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MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI

	TEACHING AND EXAMINATION SCHEME FOR POST S.S.C. DIPLOMA COURSES

	COURSE NAME : DIPLOMA IN ELECTRICAL ENGINEERING

	COURSE CODE : EC

	DURATION OF COURSE : 8 SEMESTERS                                                                                  WITH EFFECT FROM: 2011-12

	SEMESTER :  SIXTH                                                                                                                        SCHEME : E

	PATTERN : CORRESPONDENCE - SEMESTER                                                                        

	SR.

NO
	SUBJECT TITLE
	Abbreviation
	SUB CODE
	TEACHING SCHEME
	EXAMINATION SCHEME  

	
	
	
	
	TH
	TEST
	PR
	PAPER

HRS
	TH (1)
	PR (4)
	OR (8)
	TW (9)
	SW 

(           )

	
	
	
	
	
	
	
	
	MAX
	MIN
	MAX
	MIN
	MAX
	MIN
	MAX
	MIN
	

	1
	Instrumentation
	
	12835
	07
	01
	22
	03
	100
	40
	--
	--
	--
	--
	25@
	10
	50

	2
	Electrical Estimation & Costing
	
	12836
	07
	01
	20+2*
	03
	100
	40
	--
	--
	25@
	10
	--
	--
	

	3
	Switchgear and Protection
	
	12837
	07
	01
	20+2*
	03
	100
	40
	--
	--
	25@
	10
	--
	--
	

	4
	A. C. Machines
	
	12838
	07
	01
	22
	03
	100
	40
	50#
	20
	--
	--
	25@
	10
	

	TOTAL
	28
	04
	88
	
	400
	--
	50
	--
	50
	--
	50
	--
	50
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TOTAL CONTACT HOURS DURING RESIDENT SESSION: 120 HRS   [15 days * 8 hrs per day]                           No theory Examination.
TOTAL MARKS -    600                                                          
ABBREVIATIONS: TH – THEORY, PR – PRACTICALS, OR – ORAL, TW – TERMWORK, SW-SESSIONAL WORK.
                                    @ - INTERNAL ASSESSMENT, # - EXTERNAL ASSESSMENT.  

NOTE:
1. HOURS MARKED BY * FOR INTERNAL PRACTICAL/ORAL EXAMINATION TO BE CONDUCTED AT RESSIDENT SESSION.

2. ONE TEST OF 25 MARKS TO BE CONDUCTED AT RESIDENT SESSION AND MARKS TO BE SUBMITTED TO GPDL PUNE.

3. 240 HOURS FOR SELF STUDY AT HOME.

4. ALL PRACTICALS/ORAL EXAMS [EXTERNAL ASSESSMENT INDICATED BY #] TO BE CONDUCTED AT EXAM CENTRE.

5. ALL PRACTICAL/ORAL EXAMINATION [INTERNAL ASSESSMENT @] TO BE CONDUCTED AT RESSIDENT SESSION.

6. INTERNAL ASSESSMENT @ OF TERM WORK WILL BE DONE AT RESIDENT SESSION.


Course name
: Electrical Engineering Group
     Course Code: EC (Correspondence - DL)

Semester
: Sixth
Subject Title 
: Instrumentation 
     Subject Code
: 12835
Teaching and Examination Scheme:

	Teaching Scheme
	Examination Scheme

	TH
	TEST
	PR
	PAPER HRS
	TH
	PR
	OR
	TW
	TOTAL

	07
	01
	22
	03
	100
	--
	--
	25@
	125


@- Internal Assessment
Rationale: 

This is classified under Technology Group in electrical power system, Electrical machine control, Industrial process control and many other systems such as Biomedical, environmental, defense etc. Nowadays sophisticated Instruments and their related systems are developed for fast, accurate and reliable measurements, operations and control. Being Electrical Diploma Holders has a role of supervisor, Maintenance engineer and to assist in carrying out testing and R & D work in electrical, Industrial, Electronics and communication field. He must understand the basics, facts, concepts and principles of Instrumentation, various modern Instruments.

Objectives: The Students will be able to: 

1. Identify the components of Instrumentation system for processing given Input to get desired Output.

2. Identify appropriate transducers/sensors for given application.

3. Identify signal conditioning circuit for Instrumentation system in Industrial process, Electrical power system, Electrical machine operation, Measurement and control.

4. Select data processors for given Instrumentation system.

5. Select appropriate data transmission system.

6. Identify the digital display devices and recorders for various applications.

7. Select the appropriate transducers/sensor for various applications of Measurement of non-electrical quantity in Industrial process, Electrical Power system, Electrical machines, utilization system. 

