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EXPERIMENT NO-6

LOAD CHARACTERISTICS OF DC COMPOUND GENERATOR

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-I (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.l terminal of the series field in the generator to M-1, and No.2 terminal to

M-2.
(6) Set RH-I 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-1
(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
............. NOLOAD | 1/4LOAD | 1/2LOAD | FULL LOAD
M | INPUT VOLTAGE (E)
0
T INPUT CURRENT (I)
0
R SPEED (RPM)
G OUTPUT TERMINAL
5 VOLTAGE (Vo)
E LOAD
R CURRENT (1)
A
T FIELD
0 CURRENT (Iz)
R

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

4. Turn the load switch S-1 and S-2 on. Repeat step (3) and fill in the information in Table 6-
1 for "1/2 LOAD" section.

5. Turn S-1 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

INPUT VOLTAGE (E)

INPUT CURRENT (I)

LOAD CURRENT (1)

FIELD CURRENT(I5;)

HOHPAIMZOQE O30 X

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

NOLOAD | 1/4LOAD | 1/2LOAD | FULL LOAD

M

0 | INPUT VOLTAGE (E)
T

0

R | INPUT CURRENT (I
G

E | OUTPUT TERMINAL
N VOLTAGE (Vo)

E

R

A

T | LOAD CURRENT (I)
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;) :

N = PG *100
Pi
Where Pc=Vo.IL

Pi=E.I=E.(Ir+1a)

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 = XNI — VFL X1 OO(%)
Vi

Where V ni is the no load output voltage
V g is the full load output voltage
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EXPERIMENT NO-7

Comparison between a Cumulative Generator and a Differential Generator

[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-I (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).

i —

P
] . P A B,
= W
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Set RH-1 of the generator in middle, and turn all the load switches off.

Connect the DC O-120V Source terminals and the" +, -" input terminals.
b. Turn the DC Source Adjust fully counterclockwise (OV).

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

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 (1)
3. Turn the load switch S-1 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-1 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-l1 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

SPEED AND OUTPUT CHARACTERISTICS OF A COMPOUND GENERATOR

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

generator speed in this section.

PREPARATION

—

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-I (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-1 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-1 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

1. Draw curves in solid lines in Figure 6-9 (IF vs. speed), 6-10 (Va vs. speed) and 6- 11 (V O
vs. speed) using the data in Table 6-4.
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EXPERIMENT NO-9

EFFICIENCY AND LOSSES OF A COMPOUND GENERATOR

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-1 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.l 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-1. 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
DCI120V 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 (1d

OUTPUT TERMINAL
VOLTAGE (V,)

(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
e Stray Power Loss Psi = Pmg - Pm
Where Pyvc = Motor input power with a generator coupled, but not loaded.

Py = Motor input power without a generator coupled.

[Note] Pycfrom Table 6-6 ""Generator and No load": Py¢= E (Iz+ 1))
Py from Table 4-1 "Motor and No load" : Py=E (It + 1))

e Loss due to the generator field winding resistance Pg, - Vi . Ip
[Note] Calculate Py, using Full Load/Generator data from Table 6-7.
e  Loss due to the generator armature winding resistance Pap

Where I}, = Generator load current at full load
R =Armature winding resistance

[Note] Use the RA value from Table 2-1.
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6. Load Characteristics of External-Exciting
DC Generator

<Preliminary Knowledge>

The no-load output at the DC external-exciting generator becomes constant as
long as its rotation speed and field exciting current are uniform. However, when
there is a load at the output of the generator, the output voltage changes. That's
because there occurs a strong voltage drop due to the armature winding resistance
like other generators. Therefore, the output terminal voltage is as follows.

Output terminal voltage=Generation voltage—Ra-IL
Here, the RA is an Armature winding resistance and the IL is a load current. In
case of a self-exciting shunt generator, the output terminal voltage will be different
from the formula above. That’s because the exciting current of the generator field
changes right after the output terminal voltage changes by load. The
external-exciting generator has the following characteristics in comparison with the

self-exciting one.

1. The external-exciting generator does not produce a magnetic field from the
output voltage like the self-exciting generator. Therefore, as long as the
external-exciting voltage does not change at all, it has a less voltage output in
comparison with the self-exciting generator. The voltage regulation VR(%) is
as follows.

V-V
VR= % *100 Here, Vau : No-load terminal voltage
FL

VrL © Full-load terminal voltage
2. As it does not follow the self-exciting mode, you do not have to worry about
the loss of residual magnetism. It generates electricity even during reverse
rotation. However, the +,— of the output voltage changes during reverse

rotation.



<Preparation for Operation>
Equipment : MG-5212 Set

1. First of all, check if the motor of the practice equipment is connected to its
generators properly, and turn OFF the main switch and motor switch.

2. Connect the M-1, M-2 and wattmeter of the motor circuit to each terminal
indicated.

3. Connect the input terminal of the AC 0~110V source terminal by using the
connecting cord. And, connect the J3~J4 and J5~]J6 as shown in dotted lines

so that the winding of the motor circuit can be connected to the circuit.

4, Connect the M-1~M-4 Meters of the generation circuit to each terminal
indicated. And, turn the RH-1 to the maximum in the clockwise direction.

5. Turn ON the main and motor switches, and turn the AC 0~110V source knob
beside the left side of the equipment to reach about 100V. And, adjust the
exciting source DC 0~120V knob to reach 110V, and turn OFF the motor
switch.

6. Turn ON the exciting switch and output switch of the generation circuit, and
turn OFF the load switch S-1~S-4 all together.

7. Check if there is any obstacle to the motor and generator rotating part, and

check if the circuit configuration is normal, again.

<Operation & Measurement>

1. Turn ON the Motor switch, run the motor by pressing the Start button, and
adjust the AC source to the AC 110V for its normal rotation. Measure the
RPM and check if a speed is 1750RPM. (It is normal as long as it is within
1750+1%.)

2. Adjust the RH-1 of the generation circuit so that the output voltage can reach
120V. And, read the M-1~M-4 Meter indicators and record results to the



no-load box of the Table 6-1.

3. Turn ON the load switch S-1 of the generation circuit, and measure the motor
RPM again. If not sufficient, make it a normal RPM by adjusting the AC 0~
110V source knob beside the left side of the equipment. And, read the M-1~
M-4 Meter indicators and record resuits to the 1/4 load box of the Table 6-1.

4, Then, turn ON the S-1 and S-2, read the M-1~M-4 Meter indicators, and
record results to the 1/2 load box of the Table 6-1.

<Table 6-1 (RPM: 1750)>

No-Load | 1/4 Load | 1/2 Load |Full Load |Over Load

Armature
both end voltage (Va) 120 v

Load Current (Ir)

Field Current (Ir)

Output Voltage (V,)

Speed (RPM) 1750 1750 1750 ?

