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Electrical Systems 
Generator ς energy conversion 
 
Synchronous and Induction 
Synchronous description 
 
f = n * p / 120 
 
Example 4: 
 
2 pole, 3600 rpm machine -> 
 
f = 3600 * 2 / 120 = 60 hz 
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Electrical Systems 
Synchronous 
Generator 
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Electrical Systems 
Induction Generator 
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Electrical Systems 
Induction Motor 
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Electrical Systems 
Induction 
Generator 
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Electrical Systems 
Induction Generator Example ς Wind Power 
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Electrical Systems 
Stator ς 
Coil wound in stator slots 
Indirect cooling 
Direct cooling gas & water 
H2 pressure effects cooling -> capability 
Construction discussion 

12 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Electrical Systems Air Cooled 
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Electrical Systems 
9 seg / cir 

3 slots / seg 

27 slots per cir 

27 coils or 

54 half coils 
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Electrical Systems 
Stator ς 
Hysteresis loss ς change in flux 
Eddy current ς 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 
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End Turn 
Region 
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Electrical Systems Flux Probe  
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Electrical Systems Flux Probe  
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Electrical Systems Flux Probe  
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Electrical Systems Slot RTD 
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Electrical Systems 
Cross section 
winding 
Intercooled gas 
winding 
Top coil half / 
Bottom coil half 
 
Hydrogen vs. air 
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Electrical Systems 
Epoxy Resin 
coating 
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Electrical Systems 
Stator Half 
Coils 
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Electrical Systems 
Robel 
Transposition 
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Electrical Systems 
Slot 
Construction 
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Electrical Systems 
Slot cross 
section 
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Electrical Systems 
Indirect 
cooling 
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Electrical Systems 
H2 
cooled 
machine 
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Electrical Systems 
Direct Cooled 
ς 
Inter-gas 
cooled 

30 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Electrical Systems 
Direct Cooled ς Inter-gas cooled 
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Electrical Systems 
Direct cooled ς 
Water 
intercooled 
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Electrical Systems 
Direct cooled ς Water 
intercooled 
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Electrical Systems 
Building Bolts 
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Electrical Systems 
Building Bolts 
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Electrical Systems 
Rotors ς two basic types 
Cylindrical (2 & 4 pole) 
Uniform air gap or round rotor 
Salient pole  
Higher pole count 
Non uniform air gap 
Higher speed rotor ς smaller diameter 
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Electrical Systems 
Ratings ς 
Turbine nominal, VWO, VWO + 5% 
Generator ς MVA  
 Speed, freq, volt, pf, gas pressure 
Generator Capability Curve ς 
+MVA limited by rotor winding 
MW limited by stator winding 
-MVA limited by endwinding heating 
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Electrical Systems 
MVA * PF = MW 
To get certain MW rating, as you specify lower PF, you get 
larger MVA generator. 
SCR (Short Circuit Ratio) =  
I rotor @ FVNL / I rotor @FL for 3 phase fault 
Higher SCR ς increased stability, reduced efficiency, higher 
fault current 
Reactance ς low transient better for stability, higher 
momentary fault current value 
Efficiency ς about 98.5% efficient ς remove heat 
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Electrical Systems 
Voltage ς  
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 
Capacity curve  
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Electrical Systems 
H2 intercooled 
495MVA 
0.9 PF lead 
24KV 
3600 RPM 
0.58 SCR 
60 PSIG H2 
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Electrical Systems 
capability 
curve - H2 
pressure 
dependent  
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Electrical Systems 
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Electrical Systems 
V-Curve 
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Electrical Systems 
Curve Limitations 
 
Curve AB ς Field Heating 
Curve BC ς Armature 
Heating 
Curve CD ς Armature Core 
End Heating 
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Electrical Systems 
Calculation of  
Field winding  
Temperature  

46 

M = (Rh ς Rc)/(Th ς Tc) 
 
M = 0.000422 ohm/oC 
 
T2 = [(Rt2 ς Rt1)/M] + T1 
 
T2 = [(Rt2 ς 0.1094)/0.000422] + 25oC 
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Electrical Systems 
Calculation of  
Field winding  
Temperature  
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Example 6: 
What is Temperature of rotor in oC 
 if resistance measured is 0.1225? 
 
T2 = [(0.1225 ς 0.1094)/0.000422] + 25oC 
 
T2 = 56oC 
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Electrical Systems 
Generator impedance  
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Electrical Systems 
3 phase 
short 
circuit 
characterist
ics 
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Electrical Systems 
Rating based 
on H2 pressure  
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