MODEL TEST PAPER

Q1. Explain speed torque conventions and multi quadrant operations.

Sol. A motor operate in 2 modds Motoring and brakingln motoring, it converts electrical
energy into mechanical energyhich support itanotion. In braking, it converts as a generator
converting mechanical energy into electrical energy and dpp®se the motion. Motor can
provide motoring & braking for both forward & reverse direcidRower developed by a motor
is given by the product of speed & torque.
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Forward Forward
braking motoring

® | ® '
Reverse Reverse
motoring braking

1 The speed is assumed to be positive if the direction of rotation is anticlockwise or in such a
way to cause an Oupwardé or forward motion of
of the speed can be assumed arbitrarily either clockwisetiolomkwise.

(1 The motor torque is positive if it produces increase in speed in the positive sense. The load
torque is assigned the positive sign when it is directed against the motor torque.

1 Plot of speed torque characteristics of the load/ motor fdioat quadrant of operation is
known as quadrant diagram.

Four Quadrant Operation

T Motor is driving a hoist consisting of a cage with or without load, a rope wound on to a
drum to hoist the cage and a balance weight of magnitude greater than that optyre em
cage but less than that of the loaded cage.

1 The arrow in the figure indicates the actual directions of the motor torque, load torque
and motion in four quadrants.

1 The load torque of the hoisting mechanism is of active type and assumed to be constant
due to negligible friction and windage for low speed hoist.



Speed torque curve of the hoist is represented by vertical line passing through two
guadrants. Loaded hoist characteristics in first and fourth and unloaded in second and
third quadrantsHere T ismotor torque and T1 is load torque.

In the first quadrant the load torque acts in the opposite direction to that of rotation.
Hence to drive the loaded hoist up, the motor developed torque must be in the direction
of the rotation or must be positive. Thewer will also be positive so, this quadrant is
knownasd f or ward motoring quadrantd.

Speed torque curve of the hoist is represented by vertical line passing through two
guadrants. Loaded hoist characteristics in first and fourth and unloaded in second and
third quadrants.

In the first quadrant the load torque acts in the opposite direction to that of rotation.
Hence to drive the loaded hoist up, the motor developed torque must be in the direction
of the rotation or must be positive. The power will alsgobsitive so, this quadrant is
knownast f or war d mot oring quadranté

The hoisting up of the unloaded cage is represented in the second quadrant. As the
counterweight is heavier than the empty cage, the speed at which hoist moves upwards
may reach a very gh value. To avoid this, the motor torque must act in the opposite
direction of rotation or motor torque must be negative. The power will be negative
though the speed is positive, so this quadrant is knownfa® r war d br aki ng qu

The third quadrantepresents the downward motion of the empty cage. Downward
journey will be opposed by torque due to counterweight and friction at the transmitting

parts, move cage downwards the motor torque should must be in the direction of the
rotation. Electric machinacts as a motor but in the reverse direction compared to first
guadrant. The torque is negative as speed is increased | the negative direction, but the
power is positive, this quadrant is knownaR e ver se mot ori ng quadr art

Fourth quadrant has the dowarsl motion of the loaded cage. As loaded cage has more
weight than the balanced weight to limit the speed of the motion, motor torque must have
opposite polarity with respect to rotation and acts as a brake. The motor torque sign is
positive, but as spedths negative direction; the power will be negative, this quadrant is
designateda8 Rever se braking quadranto.
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2. what do you mean by steady state stability? Derive equivalent value of drive parameters.
Steady State Stability:

Equilibrium speed of moteoad system can be obtained when motor torque equals the load
torque. Electric drive system will operate in steady state at this speed, provided it is the speed of
stable state equilibrium. Concept of steady state stability has been developed tcexeduite

the stability of an equilibrium point from the steady state speed torque curves of the motor and
load system.In most of the electrical drives, the electrical time constant of the motor is
negligible compared with the mechanical time constantinguiransient condition, electrical

motor can be assumed to be in electrical equilibrium implying that steady state speed torque
curves are also applicable to the transient state operation. Now, consider the steady state
equilibrium point A shown in figurbelow.
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The equilibrium point will be termed as stable state when the operation will be restored to it after
a small departure from it due to disturbance in the motor or load. Due to disturb@dcetson

of &¥ m in speed at new speed, el ectrical r
consequently motor will accelerate and operation will be restoring to point A. similarly an
increase in & m speed caus e de gikeaterthan thé mdtour b an

torque, resulting into deceleration and restoring of operation to point A.

Now consider equilibrium point B which is obtained when the same motor drives another load as
shown in the figure. A decrease in speed causes the loa tlmrdpecome greater than the motor
torque, electric drive decelerates and operating point moves away from point B. Similarly when
working at point B and increase in speed will make motor torque greater than the load torque,
which will move the operatinggint away from point B.
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From the above discussions, an equilibrium point will be stable when an increase in speed causes
load torque to exceed the motor torque. (i.e.) When at equilibrium point following conditions is
satisfied.

