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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
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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 |




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

opg i - 409> 9 S Gy S 9 Joo v
Ols9 ol ppiasnw
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



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

Ols ol ppiiaw
VFo1/11 /oA

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)



$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 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
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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
*
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(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 )
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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

(o o (Lo s 0 0 —F ¥

Josdlygiss g 055, slyr 48y & ypo gl ok« IEEEBD (sla o luiliw] ol 1 ol o0,Shos iulesl

..\.a)..fsn‘abul b3 T @ odjlw Jawgd ool &I, cus

Oy o (S LSG g polas g

Oy o sl S o 2

Oy g Sl Casglie (525 ol

Q0KV) bwgio jJLid b5 ol g0 -5 -0 -F-Y

S Jo.x”)}..ub 9 0)5)" 6‘).: u).h-\.’ 5_5)3.40 Lng ‘5>-‘).b . IEC 6L‘° é)‘.\.:L».w‘ wLu‘).’ WL..: 60)5.1.4;& ‘JM.)Lc)]

S oo ol S 28 & saijle Lawgs ot &)

KM/MQ o> )‘An.o sz.af o)L.\.s‘ 9 d.:l.c ngn.o uw.sLA)T

. mQ/km o> )‘An.o sz.af o)“u\.'s‘ 9 Lgbl.b ngM WLA)T



\YY

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

VFe Y/ 11 oA

. megger test o

it dJ|55 s ®

AL Gubosl gpa -V -0 -F ¥

5 05550 Sl 438 33y & ygo slo >yl 5 asl e  IECCB0623-2017 o il oll 3 Culs 69 ,Shas ialej
S oo Al S o 4y oaisles Lasst oot &Sl Cens ol g

059 OleMbl b olKws NamePlate ;o ouls 7,0 Sledbl cislls g ool o)y @

o gl il gy @
o 5L ol Sl gy p @
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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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Sl 0Lz Cowd o S YY—¥ oo

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




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

Ols ol ppiiaw
VFo1/11 /oA

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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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




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

opg i - 409> 9 S Gy S 9 Joo YYe
Ols9 ol ppiasnw
VFo X/ 1V oA
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




v slocay )T 5 slopory a5 s ilss

VFo /1 /oA HVS/BALK
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




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o>

Ols ol ppiiaw

VFet/11/oA

YvY

5o Ghele3l £y —A -0 =F ¥

Cod ol g 5 055,05l 4 ndy & )50 glarlb JEC slasluliul olul 5 cules g9,Slas ioles

D55 oo pll b3 8 4 el lawgs oo 48l

055 Sledbl b oKws NamePlate ;o ouls 7,0 Sledbl cijllas ¢ g0l cwyp )

Laglli ol s Y

(General Information) ceges slo daasin s Y

550 el cdslian 5 6yl (a1 Comd S OV—F Jgur

I\:A...M.:JAS.?

o plail 5

s oo Sl
0| £ 99 0y ob o | oS

GIS Station O
AIS Station O

2L ssbl wlasin

bl 55 )13 Joeo (955 Ol ol 0ltws JU yaw 05lous
D )-.?.-B.i ...... D )-A-O' ......
Coand o olSiwd wlasice
Oyl S gLl G ,6 JU o yleds olws Juo g pb @,

RYLGINEY Lgl.as)i,.ip“l.oﬁ ome)ﬁ A

S 2 S g g Dljlae g lagile ol gy owyp Y

¥ ogzg pas cwyp ¥

s wy O)S.LQ.C 2y ¥

20 e oy O

AL Jley 5y omyp F



YYo slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

b Jlee s 5Wg 0, Sdas gy n Y

(HVS) b Cony (5510455 9 (5510 o ppe—0 -

039 gy Cou (3 aSed 3l oslhae (61 p0 e s et SlayUa8 (5 )lo po st oS 1S by (et 3 (S
0ald aiei (658 prels wolali jralS Golss alS ex le asli ol 4 518 Coglas SIS jaiws jo aS
3 dgaie Sliaz sl oolel g yeni 5 (5SS b oot aluly (5)lnl il g Sl dnhe ee ol
sl asliy sl o)l g Sl IS 5 seend sl allls 5y by G285 ogas (nl o0l Gy 4D
0952 o red 53 S5t 555,15 25l 0,99 5 (5, 5 jrend slaaeli plowl jolate 4y o )ls (pl s Cuenl ;55 0s
w25 g il S5 Slolgiig 5 SU 4 az g b b Loallystws ol el ol o Jailinsl 5 Loal] g
ol Lo aall 50 ool o0 dsgs il o0l plol ] sl solae Ll b a5 masie § o pme Lty
i SS Li j0 01 31 anass 4 az g5 L aS 00 et cond o] S oDl yueni gl 0,90 IS ploul slolig,
5yl Joms |y o3V Sloladl suss ags slac B olal b ass 3 )18 lolis IS4
S 5o o) Bes Dlolgiing g Sl alalli 4 09 walyss jali e Glllae (958 4 az 5 b ond 4 4

D¢ dalgs Fee ;950 sl Jeallyjgiws Sleyiep g JeoSS el

o plghe—F ¥

Ll Slilaie 5 e o310 B a0 )08 (slaygile jpinil 5 Giolejl 5 (5 IS Lalss )
(i 5 o) 258 SasalS iulegl 5 6045 Ly ¥

GIS (slosn ialojl 5 )5S Lulgs ¥

D3l s bl pilesl 5 65l ulgs

ey e Gile3] 5 ()l Llgs 0

AC - DC slaghl jiolesl g 5l Llgs £

LT @lilaso g (o (310 G o 0 yud 51y giloyghmil i i lojT 9 (65155 9 puos bslges —) =& ¥
2 il az )L olml g b gy eluly )08 e ygilejsandl s (g3l oolel g (6l g g i Ban

= Soloose slo anse S 5 Sl yee 50 Vb cplipebl Clbl (2al38 o b 4 5 loy50 (slo g o

b



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

Ols ol ppiiaw
VFo1/11 /oA

sl laibisl 5 Loia b sl Joall g ool 2 508 (sl 5ilo 9l 5 (5w oolal 5 (5l g o s Slaladl 55
2Ly Golae b LByl wnlb L) opmme Jw y olasd s glaoliiiws wiile SWlH 28,5 Jlai )3 &59,5 9 09250
(610 00 S35 slie 2 dazme 25 58 T 5l ey 5 Slialesl g g e 9 203l plowl Gloj slaejl (23,5 ks
oo, 5 e con (IS clllage g cblas sl Jaol Cule ) pizmen 00 5 Jlasl 53 PM gla asliy jo p3Y &l s
et (35l 3590 5 hlide (slamads 5 sl Jpol ogas 0 petue slagiipel L plg el

1 )99 Lo ) ghumsil 35 (551459 ot (52 gle o (A

(SN g et 9lS 090 Jyo -

S8y xSl sl oy 4l pal B el -

)*1%?9-’ ‘\J) -

NON RETURN VALVE -

o9y e S ) -

2y 4 -

Oyl dly -

T e 9 089y Sl e 90y

b ced i g Slewy L -

s s il -

ileygimil 5 (Ghale Canglie tolesl -

gl il i les] -

oS8y Ble Coglie -

(830 095 i Slalol -

5ileygndl s (G5l oyl il -

e sl Kby sule olals &Leji -

T e ooB] Ceoglie (6,5 ojluil -

P S Sy Glales] -

6ok s ol pmbesl -

oo addge uilael (6.8 ojlail -

551535 J5e bt )b 2 Glesl -

9o ygiadl 5 L pennds iolejl -



Yyvy

sbcwy IS 5 Gl pory (s JgxT Blas

IFol/11/oA HVS/BALK

9 le sl (S 8 Gy s -
Sl Ble SO ST 6o ol s -
lg S (s89; gelans gl -

e 9l s¥ee J S5t -
o9leyghals j3 5w, S olfws -
RS Cagb) olSws -

el 5, SO -

D951 5 o ygilejshndl 5 (sl o)90 Dlyend 5 gy S S -
(529 gl ik sl ygiios -

0f55 LS s5lessS 5B Gralesl -
(Sl glo aly sl B Gralesl e 3 -
o e il 8-

isle Caoglie Liglojl o8 -

isle Sl iglegT o8 -

Sipde Shule Sl ialesl e -
isle Sl iglegT o8 -

Fpr o2l Caaglio (talojl e )b -
Eee 9 OE9y Fegey lejl o8-
L i ol )8 -

Sl 09,8 Gralesl g3

g (o) o IS B o sy (G 93 lo ygdudl 1 (651000 9 yoxi gl 090 Jouar BA—F Jou

Juw 5 S50 Bran Glendly oSy 05 slaygileghuil 5 (1S Ty g oo )

