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Fig. 3-16 Resource mix at XcelEnergy [14].   
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Fig. 3-4 Rankine thermodynamic cycle in coal-fired power plants. 
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Fig. 3-5 Brayton thermodynamic cycle in natural-gas power plants. 
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Fig. 3-3 Hydro power (Source: www.bpa.gov). 
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Fig. 3-6 (a) BWR and (b) PWR reactors [5]. 
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Fig. 3-9 Induction generator directly connected to the grid [8].  
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Fig. 3-8 pc  as a function of λ  [7]; these would vary based on the turbine design. 
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Fig. 3-10 Doubly-fed, wound-rotor induction generator [9]. 
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Fig. 3-11 Power Electronics connected generator [10]. 
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Fig. 3-12 PV cell characteristics [11]. 
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Fig. 3-13 Photovoltaic systems. 

Isolated 

DC-DC 

Converter

PWM 

Converter

Max. Power-

point Tracker

Utility

1φ

Isolated 

DC-DC 

Converter

PWM 

Converter

Max. Power-

point Tracker

Utility

1φ

Interfacing PV with AC 
Grid



© Copyright Ned Mohan 2006 14

Fig. 3-14 Fuel cell v-i relationship and cell power [12]. 
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Fig. 9-1 Synchronous generators driven by (a) steam turbines, and (b) hydraulic turbines. 
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Fig. 9-2 Machine cross-section. 
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Fig. 9-3 Machine structure. 
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Fig. 9-4 Three phase windings on the stator. 
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Fig. 9-6 Field winding on the rotor that is supplied by a dc current fI . 
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Fig. 9-7 Current direction and voltage polarities; the rotor position shown induces 

maximum ae . 
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Fig. 2-27 Example 2-11. 
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Fig. 9-9 Armature reaction due to phase currents. 
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Fig. 9-10 Phasor diagram and per-phase equivalent circuit. 
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Fig. 11-1 Simple one-generator system connected to an infinite bus. 
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Fig. 10-1 A radial system. 

R RP jQ+
SV RV

LjX

S SP jQ+

Load

(a) (b)

S SP jQ+ R RP jQ+LjX

SV
RV

+

−

+

−

I

A Radial System



© Copyright Ned Mohan 2006 27

Fig. 9-11 Power output and synchronism. 
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Fig. 2-17 Power transfer between two ac systems. 
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Fig. 9-12 Steady state stability limit. 
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Fig. 11-4 Fault on one of the transmission lines. 
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Fig. 11-2 Power-angle characteristics. 

post-fault

Pre-fault

LX

LX

Bus 1 0B BV V= ∠

δ
π0

eP

mP

0δ 1δ

( )a ( )b

mP eP

during-fault

Power-Angle 
Characteristic in One-
Machine Infinite-Bus 
System



© Copyright Ned Mohan 2006 32

Fig. 11-6 Critical clearing angle. 
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Fig. 9-13 Excitation control to supply reactive power.  

{aqI

aqI


 o90

o90

aI
aI

aI

s ajX I s ajX I
s ajX I

afEafE
afE

δ δ δ
aV

aV

aV

( )a ( )b ( )c

{aqI

aqI


 o90

o90

aI
aI

aI

s ajX I s ajX I
s ajX I

afEafE
afE

δ δ δ
aV

aV

aV

( )a ( )b ( )c

Reactive Power Control by 
Field Excitation



© Copyright Ned Mohan 2006 34

Fig. 9-14 Synchronous Condenser. 
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Fig. 9-15 Field exciter for automatic voltage regulation (AVR). 
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Fig. 9-16 Armature reaction flux in steady state. 
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Fig. 9-17 Armature (a) and field current (b), after a sudden short circuit [source: 4]. 
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Fig. 9-18 Synchronous generator modeling for transient and sub-transient conditions. 
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Fig. 10-2 Phasor diagram and the equivalent circuit with 1puS RV V= = . 
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