Inequality in the aboveequation can be derived by an alternative approach. Let a small
perturbation in speed, &¥Y m results in eT
Therefore the generldad torqueequation becomes

)+ Jdlo, +Aw,)
dt
Jdw, dAw

(T+AT)=(T, +AT,

= T+AT =T, +AT, +——=+J B - —(2)
dt dt

The general equation 1s

T=T,+J(1(!)’" _______ 3)

dt
Subtracting (3) from (2) and rearranging
Jdn)m AT AT ——m e e e e o (4)
dt

From small perturbations, the spdddrque curve of the motor and load can be assumed to be
straight lines, thus



do,
dT,
Al = ~ Ap, ——————~ (6)
a,
; at. : : ; :
Where 2 and = are respectively slopes of the steady state speed torque curves of motor and
, ,,

load at operating point under considerations. Substituting (5) and (6) in (4) we get,

e B T (7)
dt do, do,
This is a first order linear differential equation. If initial deviation in speed at t=0 be (A, ), then the

solution of equation (7) is

1 dT, T
A({)m = (A(um )0 exp{— 7[(5(_')‘ = [;{U Jfl ''''' (8)

An operating point will be stable when & m a

happen exponential term in equation (8) should be negative.

3. Explain various methods ofcontrol of dc motors.

Speed of a DC motor

We know, back emf feof a DC motor is the induced emf in the armature conductors due to the

rotation of armature in magnetieelid. Thus, magnitude of th® can be given by the EMF
eqguation of a DC generator.

0=

(where, P = no. of poles, @ = flux/pole, N = speed in rpm, Z = no. of armature conductors, A =
parallel paths)

thus, from the above equations
N= ——
but, for a DC motor A, P and Z are constants

Therefore, N K Ey/g (where, K=constant)



This shows the speed of a dc motor is directly proportional to the back emf and inversely
proportional to the flux per pole.

Speed control of Shunt motor

Flux control method: It is already explained above that thgee of a dc motoris inversely
proportional to the flux per pole. Thus by decreasing the flux, speed can be increased and vice
versa. To control the flux, a rheostat is added in series with the field winding, as shown in the
circuit diagram. Adding more resance in series with the field winding will increase the
speedas it decreases the flux. In shunt motors, as field current is relatively very sifrallpss

is small and, hence, this method is quite efficient. Though speed can be increased abtea the ra
value by reducing flux with this method, it puts a limit to maximum speed as weakening of flux
beyond the limit will adversely affect the commutation.

I
) o 5
‘tlf
Ia
Rf
+ é

2. Armature control metho&peed of a dc motois directly proportional to the back emf &d

Eb =V- IaRa.

That means, when the supply voltage V and the armature resistaaeekept constant, speed is
directly proportional to the armature current Thus, if we add a resistance in series with the
armature, 4 decreases and, hence, the speeul @dsreases. Greater the resistance in series with
the armature, greater the decrease in speed.
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3. Voltage Control Method

a) Multiple voltage control: In this method, the shunt field is connected to a fixed exciting
voltage and armature is supplied wilfferent voltages. Voltage across armature is changed
with the help of a suitable switchgear. The speed is approximately proportional to the voltage
across the armature.

b) Ward-Leonard System

This system is used where very sensitsgeed control of maor is required (e.g electric
excavators, elevators etc.). The arrangement of this system is as shown in the figure atisight.M
the motor whose speed control is requiredvay be any AC motor or DC motor with constant
speed.G is a generator directly upted to M.

In this method, the output from the generator G is fed to the armature of the motdroske

speed is to be controlled. The output voltage of the generator G can be varied from zero to its
maximum value by means of its field regulator andckethe armature voltage of the motog M

is varied very smoothly. Hence, very smosgieed control of the dc motoican be obtained by

this method.



Constant Variable Constant

field Field field

Speed control of series motor

1. Flux control method

1 Field divertor A veritable resistance is connectearadlel to the series field as shown in
fig (a). This variable resistor is called as divertor, asi#t®red amount of current can be
diverted through this resistor and hence current through field coil can be decreased.
Hence, flux can be decreased todesired amount and speed can be increased

1 Armature divertor Divertor is connected across the armature as in fig (b).
For a given constant load torque, if armature current is reduced then flux must increase.
As, Ta 6 Dla
This will result in anincrease in current taken from the supply and hence flux @ will
increase and subsequengfyeed of the motowill decrease.

1 Tapped field controlAs shown in fig (c) field coil is tapped dividing number of turns.
Thus we can dect different value of @ by selecting different number of turns.

¢ Paralleling field coilsIn this method, several speeds can be obtained by regrouping coils
as shown in fig (d).

T Field divertor A veritable resistance is connected parallel to the segkbds shown in
fig (a). This variable resistor is called as divertor, asi#tsred amount of current can be
diverted through this resistor and hence current through field coil can be decreased.
Hence, flux can be decreased todesired amount and spkean be increased.

