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Abstract — The effects of a varied d.c excitation voltage on the speed and power output of two selected synchronous 

machines were analyzed in this paper through computer simulations. The steady state equations for a cylindrical rotor and 

salient pole synchronous machines were derived and simulated at different values of quadrature axis reactance. A varied 

excitation voltage values were also considered while a significant increase in the value of power output for the salient pole 

machine was obtained after simulation. The cylindrical rotor machine remained unaffected by the variation in the 

quadrature axis reactance. The dynamic equations for a salient pole machine were also modeled and simulated with 

simplified algorithms using embedded MATLAB Function block in ideal motor operating condition and under a three 

phase to ground fault. The simulation results showed an increase in real power and reactive power values at an increased 

excitation voltage.  A rapid drop in speed and torque value was observed during a three phase to ground fault and was 

restored after six seconds. All Simulation results were achieved in MATLAB/Simulink software. 

 

Keywords— DC-Excitation; Dynamic Modeling; Real Power; Reactive Power; Synchronous Machine, Speed and Torque 
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1. INTRODUCTION 

 

Synchronous machines are a.c machines that compete 

favourably with the induction machine in many industrial 

applications. They are generally more expensive and more 

complex in terms of variable speed control than the 

induction machine drives [1, 2]. Synchronous machines are 

mostly used in hydro and thermal power station for 

electricity generation. The speed of the machine under 

steady state condition is always proportional to the 

frequency of the rotating magnetic flux in the armature and 

it runs at a synchronous speed value equivalent to its rated 

speed value [3]. The magnetic field produced by the 

armature currents rotates at the same speed with the field 

current produced on the rotor which rotates at the 

synchronous speed value [3]. The synchronous machine 

unlike the induction machine operates in lagging power 

factor mode when under excited, in unity power factor 

mode when normally excited and in leading power factor 

mode when overexcited by simply adjusting the machine  

rated current [4]. The synchronous machine requires a 

simultaneous supply of a.c voltage to the stator windings 

and d.c excitation voltage or field current on the rotor field 

windings and therefore is not self-starting [5]. The rotor of 

the machine is turned into rotation by a prime mover which 

produces a rotating magnetic field within the machine. The 

d.c current applied to the rotor is achieved from an external 

d.c source connected to the rotor through slip rings and 

brushes. This process can also be realized through a 

specialized d.c power source mounted directly on the shaft 

of the machine usually a rotating rectifier which is 

commonly referred to as a brushless d.c machine [5].  

 

II.  RELATED WORK 

 

Many research works have been conducted and presented 

on synchronous machine modeling and analysis. In [6], the 

d-q model of synchronous machine was carried out for 

sensor-less control operation while a small signal finite 

element modeling of synchronous machine was presented 

in [7]. A small signal modeling for virtual synchronous 

generator was detailed in [8]. The comparison of different 

synchronous machines for sensor-less drives was analyzed 

in [9,10]. Optimal design of wound field synchronous 

reluctance machine that improves torque through the 

increase in the saliency ratio was presented in [11]. The 

above research papers exhaustively discussed the dynamic 

characteristics of the synchronous machine with emphasis 

on small signal injection, an increased saliency ratio and 

sensor-less drives. This paper in a different view focused 

on the effects of varied field excitation and quadrature axis 

reactance on the power output of the synchronous 

machines which were achieved through computer 

simulations. The machines steady state and dynamic 

equations were modeled and presented with their 

respective phasor and circuit diagrams for clarity. A 

simplified algorithm for the speed control was adopted for 

the satisfactory simulation of the salient pole machine 

dynamics in its ideal state and under a three phase to 

ground fault. An aberration in the speed and torque 

http://www.isroset.org/
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oscillation was observed under a three phase to ground 

fault as presented in the preceding simulation results. 