PM wldls 305 asbys bl (s
PRIV Jo ) PM il glo asbiys b lojod SlSo o), cymol b inle] Y
L Soge 5o Juwr 5 SIS Bran il 5 baysST) 5 e jgile jsail 5 iile Cuaslie (5 S ol Y

abg e slo .53




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

opg i - 409> 9 S Gy S 9 Joo YYA
O ol
VFo /1 oA
ol °59% Colled 7 <49

gld
PR (69 Olpend g0 o Juwy Oy il g I Bran (il g 5le gkl 5 o S (g5 051l ¥
BLREESTERS Ju So Olyr g Sindgr G5 Cadyb g el 5 Lo Sl lade (65 eIl o
Ju ¥ S e Kigey 9 G Sreglie (555 03l 4
Wbl mezmo o,Sles (3155 4| Ju v T 5 09y )l sled; il v

Sy oy
3 Oyge o JLs ¥ Sl )L i 5 5k by piabe] A
P9 b (e claslojl & a5 b Jua 9,650 o @55 38 sl gileysinil ) (5 50 Jslome slajl8 BT ol A
ol oogr Cdlye e O g Jlo Jlal

Pl b (b Slislojl 4 a5 L Jw el D02 Cughy dids il (S 260 (g, 4 by pe Sliglejl L Yo

ol g Sl e o

e 9 31 Bras sl Ll ST el jsanil s AT T g gy @
s 90 0 Sty CT N HV LV o 2501 (gl 930l 5 L] Jomo o5 )T 5 gy o a2b drdsl
cé) 9 >_m5 )L‘>T Qslodds U"")‘)f u)"ﬁj'o)" .]a.,uy aS LSsLQJ.?LA Lc}.a} Dbl ‘_g)lsj.a.o.) 9 )95~.\.A SYlas! ubj.o.) )L)
Gy oY plal g S cand S50 7ok glaciss, wlal » Lol g by gile gl 5 lilais | Sl slais

=

WSS

(SilSeg xSl sla oy S el B ioles] @
. NON RETURN VALVE jils s 4, «és, mhw J,iS aile SolSios 2SIl g5 5 iblis sloal,
Ll i g e VT (el 5 0ls oy abgs o (sncd (59,88 bl oo | cailin (sloaly s g (ygmilr wciidly )y
Lol 3 ogdle wdl o3V a5 (68150 50 w3903 T Glisebl sl 0 Shoe como jl g Jlol abogs pa 0S4 Lopiiane L
Jloizl (Gg dazma b bl )| Cgzr 4 )55 30 slaad,y 00,5 5 58 Lock Out o)) o Slas laodS 4y o 5 JUuSs

25 D50 p3Y Slasgad (g o2 53 5 pogas (al p0 45 0 00 092g sl o Cusb 5 Ol i

Fleg sladl, @
o bl 325 b (5318 wlalad ol £ls oyl iz & lallas 0525 &j00 ;0 (289, losilejgindl 5 5o

Slye g dalr ile Slye ayso el Els bl ol aF ol oo Sgms 4 s L ndge &yso 4 sileysindls o



¥va slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

blocl ge o laaly dlg) e jo ad) ul ceai b 5 S oo H5ile 50l j0 515 Slacla adgs 5 wigd oo (s 3l5ke
Oed 9 39,5 o0 Ay (59,0 85) 2y crge g oo ez JleS g o)) alaize 3 Lol (nl gl jghenl S (35
B &S Llacla pze (bl g s wati b g oad o VT ESLS S0 5 (V6 (655 (ol (aly el ol
Las 30,5 oo s55ley9aul i byl SlondS &y o3 oy poio 5 4y S 20 5 9 (655 0l mly g e,
e el ont 35 by, e 4, alibme S5k 45313 sy ilegiedli )5 oy, drh et o o s
1ol by gl Sl 5 bl pie 4 S35 Ll alg) onh 4l ol e 0,Shae o RS 8l A5 00,5 o il 5
o il adon oS g ) Jlony 0y b & 5y 2 M8 Caz 5 2Bl Ay (nl eal 9 Sges LS
OO b addy b5l ceg )0 Jlo lyie 4098 Joe b al) ol g 98 @ ey 0 Shae S S il lg S
s G [V o0 (50,08 L g 09h oo polo o VT Loy g oad S o0 oy (SYL jslid (655 o aad s 1. B
abal) )3 005 o0 jolo Hgle il 5 edyb oS o 5 lejd g 0ad S s e ) (Sl jaled (565 oud
o S8 o3l 5 sy et Jlo 53 el 5 S &3 Sal i 5le e 4, 5lSe 8 Shec
oged pladl T iolesl
ol (y0 S e a5 g5 (0,5 aRie @
o g sileysanslys JBO) £53 4 (g5 oo ahize ;o 00l ge S5 Ced 5 55 S5, B,k 5l S o) 0
ELaladl g ol s 3l g s Amd o s 1|, 355 iy alisS Jlean e ke 0 0 Ay I 45 o]
@ sl ol sams lis ples g o) alhame [0 35290 5 px e 0,5 pll 58 g9 ololis Cye p3Y
s 5em s 4y 65 2 5519 5 55 (oS aised sl 00 A il Sl eolil b il oo sile il 50 odal 05z
5 bl bl (ot e ol 5 oS (SIS 45 1 ko 51 S5 51 ke S o 3 ol

Sl Wl oo 098 (o0 go &, alaizne ;5 &S (B dbioe O 50 89) )R 2929 b g Bale (B 4y ja saams pliS
S 59,900 5 025 SemSTaise 2579 pas 355 )18 alojl 9550 (52, mSTsise 5 35 bl 3979 (s
S Gl @l @ az g by o 0oy o 3l 5 198 99,5 sl e Sl G b iz )0 Sl s 992
sl S5 (5 S aiges oS & jazme sgileygindls jileS e 4y 1 Lad o 5l 5 Toazme |y gile il 5 g5 s
g5 5 5 S aiges 4y pladl 355 03 My o 1o 500
Non return valve @
ol E98s S yo 9 9,00 51,8 sileSgr Al g ygile S mle (85, Slagile gl 550 5 sl (S (sl
wibige adss Jlo 53 T ygileygandl 5 g, oS (Blge )3 9 )t oy 5 ,Shae b (35 o &g aiile
OBy 598 5 (D il Sl san oo T 53l sindl 5 OB g jileSgr &y 4 gily ST (oLl Alg) s g 00,5 Jas

0SS S 6l 5 0l (el gy 4 5l &y bl e Joms 65Tl (30 4 gl S 50 35250 (0,



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> Yo
Ols ol ppiiaw
VFo1/11 /oA

P PRI JC I MPYURIK S SR PSR RPN PSY-WW [k JENCIN S POV L VRO S VSN LN JCPPSR Y DR Y
J‘-"‘Scsﬁ"”‘“"‘-{)’l’.‘\5°9*3J*0L>QW‘QBJd-aq)oh')oy}lg)‘lﬁqjsolﬁ)éﬁmj4,1)0g e s e

