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(For above mentioned systems) on the basis of volume
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primary and secondary distribution systems, calculation of voltage
drops in ac distributors (Uniform and Non Uniform Loading)
(Numerical) Economics of power transmission : Economic choice
of conductor (Kelvin’s law) (Derivation and Numerical) Distribution
Feeders: Design considerations of distribution feeders; radial and
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Chapter 2: Substation and Earthing 2-1 to 2-33

Syllabus : Substation : Classification of substations, Various
equipments used in substation with their specifications, Bus bar
arrangements in the substation: Simple arrangements like single
bus bar, sectionalized single bus bar, main and transfer bus bar
system with relevant diagrams. Earthing : Necessity of Earthing,
Types of earthing system (Equipment and Neutral), and
Maintenance Free Earthing system. Methods of testing earth
resistance, Different electrode configurations (Plate and Pipe
electrode), Tolerable step and touch voltages, Steps involved in
design of substation earthing grid as per IEEE standard 80 — 2000.
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2.16.3 Measurement of Insulation Resistance..................... 2-30
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UNIT 3

Chapter 3: Maintenance & Condition Monitoring

3-1 to 3-29
Syllabus : Importance and necessity of maintenance, different

maintenance  strategies like  breakdown maintenance,
planned/preventive = maintenance  and  condition  based
maintenance. Planned and preventive maintenance of transformer,
Induction motor and Alternators. Insulation stressing factors,
Insulation deterioration, polarization index, dielectric absorption
ratio. Concept of condition monitoring of electrical equipments.
Advance tools and techniques of condition monitoring,
Thermography.

Failure modes of transformer, Condition monitoring of oil as per
the IS/IEC standards, Filtration/reconditioning of insulating oil,
Condition monitoring of transformer bushings, on load tap
changer, dissolved gas analysis, degree of polymerization.
Induction motor fault diagnostic methods

— Vibration Signature Analysis, Motor Current Signature Analysis.

Hot Line Maintenance - Meaning and advantages, special types of
non-conducting Materials used for tools for hot line maintenance.
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3.1.1 Importance of Maintenance..............ccccccoviiiiiieecnnnen. 3-1
3.1.2 Advantages of Maintenance ...........cccocvveeiieeeniieeeenee. 3-1
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3.3.1 Routine Maintenance...........c.ccooovveviiineniiccee s 3-3
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3.10.2 Maintenance Schedule for Transformers 1000 kVA

and Above (Planned Schedule) ........cccccceeeeviiiiinnennn. 3-13
3.10.3 Routine Preventive Maintenance of a

TranSfOrMErS.....ccoicuiiiiiiee e 3-15
3.1 INSUIALION....ci s 3-15

o ™
"~ TechKnowledge
W Publications



WF Electrical Installation, Maint. & Testing (SPPU)

Table of Contents

3.11.1

3.11.2

3.12

3.13

3.14

3.14.1

3.15

3.15.1

3.15.2

3.15.3

3.15.4

3.15.5

3.16

3.16.1

3.16.2

3.16.3

3.16.4

3.16.5

3.17

3.18

3.19

3.19.1

3.19.2

3.20

3.20.1

3.20.2

3.20.3

3.21

INtrodUCHION ..o
Properties of Insulating Materials ...........c..ccccce..

Factors Affecting Life of Insulating Materials

(Insulation Stressing Factors) ..........cccoceeviiieeennns
Insulation Failure (Deterioration of Insulation).......
Properties of Liquid Insulation (Transformer-Qil)

Deterioration (Contamination) of Liquid Insulation

(Transformer Oil) ......coeeeeecciiiiee e
Measurement of Insulation Resistance...............
By uSing MEQQer .....ccuvviiiiiiiiiiieeieee e

Insulation Resistance Measurement by Voltmeter

Insulation Resistance by Two Meggers ................
Condition Monitoring.........cccervernienieeiee e

Meaning of Condition Monitoring (Or Concept of

Condition Monitoring) .........cccecveereerieeieenienieeee
Purpose of Condition Monitoring (Objectives).......
Role of Condition Monitoring ..........ccceceevveiernnnen.
General Benefits of Condition Monitoring .............