Learning Structure:


Application

Procedure

Principle

Concept

Facts

Contents: Theory
	Chapter
	Topics
	Marks

	01
	Introduction to Instrumentation system

Facts and concept of Instrumentation

Basic block diagram of Instrumentation system & its

function

Static and dynamic characteristics 

Accuracy and precision

Sensitivity and Resolution

Linearity and nonlinearity

Repeatability and reproductivity

Hysteresis and Drift

Speed of Response, lag, fidelity, dynamic error
	06

	02
	Transducers

2.1    Concept of Transducers

2.2 Classification of Transducers

2.2.1 Primary and Secondary Transducers

2.2.2   Electrical and Mechanical Transducers

2.2.3   Analog and Digital Transducers

2.2.4   Active and passive Transducers

2.3 Construction and working principles of Transducers

2.3.1 Resistive, Inductive and capacitive transducers

2.3.2 Strain gauge (No derivation only formula)

2.3.3 Types of strain gauges:- unbounded, bounded, Semiconductor

2.3.4 Bourden tube, Bellows, Diaphragm.

2.3.5 LVDT and RVDT.

2.3.6 Piezoelectric transducer, photoconductive cell, photovoltaic cells, load cell.

2.3.7 RTD, Thermistor, Thermocouple.

2.3.8 Pyrometers (Radiation, optical, photoelectric), ultrasonic temperature Transducers.

2.3.9 Contacting and non contacting Transducers, Digital tachometer

2.3.10 Accelerometer,

2.3.11 Electromagnetic and turbine flow meter, ultrasonic flow meter 

2.3.12 Digital encoders disc type, frequency output type transducer, and Reluctance pulse pick-ups.
	18

	03
	Signal conditioning

3.1
Concept of signal conditioning

3.2
Block diagram of AC and DC signal conditioning and working 

3.3
Operational Amplifiers, OP AMP - 741, signal conditioning circuits using OPAMP, its working and function 

3.3.1 Integrator, Differentiator, adder, subtractor, Inverter etc.

3.3.2 V to I converter, I to V converter , V to F converter 

3.3.3 Instrumentation Amplifier, Differential amplifier 

3.4 Filters:- Types and frequency response (Only passive, active first order analog filters) (No derivations)

3.5 Multiplexing 

3.6 Use of signal conditioning circuit for Instrumentation system for Industrial applications.
	16

	04
	Data Processors & Data transmission

4.1 Necessity of data processing in Instrumentation.

4.2 Generalized Data acquisition system: Block diagram. & explanation

4.3 Objectives of DAS 

4.4 Signal conditioning in DAS, Ratiometric conversion, Logarithmic conversion

4.5 Single channel and multi channel Data acquisition system only block diagram 

4.6 A/D and D/A converters using OPAMPS only working principle
4.7 Data loggers, its characteristics, Basic operation of data logger

4.8 Block diagram of data logger and explanation

4.9 Comparison between DAS and data logger.

4.10 Concept of Data transmission

4.11 Block diagram of data transmission system & explanation

4.12 Advantages and disadvantages of digital data transmission over analog transmission


4.13 Time Division multiplexing (TDM), Frequency division multiplexing.

4.14 Digital Modulation, pulse code format, Modem.
	16

	05
	Display Devices and Recorders

5.1 Digital display devices (LED, seven segment only)

5.2 Concept of 3 ½ ,4 ½ digit

5.3 Necessity of Recorder in Instrumentation

5.4 Classification of Recorders.

5.5 Block diagram and working principles of strip-chart, X-Y recorder, Magnetic tape recorder & their applications.

5.6 Frequency Modulation Recording (FM), Modified Frequency Modulation (MFM) 
5.7 Digital Data Recording, Techniques of Digital data Recording (RZ & NRZ techniques)

5.8 Advantages and disadvantages of digital data recording 

5.9 Comparison between analog and digital Recording techniques 

5.10 Recorders selection for particular applications.
	18

	06
	Operation of Instrumentation system 

6.1 Points to be considered while selecting a transducer for its intended applications.

6.2 Diagram, explanation and working of Instrumentation system for:-

6.2.1 Temperature Measurement by RTD, Thermistor, Thermocouple

6.2.2 Pressure Measurement by Mechanical devices, Photoelectric, piezoelectric, Bourden tube, LVDT

6.2.3 Speed measurement by contacting and non contacting methods  

6.2.4 Displacement measurement by LVDT, RVDT.

6.2.5 Flow measurement by electromagnetic & turbine flow meter.

6.2.6 Liquid level measurement by Resistive, Inductive, capacitive and ultrasonic methods, digital methods

6.2.7 Humidity Measurement.   


	22

	07
	Pilot Devices     

7.1 – Pilot Devices : 

· What are pilot devices?

