-

Experiment 1 1

The Direct Current Motor — Part [

OBJECTIVE
+ To examine the construction of a DC motor / generator.
+ To measure the resistance of its windings.

* To study the nominal current capabilittes of the vatious windings.

DISCUSSION

Direct current motors are unsurpassed for adjustable-speed applications, and for
applications with severe torque requirements. Uncounted millions of small power
[ractional horsepower] DC motors are used by the transportation industries in
automobiles, trains and aircrait where they drive fans and blowers for air
conditioners, heaters and defrosters; they operate windshield wipers and raise and
lower seats and windows. One of their most useful functions is for the starting of
gasoline and Diese! engines in autes, trucks, buses, Iractors and boats.

The DC motor contains a stator and a rotor, the latter being more comimonly calted
an armature. The slator contains ane or more windings per pole, all of which are
designed to carry direct current, thereby setting up a magnetic field.

The armature and its winding are located in the path of this magnetic field, and when
the winding also carries a cument, 2 torque is developed, causing the motor to turn.

A commutatar assaciated with the armature winding is aclually a mechanical device,
to assure that the armature cuirent under any given stator pole will always circulate
in the same direction imespective of position. If a commutator were not used, the
motor could not make more than a fraction of a tum, before coming to a halt.
EQUIPMENT REQUIRED
Refer to the Equipment Utilization Chart, in Appendix A of this manual, to gbtain the
list of equipment required to parform this exercise.
PROCEDURE
CAUTION]
High voltages are present in this Experiment! Do not make any

connections with the power onl The power shouid be tymed off
after completing each individual measurement!
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The Direct Current Motor — Part |

11-2

O 1. Examine the construction of the DC MotoriGenerator paying particular
atiention to the motor, rheostat, connection terminals and wiring. Note that
the molor housing has been designed to aliow you to view the internal
construction. Most commercial motors da not have this open construction.

) 2. Viewing the motor from the rear of the module

b.

Identify the armalure winding.
Identify the stalor poles.

How many stator poles are there?

The shunt field winding on each stalor pole is composed of many turns
of small diameler wire, Identify the shunt field winding.

The series field winding, wound inside the shunt field winding on each
stator pose, is composed of fewer tums of iarger diameter wire. Identify
the series field winding.

D/ 3. Viewing the motor from Ihe front of the module:

a.

b.

Identify the comimutator.

Approximately how many commutator bars (segments) are there?

17

How many brushes are lhere?

2

The neutral position of the brushes is indicated by a red line marked on
the motor housing. [dentify It.

The brushes can be positioned on the commutator by moving the brush
adjustment lever to the right or the left of the red indicator line. Move the
lever bath ways and then retum it to the neutrat position.

@ 4, Viewing the front face of the module:

a

The shunt field winding {many tums of fine wire) is connecled to
terminals _ 2 _and__©

The series field winding (fewer turns of heavier wire) is connected lo
terminals __* _and __Y
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<. The current rating for each winding is marked on the face of the moduie.
Can you answer (a) and (b) having oniy this information? Explain.

& Yes 0 No
Series windinas ese meeh frore cvipeni-
dJ r 4

d. The brushes (commutator segmenti and amature winding) are
connecled to terminals and .

The rheostat, mounled on the module face, is designed to cantrol {and
safely canry) the shunt field current.

-

a. lisconnectedtoterminals / and 7

b. What is its rated resistance value?
Eaf Q

R{ﬁtld rheostsl)

- You will now measure the resistance af each of the motor windings using

the voltmeter-ammeter method. With this information you will caleuiate the
power losses for each of the windings. Using your Power Supply, DC
Voltmeter/Ammeter and DC Motor/Generator, connect the circuit shown in
Figure 11-1.

0-500 +
mAdc SHUNT
0-120 Vdc 0-200 FIELD
Vde
r
-H—
Flgure 11-1,

E‘( 7. Tum on the power supply.

a. Slowly increase the DC voltage until the shunt field winding is carrying
0.3 A of current as indicated by the 0-500 A dc meler (this is the
nommal current value for the shunt field winding).

b. Measure and record the voltage across the shunt field winding.
w
E st ety = _..H . Vdc

€. Retum the voltage lo zero and tum off the power supply.
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d. Calculate the resistance of the shunt field winding.
Risnua o = BN = 12 _0'_3_=)_—£2_Q

a. Calculate the I’R {power) losses of the shunt field winding.

cir=(03V x 2L0 =254 W

P(lnml tald)

E!/ 8. Connect the circuit shown in Figure 11-2.

co—2(A F—

0-5

+
0-120vdc pee .
- 0-20
vde FIELD
Flgure 11-2.

a. This is the same circuit as shown in Figure 11-1 except that the series
field winding has replaced the shunt field winding and that the 5 A dc
meter has replaced the 500 mA dc meter.

b. Tumn on the power supply. Slowly increase de DC voltage unkil the
series field winding is carrying 3 A of current as indicated by the 5 Adc
meter, (this is the nominal current value for the series field winding).
warning! This only requires a few volts so advance the voltage
control slowly.

c. Measure and record the voltage acfoss the series field winding.

E(nnu lin'd] = _5.1_5— Vdc
d. Return the voltage to zero and turn off the power supply.
e. Calculate the resistance of the series field winding.

R saras iy = Efl = L2 1 3 = 177 a

i Calculate the 'R losses of the series field winding.

il._.;

-3 =
Pislmt'nldl=|2R= 2 X r Jf_= 2 W
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O 9. Connect the circuit shown in Figure 11-3,

+ /A\- ARMATURE

Y\
¢-5
Adc * 4
= 0-20
0-~120vde Vdc CV
Figure 11-3.

a. This is the sarne circuit shown in Figure 11-2 except that the armature
winding (plus the brushes) has replaced the serles field winding.

b. Tura on the power supply. Slowly increase the DC vaollage unhl the
armature winding is carrying 3 A of current as indicated by the 5 A dc
meter (this is the nominal current value for the armature winding).

¢. Measure and record the voltage across the armature winding (plus
brushes).

Eqamanes = .V dc

d. Return the voltage to zero and turn off the power supply.
e. Calculate the resistance of the armature winding (plus brushes).

Riamnne) = EN = ! =76 0

f. Calculzte the I’R Josses of the amature (plus brushes).

[ PR = X = W

8 10. Rotate the armature winding approximately 90° to the left.

a. The brushes are now making contact with different commutator
segments.

b. Repeat procedure 9.

c. E= Vdec, R= Q, P= W

8 11. Raotate the armature 15° further to the: left.

a. Repeat procedure 9.
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s

b. Ex____ Vde, R= {1, P= w
REVIEW QUESTIONS
1. What would be the shunt field current of your maotor if the shunt field winding is 4

excited by 120 V dc?

if a current of 3 A de flows in the series field winding of your molar, what would
the resuttant voltage drop be?

y=3A- L7710 = 5.5/ V

If the rheoslat were connecled in series with the shunt field winding and the
cambination placed across a 120 V dc line, what shunt field current variations
could be obtained from your motor?

170V=Tiy 2600 Ina=0-FA  120v=Fou (7 6eLtitcel) 0./64

b= 006 AGE D= 0 #6AdC

All of the windings and even the commutator of your motor are made of copper.
Why?

Kofpfr i'$ dqrﬁ‘( [61:6{,/&67"0(‘

Why are the brushes or your molar made of carbon rather than copper?

Covboh proyidec beter physical contact chaactenistics,
] [

If the series field winding of your motor was connected directly across the
120 V dc supply:

a) What current would flow?
ovs T1770 T= £7.84
b) What would the power lass be (in walts)?

%126 W

c) s this power loss entirely given up as heat?

O Yes E!’ No
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d) Whatdo you think would happen to the winding if the current were sustained
for a few minutes?

 lik, g

7. What is meant by a "nominal current’ or "nominal voltage®?

L m

8. If the armature winding and the series field winding of your motor were
' connected In series across a 120 V dc source, what would the starting current
: be?

| l2ov=TL177Q+7.L02) 1= 12.9 A

9. Inyour motor, is the armature (plus brushes) resistance substantially the same
for every rotational position of the armature? Explain.

Mes O No

The cutirenf a/w::-yS 7[/0'-“5 'ILAmaoL cmproh
4

®, 7"e:/
J}'C, Seme Jvile 07" Liheley /

] : 11 "?







. Experiment 12

The Direct Current Motor — Part [I

[ OBJECTIVE
+ To locate the neutral brush position,
To learn the basic motor wiring connections.

To observe the operating characteristics of series and shunt connected motors,

BISCUSSION

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

The lorque developed by a DC motor is directly proportional to the ammature current
and the stator flux. On the other hand, motor speed is mainly determined by the
armalure vollage and the stator flux. Molor speed increases when the voltage
applied to the armature increases. Motor speed will also increase when the stator
flux is reduced. As a matter of fact, the speed can attain dangerous proportions if,
accidenially, there is a complete loss of the stator field. DC motors have been known
to fly apart under these overspeed conditions. Howaver, your DC motor has been
' carefully designed to withstand possible overspeed condition.

EQUIPMENT REQUIRED
Refer to the Equipment Utilization Chart, in Appendix A of this manual, to oblain the
list of equipment required to perform this exercise.
PROCEDURE
CAUTIONI
A High voltages are present in this Experiment! Do not make any

connections with the power oni The power should be turned off
f after completing each individual measurement!

Finding the Neutral

B 1. You will now determine the neutral brush position for your DC motor by
using alternating current. Using your Power Supply, AC Voltmeter and DC
Motor/Generator, connect the cireuit shown in Figure 12-1. Terminals 4 and

| N on the power supply will furnish variable 0-120 V ac as the voltage oulput
g control is advanced.

' 124
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The Direct Current Motor ~ Part II

T ARMATURE

SHUNT

-12

Sy FIELD C\D
L 0-100

Vac

Figure 12-1.

DO NOT APPLY POWER AT THIS TIME!

B 2. Unlock the DC Motor/Generalor and move it forward approximately 10 cm
[4 in]. Reach behind the front face of the module and move the brush
positioning lever lo its maximum clockwise position, Do not slide the module
back in place (you will later move the brushes again).

E( 3. Turn on the power supply, Place the power supply voltmeter switch lo its
4-N position. Slowly advance the voltage autput control unlil the AC
voltmeter connected across the shunt field winding indicates approximately
B0 V ac. {The AC voltage across the shunt field is induced by the AC current
through the armature. This will be covered in a later Experiment).

o0V Efa. a.

C/(Jﬁk‘v"lsff
L5y
C suiter
1Ce.

Vhe leptmest AC Voltgmeter
on The O-100V garce
gives Chacevatal &
valves (recarts SOV

Carefully reach behind the front face of the module (preferably keeping
one hand in your pocket) and move the brushes from one exirame
position to another. You wili notice that the induced AC voitage across
the field drops to zero and then increases again as you approach the
other extreme counter-clockwise position,

Leave the brushes at the position where the induced voltage is zero.
This is the neutral point of your DC Motor/Generator.

Each lime you use the DC Molor/Generatar the brushes should be set
at the neutral position.

Return the voltage to zero and turn off the power supply. Slide your 0OC
Motor/Generator back in place and disconnect your circuit.

whepr 1H's absot g IJ Series Molor Connections

5. Using your Power Supply, DC Voltmeter/Ammeter and DC Motor/Generator,
connect the circuit shown in Figure 12-2. Notice that the armature is
connected in series wilh the series field winding, across the input voltage.

12-2




The Direct Current Motor - Part I

ARMATURE SERIES
FIELD
+?——| § (r—‘ M O
L
0-120
Véd“;:
Figura 12.3.

IZI/1D. Repeat procedures 6 through 8 {using the reversed armature connections
shown in Figure 12-3).

Series Speed,, g = t/min 700 me @20V C h 2} N
Rotation= (¢vhter cleck wise &lﬂlﬁ;ufl

Ei/1 1. State a rule for changing the direction of rotation of a series connected DC
motor,

,C (A/-&r‘}e, + L\f C(”""C {'@” 2, 'f'ﬂ"t C'brl‘éhf“‘}"l c"'GL H&&'U’Mﬁiybig
v

Shunt Motor Connections
I'ﬁ/ 12. Connectthe circuit shown in Figure 12-4. Notice that the rheostat is in series

with the shunt field, and that this combination is in parallef with the armature,
across the input voltage.

+O p 1

(1)
RHEOSTAT
0-120 300Q2/50002¢
vde SHUNT
ARMATURE FIELD
&
-& !
Figure 124,

EJ 13, a. Adjust the rheostat for minimum resistance (approximalely 0 0, when
turned fully clockwise).
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. The Direct Current Motor — Part Il

! ARMATURE SERIES

Figure 12-2.

EJ/G. Turn on the power supply. Place the power supply voltmeter swilch loits
7-N position. Adjust the output voltage to 120 V dc.

3 7. a. Does the motor tum fast?

: Yes O Ne

b. Using your hand tachometer, measure the motor speed in revolutions
per minule,

Series speed = 2020 r/min

' Note: The operaling instructions are enclosed within the
tachomeler container.

(a} 8. a. Reduce the power supply valtage and note the effect on mator speed.
Comments:

o eed redyces a ot
¥

b. Reduce the voltage until you can determine the direction of rotation
i {clockwise or counterclockwise).

Rotation= C |0 ¢k 1viSe

c. Reduce the voltage to zero and tum off the power supply.

i@ 9. Reconnect your circuit as shown in Flgure 12-3. (The only change made to
the circuit of Figure 12-2 is that the connections to the armature have been
reversed).

123
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The Direct Current Motor — Part 11

™ 14,

'3/1 5.

o 17.

@ 18.

b. Tum on your power supply and adjust for 120 V de.
¢ Using your tachometer measure the motor speed.
Shunt speed,...o gy 5& rimin @ 20V
d. Adjust the rheostat for maximum resistance (approximately 580 Q). /03eE 2o/

e. Determine the direction of rotation.
Rotation = clocfen i 5€

a. Relum the voltage lo zero and turn off the power supply.

b. Reverse the polarity of the input voltage by interchanging the power
supply connection leads only.

Repeat procedure 13 and compare your results:

a. Did the rotation change direction?
B Yes Eul’ﬁo

b. Did the speed change?

Cl Yes dlo

¢. Return the voltage to zere and tum off the power supply.

. Interchange the connection leads to the power supply. Your circuit should

ke the sama as the one shown in Figure 12-4. Now reverse the connections
to the armature only.

Repeat procedure 13 and compare the direction of rotztion to that found in
procedure 13.

Rotation = Coun +ter O,Gol: hWi'S&

a. While the motor is still running, momentarily apen the shunt field circuit
by removing the connection lead from one of the terminais of the shunt
field winding {5 or 6). Be extremely careful not to touch any of the other
terminal connections or 2ny metal during this procedure. Be prepared
to immediately cut power to the motor by turning off the power supply.

b. Explain what happens when a DC motar loses pawer to its shunt field.

)R ste 6prﬂ col  Veny gur'cify

4
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¢. Could the same thing occur in a series field connected DC molos?

Expiain.

OYes mAo

310 Cur('-éfl'{ cfe:ﬂs Aa‘}'#w 'Harnoq); 14

Yo seies Lelol iF wonf- ‘//awﬂ:m, ah The a2t qFome
ﬁr"'f(gh Y

(3 19. Connect the circuit shown in Figure 12-5. Note that the armature is
connected to the variable 0-120 V dc output (terminals 7 and N) while the
shunt field is now connected to the fixed 120 V dc output (terminals 8
and N).

32V (oot

+
SHUNT
120Vdc FIELD
{FIXED)
Figure 12-5,

E( 20. a. Tum on the power supply. Adjust the armature voltage to 30 V dc as
indicated by the meter.