5. Turn ON the S-1, S-2 and S-3 for full load, carry out measurement like the
No.(4), and record results to the full-load box of the Table 6-1.

6. Turn ON the S-1—S-4 all together, read the M-1~M-4 Meter indicators with

the RPM while the RPM is not adjusted, and record results to the over-load
box of the Table 6-1.

7. After finishing this practice, stop the motor by pressing the Stop button, and
turn OFF the Motor switch. In case of not continuing this practice, turn OFF
the main switch.

<Practice Evaluation>

l.Indicate the characteristics of the output voltage vs. load in the Fig. 6-1 by
using the data in the Table 6-1. And, calculate the voltage regulation of generator
output voltage during full-load.



(Vo)

Output
Voltage

No-Load 1/4 1/2 Full Over Load

Fig. 6-1

No—load output voltage — Full —load output voltage

[Note] VR= Full —load output voltage

X100 ...... (%)

2. Measure the Armature winding resistance, and calculate a voltage drop caused
by the Armature winding at the 1/4, 1/2 and full loads.

[Note] Turn OFF the output switch of the generator when it stops, and measure
the resistance between J1 and J2, both ends of the Armature. Carry out
measurement about three times while moving the rotational axis of the
generator slightly, and set its average to Ra. At this time, the voltage

drop by Armature winding is RaXIp.

<Summary>

1. The voltage regulation at the external-exciting generator increases in
proportion to the load current. (However, there is no change in RPM and field

current.)

2. The voltage drop by Armature winding is a kind of generation loss. The
output terminal voltage is indicated as Generation voltage-Armature winding
voltage drop, .



7. Saturation Characteristics of
External-Exciting DC Generator

<Preliminary Knowledge>

The output voltage of a generator varies depending on the generator’s rotational
speed, the intensity of magnetic field, and load resistance. In this case, it is only
the rising rotational speed and magnetic field that can increase the output voltage
actively. However, the rising speed of the generator has a mechanical limitation of
the prime motor or generator itself. And, due to the saturation characteristics of the
field core, the intensity of generator magnetic field will not increase beyond a
certain limit in spite of increasing the field current.

In this practice, we are going to have a practice on how the saturation
characteristics are indicated while the generator is under a no-load status. You
should be careful that the field winding becomes hot because the exciting current
flows to the generator field winding more than the rated current. Therefore, the
time for flowing the over-—exciting current for saturation must be as short as
possible, (Within 10 seconds when the exciting current of the field is 0.7~1A)

<Preparation for Operation>

1. Execute the No.(1)~(4) of the preparation for operation in the “6. Load

characteristics of external-exciting DC generator.”

2. Turn the RH-1 of the generation circuit back to the middle position between
right and left, set the Exciting Source 0~120V to the minimum, and turn ON
the switch.

3. Turn ON the main and motor switches, and turn the AC 0~110V source knob
beside the equipment to reach about 100V. And, turn OFF the Motor switch

again.



4, Turn OFF all the load switch S-1~S-4 of the generation circuit, and turn ON
the output switch.

5. Check if there is any obstacle to the motor and generator rotating part, and

check if the circuit configuration is normal, again.

<Operation & Measurement>

1. Turn ON the Motor switch, run the motor by pressing the Start button, and

adjust the AC source to AC 110V for normal rotation. And measure the RPM
and check if it is normal.

2. Increase the voltage of the power supplier connected to the generator field
slowly to reach the field current in the Table 7-1, and record the output
terminal voltage to the following table accordingly.

<Table 7-1 (No-Load)>

Field Current (A) { 01 | 02 | 03 | 04 | 05| 06 | 0.7 | 08 | 09 | 1A

Output Terminal
Voltage (V)

3. Turn the Exciting Source back to 0V, and turn ON the S-1, S-2 and S-3.
And, check the motor's RPM again.

4, Increase the field current of the generator slowly like the No.2 above, and
record the output voltage to the Table 7-2 accordingly.

<Table 7-2 (FULL Load)>

Field Current (A)| 0.1 | 02 | 03 | 04 | 05 | 06 | 0.7 | 0.8 | 09 | 1A

Output Terminal
Voltage (V)
Rotation Speed
(RPM)

5. After finishing measurement, turn OFF the power switch of the external power
supplier, and stop the motor by pressing the Stop button. And turn OFF the
Motor switch, and remove the external power supplier connected to the field of



the generator. In case of not continuing this practice, turn OFF the main
switch.

<Practice Evaluation>

1. By using the data in the Table 7-1, indicate the characteristics of the output
voltage vs. no-load field current in a full line to the graph of the Table 7-3.

(Vo)

Qutput
Voltage

0 01 02 03 04 05 06 07 08 09 1A
Field Current (If)

Table 7-3

2. By using the data in the Table 7-2, indicate the characteristics of the output
voltage vs. full-load field current in a full line to the graph of the Table 7-3.



<Summary>

1. Looking at the full line in the Table 7-3, you can see that the output voltage
remains constant without rise in its line when the field current reaches a

certain level or higher. That’s because it shows the no-load saturation
characteristics.

2. The Table 7-3 indicates that the dotted line shows a different change from the
full line. When the load current flows, the saturation characteristics of the

generation output show different changes in comparison with no-load.



8. Loss & Efficiency of External-Exciting
Generator

<Preliminary Knowledge>

The generator needs power supply from an external motor in any case. This
outside force includes an electric motor, gasoline, diesel engine, water mill or
windmill. It is the generator that converts those mechanical forces into electric

energy.

In this practice, the generator is driven by the AC motor. The efficiency of this
generator varies depending on how much the output energy comes from the
generator in comparison with force applied to the generator. Then, let’s think about

the causes of inefficiency that deteriorates the efficiency.

The causes are classified roughly into the mechanical abrasion loss, heat loss at
the Armature winding resistance, heat loss at the field winding resistance, and
stray power. In particular, the loss at the Armature winding resistance that varies
depending on the generator loads is called a variable loss, and the loss at the field
winding is called a fixed loss.

In case of the generator with the AC motor, the efficiency of the generator can
be calculated as follows.

Output power (W)
Input power (W)

Generation efficiency (%) = % 100

Let’'s calculate the generator efficiency during the maximum load by determining
a stray power loss and calculating a copper loss (by winding resistances). For your
reference, the stray power loss is known as one of fixed losses, including
mechanical loss and air resistance. All the losses caused by winding resistance is

considered as copper loss.



<Preparation for Operation>

Equipment : MG-5212 Set, Ohmmeter (or Multimeter)

1.

Execute the No.(1)~(3) of the preparation for operation in the “6. Load

characteristics of external-exciting DC generator.”

Connect the M-1~M-4 Meters of the generator circuit to each terminal
indicated.

Set the Exciting Source DC 120V knob of the generation circuit to the
minimum in the counterclockwise direction, and turn the RH-1 to the minimum
in the counterclockwise direction.

