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EXPERIMENT NO-6

BASIC THEORY

A shunt field Winding or a series field Winding is wound on a single Pole piece. This is 

true even when there are two or four Poles in the machine. Two types of Compound generators 

are available: Cumulative Compound and Differential Compound 

CUMULATIVE COMPOUND: 

This type of generator is designed to maximize voltage regulation by arranging the 

magnetic fields from the shunt and series, Windings in the same <direction. Because the two 

fields are oriented in the same <direction, the shunt and series fields can complement each other. 

For example, when there is no load, the shunt field ensures that the output voltage is maintained 

constant. As the generator is loaded toward the full rating, the voltage drop due to the property of 

the shunt generator is compensated by the series field which has the opposite characteristics. 

Therefore a commutative compound generator can be optimized to maximize the voltage 

regulation performance. 

Cumulative compound generators can be classified into three different types  

Over Compounded  Output's higher at full load than at no load. 

Flat Compounded  Output is same between no load and full load. 

Under Compounded  Output is lower at full load than at no load. 

Output adjustments in a compound generator are done by adjusting a variable resistor which is in 

series with the shunt field. 
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DIFFERENTIAL COMPOUND: 

Contrary to a Cumulative Compound generator, the output of a Differential generator decreases 

rapidly as the load increases. The field arrangement inside is done in such a way that the shunt and 

series magnetic fields cancel each other. Therefore, under a heavy load, the series field reduces the 

shunt field, resulting in a reduced output. This type of generator is found in an arc welder, and in some 

other special applications. Also, a Differential Compound generator can be designed to deliver a 

constant current output. 

PREPARATION

Equipment needed: MG-5211 set  

(1) Keep the motor Main and generator Output switches off. Check the mechanical coupling 

between the motor and generator.  

(2) Connect all the meters in the motor and generator as indicated in the circuit diagram. Set the 

range of M - 3 to 10 A.  

(3) Turn RH-l (shunt field) of motor circuit fully counterclockwise, and RH-2 (armature) fully 

clockwise.  

(4) Set Series/Shunt selector switch to Shunt.  

(5) Connect the No.1 terminal of the series field in the generator to M-1, and No.2 terminal to    

M-2.  

(6) Set RH-l of the generator in middle, and turn all the load switches off.  

(7) Connect the DC O-120V Source terminals and the" +, -" input terminals.  

a. Turn the DC Source Adjust fully counterclockwise (OV).  

(8) Keep the Motor switch off. Turn the Main switch on.  

(9) Make sure there are no objects in the rotating path of the motor and generator. Double check 

the accuracy of all connections.  
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OPERATION AND MEASUREMENTS

1. Turn the Motor SW on, and press the Start button. Adjust the DC Source so that the motor 

speed is 1800 RPM. Fill in the information in Table 6-1 for "NO LOAD" and "MOTOR" 

section.  

2. Turn the generator Output switch on. With the generator at no load, adjust RH-l 

(generator) to obtain 120V at the output terminal. Fill in the information in Table 6-1 for 

"NO LOAD" and "GENERATOR" section.  

Table 6-1 

------------- NO LOAD 1/4 LOAD 1/2 LOAD FULL LOAD 

M INPUT VOLTAGE (E)     

0

T INPUT CURRENT (I)     

0

R SPEED (RPM)     

G OUTPUT TERMINAL     
E VOLTAGE (Vo) 
N
E LOAD

R 
CURRENT (IL) 

    

A
T FIELD
0 CURRENT (IGF)     

R

3. Turn the generator load switch S-l on. Fill in the information in Table 6-1 for "1/4 LOAD" 

section.  

4. Turn the load switch S-l and S-2 on. Repeat step (3) and fill in the information in Table 6-

1 for "1/2 LOAD" section.  

5. Turn S-l and S-2 off, and turn S-3 on. Repeat step (3) and fill in the information in Table 

6-1 "FULL LOAD" section.  

