Q100.Explain cylindrical rotor machine.

A mathematical model of the three-phase, cylindrical-rotor, synchronous machine for symmetrical and
asymmetrical modes of operation has been developed. This model has been represented as system
of differential equations for flux linkages, angular velocity and angular position determination. The
differential equations for the flux linkages of the armature windings have been expressed in phase
coordinates, while the differential equations for the flux linkages of the field winding and the rotor
circuits have been expressed in orthogonal coordinates (direct and quadrature axes). The skin effect
in the cylindrical-rotor has been considered by representing the rotor as two parallel-connected
resistive-inductive circuits. Symmetrical case followed by a steady-state operating conditions (sudden
load change) and asymmetrical case in a transient operating conditions (line-to-line short circuit in the
electrical power system) have been computed. The waveforms of the machine speed,
electromagnetic torque, phase currents and voltages have been illustrated.

Rotor Stator

Field windng

Construction of cylindrical-rotor synchronous machine

When a synchronous generator is excited with field current and is driven at a constant speed, a
balanced voltage is generated in the armature winding. If a balanced load 1s now connected to the
armature winding, a balanced armature current at the same frequency as the em fwill flow. Since

the frequency of generated emf is related to the rotor speed, while the speed of the armature
rotating mmf is related to the frequency of the current, it follows that the armature mmi rotates
synchronously with the rotor field. An increase in rotor speed results in a rise in the frequency of
emf and current, while the power factor is determined by the nature of the load.

The effect of the armature mmf on the resultant field distribution is called armature reaction.
Since the armature mmf rotates at the same speed as the main field, it produces a
corresponding emf in the armature winding. For steady-state performance analysis, the per-
phase equivalent circuit shown in Figure 3 is used. The effects of armature reaction and
armature winding leakage are considered to produce an equivalent internal voltage drop across
the synchronous reactance XS, while the field excitation is accounted for by the open-circuit

armature voltage E,‘ The impedance Z = (R + jX ) is known as the synchronous impedance of the
S S

synchronous generator, where R is the armature resistance.
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Q2 Calculate the synchranous speed of a thiee phase (nduction motor hwlni H] ulu'; OM: h . I
N= 120X (1/B) = 120 x (12/60) = 24 rpm ' I
N = apead i REN, E= Applied frequency in Mz, Ps number of magnetic poles

QA Explain the starting characteristios of squirrel cage motor,
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AR AC motor s an electrie motor deiven by an alternating current,

T ommonty consists of tive basie parts, an outside stationary stator having coils supplied
With altermating current 1o produce a otating magnetic tekd, and an inside rotor attached to
the output shaft that s given a torgue by the rotating teld.

A SQuiTel Cage rotor ix the rotating part used in the mast commaon tarm af AC induction mator, An
SIRCTHC MOTON With a squiriel cage rotor s termed a squirrel cage motor

The ekl windings i the stator of an induction motor set up a rotating magnetio tield around
the otor. The relative motion between this flekd and the rotation of the rotor induces electrie
current in the conductive bars. In turn these currents lengthwise i the conductorn react with
the maghetie ekl ot the motor o produce Rirce acting at a tangent orthogonal to the o,
rosulting I Horgue 1o tarm the shaft. 1o offeet the rotor it carvied around with the magnetic
flokd but at & shightly slower rate of totation. The difforence i speed is called sép and
mereases with ad.

The conductors are often skewad stightly along the length of the rotor to reduce poise ad
SO0 OB T0TQUe Tctiations that might result at 5ome speads due 1 Interactions with the
pole pieces af the stator. The numbor atbar on the squirrel cage determines to what extont
the indueed ourrents are fad Back 10 the stator coils and hence the current through them, The
CORSTIVCHIONS that o TR the teast Radback omploy prine numbers of bars.

COT® SOIVES 10 CAITY the Iagietic ekl across the Iotar, T structire and material &

Roxined 10 Winimize Kossos. The thin lainations, soparated by varnish insulation, ratwee
sroulating currents that woukt resalt m«wwmgammmm '

ot I G S WA Soveral T the Tosistivity of pare i, Rarther teducig oy S
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Q4.Sketch the construction of squirrel cage induction motor and wou Oraas
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Q5.Design three phase 48 slots 4 poles winding.




The paper presents a new double layer three phase 4 to 6 pole-changing winding, with
48 slots and 6 terminals. In order to obtain a higher fundamental winding factor when

winding is 6-pole connected, a degree of asymmetry Is accepted for the winding when

4-pole connected. |
The new winding is compared with a well known two-layer winding presented in

literature. An experimental motor equipped with the new winding was built on a 4-pole
base and |
frame 100 (2.2/1.5 kW) and tested. At the same time, 2D FEM field-circuit models

ed to simulate the operation of the experimental model equipped with the
and model equipped with the well known two-layer winding.

were develop
newly proposed winding,
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Q6.What is distribution factor?

When a joint is released and begins to rotate under the unbalanced moment, rcsistil:lg forces
develop at each member framed together at the joint. Although the total resistance 18 qul‘ﬂl‘to
the unbalanced moment, the magnitudes of resisting forces developed at cach mcmbf:r difter
by the members' flexural stiffness. Distribution factors can be defined as the PI'UPO‘:“OI‘]S O_f
the unbalanced moments carried by each of the members. In mathematical terms, distribution
factor of member £ framed at joint j 1s given as:



* where 1 is the number of members framed at the joint.

Q7.What is coil span factor?

]
-‘ - ides of an individual coil 0 _ lingis
The distance between the two sides of an indivi ‘ ot .
termed the coil pitch. When the angular distance betwett':in ]t(lile 81ldes t(l)mf a c(illllislst exs,s:tlytﬂ qual
| : ~ ‘ { N1 POICS, & CO . med to bea
to the angular distance between the centers of aglj?cen‘ - ermed‘ .
full pitacl;lgooil. An armature winding made up of full pitch coils is termed a Full Pitch

winding.

Q8.How do distribution factor & coil span factor affect the induced emf ?

So far we've dealt with electricity and magnetism as separate topics. From now on we'll .
investigate the inter-connection between the two, starting W lth‘the concept of induced EMF. ”
This involves generating a voltage by changing the magnetic field that passes through a coil
of wire.

