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@ GE Energy

Luctenne Watker Frowmr Systems Enorgy Consulun
Manager. Traiing & Educanan Progems Gorrerad Efectne in

Schwenoctady. NY 12345

Pravm 518.385-2222/8°235-2027
Fax 518385 85708235 8570

£ madt Iucionne wakorkdps ge com

FFebruary 11, 2004

Subject: Transportation for Mr. Chi-Ming Lin

Fo Whom it May Concern:

Mr 1in has been a student of the GE PSEC Course since September 4.2003. He has
asked me to document the means of transportation tor commuting to Gl Power Systems

1 Iniversity where the PSEC course is conducted:

1. 1here are no apartment rentals that we are aware of within walking distance (15
minutes) to the PSEC training center located at 2690 Balltown Road.

2 There is no bus system to reach the teamng center

3 Por safety it is not recommended to travel o PSEC by bicycle. There is heavy car
traffic and no bike lanc along Route 146 In addition, the weather conditions in
winter would not allow this

4 We recommend car as the best mcans of tansportation

5. It is my understanding that Mr. Lin has car pooled with Mr. Yun Tao of’ China
during the PSEC course for 2003-2004.

Regards,

A‘A/th/;—L &J d}g‘x

fucienne Walker
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B oawA(Quarter) B EIBRAEHELZ T

System Topics)

#A%] | #AR AR FAZ K
1 (92/09 | E R H HME 1. &35 47
97/10 |(Transmission Analysis| (Circuit Analysis)
& Planning) 2.EN A
(Power system Analysis)
3.PSLF #t3t &
(PSLF Seminar)
4. @ EITHER
( Transmission Analysis and
Pricing)
5. % % 4 #7(Surge Phenomena)
6. 28 EPRI st ¥
(EPRI Lenox Center Tour)
2 [92/11 |R#%EH A&H&FR || FAETK
97/12 |(Advanced Power (Synchronous Machines)

2. U RABRHE
(Introduction to Power System
Transient Stability Analysis)
3. EREART K
(Introduction to Power System
Small-Signal Stability Analysis)
4. EREXERBHIREE
( Voltage Compensation and
FACTS)
5. Eh e
( Electric Utility Engineering

Economics)
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3 [93/01 |Re&MRE|PLiEH 1 & S E 8- 4

93/02 |(Strategic Planning and| (Power System

Operations) Operation-Control)

2. A 8- &

(Power System
Operation-Economics)

3. W EREAETRE
(Strategic Transmission &
Generation Planning)

4. 3 E itk

(Competitive Power Generation)

4 (932~4|TERBET A%~ 4F |1 i

J AR (Rotating Machine)

(Industrial and 2.ENEF

Distribution System (Power Electronics)

Applications, and . B E N T E

Special Seminars) (Deregulated Power Markets
Seminar.)

4. BB EER
(Distribution Equipment and
Application)

5. BN A HRA
(Lectures on Power Systems)

6. 1R &5
(Protective Relaying)

ERBZF N T/ ET:
— ~ % — #1342 ¥ % Transmission Analysis & Planning, 5 5% 75 38 %" °
(—) Circuit Analysis: Basic Principles (Kirchoff’s Law, Thevenin’s
Theorem, Superposition Method), Phasor methods, Complex
Frequency Analysis, Fourier Transforms and Fourier Series.,
Delta Function and Complex Networks.

11



(=) Power system Analysis: Basic Principles (RLC Response,
/\<=>Y Transformation, KCL, Node Voltage Method),
Generator, Transformer and Transmission Line Models, Power
Flow Analysis, Symmetrical Components and Unbalanced
Fault.

(=) PSLF Seminar :( PSLF database, Power Flow and Dynamics,
Reviewing & Reporting Results, Case Simulation and Study)

() Transmission Analysis and pricing:(Transmission Analysis
Methods, Operation & Planning in the Deregulation
Environment)

(#) Surge Phenomena:( Behavior of Traveling Waves at Junctions,
Lattice Diagrams, Lightning Performance of Transmission
Lines, Lightning ,Calculation Shielding, Self-restoring &
Non-self Restoring Insulation, Surge arresters, Recovery
Voltage, Insulation Coordination.

(7<) EPRI Lenox Center Tour

= ~ ¥ = #9242 ¥ 58 : Advanced Power System Topics, 7 R B3 4" °

(—) Synchronous Machines: Synchronous Machine Concepts,
Circuits Equations for Three-Phase Synchronous Machines,
Park’s Equation in Per Unit, Equivalent Circuits, Stead State,
Operation Design and Construction of Synchronous Machines,
Three-Phase Short Circuit, Unbalance Faults, Saturation,
Simulation Models in Stability Constants, Eigenvalues and

Eigenvectors, Sub-synchronous Resonance, Turbine-Generator

12



Torsional Resonance, Electrical-Mechanical Interaction,
Transient Torques Due to Torsional Interaction.

(=) Introduction to Power System Transient Stability Analysis:
Swing Equation, Equal Area Criterion, Network and Load
Models, Synchronous Generator Model, Excitation Systems,
Transient Stability Simulation Procedure.

(=) Introduction to Power System Small-Signal Stability Analysis:
Small-Signal Stability Concept(Applications, Fundamentals),
Second Order System Analysis (Eigenvalues, Damping,
Damping Ratio), Linearization(Computation, Physical
Interpretation), Effect of Excitation Systems on Power System
Stability(Effect of Excitation Systems on Stability,
Synchronizing and damping Torque, Power System Stabilizer),
Introduction to Modal Analysis (Eigenvectors, Mode Shapes,
Modal Controllability and Observability, Modal Sensitivity).

(m3) Voltage Compensation and FACTS: Load Compensation,
Unloaded Transmission Line, Transmission Line with Power
Flow, Introduction to Compensation, Voltage Stability, Shunt
Compensation, Series Compensation, Principles of Static Var
Compensation (SVC), FACTS-Flexible AC Transmission

System.

(&) Electric Utility Engineering Economics: Economic Decisions

and Financial Mathematics, Tools of Financial Mathematics

(Series Factors, Equivalence), Cost of Capital, Accounting

13



Principles, Inflation, and Discount Rates, Depreciation and
Capital Recovery, Further Depreciation Considerations and
Funds Flow, Tax Depreciation, Income Taxes, Property Tax,
Revenue Equation, Comparison of Alternatives, Multiple
Alternatives, Revenue Requirement, Annual Cost, and Fixed
Charge Rates, Present Worth, Unequal Lives and Inflation
Effects, Discounted Cash Flow and Rate of Return, Lease VS.
Purchase and Modeling Issues, Revenue Requirements to
Infinity, Decision Trees, Risk and Uncertainty.

= -~ ¥ = #3342 ¥ 8 : Strategic Planning and Operations, %" s, & & %~ ©

(—) Power System Operation-Control: Introduction to Power
System Control, Dynamic System Modeling, Characteristics
and Performance of Control Systems, Inertia, Load and Speed
Control Governing Characteristics, Prime Mover Dynamic
Models, Automatic Generation Control(AGC), Long-Term
Power System Dynamics, Power System Disturbances.

(=) Power System Operation-Economics: Power System
Fundamentals, Hydro Plant Characteristics, Thermal Plant
Characteristics, Interconnected Power System, Economics
Dispatch Formulation, Economics Dispatch Solution
Techniques, Transmission Loss Considerations, Optimal
Power Flow, Automatic Generation Control(AGC).

(=) Strategic Transmission & Generation Planning: Generation

Reliability, Production Simulation, Generation Planning,

14



Transmission Planning, Load Forecasting, Accounting
Principles.

(v@) Competitive Power Generation: Thermodynamic Basics,
Steam Turbine Cycles, Steam Turbines and System
Considerations, Gas Turbines, Cycles and Operational
Expectations, Steam Generation Principle and Equipment,

. Heat Rejection Systems and Power Plant Auxiliaries,
Combined Cycles, Cogeneration, Project Cost Estimating,
Power Plant Project Economic Evaluation.