1 Armature divertor Divertor is connected across the armature as in fig (b).
For a given constant load torque, if armature current is reduced then flux must increase.
As, Ta 6 Dla
This will result in anincrease in current taken from teapply and hence flux @ will
increase and subsequerdjyeed of the motowill decrease.

1 Tapped field controlAs shown in fig (c) field colil is tapped dividing number of turns.
Thus we can select different value of @ by selecting different number sf turn




1 Paralleling field coilsIn this method, several speeds can be obtained by regrouping coils
as shown in fig (d).
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2 Variable resistance in series with armature
By introducing a resistance in series with the armature, voltage across the armature can be
reduced. And, hence, speed reduces in proportion with it.

3. Seriesparallel control

This system is widely used in electric traction, where two or more mechanically coupled series
motors are employed. For low speeds, the motors are connected in seris, lagher speeds

the motors are connected in parallel.

When in series, the motors have the same current passing through them, although voltage across
each motor is divided. When in parallel, tridtage across each motor is same although the
current ges divided.

4. A 220V, 200 A, 800 rpm dc separately excited motor has an armature resistance of
0.06Y.The motor armature is fed from a variab
of 0.04Y . Calcul ate internalVVv8&ahanthgrmotooid t he
operating in motoring at 50% of the rated motor torque and 400 rpm



Sol. We know that the motor torque,Tis proportional to the armature current, la.

motorspeed, N is proportional to the back emf, E

Rint
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The motor armature curreat 50% of the rated motor torque is
la = 0.5x 200 = 100A
The back emf at the rated speed and the rated torque is
E =Vai laRa = 220-200x 0.06 = 208 V
The back emf at 400 rpm is

E=—xE=—x208=104V

Internal voltage of VVSs

« =E+0DY Y PTT PTNTE( TAIT pPPpo

The

5. A DC motor with a separately excited field winding is considered. The rated armature
voltage is UN = 600 V, rated torque TN = 420 Nm, rated speed N = 1600 r/min, and

maximum speed Nmax = 3200 r/min. The losses are omitted.

(@) The flux factor kf is kept constant at its rated value. When the armature voltage is
varied from 0 to UN, the speed varies from 0 to N. Determine the rated armature current

IN.

(b) A load is to be driven in the speed range from N to Nmax by weakening the flux factor
while the armature voltage is kept constant at UN Determine the torque available at

maximum speed, if the rated armature current IN is not exceeded.

Sol. The losses are omitted, i.e., Ra aAd)ds. Hence, the steadyate equations of the DC motor

are



(a) Let us first calculate the rated rotor speed in radians per second:

1600 r/min

———— = 167.6 rad/s
60 s/min

WwN = QTITN =27

The rated flux factor is
Ux 600 V

= — = 3.-8 \"S
wx  167.6 rad/s :

ken =

The rated armature current is

TN 420 Nm
In=—=

w R S ITEA
k.  3.58 Vs .

(b) The maximum rotor speed in radians per second is

3200 r/min
60 s/min

= 27n = 27 -

M max

= 335.1 rad/s

£y
“Ymax

The flux factor at the maximum speed is

Ux 600 V

= = 1.79 Vs
Wmax  339.1 rad/s : o

k( =

The torque at the maximum speed is
Ty =k =179 Vs - 117.3 A = 210 Nm

The same result could be obtained as Ty = (nx/Mmax )TN, 1.e. the torque reduces
inversely proportionally to the speed in the field-weakening region.

6. Discuss voltage source inverter (VSI) fed Induction motor drives.

Sol. The voltage source inverter is defined as the inverter which takes a variable frequency from
a DC supply. The inputoltage of the voltage source inverter remains constant, and their output
voltage is independent of thead. Themagnitude of the load current depends on the nature of
the load impedance.
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The voltage source inverter use sgdinmutated device like MOSFETGBT, GTO, etc. It is
operated as a steppedve inverter or a pulse width modulation. When the voltage source
inverter is operated as a stepyeave inverter, then the transistor is switched in the sequence of
their number with a time difference of T/6.

The each of the transistors is kept on for the duration of T/2, where T is the period for one cycle.
The waveform of the line voltage is shown in the figure below. The frequency of the inverter is
varied by varying T, and the output voltage of the irered varied by varying DC input voltage.
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Stepped wave inverter line voltage waveform
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When the supply is DC, then the variable DC input is obtained by connecting a chopper between
DC supply and inverter.
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When the spply is AC, then the DC input voltage is obtained by connecting the controlled
rectifier between the AC supply and inverter shown in the figure below.The capacitor C filter out

the harmonics in DC link voltage.
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The main drawback of the VSI induction motiive is the large harmonics of the low frequency
in the output voltage. The harmonics increases the loss in the motor and cause the jerky motion
of the rotor at low speed.