· Function of pilot devices. 

          -     List of different pilot devices.

7.2 – Construction, working and applications of:

Push Button, Limit Switches, Float  Switches, Electromagnetic Relay,

Pressure Switches, Thermostat.
 
	04

	Total
	100


PRACTICAL:


Skills to be developed:

Intellectual skills:

1. Selection of equipment.

2. selection of transducers.

Motor Skills:

1. Accuracy of measurement.

2. Proper connection.

3. Draw Graphics.

List of Practical:
	Sr.No
	Name Of Experiment

	01
	To measure linear displacement by LVDT and plot characteristics.

	02
	To measure strain/force using strain gauge/load cell.

	03
	To measure temperature by pt-100,thermistor and thermocouple along with simple resistance bridge. 

	04
	To measure pressure by using Bourdon tube.

	05
	To study the following signal conditioning circuits using OP-Amp 741 and observe and plot the output-Adder, Subtracter ,Differentiator and Integrator.

	06
	To study V to I converter and I to V converter using OP-Amp 741 and observe the output.

	07
	To measure speed by contacting non-contacting and digital tachometer.

	08
	To measure PH value by digital PH meter of 1)Water 2)Chemical solution.


	09
	Demonstration of D/A converter using OP-Amp.

	10
	To plot frequency response of active filters. Low pass filter and high pass filter.

	11
	To demonstrate pilot devises like push button switches limit switches selectors switches pressure switches, float switches etc.  


Learning Resources:

Books:

	Sr. No.
	Author
	Book
	Publication

	1.
	H.S.Kalsi
	Electronic Instrumentation
	Tata McGraw Hill

	2.
	D.Patranabis
	Principles of Industrial Instrumentation
	Tata McGraw Hill

	3.
	A.K.Sawhney
	Electrical and Electronics Measurement and Instrumentation
	Dhanpat Rai & co.

	4.
	Alan s. morris
	Principles of Measurement & Instrumentation
	Prentice Hall India

	5.
	Donald P. Eckman
	Industrial Instrumentation
	Wiley Eastern Ltd.

	6.
	S.K. Bhattachrya

Brijinder Singh
	Control of Electrical Machines
	New Age International


Course name
: Electrical Engineering Group    Course Code: EC (Correspondence - DL)
Semester
: Sixth


Subject Title 
: Electrical Estimation & Costing          Subject Code
: 12836
Teaching and Examination Scheme: ‘E’ Scheme
	Teaching Scheme
	Examination Scheme

	TH
	TEST
	PR
	PAPER HRS
	TH
	PR
	OR
	TW
	TOTAL

	07
	01
	20+02
	03
	100
	--
	25@
	--
	125


@- Internal Assessment 



Rationale: 

This subject is classified under Technology subject. Electrical Diploma holders have to work as Technicians & Supervisors for Electrical Installations of various companies, commercial and Industrial electrification schemes and prepare estimates for these schemes. They also work as Independent electrical contractors and execute illumination and electrification schemes.

Knowledge of electrical engineering drawing, IE rules, NEC, different types of electrical Installation their design considerations equips the students with the capability to design and prepare working drawing of different Installation projects.

Similarly understanding of the methods and procedure of estimating the material required; developed the skill of preparing schedule of material; detailed estimates; costing of different types of Installation which leads to preparing of the tender documents, procedure for tendering, evaluation and billing of executed work of different types of electrical Installation Project.      

Objectives:  Student will be able to:

1) Define different types of Electrical Installation

2) Interpret the Electrical Engineering Drawing

3) State IE rules, NEC related to Electrical Installation and testing.

4) State and describe the basic terms, general rules, circuit design procedure, wiring design and design considerations of Residential Electrical Installations. 

5) Explain the sequence to be followed in carrying out the estimate of Residential Installations.

6) Prepare detail estimate and costing of Residential Electrical Installations.

7) Test Industrial Electrical Installation.

8) Understand the concept of contracts, contractors, tender and tender document and its related procedures.

