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PBS Instructions Series

PBS Engineering and Materials : 100 Series

SI. No | Series No Title

1 100-1 Engineering and Material Administration

2 100-2 Pre-qualification of Electrical Engineering Consultants

3 100-3 Pre-qualification of Architectural & Engineering Consultants

4 100-4 Pre-qualification of Electrical Construction Consultants

5 ( 510000__154) Servicing, repairing and testing of distribution equipment/Instrument

6 100-6 Constriction Methods for PBS Electrical Distribution System Building & Civil works
7 100-7 Purchase of Material and Equipment

] 100-8 Preparation of plans and Specifications for Electric distribution fatalities for REB

borrowers.

9 100-9 Service contract with retainer consultant for electric consultancy services

10 100-10 Pre-construction and construction progress meeting

11 100-11 Changes in line construction

12 100-12 Functions of REB Engineers/Officers

13 100-13 Close-out procedure for contract construction of electric distribution systems.
14 100-14 Prqcedure and dqcpments for closing out construction of civil works and

maintenance liability

15 100-15 Store Manual

16 100-16 Insurance Coverage and bond requirement for REB borrower’s contractors.
17 100-17 Repairing of distribution transformer

18 100-18 Power interruption recording and reporting instruction

19 (;88:‘113) Load management
20 100-20 Energization and commissioning of electric distribution system Imported form 100-34
21 100-21 Engineering and staking manual

22 100-22 Adequate grounding on primary distribution lines

23 (;88:2?) System plans & construction work plans for electric distribution system.

24 100-24 Voltage and current investigations.

25 (150000_—285) Material Coding procedures

26 (150000__256) Power factor measurements

27 100-27 Store control manual (Merged with 100-15)

28 100-28 Standard specification and drawings for 6.35/1 IKV line construction.

29 100-29 Substation operation, inspection and maintenance manual

30 100-30 Distribution, operation, inspection and maintenance instructions.

31 100-31 REB project divisiog and electric opgrations division relationships

(500-5) with PBS's for electric system operations.
32 100-32 Tool and work equipment administration.
33 (150000_—363) Material administration policies and responsibilities

MPBS




SI. No | Series No Title
100-34 o o .
34 (500-7) Distribution line Energization policies and procedures
35 100-35 Transformer provision and rental policy
36 100-36 (Merged with 100-35)
37 100-37 "1 bR line take over policy and procedure
(500-9)
38 100-38 Management of consumer complaints
39 100-39 Standards for the power utilization of three - phase meters
40 100-40 Meter test, repair and sealing policy
41 100-41 Construction overhead distribution system Facilities by REB borrowers
47 100-42 Extgngion of single phase and t.hree phase Di.s.tr.ibution Lines on deposit work
(500-11) | basis in order to provide Electric Service facilities.
43 100-43 Ext.ensu.)n of PBS dlgtn‘t.)utlon 1.1nes in order to t:’:xt.end electric service facilities to the
residential-commercial-industrial consumers within the area of a society complex.
100-44 Electrical. consgltancy servif:e Within the premises of uqder construction/
44 (500-20) proposed 1ndustr1a1. comple;x 1n§t1tut1ons pnder Govt./ Semi Govt./Autonomous,
Board or Corporation/Nationalized or Private sector
45 100-45 Standard specifications and drawings for 33KV line construction.
46 100-46 Import procedure of mallter.ial gnd equipment for operation and maintenance
(600-29) | purpose of each PBS distribution systems.
47 100-47 Inter donor material policy
48 100-48 Standard spe.ciﬁcatilon and drawing for 1.5 MVA 33/11 KV pole mounted rural
type sub-station (with SERD)
49 100-49 PBS hot line work administration
50 100-50 PBS hot line work operation
51 (;88:?;) First in first out material issue (FIFO)
59 100-52 & fmre 7S spas (i =13 ol @ TFAT=el S Ty e e SiFees Fae @
T ST (ToA) |
53 (;8833) Storage and handling of REB timber products.
54 (;88:;‘51) Standard for inspection evaluation and treatment of standing wood poles.
55 (;8832) Pre-qualification of civil contractors
56 100-56 A ICq BT Y5aT TR @ ot
57 100-57 | =fp1 ez &g 9Ege ok foers iR o i e srsimcer foue ¢ sfafo
58 100-58 OMRR Inventory Material 23/55/300b & 230© Jiferips | g fagre Aoz w93 Afpiee
(500-27) | '@ TR AETART TR AMOTE | (P oR-939R & TG T ©Iid 2firs)
59 100-59 Engineering and operations records update
60 100-60 Development and maintenance of GIS for PBS service area.
61 100-61 Guideline for Engineering Assesment of taken Over BPDB Facilities
62 100-62 Pre-qualification of GIS Developer consultants
63 100-63 Pre-qualification of GIS Conulting Engineering firm for updating GIS database.
64 100-64 | =it gy AFoTR F9= et earsa T @ Sfewe |
65 100-65 GIS Equipment SR &M |
MPBS 2




Finance Series 200

SI.No | Series No Subject
1 200-02 Audit of REB Borrowers Accounting Records
2 200-03 Minimum Insurance and Fidelity Coverage for REB Borrowers
3 200-04 Designation of Bank Cheque- signing and Counter Signing Authority and Bank
Procedures
4 200-05 Internal Control of REB Borrowers Operation
5 200-06 Accounting Procedures Manuals
6 200-07 Electrical Distribution Borrower's Financial and Statistical Report
7 200-08 Advance for Funds for PBS Requirements prior to availability of Loan Funds
8 200-09 Wiring Materials Cash Sales Procedures
9 200-10 Payment to Architect Engineers and Contractors
10 200-11 Use and Approval of General Funds for Additional to Plant
11 200-12 General Funds
12 200-13 Imprest (Petty Cash) Fund for PBS
13 200-14 Continuing Property Records
14 200-15 Identification and Numbering of PBS Equipment and Property
15 200-16 Establishment of Rural Electrification Revolving Fund
16 200-17 Electrification Loan Policies and Application Procedures
17 200-18 Electric Loan Policy for Consumers and Contractors Equipment
18 200-19 Budgetary Control and Advance of Electrification Loan Funds
19 200-20 PBS Initial Accounting Requirements
20 200-21 Depreciation Rates and Procedures
21 200-22 Equipment Rental to Contractors
22 200-23 REB/PBS General Accounts Manual
23 200-24 Authorizing Operation of Bank Accounts
24 200-25 House Wiring Loan
25 200-26 PBS Audit Manual
26 200-27 Monitoring Financial Activities of PBSs
27 200-28
28 200-29 Management of PBS Fund
29 200-30 Accounting Treatment of Bad Debts
30 200-31 Determination of PBS Long Term Loan-Moratorium Period
31 200-32 PTA Operational Plan and agreement between BREB & PBS

PBS Development and Training Series 300

SI. No | Series No Subject

1 300-01 Delegation of Authority

2 300-02 Member Service and Power Use Manual

3 300-03 Receiving Issuing and use of Meters, Meter Seals and Sealing Tools.
New Electric Connection assurance of Electricity Availability

4 300-04 . g . .
Certificate, shifting of poles/lines/services.

5 300-05 Power Factor Measurement

6 300-06 System Losses.

7 300-07 Transport Loan for PBS employees

MPBS




SI. No | Series No Subject

g 300-08 Procedures for selection of Apprentice Linemen Trginee andidates, including
development of program for training and carrier opportunity for line-crew personnel

9 300-09 | Sale of mortgaged asset by PBS
Outline of activities required and stapes to be taken following nomination of PBS

10 300-10 | Board of Director/ Lady Director and onwar during system energization of each Palli
Biduyt Samity

11 300-11 | The PBS Senior General Manager / General Manager

12 300-12 | "Palli Bidyut Samity Director's pledge" and Election of PBS Office- bearers.

13 300-13 | Retention of service related benefit for PBS employees

14 300-14 | Organization Structure for a Palli Bidyut Samity.

15 300-15 | Function and responsibilities of the Board of Directors in a PBS.

16 300-16 | A quide for a Policy manual for PBS.

17 300-17 | Wages & Salary plan for PBS Employees.

18 300-18 | Fixation of pay Grade of PBS officers.

19 300-19 | Wiring Specifications and recommendations for PBS consumers (Manual)

20 300-20 | Performance Appraisal of PBS officers.

21 300-21 | House Wiring programme for PBSs.

22 300-22 | PBS transports Repair and Maintenance guidelines

23 300-23 | Assignments of PBS Motor Cycles.

24 300-24 | Recruitment, appointment and promotion of PBS personnel.

25 300-25 | Electric service policy for Tea Gardens, its residential and other type services.

26 300-26 | Standard Transport Requirements for PBSs.

27 300-27 | Use of PBS transports by PBS employees.

28 300-28 | TA/DA for PBS employees and PBS Board of Directors and Lady Directors

29 300-29 | Medical Facilities for PBS employees.

30 300-30 | Terms and conditions for electric services.

31 300-31 | Payment of income Tax for the PBS employees

32 300-32 | Workman's compensation, benefit scheme for the PBSs.

33 300-33 | Procedures for billing of irrigation connections.

34 300-34 | Benevolent fund and Group Insurance scheme for PBS regular employees.

35 300-35 | PBS Living Quarters and its uses.

36 300-36 | Procurement Procedure for PBSs.
Electrical constructing and Service Policy within the Complexes of:
(1) Govt, Semi-Govt, Autonomous Board or Corporations and Nationalized Industry.

37 300-37 (2) Hospitals, Clinics, Educational Institutions, Religious and Charitable Establishments.
(3) Public sector and Public Limited Industry Complexes having residential and other
types service requirements & NGO (s), Gramean Bank etc.

38 300-38 | PBS Election Commission

39 300-39 | Deputation of REB Officers to PBS System.

40 300-40 | PBS Management and Operation Audit.

41 300-41 | Operations and Maintenance Guidelines

42 300-42 PBS Zopal Of.ﬁ.ce, PBS Sub- Zonal Office, PBS .Area Office, PBS Complain
Center in addition to PBS Head Quarters establishment.

43 300-43 | Operations of PBS Bank Accounts

MPBS




SI. No | Series No Subject
Renovation of service / meters taken over from PDB or other utilities and PBS
44 300-44
old Consumer
45 300-45 | Provisional Electric Service Connection to premises of Industry under Construction.
46 300-46 | Leave or Absence of PBS General Manager.
47 300-47 | Classification, service and maintenance ofstreet lighting installations.
48 300-48 | Sub-Station power transformer insurance programme for PBS.
49 300-49 | Load Management.
50 300-50 | Appointment of a Legal Advisor in PBS.
Selection procedure of PBS personnel for nomination and appointment to the
51 300-51 | position of respective Departmental Heads, Deputy General Manager and Additional
General Manager of a PBS.
Policy for removal /sale / destruction of obsolete & condemned (unusable) materials
52 300-52
of all REB & PBS stores.
53 300-53 Principle of Inventory in REB Central Warehouse, REB Project Stores & PBS Stores.
Appointment of local advisor/consultant for PBS's in filed of
54 300-54 . . .
Management /Technical/ Finance/Member Service.
55 300-55 | Training honorarium for PBS Officers/Employees.
56 300-56 Deputation of PBS employees to other PBS.
57 300-57 | Allocation of dress/liveries for the employees of the PBS.
Policy regarding advance and repayment for house building/purchase of house/
58 300-58
purchase of flat/purchase of land for PBS employees
59 300-59 | Facilities for appointed Ansar’s in PBS.
Policy for writing off the value of the stolen/missing materials of PBS Distribution
60 300-60 .
Lines and Stores.
61 300-61 Engineering & Operations Record Update Process.
62 300-62 Discontinuance of Service for nonpayment of Bills.
MPBS 5




ABBREVIATIONS

AAAC All Aluminium Alloy Conductor

ABCB Air Break Circuit Breaker

AC Alternating Current

ACCC Aluminium Conductor Composite Core

ACR Automatic Circuit Recloser

ACSR Aluminium Conductors Steel Reinforced

AMIE Associate Member of Institute of Engineers
ANSI American National Standard Institute

APA Annual Performance Agreement

APP Annual Procurement Plan

ASCII American Standard Code for International Interchange
ASTM American Society for Testing and Materials
AVO Meter Ampere Volt Ohm Meter

AVR Automatic Voltage Regulator

BDV Break Down Voltage

BERC Bangladesh Energy Regulatory Commmission
BSTI Bangladesh Standards and Testing Institution
BIL Basic Insulation Level

BIOS Basic Input Output System

BOL Bangladesh on Line Limited

BOQ Bill of Quantity

B2B Back to Back

BPDB Bangladesh Power Development Board

BREB Bangladesh Rural Electrification Board.

CAIDI Customer Average Interruption Duration Index
CAIFI Customer Average Interruption Frequency Index
CAMP Control and Protection Module

CCA Cromated Copper Arsined / Capital Cost Allowance
CCEM Control Cable Entry Module

CCGP Cabinet Committee of Government Procurement or Purchase
CCPM Control Cable Protection Module

CERS Central Equipments Repairing Shop

CFCC Corrupt and Fraudulent, Collusive or Coercive Practices
CFL Compact Flurocent lamp

CLP Cold Load Pickup

CMO Consumer/Customer Meter Order

CPM Critical Path Method

CPR Continual Property Record

CPP Captive Power Plant

CPTU Central Procurement Technical Unit

CRJ Cash Receipt Journal

CSP Completely Self Protected

CT Current Transformer

CZPDC Central Zone Power Distribution Company

DC Direct Current

DCC Distribution Co-ordination Committee

DDP-2 Dhaka Divisional Project phase-2

MPBS 6




DESA Dhaka Electric Supply Authority

DESCO Dhaka Electric Supply Company Limited.
DNP Disconnection for Non Payment

DPC Departmental Promotion Committee

DPDC Dhaka Power Distribution Company

DPM Direct Procurement Method

DPP Development Project Proposal

DSL Debt Service Liability

DSM Demand Side Management

ECNEC Executive Committee for National Economic Council
EGCBL Electric Generation Company of Bangladesh Limited
e-GP Electronic Government Procurement

EGC Electricity Grid Code

EHV Extra High Voltage

EMF Electromotive Force

ENIAC Electronic Numerical Integrator and Calculator
EOI Expression of Interest

ERC Equipment Record Card

ERU Equipment Repairing Unit

FIFO First In First Out

GCC General Conditions of Contract

GIS Geographical Information System/Gas Insulated Switchgear.
HOPE Head of Procuring Entity

HTML Hyper Text Markup Language

HT/HV High Tension/ High Voltage

HTTP Hyper Text Transfer Protocol

HVAC High Voltage Alternating Current

HVDC High Voltage Direct Current

IDMT Independent Definite Minimum Time

IEC International Electrotechnical Commission
IED Intelligence Electronic Device

IEEE Institute of Electrical & Electronic Engineers
IMED Implementation Monitoring and Evaluation Division
IMRAS Intelligent Meter Reading and Analytic System
INCOTERM International Commercial Term

IPP Independent Power Producer

IRR Internal Rate of Return

ISO International Organization For Standardization
JVCA Joint Venture Consortium or Association

KVA Kilo Volt Ampere

KVAR Kilo Volt Ampere Reactive

KWH KiloWatt Hour

LAN Local Area Network

LC Letter of Credit or Commitment

NLDC National Load Despatch Center

LT/LV Low Tension/Low Voltage

LTM Limited Tendering Method

MCB Miniature Circuit Breaker

MCOV Maximum Continous Operating Voltage
MDM Meter Data Management

MOCB Minimum Oil Circuit Breaker

MPBS
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MGN Multi Grounded Neutral

MIS Management Information System

MMF Magnetomotive Force

MPEMR Ministry of Power Energy and Meneral Resource
MPO Monthly Payment Order

MR Management Representative

MTTR Mean Time to Repair

NASA National Aeronautics and Space Administration
NLDC National Load Dispatch Center

NMS National Management System.

NRECA National Rural Electric Cooperative Association
NWD Nation Wide Dialing

NWZPDC North—West Zone Power Distribution Company
OCP Operator Control Panel

OCR Oil Circuit Recloser

OLTC On Load Tap Changer.

OMF Overall Multiplying Factor

OMS Outage Management System

ONAF Oil Natural Air Force

ONAN Oil Natural Air Natural

OPGW Optical Ground Wire

OPS Operator Panel Sub-system

OSTETM One Stage Two Envelope Tendering Method
OTM Open Tendering Method

PABX Private Automation Branch Exchange

PBS Palli Bidyut Samity

PCB Printed Circuit Board

PCC Particular Conditions of Contract

PDR Public Demand Recovery

PE Procuring Entity

PF Power Factor

PG Post Graduate/Performance Guarantee
PGCB Power Grid Company of Bangladesh

PLC Power Line Carrier

PLC Programmable Logic Circuit

PMIS Personnel Management Information System.
PODCC Planning Organizing Directing Co- Ordination & Controlling.
POST Power On Self Test.

PPA Power Purchase Agreement

PPM Parts Per Million

PERT Programme Evaluation & Review Technique
PPP Public Private Partnership

PPR Public Procurement Rules

PRD Pressure Relief Device

PSI Pounds per Square Inch

PSMP Power System Master Plan

PSR PBS/Primary Survey Report

PT Potential Transformer

PTA Performance Target Agreement

PVC Polyvinyl Chloride

PWD Public Works Department

MPBS
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QMS Quality Management System

RCC Reinforced Concrete

RFQM Request for Quotation Method.

RMS Root of Mean Square.

RPCL Rural Power Company of Bangladesh Limited.
RTU Remote Terminal Unit.

SAIDI System Average Interruption Duration Index.
SAIFI System Average Interruption Frequency Index.
SAS Sub-Station Automation System.

SCADA Supervisory Control and Data Acquisition.

SFs Sulphur Hexaflouride.

SGF/SEF Sensitive Ground/Earth Fault.

SGTC Smart Grid Technology Centre.

SMART Strategic Measurable Achievable Realistic Timebound
SPC Spun Pres-tressed Concrete.

SPDT Single Pole Double Through

STD Standard Tender Document

SWG Standard Wire Gage

SWZPDC South—West Zone Power Distribution Company
TC Technical Committee

TCC Time Current Curve

TCF Temperature Correction Factor

TDD Total Demand Distortion

THD Total Harmonic Distortion

TD/TM Time Dial/Time Multiplier

TEC Tender Evaluation Committee

PEC Proposal Evaluation Committee

BEC Bid Evaluation Committee

TIN Tax Identification Number

TMLM Transformer Maintenance & Load Management.
TOC Tender Opening Committee

TOR Terms of Reference

TQS Technical Quality System

TSC Technical Sub-committee

TSR Technical Survey Report

TSTM Two Stage Tendering Method

USAID United States Agency for International Development
UFR Under Frequency Relay

USOAC Uniform System of Accounts

VDU Visual Display Unit

WAN Wide Area Network

WSO0S Windows Switchgear Operating System

WWW World Wide Web

WZPDC West Zone Power Distribution Company
NZPDC North Zone Power Distribution Company

X/R Reactance/Resistance

5R Right Time, Right Planning, Right Quality, Right Quantity, Right Place
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Svymbols Used in Power System

S/N Symbols Subject S/N Subject Symbols
1 A Ampere )
2 B Flux Desity/Hardware 37 Resistance YVVVY
3 C Capacitance/Insulator ___(seo____
4 D Electric flux density/Conductor 38 Inductance
5 E Electromotive Force/ 39 Isolator /
6 F/f Force/frequency sofato o
7 H Magnetising force @
8 i Current/inst. Value of ac 40 Fuse cutout
9 I/ Current density/vector operator . )
10 K Form factor 41 Capacitor Bank =
11 L/ Self inductance/length 0 c ¢ transh gg
12 M/m Mutual inductance/mass urrent transtormer
13 N/n Number of turn/number 3 l " ; t
14 P/p Power / ins. Ac power Potential transformer ===
15 Q Electric charge '
16 R/r Resistance /radius 44 ACR —
17 G Conductance o
13 T Time period 45 Circuit Breaker —) (e
19 Vv Potential defference/voltage . . —
20 W Work,energy, power 46 Oil Crcuit Breaker —fo o1—
21 X Reactance
47 Voltage Regulator QS
22 Y Admittance £ &
23 Z Impedance .
24 o/B Current ratio 48 Sub-Station m
25 o Phase ange 49 Proposed Substaion A
26 @ At the rate of 50 DESA Taken over Substation
27 s Pie 51 132/33 Kv Grid
28 Infinit
> my 52 Capaccitance
29 A Wavelength
30 v Electric flux .
53
31 [0 Angular velocity Grounding
32 Q Ohm (Omega) 54 Lightning Arrester
33 z Sum of
34 :D_ OP- AMP 55 Arching horn
35 - Diode 56 AC Source
36 3—,—‘ Transistor 57 DC Source
DC |/\
& .
Sine | N 58 | Delta Connection
wave Direct Current Alternating Current
A B A B A
& &
. D
Relay s 59 Star / Wye Connection
| Jome
(& C c

MPBS
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PR ARSI T AW 8 TR

> 08 reyiz I fFeeis
2 0O AT ST
© QY SR 2ol QR T =
8 8L TR P] FFS
¢ 8L T2 5P @G
Y 8LV TZTT FoP BS54
q €q® T rma VbW s ¢ e
b 8ee TR AT AR @ Tl
» 8k [
N o8h WA | TGS CIGICICEH EFR AE
>> @do FHRRE Rees
R 8¢v B-UeH (RSB T ACOH)
3 Y g /e
38 205 9 Fraws (FReHf®)
NG q Sy AR/ Ry TR & Seqms
Y GAfSH-9 | GF RGN GRl
39 K A A- (AT FRRPI-w00-2)
S 342 Request for Clossing the Contact
3 343 Certificate of Completion of the Construction Contact
R0 344 Certificate of the Final Inspection
D 345 Cortactoors Certificate of Statement of Application
R 591 Record of Oparation of Sectionaliging point
Q0 592 Interuption by causes
28 593 Interuption due to Materials Items
¢ 451 Red Tag
W 450 Yellow Tag (= 5717)
24 347 Aditional Works (Non Schedule Items)
W 350 Tabulation of Construction
W 350 A Tabulation of Materials
Yo 577 Certificate of the tabulation of Construction unit
SN 552A Store Statement Issue
0 552B Store Statement Issue
0O 552C Store Statement Issue
8 14 Membership Fee Daily Collection Report
e 115 Request/Authorization for Leave
oY 324 syt ko af*m
©q 323 emIw J*m
o 170 aife am
S 05 Official Receipt
80 223 Consumers Deposit Receipt
85 223-SL Consumers Deposit  Subsidiary Ledger
8 06 Substitute Receipt
89 13 Collection Report
88 13-A Collection Register
8¢ 13-B statement of OR,CD and other coliec
8Y 13-C Collection register control billing asst.
89 14 Membership Collection Report
8vr 08 and 08 A | Cash Receipts Journal
85 296A Maintenance of Bank Account Records
@o 296 Recording of Interest on Bank Accounts
@ 285 Reconciliation of Bank Accounts
@R 550 Financial And Technical Report

MPBS
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Consumer Service Flowchart

Table-A

CONSUMERS ARE WELCOMES IN PBS FOR METER

CONNECTION, BILL PAYMENT,COMPLAIN, LEGAL

( For Paying Bill )

Table-B

CONSUMERS ARE WELCOMES IN PBS FOR METER CONNECTION, BILL

PAYMENT,COMPLAIN, LEGAL ACTION & VARIOUS PURPOSE

—,

Complaint
(Complain Center)

One Point
Service & Others

N
O&M Dept.
(Execution)

J/

3 N
MS Dept. (Execution &

Suggestion)
| u lL |
Finance Dept. Admindept
(Billing Purpose) (Legal Purpose)

il

Bill correct,D/C, R/C, Change
CMO & report Report

il

[ O&M (Execution) ]

4 N\ 'd
Master MS & Pro. 0&M Finance
Plan Consultant Div. Dept. (CMO)
Caonnectin L Constrn

5
= =
4 O
2 g e e
& o) Service MS DGM MS Finance 0&M
z j‘> 8 Drop Section (TECH) Section Dept. Dept.
<] \ \
3 5
I~ k3]
<
> = N
< Deposi

posit Consultant Sr. GM/GM E&C

z :>[ Shifting (Staking) " (Construction )
E —/ 4
&)
<

Bill Payment Cash counter

MS Dept.

Finance Dept.
(For CMO)

O&M Dept.
(For CMO
Execution)

O&M Dept. Line

Maintenance

o

Legal
Action

Admin Sr GM/GM Legal
Adyvisor

MPBS
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Sr.GM- Senior General Manager
O&M- Operation & Maintenance
E&C- Engineering &
Construction

MS- Member Service

Admin- Administration

CMO- Consumer Meter Order
Dept.- Department

Pro. Div.- Project Division




e I G e
(Fundamental Idea of Electricity) 38

[REE e 2]tz 17 fofe wea “minda ew=cew
Kinds Conductor Semiconductor Insulator
Definition T foer far g TG 8 FPHCRF IR | AR foea frwa fagre e@ifes =re
eifee =7 | {eo @l o | A |

AR IR e, Fifeee, w6+ i, W FIY, A, AT, AETE,
Examples qroaETSIT g e wrvT, fowr Wb/ w13/ vrer/ | ofEfRe, G, v, oF arom

@fte, 21T, T @S | FG G | Torm |
(Agfed R (oI, O
Uses e =13, TR, FAEH0R, @R OTIRE, CTFITFTE ATCAT, TFIATTS/
G Som aefs | | 3fShR/ whreies Piffcs Fg-iifeq Z=lGwyi=1 Separator
TR |

*f&x S&1 7R ¢ The Sun, Water Flow, The Wind, Fuels, Nuclear Energy & Water Flow.

AR 3 M o FHow FOFT ARG, (A6 ¢ [T8G | TEHGT AT FIA6/2EF GG T e 6 |
237 «FF PRI TEREeE Weight= 9.1x107°%'kg @ Charge= 1.602x107" Columb. (Pls. See the
following fig. 1= current, t=time)

PIID 12 AP ¢

s fEfT 1 TIRET D ¢ W FIEEHF T ¢ i AN A ARRSH = 71 ©ItE O S5 67 | (Fig - A4) |
Q1 «fST I STFBRCAGR FIES 3 (T IR T ¢ o FTeEa A ARs =1 s «fst F1as et | (Fig:-B ) |
Ty et w105 @St FaS Ser emees |

«— 7 4 ] 4z
= . -
T —» «— { —»
Direct Current Alternating Current
Fig :-4 Fig:-B
ToICBs/(Agsfe% o7t (Voltage/emf) 3

76 ARCE M HIEd AFICE (Ove 01 | 3= e +IfFA=ea 31 A1 51+ T e &_=d S0 | @I G
(SIBE G AT O@2 OF AR KR e[ifEe =03 | Sy 399 @ AR FIAGE FHGE Fo I
T2 T& ARRITS (O0oe Sy T3 | Sy «fSt G Irere F19 Seofy &0F a1 &6 (oevere Induce =01 7 |
a3 ~fFAR O 7R 3TF Y2 &8 @7 F [ e[ifee 209 | 357 A6’ &

e = —% ( N¢ ) volt (Rate of change of flux).