7. Discuss the dynamic brakig and regenerative braking of VSI fed Induction mobr

drives.



Dynamic Braking: In dynamic braking, the switch SW and a ssifnmutated switch in series
with the braking resistance &e connected across the DC links. When the operation of the
motor is shifted from motoring to braking switch SW is operide: energy flowing through the
DC link charges the capacitors and its voltage rises.
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Dynamic braking of VSI controlled induction motoiay

Regenerative Braking: Let us consider the regenerative braking of pulse width modulation of
inverter drive. When the operation shift from motoring to braking, the DC link cuaestdrse

and flows into the DC supply feeding the energy to the sotios the drive already has the
regenerative braking capability.
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VSI Induction motor drive with regenerative braking capability

In regenerative braking the, the power supply to the DC link must be transferred to the AC
supply. When the operati@hift from motoring to braking, the DC link currentréverse, but

the Vg remain in the same direction. Thus, for regenerative braking, a converter is required for
converting the DC voltage and direct current in either direction.

8. Explain the Current source inverter control of Induction motor drive.

Definition: The current source inverter converts the input direct current into an alternating
current. In current source inverter, the input current remains constant but this input current is
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adjustable. The curresburce inverter is also called current fed inverter. The output voltage of

the inverter is independent of the load. The magnitude and nature of the load current depends on
the nature of load impedance.

Current Source Inverter Control

A thyristor current surce inverter is shown in the figure below. The diodefband capacitor
C1-Cs provide commutation of thyristoridTs, which are fired with a phase difference of 60° in
the sequence of their number. It also shows the nature of the output current mavidier
inverter act as a current source due to large inductapaa DC link. The fundamental
component of motor phase current is shown in the figure below.
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Current source inverter fed induction motor drive
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The torque is controlled by varying DC linkreent b by changing the value of v When the
supply is AC, a controlled rectifier is connected between the supply and inverter. When the
supply is, DC a chopper is interposed between the supply and inverter.

4%}.4 %’

Ld + .
oC Y Y Y L] Induction
—»| Chopper V4| CSI 3 Motor
Supply ~
DC Link

Current source inverter of DC motor drive

The major advantage of current source inverter is its reliability. In the case of current source

inverter a commutation failure in treame leg does not occur due to the presence of a large
inductance Ld.
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In an induction motor, the rise and fall of current are very fast. This rise and fall of current
provide large motor spikes. Therefore a motor of low leakage inductance is used. The
comnutation capacitance1€Cs reduce the voltage spikes by reducing the rate of rising and fall

of the current. A large value of capacitance is required to sufficiently reduced the voltage spikes.

9. Explain slip energy recovery of an induction motor drive.

Slip Energy Recoveryis one of the methods of controlling the speed ah
Induction motor. This method is also known &tatic Scherbius Drive In the rotor resistance
control method, the slip power in the rotor circuit is wastec?Rddsses during the lowpeed
operation. The efficiency is also reduced. The slip power from the rotor circuit can be recovered
and fed back to the AC source so as to utilize it outside the motor. Thus, the overall efficiency of
the drive system can be increased.

The figure belo shows the connection and method for recoveringslibeenergyandpower
recovery of an Induction Motor.
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Thebasic principle of theslip power recoveryis to connect an external source of the EMF of
the slip frequency of the rotor circuit. The slip energy recovery method provides the speed
control of aslip ring induction motor below its synchronous speed. A portion of rotor AC
power (slip power) is corarted into DC by a diode bridge.

Thesmoothing reactoris provided tasmoothenthe rectified current. The output of the rectifier
is then connected to the DC terminals of the inverter. The inverter inverts the DC power to the
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AC power and feeds it back tbe AC source. The inverter is a controlled rectifier operated in
theinversion mode

This method of speed control is used in large power applications where the variation of speed
over a wide range involves a large amount of slip power.

10. Explain staticrotor resistance control of Induction motor drive.

Rotor Resistance Controlis also one of the methods by which we can control the speed of
thelnduction motor. The speed of the wound induction motor can be controlled by connecting
an external resistance the rotor circuit through slip rings. This method is not applicable to cage
rotor induction motor.

As we know that the maximum torque is independent of the rotor resistance, yet the accurate
location of the maximum torquemax is dependent on it. The larger the value of the resistance,
larger will be the value of the slip at which the maximum torque occurs.

If the resistance of the motor is increased, then the pull out speed of the motor decreases. But the
maximum torque mmains constant. Thus, Rotor ResistanceControl method, the speed

control is provided by the rated speed to the lospereds. Thisnethod of speed control is very
simple. It is possible to have a large starting torque, low starting current and large ofatbe

pullout torque at a small value of slip.

TheMajor Disadvantagesof the rotor resistance control method are that the efficiency is low
because of the additional losses present in the resistors connected in the rotor circuit. The
efficiency is gratly reduced at low speeds because of the higher value of the slip. This method
of speed control is useth Cranes Ward Leonard drives and other intermittent load
applications because of ttev costandhigh torque capability at the lower speed.