9 ~ % v #A3E42 ¥ 7 : Industrial and Distribution System Applications,

and Special Seminars 4 5% <& 5 °

(—) Rotating Machine: Magnetic Circuits, MMF and Torque in
Electric Machine, Fundamentals of Electric Motor Control,
Direct Current Machines, Synchronous Machines, Induction
Machines, Brushless DC Motor Drives, AC Motor Selection,
Special Purpose Machines.

(=) Power Electronics.

(=) Deregulated Power Markets Seminar.

(m) Distribution Equipment and Application: Service and
Transformer Connection, Voltage Regulation, Phase and
Ground Faults, Distribution Systems Overcurrent and
Overvoltage Protection, Overview of Power Quality.

(&) Lectures on Power Systems: Transfer Capability, Generators,

Turbine Controls, Data Validation, Plant Control Issues,

15



Standard Data.

(%) Protective Relaying: Instrument Transformers, Operating
Principles of Electro-Mechanical Relays Attraction &
Induction, Operating Principles of Electro-Mechanical Relays
Static & Digital, Operating Principles(Differential Concept,
Distance Relays, Distance Response ), Transformer
Differential Protection & Through Fault Protection, Bus
Protection, Circuit Protection with Overcurrent Relays,
Motor Protection, Out-of-Step Protection, High Speed
Protection of Transmission Lines, Transmission Line
Applications, Local Backup, Automatic Reclosing and

Synchrocheck, Generation Protection.

16



M~ LRBEWARMEFSEEH

— ~ Circuit Analysis
ABELHEZ X b BB E H(Schenectady) Union College Dr.
Ekram Hassib {42367 > X R RLE 0N B X £ 24 B RAm%E
EMITRZLPI2 A REE - ko BT & Z4EKirchoff’s current
law-KCL) ~ #% # % 3£ 48 £ 3¥ (Thevenin Node Theorem) ~ & 4X,;%
(Superposition Method) ~ Sinusoidal Stead State Analysis > Phasor
Representation ~ Time Domain (TD) ~ Sinusoidal Stead State Power
Calculation ~ Instantaneous Power - Average Power ~ Complex
Power ~ Fourier Series ~ The Exponential Fourier Series ~ Parse val's
theorem for Power Signal -~ The Fourier Transform & Delta Function
% o Dr. Hassib # ¥ § &9 L &5 » L RABERIIZ 4% -
RePBLBREFRBFLARE  $0HAZTESR  HAY
TIESREBA (PES)  $BEXHMHLERLEE » #B
@R —F—FTHHR ERFBR > ARSEAZHESBEE
T EBERAEEH > REPHELE PRSI ERTE
BT HFERAZLHHRER  AOBELHHE - ARLAK
R A RPEgg sy PEATRRELGRY  HHEH
Rt Ao BELGRE -
— - Power system Analysis

A B 42 2L Rensselaer Polytechnic Institute Troy NY Dr. M. Harry

Hesse # % GE PSEC #2452 [ Principles of Electric Power

Engineering Analysis | # £ % & K - # 24 Milwaukee School of

17



Engineering Mr. Hadi Saadat k&% " Power System analysis
Second Edition | #4#}#% & California Polytechnic State University
PhD. MAHMOOD NAHVI #t Professor Emeritus of Electrical
Engineering the University of Akron 4-4 2 " Theory and Problems
of Electric Circuits Fourth Edition ;| £ £ Z(XAE &ML & 4E4W
BoMPRE HLEREL  HREMCELRBITERE
# M &85 GE T F 42 6(Senior Engineer) Joseph V. Plewinski
3% o Joseph HHMAMMEEHEPIR > RBHRAZINEZHATHLR
AEHHERLF )L HMAHKINT LA TS
BRI RAYILEEN BRI AHBRIBMER
BEXZ-RE -BEFABCZIHMEBEERF T ITHH
g B E A Slide £ 42 BREB/ZAME LR wEEX
B Ad A2 EIRE B AE > Joseph 3 — D B4 X £ BIRERE - M
B RE > R R@x TN AL ERTHEMN € ER
oA H 48 B > 4o 2% #] Complex Power 85 #3255 4 8 A 14 84t
4% A 4% € #1 Reverse Power i A (# 2000MW)# B - 2| %R B
KA ) 48 4cnk A %2 w0 o 332 2] 1968 4 Au$ K Ontario Hydro
Black-out 1 K F5a6%E » KT iR(4 600Amps)E 4 B X P HE AN
W gk 44 R B mh Ao U B o 4 BT R R AR BT S TR AR B
KRS RB LN ENER  ERE AR TR 6
FEHAGHER RN CRBEREHFHRT  E—BRMTRTER
HH FREASHRTEERAZAERF Y RAFHELXEIRA
—t o S HERY T 0 5 o824 4 Clifton Park 7 i # ]
2951 & > PSEC 44 L 32e43bh % » #¢ Clifton Park 7 ) Bl 238 %k
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BRI FLARB B ETELAGRA B FHELER
BEAFL o MBEEBTH B s - LRI F R TRR o —
Z3# Blessyou #iTRARAEHKAFIR - A TFTREZERNERE:
RLC ERAEZ K AT ERBERML -
EERELT 0 24 =182 4 > Magnitude - Frequency &
Phase » i(t)=Icos(@t+45°) -
R: & 4 #£ #(disputed heat) &4 7t 4%,
L: & % s (energy storage)ufd, W=4L1* » 3% 547 0540 A 40
#&(short circuit),
C: R gE L4, W=KCV' > 48355 47 547 24 B 25 (open
circuit),
L&C exchange energy— energy storage capability is finite.
Therefore L&C can’t continue to store energy without return
it.
LEEBRERERMTHEAELICERAAN TR 07)
THEMERL ICE(ERMBATERI) » 2B — -
E I

90 ° 90 °

B —ERLAMAE

19



Power in the time domain P(t)=V(t)*I(t)

Positive (+) power is delivered by a source to a load
Negative (-) power is received by a source from a load
Inductive circuit ELI by 90°, Q=positive (lagging)
Capacitive circuit ICE by 90°, Q=negative (leading)

Maximum power transfer: P . occurs when Zg=7,*

Zg
Vg Z,

5 M ERE
P ma,,:ng/4zg
& #2544 & % (Autotransformer) T HF X E L X B K © HEA

o F
T
V1 H1 3 l
_l_ H> | —
Vy X4 I% T
v, X Vi

Z BRERRENERE

Electrical connection between primary and secondary winding

20



Typically voltage ratio between 2:1/3:1 or less

Vi/ V=Ni/Ny=a , I,/ 1=N;/N,= a

Vu= Vi+ V= V,+(N\/N,) VU (1+a)Vy

N2 L=Ni I, L= L- L), No(Lr- L)= N, I

L=(N+Ny) 1, I/ Iy=1+a

Saute/Son=(V1+ V3) I}/ V; ;=14 N}/N,01+1/a if a=2
Saute/S2w=1.5

We can have 50% transformation capability benefit

X autosc) = Xawsey (1+ Ni/Na)= Xowsey (1+1/a)

If Z=7% of X,y , a=230/115

X auto= Xawscy (1+1/a)=7%/(1+0.5)=4.667%

In USA 161/138/115 kV call sub-transmission system

FITESGBRTRMAFEEFHARSA -

1.5’ 18’

= | —|

@ © T
@‘—“‘ 2r “—’@ “I‘

10°

10’

10\
1 @ @

B mFTEeTER

300 Kcmil 26/7 “OSTRICM”
Find X;, of combines parallel CKTs.
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GMR “OSTRICM”=.0229 feet
a-b=V10%+1.5=10.11 FT
a-b’=V10>+19.5°=21.92 FT

Equivalent GMD between phases

D’ y5=D’sc="N(10.1¥21.9)>=14.872 FT
DPea="N(20.1#10)>=18.97 FT
Df.~'V14.872*14.872*18.97=16.13 FT