Turn OFF the load switch S-1~S-4 all together, and turn ON the output
switch.

Turn ON the main and motor switches, turn the AC 0~110V source knob
beside the left side of the equipment to reach about 100V, and turn OFF the
Motor switch, again.

Check if there is any obstacle to the motor and generator rotating part, and

check if the circuit configuration is normal, again.

<Operation & Measurement>

1

2.

Turn ON the motor switch, run the motor by pressing the Start button, and
adjust the AC source to AC 110V. And, measure the RPM and check if it is a

rated speed.

Adjust the output voltage to 120V while turning the Exciting Source DC 0~
120V knob in the clockwise direction slowly. And, read the M-1, M-2 and
Wattmeter of the motor, and M-1~M-4 Meter indicators of the generator, and
record results to the no-load box of the motor and generation in the Table
8-1.

3. Then, turn ON the load switch S-1, S-2 and S-3, and adjust the Exciting

Source DC 0~120V again so that the output voltage can reach 120V. And,



read the M-1, M-2 and Wattmeter of the motor, and M-1~M-4 Meter
indicators of the generator, and record results to the full-load box of the

motor and generation in the Table 8-1.

<Table 8-1>
Motor Generator
M-1 M-2 |W-Meter] M-1 M-2 M-3 M-4
No Load
Full Load

4, Stop the motor by pressing the Stop button, and turn OFF the Motor switch.
And, turn OFF the output switch of the generation circuit, and measure the
winding resistance between J1 and J2 of the Armature winding of the
generation circuit by using the ohmmeter (or multimeter). At this time, carry
out measurement three times while rotating the generation slightly with its

rotational axis fixed, and set its average to RA.

<Table 8-2>

1 2 3 Average (Ra)

Armature winding
resistance

5. In case of not continuing this practice after measurement, turn OFF the main
switch.

<Practice Evaluation>

1. Calculate the stray power loss PSL of the generator by using the data of the
Table 4-2 and 8-1 in the “4. Load characteristics & torque of induction

motor.” In this case, let’s consider the stray power loss as PSL.

[Note] PSL=(Motor input when connecting the no—load generator)— (Input with

the motor running only)

2. Calculate the generator’'s loss by Armature winding resistance, exciting loss



and total generator loss, and calculate the generator efficiency.

[Note] e Armature loss Pav= Ry - I° Here, Ra  Armature winding resistance

IL ¢ Load current

e Total loss Pro= Pst + Par + Pro Here, Pro : Generator exciting loss

o Generator efficiency I =

Generator output
Generator Full —load motor input—Input with the motor running only

<100

Generator output
or Ne) = P

= X100
Generator output+ Total generator loss

Here, the generator output is FOutput voltageXLoad current; .

3. Calculate the efficiency of the generation system including the motor by using
the data in the Table 8-1.

.. Output during generator
Note System efficienc 16)= - -
[Note] Y icrency oo Motor input during generator full —load

<100

In case of the external-exciting generator, do not calculate the generator field
input in the input power.



<Summary>

1. To enhance the generator efficiency, you must make the loss as little as
possible in this practice. The less a void gap between field pole and Armature
rotational pole is, the more output you can obtain thanks to lower magnetic
field resistance.

2. Not the efficiency of the generator itself, but the efficiency of the generation
system, is calculated from the efficiency of the motor, which rotates the
generator, and that of the generator itself. Therefore, at this time, it requires a
better output efficiency of the motor vs. its input energy. In general, the

efficiency here refers to that of the generator.
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EXPERIMENT NO-2

LOAD CHARACTERISTICS OF A DC SHUNT MOTOR

BASIC THEORY

DC shunt motors are popular due to their superior stability in speed. This type of motor
exhibits better speed regulation against load the changes, from no load to full load, when

compared to a series or a compound motor.

The magnetic field strength in a motor is proportional to the field current. This field strength,
along with the armature current, determines the torque of a motor. However, as can be seen in the
coming discussions, the increase in the field current actually decreases the motor speed. In
contrast to a series winding motor which has a field current proportional to the load, a shunt
winding motor maintains constant shunt field current regardless of the load. However, the torque

developed in a shunt motor is less than in a series winding motor.

For a shunt winding motor with no load, small amount of torque is still needed to overcome
the mechanical as well as electrical losses of the rotating machine itself. As the motor is loaded,
the torque is increased following the relationship between the armature speed and Counter EMF
(CEMF). This relationship is described as the following. First of all, the armature speed is
reduced due to the load. The reduced speed causes the CEMF to decrease, which in turn
increases the armature current. As the armature current is increased, the torque is increased also.

The increased torque compensates for the speed which was reduced due to the load.

Although this seems to a complex chain of events, the process described above occurs in a short
period of time, and the speed of the motor appears to be constant. The opposite process takes

place when the load is removed from the motor

Electrical Machines
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PREPARATION

Equipment Needed: MG-5211 Set and an Ohmmeter (or a Multimeter)

1. Make sure the connection between the motor and generator is secure and reliable. Keep
the Main, Motor and Generator Output switches off.

2. Connect M-1, M-2 and M-3 meters in the motor to the appropriate terminals. Set M -3 for
10A range.

3. Connect between the DC 0-120V Source Terminals and the Motor Input terminals using
patch cords. Set the DC Source voltage control on the left of MG'-5211 fully
counterclockwise.

Turn RH-1 (shunt field circuit) of the motor circuit fully counterclockwise, and RH-2 (armature
circuit) fully clockwise.

4. Set Series/Shunt SW. to Shunt.

5. Connect M-1, M-2 and M-3 meters of the generator to their positions as indicated in the
circuit.

6. Set Rheostat RH-1 of the generator to the middle position, and set RH-2 fully clockwise.

7.Connect the No.l terminal of the Series Field winding of the generator to M-1, and No.2
terminal to M-2. Turn off all the load switches.

8. Connect between the DC 0 -120V Source terminals of MG-5211 and the motor Input
terminals using patch cords. Turn Main and Motor switches on. Do not press Start
button yet.

9. Adjust the control on the left side and bring the DC Source voltage to 60V. Turn the
Motor switch off.

10. Make sure there are no objects in the rotating paths of the motor and generator. Double

check the accuracy of all connections.

[Note] Before turning the Main or Motor power on or off, turn the handle on the left side to

minimum position first.
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OPERATION AND MEASUREMENTS

(1) Turn the Motor SW on, and verify that the DC input is 60V. If it is, press Start button to start
the motor. Adjust the handle on the left side to raise the voltage to 115V. See if the motor is
turning.

(2) Turn RH-2 (Motor) fully counterclockwise, and adjust RH-1 to set the motor RPM to 1800.
Fill in the information in Table 2-1 "NO LOAD/MOTOR" section. Notice that the input current
is the sum of the field and armature currents.