A synchronous machine attains a steady state condition if 

the entire transient disturbance such as a sudden change in 

load and transitory oscillations are attenuated with a 

constant speed and torque sustained [12]. A three phase 

current flows in the stator winding of a synchronous 

machine when connected to an a.c voltage supply of fixed 

frequency (busbar). This creates a rotating magnetic field 

which rotates at a synchronous speed value. The rotor 

(field winding) at this point is usually stationary and hardly 

picks up speed instantaneously due to inertia. The 

magnetic rotatory field and the rotor field winding move 

relative to each other resulting in zero average torque. A 

d.c exciter is usually placed across the rotor field winding 

which produces a magnetic field that rotates at a 

synchronous speed value. The field interaction between the 

stator and rotor which rotates at synchronous speed 

produces a steady state constant torque. The steady state 

analysis presented in this paper considered the cylindrical 

(round) rotor and salient pole synchronous machine in 

relation to their mechanical output power and torque for 

varying excitation. The cylindrical rotor synchronous 

machine is usually suited for high speed operation such as 

steam turbine and turbo generator applications due to a 

reduced number of poles and circumferential diameter of 

uniform air-gap. Its structural representation is presented in 

Figure 1. The salient pole machine contrariwise has a large 

diameter with more number of poles and is designed for 

low speed operation with specific application in 

hydroelectric power generation. Traditional applications 

for the salient pole motor are pump systems, paper mills, 

ship propulsion and other applications with moderate 

dynamic requirements [13]. Its diagram is presented in 

Figure 2. 

 
Figure 1: Cylindrical Rotor Synchronous machine  

  

  
            Figure 2: Salient Pole Synchronous machine. 
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Figure 3: Equivalent circuit diagrams of cylindrical rotor 

synchronous machine in motoring and generating modes. 
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Figure 4: Equivalent phasor diagrams of cylindrical rotor 

synchronous machine in motoring and generating modes. 

 

The equivalent circuits of the cylindrical rotor machine are 

presented in Figure 3 with the corresponding phasor 

diagrams shown in Figure 4. The voltage equations of a 

cylindrical rotor synchronous machine as derived from the 

phasor diagram in Figure 4 are presented in equations (1) 

and (2) for motoring and generating modes. 

 

                  (         )                                        ( ) 

                  (         )                                       ( ) 
 

The power developed with armature resistance and 

rotational losses neglected is given by equation (3) 

 

                        
         

  

                                  ( ) 

 

The voltage equations for the salient pole synchronous 

machine under generating mode is derived from Figure 5 

and presented in equations (4) and (5). In motoring mode, 

the voltage equations are derived from Figure 6 and 

presented in equations (6), (7) and (8) respectively. 
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Figure 5: Equivalent phasor diagram of salient pole 

synchronous machine in generating mode. 
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Figure 6: Equivalent phasor diagram of salient pole 

synchronous machine in motoring mode. 
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Substituting (8) into (6) gives rise to (9).  

              (         )       (      )          ( ) 

 

Re-arranging (9) with Vt made subject of the formula gives 

rise to (10) 

              (         )      (      )         (  ) 

 

On infinite bus bars, the armature resistance becomes very 

negligible. The phasor diagram in Figure 5 is modified 

with zero armature resistance and represented in Figure 7. 
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Figure 7: Equivalent phasor diagram of salient pole 

synchronous generator on infinite bus bar. 

 

The net electrical power output Po is the sum of the 

products of the d-q phase components of the respective 

voltage and current as presented in equation (11) for a 

three phase connected machine.  

         (             )                                                   (  ) 

 

The d-q axis voltage and current equations are derived 

from Figure 7 and represented in equations (12) – (15). 
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Substituting equations (12) to (15) into equation (11) gives 

rise to equation (16). 
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Re-arranging equation (16) gives rise to equation (17) 

which represents the steady state output power of a salient 

pole synchronous machine. 
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Equation (17) indicates that the salient pole machine 

output power is a combination of excitation and reluctance 

power. Therefore at zero excitation, the salient pole 

machine output is purely due to the reluctance power. The 

maximum permissible load angle value (ẟmax) at which 

maximum power is achieved is obtained by differentiating 

(17) with respect to the load angle (ẟ). 
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Solving (18) quadratically gives rise to the expressions for 

the load angle at which maximum power is attained as 

shown in (19) and (20). 
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The waveforms for load angle     at varied excitation 

voltage and dq-axes reactances are given in figures 23 and 

24. 

 

2.1 EXCITATION SYSTEM IN SYNCHRONOUS 

MACHINE 

 

Excitation system is widely used to provide a direct current 

to the synchronous machine field winding. This process 

helps in the control of generators action. The commonest 

generator in use today is the field excited generator [14]. 