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),

c. Repeat (b) for each of the voltage values listed in the Table. Return
voltage to zero and turn off the power supply.

o -:tsl ¢ 30 80 %0 120
e 0 330 |ty0 | 950 |]185
Table 12-1.

d. Plot each of the points from Table 12-1 on the graph shown in
Figure 12-6. Draw a smooth curve through your plolted poinls.

126
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2500
<
£ 2000 ’
>
~ 1500
=
_f
S 1000 —
o =
w500
,—’/"/
F" -
0 30 60 90 120

ARMATURE VOLTS

Flgure 12-8,

e. Does varying the armature voltage (with the shunt field voltage held
constant) offer 2 geod meihod of speed control?

EWes O Ne

REVIEW QUESTIONS

1. Explain how to locate the neutral brush posilion in a DC moator.
Al power to the cihedue and neasure voMene acios e shont

Foeld Wn‘ﬂ(“j' Mo zthe brug)o. Uh\‘" He v 8”&1_10' ihdoced 14 ﬂz‘/:-lwu'*v"’v(.‘v

2, Would the motor tumn if only the armature were excited (had voltage applied R
across it)?

m/Yes 0 Ne Cl/a..)/ Sorp r:’sad)

3. Why is it dangerous to supply power to an unloaded series connected DC
mator?

I+ ¢ v SPr 4’00 ‘A‘jg-}- abupl ‘ﬁy agrrt
4 7 77

4, Inwhat two ways may the ratation of a shunt connected DC molor be reversed?

]Q svers € docction 1& cure£at” ’” voiqh The owmat e
i b4

R/'@V orse ‘{p({/c«“f;é" z € Culf&d\,‘f'"'i'}]fodf]’i 'H'Id jAu}, .'LW‘J’IZ»'WJ
.
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5. Why are field loss detectors necessary in large DC molors?

1#"’(13, ‘TLi‘&/p/,'_g /OS'/ Lﬁ/j(’éﬂfs TCO /'O'Il-’}m""c‘f i "fnc‘”i 'y Yoo

Fest-coct

6. In procedure 20:

a) Does the molor speed double when the armalure voltage is doubled?
Explain.

O Yes E}/No
/HMOS’*: T+ s v ery 6/05& +» aé’ﬁnff so. AT /m?(‘gmfia
4 v

b} Would it be correct to say “with a fixed field voltage, the speed of a shunt
motor Is proportionat lc its armature voltage?” Explain.

O Yes IB/No
j:'f' {(s V'g;\/ 5105&'#9 /r),wr ‘L'(ﬂ'}"‘hp‘f—-zﬂfir%ﬁ,

7. Draw a circuit showing how you would connect:

a)} a shunt motor to a DC supply.

raeture t
Vpe Shewt Vpp

- [ s |-

CAI‘}'VHO‘«*‘WY Vs &'{7&& Spme  powtr
SVf(Fy Por beth a»rlnn'f'ufgorn.;{ shy ot
‘|Q: 6/;( wm,{;’j g)'
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b} a shunt motor to a DC supply, using a field rheostat.

c} a series molor to a OC supply.

2erifs wrz.a(a.j_g

_t,
\/90 AY v b &

B. Inwhat two ways can the speed of DC motor be varied?
a) C{’J arg e The volteqe o The cven atvic.

7 ,
b) oh 0%3 e The cuirgnt ”f’/uo.?j. The # &/'[mh,(/;?/¢

Card of corrse, chasge tee fond)]
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8. Of the two methods given in (8):
a) which method gives the greatest speed range? 1

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

12419




Experiment 24

The DC Shunt Motor

OHBJIECTIVE
= To study the tonqua vs speed characieristics of a shunt wound DC motor,
+ To calculaie the efficiency of the shunt wound DC motor.

DISCUSSION

The spesd of any DC molor depends malnly upon its armature voltage and the
strangth of the magnetic field. In a shunt mator, the fiekd winding, as weli as the
anmature winding, is connacted in parallel {(shunt) directly to the DC supply ines. it
tha DC line voltage is constant, than the armature voliage and the field sirangth wil
be constant. it is, therefore, apparent that the shunt molor should un al a
reasonably constant speed.

The spesd does tend to drop with an increasing load on the motor. This drop in
speed Is mainly dua to the resistance of the armature winding. Shunt molors with
low amnature winding resistance run ai nearly constant spaeds.

Just fika mast enaergy converaion devices, tha DC shunt motor is not 100% efficiant.
in other words, all of the electric power which is supplied to the motor is not
converted Into mechanical power. The power difference between the Input and
output Is dissipated in the form of heat, and constitutes what are known as the
"losses” of tha machine. Thase losses increase with foad, with the result that the
motor gets hot as it delivers machanical power.

In this Experimant you will investigate the efficiency of a DC shunt mator.

EQUIPMENT REQUIRED

Refer {o the Equipment Litilization Chart, in Appandix A of this manual, to oblainthe
fist of equipment required to perform this exercise,
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The DC Shunt Motor

PROCEDURE
CAUTIONI
High voliages are present in this Experiment! Do not make any
connactions with the power ont The power should be tumed off
after compisting sach individus! messurament!

& 1. Using your Power Supply, DC Molor/Generator, DC Voltmeter/Ammetar
and Blectrodynamometar, connect the circuit shown in Figure 24-1.

DO NOT APPLY POWER AT THIS TIRE!

Notice that the motor Is wired for shunt flek] oparation and Is connected to
the variable DC output of the power supply (lerminals 7 and N). The

electrodynamometsr is connectad o the fixed 120 V ac output of the power

supply (terminals 1 and N),
(’\ ( SHUNT oounecr)
g Bds [T USima el e -------1

! : ELECTRO -~

H H DYNAMOMETER

1 :

; :

E O~V ) :

] [ ]

= e ®

i | o

L ---------- Py P b wy gn gy 4 W b o 40 B b‘

= Figurs 24-1.
Couple the dynamomater to the DC mator/genaratar with the timing beit as
shownhltwphoto
@ 2. Setthe shuntfiekl heostat control knob et its full cw postion (for maximum

C) shunt field excitation). Make sure the brushes are in their neutral position.

E( 3 Satﬂndwmmmmnhdhmbalihhﬂmpoaﬂhn(lopmﬂda&-
minimum starting foad for the DC mator).



The DC Shunt Motor

'
\

d 4. Tum on the power supply. Adjust the variable output voltage to 120 V de

as indicalad by the meles. Note the direction of rolation; if it & not

- clockwise, tum off the power supply and interchange the shunt fleld
connections,

l.'ﬂ/ 5. a. Adjustthe shunt field theostat for a no-load motor speed! 1800 omin
as indicated on your hand tachometar. (Make sure that the, volfinster,
mmmmmﬁmmmmmvm

Nota: Do net changa the field rheostat edjustment for the
remuainder of the expeariment.

b. Mcawraﬂalﬁnamasiﬂnﬂdbymemer.h(amar
speed of 1800 r/min. Record this value in Table 24-1,

Nots: Foran axact torqueof O N-m [0 bf-n), uncoupls the motar

from tha dynamomaeter.

E ' PEED ToRGUE
(wolts} () {rienin} {N-m)
120 0. % |60 o
120 1. 3 1710 03
120 | 3 1L=20 0.5
120 s 1554 09
120 b | Y 70 12

Tabla 24-1.

i r"-'ﬂ‘_'u..

Tabls 34-1.

E{ 6. a. Apply a load to your DC motor by varying the dynamometer controt
knob untll the scale marked on the stator housing indicates 0.3 Nm
?ﬁwmmmrm&m@mm

..-n .r_'f'[.-f";l’y = 5‘?{
the ”:'IP Ry
valves

Ly-%



The DC Shunt Motor

b. Measure the fine current and motor speed. Record thess valuss In
Table 24-1.

¢. Repeat for each of the torque values fisted in the Table, while
maintaining a consatant 120 V de input.

d. FAetum the voliage to 2ero and tum off the power supply.
J 7. a. Piotthe recorded motor speed values from Table 24-1 on the graph of
Figure 242,
b. Draw & smooth curve through your plotied points.

€. Thecomplatad graph represents the speed vs torque characteristics of
& typical OC shunt-wound motor. Similar graphs for series wound and
compound wound DC motors will be constructed In tha following two
Experiments. The speed vs lorque characteristics for each type of

O motor will then ba compared end evaluated,
=2
3 =
D16 MENEEEREN
A
2
=1
-
w
a 800
"
400

P T A R T e e L e e
Rt o) et S i ma”  rtms ik i bt e 2

Fgure 242,

d 8. Calculate the speed vs torque regulation (full load = 1.2 N-m [E‘H-Qf[) using
tha equation:

: _ {no load speed ) - (full load speed).
O e (full load speed) x 100%

Speed reguiation=_2 2 %




The DC Shunt Motor

D/ 9. Set the dynamameter control knob at its full cw position (to provide the
maximum starting loed for the shunt-wound mator).

E(m. a. Tum on the power supply and gradually increase tha DC voltage until
the motor is drawing 3 A of line cument. The motor should turn very
slowly or not at alt.

b. Measure and record the DC voltage and the torque developed.
Ex_2¥V  Tomue=_l:3, Nmpoil (1bFin)
c. Hah:mﬂ:evdhgelozemandh:muﬂﬂmpowarapply . 19N 1

Ef 1. a Thelkammh\pmeedumWIsllmuadmﬂybyﬂwaqﬂva!emnc

resistance of the shunt-wound motor.

b. Calculate the value of the starting curvent if the full ine voltage
{120 V dc) were applied to the shunt-wound DC motor.

Starting cument=_| LA v=IQ 120= 1€
2¥=2:/R = )S.
REVIEW QUESTIONS Sl
1. Calculsia the mechanical output power by the shunt-wound DC motor whan the .
torquae s 1.2 N-m [ bl.in]. Use the equation: (12 bein= 1,26 N m)
24
_2mxNxT _ 27 x1479x] =209 w
P”(w') __6_6-_— - é O ?
whare; P,, = Mathanical Quiput Power in walts (W)
N = Speedin revolutions par minute (r/min)
T = Tomque in Newton.meter (N-m)
2 159 x NxT
P () o100 000
where: P. = Mechanical Output Power in horse power (thp)
N = Spead in revolutions per minute'(/min)
T = Tomue in pound-force-inchas (Ifin)

Poa= .23 W [hp]

24-

Fal
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The DC Shunt Motor

P f..‘ }-.- "’i "f-"“'r"\P“;':-: o e o e

ik

AT

2. What Is the input power (in walis) of the motor in Question 17

lnpmm=ﬂw

O 3. Knowing the input and output power in watts, calculate the efficiency of the
mator In Question 1.

Efficiancy = (power cut/power in) x 100%

Etﬁdancya_g_%%

4, What are the ioases (in watts of the motor in Question 1)7?

Lnsses:_lliw

5. List where some of these logssas ocour.

Hﬁ’a"l’ pf‘oxac,ej th J// Wtflha; q}qa{ E1-n
{'lh.’— 56/7"

O



The DC Shunt Motor

8. Would the losses docrease if a cooling fan is mounted on the motor shaft?
Explain.

CYes I:E(No
I/' would afi‘”.f'g.f@f'f/ ﬁga‘f’ Jff}'/l-'f félé/aea /0‘.—'5!‘35-

7. Give fwo reasons why losses are undesirable.
They conseme Power eud hoat Hemolor

8. How much larger Is the starting current than the nonmal full load cusrent?

|SA-324= 1. 84

247
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Experiment 25

The DC Series Motor

OBJECTIVE
» To study the torque vs spead characteristics of a serles wound DG motor.
e To calculate the efficiency of the saries wound DC molor.

DISCUSSION

The shunt wound DC motor was seen to have almost constant speed bacause its
armature voltage and magnetic fleld remained substantially unchangsd from no-load
to full-load. Tha series motor behaves quiie diffarantly.

in this molor, the magnetic fiekd Is producad by tha current which flows through the
armature winding, with the result that tha magnetic fiald is weak whan the motor
load Is light (the armature winding draws minimum currant). The magnetic flald is
strong when the load is heavy (the armature winding draws maximum current). The
ammatura voliags s nearly equal to the supply line voltags (Just as in the shunt
wound molor if we nsglect the small drop in the series field). Consequendly, the
speod of the saries wound molor is entirely determined by the lcad cument. The
spoed Is low at heavy lcads, and very high at no load. In fact, many saries motors
will, # operaled at no load, run so fast that they destroy themseives. The high
forces, associated with high spseds, cause the rotor to fiy apart, often with
disastrous results to people and property nearby.

The torque of any DC motor depends upon the product of the amature current and
the magnstic fisld. For the series wound motor this relationship implies that the
torque will be vary farge for high armature currents, such as occur during start-up.
Tha series wound moltor is, therefore, well adapted to start large heavy-inertia loads,
and ia particuiarly useful as a drive motor in electric buses, trains and heavy duty
traction applications.

EQUIPMENT REQUIRED

Reler to the Equipment Utilization Chart, in Appendix A of this manual, 1o obtain the
list of equipment requirad to perform thls exercise,



S—

The DC Series Motor

PROCEDURE
CAUTION!

High voliages are presam in this Experimant! Do not make any
connections with the powsr onl The power should be tumed off
aftar compisting sach Indvidual messuroment!

9/1. Using your Power Supply, DC Motor/Generator, DC Volimetet/Ammetes
and Elactrodynamometar, connect the circuit shown in Figure 25-1.

DO NOT APPLY POWER AT THIS TIME!

0-5 ( SERIES CONNECTED )

e e el L L L L L)

ELECTRO -
DYNAMOMETER

ot

L ®

hrecccnsaccaueswed

]
]
1
)
]
[]
1
)
)
1
1
1
)
]
|3

Figure 2§-1,
Caupla the dynamomater to the DC motor/generator with the timing belt.

Natice that the mator Is wired for series operation {the stumt field winding
and the rhaostat ara not used) and Is connected to the variable DC outpit
of the power supply (terminals 7 and N). The electrodynamometer is
canneciad to the fixed 120 V ac output of the power supply {terminals 1 and
N).

E( 2. Set the dynamomater control knob al its mid-range position (to provide a
starting load for the DC otor).

25-2



The DC Series Motor

B/a. a. Tum on the powsr supply. Gradually increasa the DC voltage until tha
motor staris to tum. Nota the direction of rotation, If it is not cw, tum off
the powst and interchange the series field connactions.

b. Adjust the variable voltage for exactly 120 V dc as indicated by the
matar.

m/t. 8. Adjust the loading of your DC series wound motor by varying the
dynamometar contyol imob until the scale marked on the stator housing
indicates 1.2 N-m [12 ®fin]. (Readjust the powsr supply, i necessary,
to maintain exactly 120 V dc).

b. Measura the fina current and motor speed (use your hand tachometer).
Racord thesa values in Tabla 25-1.

c. Reopeat for each of the torgue values Ested in the Table, while
maintaining a constant 120 V dc input.

d. Aetum the voltage to zero and tum off the power supply.

o somos ey Tem | Fheh 1l
120 023 | ¥400 0 0
120 ). ¢ 2130 0.3 7'5‘
120 . € [0 06 5. 7
120 1.2 |62 O 0.9 g o
120 2.0 (360 12 O, t
Table 28-1.
= B g B g
T . fumps ._"“_' nga-—-;(m ‘i!’qr%?—lb!*'l Ve
Fmn R e g o e
SRR : ;"-:quii-“‘l‘?*“f’-’ Galo - BERTLE
., i EJ% = HsREn o)

Table 25-1.

Note: For an exact torque of 0 N-m JIB(E, uncoupls the mofor
from tha dynamomaler,



QO

The DC Series Motor

.Ir.l'
£/ 5. a. Plotthe recorded motor speed values from Tabis 25-1 on the graph of
Figure 25-2.

b. Drmaw asmooth curve through your plotted points.