@It e 7T induced voltage 9 %]\i@ﬁ T 7S T4 |
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Arexd oo [y @wid e

POWER SYSTEM
g J
| | P N | |
GENERATION TRANSMISSION DISTRIBUTION
(By BPDB/COMPANY) L (By PGCB) ( By BREB/BPDB/DPDC/DESCO...)
TSI (oI5 E GEfe eIcoe fERGT« oroe
» e »OTFG 8 9o (FfS 8 8oo &S 0.290TF(Y, 0.80073® $373® 8 WO &
PDB/Company | Primary & SecondaryTransmission ( T = Stepup, ¥ =Stepdown | Dristribution(consumer)
Generat. 11 KV | 11/230KkV T 230/132 4 132/33KV Y 33/11KV
s £ LI - 2 rimary  Secondary
s 0 Reching  ranmision _ SWStaton  pilCi ey Diuruion
11KV / a s
O—§i—3i+—% R E
o
G.S W
11/230 KV 230/132 KV RS 132/33 S8 3311 KV
3 TS TR AR 3

) (FOre YR TLAMT I Z(ET (GHIE¥T 476 3 T | TF2ACTD/ TGARGT (@02 I AR AN 8 FG[{
<6/ T AT T | THAIF 468 F 27 |

OF O Z2COCHE G 3 PR (Frewd/05u)

800 (JfS 390 &fS 03 @S i;%g@o Q;ﬁo ﬁ ;;:é/ @%% HVDC
23) ARG oS¢ ARFG Y¢o8 TEG 5, 5 5, oy 15,
. . . et = S35 ey @00 TX.S.
Gt =igeebeed (High voltage) <

S 1| TOCHE @ 20 FOIKT A2 (R6 2, T FOI6 476 &7 |
(@=® Volume of Copper =1.732x P/(Vx CosOx c0); P=Power,V= Transmission Voltage, Cos8= Power
Factor, o= Constant & P= 1.72 VICos0; |= p/(1.732V CosH ).

3 1 FIEF FIEFG I QS TS0 G2 I T FCA (08 (@A SF© 27 | (TR ; Toltve g, V= IR)
© | TERMT (SIC (@A 20T G2 AR ANSTR FIRENES T AR FICAC6T N FN 2 T A2 T 2SN 77

(I’R Loss ) ¥ 2% | ¥ Power Loss = I°R,

8 1 ZEfa Efefreaf (Efficiency, 1) @ =7 |

MPBS
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Where I = #1839 F1a6 R = 713 @&675




HVDC (High Voltage Direct Current) 8
GF MY T CFe@ I 4200 fpe Sieas w7 =18 Grifee <41 2@

A | ZACS TN WFF 0T 1 | TGS (@ TGRS /ST 2 :D—j‘—
G T | TOITH I I W | O (ACF JRFCACHT (SQINER I T
¢oo (N.8. [ye T &ife iz e =7 |

THhR-9F AN =8 = (Fleming’s left hand rule) 3 Rroee  Magnescren
AT RIS AT, TG R AT AT L AN AN 5 i -~
I T gEF AR e @R T AR o [ge e[ Y M
T A, OIRCT JAPE AR OIER gt s oot e | ' =
-
@ (Lenz’s Law) 3@ 8

T (G ETEPIAGS TS Terire 39we® (E.MLF) =1
e eRIees e @ =8 @, Tt fee 329 Sedife ones 37 4 (aw |
EMF = Electro Motive Force.

wafeon™ 4 @¢ (Resistance) 3
T T Ty o R, e T GRREIT AT  T | RRh B R e, R = %f O

(99t A= Cross —section area, I= length, p= specific resistance (Q -meter ) constant T GFfG
fafwe ~f@Re o)

I @ (Insulation Resistance) 3

T SPLEDT FOIFER N M FICF6 IR T TR FIEH S (9 FC JI1RCT BT ST | 22CF Te
JET A | @ FIED INET T SPICEHCAR (@ 4 O I @G0T 0T | P TR @ EHBIT <1l
e |

F3fGI3 (Capacitance) 3 C.agyr i
725 ARRIR P RS R TRT e T T SR Charge (Q) W =(1/2) C v*
A0S = | TN FAGT @7 TETHLOIT <= Fa 3BT T2 |1
TG 0T | JRIE 57 W Sy 4 = 11
Capacitance (C)
Q. Ch arge (PIs see side fig)
V' PotentialDefferance @
Voltage

THIG § WH2 PN T2T/TAH Y OR AT 208 JI7© FAPHEE «FF KVAR .

2wian™ (Inductance) 8

T A R[N foor M bR FF6 Qe T T2
AFFASTA P A Tl = A ARRIAE e 3031 @ <&
P¥® IR linkage @3 SRS TRTS T SP© B | AR

B PR AT AR PR B A | IS, - henry (y

= flux linkage in weber —turn, I= current in amp
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3™ites (Impedance) ¢

Z =R + (X X
ETTE, TR © FPIFDF @1 e soRre 2Fre 1
31 | (Pls see the side fig.) g 1
W o= W - X
e, Z= JRZ +(X, - X.) e |
R= Resistance, (X.-Xc)= Reactance. B l

Fxo! (Power) 8
T TSAATS IR AR T S S IS S (@ I AT 27 SF FTST AT ANSTR A0 | (SIS
8 FIACHT YTFF FNG| 0 | FIOF GFF 2o &6 |

Fve! (Power) 09 &3F 8
1. Active Power (P) = 3Phase Power
=3Vplp CosO (Vp =Phase Voltage, Ir = Phase Current, Cosd= Power Fector)

= 3><(L )xIr CosO
3

%
= \/g VLI Cos0 (0= Phase angle) (VP=T; , Vi=Line Voltage, I;= Line Current)

2. Reactive Power (Q) V3 Vi1 Sin® VAR

3. Apparent Power (S) \/_ (P>+Q%) VA
4y, VAR 2 Reactive Power @9 @&, VA 2 Apparent Power @3 |

1=2A

120 vV
o no R 00
o

P = true power = I'R = 240 W

ol sy

Raac; v Power, O

Q = reactive power = I’X =0 VAR

Actwe Power, o= W1 coSy S = apparent power = 1°Z = 240 VA

frenenb-snsaF (Kilowatt-hour) 3
000 €6/ > fFENST » THT »IfFe ey 2[ifee [gge *f& | 22T @ TG fage et | e,

Watt
KWH 000 *Hour Unit

1500
W, dY¢oo EWGI??%WQQ’BTW KWH:1000 XZ =3W%§W€@I
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St (Circuit)

T4t (Circuit) 3
A circuit is a Conducting path through which an electric current either flow or is indent to flow.
221t Electric Network 8 31 &% | U3 R Ry AfR@=0aq 71E I91 0 |

T8 © SFE 3

y. Fiferer fFG
R. *FREE FG
o, Fifae- eFeEeT TS qr S G

>. forferer 1ifG ¢
@ [0 IS foon I ¥ FIED RS T R (OIS TR IO A ©P P AT e | ow- [ew
Wms A[CTR WQNZ\OV{T@%I

3. 2T AT 3
1 ARG ICIH Ao [oq =4 T SR O 20 AW GR (S0 7 = T ACF SICF AT

TfEG 3= | @- R saifir, Al sanfae |

. Fifse -sip=Ee G 8
e @ “FEIEe AT g e Affe Mo Fifae sArmes MfEG ar e 7S 907

<r\> Source E‘E v boud E‘g 63 | Load | | Load |

Source Source

Series Resistance, Parallel Resistance, Total Resistance,
R= Ri+Ry+R3---+R,, I/RPZI/R1+1/R2'+1/Rn R&= Rscris+Rparallcl
Re=Ri+R, = 2+2=4Q Ry= (RixRy)/ (Ri#R) R=1+1=2Q

=4/4=1 Q

fora @t (AC) AfFeoa [feg ArafitK ¢ T2 Toyy T e & ;

Ee = 1L

E™ites Z=Zr+Z1+Z (in vector form), @B (AC) R-L-C circuit 91, Vs- @i @1, 1 = a7
316, Vr=Resistive oite g, V= Inductive to& g, V= Capacitive (SIt0& g |
e MFE FtiTe ¢ ToHe I 77 TN T T& AfFs @GPoe a | @7 CF@ ~1STF FI|T
TG a1 R T TEW 9F =0T | 2 PIEBER & FRS TF |
1. R.M.S. Value of Current = 0.707XMax™ Value of Current
2. Average Value of Current = 0.637xXMax™ Value of Current
r.am.sValue

3.  Form Factor, Ky =—— =1.11
AverageValue
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KCL (Kirchhoff’s Current Law) 3

afes ARFET @ @5 ARCS ]1fee FACsa Aemifafes @roree ey &3 |
R ARG (@ e Ao1S FE6 @R @ 7 7rs e s 1777 7+
2@ 1 &&@ Kirchhoff’s Current Law (KCL) 31 | w4ie, Incoming
Currents = Outgoing Currents .

KVL (Kirchhoff’s Voltage Law ) 3

T ARG ETRT (SICTE W (SIEHe G (GEFEI € FAHT @owe) @ Jrerifafes
@I W =@ | 2&E Kirchhoffs Voltage Law (KVL) w71 e,

YIR+ZYemf =0
T (SITB TG (@ = (SIC0e GLAT @ |

Wit Vo = Wo o+ Wy

S @I g (Ohm’s Law) 8

e srmmEr @ «fR@E T4 i @ s [ige eqifre =7 o7 W «f@2e ¥R anes [ed A1y (onvs
G, V = (Vi —V2) @3 SWlifod 9 @R JRfes |

wdfie, T oc % ; =K. %,QWKaﬁWﬂWWWW>w®,m&; Iz%

=5 iR

e

L Cles
8ro AfFG (Open Circuit) ¢
TfFCET &M0e AT GG | 327 T4 e (@1 FE6 2RITe 203 71 58 (Seeve 34 [ Aed |
=5 JMfFG (Short Circiut) 3

@ AT 7f6 AT IR Ty AF @™ g | TF s Goce miEe 3, A Sy @Esr™ 7 b qaor
I TRFS WIS FACE =6 AFG 90T | (@1 AMFCod ¥ @fewor™  (Zero Resistance) TR (V=IR= 0); -
R=0 Ohm).

GO AT 3-
> | 32 Y2 A0S (SICHS JILW AFE |

A A
R | 30T JFIEG 21T 27 | _
© | IR @14 1 @5y 3w (Infinity) ’ A= v : )
5 AKG 3- [ [~

> | T2F 12 T8 (S[T0e &7 |
Q1 *T =i e AR FIEs @IS 7T |

Open Circuit Short Circiut
© | *TE @Y T @RI & | P

M= (Cycle) 3
T PrEE wvo @t HAfime Fw/bad vRg g ¥4 (One cycle is
said to spread over 360 degree or 27 radians).

&g (Frequency) 3

The number of cycles/second (2fs GTzE 7 @FR k) is called
the frequency of the alternating quantity. @7 FECET M7 RS
TRE FHET 0T | T2R ¢T3 T (Hz). IRFT 9% [ayees Fgeaft
eo T | R 2fS FTICE ¢o FRCFT FF I | Sry e Feacoa
frequency UF T |

180°
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B13Y Pifeae (Time period,T) 8

Time taken by an alternating quantity to complete one cycle (45 7

(AFTH g FACS A 71) is called time period . o

s feFnes (Phase Difference) 8 — S
RE System @ SFBRTAGR FACH (FE A2CF IAGEH RYB 3 =3 | 28wk : |
3BT TS 20 R0 &= @ T 1 6w evarem 27 T2 Phase @L -
Difference (IJCHT TR (FLT G5 (P2 T0O T (FACEH ~ATLFT S0 &3 | %
Fifee (Leading) ¢ ~
Which reaches its Maximum (or Zero) value earlier (as compared to ¢

other quantity (5% SRR > SFGIH ST (TRITAT).

TR (Lagging) 3

Which reaches its Maximum (or Zero) value later as compared to other

quantity (S5 TR T SR #ATd (T=RITar)

e frgeet (Phase sequence) 8 [
T (FRrEE qAAEFeN (2w (RYB) Lt
ET TUTE SR AN 26T I P

PR 90T | 3RCF (P& (RNGHFS I 2 |

R-Y-B

Act Sapanca

837 WE67 (Operator a) 8

T T2 TH (T (SJ[AF @7 I T O TF (9% W F0F [91re e s20 Gl «fwa g amw |

ol ; al =1 2120 deg. @4 [ @36 (8%7 | w@=tei@ a> [ = 1.£240deg.,

'l =1./360 deg.

A7 (Sag) 8
The difference in level between
points of support and the

lowest point on the conductor
is called Sag. (tiF/@™1 et
oAb PTG (ACF S T I
o #fe eIt ay) |

(FORET T o @I e
IAOCE E@E 9@ L] FER
fafen s1wea 51 Sl =3 1)

1. Sag at equal level support

2. Sag at unequal level support
(Plz see the side fig ; Sag at normal
temperature & acts Conductror
weight only)

Conductor

Pole

Pole

1. Sag, at equal level support
Sag, S= w 1%/8T

(I=Span length of conductor
w=Weight per unit length of
conductor, T=tension in
conductor

I T
77T
VT
| s
_{_7}7}7 777

2. Sag at unequal level support is bellow
Sag, S1=wx; */2T

Sag, S)=wx,*/2T

(Span,l = x;+x,, Horizontal Distance
between two poles)

T forefer seteet e w@fs ¢
1. StopWatch.
2. Thermometer.
3. Sag chart & Time Chart.
4. Measuring Tape.

MPBS
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Sag 97 TGS 3
S ASHIC TS FOI]A =0T « T |
R T FIE TS ISR (FAEH (@CC 1 T |
Ol (FE § (e TS */5 1 &7

81 ferrerer fafe < |
%9 2= (Skin effect) 3
T IS4 I FOFOE T FEF6 TS 26 A T FGFOEA (FGA
frs i eRifEs a1 =03 B=@ = A Surface w3 i faw eRifRs zre Cros secion o T
bR | @ FRCHT @ 4= Tendency @& Skin effect 3t | (Tendency -
for AC current to flow mostly outer surface of electric
conductor). Ty fe s oR@Rw fees W Uniformly Ho st fow ke
distributed =3 |
= 3w (Ferranti Effect) s

Transmission =R~ =@ AR @t (Open circuit) I Y38 & GTe
RIS APCT receiving end voltage T sending end voltage ST
@ (large magnitude) = AF Ferranti effect I | AR IT 47074
FIHAGIE s TR s 96 wWh 1 Vs= Sending voltage, V=
receiving end voltage

F@ 3F3 (Corona effect) ¢
O[T (FC GIEEE TR P S, &oifest | ¢ eaw 3P 2 W6Ie Sl 2 01 | The phenomenon
of violet glow, hissing noise and production of ozone gas in an overhead transmission line is

known as corona.

Corona

& TR FEH 8 L /7~ Rounded Tip
1. Atmosphere. Sharp Tip \ >
2. Conductor size. B a
3. Spacing between conductors. High A
4. Line voltage. Leareie
Toifeet 3
S PR W#re CRINGE Jfa ez uft #k@ide ;a electrostatic
stress T [ |

. High High

31 3T G-I Gfe transient voltage F3 | Votoge Vilge

° Figure 1

V[ Low

Leakage

I I

1 PIEs #97 a0 T |

31 FEA 7RI 0zone gas S REAR (FIFIT IR FGIFCA corrosion <o |

Ol FEEE T non-sinusoidal current FSIFE o[RS ‘ST non-sinusoidal TOTHvE T =1 T
FICEW #1307 2WIfFS interference €T I 20T WG |

Corona effect I T4 ¢

S FSIFE ARS o e,

U FOIFEE CHPR (spacing) 3 T |

oo ‘o (Kelvin’s Law) ¢

G 13T 97 ST G99 146 G316 RKOI6y [0 | TR FOIFCR G TFE OICEE AR Gl ReAN IR @,
el ITCR *1S SHAbC P RN AP 0o 8 S YL T =7 | Wi

Variable part of annual charge = Annual cost of energy wasted.

IO I GF SCFCNFIE G2 @ 2e3 To® | I 0T G eea AHE 46 T 27 |
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w69 (Generator) 3
33 T AT device TN (THINFT @NfEE EHFE davifecs sAfore
(A | 3T FEAIH ORHA- T, FRA(YNAG ), s TR, FH, T |

57 (Motor) 8

BT GF @0 (IR T BER G G GRIfE Gaiferse AREes
@ | G, foacee, i, fEhr, o, Prteme So5iv ToEa
AFRCOM | TJF IR0 RH- @GF/ACHE, (voA, Safer, @R,
15 2oyl™ |

S oR07 (Alternator) 3

3 OF @A AEGEIE G A I aqifeeE @ty
SEFHIE ANIRTe FoRT I | 2WE A (TEEcae A | 279
RSO SR¥- BT, I HRB(WINCAT ) , I/ TLfGe , WHOERE | 324
I hT 7 9@ G R 39 A |

“neT 3o*7 (Power Station) 3

BT (GAECEE AT, AETR A A ANSAR Tow i #Affoe | @it
T G SineTR Teoivi 1 2T |

T (IT A, Mo Tonfw wwen <fd), o=t (HFO), ToReE
T (P  SEeT_W, RSl IRA-m, (et B, 2feie Tonifv ot
) g f=oee g =3 |

SRR T G (NG TR/~ NG 4G fesfiendie Wiy |
TG, weeg, Pivaeie, JQR, IwFE oM wers @ReEr
(SrRfof19e, “eiF (o, ARG, SfEhifae 2o5v) stae “ihewd Go=
IR |

Power Station

&7 @ «fst PIEoT «a o A<y 8
@3 R &1 F1e5w (DC System) @i BB (AC System)
S | BT TOIR TG RS A6 W | o Fer AP T[T U 2R & |
R | STOTE, I 8 (e [T (72 | SGIFOIT, FIATGIST <A 791 2 |
© | %5 8 T TT R T TT 8 AN TR <A |
P D T A W S ——— b i AL

/IS A |

< 8 qJ3
¢ THACITF 7RG 8 [ Y | T |

@ FF CFE THACTHY Goe 8 ANTae]

¥ | st @ R TRES @ e OB e | o |

FICIAT MGCT GO FCI A T | @I TRFTF FCI AR I A | (@ GO AT 20O AT

T, #AfaeEe @ [ea 598 (Generation, Transmission & Distribution System) ¢

o |

3 =S fFreE

Q'? E_lowma —
36T = 3 &

CEACI=I (FifeE) |
(Gl )]

| >oa/w@5|%| ©O/5 ? @ %\5&/30@5%
Lt -
=i ]

==
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G &ed [qye e

R e FRAT/AfR W17
o> | fqmre Teame e S by (3 @3 S¢ TCIFA, 2059 T
o} | A fAmye Term 5 ,€0q (T3 83 Sbr SCFIRAF 2059 T
0® | WA gy wifzAr % ,000 (T3 83 00/08/30%4 32
08 | I FMET (0o (FG/>03 (&) 0,800 sl A 2059 B
o¢ | fAoqd #ET (TEH vo &S *E) 8 =% Sb e eefi T 3059 T
ob | ARF WIT 3 @G 90 7% (BREB 2 WG 0¢ =%, [ L& 77%)
0q | AT &S T @ I WRAAG oA vo% @ 890 1 3 W3 T 2059 T
ov | BT 355 % T 059 R
N G (AT 020 AT TLAW ) 3000 (%3 68
i) (IS T 2- 800 (3 63)

so | efs Iww fawye vifawr I & 5¢%

T T * o FHET (STIRF-2099% KE)

@B R 55K SR/ AT
o) s fage wffsa e vo fo
oy | fagreifts am Uy 005 6
09 | faoFd AgS © #F L8 e ks fag
08 | ARF T 3 @IS o¢ 7F
oe | fage Afcert %
oY | A ifewr Y00 (S8
oq | Prewem 50.59% (53 T 1Y)
or | e wmiE TR 55.09 % (5% CH T)
ob | #Afe WFEE qe Ty vy f5
o | 99/ @S TARCHR WRAT/FIRG ro8 /5520 uife
» |3 e P 0,y B
sy | faowe e 5.98 7%
So | Sl b, bGo (.8,
8 | Wit fagre fiarw s¢o @IfG BT
e fofere i i 2@ (%) w1 fofea et 2@ (%)
L 0.5¢%
TR, bb.¢e%
WA, ¢, 99%
qfifer, b.59%
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T, 9@ 8 799F (Definition, Formula & Relationship)

1. Connected Load 3
It is the Sum of Continous ratings of all the equipments Connected to system. @6 16z =412
PIEB MY 75+ TFRACF @7 oI @027 @9 @iweitsd Connected Load 36T |
2. oG oiiRArs
(G 9% (NS SANSAF IS @R IR FA T FATSF T HIfRAT 0T |
=i{ie Average Demand = Total Cunsumptions (Kw-Hr)/Total time in hour.

3. Maximum Demand (% 5ifew 3
@G WS N0 (N G ) T AR EBTa A (F0ed sifemited Maximum Demand 30 |

4. Demand Factor 8
It is the ratio of Maximum Demand of the power station to its connected load, i.e Demand

Maxi D d .
factor =——MUM DEMANE " (=5 sirgaiar o35+ @9 Maximum Demand g Connected Load @3
Connected Load

et Demand Factor 367 | YRS @F T S 9 I 2 |

DWW
r[\ PEAK LOAD

/

BASE LOAD

Time

5. Load factor s

It is the ratio of average load to maximum demand during a given period is known as load
factor.

.. Load Factor = (Total Monthly Kwh/Total Monthly hours) / Monthly Peak Demand

_ AverageLoad
MaximumLoad

OEF 3 Munshiganj PBS Av. Demand=110 MW & Max. Demand=127 MW
ToRR T F1%a = 110/127 = 87%
TIC FIJA @A =G I TEf6 I8 (W) GIR AGTS I R | T N TMLHT03 3(9F) 97 BT
=I5 = | Grifeer e g2 ewgerf ofiwe A |

6. Diversity Factor ¢
The ratio of Sum of Individual Maximum Demand of various types of consumer and
Maximum Demand of the Plant is called Diversity factor. J-% 7-< oo bifRwR @PwE @R
TG (TSR AR (CANTT AT (F TIZSRONG TR I |

IR I+ Q04 A Bl UF2 NCF =T 1 GR ATOTS AR(FF A HIewT AF2 TN 27 T4 I
1 TY YN Y N | SRS 8 TR NG T RS T O (D IR AT | TS NI
I o7 E IR 27 FH TIRORPIG FE e AR | 22F W T© IGCH 51ifiT FThre oo
T TF | TZF A ARG D (9F) G (B0 (T &7 | 7 A1 bIfewT 98 A WOICAT =0T @7 I =09
> (&%) TN LT 77 |

7. Diversity of Demand 3

fafeq @res A= sifewr fog fog s REI = | @X= SRR @e STwi 19, g @ e @@ a3
G5 (e S 3 B 2} 20O (O %148 | Sifvim @3 ffegens vizerfHt w9 foue ate | 7oe Qreeea afts
IR G AT 2T v ¢ Rowel g <=6 Refet e 3w (o | 31 T e 20 T AT GR I
T R Sifewr ey e WOTAR FRee IR 8 @@ @ 476 I 16T [Rred 9FF T TR = |
Grifeee fdiae eiReriiG ue fewre ewgse Sfsm e |
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8. e Wiwer®  (Load Management) 3

BifRAR (ot g TeAMe S (olCaT TR (I QPR covnatn §
T (1T 3 e fog foq  @mam fRge SRz ! e
e T2 N @ O 357 (AF (o a B e e a‘mjm T
R[4 | Ao q OF oK qfdfens ¢ fig ares e - -
g 7 Fea e @ Rgye e w4 | e o3 ® | L s

\\ seation

R I AR e 76T 47 | Fgre s T g

AT 2SS UF (R @ IHSTG | WIGre= 8 L3

TGN FE e WNGCTs 9@ 7407 oo 32 Logomd: _ nkousePomeree . o Progiy Uiy [ Losdvoge
AT @S A | S o ey «qem e wieeenss s — Lawiigetoritn [ Lol
m W | (TCPiIP) Communication Household

9. Power Factor 3

The Cosine of angle between Voltage & Current in on AC Circuit is known as PF i.e P.F=
Cos0. Where 0 in the phase difference between voltage and current.

AC Ckt @ Voltage 8 Current €3 938! Phase Angle «= Cosine & Power Factor =1

P.F. =1t is Ratio of Resistance & Impedance, .. P.F= g

. R :
1.e CosB= 7 (Where R = Resistance Z= Impedance)

P.F = It is Ratio of Active Power & Apparent Power, .. P.F = VI Cose/VI =KW/KVA
RS 8 If Active Power= 24 Kw & Apparent Power= 25 Kw, Then PF=24/25=0.96 = 96%)

NG TR NEACNT ST YT 3
0} | *IeTA FIFCH N 3% =T Alternator, Transformer, Switchgear Tosiw @ W= taioR FI=W FC©

2(F | T TPFROCHG 3 I A7 | Fel, KVA = CKWQ SRR 2SR FFIRT @7 TR (I KVA @fbr @3
oS
A i AT |
oR | T A& I NS 3 ST wrife,
P I P
L= ——9fR [ , = §3%... O)
J3V,Cos6 Cos0 V3,

Tt AN (AT (AR AR @, 2N TR NF IO (T #RA PICAC0T N I 217 |+ IICAC07 N I
(AT FOIFS AR I FACO A |

0© | FAR =1 Jfar /711 *F] e NG & SR G ATSAR FIKF FCH (2T #LA FIRCHH W I AT | FEA
FICACHT N I AT T 7P/ T2 7] IANPIE I =A% | F FoA =P = PR odfie F94011 797 o0 (IL)2

08 | Poor Voltage regulation : NG FHIFC N FCH (90T FICACHA N I ATGA R G+ F6IK,
BTN @ STAse @ Voltage drop 3 AR | 0T Q1R i@ FIES N0 (SC5er AN 78 T 1 |
0@ | PR e FIKF @ F16% @7 Handling Capacity & 3 (W |

s+ g=eed Inductive Load, Arc lamp, Electric discharge lamp @9 S=cel #I1ea9 TR0 NI 7 {17 |
3. ST FIFCER A Jad & Fon 40 TFRACHS IR 1 2T |

a) Static Capacitor,

b) Sychronous condense

c) Phase Advencer

TTEI TGS TPRACTD IR MR L TR & FAM (el T |

AN FIIRA T ST &y [ A7 F#A6F Froie F0o =03 ©IF W1 (wefea I3@-
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Capacitor Size ¢
KVAR =KW (tan, - tanf), )/3 (&f® @res &)

0,= Cos! (Existing P.F.)
0,= Cos! (Desired P.F)
@3y, KW = t=iices ife |

Problem 3 @36 © (&, 9 5. 8. TTFHT 69 0.9¢ TR ST TR 5CZ | T T 0.5¢ IR AT
TIRCE THO FACO F© N FFNH5F AT FroT Fa00 2J |

KW =23
ot @i, KVAR = KW ( tan®, - tan6), )/3 (2 GFies &=y) Thedl SR | Cos0,= 0.75
= 23(tan 41.41-tan 18.19)/3 0:=Cos'0.75=41.41
=23(0.64+0.78)/3 Cos0,= 0.95
=10.85 0,=Cos™ 0.95= 18.19

10. Power Calculation 3 P= VICosg ; For single Phase,
For Single Phase DC Power P = VI
AC Power P = VI Cost (V= Voltage, [-Current, Cos6= Pow)

oF ¢ For 1-Phase Load If PF=0.95, Voltage=230 wvolt, Current=20 Amps, Then
P=230x20x0.95=4370 Watt=4.37 Kw)

Power, P=1.732VICosg ; For Three Phase

For 3-cp Phase ckt
P = V3Vil; CosB

=3V,lI, CosO

&F ¢ For 3-¢c Phase Load, If PF=0.95, Voltage= 395 volt, Current= 40 Amps, Then P=
1.732x395x40x0.95=25997 Watt=25.997 KW=26 KW

Power, Kw = KVAXPf=Voltage X Current x Power factor = VICosg
=F ¢ For 15 KVA Transformer, Power= KVAXPf=15 x.95=14.25 Kw.