The field excitation can be achieved through brushes for 

low power generators or brushless for high power 

alternators [15]. The field windings which produce the 

primary d.c fluxes are usually placed on the rotor since it 

has to sustain only a small fraction of the armature current 

[16]. In situations where the load on the generator changes, 

the excitation system is always adjusted so that a constant 

voltage supply and a well-controlled reactive power is 
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maintained. [17]. Synchronous machine excitation system 

can be classified into three major groups based on the 

source of power supply. Basically, the d.c excitation, a.c 

excitation and static excitation systems are the most 

industrially applied excitation methods in use [18]. The d.c 

excitation system provides the d.c current to the rotor of 

the synchronous machine through the slip rings. The 

exciter can be driven by a motor or shaft of a generator 

[19]. In a.c excitation system, the direct current needed for 

the generator field is produced through rectification by the 

controlled thyristor rectifiers or uncontrolled diode 

rectifiers. Currently, stationary and rotating a.c rectifier 

systems are widely used in a.c excitation system. In 

stationary rectifiers, the d.c output is fed to the field 

winding of the generator through the slip rings [20]. The 

d.c supply in this regard is directly fed to the generator 

field at the armature terminal of the exciter while the 

rectifiers rotate with the generator field. This excitation 

system is technically called the brushless d.c excitation 

system and was developed to avoid the problems of sparks 

and deteriorating brushes when an extremely high field 

current is applied [21]. The static excitation systems 

provide the synchronous generator field with d.c excitation 

current by means of slip rings. The rectifiers in static 

excitation system derive the power supply from auxiliary 

windings or through a stepped down transformer. Stationed 

batteries sometimes are used as additional power sources 

to this system and this can be achieved through field 

flashing [22].  

 

III.   METHODOLOGY:  DYNAMIC MODELING OF 

SALIENT POLE SYNCHRONOUS MACHINE 

 

This section presents the dynamic equations of three phase 

salient pole synchronous machine applied in computer 

simulation. The electrical and electromechanical behaviour 

of most synchronous machines can be predicted from the 

dynamic equations that describe the three phase salient 

pole synchronous machine [23-25]. A summary of the 

dynamic equations for the synchronous machine in the 

rotor qdo reference frame with all the rotor quantities 

referred to the stator is lucidly elaborated in references [26-

28]. The qdo voltage equations of a synchronous machine 

are clearly presented in equations (21) – (27). 
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The flux linkages equations are presented in equations (28) 

– (34). 
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The various leakage inductances and the mutual 

inductances are related by equations (35) – (40). 
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Substituting equations (35) – (40) into equations (28) – 

(34) gives rise to the modified flux linkage equations 

represented in (41) – (46). 
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Figure 8 depicts the qdo equivalent circuits representation 

of the synchronous machine that is based on the above sets 

of voltage and flux linkage equations. 
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Figure 8: qdo dynamic state equivalent circuit of salient 

pole synchronous machine. 

 

The electromechanical power output developed is given by 

equation (47). 

 

            
 

 
(  (           ))                      (  ) 

 

Where    stands for the electrical speed which is related to 

the mechanical speed by equation (48). 
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Substituting equation (48) into (47) gives rise to equation 

(49) 

        
 

 
 

 

 
   (           )                     (  ) 

 

For computer simulation purposes, the real and reactive 

power developed by the machine is given by equations 

(50) and (51). 
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The electromechanical torque developed is given by 

equation (53). 
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Motor speed is derived from the motional torque and 

represented in (53) while the angular position is given by 

(54). 
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IV. RESULTS AND DISCUSSION 

. 

The simulation results were achieved with the parameters 

presented in Table 1. The simulation results are based on 

the steady state power equations and dynamic models 

earlier presented for the cylindrical rotor and salient pole 

synchronous machines. Algorithm for the digital 

simulation of the salient pole machine is shown in Figure 

9, while a closed loop control arrangement used in the 

simulation for the speed control of the synchronous 

machine under a varying load condition is presented in 

Figure 10. In this closed loop, a reference speed was 

summed with the actual tachometer sensed machine speed 

to produce a speed error. The speed error generated is 

adjusted with a proportional integral controller to reduce 

the magnitude of error produced relative to the reference 

speed. A torque limiter that regulates the torque amplitude 

is connected. The output of the torque limiter is converted 

to a three phase current through a gain-block. The dq-

currents produced are transformed to the time varying abc 

phase current that is applied in the modulating signal of the 

pulse-width modulator to generate the switching signals for 

the three phase inverter. The detailed analyses of the 

Inverter control and its firing sequences have been 

presented in references [29-31].. 
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Figure 9 Algorithm for the Simulation of Salient pole 

Synchronous Machine 
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Table 1: Simulation Parameters [26]. 