353 oo pll Jos ol Sl 00 i &) 0l 55,

Ofyy g Sy ;@

5 omrbline dmio 4 Juate ol 5l eslitl b 5 o0 (cablite 5 joli p3ilSe (slls SwlSe &, g5 o
99 3l oolial b aS 00 5 co J S jgilg S 8, g 3] (S35 32 )18 Ayie puobline g yde dmio SO il
23,5 oo oMol 5 J 58 e glos a4y a8 s (22l 5 (tal38 51 26 MIN - MAX o VT SIS (g s
b s dmio b ] 123l 5 S0 coliie e doviior Sy 5l o0litsl b g ce |, prba S o Slas s
Of9y e &5 ($8)l50 50 50 o ol 0 Sles oo a4 (8, (castie Jlaie B3 g adsS b AT L oges il
Oliebl (T o Slas como 5IVL (39, b Glgices 5o wdlise SIS (g (gblise gyoe axxio Lawsgs il S
g0 1o

A yap o, @

SU g5, 2 Ay ol sileysanils ol po gladols sy pln 5o« 5ile)ghudl 5 bl 5l (6555l j5kate 4
JLad als 5l g5k oF azm e gme JLad G o T Ll 5 g5 4 az g b oS Cosl oads aa gilejghnl
5 Bl sle gl s (A5l Lad GliEl g ol plfim ;3 bl e 4 g 395 oo A Touzme j5ilegindl 5 (5o
PR )0 5 )l (pold g 9 S (o0 ol i ployd i o) (pl ol oo H5ile il i ainy (S 5 L loxi]
by o S by ygile gl 3 5l gm0 09800 jolo cu i Blo B sy S 95l 4 5Led Jlesl bawgs Cos
RUWW PR WS PR ARUIRT S L COWKIP LN

Ol o, @

JLad LJs o 4 mdgw Jhpls akhaze 3o a3 90 40 w005 ONl0ad w5 cblax 4y b o (gmil> o,
Sles &8 > iz G5 Hgily S Coo o (4l e VB 390> (gime JLa3 L 9) S 4 (89, 9 43, VL (029,
odd oz I8 (gole Cl> )3 a5 (oo Jloel jgilesgindl 5 bl SlaslS 1) o Ole B g ead a5 Shee il
bl o 0 Sloe (gole Ll a5 009y 5000 10 eals adgl GajlE lie 4 Lgy e dl; yo

T o 9 089 Sl yege @



AR slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

3 530 5laS Slerlals ay azgi Ly g oad ooliinl j5ibe 5ol S 5 89, Lo &)l azys J 7S sl o
b 3 oV i o) iz 5 Jan 51l 5 5 lomg dinsd 018 )13 e 1o g 355 o 1) JUi
e iagas Jl oolid L dadl, cal 3 Slae Cono | lisabl G s o weliiS 5l 3 (b, slacls
2 9 Y1 Ol Olgie 0ad )5 g, 50 gt (1318 515 5 ogaste B )0 4y ke (a5 (j0ges 0,8
ga3 J7S 5 1y oy 5 e 0009l e 0 s

S, enkis Jlasl g 5,5 o plosl 55 e (slolSins 3 Shos | slinabl pe 5 55 5y 5 il o
g 5 0,1 36 Wl om0 ,Shec jolaal alaizo J515 (65, lie 255 g il JUil (18 1o i b (39
03,5 7S b o yiege i o Sloe Como | liabsl gz Lo abiize onl )0 (05 i ol 5 g5,

T oo 9 5695 SRy g0y Wloulasd’ Jguor OA—F Jgu

» sy | srs
i ) _ ) wogels & ylw! ) ) RERg v ) ) RERg v o
ol ¥l pley . RJRESY O oo Yogoyi €95
o,y oy £9o al> o Jol al> o
p9d al> o Jyl al> 50

Vel qe £0 Ve $o £0 00 $o 59,

0 Voo Ve Vo Ve Yo 50 ye T

ol dd (59) yr Slowy JLL @

565l sl a4 a5 el ol HaET jgilejshails oboae Gloiad 50 sael Css @l Cors Coenl
35,5 plomil (ol i b 5l ST O a0 4 Shicae Gled cul o3 Koo lpnd @l 55 p e S @l
Sley o b ol 75l 5l 5y a8lal g ey 4 51 (slas £48g 5l amy g5l jsausl 5 aST (6390 40 5 5L D yso 40
s Wloy L B &y s 1ol o ool 1 el 3 03l 15 3 )50 654 (o Oy o S s 45
Sges pladl

s9beyghuil 3 lpind s 5 @

1305 (oo plosl 25 O g0 @ el o5 K0S 5 (oS sl e 3T 5 6ol

(b @ Sl ol -

BT ST IS CORTOTIPISTS PRTY- I S g TRVE ROWWERS |

L s Y

(Sl egS =¥

ile Caaglia (5 1S o3l -0

T e ool Ceoglie (5,15 ol -



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

Ols ol ppiiaw
VFo1/11 /oA

128 dule Sl oy b -V

omliel 5 b lals A

(pgi) g 39) ho ahaii Guslagel -4

FRA ol )8 ey s -V e

29y B5 PlegS B ces )Y

S b B oglioe plwl o5 bz g W b g SUSS O g j5ilejgindl s ol cus e Ced (aled s aiS0)
(il

transformer test ratio o5 cons iale;l @

4 8 o TS 5 55 S (55 518 oo TS5 55 o 3] el Slis s o
S5l gl 5 gl b apns s 5y 6 S ojluil g 05l ghudl 5 adl b (698 L men 4 5Ly Jloel L oS slassS
Gl sl 55 o a5 355 5o S5l JUSS 50 4, il slge 0 5 380 (sl e Sy L
s plEim 50 0l jgile il 5 ol SO 40 oo sl e b dagliio jo 007 51 ,2aS ol 5ilepindl 5 S
Sy Cand 5 53l 90ul 5 (5105 09,5 (18,5 i jo b g las (lasldy (ol pents SIK oo 995 <85 Wl
5 b Sl Soso arom 5 Jloms Sgo e Agmer @ 90 S o8 Sl cl 2 Jy s
Coglgl j0 a5 o)ls 892y (g in Sl g CE0 L ooud aBle 5 b cad olKiws oged eolaiul wileads aisle
Sl 15 s b ggame 50 9.00,5 oo duslie gam a3l L 5B 1o 40 sow] cawss K jlake ogas ol 4o .0l o
Al o3 (65950 0w S Gl plonl gole Cdl> yo 0l oo 0,07 Jod BB Gl iSTas ol g lin LB 5
S50 50 Llognpew yo adl> Jlail pas 5l liebl jslate 4y aps ) laol> g3l g0l 5 50 4S50 )0 s
ol fos S S 025 ool gy (695 32 (olsl Dl rend azslinz b 20,5 O 90 (Sliesd ) oS 69,
S (Olabl Sz 93,5 55l 50l 5 e, el Johins o) azslin 6o poste sl Josdljgitws jo adl ool
0,5 eroldgen pw Coodls g Cono (G a8 )T bl o cod

s5leyshedly Gile Cuglio (talesl @

4 Comilagnpen 9 4% gEnpes 9 S glagnees (o Gilo ke (cw)p Cuz le Suglie S oslul
Sl gz jo o iole;] bl ik pac cdslive (el ale Cwglas sinles] s o 10 0,5 o plxl [0S
5 Liialel gl plalo)l mls meomo Jolov g (605 4z lp 1 0)ls 092y iz Lylyd o g calize
b Lo ygilejgindls 5o hle Ceoglin 6 nTojlal 058 ©50 alie Lulid 1 g alie Sliems 55 2 Lo Sesl

oo o Ble gles le Caglio Jlade o mpe jles Jelse 51 (S 0,5 c0 Sjgo g Do b aels 9 DC 5Ly