1 Horse power(Hp) = 746 Watt.
==& ¢ For 5 Hp STW, Power=746x5=3730 Watt=3.73 KW

11. Transformation Ratio,

V

P

1

N
P

a =

= =——(Vp="Primary Voltage, Vs= Secondary Voltage, N,=Primary Turn,
vs Ns I,

Ns=Secondary Turn, Ip=Primary Current, [s=Secondary Current).

12. Transformer Fuse Rating Selection

Rated KVA
Rated. KV

X 1.25
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13. 1 Unit energy = Px T/1000 Kwh (Hence, P =1000 watt, T = l1hour)

RS 8 For a Domestic Connection, Light= 6 Nos = 6x60 Watt = 360 watt, Fan=3 Nos = 3x40 =120
watt, TV = 01=150 Watt, Frige = 01= 80 Watt, Total Power (P) = 360 + 120 + 150 + 80 = 710
Watt. For 1 Month 8 Hours each day, Total Time (T) = 30 x 8 = 240 Hrs, Total Unit = PxT/1000
Kwh =710 x 240/1000= 170 Kw-Hour (Unit)

14. % Impedance = Roted Current &3if&® 2re ey coitber/Roted VoltagexX 100 (Voltage
at Which rated current flow/Rated Voltage) x100 %

F ¢ For a 3-Phase 200 KVA Transformer, Rated voltage= 11Kv=11000 volt, Rated
current =200KVA/(1.732x11 KV) =10.50 Amps.

fomrre St 74T (SIoE ANTSd TS (T ToFY 2@ do.co AR a6 aqifze o1 27 |
TERy ,BF FIE0 AAITS TS 830 (BB TG 20 T2 % e |

% Impedance = (Voltage at Which rated current flow/Rated Voltage) x100
=(410/11000 ) x100=3.73 %

15.Required KVAR = KW x Required Value from Chart (Figure Value)

16.OMF (Over all Multipling Factor) = CT RatioxPT Ratio

17.0hm’s Law 3 V=IR, (V=Voltage, I=Current, R=Resistance) 10S T3A F[F I8F (Sb&
220 V T IS 2_IES FACH “fawre Fo2
F ¢ V=220 volt, R=10 ohm, [=?, Hence V=IR, [=V/R=220/10=22 Amps
18. 34Tes 27 = 20 3y (Fe'F (@ ¢ 9 > (.8, 11 =¥ | [Raafba et oz
RT3 5 (Ffo foq e ANeTF 9T CFG ; P=+/3 VICosg (Hence, P= 1 Mw = 1000 Kw, V=11
KV, Cose=0.95 (Suppose Pf= 0.95))
@A, P =4+/3 VICoso

—__ 1000 _ 55.7Amps =55 Amps
1.732x11x0.95

GO AYRTOs AT o TN 0o (&S’ (Fa 0 F@RIa > (e, w1 =7 | fafba Iy fomee ¢
0o @S foF Fw sMeam @7 (@ ; P=+/3 VICoso (Hence, P= 1 Mw=1000 Kw, V=33 KV,
Cos=0.90 (Suppose Pf=0.90)
e, P =\/§VICOS@
_ 1000
1.732x33x0.90

=19.43Amps~20 Amps

19. C/5 = (F-32)/9 ; (C= celsius temperature, F= Fahrenheit temperature)

20.1 Gega ohm =10° ohm, 1 Mega ohm =10°ohm, 1 Kilo ohm =10* ohm
Ns=120f/P (Ns= 5507 Fofe, f=feqrafie P = S50 ColfF SR )

21. ui2-3rlae G538 (Di-electric strength) s

MPBS

GFF QA (FIF TIZ-ZEHGS A SPAI0L WY rFe Sg¥ (without breaking down) @& cafts
(SIS 2SR FAS I, OF OF VTR TIE-2CFLS (BF 0T | @, T (O TIR-2(FF LT
(BZ vo (IS | 7[oT (SR TR-IEHRT (7 Y (Ffe R T 6 20+ SRy | SR @7 G
@ (SICBCe TR ST @ ©I8H [ 78 T(F AMA |
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22. TP

23.

24,
2S.
26.
27.
28.
29.
30.
31.
32.
33.
34.
3S.

36.

37.

38.
39.

MPBS

37y IS 9B AN GORITT TR FEI/ASF G AL (FHIE ACAT) @R 4req R (AF FOIFRAT
SEM A | B SIS, e F5 @R Codl | 27 (ER (S0 @TS A, SIR FATR A 3R Aod ol
SR PO (A | BT, @I ST G & do Fo-2NET *f&R [T |

RRE ¢ TEge =, T TIR-2EF LT (Y, R ITLETA @EHBIT, 7R ARG (D00 o)1 |
fifeq «@ea SPReing Qe
9 512t AP 512, ™57 512el, fo 513 Sonifwr |

Insulator 9 Safety factor s It is the ratio of Puncture strength and Flash over voltage .

ARG oIBe (Puncture voltage) ¢ @ (PTG IPF0ACE T @ ((STF (FeCO) FAO THA OF
ARG CSITBE 0T |

FreerR o (Flash over voltage ) ¢ iR 37 Sevife wfee TR0 SPEOE (@ (SI008 S-F 27
OF ™F GO I F* €OF TOICHE A0 | TP GO TN ™F 8 F¥ GOF (S[H& (Lo I
Eull

Safety factor = Puncture strength/Flash over voltage .
B2 W @A 26T F | TR PG ARG 2STF AL FHGSRF 2ET TGS |

String Efficiency = Voltage across the string/(nxvoltage across the disc nearest to the
conductor), n= number of disc in string,

FIfE AT 3 @I I T 8 I HAPATSCS  AEg R 30 | WG AR =PI I ) /2REFS I
T |

A OIS ¢ FIRAR GIHA WA Gy, &Y, g 8 SFF N[ TGS 7= TS 0 |
BB *F 8 (@ =T T *RAT Aol Frwarol fFreer 3 T3 |

e (Fs AR REes=e) ¢ 2w i 3z WFT iR 2w |

T SRS ¢ SIS FIR© AR @ &S K0 OIl T |

G AR ¢ A© JCE (IS A4 | M T AT S I8 BT WA S-S T |
Bt I3 3 IR Al (FIF AIGECS (AT (AF 70 (BT A G J2© A |

2P ¢ (T I&F AT I T JIZS FIGT T 25T oI |

e 3 s7=rer @1 A A G @ TS [ I 2 |

AE ¢ (SIS foer TR T3 A0S @ (@ A1 OF W 40 27 | TWH- S TS M8 8 A SRS M2 |
GG 3 IF TSR AFAR X7 | T FSIGEF LS (K fa0Tq 95 |

BIR ¢ ITOIFACP JPLECEA A HEHICA 7S |

SRR TC ¢ 96 ST *E G107 OFF SR | Al FOIGET ARXS SHCAG(RA I8 Giel© FAAL JIZ©
el

GIAIE 8 IOIKC (RB GFA0 I AL SR I F@#11oq i@ T FACS I Y& AFD IR FACS II7S
|

TR ¢ @ RAEFE BT Mg = I *7/ S A I e o7 [Rigreifers ¢ “50 % Fa0s
FIfeR T |

FfEHA 8T 8 8oo/Wo (S FFTFE/RA =S IR TS TPEHT MBI OF |
TSI I G5 ARV ¢ 800/390 (BT OF (T 2T ATF & 2IT@ Gl =T |
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40. TS5 fress et (Digital Detail Map) ¢
W O @ @aFR et o SEe 4t | @W ¢ AT fGees st ares,

B, 35 (1S ST1ZA, Teitam ToNih <M | 32T G Sirel/5ie 208 A | ool ,g;}
o WE &G ey Symbol (ef8F) 92w F1 =1 Plz. see the side fig _,g&"w

Munshiganj Dist. Digital Detail map @ 3 inch = 1 miles. =
41. S 3y (Key Map) ¢
@ ST T IR LI L O Trad AF | @ 3 #If 1 I A TAwm, 0o
fe 72w, Ae, Se, ToreeT To7ifn AF | O /M & [feq Symbol (2481F) g
FIRIT 9 =W | T A oers g [foq &SI wre o R =63 AT | Plz. see _—
the side fig Munshiganj, 1 inch = 1 miles
42. &% 1% (Google Map) 3
sf*3r wrFre (Longitude) ¢ @ifemier (Latitude) 3392 aea fifey w8a oy /\/ =
e

.......

ot =ar =7 A | SARER GIS FI0E @95 W71 @ 4R6T FIDT 9T 2008 | OF Q00T
GPS @If*«/aCo[@ 7iar I87 N6 g F(F ©IoT Q7 4l &7 |

43, =& @57 (Logic gates) ¢

B OF RO CERGEE ARG A #es TFmE (Decision) Teig 3@ | 82 0 ¢ 1 &[T #Afbifre =)

fafeq FemG e s ¢ TFIANT (b, @FE, IFHTOE), @ goT i /Aesfos b Tam
AN

1 =@ ON circuit, CLOSED switch, High voltage, Pluse sign, True statement JRTCsT 23 |
0 == OFF circuit, Open circuit, Low voltage, Minus sign, False statement. I3 2 |
44.CMO (Consumer/Customer Meter Order) 3

AAMAFS/GEFEE A AT (@AfFre @M A=Ea 77 nefF Sl 7y Faes «fer ¢ Ko
T QRS BT A Sy Q20 e @ Frass 90T |
e 8 &% 3

S TP FI9R8 | Q1 FFRAM f1awe | il Af7Fe faws | 81 erey=R/fge faws |
CMO Prepaired Short Flowchart 3

N Q © 8 @ Y | FEEe | 4 Frawe
LiEsy AT LiEsy EUIER CUIEH

W o 280
A/ LRI = SRfTewe g A
TBRR = (@) (feferem/foem) | = (@) = @) || (@ S| @& = ;EZ’]?

45. System Average Interruption Duration Index (SAIDI) :

Express as Hours/Customer for a defined period

Sum of all customer interruption durations
SAIDI ==
Total number of connected customers

SAIDI = ¥ Number of interrupted Customers x Interruption {(Fault)Duration
- Total number of connected customers

46.System Average Interruption Frequency Index (SAIFI) :

Express as Interruptions/Customer for a defined period

Total number of customer Interruptions
SAIFT =
Total reumber of connected customers

> Customer interruption per outage
SAIFY =
Total number of connected customers

47.Customer Average Interruption Duration Index (CAIDI) :

SATDI

CAITDE == TATET
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A e o=

C.G.S. (Centimeter, Gram, Second) 31 TG % *f&fs

C.G.S. *mfets Centimeter = tHTaR ¥%, Gram 2 O&F 3% @32 Second T FTNER AFF |

M.K.S. (Meter, Kilogram, Second) *&fs

M.K.S. *&fsts Meter 21 tteid 3%, Kilogram = ©@4 @&F @3k Second T I GF |

F.P.S. (Foot, Pound, Second) 3t &5+ ~m&fs

F.P.S *m&fers Foot 21 titaid @, Pound 25 @9 @& @32 Second 2 TER GF< |
S.I (International Systems of Unit) 31 ske%cs S.1. *&f© |

W SR e IR

et sAfTeein e Awts 8 &t safog =iE

so fIFfRGE = > =IFBRER

So TIRGE = > TR o™

So TeHRGR = > o™

o fibE = » TeRIFGE

So TCIHIMORE = > TRINGE

So TR = » RS

000 ARG = do FIVF = > TIHFoA

> TIFGIGR = 0.95 2%

> B = 2.¢8 TIFGRGR = 0.009 Fb

> ‘«EB: 0.90¢ 6™

> T = 0.5588 flbE = © &

> f6R = 05,99 2% = ©.3ob8 Tb = 3.058 &
> B = 3.v0b fFEfGR

> FABHTE WET = 5.be) FCERGR

Zﬁgﬁﬂ%@mﬂ > fRETfRBH = 0,03 WM = vvro0.v8 T

© g =) TF S WET = Yqvo &

Q%0 T = S B 5 T2 = Soooo I B = .89 @<

o7 s {iow s o1 AAfIeT [ifoq «ea oy 775 -

Y F[TH = » AT S S = 0.09¢ FTH = 0.0032 AT = 0.0bY (S
b AT = S (FGE > AT = 0.8¢9E 59 TF&

8 (FAIGR = 5 TWA S T = 2.3 AITT = 0¢.238 TH

Y0 TWg = 5 36 B S O = 0.5 eI

7 S e @R > T = 0q.x e

oo fFETRIN = » FTOF
Sooo BTN = » G 57

> TWA = 5 T 8 (T A WIF = ¢o.br fFC=mam
> 3B B = 2a W 5 &/ = 5 (G 5 s fFeemam

OFF AR WOCR AR i TR

O3 Sitds wrer Ao [{fey astaa Tt 7

so ffEfelmR = § IFRGR
So CIfFGRGR = 3 TeMfEnR
So TEHelE = » FibE
o o6 = > TERIelmR
Yo (TR = § IR

Yo TRIFeE = 3 f[F=febr

> THFH = Yy 03 fFoE
s fo6 = doooqT el

> B = 0.3 T (&)
> T = 8.¢8Y0b TR

TRaee Ao [ g R THFAE AT A GFFTR :

88 T 3fs = » D > IS = 3 Ff

> 3 g6 = » I 0 T = 3 BIF

8b-80 IIG = 5 ¥ S BB = 5 FT

00 *[OF (TEFGR) = > 937 o FT = » faqar

TRAE AR [foq @Feaa g 774 (©F = o S (BT N85 = Yo fGHH
o JPIE = 930 INGHG = » FI0T I = S0 S TR SPII = do* AT
SYoo INE = doob IFNor = » =T 0T = Sor > fFEN ©F% = Yo (@B
© {9 b 251 = 80847 NG => «Fd = 880 AT | T = dor > T @FB= Yo &6
Y80 GFF = 3 1L oI = Sor > ol = Sor T

389 439 = > INFENNGR G4 = do* > (BT &Y = Yo QI
0000 FHG = Yoo UTF = .89 &Fd = > FIA (15T = So* > (957 AP = Yo» FiGE

> NfeRE = o #14, § @I = So fferE, » [eRE = Soo @IfG
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WY IR© [ TG ETeed B (LR ©itd)

e TEE efooe Te (@I5) e THE efoioe 1w (@H)
Ayies Al ¢ 6 FEoE Vo GG
5% 7126 8 b 80 GG RTINS GO S300 TG
5T7 =118 2 36 20 GG RSIES ©000 GG
g 80 €76 3/ TN ©qo &6
bo G5 ©/8 TSI Ao st @Yo @B
S00 &G S TN q8Y GG
e v Praw 330 @qB 359 T ©.@3q T et
ool fper v Prgslt 380 €T 3.¢ 59 ﬁ\' i €.39¢ e et
ol fper yu Fras SYo &G 359 i q.098 fFET eHb
[ElRISaG So0 K6 PR @ (I FFH) 3000 GG
k] qeo @B =5 (75 3000 GG
2= 3000-3000 SHG 3EfET ot S¢oo GG
Tr vrerd «as 3
Ll AT RCICIE
[&p] o= % e | fafgaes | SdfEmes | ondey
STe o= TR C 0° 100° 100
Ri/Al TG TS5 | F 320 | 212 | 180
Frer/*fe al
o[ i Fefe K 273° 373° 100
oot il o Syt T
FRE i C F-32 K-272
(1R 8y g - 9 - 5
feq sy o
RASEZASINN bkl
AT T I3 A 3 AN AR /ATSIF 107 30719 3
@, {(ROXEQ)ES X+ Fb }+d>b = CFT @, (T x &% x Swer) = CFT
[ero) [ero)

aﬂ?ﬁrﬁ‘mﬁasrdzm So 6 @ T Y9 =0T o6 ¥ CFT?
NG,

aﬁ’wmw 10 &3 10 Tooer R 6 =0T
196 9 CFT?

{(50x50)x 3a}+dY A,

= >900+3Y (SoxdoxR)
=v.2¢ CFT = 200 CFT
S e T

g ST afim TS 2 T qR 27 2> T = oA el 79 |

@3 TALXIG-80C.b = ... TSR |
TSR (WXRD)+89¢C. =88

=> 88)+89¢.Y= 3.0d *ORH

T3 5.0 *roreH

or A== 39 ¢
= Fer e — = 987 gaw fee =g

= SEBREE — ool Wiws ag

= PAIRGE — e oot el 3

= GGG — JEF ST NoF 77

= FRWIMGR — SR NS wag 1 99y e 3@
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= FIEREGR — o AR+ 78

= e — MR S o 3

= MESIHINGR — FH MoK fmpe oz e 7
= a2y PR — 2RRER @y e =g
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ek 33G% (Measuring Instrument)

InStrument Instrument 6]??‘737‘\‘? WE? |nstrument g]a‘%‘
g Y
(IR AR ARRIRT TP @9 High MEGGER
BT AT =Y ©ICF I (BB i a1
RIE IRCFCH (AT ¢ | A0 @ T -@fﬁi NS0T
AT R OIR CF G = = ACE | TR G0 T
Megger | g
SI TG I (AR FET ¢ 2 fermsioe A Fas
P | 2T AR G AT ¢ I (BB T4 =4 |
S5 B2 AR A IO FIE6 Aot F1 27 |
i 329 WYy TNIGT SR AF6 I AF R NG
Ammeter | GeRoI™ ACE | T2 AL PRCE S I IO
AR T 2T |
B2 AR ARG (SIS TP ARIror F21 27 |
SRR B[ TS AN AT G2 I =7 | GTo =2
Voltmeter | g (7=F Ol S 215) A0 |
SN
S 3] 9l NFET SEHE 2SI AT T &7 | W TR
: ' TS (OICTE 8 FICFO AT W 5 A I FRCTT =" =
Wattmeter | 5o opyrammer o Fifie TR A0 | e
' ' e -
Ammeter, Voltmeter & Wattmeter
. connection in a load Circuit. Supply means
Connection | 5~ Supply
Diagram (A= Ammeter, V= Voltmeter, W= Wattmeter)
ced AL Amp. volt 8 wattmeter.
@ EF AR @qgyhod =& A 341 =1 ol
. q=If& 31 feeezs Searw SGR 96T | fiGiaa visfe
& WOR | <1 fow g w0t @ 1 <5 2 o1 7T @ ~ARwr
Energymeter | fydige < 1wl forw sifdem aififers aecaa
OB e fEfEbE i fom |
B A (I NG PTG, (SICBE 8 (GBI Aot
=T |
ST A SUFCEIER F3-( > )-A (Ampere)IFRF GG T4 =0T
G f&IMICa et FCI | T8 0 WS o GIFRI) | 0
iR QU FCHIFR F-( > )-V (Volt) IA_T G5 F41 =T o
AVO Meter | rosfitm R F16 $903 | T8 0 TS €000 T | v 00

O FCGIFR 71-( > )- Q (Omega) IRE G5 Fal T
9=y FbR f&oita 16 409 | 178 0 =CO SAFID (00)

A 0
AVO Meter

500
A
Y o
%)
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327 R e 2995 «fSt teitvets Vari 96

(I EFATICOR & ARG/ GRS (OTbre
TRIAIR 1 2T | R AR (OICved 9 @ \
—— G (otve Adjust F1 =7 | {?5:‘«
Variac - P %‘Q —
AC Power L W -+ # {g“\\\\\ E
3 L Wout ‘k\\ —
3 T =
o— L {- - N =
(@9 SRS FATE #1F T=F @051 IR p=— s
TR -1 o7 612 T4 & I (BB GI2F FA0
g (555 =7 | it ot E an wd/arss 3ege, C e
Fartht t' FNT6 2CRGC GR P &0 2P 21181 ¥
ATLESIET | orpafararet 2rRetBI® AT =00E | By, Sub ,
StationWW@ﬁﬁ%WﬂO.Q G R ATy m?m;.lnddeclmde HFunsdiary spikes
SFIACTS T CFCE S 9T 97 W AT 0N | E
™ O OH | o G053 30T 97 foed eRifEe Sites
Clamp on | 329 ARG “Ifemr+ F41 27 | 9<R PG 229
Meter HRICT GITFRNCI FICHC W17 = |
farzgy | & e (Longitude) ¢ @ifkmrer (Latitude)
fafrer [ A 9 e AR Geographical I8«

GIS Receiver

SRy forefe 41 20 A |

A RGPS T8 WG, 9 [ ¢ (NGRS FIee

fare ¥ FIZ© = | WK 2 FIDe Bofa Fa0e 32 970
(Theodolite) =
e ‘”?9{ @I R g A e AR & IS TR AT |
(Measuring | oo o S350 5 0w T9we <)
Tape) ’ ’
o (b T | wa e oS e wE
Meter) ¢ Al 1 = |
eter) 8
7| 03 OR(YS I8 SRYE 8 WRR P eolRiRe
(Binocular) | #NZ3 T faef/ o2 7z & 970 2 |
GG e 36 &
(Alco Meter) ¢ TR ISR S8 e i e
(Tetcikcomﬁeier) B AR (67 [ (SRR P18 #Afwio 71 =% | gfefasia if*ieeat oife Sreie 2@ (G foR 30T |
fagwst o=
(Frequency B ARy @St ARG Ry oot 1T (Fgpearsth) s e =37 |
meter)
ToRRIZE o
(Teleheight @ JCFF I I8 Tobol T 41 = | SR FIEHTH Tofee F0o 73%© = |
meter)
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RE (9?) S50 3797© 83994 M= 8 W3y sifive

(Important Materials & Item Identification) 3

F)
iE | SR /FE/s GrereaR/PBRT | Sotey Geteane /AT | adenm | SepEne
R J G GS B C
<)
ToTT | T || A | arew | Reew | @b @“"’ . WC | e | arsfe
D | E F H HS KS K M
)
350 =186 [ERIEVEIEICN eI T &y AR /AZTTIT G
L M N X V4 TL

QP SECHN NENICER AP IRATP B2/ GO WA SR | (@ TPT6ES (7 2N = i
(¥ WMR - B1-5, B3, B0, 71-8, -, =30, =33 )

T 8 F31 -3= 3 (Ff© P 51291, f1-¢= 990 &S P& 5129, f51-d0 = 33 (FFS AP 51t @I f51-55=
0O (PG HPTCAT BIRA TPTo |

RSy M35 Grreana ¢ fFew @b (Fuse Rating of Transformer) ¢

%) fRrowe! Brereais 8
<far ¢ Ffeq Yo (e se (Ffeq Nl 0a.¢ (Ffeq
26T 7 f&-2d fe&-8 &-¢ &5y f&-sa
fow fere S IR 3 «rifRE © «qrifRE ¢ «ifrE b @R
<) fros G 8
Fefr ¢o g ¢ &g o0 (Ffeq Seo (Ffeq Y00 (FfSq
RIER RN fa-v f&r-q
oy fors So G se Wi 3¢ G 8o «rIfER
o) PG BRI 8
3 5.bbq @feq 0. 90qTfEY ¢ avfeq Yo ufSY
RG] fE&asr-83 fem-89 fEa=-8y fean-8¢
free s Y00 AT 39¢ G Y00 AT 39¢ QIR
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23 @7 tagfes @2 (PBS Electric Line) 3

v S It A2w/fFeR (33 Kv Source Line/Feeder) ¢

AT TAFH (AT 2T 00/5> &S ToFH FTANFIA AR | 32T ARG 899 NI FoI|T 7T el w1 =07
qTF | ORST 3 TEE, Te 741 8 e 20w 21t | MYRerss vo (&S FeR (@S @6 A=FE AT QW F40
27 7 | 1 AR P 0o (@f® des [ | 4z 99 [l vo/ys @l Ty vo (@ Rrera T
S (A T |

3 & Aks/Fei@ (11 Kv Line/Feeder) ¢

AfPT vo/dy (S TAEY 2o BifznT TEAT 3y (S 2T (R v 57 a7 <) T T2 =50 | 25 T
31 57171 TR TS AT | 22T MHRES3 8/0 Gfiaaaig ©F @[l el =207 4t | 3y (Ffe e ¢ v.ve &S Free
(TG LT (AF (O TS ([qogel GIFINCIT NG IAGECH 0.800 (O FAT FoTTTer T @R 0.290 (&FfO T
G ARIE TR (A T AT |

G A @16 &2 (LT Line) 3

TAI-TOTC-BE I T-ToHI (G=10 ) #IR AT (AF ARFCE AIPIE IR (AT 0 ACF | A3 /o AT 8 0
«fQTeNg OIF 7T fosfel =08 A |

A tagfess =18 (PBS Electric Line) @9 @it 3
fsfer g1/ <@e 3 @IS SRIE SIfPT (Ao ARAS ma TR fo Sitel o 41 IR 3

3 R = GOIAZE A2 ST ACT A2 /T TR A2/ IR

gres, *=q ¢ e

TR SR T . GOIET ] T G TT
) i T ol <eeT 2 | TR °
0d TewTel | R | ST SrES STeRerss L G | (A TRORAT FIET,
GO LA | ) (o= xS W= |
erarEe! I AR |
STENTT FS[EH , ALFCOT SPENTT FE[EH, AGFCOT
03 FOIFT | AT (G FSIE | FOE B WS A AL ACS | FOR 7 WIS A AT
JFRE NI Ao | JIIRE I 2If4fo |
SRIGF 4q6 T, To e IS S GOIA(TT 8 AGF AT @
09 ASqr | e WW THACITT @ PRI, 00 ST T ﬁ:—sa’ ARCAR JIRA
R T A 2 vﬁwja | el . .