¢. The completed graph represents the speed vs torque charactaristics of
a typlcal DC series wound motor. A similar graph for the compound
wound DC motor will be constructad in the next Experiment. the spesd
va forque characteristics for each type of motor will then be compared
and evaluated,

:

s::en IN (
g

=
3
[~]

m/ 6. Caiculate the speed vs torque regulation (fullload = 1.2 N-m [Sjlbir
tha equation:

» {no load speed ) - (full load speed)
Regulation e x 100%

Speed reguiation= 7% %

E/ 7. Set the dynamometer control knob et its full cw position (to provide the
maximum starting load for the series wound motor),

IJ 8. a. Tum on the power supply and gradually increase the DC voltags until
the motor is drawing 3 A of line current. The motor should tum siowly.



The DC Series Motor

b. MaaswaandmocdhaDthgeand‘{rnetmquadwabped.
= il .
Es_~ >V Tomques |4 ‘Nem PEER / 58 Na,
c. Retum the voltage to zem and tum off the power supply.
I'.D/s.a. The lne cument in procedure 8 is Smited by the equivalent DC
resistanca of the series wound molor.

b. Calculate the value of the slarting cument if the full line voitage
(120 V dc) were applied 1o the series wound DC motor.

Starting cument=_{U. 2 A
REVIEW QUESTIONS
1. Caiculate the mechanical output power daveloped by the series wound DC
motor when the torque Is 1.2 N-m [8 iblin). Use the aquation:

2nxNxT

Pan W) = =0— [ T73.¢
where: P,, = Machanical Output Power in watts (W)
N = Speed in revolutions per minute {t/min)
T = Tomue in Newton.mater (N-m)
SO

where: P, = Machanical Output Power in horse power (hp)
N = Speed in revolutions per minuts (r/min)

T T uehpound—lgm—hdns in
?'go?;l}go-f A (I_’L}
P rree = 0133

Poa= 0-223W Mp)

1. Knowing that 1 hpis equivatent to 746 W, what is the equivalent * output powsr™
of the motor?
(74w

2
]
[ )
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The DC Series Motor

What ia the input power (in watts) of the motor in Question 17

1720v2.64 = 3172w

input power = I w

. Knowing thes input and output power in walls, calculate the efficiency of the

motor in Question 1. | 74

=7 0=Cc5. 77

Emciancy = 5 0%

. What are the losses (in walls) of the motor in Question 17

511179 =13%%

Lossesslg w

. How much larger Is the starting cuirent than the normal full load curent?

]OJF-Qwﬂf-EWA

. Compare the shuat wound DC motor and the series wound DC motor on the

basis of:

a) Starting torque S&U’ﬂl—- (7“%7/’04 N | C?/\/m
SW“‘&S 'ﬂTWA/&s o g der ‘legue_

b) Starting current _S}IUMTCI‘S/A’L Serigs /0»3

c) Efficiency Chont: S¥9, S 2rieg 5@%' 4 at-
A §:71'n1',1,/n7“ G(?‘f‘g-’nﬁac.é

d) Speadmgulauon Shupt hes saveh tnne 54'6'-314")'
Spe‘ét‘j acieeSs 7L0r7(,¢.(51wa-t 11 f?f? Strvest ?g:loj

25-4



Experiment 26

The DC Compound Motor

OBJECTIVE
* To study the torque ve spesd characteristics of a compound wound DC motor,
* To calculata the officiency of the compound wound DC motor.

DISCUSSION

The high torqua capabliity of the series wound DC motor Is somewhat compromised
by its tandency to averspeed at light loads. This disadvantage can be ovarcome by
adding a shunt fiekl, connected in such a way as to ald the series field. The motor
then becomes a cumulative compound machine. Again, in special appications
where DC motors are use in conjunction with flywheels, the constant speed
charactaristic of the shunt wound motor is not entirely satisiactory, beczuse it does
not permit the flywhea! to give up its kinetic energy by an appropriate drop in motor
speed. This kind of application {which is found in punch-prass work), requires a
maotor with a “dropping” speed characteristio, that Is, the motor speed should drop
significantly with an increass in ioad. The curmulative compound wound DC motor
is well adapted for this type of work.

The series fisld can alsa bie connected so that it produces & magnetic field opposing
that of the shum field. This produces a differential compound molor, which has very
limited application, principally bacauss it tends to be unstable.

Thus, as the load Increasss, the armature current increasas, which increases the
strength of the serias field. Since it acts in opposition to the shunt winding, the total
Nux s reduced, with the result thal the spead increases. An increase in speed will
generally further Increase the load which ralses the speed still more and could
causa the molor runaway.

Differential compound motors are sometimes mada with weak sefles fisids which
compensate somawhat for the normal slowing of a shunt motor under load and,
henca, have more constan speed. Differential cornpound motors are not used very
oflen,

EQUIPMENT REQUIRED

Refer to the Equipment Utilization Chart, in Appendix A of this manual, to obtainthe
list of equipment required to perform this exercise.



The DC Compound Motor

@)

(e

PROCEDURE
CAUTIONI
High voltages are present In this Experimant! Do not make any

comections with the powet onl The power should be turnad off
after completing aach Individual measuremani!

El/‘l. Using your Power Supply, DC Motor/Generator, DC Voltmeter/Ammeter
and Elactrodynamometer, connect the circull shown in Figure 26-1.

0-5 { SERIES CONNECTED )

ELECTRO-
DYNAMOMETER

hbswonaesaeswnuawawal

Fgure 26-1.

DO NOT APPLY POWER AT THIS TIME!
Couple the dynamometer to tha DC motorgenserator with the timing bel

Notica that the motor Is wired for series operation (the shunt fleld winding
ard the rheostat nat in the circult as yet), and is connected to the variable
OC outpt of the powsr supply (terminals 7 and N). The

ter ks connecled to the fixed 120 V ac outpat of the power

supply (terminals 1 and N).

m/z_ Sat the dynamometer control knob at its full ccw position {to provide a
minimuen starting load for the motor).



The DC Compound Motor

E/a. a. ‘Tum onthe power supply. Gradually increase the DG voltage unti the
molor starts to tum. Note the direction of rotation. H it is no cw, tum ofi
the power and Intarchange the series fiekd connactions.

b. Reium the voltage to zaro and tum off the power supply.

0O 4. Connact the shunt field, in saries with the rhecstat, to torminals 1 and 4 as
shown In Figure 26-2.

o-5  (COMPOUND CONNECTED)

A‘c P e e e g i 9P R S R AR

ELECTRO -
DYNAMOMETER

|

1
by
'---h---. -

r ©®

Y - - Py |

Figurs 26-2,

EI/S. Tum on the power supply. Adjust the voltage far 120 V dc as indicated by
the meter. i tha metor la running at an axcassively high speed then it s in
the ditferantialcompound mode. if this is the case, retum the voltage to
zem and twm off the power supply. Interchange tha shunt fleld connections
{0 terminals 1 and 4 to abtain the cumulative-compound mode of operation.

g s With the input at exactly 120 V dc adjust the shunt field theostat for a no-
joad motor speed of 1800 rimin as fdicated by your hand tachometsr.

Hota: Do nol change ths fleld rheostal adiusiment for the
remaindar of the axpariment.

017 7. a. Apply a load 10 your DC motor by varying the dynamometer control
knob until the scale marked on the stator housing indicates 0.3 N-m
1 . (Readjust the power supply, @ nacessary, fo maimiain exacty

120V de),



The DC Compound Motor

©

h. Measure the ne curment end motor speed. Racord thesa values in
Tabie 26-1.

¢. Repeat for each of the torqua values listed In the Table, while

maintaining a constant 120 V dc input.

d. Retum the voltage to zero and tum off the power supply.

w&. ""h i ':ﬂ’"""—"‘?

".nl. |I--=~

Table 261,
Nats: For an exact torqus of 0 N-m RS, uncoupie the motor
from the dynemometsr.

I‘D/B. a. Plotthe recorded motor spead vales from Table 26-1 on the graph of
Figure 28-3.

oo | e | R | RN o

120 0. ¢ | %00 0 0 I,

120 |.)5 | Lo 0 03 i’_l 0,34

120 .5 1210 08 b 0.4

120 WE 206 09 T [.02
2 T2 [ 1.2%¢



The DC Compound Motor

SPEED IN (r/min)

@3 0.8 a9 1.2 TORQUE (N-m)

b. Draw a smooth curve through your plotted points.

c mmmhmmmwmmmu
a typical DT compound wound molor.

0/ 8. Colcus the speed vs torque regudation (full load = 1.2 N-m {FIREE]) using
the equation:

» {no load speed ) - (full load spoed)
FRogquiation (il load x 100%

Speed ragulation = 57. / A4,

l‘.’l/w. Set the dynamometer conlral knob &t its full cw pasition (to provide the
madrnum starting loed for the compound wound mator).

91/1.3. Tum on the power supply and gradually incrasse the DC voltage unti)
the motor is drawing 3 A of fine cument. The motor should tum very

slowly or not at all.
b. Memwmmmmar?ﬂetc:\mmad
S f
Ea_ by Torque=_ ') SJNm { 75 Nh")

¢. Return the voltags to 2ero and tum off the power supply.



The DC Compo Motor

i vz=1R
FER Calculate the vaiue of the siarting curent in the ull fine voltsge > 6 = 2 || p=12 12
120Vd=)mappﬂedbﬁnmnpwndwnmdb¢nm
o= 11
T=/04

output by the compound wound OC
the tomque is 1.2 Nm Usa the equation:

L MXNXT
80

Mechanical Output Power in watts (W)
Bpead in revolutions per minuts {r/min)
Torque in Newton-meter (N-m)

w268



The DC Compound Motor

2. Whatis the input power (in watis} of %he motor in Question 1?

input power = II b w
3. Knowing the input and output power in waits, calculste the efficiency of the
motor in Question 1.

j [I’ 'IIII e

1202.3

Efficlency = thff %

4. What are the losses (in walis) of the motor in Question 17

L08585=, 7w

——————

5. How much larger is the starfing cument than the normal full load current?

[OA =2 3= 7.7A

6. A compound wound DC motor is more stable than a sesies wound DG motor
and its starting characteristics are almost as goad. Explain this statement,

)4 Cempeyhd wovngd DC niete,y fees pet

spmlnu‘)‘ / c e/ S peacly, se a Senfes

bm!m/hdq hr g'h,\f‘ ﬁ‘/‘ /_Ut,v/ "/_4 'o’aé,

7. Compare the compound, series and shurit motors on the basis of:
a) Starting torque ﬁ’hlnooaa(: (.75 Nm
Zeresi 1 58N m Gt ﬂl$‘7ﬂ/'m




The DC Compound Motor

© b) Starting cument _ o y ovhE - [0A

Sertest [0.73 St 1S A

¢) Efficiency Ccrm!ﬂb(/ﬁC(: Lf-‘s%

Saies: 5456 Shan T S ¥06

d) Speed regulation Cm’pUU&O/: g? 3 70
Seies: 1Y@ s Sho,Fe 92,7




Experiment 27

The DC Separately Excited Shunt Generator

OBJECTIVE

* To study the properties of the separately excited DC shunt generator under no-
load and full-load conditions.

* To obtain the saturation curve of the generator.

* To obtain the armature voltage vs armatura current joad curve of tha genarator,

DISCUSSION

A DC machine can run either as a motor or as a generator. A motor converis
electrical power into mechanical power while a generator convests mechanical
power into elactrical power. A generator must, therefore, be mechanically drivernt in
order that it may produce electricity.

Since the fleld windlng is an eleciromagnet, current must flow through it to produce
a magnetic field. This current is called the excitation current, and can ba supplied
to the field winding in one of two ways; it can comea from a separate, external DC
sourcs, in which case the generator is callad a separately excited generator; or it

] I can come from the generator's own output, in which case the genaralor is called a
: ! N self-excited generator.
1~ Assume that the shunl field is exciled by a DC current, thereby setting up a

magaetic {lux in the generator. If the rotor (or more corractly, the armature) is
rolated by applying mechanical affort to the shaft, the armature coils will cut the

3 J magnetic flux, and a voltage will be Induced in them. This voltage is AC and in order
b to gel DC ot of the generator, a rectifier must be employed. This role is camied out
s [ by the commutalor and tha brushes.

The voltage induced in the colls (and, therefore, the DC voltage at the brushes)
depsnds only upon two things - the speed of rotation and the strength of the
magnetic field. If the speed is doubled, the voltage doublas. if the field strength is

—"‘:'."
182 R ol

R ETERT

:' increased by 20%, the voltage alsa increasas by 20%.

%]
L . Although separate sxcitation requires a separate DC power source, R is usaful in
ot i cases where a ganaerator must respond quickly and pracisely to an extemal control
?" 'rt : sourca, or when the output voitage must be varied over a wide range.

s

L With no electrical load connectsd to the genrerator, no current flows and only a
1l voltage appears at the output. However, if a resistance load is connected across the
S output, current will flow and the genesator will begin to deliver electric power to the
S load.

.1'}

=R
Tk e
S

274
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The DC Separately Excited Shunt Generator

The machine which drives the generator must then furnish additional mechanical
power to the generator. This Is ofien accompanied by increased noise and vibration
of the motor and the generator, logether with a drop in speed.

EGUIPMENT REQUIRED
Refer to the Equipment Utilization Chart, in Appendix A of this manual, to obtaln the
list of equipment required to parform this exercise,
PROCEDURE
CAUTIONI
High voltages are present In this Experiment! Do not make any

connections with the power onl The power should be turned off
after complsting each individual measurement!

No Load Characleristics

d 1. Because ol its constant running spaed, the synchronous molor will be used
o mechanically drive the DC generator. Using your Power Supply, AC
Ammeter and Three-Phase Synchronous Motor/Generator, connect the
circuit shown In Figure 27-1.

Flgure 27-1.

DO NOT APPLY POWER AT THIS TIME!

-———#




The DC Separately Excited Shunt Generator

EI/Z. Terminals 1, 2 and 3 on the power supply provide fixed three-phase powsr
for the three stator windings. (Three-phase power will be covered in later
Experiments). Terminals 8 and N on the powar supply provide fixed DC
power for the rotor winding. Set the rheostat control lnob to its proper
position for normal excitation (Experiment 23, procedure 6).

E!/a. & Using your DC Mator/Generator and DC Voltmeter/Ammeler, connect
the circuit shown In Figura 27-2.

b. Connect the shunt field of the generator, temmingls 5 and 6, to the
variable DC output of the power supply, terminals 7 and N, whils
connecting the 500 mA meler in series with the positive lead.

£

Connect the 200 V dc meler acrass the ganerator oulput (armature
{terminals 1 and 2).

d. Coupie the synchronous molor and the DC generator with the timing
balt.

a. Make sura the brushes are ia thelr neutral position.

f. Have your instructor check your circuit.

Flgure 27-2.

CAUTIONI

The switch In the excitallon cireult of the synchronous
molor should be closed (i) only when the motor I8 running.

&’ 4. a. Tumonthe power supply. The synchronous motor should start running.
b. Close the switch S,

273
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The DC Separately Excited Shunt Generator

c. Vary the shunt field current | by rotaiing the voltage control knob on
the power supply. Note the affect on the generator oulput (armature
vollage) E, as indicated by the 200 V dc meter.

d. Measura and record in Table 27-1 the armature voltage E, for each of
the listed field currents.

) E,

{milllamperas) {volis)
0 !|, 5 [ 2.+
50 27 2673
100 47.5 70
150 71 73
200 g9 75
250 L |15
300 1€ | 30
350 | 3¢ | (3
400 |47 ) 532

Tabla 27-1.

e. Retum the vollage to zero and tum off the power supply.

{. Can you explain why thera is an armature voltage even when the field
current is zero?

ig/s. a. Reverse the polarity of the shunt field by interchangiag the leads to
terminals 5 and 6 on the DC generator.

b. Tum on the power supply and adjust for a field current | of 300 mA dc.

c. ?ﬁe armature voltage reverse its polarity?
Yes ClNo

d. Retum the voltage to zero and tum of the power supply.

