
Cahle, Coax Saldan 100
Fisckar 9803
Fisczar 33
Dzza Tabla, I TUW Fhednland 0oL
Dzzz Tabls. 1 TUW Rhednla=d 0oL
Hlwalett Packesd 6435 FALGANDIT
FFLT Taet Svatam TUV Eheanlazd
General Laboratory Equipment
Mataz, M Tliks 62200604 §-Aug-07
Moter, Toop Eiumed Bazonz Fichsr [0} ug-05
Powar Supply, DT Somensss oS 010 CHRI CNE I

* Calibrasion of squipmsnt past & for re-calibration will bs p

formned axpediicusly. IF any aquipmsent ic found 1o =2 ot of sleramce at dhar

N
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