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l.a |Describe drive mechanism for textile mill. [4] CO6 |L1
1.b With a neat block diagram , explain the true synchronous mode variable|[6] CO6 |L2
frequency control of multiple synchronous motor
2 |Dicuss the operation of self controlled synchronous motor drive employing [10] (CO6 |L2
load commutated thyristor inverter
3 |[Explain the 3 phase induction motor fed from a variable frequency CSI. What [[10] |CO5 [L2
are its advantages and disadvantages and remedial measures?
4.a  [Explain brushless dc motor drive for servo application. [5] CO6 |L2
4.b With a neat diagram explain multi-stack stepper motor. [5] CO6 L1
5.a |[Explain the closed loop control for VSI controlled induction motor. [5] CO5 |L2
5.b  [Explain with relevant diagrams the voltage source inverter (VSI) control of |[5] CO5 |L2
three phase induction motor.
6 |A star connected squirrel-cage induction motor has following ratings and [[10] |CO5 (L3
parameters:400V,50Hz,4pole, 1370rpm,Rs=2Q, Rr’=3Q, Xs=X1’=3.5Q,Xm=55
Q). It is controlled by a current source inverter at a constant flux. Calculate
(i) Motor torque, speed and stator current when operating at 30 Hz and rated
slip speed (ii) Inverter frequency and stator current for rated motor torque and
motor speed of 1200rpm.
7 |A 500 kW,3-phase,3.3V,50Hz.0.8(lagging) power factor, 4 pole, star-|[[10] |CO6 (L3
connected synchronous motor has following parameters: Xs=15Q,Rs=0.Rated
field current is 10A. Calculate
())Armature current and power factor at half the rated torque and rated field
current(ii) Field current to get unity power factor at the rated torque(iii)
Torque for unity power factor operation at field current of 12.5A




Q.la

There are several processes involved by the time the finished cloth comes out of a mill from its basic raw
material. The requirements of the motors are different for different processes. The several stages in the
Textile Industry are discussed in the following:

1.Ginning: The process of separating seeds from the raw cotton picked from the field is called ginning. The
ginning motors must have speed ranges of 250 to 1450 rpm. The load speeds are fairly constant. No speed
control is required.

Commercially available squirrel cage induction motors may be employed.

2.Blowing: The ginned cotton in the form of bales is opened up and is cleaned up very well. Normally three
phase Induction Motor may be

used for the purpose. No speed control is required. The motors having synchronous speed of 1000 or 1500
rpm may be employed.

3.Cording: The process of converting cleaned cotton into laps is done by lap machines which are normal
three-phase standard squirrel cage motors. The motor selected must have a very high starting torque and low
starting current so that starting losses are kept to a minimum. The motor must have sufficient thermal
capacity to withstand the heat produced by the losses occurring during prolonged acceleration. These cord
motors are standardised in 1S: 2972 (part 1) 1964 which gives the specifications for cord motors. Normally,
three-phase totally enclosed or totally enclosed fan cooled squirrel cage induction motors with high starting
torque may be employed. The rating of the motor depends upon the type of fabric. Smaller rating motors in
the range 1.1 to 1.5 kW may be used for light fabric. For heavy fabric the rating increases to 2.2 to 5.5 kW.
The operating speeds of these motors are in the range 750-1000 rpm.

4. Spinning: The next process is spinning. Before the thread is ready for final spinning it is thinned down in
two or three stages by processing it on a fly or speed frame. A motor with smooth acceleration is necessary
to drive in this frame. The drive motor should be capable of working in high ambient temperatures. The
motor must be totally enclosed, with a clean floor construction. Its starting torque must be 150-200% and the
peak torque 200-250%. A two speed pole change motor may be used. One can employ two different motors,
one for starting and low speeds and the other for high speeds.

5.Looms: The weaving of yarn into cloth is done in looms.

Requirements of a loom motor are:

1. Starting torque must be high to complete the pickup job in a very short

2. The duty cycle consists of frequent starting and stopping. The load on the loom motor is variable and
intermittent.

3. The operation requires a reciprocating mechanism. Actually rotary motion must be converted to linear
reciprocating motion. The current and torque pulsations are present. A flywheel is required for smoothing.

4. These are also located in places where dust accumulates on the motor. The cotton fluff should not get
collected on the motor surface to avoid burning of the same due to motor heating.

