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General ones:

EN 50121-1 Railway applications — electromagnetic compatibility - part 1: general

EN 50122-1 Railway applications - fixed installation - part 1: protective provisions relating to electrical
safety and earthing

IEC 60027 Letters Symbols to be used in Electrical Technology

IEC 60038 IEC Standard Voltage

IEC 60050 International Electrotechnical vocabulary

IEC 60071 Insulation co-ordination

IEC 60173 Colours of Cores of Flexible Cables and Cords

IEC 60243 Recommended Methods of Test for Electric Strength of Solid Insulating Material at Power
Frequenies

IEC 60364 Electrical Installation of Buildings

IEC 60446 Identification of Insulated and Bare Conductors by Colours

IEC 60529 Degrees of protection provided by enclosures (IP code)

IEC 60614 Specification for conduits electrical installations

IEC 61810 Electromechanical elementary relays

IEC 60947 Low-voltage switchgear and controlgear

IEC 62040-3 Uninterruptible power sources

IEC-TR-61000-3-6 Assessment of emission limits for the connection of distorting installations to MV,
HV and EHV power systems

ANSI/NFPA 130: Fixed Guideway Transit System

Transformers:

IEC 606 Application guide for power transformers

IEC 60076 Power transformers
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IEC 60146-1-3 Semiconductor converters — general requirements and line commutated converters —
transformers and reactors

IEC 60214 On load tap changers

IEC 60270 Partial discharge measurements

IEC 60475 New Liquid hydrocarbon dielectrics

IEC 60542 Application guide for on load tap changer

IEC 60551 Sound levels

IEC 60616 Terminal and tapping markings for power transformers

IEC 60631 Sound level meters

IEC 60722 Guide to the lightning impulse and switching impulse testing of power transformers and
reactors

IEC 60726 Dry Type Transformers

IEC 61378-1 Converter transformers - part 1 transformers for industrial applications

Cables:

IEC 60028 International Standard of Resistance for Copper

IEC 60183 Guide to the selection of high voltage cables

IEC 60228 Conductors of insulated cables

IEC 60229 Test on cable over sheaths that have a special protective function and applied by extraction

IEC 60230 Impulse tests on cables and their accessories

IEC 60287 Calculation of the continuous current rating of cables (100% load factor)

IEC 60331 Fire resisting characteristics of electric cable

IEC 60332 Test on electric cables under fire conditions

IEC 60376 Specification and acceptance of new sulphur hexafluoride

IEC 60391 Marking of insulated conductors

IEC 60446 Identification of Conductors by colours or numerals

IEC 60502 Extruded solid dielectric insulated power cables for rated voltages from 1kV up to 30 kV

IEC 60540 Test methods for insulations and sheaths of electric cables and cords

IEC 60724 Guide to the short-circuit temperature limits of electric cables with a rated voltage not
exceeding 0.6/1.0kV

IEC 60754-1 Determination of the amount of halogen acid gas evolved during the combustion of
polymeric materials taken from cable

IEC 60811 Common test methods for insulating and sheathing materials of electric cables and optical
cables - part 1-1: methods for general application - measurement of thickness and overall dimensions

IEC 60885-1 Electrical test methods for electric cables - electrical tests for cables, cords and wires for
voltages up to and including 450/750V

IEC 60949 Calculation of thermally permissible short circuit currents taking into account non adiabatic
heating effects

HV & MV Cells:

IEC 60044-1 Instrument transformers - part 1: current transformers

IEC 60044-2 Instrument transformers - part 2: inductive voltage transformers

IEC 60056 High-voltage alternating current circuit breakers

IEC 60059 IEC standard current ratings
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IEC 60060 High-voltage test techniques

IEC 60073 Colour of indicator lights and push buttons

IEC 60099 Lightning arresters (non linear resistor type arresters for AC system)

IEC 60129 Alternating Current Disconnectors and Earthing switches

IEC 60137 Bushing for alternating voltage above 1000V

IEC 60144 Degree of protection of enclosure for low voltage switchgear and controlgear

IEC 60168 Test on indoor and outdoor insulation

IEC 60183 Guide for selection of high voltage cables

IEC 60185 Current Transformers

IEC 60186 Voltage Transformers

IEC 60227 Definitions for Switchgear and Controlgear first Supplement

IEC 60255 Electrical Relays

IEC 60258 Direct acting recording electrical measuring instruments and their accessories

IEC 60265-1 High-voltage switches - switches for rated voltages above 1 kV and less than 52 kV

IEC 60266 High voltage switches

IEC 60282 High voltage fuses

IEC 60298 High-voltage metal enclosed switchgear and controlgear

IEC 60420 High Voltage Alternating Current Fuse-Switch Combinations and Fuse-Circuit Breaker
Combinations

IEC 60427 Synthetic Testing of High Voltage Alternating Current Circuit Breakers

IEC 60694 Common specifications for high-voltage switchgear and controlgear standards

IEC 60865 Short Circuit calculations

IEC 61129 Alternating current earthing switches induced current switching

IEC 61259 Requirement for switching of bus charging current by gas insulated switchgear disconnectors

IEC 62271-100 High-voltage switchgear and controlgear - part 100: high voltage alternating-current
circuit-breakers

IEC 62271-102 High-voltage switchgear and controlgear - part 102: alternating current disconnectors
and earthing switches

IEC 62271-105 High-voltage switchgear and controlgear - part 105: alternating current switch-fuse
combinations

LV cells:

EN 50091-1 Specification for uninterruptible power systems (UPS) - general and safety requirements

EN 61000-6-4 Electromagnetic compatibility (EMC) - generic standards - emission standard for
industrial environments

IEC 60051 Direct acting indicating analogue electrical measuring instruments and their accessories

IEC 60127 Cartridge fuse-links for miniature fuses

IEC 60269 Low-voltage fuses

IEC 60337 Control Switches (Low Voltage Switching Devices for Control and Auxiliary Circuits,
including Contractor Relays)

IEC 60439 Low-voltage switchgear and controlgear assemblies

IEC 60664-1 Insulation co-ordination for equipment within low voltage

systems - partl: principles, requirements and tests



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo
opg Ol — dog> 9 St Ay S g Jo A

Ols ol ppiiaw
VFo1/11 /oA

IEC 60668 Dimensions of panel areas and cut-outs for panel and rackmounted industrual-process
measurement and control instruments

IEC 61000-4 Electromagnetic compatibility (emc)

IEC 61346-1 Industrial systems, installations and equipment and industrial products structuring
principles and reference designations - part 1: basic rules.

IEC 60085: Thermal Evaluation and Classification of Electrical Insulation

IEC 60145: Var-hour (Reactive Energy) Meters

IEC 60158: Low Voltage Control Devices

IEC 60211: Maximum Demand indicators

IEC 60341: Push-Button Switches

IEC 60408: Low Voltage Air-Break Switches, Air-Break Disconnectors, Air-Break Switch
Disconnectors and Fuse Combination Units

IEC 60414: Safety Requirements for indicating and Recording Electrical Measuring Instruments & their
Accessories

IEC 60417: Graphical Symbols for use on Equipment

IEC 60423: Outside Diameters of Conduits for Electrical Installations and Threads for Conduits and
Fittings

IEC 60445: Identification of Equipment Terminals and of Terminations of Certain Designated
Conductors, including General Rules ox an Alphanumeric System

IEC 60447: Standard Direction of Movement for Actuators which control the Operation of Electrical
Apparatus

IEC 60473: Dimensions for Panel-Mounted Indicating and Recording Electrical Measuring instruments

IEC 60479: Effect of Current Passing through the Human Body

IEC 60521: Class 0.5,1 and 2 Alternating Current Watt-hour Meters

IEC 60536: Classification of Electrical and Electronic Equipment with regard to Protection against
Electric Shock

IEC 60617: Graphical Symbols for Diagrams

IEC 60684: Specification for Flexible Insulating Sleeving

IEC 60695: Fire Hazard Testing

IEC 60715: Dimensions of Low Voltage Switchgear and Control Devices Standardized Mounting on
Rails for Mechanical Support of Electrical Devices in Switchgear and Control Devices Installations

Earthing:

BS 6651 Code of Practice for Protection of Structures Against Lightning.

BS EN 50 121 Railway Applications Electromagnetic compatibility, Parts 2 & 5.

BS EN 50 122 Railway Applications Fixed Installations, Parts 1 & 2

ANSI IEEE Std 80-1986stallations

Mol

AC : Alternative Current wglio HU >
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Date of Test:

Station Information:
Code: Name: Type:
Island Station [
Lateral Station []

Dry-Type Distribution Transformer Information:

Serial Number: LPS Name: Transformer Rated
Power:
Transformer Vector Group: Transformer Cooling
Method:

Test Devices
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No. Device Name and Serial Number Calibration Expiry Date
Code
1
2
(Ratio Measurement test ) Lows cod guw,p  ®
J S (g 32 Cond ST Jgo
primary side secondary side
Rated Voltage: 20 kV Rated Voltage:
Connection Type: Connection Type:
T \% \ A% \ Vv \ Tolerance (%)
AP AB BC AC ab bc ac
v) (v) v) v) (v) v)
1
2
3
4
5
primary side Treasury side
Rated Voltage: 20 kV Rated Voltage:
Connection Type: Connection Type:
T \ \/ \ \ Vv \Y Tolerance (%)
AP AB BC AC ab bc ac
v) (v) v) v) (v) v) )
1
2
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(Vector Group Test) il g,)l0 09,5 Cans @
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MEASURED VOLTAGE (Dyn5)
A B C A A A B B C C
B C A a b c a b a b
(Insulation Resistance Test) _ale Cwglio s @
s le Cuglio Cond Cand S P+ Jguo
DESCRIPTION VOLTAGE TEST RESULT
HV WINDING TO
EARTH 5000 CJ 1000 1 500 1
LV1 WINDING TO
EARTH 5000 ] 1000 1 500 1
HV WINDING TO LV1
WINDING 5000 ] 1000 1 500 1

(Measurement of Winding Resistance) z maw cuwoglio (5 5 ojlall
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(Measurement of No — Load Loss and Current) s,l o cws @
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Primary Voltage(v) Primary Current(mA)
TAP UL- V- UL- A 5 o
V1 W1 W1
1
2
3
4
5
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(ms)

s b ol

(ms)

PSS Cooglie cus Y
LS Conglitn Conn) K Yot Jguz

Contact
Resistance

L1 ;L

L2 5

L3 ;L

Pauds e Cuglie cous F

Al o le Caglio Cand Conad S5 1\ Jgu
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G xS olasl polde
(TQ) o0

Als’ (60 o Cond Cannd S NT— Jgus

Indication
(Open/Close)

Interlock
(Electrical/Mechanical)

Anti-pumping and
Blocking Relay Check

Motor Charging
Current

Motor Charging Time

Spring Charge
Current

Spring Charge Time

Counter Operation

: Load Breaker (Disconnector) sls o.dS cus @

WS oges oMb )

oolS 0g0e LMD o Sz WYt Joux

Al Jowe foui sl
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Load Breaker (Disconnector) il cooglio cuws .Y
le Cwglio Cand Cond S 1P oo

65 o5l yyolie
(TQ) o0

Load Breaker (Disconnector) =SLuS cuwglio cans Y
CSLSS Cunglio Cowd Canad S 10— oo

Contact
Resistance

L1 ;6

L2 5

L3 ;L

Load Breaker (Disconnector) s ,Sles s ¥

60 S dos Cond S S 1P Jgu
Jo2 Jjo1 JI2 ‘ i JRVERRE

Anti-pumping and
Blocking Relay Check

Motor Charging
Current

Motor Charging Time

Spring Charge
Current

Spring Charge Time
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Counter Operation

PG ol ces e

Al el sagos oS )
0y ol sogas SLEML! Cond Sz W+ Jgu

od;)'lw

Jl?.)‘“’ °)L°-33

Burden (VA)

ALF

o G o Canad SVAY S0

Feeder Phase S Injected Secondary ratio Tolerance
Name Current Current (mA) %
Jcl L1
2
1
L2
2
1
L3
2
1
Jjc2 L1
2
1
L2
2
1
L3
2
1
JT1 L1
2
1
L2
2
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L3