274




The DC Separately Excited Shunt Generator

O 6. a. Interchange the leads to the 200 V dc metar.

b. Tum on the power supply and adjust for a field current | of 300 mA de.
‘ ©. Maasure and racord the amatitre voltage.
| £o= 1124V

d. Is the armature voltage approximately the same as in procedura 4 (at
an I of 300 mA), except for reversed polarity?

i efves  ONo

e. Retum the vollage 10 zero and tum off the power supply.

B/I. a. Reverse the rotation of the driving motor by interchanging any two of
the stator lead conneclions (lerminals 1, 2 or 3} to the synchronous
motor.

b. Tum on the pawer supply and adjust for a field current I of 300 mA dc.
c. Did the armalura voltage reverss its polarity?
[DYes £1No

d. Relum the voltags to zero and tum off the power supply.

E/B. a. Interchangs the leads to the 200 V dc meter.
b. Tum on the power supply and adjust for a field current |, of 300 mA dc.
c. Measure and recard the armature voltage.
€= 2%va

d. Is the amature voitage approximately the same as in procedure 4 (at
an I of 300 mA), except for reversed polarity?

Eées O No

e. Retum the voitage to zero and tum off the power supply.

Load Characteristics

IE( 9. Usingyour Resistive Load, connect the circult shown In Figure 27-3. Place
the resistance switches so that the total load rasistance is 120 {.
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The DC Separately Excited Shunt Generator

Figure 27-3.

@/10. a. Tumonthe power supply, The synchronous motor should start running.

b. Adjust the shunt field current I until the generator is delivering an
oulput voltage of 120 V de. The ammeter |, should indicate 1 A dc.

¢. Record the shunt field current |...
IF = ‘)7710mA

This is the naminal |, at the rated power output (120 Vx 1 A=120W)
of the DC generator.

|/11. a. Adjust the load resistance to oblain each of the values listed In
Table 27-2 while maintaining the nominal 1, value found in procedure
10.

et i i = Lo

b. Measure and record E, and 1, for each of the resistance values listed |
in the Table. i

Nota: Afthough the nominal oulput current raling of the
generator is 1 A dc, it may be loaded up to 1.5 A dc (50%
overioad) without hamn.

e i)

il S o

27-8
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R, h E, POWER
(ohms) {amps) {volts) {watts)
- 0 136 g
600 Q.1 |3 & 13.4
300 0, 12/ 5E. 75
200 0.¢ ’S 120 34.5
150 0. % |12 F 99.2
120 [ O |2/ 12|
100 l,0% V17 12 £.36
80 .35 i1 15).2
75 l.45 110 169.5
Table 27-2
@ 12, a. Withthe load resistance adjusted for an oitput curent I, of 1.5 A, tum

c.

the field current Iz on and off by removing tha connecting lead from
terminal 6 lo the DC generator.

Do you natice that the driving molor is cbvicusly worlking harder when
the genarator s defivering power to the load?

Eés ONo

Retum the voltage to zero and tum off the power supply.

EI/13. Calcutate and record the power for each of the valuas listed in Table 27-2.

] 14. a.
b.

Place a dead shor! across the armature (terminals 1 and 2).

Maka sura that the powsr supply voltage control knob s tumed down
for zero field current.

Tum on the power supply.
Gradually Increase the fisld current i until the motor stalls.

CAUTION!

Do not leave the molor in the stallad condition for more
than a coupls of seconda,




The DC Separately Excited Shunt Generator

e. What value of shunt field current | is needed to stall the motor?

'F = ITIA

f. Tum off the power supply.
Nota: With a shorl-circull across the armature, its currant

bacomas very large; this produces a strong braking effect
sufficiant to stall the driving molor.

REVIEW QUESTIONS

1. Stale two ways by which the output polarity of a shunt OC generator can ba
changed.

ﬁ&l/-’/rs - 'H\g“-: lfré—o"’f'?’h o 'ch-cnf‘ﬁrcvqh Hy e
shyat Liell, ov yevercs FHo directio H e
AChépptor IS d}n‘l/r..’«n

2. Ifa DC generalor delivers 180 W 1o a load, what ig the minimum mechanical
power (in watts) needed to drive the generator (assume B0% sfficiency)?

L25 v

2. It aDC generator defivers 180 W to a load, what Is the minimum hp needed to
drive the generator (assume 100% efficiancy)?

0. 24

3. Plotthe E, vs I, characlerisltic curve for your DC shunt generator on the graph
of Figure 27-4. Use the data from Table 27-1. Note that the curve “bends over”
as tha field current increases. Can you BXPIBP'I why this happans?

£ _dereragfor cail only prd.:f‘,_a.o_ So sacch

0wy L ey acreaces | ugac),
Yhe \/J#f& Lvill L-?rn fo Jf&;}o. - ‘
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$
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Flgure 27-4.

4. Plotthe E, vs |, regulation curva on the graph of Figure 27-5. Usa the data from
Table 27-2.

ar9




The DC Separately Excited Shunt Generator

140.’_L
130 2 @
- K
+ 120 —L7
'§ x|
- 110 =le
<
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100
90
(¢ 05 10 1.5
I, (amps)
Figure 27-5.

5. Calculate the regulation from no-load ta full-load {1 A dc).

3 }-—lef = 0 )l735/47

Regulation = 0«

27-10




Experiment 28

The DC Self-Excited Shunt Generator

OBJECTIVE

» Tostudy the propertles of the seif-excited DC shunt generator under no-load and
full-load conditions.

i e il

* Toleam how to connect the self-excited genarator.

* To obtain the armature voltage vs amature current load curve of the generator.

DISCUSSION

ﬁ The separataly-excitad genarator (Experiment 27) has many applications. However,

4 it does have the disadvantage that a separate direct current power source is needed
to excite the shunt field. This Is costly and sometimes inconvenient; and the self-
excited DC generator is often more suilable.

In a self-axcited generator, the field winding is connected to the generator cutput,
{t may be connecled across the output, in series with the output, or a combination
of the two. The way in which the field is connected (shunt, serias or compound)
determinas many of the generator's characterstics.

All of the above generators ean have identical construction. Seli-excitation is
possible because of the residual magnetism in the stator pole pleces. As the
armature rolates a smali voltage is induced across its windings. When the fleld
4 winding is connected in parallel (shunt) with ths armature a small field current will
| fiow. If this small field current is flowing in the proper direction, the residual
i magnetism will be reinforced which further increases the armatura veltage and thus,
j a rapid vollage build-up occurs.

If the field current flows in the wrong direction, tha residual magnetism will be
reduced and voltage bulld-up cannot oceur. In this case, interchanging the shunt
field leads will correct the situation. It Is the purpose of this Experiment to show
these major paints.

EQUIPMENT REQUIRED

i Refer to the Equipment Utilization Chart, in Appendix A of this manual, to obtain the
| fist of equipment required lo perform this exercisa.




The DC Self Excited Shunt Generator

PROCEDURE

CAUTION!

High voltages are present in this Experimen!! Do nol make any
connections with the power on! The power should be turned off
after completing each Individua! measurement!
v
£ 1. Because of ils constant running speed, the synchronous mator will be used
to mechanically drive the DC generator. Using your Power Supply, AC

Ammeler and Three-Phase Synchronous Molor/Generater, connect the
circuit shown in Figure 28-1.

DO NOT APPLY POWER AT THIS TIME!

Fi

0 2. Temminals 1, 2, and 3 on the power supply provide fixed three-phase power
for the three stator windings. (Threa-phase power will be covered in later
Experments). Terminals 8 and N on the power supply provide fixed DC
power for the rotor winding.

Set tha rheostat conirol knab to its proper position for normal excitation
{Experiment 23, procedure 6}.
D/ 3. a. UsingyourDC Motor/Generator, DC Voitmeter/Ammater and Resistiva
Load, connect the circuit shown in Figure 28-2.

b. Couple the syncheonous motor and the DC generator with ths fiming
belt.

28-2

#




The DC Self Excited Shunt Generator

Tum the DC generalor fiald theostat control kneb full cw for minimum
resistance.

Make sure the brushes are in their neutral position.

Place the resistance switches for no-lcad (all switches open).

Figure 28-2.

CAUTION!

The switch In the excliatlon circuit of the synchranous
motor should ba closed (I} only when the motor is running.

. Tum onthe power supply. The synchronous motor should start running.

Close the switch S.
Not if voltage E,, builds up.

Dées ONo

If not, tum off the power supply and interchange the shunt field leads
at terminals 5 and 6.

Measure the open circuit armature voitage.

Ev=17D Ve




The DC Self Excited Shunt Generator

O 5. Vary the field rheostat and notice if the armature volkage E, changes.
Explain.

@Yes ONo

éﬂz(;('l(‘-cr Fesitstones re/oc_afs vl Fogy
becpge jt 1 cdiceS current 1’5\"003’4 e’
shnt+ ield.

v oa

Place the resistance swilches so that the total load resistance is 120 (L
Adjust the field rheostat until the generator Is delivering an oulput
voltage of 120 V de. The ammetar i, should indicata 1 A dc.

This is the correct setting of the field rheostat control for the rated
power output 120 V x 1 A = 120 W) of the DC generalor.

Do not touch the field rheostat control for the remainder of

the Experiment!
E{ 7. a. Adjust the load resistance to oblain each of the values listed in
Table 28-1.
b. Measure and record E, and |, for each of the resistance values listed
in the Table.
R, Iy E, POWER
{ohms) {amps} (volts) {watts)
. 0 EE 7]
a0 075 | 9§ 3715
%0 0.v L ¢1-5 70,25
200 0.69 13¢5 BLY
150 0. 8 |2.5.5 1 00. %
120 12.0 | 120
100 |, 05 10% [/3, ¢
&0 L.l5 | 745 B,
75 L[5 $%.5 [0].%
Tablo 28-1.
Note: Although the nominal oulpul curren! rating of the
generator is 1 A dc, t may be loaded up to 1.5 A dc (50%
ovaricad) without harm.

4




The DC Self Excited Shunt Generator

¢. Tum off the power supply.

d. Calculate and record the power for each of the resistance shown in
Table 28-1.

'[I;A. a. Reversa the rotation of the driving motor by Interchanging any two of
the stator lead connestions (terminals 1, 2, or 3) to the synchronous
motor.

b. Remove the generalor foad by opening all of the resistance swilches.
c. Tum on the power supply.
d. Does the generator valtage build up? Explain.

O Yes E!/No

_d@,ﬁ 4 lVis a5 Par as [+ ¢eTs,
The jz‘nqn?‘f-a( Vol -Irag& ismtte Vo gposu'-f-r, dirtetien
Srrna 1€ ra:dea) wnnan g'h'&?ﬁié/o/ﬂ gﬂ ‘{"ﬁv i alit et Hier
v 7 7 7

e. Tum ofi the power supply.

REVIEW QUESTIONS

1. if a seif-excited generator has lost all of its residuat magnelism, can it bulld up
an output voitaga?

0 Yes Iﬂ/Nu

2. How would you get a generator to work efter it had lost ali of Its residual
magnetism?

Tf"ﬂﬂﬁrm;/y fn c"{' a5 A écf“-“a""‘é' excit-ed
penerots  Uht ) it éo./a/s Ly "residllen]

U b @ﬂrzﬁ‘/t iy,
o

3. Does a genarator siowly lose its residual magnetism with time?

EK!es O No

4, Plot the £, vs I, regulation curve on the graph of Figure 28-3.




The DC Self Excited Shunt Generator

o~
[ ]
140
130
-
ni20 L
3 I
a2
~ 110 _ |
< |
w
100 {
|
a0 '
0 05 1.0 1.5
I, (2mps)
]
Figurs 28-3. i

5. Calculate the requlation from no-load to ful-load (1 A dc). 1
[o5-T20"
—vap —U.27 L

L e T

Regtilation = E %

6. Compare the regulation of the self-axcited generator with the regulation of the ;._
separately-excited generator (Expariment 27). W

Segorotdy Exeited ' /2% 4
5:9/7&’ 6:k’&l(+”'/e, 27%5 '

7. Explain why one of the generators has better regulation than the other.

l’/h /J/Cf, Fr €d—l’-ak&}ka/ ,M’ errler, 7 he
L2 Arpd-oh )= Choe e d qéﬂdm‘ﬁrr‘-s Lew f é&g&an

i< ’a‘f{eo‘fe{ Ziv 4/ v a




i Experiment 29

The DC Compound Generator

OBJECTIVE

* To sludy the proparties of compound DC generators under no-load and full-load
conditions.

¢ To leam how to connect both the compound and the differential compound
generators.

= To obtain the ammature voltage vs armature current load curves for both
generalors,

DISCUSSION

Seil-excited shunt generators have the disadvantage in that changes in their load

current from no-load cause their output voltagse to change also. Their poor voltage
ragulation is due to thrae factors:

ks A o e e
R

a) The magnetic field strength drops as the anmature voltage drops, which
further reduces the magnetic field strength, which In tum reduces the
amature voltage, stc.

b) The ammature vollage drop (I* x R losses) from no-load to full-load.

c) The running speed of the driving motor may change with load. (This is
particularly trug of intemal combustion engines and induction motors).

Thetwo field windings (shunt and serias) on the compound generalor are connecled
s0 that their magnetic fields aid each cther. Thus, when ihe load cument incraases,
the cument through the shunt field winding decreases, reducing the strength of the
magnatic field. But, If the same increase In load current is mada to flow through the
series field winding, it will increase the strengih of the magnetic field.

i With the propar number of tums in the series winding, the increase in magnstic
i | strength will compensate for the decrease caused by the shunt winding. The

f combined magnetic field strength remains almost unchanged and liitle change In
output voltage will take place as tha load goes from no-ioad to full-load.

It the serias field is connected so that the ameture cumrent flows in such a direction
as to oppose the shunt field, we oblain a differential compound generator. This type
of generator has poor regulation, but is usefid in applications such as welding and
arc lights where maintaining a constant output current is more imporiant than a
constant output voltage. It is the purpose of this Experiment to show these major
points.




The DC Compound Generator

EQUIPMENT REQUIRED

Refer {o the Equipment Utilization Chart, in Appendix A of this mantual, {a obtain the
list of aquipment required to perform this exercise.

CAUTION!

The swilch In the excitation clrcuit of the synchronous motor
should be closad (I} only when tha motor Is running.

PROCEDURE
CAUTION!

High voitages are present in this Experiment! Do not make any
connecllons with the powst onl The power should be turned off
after completing each individua! measurement!

Ei/ 1. Because of its constant running speed, the synchronous motor will be used
lo mechanically drive the DC generator. Using your Power Supply, AC
Ammeler and Thrae-Phase Synchronous Motor/Generator, connect the
circult shown iIn Figure 28-1.

oy Bt

-MM}:WLﬁ Jgh

R R T I

Figure 29-1.

Ej 2, Terminals 1, 2, and 3 on the power supply provide fixed three-phase power
for the three stator windings (Thres-phase power will be covered In later
Experiments). Terminals 8 and N on the power supply provide fixed DC
power for the rotor winding, Set the rheostat control knob to its proper
position for normal excitation (Experiment 23, procadurs 6).




] The DC Compound Generator

m/a. a. Usingyour DC Motor/Generator, DC Voltmetar/Ammeter and Resistive
Load, connect the circuit shown in Figure 28-2,

I, __0-25

ARMATURE +\_/-

Flgure 28-2.

e el T = e
f=2

. Couple the synchronous motor and the DC generator with the timing
balt.

¢. Tumn tha DC generator field rheostat control knob full cw for minimum
resistance.

d. Make sure the brushes are in their neutral position.

a. Place the resistance switches for no-load {all switches open}).

[0 4. a. Tumonthepowersupply. The synchronous motor should start running.
4 b. Clase the switch S.
c. Note i voltage E, bullds up.
J‘(es O No

d. If not, tum off the power supply and interchange any two of the stator
connaction leads on the synchronous motor.