Learning Structure:  

Application:

Procedure:









Concepts:

Facts:

Facts


Contents: Theory
	Chapter
	Topics
	Marks

	01
	Drawing and IE rules

1.1 Classification of Electrical Installation.

1.2 General requirement of Electrical Installation.

1.3 Reading and Interpretation of Electrical Engineering Drawings.


1.3.1. Various diagrams, plans and layout


1.3.2. Important definitions related to Installation 

1.4
IE rules related to Electrical Installation & Testing.
	08

	02
	Service Connection

2.1 Concept of service connection.

2.2 Types of service connection & their features.

2.3  Methods of Installation of service connection.

2.4 Estimates of under ground & overhead service connections. 
	08

	03
	Residential Building Electrification

3.1 General rules guidelines for wiring of Residential Installation and positioning of equipments.

3.2 Principles of circuit design in lighting and power circuits.

3.3 Procedures for designing the circuits and deciding the number of circuits. 

3.4 Method of drawing single line diagram.

3.5  Selection of type of wiring and rating of wires & cables.

3.6 Load calculations and selection of size of conductor.

3.7 Selection of rating of main switch, distributions board, protective switchgear ELCB and MCB and wiring accessories. 

3.8 Earthing of Residential Installation.

3.9 Sequence to be followed for preparing  Estimate 

3.10 Preparation of detailed estimates and costing of Residential Installation. 
	24

	04
	Electrification of commercial Installation

4.1 Concept of commercial Installation.

4.2 Differentiate between electrification of Residential and commercial Installation.

4.3 Fundamental considerations for planning of an electrical Installation system for commercial building.

4.4 Design considerations of electrical Installation system for commercial building.

4.4.1    Load calculations & selection of size of service  connection and nature of supply.

4.4.2    Deciding the size of cables, busbar and busbar chambers.

4.4.3    Mounting arrangements and positioning of switchboards,   distribution boards main switch etc.

4.4.4 Earthing of the electrical Installation 

4.5 Selection of type wire, wiring system & layout.

4.6 Sequence to be followed to prepare estimate.

4.7 Preparation of detailed estimate and costing of commercial Installation.
	20

	05
	Electrification of factory unit Installation

5.1 Concept of Industrial load.

5.2 Concept of Motor wiring circuit and single line diagram.

5.3 Important guidelines about power wiring and Motor wiring.

5.4 Design consideration of Electrical Installation in small Industry/Factory/workshop.

5.4.1. Motor current calculations.

5.4.2. Selection and rating of wire, cable size & conduct.

5.4.3 Deciding fuse rating, starter, distribution boards main switch etc.

5.4.4. Deciding the cable route, determination of length of wire, cable, conduit, earth wire, and earthing. 

5.5 Sequence to be followed to prepare estimate.

5.6 Preparations of detailed estimate and costing of small factory unit/ workshop.
	24

	06
	Testing of Installation

Testing of wiring Installation for verification of current; earthing, insulation resistance and continuity as per IS 


	04

	07
	Contracts, Tenders and Execution

7.1 Concept of contracts and Tenders

7.1.1Contracts, types of contracts, contractors.

7.1.2 Valid Contracts, Contract documents.

7.1.3 Tender and tender notices.

7.1.4 Procedure for submission and opening tenders.

7.1.5 Comparative statements, criteria for selecting contractors, General conditions in order form.

7.2 Principles of Execution of works

7.3.1  Administrative approval, Technical sanctions.

7.3.2. Billing of executed work.
	12

	Total
	100


Tutorials:

Problems on estimation and costing:

1. Electrical Installation scheme for single flat, independent bungalow and small house. Draw wiring diagram and prepare detailed estimate and its costing

2. Electrical Installation scheme for commercial buildings. Draw wiring diagram and prepare detailed estimate and its costing.

3. Electrical Installation scheme for small factory unit. Draw single line layout and prepare detailed estimate and its costing

       1) Small factory unit    2) Workshop 3) Agriculture pump and floor mills etc.

Assignments: 

Note: Use half imperial drawing sheets   

1) Design electrical Installation scheme for a flat scheme/ Independent bungalow/House. Draw detail wiring diagrams also prepare material schedule and detailed estimate and costing. Prepare report and Drawing sheets. (Minimum 2 Drawing sheets).

2) Design electrical Installation scheme for any one commercial complex having minimum 20KW load requirements. Draw detailed wiring diagram; prepare material schedule and detailed estimate and costing, prepare report and Drawing sheet (one Drawing sheet).

3) Design Electrical Installation scheme for agriculture pump/floor mill. Draw wiring diagram, prepare material schedule and detailed estimate and costing. Prepare report and Drawing sheet. (One Drawing sheet).

4) Design electrical Installation scheme for any two-factory/small unit/workshop having aggregate load of 30 KW. Draw wiring diagrams prepare material schedule & detail estimate and costing. Prepare report and Drawing sheet. (Two Drawing sheet).

