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Purpose of laboratory session 

The purpose of the given work is to study construction and working principle 

of the synchronous generator, to carry out experiments and obtain magnetization 

curve, external and short circuit characteristics of the synchronous generator. 

 

Operating program 

1. To examine the working principle of the synchronous generator and to classify 

the construction of alternative current machines. 

2. To define the laboratory unit.  

3. To start the synchronous generator. 

4. To make experiment of open circuit of synchronous generator and obtain 

magnetization curve. 

5. To provide load test of synchronous generator and to build external 

characteristics of synchronous generator. 

6. To calculate voltage regulation of synchronous generator. 

7. To provide short circuit test of synchronous generator and to build short circuit 

characteristics of synchronous generator. 

8. To analyze the generator characteristics and make conclusions. 

 

Self-instruction 

Synchronous generator – (give the definition)      

             

             

             

              

The synchronous generator consists of following main components (write title, 

purpose and material): 

1.              

2.              

3.              

4.              

The working principle of synchronous generator is based on     

             

             

              

The constructional differences between salient pole and non-salient pole 

synchronous generators are following: 
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Draw the salient pole and non-salient pole rotors construction and make all 

necessary notes. 

 

Fig. 1. Construction of salient pole and non-salient pole rotors of synchronous 

generators 

Fig. 1. Notes            
             
             
             
              

The voltage equations of salient pole synchronous generator: 

     =       , 
     =       , 
where    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 



4 
 

The voltage equations of non-salient pole synchronous generator: 

     =       , 
     =       , 
where    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

    -          , 

Non-salient pole synchronous generator field of application: 

             
             
              
Salient pole synchronous generator field of application: 

             
             
              
Armature reaction in synchronous generator is: 

             
             
              
             
             
              
Armature reaction of alternator at unity power factor 

              
             
             
              
Armature reaction of alternator at lagging zero power factor 

              
             
             
              
Armature reaction of alternator at leading zero power factor 
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The open circuit mode of synchronous generator is   

  

  

  

   

To open circuit mode losses could be included following   

  

   

The short circuit test of synchronous generator is   

  

  

  

   

To short circuit losses could be included following   

  

   

The load test of synchronous generator is   

  

  

  

   

Conditions for parallel operation of synchronous generators: 

  

  

  

   

Starting methods of synchronous motors: 

  

  

  

   

 

Testing of the three phase synchronous generator 

Before turning the module ON: a) double-check your wiring, wiring 

connection should be examined by consultant also; b) make sure that the field 

current adjustment knob is in the “zero” position and turned OFF. 

Caution! When actual equipment is used, high voltages may be 

present. NEVER make or modify any connection with the power 

ON unless otherwise instructed. 
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In fig. 2 the physical arrangement of synchronous generator testing is 

presented. And in fig. 3 the physical arrangements of armature winding for short 

circuit tests are presented, the field circuit in this test remains the same. 

The tested machine is the three-phase salient-pole synchronous generator, 

armature and field circuits are presented in the fig. Synchronous generator is driven 

by asynchronous motor M which supplied by Q1 switch. Synchronous generator 

field winding is connected to a DC source by switch S1. Current control of field 

winding is arranged by auto-transformer. Terminals of three-phase armature 

winding U1 - U2, V1 - V2, W1 - W2 are presented on the front panel. Field 

winding F1 – F2 are presented by two terminals on the front panel. 

Synchronous generator is loaded up with inductive load, load turns ON by Q2 

switch  

L3L2L1

Q1

M

А2

V

А1

Q2

L1

N

Load

+

-

S1

F1

F2
Field circuit

Armature circuit

U

W

V

N

 
Fig. 2. Physical arrangement 
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W V

U

W V

U

W V
 

a) three-phase short 

circuit 

b) two-phase short 

circuit 

c) single-phase short 

circuit 

Fig. 3. Physical arrangement of armature circuit for short circuit test 

http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
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Open circuit test of synchronous generator 

The open circuit characteristic or magnetization curve of synchronous 

generator is the interdependence between 𝐸 = 𝑓(𝑖𝑓), when armature current 𝐼 = 0 

and frequency 𝑓1 = 𝑐𝑜𝑛𝑠𝑡. Magnetization curve of a synchronous generator has a 

great importance because it represents the saturation of the magnetic circuit. For 

this reason this curve is also called saturation curve.  