This sped control method can also be used in fans or pump drives, where speed variation over a
small range near the maximum or top speed is required.

11. Explain staticscherbiusdrive with necessary derivation.

The Static Scherbius Drive provides the speedtrobrof a wound rotor motor below
synchronous speed. The portion of rotor AC power is converted into DC by a diode bridge. The
controlled rectifier works as an inverter and converts the DC power back into AC and feeds it
back to the AC source. This drivasithe ability of flow the power both in the positive as well as
thenegative direction of the injected voltage. This increases the operating condition of the drive.

The feedback power is controlled by controlling the inverter counter emiwiich is cotrolled
by controlling the inverter firingangle. TheDC link inverter reduced the ripple in DC link



current k. The slip power of the drive is fed back to the source due to which the efficiency of the
drive increases.
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Static scherbius drive

The drive iput power is the difference of the DC input power and the power fed back. Reactive

input power is the sum of the motor and input reactive power.Thus, the drive has poor power
factor throughout the range of its operation.

3vV6 sV

le = T X ; equ(l)
3W6 VvV

Vi = ey X —CoSa ... .. equ(2)

Wh e r ig thelUnverter firing angle and n, and m are respectively the stator to the rotor turn ratio

of motor and source side to convert side turns ratio of the transformer. Tleetimggdrop
across the inductor.

le +Vd2 =0

Substituting the equation (1) and (2) in the above equation we get
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s = ;lcosa = —Qcosd ........equ(3)

where a = n/m

The maximum value of alpha is restricted to 165° for safe commutation of inverter thyristor. The
slip can be cont rwhen dU firso mc Da ntgoe dO .f9r6o6nmJ 9 0 U 1
speed range can be obtained by choosing the a

The transformer is used to match the voltage frogmavid Vao. At the lowest speed required
from the drive, \1 will have the maximum Jae V4im, and it is given by

Vias
lem — S‘".Q’L/n

Where @i s the value of slip at the | owest speed.
the inverter voltage has a valuestMwh en U i s 165U, i .e.,

V S
—0s165° + — =&
m n
—ncos165° n
m= ——=—0.966
Sma:c Sma.t

The value of m determines the highest firing angle at the lowetor speed. It also gives the
highest firing angle and the lowest reactive power at the lowest speed.

Considered the circuit of the motor, which is neglectingmiagnetizingoranch. When referred
to DC link, resistance (SR R) wi | | s+bR9. THs(giveR dhe equivalent circuit of the
drive, where M1 and Vg2 are given. Ris the resistance of the DC link inductor.
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Motor and drive equivalent circuit

V Qe
—c0s165° + —2Z
m
—ncos165° n
m= —=—0.966
Smax Smax
If rotor copper loss is neglected
P, = [Vazlla
s
P Vsl
F=_42 =| az! d...‘......equ(6)
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The nature of the speed torque curve is shown in the figure below.
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Speed Torque Curves



The drive has application in pump drive which requires the speed control in the narrow range
only. The drive is widely used in medium andtipower fan and pump drives, because of high
efficiency and low cost.

12. Explain closed loop control of static Kramer drive.

Definition: The static Kramedrive is the method of controlling the speed of an induction motor
by injecting the oppositphasevoltage in the rotor circuit. The injected voltage increases the
resistance of the rotor, thus controlled the speed of the motor. By changing the injected voltage,
the resistance and speed of an induction motor are controlled.
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Static Kramer drive

The stéic Kramerdrive converts the slip power of an induction motor into AC power and supply
back to the line. The slip power is the air gap power between the stator and the rotor of an
induction motor which is not converted into mechanical power. Thus, therpewgetting
wasted. The static Kramer drives fed back the wasted power into the main supply. This method is
only applicable when the speed of the drive is less than the synchronous speed.

Static Kramer Drive Working

The rotor slip power is converted inBC by a diode bridge. This DC power is now fed into DC
motor which is mechanically coupled to an induction motor. The torque supplied to the load is
the total sum of the torque produced by the induction and DC motor drive.
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The figure shown below represents the variation afavid 42 with a speed of two values of DC
motor field current. When the value ofyMs equal to the value of dYthen the steady state
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Closed loop control of stati€ramer drive

operation of the drive is obtained, i.e., at A anfbBfield current of # and .

The speed control is possible only when speed is less or half of the synchronous speed. When the
large range speed is required, the diode bridge is replaced by the thyristor bridge. The
relationship between thegdVand thespeed can be altered by controlling the firing angle of

thyristor amplifier. Speed can now be controlled up to stand still.

