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SYNCHRONOU S MOTOR

1.0 COMPARTSOM BETWREN SYNCHRONOUS AND INDUCTION MOTOR

Indu ction Motor

Synchronous Motor

L.

3.

4.

It runs at 5 Speed leas than
synchronaus sSpeead,

d-phase inguctiop motor is
salf Starting,

1t always operatea at
lagging p.E,

It requires ac 3upply only.

Design and constriction
are simpler,

Lesa cost.

FPerformance of this motar
is very much affected by
the fluctuations in the

supply voltage,

1. It runs only at
synchronous speed,

2. Tﬁis is not zelf
Etartlngr

J. It can be cperated
at any p.f.

4. It requires both ac
and de supplies,

5. Design and constru-
ction are eomplicated,

6. Coat i3 more.

7. Ferformance is not
affected by the fluc-
tuations in the
applisd veltaga,

2.0 PRINCIPLE OF OPERATION

to a synchronous motor,
constant
is produced,

oF
The disadvantage e synchronou
self starting,

TG A fud e

Tatoy

a,.las that it 45 not

When a 3-phase balanced voltage is applied

a rotating magnetic field (RMF) of
f4edd and rotating at aynchronous spced{}&)

This BMF can be assumed as two Foles rotating

in clockwiae direction at synchronous speed,

47
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H-_' and ;I! " h“ Irh

Fig,1 shows tha stator poloes
!"lt: t'hl‘! t“_"

the firat half perlod, the stator nes Hﬂ Atig)

A repulalve forge la produced, The rotol tenda to L TY

In anticlockwlra directlon.

Mring the next halt period, the stator has g,
the top and H at tha bottom, With thla polea an 'ﬂmur.
in F19,2, an attractive force ia produced, The rotog
tends to rotate Ln clockwine direction,

Thus the rotor La subjected to quickly reversing
t
Ofiue. The rotor can not respond to thls torque becgyg,

of .
the large {nertia, Hence synchronous motor la not geyg
atarting, - ' ' -

G5 !. _. =5 \\,\\. a
”‘ (S 'U &)

If the rotor poles are also rotated ot aynchroneus
apead, . .
) ¢ 49 shown in Plg.3, roter poles interchange theip
position by the time the stator Polea change. The roe
Y L w
poles are attractad by the stator Poles and they move
together., Thua the synchronous motor works on
ple of magnetic locking,

the prineci.

40
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MOTOR OM LOAD
{Eigniflcance of load angle)

The
Stator and rotor Poles run at synchronous

8ince they ara magnetically locked. In an 1deal
motor the axes of fotor and l

load. But, yhen the mor
phase angle

speed

stator poles cdncide on no
or 15 loaded, there i{s a small
dlffersence batwaeen thﬂm; This angle is
known as load angle or tomue angle. As the load on the
motor is increased, the rotor falls

back by a larger
angle, but it atiy] countinues to run synchronously.

The mechanical power developed is approximately

ejqual to %g Sinec . Where oc is the lecad angle,

Increase iR loag demands an increase in the mechanical
power developed. As the load on the motor increases,

the load angls increases., For o< betwessn 0 to 90, the
mechanical power developed increases with the increase

in the = , But, beyond 90, the mechanical power deve-
loped decreases, Hence the rotor becomes unstabls. The
synchronism will be lost, The rotor pulls out of step,

MOTOR WITH CONSTANT MECHANICAL LOAD & VARTABLE EXCITATION

'l.ulr
e
|
et et e \ “ |
E“‘
S
. W
-lr lll.
i 4
.
T
|
]
= E S
Fig.¢ ¥ Flo.s T
[}
e
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Con
Gn.!-’-i.iﬁr i l?”ﬂhm“ﬂlu' mataE I'"P“r-.t-i"'] fin canatant
nechanical load., If the emf E la equal to the termi.

ek Yoltage v, the corceaponding excitaglon in calleq
100% excitation, If it ia below 100%, the machine |a

73ld to be yndar exclted and for above L00%, Lt 1a overp
excltad,

The phasor diagram of under exelted synchroniis
moter ta shown in Filg.4, The resultant voltage Er ia
©btained by adding the vectors¥ and =E. The
VECtor I lags 1Z vector by an angle @, From Flg.4, L «
be seen that the current vestor lmga the voltage vecto
by a larga angle @, Hence the p.f will be lower. Thue
the under excited aynchronous moter operates at lagiging
P-£.

The excitatlon is adjusted such that the MF |3 |
S1ightly greater than the terminal voltage as shown in
F19.5. The emf is such that the current vector lags
12 vector by 8 or the current vector coincides with
the voltage vector, Thus by adjusting the nxcitation,
the synchroncus motor can be operated at unity p.f. The
current at unity p.f will be minimum,

The phasor diagram of over excited synchronous
motor 1s shown in Fig.6. The IZ vector iz pulled down-
wards and the current vecter will be on the left side
of voltage vector (or) the current vectar leads the

voltage vector, Thus a ovar excited ugnchrgnau! motor
gperates at leading p.f. The locys of extremity of

current vector 1s a stralght line sinee the real compo-
nent I cos® 13 constant, This is constant bacsuse the
mech load 13 conatarst,

no
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SYNTHRONOUS CONDEN3=R
.

An ar
9ver exclted ccndenaar takes leading zurrent

1ike a capacitor and hence Lt 15 called ynohrang
condenasr or Synchronous ~a

naous motor ig Usefyul
i3 system sine

in Improving the power fa-

e its own BPower factor can be wvarled, In

o ow bl el

n indu "
? 355y having several incuctlen motors, zne synche

T -

- nF
factor of tha 3ystem ag shawm in E‘;L;_'?, The thasol

disgram of the synchronous esndenser is shown in Fl3.5,

i

The current taken by tha synchronous - -

C2PAcltor must be equal to the reastive ; :
current drawn by the induction motor

to ralse the p.f to unity,

— y
.\xl cemr .
r >
tan @ = Py tan g, - P, tan ﬂﬁ -“x
P, + P, _
e
P, & 8, are the total real and reactive poweZs of the T e

1 l
induetion motors.