Difference between Condition Monitoring and

Preventive Maintenance.............cccocoevviiicinnnnen.
Types of Condition Monitoring Systems .............
Tools and Techniques of Condition Monitoring.....
Thermography . ...
Thermography Instrument ...........ccccooiieiiiieninnen.
Role of thermography in Electrical field ................
Various Failure Modes of Transformer .................
Detailed Study of Failures Causes, Remarks etc..
Failures due to Structural Defects ...........c..ccc......
Over Fluxing Failure .........cccooeiniiiieiiciiicnee

Condition Monitoring of Transformer ....................

..... 3-24

3.22

3.22.1

3.23

3.23.1

3.23.2

3.23.2.1

3.23.3

3.23.3.1

3.24

3.24.1

3.24.2

3.24.3

3.25

3.25.1

3.25.2

3.25.2.1

3.25.2.2

3.25.2.3

3.26

3.26.1

3.26.2

3.26.3

3.26.4

3.26.5

3.26.6

3.26.6.1

3.26.6.2

Transformer Qil and its Impurities ...........c.cceveeneenne. 3-34
Testing of Transformer Oil.........ccccooviiiiiiiiiiiiecnen. 3-34

Factors Reducing Breakdown Strength of

Transformer Ol ........ooccuieieee e 3-36

As per IS Standard, Specification of
Transformer Ol ........ooccuieieee e 3-36

Testing (Condition Monitoring) of
Transformer Oil ... 3-36

Oil TSt Cell..uureiieeaeieiiee e 3-37

Various Components of Test-cell and

Function of these Components...........ccccoceevieriiennen. 3-38

Procedure of Testing the Oil in Test Cell
(AS PEIIS) it 3-39

Oil Purification, Reconditioning and

Filtering Methods...........cccoiiiiiiii s 3-39
Centrifugal Purifier.........cccooviiiii e, 3-39
Stream Line Filter (Vacuum Type).......ccccocvvriveennennne. 3-40
Filters using Activated Earth Media .............ccccceeeeee. 3-42
High Voltage Bushing..........ccccoeviiiiiiiiiiiiiiee e 3-42
The Types of Bushing are ..........ccccoecveeiriieeineee e, 3-42
Measurement of Power Factor and tan §.................. 3-45
Power Factor Test ... 3-45
Partial Discharge Test :........ocoviiiiiiii e 3-46
Infrared Thermography...........ccccoeiiiieiiieiniieceieeee 3-46
Condition Monitoring of ON-Load Tap-Changer......... 3-46
Introduction to Tap-Changer of a Transformer........... 3-46
ON-Load Tap-Changer (OLTC) .....ccocvvevvenrrrieereenn 3-48
Cause of Failure are Due to..........cccceveeeiiiiiciceeen. 3-48
Common Problems on ON-Load Tap Changer.......... 3-49
Preventive cares are taken as follows .............c......... 3-49

Condition Monitoring [Different Diagnostic

TEChNIQUES].....vvieiee et 3-49
Differential Temperature Measurement .................... 3-49
Dissolved Gas-Analysis..........cccevueeennieeiiieeceiieeene 3-49

o ™
"~ TechKnowledge
W Publications



WF Electrical Installation, Maint. & Testing (SPPU)

Table of Contents

3.26.6.3

3.26.6.4

3.26.6.5

3.26.6.6

3.26.6.7

3.27

3.27.1

3.27.2

3.27.3

3.27.4

3.27.5

3.27.5.1

3.27.5.2

3.27.5.3

3.27.5.4

3.28

3.28.1

3.28.2

3.28.2.1

3.29

3.29.1

3.29.1.1

3.29.1.2

3.29.1.3

3.30

3.31

3.31.1

3.32

3.32.1

3.33

Special “Gas in Oil” Monitoring ...........cccevveereerneenne. 3-50
Dynamic Resistance Measurements .............ccccceee... 3-50