We'll come back and investigate this quantitatively, but for now we can just play with -
magnets, magnetic fields, and coils ot wire. You'll be doing some more playing like thisin
one of the labs. There are also some coils and magnets available in the undergraduate

resource room - please feel free to use them.

First, connect a coil of wire to a galvanometer, which is just a very sensitive device we can .
use to measure current in the coil. There is no battery or power supply, so no current should
tlow. Now bring a magnet close to the coil. You should notice two things:

L. If'the magnet is held stationary near, or even inside. the coil. no current will flow
through the coil.

[f the magnet is moved. the galvanometer needle will detlect, showing that current 18
tflowing through the coil. When the magnet 1s moved one way (say, into the coil), the
needle detlects one way: when the magnet is moved the other way (say, out of the
coil), the needle deflects the other way. Not only can a moving magnet cause a current
to tlow in the coil, the direction of the current alﬁwc11ds on how the magnet is moved.

ﬁ

Hoyv can this t)e crfplmncd‘.‘ [t seems like a constant magnetic field does nothing to the coil,
while a changing field causes a current to tlow,

['o confirm this, the magnet can be re d wi L NS
| - ; Haguel © er ‘plﬂCt with a second coil L& m I
' ‘ : ) L , and acmlﬂltm&m
this coil by connecting 1t to a b:‘ittt"l‘v‘ -

The second coil acts inst ik Shen
il is pla he fi " acts just lik . When this
coil s placed next to the first one, which 1S J K< 8 bar REIE :

still connected to the galv noth
_ 1 1 .  galvanometer, nothing
happens when a steady current passes through the second coil W!;len the curre;lt in the



Q13.Sketch DOL starter




N2

a) Main circuit bj Control circuit for momentary-contact control

Q14.Write equations for locked rotor current & locked rotor torque.

Mechanical Formulas

HP x 5250 Torque x rpm

HP = =
'pm =

rpm 5250

- Torque in Ib.fi. =
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N2

¢) Control circuit for maintained-contact co

120 x Frequency

No. of Poles




Vi=1f. Rt

current is brought out to the load via three (or four) s/ip-rings. Insulation ... The circuit equation of
the synchronous generator is: fs. =V + |. E. Z ... generator may operate In one of the operating

conditions

Rotor Stator

Field vindng

The armature winding is on the stator and the field system is on the rotor. Field current is
supplied from the exciter via two slip-rings, while the armature current is directly supplied to
the load. This type is employed universally since very high power can be delivered.

Unless otherwise stated, the subsequent discussion refers specifically to rotating-field type
synchronous machines.

MOTOR SLIP

The rotor in an induction motor can not turn at the synchronous speed. In order to
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somehow turn at SS, the EMF could not be induced in the rotor and therefore the rotor
would stop. However, if the rotor stopped or even if it slowed significantly, an EMF
would once again be induced in the rotor bars and it would begin rotating at a speed less

than the SS.

The relationship between the rotor speed and the SS is called the Slip. Typically, the

Slip is expressed as a percentage of the SS. The equation for the motor Slip is:

% S = {(SS = RS)/SS} X100
Where:

%S = Percent Slip

55 = Synchronous Speed (RPM)

RS = Rotor Speed (RPM)

Q23.Sketch power transfer in induction machine for (a) motor mode (b) generator mode.

Doubly-fed electric machines are electric motors or electric generators that have windings on both
stationary and rotating parts, where both windings transfer significant power between shaft and

electrical system. Doubly-fed machines are useful in applications that require varying speed of the
machine's shaft for a fixed power system frequency. '
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Q24.Write the following equations.
(a) Power absorbed by ideal stator winding
P=1.V cemt
(b) Power dissipated in rotor circuit.
Equation of power in DC Circuit? P=V*I=VA2 /R = IA2*R. |s the power dissipated in a
parallel circuit larger than the power dissipated in a serial circuit?

P=IV

P = power

| = current

V= voltage

(c) Mechanical power W =F-Ad

(d) Power dissipated in rotor resistance Prot=M.W
Prot = rotational mechanical power

M = torque
w = angular velocity
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Rotor copper loss (F.)  Mechanical power
developed (F)

Windage and friction losses  Motor output

() (R

Q27.Write the equation for
(a) Mechanical power developed by rotor

Pu= Eyl,

V = applied voltage

Ep = back e.m.f.

R, = armature resistance
l, = armature current

(b) Mechanical power delivered to load.

- Sinee, Vand R, are fixed, power develo
g mlmmum power, dP/dl, should be zero

V-m
Tr |,

-
F

- " -y

- -
T s

= . r.l_. H




or [,R,-V/2 Fio' (4"3)

Now, V =Ey.[,Ra=E;; V/2

therefore Eb= V/2

(C) Mechanical torque. T =1 . F

Q31.Describe the motor reduced voltage starting methods.

Two or more contactors may be used to provide reduced voltage starting of a motor. By using an
autotransformer or a series inductance, a lower voltage is present at the motor terminals, reducing
starting torque and inrush current. Once the motor has come up to some fraction of its full-load speed
the starter switches to full voltage at the motor terminals. Since the autotransformer or series reactor
only carries the heavy motor starting current for a few seconds, the devices can be much smaller
compared to continuously-rated equipment. The transition between reduced and full voltage may be

based on elapsed time, or triggered when a current sensor shows the motor current has begun to
reduce.

’

Q32 .Sketch DOL starter.




Typical circuit diagram of Direct On Line starter

L1
3 | F2 B

5
2

0\
2 416 _
{ |3 {5 S1E"'\ S0 = 'OFF Push button
‘QEEE;] S1 = 'ON Push button
2 |4 18 KI\ S = Maintained command switch
1 K1 = Main contactor
1 = Main circuit fuse
T -2 = Overioad relay
3 = Confrol circuit fuse
K1? ] K1| \
N2 N2 -
a) Main circuit b} Control circuit for momentary-contact conrol ¢} Control circuit for maintained-contact control

Q33.Explain the tests to determine the equivalent circuit of three phase motor.

The Fquivalent circuit parameters for an induction motor can be determined using
specific tests on the motor, just as was done for the transformer.

No-Load Teft Balanced voltages are applied to the stator terminals at the rated

anical load. Current, voltage and
. The losses in the no-load test are those due to




losses, windage and friction.

