                                                              Electrical machines
 1 Describe the operation of induction motors
[bookmark: _GoBack]An induction motor is an ac machine which can be operated as either single phase or 3 phase supply.it has two main parts the stator and the rotor, the two types of classification arises due to rotor design either squirrel cage or wound type.
The operating principle of induction motors
The stator windings of the induction motor are fed by an AC supply this produces an alternating flux around the windings which revolves with synchronous speed. Consequently, the relative speed between the stator rotating magnetic field and the rotor conductor causes an induced emf in the rotor conductors in accordance with the faraday law of electromagnetic. The rotor conductors are shorted and hence rotor current is produced due to induced emf. The induced current in the rotor conductors also produces an alternating flux around it, this flux lags behind the stator flux. The direction of induced rotor current is such that it tends to oppose the cause producing it as per the Lenz Law. As the cause of producing rotor current is the relative velocity between the rotating stator flux and the rotor flux, the rotor tries to catch up with stator rotating magnetic field thus they rotate in the same direction.in order to minimize the relative velocity but the rotor does not succeed in catching up with the synchronous speed. This is the working principle of induction motors.
The construction of squirrel cage motor
The motor has a stator with stator windings. The rotor consists of cyndrically laminated cores with parallel slots for carrying rotor conductors which are mainly copper or aluminum bars.one bar is inserted in each slot the rotor bars are the brazed, electrically welded or bolted to two heavy and stout short-circuiting end rings.
The construction of wound rotor motor
It has a stator with stator windings, its rotor has 3 phase, double-layer and distributed windings made of coils. The phases are starred internally and the windings terminals brought outside and connected to the 3 insulated slips rings mounted on the shaft with brushes resting on them, the brushes are then externally connected to 3phase star connected rheostat.
Why a wound rotor induction motor can be used as asynchronous motor but a squirrel cage cannot
This is because it has an extension where the rotor resistances can be varied to achieve speed higher or lower than the synchronous speed but the squirrel cage is rigid and does not have such extension.
TASK 2
From the name plate data the machine one has 2 pole and machine 3 has 4 poles
Synchronous speed of the machine is related to poles by 
Ns=
Rated speed of each machine
Machine 1 ns==3000RPM
Machine 2 n=
Slip =(synchronous speed –measured speed)/synchronous speed
Machine 1=3000-2940=60/3000=0.02
Machine 2=1500-1470=30/1500=0.02
The efficiency of the machine at full load is machine 1=91%
And machine 2 =92.04%
Why can 3 phase be classified as a dual voltage machine?
The dual voltage is a term used mostly on name plates of machine it is used to show multiple voltage supply for which the motor can operate. For 50Hz countries the voltage is in the ratio of 1:1.732 while others is1:2.
For example, a machine that has an ac supply of 400v while drawing a current of 31.5A for 50Hz line. Can be supplied sufficiently on line with 400*1.732=692.as the voltage is increase the current demand will decrease with the same ratio 31.5/=18.19A, hence delivering equal power to the machine.

Application of 3 phase machines
Electric train engines. 4400HP 
Printing machines.
Rolling mills.

TASK 3
The methods of starting induction motor ranging from motors with fractional power to large induction motor are:
Direct on Line method 
This method is used for small induction motors upto 10kw motors but protection must be give for overcurrent, undercurrent.
Star-delta starter method
The stator windings are initially connected in star configuration to limit the starting current and later changed to Delta configuration when the motor reaches the rated speed.
Autotransformer method.
In this method the start is operated in two position either mechanically or by use of atimer. At start the supply is connected to the autotransformer which reduces the starting current to 50,60 or 70% of the starting current. When the motor reaches full speed the normal supply is used.
	KW
	HP

	3.7
	5

	4.0
	5.5

	5.5
	7.5

	7.5
	10

	18.5
	25



 b)
for large motors of 22kw how can starting current be reduced either by star delta starter or soft starter.
Soft starter 
Starting current in motors is in very high magnitude than the rated line current this in turn can cause overheating and thus damage to the motors. A soft starter eliminates this problem by gradually increasing voltage to the motor terminals during startup, thus providing a controlled ramp-up to full speed. This lowers the inrush current and controls starting torque, reduces mechanical shocks to the system. 
The soft starter relies on three pairs of SCRs one pair for each phase of power that are applied gradually for portion of each voltage phase, limiting the voltage provided to the motor, this in turn reduces current .the reduction of voltage also reduces greatly  the torque supplied 

[image: soft starter]
 Where 
T2=torque at reduced current/voltage
T1=torque at locked rotor current 
I2=Reduced current
I1= locked rotor current
 V2=the reduced voltage
V1=the rotor voltage
Once the motor reaches the rated speed the soft starter is bypassed and the motor is connected across the line thus allowing full power to the motor.
D) The impendence=R+jx=14.3+j9.3=17.05˂33.04
In direct delta starting the current is given by
Starting phase current= ==23.460˂-33.04A
Starting line current is given by
In star starting current is given by 
==13.54449
Full load current=40.6346/6=6.77A
Full loadline line current =12A


c)
This is convenient because when motor is started in star mode it draws about 2 times the rated current as opposed to 6 times in direct delta method. The star delta method of starting the motor reduces the starting torque to 1/3 of the torque that can be obtained by direct starting with delta mode and it also reduces the starting line current to 1/3, when the motor achieve nearly 80% of the rated speed it is configured to delta as it has capacity to produce more power.
The required contactors are the;
The main and the delta contactor
Since the main and the delta contactor in star delta method are controlling the winding current and the current through the winding is  of the line current.these contactors are closed durin the run hence are rated at 58% of the current ratings.
The star contactor
It only carry current when the motor is running on star .this contactor is rated at 1/3 of the main motor current.
The main and delta contactor sizing is given by 
0.58
The AC3 contactors are used
The star contactor is rated at 
o.3333
AC3 contactor
Starting method of large3 phase synchronous machines
The large synchronous machines are started with the help of external prime movers.in this method an external prime mover drives the synchronous motor and brings it to synchronous speed. The synchronous machine is then synchronous with the bus bar as synchronous generator. The prime mover is then disconnected. Once operating in parallel condition the synchronous machine will work as a motor
Synchronous machine can be used in applications requiring constants speeds ie centrifugal pumps line shafts, rubber and paper mills and they are used as voltage regulators
TASK 4 
Motor to be used as dust extractor
DC5800c 9.2Kw/18.5HP totally enclosed noise lever 75db ABB 
A fluid pump system with load requirement 3Kw
5HP design B ABB
Conveyer system with a load requirement of 50kw
Wash down enclosure   55 Kw /75HP Siemens
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