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Part A

(a)Céppér can be saved in end connections.

(b)The wavefoim ¢fgenerated emf can be improved
(c)Eddy current and historesis loss can be reduced,theirby the efficiendy
can be increased.

Salient pole alternator and smoelh-cylindrical type alternator.
EMF Method, MMF Method, ZPF Methox

Over excited synchronous motor used for'pf improvement is called
Synchronous condenser.

Precise speed control Precise position control.

PARTB

Kd=e.m.f. induced in distributed winding
e.m.f. induced in the concentrated winding

Let m= number of slots per ole per phase

n=number of slots per pole

=angular displacement between slots.

imp= phase spread angle.

Es= voltge induced in each coil side

mEs=Resultant voltage induced in one polar group.

Fig illustrate the method for finding the vector sum of m voltages each
valueEs.if m is large ABCDE becomes part of a circle with radius r
AB=Es=2r sinf}/2

Arithmetic sum=mEs=m2r sin mf/2

Vector sum=AE=2r sin mf3/2

Kd=Vector sum/arithmetic sum=sin mB/E/‘n sin /2
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1.First O.C.C is plotted from th given data.
ZS.@is plotted from the data given by SC test.Both these curves

are common origine. A
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Consider any field currentIf.the OC voltage corresponding to the
field current is E{f W.hen the winding is short circuited, the
terminal voltage is zero. Hence the whole of the induced emf is
isused to circulate armature short circuit currnt ljagainst
synchronous impedanceZs.

E=T4 Zs

Zs=E fi =Open circuit volts/Short circuit current

3.Since Ra the armature resistance can be found from armature
resistance test,Xs=JZs"- Ra*

4 knowing the values of Ra and Xs The vector diagrms can be

drawn' ", Ro = [ cotqriRad AV emp + TXg )=
%regulation=Eo-V. x (06
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fluxfield is creafej)? istribution in the pole area isnon uniform
due to shading 1mgs a ts of time t,,t,,t:are considered.at
time tq flux is crowded in t %ed part .The position of MNA
will be slightly to the left. ¢

At time tznoindued emf mtheshadm ﬁ@?so the position MNA
will be at the centre. C &g o)

At time tythe flux igstrengthened inthgshaded p6rii d so the
MNA shifted to the right of the pole.( &' <2

It is observed that the shifting MNA gives the effect of rotating
magnetic field to provide starting torque on the rotor.

| Universal motors are manufactured in two types concentrated pole
non compensated type(low power rating) and distributed pole
compensated type(high power rating).

In non compensated type the completegmagnetic path is laminated
and thearmature is wound type&.in distributed field compensated
type stator core similar to a split phase motor and armature similar
to a dc machine

Working-Such motor develop a unidirectional torque both in dc

and ac supply which can be explained with help of the following
f’gures CTThe sl Whrks o Ehe Sorne_
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Let ¢ be the flux e
7Z=No ofconductorsc
P=No of poles.

f=frequency Q/b

N= rotational speed in r.p.m

Kc= pitch factor = Cos$ oc|a O/y

Kd =distribution factor = St° ™ B> i C

The total flux cut by one conductor in onei?evolution%
Time for on revolution=60/N

Induced emf per conductor= = ¢p/60fN = ¢pN/60 volt where
f=PNﬁ20 substituting N=120f/P in emf equation

EMF induced per conductor=2¢f volts

Average value of induced emf per phase=2¢fZ=4¢fT volts.
RMS value of induced emf per phase=4.44¢fT volts.

If pitch factor Kc and distribution factor Kd are considered then
Actual value of induced emf per phase=4.44KcKdofT volts.

7Z=120%8=960

Turns per phase=120x8/3x2=160
Ke=1

Kd=Sin mf/2

. T Senple

No o slots/pole=120/10=12
m=slots/pole/phase=120/10%3=4

230




B=180/slots per pole=180/12=15

Kd=Sin4x15/2/4Sin15/2=0.957

0=0.056Wb

Eph=4.44KcKdTT=4.44x 1x0.957%.056x50%160=1903.59 V(=S
Line value= (3 (0" =3297.115V

OR
The effect of armature flux on the main field flux is known as
armature reaction. In alternators p.fcan considerable effect on
armature reaction. Consider three cases.

(a)Zero p.flagging . blux

Ay molowve (Slun

Here thearmaturé n direct opposition to the main field flux,
Hence the main flux ; . The effect of armature reaction
is wholly demagnetizing a hls less emf is generated.

(b)Zero p.fleading.

In this case armature flux is in phase with main field flux and
hence the effect of armature reaction is wholly magnetizing which
results in greater induced emf.

(c)unity p.f
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In this case armature flux is 90 behind the main field flux and the
effect of armature reaction is cross magenetising. The result is that




the flux at the leading pole tips is decreased and trailing pole tips
is increased. So the effect of armature reaction at u.p.f'is
distortional.

E, =No load emf. The voltage induced in the absence of the three
factors(,i)armature resistance drop(ii)armature leakage reactance
drop(iii)armature reaction drop.

E=Load induced emf. It is the induced emf after allowing the
armature reaction/it is vectorially less than Ey by [Xa.
V=Terminal voltage. It is vectoriallyless than Eq by IZs or less
than E by 1Z where Z= | Ka™ t Xi.*

®=load p.fangle

I= armature current/phase

(a)Lagging p.f

(b)Leading p.f




Unit 11
This method is based on the separation armature leakage reactance
drop and armature reaction drop.The experimental data required is
(i) no load curve(ii)full load zero p.f curve.
It should be noted that if vectorially add to V the voltage drop due
to resistance and leakage reactance X, .we get E..If to E further
added the drop due to armature reaction we get Lo.

o - > -—sgguﬁl@r—r"
The z.p.f lagging curve can be Bbtained ~"

(a)If a similar machine is available which may be dri /?70
load as a synchronous motor.