Blocked Rotor Test The rotor is blocked to prevent rotation and balanced voltages are
applied to the stator terminals at a frequency of 25 percent of the rated frequency at 2
voltage where the rated current is achieved. Current, voltage and power are measured
at the motor input. In addition to these tests, the DC resistance of the stator winding
should be measured in order to determine the complete equivalent circuit.

Q44.Sketch slip torque characteristics of induction motor.

(T,).
(Ty)a
I} }(T.’\I
0.05 *m0.25 0.5 0.75 1.0
e Slip (5)
g <+ 0.0
speed(m,)

: Terque-slip(speed) characteristics of Induction Motor

Q45.Explain stability & crawling.

In control, stability captures the reproducibility of motions and the robustness to environmental and
internal perturbations. This paper examines how stability can be evaluated in human movements,
and possible mechanisms by which humans ensure stability. First, a measure of stability Is
introduced, which is simple to apply to human movements and corresponds to Lyapunov exponents.
Its application to real data shows that it is able to distinguish effectively between stable and
unstable dynamics. A computational model is then used to investigate stability in human arm
movements, which takes into account motor output variability and computes the force to perform a
task according to an inverse dynamics model. Simulation results suggest that even a large time delay
does not affect movement stability as long as the reflex feedback is small relative to muscle
elasticity. Simulations are also used to demonstrate that existing learning schemes, using a
monotonic antisymmetric update law, cannot compensate for unstable dynamics. An impedance
compensation algorithm is introduced to learn unstable dynamics, which produces similar
adaptation responses to those found in experiments.

A theory of coexisting stationary and rotating slot openings is developed with the aid of “revolving
permeances,” and the magnitude and speed of the parasitic fluxes due to the slot openings and the
fundamental current density wave are found. It is shown that the interaction of the fundamental flux
and a parasitic flux of the same order of magnitude as the fundamental flux causes the vibrations,
objectionable noises, and crawlings of induction motors. The existence of these ruinous irregularities
depends only in the difference of slots, the number of poles, and in some cases on the critical speeds
of the rotor for circular or tortional vibrations, and is independent of the number of phases or the
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Q46.Why does reduced starting voltage needed to start the induction motor and write the typelm:”

reduced voltage starters. :
ge starting of a motor. By usingan

sutotransformer or a series inductance, a lower voltage is present at the motor terminals, reducing P

_ to some fraction of its full-load
' and inrush current. Once the motor has come up 1o - y
SRS e he motor terminals. Since the autotransformer or

speed, the starter switches to full voltage att : |
series reactor only carries the heavy motor starting current for a few's'econds, the devices can be 3
The transition between reduced and full

much smaller compared to continuously-rated equipment. : by,
voltage may be based on elapsed time, or triggered when a current sensor shows the motor curre_nt;l .

has begun to reduce.

Two or more contactors may be used to provide reduced volta

Q47.Explain the followings with sketches.
(a) Star delta starter

cM T5
S
eM ' T4
e : T6
M 2 oL T3 TO MOTOR
L3 "
L2

L1-




Dmbtlrruimedstmtigmrqu&thestm-deha{omeubnhsuhbkﬁnmimwihlf_ .' k.
meria mass but a resstance torgue which is low oronl)*mcmsawihmwlti '
preferably used for applications where the drive is only put under a load after run-up.

- Afier motor run-up. In most cases an automatic timing relay controls the switch-over from . T
star to delta. The run-up using star connection should last until the motor has reached the
approxmnate operational speed.

so that afier swiichmng to delta, as hittle post acceleration as possible is required. Post-

acceleration m delta comnection will instigate high currents as seen with direct on-line

{b) Auto transformer starter



Motor stationary . If all switches are open the motor is completely disconnected from the three-
phase network.

Soft start (phase 1): In order to start the motor first the switches 1 and 2 are closed. This the r J
is supplied from a voltage lowered by the autotransformer. The lower voltage limits the iﬂp t

current to the initially stationary motor, which starts to gain rotational speed. The torque of the
motor is also lowered accordingly.

Soft start (phase 2)




" The motor continues to increase its speed until the motor torque and the load torque balance each |
other and a steady speed it achieved. At this stage switch 2 is opened and momentarily the motor is
supplied by even lower voltage, because the windings of the autotransformer act as inductors
connected in series with motor. This time is short - just enough to disconnect the switch 2 and
engage switch 3, which connects the full voltage to the motor. Further increase in speed begins and
motor reaches its full rated speed.

At this point the "soft start” is ended and motor can work under full load.

Full load

When motor is started up, there is no more need for the autotransformer to be energised. At this

stage switch 1 can be safely open to break the supply to the autotransformer, whilst the motor is

supplied directly from the three-phase network.

Switch off

in order to de-energise the full started motor it is enough to open the only closed switch 3. The

motor returns to the stationary position.

) Slip ring motor.

A slip ring motor or wound-rotor motor is a type of induction motor. The rotor windings are
connected to a slip ring, connected to external resistances, which allows controlling the

speed/torque characteristic of the motor. Wound-rotor motors can be started with low inrush
current, by inserting high resistance mnto the rotor circuit: as the motor accelerates, the resistance

can be decreased.

| The rotor of the slip ring motor has more windings than a squirrel-cage rotor so that induction voltage is

' higher and the current for the same field strength lower. During the start-up a typical rotor has 3 poles
connected to the slip ring. Each pole is wired in series with a variable power resistor. When the motor

reaches full speed the rotor poles are switched to short circuit becoming a standard squirrel-cage
_motor. During start-up the resistors reduce the field strength in the stator. As a result the inrush current

is reduced. Another important advantage over squirrel-cage motors is higher start-up torque.

.A wound-rotor motor can be used in several forms of adjustable-speed drive. Today speed control by
‘use of slip ring motor is mostly superseded by induction motors with variable-frequency drives.

'Doub!y-fed electric machines use the slip rings to supply external power to the rotor circuit,
allowing wide-range speed control.