Table 2-1
NOLOAD | 1/4LOAD | 12LOAD | FULLLOAD | OVERLOAD
SPEED (RPM) 1800
INPUT
M | VOLTAGE (E) 115V
0 INPUT
5 CURRENT (I)
R INPUT
POWER (P)
ARMATURE RESISTANCE (RA)

(3) Turn the Generator Output and Load switch S-1 on. Adjust RH-1 (generator) to obtain 120V
at the output. Fill in the information in Table 2-1 "1/4 LOAD/MOTOR" section.

(4)Turn the generator load switch S-2 on also (S-1 & S-2 on). Repeat the same type of
Measurements as in (3) and fill in the Table 2-1 "1/2 LOAD/MOTOR" section.

(5) Turn both S-1 and S-2 off, and turn type of measurements as in (3) and fill in the
Table 2-1 "FULL LOAD /MOTOR" section.

(6) Press the Motor Stop button and turn Motor SW off. Turn RH-2 (Motor circuit) fully
counterclockwise

(7) Using an Ohm meter, measure the armature winding resistance between J3 and J4. Enter
is value in the "Armature Resistance”

[Note] The winding resistance measured includes the brush resistance as well.
To obtain more reliable data, measure DCR about 3-4 times while turning the motor on
by hand slightly each time. Average the measurements for RA

(8) Turn off the Main, Motor, and Generator Output switches off.

EXPERIMENT REVIEW

Electrical Machines 11
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1. Using the data in Table 2-1, calculate the speed Regulation which is defined by the following
expression

Speed Regulation (%) = No_Load Speed - Full Load Speed x100
Full load speed
No load speed = 1800 RPM

[Note] Ideally, the generator should not be motor when no-load
characteristics of the motor measured. However, the generator is left connected to
motor for the convenience, and the load of the generator is changed instead.
2. Using the data in Table 2-1, draw a curve in Figure 2-1 (a) and (b) representing the
relationships between the speed, input current and the loads.

Figure 2-1 Motor Characteristic Curves
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EXPERIMENT NO-3
LOAD CHARACTERISTICS OF A DC SERIES MOTOR

BASIC THEORY

The main advantage of a DC Series motor is its superior torque capability even at low
speed. This type of motor generates higher torque as the load increases at the expense of
reduced speed. The reason for these characteristics is that the torque output of a motor is
proportional to the field and armature currents. In a DC Series motor, these two currents
increase C5 the speed is reduced due to an increased load.

The opposite phenomena takes place when the load is reduced in a DC Series motor as the
Counter EMF (CEMF) is increased due to an increase in motor speed. This, in turn, reduces
the field and armature currents, resulting in reduced torque. The reaction between the torque
and motor speed continues until the motor reaches an equilibrium state at which the torque
output is just about enough to support the load and its own mechanical losses.

The most popular application of DC Series motors is found in an electrically powered
train or in towing applications where a large torque is required at the start with a compromise
in speed. As the start stage is over. De motor will provide higher speed with reduced torque.

In theory, an ideal DC Series motor which is defined as a lossless machine can reach an
infinite speed at no load. However, in a real motor, an infinite speed does not happen because
the loss of the machine itself appears as a load to the motor

PREPARATION

Equipment needed: MG-5211 Set

1. Make sure the connection between the motor and generator is secure and reliable. Keep
the Main, Motor and Generator Output switches off.

2. Connect M-1, M-2 and M-3 meters in the motor to the appropriate terminals. Set M -3 for
10A range.

3. Connect between the DC 0-120V Source Terminals and the Motor Input terminals using
patch cords. Set the DC Source voltage control on the left of MG'-5211 fully
counterclockwise.

4. Turn RH-1 (shunt field circuit) of the motor circuit fully counterclockwise, and RH-2
(armature circuit) fully clockwise.

5. Turn RH-2 (motor circuit) fully clockwise.
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6. Set Series/Shunt SW to Series

7. Connect M-1, M-2 and M-3 meters of the generator to their positions as indicated in the
circuit.

8. Set Rheostat RH-1 of the generator to the middle position, and set RH-2 fully clockwise.

9.Connect the No.l terminal of the Series Field winding of the generator to M-1, and No.2
terminal to M-2. Turn off all the load switches.

10. Connect between the DC 0 -120V Source terminals of MG-5211 and the motor Input
terminals using patch cords. Turn Main and Motor switches on. Do not press Start
button yet.

11. Adjust the control on the left side and bring the DC Source voltage to 60V. Turn the
Motor switch off.

OPERATION AND MEASUREMENTS

1. Turn the Main and Motor SW on, and check the input DC voltage which is expected to be
60V.

Table 3-1 Data for DC Series Motor Load Characteristics

NO LOAD | 1/4 LOAD 12 FULL LOAD | OVER LOAD

LOAD

SPEED (RPM) 1800
INPUT
VOLTAGE (E)
INPUT
CURRENT (I)

115V

~ O 40X

INPUT

POWER (P)

2. Press the Start button and adjust the handle on the left side to bring the DC voltage to 11SV.
Also, adjust RH-2 to bring the motor speed to 1800 RPM. In case the RPM is off, adjust input
DC to obtain 1800 RPM. Record the RPM, input voltage and input current into “MOTOR /
NO LOAD" section of Table 3-1. Notice that the input current is indicated by M - 3 meter.

3. Turn the Generator Output SW and Load switch S-1 on. Adjust RH-2 (generator) to obtain
120V at the output. Record the RPM and input current into the 1/4 LOAD/MOTOR section of
Table 3-1.
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4. Turn the generator load switch S-2 on: (S-1 & S-2 on). Repeat the same type of
measurements as in (3) and fill in the table “1/2 LOAD/MOTOR” section.

5. Press the Motor Stop button. Turn the motor SW off in case no further experiments are

planned

EXPERIMENT REVIEW

1. Using the data in Table 3-1, calculate the speed Regulation which is defined by the following

expression:

Speed Regulation (%) = No load speed- Full load speed  x100
Full load speed

2. Draw load characteristics curves.
Draw curves in dotted line showing the relationships between load and speed, and between
load and input current into Figure 2-1 (a) and (b). Compare the results with the Shunt motor.
3.The armature current is related to the torque by the following equation.
T=Kola,=Kyl2 .coooiiii. (N.m)

where K, and K2 are constants
¢ = Flux of the series field winding (Wb)

I, = Armature current

Electrical Machines 15



Federal Urdu University of Arts, Science & Technology Islamabad - Pakistan Electrical Engineering

EXPERIMENT NO-5

MOTOR SPEED AND COUNTER EMF

BASIC THEORY

Electromotive force (EMF) is induced in a conductor when the conductor cuts through
magnetic lines of force. When an AC voltage is applied to an inductor, the Current through
the coil is less than the current which would flow when DC voltage is applied to the coil.
The reason for this is that counter EMF is induced in the coil when AC signal is applied.
The counter EMF (CEMEF in volts) is induced, in general, in a direction to generate currents
to oppose the current from the external Source. A transformer is an example of CEMF
based device where voltage is induced in the secondary due to the CEMF in the primary

inductance.