@, Measure the open circult armatura voltage.

EA={l.6>Vdc




The DC Compound Generator

E!/s. Vary the field rheostat and notice if the amalure voltage E, changes.
Explain.

E/Yas B No

Thncieasing -/’/1&(6—9"5"'0';&& Adecrenses 4,

curad hroob the shut -727: ﬂ'/ﬁCrms'tj

The ;nm;mg"-g 'J‘Ot'tﬁ/a(.

L'z/ 6. Adjust the field rheostat for a no-load current (I, = 0 A) cutput voltage E,

of 1

20V de.

Do not touch the fisld theostat control for the remainder of the Experiment!

o 7.

Adjust the load resistance to oblain each of the values listed in
Tabls 29-1.

Measurs and record E, and |, for each of the resistance values listed
in the Table.

Nota: Although the nominal ouiput current rating of the
generalor is 1 A de, it may be loaded up fo 1.5 A dc (50%
overioad) without harm.

¢. Tum oif the power supply.
d. Calculate and record the power for each of the resistance shown In
Table 29-1,
A, h E, POWER
(chms) {amps) (volts) {watts)
- Y 2.0 0
600 0.2 |16 25.2
300 0. %5 ]19.5 | 5453
200 0.65 12 | 252
pd“{) 150 Ogs )BO ]/015
,],Do'o_g;v"‘ 120 [.0S 129 1355
P 100
b\‘"‘uvsut"&) 80
G 1o N 75
Y*"a“p}‘" },
9 \O&Z‘:{ & Toble 28-1,
294




The DC Compound Generator

E/B. a. Change the connactions to the series field only, so that the armature
current flows through it in the opposite direction.

i ' b. Complete the drawing shown in Figure 29-3 shawing your proposed

. clrcuit change.
4
5 | E ¢. Have your Instructor check your circuit and yous drawing.
1 1, . 0:25
1
i o ARMATURE  +
i | H H
SERIES FIELD /H/R‘_
;i FIELD RHEOSTAT “To-200
b Vde
: ‘ SHUNT
FIELD
g
:' Figurs 25-3.
i
i @ 9. a. Tum on the power supply.
1 b. Adjust the field rheostat for an E, of 120 V dc.
|
e ¢. Do not louch the rheostat after this.
_ [¥710. a. Adjust the load resistanca 1o oblain each of the values listed in
1 Table 29-2.

b, Measura and record E, and |, for each of the resistance values listed
in the Table.

c. Tum off the power supply.



The DC Compound Generator

d. Calculate and record the power for each of the resistances shown in

Table 20-2.

R, I E, POWER
{chms) (amps) {volts} {walls)
5 ¢ [2 0 0
600 .15 79 (9.3
300 N. | 207 2.5
200 0.2 %45 2.9
180 0./ 20 4 2.9
120 0.15 1Z 2.7
100 0. 1L 1L.2 2,
80 0.[7 | L 7.7
s (17 (3. 5 26

REVIEW QUESTIONS

1. State which procedure, (7 or 10) is concemed with:

g) the differential compound generator.

Procedure ) 0

b) the compound generator.

/

Procedure




The DC Compound Generator

2. Plotthe E, vs |, regulation curve on the graph of Figure 29-4, Use the data from
Table 29-2.

1204

100

80 1y

60

E,x (volts)

- ] t
B 40
i

20

- d

0 05 1.0 1.5
I, (amps)

Figure 29-4,

3. Over what voltage range is the ammalure current nearly constant in the
differantiat compound generator?

G 1l
From 1‘-"Vdclo L Vde




The DC Compound Generator

4, Piotthe E, vs i, regulation curve on the graph of Figure 29-5. Use the data from
Table 20-1,

140

130 8. <3 ¥

8
T—
b

=
=3

EA (Vﬂ't')

8

0 05 1.0 L5
I, (amps)

Figure 29.5,

5. Calculate the regulation from ne-load to full-load (1 A dc) for the compound

generator. ~-1729
o= 2L~ _p.07

Regulation =__~ 7 %

6. Compare the regulation of the compound generator with the regulation of the
self-excited generator and the separately-excited generator.

Com.p ond " )%

o i A e T

GplPe cacided V) 90

gﬁﬂrpr/vf\, —esce i Fed 1 2 %

LA




The DC Compound Generator

7. Explain brietly why the voltage does not drop with increasing load for the

compound generator.
/ﬂfs e l"ac{ C/Iaw-’s Mere. (Ur[e,r}- Fhe
i Ic < Cteqse
s el tir‘c;ffw x g‘/—r 2 er mry:hfﬁé:
A el







Experiment 3 1

The Split-Phase Inductor Motor — Part |

OBJECTIVE
* To examine the construction of a split-phase motor.

*  To measure the resistance of its windings.

DISCUSSION

Some means must be provided for getting two phases from the standard single-
phase power supplied 1o homes if it is to be used to start and run an AC motor. The
process of deriving two phases from one is known as phase-splitting and is usually
built into the stator circuit of the AC motor. Two-phase power creates the rotating
magnetic field.

One method is a special auxiliary winding built into lhe stator called the start
{auxiliary) winding to differentiate it from the actual run (main) winding of the stator.
In split-phase AC motors, the start winding is used only for starting the motor and
has a high resistance and low inductive reactance. The run winding has low
resistance and high reactance. When power is first applied, both windings are
energized. Because of their different inductive reaclances, the run winding current
lags the start winding current, creating a phase difference between the two. Ideally,
the phase difference should be 90°; but in practical motors, it is much less,
Neverthelass, the windings develop fields that are out of phase, which creales a
rotating magnetic field in the stator. This applies torque to the rotor, starting the
motor.

When the molor gets up {o operating speed, the rotor is able to follow the
alternations of the magnetic field created by the run winding without the field of the
start winding. The start winding is then switched out of the circuit by a mechanical
device called a centrifugal switch, because it is operated by the centrifugal force
created by the rotor revolutions. The direction of a split-phase rotating field can be
reversed by reversing the connections to the start winding. This changes the
direction of the initial phase shift, creating a magnetic field rotating in the opposite
direction,

The motor speed depends essentially upon the AC power line frequency and the
number of poles on the stator.

The split-phase motor, like a single-phase induction matars, vibrates mechanically
at twice the power line frequency.

311




The Split-Phase Inductor Motor — Part 1

1.2

EQUIPMENT REQUIRED

Refer to the Equipment Utilization Chart, in Appendix A of this manual, lo obtain the
list of equipment required lo perform this exercise.

PROCEDURE

CAUTION!

High voltages are present in this Experiment! Do not make any
connections with the power on! The power should be turned off
after complating each individual measurement!

EZ/ 1. Examine the construction of the Capacilor-Start Motor, paying particular
altention to the motor, centrifugal switch, connection terminals and the
wiring.

o2

The capacitor, mounted in the rear of the module, is used only when the
module is connected as a capacitor-start motor.

Viewing the motor from the frant of the module:

a. The main stator winding is composed of many turns of large diameter
wire. |dentify the main winding.

b. The auxiliary stator winding, wound inside the main stator winding, is
composed of fewer turns of smaller diameter wire. Identify the auxiliary
winding.

c. Does the auxiliary winding exactly straddie the main winding? Explain,
O Yes dNo
T+ qlpg&dyg +o ):)& 0‘61' b}/ a[oatﬂL 1{50

d. How manyvmain stator poles are there?

e. How many auxiliary‘;:fles are there?

f. Thisisa 8 pole motor.

g. Nole thal there are a number of slots distributed in each pole.

h. Note the construction of the rolor.

Note the rotor aluminum end ring.

Note that the fan is integrally cast with the end ring.




The Split-Phase Inductor Motor - Part |

I

k.

Note the air gap separating the rotor and the stator.

Estimate the air gap distance in mm [in].
0, Shem

& 3. Viewing the motor from the rear of the module:

Identify the centrifugal switch mechanism mounted on the shaft.

Pull outward on the centrifugal weights and note the aclion of the
insulated sleeve,

Note that the stationary electrical cantacts open when the weights are
pulled out.

If the coiled springs on the centrifugal switch were stiffer, would the
electrical contacls open at a lower or higher shaft speed?

(Gher speed
J ]

. Viewing the front face of the module:

The main winding (many turns of heavy wire) is connected to terminals
iand =&

The auxiharyzwlndmg (fewer turns of finer wire} is connected to
terminals and

The cenlrifugal swilch contacts are connecled to terminals 4'; and

The capacitor (not used in the split-phase motor wiring} is connected to
lerminals "f and

Note that the current rating for the main winding is marked 5 A while the
auxiliary winding is marked "intermittent”.

Note; The circuit breaker prolecting the auxiliary winding will trp
if the winding is left across the input line 120 V) for longer than a
few seconds

CAUTION!
Always connect the centrifugal switch in series with the

auxiliary winding and the input line, unless you are
instructed not to do so.

313




The Split-Phase Inductor Motor — Part |

m/s. Using your ohmmeter measure and record the resistance of the:
main winding = 2,17 Q
aux winding = 6 . 7{)

IE/G. Using your Power Supply, OC Voltmeter’Ammeter and Capacitor-Start
Motor, connect the circuit shown in Figure 31-1.

CAPACITOR-START MOQTOR

0-2.5Adc

Flgure 31-1

Er/ 7. Turn on the power supply and adjust for exaclly 5 V dc as indicated by the
voltmeter across the main winding (terminals 1 and 2).

e =_IJ_Z‘_5A dc

Rnumwmng =El= L’Qéﬂ

l'S{ 8. Return the voltage to zero and turn off the power supply. Connect the circuit
shown in Figura 31-2.

0 9. Turnon the power supply and adjust for exactly 5 V dc as indicated by the
voltmeter across the auxiliary winding {terminals 3 and 4).

314




The Split-Phase Inductor Motor — Part [

CAPACITOR-START MOTOR

0-2.5Adc

Figura 31-2,

@ 10. a. Relurn the vollage to zero and turn off the power supply.

b. Compare the results of procedure 5 with the results of procedure 7
and 9,

The, are clese Fo cach 077:,;/:,,1“

het” ! fo{em‘fi cal

c. Note that although the main winding has many more turns of wire than
the auxiliary winding, its resistance is lower. Explain why.

The wire ($ ,"/'quf’ q v e it d/o"/ﬁf
v (v
(5. ctemee Tor an, q,’fré‘, €074 Cfl:ﬁ?iﬂ"‘ﬂ/

to The auxilery h/,/}l:t&'/(ﬂw,
7 v

REVIEW QUESTIONS

1. If a split-phase molor has fwo poles on the main winding, how many poles are
needed for the auxiliary winding?

o, *

2. How many poles are there respectively on the running and the starting winding
of an 8 pole split-phase mator?

Running Winding = f poles.

Starting Winding = |"{ poles.

NS5
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316

. Why is an auxiliary winding necessary?

I-J’ i% Beeded lhon Me metor i< S"T’Z:lﬂé:/

Wl mrp(t:r te gfc\/a/o,_o zc/plzaqa cAMA T2 Uer"”T

the moter &1“)10.

. Why must the auxiliary winding be different fram the main winding in a split-

phase molor?

@uc, lxa,s Meon - 1'7166/(;{??:66 7%@:, ﬂe, 072%
Cﬂusdq&a Jhe ta ]ﬂj hehinod e otler

. What would happen if the starting and running windings wera identical?

‘Wx ere WO'I//J Lé— he ﬁkagg—_é/rﬁ'aﬂg__ﬁ,_
J,(’ cavse He sza/z/c-ﬁm.cve r/(.'ffleéé& Ia(éh‘frcq/




Experiment 32

The Split-Phase Inductor Motor — Part il

OBJECTIVE
* To leam the basic motor wiring cornections.
* To observe the starting and running operation of the split-phase molor.

DISCUSSION

When power is applied to a spiit-phase induction molor, both the running (main) and
the starting (awdliary) windings draw from 4 lo 5 times thelr normal full load current.
This means that the heat loss in thess windings is from 16 to 25 times higher than
normal. As & result, tha starling period must ba kept short 1o pravent overheating
of the windings.

The high starling currerts also produca a proportionally high cument in the squirmel-
cage rotor, so that the entire motor heats up very quickdy during start-up,

The smaller diameter wine employed in the awdlary winding of spilt-phase mofors
is particularly suscepiible to overheating and will bum out i # is not disconnacted
from the power ¥ne within 4 lo 6 seconds.
EQUIPMENT REQUIRED
RAefor to the Equipment Utilizatlon Chant, in Appendix A of this manual, to obtain the
fist of equipment required to perfoan this exercise,
PROCEDURE

CAUTION!

High vultagas ars present In this Experiment? Do nol make any
connections with the power on! The power should be tirmed oft
after completing each individual messurement!

34 Your power supply must be adjusted for an oulput of 100 V ac {o perfarm
the procedures in this Experiment.

a. Connect an AC voltmster across power supply terminals 4 and N.
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b. Tum on the power supply and adjust for an oulput of 100 V ac as
indicatad by the voltmetar, Do not touch the voltage output control for
the remalinder of this Experimant unless told to do so.

c. Tum off the power supply.

m/z. a. Connect the main winding of the capacitor-start motor, terminals 1 and
2, to the pre-adjusted 100 V ac output of the power supply, tesminals
4and N.
b. Close tha power supply switch for no longer than 3 seconds.
c. Didthe motor growi?
MYes CNo

d. Did the motor tum?

dyes oONo (Slo w’y)

O 3. a. Lower the irort faca of the module. Carelully reach in behind tha front
face of the module so that you may give the matar shaft a quick turn by
hand at the moment of pawer supply switch closure.

b. Clese tha power supply swilch for na longer than 3 saconds.,

c. Did the motor tum?
[Eéas O No

d. ‘What determined tha diraction of rolation of the molor?
T4 < Peh mﬁ;a/z&yef d;‘raa’h'ah L cpua I~/-
[ ¥ ‘

e. Retum the front face of the module to lts noimmal position.

J 4. a. Disconnect the main winding, terminals 1 and 2, from the power supply.

b. Connect the awdilary winding, lemminals 3 and 4, to the pre-adjusted
100 V ac output of the power supply lerminals 4 and n.

¢. Close the power supply swilch for no longer than 3 seconds.
d. Did the molor make a growiing sound?
&/Yes O No

32-2
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e. Did the motor tum?

O Yes Néo

B/s.a. Connect the main winding, tarminals 1 and 2, in parallsi with the
auxifiary winding, tarminals 3 and 4.

b, Connact the parallel windings to the pre-adjusted 100 V ac output of
the powsr supply.

¢. Close the power supply switch for no longer than 3 seconds.
d. Did the motor start?

BYes ONo
e. Was the mator naisy?

8435 DO No

f. Note the diraction of ratation.

G/CC/C vl Se

El/a. a. Interchange the lsads connacting the two windings in paraliel.
b. Clase tha power supply switch for no longer than 3 seconds.

c. Nota the direction of rotation.
Covnders)och ..ise

d. Give a rule for reversing the rotation of a split-phase mator.

- 7%& &{:;)’—5_1_5_7‘;«:4, mic_vlrenf*

Hhra che ot The M/(M?S m/ﬂfé,/woy
e “cther hihias secl.

{7. Connect the circuit shown in Figure 32-1. The centrifugal switch is
connected In serles with the auxliary winding and bath windings are
connecied in parallel acruss the 100 V ac power sotirce terminals 4 and N.
Nole thal tha capacitor, connecied between termingls 4 and 5, is not used
when the module is operated as a split-phase motor.

a2-3
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CAPACITOR-START MOTOR
o100 @
Vac
$ el gy
) 3 4 ('?

