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The purpose of this block of learning [BLOCK 7: Steps 1 - 3] is to try to get you to demonstrate an understanding of d.c. motors and generators and a.c. motors and their applications and operating principles.
The MOTOR is one of the most widely used pieces of electrical equipment and can be found in many situations, both standalone and as part of plant and machinery.
This sheet contains a study plan with Steps that must be followed in the order laid out; skipping steps or undertaking them in the wrong order will not help at all.
References for study including Text and YouTube video links, are shown below each answer box. 

Step 1 
[bookmark: _Hlk49420303]By now you should have come across the practical use of a motor and know that they convert electrical energy in to motive power. 

a) Produce a diagram of a simple single loop d.c. motor with one pole pair, and label with the following six labels:      N     S      +      –      brush      commutator      armature  
	




	References:
· Text Book B Chapter ELTK 08 pages 365 - 366 Fig. 8.101 and Fig. 8.102
· YouTube videos:      Working Principle of DC Motor    0:28




b) Which rule enables you to determine the direction of a d.c. motor?
	




	References:
· Text Book B Chapter ELTK 08 pages 365 - 366 Fig. 8.101 and Fig. 8.102
· YouTube videos:      Working Principle of DC Motor    5:30



Step 1 continued 
c) Explain what d.c. motor commutation is.
	




	References:
· Text Book B Chapter ELTK 08 pages 365 - 366 Fig. 8.101 and Fig. 8.102
· YouTube videos:      Brushes and Commutator  




d) Give a circuit diagram of the three common d.c. motor types and a typical application for each: 
	Motor type
	Circuit diagram
	Application

	




Series
	
	

	




Shunt
	
	

	




Compound
	
	

	References:
· Text Book B Chapter ELTK 08 pages 367 - 369 
· YouTube videos:      Series d.c.        Shunt d.c.      Compound d.c. 



Step 2 
A disadvantage of the d.c. motor is that it relies on contact with the armature via a system of carbon brushes and a commutator. It is this point that is the machine’s weakness and which is not to found in a.c. squirrel cage induction motors. 

a) State three advantages of three-phase a.c. squirrel cage induction motors.
	




	References:
· Text Book B Chapter ELTK 08 pages 372 - 375
· YouTube videos:      Working Principle of ac induction motor    1.00




b) What is the main purpose of the stator core of an induction motors?
	




	References:
· Text Book B Chapter ELTK 08 pages 372 - 373
· YouTube videos:      Working Principle of ac induction motor    3.20




c) What is the relationship between the number stator poles and the speed of an induction motor?
	




	References:
· Text Book B Chapter ELTK 08 page 373
· YouTube videos:      Working Principle of ac induction motor    4.00




d) What is the disadvantage of Direct-On-Line (DOL) starting of a.c. induction motors?
	




	References:
· Text Book B Chapter ELTK 08 page 373
· YouTube videos:      Motor starting    0.55




Step 2 continued
 
e) Produce a circuit diagram for a three-phase induction motor DOL starter, including the following:
DO NOT SHOW CIRCUIT PROTECTIVE CONDUCTORS FOR CLARITY

	
· Supply (400V, 3-phase 4 wire)
· Isolator (4-pole)
· Contactor (3 main contacts)
· Overload (3 main contacts)
· 3-phase motor (Delta connected)
	· Control circuit protective device (Fuse)
· Overload (N.C. contact)
· Stop button (N.C. contact)
· Start button (N.O. contact)
· Hold-on (N.O. contact)
· Contactor coil (230v)


	400V 3-Phase MAINS
	230V 1-phase CONTROL CIRCUIT

	
	

	References:
· Text Book B Chapter ELTK 08 page 391 
· YouTube videos:      DOL Starter   
	References:
· Text Book B Chapter ELTK 08 pages 392 - 395 
YouTube videos:      DOL Starter    1.10



Step 3 
Where there is no three-phase supply available a single-phase a.c. squirrel cage induction motor can be used. There are several variants but the most popular is the Capacitor Start/ Capacitor Run type.

a) Explain why a single-phase squirrel cage induction motor requires a capacitor to assist with starting/ running and the three-phase version does not.
	




	References:
· Text Book B Chapter ELTK 08 pages 372 - 375
· YouTube videos:      Working Principle of ac induction motor    1.00



b) Produce a labelled circuit diagram for a three-phase induction motor DOL starter, including the following:
DO NOT SHOW CIRCUIT PROTECTIVE CONDUCTORS FOR CLARITY
	
· Supply (230V, 1-phase 2 wire)
· Run winding
· Start winding
· Rotor

	
· Start Capacitor
· Run Capacitor
· Centrifugal switch


	Circuit diagram to include 7 above components
	Explain the purpose of the 3 above components

	
	

	
	

	
	

	
	

	References:
· Text Book B Chapter ELTK 08 page 382  Figure 8.126
YouTube videos:      Capacitor Start Capacitor Run Induction Motor        Capacitor Start Run testing   


c) How can you permanently change the direction of a three-phase induction motor?
	




	References:
· Text Book B Chapter ELTK 08 page 373
· YouTube videos:      Reverse the Direction of a Three Phase Motor    0:00



d) How can you automatically change the direction of a three-phase induction motor, e.g., to change the direction of a roller shutter door motor?
	




	References:
· Text Book B Chapter ELTK 08 page 373
· YouTube videos:      Reverse the Direction of a Three Phase Motor    0:08



e) State two methods of protecting against short-circuits when automatically changing the direction of a three-phase induction motor.
	




	References:
· Text Book B Chapter ELTK 08 page 373
· YouTube videos:      Reverse the Direction of a Three Phase Motor    0:55



f) How do you permanently change the direction of a single-phase induction motor?
	




	References:
· Text Book B Chapter ELTK 08 page 379
· YouTube videos:      How to wire single phase motor    4:35