P, & Q, are the real and reactive powers of the synchrozsus
motor, b,

$, W, 1s pf angle of induction motor (lagging) &, is pf anjle
of synchronous motor (leading)
¢ is the overall power factor angle,
tan @ & ¥ can be obtalned from the above equation, Cos
is the over all pf of the aystem,

Lid

¢ -4 e
! 2" — -
T—H‘ » = L, =Ty F
[ L-\' 5 F JIF
- _.F_;-._ _____:l !I.-i:,_ ‘,,‘p-
JII r::r /_l “
= 11

L

=3
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VEE AND INVERTED VEE CURVES

C

:

'.-'q.r'."q.-'ﬂl.'.r‘,.-._-'j.:l

Fl&. 8

The cireuit for obtaining vee and 1 > &
s

curves is shown in Pig.8. The three phase aC suppi‘?
en

given to the armature winding, The dec supply is giv

1=
to the fFleld windlng. The watt meter on the ac slde
ammatér on ac side indicates

nvaerted vee

dicates the input powel.
armature current. Ammeter on dc aide indicates field

current, By varying the field current, nete down the
readingas in the tabular column shown below:

S.No. Ig I v W pf = W/VI

The graph with field current V/S armature current
with constant input power is known as vee curve, The
graph with fisld current V/5 p.f for the same lnput
power L8 known as inverted vee curve, They are shown
in Fig.9. From Fig.9, 1t can be noted that the armature
current vacles with excitation current (Field current).
From the vee curve we see that the current has large |

for low and high values of fleld current. e powsen o
Ejﬂuﬂm-.mn.b bl e, -"-g whidg ﬂ«vﬂ? e waniaben o b £ wilkh el
an inverted V curve. It can be seen that the minimum

armature current nﬁfurs wﬁenﬁfhe pf 1s unity.
" PEsE
l"-,I # :'m'-.l ! e

—
i
e

-l-.'u- i

I, |
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ATING *T ’ L
————= HETIODS 0¥ syucunoNous moTon

—“ynchronous maotor la not aelf atarting,
various mathods of Btacting

T
AL .

1. Pony motor atarcting
2. Indu ction starting

Fony Motor Etartingt Pony
A amall de matar or
niecally

motor means a small motor,
‘nduction motor may be coupled mecha-
to the aynchroncus motor for etacting., If the

de supply in avallable, de motor ia used, otherwise in-
duction motar can be uged, At the time &E ntaftinqrthe

Pony motor drives the synchronous motor tlll aynchrensus
speed. Later Lt ls disconnected,

Indu. ction Starting: The damper winding provided on the
Totor acts as a squirrel cage rotor, This is because the
demper bars placed in the alots on poelefaces are short
circuited by copper ringa, At the time of starting, the
dc supply i3 not given to the fleld winding. when ac
supply is given to the stator, the motor starts as a
squirrel cage Induction motor. When the motor rotates

at its maximum speed, the dc supply 13 glven to the fleld,
Now the rotor and atator polea get interlocked with =ach
other and the motor now runs as a synchronous motor. At
asynchronoug speed, the emf induced in the damper winding
iz zero. Hence the effect of damper winding Ls nat there

at aynchronous speed,

puring the starting, the field windlng is also cut
by rotating magnetic fleld. A dangerously high voltage
may be induced in the fleld winding. One of the methoda
ta limit thias high voltage i3 to short elrcuit the flesla
winding through a realsatance during starting. The applied
ac voltage may also be reduced to reduce the flux and
induced voltage in the fleld winding,

23
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HUNTT 13

ror due to
Momentacy speed fluctuatlions of mo

swinging,
change of load i3 called hunting o phaae

ot
ghe angle
tor increases
When the load on the mo motor is opera-

increpaea, Let us assume that the .
n
ting on full load and the correspen I

load angle is oL, as shown in Fig.10. -
If the load on the motor is suddenly . Fle
reduced to half full load, the anglefl
between atatar and rotor poles change B
and rotor tries eo attaln Lts mew J}Hrfjfﬂ“_f- -~
'.E.rl i 1 ! 5

balanced position at ol g In doing T = =
s0, the rotor due to its own inertia LT
will move to ol 1* Mol the mechanical power deve-

: The rotor

loped 13 not sufficlent to meet the load.
slows down Llnorder to produce necessary mechanical power,
It passes beyond ﬂLI and reaches p - NOW extra power
developed by the motor i3 not needed by the load. Thus
the rotor will oscillate about final stable position :pcly
and this ost¢illasion of rotor is known as hunting,

Hunting is reduced by using damper winding which
i3 provided on the rotor, When hunting takes place, &
di fference in speed of rotor and RMF induces an emf in
the damper bars, According to Lenz's law, this emf now
acts in such way to reduce the difference betwesn rotor
speed and the synchronous speed. Thus the damper bara
keep the rotor speed equal to the speed of RMF,

APFLICATIONS

1. They are used in power houses and in substations to
improve the power factor.

There are used in big industries g improve

. _ the pf
where many induction motor 4

: are inatalled,
3. Stroboscopic ang timing devices

4. Rubber mills

5. Textile mills

S
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ADVANTAGES

le It i3 » conatant speed moror

2-
It can be operated at leading, lagqging or unity

power factor,

3. The efficiency is very high,

DISADVANTAGES
1. It i2 not saslf starting,

<. They are more costly and have complicated construction,
3. D.C supply {3 alsso neecded,

4. The problem of hunting is present,
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FME Eguation

| v fh vocton diaeram

F2 o (Vensd - TR 0 (Vsind - T
Fr Voosdd o FRE- 2 VIR cosd

Wit - 13N - 2 VIN, sind

e

VO BEE N2V I(Rensd 1 N sind)

bo N2 2V A (W cosd 1 N7 sing)
Ve b 2N 1 (ensf) cosd + sinD sind)

5= Vir EF-2VE, cos(d - §)
Where E=1Z

5 ('E'Jﬁ .o N o ‘E;J‘.':
P N - .
‘o, P L R")’/ e
) 4 &
2 { by -'IIII "L-"" <4
-,"l. m,.'r- * .E..i'r"l "
& .u.'f
S0
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plectvical Power lnpug

L&
vo= Applied solvage | plase

P BN mdieed ! plise

| = At cunrem S plase

1= Mt resistanee S plinse

N - Sviclironous reackinee | [hise
/= Ssichranous impedancy / |1||i.,_~,L-

a - Torgue angele y
f- I|1L|1c1|:=|':cu angle o _ T %
- Power facter angle o .
Let vs take voltage us relerence vector £
.IIL. oy ‘LILI:.L

LU 13

=Gl
= E{cose - j sing)

o
[ e
F
Voo Ulense - [Rsine)
i e e i T
/.
(V-liense) | jlisine
| e e s
.f"\
(V-Ecosn) +jEsing R -)Xs
| = c-memmmmemcaw———ee {-*-'_'—--}
R+ X)) (R-j X,)
[(V-Ecosa) +iEsine] R jXs
e et = }
| 7

——mm
o e e R
e

e o T e T
e o e

.
v w Real part ol |

I I e mme e

Rl power it
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i ||||-f_'| n latdvugge el ¢ | armit ‘!“lE”

o ———
[ T —————

i

VoLoed - VI looseensB - sinagingd)

==
e ———
i R L L B P peppepnempa—— 8§ 1 4 1S

4,

VEenal - VE eos (0 + )
Moy 'ru;uu ,Flgh e Y -

£,

A |u*l_'ll;_|_|l_:i£.'||_]'_t.|_ﬁr[ l"-'_ll_lll.IU.'