_.erta.in types of variable-speed drives recover slip-frequency power from the rotor circuit and
feed it back to the supply, allowing wide speed range with high energy efficiency.
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Motor control center (MCC)

| From 3-¢
; power Source é
| -{-l-{--{ Breaker
ll <> Stlarter
* I . Overloads
: %

Power conduciors

=)

1. Operated by a two position switch i.e. manuall : -
€. autom : ~nge ove
_ from start to run position. v/ atically using a timer 10 e
2. In s'tarting position f,upply Is connected to stator windings through an auto-transform 1; 'l
which reduces applied voltage to 50, 60, and 70% of normal value d LR
used. e depending on tapping
3. Reduced voltage reduces current in m indi ]

. . otor windings with 50% tappi otor curren
halved and supply current will be half of the motor current 'I?h Pplng.used o -
supply will only be 25% of the taken by DOL starter . Thus starting current taken

4. ::50:; :ln Er;d;\t/:t;o: n;otor, tgrque Tis developed by V2, thus on 50% tanning. toraus
5. Star ly (0.5V)" of the obtained by DOL starting. Hence 25% t ° “apPINg, TOrqUE
. Starters used in lager industries, it is larger in size and ex;erc: rgue ® procu e
1sive,



Q51.Explain Star / delta starter with sketch.

1

A three phase motor will give three times the power output when the stator windings are
connected in delta than 1f connected in star, but will take 1/3 of the current from the supply
when connected i star than when connected in delta. The starting torque developed in star is
‘2 that when starting 1n delta.

1. Atwo-position switch (manual or automatic) is provided through a timing relay.

Starting In star reduces the starting current.

3. When the motor has accelerated up to speed and the current is reduced to its normal value,
the starter is moved to run position with the windings now connected in delta.

4. More complicated than the DOL starter, a motor with a star-delta starter may not produce
sutficient torque to start against full load, so output is reduced in the start position. The
motors are thus normally started under a light load condition.

>. Switching causes a transient current which may have peak values in excess of those with
DOL.

rJ

Q52 + Q.53. Explain consequent pole starter.

LConsequent Pole multi-speed motors having two speeds on a single winding (consequent pole)
fequire a starter which reconnects the motor leads to half the number of effective motor poles at
the high speed point. In this type of motor. the low speed 1s one half the high speed.

4. Explain silicon controlled SCR & it's application in motor speed control with sketches.

'he SCR stand for Silicon Control Rectifier, it is used in industries because it can handle high values of
;urrent and voltage.



-
SCR Symbol Cathode

Q55.Explain wound rotor motor.

A wound rotor induction motor has a stator like the squirrel cage induction motor, but a rotor with
insulated windings brought out via slip rings and brushes. However, no power is applied to the slip rings.

Their sole purpose is to allow resistance to be placed in series with the rotor windings while starting. This

resistance is shorted out once the motor is started to make the rotor look electrically like the squirrel
cage counterpart.

ol

¢
03 o—

Stator Rotor

Start resistance

Q56.Explain (a) Multi switch starter (b) Drum controller
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Q57.Explain application of slip ring motor

Slip-ring motors are used in applications requiring high starting torque or low starting

current. These motors provide maximum availability, and are especially recommended for heavy load
inertia applications like mill drives or situations where network conditions are weak

Slip-ring motors are of modular construction and have a wide range of accessories. D

| . epending on the
application many alternative cooling and enclosure types are available.

o 58.What are advantages and disadvantages of using squirrel cage induction motor?

| A squirrel cage motor is less complicated and generally lower priced. A 3-phase squirrel cage motor
Is self starting. The starting mechanism for a single phase motor is relatively simple. Large squirrel
cage motors are less efficient than large synchronous motors. Their operating speed is less than

synchronous speed by a "slip" speed that is usually about 2 or 3% at full load and varies in
proportion to load.

Synchronous motors operate at exactly synchronous speed regardless of load. They can be adjusted

to run at unity or leading power factor. They require starting and excitation control equipment that
Is more complicated than the starting equipment generally used for squirrel cage motors.

Hysteresis and reluctance motors are self-starting types of synchronous motors. They are used in

clocks and in other applications where very small motors are needed with operation at exactly
synchronous speed.

Synchronous reluctance motors up to 100 horsepower or so are sometimes used when exact

synchronous operation is required. They are more expensive than squirrel cage motors and have a
high starting current and low power factor.

Q60.Explain frequency & speed control methods.

A variable-frequency drive (VFD) is a system for controlling the rotational speed of an
alternating current (AC) electric motor by controlling the frequency of the electrical power
supplied to the motor.!""?IB1 A variable frequency drive is a specific type of adjustable-speed
drive. Variable-frequency drives are also known as adjustable-frequency drives (AFD),
variable-speed drives (VSD), AC drives, microdrives or inverter drives. Since the voltage 1s

varied along with frequency, these are sometimes also called VVVF (variable voltage
variable frequency) drives.



 Recent developments in drive electronics have allowed efficient and convenie
~allow for torque generation down to zero speed. This allows the polyphase AC ind

motor to cor “-- te in areas where DC motors have k)llg dominated, Hﬂ resents an g
in robustness of design, cost, and reduced maintenance.

=T

motors, where this has not traditionally been the case. The newest

Q61.Explain (a) Multi speed starter (b) Motor protection

s Mator windings in multispeed squirrel-cage mators may require spe

3) Starters for separate-winding two-speed motors consist of two standard three-pole starter y
are electrically and mechanically interlocked and mounted in a single enclosure, Additional ¥
used for each speed. Although these are always electrically interlocked, it may not be practical to
Provide mechanical interlocks on more than two starters.

' .
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 starte q VO-Speed motor requires a three-pole unit and a five-pole unit. The
design of the particular motor windi ermin | or slow-speed connection is m. de |

For three-speed Consequent-pole motors, a three-

five-pole starter and a second three-pole starter handle the reconnectable windi
Consequent-pole motor requires two sets of three and five-pole starters.

Qiﬁgrent RPOWer circuits are needed for delta-type Multispeed motors
the inactive or unconnected winding ‘ S rex
Separate open-delta windi ngs.
four-speed motors with open




¢ 1HEIC IS an operational requirement for a load breaking facility in the event <eo . .
maintenance. y I the event of need of

Q62.Explain the followings with sketch.

(a) Jogging

Jogging Is moving the motor in small increments. It is mostly used to align or position drive ele

for connection or maintenance. If a machine that requires motor Jogging for some reason js ﬁttr:: b
with a VFD, the VFD may fadilitate the jogging but it will still be needed.

‘There is another operating mode called inching. For very large machines that did not lend themselye
to jogging, inching was sometimes used. This was the great grand father of Invertors. A DC source »
would be applied to the motor windings in turn be a series of contactors. The contactors may be

- controlled by a sequencer or manually by a wheel or crank that operated limit switches that controlled
- the DC contactors. -
Consider a large ball mill (possibly over 20 feet in diameter) that must have an access hatch aligned
properly when it is to be removed for internal service of the mill as one possible example.