ARGIeW [ Topif | +4 =, farrer @@
TN S, - TR
“ .2 e AREF 26 (@, @6 FNE 8 | 2fEF 15 @, @ ANE ¢

08 R | @ T, @I @I R .
et <o | e &foet 8 TN AT | foReT Sfbet «R ST AT |
I TR TR AP AT-
ot 38 wfbTelreT Topiv Fmee #5 | WG oo A FB IN A | | Al Ao AR T T |
° @ T AT |

Construction Grade 3

Mechanical Strength @3 ©#7 fefe w5ta Line Construction TG e syeere A,B,C ¢ N @2 b ate
o7 T4 7R | #if B1e6e B,C ¢ N 6ae @ Construction Unit I59=1 41 =3 |

1. Grade-B (More Strong)

2. Grade —C and

3. Grade -N
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«if&t fiio (Energy Meter)

of i ¢ 327 436 «=IfE et Ewgewrs (Instrument) | RE System @ 22 aRT «aife sifassr 1 =211 o=
Zre Ai¢ Consumption &R [igye e toft 41 =7 | 3200 Affoq Iy I AT 2/ely 1 I | Q= & oo
ot == o RFS A |

RE System 9 33%© [feqg o< fRoE 3

«»el RE System ¢ Rfeq yibmifaa o= =g |

w3y elfsrary ¢ IR e v Reavar s ANfoetce Ieucs et Nom FI=E @@ wFg (7 Z0oR |
fre fReT SR @ 7% FACHIHER AR fifors Re NoR gritTe S % 200 | 93 SfRcs AR
TR AR r-Re fGE g F1 S@ IR $9F 27d T4 0% |

oram RSy ol =73 (657, @67, @RFBR, B GE w, a7 FoF, fow @, {Nom SifieE, Sie o,
ACGARE (G2 el fose Rt 2o, SIeor o[ ¢ f&fEe (b |

o wa3s (Ky) ¢ SO0 fTF 31 5/ @F A6 0o @ SAG-WeTR A «@ifE 7 27 OF [oIEd (Fa3s
T | IR (FA3 = (STC-SNETAR) /TG |

oI  ffe® ¢ Rt W 6 FEE 8 GFHD AGAAT FCFNF AF@ GF ATt 0 | R.¢ afFess o
oft FIET FRE Gk fF GARRE FEE ACF | I9N RE System @ fo7 Element meter e 3CT 8
3PT fiGifse sa= food=er ez |

fitE 7457 ¢ vifanITs 1T FEHT 93¢ % 0 TR (T FFOCF 3.3¢ R @7 I @ SRS 1% AW T2

Z,

fefere fGr f<4iv w4 s |
GCTe 8 Fonqrre BT AfFG Gl

Sevx fora wacers ¢ foqere G TEG GREN (AT 27| 320 FEH I, AGARRE FEE, @,
ETC 8 TSR FRTAM (I ZCACE |

woltage Coil

Phase

230 Volt AC Supply

Neutra

T

OFCFE G G wereare G | In fig. shown
Potential Coil, Current Coil & grounding

:

U<

Internal Connections of 3Phase 3 element Meter. PC Means Potential Coil & CC Means
Current Coil . Point 3,6 & 9 are CT Secondary that will be grounded Properly.
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5= g7« 2Mafs (Meter Installation Procedure)

aEF A o o 8 =@ g =9 oIt | @9 ¢ «dre oIk, fovrrs foifke, crae it ¢
ezt oI | A e S azrer Ffqand ez A8/ mFE/SFER geaE SAqE RHE @ed M4 =g
TS NOR geT F41 @ AE | [{IT g (o fbifis 41 =10 1 ETeng ((Bafoe @R sdms 8 feal «ife
T ) R Gorm F900 209 | AT 8 WMo el T ¢ fEGITe M k@ frs 209 | (1 ST ATS
R FTo/9R0 7 a1 =7 | FER geites =& [ /2Ny, 1989, toI0e, “1eiF Wkd o7l Afds =g -
(58 Fa0 20T | FefEbreT B groicem i@ G ¢ GG & =2iF 2% QISR FIRE FACO 2 | (T AGTOT
I AlEfE A I AE 1 | IR T2 WEGER ey CC (IEH I AFF @ AR FC (I 1
FAETe oS! Sy R adifEe FES @7 AIE FEo @e [T (o WegE gafte o Tw
Woias e 160 =30 |

oI3Ar oIk (Primary Metering)

=TT FC b (Ffoq @7 @ 201 AR FBIRR FA00 =0T | T AT ez @ e «F s a3k voeo:280
@f¥e (e @3 PG @St #12eT I 20 Class fEure Nom @ foqrrs G R @R T4 = |
27 2S5 bt M8-16

PBS Line CT50:5

E_ PBS —._l

L—| Energy Meter

Connection of CT/PT with Energy Meter

uuuuuuuu

w| |

rrrrrrrrrrrrrr

Aeg-

|
I

W%/%W&W@%W@WWWW| GFE g areraa RN oI | aes
RIS GIFFNIR | @36 (Al BB/ e ¢oireet b gif s | A% aresse gl |

erg=ar iR @9 (OMF) = ™6 e X 16 tafe ; (OMF = Over All Multipling Factor)
_50 6350
B 240

AT TGS JIF© L& = 5w fifee X OMF = = Kwhx OMF

@ AReR JrReEd iz Wi 3 B @fie = seo : ¢, PIfF @f*e = ©o : 0.380

% grewist oIk @3 (OMF) = f&f6 @f*re X 16 @f*s ; (OMF = Over All Multipling Factor)
=30 [ ¢ X 99 [0.380 =85¢

Ty, (I [G1ET e MFBIRe (PR AP OF NG (FGT = Ho/HifF ol are TR (FFaE oF
PAC T |

=264.50
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3 Ph (3 Elements) Metering Connection.

B

N
@
ﬂ‘ H1 H ﬂ H2 ( Hq’T ;:Hz
apl logl leol [o o
x1 x2 1 2 x1 | x2 1 x2
[ I’W
R-CT Y-CT | B-CT
O O (DI
o 0y R-PT
‘,J (&
| ™ Y-PT|
|\' B-PT|
S
R 2 5

R

ol GIRR (Secondary Metering)

@S> (89 TCO pd @S9 2@ EMEd F@ ECFoar Noifr

FACO = | T SR Wéifre waere/@fie av Bt

IR I CFold R F6are =0 | erselfs fWeif 386 M8-12.

e ora o eraeia bR 3 GrRIQ @RI 26 1 ¢

Main Primsny

Main Pamarny
Conducion

e}

L
Constiertnon SC::W,

Fifo°7 fown fea aaifze Fe1ge ¢ iR i Feas

From Consumer 3Phase Transformer

r Y

L]

r

M

SRS ]
§ E_l_& —

L

| Consumer 38 Load |

Al X2 Terminal of CT Must be Grounded.
Voltage for meter Supplied From Transformer

GTE foatee g ared tiees [oife | 37 o 6 &
Bfer <21 | (e gifere bR | GrerrawiceR =t ate S
ST G- S Ficae e SR @A D AR0eT FIRE (A |
m%rﬁﬁlﬁv @7 cFeE @S (MF) = Bif6 e, Srafke
&I 8oo: e@ﬁemﬁﬁ‘a@m@_i

ATF FGF IO Lo = bR [k X MF
= KwhXx MF

=bo

. .
1
- .
1 1 T I
I = == 1] [ == 1 =1
- - PR = o o
Al %z Terminal are Grouned |
1w | e~ _1 L<=_1

[ 1 11+

Sockeot

rd

36 2 afereer® fGicas e sngs wraary
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3 Ph (3 Elements) LT CT Metering Connection.
(PT Ph., X-Former Ph & PT Neutral X-former Neutral).

H H2 H2
O O O @
X1 X2 x1 X2

w1l x2 x1 K2
l
]
B
R-CT Y-CT __B-CT
o v|O O
e R-PT]
T/Jf\ Y-PT] ©
) a/
C o o)
B-PT| O ]
G
R R I~
v

e

RE System 93%® 3-Phase Metering:

> 1
1
o1
81
(!
A
a1l

3¢ TH9- wo @Ffeq e = Soo FHT, T T fSoF

) TFOY- ¢o@Ffwq *%® = Soo FM,fTxroo= G

@> T34 oo @feq A = 20 T, e ow ((off Bt 200:¢)

00 THOY- 00 @Ffeq 48 = 20 FF1, fewwnz @ (oft #f6 v.oe/o.28 @@ 8 oft b se:e)
203-8¢0 THGY g =20 FM, feaenz fER (oft P v.9e/0.28 @S ¢ oft Fif6 wo:e)
8e3-q¢o TFfeY “E=20 F, feursz f6w (oft 6 v.0e/0.28 @Ff® ¢ oft FifF ¢o:¢)
9¢otHeY ¥F Trd=20 FFI, fourwmz o™ (off FIfF v.ve/0.28 &S ¢ oft Fift e @fre)

TERy erEel FEIfR «F w97 [FENe’ SeEE 2.6 % G 97 &0 @M $909 204 |
oY, A TR #HfT fRTARIReI /TG SIepTaet ST (RS AN |
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AoFO! 8 FINT 8
s 1 5= (68 ar =g -1 |

U TEE SR R e A - |

© 1 fER warE A fofa w4 |

8 1 G FAFHT ST -1 (TR FARA b7 T(A) |

e 1 e Qe (B, MIG) 8 FIAF= Ao A7 -7 |
v 1 5 ¢ #if5a Phase Sequence 6% zrts =@ |

qu for, #/HT ¢ sva w37 e Fer < 2 f¢-7/Mavers w5k azaw, gwa e,
e (@9BYN) € ARCHA AT (WA RRACR (-7 |

b Il TG SR 2] SO [Feeas tFer, osT WK, (SI00e, (931, (FE I 3971 A g -1
T/ #1r F0F fre =203 |

51 Fifes @l SRS arzfa ¢ erael FIEs R oS Sitg f6-1 A/ I (40 TJ |

TR | AR A | e’ sned® (Kwh) | [eeesis fewe (KwD) T
0d GE(KV) > R & IR G > ¢ & FBIE emi*fs @ amE
o3 Vectron © TR &N 8 | G © ¢ 8 61T emf e @y T=F
0© Itron S &Y MR &Y > 8 & fb emf*fe @ T
08 ChunHsin S RGN TR N > 8 3 FGE emf*e @ T
ot Hexin © | A 0¢ R G © 8 ve¢ oI awi*fe @y T@ER
oY Wasion © R @Y SoR T © 8 Yo NI ewi*fe & T

IES (A GFEe bR e aztiw cvwm AT 8

Meter AT e wzm
Techno Meter &y fAfde foare
Hexcell Meter gy fAfde foue
Echo Meter Ty fafee 7 fafSe e e fafee
fete sinsmig @ FifG /G Fer=ma

Three Phase Power € CT/PT Connection

2 TSIC0E 8 (T TOIHE

Y- Connection I
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2T (ST 8 TF (SIL0S 8

Traie enR WA 8'fwr @ Induced Voltage T @& otde (Vpp) @R TR @7 fows ey @qiee
FFoE @G IF6 (Ipy) 301 1 9f6 BIRFAIER TGae! (PTBeE #I2s (S5 (VL) 4R T &lfxe IF6E
R TS (IL) T |

FET § 8 TR { T W (e A4y, Vry= Er-Evy ; Vector difference

5@ = Ey & o fB@ foidre fite s a1 =rat s el Teoly =31 | Aefiead 42 =1 Vey | Er S (-
Ey) @3 T8 & vo G |

[T (=TS (F¢a, Er=Ey = Ep= phase voltage = En

Vry= Er-Ey =2x Eph x Cos(60°2) =2 x Eph x Cos(30°) =2x Eph x /3 /2 = +/3 Epn

- Vry=4/3 Epn (D

e, Vyg= Ev - Eg= A3 Eph o.oovvvvnnn.... ) (&% Ey @& Stro f6dt fieifre frcss afde
T 1@ LA F992 70 Vyp ; AP G 0 203)

@R Vpr= Ep-ErR = /3 Eph vovveevnnnns (3) (49%erd Ep & Swo B f+ifre e e wea =1 g
AR 98 ™I Vpr ; AERS T [0S 2J)

@2, VRy =VyB= Vir= VL (7137 (S0 ) = +/3 Epp (AT 3,3 € © 2 )

Fe4R, VL= /3 Epn = /3 Phase Voltage

FZT FIED 8 TG IIED 8

Y (Wye) Connection foafs zre @er I, =801 FH02 (e food W e R 71T FCA S (F&
FEG @321 . [=Ipn

iR, Ir=Iy=Ip= Ipn(Phase Current)= I (Line Current)

Total Power, Pr = Pr + Py+Pp
= VrlIr Cosort VylyCosey + VelgCosep, (3751 (F& TSR ()

= Vpn Ipn Coso + Vpn Ipn Coset Vpn Ipn Cose
* Vpen= Vr=Vy=Vg = E;n(Phase Voltage)
=3 Vpn Ipn Coso

=3x LVL>< I.x Coso (v It=Ipn, Vo= Epn = LVL )

NE) NE)
= /3 VL 1L Cose
Joar for e sieq™, P= /3 Vi1 Cosg (491t Vi@ I TN M2 (SHE 6 T2 P )

e, P= +/3 VICoso

GFISIC (T0] AN CF@ Vi=Vpn \ = I =+/3 Ipn
o e “leTw, P= \/5 ViLILCosg / Ipn

A1, P= 43 VICoso Vih

-
I
4—
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/P «a T et 31 BT ez fbaa [ ua o[y s

ol /fo5°a o KT SR oM @ FIEACHT A @ 3 Phase with irrelevant CT &PT Connection condition:

e @ T2ewe e (e gag fFmwe 8
Y- Connection
Vg
+ Phasor Diagram Py= ViCosel
" P,= ViCosp?
Pe= ViCosg3

Qe Total =V {Coso! +
Cosgd+Cosed)
le . )
In this fig. one CT phase is
4«8 connected o another PT
Qv 0 \ {inelevant PT) . In that case
1o phase angle is simflar to
Vg Iy Vy each ather .case study found

. o , that Knd situation count
Vg =Vy= Vg, Phase Displasement 120 Y, energy from 1015 % of tota.

Iz = Iy = Iz, Phase Displasement 120°

For balanced load & Normal Condition

Ffo/FAbe oot IReIee Fiaed fNEe S=g wivl
o7 (Fa JEFET @ITed TR s (e (S0 8 FEEHA W Wit O (45T @ 4=d | wdie RYB
TSR (SITHCeR A W@ RYB e FE0od @1d qag 0 (7 ) | «gerd forqeere I it oveg

TG T (T (SIS (@Ffe Fag d20° (F6 § (F6 FIECH (@19 7ag s30° FOa Iel AT | (FF FRCA (@I
e PibT T T =0 (@1 TF WK @Feer 2167 MY $AR (@Fred Bt @ =) Te (e FIEH Sol A
e e edifEe 2@ | e WIF (FreR FCE0 (9FF Sbho & Ioa A | g Fifba sEmt g1 ==
(OICoe TBivee T dhro fofey 03 A= |

fo e oiheT=, P= \/EVLILCOS (7] (@4 Vi8I TG 3 Y- Connection
(SITBE @ FIET FICID )
AR, P = o7 (& AN + SR (e NG + [ Feedt “H1eqa

P= PR + PY+PB

= VrIr Cos @ rt+ VyI,Cos @ v+ VeIgCos 65
= -Vrlr Cos O r+ VyI,Cos 0y + VgIzgCos O s
= (-100 watt +100 watt + 100 watt = 100 watt)

=0+ VgpIgCos O (For Balanced Load)
= V;iIsCos 0 B o ;J;WCTWTFW
=VICosO (45 (FCaR ANeqR) WW@WWWW
=leotalPower(P) (T (ST /TS A 8 (e
3 Ag 9E ; d20- 8@, . VrIr
wdfie fifbar qrere w1 AR TR @ie ffer, e s (Reemears CosOr = Vyl,Cos Oy =

T ) @ @ TS = L x Total Kilowatt-Hour) wdie « e | VB18C0s 0
3 Hence, Pr = VrIr CosOr

2 = VrIr Cos(180° = Or)
faifbe sream e gﬁﬁzwwmmmﬁwwwﬂsw % e — Vil CosOr. (1800 = Orzwt
W A 1) R (I¥) (PSR (SICBE S FICACHT
A (TS I )

AR ¢ ¢ A © (FE A3 P arss | Ai3NfE Mo «a ey o e o 2eaer | I @i B e [ivey
g oI R 2000 TG 7 ©0F |, ArCFH (W6 2F© fgye TG 2@ = % x 2000 x 3 =3000 Unit |
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], & 5T 31 FHite uscrs f[itey @ (it e o=y wiens 3
@ FRC F 9 Fred Hoa Aea [(ivtey 20T (0T % (@ 0E (@19 FIE0 2]IEe IE T | 41 TF A (TSR

i secam R[ifvey =03 itz | oAk [k = 0 =3 @R RBIE S e IS AR A | SRR (& (e
Pifoa e f&fvey 2031 O Fee NBIGE (19 (SI0oe ST =1 | 431 A WF (Feed o [iveg 2@tr 1 7@ar Vi
=0%3 |

Vr

fort et Atea™, P= +/3 ViliCos 0

(L‘an V58l @ R (SIL6E 8 A FT6 )

Pr = 7 (FCSR 2GR + G2 (TR AR + [ (wrea Anea®
Pr=Pr + Py*+Ps

Pt = VrIr Cos @ g+ Vyl,Cos 8 v+ VgIgCos 6 5

Q
Pr =0+VylyCos 8 v+ VIgCos 05 (Hence, k=0, Vy=Vp=V, Ig= \i_ v
Iy: 1 ) v k
Pr= 2VICosf (In above Fig. I =0 Amp.)
571 e Ao @ees cwed, = VylyCos 0 v = VlgCos O 5 = VICos T /Fofbar P B T YT ¢ T (B

Hence, Pr = VrIr Cos Or = VrxIr xCos Or) o B .mw(w)ngx
:VRXOXCOSQRZO 3
2 Total Kilowatt-Hour. S®ie @& o™
Pr - 5 x Total Power (P)

wemmméﬁmwwm|

THIZRY 3 €31 1S © (FE A6 N Qe | A2 wifs fNbifae @ e o At (R 2R | 1 @ S st
fafomyy wrag fGTRR [ 2000 TG = 01, A [ e =@ = % x 2000 x 3=3000 Unit |

R—CT‘ ‘Y—CT l B-CT

1 6w Ao Agrere Horizontally CT =6 /Gifsrt
@7 g™ RYB @R Vertically PT point/Terminal ) e
TR TIPS RY B SR &Mt ¢, | p YETL O
#. R e CT &% R w3eed P, B et
3. Y tved CT @ Y teerd PT @ R R H| |
7. B twwees CT 9k B tweerd PT

7 T @ SR AT AT A | Vo

ToFo! @ FINT 8 L

@ (O B R0 I LR TP I 8 AT Ife ffr 3 st

A WY, g + Iy+lg = 0, Joar Hift'7 forrers ©F @@ F o [NoIE <03 A [ *[77 sirewr I o 4
e =03 B ez v oz i @iz |

ol W Ik =2.0, Iy=2.5 Izg=2.0 Amps =, «arw@ Fifoa (iFfafs s 2 f{fee o.¢ @frE sIpra @3
ColeTIfRG ©oBT =eeT ffr 2.0 Gf™»RIR SP1CS |

o= 51 (Meter Seal) ¢
RE (W7®) st fow gaeas G o a5 =3 A1 |
S o8 B/ | 21 ATeeTs FfeT (IS =R ) | 0l 532 5125 e301R P |

o forea © 5 5ot At @,

SIS, A GN € 0l T

e @ Bt feet fesefis Fdfie Tme o F= a0 Qs | 30 7@ e s 0 =) e B Reees
il ot wrmr B v Wik Far =7 |

T GO STy AR G Frics R[fey @i Brifr o3 (fCrwm g g, Fria/cfestr sfaae, il S0
FoT, TR0 R e @4 Biv) SALed e e I ACHA | GF (7 8 T *i@ | ave @t
TR/ LTS T(J |
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grrEawE (Transformer)

Definition of Transformer 3
Transformer is a static (or stationary) piece of apparatus by means of which a.c electric power in
one circuit is transferred into electric power of the same frequency in another circuit by

electromagnetic induction. (FOEE IR AW s WG B T A TG TS elfwm
TP ~IfFTST 1 IR APFeT 1SR GF ARG (AT oy HRE FETER I 1)

1. Itis a static device and do not have rotor

. It transfers electric power from one circuit to another

. It does so without change of frequency

2

3

4. Tt accomplishes this by electromagnetic induction

5. Voltage and current of one circuit can be changed in another circuit
6

. They operate only with alternating current

379 fF BT AE | 90 LRI ART, IWH CNFSR A2 |

IR DT ¢ FrrFaaca @ AZC GIEHE L FIS AT ©OF AZIA HZC ¢ |
CFGIA ARG 3 FAFMIEE @ AT G0 RS HIE AT ST LIS 2T I |

BRI G S SEITS 8

g [Tl
o I - o
[ SECTRS RS
Uy <'-{-....J (..JI-) U
O] | | [—

ot | AR | TTISR | AR | TLISR | ARMA | CIRA | R | WO | proprrs oy onof S
G | ToTe | Tenmw | Wl | s | OrePwrapr | SR | A | @ eTe TN P T (9 B A

-@- Vi V2 Ii 3 N1 N2 o R 2SN (OG0 Tl Z(J 1

N AR | TG SEREr | SR Tok fofe Fa Fher *rafed o7 fofe S | ASH=G ~ATeq= Srar

[SIERTEG]
orzsf
e
e
AT
IR (TS
G (T

STOR (FT

oSl (I B2 ¢ 3T (FF I QN TIFT AT | FCIET O AR 227 &0 (410 |
o1 (N B2 8 329 FCIE (1T TN BIFT ATF | FCIA A% /O] AF 3T &7 I |
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AN GETFANE YRS Substractive @R s GEreasE Additive polarity =T Substractive =7 |

B[ FRE @ IR0 2N GEFCT 00 (O TZF 3 (FS 7 AL *5 ZCT (00+5d=) 88 (IS (STHE X
JG R Lo I5CS AT e, [Toqe GRTFINEE 5 (FSF AN 0.800THS *B 20 (5d+0.800=) 3.8 (IS
(OBE T (SN 2OR AG I I Ffod AT IV | Py W2 To)(@ (QRpAI FERE ANGAR G
Substractive @R faezel GrEreasis Additive polarity S=&T Substractive &It foengs w4 =31 |

fifeqy M3rea GrEreaa AR 36N TH :-
fozet G (TG o vew
G (I'W'A) 14 So | e | 2w wq.¢ | €o | a¢ | Soo | dva | o 300 300 N
ARG = Go1 | Gs | Gs | Gis G117 Ges | G7 | Gs Go | ZPGs | ZPGs | ZPGaoo | ZPGio

GETFNIC A4 0ofb oA,
. R
2. 9256 I 8
O, GG IO |
SEl fRET I 96 GETFINRCE o % AT (FAICC ST 787 |

Efficiency (17 )= Output/Input x 100% | system |

\E E..
For example ; 5 KVA Transformer 49 ¢t 3w process —%
Output=4.35Kw, Input=4.5 Kw, =0 o1 ,/ ______ LT I
Efficiency (7 ) =4.35Kw/4.50Kwx 100% =97% ' :

~'loss

Grread (eieeas (Transformer MeggerTest) 3

fafeg @b @3 (@9 WITE | @F- ¢oo (ST, 9¢o (B, Y000 (BB, 000 (ST 8 ¢000 (ST | (N FAK FIT
w2y 6 w*3% Applied Voltage, Scale ¢ Temperature ¢ IO I | GIIR IR T GETFANEE
(OIC0E 3 FIer FIEG AR T4 2R A |

Reference (Standard) value 8
Insulation resistance is recommended referred to PBS Instruction series 100-17 . It should be high
(in Mega ohm range or infinity)

A. H.V to LVG >1000 Mega ohm

B. L.V to HVG > 1000 Mega ohm

C. HV to LVG >1000 Mega ohm ( For power Transformer)

D. HV to LVG =0 ohm ( For Distribution Transformer)

FoFe! 3
I 97 ST Y32 I GR FE ©IR (@ (SI05e O @I e w742 FifS (58 a1 I =71
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N o 2 T s e s N O i R R S D NS

Transformer

Secondanr

wrincincg winding
Ne turns / Ng turns
s
Primary —_— Magnetic &
rrrrrr £, Ve Flukx, @ =
—_— & =
— Secondary
-+ \ Is current
] ——
Primary b -+ W
voltage ”
Ve >
| | | secondar
P voltage
= ! 4 %
e ! g l
_ | =
" — Transformer ,
e

GrrFcad Principle 20o SR @i,

W (F1F GRFIEE 22N T20ed 2970 AeTF T2 CUFCIR! HNE0TH WSo35 AR 7 7 |
ok Py=P, (941 Py = 2B E90 “1eqq, P, = TUIO{SEs75 Aeqd)

A Eii= B2 Lo, (B 11 @ B, I, TGS &S (S0, FIC0 € G4 (SIT0E, I )

T GETFANIER & A8 @fe Turn @ Induce tote = Ei/ Ny
TEe ARee &fe Turn @ Induce Voltage = Ea /N, =6 o
Tox At 992 Flux (57 F1&40) @3 &5 Ei/ Ni= Eo/ N,

@ % = % """"""""" (1) (N1e N T A=AM 8 CRPeI B 5R2T)
2 2

T (1) @ (IT) = emam Lo= L2
E, I, N,

21T GETRNIER GETFACT @S I GRTEANR SGATS |

LN

GPTERNICER coiene /et (Transformer Voltage Increase/Decrease) 8

GPTFANIRR CLFSI LG (STDG (O ¢ ©OF) ARG TR IS A FACARF TGN AR | BIel AR
6 LT Q27! ST AT FACA R AP | GIT BIRCS (007 Torel BT AT AT GRS AIfRee Sy
TFID (STER Y T ARFTS 21T | BT ZITS AT IHCE IR SABICS TF | G2 4R 57171 (GHIF AE |

QTS 3 S-(=TC BII7f (b&IF (GCRA AL
TS 3 TF-T1C B2t R (T
37] GETFRNIGER TIR(SICHE AIR0C T T4 TF | T (20T FE6 I AR FIPR I GEo1 I61K T F ACE |
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Wﬂwﬁm SRR R (S5 /74T F4T IR | 22 7 Principle 5zt 3
( 2) X Vi

1
N 93 T4 N, @7 (5c3 @ 251 Step down Transformer. (5T ZCE TSTHE FI(I)
N 93 I N, @7 (5ea =16 2051 BT Step Up Transformer. (T5T€ 73T TOTHE ATCH)

O Load Tap Chinger

T (FF T AEF 0 (SIC08 I 2NSTF S AT | RO I @6 G G5 e[ QAT @ FPYT (@
o | O GPRNICER G215 ARCE B TRYT IR ¢TC AT (SDe o Sl 20 ACE | AR Rod 77 A (I
P (BTG (AT (= 25 AECT BTl 72T AT FE AIZCT (OTE FACAT 2 |

SFTFANIR 20EE st (Parallel Operation of Transformers) 3

72 J SCOIF GG AN MIT AR I @ @7 I T ERFTIA ARE T IR AL @1 FACE
AT STATE 0 |

L MV

LZ

L3 1 .
AR '\.A-AJJ [\./\AJ' LV
e Y e s s r‘e,r-_ﬂ Al CBI'-.-'I

L1
L2
L3 CEP CBP

: \; \

TATER 0@ T, Tio,'8 Ty3 FoAG ANSIR GRTFANIR ATRIETET ST BICR |

Sowry 3 SifEwr (Trenae ety Meamrey Rge TReaR 303 AEs TEE oow | S e Qe @3t 9 @

SeyfG @R ST oo AT A | TPl FHACTHCT T GF (6 I (@0 S5 9 [ye TO6T 79 IRAIR oo Al
T |

S R 38

(D) Same Voltage Ratio & Turns Ratio (Both Primary & Secondary Voltage ratio same)
2) Same Percentage Impedance & X/R ratio. (X= Inductance, R= resistance)

3) Identical Position of Tap changer

4) Same KVA Rating.