JT2

L1

L2

L3

(Magnetizing Curve) SoS ubloe Jove cws Y

(S OS b Lo (S Cond Cond SV Jgo

Gsitc Ceoglie s ¥

Sle Caoglin Cawd Cond S Yot Jgu

. Voltage
Position Test
JC1
S1-S2
P-E
JC2
S1-S2
P-E
JT1
S1-S2
P-E
JT2
S1-S2

L cus 0
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1Fer/1Y/oA LPS

Feeder

Name

JC1

4 M Ceoglite o’ o] S YV Jou

PHASE ‘ L1 L2 K]

V/1(mA) ‘ u(v) L(mA)  U(V) | (mA) u(v) I (mA)

NO. 1

NO. 2

JC2

NO. 1

NO. 2

JT1

NO. 1 1
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NO. 2

NO. 1

JT2

NO. 2

Feeder Name ‘ JC1 ‘

CoreNo.‘ 1‘ 2‘ 1

PHASE L2

L3

Burden s &
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Burden cowd cond STV Jgu>

Core Ambient
Phase L1 Phase L2 Phase L3 Air — temp
N[} (C)

JT1

JT2

JC1

JC2

N RN RN RN R

SUyz e (Swgm s Y
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Primary

Core  Iniunction Measuring Measuring Measuring Measuring
. Secondary Center Ammeter Relay
Current
1
JC1 L2
2
1
L3
2
1
L1
2
1
JC2 L2
2
1
L3
2
1
L1
2
1
JT1 L2
2
1
L3
2
1
L1
2
1
JT2 L2
2
1
L3
2

L3y ol s e

31~ u».ab: (OO OleMb| Cond SSYF— Jgus
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JP2 ‘ JP1

LPS

o2 el

odd)‘l...u

Jl-.’.r*’ °)L°-*i’

Burden (VA)

oS

G5y il 3 o Cand s Y

63u3 u»-“)-’. JJ.J-QJ. . .\ P P “l &“f_\_JSJ,.

JP2 JP1

Winding 1
Winding 2
Winding 3
Winding 1

Winding 2
Winding 3
Winding 1
Winding 2
Winding 3

Feeder Name
Test Voltage

Db s ¥

Ay Cond S SO Jgu

Feeder Name

JP1 WINDING 1
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WINDING 2

WINDING 3

JP2

WINDING 1

WINDING 2

WINDING 3

Dbl Cwglie cous Y

s le Caglio Cand Caned SSYFY Jgue

Voltage Resistance @
Test 60 Sec (MQ)

Measuring Point

JP1

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth
Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1

L1

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth
Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1

L2

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth
Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1

L3

JP2

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth
Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1

L1

Wind 1 to Earth
L2 Wind 2 to Earth
Wind 3 to Earth
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Resistance @

Measuring Point ~ 60Sec(MQ) |

Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1
Wind 1 to Earth
Wind 2 to Earth
Wind 3 to Earth
Wind 1 to Wind 2
Wind 2 to Wind 3
Wind 3 to Wind 1

L3

GiWg (Swgn Cowd Cond SSTY— Jgo

phase Primary  Measuring Measuring Measuring Measuring
Voltage  Secondary Center Ammeter

JP2 L1
L2
L3

Sr la ad (Ale Cuwglio us @

G br Aol Jle Cuoglino Cond Cond SSYAY Jouo

(LV) s jLid gloght  —¥ -0 —F

5 0592 &lp aBpl Oygpe slo b IEC 61439-1:2011 o laibiwl wlol » cole g0 Shee ialejl
S = r:L?u‘ S T 0l Jawgd ouds &Sl e ol g
059 Oledbl by oKws NamePlate ;o oals 7,0 Sledbl cijllas g 5,0l cwyyp @

skt Sl oy @
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(General Information) ceges slo dastin ool

(s HLiS slaghl) sogoe Wladin cud Cand S YA+ Jous

Date of Test:

Station Information:

Code:

Name:

Type:
Island Station [
Lateral Station [

LV Switchgear Information:

Serial Number:

LPS Name:

Transformer Sizing:

Incoming CB Rating:
3200 A 02500 A OJ
2000 A [J 1600 A OJ

Coupler CB Rating:
2500 A [J 2000 A
1600 A O

Capacitor Bank Config:

Test Devices

No.

Device Name and
Code

Serial Number

Calibration Expiry Date

10

ACB Cuwglin Cond Comnd K> Vot Jgu

Sl SY il gy 2

(Contact Resistance Test of ACBS) b ACB cCuwoglie s
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1For/IN/oA LPS
ACB Rating Phase L1 Phase L2 Phase L3
. 3200 A [0 2500 A
Incoming CB
2000 A 0 1600 A O
Coupler CB 2500A 0
2000 A 0 1600 A O
(Insulation Resistance Test) le cuglio Cus @
Sle Caoglio Cawd Conad S ¥\ oo
Phase Voltage Resistance Phase- Voltage Resistance
- Earth V) MQ) Phase V) MQ)
500 O 500 O
LIE 1000 O Lt 1000 O
500 I 500 I
L2-E L2-L
1000 3 1000 O
500 I 1 1000
L3-E 1000 ] L3-L1 0

Voltage Continuity Check:

(Continuity Check) (s las pglas cons @

Saloo pold Cand Cand S Y'Y g

Phase Multifunction Analogue
Name Vielizge Meter Voltmeter SCARLYENE
L1
L2
L3
Current Continuity Check:
Phase Current Multifunction Analogue SCADA/BMS
Name Meter Ampere-meter
L1
L2
L3
(Measurement Accuracy) s ,.5 ojluil cds @
:Voltage Measurement Accuracy
G503l Cdo Conad Sz YY—F Jgu
| Input Voltage | Measured Voltage |
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VFo X/ 1V oA
\Y \Y \Y4 \% Vv \% \Y \Y2 \Y2
L1-E L2-E L3-E L1L2 L2L3 L3L1 L1-E L2-E L3-E
Inc
oming
Co
upler
Cap
acitor
Ban
k
Current Measurement Accuracy:
Input Current Measured Current
Ia Ig Ic Ia Ig Ic
Incoming
Coupler
Capacitor
Bank
Power and Energy Measurement Accuracy:
Input Voltage Input Current
ViLE Vi2e Vize S P Q
Measured Power Factor:
Calculated Powers Calculated Energy
kVA kW kVAR kVAH kWH kVARH
Measured Powers Measured Energy
kVA | kw | kVAR kVAH | kWH | kVARH
Incoming Measuring Center Incoming Measuring Center
Coupler Measuring Center Coupler Measuring Center

plSls S oy @

pl5he S (o) 1 Cond SV P4 oo

Manual Auto Remote
Position Position Position
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Yo
1For/IN/oA LPS
Closing Inc. CB
Opening Inc. CB
Closing Coupler
CB
Opening Coupler
CB
S S b by slo s @
Capacitance Measurement:
) SL Coned S YO Jgox
STE STE STE STE STE STE
P1 P2 P3 P4 P5 P6
Measured
Capacitanc
e (uF)
Rated
Capacitanc
e (uF)
Error%
Insulation Resistance Check:
STEP STEP STEP STEP STEP STEP
1 2 3 4 5 6
500V
@ 15 Sec
500V
@ 60 Sec

(MCCB Protection Test) s o.JS 5 ,Slos @

Lals & Shos Cand SSYF— Jgu

MCCB Rating Availability Injecting Current Test Result*
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25A YESLINO I
32A YESLINO I
40 A YESCINO OO
S0 A YESCINO OO
63 A YESCINO OO
80 A YESCINO I
100 A YESLCINO I
125 A YESLCINO I
160 A YESOINO OO
200 A YESOINO OO
250 A YESOINO OO
320 A YESLCINO I
400 A YESLCINO I
630 A YESLCINO I

(o s SlosT 2yt —F -0 -F -
Cond Jondlygwd 5 0595 Sl a8l O ygo o 2l IEC la o sl wlal 5 cole (g0,5les Siole!
A 5S oo plaal B 7 s oadsle awgs ool 48l
() e (ST 9 gl oy )
ey e S RS o Y
e oy Sl Cenglia (6,5 o5l Y

(YoKV) buwgio jlid b5 iubosT 7 -8 -0 —F -

Ced Jollygins 5 0395 slp a8 ndy 50 lo (ALl IEC gla o jlaibial bl ol 63,8kes (alos)]
A 5S o0 pldl B3 758 4y oudile gy ealls &l
KM/MQ o s lode 05 o5lail g aole gl iuley] @
MO/KM s p Jlake 55 05lail g ol Cuwglin ioley] @

megger test e
GBIl cus e
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.(General Information) eges o dasin oS o

(8 5L) (pgoe Slakin Cud Comd SSTFYV— Jou

Date of Test:
Station Information:
Code: . Type: .
Name: Island Station [ Lateral Station
O
cell in....Battery Quantities:
Battery Type: yQ
LPS1 O LPS2 O
Test Equipment List and Specifications:
Item Model Serial Number Calibration Expiry Date
(Measurement Tests) 5 ,.5 ojlail sl s @
G503l (Glpnd’ Coned S YA Jgur
A..Charging Record - Constant Current :
. Ambient Whole of
..KPL :
Time(hh:mm) Temperature(°C) Voltage(V)
Test
Start
Test
End
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O ol
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Start of Test End of Test
Cell No Voltage Temp Density Voltage Temp Density
Cell(V) Electrolyte(°C) (gricm?) Cell(V) Electrolyte(°C) (gricm?)
1
2
3
4
5
6
7
8
9
91
92
A.Discharging Record - Constant Current :
. ) . o Whole of
KPL700 Time(hh:mm) Ambient Temperature(°C) Voltage(V)
Test Start
Test End
Start of Test End of Test
Cell No Voltage Temp Density Voltage Temp Density
Cell(V) Electrolyte(°C) (gricm?®) Cell(V) Electrolyte(°C) (gricm?®)
1
2
3
4
5
6
7
8
9
)
qy

A e

G Sl gss 5 0395 (6l 4y 90 oo >Lb ¢ IEC els o il olul s ol 63, Shas iglo;]

S S = r:l?u‘ S T 0ni b Jawgs oo &S|
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(General Information) eges slo dasin oo ¥

ooy gl Kisles 5, Shos Coxo oy ¥

S35 o IS sl op g Sljlae g ldgsle 0l 29, oy O

el 3525 pos (o) F

S Y 8 Shee oy Y

OB o Sdes (o) A

AL Jlre s 3y (omyn A

Sk Jisey sty oo oy Ve

(55318) (gagas Sladiio o Comd Sz YA+ Jguz

s ol

solSts| &y oKt | r:lj ol oS
O b 55 O sl o3 55

2l ) ssbl wlasin

9hl 55 )18 Joe (&9 Ol Ol 10l8wd Jl oo 0)les
OLPS1 OO LPS2 O RS O el e O el e
G (g oiws Wlaseino
slasl @)Lo Jb s 0,les oo Juw g el @,
Ol yedlS

(LPS) o bdigy 22595 sl oy (5,104 ymoxi=0 -)
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Front panel
13 Draw-out unit transport shaft 27 P
14 Options label 28 Receptacle for auxiliary contacts
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Unblocking racking handle / withdrawing racking handle : o

@ A—
Halten! |I : ' / \/l
Hold! 1

0067-01
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Open Circuit breaker . \
Push Crank . Y

Extract handle . Y

Lift control lever and hold . ¥
Extract crank . &
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e Racking Circuit-breaker into connected position

Anschlag / Stop
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0031
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0030
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Otherwise, the racking mechanism will be damaged Do not turn the crank handle beyond the stop!
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( Charging the storage spring) o5 5,L% -
( Charging manually) o -

(Secure a not mounted circuit breaker when charging it manually)
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Handle force
n Number of strokes
(1) Spring charged
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General ones:

EN 50121-1 Railway applications — electromagnetic compatibility - part 1: general

EN 50122-1 Railway applications - fixed installation - part 1: protective provisions relating to electrical
safety and earthing

IEC 60027 Letters Symbols to be used in Electrical Technology

IEC 60038 IEC Standard Voltage

IEC 60050 International Electrotechnical vocabulary

IEC 60071 Insulation co-ordination

IEC 60173 Colours of Cores of Flexible Cables and Cords

IEC 60243 Recommended Methods of Test for Electric Strength of Solid Insulating Material at Power
Frequenies