Learning Resources: 

1.  Books:

	Sr. No.
	Author
	Title
	Publisher & Address

	1.
	K.B. Raina

S.K.Bhattacharya
	Electrical Design; Estimating and costing
	New Age International (p) Limited, New Delhi

	2.
	Surjit Singh
	Electrical Estimating and costing
	Dhanpat Rai and company,
New Delhi

	3.
	N. Alagappan

S. Ekambaram
	Electrical Estimating and costing
	Tata Mc Graw Hill Publication,

New Delhi

	4.
	S.L. Uappal
	Electrical wiring Estimating and costing
	Khanna Publication.

	5.
	B.D.Arora
	Electrical wiring, Estimating and costing
	R.B. Publication, New Delhi


2. IS/International Codes : IS- 5909, 7733, 2174, 732,4648

COURSE NAME

: ELECTRICAL ENGINEERING GROUP 


COURSE CODE

: EC (CORRESPONDENCE- DL)

SEMESTER

: SIXTH
SUBJECT TITLE
: SWITCHGEAR & PROTECTION   SUBJECT CODE: 12837
Teaching and Examination Scheme: 

	Teaching Scheme
	Examination Scheme

	TH
	TEST
	PR
	PAPER HRS
	TH
	PR
	OR
	TW
	TOTAL

	07
	01
	20+02
	03
	100
	--
	25@
	--
	125


# - External




@ - Internal
Rationale: 
In modern world electrical power system is growing fast due to expanding technical activities. As such the students must know about the switchgear and protection system. It is expected that the knowledge of facts, concepts, principles & procedural aspects of switchgear and protection system must be known by students which ultimately help the students in discharging their duties as a supervisor or a technician in substations, manufacturing industries & public service utilities.  

Objectives:

The students will be able to:

1) learn the principles, concepts & procedural aspects of switchgear & protection .

2) identify the various  components of switchgear & protection systems.

3) know the specifications & select switchgear & protection system 

4) identify the faults & repairs. 

Learning Structure:

	Students after passing the course will be able to work as supervisor /technician in power ,manufacturing industries & public utilities. They should identify faults & repair them.




Applications


	Operation & use of various types of 

Circuit breakers.


	Operation & use of various types of relays.



Procedure

	Oil 

Circuit Breaker.
	Air

Circuit

Breaker
	SF-6

Circuit

Breaker
	Vacuum

Circuit

Breaker 



	Induction Relay.
	Differential 

Relay
	Distane

Relay
	 µP

Based

Relay




	Types of Breakers

	Principle of Differential relay, induction relay& Distance relay.




	Protection schemes of transformers, trans. lines, alternator & Busbar.


	Circuit breaker, arc generation & arc extinction, restriking of arc.


Concepts
                             

	Fuses, transformers, generators, transmission & distribution systems, active & reactive power, specification of machines, short circuit & open circuit calculation.


Facts

	Chapter
	Name of the Topic
	Marks

	01
	Fundamental:

1.1 Necessity & functions of protective system.  

1.2 Normal & abnormal conditions.

1.3 Types of faults & their causes.

1.4 Short circuit calculations( Symmetrical  faults only) 

1.5 Use of current limiting reactors & their arrangements.  

 
	12

	02
	Circuit interrupting devices
2.1 Fuses -Construction, , Working of  Semi enclosed & HRC fuse, characteristics, selection and applications

2.2 Isolators- Vertical break, Horizontal break  & Pentograph type  

2.3 Arc formation process, methods of arc extinction – High resistance method, Low resistance or current zero method, related terms – Arc voltage, Recovery voltage & Restriking voltage. 

2.4 Circuit breakers- Concept, Classification,  Working principle, Construction, Specification & Applications of

        2.4.1 H.T – Bulk oil circuit breaker, Minimum oil circuit   breaker (M.O.C.B.), Sulpher Hexa Fluoride circuit breaker (SF6), Vacuum circuit breaker.                                         

       2.4.2  L.T.- Air circuit breakers (ACB), Miniature circuit 

 breakers ( M C B ) , Moulded case circuit breaker
( M C C B ) , Earth leakage circuit breaker (ELCB) , Comparison of fuse & MCCB 

2.5 Selection of MCCB for motor.

2.6 Selection and rating of circuit breakers. 
	20

	03
	Protective Relaying 

3.1  

3.1.1. Fundamental Requirements (Qualities)- Selectivity,  Speed, Sensitivity, Reliability, Simplicity, Economy

3.1.2. Basic relay terminology- Protective relay, relay time, Pick up current , Reset current, Current setting, Plug setting multiplier , Time setting multiplier

3.2 Classification                                                   Electromagnetic attraction – Operation of Attracted armature type, Solenoid type and Balanced beam type relays.                                                          .                     Electro magnetic induction type – Operation of Shaded pole type and Watt hour meter type relays.                                            Block diagram , Operation, Advantages & disadvantages of  Static and µP based relays.

3.3 CT and PT as Protective transformers .(Definition of Ratio error, Phase angle error, CT burden)                                  (No numerical on above topic.)