 

The simulation results presented in Figures 11-14 under 

steady state condition showed that the excitation power 

remained unchanged as the quadrature axis reactance Xq 

varied correspondingly with direct axis reactance Xd for Xq 

= 0.5Xd, 0.65Xd, 1.75Xd and 2.25Xd at constant excitation 

voltage of  EF  = 5V. Power due to saliency decreased from 

137.2W to 97.46W at Xq = 0.5Xd and 0.65Xd as shown in 

Figures 11 and 12 respectively. In Figures 13 and 14, a 

sharp increase in salient power from 114.7W to 166.2W 

was obtained for Xq = 1.75Xd and 2.25Xd  with a constant 

excitation power value of 84.1W and constant excitation 

voltage of EF  = 5V. Conversely, at a varied excitation 

voltage, a rapid increase in excitation power of  [PE1 = 

167.6W;  PE2 = 251.4W;  PE3 = 335.2W; PE4 = 419.1W] 

was obtained as shown in Figure 15. This increase in 

power corresponded with the sequential rise in the 

excitation voltage of [EF1  = 5V; EF2  =7. 5V; EF3  = 10V; 

EF4  = 12.5V]. Similarly, the rise in salient power in the 

sequence of [PT1 = 210.9W;  PT2 = 284.5W;  PT3 = 364.7W; 

PT4 = 444.8W] was achieved in Figure 16 which is slightly 

above the excitation power under the same rise in voltage 

excitation and q-axis reactance value of Xq = 0.5Xd. In 

Figure 17, as the quadrature axis reactance is set at Xq = 

0.75Xd under a varied excitation voltage, it is observed that 

the sequence of increase in excitation power remained 

unchanged and is the same as that obtained in Figure 15.  

In Figure 18, a sharp decrease in the salient power was 

obtained when Xq = 0.75Xd as compared to when Xq = 

0.5Xd. In Figure 19, at Xq = 1.75Xd  and varied excitation 

voltage, the variation in the excitation power remained 

unchanged while the power output due to saliency in 

Figure 20 slightly increased as compared to the values 

obtained in Figure 18. At Xq = 2.25Xd, the peak value of 

the excitation power still remained unchanged as shown in 

Figure 21 while a sharp variation in the output power due 

to saliency was obtained in the sequence of [PT1 = 236.2W;  

PT2 = 309.1W;  PT3 = 382.1W; PT4 = 462.2W] as presented 

in Figure 22. This implies that the power due to saliency 

for a salient pole synchronous machine is grossly affected 

by the quadrature axis reactance while the excitation power 

obtained from the cylindrical rotor is independent of 

quadrature axis reactance but on the magnitude of the d.c 

excitation voltage as buttressed in equation (17). The load 

angle plots of equation (20) presented in Figure 23 shows 

that the load angle decreases as the excitation voltage 

increases at a varied quadrature axis reactance under a 

motoring mode of machine operation.  Conversely, in 

Figure 24 when the machine operates as a generator, the 

load angle increases proportionately with the increase in 

excitation voltage at varied quadrature axis reactance in 

accordance with equation (20). 

 

The simulation results under dynamic state characteristics 

are presented in Figures 25-40 respectively. The d-q axes 

stator flux linkages are shown in Figure 25 at constant 

excitation voltage of EF  = 24V. At start, there was a 

transient oscillation. On attainment of full speed, the d-axis 

flux linkage  ds became zero on no-load synchronous speed 

and attained a value of       V/sec on full load. The q-

axis flux linkage  qs assumed a no-load value of     V/sec 

and on rated load torque, it settled to       V/sec. The 

zero axis flux linkage assumed a zero value throughout the 

simulation period. Similarly, with an increased excitation 

voltage to 72V, the transient period became prolonged. 

The d-axis flux linkage  ds still remained zero on no-load 

but attained a value of       V/sec on full load. The q-axis 

flux linkage  qs assumed a no-load value of      V/sec 

with no appreciable change on application of full load 

torque as shown Figure 26. The three phase stator currents 

Ias, Ibs and Ics plotted against time is shown in Figure 27. 