IEC 60364 Electrical Installation of Buildings

IEC 60446 Identification of Insulated and Bare Conductors by Colours

IEC 60529 Degrees of protection provided by enclosures (IP code)

IEC 60614 Specification for conduits electrical installations

IEC 61810 Electromechanical elementary relays

IEC 60947 Low-voltage switchgear and controlgear

IEC 62040-3 Uninterruptible power sources

IEC-TR-61000-3-6 Assessment of emission limits for the connection of distorting installations to MV,
HV and EHV power systems

ANSI/NFPA 130: Fixed Guideway Transit System

Rectifier-Transformer Unit (Rectifier Transformer and Rectifier):

IEC 60060: High voltage test techniques

IEC 60071: Insulation co-ordination
IEC 60073: Colors of indicator and push buttons
IEC 60076: Power transformers
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IEC 60083: Plugs and socket outlets for domestic and similar general use standard

IEC 144: Degrees of protection of enclosures for low switchgear and controlgear

IEC 60146: Semiconductor converters

IEC 60147: Essential ratings and characteristics of semiconductor devices and general

principles of measuring methods

IEC 60191: Mechanical standardization of semiconductor devices

IEC 60326: Printed boards

IEC 60445: Identification of equipment terminals and terminations of certain designated

conductors, including general rules of an alphanumeric system

IEC 60446: Identification of insulated and bare conductors by colors

IEC 60529: Classification of degrees of protection provided by enclosures

IEC 60551: Determination of transformer and reactor sound levels

IEC 66014: Specification for conduits for electrical installation

IEC 60664 Insulation co-ordination within low voltage system including clearance and

creepage distance

IEC 60726: Dry-type power transformers

IEC 60747: Semiconductor devices, discrete devices

Cables:

IEC 60028 International Standard of Resistance for Copper

IEC 60183 Guide to the selection of high voltage cables

IEC 60228 Conductors of insulated cables

IEC 60229 Test on cable over sheaths that have a special protective function and applied by extraction

IEC 60230 Impulse tests on cables and their accessories

IEC 60287 Calculation of the continuous current rating of cables (100% load factor)

IEC 60331 Fire resisting characteristics of electric cable

IEC 60332 Test on electric cables under fire conditions

IEC 60376 Specification and acceptance of new sulphur hexafluoride

IEC 60391 Marking of insulated conductors

IEC 60446 Identification of Conductors by colours or numerals

IEC 60502 Extruded solid dielectric insulated power cables for rated voltages from 1kV up to 30 kV

IEC 60540 Test methods for insulations and sheaths of electric cables and cords

IEC 60724 Guide to the short-circuit temperature limits of electric cables with a rated voltage not
exceeding 0.6/1.0kV

IEC 60754-1 Determination of the amount of halogen acid gas evolved during the combustion of
polymeric materials taken from cable

IEC 60811 Common test methods for insulating and sheathing materials of electric cables and optical
cables - part 1-1: methods for general application - measurement of thickness and overall dimensions

IEC 60885-1 Electrical test methods for electric cables - electrical tests for cables, cords and wires for
voltages up to and including 450/750V

IEC 60949 Calculation of thermally permissible short circuit currents taking into account non adiabatic
heating effects

HV & MV Cells:
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IEC 60044-1 Instrument transformers - part 1: current transformers

IEC 60044-2 Instrument transformers - part 2: inductive voltage transformers

IEC 60056 High-voltage alternating current circuit breakers

IEC 60059 IEC standard current ratings

IEC 60060 High-voltage test techniques

IEC 60073 Colour of indicator lights and push buttons

IEC 60099 Lightning arresters (non linear resistor type arresters for AC system)

IEC 60129 Alternating Current Disconnectors and Earthing switches

IEC 60137 Bushing for alternating voltage above 1000V

IEC 60144 Degree of protection of enclosure for low voltage switchgear and controlgear

IEC 60168 Test on indoor and outdoor insulation

IEC 60183 Guide for selection of high voltage cables

IEC 60185 Current Transformers

IEC 60186 Voltage Transformers

IEC 60227 Definitions for Switchgear and Controlgear first Supplement

IEC 60255 Electrical Relays

IEC 60258 Direct acting recording electrical measuring instruments and their accessories

IEC 60265-1 High-voltage switches - switches for rated voltages above 1 kV and less than 52 kV

IEC 60266 High voltage switches

IEC 60282 High voltage fuses

IEC 60298 High-voltage metal enclosed switchgear and controlgear

IEC 60420 High Voltage Alternating Current Fuse-Switch Combinations and Fuse-Circuit Breaker
Combinations

IEC 60427 Synthetic Testing of High Voltage Alternating Current Circuit Breakers

IEC 60694 Common specifications for high-voltage switchgear and controlgear standards

IEC 60865 Short Circuit calculations

IEC 61129 Alternating current earthing switches induced current switching

IEC 61259 Requirement for switching of bus charging current by gas insulated switchgear disconnectors

IEC 62271-100 High-voltage switchgear and controlgear - part 100: high voltage alternating-current
circuit-breakers

IEC 62271-102 High-voltage switchgear and controlgear - part 102: alternating current disconnectors
and earthing switches

IEC 62271-105 High-voltage switchgear and controlgear - part 105: alternating current switch-fuse
combinations

LV cells:

EN 50091-1 Specification for uninterruptible power systems (UPS) - general and safety requirements

EN 61000-6-4 Electromagnetic compatibility (EMC) - generic standards - emission standard for
industrial environments

IEC 60051 Direct acting indicating analogue electrical measuring instruments and their accessories

IEC 60127 Cartridge fuse-links for miniature fuses

IEC 60269 Low-voltage fuses

IEC 60337 Control Switches (Low Voltage Switching Devices for Control and Auxiliary Circuits,
including Contractor Relays)
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IEC 60439 Low-voltage switchgear and controlgear assemblies

IEC 60664-1 Insulation co-ordination for equipment within low voltage

systems - partl: principles, requirements and tests

IEC 60668 Dimensions of panel areas and cut-outs for panel and rackmounted industrual-process
measurement and control instruments

IEC 61000-4 Electromagnetic compatibility (emc)

IEC 61346-1 Industrial systems, installations and equipment and industrial products structuring
principles and reference designations - part 1: basic rules.

IEC 60085: Thermal Evaluation and Classification of Electrical Insulation

IEC 60145: Var-hour (Reactive Energy) Meters

IEC 60158: Low Voltage Control Devices

IEC 60211: Maximum Demand indicators

IEC 60341: Push-Button Switches

IEC 60408: Low Voltage Air-Break Switches, Air-Break Disconnectors, Air-Break Switch
Disconnectors and Fuse Combination Units

IEC 60414: Safety Requirements for indicating and Recording Electrical Measuring Instruments & their
Accessories

IEC 60417: Graphical Symbols for use on Equipment

IEC 60423: Outside Diameters of Conduits for Electrical Installations and Threads for Conduits and
Fittings

IEC 60445: Identification of Equipment Terminals and of Terminations of Certain Designated
Conductors, including General Rules ox an Alphanumeric System

IEC 60447: Standard Direction of Movement for Actuators which control the Operation of Electrical
Apparatus

IEC 60473: Dimensions for Panel-Mounted Indicating and Recording Electrical Measuring instruments

IEC 60479: Effect of Current Passing through the Human Body

IEC 60521: Class 0.5,1 and 2 Alternating Current Watt-hour Meters

IEC 60536: Classification of Electrical and Electronic Equipment with regard to Protection against
Electric Shock

IEC 60617: Graphical Symbols for Diagrams

IEC 60684: Specification for Flexible Insulating Sleeving

IEC 60695: Fire Hazard Testing

IEC 60715: Dimensions of Low Voltage Switchgear and Control Devices Standardized Mounting on
Rails for Mechanical Support of Electrical Devices in Switchgear and Control Devices Installations

Earthing:

BS 6651 Code of Practice for Protection of Structures Against Lightning.

BS EN 50 121 Railway Applications Electromagnetic compatibility, Parts 2 & 5.

BS EN 50 122 Railway Applications Fixed Installations, Parts 1 & 2

ANSI IEEE Std 80-1986stallations

Mol
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AC : Alternative Current
LV : Low Voltage (< 1000V) ciees L
MV : Medium Voltage Lo s

RS : Rectifier-Transformer Station
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Date of Test:

Station Information:

Code: Name: Type:

Island Station O

Lateral Station [
Dry-Type Distribution Transformer Information:
Serial Number: LPS Name: Transformer Rated Power:

Transformer Vector Group:

Transformer Cooling Method:

Test Devices

No. Device Name and Code Serial Number Calibration Expiry Date
1
2
(Ratio Measurement test) Jsoud Coud w3 Comd S =¥ Jou>
primary side secondary side
Rated Voltage: 20 kV Rated Voltage:
Connection Type: Connection Type:
0,
VAB |VBC |VAC | vab Vbe Vac Tolerance (%)
AP “w | ®» ™ ] ® | W
U \% w
1
2
3
4
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0,
VAB |VBC [VAC |vab | Vbc | Vac Tolerance (%)

v) v) v) V) v) v)

U \Y w

(Vector Group Test) Luil 5 5,15 5 09,5 Cond Y—¥ Jgu>

VA VB VC \Y \Y \Y \Y \Y \Y \Y \Y \Y

(Insulation Resistance Test) isle cawglio Cund Cand S F—¥ Jou
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HV WINDING TO EARTH

5000 O 1000 1500 O

LV1 WINDING TO EARTH

5000 O 1000 1500 O

HV WINDING TO LV1
WINDING

5000 O 1000 1500 O

(Measurement of Winding Resistance) g muw cwglio 5 m5 0310 Comd K> O—F Jgu>

Tap 1

Tap 2 Tap 3

Tap 4

Tap 5

VAB (v)

IAB (A)

R (Q)

R 25°C (Q)

VBC (v)

IBC (V)

R(Q)

R 25°C (Q)

MV WINDING

VCA (V)

ICA (A)

R (Q)

R 25°C (Q)

LV Winding 1

LV Winding 2

VAB (v)

IAB (A)

R (Q)

R 25°C (Q)

VBC (v)

IBC (v)

R(Q)

R 25°C (Q)

VCA (v)

ICA (A)

R(Q)

R 25°C (Q)
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(Measurement of No — Load Loss and Current) s,b o cawd Cand S 5% Jou>

Primary Voltage(v) Primary Current(mA)
TAP
Ul-v1 V1-W1 Ul-wi A B Cc
1
2
3
4
5
750VDC SWGR gy glli g (piS 5 placs’y -V -0 -F-Y
o9 OledMbl Cand S YV—F oo
Date of Test:
Station Information:
Code: Name: Type:

Island Station [J Lateral Station [J

Test Concerning the Following Panels in RS Substation:

Panel

| Serial No. | Note
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ND
RECTIFIER #1
RECTIFIER #2

MRID #1
MRID #2
LFCB#1
LFCB#2
LFCB#3
LFCB#4
PCC
NPMPD

Test Equipment List and Specifications:

Item Model Serial Number Calibration Expiry Date

Legends Check:

OK: Test Results are in Order

Not OK: There is a Problem in Test Results
N/A: Not Applicable

L3l e (@
0595 Sledbs] l.: oKws Plate Name e o z° Sleds| u.:uUa.a 9 Lg).mUo R

- Measurement Tests
- Insulation Test
- Insulation Test of Frame Panels
Procedure:
a. Make sure that the Rectifier and ND frame are connected to the Switchgear Panel Via at least
2x50mm2 cable.
b. Open all the mini circuit breakers of the auxiliary circuits of the equipment to be tested.
c. Disconnect the connection between the substation earth (2) and the earth of the equipment (3) at the
output of the low impedance relay (1).
d. Connect the insulation resistance meter (4) between the earth of the equipment (3) and the substation
earth (2), through the low impedance relay (1).
e. Apply the test voltage (at least during 60 seconds to allow the measured current to stabilize) and check
the value of the insulation resistance.
f. If the result is incorrect, look for the cause of the insulation problem, fix it and repeat the test.
It is better to connect the Megger positive to the substation earth and the negative onto the cubicles, in
order to help prevent polarization of the earth.