Eﬂ/a.a. Close the power supply switch. The oulput voliage control shouid
remain at its 100 V setting.

b. Did the motor start?
es ONo
c. Did the centrifugel awitich operate?

iﬂ(fes O No

d. Estimate the siarting time.
T= 0"7 8

e. Using your hand lachometar, measurs the running speead.

speed = | 170 vrmin

{. Reducs the input voltaga to BD V ac as indicaled hy the voltmeter and
measure the rurning speed.

speed = | | 70 iemin
g. Retum the voltage to 100 V ac and tum off the power supply.
E/Q.CumadﬁledmuﬂsbownhFlgweaz-z.Nolematbolhwhdngsam
connecled in parallel and that the cetirifugal switch i3 in series with the

paraiiel connected motor windings and the 100 V ac power supply lerminals
4 and N.

124
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100Vac ¥ ' Q'
e B

Figasre X2-2.

)

E/m. Belore applying power to tha motor answer the following questions:
a. Will currant flow through both windings?
ofes O
b. Will & starting torque be developed?
a5 O No
c. Wil Wtor start to tumn?
Yes DO No
d. What will aventually happen?
The Centrilig ] Sisteh il ot

Ilﬁgw(/r cood Lt il sl Aown vhiyl
the cpitel vetiing, thos (T il fr’p.a_gl g,,,/z.g\s&

%. a Close the power supply swilch and note what happens.
b. Observe the operation of the cantriluge! switch.

c. Atapproximately what speed does the centrilugal switch close?
Speed =} > °C rimin

d. Return the voitage to zero and turn off the pawer supply.
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REVIEW QUESTIONS

1. Wilasingla-phase induction molor start il only the running (main) or the starting
(auxifiary) winding is excited?

v

2. Wil such a motor run on one winding once it has been started?

E/Yas O No

3. How could your raverse the rotation of the motor’?

wa%e, f/'fﬁf:ﬁdh ot cvpen T ‘ﬂtfdhrf
ane 04 the '-'vlha("il!ds

4, What will happen to your motor when power i applied if springs twice as stiff
aro usad on the centrifugal switch’?

Yt il ytach A pmeeh biale. ;ﬂszcr’
ha'Evrr. (Ul/—ng P ower f_ 7{'/:& Alrx pla_,y
\.ﬂfnl/lh‘;f' J

5. BExplaln in delall the behavior of your motor In procedure 11.
T/\d Cettritegaal Cuided, rﬁﬂzﬁ(rlﬁi/ £ (s am/

Yeoiplce Sbwer  henowr Heo % pocd
rvggiﬁq —L; Hhopsh oo/ J

6. if the unning winding and the auxiiary winding wera connected In series, would
the motor tum? Explain.

E{Yas O No

Qo'”«-! "’ll"/(rhas \/00”1 L“"" ﬂm—a, 4_
9 - !"f— V/O[//ﬂ/ JA’IL Jeaed bﬂ?id '?Llllhtif/d,

2&
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7. Doesthe speed of a spit-phase motor changa appreciably with a changeintha
appiled voitaga?

OVYes ONo






Experiment 33

The Split-Phase Inductor Motor — Part Il

OBJECTIVE

« To measure the starting and operating characteristics of tha split-phase motor
wunder load and no-joad condtions.

» To study the power factor and efficiency of the spiit-phase motor.

DISCUSSION

The starting current of a split-phase molor Is usually four to five times normal full-
(oad cutrent. This produces two effecta: 1) the motor heals very rapldly during
siart-up; and 2) the high starting cument ¢an cause a large line voltage drop so that
the starting torgue may be seriously reduced.

The no-load current is usually 60% to B0% of the fuk-load cument, which is high
compared to three-phase moiors. Most of the no-load current is used fo produce the
magnetic field in tha motor, and only a small portion is used lo overcome
machanical friction and the copper and iron losses, Because of the large
megnatizing current, the poweriactor aof thesa motors is rarely mora than 60%, even
at fulHoad.

motors tend to ba much noisiar than thelr three-phase counterparts,
because of the inherent 120 cycle mechanical vibration, This vibration can be
reduced by using resillent rubber mounting supposis.
EQUIFMENT REQUIRED
Refer to the Equipment Utilization Chart, in Appendix A of this manual, to obtain the
list of equipment requirad to perform this exercise.
PROCEDURE

CAUTION!
High voltages ars present in this Experiment! Do not make any

connections with the power on! The power shauld be tumed off
after complsting sach indtvidual maasurement!
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Starting Cumrents

1. Using your Capacitor-Start Motor, Power Supply and AC Ammetar, connect
the clreult shown in Figure 33-1.

0-25Aac

- { \

? A)
120Vac

_— ‘

Figura 33-1.

{2. Closa the power supply switch and measure the current through the maln
winding as quicidy as possible - within 3 seconds.

I,.,m=_,LEAac

m/a. a. Disconnect your leads from the main winding and connect them to the
auxliary winding, ferminals 3 and 4 as shown in Figure 33-2,

0-25Axc

| n
li‘lac @

AUX

Fgure 33-2,

b. Repeat procedure 2. Remember to take your measurement as quickly
as possible.

IMMS__’__Z__AM

M 4. a. Connact both windings in paralle), tarminats 1 to 3 and 2 to 4 as shown
in Figura 33-3,
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b. Couple the electrodynamometer to the capacitor-start motor with the
timing beit.

c. Comnect the electrodynamomater to the fixed 120 V ac output of the
power supply, terminals 1 and N.

d. Set the electrodynamomeater control knob at Hs full cw position (to
provide a maximum starting load for the split-phase motor).

e. Close the power supply swilch and measure the staring current as
quickly as possible - within 3 seconds.

|m'.>—?‘-5"a° (o 7 the Mm"’)

No-Load Operation

E/S. Using your Single-Phase Wattmeter, AC Ammeter and AC Voltmeter,
connect tha circuit shown In Figure 334,

Note that the module is wired &3 a standard spit-phase motor.

CAPACITOR-START MOTOR

O=-BAac

- (A
e op N o)

Vac © Vac p

0?2

Q.

4

("]

[

F'y
by

Flgura 334.
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Tum on the power supply and adjust for 120 V ac as indicated by the
voltmeter across the motor,

Measure and record in Table 33-1 tha line current, the power and motor
speed, Nole and record the relative motor vibmtion.

Repeat (b) for each of the input voltages listed In the Table 33-1.
Return the voltags to zaro and turn off the power supply.

(o) (ampe) (o o) VIERATION
10 4 /g 5az2 | /750 |Mest
& 7.4 1 2/ 11760 |less
w =15 [a90 1750 |lesssty
w [ A%< 0. Sl 1729 |teast

\LM&W ¢ o b, TabIRTH.
lieh /rl:qr L oth:lw'ib o¢es

Full-Load Operation

7. a

Couple the electrodynamomeler to the capacitor-start motor with tha
fiming belt.

Connecl the input terminals of the elecirodynamorneier to the fixed
120 V ac output of the power supply, terminals 1 and N.

Set the electrodynamomaler control knob at its full cow position (o
provide a minimum starting load for the split-phase motor).

Tum on the power supply and adjust for 120 V ac.

. Measure and record in Table 33-2 the [ine current, the power and molor

speed.

Repest (b) for each of the tomues Ested in the Table 33-2, maintaining
the input voltage at 120 V ac.
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d. Retum the voltage to zero and tum off the power supply.

v _;_LITF‘"’\ o | e | | i | ome | e
oo T |7 [S0¢ | 20 [ 7300
N7 2| w1 WYyl 626 [ 170 [[760 [42.5

g _ef o | zsl oeo8ld fo [/7401133.5
J’%"T b oy 1632 350 7990 1953
o, 12l bl 16, T7091 F46]1(€0] 2385

Y =N =t BT T Pl ' -
e L) B el T P e A Rt
I o O e e e e

E/ 9, a. Calculata and record in the Table 33-2, the apparent power (in VA)
dalivered to the maotor for each of the listed torques.

b. Calculate and record in the Table 33-2, the developed mechanical
output power for each of the listed lorques. Use the formuta:

SnxNxT
P LI U

o (W) o

Mechanical Output Power In watts (W)
Speed in revolution per minute (/min)
Torgue in Nawton-meter (N-m})

-1 28
H 0 #

& WaShanical DU PowerLiioes powet ()
D Soeen e e )
= Tomue in pound-force-inches {IBf-in)
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EI(*IO. You will now determine the maximum starting torque developed by the

capacitor-start motor.

a. Disconnect the wattmeter and metering modules from your circuit.
b. Connect the inpul of your capacitor-siart mator to terminels 2 and N of

the power supply (fixed 120 V ac).

c. Sat the slectrodynamomater control knob at its full cw position (for

maximum loading).

d. Cilose the power supply switch and quickly measure the developed
tnmuamﬂwelechndynamu’neiarscala Open the power supply

Starting Torque = | 7 Nom ok (1.5 % /l/’")

REVIEW QUESTIONS

1. From Table 33-2 state the no-load (0 N-m fiblin) tomue):

a)
b)
c
d)

a)
b)

apparantpowu:=_@gi£w\ - V'L

cvorne Z0 w  Vircaso

reactive power = * 73 _var ViIsinb

power factor = 0/57

17 17 ial

2. From Table 33-2 state the fuii-load (1.2 N-m [8 -in} torque):

apparert power=_/C ¥ vA

active power = Etbw

c)
d)
e)

g)

reactive power= 5 55 var
power factor = 0-'62

W
power defivered = 23?‘ SW fhy
'__i '_l__l al & Gaiailr b '.-r.'ﬁ- 2 .-!—Hr

efficlency of tha moior = %%
motor fosses =2 0/- Sw
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3. What s the approximata fulldoad cument of your capacitor-starl motor?

lniLAac

4. How much larger is the starting current than the full-load operating currem?

it s puveh [avaer CLW gA’, PR %Cﬁbcye
- SAWS).

5. Based on procedures 1, 2 and 3, explain why the starting {awdliary) winding
heats much faster than tha main winding.

With less yesistenee, I hes ateo move
Cbhm-,- ?ﬂ/c’wi.:j) 'll)rr::,;! /-/-.

6. Does tha no-load speed of a split-phase molor change greatly with changes in
the applied voltage?

13438 O No

7. How many imes greater Is the starting torque than the normal ful-lcad tnmue?

()7

37






Experiment 34

The Capacitor-Start Motor

OBJECTIVE

* To measure the starting and opersting characieristics of the capacitor-start
motor.

* To compare its starting and running pedformance with the split-phase motor.

DISCUSSION

When the spiit-phase rotating field was described, It was stated that the diiferent
resisiance-reactance ratio of the two windings was designed to give the ditferance
in time phase of the currents in the windings necessary to produce a rotaling
magnetic field.

In two-phase machines, where the windings are identical but disptaced in space by
80°, the ideal time phase displacement of the winding currents Is 80°.

For bath two-phase and spiit-phase motors the torque developed at starting can be
celculatad using the relationship:

T = k |,|28“'I a

where k is a machine constant, |, and |, are the currents in the windings, and a is
the angle between the cuments.

Because of the small magnitude of o in the split-phase machine the developed
torque Is relatively low. 1t is possible to increase a by adding capacitance In serles
with the auxliary winding. i too much capacilance is added, the impedance of the
winding Is increased to the point that there is an unaceeptabls reduction In the
curant which more than offsets the benefit gained from Increasing a.

The optimum value of C is that whera the product of the sine of a and the auxiliary
winding cumrent is a maximum.

The capacitor and the start winding are disconnected by a centrifugal swilch, just
as in the case of the standard spiit-phase motor. Reversing ihe direction of rotation
of a capacitor stast motor Is the same as in the case of the spiit-phase motor, that
Is, reverse the connections to the start or to the running winding leads.
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EQUIPMENT REQUIRED
Rafer to the Equipment Utiiization Chart, in Appendix A of this manual, to obtain the
list of equipment required to perform this exercise.
PROCEDURE
CAUTIONI

High voltages are prasent In this Experiment! Do not make any
connectiona with the power on! The power should be tumned off
after completing each Individual measuremant!

1. Using your Capecitor-Start Motor, Power Supply, and AG Ammeter,
connect the circuit shown In Figure 34-1. Note that the fixed 120 V ac
output of the power supply, terminals 1 and N are being used.

0-25Aac
: (n)
i Y
120Vac
MAIN
Fgure 34-1.

E/z. Closa the power supply swilch and measure the current through the main
winding as quickly as possible - within 3 seconds,

Imain wieing = MA ac

El/ 3. a. Disconnect the leads from the main winding and connect them to the
auxitiary winding and capacitor, as shown in Figure 34-2.
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0-2%Aac
A\
1
(A)
120Vac
AUX . 180ufF
Figure 4-2.

b. Repeat procedura 2.
Note: Remember lo take your mesasuremant as quickly s

poasible.
'mm = L Z A ac
[1 4. a. Connectboth windings in parallel, terminals 1 to 3and 210 5, as shown
in Figure 34-3.
0-25Aac
T
120Vac

Figure 34-3.

b. Couple the electrodynamometer to the capacitor-start motor with the
fiming belt.

¢. Connect the input terminals of the etectrodynamometer to the fixed
120 V ac oulput of the power supply, terminals 1 and N.

d. Set the electrodynamometer control knob at its full cw position to
provide a maximum etasting load for the capacitor-start motor.
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e. Close the power supply switch and measure the starting current as
quickly as poasible - within 3 seconds.

I...,,--_'_ZAac

O &. Compare your results from procedures 2, 3 and 4 with the results from
procedures 2, 3 and 4 of Expariment 33.

a. What conclusions can you make about the maln winding currents?
Th e Yeod o e Of/M0§+fa/¢h Yicas/
4/10( Te o‘né‘b‘rﬂ //f-/ 'F/fm’v/c/ b

b. What conclusions can you make about the auxiiary winding cumrents?
Jie prad g svere lpwer  Hee Fne

Lor Lo 4o oS encs s K Fe r,a’paci‘ﬁrr

c. What conclusions can you make about the starfing cument for each
type of motor?

Stewtisy  Cujrent IS W ch L omtr on
nj@‘:o‘ﬁdt;'/'b‘}’ s el modor

EI/ 6. Using your Single-Phasa Wattmeter, Electrodynamomater, AC Ammeter
and AC Voltmster, connect the circuit shown In Figure 34-4.

Note that the module Is wired as a standard capacitor-start motor.

CAPACITOR-START

0-8Aac MOTOR
T_ o - 3 o @
we | W @@ [ ey
0t < 40 s T
3 4 %‘:H]
Figure 344,
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E/ 7. Set the electrodynamometer control knob &t its full cow position 1o provide
minimum starting torque for the capacitor-start motor.

EI/B. a

Tum on the power supply and adjust for 120 V ac.

b. Measure and record in Table 34-1, the line cument, the power and
motor speed.
c. Repeat (b) for each of the torques listad In the Table.
d. Rstum the voitage to zero and 1um off tha power supply.
TORGUE ' . P, SPEED P
M-m) (aemps) (watts) {v/min) {watts)
0
03
a6
0.9
12
Table 34-1.
V4 TORQUE [ Vi P SPEED P
(it-in} {smps) {watts) (cémin) v/
[12.5[ a #2 | 502 ¢o {790 0
119.5 s T ls26 | gz 1760 | (2
g5 s 475] 563 [ 255 [17¢40 V2 ¥
(79 » L3 | 25 I s4p 1/670) 140
/6.9 1 el 17/ 1 43511679 ] 237
Table 34-1.

EJ/Q. a. Calculate and record in the Table 34-1, the apparent power delivered

to the motor for each of the listed torques.

b. Caiculate and record in the Tabie 34-1, the developed power (P.,)

[horsepowar] for each of the listed torques.

IJI 0. Your will now determing the maximum starting torque developed by the
capacitor-start motor. This torque Is too high to be measured directly by
your electrodynamometer. However, you can calculate it by measuring the
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torgue developad when the molor is supplied with a lower voltage, 60 V ac,

which is hall the rated voitage.

a. Disconnect the Single-Phase Watimeter, AC Ammeter and AC

Volimeter from your clrcuit.

b. Set the electrodynamometer contro} knob to its full cw pesition (for

maximum loading).