The currents are seen to be visibly high at starting but 

settles down to the rated no-load current of 13.3A per 

phase. On application of the rated load torque, the current 

rapidly rose and settled at 35.5A. In Figure 28, at an 

increased excitation voltage of 72V, it is observed that the 

rise in current oscillation is higher at starting on no-load 

but attained steady state after 0.5second and finally settled 

down to 28.5A on full load. The three phase rotor currents 

plotted in Figure 29 shows a rise in transient oscillation at 

a simulation period of 0-0.5second. On attainment of full 

speed, the rotor currents Idr and Iqr became zero while the 

field current Ifr remained at 28.4A. At an increased 

excitation voltage of 72V and full speed, the rotor currents 

Idr and Iqr remained at zero value but the field current 

rapidly increased to 195.4A as shown in Figure 30. The 

real and reactive power outputs were plotted in Figure 31 

at an excitation voltage of 24V. It is observed that the 

transient was very high at start. After the machine has 

Parameters Values 

Supply Voltage               Vs (V) 400 

Supply Frequency            Fs (Hz) 50 

Rated power of the machine  (KW) 400 

No of Poles    P 6 

Expected Synchronous Speed   (RPM) or 

Rad/Sec. 

1000  or  

104.73 

d-axis mutual inductance     Lmd (H) 0.01686 

q-axis mutual inductance     Lmq (H) 0.01447 

Stator winding leakage inductance    LLs (H) 0.00076 

Field winding leakage inductance     LLfr (H) 0.0075 

Rotor q-axis leakage inductance       LLqr (H) 0.0011 

Rotor d-axis leakage inductance       LLdr (H) 0.0011 

Rotor q-axis winding resistance        Rqr (Ω) 2.916 

Rotor d-axis winding resistance        Rdr (Ω) 2.916 

Stator winding resistance                  Rs (Ω) 0.0738 

Rotor field winding resistance          RFr  (Ω) 0.434 

d-axis damper leakage inductance        
  ( ) 0.0057 

q-axis damper leakage inductance       
  ( ) 0.0057 

d-axis damper  resistance                    
  ( ) 0.7324 

q-axis damper  resistance                    
  ( ) 1.6230 

Field excitation voltage under steady state     

EF (V) 

5, 7.5, 

10, 12.5 

Field excitation voltage under dynamic state  

VFr (V) 

24  and  

72 

Moment of Inertia             J (Kgm
2
) 0.36233 

Range of Load angle        ẟ (degrees) 0 to 180 

Applied Load Torque      TL (Nm) 0 and 50 
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attained full speed, the real power became zero on no-load 

synchronous speed and attained a value of 0.85KW 

(          ) on full load. Similarly, the reactive 

power settled at 1.5KVAR (           ) on no-load 

and rose to 1.8KVAR (           ) on full load. In 

Figure 32, at an excitation voltage of 72V, it is observed 

that there was a strong oscillation in the real power at the 

start of the simulation which decreased to zero value on 

no-load at synchronous speed. At full load condition, the 

real power increased from zero value to 15KW (     
    ) under a steady state synchronous speed. Similarly, 

a rapid change in the value of the reactive power was 

observed as shown in Figure 32. An absolute peak value of 

|          |            indicates that much current 

was drawn by the machine as the excitation voltage is 

increased to 72V. In Figure 33 which represents the rotor 

flux linkages shows that the d-axis rotor flux linkage  dr 

was zero on no-load but rose to       V/sec on application 

of rated load torque. The q-axis rotor flux linkage  qr 

settled at       V/sec on no-load after all transients have 

disappeared and decreased to       V/sec on application 

of load torque. The field flux linkage had a value of      

V/sec under a no-load steady state conditions and 

maintained a full load value of     V/sec.  In Figure 34, a 

prolonged oscillation was observed when an excitation 

voltage was increased to 72V for the d-axis rotor flux 

linkage. On full load, the d-axis rotor flux linkage slightly 

increased to      V/sec. The q-axis flux linkage 

maintained a value of      V/sec on no-load after the 

transient period with a slight drop in the value of      

V/sec obtained on full load. At an increased field 

excitation voltage of 72V, the field flux linkage increased 

to     V/sec on no-load at the expiration of the transient 

period. A very slight decrease in value of 2    V/sec was 

obtained on full load synchronous speed as shown in 

Figure 34. The run-up speed characteristic is presented in 

Figure 35. It is observed that during machine starting and 

on no-load, there was an overshoot in speed with minor 

oscillations before the motor speed finally settled at 

       rad/sec which is equivalent to 1000rpm 

synchronous speed for a 6-pole, 50Hz synchronous motor. 