5) Same Phase angle Shift /Same Vector Group (Mandatory- &fos=H &=ear S=17< )

(6) Same Frequency (Mandatory)

(7 Same Polarity (Mandatory)

(8) Same Phase Sequence (Mandatory)
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Delta — Star Conversion 3

" A
e Star to Delta Conversion; Delta to Star Conversion;
@ e 212 =(ZiZy+ 2275+ 73724)/Z3 Z1= 712 Zs1/ (Zio+ Zost Z31)
7 c Zo3= (LiZa+7273+737.0)/7, Zo= 712 o3/ (Zin+ Zos+ Z31)
B 731= (LaZo+ 7275+ 7370) 7y | Z5= 731 2ozl (Ziot Zost+ Z31)
Fig A —Delta Fig B -Star

foaere GRTFINIT ST 8

A-A | Y-Y (AN Y-A

Ty, AT TRy foaree Siewd GRTeRaNE AR T JYEe®s Delta— Star

(FfTeer= form) P <ol =3 | é —
For Delta ; I1= \/5 Ir, Vi=Vp; For Star ; [1= I, VL=\/§ Vp (L= Line, P=Phase)

TRy, AT TR CH forerer 2I1SAF FRTHAA T AN A(«Feros Delta — Star  SepRel 41 23 |
For Delta, I1= \/E Ip, Vi=Vp, @ For Star, 1= Ip, VL= \/E Vp (L= Line, P=Phase)

L Fhase A

Ja

{a)

Toitaw foca Delta — Star Connection @ (SIT6E @ FICACHT (oS

@337 (Vector Group) 3

RE-System @ Dynl ¢ Dynll Vector Group @5 G 39217 41 2% | @5 Dynl & 3td Dynl @R &Pl
Dynl1@3 32 Dyn 1 1#7=eie Sica= S48 | Dynl 2097 Geeawicad oo S@ a1 Polarity Change 3@ @92
&Pt Gt Dynl1 @7 &S ~Afi=ieiet <1 I3 |

¢qres D @ High Voltage side (Delta), Y @<t Low Voltage side (Star) Dynl 149 n %<1 Neutral visible €<% 1
=& Phase angle (1 x 9o f&ll = wofSfy «mr 11 7@l 11X wo fE&l = wwo fofa) FRiar =z |

Y

HV, phsser {fad ot 12 Ofclock)
Wirta hanct

Dynl to Dyn11=360°

360

Dynl/Dynll= —— =30°

Low voltage lags High voltage
by 30°

Dynl11 (Dyn330°) Vector Group (Low voltage lags high voltage by 330° or Dynl Vector Group Low voltage
leads High voltage by 30° ) lags High voltage by 30°

ol ¢
sl Dynl1¢®& Dynl ~FHEE SR S0 &0 *5 AR5/ AR FIED Sio IR0 FHETR 0T @TS A |
U @ @ 6 FEE AR RS 77 @2 (Dynl 1T Dynl) @090 T8 AR SATEE FA0S 2(J |
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Percentage Impedance (%Z)

Definition — The Percentage Impedance (% Z) of a Transformer is the voltage drop on full load due to the
winding resistance and leakage reactance expressed as a percentage of rated voltage.

It is also the percentage of the normal terminal voltage required to circulate full-load current under short
circuit conditions.

T S (@ AR TowdHa  B-> ST G WOl Yo @G @R % A v.oo % @R -3 Arenw
ST WOl So Wufed Gk % I v.co % | TAFCHGT DI ¢ (W8, T ST AT SHA GG
R o =0F 2
Y § Demand, S=15 MW. T1-10 MVA, T>=10 MVA Z,=6.00%, Z,=6.50%
SRR AR *or@i S1(T @3 CRIRR @) = Sx Zo/(Z1+ Z2)
= 15%6.5/(6+6.5)= 7.8 MVA
Sz(Tz a7 R (#®) = (S><Z1)//(Zl+ Zz)
= (15%6)/(6+6.5) = 7.2 MVA
TAT 3 T) @7 % es vu R ¢t W@ e Cmie 990 @R T @7 %3fiees @ [ @ w5 e oo
A |
ISFS! 8 FIAT 3
S 1 % ST I AT (FF @ (FCd GRGOG[N FERAT A |
21 % ST T [GFE A AL |

Impedance Measurment $

Full Load Current
—P

Impedance Shott
Votage Circuit

T77 fo@ =re Percentage Impedance (% Z) Fezreeis foda Far arms-

Impedence Voltage x 100
Rated Voltage
2T, Y% Z°= %R*+%X?

WNZ =

TR %l = \/_ (%R*+%X?) (R=Resistance, X=Net reactance of transformer)

T TP G5 [oae FETTamicad SIS (SI00E S99 (OFT, (FU5T BN (SlLoE Yoo (S5 T BT % e 2q
fomeret ¢

Impedence Voltage x 100
Rated Voltage
=(137/6350)x100 %

WZ =

=2.15 % (At ambient temperature)
5 AFT GE6 @GT IED ITe FACe @ AR (OB (SFHRGIE AN A I8 TN (O | 2w ©ow
JIGEE *5 NET FICF FAE T GIETEINE FH 4TCE | % 7 TR 20 286 @ A |
roze G % e (Z) = 2.5%, AR GEreaieEs % 2es (Z )= 6 £10%
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X-former @3 Efficiency 3t 267 *©
TP QTN SRE #F7 GR S =91 77 W (Iron Loss= Copper Loss) 261 Gereawicas Efficiency
Maximum ¥ | 2T (ENN 1S GHFE ©g 7 |

Voltage Regulation 3

i AR T M IS eIt e TR w@ierors ¢ ITHGEE FIRCT NI (Ood G T | Ol
aze(RfAfeR) &E @7e (TIfR)2ted (TT N (Sbe ANeq T | TE (orwy g[S aned e e
o T T | BFIR (SIT-HET (FGTTHT | T2 T I & G |

Voltage Regulation = The difference in Voltage at the receiving end of transmission line between
conditions of no load & full load is called voltage regulation . It is expressed as a percentage of the
receiving end voltage.

% Voltage Regulation = (Secondary Terminal voltage at no load- Secondary Terminal voltage at
full load)/ Secondary Terminal voltage at full load x 100 %
=(Vs-VRr)/ Vrx 100 %

BIL (Basic Insulation level) 8 @ A== coicber #%@ @ e Twreme, Si7 34 fuer 41 332 w0 7%
T olF BIL 307 | GRTeaws fOwiae a1 7 22 [<ravel S0 27 |

TR @R (o9 a-T o™ FE IR 8

GPTFAIEE FF o91 FICACHT B9 R ST 777 (SICHed ©oF 198 30 | iR GRTwaslitad AFeT #07 (Sl6-
PRI ToF fAoaie 58 TR0 (F6 GIREGTR T4 7| TPPTR ~1STR /G A e TR | Ok
GPTFAER TR0R (o9 JRT e T4 =7 ; [FCTes @ikl 13 |

IH (Harmonics) 3
22 FGorR waerfie Sfefie el O @ e SieT =1 | e afews 2 vatgs ar e Far=a |
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Transformers Repair, Test & Maintenance :

Laminated Iron Core —

Single Phase Transformer

Three Phase Transformer

Parts of Transformer

Primary
winding
Np turns

Primmary
current
—

-+

Primary
wvoltage

1.

Parts of a Transformer 3

. Core

. HT Coil

. LT Coil

. Transformer Tank
. HT Bushing

. LT Bushing

. Radiator

. Conservator

. TransformerTank
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Transformer

10. Explosive vent

11. Buchholz relay

12. Oil level indicator

13. Tap changer

14. Breather

15. Temperature indicator
16. Horn gap

17. Wheels

18. Filter valves

52

Secondanr
winding
Ng turns

Secondary
Is current

Secondary
voltage

V6

19. Oil filing plug
20. Draing plug

21. Cable box

22. Coolling Fan
23. Insulating oil
24, Silica gel

25. Lifting lugs

26. Air release plug




Important Terms & Definitions

Hysteresis Loss 3
Hysteresis loss is the loss caused by the periodic

reversal of the direction of magnetic flux in the core.

Hysteresis loss is minimized by the composition of /
the iron ;and the proper annealing . It is found that Ao

the addition of a small percentage of silicon to iron / He

reduces iron loss and also prevent aging, by which B

is meant a gradual increase of the Hysteresis loss
over a period of time.

low hysteresis loss high lass

Eddy current loss 3

Eddy current loss is the loss caused by the local | | | |

circulating current in the iron,which flows as a result w %

of voltages induced by the alternating flux. Both
Hysteresis loss & Eddy current loss appear as heat | . | Lm;«i
in the transformer. A B

Magnetizing current ¢ In addition to the current required to supply the iron losses of the
transformer a component of out of phase with the voltage is required to magnetize the iron . This is
a wattless current and does not represent power.

Exciting current ¢ Exciting current is the vector sum of iron loss current and magnetizing current .
Since these quantities are 90 degree from each other in phase.

Exciting current = iron loss current + magnetize the iron

Core 8 The core is made out of special cold rolled grain oriented silicon sheet steel laminations.
The special silicon steel ensures low hysteresis losses. The silicon steel laminations also ensure
high resistively of core material which result in low eddy currents.

Coils s Transformer coils are designed to get required number of turns into a minimum space. At
the same the cross section of conductor must be large enough to carry the current without
overheating and room enough must be provided for insulation & cooling ducts.

Transformer coils are always made of copper because it has been lowest resistance of any one of
the cheap metals.

HT & LT Coil of transformer.

Aluminum coils has been proposed for these use, but for the same resistance it requires a larger
cross-section than copper & consequently a larger opening in the iron

For coils which are to carry small current, round copper wire is used. It may be insulated with
cotton, insulating enamel, paper, or a combination of these materials. The objective is to get the
required insulation strength with a minimum thickness.
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Percentage Impedance (% 7Z) 3

The Percentage Impedance of a transformer is the voltage drop on full load due to the winding
resistance and leakage reactance cxpressed as a percentage of the rated voltage.

It is measured by means of short circuit test.

%Z= (Impedance voltage/Rated voltage) x 100 %

Transformer Repair

List of materials used :

1. Bushing 6. Coil/Winding 11. Gasket

2. Lead 7. Board 12. Nut & Bolts
3. Coupler 8. Lather added paper 13. Glue

4. Core 9. Cotton tap/Creep tap 14.Varnish

5. Gauge Meter 10. Wooden Button

List of Instruments used 3

1. Megger | 2. Guage Meter | 3. Varrier/Variac | 4.Multiple clip on meter
5. Oil Testing machine & 6. Heating chamber
Voltage per turn

V/turn = k~+/KVA
Where k=0.3 to 0.40 for Distribution Transformer & k= 0.50 to 0.65 for Power Transformer.
Current Desity for Copper is 2.5 to 4.5 A/sq. cm in oilimmersed Transformer.

1. EMF Equation 2. E=4 ki On Nf

E =4.44 @.Nf

For Sine wave voltage in actual design | Where E = rms value of induced emf  in the
voltage/Turn(V/N)=B,Af winding considered

Where E =rms value of induced emf in the | F = frequency of supply in hertz

winding considered k¢= Form factor of emf (1.11 for sine wave)

F = frequency of supply in hertz N = number of turns in winding

B = Maximum flux Density in tesla. m = Maximum flux Density in core in weber.

N = number of turns in winding

A=Area in sq-cm

Testing of Transformer
Testing of transformers are carried out to ensure the quality (both electrical & mechanical) of
transformer and also to guarantee of performance . Testing of transformer may be classified
into 2 (two) groups as per requirement of B.S 171.

Routine test (These tests are made on each & Every

transformer) Type test
. Ratio & polarity. 1. Temperature rise test.
. Load losses. 2.Impedance Voltage test

. Impedance.

. Insulation resistance.

. Resistance of winding

. No load losses.

. No load current.

. Voltage test (Separate source 2 Induced Over Voltage)
. Vector group test.

3.Noise Level test.

O 0 1IN Nk~ LN~
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Full load loss and impedance Test

General 3

Full Load loss is the amount of power consumed by transformer when it is carrying its rated
full load and includes the I* R loss in the windings due to load current and stray losses due to
stray flux in the windings, core clamps, tank walls etc. It is sometimes reffered to as the
impedance losses or winding losses .

Purpose 3
To evaluate the bid for purchasing transformer, to calculate system loss, for ensuring

equipment performance & safety etc.
List of Instruments used :

1. Megger

2. Varrier

3. Ammeter

4. Multiple clip on meter

Procedure : These two tests are carried out simultaneously.

A low voltage is applied to the High voltage winding

The low voltage winding being short circuited.

The power (Watt) is measured at H.V. side by two watt meter method.

Ammeter connected in on phase.

The applied voltage is increased gradually until the ammeter indicates the full load current.
The voltage at which that rated current flows is to be recorded.

SANRAEF I S e

Circuit Diagram:

Full Lioad Chiarrent

Impedatice Short
Woltage . )
17 Circuit
Caution :

1. Loose contact avoided

2. Avoided Short circuited.

3. Personnel used gloves, shoe, safety cap,

4. Working place must be dry and hygienic.

5. Personnel & equipment in the safe distance.
6. Clean and dry all Bushings

Calculation s
Copper loss is the algebraic sum of the two wattmeter reading. The impedance voltage can be
calculated % impedance. Load loss should be within 1.5 -2.5 % of full load in KW.

Reference (Standard) value 3
Load loss is recommended referred to PBS Instruction series 100-17 . It should be within 1.5
—2.5% of full load in KW. Ratio Variation allowed + 0.5 %.

Comments 3
Load loss is important factor of transformer, as it is the primary indication of health of
transformer . It should be kept minimum. Otherwise it roles a negative sign in system loss .
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No load Loss Test

General s No Load loss is the amount of power consumed by transformer when energized at
rated voltage, but with no load connected.

It is sometimes referred to as iron losses, ; Hysteresis & eddy current loss are also important. It
depends on frequency, Maximum flux density and characteristics of magnetic circuit

Purpose s To find performance of transformer, to calculate system loss.

List of Instruments used 3
1. Megger

2. Varrier

3. Ammeter

4. Multiple clip on meter

Circuit Diagram 3

Wattmeter High
Woltage side

-H'

Voltage side

Procedure ¢ These two tests are carried out simultaneously.

1. Rated secondary voltage is applied to the Low voltage winding
2. The High voltage winding being Open circuited.

3. The power Loss (Watt) is measured at L.V. side by watt meter
4. Ammeter connected in on phase.

5. The voltage(rms) is to be recorded.

Caution 3

1. The instrument is properly grounded.

2. Loose contact avoided

3. Avoided Short circuited.

4. Personnel used gloves, shoe, safety cap,

5. Working place must be dry and hygienic .

6. Personnel & equipment in the safe distance.
7. Clean and dry all Bushings

Reference value 8 No Load loss is recommended referred to PBS Instruction series 100-17 . It
should be within 0.2 — 0.5% of full load in KW.

Comments 8 No Load loss is important factor of transformer, as it is the primary indication
of health of transformer . It should be kept minimum. Otherwise it roles a negative sign in
system loss .
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Ratio Test

General 3 A transformer has two sides 1. Primary & 2. Secondary. It is the ratio of primary
voltages and secondary voltages .

Purpose 3 Ratio test is carried out on every x-former to ensure that the turns ratio of the windings
is correct and also that the tapings on any of the windings have been made at correct position.

Apparatus s Variac for supply required Voltage. Clip on meter. Wires.

Procedure s The x-former is energized from a voltage supply and voltage is measured on both.
H.V. and L.V. side. Ratio can be measured accurately by means of ratio meter.

Caution 3

1. Loose contact avoided
Avoided Short circuited.
Personnel used gloves, shoe, safety cap,
Working place must be dry and hygienic .
Personnel & equipment in the safe distance.
Clean and dry all Bushings

AN ol e

Reference value : The British standard tolerance of such ratios is + 0.5% of declared no load ratio.
The ratio of the X-former can be checked by ratio meter or by voltmeter method.

Comments : Ratio test is important and popular test of transformer . It should be done properly
otherwise any incident/accident may occur.

Insulation Resistance Test

General s Insulation resistance test indicates the insulation of the equipment to be tested. High
insulation resistance means that the transformer has been properly dried out. Low resistance
indicates the presence of moisture either in winding insulation, or in oil or in both.

This is sometimes called megger test. Insulation resistance in measured by megger having output
1000 V (D.C), 2500 V(D.C) etc. Electronic megger is better than hand driven megger.

Purpose ¢ Insulation resistance test are made to determine the insulation resistance from individual
windings to ground or between individual windings.

Apparatus s Megger, Clip on meter.
Circuit Diagram :

- Temporary short for the duration of the test ~—

41

I: -c“j
Primary === Secondary
Winding Winding

MY EDW

i =
\ -
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Procedures $

1. All windings immersed in insulating oil.

2. All Bushings in place

3. Temperature of winding & oil near the reference temperature of 20 deg, cent.
4. HT-HT may shorted and LT-LT may shorted.

5. Result should be taken in the following modes.

A. HV to LVG

B. L.V to HVG

C. HV to LV

Hence, HV = High voltage side, LT = Low voltage side, G= Ground.
Megger result taken at 15 second interval and Megger result taken at 60 second intervals
Hence Absorption Factor is Given by = 60 Sec. megger reading/ 15 sec. megger reading Which
should be 1.3 minimum.
N.B:
1. The temperature of winding must be mentioned of test result.
2. Scale of Megger must be mentioned
3. Applied voltage also mentioned.

Caution 3
1. De-energize the transformer and obtain a clearence .
2. The instrument is properly grounded.
3. Loose contact avoided.
4. Avoided Short circuited.
5. Personnel used gloves, shoe, safety cap,
6. Working place must be dry and hygienic .
7. Personnel & equipment in the safe distance.
8. Clean and dry all Bushings

Reference (Standard) value s Insulation resistance is recommended referred to PBS
Instruction series 100-17 . It should be high (in Mega ohm range or infinity)

E.H.V to LVG >1000 Mega ohm

F. L.V to HVG > 1000 Mega ohm

G.H.V to LV G > 1000 Mega ohm ( For power Transformer)

H.H.V to LV G=0 ohm ( For Distribution Transformer)

Comments 3 Insulation resistance is important and popular test of transformer. It is the
primary indication of health of transformer. It can be easily carried out at site.

Continuity Test

This test is made to see whether there is any wire breakage from one end to another end of
each winding.

If there is any breakage it will show high mega ohm in megger reading. If there is continuity
it will show zero ohm in megger reading. . In case of short circuit between the winding layer,
the reading in meggger is zero. But it can be identified by turns ratio testing.

Reference (Standard value):- Plz Referred to Insulation resistance test & PBS Instruction
series 100-17 .

H.V to HV = 0 ohm (For power Transformer )
LV to LV =0ohm:
H.V to Tank =0 ohm (For Distribution Transformer)
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Polarity test of transformer

General s Polarity tests are primarily required for paralleling or Banking two or more
transformers. It is an indication of the direction of the current flow throw the high voltage
terminals with respect to the direction of current flow through the low voltage terminals at any
given instant in the alternating circuit. It may be additive or substractive.

Purpose s Without identifying polarity for parallel operation circulating current flows, sometimes
causes dead circuit.

Apparatus 3 Galvanometer, DC Batery source, Megger, Clip on meter. Some, Wire.

Circuit Diagram

Hy 1 —— - X2

Procedures 8

A battery is connected on high voltage side. A galvanometer is connected as shown in the
figure. Now when the switch is connected,

1. If the pointer of the deflection meter deflects towards +ve, then the transformer is of
subtractive polarity and

2. If the pointer of the deflection meter deflects towards -ve, then the transformer is of
additive polarity.

For three phase transformer Standard practice is that when H1 & X1 are adjacent, the polarity
is subtractive. And when HI1 is diagonally opposite to X1, the polarity is additive.
Caution 3
1. De-energize the transformer and obtain a clearance
. The instrument is properly grounded

. Loose contact avoided

. Personnel used gloves, shoe, safety cap,

2

3

4. Avoided Short circuited.

5

6. Working place must be dry and hygienic.
7

. Personnel & equipment in the safe distance.
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Resistance of winding

The D.C resistance of both HV & LV Winding is measured Directly by Wheatstone Kelvin double
bridge. The temperature of the windings during test must be mentioned.

Voltage test of widing

This test consist of (a) separate source test, (b) Over voltage test. The H.V. Winding are tested
to the L.V. winding are tested to the L.V. Winding & earth.

All the ends of the L.V winding are connected to earth along with core and tank. The primary
side of the testing x-former in energized from normal supply.

As per B.S 171 the following table gives the test voltage at different system voltage.

One minute test :- Qil immersed x-former

System highest voltage kv Power Frequency test voltage
1.6 KV 16
7.2 KV 22
12 KV 28
36 KV 70
145 KV 230
170 KV 275

In the Case of the x-formers which have been in service, the x-former should not be
recommissioned after repair unfit it has passed separate source test equivalent of 75% of the
original test level.

Induced over voltage Test
In this test specified test voltage is applied to the L.V. Winding at a Frequency higher than the

normal balance power x-former are subjected to an induced over voltage test for 1 minute
equal in value to twice the normal rated voltage. The Frequency should be increased by at least
100% of the normal frequency

Test of Faulty x-former.

1. Physical Inspection.

Continuity test.

D.C Resistance test.

Insulation test.

Ratio test.

(a) Voltage ratio.

A

(b) Current ratio.
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Transformer Oil Test

(F) Insulation I (R SRR () FEEE SreT AT ) W e sea(is cw)

Types of Transformer Oil

1. Paraffin based transformer oil
2. Naphtha based transformer oil
Properties of transformer insulating oil /Specifications (Parameters) of transformer Oil :

Type of - British Standard
S/N par};pme ter Charateristics (BS148-1972)
1 KinematicViscosity 20°¢ (max) 40 Cot
2 Physical Flash pqint 140:0
3 Parameter Pour point -30°c(max)
4 Colour pole, Yellow
5 Density at 20°c (max),0.89 gm/cm?)
6 Electric Dielectric strength or Breakdown voltage | 30 Kv (min)
7 Specific resistivity at 90°c 30102 Q-cm
8 parameter Dielectric dissipation factor(Tand) 20° (ax),0.005
9 Water content (In Drum) 50 ppm (max)
Chemical Water content (In X-for) 15 ppm (max)
10 Parameter Sludge content (Max) 0.10% by weight
11 Acidity, Neutralization Value 0.03 KOH/gm (max)

ey, GATANR (ST (G @@ 4RSI (53 TR | IE BT (535 E S 4T & 8

Dielectric strength of transformer Qil :

General 3 Dielectric strength of transformer oil is also known as Breakdown voltage of
transformer oil or BDV of transformer oil. BDV is measured by observing at what voltage,
sparking stands between two electrodes immerged in the oil, separated by specific gap. Low
value of BDV indicates presence of moisture content and conducting substances in the oil . For
measuring BDV of transformer oil, portable BDV measuring kit is generally site. In this Kit,
Oil is kept in a pot in which one pair of electrodes are fixed with a gap of 2.5mm between
them.

Purpose ¢ Transformer oil is used for insulating between core & winding, winding & charging
parts also for transferring heat which is generated in core & winding to the cooling equipment
for heat radiation

Apparatus s BDV Tester Kit, Vessel or pot, Volt meter, 230 Volt supply, Ammeter. Etc

Circuit Diagram

Process of Tests

1. Dry and clean oil is kept in the pot.

2. Adjust the electrode gap of 2.5mm between electrodes.
3. 230 volt ac supply is on.
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4. Slowly rising voltage is applied between the electrodes. Rate of rise of voltage is generally
controlled at 2KV/second and observe the voltage at which sparking starts between the
electrodes.

5. That means at which voltage Dielectric strength of transformer oil between the
electrodes has been broken down.

6. Generally this measurement is taken 3 to 6 times in same sample of oil and the average
value of last 5 readings is taken.

Caution 3

1. Dryand clean oil gives BDV results, better than the oil with moisture content and other
conducting impurities .

The instrument is properly grounded.

Loose contact avoided

Avoided Short circuited.

Personnel used gloves, shoe, safety cap,

Break the spark gap between the electrodes in every reading .

Working place must be dry and hygienic

NNk W

Reference value s Minimum BDV of transformen oil or Dielectric strength of transformer oil
at which this oil can safely be used in transformer is considered as 30 KV for new oil and 26
KV for used oil.

Comments 38 BDV is important and popular test of transformer oil, as it is the primary
indication of health of oil and it can be easily carried out at site.

Dielectric Dissipation Factor of Tan Delta (Tans ) of Transformer Oil 3
Dielectric Dissipation Factor Gremes (st= tan delta (tan & ) 7T #Iffo® | T4 @FF LRI TFRAGCD
GG FPICAGR TICH R AR ASCTT S 2o AW F4 = ©4F 8FF 3 ey *olizer FIE5 @]1ee =7 | TF IR0
cereBen (Instantaneous voltage between live part and ground of equipment) so- (Fte f7e 5 | &F© ATF
(T PR (NG AT UR-IER0LF SFhoq 77 | 12 IPLefoR (BT foog M &z s orpears
>0 S F angle @ (BTHETF 718 77 | 92 9 (shorter of 90°) angle €% tangent & Dielectric Dissipation
Factor =31 &ewcq Tan Delta (Tan d ) of Transformer Oil 3t | ftae FIE6 @7 GLOT FCHCTFS ICACR 5 G0
sAFGfe 9 fgeie gk st @fERte a1 asfbe (Reactive & active component) . Insulating Oil @3
Resistivity et Tand €9 T4 91 (Vice Verse).

Lo%ss Angle G\) CT

Ir Vv

Toftaa weoel @ hm =08, § s the Loss angle. 3@ W o % wo ©i« | (Tand should be kept as small as
possible) . 2= @ M7 (ot feod Impurities & Contaminants @3 ¥ &am 37 |
P= VICose = VIC0s90° = 0 watt (If insulating materials act as perfact in nature), &8 < 22

I W2 | tan5=& (Coitem o )
C

P= VICoso = VICos (90°— § )= VISin§ = VItand ; Cos (90°— & )=%=sm5 =tan S

ST WA A4S T, tan O is the measure of imperfection of dielectric nature of insulation materials like Oil.
Reference Value 3

Good Doubtful Needs precise Inspection

0
tand (at 20°c, 50 Hz, 1000v Less 0.05 % 0.5-2.0% Over 2.0%
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Transformer Qil Centrifuging

Properties of transformer insulating oil /Parameter of transformer Oil 3

1. Electric parameter ¢ Dielectric strength, Specific resistance, Dielectric dissipation factor

2. Chemical Parameter 8 Water content, Acidity, Sludge content

3. Physical Parameter ¢ Viscosity, Flash point, Pour point

Purpose ¢ Transformer oil is used for insulating between core & winding, winding & charging
parts also for transferring heat which is generated in core & winding to the cooling equipment for
heat radiation.

General s Transformer oil is required to have following characteristics
1. To have large dielectric strength.
. To have good cooling effect or have low viscosity
. To be free from such materials as moisture, fiber etc
. To have low pour point as not freeze in winter
. To have little evaporation
. To be well refined be free from such materials as will corrode metal parts or cause deter

AN L AW

operation.
7. To have high flash point

Apparatus 3 Volt meter, Ammeter. Etc.

Centrifuging Procedures :

Oil can be circulated through the filtering and cleaning apparatus when the transformer is in
operation or the transformer can be disconnected from the network, drained of oil and the cleaning
and drying can be carried out separately both for oil and transformer.

The oil from the transformer tank is circulated through the filtering plant for (i) removing moisture
and (ii) for removing sludge, dirt and solid impurities (iii) for removing dissolved gases.

Begin the filtering process with new filter paper, replace is as needed, depending upon the amount
of moisture and contaminates removed.

The filter paper must be thoroughly dried and kept warm until it is used. Transformer filter paper
from oven to the press without delay. Hours of drying time can be wasted if the filter paper is
exposed to the air for more than a few minutes.

A close check on the dielectric strength of the filtered oil should be maintained. If tests indicate
moisture that is in suspension after a reasonable filtering period, all the filters must be renewed
before filtering is continued.