This system could provide a crude stepped square wave that would cause the motor to rotate slowly
and under control.

Although jogging with a VFD may be more analogous to inching than to jogging, Inching systems
were quite rare and the term jogging is more readily recognized.

B e I ———

e e ———

r—-"‘ -y — —
Jog Run
j o ;

Three-phase
Motor

(b) Plugging

(petroleum engineering) The act or process of stopping the flow of water, oil, or gas in strata




. " :J
1 N I

penetrated by a borehole or well so that fluid from one stratum will not escape into another or tc

the surface; especially the sealing up of a well that is dry and Is to be abandoned.

¢) Braking - 4
Engine braking is where the retarding forces within an engine are used tq slow a ‘q;a41i;;;.l
down, as opposed to using an external braking mechanism, for example friction brakes or
magnetic brakes. | e
. =

The term is often confused with several other types of braking, most notably compression-
release braking or 'jake braking' which uses a different mechanism entirely. Correct use of the
term only applies to petrol engines and other engines that throttle air intake. .

on
P e, i
D1 & offes -
& o To power
117VAC o DC tool motor

and specifications of a wind turbine to extract energy from the wind. A wind turbine

installation consists of the necessary systems needed to capture the wind's energy, point the .

turbine into the wind, convert mechanical rotation ; ' ¢
; Into electrical power. and other ms to
start, stop, and control the turbine. . : Ty



104 3-Synchronous machines.

964.Explain the major difference between

induction machine and synchronous machine.

A0 induction or asynchronous motor is 2 type of AC motor whe

ieans of electromagnetic induction. rather than by slip rings and commutators as in slip-ring AC
fotors. These motors are widely used in industrial drives, particularly polyphase induction motors,
ECause they are robust, have no friction caused by brushes, and their speed can be easil y

ontrolled.

re power 1s supplied to the rotor by

agnetic field of the stator imposes a torque on the

2 1t to rotate steadily. It is called synchronous because at steady
ing magnetic field in the stator By

rotor; to do this, stator windings are

ith a polyphase supply they create a rotating magnetic field that




clectr ﬁfﬂtﬂam \C motor distinguished byﬂmwf innis
| ’ﬂitb as the power supply frequency and resulting rotating mag

'ﬂﬁmih

Another way of saying this is that it does not rely on slip under usual operatins conditions
result, produces torque at synchronous speed. Synchronous motors can be contrasted w i han
induction motor, which must slip in order to produce torque. They operate synchronously y

frequency. As with squirrel-cage induction motors, speed is determined by the numbm' > pa
poles and the line frequency.

Synchronous motors are available in sub-fractional self-excited sizes to hlgh-horsepower
current excited industrial sizes. In the fractional horsepower range, most eynchronous 10te
used where precise constant speed is required. In high-horsepower industrial sizes, the synch
motor provides two important functions. First, it is a highly efficient means of converting ac ene

to work. Second, it can operate at leading or unity power factor and thereby provide pow o 0
correction,

Q006.Sketch the equivalent circuit , vector diagram and write the voltage equation for synchronous

Rovarinve
Maewaric Fuwp

generator,

Vphase = Ea - jXg¥]4 - Ra*[a
where: Xs = Xad + X1

Xad = (Eq + Ra*lq + Xd*Id) / Ifd




Sketch the circuit, vector diagram and write the voltage equation for synchronous motor
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The synchronous generator, under the assumption of constant synchronous
reactance, may be considered as representable by an equivalent cireult comprising an el
winding in which an em{ £, proportional to the field excitation is developod. the winding
heing connectad to the terminals of the machine through & rosstance r, and reactance
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Q68.Explain the effect of field excitation on power factor of synchronous motor.

A synchronous electric motor is an AC motor distinguished by a rotor sp‘inning v&fith coils
passing magnets at the same rate as the power supply frequency and resulting rotating '
magnetic field which drives it.

Another way of saying this is that it does not rely on slip under usual operating conditions _1
and as a result, produces torque at synchronous speed. Synchronous motors can be contrasted

with an induction motor, which must slip in order to produce torque. They operate-
synchronously with line frequency. As with squirrel-cage induction motors, speed is !
determined by the number of pairs of poles and the line frequency.

Synchronous motors are available in sub-fractional self-excited sizes to high-horsepower .
direct-current excited industrial sizes. In the fractional horsepower range, most synchronous
motors are used where precise constant speed is required. In high-horsepower industrial sizesyll
the synchronous motor provides two important functions. First, it is a highly efficient means
of converting ac energy to work. Second, it can operate at leading or unity power factor and

thereby provide power-factor correction.

Q74.Explain starting methods for synchronous motor.

Synchronous motors are not self-starting motors. This property 1s due to the inertia of the
rotor. When the power supply is switched on, the armature winding and field windings are |
excited. Instantaneously, the armature winding creates a rotating magnetic field, which
revolves at the designated motor speed. The rotor, due to mertia, will not follow the revolving
magnetic field. In practice, the rotor should be rotated by some other means near to the
motor's synchronous speed to overcome the inertia. Once the rotor nears the synchronous
speed, the field winding is excited, and the motor pulls into synchronization.

The tollowing techniques are employed to start a synchronous motor:

* Aseparate motor (called pony motor) is used to drive the rotor before it locks in into
synchronization.

* The field winding is shunted or induction motor like arrangements are made so that the
synchronous motor starts as an induction motor and locks in to synchronization once it
reaches speeds near its synchronous speed.

* Reducing the input electrical frequency to get the motor starting slowly, variable-frequency
drives can be used here which have rectifier-inverter circuits or cycloconverter circuits.

Q75.Compare synchronous motor & induction motor.



