LABORATORY
EXPERIMENT
NO. 12

THE DIRECT CURRENT
MOTOR PART i
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OBJECT

1. To locate the neutral brush position.

2. To learn the basic motor wiring connections.

3. To observe the operating characteristics of
series and shunt connecied motors.

DISCUSSION

In order for a DC motor to run, current must
flow in the armature winding. The stator must de-
velop a magnetic field (flux), either by means of a
shunt winding or a series winding (or both).

The torque developed by a DC motor is di-
rectly proportional to the armature current and
the stator flux. On the other hand, motor speed is
mainly determined by the armature voltage and
the stator flux. Motor speed increases when the

voltage applied to the armature increases. Motor:

speed will also increase when the stator flux is re-
duced. As a matter of fact, the speed can attain
dangerous proportions if, accidentally, there is a
complete loss of the stator field. DC motors have
been known to fly apart under these overspeed
conditions. However, your DC motor has been
carefully designed tc withstand possible overspeed
conditions. '

INSTRUMENTS AND COMPONENTS

Power Supply Module:

(0-220Vac, 220Vdc, 0-220Vdc) EMS 8829
DC Motor/Generator Module EMS 8219
AC Metering Module (0-250V) EMS 8429
DC Metering Module (0-400V) EMS 8419
Hand Tachometer EMS 8920
Connection Leads EMS 8941

PROCEDURE

Caution: High voltages are present in this Labora-
tory Experiment! Do not make any connections
with the power on! The power should be turned
off after completing each individual measurement!

FINDING THE NEUTRAL

0O1. You will now determine the neutral brush
position for your DC motor by using alternating
current. Using your EMS Power Supply, AC Me-
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tering and DC Motor/Generator Modules, connect
the circuit shown in Fig. 12-1. Terminals 4 and N
on the power supply will furnish variable 0-220Vac
as the voltage output control is advanced.

Do not apply power at this time!

ARMATURE iy

0-220
vac
~ Fig. 12-1
[02. Unlock the DC Motor/Generator Module

and move it forward approximately 10 cm. Reach
behind the front face of the module and move %
the brush positioning lever to its maximum clock- :
wise position. Do not slide the module back in :
place (you will later move the brushes again).
0O3. Turn on the power supply. Place the power é
supply voltmeter switch to its 4-N position. Slowly
advance the voltage output control until the ac =
voltmeter connected across the shunt field winding
indicates approximately 150Vac. (The ac voltage .
across the shunt field is induced by the ac current -
through the armature. This will be covered in a
later Laboratory Experiment).

O 4. a) Carefully reach behind the front face of
the module (preferably keeping one hand in your =
pocket) and move the brushes from one extreme
position to another. You will notice that the in-
duced ac voltage across the field drops to zero and
then increases again as you approach the other ex- "
treme counter-clockwise position. ;
O b)Leave the brushes at the position where the ;
induced voltage is zero. This is the neutral point of -
your DC Motor/Generator. Each time you use the

DC Motor/Generator the brushes should be set at

the neutral position. _
O c) Return the voltage to zero and turn off the

power supply. Slide your DC Motor/Generator

Module back in place and disconnect your circuit. -
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SERIES MOTOR CONNECTIONS

O05. Using your EMS Power Supply, DC Me-
tering and DC Motor/Generator Modules, connect
the circuit shown in Fig. 12-2. Notice that the ar-
mature is connected in series with the series field
winding, across the input voltage. -

SERIES
FIELD

Fig. 12-2

00 6. Turn on the power supply. Place the power
supply voltmeter switch to its 7-N position. Adjust
the output voltage to 220Vdec.

O 7. a) Does the motor turn fast?

O b)Using your hand tachometer, measure the
motor speed in revolutions per minute.

series speed = r/min

NOTE: The operating instructions are enclosed
within the tachometer container.

01 8. a) Reduce the power supply voltage and note
the effect on motor speed. Comments:

0 b)Reduce the voltage until you can deter-

mine the direction of rotation (clockwise or coun-
terclockwise).

rotation =

J  c¢) Reduce the voltage to zero and turn off
‘he power supply.

J9.  Reconnect your circuit as shown in Fig.
'2-3. (The only change made to the circuit of Fig.
'2-2 is that the connections to the armature have
een reversed).
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ARMATURE

SERIES
FIELD

Fig. 12-3

0 10. Repeat Procedures 6 through 8 (using
the reversed armature connections shown in Fig.