A centrifuge is more practical than a filter press when sizeable amounts of moisture are present.
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S U TR AT T afefr fermsard 2edm qreeaiy |

S0 I GrETERE SR OFACTI ©F 8 FART A4 20O A |

38 1 fAfiE e Grreaue farefoe e (o AfRRSH, T T, (@HGT G4 T@RH “Afiqen) |
S¢ 1 300% TR AT 8 THATTHS T |

S 1 300% fAowE IR ARG WF-9rF @ ¢ | SD(Service Drop) FHFT (2t Clear 1o (S |
3 1 GRTFINE GRS (g BFOIS NCAF OF, g [AT13% (O JIE F4 |

St I FICoT #113H GRS 2FMIAv 08 SwIRIar #1180 Protection Device 3#19 47 |

s 1 &fsf froxe Grrrawicas @eis @ QrRFTR FeeeT 112 SRR S762C T4l |

20 1| GRTFENE FTOR 9¢ % e & AT |

D T ISR AZAT AL A4 | PR (TC (<R ST T Qe fye = I (AT G «@F T
BI%1 0T |

221 TG YA FMFOII F4T |

20 1 FER Rl 03 A=FF 320 F1C AGIR IRIR F99 |

381 R STEITe TR M Seonifee F4 |

3¢ | SIALSF SCHT SRR (<0 U7 2 |

QY 1| IR IJRREE TG WA Few! @ [@ihrel A7Ew 339 o S e S[aEs F40 |
291 R @3 T feaiierer S TP G 9 SeoTifes <41 |

Qb | JAPTHI FF© MO JZFCE [ TR SWitad 58] 41 |

35 1 ffeq @ 8wl SeTee F0a S TR ZPT FACA |

Works for preventing transformer/conductor stolen

ol 3 Sma vifkefo fwpe | FfR, e, frer, amimam, fg Tonfv cra sl sif-Aifes Saqaea f[Rmgre
o8 eFQlS OfNF 2F ICH APTR | O T@ 8 G A AT AR A, @ I 8 Geewgayet
fyorm TG Fo7T FHGHNLT ¢ FRITT GFOFR| FEF A0S FAHB(CH (AGOS M2 20O FEFANIA ¢ O b
JRC AT 2R | TS (71 @ TIRS'T FoIF FS 20hg, IS 200% Txae | B A GrRTramites SNeOeE QRsalel
Rre 7RRA1R 2o IS @ TOPIfeR FF =0RA | §F TG GRFANER S00 % T ARTHNY I ARFAE FETFINE
e e 2R | WO T GETEANE WgW A ASE THARCNY TS FEANE AR L AR A | R
R SIS 20 AT FelRT IEF RS 2R |

ST 8 Wfe TN bl @iy F9a 8

SRR T 8

S1  Rowe GReRReTR AR A ATF [RUR 3 @ty IR T QRS fbre=a Feorw ewgid |
21 e fee e s1fos w2y sRfere e @ fertets freet |

© 1 B EId I 8 NG @I 647 W2, AGHT, AR FprReae |

81 Ibod Jfemd (M GARTE, (WF, AR (GH) NG AN GifewE Ay sfemr, HERG sffemraa
L ITPFAF AT |

€1 FA eI AL PR I& AT |
LI FE, I, HPIE BE/TEr, R e seifema Smons 5 elfstaiy sTeet w61 @S AT |

Al Grer e AR A1 eferarirer (gfos e 5, myres SRR Soriiv sifvwes ©=i7 fae fadmet
BN

b 1 RS STor ST, SoTeET, (ST TR T i 2SRy S FHCE SCET |
51 el e AeE, [y FIC SICEHAT S @S AN |
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ol
M1

R

MORI
08 1
xe

MU
gl

o 1l

il F¢F @ Sfexe fwEm |

Affex corifere ST ey i =Iecs A@ 2R =i Affon @i 7= Grrea=E b afsy
TVRETHE GI /AR oI F4T |

TrErRy Ao GO GRTEFaIR b eRersl 3 A% | Fie @ 71 Aeod FEeed A0E EFe b6=1 ZT A1 | 0
TR A0 AT ST I ACTe |

ST oM e SR 5@ @ S «a s fagie (1R @ <&0ea o1 SAfPTe Sieee 204 |
BRI /o1 (BIRCAa S{fFTe GTI*M S0 YBRNEs *I1f8 &A1 @ @/ble AT efbiee |

SR B D A < A A M et B SRR bl e B | e o T o T < B [ Lo i i | B IO
T AR ToR € ANoq WANGH ¢ T A 7N &b I @ACS AR | Aroq Fb[I/FNFe! p
Aframe <feie Sfir T (Fq TSR e TR e RAPG QAT eI (TS N |

AR AR (CTo pieary e [RRfre ST S0 @ #I7 |

HAfifew ¢ FamEr afedm ETwene 2T ¢ »fFpaee T I AR I T4 Bo© | TS G
TE2 weifdfoe @EFwa Hare e |

TG IRMCE ETFR S ¢ SR M 7T I | VRS (A FACS AFCT OCF OIF T2 TG
TS A |

% I 3R @ FAferE o2 fea serifer 9 G iRl %1 303 oite e @l e =@ |
Y0 1 fefG GRieraw ©F pfes (Fea SRGF ML ™0 ©We FCATE QPN 41 |

33 1 GT6 G SIS ICe Afare GRTFIR A=A I3g F47 |

FIRER T ¢

S e ot = |

U BIEHl ST 9 |

Ol TARE A5E IR |

81 TN e IR I |

e FEER FRE T I9RE (P #3993 tea1g) |

Y1
a1l
bl

>0
ol

»l
R
MORI

MPBS

TS T3 G TS0 GIFTFAIF oI 4 |
rgfoT et ArSTe 2a1 fAgye Bt (oIt OISH{I T2 (5 '@ (rer< e (vav |

@ @M TR IR (OCHE 0N [ 5O G #1076 =7 =ear Topifvr Goreaws @ ©F piF
MNP 2GR T | QNG A0 SIH T [y SEF SRR AT AT |

oo M3 AP AT AIS 26T |

I TN AR (FACE IO AR T CIPT/TOR MG G =S =7 | TF T3 fqoqel A2 =GR 38
0 |

75 G T+ 2SR AN Y TS 7S 87 (6 HIRTFANF M AT (BT A ATF (TS A |
G5 2T o biegg g A |
SRgreifiie GHTINE 8 M RbIEd MY Fo b I 24 |
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/BB (CT/P T L=l

o= ¢ R E System @ (NGRCTG THGCT6 IR IO [GOIRAGTE ARTS 280/350(81, 800 TS[T «IR
IS @ ~fapifere 2w T | e oy, AT SATY @ I TH (ST € (TO! FT6 TN A |
frorer «RR AfoFoR AT SR (el Fer F41 & &6/ 02w T4 = | qReE THR0Fs FETeasE =1
el

PBS Line CT 50:5

O - \QQOp P
11 KW —_— — =
wvoltage TaT
A . )
y V |p I Load
’ ¢ ) s o y
11:0.24
Symbal of VT Symbol of CT O
X
FipA. Symbels of VT and C7 | PBS I

Energy Meter

Connection of CT/PT with Energy Meter

#f5/CT(Current Transformer) 3

22 OF 4T GO - GETEE [ FRS @fHe Sl «fSt FEe G5 Tied I | &Al3WfF AZee fiere Gief
R G AZCT NFEG7F (2 TRAYF) B ACF | Y00 ¢ S aficaa Fib w30 200 ¢ S FATS FE6 GBA BT
@ | e FEs B 92 Rear I1te 5929 741 = |

S GG I RSB -SeTF Il T4 &y fibifR Fiee |

1 PEBT eibatar &y fifeq et R | @ei Fifba 2|t M2e Aead AZ qR EIeR e e
RIS ATF |

CT @3 Principle 3

BT Principle 20S SIET @i, ﬂ: L) = M | QA (ATF F1q oF 0 ; LES = M T Ni/N=L/I
EZ 11 NZ 11 NZ
or, [N=,N; ;(2&a% CT &« Principle)

iR CT 93 QA FFaite =0 : Qif»RiE-51 2R ¢ aifri 5 ereasifa =g 7=+ |

S5A
Line

JW Reactance [
. . S50A vA VA
Protective Current Transformer is Marked as :

Rel
30/5P10 ED va.

30 means VA Capacity of CT Burden, 5P is |

5A
—1
|

accuracy class, number 5 is composite error, 10 is

accuracy limit factor. c 4
Fig. CT Burden

CT Burden 3 553 caslfi SR M @ ARG (ELIOR =70) I& AF o7 Bo e | 2 el
ARG 2wt @femorst, Fansrm ¢ @ e | G smfers e ream w11%7 ¢ Fifbq @be ereelft Fwacca

cw@ b7 eTE VA T-0 S0 590 27 |
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T ¢ T PG CFCIR FIEH ¢ GTPT, AT 33 (BFo-AfRIE, CLFel o7 fofe @fessr™ 0.2 8= &= &2/
VA SE555 ¥© 24 ?

Y ¢ W G, TeE-afEE, P = VI= LIR=I’PR=5% x 0.2 =25% 0.2=5.20 VA

TOAR (NG VA SEo50 TG = 32 + €¢.2 = 4.3 | 941 %4 VA @37 Fif> e «k 827 Eaeei| FIE ¢
G RIE 70O I |

Accuracy Class ¢ fR5ifR @3 cwg F1f5'q @@t q@erss 0.2, 0.¢, > A © | W & SBIe€ @7 Hbod g
error &Ifas TR Stxy AT BT @rigealt F1 36 |

Accuracy limit factor ¢ The value of primary current upto which the CT complies with

composite error requirements. T MYETSE ¢ S0 A 3¢ O A |

Phase angle error-

The phase angle between primary and secondary

currents is not exactly 180 degree but slightly less than

this value; The difference angle between I; and I o
reversed vector is called the phase angle error of CT.
e Bifo/Pifba (133 (2fF =0© oi® w@ibT  (FREIE ) «JR IR e
“femisiF® T (Actual/True) &= AEFRF AL “HfT4FS T
(True) @< @@= 363 Error #ieql TR |

Es

1. Nominal transformation ratio (K,) = (Rated I;) / (Rated I,) = (Rated V)/(Rated V>)

2. Actual (Measured/True) transformation ratio (K) = (Primary current I1) / (Secondary current I)
Ratio error B = (Ka-K)/K (P1 see the above fig. Ii=Ip, L=1Is, Vi=Vp, V2=Vs)

Ratio correction factor (RCF)=Actual Ratio/Nominal Ratio = K/K,

T I BB (2T (96 20 2ie AR ¢ ETIS FEs IAWN ¢o ¢ ¢ I T 4R IRT ~RWrFs
JI5  TACHN 85 '8 8.5¢ AT 2, o K= 50/5= 10 @ K=49/4.95 =9.899

TTF % Error = (50-5.b55)/5.b55= 0.050% = 3.03%

Composite error s The rms value of the difference between the instantaneuos primary current &

the instantaneuos secondary current multiplied by the turns ratio, under steady state conditions.

S 655 (CT Test) ¢

1 ZPET (B35- I2NI - EFSl @R AIENH-3(6/aACT  ZPqemia |
20 AFIRG G5 |

ol 5T e (635 R=(Primary current I;)/(Secondary current I,).
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FBIIGC IR FIT 8 2L

FrTod FPToR $MT o.¢o FMI S0
FBITTS TGP HR-IBIOTE  BIAGLND FIRCIG 0T, @255 «aIfer o™ @B @wifer o=
power conductor =— cuprenl ----=

NoFo! 8 TN 8

S iRy B3fer wReew e fifvtew «kR G«
T2 37 @36 e Ao Fare =7 | Wk AouET
T FACS (A |

21 Fifbs ereef F4Te etolF I A@ 11 2T
T[T INAT e[IRS (A AR FCFT EHCAT
AF | T PRIBIACS T (SIC68 Sf 20T ST
B T 4R TS *F 20O A |

ol PFEIE SIfsfaE 3 A0S &I ey 71 A0
TfoRe/criieT T 53 *I5 G =0 2113 |

—cT

1

ur:_leld connection

or safety) clase swilch BEFORE

P discomnecting ammeter!

&
0-53 A L;;cr movemenl range

i o1 SR (THT IRE) 2 - POrRA aR GFfo

R fftey =T @3- gorRe fifer w1 wp | Hifs

TREAM FAT Y2 MOF AFCS T(A |

#5/PT (Potential Transformer) ¢

T W@ SBRCAE (OIC0E NAR & JI%© X | 22 T AT 671 TIOH JIETeasld Al #a AC ==
TR grom 9 = | P @fs veoco ¢ 280 IR AENIR vOCo(ET Uk GTFEE 8o | 6T T=RIET
B & LG OB RN A TR (SITHE AIRT (AT IS @8 SR (CITbe GBo Tleq FCa (=1

AN

Ratio Error(a) = (Nominal Ratio — Actual Ratio)/Actual Ratio

a = (Kn-K)/K

5 G55 (PT Test) 8

1. Insulation Test.

2. Polarity Test.
3. Ratio test.
4. Phasing Test.

ofel (Precuation) 8 I3 ¢

1. vl 8ef re (@9 S_gres b AfRE a1 &7 |
2. ORFel TR «F e AR Aoy F90e =04 |
3. efEfa TR w3 [EGE Bifsae aftres 2re 27 |
4, SR ATTHET QTS TR F9CS =0T |

5.

MPBS 70
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TSITvE @BTE0T

(Voltage Regulator)

IRAT ¢ It is a device, which will provide a constant voltage output under varying input voltage &

current. (3& U39 3> 37 T SIS 96 (OTTE 8 FACHT AT [AWE ATTT TG (STTE HIRAIR
IH) |

Functions s (ST @O oy TR 8
1. Tt increases or Decreases system voltage J
S Fifeer et @reseBTe |

by some mechanism
. 31 (P 8 I |
2. It plays auto transformer rule to increase
o1 B (o (PR GRS ¢ TIRES GIRe)

or decrease voltage.
& 81 “IferTe BferFo7 |

3. Maximum increase or Decrease voltage is
818 | ¢1 ARG 2

£ 10% S ol Gl TS
4. From neutral position it changes | e «T5

maximum 16 steps both rise & lower | .y s5g sirezra =412 © F1BH

direction 51 @R 735
5. Each step changes 5/8% voltage. sol eIk 725
1 fFge 51, Ifoe 018 8 [urigq |
TOIDE @EE0F Y2 AF(F 8
1 ST 5127 @ Q1 B B1ES

: | A

TR Ora (S [@RTE6ERT QRN (AT 34 |

TG/ @A TR TOCDE @ST6F 8

S (TR FEH LS (PR (RTGHY),

Q1 FHR ~ATeT= 5w,

ol Fee,

81 coIfar

AR T CTE @B 0 AT 3

51 900/ Y@ Y QI ; (So @Sy TATHTY TR &)
L O I ; (¢ @ufSq T2y JIREE &)
Ol 500 I ; (Frosel =11=ew =TT &)
Gif¥aret 1 IR oft 8

>. GRT(S), . @E (L), ¢ ©. ERf-tare (S-L).
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@I &6 ¢ S-L-SL=00 ohm, S-L-SL-G=1000 Mg-ohm

1. Equalizer winding 8 It is used to minimize the circulating current.

2. Limit switch ¢ It is used to control the regulation range. Current carrying capacity can be
increased by reducing regulation range.

3. Reversing switch g 3 e tenfifs (@feflbe/GRbe) e T4 =7 |

4. Holding switch ¢ @ s Soca famye =R ¥4 = | 2Q @3 €709 Single pole double throw switch.
5. Control switch 8 To close & open the voltage regulator thereby changing tap changer.
Internal PT Ratio of Panel board = 6350 : 120

T @SELED dea 79 (Control Knob) &t 29 ¢

S @16 (oI SV (IFTE TITY (Y (A (ST ) = S0 (BB

213 T2 (B/W) =3, Voltage range =SV £ 1/2 BW =120 +1.5
ol BIRY e+ (T/D) = 9o/80 GTLHE |

81 #1139 g7 oo (LDC).

34l (Benefits) :

ST (T Y (10T [FCTSNT SeT I AT =T rerd ACY |

Q1 AT HEE IS |

Ol TEBF IR AT OF Ry IJI=E IS |

81 fewe g« TR TSl AT/ |

¢l fIsze agR <feu offs [fare w=m |

ey, PG 2068 MG (OUBG @EEHR (& FAC/ACC T | @, GF6 0 FPRIEE ©rse
QUTOET AT (@& IO do oY TAHCH FIRT F41 WO 2IH |

Ao ¢
S 1 2P 26 FE FAF DA (OI-08 ([RRTALT (GG G WMo T(F | (@@TE0F 7eqr A =ity ©f
RF T : @32 AL
) faegE qifs &,
<) “AfeeT 2GR0 ¥ TG A 8
o) fOOTa TN 1% TS NG | AT 9T NI AFCS (S |
1 TAEH 8 FRA (SICDS (@A G TR [qeany aw- = B O @by Ty £ To (99t Te=
AT S ¢ T = IR0 FA© (SIEB8 @EToead fere BIRN |
O 1 (I (DTG RITHR FIRA (TP N I V1 326 6 ¢ C 726 WL (FIETT IS (A |
8 1 foFOI arefr /R el Fars = d |
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TOICBS A TP (Voltage Drop Calculation)
(3% : AT FRHRRAT Soo-2> TPRaf=r)

Voltgae Levels 3

Allowable Variation Phase to Neutral Phase to Phase
Maximum (105 %) 241.5 Volts 418.3 Volts
Nominal (100%) 230 Volts 400 Volts
Minimum (96.5 %) 221.9 Volts 386 Volts
Voltage Drop (TSIt &) 8
e D TOICHS Gt (CB1B) | TOICoe Gof (*readl ) &y
IR =18 L. ©.0%
ISISERRR LRI ©.¢ 5.¢% T3 (SITBE o T A5
TIPS 8 8.9 2.0% RE P50 A& (O105e §2f =
PSR Jree 8.9 2.0% 383.€-335.5= 35,9 (O |
G .Y (OB v.¢ %

TOIDE G FTETFEH ¢ @I e oo faca fJaye eqifze zewm swa Sae @fEhoe ke SRt @& w@me
(SIT0E Bl & | G (F(@ 920R 9@ (V= IR ) FPRe7EF R (ooe G 7y 41 T 1 @R V (ose
g1, I @7 S5, R AR @&om | S 7Y A% o FEhnIe ¢ TS 07 8 IS
Reactance 01 | Tfersi™ 8 Reactance (Faab7m1) @3 Affers e 2FHI0Es 01 | 3QHA SO SIN@™
Ta a3 | (Olvw g fomeet o o<itaa 2@ A ¢

1. Resistive Voltage drop (Vr) = IR

2. Inductive Voltage Drop (Vi )=1X¢ = AN 5o lc

3. Capacitive Voltage Drop (Vc) = IXc A - - | -
Xvt=wL=2nL

(7= 22/7, f=50 Hz, L=Length of conductor.

Same Current (I) Flows throuh the long circuit

Xc=L (c = Capacitance in farad)
wc

S (I TR (RGBT Sl AT e 1T T2 (o1eber G foiefar vl T 8
Amp x Lengthx 2 x (Rasis tan ce/1000 ft)
1000
1.732x Amp x Length x (Re sis tan ce/1000 f#)
1000
Q1 I @A ARKRT Ao (FT (Area) Sl AF OF WCAEod $2F (Sltbe Gl e 41 T19 ¢
2x Amp x Length x Cos 0)
A.Area
_ 2xLengthxVolt x Ampx Cos0)
B A AreaxVolt
= 2x LengthWatt) (Area in mm* Length in meter, Volt
A AreaxVolt
means Phase to neutral, 1= Conductivity in m/ohm. mm?)

RorTrs (OB @1 (VD, 3¢) = 102 AmiXALength x Cos0)
.Area

GFEe coleoa g7 (VD, 1 ¢, 2 wire) =

foqtere coitte g (VD, 3¢) =

GFEe (oo g7 (VD, 1o, 2 wire system) =
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Lengthx1.732x Amp xVolt x Cos 6)
A AreaxVolt

LengthxWatt

A AreaxVolt

RE System & 4Reos fIIeSItd (S5 G FETPETA Fel 0 A |
KW x Distan cex VDF
1000
_ KW xdxVDF
- 1000

eI g (VD) =

KW = Load of line in Kilowatt, d= Distance in KM, VDF = Voltage drop factor

(rCos@ +xSin0)x 230
(KV xKV)xCosO@x P
r= Resistance in Ohm per phase per KM of line

x= Reactance in Ohm per phase per KM of line

d = Distance in KM of line.

6 = Angle between current & voltage

P= Number of Phases.

Voltage drop factor(VDF) =

fJfeg s@1%Ea Voltage drop factor (VDF)

S/N Conductor Size VDF Phase S/N Conductor Size VDF

#4/0 AWG ACSR 3.9452 Single 0.0677

! — PENGUIN 0.9197 Three 8 WOLF at Pf0.95

) #1/0 AWG ACSR 5.9825 Single 9 477 MCM, 0.0514

— RAVEN 1.5501 Three HALK at Pf0.95

#3 AWG ACSR — 9.3890 Single 0.1028.

3 SWALLOW 2.6856 Three 10 4/0 PENGUIN at Pf0.95

4 DOG 0.8860 Three 11 MERLIN 0.0643, at Pf0.95

5 RABBIT 1.4363 Three 12

6 GOPHER 2.6069 Three 13

7 MERLIN 0.0643 Three 14

MVA-Km (Kilometer of conductors to be used for design line for given MVA)

Source Voltage, Es

Load Voltage , Er

From the above figure, I= Line current, @ = Power factor, R= Resistance, ohm/Km
X = Reactance in ohm/Km, P = Number of Phases, Kv= Phase to Neutral voltage
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Es = Er+ IR CosO+ IX Sinf (Vectorically summation)

Es-Er=1IR Cos@+IX Sin0

Or,
Or,

Es- Er=I(R Cosf+ X Sinf)
Es- Er = Kw/(KVCos 8 P) x(R Cos 8+ X Sin0); (Voltage drop per Km line )

(by side change)

(by Setting the value of I, Since for balanced load, Kw=PKv I Cosf, P= Number of Phases)
. Kw-Km = (Es- Er) KVCos 8P /(R Cos@+ X Sin@)

Name of Type of Line | MVA-Km Name of Type of Line | KVA-Km
Conductor conductor
4/0 3 phase HT 8 #3 1 phase LT 1
1/0 3 phase HT 5 3QD LT 2.5
#3 3 phase HT 2.5 3QD LT 1
#3 1 phase HT 0.80 1/0 QD LT 5
#3 3 phase LT 2.5

Losses in Large Conductors

The Kwh losses per km of line per year were calculated as being equal to

(PaekKW)

MPBS

> (Resistance per phase per Km)(Loss factor) (8760)

75

(KV)’ (Power factor)’ ( Number of Phases) (1000)

Hence Loss Factor = 0.85 (Load factor)’*+0.15(Load factor)




NS o F6 7z (Faults in power system)

33KV
Feeder 11 Kv ACR
¢ $ / Feeder No 4
| y

g
S/S é}é /Fault

AN PCOER F+0 RS R0 O T 23 ¢
5. Symmetrical Fault 3 ¥37 51307 for (Fq 4@ T6 & G &S &F0& AN AT o6 FF5 2qze
T oF Symmetrical Fault | U@ @&@e § (F& G50t AFT s20 A &1 @ @77 T for
(TG GF6Q *5 ARCET AL TS A |

n

Grid

3. Unsymetrical Fault ¢ fs7 & 71207 @ F067 0 &S (@F0er A0 ARWE 6 IR0 271fEs =7 71
©itz Unsymmetrical Short Circuit I | GTFE @& § (F& GFTH “[14FT SO | @ 4@ 6
FoF THIR 70 AICH | TN = (Agyfod =207 #18F § #1296 (L-L), Fiestet =12+ § aiee &% (L-G) 8
TR #13F § 8% %% (L-L-G) Fovew wfsdr* #5628 Unsymetrical Fault. gRers; e § A0S

T (A WG AT |
Symmetrical Fault Unsymmetrical Fault
R R— R R
! Y Y Y —
4, ® — T
I B —l— B — B
IR v v
- i L-L Fault
Short cirenit Line -Gr Fault ) au L-L-G Fault

Symmetrical components of unsymmetrical (unbalanced) Phases

Positive sequence Negative sequence Zero sequence

<« «—
Is: Iri Iv2 Iro Iro
—> / Ivo \
120° 240° /
Ivi Ino
Is2

Equal in magnitude, having positive | Equal in magnitude, having opposite | Equal in magnitude & having zero
or normal phase sequence & 120° | (negative) phase sequence & 120° | Phase displacement
Phase displacement Phase displacement
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Current in Phase RYB

Voltage in Phase RYB

Ir= Ir1+Iro+]Ro

v

Iy = Ivitlva+Iyo

Vr=VRri1+Vr2>+Vra

A 4

Vy=Vy1+Vy2tVyo)

v

Ig=Ip1+IB2+IBo

»
>

Current in any phase sum of Positive, negative &
Zero sequence current

v

VB=VB1+VB2+Vno

n
»

Voltage in any phase sum of Positive, negative & zero
sequence voltage

Operator"a’> : When multiplied to a vector by opeartor 'a’ it rotates through 120° in

anticlockwise direction.