‘ Item ‘ Test Title ‘ Means Pass Criteria
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. . Voltage <=1000VDC, R>100K
1 Frame Resistance against earth Megger g
ohm
Insulation Test of Frame Panel Result: OK O NotOK O

Note:

1. Insulation Test of Active Parts
Procedure:
a) Make sure the connection between the substation earth (2) and the earth of the equipment (3) at
the output of the low impedance relay (1) is fastened.
b) Rectifier insulated via MRID1 and MRID2
c) Trolley in service position
d) HSCB open
e) Without external power connection
f)  Without auxiliary voltage
g) Measurements and over voltage circuits disconnected.
h) Measure the resistance between Neg. against earth, Pos. against earth and feeders against earth.
i) After the test, reconnect all the opened connections.

Item Test Title Means Pass Criteria
1 Pos. Bus bar Resistance against earth Megger Voltage <=1000VDC, R>1G ohm
2 Neg. Bus bar Resistance against earth Megger Voltage <=1000VDC, R>1G ohm
3 Feeder #1 Resistance against earth Megger Voltage <=1000VDC, R>1G ohm
4 Feeder #2 Resistance against earth Megger Voltage <=1000VDC, R>1G ohm
5 Feeder #3 Resistance against earth Megger Voltage <=1000VDC, R>1G ohm
6 Feeder #4 Resistance against earth Megger Voltage <=1000VDC, R>1G ohm

Insulation Test of Active Parts Result:

Item 1: OK [ Not OK [
Item 2: OK [ Not OK [
Item 3: OK [ Not OK [
Item 4: OK [ Not OK [
Item 5: OK [ Not OK [
Item 6: OK [ Not OK [
Note:

2. Ground Fault relay Test
Procedure:
a) Set the output current of the current source device to 75A.
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b) Connect the current source probe to the both side of “low Impedance Relay” (1). The 75A
current shall not activate the K64 relay.

¢) Disconnect the source, set the output current to 85A and reconnect to the relay. It shall be
activated.

d) Activation of the K64 relay shall be checked by means of Multi meter buzzer check.

Ground Fault relay Test Result:
Remaining inactive with injection of 75A current: OK [ Not OK [
oK [ Not OK [ Activation with injection of 85A current:

3. Auxiliary Supply Voltage Test
Procedure

a) Turn OFF all MCBs in all panels.

b) Turn ON AC/DC Distribution panel’s MCBs to MRID2 and NPMPD.

c)

d) Check the Voltage and polarity from input side of MCBs in MRID2 and NPMPD with reference
to their related Drawing documents. Also check the voltage against the earth.

e) If the measurements in (c) is OK, turn ON the MRID2 Auxiliary MCBs and check the voltage
and polarity in all other panels.

f) If the measurement in (d) is OK, turn ON the auxiliary MCB in all Panels and check if the
Lamps, PLC... are ON or not.

Test Pass Criteria:

AC Voltage: 220VAC +10% -15%
DC Voltage: 110vDC +10% -15% positive polarity to earth: 55VDC +10% -15%
Test Result

DC
Item Panel AC Voltage V[:)ICtage Positive to Test Result
Earth

1 MRID #2 oKO Not OK [
2 NPMPD okKO Not OK [
3 ND oKO Not OK [
4 RECTIFIER #1 okKO Not OK [
5 RECTIFIER #2 oKO Not OK [
6 MRID #1 oKO Not OK [
7 LFCB#1 oKO Not OK [
8 LFCB#2 okO Not OK [
9 LFCB#3 oKO Not OK [
10 LFCB#4 okO Not OK [
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aA

oKO

Not OK [

4. Current / Voltage Measurement Test
e LFCB Voltage Measurement
Procedure:
Rectifier insulation with opening MRID1 and MRID2.
All LFCBs open.
Apply 750vDC on main Bus bar.
Check the measured Voltage values on all of the LFCB HMI panels.
For checking the feeder voltage measurement value, apply the voltage to U01B-V transducer
module and read the voltage on HMI.
Test Pass Criteria:
The voltage value on the HMI shall be within +5% of the applied voltage value.

a)
b)
c)
d)
e)

Applied voltage to Main Read voltage
Item Panel Test Result
Bus bar | on Bus bar (HMI)
oK [ Not OK
7 LFCB#1
UJ
oK [ Not OK
8 LFCB#2
O
oK I Not OK
9 LFCB#3
O
oK I Not OK
10 LFCB#4
UJ
Applied  voltage to Read voltage
It Panel Test Result
em ane uoiB-v on Feeder(HMI) estiRest
oK I Not OK
7 LFCB#1
O
oK [ Not OK
8 LFCB#2
U
oK [ Not OK
9 LFCB#3
U
oK I Not OK
10 LFCB#4 0

5. LFCB Current Measurement Test

Procedure:

a) HSCB on test position, open the LFCB panel’s door, unlock the trolley and pull it out.
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b) Connect the extension control cable between trolley and panel control cable.

¢) Restart SEPCOS.

d) Open the wires from shunt resistor on main bus bar, Apply 30mV to the wires and read the
current on the HMI.

e) Remember to reconnect the wires to the both sides of shunt resistor after test.

Test Pass Criteria:

The current value on the HMI shall be calculable from the below equation:
V: applied voltage (mV)

A=100 x V (mV) 5%

Test Result:
Read Current
Item Panel Appli | mV Test Resul
te ane pplied voltage (mV) on HMI (A) est Result
oK O Not OK
7 LFCB#1
O
oK O Not OK
8 LFCB#2
O
oK O Not OK
9 LFCB#3
O
oK O Not OK
10 LFCB#4 0

6. NPMPD Voltage Measurement
Procedure:

a) Open the NPMPD’s flexy glass and disable its micro switch.

b) Open the links for isolation NPMPD from rail and earth.

€) Reset and open the NPMPD’s Disconnector.

d) Apply £100VvDC to the Bus bars.

e) Check the measured Voltage value on HMI.

f) Remember to enable flexy glass micro-switch after test.
Test Pass Criteria:
The voltage value on the HMI shall be within £5% of the applied voltage value.
Test Result:  OK [ Not OK [J

e NPMPD Current Measurement Test
Procedure:
a) Open the wires from shunt resistor on the bus bar, Apply+ 30mV to the wires and read the
current on the HMI.
b) Remember to reconnect the wires to the both sides of shunt resistor.

Test Pass Criteria:
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The current value on the HMI shall be calculable from the below equation:
V: applied voltage (mV)

A=16.666 x V (mV) +5%

Test Result: OK [ Not OK [J

o Rectifier Reverse Current Test
Procedure:
a) Close MRID1 and MRID2.
b) Close all HSCBs.
c) Apply -1mV to RO1R1-c in ND panel. All substation including both MV transformer panels,
MRIDs and Feeders shall Trip and lock out.
d) Redo (a), (b).
e) Apply -1mV to RO1R2-c in ND panel. All substation, including both MV transformer panels,
MRIDs and Feeders shall Trip and lock out.
Test Pass Criteria:
All substation, including both MV transformer panels, MRIDs and Feeders shall Trip and lock out.

Test Result: OK I Not OK [

+ Functional Test
o Rectifier Test
o Diode fuse Failure Test
Procedure:
a) Open Rectifier 1 and 2 HV doors and deactivate door micro switches by means of a piece of
wire or stick.
b) Check the AC Beakerl /2 permit to close signal with multi meter Buzzer check.
c) Activate and deactivate all of the 24 diode fuse failure flags one by one from Rectifier#1 /#2.
After each activation, check the buzzer sound.
Test Acceptance Criteria:
After each flag activation, the sound shall not be heard.
Test Result:
Rectifier 1 Test Result:  OK UJ Not OK [J

Rectifier 2 Test Result: oK O Not OK [

o Two diode in each branch Failure Test
Procedure:
a) Check the AC Beakerl /2 Trip signal with multi meter Buzzer check.
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b) Ineach Rectifier Branch, Activate both diode fuse failure flags from Rectifier#1 /#2. After each
activation, check the buzzer sound.
¢) De-Activate the flags and redo (b) for the next Branch.
d) It is recommended to activate two diode fuse failure flags from different branches and in this
case the trip signal shall not be activated.
Test Acceptance Criteria:
After each activation, the sound shall not be heard.
Test Result:
Rectifier 1 Test Result:  OK [ Not OK [J

Rectifier 2 Test Result: oK O Not OK

o Rectifier RC Fuse Failure test
Procedure:
a) Check the AC Beakerl /2 Trip signal with multi meter Buzzer check.
b) Activate the RC Fuse failure flag and check the buzzer sound.
c) Deactivate the flag and redo (a) and (b) for the next Rectifier.
Test Acceptance Criteria:
After each activation, the sound shall not be heard.
Test Result:
Rectifier 1 Test Result: oK [ Not OK [

Rectifier 2 Test Result: oK O Not OK [

o Rectifier over temperature Alarm & Trip

Procedure:
a) Check the AC Beakerl /2 permit to close signal and Trip Signal with multi meter Buzzer
check.
b) For each Rectifier, Short the Temperature Alarm sensor and check the buzzer sound.
c) For each Rectifier, Short the Temperature Trip sensor and check the buzzer sound.
d) Clear the short circuit tool from the sensors.
Test Acceptance Criteria:
- After shorten alarm temperature sensors, the corresponding AC Breaker’s permit to close signal
sound shall not be heard.
- After shorten Trip temperature sensors, the corresponding AC Breaker’s trip signal sound shall
not be heard.
Test Result:

Rectifier 1 Temperature Alarm Test Result: oK U Not OK [
Rectifier 1 Temperature Trip Test Result: oK [ Not OK [
Rectifier 2 Temperature Alarm Test Result:  OK [ Not OK [
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Rectifier 2 Temperature Trip Test Result: oK Not OK [

o Rectifier Heater and Thermostat Test
Procedure:
a) Set the thermostat below the ambient temperature, check all the heater’s temperature.

Set the thermostat to 20 degree of centigrade after test.
Test Acceptance Criteria:
All of the heaters shall start warming immediately.

Test Result:
Rectifier 1 Heater and Thermostat Test Result:  OK [ Not OK [

Rectifier 2 Heater and Thermostat Test Result: oK O Not OK [

o Rectifier HV door open Interlock Test
Procedure:
b) Remove rectifier door micro-switch deactivators and close HV doors.
c) Close all HSCBs and MRIDs
d) Open each Rectifier’s 1** HV door and check AC Breakers Trip Signal using multi meter buzzer
check.
e) After checking the result, redo (b) and open the next HV door of the rectifier.

Test Acceptance Criteria:
After each door open, all the HSCBs, MRIDs shall open immediately and buzzer sound shall
not be heard for both AC Breakers.
Test Result:
Rectifier 1 all HV doors open Test Result: ~ OK [ Not OK [
Rectifier 2 all HV doors open Test Result: ~ OK [ Not OK [
o Breaker Test
o Open /Close test

Procedure:

a) Insulate rectifiers by opening both MRIDs.

b) Connect 750VDC voltage to main bus bar.

c) Resetall HSCBs from HMI and turn them ON using HMI.

d) Check the Line Test operation.

e) Turn OFF all of HSCBs using HMI.

f) Activate HSCB’s Line Test’s fuse failure flag and Redo (¢).

g) Deactivate HSCB’s Line Test’s fuse failure flag after getting test Result.
Test Acceptance Criteria:
In the first try, HSCBs shall close after 1 sec activation of Line Test Device with hearing its contactor
sound.
In the second try, the Line test failure warning shall be shown on the HMI and it shall prevent closing
the HSCBs.
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Test Result:
First Try:
Item Panel Test Result
1 LFCB#1 oK [ Not OK [
2 LFCB#2 oK [ Not OK [
3 LFCB#3 oK [ Not OK [
4 LFCB#4 oK [ Not OK [
Second Try:
Item Panel Test Result
1 LFCB#1 oK O Not OK
2 LFCB#2 oK Not OK [
3 LFCB#3 oK Not OK [
4 LFCB#4 oK O Not OK
o IDS setting Check
Procedure:

a) Open LFCB panel’s door, Remove the Trolley.

b) Compare IDS settings from Short circuit and calculation Document with the value that is already
set on the HSCBs. Settings shall be applied with reference to HSCB user Manual Page 24/72.