(b)by connecting the alternator to a 3 phase line w ith ammeter and
wattmeter and by adjusting the field current so as to get full load
armature current.

Point B is obtainedinsimilar manner when wattmeter reading was
zero.

OA represent the field current which is equal and opposite to the
demagnetising armature reaction and for balancing leakage
reactance drop on full load.So the full loac}z.p.f curve can be
drawn.

From potiel;triangle BHD, DE represents 1X; drop.

BE gives field current necessagy to,overcome the demagnetising
effect of armature reaction and EH, for balancing the leakage
reactance drop.

V = Terminal voltage on load.

E= V+ IRa+jIX_ (Vedsor S )
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OF represent the field current corresponding to E

FG=BE gives field current necessary to overcome the armature
reaction.FG can be drawn at an angle 90+¢ from OF

OG gives the resultant field current. The voltage corresponding to
this excitation gives Eo

% regulation= Eo-\VV
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The terminalvoltage incoming alternator must be same as that
busbar voltage. :

The frequencyof incoming alternator voltage must be equal to that
of busbar frequency

The phase of incoming alternator voltage must be same as that of
the phase of busbar voltage with respect to the external load
circuit.(i.e, in phase opposition relative to the local circuit through
the armature and busbar)

Two bright and one dark lamp method

When the incoming alternator is in synchronism with busbar the
lamp L, L; are bright and lamp L,dark.Since near the point of
synchronism the brightness of one lamp increases and of another
decreases so the instant at which the incoming machine is in
synchronism with the busbar can be accurately determined and the
paralleling switch should be closedat this instant.
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Consider when machine No.! is generating and supplying

synchronizing power =EIsycosd =EIsy(¢ is small). This power
output from machine No.1goes to supply power input to machine
No.2 and the total Cu losses local armature circuit of both
machines.

E Isy=E;lsy+Cu losses. [E| =Ez = E]
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Er=21, 005 [180--00/2]=2E cos [90—(e0/2)]=2E sin oo/2=c0E(since

w'is s
Isy=Er/Zs= l&if neglecting Ra)
Isy=wE/Xs o

Syncronising power su@@éy machine- 1=k Isy

Psy fEIsy—ooE Q
le v 0 ! ol
Total synchronizing === for the three phase .Jé__

Let Tsy be the synchronizing torque.
Tsy=Psy = 3xE X3 %

2. mNg 24T N
feo e L
When excitation is changed magnitude of back emf E,changes
where the load angle remains constant. Figure a shows the
condition when Eb = V. The armat Eq Furrent lags behind V by
small angle ¢ the internal angle ©= =25 xs is fixed.

Figure (b) Ee& V .Here Er isadvanced clockwise and so is the
armature current. Magnitude of 1 is increased but powerfactor cos¢
is decreased.

In figure (c) excitation is increased so that&)\{{lcrelﬁr is pulled
clockwise and so is the armature current. Now motor is drawing a
leading current. For some value of excitation the motor will draw
minimum current so that pf is unity. The variation of armature
current with excitation is in the form V hencepalled v’

curve. Thevariation of p.f.with excitation is intheform of mvertedv
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torque, pull-in torque and pull-out torque.

(i)Starting torque; The torque developed by the motor when full

Different torques of synchronous motor is .starting torque, running
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voltage is applied to the stator.

(ii) Running torque is the torque developed by the motor under
running conditions.

(iii)Pull-in torque : The amount of torque at which the motor will
pull in to step with stator field is called pull-in torque.
(iv)Pull-out torque: The maximum torque which the motor can
develop without losing synchronism is called pull-out torque.

N OR oA
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When three phase supply is is given to the stator winding a
rotating magnetic flux of constant magnitude is produced
With the position shown in figure (a) the two similar poles Ns
(stator) and N (rotor) as well as stator south poles(Ss)and rotor
south (S)will repel each other with the result that rotor will tend to
rotate in counter clockwise direction. But after half a time period
the polarity of stator poles changes as infigure(b) stator north
pole(Ns) attracts rotor south pole(S) and stator south pole(Ss)
attracts rotor north pole(N).Hence rotor tends to rotate in
clockwise direction. Hence rotor experience a torque first in one
direction and then in other direction. Due to the large inertia the
rotor does not move in any direction and remains stationary.
Now suppose the rotor is rotated nearer to synchronous speed by
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some external means andat the same time rotor windings are
switched on to dc supply thenthe stator field and rotor are
interlocked and rotor rotates continuously in clockwise direction
with the same speed as that of synchronous speed
Ns=120f/p.Thus synchronous motors are not self -startingand runs
either at synchronous speedor not at all.

()1t is used in power houses and substations in parallel to busbar

to improve the p.f. For this it isrun on no load with over excitation.

Overexcited synchronous motors are referred to as synchronous

condensers.

(ii)In factories having large number of induction motors or other

power apparatus operating at lagging p .f.it is used for improving

P

(iii)I¥is used in rubber mills, textile mills, for air compression in

rolling4ni}#s, motor generator sets

(iv)It is usédix§ grive another alternator to generate electricity at a

different frequericy fitan supply frequency(frequency changer)
Unit-IV

This motor starts with high capadifgnte connected in series with
the starting winding so that starting tgtus #Shhigh. For running a
lower capacitance substituted by the centrifugilswitch. The two
value capacitance can be obtained by using two tdpapitors in
parallel at the start and switching out one for low valt€ fupiit can
also be obtained by using a step-up auto-transformer in
conjunction with one capacitor so that effective value is increased
for starting
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