To obtain the open-circuit characteristic the machine is driven at its rated 

speed without load connected to the armature winding. The rotor of a synchronous 

generator is rotated by motor M, switch Q1 is ON. Turn on S1 and increase the 

field current until generated EMF reaches the value (1,1 … 1,3)𝑈𝑟𝑎𝑡𝑒𝑑. At this 

point the first measurement should be done. Then gradually reduce the field 

current 𝑖𝑓 until it reaches the 0 value and simultaneously measurements should be 

written into the table 1. The field current should be only decreased during this test 

at any stage of regulation. The final measurement is performed when 𝑖𝑓 = 0. In the 

table 1 also should be written the value of field current ∆𝐼𝑓 when generated EMF is 

equal 0. Е 𝑎𝑟  is the value of residual magnetization. 

 

Table 1. 

№  
Е 𝐼𝑓 𝐼𝑓 + ∆𝐼𝑓 

Notes 
V А А 

1.     Е 𝑎𝑟 =               𝑉, 

 

∆𝐼𝑓 =                  А, 

 

 

2.     

3.     

4.     

5.     

6.     
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If,A

E, 

V

0
 

Fig. 4. Open circuit characteristic of synchronous generator 

 

The terminal or external characteristics of synchronous generator 

The external characteristic curves show the variation of terminal voltage (𝑈) 

with the load current (𝐼) - 𝑈 = 𝑓(𝐼), when 𝑖𝑓 = 𝑐𝑜𝑛𝑠𝑡, cos 𝜑 = 𝑐𝑜𝑛𝑠𝑡  and 

𝑓1 = 𝑐𝑜𝑛𝑠𝑡. External characteristics are obtained for lagging value of the power 

factor, as the load is inductive.  

The rotor of a synchronous generator is rotated by motor M, switch Q1 is ON. 

Turn on S1 and increase the field current 𝑖𝑓 until generated EMF reaches the rated 

value 𝑈𝑟𝑎𝑡𝑒𝑑. That will be the first point of external characteristic when load is 

increased. Then turn on switch Q2 and adjust the maximum value of the load. 

Gradually reduce the armature current 𝐼 until reach the point where the generator 

will be under the open circuit mode. At the same time the constant value of fiend 

current should be provided. 

Voltage regulation is defined by: 

∆𝑈 =
𝐸0 − 𝑈𝑟𝑎𝑡𝑒𝑑

𝑈𝑟𝑎𝑡𝑒𝑑
∙ 100% =

                                               

        
∙ 100% = ____________%. 
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Table 2. 

№ 
𝑈 𝐼 

Notes 
V А 

1.  
  

𝑐𝑜𝑠𝜑 ≅ 0,7;  
𝐼𝑓𝑟𝑎𝑡𝑒𝑑 =             А. 

∆𝑈 =                   %. 

2.  
  

3.  
  

4.  
  

5.  
  

6.  
  

 

I,A

U, 

V

0
 

Fig. 5. Terminal characteristic of synchronous generator 

 

Short circuit test of synchronous generator 

Short circuit characteristic of synchronous generator is drawn between the 

armature current and the field current - 𝐼𝑎 = 𝑓(𝑖𝑓)  when 𝑈 = 0 and 𝑓1 = 𝑐𝑜𝑛𝑠𝑡. 

In this part three tests should be done - three-phase, two-phase and single phase 
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short circuits. The physical arrangement of armature windings is presented in fig. 

3, note that field circuit remains the same as in previous tests.  

The wiring is made when the field current adjustment knob is in the “zero” 

position and turned OFF. Then the rotor of generator should be driven by the 

motor M. turn ON S1 and increase the field current until 𝐼𝑠𝑐 the armature current 

reaches the rate value, simultaneously three points should be written into the table. 

Short circuit characteristics are built in the same axes. 

 

Table 3. 

№ 

three-phase 

short circuit 

two-phase short 

circuit 

single-phase 

short circuit 
Notes 

𝐼𝑠𝑐3 𝐼𝑓 𝐼𝑠𝑐2 𝐼𝑓 𝐼𝑠𝑐1 𝐼𝑓 

А А А А А А 

1.  
      

𝐼𝑟𝑎𝑡𝑒𝑑 =           𝐴. 2.  
      

3.  
      

 

If,A0

Isc,

A

 
Fig. 6. Short circuit  characteristics of synchronous generator 

 

http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=2415347_1_2&s1=%F2%F0%B8%F5%F4%E0%E7%ED%EE%E5%20%EA%EE%F0%EE%F2%EA%EE%E5%20%E7%E0%EC%FB%EA%E0%ED%E8%E5


11 
 

Conclusion 
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