¢) PCC IDS Setting shall be its maximum permitted value.

Test Acceptance Criteria:
The applied setting value shall be exactly the calculated setting value.

Test Result:
Item Panel Test Result
1 LFCB#1 oK [ Not OK [
2 LFCB#2 oK [ Not OK [
3 LFCB#3 oK O Not OK [J
4 LFCB#4 oK [ Not OK [
S5 PCC#1 oK O Not OK [
6 PCC#2 oK Not OK [

o IDS operation Test
Procedure:
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a) While the trolley is out, close the HSCB.

b) Push down the moving contact’s lock fork to simulate the over current.
Danger!
Don'’t touch the fork with hand, opening the contact, may injure your hand. Use a hard tool for this
test.
Test Acceptance Criteria:
Pushing down the fork shall lead to opening the HSCB and IDS protection warning shall appear on the
HMI.

Test Result:
Item Panel Test Result
1 LFCB#1 oK [ Not OK [
2 LFCB#2 oK [ Not OK [
3 LFCB#3 oK [ Not OK [
4 LFCB#4 oK [ Not OK [
o HSCB’s Main Contact Resistance
Procedure:

a) While the trolley is out, close the HSCB.
b) Apply 100A to the contacts and measure the voltage between two contacts.
c) Calculate Reontact=V Mmeasurea/ 100

Test Acceptance Criteria:

Rcontact Shall be less than 10 micro Ohm.

Test Result:
Resi
Item Panel Contact Resistance Test Result
Value
1 LFCB#1 ok O Not OK [
2 LFCB#2 oK Not OK [
3 LFCB#3 oK O Not OK [
4 LFCB#4 oK O Not OK [
o Trolley Earth Connection Test
Procedure:

a) Push the trolley inside the panel and lock it.

b) Putthe HSCB in Service position with open door.

c) Test the Trolley’s body electrical connection to the panel’s structure.
Test Acceptance Criteria:
Electrical continuity shall be established.
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Test Result:
Item Panel Test Result

1 LFCB#1 ok O Not OK [

2 LFCB#2 ok O Not OK I

3 LFCB#3 oK O Not OK O

4 LFCB#4 oK O Not OK O

o Switchgear and NPMPD Heater and Thermostat Test

Procedure:

a) Set the thermostat below the ambient temperature, check all the heater’s temperature.
b) Set the thermostat to 20 degree of centigrade after test.

Test Acceptance Criteria:

All of the heaters shall start warming immediately.

Test Result:

Item Panel Test Result
1 LFCB#1 oK I Not OK [
2 LFCB#2 oK [ Not OK [
3 LFCB#3 oK O Not OK [
4 LFCB#4 oK [ Not OK [
S5 MRID1 oK O Not OK OJ
6 MRID2 oK [ Not OK [
7 PCC oK [ Not OK [
8 NPMPD oK O Not OK [

o HSCB Emergency Push Button Test
Procedure:

a) Close the LFCB panel’s door.

b) Put the HSCB in Service position.

¢) Close the HSCB using HMI and Check the EPB’s Functionality.
Test Acceptance Criteria:
EPB shall have smooth functionality and CB shall open immediately and relevant warning shall be
shown on the HMI.

Test Result:
Item Panel Test Result
1 LFCB#1 oK [ Not OK [

2 LFCB#2 oK O Not OK [
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LFCB#3 ok O Not OK [
LFCB#4 oK O Not OK

o HSCB Mechanical Interlock

Procedure:

a) Put the trolley in test position.

b) Close the HSCB via HMI.

c) Try to change the trolley condition to SERVICE.
Test Acceptance criteria:
While moving from test to service position and before connecting HSCB with panel bus bar, the
HSCB shall be opened automatically.

Test Result:
Item Panel Test Result
1 LFCB#1 ok O Not OK [
2 LFCB#2 oK O Not OK O
3 LFCB#3 ok O Not OK [
4 LFCB#4 oK O Not OK [J
o HSCB protection Settings check
Procedure:

a) Compare all the calculated settings from “short circuit and SEPCOS settings calculation”
document with the setting values on the SEPCOS protection relay.
Test acceptance criteria:
The calculated settings shall be implemented correctly on the SEPCOS.

Test Result:
Item Panel Test Result
1 LFCB#1 OK [ Not OK I
2 LFCB#2 OK [ Not OK [J
3 LFCB#3 oK [ Not OK I
4 LFCB#4 OK [ Not OK [J

e General Logic Test
The total logic of the substation shall be tested by the test mad with reference to substation Schematic
and flow chart documents.
The most important ones shall be tested according the following Items:
a) HSCB shall not accept remote command (SCADA/Web in maintenance position.
Test Result for all HSCBs: OK [ Not OK [
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b) Inter trip input and inter trip output of all HSCBs shall be checked by means of cross connection
between HSCBs in the same substation. Make sure to remove cross connection after test and
insert proper resistor in Inter trip in terminals.

Test Result for all HSCBs: OK [ Not OK [
¢) Close command to the HSCBs in remote mode, shall not lead to close PCC.
Test Result for all HSCBs: OK [ Not OK [J

d) If the ND disconnector is open, the related MRID shall not be able to operate (No permission
to operate) and in case MRID disconnector is closed, the relevant ND disconnector shall not
have permission to open. This test shall be implemented one by one for each MRID/ND
disconnector.

Test Result for MRID1/ND Disconnectorl: OK [] Not OK [
Test Result for MRID2/ND Disconnector2: OK [ Not OK [

e) Recloser and Anti-pumping function shall be tested for all HSCBs and NPMPD.
Test Result for All HSCBs: OK [ Not OK [
Test Result for NPMPD: OK [ Not OK [

f) In case of removing Auxiliary DC voltage, Not HSCBs nor AC Breakers shall trip.
Test Result: oK [ Not OK [J

g) Incasethe MRID is in Lockout, even if its interlock with AC breaker permits to operate, it shall
not operate till resetting the MRID Lockout.

Test Result for both MRIDs: oK I Not OK [
Note
Final Check
a) Check to be sure Cable connection from each feeder to its appropriate 3rd rail.
Test Result for All LFCBs and PCC: oK I Not OK [

b) Check to be sure cable connection from ND to impedance bond and from impedance bond to
Rails. Connection of both rails of each track to ND (direct or with impedance bond) is really
important.

Test Result: oK [ Not OK [

¢) Check to be sure cable connection between ND and NPMPD and between NPMPD and earth
PE bus bar.

Test Result: oK [ Not OK [
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(Timing Test) oS Cuws 5 56 loy S
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(MS) oo &t oo

(Ms) ¢ 5k e

SIS Cooglie Cud

CSLSS Canglio Camd Cannd S N—F oo

Contact

Resistance

L1 58
L2 58
L3 ;6

LS le Cooglio s @

AlS le Cwglio Cond Camd S5 1T—F Jgu

(TQ) R 6)5 c)‘.bl )J.)Lo.c

S’ 60 ySdos Cand Connd S VY—F Jou

Indication (Open/Close)

Interlock
(Electrical/Mechanical)
Anti-pumping and
Blocking Relay Check

Motor Charging Current
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Motor Charging Time

Spring Charge Current

Spring Charge Time

Counter Operation

Load Breaker (Disconnector) sl oS ¢ v

Disconnectorsds sogos SleMb! cund S V¥ oz

LS Jow foussle

i oo
oS b ol >

4l S ol Jlasl ol >

Load Breaker (Disconnector) ile cuoglio cus -

Disconnectorals sl cawglio coud 10—F Jgu=

(TQ) 0dds (5,5 ojlail polie

Load Breaker (Disconnector) cSLuS cwglio s -

Disconnector cslus cuwoglio Cuwd Comad S 1F—F Jou>

Contact

Resistance

L1 58
L2 56
L3 56
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Load Breaker (Disconnector) o ,Sles cod -

Disconnector s ,Slos Cond Conad S \V=F Jgu

Anti-pumping and
Blocking Relay Check

Motor Charging Current

Motor Charging Time

Spring Charge Current

Spring Charge Time

Counter Operation

Sz ol s v

Ol lp (pgee ledbl -

ol I ages SLeMb! Cund S WAF Sy

c.&j)'l..;

Jl oo

Jod s
Burden (VA)
ALF

J.i\)%.? ... v . _

o o o G S VA Jgu

Feeder Injected Secondary ratio Tolerance
Name Current Current (mA) %
1
L1
2
JC1
1
L2
2
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Feeder Rated Injected Secondary Tolerance
Phase Core .
Ratio Current Current
1
L3
2
1
L1
2
1
JC2 L2
2
1
L3
2
1
L1
2
1
JT1 L2
2
1
L3
2
1
L1
2
1
JT2 L2
2
1
L3
2

(Magnetizing Curve) SoS jubloe Jove cuws -
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V/ImA)  UV) | (MA) u(v) I (mA)

NO. 1

JC1

NO. 2

NO. 1

JC2

NO. 2

o 0|~ wW|IN|IPIO|O|BMW[IDN|EF

PHASE L1 L2 L3

V /1(mA) u(v) | (MA) u(v) | (MA) u(v) I (MA)

JT1 NO. 1 2




$Woispm IS g9 (550 g0 0 SS9 (Flo

ojg Cligrs — a0s> 9 Gl Ay S g o> 1\ ¥

Ols ol ppiiaw
VFo1/11 /oA

NO. 2

NO. 1

JT2

NO. 2

ool | AW NP OO DWW

Feeder

JC1
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Voltage

Position Test

S1-S2

JC2

P-E
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S1-S2
P-E

JT1
S1-S2
P-E

JT2
S1-S2

PHASE

Core No.

a2 )M S S S VY—F Jgu

Feeder Name

1

L2

L3

Burden ces -

Burdences cand S YY—¥ Jguo

Feeder Ambient
Phase L1 Phase L2 Phase L3 Air —temp
Name
(C)
1
JT1
2
1
JT2
2
1
Jcl
2
1
2
2
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Primary Measuring Measuring  Measuring  Measuring
Injection Secondary  Center Ammeter Relay

Current

L2

L3

JC2

L1

L2

L3

JT1

L1

L2

L3

JT2

L1

L2

L3

N R[N RPN RPN RPN RN RPN RN PR
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JP2 JP1 Feeder Name
Test Voltage

Winding 1 ‘
Winding 2

|
Winding 3 \
Winding 1 ‘
Winding 2 ‘
|

|

|

Winding 3
Winding 1
Winding 2

Winding 3
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WINDING 1

JP1 WINDING 2

WINDING 3

WINDING 1

JP2 WINDING 2

WINDING 3

s le Cuglio Cound Cand S YA—F Jguo

Resistance @ 60 Sec
(MQ)

Feeder Measuring Point Voltage Test

Wind 1 to Earth
Wind 2 to Earth
Wind 3 to Earth

Wind 1 to Wind
L1 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth
Wind 3 to Earth

Wind 1 to Wind
JP1 L2 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind
L3 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

JP2 L1
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Resistance @ 60 Sec
(MQ)

Measuring Point Voltage Test

Wind 3 to Earth

Wind 1 to Wind

Wind 2 to Wind

Wind 3 to Wind

L2

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind

Wind 2 to Wind

Wind 3 to Wind

L3

Wind 1 to Earth

Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind

Wind 2 to Wind

Wind 3 to Wind

Feeder

iy (Swgm Cons -

Gy (Siwgm Cowd Cand S5 YA—F Jguo

phase Primary  Measuring Measuring Measuring | Measuring

Voltage  Secondary Center Ammeter Relay

JP1

L1

L2

L3

JP2

L1

L2

L3

7
*

G slo amd hle Cooglis s

Byt S le Canglito Cond Cand SV o—F Jour




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo
opg Ol — dog> 9 St Ay S g Jo \Ye

Ols ol ppiiaw
VFo1/11 /oA

L3-E | |

(LV) Gord jLid glagt -F -0 -F -Y

5 039, Slp 4Bpdy Oygo o b o IEC 61439-1:2011 o laibiwl bl 5 Cole oo,Sles aulej]
S oo plol 3 8 4 oaijle Ly o &3l Cens Jasdl g
059, SleMbl b olSiws NamePlate ;o ouls 7,0 Sledbl cisllas 5 5,0l cwyp )
Loghls colls cw)p Y
(General Information) eges sl dasin oo ¥