GMR ,,’=Ds?=VDS*d=(20*+18%)"*0.0229=0.785 FT

GMR ' =V21%0.0229=0.693 FT

GMR .’=0.785 FT

DsP=*\0.7857%0.693=0.753 FT

X;=0.1213 In (16.13/0.753)=0.372 Q/mile

D =*V10.1¥10.1¥20=12.66 FT

X1=0.1213 In (12.66/0.229)=0.766 Q/mile

X1/2=0.383 Q/miles£0.372 Q/mile
ETREHENREEA - OLHMNEDKELFZRBETHREF
AAE R E e BRI = o EARG 18 AL R PSS/E 4 A
5 A% BIE LB RAES RO R LA ERAMAGe
0.383) > dosb AT AL > TURFEHNLER > 28
N-185R| €150 Ekey S R(BER SR IAIER % 0. 372 ™Ik
0.383) « £eFs RS AAMMEERGHLERALFTHOY
#oeh 8B AYBRFRET  EETNEENAL  KIFE
¥ 100%E5% o BBk R e9IRIE > @A D 5 L& 3 RAV DATA
Biie it /B E R e AR THABABETRREGAE
RUN N-1 B4 4t = 4 948 OFF » e E m4pehfd ON -
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BIFHERRBER -RFTEIR - YR ETRARAXRYETHRABEM
MAARA - AT H TR EREROE R EAF LT T:

Xe'=H#R¥E L TH

X=REH

Xe=Ete B e TR

Xe=ug35 4. (Field winding) Eic

Xwe=F 2 4. (Damper winding) Eix

K" EZRARACE B BBALEE

' X ag Xa=X 1+ X ad

X ad jfxf X g=X 1+ (11X aqt1/ X )

X q=X 1+ (1/X ag+ 1 X ¢+ 1/X iq)”

L L
gxad éx,kad
o I

AR HERFHARE

HEB T EEEZFEXTE B R X> X> Xd"™> X
A AL PP EH ZI0RAT R ABT R A E AR
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ZHEHEHEN BRALRER N AN RYBERLXKNER
EREHX)ZARELERE » ARXRAREZIFERSE
Db AP 0 RSP AR TR LR AR S IR I Ao A
FE o EIRERBULAREELBTERSIBIARSE -
» PSLF Seminar

&5 Power Systems Energy Consulting Ronald L. Hauth #4% » ;A=
RN GE 2 3 B2 T /1 #im A2 X(PSLF) i 418 75 % >
LA 48 F 2 #8 Transmission Analysis and Pricing 3#42 - 2 B AL ¥
X LR EREAUEE -

= KPF T A2 > PSLF $2 PSS/E shaedaft » T oAt B E T~
THWAREEEE > HABMANTREKRENE T8 PTI
z data- M AR A RBAFZSWER > LEFREFH
10 # A AR AR S HERXFALZRE > ERETHARE
¥ REEFHFARKEINER > BFH K-

f b EAF— R > R REEANE > EE R RAH EHRE
¥ £ (dyd)i2 2 T H I A MVA 44 Base » £(E 7<) » {2 Turbine/
Governors model » Bl Turbine ;2 &3 & /1 (Var)fq sA L A3 A MW
#% Base » & &{# A PSLF 2 X B2 o4y - @E RN 34 HA
PSS/E #2 R, » AR ME R AU P AAE S F @I FAE > R
BEBRAMEFRMES -
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vaar

MVA/

B NEEHGRE

9 ~ Transmission Analysis & Pricing

AL/ B LB 23 Wr. Ronald L. Hauth a4 ¥3% > > A E

$8daibuk TN AAEFMRI LeHRANYE - By

EAANYPP) A 5] BB FHEEANBE 0 BEFAL

8l %% 2 Bl T -

(—) THEERFHZEM®%
Bt&FamME R ELLF a2 —8XTHE ) THAR
HAEIRE) o ldo R 7 E A (TEPCO)ET A H @2 R L4
ORI BREZ— B 1998 F25HFA P T35 T og ki
BEFLEY-THB(RERBAFERFHR) - Akt R LA
FRBEHMMRERFET  SLRITHSHARBEATMNK
AREHEFREAAFGMEELIATER A2 &k
RE EZRAHREDERBAMTILHEBTEREZR
B sbdh L RRMBBAETHREARR > BEE—F
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LB RERAMRA - AQ X FEETHMERLR
KA EA0%)H 4] 4> BILBRAXTAAMER
Bz &R 4HHIFRE - AQABEREFFTER
FIANSEEEREEBRAE  ARTERFATAMSE
BAETHMABKEFEARE  ETRARR=ZFEEK
LB HBMITEMLERR - HTR - FAR - 4
BIRR & CHRMHBES T -

"&E

A- R IRFER(EAIFEEE R
B-eE RIS B AT R

B tTHAELERA

(AN HEBRTREEAREHZI LR
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100%

90%

80%

0%

40%

30%

20%

10%

0%

HEREEAE

Ofgm
Dgm
ugE
Lk

FLTFNE)

FRAEBRET X FTRGENEHY N ETHRERER

BB HRBN Ny c AKX ZEAETEy -

(Z)E% 8 dicmamiRa

BAUER S ERHBBEERAEZTENLE 7 F
FRERAF > AAAHEEZEBIL TX A d1E
(Deregulation) AT & EH 2 A & AR EHE > R4
RoRAAEOIHEZRAP  ZXBREBRZTH - Y
HBEETANN2ZRAPRBALEBREZER - 641t
BHBBREZTHANNECZAPLPTHES I HEE S
ZEN  FXBRBMZER -
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B SRR T35 3R WG 4 (spot price) L B8 TN RS Z HE -
B+A£8H&M 2002 FF3HEHEE(retail price) EREH -

Why Utility Deregulation ?
An Example:

Comparison of Daily High Spot Prices in
Fiorida and Southern Regions

I

Florida

8
63{

. oo™
o L WALV A

L4

S/MWHr

I

T T

0 L T T

T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B ANE¥ A GiLaHA

Different Spot Prices Caused by Transmission
Constraint

2000 MW @ S35/MW-HR 1000 MW @ S100/MW-HR

Zone2 4—> Zone? @»— Consumer
@ | Regional Transmission Local Transmission | !Load)
I/
2000 MW . $100MW-HR
10% Spot Price
TLim=1000 MW [ at Load
1000 MW N S3ISMW-HR

Load profile ’\'

8760 hours

B ARKEEAHEZEWNS
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Retail Rates - by States
[s0] (e/kwWhr)®

- Al

Average retail prices in cents /KWt for Jan-Nov 2002

B +42%2002 £EH FEMRAERA

# ~ Surge Phenomena
A# & GE International, INC. x LizPratico /48 & John
P. Skliutas st 4 3#%3#% > Pratico /48 & & Part [ (1-11
lectures) » Skliutas %4 & & Part Il (12-21 lectures) ' W
BEGEM G BRIETFa BRI LAGBHARAZ
R oS8 BATH T B (NS - WA - R&K) ~ %
TEHFHERR EH MR 2HE AKX —BASF—ES
BRAEBRLEBEHR -
NEES SERATA -EZHAL - SHED - AXpE - F
BISHRIER - REL BB TRENALHMRAERREAYERE
R BETHEEBRIMES  ZHESALBRZE N RHL
UERBE -BER -« - FRLKWHABIL BSLY %R > 2% A 4T
FERRMEFERERA - THRGKH T ERE AL RRK
BRERREARERZIFTHEGITHAN G L4 -
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(—) A B3R EE 42 T65kV % % B M X sk = CFO(Critical Flashover
Overvoltage) & Statistical BSL(Basic Switching Level)z 3+ &
Kol
AT E B B AR AR A A T

BIRER | B RS KR | ABIAR | KB ESE
(kV) (Failure) %)
1300 20 1 1 5
1400 20 6 5 30
1500 20 13 7 65
1600 20 19 6 95
1700 20 20 1 100

CFO={(1*1300)+5*1400)+(7*1500)+(6*1600)}/(1+5+7+6)=1494.7
=1495kV
o={1*(1300-1495)**2+5(1400-1495)**2+7(1500-1495)**2+6(1600
-1495)**2/19}'2=88 7kV (o= standard deviation)
Statistical BSL=CFO-1.285=1495-1.28(88.7)= 1381.5kV(voltage at
10% failure)

(=) A RI3KEEIE T65KV % 45 % % sk x CFO(Critical Flashover
Overvoltage) & Statistical BIL(Basic Insulation Level)Z 3 # %
] -
BT & T RIRERRE M T

