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Seventh Semester B.E. Degree Examin
Industrial Drives and Ap

>

Time: 3 hrs. _
ONE full q-esﬂan-‘[fga each module.

" a=0.1 and efficiency o;ﬁ. ;
inettia of 0.2kg-m

" by a light load period of 180N- k

Note: Answer any FIVE full questions,

Module-1 .
i1 drive and explain the parts
(07 Marks)

What are electrical drives? Drt\{\;\k)lock diagram of an elg<th
reduction gear with

. of an electrical drive. o
% rotational motion, coppled through a
f inertia of 10kg-m’ and a torque of

load has a mo
a at a constant speed of 1420rpm.
ft and power developed by the motor.
(06 Marks)

10N-m. Motor has
ia referred to the mo
(07 Marks)

Determine equivalent |
‘. > ’
Explain with a blegk diagram, the closed-stonvcner fed dc motor drives.
\’.‘c: o~ ’
(07 Marks)

nds on.
N-m for 8 sec followed

G
Explain the Tactors on which the ic¢of an elecmcl'.d | drive defp;ooo
A motbr equipped with a fl su a load topque ©
‘6‘ o Wh,lq ems:;y for flywvs't‘o regmn its steady-s}ate speed. It
is desired to limit the motor torque to 800N-m. ozhls.an inertia of 10kg-m". Its no load
speed is 500rpm and slip at a torque of . . -m is 5%. Assumng, ;peed-torque
characteristics of motor- (0'be a struight line, calculate the moment of piertia of toe tly wheel.
) ‘s " (07 Marks)
-~ (06 Marks)

Explain modes of Opqati;n of an electri we. A

,~Q’ odule-
With_ circuit 'Bia‘gmm and necessdry “waveforms, explain single phase fully controllec
rectifier control of dc separately,excited motor. Deriyé.the expression of average voltage.
e aV 5y (10 Marks
A ari&ly excited dc mofor /s fed from a 230\%,‘561—[2 supply through a single phase, hal
controlled bridge rectificf, Armatures resistancé and inductance are respectively 0.3Q an
V/A rad/s and field resistance is Ry = 104

,,Q.OéH. The motor voltné_ sconstant is K.
‘The field current j o maximum possible value. The load torque is T, = SON-m ¢
200rpm. Assumi arfhature and field current are continuous and ripple free, compute tk

g angle of th!’gpvener in armature circuit. (10 Mark

eld current and }
)
OR
jon of a class A chopper connected to a dc separately excite

N
‘;@J
Explain quadrant operat
(07 Mar}

motor. A o
Explain chopper con l’o{ dc series motor. (07 Marl
A separately excited dc Totor with an armature resistance of 0.01Q works on a dc supply

220V, it draws arﬁtaturc current of 100A and rated speed is 1000rpm. It is fed fron
chopper controllef™Assuming continuous conduction, calculate duty ratio at rated torc
(06 Mar

with speed of §00rpm during motoring.

r 4
Qe
&

“
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Y i ook Dl oom
8 a Explai dia . cycloz& er control o phase induction motors. (08 Marks)
b. Explai tics of a synchronous motor with a fixed frequency supply.

18EE74)

Module-3
§ a Explain stator voltage control of Induction motors. anchl speed-torque curve,
ar

variation in stator voltage. (06 Mary

b. For a 3-¢ star connected 4 pole, S0Hz, 415V, 1 mqmu cage induction motor .
R, = 0.650, Ry = 0.350, X, = 0.950, Xn = 280, X5~ 1.430. ﬂlemototnwed:;
varying stator voltage and frequency keqmg‘&omno constant at the rated condition
Determine the maximum torque and ich it occurs for stator frequencies of
09 Mifh)

i) 50Hz, ii) 35Hz.
c. Explain single phasing of induction moto% -‘;” (05 Marky)

6 a Explain Variable Voltage Frequency (V/F) control of indu%ﬁors (06 Marks)
m delta connected ction motor has following
Rl

b. A 440V, 3¢, 50Hz, 6 pole
parameters referred to stator. 2Q, Ry = 2Q, )30, X, = 4Q. Motor speed is
1 to run motor at 800rpm. Calculate:

controlled by stator voltage
i)  Torque develo the motor
i)  Voltage to be agPlied’to motor Q
c. Explain operatio phase induction motof with unbalanced motor impedances.
.\% (05 Marks)
¢ )
7 a Explai Q%ecessuy diagrams the control of induction motors by current source inverter.
(08 Marks)
b. For &m, delta connected le 50Hz, 400V, squirell cage induction motor,
R. = 0.2Q, X, = 0.5Q, X, = 1,1Q. The motor is from voltage source inverter with
tant voltage 0f 400V above 50Hz