The CEMF in a DC motor is analyzed in this section. The armature resistance Ra. is
calculated by dividing the voltage drop across the armature E by the armature Current la
with the armature in stationary position. However, the armature current I, decreases as
the armature reaches normal speed. This is due to the CEMF. The magnitude of the
CEMF is proportional to the RPM of the (E-CEMF)/R,. Another way to experience
CEMF is to turn off the supply voltage from a rotating armature and check the polarity of
the voltage across the armature. It should be opposite to the supply Voltage.

Some of the important characteristics of the shunt and series motors as studied in
the previous sections are due to the CEMF. In shunt motor, the motor speed was
increased as the shunt field current was decreased. However, in the series motor, the
armature Current was increased as the motor speed Was decreased due to the increased
load.

Electrical Machines 19



Federal Urdu University of Arts, Science & Technology Islamabad - Pakistan Electrical Engineering

PREPARATION

Equipment Needed: MG-5211 Set and an Ohmmeter (or a Multimeter)

1. Keep the Main and Motor switches off. Decouple the motor from the generator by

removing the rubber coupling. Keep the rubber coupling for future use.

2. Connect M-I, M-2 and M-3 meters to their assigned locations. Make sure M - 3 is

connected for lps range.

3. Connect between DC O-120V Source terminals and the motor input terminals. Turn the

DC Source voltage adjusts at the left of MG-5211 fully counterclockwise.

4. Connect the No.l terminal of the Series Field winding of the generator to M-I, and the
terminal No.2 to M-2 respectively. Keep Output switch off.

5. Turn RH-1 and RH-2 of the motor circuit fully counterclockwise.
6. Set Series/Shunt SW to Shunt.

7. While keeping the Motor switch off, turn the Main switch on. Turn the voltage adjust to
obtain 60V DC.

8. Make sure there are no objects in the rotating paths of the motor. Re-verity all the wiring.
9. Connect M-3 meter of the generator circuit to J3 and J4 of the motor circuit. The meter

should be connected in an opposite polarity (+ and reversed) to measure CEMF.

OPERATION AND MEASUREMENTS

1. Turn Main and Motor switches on, and press Start button. Adjust the control on the left
side to raise the DC source voltage until the motor RPM reaches 600. Record the input

voltage, armature current and field current in the 600 RPM column in Table 5-1.

2. To observe CEMF, disconnect the armature current meter M-3 and observe the voltage

across J3 and J4 at the moment. Record the maximum value in the 600 RPM column
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Table 5-1 Counter EMF data

600 RPM 1200 RPM 1800 RPM
INPUT VOLTAGE (E)
ARMATURE CURRENT (14)
FIELD CURRENT (IF)
CEMF (Vcgr)
ARMATURE WINDING * ARMATURE RESISTANCE WITH
RESISTANCE MOTOR STOPPED :

3. Repeat step 0) and (2) at 1200 and 1800 RPM, and record the data in the corresponding

columns.

4. Set motor RPM to 1200. Turn the Field Rheostat RH-1 fully counterclockwise, and

record the field current and RPM at this time.

5. Stop the motor. Turn the DC Source down to minimum and turn Main and Motor switches off.

Couple the motor and generator using the rubber coupler. Make sure the two shafts are aligned

straight.

6. Place the clamp over the motor and generator joint, and tighten the clamp to ensure

good coupling.

EXPERIMENT REVIEW

1. Verity that CEMF in a shunt motor is proportional to the RPM of the motor. Compute the

CEMF at each RPM values (600, 1200, 1800) using the following formula.

i. VCEMF =E - |,R; volts

ii. Where E= Input voltage
1. I,= Armature current
2. R, = Armature resistance

2. The RPM of'a DC motor can be calculated from the fOllowing relationship.

N =Ks. E—- LR, (RPM)
¢
Where K3 Constant
1.R = armature current and resistance
(0] = Field flux (Wb)
E = Input voltage

Electrical Machines
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SECTION 2.

LOAD CHARACTERISTICS OF DC
(SHUNT, COMPOUND) MOTOR

< Basic theory >

In spite of the excessive speed at no load, a Seriez mofor has sn advaniage of
delivering a high tergue at 8 heavy load, In contrast, a Zhunt moter exhibits
quperior speed regulstion over a wide range of loads, although the tongue s
insufficient at ‘a heavy load, A Compound motor comhbines the desired features

af the two Inte one.

A Compound motor éonteinsg a Shunt feld winding as 4 Series fiek]l winding,
At no Josd, the Shunt Deld winding ensures that the mator does not run ac too
high speed, while at the rated load, the Series feld winding provides the

NEcEssary torgque
The characteristics’ of each type are summarisd befow |

Shunt Field :

The Shunt feld mambtans @ constant current and  hepce a constant  flux,
regardless of the armature current or spesd. As  the armature speed s
incregsed, the Coupter EMF ncreaszes in propartion too. The increased CEMF
tends to counteract to the increased speed of the armature,

Series ield

The Series field follows the vamation of the armature current in the same
direction. Therefore, g5 the speed of the ammature nereases al oo losd, the
armeture current 18 decreased dee to the increased CEMF. Therefore, the Seres
fiedd current decresses, following the armature current. The reduced armature
current actually couses the amature specd to ncrease, resulting inoan oven

_ﬁ_



higher speed However, the torque genersted will be reduced as the field and

armature currents  are  reduced. This process  keeps repeating  untl  an
equilibrium point is reached where the speed iz just sbout enough to provide &
torgue to overcome an internal mechanical friction. When a motor 1s heavily
loeded. ithe armature speed will be reduced considerably, and the armature and
ficld currents will go up instead. This increased current will make the torgue

higher until an equilibrium paint is reached,

< Preparation >

Equipment : MG-5214 set

[MNote] The preparation procedure here 15 based on a Compound  motor,

L1

2]

3}

i)

1531

(61

Howewer, the actual Shunt motor experiments are performed at the
“0peration and Measurements> soction.

Turn Main aml Motor switches off. Seperate the coupling between the
motar and generatot. Keep the rubber coupling for future s

Connect meters M-1, M-2 and M-3 of the motor circot o their specified
terminals. Set M-3 for 104 range.

Connect meters WM-1, WM-Z and M-3 of the generator o their specified
terminats, amd connect M—4 meter to any two terminals from I3 through
Ja

Turn RH-1 (Shunt field) of the motor fully counterclockwise and RH-2
{armeture) fully clockwise

Connect hetween DC 0~120V Source terminals and Input terminals using
the provided cords. Also, connect from [3 o J4, and  from Jo to J6 af the
motor circuit, This will configure the motor a3 8 Compound motor.