Comparison

Comparison of motor types'#% Duege

Type Advantages Disadvantages  Typical Application Typical -nﬁw &
Low cost, long life, -
_ - B Starting inrush ...J'
high efficiency, =,
voh I ’ current can be > . :
A((::I pot_vp aseirre| argj‘: La' lr(ltgs iy high, blumps, fans, Poly-phase Ac,
‘ ijon squirrel- available (to OWEers, co AFiatla
induc q | speed control oy 5, conveyors, variable
or more), . : r ik oot Tl
& d requires variable i frequency AC
large number of
, frequency source
standardized types
Speed slightly
below
synchronous ‘
tb 2 dad 0ol : Low cost v ghatiir Fans, appliances, Gin o
-pole motor - ;
aleth Long life I 5 record players 'ngle phase AC

Small ratings
low efficiency

Speed slightl
AC induction — P BIEY

Squirrel cage, split- High power
phase capacitor- high starting torque
start

below Appliances

synchronous Stationary Power  Single phase AC
Starting switch or Tools

relay required

Moderate power Speed slightly

AC induction — High starting torque below Industrial blowers
Squirrel cage, split- No starting switch synchronous Industrial Single phase AC
phase capacitor-run Comparatively long Slightly more machinery
life costly

AC induction — Speed slightly
Squirrel cage motor, :

lit-oh Moderate power below AppiiaRCE : hase AC
e Low starting torque synchronous Stationary Power Single pnase
31{""'3W start Starting switch or Tools
winding relay required
Universal motor ~ High starting torque, Maintenance Handheld power i gle phase AC

compact, high speed, (brushes) tools, blenders,




vacuum cleaners, or DC

usually acoustically ~ Shorter lifespan _ TS ST 3
noisy Only small ratings insulation blowers 1 '
are economic .
Industrial motors  Single or
tl Clocks Polyphase AC
AC Synchronous  Synchronous speed  More costly Audio turntables
Tape drives
Positioning in
- ~_ Some can be costly printers and floppy
Precision positioning : . ..
Stepper DC 1_ ; Require a disc drives; DC
High holding torque . : :
controller industrial machine
tools
Rigid ("hard") disk
Long lifespan Higher initial cost o
Brushless DC Low maintenance Requires a CIyENG e
High efficiency controller -
RC Vehicles
UAVs

-

Q76.Explain (a) cross field theory (b) rotating field theory ot single phase motor
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rotor flux is called cross-field,. I
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These are small motors having an output power less than one horse power and are gene ﬁl
operated on single phase AC supply. These motors perform varieties of service in ti?;; j y
office, business concerns, factories and farms and in a number of other applicatioﬁg ‘4 me, -
single phase supply 1s available. PUMELIONS WIS

Single phase motor 1s not self-starting. Hence, it is provided with an extra winding known as
auxiliary or stampg winding mn addition to main or running winding, These two windings are
spaced 90 electrically apart and are put in parallel, so that a rotating field is produced.

Q77.Explain the control of electric generating system.

Electricity generation is the process of generating electric energy from other forms of
energy.

The fundamental principles of electricity generation were discovered during the 1820s and
carly 1830s by the British scientist Michael Faraday. His basic method is still used today:

electricity is generated by the movement of a loop of wire, or disc of copper between the
poles of a magnet.

For electric utilities, it is the first process in the delivery of elect‘ricity to consumers. The
other processes, electricity transmission, distribution, and electrical power storage and
recovery using pumped storage methods are normally carried out by the electric power
industry:.

Electricity is most often generated at a power staj[ion by electr.omechamlc . gg neil(')a;(]))ri also by
primarily driven by heat engines fueled by chemlcal combystiot dorTnlr ) eaal;e frs:an -
other means such as the kinetic energy of flowing water and wulll b eln: hot ovo){taics o
technologies that can be and are used to generate glectrianly; SRh 4R SEE '

geothermal power.

Q78.Explain voltage regulator.

| | intat nstant
A voltage regulator is an electrical regulator desllg'l;lt?d éofglx;;t'lgzlsli)é;ns?g;; ian((::(l)u de
| | imple "feed-
voltage level, A voltage regulator may be a Simp ‘ . .
negat%vc feedback cor%trol J%oops. [t may use an olectromechanical mechanism, or electronic

| 1S AC or DC
components. Depending on the design, 1t may be used to regulate one or more
Voltages.




es such as computer power supplies where

r and other elements. In automobile .
[tage regulators control the output of

lators may be installed at a
dy voltage independent

Electronic voltage regulators are found in devic
they stabilize the DC voltages used by the processo

alternators and central power station generator plan’ts,,1 VO /|
the plant. In an electric power distribution system, VO tage reg

ion 1i - ve stea
substation or along distribution lines so that all customers receiv
of how much power is drawn from the line.

Q79.Explain prime mover & governor.

A centrifugal governor is a specific type of governor that controls the speed of an engine by

regulating the amount of fuel (or working fluid) admitted, so as to maintain a near COI}StaIl'[
speed whatever the load or fuel supply conditions. It uses the principle of proportiona

control.

It is most obviously seen on steam engines where it regulates the admission of steam.into the
cylinder(s). It is also found on internal combustion engines and variously fueled turbines, and

In some modern striking clocks.

Q80.Explain the types of excitations.

An electric generator or electric motor that uses field coils rather than permanent magnets
requires a current to be present in the field coils for the device to be able to work. If the field
coils are not powered, the rotor in a generator can spin without producing any usable
electrical energy, while the rotor of a motor may not spin at all.

Smaller generators are sometimes self-excited, which means the field coils are powered by
thje current produced by the generator itself. The field coils are connected 1n series or parallel
with the armature winding. When the generator first starts to turn, the small amount of
rémanent magnetism present in the iron core provides a magnetic field to get 1t started
generatylg a small current in the armature. This flows through the field coils creatin ; larger
magnetic field which generates a larger armature current. This "bootstrap" p;‘ocess cfntinufs




E e ' ‘
pohages. design, it may be used to regulate one or more AC or DC

Electronic voltage regulators are found in dev

hey stabili

R rintore ;ﬁ‘l;he oe 1\ Oltages use_d by the processor and other elements. In automobile
T hI CT““? power Stf}Tlo}l generator plants, voltage regulators control the output of
¢ plant. In an electric power distribution system, voltage regulators may be installed at a

;qbstatlon or along d}strlbution lines so that all customers receive steady voltage independent
»f how much power is drawn from the line.
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BASIC MAIN POWER SYSTEM
(typical factory wire hamess design)
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Junction VOLTAGE REGULATOR
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10 dash area

Q84.Explain typical generator instability problem.

AS PER QUESTION 82.

Q85.Explain digital excitation system.