ARA) slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

shle Cwglio G rSoslasl o syl QT L oS ddaly g 009 wla jlows Lod 4y e shle Cwglio .ol oo J;.,"LA)'T
e ol (giomia b Jgaz S 5l oalitl L5 0ad 4188 55 10 a2 pe lpie 2 ol Sl 4z )0 Yo (slos Ysane
Hade g 0,8 1,8 eolaiul 890 anglio b g (g sloo S 10 b J._J."‘SQ Sy &2 50 los (pl jo Ale Cwglis
0391 shule Cunglin (L3 polie anglio Cyz a4y gaulil sad 09250 ile Cuoglio Hlode g Jaud BB (gl 0 (g0, lasbisl
Oeee 5Ly 5l ooliinl b Gale sloo a4y azgi b Cond Cuz S (o0 (ol |y Bole Cumdg 9 CokeS ()00 psS K95 9
oyt K0Ss 4 FoND 2ae 33l i b g S co sk 4l Fo g adl 10 loj 90 40 |, Canglie e s
b s 5 aid b g 5 0oos b @ 5 05 Gl @ e Om e Gl 95 o Sy e Caaglie
o oo Jlail olSind 0,5 4 I i s j0 a5 Sl j2 g 09 g0 428 e

o3l Pl o] ke s Seglal @

pas Ghalesl ol slraasls o oo 3l (Ko abligo S Sy 55503l Gralo3T (ysealia Dy Gl Gl
Oialosl cpl 1o 0l (e &z o (sles ;0 odel s Hlade Mol s (65L5 Azl 5o sail co Led 4 s ] Gl
hile Coglie laie 4iBs 0 CbIE 5l L Toazme g odd Sl ialesl £4,8 5l am aiBs o 3l o ke Caoglie
Al oo AR SO 50 Caeglie Hlade 4y 4BB0 00 0 le Cuglie Hlade 3l Jols Cans 900 5 o0 o

PI=R10/R1

3 opei oliss JLail 1T e & DC 3y Jlac les iy ¥ ke & Jihiomatl o i o LS5 car
55l il (el Moo

IS TR

dlie Olgi oo Lo 258y sl )15 Cod gl 4z sl b g 005 (o0 Djgo Sy B0 o0 end Slg b Ko Lawgs
o5 e e s ol Y (555 0l Sy ISl o 4 2 8l ol j5Tie o 5 Lagls | o3
3,5 juad

SN0y 0955 e Gialesl @

L, g5l gl 5 il g oyl plKan 1o 510 Lagny s Sl 4 (S 5l 5 agl slojlily oy 36 VS
g )3 Jods 2 4 b il ol o BB ()55l j9dudl 5 AT s90 )0 (Jg NS o0 S 50 15 60 09,5
ool s o 1 38,5 ki 1 5o e ol 98,5 ol s YL £33 5 31 il il
Sl 2 gl gl s oges WL bulpd 51 (o 1 o)l cosal jgileysandls 5 Lylope e ly Giulej]
aSlse 3T (610 09,5

Sigh 6)3%eb LV slajb W 5V 5 U slocKiniigr g HV (slaj W oV 5 U lacSindyy aosliz : Liolej] o920

5Lyl 5 039,541 3 ans 5Ly g oisS Jlasl ) LV Coond U 56 Kinisgy o HV o U 5 Sipdigy olgi oo



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

Ols ol ppiiaw
VFo1/11 /oA

b cdio = o)l pl, 5L o 5 b oges 813 580 ads L) o sl glaslidy b3 Jsuz Gubo s 0905 Jlos!
s RS s 4 K8 (e, po 0y0] Cany |y adsl 4 gl 25 2wyl i cg s ol SO (38,5 a5 5o

Gl y0955 GinlojT gl el Jgu Fo—¥ Jgu

U \% W

dibon 5180 5 baly) ook OB s @ ax g b ) cnlye

Ynd11 <4 Vw<Wv s Ww=Vw edite = ol Jlas! jo =)

Ynd5 4 Wv<Vv ,Ww=Vw el = ol Jlasl ,o =Y

Ynd7 4 Vw<WwsWv=Vv cdie — o liw Jlasl jo -Y
<

Yndl Vv <Vw s Wy = Ww edie — o liw Jlasl o -¥

s9leyshedly (5315 b b g W il alesT @
yd Gialojl gl gl i sl ses) Sk 5 Coands jl Gluabl jslate 4y ¢ Sile Cuaglie (ialejl bl ogdle
aS a0 lid I, s b Lzsmew O @l &S5 sl Jade u’;;.;“l.oﬂ ol .b)..f‘so ‘nl.?v_;‘ Lo calsl sl olas
&y sl coyo Sade oa)fsa sl § 0duStw QT Slade (Ko, ) Wo Silsl 6,80 5ll olSiws SaS a
Sy sa yudan d3e (pl ) 5ileyganil 5 (g Sl 08 )lse pam jo (g all T oD sga Sl S Wb ¢ slagile,ghuil 5
Casb, 0529 b (89, )0 Blre D)3 0425.00,5 pladl Gle CaaS ol 4y Cod #3Y Slageed plosl b cosl p3Y oS
oM Bypo a5 (65,5005 )15 Golite plase s ale (89 Lales 5 00l gl iy Db oy al3dl Sl 89, 5
a5l VG L cilsl sle Slali o slls a5 ola jeile jeandl i ole ol il .ol co ial38l 50500 )5 o s
sl 5 529, 5l o AIlBL g Cogb, e 50,5 )18 0559 5 (€9 G 9amdIS s Sldoe Cod b0l (o0 5l
200 )5 o el
S sl Sibg il hle Sl oo Glalel @
cud b Jade 8ol a4 s Jo Qi 31 aS 00g TAP TEST alais sl)ls g3le,90uil 3 i s Sodogs
sijlo &8 8 SblS canbion Gabesl plwl sl ] (oo Consty Sinigy Sgs ,5iSiy Sy Bale e 53

Ol o0 NES b Sy sle olals &L@}] Sl 18 duslie 5,90 g odline |, SlAl 5 slacas § Kby



YYo slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

Sipdigr g g (2alS b il b ogd sdalice Sicder jo is 4l b Wl 92 Sl (59, laol> &S
4 J5S 5 cadlye cow sl Vol 33 ailonds (S 5 crgo by axils aiol> oS slaSinig ogas )0 0,5 & j50
9 et Sty (loe i mhans ol (55950 Sipbgr sl Calil GiolejT plia )3 05,8 )18 j5Sie ulejl SS
AOBI TAP TEST Jligo 5 (59,5 s 43 S 3 S TAP TEST ooy T Kty ol el 4o g ol (SoglT 5l o le
O g

T o2l Cwglie (5,505l @

Slgnp mbps Ll sy dacols o el sl maee ool Cwglie (gySojlil e
YLl gla e 5 iz GlESLS o Vb Cosslin g b gole SnSls eVl alSioxil pos s a5 gike 5l 3
L calisee slas 5o ond (5ol polie aulio (ololy (iales] ol gl Julow il e wlonds (s, Koy 45
03,5 &0 b iale] a5 asl o Liales] 0y50 el hed glpied S b g IS oo b anylis
Ul e ,Sus glalos 4o onds g S5l pyolie Z3lol (gl 1wl o oL,F il az o Vo awme slos (clive
10,5 ool 3 adal,

R = ( 1+ 0/004(75-T))