13. Write different types of braking and explain any three of them

When it comes to controlling an electric machine by electrieedsibraking is a very important
term because it helps to decrease the speed of the motor according to will and necessity. Braking

of induction motors can be classified mainly in three types

1 Regenerative braking.

1 Plugging or reverse voltage braking

1 Dynamic braking which can be further classified

1 AC dynamic braking




1 Selfexcited braking using capacitors
1 DC dynamic braking
1 Zero sequence braking

To explain that regeneration braking for induction motor, we can take help of the equation

P, = 3NI,Cosé,

Here, 6, is the phase angle between the stator voltage and stator current, the simple words
whenever this phase angle exceeds 90° (1.e 6,>90°) regenerative braking can take place. To
explain this more clearly and easily we can say that whenever the speed of the rotor exceeds
synchronous speed, regeneration braking occurs. That is because whenever the rotor rotates at
a speed more than synchronous speed there is a reverse field occurs which opposes the
normal rotation of the motor and therefore braking takes place. Main disadvantage of this
type of braking is that the speed of the motor has to exceed synchronous speed which may
not be possible every time. To acquire regenerative braking at a lower speed than
synchronous speed, variable frequency source can be used.
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Plugging of indation motors is done by interchanging any two of the supply terminals. When
the terminals are reversed the operation of the machine changes from motoring to plugging.
From technical point of view and for better understanding it can be said that theasigesh

f r o mo ssf, whicb indfc&es that due to reversal of the terminals the torque also changes its
direction and braking occurs.
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Regenerative Braking

The first classification of dynamic braking of induction motors is AC dynamic braking any
one of the supply phase is disconnected from the supply and then it is either kept open or
connected with the other phase. The first type is known as two lead connection and the
second one is known as three lead connection. To understand this braking method clearly we
can assume the system to be a single phase system. Now the motor can be considered to be
fed by positive and negative sequence voltages. That’s why when the rotor resistance is high
the net torque 1s negative and braking can be acquired.



(a) Motoring 5 j .- :‘.
(b) Two lead connection  (¢) Three lead
connection

Sometimes capacitors are kept permanent by connected across the supply terminals of the
motor. This is called self-excited braking using capacitors of induction motors. This type of
braking works mainly by the property of the capacitors to store energy. Whenever the motor
is disconnected from the supply the motor starts to work as a self-excited induction generator,
the power comes from the capacitors connected across the terminals. The values of the
capacitor are so chosen that they are sufficient to make the motor work as an induction
generator after being disconnected from the supply. When the motor works as an induction
generator the produced torque opposes the normal rotation of the motor and hence braking
takes place.

14. Write a brief note on variable speed drives. Also state the reasons behitsluse.

Sol. Variable Speed Drive¥EDs), also known as adjustable speed drives, are large industrial
electric motors whose speed can be adjusted by means of an external controller. They are used in
process control and help saving energy in plants that use many powerful electric motors.

Theuse of adjustable speed in process control matches the motor speed to the required tasks and
may compensate for changes in the process's variables. The use of adjustable speed for saving
energy is exemplified by the adjusting the speed of a cooling féor tecomatch the temperature

of the machinery parts it is cooling.

VSDs are effective in energy savers in pump and fan applications; "they enhance process
operations, particularly where flow control is involved. VSDs providesaft capabilities,

which decrease electrical stresses and line voltage sags associated with full voltage motor start
ups, especially when driving highertia loads



Adjustable frequency drives are a specific type of VSDs; they are controlling the rotational speed
of an alternatingurrent (AC) electric motor by controlling the frequency of the electrical power
supplied to the motor.

Reasons bsethind itods

1 - Reduce Energy Consumption and Energy Costs

If you have an application that does not need to be run at full speed, theanyout down
energy costs by controlling the motor with a variable frequency drive, which is one of the
benefits of Variable Frequency DrivegFDs allow you to match the speed of the mahoven
equipment to the load requirement. There is no other methAC electric motor control that
allows you to accomplish this.

Electric motor systems are responsible for more than 65% of the power consumption in industry
today. Optimizing motor control systems by installing or upgrading to VFDs can reduce energy
consumption in your facility by as much as 70%. Additionally, the utilization of VFDs improves
product quality, and reduces production costs. Combining energy efficiency tax incentives, and
utility rebates, returns on investment for VFD installations @adlittle as 6 months.

2 - Increase Production Through Tighter Process Control
By operating your motors at the most efficient speed for your application, fewer mistakes will

occur, and thus, production levels will increase, which earns your company tegbeues. On
conveyors and belts you eliminate jerks on starallowing high through put.

3 - Extend Equipment Life and Reduce Maintenance

Your equi pment wil/l |l ast | onger and wil |l have
controlled by VFDs ensing optimal motor application speed. Because of the VFDs optimal
control of the motordés frequency and voltage,
from issues such as electro thermal overloads, phase protection, under voltage, ovegtoltage,
When you start a | oad with a VFD you will not
shockod of across the |line starting, but can s

bearing wear. It also is an excellent way to reduce anliloinate water hammer since we can
have smooth acceleration and deceleration cycles.

