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Electrical Systems
Generator¢ energy conversion

Synchronous and Induction
Synchronous description

f=n*p/120
Example 4.
2 pole, 3600 rpm machine

f=3600*2 /120 = 60z
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Air cooler Stator colls
I

Air cooler

Brushless
exciter
Rotor

Bearinq assembly

FIGURE 4.1.2 Key elements of an air-coole
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Electrical Systems

Induction Generator
t

FIGURE 4.1.3 Induction generator.
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Induction Motor
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Electrical Systems
Induction Generator Examp&Wind Power

]33

Wind turbine control

Pitch angle |,

control

System
management
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Electrical Systems
Statorc
Coil wound in stator slots
Indirect cooling
Direct cooling gas & water
H2 pressure effects cooling capability
Construction discussion
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Electrical Systems Air Cooled
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Electrlcal Systems
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Electrical Systems

Statorc

Hysteresis loss change in flux

Eddy current flow in laminations

Thin lamination construction with teeth for slot

Example 5

9 laminations per disc, each lamination is 15 mil thick, core
length is 225 inches (excluding vent fingers), how many
laminations?

9 laminations * 225 inches * (1000 mil / 1 inch) / 15 mil
= 135,000 laminations
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Electrical Systems

End Turn
Region

FIGURE 4.1.4 Stator winding.
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Electrical Systems
End Turn

Region Y 4 ;
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Flux Probe  Electrical Systems
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Flux Probe  Electrical Systems

M Generatortech Rotor Winding Shorted Turn Detection Program (... M=l E3
Eile Frogram Setup Stadl  Analysis Help
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Flux Probe
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Electrical Systems
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Electrical Systems

Robel
- ... Transposition
NATIONAL ? ELECTRIC COIL
vona g prrcrn
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Electrical Systems
——— Slot
Construction

Stator slot model of a
turbogenerator

Wedge
Top ripple spring
Side ripple spring
Layer insulation

made of MULTI-prepreg

Outer corona protection
and conducting slot liner
made of conducting
non-woven

Inner corona protection
made of conducting
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~ Electrical Systems

gy Slot cross
' N i section

Each Strand

o Insulated
Groundwall
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ar Temperature
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Vent Fingers

FIGURE 4.1.6  Stator slot cross section.
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Electrical Systems

Indirect
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Electrical Systems

H2
cooled
machine

FIGURE 4.1.7 Hydrogen-cooled generator
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Electrical Systems
Direct Cooled

G
2 Inter-gas
, cooled
> “,=E ._:
SELET 2
S5 i
W= =
n
FIGURE 4.1.8 Hydrogen gas directly cooled stator coils,
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Electrical Systems
Direct Cooled Inter-gas cooled
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Electrical Systems

[ —t

Directly water-cooled stator coils
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Building Bolts
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Electrical Systems

Rotorsc two basic types

Cylindrical (2 & 4 pole)

Uniform air gap or round rotor
Salient pole

Higher pole count

Non uniform air gap

Higher speed rotog smaller diameter
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Electrical Systems

Ratingsg
Turbine nominal, VWO, VWO + 5%
Generator¢ MVA
Speedfreq, volt, pf, gas pressure
Generator Capability Curee
+MVA limited by rotor winding
MW limited by stator winding
-MVA limited byendwindingheating
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Electrical Systems
MVA * PF = MW
To get certain MW rating, as you specify lower PF, you get
larger MVVA generator.
SCR (Short Circuit Ratio) =
| rotor @ FVNL /| rotor @FL for 3 phase fault
Higher SCRincreased stabllity, reduced efficiency, higher
fault current
Reactance low transient better for stability, higher
momentary fault current value
Efficiencyg about 98.5% efficient remove heat
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Electrical Systems
Voltagec
Increased V> lower losses
Reduced bracing system

SCR = If (full voltage, NL)/If (rated stator amps, SC)