BIRER B | Rk (RBIEAR KRB E
(kV) (Failure) (%)
1750 20 1 1 5
1850 20 5 4 25
1900 20 10 5 50
2000 20 17 7 85
2150 20 20 3 100
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CFO= {(1*1750)+ (4*1850)+(5*1900)+(7*2000)}/(1+4+5+7)=1947kV
o={1*(1750-1947)**2+4(1850-1947)**2+5(1900-1947)**2+7(2000-194
7)**2/17}'*=79kV (o= standard deviation)
Statistical BIL=CFO-1.286=1947-1.28(79) =1845.9kV
()R Reynt B2 & (withstands) 18 & R ey fn k&
(protective level) HF4&TF 7Btk -
Switching Surge Withstand / Switching Surge Protective Level > 1.15
Full Wave Withstand (BIL) / Impulse Protective Level > 1.20
Chopped Wave Withstand / Front-of Wave Protective Level > 1.20
() TERARELLRETH D) NHEREH - ERAHERELS -
T HERVDERZEF R AL —BRERI A4 HEL
R Xo/ Xi=-3 9k F s ik 36 (R 2k etk 4+ 0< Xo/ X1<3 and Ro/
Xi<1) » i &% MOAS(Metal Oxide Arrester) 5143 T E A K 3845 -
ZEHNERELEIREN(VDER LI EL S0 EETEE
RABZ R4

X, ¥
- - CcB1 cB:
B VY = ‘:‘ :v_»—\/\/»v' ) o Y nd
—agts o ER 5 -
10 MVA ; &L L xe S5 MVA
Y 12% =T 6 MVAR
Load 20Mva = Capacitor
Bank
10 MVA Base
2
69
476.14
10

B +—@&KBRARMEFRA
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7% ~ EPRI Lenox Center Tour

(=) THEREASKLILTIL  E£H 25 E@ANLE &
BALEE 170 N F > dARBEFBREN - THE &
HAZ A W ERBETEMGEALNZREAA &
EMBESRALEBERBAL -EEHEFH  EE
SR %R 10 BREEMZEP  RHFHRALELESR
i — B2 8 5 — @i £ EPRI X RCARELET %

(DERTH N5 8 HIERE > BN REHBRFHELRF
THRBREERERA ABRABRTR  FAE HFEK
BRABREH TR EE T » T EPRI AR A T4TH - EPRI
BRI o A 46KV R 2 4R A 2] 115KV R 2 s 2 g (R A
HOoMGER REME MEESE) KEBEEHM=
- BAEAESRE T4 /T A S8 AR B AR
A 2 4R % 42 4% 4% (gap conductor) » 3k ACSR » A& &R T
200°C HERETRA ML TITH - BRAHEEAHUAR
% Sag KA -

(Z)EPRI E4 ¢ A8 A /%% A 2 CTURE % 2000/54) - &
A4 Metering A Z T 4THE -

+ ~ Synchronous Machines

AEf2 B IEHM Rensselaer Polytechnic Institute(RPI)Z &

sE#4% Dr. Sheppard Salon 3#3#% - 3% & 4% s Mathematical

Model & Performance Analysis w18 £ #& - Dr. Sheppard Salon

% IEEE Fellow: 2@ B % F > 2002 % AL +.LKREEF

B oM RER DB RS L BB AE LT
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RiBxE6E—RAMMEE KB BMEAAEEHA - B Em A
gaEsal AbEBAERD N EL - HEBBRARY  #EH
BERYE  RERRATHEEAMES 8B FTEX - B2l AT
z Park’ s 7K - FREBE2HEHANG - BEAREE
- F S TR - ZRESR R TFEREZ SRS
Who I E 0 RiEHE A Heavy Course * A& 5 351 - B ibit
RS RAEFERTT BT Ats(d) - (g - T
BHHMEAF AN S £F -
(—) HETRATHR G YR R gut~EE (B +=)
HER GG EEARENRBRE N - R s ed R4
ARENERELLXE ) -CEHBBUAFREAXENE
REBHRES - REHMFRELAREHNREKLESD -
(DDRELEN2ANLEBENZHGEEIHT  FTRERAE TR

BHtdo FRofLAN 8 ek [PP A iF 2 R L 4t 2
BEREHBELL HPEXREZRANALNNERZD
S (EHMAMETH) LEERER - PSS/EA F M2
WO WA BMBE AR EAMN - HMEA 0-2 28 A3
FiEEE A (b E)F4A 2 A R(RERPH) %
A1 28RS dEEN QKA A %450 HR
o B RBETHREHNZELERE - BERANTHER
IPP ¥ % £330 47 4 Sfbi sty - IPP ¥ @ ¥ R T# -
BAEHIRA  AORE > A AE o FHRN 2 ok
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4 AR EEEN ARREBUAZRNESRLRX B ER
ETHEREAE BB HAHELAXERI LA E —B T

Ko RDAMTEE -

348HA359
GENERATOR DATA FOR STABILITY STWDY

Purchaser: - - ‘”J kA ,M M‘

Station and Unit: AL _tTENOED TO REPRESEN;

Generator No.s TYPICAL _AIACHINE PARAMETER

Req. No.t Rated Turbine KwW: 755,000
22.0

Rated KVA: 426,000 Rated KV:
5.0

Rated P.F.: _0-90 g, 0.52 Rated PSIG: 5

Full Load Field Amperess _ 1277

Sat. Curve No.: 3L5EALST Vee Curve No.: 345HALS8 NP No.:

Total Unit WR2: 3,391,600 Lb.Ft.2Rated RPM1 1800

H=  (0.23))(wr2\(RPM2)(10-6) KW-Sec./XVA
KVA base
Field Amperess 1652 at rated gen. volts and amps at O p.f. overexcite
§ 125 2672 25
Field Resistance: 13702 ohms@ c® ohms® ¢

Type of Exciter:

Voltage Response:

Type of voltage regulator:

1.76
X4
’ 285
T
. .260
* a 155
- .205/.205 -t St -
TV 4 XX, S
.165/.165 - - = = -
PV T Xp hydso only =5
=, .165 -
x2"§(x"dv*x“qv) Rz
R 0050
1 —————————
T 8.4 ™ b
do _—_6 qo
.03
4o Tao 069
.11
ra=raa "
Steam Turbine max. expected load (Kve) 863,100 K.
Fraction of Power in HP Tuxbine (f)s 3
Steam Bowl Volume (VB)' Ft.”.
Bys
Rev.H7-(8/19/71 ) som| Dates
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CGNOEREXNC /7 ED

ONER-EXCrTED

B + - ERATHRBURKEFTRA

J\ ~ Introduction to Power System Transient Stability Analysis

A4 d Juan J. Sanchez-Gasca 4% - &2 8 #) B MATALAB
ERTHEER ALRSHEERBEY L E o I FHORALKMAIR
ERSMGEBETEZRE - Fliok® HE(wA) » TH# speed
BAE BB Tim HEAS AR T HRALE -
THRAEHZENAKR(B+Z) BREZRBERRBAFR
B0 Rl e (detai DR @4 (classical A - Bk
MZER A RERIERA ML Detail Model 13 83k a5 2%
4 A48 € > 12 Classical Model RBI# 14 3Bk o A4 % 4 RAE LR
FomFMEL leycle(B+m) - AL ERE RERF A
MRz &R (Detail 12 BEFR4EE » 12 Classical Model 8]
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138K 2B +E) TEEETHRKAF BN TRESFRRT
ZE REBMBTULBR SN ARUEEI>WE #E

a¥

53

N

)/

MR A F B R -

Synchronous Generator Model

EXAMPLE
HHustrate the effect of generator mode! and load type
in simulation results

Event. faull at the terminails of generator 2 System

B +=#ERBEINENZAERE

Synctronous Grocrator Modar

Detailed Mode) ~ Const. Z Loads
Fault at Machine 2

ES
Classical Model — Const. Z Loads
Fault at Machine 2
e ad
+
7
- > <

B+t g SR ERF e E AR SR
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Syncruonous Genosator Moue!