¢.  Tum on the power supply switch and adjust the voltage applied to the
motor to 80 V ac. Measure the developed lorque on the
electrodynarnometer scale. Open the power supply switch.

Starting Torque {60 V ac) = _J - 8 N-m fiblin]

d. Calculale the starting torque developed by the motor when supplied
with 120 V ac. The starling torque is nearly proportional to the aquare
of the applied volltage; thus the starling torque obtamad at 120 would

be four times greater than at 60 V.,
Starting Torque (120 V ac) = IS 2N -m {ib-in]

REVIEW QUESTIONS

1.

From Table 34-1 state the no-load (0 N-m [ibf-In] torque):
a) apparentpower=_0 07 VA V-I

b) active power = go w V-I-coze
&) resctive power= 176 var V-T - 518
d) powerfactor= 0«/57
12 it 1l

From Table 34-1 state the full-load (1.2 N-m [9 Ibf-in] torque):
a) apparent power = _7_/_!_ VA
b) active power= i{'}é w
c) reactive power = _3_77__ var
d) power factor = _Q’_é/ Z
6) powerdelivered= 2 5./ W iiip]
efacirical eqiivalent = . (W
f) efficiency of themolor=_> % %
g} molorloases = _L@ w
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3. Whal Is the approximate full-foad current of your capacitor-start molor?
I= é , Aac

4. How much larger is the starting current than the full-load operating current?

5. Compare these results with those found for the split-phase motor
{(Experment 33).

They e very close, becavie mee #e
C&q""[‘;r{, q_t// 50‘,,7{51 Lms O/C’hco( “Haﬂv oure
er%&«'haﬁf a(\'/n ical- ‘ﬂm Pre iy G/I?gc-ﬂrfg_g:b
i 7%& Caf)éc:‘/'r)f S'év'f' /Pta'/ar has a pwock

lovr ey S‘ILr,t-r'/‘bﬂ currest The S'/aﬂ%/»ﬂ fovgee
(152 ity \Ams rot muc) move Tian 7'? e 1"@--&&‘}
faﬁzpe. tor the ud’,-“" f/rag@ Aodor C/‘/U);C.,h). _

M7






Experiment 35

The Capacitor-Run Motor

OBJECTIVE
* To examine the construction of the capacitor-run motor.
» To delermine its running and starling characteristics.

+ To compare its running and starling performance with the split-phase and
capacltor-start motors.

DISCUSSION

Single-phase motors are all rather noisy because they vibrate at 120 Hz when
operated on a 60 Hz power line, Various attempts to reduce this noise, such as
resilient rubber mounting, are never fotally effective in eliminating this vibration,
parlicularly when the motor is directly coupled 1o a large resonant-prone fan.

The capacitor-run motor is very useful in this type of application, because the motor
can be designed to have low vibration under full-load. The capacitor serves to shift
the phase on ane of the windings so that the voltage across the winding is at 30°
from the other winding, thus making the capacitor-run motor a truly two-phase
machine at its rated load. Because the capacitor remains in the circuit at all times
no centrifugal swhch is required.

When running at no-load the molor Is always noisier than at full-loed, because only
under full-load does i run as a true two-phase machine. If the proper value of
capacitance is chosan, the currents through each of the two equal stator windings,
under full-load, can be made such that the power factor is close to 100%. However,
the starting torqua Is quite low and the capacitor-run motor is not recommended for
severe siarting conditions,

EQUIPMENT REQUIRED

Refer to the Equipment Utllization Chart, in Appendix A of this manual, to obtain the
list of equipment required to perform this exercise.

35
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PROCEDURE

CAUTION!

High voitages are present in this Experiment] Da not make any
connections with the power on! The powsr should be tumad off
after completing each individual measurement!

0/1. Examine the construction of the Capacitor-Run Motor, paying particular
attention to the motor, capacitor, cannection terminals and the wiring.
& 2. Viewing the motor from the front of the modute:

a. Both stator windings are composed of many tums of wire. Identify the
stator windings,

b. Do the stator windings appear to be ldentical?

El/Yes O No

¢. Do the windings exactly straddie each other? Explain,

O Yes E(No

They opPlca, to_be off by pbeyt g
3 / W T 7

d. How many poles are thera? Explain.
There “ﬁ"zw te de Y oy cach, 8 i tote/

e. Thislsa g pole motor.
. Note that there are a number of slots distributed In each pole.

g- Note the construction of the rotor.
h. Note the rotor aluminuem end ring.
I Note that the fan is Integrally cast with the end ring.

E{ 3. Viewing the motor from rear of the module:
a. Nole the capacitor and #is rating.
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b. Is this capacitor electrolytic? Explain.
O Yes t?]/No

E[LCJ{'TO;:/%C 50ﬁacf"fv'r§ Aﬁg& Pc)la-u"(,v, Se

.1’[L f}"’ £.ah Uh}L ]~ U‘;d/ e /)/ A {'S

E/ 4. Viewing the front face of the module:
a. Note the two stator windings.
b. One winding is connected toterminals | and 2

c. The other winding is connected to terminals ___2__ and ?L .

d. Note that the voliage and current ratings for each winding are identical.
e. The capacilar is connected to terminals £ and 4

IB/ 5. Using your Capacitor-Run Motor, Power Supply, Single-Phase Watimeter,
Electrodynamometer, AC Ammeter and AC Voltmeter, connect the circuit
shown in Figure 35-1.

CAPACITOR-RUN

0-8 Aac MOTOR

[ O O
e | W, | ) | e
[re®en ¥ | 77y

Figure 35-1.

E/ 6. a. Couple the electrodynamometer to the capacior-run motor with the
timing belt.

b. Connect the input terminals of the electrodynamometer to the fixed
120 V ac output of the power supply, terminals 1 and N.

c. Set the electrodynamomater control knob at its full ccw position {to
provide a minimum starting load for the capacitor-run motor).
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E]/ 7. a. Tum on the power supply and adjust for 120 V ac.
b. Measure and record in Table 35-1 the line current, the power and motor

speed.
TORQUE | VA P SPEED Poa
{N-m) (amps) {watis) (rfmin) {watts)
D
2.3 i
as
0.9
12
Table 35-1.
Vigr [vm | » [ 22| o0
o o . 1wy | 958 T19<0] 0
099 a .7 [ 127 125 | 17¢0 | {9
K3l s 23 1273 17222 11940 11233
[1¢.0] » 20 1354 | 260 11000 | 177.¢
7.2 _»m .0 | %671 %05 |30 | 22L%
Table 35-1.

c. Repeat (b) for each of the torques Ksted in the Table 35-1, maintaining
the input voltage at 120 V ac,

d. Was thers a noticeable difference in the leval of motor vibration
between no4doad and full-load?

efves

8. Hetum the voltage to zero and tum off the power supply.

O No

Calcutate and record in the Table 35-1, the apparent power delivered
to the molor for each of the listed torques.
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b. Calculate and record in the Table 351 the developed mechanical
output powar for each of the lisled torques. Use the formula:

2nxNxT
P D e

Mechanical Qutput Power in watts (W)
Speed In ravolution par minute {r/min)
Torque in Newlon-meter (N-m)

- 28
CINTI

w—
Wetin.

e e e e s D) <
yectRESE Olloa o
ool A

Ll ‘-—;‘ﬂ:' ‘F”

c. Set the electrodynamometer control knob to its full cw position (for
maximum loading).

d. Close the power supply swiich and quickly measure the developed
torque on the electrodynamomeler scale and the starting current. Open
the power supply switch.

Starting Torque = _2- 5 Nm [ibfin

Starling Curent=__/ - SAac

REVIEW QUESTIONS

1. From Table 35-1 siate the no-load (0 N-m [iﬁﬂlﬂ torque):
a) apparentpower=_120-TvA /' T
b) actvepower=_7 > w VI ®
¢) reactive power =lLL_var VeT: 6 6

d) poweriacor=0.7.77
YAV AT
2. From Table 35-1 state the full-toad (1.2 N-m [BSbLH torqus):

a) apparent power:_L{’_CJj_VA
b) acﬁvepower:_q_viw
c) reacﬁvepawer:_ﬁé_:@rar
d) powerlaclor:ﬂ_‘/‘
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e) power deliverad =_m W hp]
elecrical squivalent = 72 - w

f) afiiciency of the molor=27_%

g) motor logges = _ﬁi’_ w

3. What is the approximate full-load current of your capacitor-run motor?

I-_LL’-_O_AGI:

4. How much larger Is the starting current than the full-load operating current?

2. 50-%04=254

5. Compare thess results with those found for the split-phase and capacitor-stari
motors (Experiments 33 and 34).

pl t phose ‘ Copacidor stat | Copacilor qun
‘ ¥

|

6. How can you change the direclion of rotation of a capaciior-un motor?

7. Canyou explaln why oil-filled capacitors must be used for capacitor-run motors
instead of the more economical AC electrolytic types?




Experiment 49

The Wound-Rotor Induction Motor - Part 1

OBJECTIVE
* To examine the construction of the three-phase wound-rotor induction mator.

s To understand exciting current, synchronous spead and sfip in a three-phase
induction motor.

* To observe the effact of the revolving field and rotor speed upon the voltage
induced in the rotor.

DISCUSSION

You have, so far, been introduced to rotating stator fields produced by single-phase
power. electric power companies nommally generate and transmit three-phase
powar. Single-phase power for the individual home ia ablained from one phase of
the three-phase power lines. Three-phase (polyphase) motors are commonly usad
in Industry and electric power companies normally supply three-phase power to
industrial usars,

The creation of a rotating stator field using three-phase power Is similar to the
principte of the split-phase or two-phase (capachor-run) system. In the three-phase
syslam, a rotating magnetic {ield is generated in three phases instead of two. When
the stator of & three-phase motor Is connected to a three-phase power source,
courrents flow in the three stator windings and a revolving magnetic field is
established. These three exciting currents supply the reactive power to establish the
rolating magnetic field. They also supply the power consumed by the copper and
Iron losses in the motor.

The speed of the rotating magnstic field is entirely determined by the frequency of
the three-phasa power source, and is known as the synchronous speed. The
frequency of electric power systems Is accurately maintained by the electric power
companies, therefore, the synchronous speed of the siator field {in r/min) remains
conslant. (It is, in fact, used to operats electric clocks).

The wound-rotor consists of a rotor core with the three windings in place of the
conducting bars of the squirrel-cage rotor. in this case, currents ara induced in the
windings just es they would be In shoried fums. However, the advantage of using
windings s that the wires can be brought out through slip rings so that resistance,
and, therefore, the current through the windings, can be contralled.

The rotating stator field induces an altemating vollage in each winding of the rotor.

Whan the rotor [a at standatil the frequency of the induced sotor voltage ks equal to
that of the power source. if the rotor is now rotated by some extemal means, In the

491



The Wound-Rotor Induction Motor - Part I

same diraction as the rotaling slator field, the rate at which the magnetic flux cuts
the rotor windings will diminish. The induced voltage and its frequency wil drop.
When the rotor revolves at the same speed and in the sama direction as the rotating
stator fiald, the Induced voltage, as well as its frequency, will drop 1o zero. (The roter
Is now at synchronous speed.) Conversely, if the rolor is driven at synchronous
speed, but in the opposite direction to the rotating stalor fiekl, the induced voitage,
as well as its frequency, will be twice tha value as when the rolor was at standstill,

Although the rotor will be driven by an external motor in this Expariment, it should
be noted that for a given rotor speed the induced voltage value and ita frequancy will
be the same even [f the rotor were tuming by itself.
EQUIPMENT REQUIRED
Refer to the Equipment Utitization Chart, in Appendix A of this rmanual, to obtain tha
Est of equipment required to perform this exercisa,
PROCEDURE

CAUTION!

High voliages are presant In this Experiment! Do hot make any
connecions with the power on! The power should be tumed off
after completing sach individual measuremant!

&/ 1. Examine the construction ol the Three-Phase Wound-Rotor Induction
Motor, paying parlicular attention to the motor, slip sings, connection
tsrminals and the wiring.

E/a. Viewing the molor from the rear of the module;

a. Identify the three rotor sfip rings and brushes.
b. Can the brushes be moved?
E{Yas O Neo

C. Nota that the three rotar windings are brought out to the three sip rings
via a slot In tha rotor shatt.

d. ldentify the stator windings. Note that they consist of many tums of
small diameter wire svenly spaced arcund the stator.

e. (dentify the rotor windings. Nots that they consist of many tums of
sfightly larger diameter wire evenly spaced around the rotor,

. Nota the spacing of the air gap between the rotor and the stator.
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m/a. Viewing the front face of the module:

a. The three separate stator windings &re connecled to terminals __
and_7_,_ 1 _and_ 5 ,_~ snd_C

b. Whatlsmeraladumenlollhastatorwindings?iA
c. Whatlis the rated voltage of the stator windings? 2oV

d. The three rotor windings are (wye, delta) v/ < connected.

e. Theyareconnecledtoterminals 7 , ' and 7 .

f. What s the rated voltage of the rotor windings? _ O
g. Whatis the rated curmrent of the rotor windings? 7—/4

h. Whatls the rated spaed and mechanical cutput power of the rotor?
Speed =290 r/min
Power = I ] 5w

E/ 4, Using your DC Motor/Generator, Three-Phase Wound-Rotor Induction
Motor, Three-Phase Walttmeter, Power Supply, AC Ammeter and AC
Volimeter, cannect the circuit shown In Figure 49-1.

E/ 5. a. Note that the DC motor/generator is connscted with fixed shunt field
excitation 1o power supply terminals 8 and N, (120 V dc). The field
rheostat should be tumed to its full cw position (for minimum
resistance).

b. Note that the ammature is connecled to the variable BC output of the
power supply, terminals 7 and N, {0-120 V dc).

c. Nole that the stator of the wound-rotor motor Is wye connecled, in
series with three ammeters and the wattmeter to the fixed 208 V, 3
oulput of the power supply, terminals 1, 2 and 3.

d. Note that the 3¢ input voitage is measured by V, and that the 39 rolor
output voltage is measured by V,.
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0- 2;; Aac WOUND ~ROTOR -

oT:ffo INDUCTION MOTCR
@ 3 L
il ' - I I
208v{ V.
Y | |W) W} @
g 1111372 430 S . 7
208V 1 2~y L
g £ '[:J 1 : 9
DC SHUNT MOTOR Es
0-~120Vde 0-250
& —O—
vy

Figure 43-1.
Eg 8. a. Couple the DC molor/generator to the wound-rotor motor with the
tirning bell.

b. Tum on tha power supply. Keep the variabls output voltage control at
zato (the DC motor should not be tuming).

¢. Measure and record the following:

E=_L%% vas, W,=_27 W, W, =
95 W
L= 0.95A8c, lL=_.77Asc =_ % 7nac
= 10F vag

d. Tum off the power supply.
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0O 7. Cakulate the following:

a. Apparom power
= VA
b. Activae power
ETlw 95w . ) D w
¢. Power factor
d. Reactive power

var

d o0

Tum on the power supply and adjust the variable DC output voitage for
a motor speed of exactly 800 r/min.

Maasure and record the foillowing:

Note: /f the value of E, is less than in procedure 6, tum off the
power supply and intarchange any two of the three siator loads.

E="Fvas, w=L7_w, W, =

35 w
=0 %laae, 4=_07.nsc,  L=_0 E3Aac
E=_155 v

Is the active power approximalely the same as belore?
Eﬁ'es ONo

Increase the variable DC output voitage to 120 V dt; and adjust the field
rheostat for a motor apeed of exacly 1800 r/min.
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b. Maasure and record the following:

EF.AO_ZV&‘-. wﬁ‘.ﬁ_“‘. W, =

75 W
l,=_0'_g_5Aac. I,sﬂ_lkac, l= O.99A ac
E= Zfd\!gc

c. Retum the voltage to zero and turn off the power supply.

d. In procedurea 8 and 8 is the rotor being tumed with or against the
rotating stator field? Explain.