I
|

' = Methanical power developed / phase
I - Terque developet f phase

V- Applied voliagee / nhase

b= ENIF induced / phase

- Armisture curent v

I - Arnsiture resistance / phise

: "

N = Synchronons teaciance 4 pilbise =z

£ = Stawchesaons impedance / plase R i =~ = ==~mmn REF
0t - T orgue angle =

B - Impedance anule
© = Poower factor anele

In synchronous motor
Vel ~IE
multphy throushout with |
vI-EI-1FL
Keal pan of LIS - Real part of RHS
Ve Renl part ol 121 « 121
foput Output o Josses
[heretime echanical poser output is the real part ol 141
Take ENF as reference vector
e 4 :E:fi

R IEN Ir}

R el

b ] coss

bow real it ol )

EoElo

Voo Vicose + g uine)
Ed -
VE

SA
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Vieomee 1y sinee - [0

/

L 2 e 1 P
VooosaeeosB © VY sinegani .

o

fernB) - gy

I'. Lrlul'] ' '14;““

-

/.

| W ) .
"l' l:.':'l:‘i.l-B = [.I_r - I'I L[J“b - J":rl"-"l

Z

Aultiply the real part of carrent with I 1o gt mechanical power developed

VE cosil - e} - Freash

I L S -0 e O L

£,

Condition for Mazsimum mechanical power developed,
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singla Phase Induction Motor

The conatruction of this motor i5 almost similar to
1.¢ Induction motor except that the stator 13 having a single
phase winding, The rotor is similar to th2 Iotor of a 2-7
squirrel cage induction motor. The rotor bars arez snort
circuited by end rings.when l-p a.c. voltaze 45 applied to
the stator winding, an alternating flux is produced.

During the positive half cycle, the flux induce a voltage

in the rotor and the resulting current produce a torque,

The rotor tends to rotat: in one direction. During the
negative half cycle, the torque produced tends to rotate the
rotor in opposite direction. 3ecause of the inertia of the
rotor, the rotor cannot rotate in any direction. That Is

why the 1-¢ induction motor is not self starting.

The working principle of 1-g induction motor can be
understood by using double field revolving theory.

DOUBLE FIELD REVOLVING THEORY'

when the emf follows sine law, the flux follows co-sine
law given by ¢ = Au cCos wt

We know that

ejwt 3 e-jwt
Cos wt =
° 2
Jwt -jwt
g B (= )
’ = ﬁm jwt ’m o-j'd{; _—

T e + —z—- 2

dence an alternating flux can be rapresentad by two

rotating fluxes, each equal %> half the value and sach
rotating synchronously in opposite direction.




me resultant flux as different waluss o0f o 2
pod using the following vecsor diagrams.

P ™
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£
when @ = 0, resultant flux = -!"—¢’--]- as
zhown in Fig. (1), "en & = 30, § = 2x 'n Cos 30 = 9.5€8 .I:

*s shown in Fig.(41). At @ = 90, resultant flux is zerc
2s shown in Fig.(i1i1). At S =180; @ = -'. and 8 = 380,
§= ja 3s shown in Figs, (iv) and (v). The graph drawn
“ith flux on y-axis and § on x-axis i= noshing but a
=>sianisgidal curve as showm in Piz.(wvl).

If the actual speed of rotor Is N RPN, then the 1>
“ith raspack to forward rotating flux is 3,.

'ﬁ. - N
R B o s TS i



The backward rotating field rotates in a direction
opposite to the direction of the rotor. Hence the speeq
should be taken as =N.

g U R i
Ny > »"3
Ny & N =N+ Ny 2 N, - (N, - N)
N, N,
N - N
® 2 = —w——.
8

Sb = 2 -5

Anticlockwise and clockwise fluxes revolving round
the stator cut the rotor conductors and induce a voltage
in the rotor, This voltage circulates a rotor current as
the rotor i{s short circuited, The forward field produces

od  bolrumnd  Liedd Pproduce bagcwand tovaug.
forward torque. The resultant torque is the difference

of Te and TS since T and T,, are in opposite directions,
wWe KmnouwTr ok

2T N T
S: X “5 = Izz R2
§ x T 'Txérg‘ﬁ“ 122 Ry
%152 R, 2 xxzzaz
T = 7 T. = ~
St £ 3
K 122 R
Py 2
b 2 AR 5
K I2 R K 1.% R
T=a T ' T = _L 2 = 2 2
£ b s J-8
& 2 1 't
T = K!z R2 (T —W_ ne>. b2

At stand still condition, S = 1, subsS = 1 in =q.(1)

Tst = 0. Thus the 1-7 Induction motor is not self starting.

If the rotor is rotated in clockwise direction, Si
and Tf1‘ and Tbl « Hence there {s a resultans torgue in

oh et ol atabew te T vrh




clockwise directlon. If the ropor 44 rotated in backward
girection, there 1s a resultant torque in anticlockwise
girections The 1-§ 1

«M. rotates in the direction i{n which
(¢ is made to rotate,

rypes of Induction Motors

s

(1) Split phase resistance start induction motor
(2) Split phase capacitor start induction motor.

(3) Permanent split capacitor induction motor,
¢4) Shaded pole Motor,

1. Split Phase Resistance start Induction Motor

A

A4
. —— Y —_>.7
th 7% T
| i — AOmILIARY
-gp

NA\N WINDING

=
RoToR
SOPPLY WINDINDY Ci g
. r

'3

F\'a (é)

R

Fimqg L
In a split phase Induction Motor, the stator is
provided with two parallel windings displaced in space by

90°.

Fig.B showa the windings of the split phase Induction
Motor,

The starting winding or Auxiliary winding has less

turns of smaller diameter to make the winding more resistive,

(R} = -gi!'r) «» The rynning or main winding haa thicker

turns and a large rr.nbct of turns to make the winding more
inductive (Lt = ..g..l )

The vector diagram shows the phase relations of
starting winding current IA& current through main winding ..
The resistance of the starting winding is incresased by



connecting a high resistance R in series wi;.h it. Hence
the current I'\ lags behind V by angle of 18°. The currens
I, lags behind the voltage V by a large an.gle(«).me two
currents I,\ and xm displaced by an angle 30 produce a
Rotating Magnetic Field (RMF) in the stator. This RMF
cuts thiroctor conductors. A voltage is induced in the
rotor WI‘ndJ.ng. This voltage circulate a current in the
rotor conductors. The current carrying rotor conductors
experience a force and rotate In the direction of RMF,

After the motor reaches 75% of the rated speed, the
switch connected in series with the starting winding is
disconnected. Thus the atarting winding is connected only
at the time of starting., The torque developed o< sin
Since =C 13 around 30°, the starting torque is leass,

Disadvantages: (1) Low starting torgque (2) Noisy.
Abblications : (1) 0i) burners, (11) Machine Tools, (111)Grinders
(1v) wWosking Machines, (v) Air blowers,

2, Split Phase Capacitor Start Induction Motor

T >"QT|H~'~'-',I w1 rneds
= = UESLERECNE @ 7y ! Ma
A N TS o ks
- e 2
MO 40
SOPPLY Gl - _ ¢\_
Yk | g
Y By 7 : g ;
Fle\fw 3 :‘L’,
Fiai T
™