3.4 Over current relay-Time current characteristics.

3.5  Operation of  Static over current relay with block diagram 

3.6  Operation of  µP based  over current  relay with block                  diagram 

  3.7  Distance relaying- Principle,  Operation of  – Definite distance relay, Time distance relay and MHO relay


	20

	
	3.8 Directional relay- The need of directional relay, construction, operation of Induction type directional over current relay

3.9 Differential Relay- Operation of Current differential relay & Voltage differential relay .                                                            ( Simple numerical on relay setting )  
	

	04
	Protection of Alternator

4.1 Abnormalities & Faults 

4.2 Differential protection , % Differential protection
4.3 Over current , earth fault, inter turn fault, negative phase sequence, over heating protection. 

4.4 Reverse power protections.

      ( Simple numerical on differential protection ) 
	12

	05
	Protection of Transformer

5.1 Abnormalities & faults.  

5.2 Differential, Biased differential, Over current, Earth fault, Inter turn, Restricted earth fault, Over heating protection. 

5.3 Buchholz  relay 

     ( Simple numerical on differential protection ) 
	12

	06
	Protection of Motor

6.1 Abnormalities & faults.  

6.2 Short circuit protection, Overload protection, Single phase preventor

	04

	07
	Protection of Busbar & Transmission line 

7.1 Abnormalities & faults.   

7.2 Bus bar protection – Operation of Differential Protection and Fault bus protection schemes.  

7.3 Transmission line, over current, distance protection. Pilot wire protection.  
	08

	08
	Neutral Earthing 

8.1 Introduction & importance.    

8.2 Types of earthing 

8.3 substation earthing

8.4 Difference between Equipment earthing and Neutral earthing  
	04


	
   09
	Over voltage Protection 

9.1 Causes of over voltages.   

9.2 Lighting phenomena & over voltage due to lightning. 

9.3 Protection of transmission line & substation from direct stroke. 

9.4 Types of lightning arresters – Rod gap, Horn gap, Expulsion and Thyrite type , their construction & principle of operation. Surge absorber – Definition & working with neat diagram.  

9.5 Protection against traveling waves. 

9.6 Necessity of Insulation co-ordination. 
	08

	Total
	100


Practical:

Skills to be developed:

Intellectual Skills:

1. Identify different types of circuit breakers 

2. Identify various faults on the system

3. Calculate the fault levels

Motor Skills:

1. Simulate circuit configuration to create various faults 

2. Set the relays for various fault levels

List of Practical:

1) To study different switchgear equipments used in electrical power system / switchgear and protection lab.

2) To identify the components of different types of circuit breakers with their specifications  (through visits / video / model ).  
3) To study various types of over current relays and to plot the performance characteristics of an over current relay.
4) To understand the protection schemes of alternator and to sketch labeled schematic diagram of various types of protections of alternator.
5) To understand the protection schemes of transformer through visit to local high voltage substation and to sketch labeled  and to sketch labeled schematic diagram of various types of protections of transformer.
6) To understand various types of neutral earthing and specifications of earthing at different substations / different locations and new trends in earthing schemes ( Information Search).
7) To understand types and specifications of lightning arrestors of different manufacturers through brochures / literature.

8) To perform experiments for a given 3 phase induction motor with direct on line (DOL) starter.

a) To check the operation of DOL starter under short circuit condition.

b) To check the operation of single phasing preventer  by creating single phasing fault.

c) To check the operation of over current relay for various loads.

Learning Resources:

Books:

	Sr No.
	Author
	Name of Book
	Publication

	1.
	S.Rao.
	Switch gear & protection
	Khanna Publications, New Delhi

	2.
	Soni,Gupta & Bhatnagar.
	A text book on electrical power system
	Dhnapat Rai & Sons, New Delhi

	3.
	Mason C.R.
	The art & science of protective relaying
	--------

	4.
	S.L.Uppal.
	A text book of Electrical power
	Khanna Publishers, Delhi.

	5.
	Badriram & Vishwakarma P.N.
	Power System Protection & Switchgear
	TMH, New Delhi


COURSE  NAME
:  ELECTRICAL ENGINEERING GROUP 


COURSE CODE 
:  EC (CORRESPONDENCE - DL) 

SEMESTER       

:  SIXTH

SUBJECT TITLE   
:  A. C. MACHINES 
SUBJECT CODE
:  12838                 

Teaching & Examination scheme: 

	Teaching Scheme
	Examination Scheme

	TH
	test
	PR
	PAPER HRS
	TH
	PR
	OR
	TW
	TOTAL

	07
	01
	22
	03
	100
	50#
	--
	25@
	175


# - External




@ - Internal
Rationale:

This subject is classified under core technology group intended to teach students facts, concepts, principles & procedure for operations and testing of electrical machines such as induction motor, alternator and synchronous motor. Student will be able to analyze the characteristics and qualitative parameters of these machines.
These machines are widely used in industries and for generation of electricity. The knowledge gained by the student is useful in the study of technological subjects such as Utilization System, Manufacturing Processes and Testing and Maintenance of Electrical Machines

The knowledge and skills obtained will be helpful in discharging technical functions such as supervision, controlling and as R & D technician. 