5. Loom motors must withstand the effects of humidity.

e high starting torque
e Control of ac Motors to Have Torque Control:
e From the foregoing discussion it is clear that the motors used for textile applications must have

Torque control providing uniform acceleration so that the breakage of the yarn is minimum and the quality
of the product is improved.
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* A brushless DC motor drives employing a current regulated voltage source inverter (VSI) and
a trapezoidal PMAC motor is shown in fig

ls
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The stator winding are star connected and rotors are having rotor sensors which is not shown in
the figure

* The stator is fed with current pulses whose polarity is same as that of induced voltage

* Since air gap flux is constant , the induced voltage is prop to speed of the rotor

*i.e E=KeWm

* Also P=EId + (-E * -Id ) = 2Eld = 2KeWmld



*T=P/Wm=2Keld =KT Id

During the period 0o to 600 , la = Id and Ib = —Id. The current la enters through the phase A and
leaves through the phase B. When transistors Trl and Tr6 are on, terminals A and B are
respectively connected to positive and negative terminals of the dc source Vd. A current will flow
through the path consisting of VVd, Trl, phase A, phase B and Tr6 and rate of change of current

la will be positive. When Trl and Tr6 are turned off this current will flow through a path consisting
of phase A, phase B, diode D3, VVd and diode D4. Since the current has to flow against voltage Vd,
the rate of change of la will be negative. Thus, by alternately turning on and off Trl and Tr6 phase
A current can be made to follow the reference current Id within a hysteresis band as shown in fig..
By reducing the band sufficiently nearly a dc current of desired value can be produced.

Upper band
N T T
Lower band
0= —

Q.4b

Multi-Stack (or m-Stack) Variable Reluctance Motor:

These are used to obtain smaller step sizes, typically in the range of 2 to 15°. Although three stacks are
common, a multi-stack motor may employ as many as seven stacks.

A m-stack motor can be viewed as consisting of m identical single stack variable reluctance motors with
their rotors mounted on a common shaft. The stators and rotors have the same number of poles (or teeth),
and therefore, same pole (tooth) pitch. While the stator poles (teeth) in all m stacks are aligned, the rotor
poles (teeth) are shifted by 1/m of the pole pitch from one another. All the stator pole windings in a given
stack are energised simultaneously, unlike the single-stack motor, where only the winding on single pair of
poles are energised. Since all the stator pole windings in a given stack are excited simultaneously, the stator
winding of each stack forms one phase. Thus the motor has the same number of phases as the number of
stacks.

Figure
«+— Stator
L0 s L s 128 poe

[ Stack” Stack |—4H Stack {-—

H b ¢ J]
"""""""" ™ Rotor
r i-— f_ <+ Stator

% i

Cross section of a three stack variable
reluctance motor parallel to the shaft.

Figure shows the cross-section of a three stack (three-phase) motor parallel to the shaft. In each stack, stators
and rotors have 12 poles. While the stator poles in the three stacks are aligned, the rotor poles are offset form
each other by one-third of the pole pitch or 10°. Relative positions of stator and rotor poles for the three
stacks when phase A (i.e. stator of stack A) is excited is shown in Fig. (A). Rotor poles of stack A are
aligned with the stator poles. Now if phase A is de-excited and B excited, rotor poles of stack B will get



aligned with the stator poles. Thus, rotor will move by one-third of the pole pitch in anticlockwise direction
(Fig.(b)). Now if phase B is de-excited and C excited, rotor will move by another one-third of pole pitch in
the anticlockwise direction. When phase C is de-excited and A excited, rotor will have moved by one pole
pitch compared to its position in Fig. (a).

» 1 10° > o 107
s i 10° o pe 10°
{ i | l'l__r]__,_]'l . Stators

Rotor of stack A
Rotor of stack B
Rotor of stack C

Stators

Rotor of stack A
Rotor of stack B
Rotor of stack C

(a) (b)

Position of stator and rotor poles in a 3-stack variable reluctance motor: (a) Phasc A is excited. Stator
and rotor poles in stack A are aligned, (b) Phase B is excited. Stator and rotor poles in stack B are
aligned.

The operation of a motor where stator stacks are aligned but rotor stacks are offset from each other is
considered above. In alternative design the rotor stacks are aligned and stator stacks are offset.
Let N be the number of rotor poles (or teeth) and in the number of stacks or phases. Then

Pole (or tooth) pitch = 31{}“
_ 3e0°
Step angle = o o

The variable reluctance motors, both single and m-stack types, have high torque to inertia ratio, giving high
rates of acceleration and fast response. They do not have detent or residual torque-torque acting on the rotor
to oppose its movement when no current is flowing in the stator coils. Detent torque is important in some
applications, e.g. when the power is switched off it helps the rotor to retain its position.