Q 15.How does a Variable Frequency Drive work

Sol. The first stage of a Variable Frequency AC Drive, or VED, is the Converter. The converter is
comprised of six diodes, wth are similar to check valves used in plumbing systems. They allow current
to flow in only one direction; the direction shown by the arrow in the diode symbol. For example,
whenever Aphase voltage (voltage is similar to pressure in plumbing systemm&rés positive than B or

C phase voltages, then that diode will open and allow current to flow. WHamBe becomes more



positive than Aphase, then the Bhase diode will open and the-ghase diode will close. The same is

true for the 3 diodes onthe nedaA S &A RS 2F (GKS o6dzad ¢Kdzax ¢S 3ISGH 4
21LISy& FYR Of 2384z 6BA&ChE SOBKADR Raca@KB adl yRIFNR
Variable Frequency Drives.

AC to DC
Converter
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Let us assume that the drive is operatingon a 480V péwera 6 SY® ¢ KS nyn+ -NI GAy 3 A
meansquared. The peaks on a 480V system are 679V. As you can see, the VFD dc bus has a dc voltage
with an AC ripple. The voltage runs between approximately 580V and 680V.
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We can get rid of the AC ripple on th&€Cbus by adding a capacitor. A capacitor operates in a

similar fashion to a reservoir or accumulator in a plumbing system. This capacitor absorbs the ac
ripple and delivers a smooth dc voltage. The AC ripple on the DC bus is typically less than 3

Volts. Tus, the voltage on the DC bus becomes fdap|
will depend on the voltage level of the AC line feeding the drive, the level of voltage unbalance

on the power system, the motor load, the impedance of the power systemy aeactors or

harmonic filters on the drive.

The diode bridge converter that converts-#8DC, is sometimes just referred to as a converter.

The converter that converts the dc back to ac is also a converter, but to distinguish it from the
diodeconvegr , it i s wusually referred to as an Ainyv
to refer to any D@o-AC converter as an inverter.
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When we close one of the top switches in the inverter, that phase of the motor is connected to the
positive dc bus anthe voltage on that phase becomes positive. When we close one of the bottom
switches in the converter, that phase is connected to the negative dc bus and becomes negative. Thus,
we can make any phase on the motor become positive or negative at will antiusgenerate any
frequency that we want. So, we can make any phase be positive, negative, or zero.
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Notice that the output from the VFD is a fArec
sinusoidal output. This rectangular waveform would not beod ghoice for a general purpose
distribution system, but is perfectly adequate for a motor.

If we want to reduce the motor frequency to 30 Hz, then we simply switch the inverter output
transistors more slowly. But, if we reduce the frequency to 30Hz weemust also reduce the
voltage to 240V in order to maintain the V/Hz ratio (see the VFD Motor Theory presentation for
more on this). How are we going to reduce the voltage if the only voltage we have is 650VDC?

This is called Pulse Width Modulation BWM. Imagine that we could control the pressure in a

water line by turning the valve on and off at a high rate of speed. While this would not be
practical for plumbing systems, it works very
cycle, the vailage is ON half the time and OFF half the time. Thus, the average voltage is half of
480V or 240V. By pulsing the output, we can achieve any average voltage on the output of the

VFD.

16. What is the current status of DC and AC drives.

Sol. In the past indiion and synchronous motor drives were mainly used in fixed speed
applications. Variable speed applications were dominated by dc motor drives. Emergence of
thyristors in 1957 lead to the development of variable speed induction motor drives in late
sixties which were efficient and could match the performance of dc drives. Consequently,
because of the advantages of squicagde induction motors over dc motors, it was predicted that
induction motordrives will replace dc drives in variable speed applicatiéiowever, following
hurdles forbidden for the prediction to come true:

T Although squirrelcage induction motor was cheaper than dc motor, the converter and
control circuit of an induction motor drive was very expensive compared to those for a dc
drive. Therefore, total cost of an induction motor drive was significantly higher than that
of a dc drive.

T While the technology of dc drives was well established, that of ac was new.

T AC drives were not as liable as DC

1 Developments in linear and digital ICs, aMLSIs were helpful in improving the
performance and reliability of ac drives. But then these developments also led to similar
improvements in dc drives.

Improvement in thyristor capabilities, availability of power transistors in early seventies and that
of GTOs and IGBTs in late seventies and late eighties respectively; reduction in cost of
thyristors, power transistors and GTOs; developments of VLSIs and microprocessors; and
improvement in control techniques of converters have resulted into reductiostjnsicople
controllers, and improvement in performance and reliability for ac drives. Although even now
majority of variable speed applications employ dc drives, the ac drives are preferred over dc



drives in a number of applications with the result, agedapplications are growing. Induction
motor drives find applications in low to high power applications and synchronous motor drives
are employed in very high power (megawatts) and medium power drives. The permanent
magnetsynchronous motor and brushlessrdotor drives are being considered for replacing dc
servo motors for fractional hp range. As the trend exists, applications of ac drives will continue
to grow. However, dc drives will also continue to be used for quite some time.