Objectives:  Student will be able to

1) Know the constructional details & working principal of various types of ac machines

2) Operate given machine properly.

3) Use the knowledge for testing of machine. 

4) Select motors of proper rating for particular use.

5) Relate this knowledge to understand the subject of higher semester. 

Learning Structure:

Application

Procedure

Concept/

Principles

Facts

Contents: Theory

	Chapter
	Name of the Topic
	Marks

	01
	Three phase induction motor 

1.1 
Construction of three phase induction motor

1.2 
Production of rotating magnetic field 

1.3 
Principle of working/operation 

1.4 
Concept of slip

1.5 
Equation of rotor induced emf, current, frequency, reactance, and impedance under steady and running condition

1.6 
Torque equation of three phase induction motor

1.7 
Starting and running torque of squirrel cage and slip ring induction motor

1.8 
Condition for maximum and starting torque

1.9 
Torque slip characteristics of three phase induction motor

1.10
Effect of change in rotor circuit resistance on torque-slip characteristics 

1.11
Effect of change in supply voltage on torque-slip characteristics 
	20

	
	1.12 
measurement of slip by

       
a) Tachometer method 

       
b) Comparing rotor frequency and stator frequency

1.13 
Speed control of three phase induction motor by 

       
a) Pole changing method 

       
b) Frequency control method

       
c) By stator voltage control 

       
d) Rotor resistance control 

1.14 
Comparison between squirrel-cage and slip-ring induction motor.

1.15 
Applications of three phase induction motor.

1.16 
Power stages of three phase induction motor.

1.17
Double cage IM

       
a) Construction

      
b) Characteristic of outer, inner cage & combined characteristic

      
c) Industrial Applications (Numerical on all above)

1.18 
I.M. as a generalized transformer

1.19 
Vector diagram of IM
	20

	
	1.20 
Equivalent circuit of 3-phase IM (No numerical)

1.21 
Starting of 3-phase IM (No numerical)

       
a) Stator resistance starter

       
b) Star-Delta starter

       
c) Auto transformer starter

       
d) Rotor resistance starter
	08

	02
	Three Phase Alternator

2.1 
Definition and construction of three phase Alternator

     
 a) Armature

      
b) Rotor- smooth cylindrical & projecting type

2.2 
Derivation of e.m.f. equation of Alternator which includes

      
a) Chording factor

      
b) Distribution factor

2.3 
Factors affecting the terminal voltage of Alternator

     
a) Armature resistive drop

      
b) Leakage reactance drop

    c) Armature reaction at various power factors & concept of Synchronous impedance   

2.4 
Regulation of three phase Alternator by 

     
a) Synchronous impedance method

    
b) mmf method


(Numerical on all above)
	20

	03
	Synchronous Motor

3.1 
Principle of working/operation

3.2 
Synchronous Motor on load with constant excitation

3.3 
Effect of excitation at constant load

3.4 
V curve & inverted V curve

3.5 
Hunting & phase swinging

3.6 
Applications

3.7 
Starting of Synchronous Motor

3.8 
Comparison between IM & Synchronous Motor


(Numerical on all above )  
	12

	04
	Single phase Motors

4.1
Double field revolving theory

4.2 
Types of Single phase IM

4.3 
Split phasing principle of starting

       
a) Resistance start induction run

      
 b) Capacitor start induction run

      
 c) Capacitor start Capacitor run

    
d) Double value Capacitor applications motor

4.4 
Shaded pole IM

4.5 
Applications
	12

	05
	Special machines

5.1 
Induction Generator PRINCIPLE CONSTRUCTION & APPLICATION
5.2 
Linear Induction Motor PRINCIPLE CONSTRUCTION & APPLICATION
5.3 
AC series motor PRINCIPLE CONSTRUCTION & APPLICATION

	08

	Total
	100


Practical:




Intellectual Skills: 
1. Analytical Skills



2. Identification Skills

Motor Skills       : 
1. Measuring Skills



2. Connecting instruments / machines
List of Practicals:

1) a) To measure the slip of 3-phase IM by

          i) Tachometer

         ii)  Comparing rotor & stator frequency

         iii) Stroboscopic method.

     b) To reverse the direction of rotation of 3-phase IM.