G jLid sl cand S YV-F Jguo

Date of Test:

Station Information:

Code: Name: Type:

Island Station O
Lateral Station

LV Switchgear Information:
Serial Number: LPS Name: Transformer Sizing:

Incoming CB Rating:
250 A0

200A O

Test Devices

No. Device Name and Code Serial Number Calibration Expiry Date

1

2

(Insulation Resistance Test) &l cwglio s )



AR

VFe Y/ 11 oA

S (GloC et (6 I 9 (6510 g0 s S 1S 9T Bolg

RS

Insulation Resistance Test & le Cuglio Cand Cand S YY—F Jou

Phase - Voltage Resistance Phase- Voltage Resistance
Earth V) MQ) Phase (V) MQ)
L1-E 500 O 1000 L1-L2 500 O 1000 O
O
L2-E 500 O 1000 L2-L3 500 0 1000 O
O
L3-E 500 O 1000 L3-L1 O 1000 o
O O
(Continuity Check) (s,lae pglas s .Y
Sl pol Cad Cand S YY—F Jgu
Voltage Continuity Check:
Phase Name Voltage Multifunction Analogue SCADA/BMS
Meter Voltmeter
L1
L2
L3
Current Continuity Check:
Phase Name Current Multifunction Analogue SCADA/BMS
Meter Ampere-meter
L1
L2
L3

(Measurement Accuracy) (s ,.5 ojlail <ds Y

S rSo3lul Cdo Cand S YF—F Jou
Voltage Measurement Accuracy
Input Voltage Measured Voltage
Vi Vi Vis. Vi Viais Vs Vi Vi Vis
E E E E E E

Incoming

Coupler
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Capacitor
Bank
Current Measurement Accuracy:
Input Current Measured Current
IA |B |C |A |B |C
Incoming
Coupler
Capacitor
Bank
Power and Energy Measurement Accuracy:
Input Voltage Input Current
ViLE Vi2E Vize S P Q
Measured Power Factor:
Calculated Powers Calculated Energy
kVA kw kVAR kVAH kWH kVARH
Measured Powers Measured Energy
kVA | kw |  KkVAR kVAH |  kwH |  kVARH
Incoming Measuring Center Incoming Measuring Center
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Date of Test:

Station Information:

Code: Name: Type:
Island Station O Lateral Station O
Battery Type: Battery Quantities: .... cell in
LPS1 O LPS2 O
Test Equipment List and Specifications:
Item Model Serial Number Calibration Expiry Date
(Measurement Tests) s .5 ojlail slo s @
Measurement Tests s 5o jlail e Cond S YF—F oo
Charging Record - Constant Current : .... A
KPL.... Time(hh:mm) Ambient Temperature(°C) Whole of Voltage(V)

Test Start
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Test End
Cell Start of Test End of Test
No Voltage Temp Density Voltage Temp Density
Cell(V) Electrolyte(°C) (grlcm?) Cell(V) Electrolyte(°C) (gricm?)
1
2
3
4
5
6
7
8
9
q)
Y
Discharging Record - Constant Current : ... A
KPL700 Time(hh:mm) Ambient Temperature(°C) Whole of Voltage(V)
Test Start
Test End
Cell Start of Test End of Test
No Voltage Temp Density Voltage Temp Density
Cell(V) Electrolyte(°C) (gricm?) Cell(V) Electrolyte(°C) (gr/cm?)
1
2
3
4
5
6
92
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General ones:

EN 50121-1 Railway applications — electromagnetic compatibility - part 1: general

EN 50122-1 Railway applications - fixed installation - part 1: protective provisions relating to
electrical safety and earthing

IEC 60027 Letters Symbols to be used in Electrical Technology

IEC 60038 IEC Standard Voltage

IEC 60050 International Electrotechnical vocabulary

IEC 60071 Insulation co-ordination

IEC 60173 Colours of Cores of Flexible Cables and Cords

IEC 60243 Recommended Methods of Test for Electric Strength of Solid Insulating Material at Power
Frequenies

IEC 60364 Electrical Installation of Buildings

IEC 60446 Identification of Insulated and Bare Conductors by Colours

IEC 60529 Degrees of protection provided by enclosures (IP code)

IEC 60614 Specification for conduits electrical installations

IEC 61810 Electromechanical elementary relays

IEC 60947 Low-voltage switchgear and controlgear

IEC 62040-3 Uninterruptible power sources

IEC-TR-61000-3-6 Assessment of emission limits for the connection of distorting installations to MV,
HV and EHV power systems ANSI/NFPA 130: Fixed Guideway Transit System

Transformers:

IEC 606 Application guide for power transformers

IEC 60076 Power transformers

IEC 60146-1-3 Semiconductor converters — general requirements and line commutated converters —
transformers and reactors

IEC 60156 Methods for the determination of the electric strength of insulating oils

IEC 60296 Fluids for electrotechnical applications unused mineral insulating oil for transformers and
switchgear
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IEC 60214 On load tap changers

IEC 60270 Partial discharge measurements

IEC 60354 Loading guide for oil-immersed power transformers

IEC 60475 New Liquid hydrocarbon dielectrics

IEC 60542 Application guide for on load tap changer

IEC 60551 Sound levels

IEC 60616 Terminal and tapping markings for power transformers

IEC 60631 Sound level meters

IEC 60722 Guide to the lightning impulse and switching impulse testing of power transformers and
reactors

IEC 60726 Dry Type Transformers

IEC 61378-1 Converter transformers - part 1 transformers for industrial applications

Cables:

IEC 60028 International Standard of Resistance for Copper

IEC 60183 Guide to the selection of high voltage cables

IEC 60228 Conductors of insulated cables

IEC 60229 Test on cable over sheaths that have a special protective function and applied by extraction
IEC 60230 Impulse tests on cables and their accessories

IEC 60287 Calculation of the continuous current rating of cables (100% load factor)

IEC 60331 Fire resisting characteristics of electric cable

IEC 60332 Test on electric cables under fire conditions

IEC 60376 Specification and acceptance of new sulphur hexafluoride

IEC 60391 Marking of insulated conductors

IEC 60446 Identification of Conductors by colours or numerals

IEC 60502 Extruded solid dielectric insulated power cables for rated voltages from 1kV up to 30 kV
IEC 60517 High voltage metal enclosed switchgear for rated voltage of 72.5kV and above

IEC 60540 Test methods for insulations and sheaths of electric cables and cords

IEC 60724 Guide to the short-circuit temperature limits of electric cables with a rated voltage not
exceeding 0.6/1.0kV

IEC 60754-1 Determination of the amount of halogen acid gas evolved during the combustion of
polymeric materials taken from cable

IEC 60811 Common test methods for insulating and sheathing materials of electric cables and optical
cables - part 1-1: methods for general application - measurement of thickness and overall dimensions
IEC 60885-1 Electrical test methods for electric cables - electrical tests for cables, cords and wires for
voltages up to and including 450/750V

IEC 60949 Calculation of thermally permissible short circuit currents taking into account non
adiabatic heating effects

HV & MV Cells:

IEC 60044-1 Instrument transformers - part 1: current transformers

IEC 60044-2 Instrument transformers - part 2: inductive voltage transformers

IEC 60056 High-voltage alternating current circuit breakers

IEC 60059 IEC standard current ratings
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IEC 60060 High-voltage test techniques

IEC 60073 Colour of indicator lights and push buttons

IEC 60099 Lightning arresters (non linear resistor type arresters for AC system)

IEC 60129 Alternating Current Disconnectors and Earthing switches

IEC 60137 Bushing for alternating voltage above 1000V

IEC 60144 Degree of protection of enclosure for low voltage switchgear and controlgear

IEC 60168 Test on indoor and outdoor insulation

IEC 60183 Guide for selection of high voltage cables

IEC 60185 Current Transformers

IEC 60186 Voltage Transformers

IEC 60227 Definitions for Switchgear and Controlgear first Supplement

IEC 60255 Electrical Relays

IEC 60258 Direct acting recording electrical measuring instruments and their accessories

IEC 60265-1 High-voltage switches - switches for rated voltages above 1 kV and less than 52 kV
IEC 60266 High voltage switches

IEC 60282 High voltage fuses

IEC 60298 High-voltage metal enclosed switchgear and controlgear

IEC 60420 High Voltage Alternating Current Fuse-Switch Combinations and Fuse-Circuit Breaker
Combinations

IEC 60427 Synthetic Testing of High Voltage Alternating Current Circuit Breakers

IEC 60694 Common specifications for high-voltage switchgear and controlgear standards

IEC 60865 Short Circuit calculations

IEC 61129 Alternating current earthing switches induced current switching

IEC 61259 Requirement for switching of bus charging current by gas insulated switchgear
disconnectors

IEC 62271-100 High-voltage switchgear and controlgear - part 100: high voltage alternating-current
circuit-breakers

IEC 62271-102 High-voltage switchgear and controlgear - part 102: alternating current disconnectors
and earthing switches

IEC 62271-105 High-voltage switchgear and controlgear - part 105: alternating current switch-fuse
combinations

IEC 62271-200 High-voltage switchgear and controlgear - part 200: a.c. metal enclosed switchgear
kV. and controlgear for rated voltages above 1 kV and up to and including 52

LV cells:

EN 50091-1 Specification for uninterruptible power systems (UPS) - general and safety requirements
EN 50091-2 Specification for uninterruptible power systems (UPS) - part 2: EMC requirements
EN 61000-6-4 Electromagnetic compatibility (EMC) - generic standards - emission standard for
industrial environments

IEC 60051 Direct acting indicating analogue electrical measuring instruments and their accessories
IEC 60127 Cartridge fuse-links for miniature fuses

IEC 60269 Low-voltage fuses

IEC 60337 Control Switches (Low Voltage Switching Devices for Control and Auxiliary Circuits,
including Contractor Relays)
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IEC 60439 Low-voltage switchgear and controlgear assemblies

IEC 60664-1 Insulation co-ordination for equipment within low voltage systems - partl: principles,
requirements and tests

IEC 60668 Dimensions of panel areas and cut-outs for panel and rackmounted industrual-process
measurement and control instruments

IEC 61000-4 Electromagnetic compatibility (emc)

IEC 61346-1 Industrial systems, installations and equipment and industrial products structuring
principles and reference designations - part 1: basic rules.

IEC 60085: Thermal Evaluation and Classification of Electrical Insulation

IEC 60145: Var-hour (Reactive Energy) Meters

IEC 60158: Low Voltage Control Devices

IEC 60211: Maximum Demand indicators

IEC 60341: Push-Button Switches

IEC 60408: Low Voltage Air-Break Switches, Air-Break Disconnectors, Air-Break Switch
Disconnectors and Fuse Combination Units

IEC 60414: Safety Requirements for indicating and Recording Electrical Measuring Instruments &
their Accessories

IEC 60417: Graphical Symbols for use on Equipment

IEC 60423: Outside Diameters of Conduits for Electrical Installations and Threads for Conduits and
Fittings

IEC 60445: Identification of Equipment Terminals and of Terminations of Certain Designated
Conductors, including General Rules ox an Alphanumeric System

IEC 60447: Standard Direction of Movement for Actuators which control the Operation of Electrical
Apparatus

IEC 60473: Dimensions for Panel-Mounted Indicating and Recording Electrical Measuring
instruments

IEC 60479: Effect of Current Passing through the Human Body

IEC 60521: Class 0.5,1 and 2 Alternating Current Watt-hour Meters

IEC 60536: Classification of Electrical and Electronic Equipment with regard to Protection against
Electric Shock

IEC 60617: Graphical Symbols for Diagrams

IEC 60684: Specification for Flexible Insulating Sleeving

IEC 60695: Fire Hazard Testing

IEC 60715: Dimensions of Low Voltage Switchgear and Control Devices Standardized Mounting on
Rails for Mechanical Support of Electrical Devices in Switchgear and Control Devices Installations
European standards General ones:

EN 50121-1 Railway applications — electromagnetic compatibility - part 1:general

EN 50122-1 Railway applications - fixed installation - part 1: protective

provisions relating to electrical safety and earthing

EN 50122-2 Railway applications - fixed installations - part 2: protective

provisions against the effects of stray currents caused by D.C. traction systems

Earthing:
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BS 6651 Code of Practice for Protection of Structures Against Lightning.
BS EN 50 121 Railway Applications Electromagnetic compatibility, Parts 2 & 5.
BS EN 50 122 Railway Applications Fixed Installations, Parts 1 & 2 ANSI IEEE Std 80-