Tb S bemg Tvined agamst Yhe Aol

apd fence. 5 chle f ’-/r_(/.-/ur/- 4 ﬂﬂ;{f‘? l/d""a;?e 5

F_‘l/ 10. a. Intarchangs your DC ammature connections in order to reverse the
motor direction. Tum the field rheostat to its full cw position.

b. Tum on the power supply and adjust the DC output voltage for a motor

speed of 900 t/min.
¢. Measure and record the following:
E=207 Vae, W,=_00 w, W, =
95 W
h=10).t5nac, 1,=Ui/3Aac,  1,=0.%9Aac
E,s_q_q\fac

Ed/ﬁ. a. Increass the variable DC output voltage to 120 V dc and adjust tha fisld
rheostat for a motor speed of 1800 r/min.

b. Measure and record the following:

E.: ZOE Vac. W1=é_?" .wl w 2 L

W
l,= OfﬁéAac, lb=_.7° Asg, h={.F7Aac
E,= é Vac

¢. Retum the voitage the zero and tum off the power supply.
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d. In procedures 10 and 11 s the rotor being tumed with or against the
roiating stator field? Explain.

TS L&th urn ool withtte -Qcké/ Th,s

i o/ur y‘zau/sc s Ahe sfecAd dnesoy)

“H\c, /5/4450_ g 0= 4/5!4,;, i /;)11(¢nua£ao“?‘év)
v

REVIEW QUESTIONS

1. Knowing that the voltage induced in the rotor winding is zero when R is tuming
at synchronous speed, what is the synchsonous speed of your mator?

Synchronous speed = | £ 07 gmin
2. Knowing that the equation for synchronous speed is:
N, = 120f/P
whare:  Ng = synchronous speed {r/min)
f = power line frequency (Hz)
P = number of stator poles

detarmine the number of poles In your motor.

= 7 poles

4. Calculate the rator slip (in r/min) in procedures 6, 8, 9, 10 and 11. (Slip in
/min = sync speed-rolor speed).

slip{6) = t/min, slip (8) = r/min
slip (3) = r/min, slip (10)= rfenin
glip(1ty=_____r/min

87



The Wound-Rotor Induction Motor ~ Part 1

4. Calculate the percent sfip in procedures 6, 8, 8, 10 and 11.
sip(B)=___%, slip(8)=___ %
sip(B)=__ %, sip(10)=____ %
sp(i)y=___ %
5. Does the value of the exciting cument of your 3¢ motor depend upon the rotar
spaed?
OYes O No
6. How much power Is needad to produce the magnetic field in your motor?

var

7. How much power is needed to supply the losses associated with the production
of the magnatic field?

= w

8. Piot the rotor speed ve rotor voltage on the graph of Figure 48-2. Shouid It be
a siraight line?

O Yes O No
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1800

"~ 900
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r/min
[~

900
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1800

40 80 120 160 200
VOLTS

Figure 45-2,






Experiment 50

The Wound-Rotor Induction Motor — Part Il

OBJECTIVE
« To determine the starting characteristics of the wound-rotor Induction motor.

s To obsarve the rotor and stator cumrents at difierent motar speeds.

DISCUSSION

In the previous Experiment we saw that a considerable voltage appears across the
rotor windings on open cincult, and that this voltage varies Enearly with rator siip in
r/min, becoming zero at synchronous speed.

If the rolor windings are short-circuiled, the induced voitage will cause large
circulating currents in the windings. To supply this rotor current, the stator current
must increase in value above its ordinary exciting current level. The power
consumed (VA) in the rotor windings (and associated circuitry) must be supplied by
the stator windings. Therefora, we should expect the following: E

a) Atstandsiil, or at low speed, the rator currents, stator currents and torque wil
ba high.

b) At synchronous speed, the rotor current and torque will be zero, and the
stator wiil only carry the exciting current.

¢) At any other motor spead, the currents and the developed torque will be
between tha above extremas.
EQUIPMENT REQUIRED

Refer to the Equipment Utilization Chart, in Appendix A of this manual, 1o ablain the
list of equipment required to perform this exercise.

50-1
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PROCEDURE

CAUTION!

High voitages are present in this Experimant! Do not make any
connections with the power on! The power should be tumed off

after completing each individual measuremant]

M Using yowr Three-Phase Wound-Rotor Induction Motor,

=250
Vae

P

0-208V

Efectrodynamometer, Power Supply, AC Ammeter and AC Voitmeter,
connec the circuit shown Iin Figure 50-1. Note that the three stator windings
are connacted to the variable 3¢ output of tha power supply, terminals 4,
Sand 8.

WOUND -ROYOR
INDUCTION MOTOR

ELECTRO~
DYNAMOMETER

[+ ]

0-208Y

®

1

120Vac

Fgure 80-1.

@ 2. a. Coupls the electrodynamometer to the motor with the timing bel.

b. Connect the input tenminals of the electrodynamometer to the fixad
120 V ac output of the power supply, terminals 1 and N.

c. Set the dynamometer control knob at its full cw posltion (to provide a
meximum starting load for the rotor).

o 3 a Tum on the power supply and adjust for an E, of 100 V ac. The mator

should be tuming elowly.
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o s

Sor <

|

s

Measure and record the three rotor curents and the develaped torque.

l=_7.5 Aae, L=_27 Aac _
3 (uf-m‘();
h=_-2 Aac, Torque=_>-3  N-m fifin
Ara the three rotor currents approximately equal?
IB'{ea O No

Gradually reduce the load on the molor by slowly adjusting the
dynamometer control knob. As the load Is reduced the motor speed will
increasa,

Do the three rotor currents decreasa as the motor speeds up?
OYes DONo

Do the thrae rotor currents decrease as the motor speeds up?

& Yes O No

Measure and record the rotor currents at a torque of 0.2 N-m
[1.8 IbfIn).

=12 Ase, L=_-Z Aac, lb=_'' 7 Aac
Retum the voltage to zero and tumn off the power supply.
Connec! the circult shown in Figure 50-2. Note that the fixed 3¢ output
aof the power supply, terminals 1, 2 and 3 are now being used.

Set the dynamometer control knob at its full cw position (to provide a
maximum starting load for the rotor).
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: WOUND-ROTOR | ™ eLecrro-
0-8Aac | INDuCTION MOTOR | 0-28Asc |- -
. _2 © | ' DYNAMOMETER

o

®

Flgure 502

P
B/ 6. a. Tum on the power supply and quickly measure E,, |,, |, and tha
developed starting torque. Tum off the power supply.

l,=_(“_‘i_Aac I,a_,Jr__?Aac

E =7/ Vac, Torque=_7 7. 5_N-m [bi-n]
b. Calculate tha epparant pawer to the motor at starting torque.

Apparent power = 719 VA

REVIEW QUESTIONS

1. Assuming the full load 175 W ¢ hp]} motor speed is 1500 r/min, calculate the
value of the full load torque using the formula for output power:

ZnxNxT
P it it S



The Wound-Rotor Induction Motor — Part 1l

whore P, = Mechanical Output Power in watis (W)
N = Spesd in revolution per minuta (r/min)
T = Totque in Newton-meter (N-m)
| 75- 60
ek ki a__ L0 nem BT

2. Calculate the ratio of starting torque to full load torque:
12L& |bfgn= 2-576Am

Torque ratio = 2

3. Assuming that the full load stator current is 1.2 A per phase, caiculate the ratio
of starting current to full load operating current.

Current ratio =

4, It the etator voltage of a wound-rotor motor is reduced by approximately 50%
of the rated vakia:

a) By how much Is the starting cument reduced?
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b) By how much is the apparent power reduced?

c) By how much Is the starting torque reduced?




Experiment 5 ]_

The Wound-Rotor Induction Motor — Part IIl

OBJECTIVE

« To observe the characteristics of the wound-rolor induction molar at no-load and
fuli-oad.

» To obseive spead control using an extemal variable resistance.

DISCUSSION

; The three ends of the three-phase rolor windings are brought out to three slip rings
i mounted on the rotor shaft. The brushas bearing on the slip rings play an important
i role in realizing maximum advantage from the wound-rolor molor. By connecting the
brushes through rheostats, it becomes possible to davelop a higher starting torque
] than is possible with a squirrel-cage motor. On slarting, the full rasistance of the
rheostals is maintained in the rotor circuit, thus providing the very maximum starting
torque.

e

As the motor approaches normal operaling speed, the rheosial resistance is
gradually reduced until it is out of the circuit entirely at full speed. Although the
starting torque ol the wound-rolor malor is higher, it is not as efficient as the squirrel
4 cage motor al fuli speed, because the resistance of the rotor windings is always
more than that of a squirrel cage motor.

H A special feature of the wound-rotor molor is its variable speed capabillity. By
' varying the rheostat resistance, it s possible 1o vary the percentage of sfip and thus,
vary the motor speed. In such cases, below full speed operation means the motor
is running at reduced sfficiency and mechanical output power. In addition, because
of a high rotor resistance, the molor is mada more susceptible to variation in spaed
as the load changes.

EQUIPMENT REQUIRED

Refer 1o the Equipment Utilization Chart, in Appendix A of this manual, to obtain tha
ligt of equipment required to parform this exercise.
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51-2

PROCEDURE

@ 1. a

CAUTION!

High voltages are present in this Experiment! Do not make any
connections with the power on! The power should be turned oH
after completing each individual measurement!

Examine the construction of the Three-Phase Rheostat, paying
particular atiention o the circull schemalic diagramed on the face of
the module.

Nole that the arms of the three rheostats are separately brought out to
terminals 1, 2 and 3, The remaining ends of the rtheostats ara wired
togelher intemally and brought out to the N terminal,

Note that the three rheostats are ganged logether and ihat their
individual resistances ca ba varied simultaneously by turning the singla
control knob.

When the contral knob is fully ccw the resistance of each rheostal is
0 Q. When the control knab Is fully cw the resistance of each rheostat
is16 0.

9/2. Using your Thres-Phase Wound-Rotor Induction Molor,
Electrodynamometer, Single-Phase Waltrneter, Three-Phase Rheostal,
Power Supply, AC Ammeter and AC Voltmeter, connect the circuil shown
in Figure 51-1. Do nat coupie the molor to the electrodynamometer at this
lims!

. Sat the speed control rheostal knob at its full ccw position for zero

resistance.

Tum on the power supply and adjust E, to 208 V ac. The motor shouid
be running.

Measure and record in Table 51-1, the thrae line currents, the two
waltmeter indications (remember, 1o observe the polarities) and the
motor speed.

Return the voltage to zero and lurn off the power supply.
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0-25Aac WOUND - ROTOR
0-250 1, B INDUCTION MOTOR N
Vac ’ .
so—r—¢ @ -é % %
0-208V @ @ I b % 9
g 123 4538 ;
OO 000

1 4 1
U ey

ELECTRO -
DYNAMOMETER

¢

" L= ®

Flgure 51-1.

II{ 4. a, Couple the motor to the efecirodynamometer with the timing balt,
b. Set the dynamomeler contral knob at its full ccw position.

c. Repeat procedures 3 for each of the torques listed in Table 51-1,
maintaining the input voltage at 208 V ac.

d. Retum the valtage lo zero and tum off the power supply.

TORQUE 1l L L w, w, SPEED
{N-m} {amps} {amps) {amps} {watts) (watts} {r/min)

0

0.3

0.6

0.9

1.2

Tabla 51-3,

613

1
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TORQUE
(Ibf-In}

3 L [ w. W, SPEED
(amps) {amps) (amps) {watts) {watis} (r/min)

o

Oq Vo258 10.95 ¢y | 79 | 17¢0

3

0.9310.¢ |o-95] O []52 (1760

6

L 12 10-92( Vo8| Y (197 |[L10

L2 Log|1-2717¢4 [22¢]1560

12

L5226 0.5 V15 2761490

d 5.4

Tabla 51-1.

Set the speed control rheostat knob al its fuil cw position for maximum
rasistance.

Uncouple the motor from the electrodynamomater.

. & Tum onthe power supply and adjust E, to 208 V ac. The moler should

be running.

Measure and racord in Table 51-2, the three line currents, the two
wattmeter indications and the molor speed.

Retumn the voliage to zero and tumn off the power supply.

, L 1, W, W, SPEED
(amps) {amps) (amps) [watts) {watts) (rfmin)

0. 9710721 08| 52 [[00 |Ig=ze

0.3

0.97 1 9.9 | 0.93] & |56 |l4y10

0.6

[0S ) 0.9/ |lo6{37 | 18220

09

24 116711231 78 1220] 94)

5l={wf 0

1.2

Table 51-2
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TORGUE
{ibtn)

X L L W, w, SPEED
(smps) {rmps) (amps) (wniis) {waita) {rfmin)

0

3

6

12

Table 51-2,

. Couple the motor to the electrodynamometler with the timing bell.

Set the dynamomneter conltrol knob at its full ccw position.

Repeat procedure 6 for each of the forques listed in Table 51-2,
maintaining the input voltage al 208 V ac.

With a developed torque of 0.9 N-m [9 Ibf-inj, rotats the speed control
rheostat knob from full cw to full cow.

Dees the motor speed change?

Eﬁes O No

Does the developed torque change?
Eﬁes O No

Ratum the voltage to zero and tum off the poser supply.

. Connect the circuit shown in Figure 51-2. Note that the fixed 3¢ output

of the power supply, tarminals 1, 2 and 3 are now being used.

Set the dynamometer conltrol knob al its full cw position (o provide a
maximum starting load for the motor).

Set the speed control rheostat knob at its full cw position {to provide
maximurn resistance).

51-5
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WOUND - ROTOR
INDUCTION MOTOR .
- 0-2.5Aac ]
3 ®
|
s 1 2 3
1 4 1
2 5 8
3 % 1
ELECTRO-~
DYNAMOMETER

120Vac

. ©®

Figura 51-2,

E(.l 9. a. Turn on the Power supply and quickly measure E, I,. I and the
developed slarting torque, Tum off the power supply.

)= }'SAac, I = 2-/ﬁmc ,
L |a1°1i
E,= Lo gVam. Torque = L5 N-m [Ibf.in]
b. Calculate the apparent power to the molor at starting torque, ¢

Apparent power= ! 7 VA

REVIEW QUESTIONS

1. Using the resulls of Table 51-1, caleulate the no-loag characleristics of the
wound-rotor motor,

a) average current

= Aac

§1-6
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b) apparent powear

= VA
c} actlive power

= w
d) reactive power

= var

e) power factor

"

2. Using the results of Tabla 51-1, calculate the 0.9 N-m |9 Ibt-in] characteristics
of the wound-rolor motor (with 0 O extemal rotor resistance).

a) average current

= A ac
b) apparent power

= VA
¢) active power

= w

if‘

517



The Wound-Rotor Induction Motor — Part I

d) reactive power

= var
a) power factor
f) mechanical output power
= W [hp]
g) oefficiency ;
§
= %

3. Using the results of Table 51-2, calculate the 0.9 N-m [9 Ibf-in] characteristics
of the wound-rotor motor {with 16 0 external rotor resistance).

a) avarage currenl

= Aac
b) apparent pawsr

= VA
c) active power

= w

51-8
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d} reactive power

= var

e} power factor

f} mechanical output power

= W {hp]

g) efficiency

= %

4. Using the resulls of procedura 9 and Table 51-2, make the following ratio
calculations (use the 0.9 N-m [2 Ibf-in] characteristics for the full-load values).

a) starting current to full-load current

= Aac

b) starting torque fo full-load torque

= N-m [ibfin)

¢) full load current to no-load current
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5, The efficiency of ihe motor Is much lower when the extemal resistance Is In the
motor circuit. Explain,

6. The power factor improves wilh loading. Explain.

51-10
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