2) 
To measure the performance of 3-phase IM by direct loading 

3) 
To list different types of starters used for 3-phase IM .Identify & use the same to 

      
start & run 3-phase IM

4) 
Using an MG set (DC motor-Alternator) observe the effect  of excitation & speed   

     
on induced e.m.f. & plot O.C.C. of the given alternator.

5) 
To find the percentage regulation of 3-phase alternator by synchronous impedance method at various power factors.

6) 
To find the percentage regulation of 3-phase alternator by direct loading   

     
method at various power factors.

7) 
To list & explain various starting methods of synchronous motor & applying one    

    
of them to start the synchronous motor. Plot V & inverted V curve of the same.

8) 
To list the various types of 1-phase IM, Collect the literature for them from 

     
Dealers / manufacturers of local places & compare on the following pts.

    
 i) Method of starting   
 ii) Cost     iii) Performance    iv) Starting torque etc.  

          Prepare a report


Learning Resources:

Books:

	Sr.No.
	Author
	Title
	Publisher

	01
	S. K. Bhattacharya
	Electrical Machines
	TTTI, Chandigarh

	02
	B. L. Theraja
	Electrical Technology Vol. II
	S chand & Co.

	03
	C.L.Dawes
	Electrical engineering
	T. M. G. H.
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Concepts of Data Recorders.





Concept of Digital Display Devices.





Concept of Data transmission system. (Analog & digital) various types





Concepts of Data processing in Instrument (DAS & data logger )single channel multi channel





Concept of Transducers/sensors classification of transducers on various basis 





Working/ construction of Data Recorders various techniques of data Recording 





Digital Display devicesconstruction and their working





Working  of various data transmission system.





Working of various DAS, Data logger, Block diagram, compact Data logger configuration 





Working principles of signal conditioning and their block diagram





Construction & working principles of various types Transducers  





Methods  of measurement, operation, control and Installation of Instrumentation system.





After studying this subject, students will develop the skills of measurement for various Industrial/physical parameters & to operate and control the various components & Industrial Instrumentation system and other practical Instrumentation system and use this knowledge as a supervisor in Industrial process, Electrical power system, Electrical M/C control, utilization system.











Measurement techniques for Electrical & non electrical quantities, Electronics components, power supply, Basic circuits in  Electronics, Digital circuits.





Concept of signal conditioning and their types (AC & DC)





Estimating & costing of Residential, Commercial & Industrial Electrical Installation and prepare tendering documents, Testing of Electrical Installation and Evaluation & billing of executed work





To prepare the schedule of Material





Costing of Material, Labour, Overhead, contingencies 





Preparation of Tendering Document & procedures





Testing of Electrical Installation as per IS





Sequence to be followed to prepare Estimate 








Recent price list of electrical Material & Accessories





Concepts of contract & contractors





Tender & Tendering documents 





Procedure of execution of work





Method of calculation of Labour cost, Overhead etc.





Position of equipment in Installation





Selection of rating of main switch,  Distribution board, Bus bar etc.





Selection & Rating of protective devices & ear thing of Installation





Selection & Rating of Accessories required for Installation





Selection of Rating and Size of conductor & Conduct 





Deciding the path of wiring cable and conduit & ear thing 





Calculation of length of conductor conduit & earth wire





Design consideration of Electrical Installation (Residential, Commercial, Industrial Installation)





Principles of circuit design for each type of Installation





Circuit design procedure wiring design for each type of Installation 





IE rules applicable to Residential, Commercial & Industrial Installation





Various plans & diagrams related to electrical Installation








General rules & Guidelines for Residential, Commercial & Industrial Installation


 





Data tables of conductor, Material and Accessories Required





Principles of execution of work





Evaluation and billing





Billing Methods of executed work





Facts of Electrical Installation and Concept of Electrical Engg. Drawing











Application in industries like sugar mills, paper mills, machine tools and agricultural applications. Application in railway, traction, windmills peripherals. 





Construction and operation of 3 phase �1 phase induction motor





Construction and operation of 3 phase Alternator





Construction and operation of 3 phase Synchronous motor





Construction and operation of A C series motor





Types of 3 phase & 1 phase induction motors 





Special machines





Synchronous machine  





                                  Working Principle of   AC machines





Construction & operation of Induction generator and linear induction motor














Statically and mutually induced EMF





Dynamically induced EMF





Various parameters of electrical network, Laws of electromagnetic induction, Lenz’s Law, concept of LCR  and power factor. Fundamentals of 1 phase and 3 phase ac circuits 
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