6. Adjust RH-2 of the motor or DC input voltage at each load to maintain 1800 RPM, and 

fill in the information in Table 6-2 (a) for each load. 
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Table 6-2 (a) 1800 RPM 
  

 NO LOAD 1/4 LOAD 1/2 LOAD FULL LOAD 

M
0 INPUT VOLTAGE (E)     
T
0 INPUT CURRENT (I) 
R
G      
E LOAD CURRENT (IL) 
N
E
R
A
T FIELD CURRENT(IGF)
0
R

7. Connect RH-2 of the generator in parallel with the series field winding as indicated by 
the dotted lines, and set RH-2 in the middle position. Repeat step (6) and fill in the 
information in Table 6-2 (b) for each load. 

Table 6-2 (b) 1800 RPM 

 NO LOAD 1/4 LOAD 1/2 LOAD FULL LOAD 

M      
0 INPUT VOLTAGE (E)     
T
0

INPUT CURRENT (I) 
R     

G      
E OUTPUT TERMINAL 

VOLTAGE (Vo) N     
E
R
A
T LOAD CURRENT (IL)
0
R      

8. When the measurement is over, turn all switches off. Turn down DC Source adjustor to 
minimum before turning the Main switch off.  
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EXPERIMENT REVIEW

1. Plot the obtained data points on the charts provided in Figures 6-3 and 6-4.Figure 6-3 is 

for the motor speed vs. the load, and Figure 6-4 is for the generator output vs. the load 

2. Efficiency is defined as the generator output (Pc) for a given motor input (P;) :  

    =         PG  *100 

                  Pi 

Where   PG = Vo. IL

  Pi = E . I = E . (IF + Ia ) 

Using the data in Table 6-2(a), calculate the efficiency at each load, and plot the results 

in Figure 6-5. Also draw a curve in Figure 6-6 which shows a relationship between the 

output voltage and the load currents 

3. Using the data in Figure 6-2(b), plot the data in Figure 6-6. Connect the points in 

dotted line. Compare the two curves. Explain the difference between two curves.  

4. The voltage regulation, VR, of the generator is defined as

VR  = VNL – VFL X100(%) 

            VFL

Where V NL is the no load output voltage  

V FL is the full load output voltage 
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EXPERIMENT NO-7

[Note] The generator in the previous experiments in 6 was a Cumulative generator.  

PREPARATION

1. Keep the motor Main and generator Output switches off. Check the mechanical coupling 

between the motor and generator.  

2. Connect all the meters in the motor and generator as indicated in the circuit diagram. Set the 

range of M - 3 to 10 A.  

3. Turn RH-l (shunt field) of motor circuit fully counterclockwise, and RH-2 (armature) fully 

clockwise.  

Set Series/Shunt selector switch to Shunt.
5. Wire the series field winding, No.1 and No.2 terminals of MG-5211 generator as 

indicated in Figure 6-7 (Differential Compound generator). 

6.
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6. Set RH-l of the generator in middle, and turn all the load switches off.  

7. Connect the DC O-120V Source terminals and the" +, -" input terminals.  

b. Turn the DC Source Adjust fully counterclockwise (OV).  

8. Keep the Motor switch off. Turn the Main switch on.  

9. Make sure there are no objects in the rotating path of the motor and generator. Double check 

the accuracy of all connections.  

OPERATION AND MEASUREMENTS

1. Turn the motor on, and press the Start button. Adjust the DC Source for 1800 RPM 
on the motor 

2. Turn the generator output on. Adjust generator RH-1 to obtain 120V at no load. Fill 
in the information in Table 6-3 "NO LOAD" section 

Table 6-3 (1800 RPM) 

NO LOAD 1/4 LOAD 1/2 LOAD FULL LOAD

SHUNT FIELD 

CURRENT(IF)
    

OUTPUT TERMINAL 

VOLTAGE (Vo)
    

LOAD CURRENT (IL)    

3. Turn the load switch S-l on. Adjust motor RH-2 to obtain 1800 RPM. Fill in the 

information in Table 6-3 "1/4 LOAD" section 

4. Turn load switches S-l and S-2 on. Adjust motor RH-2 to obtain 1800 RPM. Fill in 

the information in Table 6-3 "1/2 LOAD." 