3,8 il 4> ;0 VO oz mew Ceoglin R

T Gloo yo ouiis uSo3lail Coaglas I

&.LA)‘] e jozupmw sloo T

Liwgsy 51 oolitusl g 380 yiaymel g yioily olfiws o 5 comlio Gl5 b 65l 51 ooliinl S8 4 il 39,
2 Sanl 10595 1 (2L CleS 5l aS 010 92 i e Sueslie 6 S ol Logate olws (g 0 o0 el
@ & baye Sy HeenS il ag2g Cle 4y DLl (55,5 b 5 adad plSee < DC e 5 (5,5l Sl eoliial o,
B9 ey ) (g sleliz SIS cl p3¥ a5 305 oo Jol> gaat 43>

oz o Canglio (5 S0l cp> WINDING RESISTANCE TEST ogass oKiws 5l as sl QT e e
sl AL 0 50 alizee slojd J0 T 2 /D 5l e SO S ojlail jlre sl wus s 405 solaiul

0duS Bras g wls 392 e by g 5y, Slug b i b aS wileals >l 5,5k ONload sle oo
S8 95 o0 Sjge Ny 90 A (Khwgny S e (Kwsey 3l pleebl Cqz lple WSS G ) Sl s
3l oo 35 ) 65 5 Sz s,

S S Jlail 6l Bl s 30 (0 Dy5 T 010 1,8 5 ST 1o ol S Sl oolicial b2 3l 2 (3
oM (g 098 oy sl ye el 5 s (Fod wlad aiglonen <5 18, Vb 5 o e b Gl adsl 4 o

30,5 sadlice Wb o yuol jo abasd SO o b a8l



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

Ols ol ppiiaw
VFo1/11 /oA

sl laSieds onbe Gilse Dyge a4 Gl pols B g lasie yie Sy o gl eslinul b3ty
255 00 il slagyie ey po (Fogle b (Fob gl aigSams ol 9,V 5 o8 i b gilejshdl s
Slis ol olesl @
O et ygiloyshadlf pupbline atur plaizle o o5 Gszmer plbcas G Sux bl ol
30 9035 j5ilejghudl 5 cubline jlae GuiliSel) )0 yotd Eel 358 Lol yl 0 5 o plowil ddl> Jlasl 5 o o
S s Cooms ay SenS (ol plonl Sz 395 o (omrbliie 55l sl Ca 5L 9)90 (L Il gl as
2 e ol wibioe b agl Cen oS Jo o ) adsl Gl g meS e B 5y gl ghal s
0505 g0 Cud 5 5 S o3l il sz g 0ol Jlesl ailSlazr &g e 2 sl ST 5L 050 an (gl gle 50l 5
ol lajls S ely YLl Lyl s g ol 5Ly il calizen (ol o o (6 S0l (5lesly 2 dnlio g
ke Ol ool Jlail 3o 50,8 (oo plonil (il 5 (658 )Lid Coons Sl dden )b (L S 09l 485 A0 o
SIS 5B 53 ik Gl Sdie JLasl )0 g abl e Hilesghudl 5 Lag 51 63k (2 Gl 5l SRt (05 )5 5B g0
Vo sl sl axly s o 65k Ol BB az )l 4w 5B aw Gl gile jeiuil s )0 anll oo g B 51 S
g ol ansls S0 5l i wls gl Al 5 5 (L slacud b odwl cawdy polie G abl i duo o
Dged dulie 43S slns b1l
o ddlge Guilagel (5 So3ll @
55 5 00,5 olisS Jlasl 1) aslammy mons B o jao adlgo uilaal (43,51 sy (610 )53, 5 (e (Slomndl 5 o
CeBlosly 1y il 3 15 b s abali L2 5 oS (o0 Jlosl oo alaii b 1553 5 00 obisS Ll gypoes a2 1, LSS
ol 50 Cemay jho alai Guilagal 5 ala Sl ealitul b g oS e
Z0 = UOMean / I0Mean
sdel Cawds jlade « 518 50 ol jlaie 0 ,5] Cavds S 09 o plal ST3K 5 g 0, liw YLas! o g s o]
D9l (0 O pd A dAE O
s9leyginsl 5 quboline Lo oanis Giolojl @
A smeblioe )L @5 ol bagpamy A Jold a5 0Bl oo &5k 0255 )g5lejghundl 5 51 25w (n yiogee
0955 9 )L @398 B 5l Al Comdg (o) H9laie 4 (nl b 009 Al 55 e 350 51 (FuSTy Lo 5 5Ly Jlesl
a1y cdy YVe gl 5y 00,5 o0 plnl Liulejl cnl dlowy 4 jgilejgimil 5 atun slodles jo o)lite |l oo
SIS g0 5 S o3l 5 Lo 9 (55, 00t obmal 5Lg (58 e Ly lags 9 wiS oo Jlosl sl sbagnpe 3 S

S8 o shlaie alayly Wb el canlie L g oo cod Jedz 10 zull g ool )10 508 550 sl sl )15 )l



yyy slocay )T 5 slopory a5 s ilss

IFot/11/oA HVS/BALK

Pl b o9y aiales (LG (s5ldg J 5l atuas ;505 Lo 99 cawg 51 4 55 Jlosl pla Bl atils 3525 b3l 5o
Al aeles Jleel 5Ly ol (S50 3le 90 5Ls £a0e C LA 6,LS slajle 51 6 4 5Ly Jlasl
FRA g S sl (55l s @
o e (SIS | Sy ansl o a5l FRA oS 15 gensly 3ullT oy anis 10 Logac a5 JUiml sobs s,
g5l yshnidl s glizl 4 00)ly (So5d e 5 Slodo gile BT jslats &y aSadlice b ygileyshndl s hicas 50
o (675 03Il (punilS B gy 009070 3 il gl i 5l (g ke JWEH! G oS el (] g, cnl I bl bl e
il J55 3 oo a5 5 sy ales] (53,5 s Acllin g JE 5 5, L s o3l o
sl ol i 1, Y s ey DOA o5 e 15 U sl gl s Yo o Jlach b 5o 5w b
09,5 o0 plsl (e Ll 1o Lo g 00,5 (el plsl PM 5 (59, )90 4 Cand (] ol > 50005 O 50
FDS (iils gple 5o iSlliss ks 6 Soslil
9l 4 b jile il 5 (65l o i j0 Wl oo Loy gilejghndl 5 ST 5 (g, slagle ;o Cogh, &Sl
Shoslitul b Cesl 110,93 32 (@l Coeal 5l Cugh) (e rend 9 (S ojlul 1A Lol adls 285 sl gm0 &30
pll pae b plxnil pogas jo 1) asie SleMbl lgioo Jobs slagiomio SeS 4 Cush) Gunti pafias f b
25 )18 s posee Bl o (dile s Cosb GialS S B e 0 j5ileysiedl 5 585, (senl S liles
05,5 g0 plosl (P L)l 50 oS 9 00,5 e plsl PM 5 (155, & j50 4 Cand () pS I o
ONLOAD xixs cwlul joxs @
et @8y wiile 925 o0 )50 Lo ymionS (59) 65N 5 mend Gl asliy ;0 &S Jsere 5 51> sla)lS  odle
gy 9 0 Shos Slaw (s 5 5350 Ol Gialesl SV il J 7S 8y eaims i o s ol o3l s
S I 5 e o B 50l oo BT b 5 5 Khae o ol (ke end S) S5eS
s ogde B 38,5 5 055 e 3l giges 15yl cans] (695 (005l 5 1 SIS 4, 42 55L)ON LOAD
SYlasl § 1,35 slacwglie 1555055 oS i § Coll LESLLS 51 ol fpad o Bl Glalad (gaiinds g o489,
g0 53 5 ol LESES 5 5ymls OB s 51 audil de oype 5 g S (S SISkl )l Sl S
J51o 205l 05 o plmil Sz ol b )35 slacaglio (talojl 5,8 &ygo o3V pladl 55 axkad (ygns 4 5L
Faglo g il 5 (ol SGB g0 po o (i pae Sl el g g3l ygandl 5 (4Eg, b T L3I Joxe o0l g 59008 B
Al e 550 0 )lge
ool 0¥ s S lgm ploxil g dar (129, 32,5 5 355 Jome )3 Symls Sazme a9 S (ewlel g 5l
36595 Lol 5o g 09h plnil led S (65, i o5 (Kwgm Cud gz Sooglie g hod Cond Sd
58 S s e sl s el GleSY LSS 5 50 8 Kt i 5 53,8 ol 5 590 3l