Turn the Main and Motor switehes on, and turn the DO O~120% Source
Adjust at the side of the trainer to obtam DC 680V on the voltmeter. Tumn
the Motar switch off agan,



7}

Make sure there is no objects in the rotating path of the motor, and verify
all the connections again.

< QOperation and Measurements >

(1

(2}

3

(4}

(5

Turn the Motor switch o Press Start button. Rafse the DO Source to
115V DC for nommal operation.

Turn RH-Z of the motor fully counterclockwise, and adiust RH-1 to obtain
1800 RFM on the motar. Record the RPM, input veltage and input curmrent,
and fill in the informztion in Table 2-1 "Compound / No Load" section.
Notice that the imput current is the sum of the Shunt field current and
anmEture curment.

Table 2-1

Componand EShamt

Mot Load Full Load Mg Lowd Full Load

Input Veltage {E)

Inpar Current {1}

Speed (RFM)

Fress Stop button. Open the connection between J3 znd J4. Connect [4 to
Mol terminal of the Series field This will configure the motor for a Shunt
aperation.

Turn RH-2 fully clockwise, and RH-1 fully counterclockwise,

Press Start button. Tum RH-Z fully counterclockwise, Adjust RH-1 to
chitain 1300 RPM motor speed. Record the RPM, input voltage and input
currenit, and fill in the infarmation in Table 2-1 “Shunt / Ne Load" section,
Motice that the input current is the sum of the Shunt current and armature

current



(6)

(7

(&)

(9]

(m

(11}

{12}

13}

(14

(15]

(16

Tum the Maotor and Main switches off Couple the motor and generator
using the mbher coupler,

Place & clamp over the motor and generator, and tighten the clamp Check
the coupling and make sure the fwo shafts are in hne In case they are nod
straight, correct the situation,

Zet the Exeiting Source DO 0—120V handle tw MIMN position, and tum
Exciting switch on,

Turn the generator Outpat switch off, and tum the load switches 5-1, 3-2
and 5-3 on. The equivalent load resistance at this point is approximately
hag

Connect the meters M-1, M-2 and M-3 of the generator to their specified
terminals, Connoct M=4 o J3 and J4 of the generator output,

Turm the Main and Motor switches on, and make sure the motor input
valtage is DC 60V, Presz Start button, and adjust the DC Source to DC
115V,

Turm RH-2 of the metor fully counterclockwise, and adiust RH~1 1o obtain
1800 RPM. Tum Outpat switch on, and adiust the Exciting Source DC
0=120% to 200V at the output.

Check  the vad current meter of the penerstor. I shoold  indicate
approximately 036A at full load. Measure the motor input voltage, mput
current and RPM, and 6l in the information in Table 2-1 "Shunt / Full
Load” section.

Press Stop button, and remove the connection betwesss [4 (motor) and
Series field Mol terminal. Cenmect 3 to J4 to configure to a Compound
moator,

Turn the generator Outpat switch off, and press Start of the motor. Adjust
RH~1 imotor) to oblain 1800 RPN

Turn the generator Output switch on, and adjust the Exciting Source DC
=120V to obiain 200V outpul

_B_



(7 Verily that the lpad current indicstor indicates spproximately  036A.
Measure the motor input voltage, inpat current and RPM, and fill in the
information in Tahle 2-1 “Compound / Full” Losd section.

(18) When measurements are done, stop the motor first, then tum the Motor
and generator Output switches off Turn the main switch off in case no
further experiments are planned.

< Experiment Review >

1. From the data in Table 2-1, find the speed regulation, as defined hy the
following expression, of the Compound and Shunt motar respectively. Explain
which mwior has better speed regalation,

Mo load speed — Full Joad speed

Speed Regulation (M = T o100

[Motes] No load speed is0 1800 RPM, Full load to the generator is
considered to be full load © the motor as well because the motor
and generator are coupled together,

2, From the data in Table 2-1, find the ratio of the rate change of the mput
current to the rate change of the motor spesd, as defined by the ollowing

equation:

Full koad input eurrent — Ko load mput currest
Mo load spoed — Full lomd speed

It curvenit to speed ratio=

In case there is a difference in the ratio between the Compound and the
Shunt mobor, explain why,

< Summary >

1. When compared to 8 Shunt motor, a Compound metor has poor speed
regulation and much higher torque at low speed. At low speed, the Series
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field current in a Compound motor increases, resulting in an  increased
magnetic field

The =uperior performance of & Shunt motor in speed regulation s
detmonatrated  through the caleulations in <Experiment Review>, li=
shown that the rmetio obtained by dividing the mte change n inpul current
by the rabe change in speed is muoch farger in a Shunt motor than a
Compoand  motor.

= 1] =



SECTION 3.

LOSS-EFFICIENCY OF A DC
COMPOUND MOTOR

< Basic theory >

In genersl, the efficlency of a generator system can be defined as the following

Oubpit energy

LTI

Efficiency (%} = w100

The efficlency of a motor itself can be defined in a slightly different way.
The efficiency & of the motor used o MG-5214 a5 3 energy sowroe is defined as

Dehivered power % 1 Input power - Loss in the macar

Motor efficiency (g} =-
Inpur power Input pewar

® 100

It is clegr that, as the power loss in the motor is larger, the efficiency of the
motar Becomes poor.

The ez elements in a motor are dentified as the following !

* Fixed lasges @ These losses are independent of the load,
- Shunt field winding copper loss
- Stray power loss due to mechanical friction and air
recistance

« Variable losses: '5"&:3& losses are dependent on the load.
= Armature winding copper boss
- Series [ield winding loss for & Compound motor
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< Preparation >

Eguipment : MG-5214 set, an Ohmmeter or a Multimeter

i1

< Operation and Measurements >

(1)

(3]

£3)

Repeat the steps (1) through (7) in <Preparation> of Section 2.

Tum Motor switch on, and malke sure the input voltage is about DC 80V,
If it iz, press Start button. Raize the input veltage to DG 115V for normal

oA tion.

Turm RH~-Z of motor [ully countercioeliwiss, amd adjust BH=1 o obtain
1800 RFPM motor speed. Fill in the informstion in Table 3-1 “NO LOAD"
section with the IHPM, input volage (E), Shunt field current (Ig), armature

current (Ia)

Table 3-1

(1500 RPM)

—

—
B PR

i

Mo Load

Full Load

Input Yoltage (K

Shunt Field Current (1)

Armature Current (Fa)

oSS

Armature Winding Resistance ()

Serics Ficld
Winding Bresistence [Rg)

Exciong Voltege 1V

Exciting Curren: (Igh

Output Valtage (Va)

Load Cwrent (I0)

AoHrmmEma

Press Stop to stop the mofor,

space for Series field resiztance (Fgl

_13_

Using an Ohmmeter of a multimeter,
measure the Series feld winding resistunce by measuring the resistance
batweaen M=3 and J=3 terminals on the penel. Record the walse in the




(4]

(5]

(6l

(7

{E)

(5

L 1d)

€112

{12)

L13}

Measure the armature winding resistance by measuring  the resistance
between J4 and J6 terminals. Record the wvalue in the space for armature
winding resistance (Hal,

[Motel Becanse this measurement includes the brush resistance as well,
it is better to measure the winding resistance 3—4 times while
mrning the motor shaft by hand slightly, then avemage the
MreHSUTEmEnts,

Turn Main and Motor switches off. Couple the motor and generator usmg
the mubher coupler,

Place a clump over the motor and generator, and tighten the clamp. Make
sure the two shafts are in straight Lne.