In this motor, a eapacitor s connected in series with
the starting winding. Therefore the current in the starting
winding will lead the applied voltage, The current through
the main winding 1s lagging the voltage by an angle of 40° as
shown 1nol-‘19.11. The angle ' o ) between cuETents 1 and
I, is 80°. The torque is Pruportional to sine< . -'s?mc.qcis; ‘?J



jarge starting torque is large for this motor. The powe
® r

gactor angle § 13 less when compared with resistance split
jnase motor. The power factor of the Capacitor split pha
mot“ is improved, The starting tor que e
3 £O 4.5 times the full loag torque. Once the motor reaches
q5% of rated speed, the centrifugal switch (C5) opens and
4isconnects the starting windin

9 from the circuit,

of this motor is

ﬁ,_u_ncatmﬂ3= 1) Pumps, (2) Compressors, (3) Refrigeratdrs
(4) Adr-conditioners (5) Washing Machines,

3, Permanent Split Capacitor Induction Motor

S L i

‘"¢’ Moum 3
SOPPLY u)imrltma %
- e

Filg: |2
in this motor, the capacitor connected in series with

the auxiliary winding is used im & starting and running
conditions. Since the motor runs continuously with the
capacitor, ceantrifugal switeh is not required, The
advantages of this motor are (1) increased overload capacity
(2) Higher power factor (3) Higher % (4) Reduced noise,

T he motor behaves like a 2- g Induction Motor. The capacitor
used in this motor must be designed for continuous duty.

The capacitor used is an oil filled capacitor. The noise 1s
reduced becausec the motor produces a uniform RMF, This
motor ia costlier than the split phase capacitor motor as the
auxiliary winding has to be designed for continuous duty.

&zlications: (1) Exhaust fans, (2) Blowers, (3) Office
Machines,

-



4. Shaded Pole Induction Motor
- i A

. ~ Shadive —/—>ad
Ve l-’ T, - |
| o SR, oo S cil ! |
< — R
‘ . f‘EL“ LAI,’\( \ |
S| WINDING RomR 7 |
lﬁ' Lol H
‘:«——- = _,_’-f’/ v v --
J a i
Twoll 1
. i,
Filg 13 N
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This motor has salient poles in stator and squirrel
cage type rotor. The pole is cut at 1/3rd distance from
one edge. A thick short circuited copper coil (or band)
is provided on the smaller part of the pole. This part is
called shaded part and the coil is called shading coil.

Principle: When an alternating current is passing though
the field winding, the axis of the field will be moving

from unshaded part to the shaded part,

Consider the first 1/3rd of the positive half cycle
shown in Fig.l4(a), The alteynating current through the
coil is increasing, The flux due to this current induce a
voltage in the shading coil, A current circulates in shading
coil since the coil ic shomg circuited. This produce a

AT 10T 7 2 o




na direction opposite to the main flux according to

glux 4

Jenz 'S jaw. The flux in the shaded part is decreased.

rhe ¢ield axis will be at the centre of the unshaded part.
= il

in Fig.14(b), the line current has reached the max.
value. The flux 1s also maximum, There is no chanje In
glux, There 1s no current in the shading coil. The flux
is uniformly distributed across the entire pole. The field
1515 4s shifted to centre of the pole,

consider the last 1/3rd of the positive half cycle as
shown in Fig.l4(c). The line current is decreasing. The
{nduced flux opposes the cause of creatlon. Main flux is
the cause of creation of induced voltage. since main flux
1s decreasing, induced flux will be {ncreasing. This
induced flux concentrate in the shaded portion. The flux
{n the shaded portion gets weaker as the line current 13
decreasing. The field axis 1is shifted to the centre of the
shaded portion.

Thus the pole shading create a RMF in the stator and
the rotor rotate in the direction of RMF.

Merits: (1) Rugged construction, (2) Chaper (3) Small in
size (4) Less maintenance.

Demerits: (1) Low T_, (2) Low 2 (3) Low PE

uscs: (1) Motion picture projectors, (2) Small fans

(3) blowers, (4) toys, (5) hair dryers, (6) ventilators,
(7) Electric clocks.

Rggulslon Motor

A repulsicn motor is a 1-g§ motor having a stator
winding connected to supply and 3 rotor winding connect@d:
to a cammutator., The brushes on th2 commutator are short
circuited as shown in Fig.15,

The stator of a repulsion motor is similar to that of
the 1-§ Induction Motor. stator wlgginq is distributed in the
slots of the stator core. Rotor repulsion motor is similar



to the rotor of the D.C. machine., Rotor winding 1is providea

in the rotor slots and it is connected to the cammutator,
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When a-c voltage is applied to the stator winding,
alternating flux is produced, This flux induce a® emf in
the rotor winding according to faraday's law, 1In Pig.ls
brush axis coincides with the main f£ield axis. The direction
of the induced currents are shown in Fi3.16. Applying
flemings left hand rule, the upper half of the conductors
experience a force in downward direction. The ‘ower half
conductors will experience a force in upward direction.
Resul ting force is zero and hence the resulting torque is

zero,
In Fig.17, the brush axis is perpendicular to the main

£ield axis, {.e, the brushes are snifted by 90°, The
direction of the induced voltage in the armature are sxactly




™e net voltage op

yoltage on LHS of the brush i Sim.tlarly the net
¢ 8

v 22ro,
conductors carry no current angd hence no +
e Q

| in thils position also, rque is developed

The armature

| In Fig.17

% g , the brushes are shifted such that the brus
| axis neither {n line with main fleld ax - .
| cular with the field axis

| between the
'. t btUShea. mla v°ltaggwill circulau»_. 2 Sl

: in the armature conductors and a torque is produced.

is nor perpendi-
A _net voltage is available

The armature will act as an electramagnet and develope
poles ¥ & S as shown in Fig.@a: The stator poles are shown
g “l and S,' The rotor north pole is repelled by the stator
north pole and rotor south pole is repelled by the stator
south pole, The motor rotates in clockwise direction for
the brush position shown in Fig.1§. Since the forces are
: repulsive forces, the motor is called as a repulsion motor,

Applications: (1) Machine tools (2) hoists (3) Mixing Machines
(4) Centrifugal pumps, (5) fans, (§) Blowers.

A.C. Series Motor
——

series motor is similar to the
In this motor, Armature ard
C. aeries motor.

e working of A.C.
4nn of D.C. series motor. A
AL S in series similar to 3 .

- are connected
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During the positive half cycle, the top terminal {,
positive and bottam terminal is negative. The polarities

of poles and induced currents are shown in Flg.
applying fleming's left hand rule, we £ind that a torque {s
produced in anticlockwise direction.