From definition we get

a=1.120= Cos120° +j Sin120°= -0.5 + J0.866 .....(1)
a2=1./240°= Cos240° +j Sin240°= -0.5 - J0.866 .....(2)
a®= 1,360 = Cos360° +j Sin360°= 1+j0 = 1

By adding equations (1), (2) & (3)
ata’+a’=0,ora’+a+l =0

I ] PIEB MR T TR AR, e o #ififbe

> wgd ¥ (Temporary Fault)
> IR MR AR wfielt
D1 R e
> ST (e b (e e e
>

g8 ¥ (Parmanent Fault) 3

FIE P /@ RO | ey, frowel BIOTOR bo-be¢ % T ag eghod ¥ |

> ATeT R (TG OF RT O @FCed TR AT 2 *5 Z0F T K |

e fod (Fee =I5 20T AT |
& 0ER A TG OIF *15 20 AT |

YV VY VY

(TG O ACT 1 NoF T2 T 12 *15 20O A |
TR TR ST MR/fFR AT =2 *I5 =S A1 |

09 (FS ARCTT T2 AR T2 S (T 7T A2 T 27 |

TRy, FIG QIR AR e F64 (503 (F& FCH (FA 20T AT |

TERS T (AF 2FEO0T0, SN FHE & Protective Device J92F 41 =& | Protective Device
Protects healthy part from unhealty part of circuit under fault or abnormal condition.
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fFow ¢ MG @R (Fuse & Lightning Arrester)

% (Fuse) ¢ 21 @ «@ia req smd/Metal =1 Tt 1 A5 Fifiees aee <41 291 339 foeq facm
SfSfie FEG @INRI TCA O ot I | T o Y@ Ao faulted part e f[fvey =a 711 32 fee
R T AIHCP T (A |

ARl W, SARRET FEST, T FACS T A, FET A2 @ AfaRe A |

e I @R 3 row 4Fers/or wiefie “=w 1 20a a1 71 A0 o SREE JE @ AR F6
IR FACO ACA |

TFOfeR FIFH ¢ THEE @ AR FIEF6 327 I T G316 FOE GRS (e I 6T T ATIOE T I
S fFOfeR FIEH 0 |
Fow @b 3 T FECeT 5.3¢ & 4 Fow faey a1 27 | 3312 fFow @b |

e W3 T ¢ ~1e3a RFoE( (O1Dw) ¢ fFow (-t | . (—
2 RO e freer, G fFew 8 Grteawq free 2o row #ffow |

Few «fFmyesa S 8
S T T
1 T Atz
Ol HFTHTE S ASIYE
81 MY e |

Lightning Arrester 3
3 GF AT (S YoFBS T3 Il 16T PEsrE ToF
2 T (OIDens NMBrs I AM8rs 1fRe 0 | 2 AR A
BT AR SRYR G2 41 =Y | Ao [ 2= 9o
TG AT e I | IGATS Tl (FF I oo 22 ceeve
SPTCE 27 *M5 AR oI I8 67 |
BT 6T =H | (@,
SI I a7l @
R - FRE THEsIa (CorTe Jiae AL 32 (@GO FN) |
0N 1 #AZ SORCOITTE /T2 (SICHE AP ™I A @
SR FF T F(F GR A T 2 | T -GBS
FRCE S TOICE/F0 NHGTS 5T ¥ | SO /A @
/17 To-feferae TS 22 @RPoIsT (U @3 "I ATTet 7-
Wﬁ?ﬁ?‘( 7 | Lightning Arrester
FLGR AIRPBIER SIS : =

S, @T5Ee e

2. GO GBIl AR5 WiEEH |

_me
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e/ strerg (ACR /OCR)
ACR, OCR 8 CB Tt 3@ &i5afoe fGezs | ACR, OCR 8 CB @3 tay A1y fama

T ® IERE] ACR OCR CB
N ¢ ol Automic Circuit Recloser Oil Circuit Recloser Circuit Breaker
N :ﬁﬁ' ¢ I /STIFAN T /I T /ST
" iﬁmxﬁi el lacat ot AT Tt
8 ICGE 3G /G BEvinsd RG-S NI
¢ ARG TG FIG TRAGT FCIH AR FE0
Y e TG FRACH (TN FIECE | AT FCAC6T e FICAC0 ofGR e Cé T N

@B (ACR) 8 FTEOCR (FF S0 T8I0 T2 fowta e/ sfelie St oqifes 27 | 320F Tv
FIET 0T | 3T TORSEE (A6 FIACHT Woee 27 | TS a6 Wi fowd e gaifze =1 G «a e
ACR 7f¥5ta 66T W 20w [tz 3563 | s ez ufeie 8 g (I8 Seme w41 == |

Fault occurred in line (feeder) so ACR will be
Line ttripped automatically, Thus It Protected &
disconnected the halthy part of Circuit from faulted
ACR Fault part under fault or abnormal condition

S/s

AT QR FGET ¢ RGNS FCGET

TS AT | : ;E
SIREF® FCEF- X EFW 3 Sl ST =ﬁ|;}_d}:..’i = 3 o E
EHRMET ¢ 21 TN FGRET e

JIEGNE FGA- 2 AFE S ST
THEAGT ¢ 0 SN THRAGT

OCIFAN  FHRADGE- 3 &FE g S R
TECGFAPPE TR OR R NRAEF PR B |

J(illl :
k-

forcTe g fovrzre ybmem
17 ] B0 1R 4a0R «iotens = =1 8
3109 (e e @
5 (S @frer |
WIE FHRPBE 3 720w @ et oy R-ramanas e [(ivey 56 a® @6 awpifie 2 s g

(A | 32 MR AT 3- Sl G 512 NS THRFGE 8 Q1 SIFAN 512 NF SORPGR

SRF TQRIOH $ 6rze 2RI fiftar ot F1e 0 | ATt s Tga S oo 0 | IR FH5 @
P HT O T SR TFm NS (O (<1 I0F (73 |

SIIFAN B2 S STRMAGIE ¢- Sy Ta@reifie fifew o wre w0 |

Toem 1 AR R g ¢ @b «g Reaoy [Raw s

S @SR goiTedr geas e ¢ R w56/45 76 Fess.
2 FIRFAT +TC FICEG,

ol 5T @b 8

81 ToF MET Ffre Sy AtbFb fTeRrR AN (@ 1-SIC |

BT & IR AR 7 Teher 4l 8
Fuse Rating £ 11KV ACR £33KV ACR Z Grid Breaker/ACR
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gfreg @It (ACR)

S (TG I T FE0 A AL A AT T6 FCA6 O I FATTHT FRLAT
8| IS @B e (it 8 vl (1T (@I B&1F st / Ivarr e |

B3k 5127, T (679%) = TDX(———+5) OR TDx(—2

MB -1 MB -1

—
>

For Nulac ACR
(Hence, TD= Time Dial, a, B, & = Characteristics Constant, M=
Multiple of Time Dial)

Cperatin Time (Se¢)

Pechug wikee

TD &3 NI I© 3% Gk 5137 v 71| 318 T =15 2q Gk 512 vo ' p—
FAE | T FE0 T (@A Gk 513N o6 F1 | (<10 o7 7337 )

-1/
&f el b=z oft 16 24 |

1. ANSI 2. IEC 3. EEE Time Current Characteristics Curve

Sub Curve 8 ACR /OCR & Circuit Breaker
1. Standard Inverse curve,
2. Very Inverse Curve
3. Extremely Inverse
4. Long Time Inverse

P @7 Fre @w «F S

S FOIF0 AT SfeFod

Q1 F9-fegifer ==

Ol AT FICHEH

81 AR AL ZICT |

GG S AT S - G T2 AT AR o (F S Tt e @I AT A0 |
YT TN 32 AR 8 (F T 5= SIees 204 |

PTG FCRT AT oI AR 3

Sl 28 (TG (efsfG 2 o5 X6 IBRT Fifdcer e AtF) M= Fyrefr FoET,

21 280 (O «fT B9 HreT

©ll 8o UFPRF-SINSF 21K (T HIGIET BTS |

AT 8 TN 8

S G ARTEd X6 3«3 T @ifer AfFmTTe AT |

1 IR AT T (FIfER AT QIR TIIK SFIF 7o = |

© 1 (FIfeR FORG 47 AT S AFPRIET fFew A |

81 (FIfeR FAMET ¢ fFee e ArErsT (16 20e FAYTF 0.¢ 2fw FFe! 2o (A |

¢ 1 > o afeE/eheg -t v & e/ shreF A F=F T I |

b 1 (@FIR AeFET ST a0 (@FC AFER-F 3y &S G e I<ER 340 0T |

UL TG (UG IE & *F AMRE 20© 21 {47 ©F Q=i sAfaqos Fare &3 |

bl RREEE G/ e @ SR (@ifer AT 2 |

> 1« s Gk «3 T @@ IS | T @T ET 8 ISk FUIRE GETEHETER TR I 200 I |
S0 1 QFTSITRR *A7T (TR FCH (97T IOPT 8 MG GTF | TPICHIT ¢ (108 *I5 AT =0 e 470 =1 |
5 1 SBIEIE A7 (&P 0.¢ AT G F(+E 0.3 I |

>3 1| @RTSIR et =16 e 209 |

>0 1 ARSI 2HIC (@SR FIORT O (STBF 05 @R 2 (SI-H1 T9F 2 FoIRT ARETST T4 =(F |
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Circuit Breaker & Switchgear

= e
LF . .

itching Station with 12 Nos 33 KV Circuit Breaker

Munshiganj 33 KV S

7fF6 @ (Circuit Breaker)

Function:- Circuit Breaker 1G0T I F3cH Feoq N9 46 @R S9CI6 20T SO FCF6 (S A2 4
EFRACTOCE T (A A1 [aroIel qvie 07 | FIeed q0d Fo1s NRgee 27 WAED 41 =7 |

A GFIET IS 3

S ARKST Treifie ST (SN IS SN, T, (556 IS0 FIe A @ (I LS 227 g
31 P FCQICT TG TG 41 T |

R0 FR [ TATHCY T (T 22 WCBICABGF HATHD 0T IPRATTOCP 5] G |

M ¢

ARC Quenching Media (S fRSTAR Wr<rw) @3 $+17 fofe 353 MFG @@RcE 8 ©itet ot 41 I | 72T~
1. Oil Circuit Breaker

2. Air Circuit Breaker

3. SFs Circuit Breaker &

4. Vacuum Circuit Breaker

TS @g T fofe T 2 g @,

S 2FOR 8

Q1 SAEHER AFS @R |

Ao GEIER [fog o™ 8

sl e 3018 @1 BIfeR e

20 YR BT R

ol &= TfFG q1 ffoq @7 ferwoa

81 FiferR 0T bl TR /TR =F 26 251w |

TRIP
ca ALEX
‘)‘“ g"—“‘-, AELAY SWITCH
L—] it

BATTERY

et &=
17
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AP EFIET TS 3 T GERE @BT FF6 A F6 FE6 57 F900 | 379 [FHC F0IT @ IR
FOIRCE 2RI 07 | TeIfE SRYR 22 (@Fifer AfRma A | B w6 1 26q 7168 321 JAGINGHIET Srow
T | S0 TG TR YR 9 (6 SR NG FO1F0 SCoT T4 I | FIo A1 Feaa e owes
6 T ONEE @I T I energised =@ F® mechanism @@ ffer IVEE SN FE@
EF2ACTH/AMRGCE faulted SR (AF ST I |

AT ¥ SRGW AFS G0 FBIE separation 4 7R FHC FH1E ¢ JOR FONFH WA WIGHTIH I o0
I’R 7™ 2@ T@ 3 25T O Ty 2 | Teolg O FBIF AT TIO! Y A (SF AHNIGEC I BT
FORHR #Y 47 T = | FCTAF SHF | TS OIGTIG 7o WFe @ ffan a1 agesy e fee =71

1% eIt af® (Methods of Arc Extinction) —
1. High resistance Method
2. Low rsistance or Current Zero Method.

Arc voltage 8 9 T REAR AR AT FIIET I3 2I0F @ (F (SIC0& #1AT AW O =5 Arc voltage

Restriking Votage $ I Teoig 2e79 7oy TiF6 GIFIET F6I8 A0 @ o a1 wr sieas 7 6 @
GHfETcT S eIbe sinewm qI7 |

Recovery Votage 8 S o7 o7 A6 @I F0I1% A0T0-9 (T (SICH e T | 32 36 (v
G A =T |

NEG GFET B 8
S TCIE RGN (@Fee AT

Q1 eI sAffgfers =t 2re we [itey /etoiw w19 wwer
ol FFET FO1F ¢ o FHIF ST 2ETF T TATWe AF Fo N e |

T S 8

Sl ZPIETT Wi

QU TR ST AT 8 A qS[Tam

Ol 7 (O AT AfRerS 20 T A1 =AM 171 B T WS A e |
ToFS! 8 FAAT 8

S ISR TR A @R -,

QU FOIE MR AGF SR fF-A1

Ol TSR 70+ @ N #oF g -1
81 e AT =t

@1 R TE e

b1 FGCFPTIR A 51

QI I8 FAEY fF-47 |

MPBS 82




Protective Relays

A Protective Relay is a device that detects the fault and initiates the operation of the circuit breaker
to Isolate the defective element from the rest of the system (22 ¥ S8 T 4R PEHTR  I76=T we*
(healthy part) 2= ftfE® (Unhealty Part) Skl/292AC00F SREACED (WN=1W1) T4 s A6 G@ieas
AT @ /A8t eI S 1)

@5 KT AFET IS0 ot 3 G e e[S s (i =ee -
s1 15 3 3= eiEwifa Tafer M¥E wigeag e Pifkce e
W’(WWW| Trip coll ————— Battery Trip circuil
\ =||: /—'——— rip circuit
21 FfoR erawlfa Tafte qR [T wabe e @3 gim] s eweens
T Affe @G e | -
7 \L‘-——‘R contacls
ol 4 a1 fof 7= “femifere Bot G s9a @t @1 : g
IR, H T, Rt IO ¢ SEFRIA O ot & Bt ey con
AT | T - :
BRI G (Piff) 2re erareda 280 A S0 e Faun
(o1 R foiea b oty et 271 | Smibaiie
protected

TN A R (P G To6 e LS TRINGIEE TR (SI0TE, FAT € (F& QTR Ao 2| «F
31 GFIEF *FRMCGIET Afed 712 e @3 e w6 oS, e S ¢ A6 @@ G Ao e
T I |

LR (P SR o6 T *T AR 20 T ACH e A a6 e]ifee =7 | T2@ werefore b srges
= SR fooa e @@ 16 2RifTs 237 | 320 e G 36 iR FoI90 (@Ifer @3 T G i
BRI AT &F I | T R0 G T G (@rer =030 I | FHiEr zve G ks oge eqifzs =7 1 1S
F@eEa ot Fee oo /Cww (energized) RSIE T ARG IR FEDL GRRlfe FREFTO! 6w
(actuated) 0| TF (RIGCR AT AFT GFR AR FATTE g F07 | PEBER Fewoa 11 [T
BTG /AEAE T SH 2O NI (W) Fh0 [RI7el grie 8 TFEATTOd FAFNOA TS (ACF T
FE |

=R Pve Abfre ey gweae e

1 SfFFTes e /feoee™ [ieet ¢ @ w i arrefiom, 2wt a1 fanss™ 229 pre-determined Value
2o W I (@ T @ [T Fe I |

31 Thermal Relay $ &9 §25T6, AT 1 F@-iifon siomiar 227 57 4ifs 4 (pre-determined Value)
O ([T T @ /e o6 I |

Ol 47 (A-C) GG SO S [ ¢ SISHAF AT SHAGTAGIA (I ANFoT AbS A FI6
@G (1 2 I I |

81 ¥ (A-C) FRY-TCa S FED [T § 37 @6 a1 3ver! 513y FesifFos am a1 ARG Feas
5% AT ([TT (N IS I |

el @i (A-C) SO TOIHS [T § 32 FFD SoRrerss 2 F1& I |

vl Differential Relay ¢ %2 31 stoifss S ~raifioEd (F1E6 tove 295iw) Phasor Difference
©itwd pre-determined value(9¥ éife W) =e @ == [TPahre [ Fe 37 | 22 GEFNET O
AR TerT STEF |
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o = o o =

y Pestl Fesiz '
1 oP
]
1 i l j 1z I
1 i

H. Ralaw

Transformar
Tank

™. Witing 15 Trip and Alarm Ciecults

Buchhelz Relay Location

Figure M Hicsd Bl ivenlical Bolay

1 Buchholz Relay $ 21 GPFSIRA AGFTAR & UIE FT & | GEIFANEE AOTSA0 o6 (@ - S2IBR
TP @, (I SNl I, TOET (FT0SeT S0 AT TP | BT GIFRFANICER BIRS 6 FGIRCO5 L NI
s1fgs @36 Gas actuated Relay. 229 WGT Sk* - SR ot @3B w057 et wirear I6f 526 ar «amf
AFGF AL FS ACF | (”G AT ¢ (Incipent fault) @b @t (x| feea sefba I 385 @6 A=t
TR T2 ITPIE GRTHANIE (AF FASRCOHCE (0 QIR 04 PACAT AF | 32 Gt 16T AN NS | I@ <@
T (A5 MET, ST @) W NS @R G MO AT TR I @ GRS TOO (R
SFTFANICR I G (B35 g BT Bl FA00 T | @ KR0OF [{eeice Pifereitest 8 (on1 G9=d 341 =7 | Fiferiteet
TEHR TR0 0 GR (071 Fifer o1t e 63 | MR (A0F N6, IR G0 (o 14T eWI ICH | o,
TOCe Ofrpl 9% &g |

»1 Restricted Earth Fault Relay $ 3 g @it o 1 904 |

vol W@ fFFwaf™ &1 (Under Frequency Relay) s F50R gl fdifte st owar 3o tocet @ [t
Sense A ARG FFACE G 47 |

[SGERSIRER
1. Selectivity
2. Speed
3. Sensitivity
4. Reliability
5. Simplicity
6. Economy

Pre-=et S’ (Pick-up current) ¢ & @ SN It [ew fTog M a7ifze o= S 99t o s
SICF PIF-SA15t FF 0 |

FIET @GR 3 ATEAT V@R F1F o FICIT WGICE6 F41 | 0 FCAER THA GNIfoR F0a @ F1er 100 41 27 |

Pre-S% SIS = PifG'a CFeRT ([@BT FET X I GO | (T CORIIEG [ FIE06 Ehoe @1 FCECed
3¢ % | TS e 800 ¢ ¢ 2= T FoIF W FIED 20T ;

Pre-sit FES = B3 G GO FEE X JIES GIoR |
= @ X5.3¢= V.53 PRI |
e fowa Mt v.2e G717 31 S G @@ FIS 2RI 20eT TS {01 SATCAG F90F |
Plug setting multiplier = Fault current in relay coil/Pick up current
Time setting multiplier = fzEceR fAfite SHGHIT= BI2T QeSS F |

Time/PSM Curve It is the curve showing between the time of operation & plug setting multiplier
of a tropical relay.Horizontal scale indicates P.S.M. & Vertical scale indicates operating
time(second).
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e @ WFG G iEa T ALy ¢

A e fFG G

o> | IEHGHIE MiFE fafey Ffeit reIE SR ARG Fo CRHANE @A
(oTTw, 0, FPEht Torv fiaeq) FfEoe | e At ey 03 7 |
ATIG F R T CSIRAE A0 ST 7T |

o} | TR FifSa erawiE e IS AT | SRR #EC Fifce Mg A |

09 | fare fare weItat =0s A | OTF SAIRG FACO P IS LG |

08 | THIE RS T K = 1 | TG ST RETF AN " 2T |

o¢ | AeITE TG FOIKG €T AT | TOIRE TG FORD  (FEC S_G A |
J3pPra (Switchgear)

7135 TR ffeg «@ee Atesw fTeRer (FEE, e, ree To5i) S A1 Te63 7R 2FAGH A1 PIEvTes
R, FCEGIFR @ BT TS FIZ© 27 |

Switchgear s
The apparatus used for switching, controlling, protecting and isolating the electrical circuits and

equipment is known switchgear.

PR A ATFER (Syncronizing/Paralleling)

7R 31 sreifs «fst AFoa fFeef, @e «irees r eeve F4fse I (within desired limit) €3 sty @t
PtEmRfeR 31 ArREfR T4 =7 | {eIE IR @I 2510 @ FEG F0 20 ACE |

D-C Circuit Breaker 3

It is used to close and interrupt a d-c power circuit under normal and fault condition.

S2eneEod (Isolator) 8

2o [TSRER ERT ¢ @IE NRENEHLA(FCAFTFe Y25 ) FoT F41 A | Ao FRTeR & 9 739
AP | BT PG NG S #13 A2 20O G Wer ©f FeGame @7 e (adl A3 | B0
TSI T SR FEC (T T YR S (IS AR 41 T A |

earE e widews (Neutral &

Skywire) ¢ oo =n&ca e
O S0 T A o R Fr A | [ S
| ©OFS G 2N I TorFHa
waeuR oo oites Wik @ A
AP | TR P (I SORTSITDG
AP PIEBNE T e GR PO - - -
7% (OB @AM IS FRAST | Neutral is nearby zero voltage | SKYWire is nearby zero voltage
I 2 R o Toitw BT @A | connected to earth (Fig -1) connected to earth (Fig -2)

HRETF |

neutral

= e = =
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D.C System (Battery & Charger)

» N
)
N
ac s0Amp 2amp
Supply }
-— p [
& )
Transformator ammeter
5 Ampere 0-15amp - |

.15 a
Circuit Battery Charger
for 3 Ah to 120 Ah Battery ¥ —  ToBattery + -

3 Ah to 120 Ah

S0A

220 Volt.

©
Bettary Charger

Charging
[ peol |
L 1

Discharging

gere@re (Electrode) ¢ @3 foes e STFGAIRIE FI6 2@ F0F GR SETFGFIRE 20O FE6 (F T
T | TR R G-

> AfEGTS TEFEe- o o0, (FIEH (@ T )

21 feafbe SEe@re-arEfafamrs, ST (IS A4 ) |

Seaarnss (Electrolite) 3 327 «f@id gy I foos fit 72wz SIS 2RIES 27 @ SERGIIGS (@it
IBCS FRITO! A | (AN- AP e Gbie, MRET afie |

TF (Cell) 8 @ AT N0y TP G5 &l A7 T foora FETRGIBe (i apfes *ife 2 =7 ot
T T | =T R AFR-

S AR PR 8 @ 4 CIER *If& (17 8T 217 27 IR I A AT |

1 GO G 8 (@ 6T G #1841 QST #17 7[~I7 I Tl AT GR A AN R P <o o
ISR G 0T | 2RCF CHIES GTF18 Fe1 =T |

TG ARG ¢

>1 i sk ¢ =92 FEvw Aqeees Fifte (aeier sfabe wwita e aw swibe fate gomfta
[QIQIECHYIC) [ J— ) SRTA (AR =,

R AR SR 3 T AGTS A® 9@ @R AN TS 2@ G NS AL FACE AT
0T |

ol FifsE-sAr=rETe = ke 8 AnaEe wwa s |

IHIA (Battery) s Fou= GER B FHR A 1 @F- 1o afie 6RY |

REE GF (Ot (G FEERIN) = 3.2 (O 4R JHEE GF ©toe (e afffe) = 2.0 (76 | Yo (ST
fERT (oItbe fea a1 FCGE MFCHT T TS & | @6 G IR2T = PO @ (SICwe/a e GF (Srbe =
3%0/% = ¢¢ 6 | Tl Soo GG SeTR | FIF-W BIZN = FFiG/E = Soo/2.¢ = 8o F6T | TR BItR
SR 2 AR 4R @S [y T EIIFeI |

JYIBIA BT ¢ T BT (AF TG FIE6 TAR I 2 | (@1 PR @ AAE (e 201 FBIA (RF @ e
FIED SHAE T | TG 379 5T T 516 NG IBI SR AT 2T |

ToFO] 8 FINT 8

Sl FHIRE AR GIFPRIF-SNSANT &FH T4 2 | QAT FE0 97 Afwe S wo 1 e few srer o
FBI | TN 8o ¥R SNSAR FIHRT BTE ¢ AfFRIF IS 9= b THT 5 F41 @TS ATH |

1 &R 212w vret 41 =7 |

O HAfTH-If<o=e TG LS TN CFICE A1 | &, FTSHICS 1 =S FIo FATS 7 |

81 T Ferwge o= o +Afaae 347 |

¢l GFT (SITHE 5.9¢ (T 2 ©f JIZF F ANI 11 | @ SKYT FS b Mo 2(J |

Y1l SEFGAIRCET (FILST (2059 T AFCS 20T |

U FRGINOR M TEFGERGT e sPg(be SHER 5.9 G fEbe SR 5.5% ARFCR) R+ FHo
=(J | wCAfEE w@g @ q Distilled water (%1 #1fR) ficar 9% 3= fre =3 |

bl BT BTET LS #IAS FIE0 eI 20© AFET (2067 o =7 4 G e ¢4 amar |
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Ao (Grounding)

SRR ¢ @I FRe PR S /STRIG AR (SIS T PG S ATS(GR SRy WMGre FMEGFIRS 0 AF | F
Ao 7ZA A1 T@elife Fiox T (AF T A1 | T &IF/AFF IO TS (AF A6R | TFEATTOS A BR FE
WGR AL &7 2CEART JIAC AR T F6 IED 2PACICS 91 #I07 Q8feR 7R eI MGrs 56T I’ | 396
FEs Nore AR TR/ GER Ty Abaoe WAIRS o Tl 7 T9dl EITE FTHhod RS AT |
7.2, e fqese A8 MGN (Multi Grounded Neutral) System 551 AR SI%F 28 Af6F (STHS g
A& | MGN System & 73T 3FZATIG (AFPTR do0 Fb - MGG 41 =7 | 6 AEER AT Fe
TR & QSTR ©F ST ST |

?y MNeutral Exposed conductive parts oy e "
'“‘"-r__ thsni s =Y of - oL
Groumd Duvtee S0 Earth Neutral > - -
=1 111 Kt J S e I J
Z‘;) ] G = |

o : PEN S ] ] ==

Fi L 4 |

2130 . J i,r, TaT e— | I

An'= =
A ArefeR T @ arefer Fiey freaet 3 e arefe 33D ATBR

wifR_(Earthing) ¢ Wf5a s (qwpfess @ifs/232#0r% @ GIfiR @3 SR o T4 SNk 0T | (@1 Fraeel Prsses
F[2-(SHE AP (AT6F TGN W8 20 @S AN | & Y[ (AF (IPTOF AIGCE TG Gy LR FACS 2 |

ik @ TSN ¢

S R A2l 7@ ew wif @9 - TR T ¢ @ifse arefer

Q1 =R AR (25 oo arefee |

¢ GIEITT > o7 «F e =6 Arean | A Ryyere Fieecy [fog TFEAs TR e aiefer ¢ @ik 1 =@
A |

QIEfGR I ¢ ST 8 AFTSHILS F41 T O 1Y S AT 7 27 | SIE A 6 W (@ 4red we 4T (26
6es o 2 O e AFTREC 1 (4B T | WL AAREC/ T/ (AT GR WL O G T9d (O S A |
TAR T FICF 0T T4 I8 =T |

R 3 Ot QTSR F0s J(A ?

S 1 ~IfRIE SRR T (ST (FT@ R-GF 2T I T SR I @i ARER 07 (900 203) FAEE FAC2PH
FAGT AT | ST FOIFRA AR 0C ATE S 1 I 0 |

21 W (I ZFEACHS /N6 TEICH6 9/ AT/ S PTe=/F R/ G @7 AT |

© | SAGR 2132, TSNS I @2l 1 SMNE (24T, 21391/qC g SEF@Ge g 9% 2 |

[{foq «=eei arefer ¢
e GEEBET ¢ Wi @ WL SEHEICT THIE F018 @EHBIET | LR 75T egrvrrns SR 22 Gersr™ 9 4R
AGARRIFCS *ely <31 =3 | (WRY, R = ’ZI Q ; 9ans A= Cross —section area, 1= length, p = specific

resistance)
G QSRR ¢ FE 97 E I FRIGH T NGRS LAPIoT LA (T AT Fro Fa1 & OCF G A6 fog
96T |

oY Aefer ¢ tagfos =1kt fSER S (A TS A 5RFord Aefir IC =@l Ai%e FAR A Foy
arefee I(Pls see above fig.)