C.

constant V/F ratio ﬁ‘on‘q to 50Hz and hayj
frequency. Calculate: &
&n’y of 35Hz with Il load torque. ~

i)  Speed for a freq

ii)  Torque for a frequency of 35Hz d of 650rpm%c (06 Marks)
Explain with n;@‘nm, the variab ncy control hronous motors (multiple
motors). Q (06 Marks)

-torque ¢
(06 Marks)

@p‘fm speed control of mgle phase m@ motors. (06 Marks)

9 a Explam self co%led synchro motor dnve employing load commutated thyristor

b.

inverter. ug) (10 Marks)

Explain i 1 drives used i

i)  Textil€'mills 4

ii)  Steel rolling mills. Q (10 Marks)

OR

Explain torque stepping rate characteristics of a stepper motor. (06 Marks)

Write short rushless DC motor drives. (08 Marks)
(06 Marks)

Explain industgja) drives used for cranes and hoists.
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1.a.

Source Power modulator Motor

i - — e —

Comrol | ___| Seming
umit unu

]lnpuunmml
Fig. 1.1 Block diagram of an clectrical drive

1) Modulstes flow of power from the source to the motor in such a manner that motor is
imparted speed-torque charactenstics required by the load.

() Duning transient operations, such as starting, braking and speed reversal, it restricts source
and motor currents within permissible values; excessive current drawn from source may overfoad
1 or may cause » voltage dip.

(i) Convents electrical energy of the source in the form suitable to the motor, e.g. if the

source is de and an induction motor is 1o be employed, then the power modulator is required 1o
convert de into a variable frequency ac. .
(iv) Selects the mode of operation of the motor, 1.¢. MOINNE o hraking.
(2+2 marks)

c. With a neat diagram, explain the four quadrant operation of a motor driving a hoist load.
[CO1, L2]



ool . ™ =7
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(3 marks)

Explanation for each quadrant — 1 marks * 4 = 4 marks

z in

b

Derive expressions for cquivalent values of moment of incrua and torque as referred 10
motor shaft for loads with rotational motion.
A motor cquipped with & flywheel is to supply a load torque of 1000N.m for 10 sec fullowed
by @ light load period of 200 N.m lopg enough for the flywheel to regan its steady state

(07 Marks)

speed. It is desired to limit the motor torque 1o 700 N.m. What should be the moment of

inertia of flywheel? Motor has an inertia of 10 kg-m”. ts no load speed is S00 rpm and slip
at a torque of 500 N.m is 5%. Assume speed-torque gharactensuc of motor to be straight line

in the region of interest.

Explain how a current limit control functions in closed Joop control of dnves.

(05 Marky)
(04 Marks)

[CO1, L2,L3]

[ Jy —
W | Lead —
Motor ‘x T = k
Load
" Tn. (
Gear Wt
(2) Loads with rotational motion

1 mark



2.3.1 Loads with Rotational Motion

Let us consider a motor driving two loads, one coupled directly to its shaft and other through ¢
gear with i and ny teeth as shown in Fig. 2.4(a). Let the moment of inertia of motor and loac
directly coupled 10 its shaft be Jo. motor speed and torque of the directly coupled load be @, and

Ty respectively. Let the moment of inertia, speed and to
be Jy, G4y and Ty, respectively. Now, rque of the load coupled through a geat

n
—
ny

5l

e (2.3)
where a, is the gear tooth ratio.
If the losses in iransmission are neglected, then the ki

must be the same as kinetic energy of various moving netic encrgy due 1o equivalent inertia

‘ parts. Thus
sdwt=L, 1.1 .
Al halh £ (2.4)
From Eqgs. (2.3) and (2.4)
J= J. + czl'
Power at the loads and motor must be the same. 1 Ly (2.5)
then tansmission emcie,,cy of the geais be ik
(3 Marks)
o
T = Tioln + —5 (2.6)
where T} is the total equivalent torque referred to motor shaft.
From Egs. (2.3) and (2.6)
aTy
= 2.n
Ti=Tot L

lfiuddiﬁontoloaddimlycwpledlolhcnmocwiminenialom:ummhctloadswim
moment of inertias Jy, J3, . - . Juy and gear teeth ratios of ay. ay, . . . g then

J=lgtail+ailsv ... +anla 2.8)

ltmlo‘dswithlotqnuTn.Tn.....T.mcoupledmmughgunwidnmhmiosa..a;. o
a,, and transmission efficiencies My, M2 - - <+ M in addition to one directly coupled. then

aly @l , el (2.9
Ti=Te+ ™ + 1 + + o

If loads are driven through a belt drive instead of gears, then, neglecting slippage. the equivalent
inertia and torque can be obtained from Egs. (2.8) and (2.9) by considering ay, @3 - -« + %m cach

lobcttu:miosofdimtcuofwhedsdﬁvcnbymo!orlomcdiumem:ofwhedsmmdm
the load shaft.