AS a result‘ of the increasing capacity and expansion in operating area of power system, together with
the Increasing constant power load, there is a tendency for both power stability and voltage stability to
decline in power system, and this decline has become apressing issue. Concerning power stability, in

particular, the suppression of the 0.3- to 0.5-Hz longperiod power perturbation that occurs between

power systems 1s being examined closely as a problem thatshould be solved, in addition to the 1.0 Hz
perturbation that occurs between conventional generators. Here, we describe the latest digital exciter
system for generator control that is particularly effective in improving system stability.

POWER SYSTEM STABILITY AND EXCITER CONTROL

POWBI‘ §ystem stability involves, voltage stability, in which a constant voltage can be restored and
maintained even when changes in load occur, and power stability, in which the power perturbation
that arises between generators that are operating in parallel is quic '

) _ kly suppressed and a constant
power can be maintained. It is necessary to sufficiently guarantee both types of stability, taking the

most severe operating conditions into consideration. The approaches to Improving power system




stability 1_1101“‘13 m‘?_ﬂf‘(’ds of improving the main circuits by increasing the system voltage,
construction of additional power transmission lines, installation of series capacitors, installation of
SV_C (S.tatl? VAR compensator) and so on and the method of generator exciter control. Although the
main circuit improvement approach is a fundamental measure, the scale of reconstruction is very
large. The control approach, on the other hand, makes it possible to extract the maximum capability

| of the generator by improving the control algorithm when digital control equipment is used, which has
a very large economical effect.

Q86.Sketch generator parallel control system.

| l
Supply Static Bypass Switch X

X

XX XX

Ve’ m X

0O87.Explain digital voltage regulation system.

LM317 /LM338 / LM350

R2

Vout =125V (1 } —) + lapy (R2)

Vin.  Vour -

ADJ

R1

+

c2'
1 uF




As the automatic voltage regulator (AVR), which regulates generator voltage, is a device

indispensable for operation, it is required to have supe‘rior reliability N add'ition to easy
maintenance or repair features. And, recently there exists an ever-increasing demand for

improved system stability through the excitation control (AVR) in order to prievent decline in
system stability in line with the increase in power system and power re-routing. At the same
time, digital devices as represented by micro-processors, have been making a remarkable

progress.

Q88.Explain the features of single phase motor.

Single-phase motors do not create their own magnetic field so they must be activated via a switch or
other device to make their rotor move. Only after the rotor is set in motion is a magnetic field created,

thus making it operate.

There are two types of motors: single-phase and three-phase. Single-phase motors require little
maintenance and can last for years. They are generally employed in devices that use low levels of
horsepower where it is inefficient to use a three-phase motor.

Q89.5ketch capacitor start motor & explain.
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Learn about "Capacitor Start - Induction Run" Motors
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The starter winding has a capacitor incorporated which makes the single-phase motor a self-
starting one. Read here to know about the different types of widely used capacitor-motors

Introduction

We know that the single-phase induction motor can be made self-starting in numerous ways.
One such most used method was the Split Phase motors which we discussed in my last
article. In this article, we will discuss about the Capacitor Start Induction Run Motors.

MAIN
WiiN ;'AHG

ﬁ.l: :
SINGLE-  ALTILLARY
FHASE  WINDING -
SLUPPLY

B ESIS TOR

Capacitor-Start Induction-Run Motors

We know about the activity of a capacitor in a pure A.C. Circuit. When a capacitor 1S sosar
- | . S
introduced, the voltage lags the current by some phase angle. In these motors, the necessary




Q90.Sketch
(a) Capacitor start / capacitor run motor
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Q91.Compare single phase and three phase motor. s

There are always a couple copper coils around pgrt of the frame. when rupnm%, these are v J
ot because there is an induced current in them. if you remove them, 2 things happen.
1. the motor will spin in either direction.

2. 1t will be stronger. - . - Mo .
unfortunately, there are relatively few applications in which the direction of spin 1s urrelevant. _

it's kind of like if you had a bicycle where you could push-or pull st}'aight 0{1 one pedal, but
you couldn't see which direction you were pushing. Once it gets going, youre okay, but

getting started is chancy.

with a 3 phase motor, you don't have that problem. there's always 2 sets of windings for
which your "pedal" cannot be at the top of bottom of the stroke. |
what that does is provide nearly even power throughout the rotation cycle.

The most common type of 3 phase electrical load is the 3 phase electric motor. A 3 phase
motor is more compact and less costly than a 1-phase motor of the same voltage class and
rating; also 1-phase AC motors above 10 HP (7.5 kW) are not as efficient and thus not
usually manufactured. A 3 phase induction motor has a simple design, inherently high
starting torque, and high efficiency. Such motors are applied in industry for 3 phase pumps,
fans, blowers, compressors, conveyor drives, and many other types of 3 phase motor-driven
equipment. There are a lot of benefits to using a 3 phase electric motor over a single phase
electric motor.

Three-phase loads such as larger motors must be connected to all three phases of all phases

can sufter damage as the reactive current moves across abnormal rotary converters can allow
satisfactory operation of three-phase equipment.

Q92.Describe motor maintenance methods.

Widely publicized estimates show that systems driven by electric motors consume more
than half of the electricity produced in the United States and more than 70 percent of

the electricity used in many industrial plants. Now that energy and operating costs are at
a premium, it makes more sense than ever to increase motor efficiency.

M:ny facilities find it makes sense to divide their motor efficiency strategy into three
phases:

* Overall assessment



« For those key units, use a power lo :
, gger to evaluate their _ *
(power draw). energy consumption

This will give you a general energy-consumption map for motors in your facility.

1. Changes to the units and to unit operation
2. Repairs

Changes to the units may include replacing some motors with higher-efficiency or better-
sized models, adding controls to others to right-size output, and rescheduling which
motors run when compared to demand and utility rates.

To determine whether any of these changes make sense In your facility, use a motor
efficiency calculator such as MotorMaster+ from the U.S. Department of Energy. It can
help you calculate savings per motor and per efficiency step.