5. Turn S-l and S-2 off. Turn S-3 on. Repeat step (4) and fill in the information in 

Table 6-3 "FULL LOAD." 

6. In step (5), connect RH-2 in parallel to the series field winding. Set the RH-2 in the 

output voltage (Vo) and fill in the space provided below Table 6-3.  

7. Turn all switches off. Turn down the DC source adjust before turning the Main switch 

off 
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EXPERIMENT REVIEW

1. Using the data in Table 6-3, draw a curve showing the output as a function of the load 

in Figure 6-8. Find the Voltage Regulation, VR as defined in the previous section 

VR= No Load Output Voltage - Full Loaded Output Voltage 

Full Loaded Output Voltage  

2. Find the voltage regulation using the Vo value as obtained in step (6). Compare the two 

voltage regulation values.  

3. Compare the voltage regulation data obtained m Section 6-1 (Cumulative generator). 

Explain the difference.  
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EXPERIMENT NO-8

The output characteristics of a compound motor are investigated as a function of the 

generator speed in this section.  

PREPARATION

1. Keep the motor Main and generator Output switches off. Check the mechanical coupling 

between the motor and generator.  

2. Connect all the meters in the motor and generator as indicated in the circuit diagram. Set the 

range of M - 3 to 10 A.  

3. Turn RH-l (shunt field) of motor circuit fully counterclockwise, and RH-2 (armature) fully 

clockwise.  

4. Set Series/Shunt selector switch to Shunt.  

5. Connect the No.1 terminal of the series field in the generator to Mr I, and No.2 terminal to M-

2.  

6. Set RH-l of the generator in middle, and turn all the load switches off.  

7. Connect the DC O-120V Source terminals and the" +, -" input terminals.  

c. Turn the DC Source Adjust fully counterclockwise (OV).  

8. Keep the Motor switch off. Turn the Main switch on.  

9. Make sure there are no objects in the rotating path of the motor and generator. Double check 

the accuracy of all connections.  

OPERATION AND MEASUREMENTS

1. Turn the generator Output switch on. Turn the Main and Motor switches on. Check 

the DC Source. It should be av. Press the motor Start button.  

2. DC source voltage slowly to obtain the speed as specified in Table 6-4 (no load). Fill 

in the information in Table 6-4 for each speed. Notice that the armature voltage is 

obtained by measuring the voltage across J-l and J-2.
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Table 6-4 (No Load) 

RPM

SHUNT FIELD 
CURRENT 

1000 1200 1400 1600 1800 2000 

ARMATURE 
VOLTAGE 

      

OUTPUT 
TERMINAL 
VOLTAGE 

      

3. Turn the load switches S-1 and S-2 on for 1/2 load. Repeat step (2) with the 1/2 load, 

and fill in the information in Table 6-5 0/2 load).

Table 6-5 1/2 load) 

RPM

SHUNT FIELD 
CURRENT 

1000 1200 1400 1600 1800 2000 

ARMATURE 
VOLTAGE 

      

OUTPUT 
TERMINAL 
VOLTAGE 

      

4. Turn all the switches off. Reduce the DC source voltage to minimum before turning the 

Main switch off.  

EXPERIMENT REVIEW

l. Draw curves in solid lines in Figure 6-9 (IF vs. speed), 6-10 (Va vs. speed) and 6- 11 (V 0 

vs. speed) using the data in Table 6-4. 
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EXPERIMENT NO-9

BASIC THEORY

A generator requires some form of rotating mechanical energy at the input to convert 

the mechanical energy to an electrical energy. A variety of energy sources are available for 

the input: an electric motor, a gasoline or diesel powered engine, or a windmill.  