Detailed Model - Const. | Loads

Fauit at Machine 2
Classical Model - Const. | Loads
Fault at Machine 2

P

-

B +Z2EXEREBBEY IR ERF B F BB 5708

CRBTAHERTE R
B+ Ry RRTNA#ZINBAZIEH(FTk)  #RTKE
BUAEOINARRELR —UH)  HEBIRI IS

(figss)  BEAERBAUGOIERNDAE — W) -

1oty octuction

Analogy

Transient Stability Small Signal Stability
SRERTTI R I e

::Z:“-o‘”"{y




ZEAABESRE > BT -

ZEP LB ERIEI BRIV TERZFART

ABRI LY EE  ERIARBIHEA -

ZEF R BRI R RELNEHT - EEGERERARL S

Criteria & E #3789 > 4o Criteria RITHF — RN EAHY &
$E 0 RIRYRAERE > wiTAABRKFR LRHBE S EIKE
BB ERRBEREE - oW ER  WAAKATRBLHE
FA& T AR > 7T 4w PSS 20 - A5 BIE 10 BB o 47 Akt
ERFE-BEEEAHYERL -BRARN I FER IO EA
gy ERTAAR (M AR IEFAE)  BEMEREM L 20 R 30
ZoH o BE—F U BN o TREEIMNABRBBMZ oM

nu\-
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R EHRBHIIE > wxEERNA  BAMEARZIHM -

F 1) & £A MATALAB 445 1EEE DCIACE + ) & AC4A (B + ) sk
AGBEA > RoWERTHABAE R ZR - AC4A 4 3sec Bri
ceiling 12 DCIA B 10sec # # ki ceiling - A Xt 4 & T
BEABRRZRE  ZELAGYERTE  BATREFHLER
AEEhBHBXIHERER  CER S ZHik2HEK(statistics)
Borh % #de STAL, STA3 % - #% & st % 4u(High initial
response ) HE ER T EF EH B ERERK A4 a0MER
HAGHERITREDIHE  AEHRDEREN A2 4BET
% (Power System Stabilizer-PSS) » B PSS =T 42 4 i 8 & R 441K
A RIRBZ ATAR o A3 80 R Br R4 L B8R 0 B AE P
R XMt & R PSS FIAM R M ZAREME M o H R
RAEABRBETZ PP AR S dmk -  AKEARBEETHE - &
PAREFHRM B — R TR -

B + -\ IEEE DC1A R ¥sf % st #%
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+ /. 1EEE AC4A B g % #id it

# ~ Introduction to Power System Small-Signal Stability Analysis
RERNBEERTERBNTRBLESSS) ) HEK raY
RASTEZEE BE—MHFE LR ERIFADYREAIEL
K hb2EGHAE RERAMILABEXEANZL W > wikH
BASLHZ TR - FRTEHHINRIAXN G HERKEESN
PIILEF 0 R A DNHIE RS L XA T RIS AN
HMOHHAANIRAAKEZTIBIEN > HHA2TLHTEK
WAL PSS Hg-3b 345kV R A ZBXEILR » AA Tk
¥4 RTAXAGSHERRTHA - BASHER R
(BEEHERE TR EARAER > ARABRERAMSE AR
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HREZAHYERETE  AFHRAHERERER 2 s
%48 Gain(Ke) &, BRI ¥ 8 (To) ) - BA S FMRRH
# (Net Damping Torque)48 & /v » M bR X $irt 4 it &
e (Negative Damping) > 4ot €V 2 4R > ko3| R
THIOKRE  AERGERRBE - MENAHBLE
( Power System Stabilizer-PSS) > Bi# i ReL &R % -
B PSS vT 324t £ fA R ## 45 (Positive Damping Torque % R
=)  BEFARNNRATH AR [PP HasHE Rk
bk ROME ek A 43 3k PSS 2 AZ B - R imik A % B A4S
B REBHERBTZEAY -

(=)iB %18 AHP Inter-Area Mode & Local Mode = &% <48
REBRARETA  ARBFRUXITIHA(BA=—+—&
—t+)BEA—BTHR-

PSSs are designed to produce a positive damping

torque
without PSS with PSS
; he (A
| |
I AT,
L - /
~— Ab A
o i T as
,,,,,, T { N ?Tends to |
‘ Tends to D E‘S:‘abillZ? !
| de-stabilize | | the system |
ithe system |

B =+ EHhA2%4ETZMERA
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A group of generators oscillates against a group
of generators in a different area

Bl —+— Inter-Area Mode Oscillate 3%°A

A generator oscillates against the rest of the system

B —+ = Local Mode Oscillate ¥4

-+ ~ Voltage Compensation and FACTS
TRAE(BAENHEIARENAAERZN R A dBE
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S5 AR HARBERESE B R TR > LHBREREF
BETELOHEREFAATREAEL AN —EF  LIFRE KX
FHARELRE MNERERIBRFRMERE T ILLZR
$RZ A FORERAEAS T 69KV # 10. 8MVAR=21. 6MVAR
=43. 2MVAR 4w s 3B R B > R4F K 248 % B % ErAr = Rkl (34. 5kV
21. 6MVAR) & 161kV % % SAMVAR E5 B - ST H¥ > 25
B&HHEZBTARKLRILLE IPP EbiAd sk BHEHCE
Fo o {e i # @ BT i 345KV 24X FER T T EH A M —T4T
FEBRRRH 69/16] MEL 4 MERTAKREPRAE
B o BRRABTRLEET AT - N TEELZTE > BN
i EMAM(RE 95-98 &) BB ETRES  LABEMAM - F
EHRARAETNEBRAE  TRAXN—EaHTRMHE XA
ARAZMBRIE AR - AERBRE RO LRA AT
NG /AR EE - EAMFHELT

LR REZM R P2 E B # (power factor) R
o BREREE > TH NNkl TARR - EHER  LLHFRLT
AREFEEZEMDHE > W EXEANTRHE > TH2AFRL
5 BE AN BEEKENRFRY  ARALFTRHAER
Mo bR EHRE =BT RAT(H 84-90 F/) > JLirsr TS
400 BAFR(90 ) B &2 4T /1 > @D EHGMMEK
BETESE EHRAPRIYANREFRELRE AP K
MR BHEHNRERRR > AR F GRS £ HEFEE
BAEZTAKRA B FXFLBUELAAEKXENRRZY
o EFARADBRARE R UM ELE -
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+ — ~ Electric Utility Engineering Economics

IREFR-FIEARINIRGE 2 IRFRAKALEZ 40
W AE—NMARFRE EFLHIEN AREHTERAL
(1994)z AT PSEC #4243 » MR. Richard M. SIGLEY, JR. E#%
“DICK” st 4 3% - b2 REHFPIE > RATARE—RIKRE -
FLADBEMBIOESE BREXEIHIEHET
4v : Payback Period Method, Present Worth Method, Annual Worth
Method, Future Worth Method, Rate-of-Return Method,
Benefit/Cost Method %% —#p| N4 - R P HHREANE F3
UEBRRFRA > REBARF AR » B AFRAKER BRTRA
E-APHFERETAQAH4HEART R > RE B RBFEMRK
MERTRRHIS T EZLBON A2 BIHBNES
ZMEMMBTRMBEESTN - AT REATEARBREL
KERZ oW AN BEAMKBE EFARATRKES 2
EABEE O Ad AR ELIERRE TR
FRAGBERAMERETRE > THANN LS - H 5 GE
N REL MRS T — & note-book RIRE IBM A2 A -
ZHEBEHEGEQAMAZIHT N - AXMAE BHIL > 1AM
BT AR T X ZTATIE -

+ = ~ Power system operation-Control
ARBEFRNRAGALEZABZEEIR > RELEEEB
(KA~ AR RMARABMER)EXHEHN RN - A E
#HILFC) - WEEH R B HRTEHACOZAL > REXL
%A TR E R Z A (kA 2003/8)° B 414048 GE 2 S %
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BR(oE)RAFELHM BATAATX 1.5 & 3.6MF &

# - h 32 2% IEEE Fellow = Mr. William W. Price 3#4% - A&

THEL R HA =

(=) st TH L S > TH# Governor control & Boiler control
(coordinate control)@M Bl HF 4T > Mk H T HRAFR P B
FREZRIE -