Motor Torque Measurement .............cccccoeeriieeennnnn. 3-50
Acoustic Measurement : (New Technique)............... 3-51
SUMMEAIY ettt 3-51
Dissolved Gas Analysis (DGA) ......cccccevrieerrieeeenenenn. 3-52
Composition of Transformer Oil...........ccccocevviernenne. 3-52
Condition of Oil In Fault Condition ............cccccveeeenee. 3-52
Classification Faults .............cccceeviiiiiiiinieeeeeee 3-52
Normal Range of Dissolved Gases in Healthy Oil...... 3-53
Methods of Diagnosis in DGA..........ccccerieriieeneennen. 3-53
Roger’s Ratio Method.............cccoveiiiiiiiieiiiiecceee 3-53
IEC Basic Ratio Method .........cccceeviiiieiiiiiiciieeee 3-53
Duval Triangle Method.............ccccoiiiiiiiiiiiiiieceien 3-54
Kay Gas Analysis Method ...........cccoeviiriieniencieciene 3-54
Degree of Polymerization ...........cccceveiiiieiiiieeininenn. 3-54
Insulation Systems in Transformer ...........ccccceeveennnen. 3-55
Definition of Degree of Polymerization (DP) .............. 3-55
Table of Furan Analysis..........cccocoeeiiiiiiiiiieiciecee, 3-55

IS Specifications of Testing of Bushings and

Testing of Transformer Oil..........ccccoviriiiieniiens 3-55
IS Specification of Testing of Bushings ..................... 3-55
Power Frequency Tests........coocoeviiiiiiiiiiiiiiice e 3-56
IMPUISE TESES ..o 3-57
Other TESES ...oviiiiieeieeeee e 3-58

Methods/Techniques and Different Tests used for

Condition Monitoring.........ccceereeriienieneenee e 3-58
INrOUCHION ... 3-61
Condition Monitoring of Induction Motor .................... 3-61

Failure Modes or Various Abnormal

Conditions in an Induction Motor ............cccceeeennnneen. 3-63
Failure MOGES.........uuviieeiiiiiiiee e 3-63
Root Causes of Failure in Induction Motor................. 3-63

3.34

3.34.1

3.34.2

3.35

3.36

3.37

3.37.1

3.37.2

3.37.3

3.37.4

3.37.5

Induction Motor Fault Diagnostic Methods................. 3-64
Temperature Measurement and Diagnosis................ 3-64
Vibration Measurement and Diagnosis...................... 3-64

Electrical Parameters Measurement and

Diagnosis (Signature Analysis)..........cccoecueerveriiennen. 3-66

Induction Motor Fault Monitoring Methods

and Remedies ........ccoociviiiiiiiii 3-67
Hot Line maintenance ...........ccccccovoveviiiiinnceene 3-70
Meaning of Hot Line Maintenance ..............cccccocceeee. 3-70
Advantages of Hot Line Maintenance........................ 3-70

Tools and non conducting materials used for

Hot line maintenance..........ccccceoveviiieee e 3-70

Properties of Fiber glass/epoxy material

used for hot StiCKS .......ccccvviiiie e, 3-71

Precautions to be taken for hot stick.......................... 3-72

UNIT 4

Chapter 4 :

Basics of Estimation and Costing
4-1 to 4-12

Syllabus :

Purpose of estimating and costing, qualities of good

estimator, essential elements of estimating and costing, tender,
guidelines for inviting tenders, quotation, price catalogue, labor
rates, schedule of rates and estimating data (only theory),

4.1

4.2

4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

INFOUCHION ... 4-1
Purpose of Estimating and Costing ..........c.ccceeveveenee. 4-1
Aims of Estimating and Costing.........ccccceeveeerieeeniineenn. 4-1

Problems to be faced if estimating / costing not done..4-1

Qualities of a Good Estimator............c.cccovvvviieenieennnne 4-2
Essential Elements of Estimating and Costing ............ 4-2
Purpose of Estimating and Costing ...........cccceveeeeeenee. 4-2
Things required by the Estimator for Estimate............. 4-2
Proforma for Making Estimate...........c.ccccevvieiiiienenns 4-3
Purpose of Estimate...........ccocoiiiiiiiiiis 4-3
Rough Estimate.........cccooiiiiiiiiiiiieeee e 4-3
Detailed Estimate ... 4-3
Supplementary Estimate ...........ccoooceieiiiiiiniiiieccs 4-3

o ™
"~ TechKnowledge
W Publications




WF Electrical Installation, Maint. & Testing (SPPU)