TIACEG_ AMCRR ¢ w1 F@#i1fs AT FFRCN0Ha IMec ~IRAR OF/C 7l [ AL & FACF THICHT ASfer
T

AT EEFBIET ¢ FREA T NOF NSTT & 38 @I 27 QTS (@ oI |
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71T (Pole) ™t 419 3

AT FZH R ¢ BN (AF > Fb T AR 2 Fb b 214 SIF ACT #2A FTF* T | MfBF i 1w
(TR @ S FTHST TR ACF | (AT @ S (I o310 Nr e 0 |

TAF IS - (oI A5 20O do Fb TR HTFe T | QT FOFES, (A ik, FPT, Goos ©Ifs Topifir w2y
foralr 2t |

T - FCIRT B (oS i (et (@feTea It (o1 T 0T | T 19 o1l 20T (AT 1 12 910G ([0S
#A1ed | @@ conductor inline AR, (AR CATST A TS |

T (5139 8 TATCS AR @ SR G A 8 ZCEAR AN oy T el D AR 27 Fa7 A | TS A SRAG
3d 3fte T ¥R 0.¢ 3 TSI [T |

THER ¢ I QO] AT T4, (927 F41, (2 F91 IR QTS 8 [} S TS 47 |

iR ¢ FteR A0 T ARG AT (AT AR Tl | A 43R g ¢ onfer «F e | 279 ThE AR
fosier wereifs a1 o1 =5 foes <ea |

FIBR 3 FRAETFSIR TAFE R FOIE I I FOIGCE AN (FITFSI I 47 |
TCC UG 8 T (2101 T TIRIC #MA <9 0 AR |

2l RroR™ PIEBT g <R0eR (oI A= T4 2F | TN~

S FICI (11T 8

21 PI(Spun Prestressed Concrete) AT |

¢?I11 #ifafofs @ g7« (Pole Identification & Installation)

S/N Descriptions Item No Setting/Digigng | Remarks
(Feet-Class) Wooden Pole SPC Pole Depth (Ft)
1 25-7 R-3 R-40 5.0
2 30-5 R-5 R-42 5.5
3 30-6 R-6 R-41 5.5
4 35-5 R-10 R-44 6.0
5 35-6 R-11 R-43 6.0
6 40-4 R-14 R-46 6.0
7 40-5 R-15 R-45 6.0
8 45-4 R-20 R-47 6.5
9 45-5 R-21 R-47 6.5
10 50-4 R-48 7.5
11 60-2 R-49 8.0
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e MR e Smiead (Phase Identification)

Type of Construction PHASE NOTATION PHASE LOCATION
R (RED) NORHT - WEST
HORIZONTAL Y (YELLOW) CENTRE
B (BLUE) SOUTH - EAST
Y (YELLOW) TOP
VERTICAL R (RED) CENTRE
B (BLUE) BOTTOM
I (T TR T QA CHR@ (71 I 7 (SR TR (@A @@ 20T (@ 1 A=A G I A (S

A fre v 1 e o 90 | 320 AAfid T4 ke |

fRfeq M3tew oI e 2fwdzs 2! (Current Carrying Capacity of Conductors) 3

S/N Descriptions | Ampere (Capacity) S/N Descriptions ( ég)lsfirt;)
1 # 6 Duplex 55 12 Wolf 430
2 # 3 Duplex 92 13 477 MCM 560
3 1/0 Multiplex 150 14 636MCM
4 4/0 Multiplex 200 15 Ant(Lt) 200
5 3 ACSR 160 16 WOSP(LT) 310
6 1/0 ACSR 230 17 Gross Beak 660
7 4/0 ACSR 340 18 Mallard 760
8 DOG 300 19 ACCC(150mm?) 783
9 Rabbit 205 20 ACCC(510mm?) 1714
10 Gopher 140 21 ACCC(1000mm?) 2642
11 Marlin 440

33 KV Bus bar Conductor 4/0 MHDCC, 11 KV Bus-bar Conductor 2/0 MHDCC

High Voltage UG (Under Ground) Copper Cable Current Carrying Capacity :

11KV UG (Under Ground) Copper Cable Current Carrying Capacity :

Cable Size (mm?) 11 KV UG Cable Three Core 11 KV UG Cable Single Core
In Ground | In Duct at In Air at In Ground | In Duct at In Air at
at 30°C 30°C 40°C at 30°C 30°C 40°C
(Amps) (Amps) (Amps) (Amps) (Amps) (Amps)
35 145 125 165 - - -
50 170 150 195 - - -
70 210 180 240 225 195 275
95 250 215 295 265 235 340
120 280 240 335 300 265 390
150 310 270 380 335 295 440
185 350 305 430 380 330 510
240 400 350 500 435 380 600
300 445 390 570 490 425 680
400 500 440 650 550 480 790
500 - - - 610 530 910
630 - - - 680 580 1030
800 - - - 740 630 1140
1000 - - - 790 670 1250
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33KV UG (Under Ground) Copper Cable Current Carrying Capacity :

33 KV UG Cable Three Core 33 KV UG Cable Single Core
Cable Size (mm?) In Ground | In Ductat | In Airat | In Ground | In Duct at | In Air at
at 30°C 30°C 40°C at 30°C 30°C 40°C
(Amps) (Amps) | (Amps) (Amps) (Amps) | (Amps)
120 275 245 340 230 200 310
150 305 275 385 260 225 350
185 345 305 435 290 255 400
240 395 350 510 335 290 470
300 440 390 580 380 325 540
400 495 440 660 430 370 630
500 - - - 485 420 730
630 - - - 550 470 840
800 - - - 610 520 950
1000 - - - 660 560 1060
e Mda f#a@™ (Clearance of Electric Line) ¢
Riall ™ (F5) e =™ (F5)
i @3 Borm b Over Padestrain Ways Yo
G317 (Padestrains) " fSs Over Non-Commercial Drive 53
g Ways
T STIRC T Q0.¢ (FegF) Over Commercial Drive Ways se
(Cradg:éu%d T 3¢ (CFe) R ORI ©itad A (fege) N
: ) [SI)
AT AR (Craddle | v (mear) | 22 [ e i s (wre) 8
guard IR IS 2A) > (1Fe) (e e oiead A (Fege) Y
el 99k (Craddle Bl 56
guard JIRE I 2A) > faegrE TG A () 8
@t [ (Craddle ©¢-90 S oF ¢ F7e (BIWTA o
guard I3 FAC© TA) 3 vifewT SR e F9e =09)
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PBS Instruction Series 100-28 (Standard Specifications & Drawings for 6.35/11Kv Line

INDEX OF CONSTRUCTION AND GUIDLINE DRAWINGS

Construction ) == |

Single Phase Primary Pole Top Assembly Units

Item Description Remark’s
Al 1-Phase Vertical Tangent, Single Primary Support
A2 1-Phase Vertical Angle Double Primary Support 0° to 30° Max. Angle
A3 1-Phase Vertical Angle 30° to 60° Max. Angle
A4 1-Phase Vertical Double Dead end 60° to 90° Angle (for any conductor)
A5 1-Phase Single Dead end
ASA 1-Phase Single Dead end With Neutral Tangent run
A5B 1-Phase Single Dead end With Neutral Angle run (0° to 30° Max. Angle)
AS5-1 1-Phase to 1-Phase Vertical Single Phase Tap
AS5-2 Horizontal side to 1-Phase Vertical Single Phase Tap
AS5-2A | Horizontal side to 1-Phase Vertical Single Phase Tap
AS5-3 Vertical Primary to Vertical Single Phase Tap
A5-4 Vertical Primary to Vertical Single Phase Tap
Ab 1-Phase Vertical Double Dead end

5'-0" Steel Channel (Called Steel Cross arm/Line arm)

Item Description Remark’s
A7 1-Phase Horizontal Construction- Single Dead end
A8 1-Phase Horizontal Double Dead end. Construction-
A9 1Phase Horizontal Construction Double Support. 0° to 30° Angle Max.
A9-1 1Phase Horizontal Construction Single Support.
A22 1Phase Crossarm (Steel) Construction Single Phase Junctionat 0°to 5 | A1 + A9-1

° Angle

Three Phase Pole Top Single Ckt. Assembly Units

5'-0" Steel Channel (Called Steel Cross arm/Line arm)

Item Description Remark’s
CI 3-Phase Horizontal Tangent Construction Single Support
C2 3-Phase Horizontal Angle Construction Double Support 0° to 30° Max.
C3 3-Phase Vertical Construction 30° to 60° Angle
C3-1 3-Phase Vertical Construction é%;gig&i@ﬁ%?fé;ﬁ;ge
Cc4 3-Phase Vertical Double Dead end Construction 60° to 90° Angle (for any conductor)
C4-1 3-Phase Horizontal Double Dead end Construction 60° to 90° Angle (for any conductor)
C5 3-Phase Vertical Construction Single Dead end
C7 3-Phase Horizontal Construction Single Dead end
C7-1 3-Phase Horizontal Construction Single Dead end Neutral on cross arm
C38 3-Phase Horizontal Double Dead end Construction
C38-1 3-Phase Horizontal Double Dead end Construction Neutral on cross arm
C9 3-Phase Horizontal Double Line Arm Construction
C9-1 3-Phase Horizontal Single Line Arm Construction
C13 3-Phase Side Arm Tangent Construction
Cl4 3-Phase Side Arm Angle Construction 0°to 15° Angle
C22 3-Phase Horizontal With 1- Phase Horizontal Junction (Run) Cl +A9-1
C23 3-Phase Horizontal to 1-Phase Horizontal Tap Cl1+A7
C25 3-Phase Horizontal With 3- Phase Horizontal Junction (Run)
C26 3-Phase Horizontal to 3-Phase Horizontal Tap
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Three Phase Pole Top Double Ckt. Assembly Units

5'-0" Steel Channel (Called Steel Cross arm/Line arm)

Item Description Remark’s
DC-Cl1 3-Phase Double Circuit-Tangent Construction
DC-C2 3-Phase Double Circuit Double Support 0° to 30° Max. Angle
DC-C3 3-Phase Vertical Double Circuit 30° to 60° Angle
DC-C4 3-Phase Vertical Double Circuit Double Dead end 60° to 90° Angle
DC-C7 3-Phase Double Circuit Single Dead end
DC-C7-1 3-Phase Double Circuit Single Dead end Neutral on cross arm
DC-C8 3-Phase Double Circuit Double Dead end
DC-C8-1 3-Phase Double Circuit Double Dead end Neutral on cross arm

8'-0" Steel Channel (Called Steel Cross arm/Line arm) (Single Ckt.)

Item Description Remark’s
CIA 3-Phase Horizontal Tangent Single Support
C2A 3-Phase Horizontal Angle Double Support 0° to 30° Max. Angle
Ca-1A 3-Phase Horizontal Double Dead end 60° to 90° Angle (for any

conductor)

C7A 3-Phase Horizontal Single Dead end
C7-1A 3-Phase Horizontal Single Dead end Neutral on cross arm
C8A 3-Phase Double Circuit Double Dead end
C8-1A 3-Phase Double Circuit Double Dead end Neutral on cross arm
C9A 3-Phase Horizontal Double Line Arm
C9-1A 3-Phase Horizontal Single Line Arm Construction
CI3A 3-Phase Side Arm Tangent Construction
Cl4A 3-Phase Side Arm Angle Construction 0°to 15° Angle
C22A 3-Phase Horizontal With 1- Phase Horizontal Junction (Run)
C23A 3-Phase Horizontal to 1-Phase Horizontal Tap
C25A 3-Phase Horizontal With 3- Phase Horizontal Junction (Run)
C26A 3-Phase Horizontal to 3-Phase Horizontal Tap

8'-0" Steel Channel (Called Steel Cross arm/Line arm) (Double Ckt.)

Item Description
DC-CIA 3-Phase Horizontal Tangent Single Support
DC-C2A 3-Phase Double Circuit Double Support
DC-C7A 3-Phase Horizontal Single Dead end
DC-C8A 3-Phase Double Circuit Double Dead end

Miscellaneous Assembly

Item Description
C40 11 KV River Crossing Design for 500'-890' Span
C41 Temporary Spliced Pole for 11 KV River Crossing (Span-750")
C42 Temporary Spliced Pole for 33 KV River Crossing (Span-600")
C43 Cross arm Installation on Two Pole Construction
C44 River Crossing View (500'-890")
C45 Temporary Spliced Pole for 11 KV River Crossing (Span-750") Profile
C46 River Crossing with 50'-0" Pole
C47 Wood Pole River Crossing
C48 River Crossing 900'-2000'(By Tower)
E1-1E1-2,E1-3 | Single Down Guy through Bolt Type
E2-1 E2-2, E2- | Single Overhead Guy through Bolt Type
3
E5-1, E5-2 Cross arm Guys for Horizontal Dead end
E6-2, E6-3 Double Down Guy
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E-7 Lay pole for Angle Pole/Tap Pole (For areas where guy/overhead guy cannot be placed)
F2-1, F2-2 Log Anchor Assembly

G105 Single Phase Transformer at 1-Phase Tangent

G106 Single Phase Transformer at 1-Phase Dead end

G136 Single Phase Transformer on any cross arm fitting Circuit
G312 3 No’s (Three Phase) Transformer Cluster Mounted

G315 Single Three Phase Transformer on 2 Pole Platform Mounted
HI Lift Pole for 33 KV Line

J5t0J12 Secondary Assemblies

K10toK16 Secondary Assemblies

K17toK21 Secondary Service Assemblies

M2-1,M2-11 Grounding Assembly Ground Rod Type

M2-2, M2-12 Pole Protection Assembly Plate Type

M2-9 Pole Protection Assembly

M2-15 Ground Assembly for Sectionalizing Air Break Switch

M3-4 1 -Phase One Sectionalizing Fuse Cutout

M3-15 Sectionalizing Air Break Switch

M3-16 Three Sectionalizing Disconnect Switches

M3-23 Sectionalizing, Oil Circuit Re closer with One By Pass Switch
M3-25 3 Sectionalizing, Oil Circuit Recloser with By Pass Switches 101(Cluster Mounted)
M5-1to M5-8 | Miscellaneous Primary Assemblies

M35-9 to M5-16 | Miscellaneous Primary Assemblies

MS5-17toM5-24 | Miscellaneous Primary Assemblies

M7-11 One Voltage Regulator Pole Mounted

M7-13 Three Voltage Regulator Three Pole Mounted

M8-5 Guide Line for Multiple Service Assemblies

M8-6 Bazar Area Secondary (LT) Example

M8-7 Bazar Area Detail Duplex Installation

MS-15 Primary Metering Guide Three Phase, 4-Wire (Star) System
MS8-16 Primary Metering Three Phase 4-Wire (Star) System

M9-13 3-Phase Capacitor Installation Non-Automatic Switching ClusterType Mounding Bracket.
M-17 Pole Bog Shoe

M18, M18-1 Pole Stabilizer Logs.

M19 Cross arm (Steel) Drilling Guide

M20 Pole Framing Guide 30 Foot and Longer

M20-1 Pole Framing Guide 25 Foot Pole

M21 Angle Construction Guide Cross arm to vertical Construction
22-1 Tree Trimming Guide

M22-2 Tree Trimming Guide

M24 Installation Guide for Open Wire Secondary

M24-1 Installation Guide for Multiplex Cable Secondary

M26-5 Security Light Installation Guide

M27 Transformer Grounding Guide 1-Phase Installation

M27-1 Transformer Grounding Guide 3-Phase Installation

M27-2 Transformer Connection Guide for LT Secondary

M28 Transformer Connection Guide for Secondary and Services
M29-1 Tap Assembly Guide

M29-2 Tap Assembly Guide

M-30-1 Guide for Installation of Ground Wire Above Neutral

M30-2 Guide for Installation of Ground Wire Above Neutral with Wrapped or Driven Grounds
M31 Cutout and Lighting Arrester Connection Details

M32 Rail Road Crossing for Guard Cradle

M40-10 Tying Guide Single Insulator

M40-12 Line Guard Information and Insulation Guide

M40-17 Tying Guide Double Insulator

M41-10 Angle Assembly Guide Vertical Construction 30° to 60° Angle
M42-11 Dead end Assembly Guide Dead end Clamp Method

M43-10 Tap Assembly Guide

M45-21 Splicing Guide, Compression Type

M45-22 Multiple Service Connection Guide for Domestic Consumers
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M45-23

Automatic Sleeve Installation Guide

M46-02 Service Entrance, Compression Type

M46-04 "C" Type and "H" Type Compression Connection Guide
M47 Preformed Guy Grip

M50 Minimum Vertical Conductor Clearances

R1 Right-of-way Clearing Guide

Initial Sag

S-3-1

# 3 ACSR, Initial Sag

S-1/0-1 # 1/0 ACSR, Initial Sag

S-4/0-1 # 4/0 ACSR, Initial Sag

S-2-11 # 2 AAAC, Initial Sag

S-1/0-11 # 1/0 AAAC, Initial Sag

S-4/0-11 # 4/0 AAAC, filial Sag

BT SR 6 STSfRs
Ti:' D-6/7/8 HT
o Cut out
D-4 l:.'J -
X2
=== D-6/7/8
<o D-16/17/18 Nautrs
LT. Phase
|
D-1
onnector
N1
GROUND LEVEL
VAV A A A A 7////////////
B-80
B-65
8*2=16"
ora: GreTeawa emife 8 arefe
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fifeq w@rom seoreze AR fFfbeT (Ovehead Fittings) 5t <15l
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T IR

A iR (Pole Numbering) 8 RE (91%2) S350 72 4@0eid (AT 9209 2T |

S FTCST (oI |
1 AT (oA |

O3 (Ol 7o wfdarage R Wi @ 55 (o =1y S AR 1 ALRENSE F (AT THRR FACS A | HY
COIFPTR & : #M12w/fFeiad e (F01f5R) (A, BrifoR (ofeT, GTRIa (oIfeT, QIIRToRT (AT, TRIG/T3eT/Fat/1e1F 8 I8
TER/EW T @R (O, TTT (ofF @ BFATID (AT | IO GIS IRIRCH A0 e (AT TRIRR T
erTeH (74l Ttz A N Yo T =0 |

T iR @ fSEar (Rules) 8

Pl ARCR PRIEMIE-3 8 PREAE-2 SHFma T S R 8 3R TR oI e S 7T F91 &

SK1-

1A-10-2, SK2-4D-80-R2 «@2itq, SK1 S#twcwd WHFe T @« PrRemaE-> 4wy, SK2 =1

PrIETIE-2 Tty | fFeR 999 wEe! e - @ 1A, 2B, 3C, 4D, 5E, 6F. PRame-» Sty vae
e Yo M oI zro S 7t Ifza =@ TF Brieela Wi SR (AR R =9 SK1-3C-10-2. Frremae-
TFYod 8 O bro TR (oIIF 20O T € AT G5~ e T ©F BIICAd SISO { =R (OIEE 9919 21
@ SK2-4D-80-R2 8 SK2-4D-80-1.2

Sevx Fora PRETRIE-> THFma > T g S0 (IR TH=ER T ZEs-

@7 % @& % (SE&D) fimed 6 s oI TR 2afs

MU3-1A-145-L1
o
Munshiganj-3 S/S MU3-1A-145

IZI—O—O—N—O/—O O MU3-1A-145-R56-109-27
MU3-1A-1 MU31A-2

MU3-1A-146
MU3-1A-145-R1Q %\IU3-1A-145-R56-109-26
MU3-1A-145-R2 MU3-1A-145-R56-109-1

MU3-1A-145-R56-1 | MU3-1A-145-R56-110

MU3-1A-145-R56

MU3-1A-145-R56-109

O
MU3-1A-145-R57

* 7% TR AR /@88 /Ma3 3.2/2050(5859) /8¢ ¢ T $©/05 /205038 AR FHHe IS TRIF AT
[T /TG 3.3/2050(5855 ) /b IfFH wo/0s /20508 AT ¥+ Key Pole/ Control Pole Jt=7 (AT

IR

TAICAl 247 |
Fodes (GIS) AfiveEe e @ iRuef® (SE&D) sfived 39 aire i TR 21wk ¢
1A—1(4)5—L1
MU3-1A-145
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1A-146
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O
1A-145-RS7
» TAP TR 2o @1 €3 ({7 MRS (PO THEPR (o THR T A9 (7R | @ CF0g 8y MG TRFS
S TAP TR AL (AT TR 00 20 | QRTINS GFZ (AT (AP T PR S (B ¢ A

96




CAIIeT PRI 1 20 GO 7 (AT AT RifaR e Sriee cireness sace =20d| 1A-48-19xR
1A-48-2 &3 TGIS! o (A TR 1A-48-1A | WP 1A-48-1 =R AR {79! T AR
1A-48-1A TEg 1A-48-1 TATTA 243! AR ARIE 1A-48-A 1 = |

145-L1
]

vl O 1A-48-2
i i-. ey role
Munshiganj-3 S/S MU 1A145

MU3-1A-1  1A2
7% £ 5 ome
Key Pole 1A-146 Push Pole-3 O 1A-48-1A
MU3-1A-145-R56-109-26
145-R1

ey Pole

O 1A-48-1
MI‘S-lA»145-R2ﬁ Key Pole
109-1
Key Pole T R56-1 R56-110 Push Pole-2 O
MU3-1A-145-R56 O O
MU3-1A-145-R56-109
Key Pole Push Pole-1
5 —0 o O O
145-R57 1A-46 1A-47 1A-48 1A-48A 1A-49

> fouiRes cfmere TREfon @Rgefe fmes F9 edre F[{eE o Sl vo (e
(Double/Triple FAfFE) MR (M@ THIR ~@foq @ 5/L.9¢/0.880/0.390 &F® 7
Double/Triple AT FZC (e TR F40 | SRR @ (F@ @ fFeR AR TR OF TR 220
e 203, U9 77 T (AF ol SEe AT fRuEd aRE @@k TR fesd e ame free
(3 | 1 fefesa foras S<res taiea = |
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TON-5  TON-4 TON-3 TON-2 TON-1
) e )
s 7 7
TON-10
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Munshiganj-3 S/S MUN3-9 MUN3-7 Grid
MUS3-5E-4 MU3-5E/-6  MU3-5E-7
Y Y. Vo re)
X X O ;
MUN311 _/1ons = MU3-5E-8
MUN3-10 MTUN3-8
MUS3-5E-3 MU3-5E-5 MUN3-1

MU3-5E-1 MU3-5E-2

e

O O O
MUN3-6 MUN3-5 MUN3-4 MUN3-3 MUN3-2

AR AN TR e g v fooia ¢

> TR AT GS (AT (0 IR e 9 6 SO QR A 511 20 A 8 FIF G A (AT (7
8.¢ T 20O ¢ T THO (AT 75 =T e @ACO AT, WS FCI RS FFCH G2 (64 T | I &I GoF
I FTSTR ST (N1 TRITR 47 |

> T IR R R T AN© FEd 9P AZEH FF-ATS ¢ TR IR GFE MICGH el 8 PIT 2
T4 | FE-ACT QF TR AW QIR STHCI R+ FI2T B |

> Tl AR TR R e AN © FoF FIF-2TT 7 2gF ~HfH1 @R TR Féraw Far | e s =12
ENHIE & 28 Qb B, 2 T2 @749 T &9 380 N3l € © FET 7K T &Y Jo¢ i @ S ARS
8o fsfil 2@ o fufik 207 | YTTIs @I i (Aiite ~Affa (oex Je =11 =1 o7 faafs oo e
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et =13 g (Single line diagram)

frowe =3ce oy 2HRor (GRreaE, P, T Toy) , weve av, ffeg ewgsd g ¢
frifies SwioF foF TR o F0F AMS AR FACE P #127 TN I «FF @1 o 0T |
B (FE ROIT 3 SRS, FRHAFE SR 7 BeseT w1z SR e 21Rve |
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MYFTS TS FonTer 8 GICFEr 2B AR ATF | (FF GG 2 ACF 7 |
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PTG FIereT A2 SRR (PR ST MTT (e S[2[TT5 7T |
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e = < i . .
S S/S:Munshiganj-3
< LA
LEGEND | A [ A5 Feeder-6
Sub-Station [A |Transformer 1-© A |Section3-@ | ~%%-| Wooden Pole o 52\,]5 IéL,\,T;:\TION TRQESKS?E%E&
Bacbone Line Transformer Bank Q@ |Section 19 |4 | RCC/Steel Pole | O | 10mvA=12Nos SOKVA =01 Nos
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Total Installed KVA = 221563
Total Installed KW = 221663%0.95 (PF)
= 210485 KW
= 210 MW.
Consider of 75% Load of rated capacity of X-former = 157 MW
PBS Present Peak Demand = 115 MW.

Extra Installed X-former
Note : Diversity Factor
Total Installed KVA
Total Installed KW

Consider of 75% Load of Rated Capacity of X-former

PBS Present Peak Demand
Extra Installed X-former
Note : Diversity Factor
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157-115 = 42 MW.
25%-30%

221563
221663%0.95 (PF)
210485 KW

210 MW

=157 MW
=115 MW.
=157-115 =42 MW.
=25%-30%
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7 Watt = 15 Watt = 70 Watt
9 Watt = 19 Watt = 90 Watt
10 Watt = 23 Watt = 100 Watt
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00l (FO R *miors AT FNF A ¢
% Hexing G\ for e fiG@-9 KVAR Lagging 9 KVAR Leading & semwr oca (adi@

[ AR |
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KWH
PF =
J(KWH)? + (KVARH)?
PF = Average Power Factor of the month to be calculated
KWH = Consumed Active Energy of the month = KWH Reading of the month-
KWH Reading of the Previous month
KVARH = Reactive Energy of the month
= Arithmetic Sum of KVARLagging & KVARLeading
KVARH Lagging = KVARH Lagging (Display # 05) Reading of the month - KVARH
Lagging (Display # 06) Reading of the Previous month.
KVARHLeading = KVARH Leading (Display # 05) Reading of the month - KVARH

Leading (Display # 06) Reading of the Previous month.
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Keyboard Shorcuts (Microsoft Windows)

1. CTRL+C (Copy)

. CTRL+X (Cut)

. CTRL+V (Paste)

. CTRL+Z (Undo)

. DELETE (Delete)

. SHIFT+DELETE (Delete the selected item permanently without placing the item in the Recycle Bin)
. CTRL while dragging an item (Copy the selected item)

. CTRL+SHIFT while dragging an item (Create a shortcut to the selected item)

. F2 key (Rename the selected item)

10. CTRL+RIGHT ARROW (Move the insertion point to the beginning of the next word)

11. CTRL+LEFT ARROW (Move the insertion point to the beginning of the previous word)
12. CTRL+DOWN ARROW (Move the insertion point to the beginning of the next paragraph)
13. CTRL+UP ARROW (Move the insertion point to the beginning of the previous paragraph)
14. CTRLASHIFT with any of the arrow keys (Highlight a block of text)
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SHIFT with any of the arrow keys (Select more than one item in a window or on the desktop, or
select text in a document)

15. CTRL+A (Select all)

16. F3 key (Search for a file or a folder)

17. ALT+ENTER (View the properties for the selected item)

18. ALT+F4 (Close the active item, or quit the active program)

19. ALT+ENTER (Display the properties of the selected object)

20. ALT+SPACEBAR (Open the shortcut menu for the active window)

21. CTRL+F4 (Close the active document in programs that enable you to have multiple documents
opensimultaneou sly)

22. ALT+TAB (Switch between the open items)

23. ALT+ESC (Cycle through items in the order that they had been opened)

24. F6 key (Cycle through the screen elements in a window or on the desktop)

25. F4 key (Display the Address bar list in My Computer or Windows Explorer)

26. SHIFT+F10 (Display the shortcut menu for the selected item)

27. ALT+SPACEBAR (Display the System menu for the active window)

28. CTRLHESC (Display the Start menu)

29. ALT+Underlined letter in a menu name (Display the corresponding menu) Underlined letter in
a command name on an open menu (Perform the corresponding command)

30. F10 key (Activate the menu bar in the active program)

31. RIGHT ARROW (Open the next menu to the right, or open a submenu)

32. LEFT ARROW (Open the next menu to the left, or close a submenu)

33. F5 key (Update the active window)

34. BACKSPACE (View the folder onelevel up in My Computer or Windows Explorer)

35. ESC (Cancel the current task)

36. SHIFT when you insert a CD-ROMinto the CD-ROM drive (Prevent the CD-ROM from
automatically playing)

Microsoft Natural Keyboard Shortcuts

. Windows Logo (Display or hide the Start menu)

. Windows Logo+BREAK (Display the System Properties dialog box)

. Windows Logo+D (Display the desktop)

. Windows Logo+M (Minimize all of the windows)

. Windows Logo+SHIFT+M (Restorethe minimized windows)

. Windows Logo+E (Open My Computer)

. Windows Logo+F (Search for a file or a folder)

. CTRL+Windows Logo+F (Search for computers)

. Windows Logo+F1 (Display Windows Help)

10. Windows Logo+ L (Lock the keyboard)

11. Windows Logo+R (Open the Run dialog box)

12. Windows Logo+U (Open Utility Manager)

13. Accessibility Keyboard Shortcuts

14. Right SHIFT for eight seconds (Switch FilterKeys either on or off)

15. Left ALT+left SHIFT+PRINT SCREEN (Switch High Contrast either on or off)
16. Left ALT+left SHIFT+NUM LOCK (Switch the MouseKeys either on or off)
17. SHIFT five times (Switch the StickyKeys either on or off)

18. NUM LOCK for five seconds (Switch the ToggleKeys either on or off)

19. Windows Logo +U (Open Utility Manager)

20. Windows Explorer Keyboard Shortcuts

21. END (Display the bottom of the active window)

22. HOME (Display the top of the active window)

23. NUM LOCK+Asterisk sign (*) (Display all of the subfolders that are under the selected folder)
24. NUM LOCK+Plus sign (+) (Display the contents of the selected folder)
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