In this section, a generator is driven by a DC motor. The efficiency of a generator refers 

to the ratio of the input to output energy. The difference between the input and output energy is 

the loss of the generator itself. The main elements of the generator losses are mechanical 

friction, the armature and field winding losses and the stray power loss. The armature winding 

loss is considered to be a variable loss, while the field winding loss is considered to be a fixed 

loss.  

For a separately excited machine, the power supplied to the field coil is not considered 

to be a part of the generator loss. The generator efficiency is  

Expressed in the following formula:

Effeciency (%) = Output power (W)  x100 

                    Input power (W) 

PREPARATION

Equipment needed: MG-5211 set and a DC voltmeter (or a multimeter)  

(1) Check the mechanical coupling between the motor and generator. Keep all the 
switches off.  

(2) Connect the meters M-1, M-2 and M-3 in the motor to their locations as 
indicated. Set M-3 for 10 A range.  

(3) Connect a voltmeter across the generator armature terminals (J1 - 12). Set the 
meter in 200V range.  
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(4) Turn the motor RH-l fully counterclockwise, and RH-2 fully clockwise.  

(5) Set the Series/Shunt switch to Shunt.  

(6) Connect the meters M-l through M-3 in the generator to their locations as 
indicated.  

(7) Set the generator RH-1 in the mid position, and RH-2 fully clockwise.  

(8) Connect the No.1 terminal of the generator series field winding to M -1, and 
No.2 terminal to M-2. Make sure all the load switches are off.  

(9) Connect between the DC 120V sources terminals and input terminals using the 
cords. Turn the Main switch on. Adjust the DC source to obtain 115V.  

(10)Make sure there are no foreign materials in the rotating paths of the motor and 
generator. Make sure all the connections are correct.  

OPERATION AND MEASUREMENTS

(1) Turn the Motor switch on, and press the start button. Bring the motor speed to 

1800 RPM by adjusting RH-l. Fill in the information in Table 6-6 "MOTOR" 

section.  

(2) Turn the generator Output switch on. Adjust RH-1 of the generator to obtain 

DC120V output at no load. Fill in the information in Table 6-6 "GENERA 

TOR" section.  

Table 6-6 (No Load 1800 RPM) 

MOTOR GENERATOR 

INPUT VOLTAGE (E)   

FIELD CURRENT (IF)   

ARMATURE TERMINAL ----

VOLTAGE (V A)

ARMATURE VOLTAGE (IA)   

LOAD CURRENT (Id) -- 

OUTPUT TERMINAL 
VOLTAGE (Vo) 

-------------  

(3) Turn only the load switch S-3 on. Adjust RH-2 of the motor to obtain 1800 RPM. Adjust 
RH-1 of the generator to obtain 120V output at the generator. In case the RPM is off from 
1800, adjust for 1800.  
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(4) Fill in the information in Table 6-7 MOTOR and GENERATOR respectively. 

Table 6-7 (Full Load 1800 RPM) 

MOTOR GENERATOR 

INPUT VOLTAGE (E)   

FIELD CURRENT (IF)   

ARMATURE TERMINAL   

VOLTAGE (V A)   

ARMATURE VOLTAGE (IA)   

LOAD CURRENT (Id   

OUTPUT TERMINAL   
VOLTAGE (Vo)   

(5) Turn all the switches off. Turn the DC Source down before turning the Main switch off. 

EXPERIMENT REVIEW

1. Generator loss  PGL = PSL + PFL + PAL

Stray Power Loss  PSL = PMG - PM  

 Where    PMG = Motor input power with a generator coupled, but not loaded.  

    PM = Motor input power without a generator coupled.  

[Note]  PMG from Table 6-6 "Generator and No load": PMG = E (IF + IA)  
PM from Table 4-1 "Motor and No load" : PM = E (IF + IA)

Loss due to the generator field winding resistance PFL - VA . IF  
  
 [Note] Calculate PFL using Full Load/Generator data from Table 6-7.  

Loss due to the generator armature winding resistance PAL

 Where IL = Generator load current at full load  
   RA =Armature winding resistance

[Note] Use the RA value from Table 2-1. 
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