During the negative half cycle, the top terminal is
The polarities

19, By

negative and bottom terminal is positive,
of poles and induced currents are shown in Fig.20

field and armature windings are connected in serles,
the direction of field flux #§ and armature current reverse
simultanecusly for every half cycle. Therefore the direction

of the torque remains unchanged,

The
Hence

This motor suffers from the following disadvantages:

(1) Low power factor, (2) poor comnutation, (3) Excessive

§ron loss and heating of machine,
(1) Low power factor:
The cause of low pf 1s due to the anf induced in the

rotor winding due to transformer action of the alternating
This emf can be minimised

flux produced by stator winding.
by providing an extra winding called caompensating winding,

TWo methods of compensations are (1) conductive compensation

(2) Inductive compensation.
.-'—’_‘/---!
i ‘\ Moum
LY MAIN cield
FIECD

e T e
: Fig: 2| \ali o & 4‘7

ey ki
2. Poor Commutation

This 13 also due to the voltage induced in the rotol
winding durding cammutation period. This is improved by
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mn“cung an additional winding called Interpole winding
as shown in the Pi3.23,
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3. Excessive Yron Loss FIG 23

These are due to the alterations of the flux. To
reduce the ron losa, bothMator and rotor cores are
Iaminated, Reduced frequencies like 25 hz, 15 % hz are
used for reducing the Iron loss,

Let R,» Xa = Resistance and reactance of armature winding

B. ,X. =~ Resistance and reactance of compensating
winding

RI-"XI - Resistance and reactance of Interpole winding

g. an - Resistance and reactance of Main field
=, winding
E - EMF induced Iin the armature due to the
cutting of flux

In D/C machine V = E + I, R,
In A/C machine V = E + 1, (Ra + 3 X)) Ia(ac + 3%
+ 1 (RI+jKI)¢Ia (Rmoj.\sn}

Take -I‘ as ref, vector "E‘d’ﬂ v
7,
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Universal Motar

ts a fractional H.i. series motor which eap
The main parts af

THis motor
operate satisfactorily on A.C, and D.C.
the universal motor arc: (1) Yoke or stator frame (2) stiyeer ‘

core (3) stator winding (4) Rotor core (5) Rotor winding

(6) Commutator (7) Brushes and (8) shaft.

Principle of Operatlon

The principle of operation is similar to tha principle

of operation of A.C. Series motor,

(PEPEAT THE FPORTION
A.C. SERIES MOTOR NOTES)

The motor works on the same principle of D,C. motor {,s,
force between maln pole flux and current carrying conductors
produce torque. This motor developes indirectional torque
whether it operates on A.C, or D.C. supply.

Speed control of universal motor:

The following methods are generally adopted,

1. Resistance Method:

WL
The motor spesd is o % ,S;cr.‘t»
contrulled by controlling ‘)
the reslsatance {n the |
circuit. — Fion | 2S
2, Tapped Field Control
C1l cd
The field coil is split oo —
into two coils <'_“l and C,. gm_[ :
From <ell 1, taps are — J
brought vutside, By varying the Py
top position, the field
‘Sstreagth can be varied and hence N — T
the speed can be varied. The Fla 46
power loss 1is minimised {n
this metaod,

al of




jprerchanged by reversing either the current through
_pmature Of the current through the field winding.

The torque T=ois9g 2 1 P/A N,

’ ™ \
T / A
1 e
» In

CeF

Fiy 41

The characteristics of universal mator are similar
to thordae of D,.C, series motor,

performance of Universal Motor with A.C. and D.C.

1. Field Construction :

with D.C., the flux produced by motor winding is
constant. Hence there 1s no loss due to Hysteresis and
eddy currents in stator core. The flux produced is pulsating
with A.C. The hyMteresis and eddy current loss are more
with A.C. Hence the stator core of universal motor has to be

laminated to reduce §rom loss.
2. speed:

The inductive reactance with A.C. supply is more,
with D.C. is zero. Hence the voltage drop with A.C. is
more. Voltage applied to the armature with A.C. is less,
Hence the speed of universal motor {s less with A.C. supply.

3, Coammutation:
The emf induced in the short circuited coil during

commutation period will be more on A.C. than on D.C. supplye.
This emf is due to the alternating flux produced by A.C.
Dye to the emf, more sparking at the brushes will take
’m\ and reduces the life of the brushes on A.C. supply.
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Adva ntages:

WO e

High Speeds from 3000 RFM to 10,000 RPM are possible
High power cutput 1s obtained from a small machine.

High starting torgue.
Variable speed operation is easy by controlling the

Speed,

.Qiﬂadvantages:

~N
.

More maintenance is required due to the brushes,

More noise at high speeds,
Reduction gears are required for poytable tool

applications,
Life of the brushes is reduced,

Applications:

1,

Vaccum cleaner, (2) Seiwing machines, (3) Food Mixers,

(4) Electric showers, (5) Electric Sirens (6) Hair Dryers,



| —+ PULSE
| RATE

The construction of stepper motor is similar to a
| synchronous motor. It moves in steps unlike any othar motor.
The stator contains multiphase winding. The rotor can be either
permanent magnet type or variable reluctance type Filag shows
a four phase stepper motor with permanent magnet rotor. A
stepper motor _YS€S: permanent magnet rotor. A stepper motor
always operate from a digital circuit which can supply
electric pulses. The rotor moves in stens of 90" {f the
winding are excited in the sequence N_ N N _ and N,.

The characteristics of o« sterper motor are drawn between
Steps per second [pulse rate), As the pylse rate is increassed
~ the torgue is reduced.
A stepper motor has 3 small size =nd is a chean drive
t. Typical applications are: table positioning for machine
-.ﬁ.’,’!j-gibgurg. tap drivers,line printers and other
- perivheral devic-s. It has manv other apnlications in
of packaqcs,food s’t.qff s, commercial and nroducts
ion of science fiction movies,



: .
5 s'map}:xMOmRS deprees in espunse 1 an
ates by o specihic numbﬂl'“! Z.g' 5% 7.5 and 15° for
A stepper e m, Typical atep sizes are 2% n.mlﬂ'-'“ 1 ineremenial
mp;n g:td "::‘:’ 3;;;.“’1;,¢ stepper molor is an‘ﬂf:‘::'u' o output shalt mo-
cach elecivie aver! digital pulse inputs A train of pulses ls
actuator 1that can convert ‘di ital control systems. bl
3 y R svsar nor
T Ihﬂ:{:’:a‘l?:ldlancm:wr by steps. Riethir a::::l‘c::‘;‘:o ke the
made to turn the sha ally required for the steppel lications of step.
i feedbach 5"*“‘""‘:‘7 the input command. Ty pieat n.pp' ape drives, disk
ik lrnl" ::rulrin:“;ncrém"“' motion .rc.pn’?!? =sl"cco':'dcfs and ro-
per molors re : trol systems, A~ v
g:in{ea. l"?:::‘cme lo?llls‘.“f::; ‘s?:‘ph application of a stepper motor In
tics. F s

il ‘

i Papee dove waing siepper motor
he

the paper deive mechanism of a prmier. The stepper motor 1y directly
coupled 10 the platen so that 1he paper is deiven a coram e mental
distance whenever the controller receives a digital commind pulse,
Typical resolution of commercially avadahle StEpper maturs ranges
from several steps poe tevolution 1o as iy a5 400 steps per revulisnion

and vven hipher, Stepper motors have been built o lollow stptnials sy

apnd
as B0 pubses per sevond wirly e

FbingEs g o severad Borsepower .
Two tvpos ol step LR Wi L (e vae il g b, Ly
typeaml (20 she permgament BLARICE Ty,