Q5a

Closed Loop V/F Control

The basis of constant V/F speed control of induction motor is to apply a variable magnitude and
variable frequency voltage to the motor. Both the voltage source inverter and current source inverters are
used in adjustable speed ac drives. The following block diagram shows the closed loop V/F control using a

VSI
; wd
‘_} B
N \.I 3
' I <] VS
Wref ... e K Wil % g f
x —:W' /“‘\
M

L | Speed Sensor
S,

Block diagram for closed loop V/F control for an IM



A speed sensor or a shaft position encoder is used to obtain the actual speed of the motor. It is then compared
to a reference speed. The difference between the two generates an error and the error so obtained is
processed in a Proportional controller and its output sets the inverter frequency. The synchronous speed,
obtained by adding actual speed GOf and the slip speed GDgp, determines the inverter frequency The reference

signal for the closed-loop control of the machine terminal voltage GOf is generated from frequency

Q5b
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PWM Inverter Line Voltage Waveform

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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Q.6

)

(ii)

(iii)

(iv)

Solution
Synchronous speed = 1500 rpm or 507 rad/sec
: — 1370 _
Full load slip s; = 1300 =1370 — 0.0867

Full load slip speed = 1§00 — 1370 = 130 rpm

From Fig. E.6.15 motor impedance

; 3 :
755 (oose7 +53:5)

+j(55 + 3.5)

Z=2+j3.5 + 3
- 0.0867
= 24.65 + j20.19 = 31.86 < 39.3° Q

Rs JXs jXr’ R;/S

~
»

JXm

Fig. E.6.15

Full load stator current

¥ e 200/ 3
sf — T 37 o<

31.86 = 7.2486 A

Full load rotor current

I = Iy IX m

OiDEEy TS

o 3 2 ’ 3
F= @ e ("Rl /s¢] = 0% % (5.865)?% x —0% =22.73 N-m

According to_Example 6.14 at rated slip speed, torque and I will have same values as at
50 Hz operation. Thus

T =22.73, I, =7.2486 A

Now at 30 Hz synchronous speed = —g% X 1500 = 900 rpm

Full load'slip speed = 130 rpm
Motor speed = 900 — 130 = 770 rpm

At rated motor torque, slip speed and I; will be same as at 50 Hz operation.
Therefore

Iy = 7.2486, slip speed = 130 rpm
Synchronous speed = 1200 + 130 = 1330 rpm

Frequency = % X 50 = 44.33 Hz

When speed-torque curves are assumed to be straight lines,

Slip speed at half the rated torque = 13_0_ = 65 rpm )

At 30 Hz, synchronous speed = 900 rpm .
Motor speed = 900 — 65 = 835 rpm
At rated braking torque, slip speed = — 130 rpm

Synchronous speed at 45 Hz = 22 x 1500 = 1350 rpm

Motor speed = 1350 + 130 = 1480 rpm
st p P

s 55 :
(RI7s0) + (X7 + xm)] = 12488 . =5.8650
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N3 VLI, cos =P,

Epwer at half the rated torque = 250 kW ,
~ 3.3 x 10

V = = 19 .
| 73 05.2V
i:l\so N3 VoI cos ¢ =P,

V3 x3.3%x10° I x 0.8 = 500 x 103
I, =109.3 A and I, = 109.3 £ — 36.86°



of Electrical Drives

248 Fundamentals , j
— X, = 1905.2 £0° - 109.3 £ - 36.87 X 15 £ ggo

B F = ked
_921.5—j1311.6 = 1603 £ - 54.9

(i) As field current has not changed, £ = 1630

3VE .
= 2 SO
P X,

3 _3X 1905.2 x 1603
250 x 10”7 = 15

0.409 or 6=24.16°

sin

sin 0 =

 V_E/-§ _19052 - 1603£ - 24.16°
l=—"75x, 15290°

or

_ 127 £ —90° — 106.9 £ — 114.16 = 52.75 £ - 3¢°

Power factor = COS (-34°) = 0.83 (lagging)
(ii) At unity power factor and rated torque
3V, = P
or 3 % 1905.21, = 500 x 10°
or I, =87.48 A

E=23134V

. _ 23134 _
Field current = 603 x 10=1443 A

(iii) At the field current of 125 A
F= 112—5 x 1603 = 2003.75 V
|V -1L(X,)|=E

> | 1905.2.£0° — [,£0° x 15.£90° | = 2003.75
> | 1905.2 — j15 I | = 2003.75

or J, = J2003.75> — 1905.22
15

Pm=3VI, cos ¢ = 3 x 1905.2 x 41.38 = 236.51 kW

=41.38A

2
Torque = 23910 _ 5057 N-m

50

F = 1905.20° — 87.48£0° x 15 £ 90° = 1905.2 - j1312.2 E