Get the Exciting Source DC 0~120Y of the generator to MIN position, and
mn the Exciting switch om,

Turn generator Output switch off, and tum the load switches 5-1, 5-2 and
S5-1 on (equivalent losd resistance = 55041

Connect M-1, M-2 and M-3 meters of the generator to their spocified
terminals. Also connéct M-4 to the generator cutpul terminals J3 and J4.

Torn Main and Motor switches on, and make sure the motor input voleage
5 approximately DO 60V, Press motor Start button, and rase the DC
Source to DT 115V,

Tum RBH-2 of mobor fully counterddockwize, and adjust HH=1 w obtain
1800 RPM motor speed. Turn Qutput switch on, and adjust Exciting Source
D O~120% to ohtan 200 generator outpuat

Malke sure the load current indication at the generator is sbout L35A at
full load. Measure the motor input voltage (E), Shumt field current (k)
armature current (la), and 6 in the information in Table 3-1 "MOTORS
FULL LOAD" section,

When all the measurements are done. tarn off all the switches.

--14_



< Experiment Review >

1. From the data m Table 3-1, calculate the varous Iosses as indicated by the
following expressions:

» Fived copper losg = Shunt feld corrent % Input voltage
. WVariahle copper loss = (Load cumrent) * (Armmature winding resistance +
series field winding resistancel

« Stray power boss = (Inpat voltage ¥ Input current at no load] —
(Fixed copper loss + Variable coprer loss)
» Total lo=s = Power in — Power out = Input voliage * MNa

load inpuk current

2. From the data in Table 3-1, find the efficiency of the DO Compound motor
at full load,

Inpuit pewer at full load — Total lozs
Input power at full losd

Motor efficiensy (7 + = = 10

< Summary >

I. The majority of the losses in a mobor 15 conzsisted of the copper and stray
power losses. The core loss is a minor component. The stray power losses

dre made of lodses due to mechanical and ar frictions.

2, It= obvicus that in order to improve the efficiency of & motor;, the loss of
the motor has to be meduced. This can be done by reducing the coil
resistance, or design & motor with minimal mechanical friction. Also,
reducing the simature rezistance, and raizsing CEMF will kelp improve the
efficiency.

_]5_



SECTION 4.

CHANGE IN DIRECTION OF ROTATION
AND STARTING CURRENT OF A MOTOR

< Basic theory >

In a DC motor, the direction of rotatiorn can be changed by reversing the
polarity of either the armature or the feld winding. The polarity can be reversed
by changing the winding cormectons, For 8 DO motor that has permanent
magnets instead of feld coils, changing the input voltage polanty will make the
motor rotate in reverse direction, It is because the polsnty of the armature
winding is reversed, while the polarity of the permanent megnet remaing
unchanged.,

However, for a sell-excited gpenerator which makes vse of the residual Mo,
reversing the rotating dirgction can cause loss of the generator output, It s
because the reversed direction of the motor will érase the residual flax in the
core, The generator used in fhis section = & separately excited AC generator,
Therefore, it should not concern Us in our experiments.

The maotor st be stopped before the direction 15 changed. Otherwise, large
transient current spike may occur and dimage the armatore codl.

< Preparation >
Equipment @ MG-5214 set

il Check the coupling between the motor and generstor. Keep the Main,
Motor, generator Orutput and load switches off.

(2} Connect the meters M-1, M-2 and M-3 of the motor to their specified
termingls. Set M-3 to 10A range.

_lﬁ_
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(41

1=1]

(el

(7

Connect the meders MW-1, M-2 and M=3 of the generator to their specified
terminals, and connect b-4 meter o any Two ferminals from J3 through

I

Tum RH=1 of motor fully countercioclkwise, and TH-2 fully clockowise.
Turn the Exciting Source DT 0~120% of the generator to MIN position,
and turn the Exciting switch off,

Connect between DO 0--120V Source terminals and Inpat terminals osing
the supplied cords, and also connect between ]2 and J4, and 5 and J6 of
the motor circuit,

Tum the Man switch ome Turm the DS 0120V Source voltage addjust
wnitl the voltmeter mdicates DC G0V, Turn the Mator switch off agam.

Make sure there i no objects in the rotating path of the motor. Verify

that zll the connecbons are correct.

< Operation and Measurements >

(1

(21

(3

(41

Turn the Motor switch on, and verify that the input woltage i= DO &0V,
Pross Start buttom, Adpest  the DO Scurce to DC. 115V to reach normal
moter RPM. Draw the direction of rotation in Table 4-1 "FORWARD"
section &s shown in the example

Press Stop bafton and fuen Motor switch off, Hemwowve the connections
between J3 and 14, and J5 and 36 of the motor circadt Instesd, commect
between J3 and J6, and Jd and J5 to reverse the armature polarity,

Turn Motor switch on, end press Start button, Hecord the direction of the
rofation in Table 4-1 "Reverse” section as shown in the example

Press Step (o stop the mwotor, Bepeat the step (3 in <Preparation>
section for forward motation.

e



Table 4-1

; _ Ex of direction indication
Forward rotation Reverse Rotation % ' (IL\I\
CW CCW
Table 4-2
e Mo Load Full Losd
==

Starting Corvent

Steady State Current

o}

i6)

o

B

5

To measure the starting current @t no losd, press Start button  while
obeerving M-3 meter, Tead the peak wvalue as well as the steady state
current walme Molice: that even though the penerator is not loaded, and
therelore the motor is said o be at no load, the rotating generator itsell is
in fact & load o the motor. Record the starting and steady state currents
in Table 4-2 "NO LOAD" section,

Tum on the load switches 5-1, 5-2 and 5-3 of the penerator, and turn on
the Dutput switeh oz weell,

Tum the Exciting switch of the generator on, and adiust the Exciting
Source DT 0-=[120V handle to obtzin 100V of exeitation valtage:

Torm KH-2 of the motor to obtain IBIRPM. Check the penerator output
valtage, In case the oulpat is not 200V, adjust the Exciting Source for
200V,

To observe the full load starting current, stop the motor by pressing Stop
button, While watching M-3 meter, press Start button. Observe the pealk
s well az the steady state current, and record the valwez in Table 4-2
“FULL LOAD™ section,

(1 When all the messurements are done, tum off all switches,

_IB_



< Experiment Review >

I

Calculate the "starting to steady state current ratio” at no load and full load

[Motez] The starting and steady state currents refer to the input currents
of the motor, These currents are the sum of the Shunt field and
armature currents. However, in this section, only the armature
currents are used for convenience. The starting current of a
Compound motor can be calculated by the lollowing formula

Starting Current = Shunt Field Current +

( Inpui Voliage )
Series field resistance+ Armature winding resistance

< Summary >

B

There gre two ways 0 change the rofating direction of a DC Campound
mabor -

— Change the polarity of the armature winding by reversing the connection.
or

- Change the polarity of the Shupt Deld a= well as the Senes fGeld
windings.