(DBRFREERFERFEN  AREHAREFAESL
o EhRIGRERS

(E2)RABHEHARARS REKBER - ZBATRAFI > KB AT
EFBRXFAEH  BEEFTRABBRETIXBEALH
M e

-+ = ~ Power system operation-Economics

AR § EIRBIGFEEA B R A — 184 F 49 System Operator °

HKENARGEABRANTT > B2/ BHREN ~ EHMAREAR - A0

HERIEF - ERMEENLB  HEBAAK/ KA ERAFEKHA

MBS BHERE GG EMKEAB L4 - EF AR

KA R AR AP Z BT > B/ AW TRABOIRSA » KK

%1+ € /7 #7(Optimal Power Flow)R& & &4 = #1(AGC)& %

WREREZ - REAM2ORBELMHBIR AR LOIRMNEATEL

# oA PSLF 2 X804 UBENZBAMAL > TR

BRI o PR EETERE BFERFEELENREME K

REAMEREGER - TEMEE -

Kigf2d GE B E 42 6% Mr. Kim Arthur Wirgau %45 -

FRPEGRE—BRETREARESLEY TR A4 HBEH A
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o 0 7T 5 & (Reliability) &4 % & (Worst case analysis) K i@# &
#H:(Economics)ty # € 2 4 B EER AT/ RAM A %2
S # » 5448 Reliability #2 Economics 3t & -

+ g ~ Strategic Transmission & Generation Planning

AiZf2 & H4r GE 4265 Gary A Jordan & Richard S. Szczepanski
aEWHE SANLE N NS EM(Horizon year) 3 ER B E T
EREH E@EHNE)MRE B A A GE 2 8 B4 X Electric
Utility Planning and Operation Game #2 X, (DOS &) #% 8 5@
B A RRASRBHEXREREGER BBl
ZARBRE - BEEEBE T

(m)HEHaRFARMAEG  KEFREREH A4 1990 F2 8 #&
F4 o & aRkB(—ab A HRFEAEARKE AR
1998~2008 &K #1 & # -

(=) &/ asteiT R a2 reserve margin. (£ B —A& 4 25%,
BERE/REAR) -

(EVRFEATHAEH > FHEFEHKTE -

() RIFH/EBR TS A/ EAREE - SR X EAE
BEFRZ (M8 FE KO£ HMBRLE) -BREFR &
HER - TH AN B Buk RSB (<2000 %
A& B2 BT E (4o 200044% 5 1000MW ~ 2004+
CC600MW) ©

(R)EABEHE ABHT A% % N-1 288+ & Thermal/
Voltage/Stability Limit+ (k3% o st~ B ENH - FREH) -
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(R)&Naxmise it % & Game -

(E)BLFHEL & ms—2 1998 F Rk~ aREEETHGH/
£) —FmELEF AL SMHENE - EHER - Ka
BMETH HEERARTERBE  Ribh 2GS IMNe S
BREM ST HELA A & 13 B EMGEAE ~ KA ~CC~GT~ K
7)Ao N A R E R RO ITRIL) -

(ADARIEL TIEIEMH > & 48 RUN Game » sbBF4R 35 AT A7 4L 21 34
EITRARALABRZIFER - REREHE -RIFTL&a2 1998
FHREREHER -

(A)1998 7t > MERBEZREMEMFZRE L #
ANTF — #5358 > b2ERE4 2000, 02, 04, 06, 08 = & & & &
o EET-92 58 -

(Pa2GEELAIHER URE/EH/EFRAEASLE
kot &Mt R -

BEAMBHAEEE VHARTEARS AR ERR
A BAK -

KAREEEIWH T Tofids ARFEH AHHBES -

FHER S BB REFONER  EREFEEBAL

Rt BT RGAKEL - LB A GhodE ospit ~ BT

N REREH O EREBERG AREELE LHHHLR
% )
g o HERMEL
Team Name (J-Power Lady Power |Asian Blue |Blackout |Appolo 7
Load Manag Yes No Yes No No
Nuclear Yes Yes Yes No Yes
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Gas Conver No No No No Yes
Reserve 20% 25% | 20-25% | 20% 25%
Margin
’98 GT 600
*00 CC 600 |’04 CC 750
Generation |04 GT 750 00 gg 600 106 CC 750 ’00 CC1000 ’04 Nu1000
Plan *08 GT 750 "04 CC 600 06 CC1500
°04 GT1000 |08 GT 600
4G G *06Co0al300
Seismic
3 2 2
Fault !
98 1 34 - 34 394 136
0 846 1301 7678 1174 841
M 200M$(seis)] 200
00 34 68.2 34 153 136
849 1091 1689.2 1239 1721
34 151 34 1248 136
02 955 875 880 1675
50 50
100 244 138 236 613
04 1686 1722 1460 2028 1844
50
100 244 252 419 842
06 2633 1610 1522 1828 2095
180 244 316 451 842
08 1846 1716 1633 1756 2033
3E:
Year 1998 2000 02  '04 06 08
Peak 6800 7300 8100 8900 9500 10200

(MW)

+ # ~ Competitive Power Generation

AERDNMBBEELS B8R FoBBRASATRE

MK EN B RBZ BG4 WMEH - dhi GE R4k
Marketing & % Mr. John Kovacik and Bill Palmer & & - &A%
o BB ZERN B EARRT - REHF AR -
Ea sl 2 48 h - HHV/LHV #giad s+ - ABRBAEE - AT
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4 -THT R BERT R EEFE M - &tk Project Developer
Game 8% B IL £ B BALRR T o2 R EAT T3k -
BB ELT

4 Rocky Mountain & 7 2> 5] & W A 55 R H 16 % 3 (b B 34
BEB -t = —tm)AHRENE HERORAARE > R
Ze#4 150,000Ib/hours » = 474 #% %. % 300,0001b/hours » ™ & /7
S HMEH ELRFRERE 200MW - BL B RN F
48 4~5 A 0 sk — FAEIR B E A 8 (Developer) © 41418 3] Btk &
THREBATZE  wAHARERA T RAFKFCRAR
B A BEAXNERGEEE - #4514 ~ Demand/Energy
costs ~Back-up~ E A & &) » BUFERCGRIERE) > sEREAECH
XEM)F - A A GE 2 8 M4 x GTPRO10.9.1(Windows
Version) » R —HELAAEFTESEZREALAZIER
LOTUS (Excel #£ X)#ITMH LM - TREZRITRAELH - E
NREETEELH  fERDNARITHMRA/MEH ~ BEITRT
BHREHY  SBHEMMRRMEE AR > REFEL - £l RHHK -
LN EERERBELT:

Pennsy | Valdez | Person |Penashota| Irish Mighty
Host Oil Oil Oil paper paper paper

Steam |GMX(%) | NOOR | CARONI | J-wesT | SUMO | APOLLO
(H#®)| (£) | (88) | (B) |[(Fp3gP)

Power | 183MW | 34MW 53MW | 66MW S2MW  [31.5MW
200(peak) P.48¢/kwh|2.2¢/kwh P.48¢/kwh| 2¢/kwh 2.48¢/kwh
2.48¢/kwh | $70/kwh | $65/kwh |$70/kwh |$70/kwh |$70/kwh
$70/kwh
System | 2*GE 1*GE 1*GE 1*GE 1*GE 2*GE
7121EA | 7121EA | 7121EA | 7121EA | 6111FA | 6581B
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$&3%/kw | $130m $54m $53m $56m $64m $72m
$560/kw [>$600/kw|>$600/kw| $610/kw | $667/kw | $804/kw
DCRR(%)| 14.7 19.4 20 30.1 37.4 18
DBR 1.35 1.46 1.44 1.37 1.5 1.42
3x: DCRR: Return on Equity
DBR: Debt Coverage Rate

R ARGER EH 1D 2EZIBREN  NERE-RKAFRK
o QB AMETERE - K @fRE L BARE 0 #% Share 7 X -
BATHEMEBEB R AANAESHAS =5k Slides- IR T
B R EGHAF QFUTRE -