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

Ols ol ppiiaw
VFo1/11 /oA

s5leyghedl s yomioms g Lol jgily S (85, v mnal @
2k 5l b ) e &S (Shgey 0yl bLIl (89, sles b LS Ly 0ol ooly uled 8, haw
Sylbinl az s 098 9 (189, bawgi j5ileysanil s g ol Byl 5 alulid Wl (89, v caias alS Jale
o) hw (el L Gl 4 ks a8 (HBlge jo 5wl a0 90 el SIBLT Gulaly il eslitul 390 (129,

28l abuly 4 a2 b wb 8y, gl BT (il cpl w2l glg S
VA= G/o YAT

g9 oudi yadudia jlalls (uals L YL as 9ile )y el 35 JAks auls (sloo 4y dleus 4S masual yluds AL(m” LL)

Sy oo ulS s g 00 g8l audils (£ 9 gl oA Gl

c ol ool il g3 Yo il dadio (53, 48 ) 9abey shensl )5 (49,0 pale (39 G (Kg)
Kg
0/88 = (1 955158 20 € slos yu gibe, shendl 3 Ja0s aule JISa 8 (4M3)
—3
0/78x10772 (e g5 (55 5 93le 5 sl 5 pale Doleasil ety Y(K)
AT(K)

Ofgy pelaw sty GLdn (59, 45 Sl slos g 5 9ile ) gduntl 5 (g 0 aale (s sles SGA)

G olie 1015 398 Slezmsigm plod @le 0)j9 9 00905 Jor conlin (slaisSs iy paliais (slavlS alains (pguas)o
e Jloel 5ila, 9l 3 (sl o0 dmslone

2 wlyS s J 5SS @

1ol (J5S el B oy g VLT Comdg o3l 9 2,0 s9550 ShU (g

aslie § o5 0dind oli oy, REMOT 5 LOCAL > s s EMERGENCY STOP RISE . LOWER
NO OTHER END TAP - FIRST TAP (gla Y 20l o 5 U8 « o 3o yo o oylads oo olis b
45 65,50 10 5 325 y5isn eSo S Oy, b JyS 05,5 plovl g TAP - TAPCHENGER IN PROGRESS

oled BTy (il B L slys jgise wleST )0 G o)led oims (LiS 5 jamioeS gl el

HIDRAN [5ile jgisl 5 55 515 0l o0iiS J S olSiws @
Oy 40 odd Adg a5 gaezme i, ONLINE oonlive 5 &jud g5l gauil 3l Gy ) el cqo
95 b led 58 jgmin A s 4 ol (nl 358 oo ooliitul (il 5 4y Jaite H95 e olSws I ey gile s 9dndl 5
pladl 5T (510055 5 eond gz o0ijls 28 50 Joallygind (bl Cesl (5550 5 sl 10,55 (sleg Sl

s9790 b3 a5 5 Blow @ g b p3¥ leckass ooy GBI 5o e Jonals 4 DATA Jlojl 25 o 0ge)



¥ slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

Al Cony 4 dxzlyo pln )0 050 Cule) Wb b ol (pl ogas ;0 B 750 4 9)l50 05 s0 g0 il 50
S g 538 03 Candg 5 098 Jlges 5 Galed azio g lap VT Jols (1581 o5 o Shae [l 5l (gl 05 Sk
Jla! Il a0 Qe 5l Gin) 99, Y (s j95le il 5 Ol ym az )0 oS0 j50 50 005 Jol> pliabol 138
A 4 0559 g Hamml 8 ploxil g 55le j9huil 5 qwlil (65l04S0 g end pL 500,10 9529 jguis 4y () Ao
Sloy 03k 03,5 laz oliws (Bl (i b g 358 dins (589, L jgmnin LLS)| oo Sl (65950 ¢ jgains Sl
a8y Jodo 4 o ygileygdndl 5 5l (cam aSol 4 az g b (g wBboe JLSo S Tas aoliws (ol 5l )l 5 sl
0,8 o0 Dygo 3 L@ IS lai b ol cdle o ol g o3l asil s Codl e cou 8

75 g, ol @

blal goie ghls a5 (285, lemil s 50 5 00,5 0 o] (o iSUl cualiial als el 2, 50 Cusb) 0924
8y ol 03 393,5 s s il 5 513 4y ks (i 25 sl 33,5 55bin 4y JiSbims kiEl
4 Cogby b glidl 51 e a5 wib o o Wb 3w S5 ole > 50 .08,8 w3l LSS ole 4 yo (sl 090
el g w3903 (agnd Sis g g5 dlge b Iy 5w Slge al &jgo (nl jo g 00ls K5 yusS (5 (i S,
295 9 J3Bekew (aagas 5l dm g 0ged pladl 15 J3lGkew (85 alaios (129, (Agn a4 S S5k (A9 ol
g3 pladl L p5ly (aysad dy Cod po3l 50 ) 5 ogad by laabl gai T glayily oo ay Cod 3G L

NGR (NEUTRAL GROUNDING RESISTOR) cuwglio iole;l @

SPobaebl gz w2 5 (Soewsy 5 595 5 5l 6xTslr 5 S wenl 4550 28, (6,8l Cunds g
bl 2 NGR _aal Canglio ialejl il oo NGR (6,)ug 5 ymass Slolall Jl 5925 & j90 50 st 3,Shos Comos
Ol g o0 (b Gl 2 (ool g S bl Caglioladie 115 o0 ol LS )90 )0 9 il iy Sl pens 40l
i Yo C° slad (sl edammo slos o od (5 pFo3lsl DC Cenglia sl o Yo C° (slos yo oo Sl s
b bz ol (b yo s 4 Slej S fuizmen Lol o B o 7o laslin] Bl jle Luil B 25 Tas g 00,5
ebion (ool oy |y s oo jgme S lbiul b illae (51> slacasgame (28,5 ;a3 0 by pasin Lalyd coil
bl oo (Extended Time) Sae aily o) caddo Ve addo ) adl Ve ool dpogs ool sl ylo; oo lasbil ulul
b ol ke 1 e Lt NOR L ol s e e s blir Sl5ugs olss & 455 b e 3 Voo

g 8)S S 59 g 50 g oUsS Jlasl slallas £33 ISl el (oo (U 0o e 58 e



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o>

Ols ol ppiiaw

VFet/11/oA

o) 9 B0 B o 5 guSTy (a8 (b yoilo yghumil )5 (51090 Ol poni g i g S S FI—F 9o

Sy oa S

ol Jl

oud jlu ilAls

MVA cud s | Jhdg pla | gile) gheail 5 0 Lok JLe ; huatsl 5 Jla puu

294!