On application of 50Nm full load torque at 2.0second 

simulation time, the speed dropped and oscillated between 

      rad/sec and       rad/sec before attaining a 

synchronous speed of        rad/sec after 2.55 seconds. 

At an increased excitation voltage of 72V, a high 

overshoot in speed and prolonged oscillation was obtained 

during a no-load condition before attaining a synchronous 

speed value of        rad/sec as shown in Figure 36. On 

full load at 2.0second, a drop in speed was observed before 

a synchronous speed value of        rad/sec was attained 

at steady state. The plot of torque against time is shown in 

Figure 37. Torque oscillation was observed during starting 

which lasted for 1.25second. The torque naturally settled to 

a zero value on no-load. On full load application, the motor 

torque rose to 99.5Nm at 2.0 second and settled at a a 

value of 56.467Nm in 2.56 seconds. In Figure 38, it is 

shown that at an increased excitation voltage of 72V, a 

prolonged oscillation in torque was observed before a zero 

value was obtained on no-load synchronous speed. On full 

load, the torque rose to 89.5Nm before attaining a steady 

state value of 54.36Nm at 2.5second. In Figure 39, the 

torque-speed characteristic was presented. It is observed 

that the high value of torque at low speed decreased 

proportionately as the speed value increased which is in 

conformity with all electrical machine characteristics. The 

curl in Figure 39 settled at        rad/sec which 

corresponded to the synchronous speed value. In Figure 

40, it is observed that at an increased excitation voltage of 

72V, the curl for the torque speed plot enlarged and closely 

curved at        rad/sec on full load synchronous speed.  

 

 

Figure 11: Power & Load Angle at 
  

  
                

    

 

Figure 12: Power & Load Angle at 
  

  
              

 

 

Figure 13: Power & Load Angle at 
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Figure 14: Power & Load Angle at 
  

  
              

 

 

Figure 15:Excitation power & Load Angle at 
  

  
         

           

 

Figure 16:Salient power & Load Angle at 
  

  
     

 

 

Figure 17:Excitation power & Load Angle at 
  

  
             

 

Figure 18:Salient power & Load Angle at 
  

  
      

 

 

Figure 19:Excitation power & Load Angle at 
  

  
      

 

 

        Figure 20:Salient power & Load Angle at 
  

  
      

 

 

Figure 21:Excitation power & Load Angle at 
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       Figure 22:Salient power & Load Angle at 
  

  
      

 

 
Figure 23: Load angle (  ) against Excitation Voltage 

     

 
Figure 24: Load angle (  ) against Excitation Voltage 

 

 
Figure 25:           against Time at  EF = 24V 

 
     Figure 26:            against Time at EF = 72V 

 

 
Figure 27:           against Time at EF = 24V    

 

 
Figure 28:           against Time at EF = 72V 

                              

 
Figure 29:           against Time at EF = 24V 
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      Figure 30:            against Time at  EF = 72V 

 

 
   Figure 31: PQ against Time at  EF = 24V 

 

 
  Figure 32: PQ against Time at  EF = 72V 

 

 
Figure 33:           against Time at  EF = 24V     

              

 
Figure 34:            against Time at  EF = 72V 

 

 
Figure 35: Speed against Time at  EF = 24V 
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       Figure 36: Speed against Time at  EF = 72V 

 

 
Figure 37: Torque against Time at  EF = 24V      

                    

 
Figure 38: Torque against Time at EF = 72V 

 

 
Figure 39: Torque against Speed at  EF = 24V                               

 
Figure 40: Torque against Speed at  EF = 72V 

 

The results obtained when a three phase to ground fault 

was introduced at a simulation period of 4.0-4.5seconds 

and excitation voltage of 24V are presented in figures 41-

48 respectively.  It is observed in Figure 41 that at the 

instant of fault occurrence, the dqo-axes flux linkages 

became zero and  rapidly oscillated on fault clearance. The 

d-axis flux linkage     oscillated from       V/sec to 

      V/sec  at the moment of fault removal. At a 

simulation period of 6.04Seconds, the flux linkage attained 

a steady state value of        V/sec through out the 

simulation period. Similarly, the q-axis flux linkage     on 

faults clearance oscillated from        V/sec to       

V/sec but attained a steady state value of       V/sec at 

6.04 seconds. The zero axis flux linkage      assumed a 

zero value during fault and maintained a value of         

V/sec on fault removal. In Figure 42, a rapid drop in the 

three phase stator current was observed during fault. On 

fault removal, a sharp rise in current value was obtained 

which attained a steady state value of 75.5A throughout the 

simulation time. In Figure 43, the dq-axes current and the 

field current maintained a zero value during the fault 

period. At the instant of fault clearance, a rapid oscillation 

was observed and a steady state value of 5.5A was 

obtained for the dq-axes current while the field current 

maintained a steady state value of 56.8A after 6.04Second. 