(=) NAFRENAE RSN Y 2EREFTE AP E

=

(D ——wm(ERsda) A ETEHREIW EFHE BT
RIES AT MR L HEITIHE > MFR R RB -

(Z)DCRR & AL R B ELF » ERTHREREF LA -

(vg)DBR #:3%5 1.2 RBITHE -

(BBt A g RAEH o FLAFFHFZRE > AR
foT4atl » BEREAR -

HHA N EABESYRITRBHEH T

(—)AREH
Aot B2 £ % (GETI2IEA) - 3 4% 4Rk 2
TR B D% AE R A A B G & (20MY) - 12 %
WA DURSRATAI R - REME - RFRGE] Su2HAZE
ho 10% 8 T & A sh M3 B $15000/yr. A A ERA
Z Boiler -

(B RGAS) &4
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ey B 2 8) $2 i 900MBTU/Hour 2 & K » RAf7 2 8142 4R 3%
#2124 REM% > #MA%12nillions  RE =B/ L.
1. PIPE LINE & F.#7 2> 3 » R4 &189$3. 25/btu-million °
2. PIPE LINE 26 % » &4+ — % » RATE1R

$3.05/ btu- million -
3. PIPE LINE B R4 3] » KA1 &8 $2. 85/btu-million -
4, 4oiZAREM A (take or paid) > 30%A W& 10%%

$0. 01/btu-million - 50%A P9 10%%

$0. 02/btu-million- 100%% 10%F$0. 03/btu-million °

A 1544 3% (3)3% 30% take or paid > 1E48 3 m B A N #14 2X
#(1)#% & 50% take or paid -
(2)EELH
& A1 4R & 66MV > B4 8000 /BF 0 EIRHE AL
Demand $70/kwh, Energy 2.48¢/kwh » 4 7 & & 3% -
(w) B HREH
FI4RATH 1856 million 2 15 S8 2k o 4RATR I = 4%
1. Debt Ratio 90%/10%, F#|% 8.75% -
2. Debt Ratio 85%/15%, HF#]% 8.25% -
3. Debt Ratio 50%/50%, F#1F T7.75% -
@B I%ERFTEER -

Ao RATEE(S) 12X LOTUS s = F £ 4714 > s (1)
THEZAEZDRR R4 BaE 10%ERAFE -
ARA2% P teamwork 9 E B M - —ERRMEEH > AR
BEATRME -EHh A&, MBI - BREREELE
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-

kol KA E RN R T - B LIFRERT R FRIEAE
BB 2 BRFEAEREEET RLBEAHFZRL  F
BOAARAAABTERES BUZ P18 i H
NuBRLEARE REEEEH T MIEFTHEAN FEHK
Rt -

0

%

Power Systems Consulting Services

Rocky Mountain Service Ma aas
138K V' X'GAS p“f'ilv",':; 23‘0’.(‘/ fxnsnjv g"&ﬂ&"k

Irish County

Migrty County £ Bethport

aaKY

138Ky

Bl —-+ = RockyMountain & h N RBEE % 4B

Power Systems Consulting Services

Rocky Mountain Service Map

Power Flow During Bummar Peak Demand
S — &It Lines ate Double Circuits
Line Loagabiities

(Surge Impwcance!

1Ky Samw
230KV 132Mw
| 3askv__ 3samw

LSACING AS = 5 1L
MILES % Sit

c8c  aa

00 20

200 1.«

—-+m Rocky Mountain EH 2N EA LT ERNA
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+ 75 ~ Rotating Machine
ARED FE MR R T HEMRRAE - EHP Rensselaer
Polytechnic Institute(RPI)z & & ##% Dr. Sheppard Salon
aF - BRBOIES > HHFMARSEZBTARENR M
We AREARGERETR - EHHREEEH FERML - BN
EREGHK RS EHK RETH R F @ - MURRE
B ERERBARLEHMINBER -
ARBRBOARTRAGKAALZABM I > wR=¢/A> dIL
Ehd o BMEAAEREEH RS/ EI(leakage
reactance)  RZ K/ ZEABBKZBEHNR  #HER(S)=(E T4
#B-THR) TTFHER -
+ -+ ~ Power Electronics

A2 d Mrcarl Wegner & & - MM T A o) AR 403l > 37
FREEAKBCENAGYEERHERTEI B TRME oBM
s E R HFACTS) » TCSC - SVC % - HFEHEFHES
BHRZY BEHREEHA2KELEENETHERME T &4
£ o KEA# Diodes ~ Thyristors (SCR’S) ~ GTO’S( Gate Turn Off
Thyristor) ~ IGBT’S(Insulated Gate Bipolar Transistor) % 4% 4 #4 &
N B - A RERHMET ERE > SRFEEEMIBIMEY
WA - THEGIRIAGI » THRANNELE
() ey (1deal Switch)ZEE# T 5 4 #&4F:

1. High Voltage

2. High Current (I)—rating Faults

3. Low V,, (R) losses
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4. Fast Switch

()& EFEHAFHMLBE T X -

Table 1.8-1: Comparison of important characteristics lased upon the device's physics

Characteristic Thyristor GTO . _mcro | SITh IGBT
forward current | vety high high low liutn dium / high
forward block- (very) high (very) igh principally high; high: medium; -
ing voltage trade-off with function of Vyu. |expected to in-
max. controllable , crease with further
current development
reverse blocking very high very low for op- | very low for op- high very low
| voltage timized switching | timized switching
dvdt high itivity,  {low itivity less itive than | less itive than | very low sensitivity
in the off - state | limitation neces- | because of carricr | GTO because of GTO compared to other
sary extraction very eflicient devices
through the gate | emitter shorts
turn - on spreading velocity { celtular cellular; cellular; ccllular,
of ducti herefore rela- forc rela very fast very fast
region tively fast tively fast
= 0.1 mm/ps =
di/dt timitation
did¢ capability limited less scnsitive less sensitive high high
non repetitive high Jess high less high high small; tum-off
surge current required within
capability = 10
forward voltage very low low higher; necd of extremely low | higher; only onc
drop ballast resistors emitter
but low theoreti-
I cal limit
[botding current | fow _higher higher very low no latching
turn - off no filamentation limited because of fast fast and safe;
tendency, current filamen-
tation; no snubber for
cither snubber or { cither saubber or single device ap-
reduced current | reduced current plication
turn-off current — low wvery high very low very high
gain
turn-off losses of — high high fow low
the device
need of saubber | yes, but relatively |yes; is a must; yes; is & must yes normally no, how-
small large snubbers cver small snubber
used nceded for some
1GBT/diode com-
binations
itivity to itive; itive; 3 3 neg. feedback:
temperature current i current i current i current i current d
with temg with temp with temp with with temp
(NPT - IGBT)
gate power re- very low high very low very high very low
guirements
process standard higher extremely high | extremely high higher
complexity (basclinc)

+ A ~ Deregulated Power Markets Seminar
A4 & Dr. Venkat Banunarayanan Elizabeth N. La Rose Mark O.
Sanford & & - /Bt R & R E ¥ 44 (Deregulation) i # Ak 5L
woie EEMBZ MM E N KD R KB GAMM  KBEAB
AR 2% LERSEARFSK(BA=—+Z)  EERARET
PRD B mEBEHRALEL ERF —R(B=+x) - ER
GREPEEHLARABBLIER L L REMBRF ORI TE
FEAGEE (B =+t) Eofs(E—F R TVOHR
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FAE (D # EE4 New England, 4B 2 %38 54 8 5 R P
B MEFAEERGES(B=+A =+ -B=+-=+=
%

A % B PIM & NE-1SO 2002 4 Power Market Bids &4} » #4145 A&
N B B e

O

Status of Deregulation World Wide

;:;‘--c" =

23 E T

z
: > >
< LTI '? 3

e T e
&

: Y -
gl TN W -

B —+Z #REXE GRLRNHA

Status of Privatization World Wide

1
l

Asscts in Private Scoior
L e ST R

Fowow-
Iz
L

[of FIel 1)

o

—+xX HREEREILRIALRA
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Supply and Demand

Excess Supply
)