Otherwise, there are three inspection points that you should make to all motors that you
intend to keep operational:

1. Voltage unbalance
2. Current unbalance
3. Power factor

Q93.Sketch equivalent circuit of single phase motor
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Q95.How will you determine synchronous im pedance? o - {3
' the motor windings

the impedance of e motor WInGIESIEg
througir; called the synchronous impedance _.
which is the resistance and leakage

t a reactance in the usual
urns on the total flux of the

The voltage E, which forces the current I
produces a voltage drop I:Zs. The Im pedance Zs
and is composed of two parts. One part IS Ra+jXa, WN vl
reactance of the winding. The other part is X;, which IS :
sense but is the result of the effect of the stator ampere-t e depends almost

motor. This effect is called armature reaction and Its ?ag;‘;il:)r polez 1 space, Tl
altogether on the angle by which the rotor poles lag the S tor load and the motor

ppar | f the mo
apparent then that X, depends on both the magnitude O _
pg\?ver factor. If the r;1mf of the armature reaction tends to decrease the total flux, Its

monl
effect is the same as additional reactance drop; and,_therefore, ()::I(r afnbd t)fwa a;ft;:O_rPhus y
combined and the result is called X.. The value of Z. is composed of both p . ;

ZS — Ra -+ Jxa o _]XI'

the machine is driven at synchronous speed without

excitation. The polyphase winding Is short-circuited through three amn_’\eters, one in
each lead, to measure the current I, per phase. A small direct current is then used to
magnetize the field poles to the point where the three ammeters show full-load rated
current. From the open-circuit saturation curve of the machine, the voltage E, per phase
is found corresponding to the direct current used. The synchronous impedance, in ohms,
is then Z. = E,/I,. With the polyphase winding short-circuited, all of E, is used to force I,
through the total impedance Z. of the machine. Refinements of this procedure are
necessary if Z. must be determined accurately for some particular condition of loading.

To determine Z. experimentally,

Q97.Explain excitation and reactive power.

Reactive power flow on the alternating current transmission system is needed to support the
transter of real power over the network. In alternating current circuits energy is stored
temporarily in inductive and capacitive elements, which can result in the periodic reversal of
the direction of energy flow. The portion of power flow remaining after being averaged over
a complete AC waveform is the real power, which is energy that can be used to do work (for

example overcome friction in a motor, or heat an element). On the other hand the portion of

power_ﬂow that 1s temporarily stored in the form of electric or magnetic fields, due to
inductive and capacitive network elements, and returned to ,
power.

source 1s known as the reactive

gy in the form of a magnetic field ; ~ .

' . bl - ("ld lrlCI

devices called reactors, which consist of a large coil of wire. When a vo ltaglzadies 111111(11t111;ltlwe
L : - | y

placed across the coil a magnetic field builds up, and it takes a period of time for th t
. ¢ curren

to re C | . s k. >
ca h full vglue. This causes 'the current to lag the voltage in phase, and he
devices are said to absorb reactive power. 45, and hence these

{A capacitor 1s an AC device that stores ener
Is driven through the capacitor, it takes g pe
full voltage difference. On an AC network {

gy n the form of an ele
rod of'time for charge
he voltage

ctric field. When current

aoding o ,b“ild up to produce the
dCross a capacitor is always changing -~




the capacitor will oppose this change causing the voltage to lag behind the current. In other

words the current leads the voltage 1
: ' ¢ 1n phase, and : -
eactive POWET. ge m p hence these devices are said to generate

Iti]nergﬁ stOIt‘Fad In capacitive or inductive elements of the network give rise to reactive power
ow. Reactive power flow strongly influences the voltage levels across the network. Voltage

levels and reactive power flow must b
ea e carefully controlled to allo
operated within acceptable limits. L e

Varlab|e-sp§ed constant-frequency generating systems are used in wind power
hyc_:ir:oe|ectr|c power, aerospace, and naval power generation applications to enfgance
ef‘f|C|ency and reduce friction. In these applications, an attractive candidate is the
sllp_power recovery system comprising a doubly excited induction machine or doubly
ex_cnted hrushless reluctance machine and PWM power converters with a DC link. In
this paper, a flexible active and reactive power control strategy is developed su.ch
that the optimal torque-speed profile of the turbine can be followed and overiall
reactive power can be controlled, while the machine copper losses have been
minimized. At the same time, harmonics injected into the power network have also
been minimized. In this manner, the system can function as both a highly-efficient
power generator and a flexible reactive power compensator.

Q98.Explain excitation methods.

There are two major types of synchronous motors: non-excited' and 'direct-current excited,,
which have no self-starting capability to reach synchronism without extra excitation means,

such as electronic control or induction.

With recent advances in independent brushless excitation control of the rotor winding set that
oliminates reliance on slip for operation, the 'brushless wound-rotor doubly-fed electric
machine' is the third type of synchronous motor with all the theoretical qualities of the
synchronous motor and the wound-rotor doubly-fed motor combined, such as power factor
correction, highest power density, highest potential torque density, low cost electronic

controller, highest efficiency, etc.

Non-excited motors

These are manufactured in permanent magnet, reluctance and hysteresis designs. Reluctan(;e
and hysterisis designs employ a self-starting circuit and require no exterqal excitation supply.
Permanent magnet designs require electronic control for practical operation (see Permanent

magnet synchronous generator).

Reluctance motor designs have ratings that range from sub-fractional to a-tfout 30 hp{ ?11(1)1:1
fractional horsepower motors have low torque, and are generally u§ed ltol mStmIEte:l ; ey
applications. Moderate torque, integral horsepowet MOtOrs USE SquIrTe ca]ge Clcl) ~ tors in the
with toothed rotors. When used with an adjustable frequency power suppiy:
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- nding plus continuous-current commutator

Q9S.Explain the connection of synchronous motor with sketch.

S

squ:ﬂhmnous electric motor is an AC motor distinguished by a rotor spinning with coils
passing magnets at the same rate as the power supply frequency and resulting rotating
magnetic field which drives it. . - -

Another way of saying this is that it does not rely on slip under usual operating conditions
@ as a.resultz produces torque at synchronous speed. Synchronous motors can be contr sted
with an mductxoq mo‘tor, which must slip in order to produce torque. They operate P
synchronously with line frequen'cy. As with squirrel-cage induction motors, speed is
- ine frequency.

L

U1
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lous motors may be excited in several ways: SR L

A small Exciter-dynamo mounted on the same shaft e
Shunt-excitation
Armature winding plus continuous-current commutator

NN

Q99.Explain the connection of synchronous motor with sketch.

synchronous electric motor is an AC motor distinguished by a rotor spinning with coils

passing magnets at the same rate as the power supply frequency and ' !
magnetic field which drives it. e dpetorn
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