(3 marks)



T, s

T b‘.(;u:r-g)

Here no Joad speed = 2025K = 52,36 rad/sec
Speed at 500 Nom = (1 = 0.05) 52.36 = 49.74 rad/sec

J

(2 marks)

T, 500
(W0 ~ w-s . $2.30 - 49.74 = 190.84

Ty = 1000 N-m, 7o, = 700 N-m, 7= 75 = 200 Nomy, ¢, = 10 §.
Substituting in Eq. (1)

7= 190.84 10 - o
(lm = ZN] I871.8 kg-m

1000 - 700
Moment of inertia of the flywheel = 18718 - 10 = 18618 kg-m".

(3 marks) c.

scheme of Fig. 3.3 is employed to limit the converter and motor current
fe limi during transient operations. It has a current feedback loop with a threshold
. As long as the current is within a set maximum value, feedback loop does not affect

Owuh-Ime Motor Load

=

J"—I— Threshold
b | jogic circui

o".'~” Current himit control

(2 marks)

operation of . ent operation, if curment exceeds the et MAXIMUM valye,

feedback Mm‘::um;dmwmmnm below the set maximum vilue, \:lhlch Ciuney

the foedback memNmn.ummem;Mm uo:m, it
I8 again brought below it by the action of feedback loop. Thus the current ucu;‘ Ml::u et
maximum limit during the transient operation until the drive condition is suc € Current
does not have o tendency (o cross the set maximum value, 8. during starung, current wi||
Nuctuate around the set maximum value, When close 1o the steady-state Operation point, curren
will not have tendency to cross the maximum value, consequently, feedback loop will have ng
effect on the drive operation.

(2 marks)



Mod
3 a.  Derive an expression for temperature rise of a motor during normal operation (10 Marks)
h. A SOKW, 3 phase, 440V, 50Hz, 1440 rpm squirrel - cage induction motor has constant loss
to vanable loss at full load in the proportion | : 3. Its rated temperature nse 15 $5°C and 1ty
heating and cooling time constants arc 40 and 60 minutes respectively. Find the intermittent
ruting if periodic load of half hour duration are apphed at an interval of half hour (06 Marks)
[CO2, L1,L2]

a.

Heating and Cooling Curves of Electrical Drives:

An accurale prediction of Heating and Cooling Curves of Electrical Diives rise inside an elecirical molof & very
difficadl owing (o complex gedmetnical shapes and use of helerogeneous maleriaks, Soce conductivitees of
vanous matariaks do not differ by a lange amount, a simple thermal model of the machine can be obtained by
assuming machine o be a homogeneous body. Although inaccurate, such a model is good enough for a drive
enginees whose ol is only 10 Sesect the molor rating for & given application ensuring thal lemperalures in vanous
parts of motor body do not exceed the safe Bmits.

Lt the maching, which i assurmed 10 b a homogendous body, and the cooling medium has Tolliwing
pararmibers al tirme ¢

Py = Heal developed, joules/sec or watls.

P; = Heat dissipated to the cooling medium, joulesisec or watls

W = Weight of the active parts of machine, kg.

h = Specific heat, Joules per kg per “C.

A = Cooling surface, mZ.

d = Coefficient of heat transfer or specific heat dissipation, joules/secim/*C.
B = Mean lemperature rise, "C.

(2 marks)



Dwiring & tirme increrment di, lel the machine emperature rise be db. Snce,

Heat absorbed (or siored) inthe machine =  Heat develoned iide e mechioe = Bt )

Whdil = pydi - pai {413
= A (4.2)

Substiuting in Eq. (4.1) and reamanging the terms

c4 =p, - DO (4.3)
C=Wh [d.4)
D =da {4.5)

C iz the thermal capacity of the maching, watts™C, and D the heal SSsipaion constant, watts™C. Heal
dissipation mainly occurs through convection. Typical values of d are in the range of 40 of 500 Wim2C. The first
onder differential equation (4.3) has a solution

= b, + K™ {4.6)
iy = % (4.7
=5 (4.8)

(4 marks)

(4 marks)



(4 marks)

(4 marks)



(4 marks)



(4 marks)



(2 marks)

(2 marks)
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(4 marks)



(4 marks)
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(4 MARKS)

(2 marks)
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(3 marks)



(4 marks)