Demand

Price

Equilibrium

Supply

P

Excess Demand

Quantity

—++t EAAHLEFHE

Monopoly — Single Seller

Marginal Cost

Demand

Monop0listic Price

Price

Marginal Revenue

Quantity

=+ B & TR T FEE
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Oligopoly — Few Sellers

Demand

Oligopoly Price

\ Marginal Cost

Marginal Revenue

Price

Quénmy

B —+tAi B&THHEFHE

Examples of Power Market Bids

Energy Bids in PJM - August 14, 2002 - Hour 1600

PEAK LOAD
- 83.779 MW

Source: Bid Data Posted on PUM Websile

B =+ £BRPIMEA T35 2002 FEHRERAZRA
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Examples of Power Market Bids

Energy Bids in ISO-NE - August 9 - Hour 15

« 2001 » 2002 LOAD 2002 PEAK LOAD
- 19.200 MW 25.000 W

Bt Prce [SWWh)
Sori ot g oo

Camuimise Capaciy (Mwi

Source: Bid Dala Posted on 1ISO-NE Websrte

B =+— £BE NE-1S0 2001/2002 & & HEA& AR RA(—)

Examples of Power Market Bids

>8100 bids Gas and Oi

Peaking

Energy Bids in ISO-NE — August 9 — Hour 15
7001 @ 2002

$40-$100 bids Gas and Oil Sfeam

Bid (SMWh)
L L] a "”

$20-540 bids Coal, CC, Gas ftearp]

« 23 T —
o sa0c L 3] . g

| 1 VS0
] ermutative Capacity (MW)

Source: Bid Data Posted on iSO-NE Website

B =+= £B NE-1SO 2001/2002 4 & A B4 BARRA(=)

+ # ~ Distribution Equipment and Application
AiEf2d MrDevinT. Van Zandt & & B NET A %% - HEE
% % 89 F R 4o K 4 4k (radial system) - — =R 49 28 (primary
-k 8% (secondary network)Bd# > #EANEE AL 4o

network) ~ ==
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YUREEES  UETHR BT/ BER2RELENE -
BEBZR  REBRALMEARFREET RAFPHEELS
120 BT SAIFIGL Tk $) & SAIDICGE Eo5 ) 3% AT F A5
ILETLOME T H Y (power quality) » Rt EHOASTHERE
9h 0 B AT R (sag & dip) ~ AR BAE ~ Wk - TR ~ =5
¥22® - THRBMEARLGZIHEAMRTHRESL -
(—)% 4 pi£6m Voltage Sag & Voltage Dip 2 28 > B4
HFERRFABORE  ARAHMNESY L > ATHESEE
% (longer) -
(DDBEFBEBRME  RELARFE XA AR EIRER
R EGBEHY-
(=)Power Quality 8™ 4o T » BHHRBREL#E -
-Dip +Sag -<Spikes:sudden change in oltage +Swells -Interruptions
«Harmonic Distortion *Flicker *Frequency Shift +Noise <Voltage Regulation
RIEAE LKA AESH TR > 8T%75 & dips and sags 3]
RE=Z+Z) - AasafRBEH#ERE A  dips and sags
FlAeEMMIERT » AR EMI - 6 - ETESHRBAERT
ZHESRE BRBCABRRERETRES X £tRI 0 b
MR R EZES BRI GHe e PRBRERE -
BB E  RABESE - TAEAXNEFRBBRIANE
TR AFTRBETRERBIASNTMEERI LT
J1d0 0 R -
—+ - Protective Relaying
ARiR42 % PSEC 96k 2 B#h > h3R/E GE /%% 4 430 P 4267 Mr.

59



Jason M. MacDowell 3$4% - R A KL 2L RE LB S - T
X #HEXRBHKXTFHERE - 29 TR - AIERE -
GREZHFHE  HTRBTAGE - THRMAE - KPR HE
(out-of-step) ~ I E 4 ik /R - 1% F 1% % (backup) ~ T
RE-AHENE - LM REERBERGRAREEES
2 Fl 202665 $3E5A B 6 T ROAET B2 EFT5548 M F
B HRY A —HMETHRAN S H T
LEGTFEFLAMEG WERATTRILERE? 2GS
BLEEHTHRAERARERELRA > £2HTFRLRYA
LAYRE BASKETHRRE CRLFM0EERERTRT
FHAESFH AKX ? LUK AS FERARBAMME E4F
BEMESHGRI S D 7 2GE B0 20 2R 30 "2 - 24K
1 RBRIEHER -

Relative Frequency of

Disturbances

o0

8o

70

6o

50

40

30 7

20 +

T — | S——

o ‘Y ' | . " 4 —_—
Dips & Sags Outages Impulises &
Surges

In one survey, 87% of disruptive voltage disturbances were
due to dips & sags.

B =+= EHAKEHRBARERHA
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—+— ~Lectures on Power Systems

AiEf2d iRk = GE 78 4L Turbine Control # % Mr. John Undill

BE RETEGHNBARY DIABERL HRLT  #HX

Fitwmi st -

(=) ARTHEEA Governor > 4 HEIEHBETH  UEH T
HRRBFRIEIES > BARBE - B BRE Governor
PRI A ERFTE  BAHAKRART

(DASKHNEHBER > BRERZAL OGN EARE > REHEHE
lafiPoayt o PRSLYER Albany Z Tk > &

FHATRBKRME - L EF2E > REDALMRILER
2 B Atk &M KRS H ¢ k4 Bl # % Synchronize
Condenser ; XA E N ERPBATE S M - BFEHH L
WAHENERH BHELE  THREAFELARE  €4F
HE o BEEH EEMBERTRHN—ERERFEYE
He o AR TR - BRE A 44 TR FART > Synchronize
Condenser R X ERFE » THHEFEXEXRTHRHE A
S EHRETLRANEAT IR B ATRG T H R EL
ERABREAR D H5ERERHE -

(Z)RH 5 FUNHEN A4iExT B (PSS Z A Analogy
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Computer & 3x#] » #t A 8% 5 & 4 Vibration & Noise H%4
#WEE > RLEREEABARER KA EEs Operator
e TH TFREE TR AATRANEZINEMR -2 F
fReE—SIRABHAEMITES  ATEMBOEFHRE > oA
FHERRMA - A2 A% E®R8@PSS ern 20 F Ay
LT A SR PR T R B A AT SR A 2N A B B A

Bl L B -
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%~ £ XREEE EH)

1. Ekram Hassib, “Circuit Analysis Review”
2. Joe Plewinski, “Power System Analysis”
3. Ron Hauth, “PSLF Seminar”
4. Ron Hauth, “Transmission Analysis and Pricing”
5.Liz Pratico and John Skliutas, “Surge Phenomena”
6. Shep Salon, “Synchronous Machines”
7.Wenchun Zhu and Juan Sanchez-Gasca, “Stability”
8 Ron Hauth, “Voltage Compensation & FACTS”
9.Dick Sigley, “Utility Economics”
10. Bill Price, “System Operation — Control”
11. Kim Wirgau, “System Operation — Economics”
12. Gary Jordan and Rit Szczepanski, “Strategic Transmission &
Generation Planning”
13. John Kovacik and Bill Palmer, “Competitive Power Generation”
14. Shep Salon, “Rotating Machines”
15. Carl Wegner, “Power Electronics Seminar”
16. Sundar Venkataraman, “Power Plant Control Interaction”
17. Paul Steciuk, “Distribution Equipment & Applications”
18. John Undrill, “Lectures on Power System”
19. Louie Powell and Mike Reichard, “Protective Relaying”
20.Hadi Saadat, “Power System Analysis”, Second Edition,
McGraw-Hill Primis Custom Publishing, 2002
21. Joseph Edminister and Mahmood Nahvi, “Theory and Problems
of Electic Circuits”, Third Edition, McGraw-Hill Company,
1997
22. Andrew R. Hileman, “Insulation Coordination for Power
Systems”, Marcel Dekker, Inc. New York, Basel, 1999.”
23. P. Kundur, “Power System Stability and Control”, McGraw-Hill,
Inc., 1994~
24. Harry G. Stoll, “Least-Cost Electric Utility Planning”, John Wiley
& Sons, Inc. New York, 1989
25. GE Wind Turbines—1.5MW/3.6MW
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