« MARIARLE I(iiLll(.TAN(li STEPPER MOTOR

A varinhle o ey

Mepper motur can be of (e
multiple stk 1y e

stnghestiwk ys e o 1he

-Stgglc-&uc& Stepper Motoe

A b i e «utlig"umllbndali_aur-phm, LW pule. singe ) A

v are el b a2 shan i g, ek
e ST e WAL 4l current 1 g e eesubiang i

a§r;ie,cp Pl iy

e of the
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FIGURE
i Bonic croust for & huse plune, |wo prde sheppet
eidm

:
13

HGURE
$ Opersting modes of sieppes motar fot 45" ep.

_which makes the resuliant mmf axis move 45" in the clockwise
Wld‘u:,}hc Fotor aligns with this resultant mmf axis. Thus, 34 each
hrough 45° as the resultant field is switched

m moves 4
3 it be reversed by reversing the e

arvend «ction of rotatien can
S he windings, that is, AN+ D DD+ C e

order 1o ublain smaller

‘d_ ..u' 4 . < h- '
B % mﬁﬁ;‘:l:cn:t:‘r construction is required in



N Pt motor as
SIEp sizes. Phe comstruction ol a (mu-p‘h:n‘f', “\..'M."]e ::i". |l.. Aoy
shown in iy When phose A wu'mluut N v'\.x llu’l.riw Zliie
with the anas ol |ih.|\r A as shoswwn e g Nt \'l: [in. .”w Al
windings are excited. The resultant anl!rnf ANIS um'\u e
rechion v 35° el pole ' nearest to this HEW rest l.m' | 'k\.\ Mtk
o align with it The mutor therelore steps in the m”..-L.":.t,“',,,, A
by 153" Nexy, phise A winding s dC-c.\ul\-d‘ ;md lh'c L.\lk]' :['lll'lcl'mc. il the
winding pulls pole P3 1o ahign with the axis ol PI\J.\LC .C s
windings iire excited in the sequence A, A + B, B. B+ C.C, :
rotates v steps ol 153% in the anticluekwise direction

Multistack Stepper Motor . : o
Mul(lxl:uk vaniable lu'lll\'l.lllt't'-l\'l’t' stepper mutuus-mc widely Hsdd 1o
give smaller step sizes. The motor is divided along its axml !cugll.: '"[:t.’
magnetically isolited sections (“stacks™) and cach of these secl o Hiefits
excited by o separate winding (“phase”). Three-phase arrangements are
most common, but motars with Up to seven stacks and phases ave avail-
able. :

Figure shows the longitudinal cross section (ie., parallel o the
shaft) of a three-stack variable reluctance Stepper motor, The stator of
cach stack has a number of poles. Figure © 5 shows an example with four
poles. Adjacent poles are wound in he opposite sense, and this produces
four main fluy paths as shown in Fig. Both stator and rotor haye the
same number of teeth (12 in Fig, Therelore, when a particular
phasc is excited, the position of the rotor relative 1o the stator in thar stack
s accurately defined. as shown in Fiy, The rotor teeth in cach stack
are alipned, whereas e stator teeth have a differeny onentation between
stacks as shown in the developed diagram of roror and stator 1eeth in Fig.

Therclore, whew stack Ais encigized, the rotor and stator teeth iy
stack A ure aligned bu thuse in stacks Band ¢ QECnot alipned. b T

FIGURE

slep.



© PERMANENT MAGNET STEPPER MOTOR

. The pcrm:m.cm Magnet sicpper motor has a statol cotstructiion similar o
that of the single-sack variable reluctance type, bot 1he rotor is madc: ol a
permancnt magnel maiterial, Figure shows a two-pole, permaneni
magnet steppet motor, The sotor poles align with two stm'ur teeih {or
poles) according 1o the winding excitation. Figure shows the aliga.
me Ol phase A saindiong is excited, If the CXCHNION iy :\m.dwd'lo ph.;sch,

n

=

»
Ao
"
FIGURE
I'etmanant stgnet steppes motor, L

the rotor moves by o step of 90% Note that curigpt polarity is important in

e pernmanent msgnet stepper molor, because il',(_|ccidcs the direction in
which e ot will move. Figure Hlustratey the rotur pusitian for
positive curvet in phisse AL A switeh over L pusitive eurrent in phase B
winding will produce a clockwise step, whereas o pegative current in
phase 13 winding will produce an anticluckwise steg. [Uis difhicult o make

a small permanent magoct rotor with a large number of poles, _and there-

fure stepper motors of this type are restricted to larger step sizes in the

N degrecs.

“;t:.:g.::n?om:m stepper motors have higher incrtia and therefore
slower peceleration than variable reluctance stepper motoss. The maxi-
mum slep ride for permanent magael stepper motors is 300 pulses per
ol whercs it can be ax high as 1200 pulses per :'u.'cmsd for variable
reluctaice slepper motur, The permuncit mighct stepper mu'lor pro-
Jutes Mere lorgue per ampere stator current than the variable reluctance
Jw');v,’::'r:::;mr motors are also commercially available in which the

: rotor has an axiul permancat magnel at the middle and fc;_vpmngmhc
<3 s it the puler sections as shown in Fig. Smaller step sives can be
eeth ot éj rom these moxors, bul they are more expensive than the variable
kel mgqmqmmpml‘maon

A

g



m

AR < 7.
L htn Thaee
| e Qrva mea] w tnmm#nﬁ celled a Bant
S M ov a B9 T bank)

& baed

(deadicad UaHA nf (~¢ Vs @

’if Lot 'I";fl?  Chetltyre

h 3-9 TF Mmay e
at n 1-¢ T/e
oo TH above .?.“D-UJ 3 f.‘ﬂ"fl Fhmr 'I?I.r-.-’&

3¢ apport - e py £
L rindirys o€ vound ovk The Rimts I, fir &<
| 4he 9. vowDund Lival, (w6 1eg5) el R P
:EU"*:‘-' tontecdt: 3-¢ tur~eal m 3 yA r-.-.ud-rtﬁ-ﬂ-
g~ phewe  fluwes ligploced In 126 - Thed ALt
| ,FT.U‘-"J 111'1'1’""]"" Al =~ frﬂfc,q.‘pﬂ ?au}:-l ﬂ""d?;
fanoeyn € tenbed Lionbs placed Toge™™ 3
oeluldant v e 3 ceohef Umbs il e
S T kan*- E_u:—»-.:f 1 c‘lﬂ.lr““u r:U"vf[
b 1267 v 240° _ |
| - ?F' From T DY view TH 3 yores spfend
4o bt n Clay ad T ~esutdanl flue od ™o Ve
Po ™ , rrade vp by Te 3 canpal Lrhs » 207
el ™e tenhal Linb L ngvick ﬂﬂ.ﬁux, 1% tante
o Uirivated] b Sheda M. "ﬁﬂ @® |
e fFlux F‘F’ﬂfut!d R gné h}-m‘
it oy SO 5B Fig 0

tofh  Theit  Yoxed I:Lnigpl 1

B o SCATET Wit CamScar



A 2-4¢ ohell —Fpe T/ o Flrfeuned JT 7 3 gL
pheae ghell "["~]1“f f el Gk PL&._QAI Gzt