1986stallations

AC: Alternative Current

ACB: Air Circuit Breaker

AIS: Air Insulated Switch

ATS: Automatic Transfer Switch

BCDB: Battery Charger Distribution Board
DC: Direct Current

EDB: Essential Distribution Board
EMC: Electro Magnetic Compatibility
EMI: Electro Magnetic Interference

EN: European Norm

GIS: Gas Insulated Switch

HBC: High Break Capacity

HRC: High Rupturing Capacity

HSCB: High Speed Circuit Breaker
HVS: High Voltage Sub-station

HVA: High Voltage type A (< 50kV)
HVB: High Voltage type B (> 50kV)

IEC: International Electrotechnical Commission
1/0: Input/ Output

LPS: Lighting and Power Station

LHSF :Low Smoke Halogen Free

LRW : Light Repair Workshop

LV : Low Voltage (< 1000V)

MV: Medium Voltage

HV : High Voltage

MCB: Miniature Circuit Breaker

MCCB: Molded Case Circuit Breaker
MLVS: Main Low Voltage Switchboard
MRW: Main Repair Workshop

NEDB: Non-Essential Distribution Board
TREC: Tehran Regional Electric Company
PCP: Power Control Post

PLC: Programmable Logic Controller
OCC: Operating Control Centre

RTU: Remote Terminal Unit

OlbMaol —Y’ —\ —‘~
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RS: Rectifier Station

SCADA: Supervisory Control and Data Acquisition
SMO: Station Master Office

SWA: Galvanized Steel wires Armour

UIC: Union International des Chemins de fer
UPS: Uninterruptible Power Supply

UTE: Technical Union of Electricity
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(Ratio Measurement test ) Lo Caws gy p -

Jo o (o S S VA—F Jgo

primary side secondary side
Rated Voltage: 63 kV Rated Voltage: 20 kV
Connection Type: Connection Type:
0,
VAB | VBC |VAC | vab Vhe Vac Tolerance (%)
AP W | » | ®w W] ® | W
) \Y w
1
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10

11

12

13

14

15

(Vector Group Test) il (5,00, 09,5 s Y

ol 6519 2095 S’ S S Yo F Jgur

MEASURED VOLTAGE (YNd1,YNd5,YNd7,YNd11)

(Insulation Resistance Test) le Cuoglio Cuws .Y
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DESCRIPTION

VOLTAGE TEST

RESULT

HV WINDING TO EARTH

5000 O 1000 0500 O

LV WINDING TO EARTH

5000 O 1000 00500 O

HV WINDING TO LV
WINDING

5000 O 1000 0500 O

(Measurement of Winding Resistance) s g mew cwglin 5 .5 ojlasl f

Loz oo o glilo (6 0 105 Cond S YY—¥  Jgus

Tap 1

Tap 2 Tap 3

Tap 4

Tap 5

VAB (v)

IAB (A)

R (Q)

R 25° C (Q)

VBC (v)

IBC (v)

R(Q)

HV WINDING

R 25° C (Q)

VCA (v)

ICA (A)

R (Q)

R 25° C (Q)
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Tap 6 Tap 7 Tap 8 Tap 9 Tap 10

VAB (v)
IAB (A)
R (Q)

R 25° C (Q)
VBC (v)
IBC (v)
R(Q)

R 25° C (Q)
VCA (v)
ICA (A)
R (Q)

R 25° C (Q)

HV WINDING

Tap 11 Tap 12 Tap 13 Tap 14 Tap 15

VAB (V)
IAB (A)
R(Q)

R 25° C (Q)
VBC (V)
IBC (V)
R(Q)

R 25° C (Q)
VCA (v)
ICA (A)
R(Q)

R 25° C (Q)

HV WINDING
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(Measurement of No — Load Loss and Current) s )b o b ,> cos .0
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Primary Voltage(v) Primary Current(mA)

TAP
Ul-v1 V1-W1 Ul-Wi1 A B Cc

9

10
11

12

13

14

15

16

17

18

19

039 Sledbl L olKzws NamePlate s ouss 7,0 Sledlbl cailhas 5 5,0l ) 5,0l il s JusS #
(General Information) ceges sbs dascin ool g
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Date of Test:

Station Information:
Code: Name: Type:
GIS Station

Transformer Information:
Serial Number: Transformer Rated Power: Transformer Rated Voltage:

Transformer Rated Current: Transformer Cooling Method: Transformer Vector Group:

Test Devices
No. Device Name and Code Serial Number Calibration Expiry Date

1

(GIS) 63KV sla pSmigmw -Y -0 -F -¥

)So O ‘n)Y) b\.nb; rnl.?u‘ 03 o)Lu‘ ‘_QLQO)".\JLHA‘ L: d)Ua.n ‘o)y LQLQ*“‘-’ w-’l.i‘sb GIS ‘_ng)...i’z..jj.m JJQ.?U )‘ J.J

(sl 005 0013 ndgi (6,145 5 eon Lailgs 1o @l Ll 5 b yge3] alool o5 aS o

(MV) bawgio jlas glaghli Y -4 -F -¥
) Jo.x_”)smo 9 0)3)4 6‘)4 d..d).h.\.) g_))}.o Lgl.m‘f‘).'o JEC (_ng .))‘..\.:L..m‘ LJ*-’L‘-“‘ » u.aL....o 60)ﬁo.c O.MJLA)T
\))SLSA ral?u‘ b T ouijlw Jawgi ouls &S|
059 oledbl b oSws NamePlate o oo 7,0 Cledbl cillas g 5ol v,y )
ol céla ow,p Y
(General Information) ceges slo aasio cud Y

:g:«.ua.s.]&j.?
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Cend ploeil g,
JGIS Station
[0 AIS Station
bgio JLad sohls oo
S 55 5 e 55 JU s oot
208 olsS Ll pedaw SRRV gy
5ty il B oo o Pk ol s e
Cend slo oKtws Slasuin
sl S slaiil g U o)l olStws Jow g pb @y,

S8 gl oS cus -

bwgio jLid glrads cogoc wledbl cdylln g 530 ow)pw Cand S YF—F Jgu

S Jaw foussle

Jby o)les

a5 (b b >

So ol Jlasl o>

asb

Al Jow foussle

b ojles

Sls ol by

o, b5 JLas ol

asb
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(Timing Test) oS cws 5 56 Gloj s —

bwgio JLaS Glaunds a9 5b G50 o Comd S YV=F Jgu

(MS) o ay o)le;

(MSs) o 5k ol

(MS) o arey o)le;

(MSs) o 5k ol

SIS Cooglae Cns —

g HLid sasds CSLLS Conglio Cond Comd Sz YA Jguz

J+J01 J101 J102 J103 s Contact

Resistance

L1 ;.
L2 ;6
L3 58

J+J02 J201 J202 J203 J204 2 Contact

Resistance

L1 ;.
L2 ;6
L3 58

IS le Cooglie cus —
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Lwgino jLid gvals le Cuoglio Cond Cand S5 YA—F Jgo

&S o3l polde
(TQ) AW

&S o3l polie
(TQ) 0

buvgio jJLid sucds 5 ,Slos Cowd Connd S Yo F Jgu

J102 J103

Indication (Open/Close)

Interlock
(Electrical/Mechanical)

Anti-pumping and
Blocking Relay Check

Motor Charging Current

Motor Charging Time

Spring Charge Current

Spring Charge Time

Counter Operation

J+J02 J201 J202 J203

Indication (Open/Close)

Interlock
(Electrical/Mechanical)
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J202 J203

Anti-pumping and
Blocking Relay Check

Motor Charging Current

Motor Charging Time

Spring Charge Current

Spring Charge Time

Counter Operation

Load Breaker (Disconnector) sla oS cos  —
H w&

Load Breaker (Disconnector) oS ocges oleMb! comd S YV—¥ Jgus

AlST Jae fous b

b ojlet

ol b b >

S obsS Jlasl b >

asb

by ojlet

K | o

b5 L ol

sl

Load Breaker (Disconnector) il Cooglio s —

:g:u.».:.]&j.?"
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Load Breaker (Disconnector) i le cuglio Cond Cand S YY—¥ Jous

X 6)5 o)‘l.\.}l )ioLE.a
(TQ)

W) 6)5 o)‘l.\.}l )ioLE.a
(TQ)
Load Breaker (Disconnector) cSLuS cuglio cand  —

:w«j.?

Load Breaker (Disconnector) cslis cuwglio cuwd Cand S YY—¥ Jgu

J103 s Contact

Resistance

L1 6
L2 5.
L3 ;.
J203 J204 s Contact

Resistance

L1 58
L2 58
L3 ;6

Load Breaker (Disconnector) s ,Slas s —
H L:“M'.'.J‘S.},-

Load Breaker (Disconnector) s ySdos o Cond Sz V=¥ Jou

Anti-pumping and
Blocking Relay Check

Motor Charging
Current

Motor Charging Time

Spring Charge
Current

Spring Charge Time

Counter Operation
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Yoy

Anti-pumping and
Blocking Relay Check

Motor Charging
Current

Motor Charging Time

Spring Charge
Current

Spring Charge Time

Counter Operation

ol ol sogae SEMb] G Sy YO—F Jgu

bz ol s -

Ol ol (soges DMl —

c.&j)'l..;

Jb s 05lals

s s

Burden (VA)

ALF

e».\J)'L..:

by ojlet

Jos s

Burden (VA)

ALF
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Feeder Phase Core Rated Injected Secondary ratio Tolerance
Name Ratio Current Current (mA) %
1
L1
2
1
J+J01 L2
2
1
L3
2
1
L1
2
1
J101 L2
2
1
L3
2
1
L1
2
1
J102 L2
2
1
L3
2
1
L1
2
1
J103 L2
2
1
L3
2
1
L1
2
J104
1
L2
2
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Feeder Rated Injected Secondary ratio Tolerance
Ratio Current Current

Feeder Rated Injected Secondary i Tolerance
Ratio Current Current
1
L1
2
1
J+J02 L2
2
1
L3
2
1
L1
2
1
J201 L2
2
1
L3
2
1
L1
2
1
J202 L2
2
1
L3
2
1
L1
2
1
J203 L2
2
1
L3
2




Yed

Feeder

Name

J204

slocay )T 5 slopory a5 s ilss

N HVS/BALK
Rated Injected Secondary ratio Tolerance
Phase Core .
Ratio Current Current

1
L1

2

1
L2

2

1
L3

2

J+J01

(Magnetizing Curve) SocS ublise dove cws —

:w«j.?

SASS b lie (S Cowd Camad S YY—F Jgo

PHASE L1 L2 \ L3

V / 1(mA) u(v) I (MA) u(v) I (MA) \ u(v) | (mA)

NO. 1

NO. 2

J101

NO. 1

Alw ||~
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Feeder PHASE

Name V / I(mA) u(v) I (MA) u(v) I (MA)

u(v) I (MA)

NO. 1

J102

NO. 2

NO. 1

J103

NO. 2

Al wWw|INMNMNRP OO OB WOWIN|RF
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Feeder PHASE ‘
Name V / I(mA) u(v) I (MA) u(v)
6
1
2
3
NO. 1
4
5
6
J104
1
2
3
NO. 2
4
5
6

J+J02

NO. 1

PHASE \ L1 L2 L3

| (MA) \ uV) \ | (MA) ‘ uey) 1 (mA) ‘ uey) 1 (mA)

NO. 2

J201

NO. 1
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Feeder PHASE
I (mA) U(Vv) I (mA) U(Vv) I (mA)

Name

u(v) I (MA)

NO. 1

J202

NO. 2

NO. 1

J203

NO. 2

N PP |O0 WD
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Feeder oo PHASE L |
U(v) | (MA)
4
5
6
1
2
3
NO. 1
4
5
6
J204
1
2
3
NO. 2
4
5
6

:w&

e Ceoglin o’ Comd S YAF Jur

Feeder Position Voltage
Test
J+J01
S1-S2
P-E
J101
S1-S2
P-E
J102
S1-S2
P-E
J103
S1-S2
P-E
J104
S1-S2
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. Voltage
Position Test
J+J02
S1-S2
P-E
J201
S1-S2
P-E
J202
S1-S2
P-E
J203
S1-S2
P-E
J204
S1-S2
N w&

4 M o Cond S YA—F Jguxr

Feeder Name ‘ J+J01 ‘ J101

Core No.