In Figure 44, the real and reactive power became zero 

during the fault period. On fault clearance, the transient in 

the real and reactive power became very high. A steady 

state value of 0.85kW was obtained for the real power 

while the reactive power maintained a steady state value of 

0.45KVAR after 6.04 Seconds. In Figure 45, a sharp drop 

in the value of the dq-axes flux linkage and field flux 

linkage was observed at the instant of fault. The dq-axes 

flux linkage maintained a zero value at 4.25second.  A 

high transient oscillation was observed on faults removal 

while a steady state value was attained after 6.04second 

simulation time. In Figure 46, a drastic drop in speed from 

       rad/sec  to       rad/sec was obtained at the 

instant of fault. On fault clearance, a gradual rise in speed 

was observed which attained a steady state value of 

       rad/sec after 6.0 second. In Figure 47, a 

pronounced drop in electromechanical torque which 

reduced to a zero value was observed during fault. On fault 

removal, a rapid transient occurred. This was attenuated 

after few seconds before a steady state value of 99.5Nm 
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was obtained after 6.0second. The characteristics 

waveforms of the torque against speed is depicted in 

Figure 48. It is obvious that the distorted curl with a 

pronounced transient oscillation is a consequence of a three 

phase to ground fault.  

 

 
Figure 41:           against Time at  EF = 24V 

 

 
         Figure 42:           against Time at EF = 24V 

 

   
Figure 43:           against Time at EF = 24V 

    
      Figure 44: PQ against Time at  EF = 24V 

 

 
Figure 45:           against Time at  EF = 24V 

 

 
   Figure 46: Speed against Time at  EF = 24V 

 

 
   Figure 47: Torque against Time at  EF = 24V 
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  Figure 48: Torque against Speed at  EF = 24V 

 

 

V.   CONCLUSION 

 

In this paper, comparisons were drawn in the performance 

of two selected synchronous machines through computer 

simulation under a varying q-axis reactance and field 

excitation voltage. The results obtained indicated that the 

salient pole synchronous machine generated a higher 

output power than the counterpart cylindrical rotor 

machine at constant excitation voltage and varied q-axis 

reactance. The rise in the power output of the cylindrical 

rotor machine (excitation power) increased with the 

excitation voltage but remained constant as the q-axis 

reactance increased. Similarly, the rise in the power output 

of the salient pole machine varied correspondingly with the 

rise in the q-axis reactance and field excitation voltage. 

Simulation results showed that a zero excitation voltage 

reduced the excitation power of the cylindrical rotor 

machine to zero value but did not entirely reduce the power 

developed by the salient pole to zero due to saliency. The 

results obtained at a varied reactance value showed that a 

considerable difference in the magnitude of the peak output 

power for the salient pole machine was achieved. The 

dynamic state simulation results for the 6-pole 50Hz 

salient pole machine showed that at a varied field 

excitation voltage of 24V and 72V, there was a visible rise 

in current value. This variation in the field excitation 

voltage affected the machine power factor characteristics. 

This is shown in the rise of real and reactive power values 

from 0.85KW to 15KW and 1.8KVAR to 37.5KVAR 

(lagging). It is also evident that the rise in the field current 

from 28.4A to 195.4A at an increased excitation voltage of 

72V is a good pointer for machine designers in varying 

machine power factor. Most importantly, this paper has 

analyzed the rate of torque and speed pulsations inherent in 

a three phase synchronous machine during steady state and 

dynamic operation under a severe three line to ground 

(3LG) fault. The rapid drop in speed value 104.73 to 21.85 

rad/sec and torque value 99.5 to 0 Nm during fault 

necessitates a quick fault clearing device that can reduce 

the downtime of the synchronous machine without actually 

affecting its performance efficiency. It is therefore 

recommended that a practical work be carried out in the 

future for the validation of these simulation results. 
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