Hest - it Lo bound M aeverie olredivo

":P*."':_
= -> tph —f;i—
'J'ft’m.-

i S
b = SR = §

Ao Yerp etonert ome T
Pn,n,i» ,‘ﬁ ol] A~ES et onioind Sl

¢ mate - Sechanad

scannea wiln vamscar



23— T/ (aoethrond ad FWGT Cﬁ'w“f%d'—'@

20 ?ﬂjﬁﬂéera-l—.mf. a e
2 TR Y iy o \adki cafed) by a conpitt teH

N e D "
- e L¥ wio A 5 |eodcafedl Py X gnall
v s Lime
: (pluotmeod  between e HY
> The dieme phee clitgp i yiroon

tonf ord LV Lme eef s e

or by ¢ Lot poetee - -
ay
ﬁ-t-u-—rﬂ-u"‘fj Ao LLu-:Kng:}mf e HY Lme P
w Tﬁ‘]}m:.bf.q{-ﬂ-é L-ﬂ i‘T"1"”1-"J|'€ hond C_LJ-f.;rT_J-.:j c&j
Sk ed lﬂ_”}E_.Lr::d. Ly UmE P}-\_ﬂa’}ﬂ"ﬁ k::;_ﬁ‘if ajet
] - -\-\-"‘".
. E S
. ‘ - w § —# - g B ¥Y
'\)/C:T.'D -'——-.-’-‘I: %‘ *1 rj 74” 2 'ﬁ‘ :'; ot
;1. 4 4 E-K;\R_!;/; Y haw
%! I'B 2,0 * Lu_r—-ﬂﬂ-l‘a
Hycl“i — 1 Leess 12 L,_a "
B R - F ¥ I
1 . 4 0 cleue x 12 1-743 24 2E0 4
2o Lf“all LP?I 1I.;:-¥ ;--ge'
}fc,i E‘I —_— ﬁ}
.
y?ﬂ —> phar shiflL zaa .
— 12 a-‘l:_,lr:-f, ¢ Wmiﬁ.dﬁﬂ?ﬁ

I
h LeH ) ‘el o cives] ase
YT — Fws'#—cfr".}&(ﬁ Eha{f N
Scdnnea witn wvamscar



2 th&w Gl'“"—‘f"l" . b 1 @
Depeodiny oo et of waaeckwos Rag) Preot
r:ﬂ"qiﬁ'w-ﬂmm[& Lediveen fhe v &0l LWV Lme eemfs
hene ant lf phaio Errm.ur,,-&.
Toemne Fm‘n-lrb fo be aoked — |
g - sfht Pphadvs wojak f0 Counfy leeKul 1AL ﬂ*—':"f""“
5 The phator mepved sahmy Aneiodueed 4o
ﬂ'?iwi‘n:h‘ri‘% Jov o punkitala~ phant,
bar-all 4l fo @sch ofer: .
v emopie 5 Foe Phose h , e Lov Line PRt 3
muAt be duawn F}aﬁ-wmu Hov Une  pheav RAy
g . TH v Hf‘ﬂ,:;erg/ 5 e uemed Jo he g Ffw
fnd LV Ty T Sctundary
4. The Fﬁ-ﬁflmn a’:f v Leammineafdt Ag,Bs.Cg o
arSuened rrl"“if-ﬂf]_,_;['tr'ﬂ Lo yEatave 0 T T"T:J
batorm a1} ercl boHom |ef{ connend ﬂﬁifftﬂffﬂg
a:j‘ha equilafemal el

@ GM nle -1 (E{'r.rﬂ c’fﬂj-.,f[“ JFL«,_;:QE- L’:L—I'frfb‘f—h"‘“f)

Ay N
- phae r;-f%f)[ﬂtﬂ_ﬂ*-‘?
® a\ Lebceea B,05 £baly
£ ] by £ e
Eya by
/\ & by
~ & :
bt ol =RV 7R o
A =
’.'H;l, T
%# n, a |
b =) Gy X
Qa7 br | by
““‘* C o
a

scannea wiln vamscar



Lo o AR i
i
p
¥ ]
[ 3
5
T\_I
f-:-‘."‘

qhe LvLme eenf a,l,, fa phee 0 AV EX
2™y hyRa
® Gvep 8 (15" phese digplacimend)
ko |

B\-,—}'r-—-

S A L L L e . N T T LA

)

sy
Y
Ao

Br

Lo




:THL P hene r:Lt«ka.ﬁ_mtf"r et betn! Hv 4 LV Line®

ey for s T
o This T e oo erfm p Ml e
gmﬂ&&"f *"'Wm“‘ﬁ are —evevAeo Wt b
Py Locvn etfmd: 1

7‘f by o r““-"lfﬂﬁﬂﬁﬂﬁﬂ':{f %y } ey THE
Phese r:mjﬁt bedweea  4-v Lme phado~ R Ly =2
L-v Liae Phrﬂﬂw b & o | 90°

S ) f:ﬂﬂ Le qfrﬂgeﬂjh'ﬁ] & Yy b

Dd & (sanetdions -
L0 R e

E
|
|

: iy
Y, 7 e, a, - hitho 1994
/ \ b, = b £ i
y Ay
2 a0 5
P % a. Eﬂ Aka V) 2
ER H}J ’ | By, 1 E;I}L
E||f'-l WEL
. \ i &
IIIIH —h'd""'"-.i"'q..-—-—r]ll" —ah Mi‘_;ﬂ\
ﬁ .1_____]‘2.-—1 - L:E_-"bxv‘-._._-— h) W
':.r_ Fi E']-- e E] ]

Ll LTt L T:/____l
Pe By Armins 4 Ll anc Jomed Fopely o2 b
p-ﬂ-:f r;{ﬁm't:t"'Ll: riHE E}.{,wng.v“ﬂ U-::f*tf:l'hw ﬂ_;-[ b

Showld Le jumc! fopetry - THE 'I/f, e irnnls o0 HV.
srde ant Ay, Ba,Cy eadl MR Liv 05 demirelrat