12-3).

series speed opepseq) = — o __r[min g

rotation =

o1t. State a rule for changing the direction
of rotation of a series connected dc motor.

SHUNT MOTOR CONNECTIONS

012." Connect the circuit shown in Fig. 12-4."
Notice that the rheostat is in series with the shunt
field, and that this combination is in parallel with
the armature, across the input voltage.

RHEOSTAT
1000 ©

SHUNT
FIELD




O 13. a) Adjusi the rheostat for minimum resis-
tance (approximarely zero ohms, when turned fully
clockwise),

| b) Turn on your power supply and adjust
for 220Vde.
0 ¢} Using your tachometer measure the mo-

tor speed.

shunt speed on, opms) = —eomemmmmeemeel [ 111I00

| ) Adjust the rheostat for maximum resi-

approximately 1000 ohms).

shunt Speed 1600 onms) Tememammemmeeeee r/min

] e} Determine the direction of rotation.
rofarion =

114, a) Return the voltage to zero and turn off

the power supply.
J D} Reverse the polarity of the input voltage
3y interchanging the power supply connection

eads only.

115,
egles:

a} id the rotation change direction? ...

Repeat Procedure 13 and compure your

b) Did the speed change?

(S

¢} Return the voltage to zero and turn off the
JCwer supply.

|

15, Interchange the connection leads to the
cower supply. Your circuit should be the same as
‘he one shown in Fig. /2-4. Now reverse the con-
wections 1o the armature only.

117. Repeat Procedure 13 and compare the
Hirection of rotation to that found in Procedure
3

—~

rotation =

J18. a) While the motor is still running, mo-
nentarily open the shunt field circuit by removing
‘he connection lead from one of the terminals of
‘he shunt field winding (S or 6). Be extremely care-
ul not to touch any of the other terminal connec-
iions or any metal during this procedure. Be pre-
rared to immediately cut power to the motor
oy turning off the power supply.

12-4

O b) Explain what happens when a dc motor
loses power to its shunt field.

a c) Could the same thing occur in a series
field connected dc motor?

Explain.

O i9. Connect the circuit shown in Fig. /2-3.
Note that the armature is connected to the variable
0-220Vdc output (terminals 7 and N) while the
shunt field is now connected to the fixed 220 Vdc
output (terminals 8 and N).

~g
+%} . @ o O
\,
0-220 ARMATURE
Vgc AT
+{® O~V ®
‘T SHUNT
229Vdc FIELD
{FIXED)
Fig. 12-5
{120. a)Turn on the power supply. Adjust the

armature voltage to 60Vdc as indicated by the
meter.

O b) Use your hand tachometer and measure
the motor speed. Record your speed measurement
in Table 12-1. (Wait until the motor speed stabilizes
before you take your measurement).
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)

(vo%ts) 0 60 120 | 180 220
SPEED
(r/min) 0
Table 12-]
O ¢) Repeat (b) for each of the voltage values

listed in the Table.

O d) Plot each of the points from 7able ]12-]
on the graph shown in Fig. 12-6. Draw a smooth
curve through your plotted points.

O e) Does varying the armature voltage (with
the shunt field voltage held constant) offer a good
method of speed control?

TEST YOUR KNOWLEDGE

1. Explain how to locate the neutral brush
position in a dc motor.

2. Would the motor turn if only the armature
were excited (had voltage applied across it)?

3. Why is it dangerous to supply power to an
unloaded series connected dc motor?

4. In what two ways may the rotation of a
shunt connected dc motor be reversed?
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Fig 12-6
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5.  Why are field loss detectors necessary in B)a shunt motor to a dc supply, using a fisld
large dc¢ motors? rheostat.

5. In Procea‘w'? LJ
a) Does the motm speed double when the armature
voltage is doubled?

b) Would_ it be correct to say “with & fixed field
speed of a shunt motor is proportional  ~ -

Explain. - -

. N ¢} a series motor to a de supply.
7. Draw z circuit showing how you would

connact

+

Y o - 3 o e o G| “
2)a shunt motor 1o a do supply.

8. in what two ways can the spesd of a dc
motor be varied?

9. Of the two methods give
a) which method gives th
Y]

b} which method is the most economical (uses
fewer parts)?
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