TR e Oyl

R @Yl 4y

Epr=r

[ mbaes it 5 (J ome ol s (oo

ol s

ki plasf

Ly &

wlilaio

190 3 ghud! 3

S8 S 5 S el g Gl (S pll Blad 3 La 0 ks majly

(S5 9y 90 Ll (s e 3 g ) 0 e o guadia S 5 ouldind

O 5L ouiaa (Lt 5 leSinitign o2 ) ebacs | IS g ooy o

(9529 0800 50) S B sla SAL kil § sy 3

P sle Siadigs 53 Sl o5 Jlisa 5 (992 pSe 9 ks o Koyl oy 53

S JEI 5 La osda Ean s lSun S

remote glocal clla jo ol w (S aslly S (le

Jlal (sla (s g &S ya JEDI (5La ) gaus J i3S

S8k (5 53 9 St (il p o g glite 4 Hin CulS a5 b ) Slales S plaa

Glagd BUI g a3 JAIs 5 3aly0 s 388 o 5 348 (333 (S5 oty

(608 0uyss ) 8 paadl Jals o J 308 9 Ll g ISyl (sl s

(9928 Sy 58 ) 82108 Hgise (59,20 JU dacali (IS adli5 g aaa Ly

(292305900 50 ) (Al gS 50 a9 ol dina (4b g ) rebann | s

O cililais g gal)s 597 9e 48 gans 3)Slas S g Guga pllea 1 Glusalsl

(ol B8 )15 Jaadly gasa Bab ) pulilsa 5yl 0l 3 solSem S

PULBT T

Fege i sding HLbL asdis ya S e

T e Ploge s bgayact Ol s ey

Lepfyls Jgsa puleal 53 Slaslils plasl

OF (8.9 ebaus (e § 530 90 53 dgud g (95 § OB 9y Fioga i 9ss Do

O kg (el (ranual g ylage i agudya (9 § G ptes Fiaga i us Ciaua

L yio g0

o, gilaaly Gugal Jasd 95 8l awojle

T 505 9293l 5 G831 95 918 08 (B S S s

(9323S s 5o ) FLOW METER 4 La oy (ugs pllw J i3S

Lo gl 3 e pd ) 9 L8 i (503 b 9 Lo sl Cuanadr g (g

Lilogil g ass g0 Lo sy g Lo Ghog £ 50 o

o= skl

v v

e g g ok 3 ks 03

sy g 3 geila 9 il 3 aly o9l jaal g il ad)




ARA

slocay )T 5 slopory a5 s ilss

VFe Y/ 11 oA

HVS/BALK

45T o gal o3 pe g ull 3 sy 3 Jusle SL4LIS Cuanidy gy 30

(pa) Y Lall (oS 3T g () Sl Cusnidg ooy

Olslas o) 9 luol gilg puiss (3, ebass puas 8

O Gl (o 95 9 42500 45l els () Eloss ooy 18

(9329 @90 3 ) gyl @adlea 3 (lisalsl g 5431 g sl Sy pauliy sa05ly

et )83l g puaiis (LS f (sl pau 0 g3 5l 5 Qs g a0

P 9l s (ol 5l (sla pach aga 5 5l plialsl g a1

hot ygilg g
P g

ol 5 gilg pualiS da Loga ye JlSalais (1 95 9 J3lSabon J fis

P g puiss 4 Do g pe Sl (9 9 Jjlabin s

B985 S5 9 Sl pus 5l Glualsl y Lo dulia sl

il (g5 9 Sk ilials Gaale sy o publg i

S diixe
Jitb

Slhuus 5 g8l Cusndy fagal juad

i 1y oYLl Cunid g J s

byl padi Gaga 3l §f olisabsl

gruina Cuadlw 3 (ylisalsl

oy 0 I3 g0 Cladl oy

Sl 1 (sL4LIS Jacu 63 DATA Jlaw | a1

0y g Jabas shajls SuGT cua b gy 5,8 gl

ouias gLl oilades g 1381 Gl g 138 p 5 Canidy

b ol
U Wy owad
LU

JEs e

O gy 9 5 A Sl y o i

S 0 s ) g 00 K5 B ey

28448 1y gus o e il (u gad alidl g jlais ool g aan il

ifliall 5 (a0 ) Jluadl Cuanad g gty 12

Los Fiais Buls y1 g Sileadilie S Eals casl Cua glis jlalia jhuls ]

Ol Suaid g puu; 3

guilics ) SO Sl gayl g plad 3 Slas gy b

i 35 S

(s525090 )3 2 S gl sl g U8 gy

T oS slaT g adl 3 40 o g (e ST gy

(e ag2g ©opee 5o B A1) (apualiid Cusidy oy

3ile y sl 3 Sl dalS (g gadiioast

255 il o puledd (5 g 9 s il sla A Jaasa

DC 5 AC (5Laglili fusd S ulual i 5 )5 9 32931 sl b JaasT

O ail &y g o L LIBS Loy o) g 5 g a9 L slge b Jaess

e

O

(FOONEY

O 09 Mo 5 LB (185,

‘.Jls?l:_ﬁlle.’m Sl gl alig ?L]

9oyl 25y ool yilid Dlilos Jaslljgiss

a5 50 5l Gyle 9 o9 jed Sl allas 35 ;0 (g, 4l (g lal =)

20,5 ol Jels



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

Ols ol ppiiaw
VFo1/11 /oA

23,5 8,55 el & s ojlail o i LS slga L (5955 S il 5l sy 4l L legen Y

DS S 1) el loye Hale S L g oo YL o/ bAr jlade 4y 1) 39,50 S ,LiS (heg, adS I ey Y

55,5 ooliiwl oz lo ks 5l g wogas cwyib ) wp S WBlaz i3 1o (89, S5 ads I ey -F
2 Oy S (Blwaz o Ao JIVD (sles a4y (189, sles ailus) 51 s g 9bl oals al35 55 M3 (350 (uizred

00,5 doS ps 35,0 g yidid oBlws hawgs JulST 5o A
ol Sy JiStas g )Wl Gloj FY—F Jouar

owily 5Udg STas (il 3 G)lslely g sMB (pnsls (yu) HURIG! (o)
ol s UM <72.5 KV celw 2VF
72.5< UM < 145 celwats
UM=> 145 ceelw 2FA

1 mbar ;I xeS Jlade 4y pguSg sae a5 Sloj g ool Juog (il 3 4 585, JolS adss 5l e poaSy oKiws -0
S oo oo ) Ol Gl Gl 5y mea Sl az gl L wd Sl 5w

Aamled Hlad oo 1) il 3 SSU gy 5 pe Wyl onload e o oS olges] 5 -F

ol SB35 -V

Gz b polie 5 ad)S O g 5 Slilejl 50,5 Syge il @ G 5l S 5 09 5l 65 Aged -1V

0295 31 55 Aiged linlejT FY—Y Jgur

Slule T ol ouh dus g3 Hluds
G200 OF g Causad 5l g z 0 kv
B (R, les =3
Ofay gl Gl <\.PPM
I8 pl g (S gile g S 58 Gl oudd drn g il

H2 < oPPM

co < -PPM

cO2 < ¥o-PPM

CH4 <\PPM
C2H4 =+PPM
C2H6 = -PPM
C2H2 =+PPM



vy slocay )T 5 slopory a5 s ilss

VFe Y/ 11 oA HVS/BALK
C3H6 < oPPM
C3HS < oPPM
02 <\++«-PPM
N2 <\++--PPM

REPERPISTEPL I SICEIPRS RN &

YO sled b e, JalS oS o 1 a5l a0 )l0 925 0bj e 4y 569 )0 Ol a5 olagilegiumil 5 0 -A
30,5 5 S oilal g, ey ol Glime 0,5 bl a0 Ae

DSy SaS lsa b 39 51 Al | DS -4

o gln 55le 5l 5 s xSy olog ke b alasl, 48 Logas il o 1S bl 1 oayl s Lulss ol
e gl 4 () 45 00 5 (so 05Ty Bro (5 5dn Oloj Dae Db 53815 (€9, )0 Cash) 9szs Jdd 4 e b

g dlem Sglate [5ile ygauil i Ol peass patie asis g LS

el B 55la ypianil 5 (531510l 5 58195 (395 3 3l o S (Sl o S 3o PY—¥ g

ol Wy pistas (il s3luilely g M ctnsils ) 5L Glo
ol sds UM <72.5 KV celw2)f
72.5< UM< 145 celw2t?
UM=> 145 celw2fA