17.How do you define pasive and active load torques? What are the components of load
torque.

Sol. Classification of Load Torques:

Various load torques can be classified into two brsdgories
1. Active Load torques
2. Passive Load torques

Active Load Trques:

Load torques whit have the potential to drive the motor under equilibrium conditions are called
active load torques. Load torques usually retain sign when the drive rotation is changed

Eg: Torque due to force of gravity

Torque due tension

Torque due to compression aaagsion etc

Passive Load torques

Load torques which always oppose the motion and change their sign on the reversal of motion
are called passive load torques

Eg: Torque due to friction, cutting etc.

Components of Load Torques:

The load torque TTcanbe further divided ito following components

i) Friction Torque (Tl

Friction will be present at the motor shaft and also in various parts of the load. TF is the
equivalent value of various friction torques referred to the motor shaft.

(i) Windage Togue (TW)
When motor runs, wind generates a torque opposing the motion. This is known as windage
torque.

(i) Torque required to do useful mechanical work

Nature of this torque depends upon particular application. It may be constant and independent of
speed. It may be some function of speed, it may be time invariant or time variant, its nature may

al so change with the | oaddéds mode of operation
Value of friction torque with speed is shown in figure below
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Its value at stand still is much higher thié value slightly above zero speed. Friction at zero
speed is called stiction or static friction. In order to start the drive the motor should at least

exceed stiction.
Friction torgue can also be resolved into three components

A I
Speed / Te

v

Torque

Component Tv varies learly with speed is called VISCOUS friction and is given by



I =Bo,

Where B is viscous friction eefficient. Another componentcT which is independent of speed,

is known as COULOMB friction. Third component Ts accounts for additional torque present at
stand 8ll. Since Ts is present only at stand still it is not taken into account in the dynamic
analysis. Windage torquewwhich is proportional to speed squared is given by

I =Ce, Cisaconstant
From the above discussions, for finite speed
I,=T,+Bao_+T.+Ca,

18. Explain the operation of a closed loop speed control scheme with inner current
control loop.

ClosedLoop Speed Control

The block diagram of the closed loop speed control system is shown in the figure below. This
system used an inner control loop within an outer speed loop. The inner control loop controls the
motor current and motdorque below a safe limit.

Current
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Closed Loop Speed Control

Consider a reference speed yY¥mmwhiTbk ppeddce
operated through a speed controller and applied to a current limiter which is overloaded even for

a small speed error. The current limiter set current for the inmegntwcontrol loop. Then, the

drive accelerates, and when the speed of the drive is equal to the desired speed, then the motor
torque is equal to the load torque. This, decrease the reference speed and produces a negative
speed error.

When the current linker saturates, then the drive becomesacizlerate in a braking mode.
When the current limiter becomes desaturated, then the drive is transferred from braking to
motoring.

19.What is braking? What are the types of braking for DC motor.



The term braking@mes from the term brake. We know that brake is an equipment to reduce the
speed of any moving or rotating equipment, like vehicles, locomotives. The process of applying
brakes can be termed as braking.

Types of Braking

Brakes are used to reduce or ceasespeed of motors. We know that there are various types of
motors available (DC motors, induction motors, synchronous motors, single phase motors etc.)
and the specialty and properties of these motors are different from each other, hence this braking
mettod also differs from each other. But we can divide braking in to three parts mainly, which
are applicable for almost every type of motors.

1 Regenerative Braking.
1 Plugging type braking.
1 Dynamic braking.

Regenerative Braking

Regenerative brakingtakes place whenever the speed of the motor exceeds the synchronous
speed. This baking method is called regenerative braking because here the motor works as
generator and supply itself is given power from the load, i.e. motors. The main criteria for
regeneratie braking is that the rotor has to rotate at a speed higher than synchronous speed, only
then the motor will act as a generator and the direction of current flow through the circuit and
direction of the torque reverses and braking takes place. The calgvdntage of thig/pe of

braking is that the motor has to run at super synchronous speed which may damage the motor
mechanically and electrically, but regenerative braking can be done at sub synchronous speed if
the variable frequency source is available

Plugging

Another type of braking i®lugging type braking. In this method the terminals of supply are
reversed, as a result the generator torque also reverses which resists the normal rotation of the
motor and as a result the speed decreases. Duuggipg external resistance is also introduced

into the circuit to limit the flowing current. The main disadvantage of this method is that here
power is wasted.



Dynamic Braking

Another method of reversing the direction of torque and braking the matgnasnic braking.

In this method of braking the motor which is at a running condition is disconnected from the
source and connected across a resistance. When the motor is disconnected from the source, the
rotor keeps rotating due to inertia and it works aslbexcited generator. When the motor works

as a generator the flow of the current and torque reverses. During braking to maintain the steady
torque sectional resistances are cut out one by one.