PHASE L2

L3

Feeder Name J+J02 J201

Core No.

PHASE L2

L3

Burden cos  —
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Burden cous cand S Fo—¥ Jgus

Ambient
Phase L1 Phase L2 Phase L3 Air — temp

(C)

Feeder Core

Name [\\[o}

J+J01

Ji01

J102

J103

J104

NI DNRFP DN RN

Ambient
Phase L1 Phase L2 Phase L3 Air — temp

Feeder
Name

(C)
J+J02

J201

J202

J203

J204

NI RN RN DN RPN P

:L:V.M.:th.}:

L2 et (Swgn Cond Cand S FIF g0

S PRIMERY MESURING MESURING MESURING MESURING
@D

INJECTION

CURRENT SECONDARY CENTER AMMETR RELAY

L1

J+J01

L2

N = DN
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L3

PRIMERY

S MESURING MESURING MESURING MESURING
@D

INJECTION

CURRENT SECONDARY CENTER AMMETR RELAY

Ji01

L1

L2

L3

J102

L1

L2

L3

J103

L1

L2

L3

J104

L1

L2

L3

[ T I N e I T I T e T A I T O I T S I T N I CT S Y (R SO B OO IS B NCTN SO I O
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8 PRIMERY MESURING MESURING MESURING MESURING
@D

INJECTION

CURRENT SECONDARY CENTER AMMETR RELAY

L1

J+J02 L2

L3

L1

J201 L2

L3

L1

J202 L2

L3

L1

J203 L2

L3

L1

J204 L2

L3

N R, N RN RPN RPN RPN RPN RPN RPN RIN] R
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B3

3y il S %
S35 ol (soges DLl -
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JP2 JP1 o b

a_ﬁ)'L.:

Jl e oo

s s

Burden (VA)

o

S5y ol S o S =

39 ol F ol ol Condd S FY—F Jgur

JP2 JP1 Feeder Name
Test Voltage
Winding 1
Winding 2
Winding 3
Winding 1

L1

Winding 2
Winding 3
Winding 1
Winding 2
 Winding3
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a2 ) G S S FFF Jgor

Feeder Name

WINDING 1

JP1 WINDING 2

WINDING 3

WINDING 1

JP2 WINDING 2

WINDING 3

s le Cawglio Comi Cand S FO—¥ Jaus

Feeder Phase Measuring Point Voltage Test Remstanc;eM%e)SO SIEE
Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind
L1 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

JP1 Wind 1 to Wind
L2 )

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth
Wind 3 to Earth
L3 Wind 1 to Wind

Wind 2 to Wind
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Resistance @ 60 Sec
(MQ)

Feeder Phase Measuring Point Voltage Test

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind
L1 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind
JP2 L2 2

Wind 2 to Wind

Wind 3 to Wind

Wind 1 to Earth
Wind 2 to Earth

Wind 3 to Earth

Wind 1 to Wind
L3 2

Wind 2 to Wind

Wind 3 to Wind

Gy (Kwgm cs —
:w&jﬁv'

G (Soiwgu Cowd Cond S FF—F Jgu

Feede Phas PRIMER MESUglN MESURIN MESURIN MESURIN
r e Y Voltage G CENTER G AMMETR G RELAY

SECONDARY

JP1 L2
L3
L1
JP2 L2

L3
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(General Information) ceges slo dasin o O

s jLid gl wleMbl cdllo g 5 oW (cw)p Cand S FA—F Jouo
Date of Test:
Station Information:
Code: Type:
Name: JGIS Station

O AIS Station
LV Switchgear Information:
Serial Number: HVS Name:

Transformer Sizing:
Incoming CB Rating: Coupler CB Rating: ) )
3200 A [J 2500 A I 2500 A [1 2000 A I Capacitor Bank Config:
2000 A0 1600 A O 1600 AO
Test Devices
No. Device Name and Code Serial Number Calibration Expiry Date
1
2
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(Contact Resistance Test of ACBs) ls ACB cglie cus .Y
H \:A...M.:JAS.’?
L ACB cuwglio cowi Comd S FA—¥  Jgu
ACB Rating Phase L1 Phase L2 Phase L3
Incoming 3200 A0 2500 A0
CcB 2000 A 1600 A0
2500 A
Coupler CB
2000 A0 1600 A O
(Insulation Resistance Test) ke cwglio cus  —
S le Caglio Cand Cond S Bo—¥F  Jgu
Phase Voltage Resistance Phase- Voltage Resistance
- Earth V) MQ) Phase V) MQ)
L1-E 500 [0 1000 O L1-L2 500 [0 1000 O
L2-E 500 11000 O L2-L3 500 00 1000 O
L3-E 500 OO0 1000 OJ L3-L1 500 OO0 1000 O
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(Continuity Check) (s loe pglas cews —
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Phase Name Voltage Multifunction Analogue SCADA/BMS
Meter Voltmeter
L1
L2
L3
Current Continuity Check:
Phase Name Current Multifunction Analogue SCADA/BMS
Meter Ampere-meter
L1
L2
L3

(Measurement Accuracy) . .5 ojlal cds  —

G5 03Il CBs 5lb Cond S BY—F Jgux
Voltage Measurement Accuracy
Input Voltage Measured Voltage
Vi Vi Vis. Vi Viais Vs Vi Vi Vis.
E E E E E E
Incoming
Coupler
Capacitor
Bank
Current Measurement Accuracy:
Input Current Measured Current
|A |B |c |A |B |C
Incoming

Coupler
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Capacitor
Bank
Power and Energy Measurement Accuracy:
Input Voltage Input Current
ViLe Vi2Ee Vise S P Q
Measured Power Factor:
Calculated Powers Calculated Energy
kVA kw kVAR kVAH kWH kVARH
Measured Powers Measured Energy
kVA kw kVAR kVAH kWH kVARH
Incoming Measuring Center Incoming Measuring Center
Coupler Measuring Center Coupler Measuring Center
Pk oY oy -

PlLe Sy (o) Cand S OF—F oo

Manual
Position

Auto
Position

Remote
Position

Closing Inc. CB

Opening Inc. CB

Closing Coupler CB

Opening Coupler CB

(MCCB Protection Test) b oS s Slae  —

(MCCB Protection Test) b uuls 5 ,Slos Cond S OF—¥ Jau>

MCCB Rating Availability Injecting Current Test Result*
25A YESONO O
32A YESONO O
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MCCB Rating Availability Injecting Current Test Result*
40 A YESONOO
50 A YESONOO
63 A YESONOO
80 A YESONOO
100 A YESONOO
125 A YESONOO
160 A YESONOO
200 A YESONO O
250 A YESONO O
320 A YESONO O
400 A YESONOO
630 A YESONO O
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(General Information) . sges sbo daxin oo f

H w&j.?
o 5l SleMbl cillao g 5l w2 Cond Sz BO—F Jgor
Date of Test:
Station Information:
Code: Name: Type:
GIS Station O
AIS Station O
Battery Type: cell in HVS....Battery Quantities:
Test Equipment List and Specifications:
Item Model Serial Number Calibration Expiry Date
(Measurement Tests) ¢ .5 ojlul sl s —
(Measurement Tests) ¢ 18 o;3luil gl Cond Cond S DF—F Jou>
A....Charging Record - Constant Current :
...KPL Time(hh:mm) Ambient Temperature(°C) Whole of Voltage(V)
Test Start
Test End
Start of Test End of Test
O -
ot § ITem:) . g o § ITem||o ) Density
z g = Electrolyte(°C) § z g = Electrolyte(°C) (grlcm?)
— Q — —~ Q
< @ U< < @

Al W N
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Start of Test End of Test
O -
o) . § EITemf) ) g o . § EITem::) ) Density
z = ectrolyte(°C) g 2 o2 ectrolyte(°0) (grlem?)
—~ Q — —~ Q
< @ <O < < @
5
6
7
8
9
A...Discharging Record - Constant Current :
KPL700 Time(hh:mm) Ambient Temperature(°C) Whole of Voltage(V)
Test Start
Test End
Start of Test End of Test
o < Temp Density < Temp Density
z g % Electrolyte(°C) (gricm?) g ;_) Electrolyte(°C) (gricm?)
—~ Q —~ Q
< ° < @
1
2
3
4
5
6
7
8
9
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AR

Auto Recloser

CB

Circuit Breaker

CBF

Circuit Breaker Failure

CT

Current Transformer

CVT

Capacitive Voltage Transformer

DC

Direct Current

DEF

Directional Earth Fault

DTT

Direct Transfer Trip

FL

Fault Locator

PD

Pole Discordance

POTT

Permissive Over reaching Transfer Trip

PSB

Power Swing Blocking

PT

Potential Transformer

PUTT

Permissive Under reaching Transfer Trip

REF

Restricted Earth Fault

SOTF

Switch on to Fault

TOR

Trip on Reclose

TMS

Time Multiplier Setting

VT

Voltage Transformer

VTS

Voltage Transformer Supervision

VTFF

VT Fuse Failure
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SCADA (Supervisory Control And Data
Acquisition)

DCS (Discrete Control System) ol &y joi S ppihsiis
PLC (Programmable Logic Controller) My doliy glaio b odlS s
HMI (Human Machine Interface) wilo 9 G lud! (o dlaly
BAS (Building Automation System) oleis b ysuwlogi] peiuw
FAS (Fire Alarm System) &> e ptiw
DCU (Direct control Unit) ouianco pilS” Ay
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GUI (Graphical User Interface) S ) Ll
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LPS (Lighting & Power Substation) Ole 9 2 lidigy Conny
TPS (Traction Power Substation) PlS e Sy
RS (Rectifier Substation) (TPS Go/pio) jlwgmnsy o
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HVS (High Voltage Substation) Yo jly Cony

GIS (Gas Insolation Substation)
1/0O (Input / Output)
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OCC (Operation Control Center) Sldoc JpS 5 0
TCC (Traffic Control Center) S JpS S o
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(9%
EMC (Electro Manganic Compatibility ) b lio 925 g )6 jlw
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Reference Title
Railway Applications — The Specifications and Demonstration of
EN 50126 Reliability, Availability, Maintainability and Safety (RAMS).
Railway Applications — Communication, Signalling and Processing
EN 50128 Systems — Software for Railway Control and Protection Systems.
Railway Applications — Communication, Signalling and Processing
EN 50159 Systems — Safety— related Communication in Transmission Systems.
EC 61508 Functional Safety of Electrical/Electronic/Programmable Electronic
Safety-related Systems (E/E/PE, or E/E/PES)
IEC 60870-5 Tele control equipment and systems - Part 5: Transmission protocols.
Tele control equipment and systems - Part 6: Tele control protocols
IEC 60870-6 compatible with
IEC 61131 Programmable Logic Controllers (PLC).
EN 60721 Classification of Environmental Conditions.
EN 61000-6-2 Electro.magnet.lc Compatibility, Part 6-2: Generic Standards, immunity for
Industrial Environments.
Electromagnetic Compatibility (EMC) — Part 6-4: Generic standards:
EN 61000-6-4
Emission Standards for Industrial Environments.
IEC 60529 Degree of Protection Provided by Enclosures — IP Code
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Reference Title
Electromagnetic Compatibility (EMC) — Part 4: Testing and Measurement
|EC 61000-4-5 Techniques, Section 5: Surge Immunity Test.
ISO/IEC 11801 Information Technology — Generic cabling for customer premises.
EN 50174 Part Information Technology — Cabling Installation — Specification and Quality
1 Assurance.
EN 50174 Part Information Technology — Cabling Installation — Installation, Planning and
2 Practices
Application of Equipotent Bonding and Earthing in Buildings with
EN 50310 pp quip g9 9 g

Information

Quality management and quality assurance standards- Part 3: Guidelines for
EN ISO 9000-3 the application of 1SO 9001 to the development, supply, installation and
maintenance of computer software.

I1SO 10007 Quality management — Guidelines for configuration management.
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