Higher SCR = less field current to maintain voltage
leads to more fault current> ensure protection work
But look at bracing for faults

leads to better stability

Higher SCR = larger size, less efficiency

Effects ability to absorb VARS
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Electrical Systems
T o Capacity curve
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FIGURE 4.1.10  Generator capability carve
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Electrical Systems
GENERAL 5 ELECTRIC

STEAM TURBINE -GENERATOR UNIT

TURBINE
NO_ 170X 605
RATING: 415795 KW 3600 RPM 2 A 17 STAGES
STEAM CONDITIONS: PRESSURE 2400 PSIG TEMPERATURE 1000 F
REHEAT TEMPERATURE 1000 F EXHAUST PRESSURE. 2.0 HG. ABS
GENERATOR
ATB 2 POLES 60 HERTZ ND. 180 X605 HYDROGEN & WATER - COOLED
Y CONNECTED FOR 22000 VOLTS RATING
EXCITATION 500 VOLTS GAS PRESSURE (PSIG): 45
TEMPERATURE RISE AT RATED LOAD KVA: 435000
GUARANTEED NOT TO EXCEED STATOR AMPERES: 12980
54 C ON STATOR WINDING BY DETECTOR FIELD AMPERES: 3085
64 C _ON FIELD BY RESISTANCE POWER FACTOR: 30

CAUTION! BEFORE INSTALLING, OPERATING OR DISMANTLING, READ INSTRUCTIONS GEK-42229

MANUFACTURED UNDER OME OR MORE OF THE FOLLOWING U § PATENTS
7000 10k 1942 4m 19% 0 L4 4 ) IRLLEN ] FE LR LE Hem IR H AR ) 5H8 Ses 1884 104 18440
PR AP, ivmamm 19 It am |
e 19 % 108 1IN )
3 W) e 7905 8 1957 &m0 ey )

mren ML 1409 %9 1e % J%E10 164112
Wi PREL LS AT A% 1501887 18119 1804088
LR

3 3
IRLL AL ) 9"
3 JIAT 1%y JAIL e 1M SR L AN 104 R AL E RS

MADE IN U.S5.A.

1951652
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Electrical Systems

Calculation of
M = (Rhg Rc)/(Thg Tc) Field winding

Temperature
M = 0.000422 ohm(C

T2 = [(RtZ Rt1)/M] + T1

T2 = [(RtZ 0.1094)/0.000422] + 2&

3860

Fleld Amperes: at rated gen. volts and amps at O p.f. overexcited.

Fleld Resistances 1516 ohme® 125 ¢° J094  ohms® 25 ¢°
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Electrical Systems

Calculation of
Example 6: Field winding
What is Temperature of rotor i#C Temperature
If resistance measured is 0.1225?

T2 = [(0.122% 0.1094)/0.000422] + 2&

T2 =56C
Fleld Amperes: 3860 at rated gen. volts and amps at O p.f. overexcited.
Fleld Resistances  +1516 ohmed 125 ° A4 onmed 25 ¢°
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Electrical Systems

Generator impedance
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Calculated Cenerator Constants - Basc: 495,000 KVA
}_.Kd__,._, L FRCRRTai) [ RS ¢ T'do 4,0
Xigh . oaaa0n - -1 Xg 1.60 T'"do .032
PR ey RN 430 Ta3 14
X"di 185 | Xlm 130 T'qo 5008
X"dv o | R1 0039 T'qo0 0620
X2y i 155 ! R2 022 Cap, 39 . 5456 mid
= sl Cap, 0 L, TIBT mfd
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PER UNIT ARMATURE AMPERES

THREE-PHASE SHORT-CIRCUIT DECREMENT CURVES
FOR STEAM TURDINE.GENIRATOR UNIT

ATB 2 POLE, 495,000KVA, 3600RPM, 22,000VOLTS

090PF O58$CR 45PSlG HYDROGEN PRESURE 500 VOLTS EXCITATION
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Electrical Systems

Rating based
on H2 pressure
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