Table of Contents

4.3.8

4.4

4.41

4.4.2

4.4.3

4.5

4.5.1

452

4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.7

4.71

4.7.2

4.7.3

4.8

4.9

4.10

4.11

Documents to be attached with Detailed Estimate....... 4-3
Concept of CONracCt ......ceeeevcvveiiiee e 4-4
CONTACKOLS. ...ttt 4-4
Qualities of a Good Contractor ..........cccccceeveveercneennene 4-4
Types of CONraCtS ........cccevruieriiniienee e 4-4
LI e ] PSRRI 4-4
Earnest Money ..........ccceiiiiiiiiiiiiiiie e 4-4
Tender NOtCE.......ccvviiiicc e 4-4
Inviting Tenders(Guidelines for Inviting Tenders)......... 4-5
Tender FOMM ..o 4-5
SpPecimen TENAEN .......ccovieiiiiiieie e 4-5

Procedure to be followed by Contractor

to Fill the Tender ..., 4-6
Procedure of Opening Tender ..........cccocvveerieeeiiieeennns 4-7
Comparative Statement.............cccoieiiiiiiniccc 4-8
QUOLALIONS ... 4-8
Quotation FOrMat .........ccoereeririieie e 4-8
Comparative Statement of Quotation..............ccceeeeeeee. 4-9
Proforma of Comparative Statement ............c.ccccernene 4-9
Comparison of Quotation and Tender............cccccccueeen. 4-9
Price Catalogue.........c.cuveieeiieiniiieeseeeee e 4-10

Labor Rates, Schedule of Rates and
Estimating data ..........ccccoooiiiiiiiii 4-10

Labor Change / Rates / Cost .......ccccvveviieeinieeceiinen. 4-10

UNIT 5

Chapter 5 :
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UNIT 6

Chapter 6 : Testing and Electrical Safety = 6-1 to 6-40

Syllabus : Understanding CAT Ratings & Using CAT rated
Instrument, Electrical Installation Testing Procedures- Insulation
resistance test between installation and earth, Insulation
resistance test between conductors (use of GUARD Terminal in IR
test & Application) (methods used for IR Testing) Testing of
polarity, Testing of earth continuity paths (Applications of PAT
Tester “Portable Appliance Tester” in commercial like hotels,
hospital & Industry also) and Earth resistance test (methods for
earth testing 2-pole, 3-pole new methods clamp on type where we

can performs test in Live)

Contents of first aid box, treatment for cuts, burns and electrical
shock. Procedures for first aid (e.g. removing casualty from
contact with live wire and administering artificial respiration).
Various statutory regulations (Electricity supply regulations, factory
acts and Indian electricity rules of Central Electricity Authority

(CEA), Classification of hazardous area. ( Introduction to OSHA )
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Effectiveness of Earthing..........cccooeeeiiiiiiiinnnns 6-13
Methods of Measuring Earth Resistance.................... 6-13
3 pole method ........cooviiiiiiiiiii 6-13
Earth Tester ... 6-14
2-point (dead earth) method ..........coceeveeiriiiiecnienne. 6-15

Clamp on type (Live measurement) of

Earth resistance ..........cccocoiiiiiiiiii 6-15
Contents of First Aid BOX........ccoeeveiiiiciinieiieceee 6-16
Objectives of Safety ........ccvvveiriiiiieneeeeee, 6-16
Terms and Definitions in Safety.........cccccoeceviineennn. 6-17
Electric Accidents (Meaning and Reasons) ............... 6-18
How Electrical Accidents can be Avoided ?............... 6-19

Tools used in Electrical Works and also

Safety DEVICES .......coovviiiiiiiiiiieceee e 6-19
Reasons for Getting Electric Shocks ...........c.ccceeeee. 6-22

Factors Affecting the Severity of Shock and Body
Resistance (R) .......cccovviriieiiiieeeccee e 6-22

Procedure for first aid, Removing Casualty
from Contract with Liver Wire and

Administering Artificial Respiration ............ccccccvevnnee. 6-23

Cure of Electric Shock
(Rescuing Electrocuted Person) ...........ccccovvvevenineenn. 6-24

Different Methods of Artificial Respiration to be
Administered ..........ccooovviiiiiiii e 6-24

Precaution to be Taken while Working on Electrical

Installation..........eeveeeeiiee e 6-27
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