The large amount of the starting current in & DO motor s due to the
armaiure current,
E =Eg
armature cument L, = TEL fal
Where E = Inpot valtage
Bc
Ha

Counter EMF vaoltage
ArmaEiure resistance

At the moment of start, Ep 1= almost zero volt, making the s maximuom:

The observed peak current is probebly less than the calculated value becsuse the
ammeter can ol respend fast emough,

_lg_



SECTION 5.
SPEED AND TORQUE OF A DC MOTOR

< Basic theory >

Unlike an AC motor, the speed of a DC motor is proportional to the input
voltage once the starting transient is over, snd the mobor speed incredses towsard
the rated speed. Therefore, the speed control of a4 DC motor is done By adjusting
the input voltage or inpot current.  Another way of controlling the speed is fo
adust the Shont fidd current, This is based on the fact that when the Shunt
Geld current is reduced, the anmature reaction (or the CEMF) is reduced also,
rezulting i oan increszed. speed.  However, this approsch reduces the torque of
the motor by a large ampount

In a DC Compound motor, the CEMF (Ecl, speed (N) and the torgue (T)
have the following reletionship
z Ec L
T =K = wraisssaens O < m
Where M is the speed in BPM
K is air gap dependent constant

[MNote]l Counter EMF Ec = E — [l (Ry + Ral] coocies [V]
Where E [fput voltage
L Armature current
Bz = Series field winding resistance
It,

Armatire resistance

It i= shown that the tomue is proportional to Ee and In, and inversely
proportional to the speed. This explains why a DC Series motor has & superiar
torgue. The term Eo - Iy represents the mechanical output of the motor and is
proporiieaal o the speed and tomue prodoct.

_m-



< Preparation >

Equipment : MG-5214 set

[Note] The torguee experiment in this section deals with only the concepts

o the torgue charactesistics, Mere m depth study is offered in
MG-5219 or in MG-522 trainers. These trainers ulibize a Prony
brake or a Dynamometer to measure torque and characterize it

Alse, nofice that the generator i left coupled with the motor when

experiments on the no lead characteristics of the motor are performed.

(1

Repeat the steps (1) theough {7} in <Preparation? of Section 4.

< Operation and Measuremenls >

(1

(2

3}

(4}

(5}

Tum Motor switch on, and verify that the input voltage is DC 60V. Press
Start tatton, and adjust the DC Soworce to DC 115V for normal operation,
Tum the DC 0=130V Source voltage handle fully counterclockwise (0V)
o halt the motor from cotation,

As the motor stops, turm the DO 0=-120V  Source  Adjust  slowly
clockwise, and watch for the moment when the motor starts to furm
Alzo, fill the shunt Field Current, Armature Cumrent and BFM againzt each

input voliae.

Increase the input voltage to 20V, 40V, ... 120V as specified in Table
8-1, and take the same kind of readings at each inpot voltage

Press Stop to stop the motor, and adiust the DG D—~120% Source adiust
to DC 100V

Tuarn the generator logd switches 5-1, =5-2 gnd 5-3 on. Also turn the
Citpust switch on.

_21_.



Table 5-1 (Motor no foad characteristics)

! SR Input Valtage
| Voltage

~| nv|ov|ev|ov|imyviny
Shunt Field Current
Armature Current

RPM I

(6] Turn BH-1 and RH-2 of the motor coreut fully counterclockwize, and
press Start of the motor. Adjust DC 0-120V Scurce  to pitain 1300
RPM motor spesed,

(79 Turn the Excifing switch of the gencrator om, @nd adjuslt the Exciting
Seniree DO 0—120YV handle to obtain an output voltage of 200V,

{8y Reduce the DC 0—120V Source adjust to OV to halt motor rotation, Raise
the voltage slowly, and repeat the same process as in step (3} above. Fill
in the information in Tahble 5-2  with coresponding data for each column.
Also, record the generator output valtage and the losd current af esch case.

Tiable 5-2 [ Motor full load cheracteristics

Starting
= 1t Valtage
i Voltage e
e WYV | 4V GV | BV I00V]120V

Shunt Field Current |

Armature Current | _

RPM

Generator Ourput

Voltage
(renerstor Output
AITTEnT

{3)  When afl the measurements are done, tumn off &ll the switches.



< Experiment Review >

With the data in Table 5-1 and 5-2, complete the chart in Figure 5-1 for
speed ws, input voltage characteristics Draw the no load corve in solid line
and the full load curve in dotted line. Explain why there is a difference in
gpeed for o given input soltage.
apeed [ I input
= CUTTERE
R | | ! =
M - - }_
LEE ) ]
| l | |
0 @0 40 GO6os0 100 120 0 20 40 &0 B 100 120
Input Vaoltage (V) Input Voltage (V)
Figure 5-1 (Mo Load Characteristics) Figure 52 (Full Lioad Characteriztics)
From the data in Table 5-1 and 5-2, complete the chart in Figure 5-2 for

input current vs input voltage characteristics. Draw the no kad curve in
aofid line and the full load curve in dotted Tine. Remember that the input
current of a motor is the sum of the Shunt field cwrent end armature
current. Explain why there is a difference in input current for a given inpat
voltage,

< Summary >

1,

From the Table 5-1 and 5-2, it can be seen that there 15 o threshold
voltage for & motor to initiate rotation. This is due to the mechanical friction
aril the mass of the rotor itzelf, The generator iz 8 load to the motor with
the magnitude being proportional to the speed. In cage a motor has to start
with & load, the molor will reguire higher threshold voltsge, When a motar
15 loeded but can not turn becavse of the low input voltage the apphed
gt energy is diszipated in the armature winding, and the temperature of

= T -



the winding may get too high. This can cause the armature winding to

burn.

The zpeed nf & mobtor is very much lmear to the nput voltage at no Joad,
However, when the motor s loaded, the speed ne longer follows the input
voltage s shown in Figure 5-1 in dotted line,

The torgue of a DC Compound maotor is proportional to armature carrent L,
In a Series motor, the increase of the armature current results in an
increased [iEd current aleo, Thersfore, the torque of 8 Senes molor is
almost proportional to L
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