Qb0 o W PI'-P:*E‘ ﬂﬂ-;ril Bdﬂq ;iafu?ﬂ—clﬂagfa

b L

scannea wiln warmscar



4 q 8 lacement) B)
© Cﬁﬁ“*f Cmir}luf; 30 phese A iplaceem @

e (P

A phere  Alhpleee-
dhe L.v Bbme phalo U?&'fﬂ& cn-rfc.{,?nqdﬁg

H'v UM phann by a0
Ao 5

| A4v
*/ |
'y - |
/E‘_ < ’ﬂ'w\f}\ |
[a" s - EL ot o) |

F'\"f e d{.L{-q Tf{'J ¢ Phh:‘m {.[p-._ﬂﬁw; Qk:—ﬂﬂ :
tbowl | Lol y [Lfa 1_,;: {on 1:;':]_;"‘5 E"g".,‘ L Tt LV Limé i

Pha b ‘.;th Lﬂ-&.g T-£ AV Lme J:-,:.L.L,,ﬁ,,l. Qﬂzﬁaka?d'
n

._ggu M Eand "I"\H--'E—

TN #
i e
J R _'_'__.-'1* E"l
oy C

ba
F"‘f d‘m' ,;}"_1’; ThE Pk-ﬁ-"_;ni E--rf#i'l-»{vﬂ_.'—fﬂ-‘"‘n cac H-v fine Vﬁd’fﬂ
Arky , BiRy ad Cily have been ﬂ.LanJ,u:] 1o j-*ef! Dya -

A
B

Scan



@ Grmp Y C plus r:;.n'-’-]:*ma m&rtﬁl%m{z)@

o~ ‘a—m{nuﬂﬁ—qih.ﬁ.u A Lev r.-,r"n.::ﬁ"Fg muf be
Coa o ethes) ::Hﬁh!njﬂﬁj to Ja[ a Qur}ﬂafﬁ f"‘*“""e
;U.’.Tb{tm-mi

C 430 fhm"‘? .-_:i,,pifi.m.?:-nmJ meantl T"-“J' e
Lev  Lime Phaa&m lesals he L,qfﬁfuﬁc&ﬁﬁﬁ*’
Line Fhﬂ.ﬁn-r I-,i{ ge°. {FD?II}

e Dy n-q-r-rnjc#u?— THe Phn,-lﬂ am‘f"*"**
Shewn belw? O

d

Ethen Cy .Lnli‘ﬂ:.:ﬂu xf_t Ly Phaser (a4, b Aven bte

Lf.!—f'ri 'H"l" Pl‘lﬂ.-in-r fﬂﬂi 51 ?u‘;‘d flh;& P.':ﬂrﬂ
T 4o Le DY,y

ﬂ't'r""‘j"i""‘

Q,
L b |
L B 1

scannea wiln varnscar




scannea wiln Lamscarn



SCcdnnea wiln warmnascar



| Phove Sequeand ) - 0L.4
* Le Asceme’
hale Qequnce a T/ps vkl
p peace °f |

"!";;‘-"Jj
El Ny W 1
: L ;
|
r = - ".\‘“ 13
{-.'I'._- = e !'#;-
- C
.é_:ru ';c . BT 1.1-:5
{0

R
'Hi; = "’is-: fiﬂ-; = Tf,;l = "l"l_

| 5 (offereal gt SRl
}-j: T <Yy ﬁ,qhe O N oere # 4he  Aamt F&a.ar{ I“Tﬂ*’zl
ol chewn in G thea *‘r’n Ll oSt &t chel Egﬂ;‘fg&!
howld be Zero eng e P-ﬂqﬂ.ﬂﬂ a?ﬂ.-nh‘vn = i’”’dﬂ’h'
Diffenen]  phase  Sesvia e Hﬂ‘i‘-i;‘g‘"‘*‘e 2w W‘i’_‘ii |
acaele € e Line fﬂt_i’:'jf‘i_ﬁi’f'ff.{ }:azd{ca-—}ﬁ il |
pardlet  gpeaten 6 ad  pesdible

(oavesAion Fren 3-¢ 40 2-¢ Cgm.l_ﬂ%;;;ﬁﬁ).
| At F‘fﬂi*’-q’r Z-f pevy entvpy Sylfeem ant rrofh
| foeemen | bal JtaT cosfeiy Specialized oppliatmad
| a-d Ruppliert awe el

Appl Cochion ff 2- ¢ gupply
Uy Avc %ﬁ?ﬁﬁ?ﬁ () e fﬂLl--s,c Ul aea
(7))  Cledatiod foacias 1 elebre Heetwn

' T :
(V) 2-¢ cpabd| motevd - g?l =29, (&20
| 9-————111 (a * a-d pa¥ s
| h . | Lnd Vet § Mpneat

TEANITEL 3 P o Y

scannea wiltn vamscar



: P“" a“(.(GF("‘) clHoo c,’f 3,(') 'r/F
Coadlitions fov  Succesfyl op esedton >
@ The Y, Wne votkeg) ki K Trp mukh be Beme -
’*@ The VE Chould havd Q»Lyz& per Ualf \e_a.a@z,..fdﬂ(

| @) The ok v‘f equived eat lemgofz yeaefenarl (%)
‘ to @Vn\/w?mi vegistaae (R) Chowld Le Same
9CO'f ol T/f'4 -

‘ @ 11"& 'T/FA gl\OM l'\_O.V‘e &lf"f ?O(Afrll’v .

(¥ Relchive phate ohgpluemeqx -
)  phase begpeand
Qe\d;ve phote isplacement -

The aelabive phae ispueement behieed Ty -
Lime YoUsse f afl T Tpe Mughbe 20m0- 1M T
40 Le (,anoo;u}(é’ ™ Yﬂw‘v‘liﬂ mws} ‘:(,lw\y +Fo ™

Zxome v-fﬂwmlocrr&

Fv 24 'Yo ¢ Ddo wab z-mfﬂoa]
Ga'q’,
i <‘va ?'7?-1‘

o 9n echw




e
o

——r4

b—-‘
- P

o b ¢

v

a’y A2

0

a 1

) b2
Fer  Ex Trv T/p'A F\ouvh\,- olfffmm} p)\aso« ' €
(pnnedfd o) P’\P“W du‘b-j'xm foy 'QQMMI\VD
Qxt Tiven ™M ,f (-n)ase a@d M ?m,. 5a ThIL fiure
The P 04014 JO!‘M"-J aaa.., ‘. 53‘).7 ;. 6 CJ ﬁtr}wueok re
vodr-y acrvssed  Cwilches S, Sy { Cq

ij cwitch G, v closed > Thexe coill be no

CA’VUL\ILW“X curreat 27 bewaut T Sy ok 8
adh cloged . A Claady g ~

-guﬂme qa\) cloa . y”b:r will Sead a ta,,}e
Civcalab™ tum-et M THe Phat A LR, T4 (azf ‘
Cuvvent  will dﬂmt*}f ™ T/Fs g0 T/p»n Showld4e

d e FRE