00,5 ool g8 5w 51 5 ainy 055 sl ol 3Gk S5L -V e

(98l 6 5 Igo 1) aiily (oo 575192 g STl &5 bl alS) anles 555192 1) gile il 5 )

s bl 1) low voltage wlasle;l -\ Y

(Bottom of Form) .ol e (5,15 p0 a0 eolal gile yginil 5 VY

09y ST eiles,S 5 SalesT @

S leg,S 5 Ghalel cusloagai jl 1y 055 gl G o 4 05yl o5 il Sty Sltglel e 5 S
1) 4 geams 50 (55,1 b g )08 (slaygilejginil 5 5l (sl olams (59iSB Ltalesl cnl .ol oo laygile il 5 529,
B3KV sl g5l jgimil s slp Jb o o Plas cewl oads il (5)lmly el 5 ool Sln i3 gm s
ot ollae Ll (L3 Sliglojl s a5 oloysile gl 5 gl 08 & j90 398 ialejl plaxil g (129, (6505 iged
Spdyer Dyge b dnle dw Slislojl cidlie Cod (sl ygile il 5 (sl a5 (5 y5k 93,5 o alisS ialejl 0y90

YV Q)Uang,’;SwaQijlfm) Olye U



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

Ols ol ppiiaw
VFo1/11 /oA

G PPM w2 g5 50 Jobe lajl8 laie mulisg o3gr 8, olKiilesl Jaadljgiws ol i ilesl g,
Ol cae e il oo sfiole;l jo Sleljll sy aS g 5,2, L, dEEE (IEC aile 5 laslin] Jolax SaS
Jgas 010 o (ansetd )0 5 ot S 5l shudl 5 Jiliand Bilgw (il g Glalejl Sl a2 ol 3y
ules el cocts s jo 1y 093 Ldow @l adads cel 23Y iolejl p ams pgas 0 olKiules]
aS Cowl (69)lg0 31 5 ol 3l eads Bl Gledlbsl Cs 3 liebl g (81,5 gleg S 518 oS (090 0, IS
bgi 1) gy iged o ah onl (0ged Byby glate 4y g 48S 18 A g 050 550 sloelSislejl yo 059yl
5 Uiabey] bl (6 S diges Jolye 5l plaS 0 10 aies o 58 dolio 850 g Cand (5,500 oinlej] cus sloolKiiws
S oty S pleg)S S pegas e nlpln SIS wals 8l 6 S e s 99 Sl M alesT Jelow
5 leilesl s Vool 28,8 IS 1) Coaz 5 B colys Wb Al o Ll 595 S5 B (655 preal sLie
wl Glalllas s o 55 aes Sy g oltylosl 5550 p0 S)llai g Gilgws Sz 00l Guipated 5 6138l o Sl
bl ple g Cogby e (beg, LS CalEl (gomml sue asle yeg, Slisle;] plu 8,50 4o abl atils dgg
oals Slislejl ol as pladl )L G a8 S0 40 (Jg il sod (BT 55leg S 515 s Gl a5 (424, o lailiwl sla
by Sliglosl Jed ol sl ol 0,90 PM (gl g0y iy jo Lo B)l57 st 5 o] a4 azrgi Lo
Sonds jl pliebl cgz 55 i Slisleil 5l el e abgyye jaatie (Al a5 63,50 Dy5e b aD dalys

A selss plosil ] (589, 9 93legiumil 5



vfo slocay )T 5 slopory a5 s ilss

VFo X/ 1V /oA HVS/BALK
2950 yghuil i (SilSo gl (ol 8 ol o8 FF—¥ Jgur
loros S | Sal gl | euiie Gl | MVA cud s | 50y g | sileysiodipofiadd | Lpilepsiediidipm | e
T e .::JlJa. 4y :L-Jé-’.} C'J‘Ja aa
olass s S s s | Y el )
LV Midle HV ‘
o3le bl 5 iAo o, \
Y

- i Gl oy

- oS &l e 55 "
- (V) osbensinsdl 5 Bda s 5 52 ¥
- (Y)ossbessdandl 3 B 5 22 5 ©
- o Bl 4
- saxpsoff load o, s
- Non return valve 4 ,bSs ;i 4, A

- o8be,sheail 53 58l 5 5l 02 5 o Al 4

- st L8l 2 5 o 4 Ve
SEs ol 4 A
sl gapn (SOl 4 W
e sl 10
Sl .L":.

: eludiol : feayl T el 1ols alaal Jgaeue Sulgala alig ald



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o>

Ols ol ppiiaw

VFet/11/oA

Y¥s

R (Swgn 9 6l 0l 9 98l ygiuil B Cas Gl lojl 0,8 FO—F Jguo

00 jlau &S il

RET
Fy

[
5 e

dlaad
o

£

03 5
SO

edlo Jh

ald,lk

a..ﬁ_‘,ﬂ..«

i

o jladk

29k} ghecsl 3

Jb

sgib gt | 0¥

NOTOK O

oKO

ON LOAD jaiass Siu gus Couiy

T e Ol 428

R

Casal ot aladl Sl g YY 8 s bawga OO

SRS PRV VIR [ < WPV LY

‘.:uaJl.mu

K ool il

Vin

W -1N

2u—2w

1A1 (mA)

W-1N
2v—2u

1A2 (mA)

Vin

1w — 1IN
2w—2v

1A3 (mA)

AR

Y

Ak

\F

AL}

\ld

Y

A

AR

AR

Yy

A\

Yf

Yo

\te

v

il ..7-33

reliasl

:é-'__iJL“i

1ols aladl Jahens Sulgald aliy Al



ARA

slocay )T 5 slopory a5 s ilss

VFe Y/ 11 oA

HVS/BALK

(GQ oz 1 55lio) Hg5loygimil i Sl Caoglio Gialojl o3 $5—¥ Jguor

Slapey s

Sl Jla | oud Jw A lS

o b

59k sleail 3 o jlack

I N T

T pe SOl

ORIy Sl 2y

-Caeal o3l aladl Cul g

el b S oSy i ga duls o glila ule 3T O

Connection

Voltage
test

R15 sec

R(R60/R15)

PI(10 MIN

10 MIN /1 MIN)

1 MIN

HV - LV

HV -G

LvV-G

HV-TR

LV -TR

TR-G

HV - CORE

LV - CORE

TR- CORE

CORE-G

e i85 s Hale cua gl Gl )

HV

Phase A

Phase B

Phase C

LV

v

1ls ?lééldgi—uﬁ-\biﬁeﬂj ,Iah'



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ofg Ol - dop> g b Sy ST g Jo> YEA
O ol
VFo X/ 1V oA
295 sgiuil i (G oyl 5 188 ule GLL Lol 3 FY—¥ Jguz
Solapregss | bl Jlu oud il a3ld ls byl | aile il 4 o jladk 233Ls  ghudl 53 JUs yea 29
T e O lpa Gy gy Gyl oyl
(Three winding) Caea o185 uls
Mods Measures Test lead KV(N) C(N) %DF(N) Cap(AVR) Pf(AVR)
Pos cap Black Red Blue KV(R) C(R) %DF (R) Pf %
3 HL H L
6 HL+ HG H L
5 HG H L
3 LT L T
6 LT+LG L T
5 LG L T
3 HT T H
6 HT+TG T H
5 TG T H
4 HG+ LG+TG H+L+T -
S3533 gl Jlasl Jgaa

Pos KV mA

H; Ho

Hz Ho

H3 HU

:eludal Dyl & bau 1ol pladl Jgheus Sulsald aliy ali



vEa slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

o908 —y58lo gl (S35 cud b 5 186 e AL fulejl o3 FAF Joux

Solaneg A | Calu e | ewdjlu Gl G &l ghudil Fojlad | gile ghuail 5 Jl e 29

R p Syl da o DEgy @yl da e

Sl o0y *L’l

Mods
Pos

USTA: CH-L
GST GA : CH-G

KV tgd Cap(Pf) Tgb(20 .c)

GSTA+B:CH-L+CH-G
USTA: CL-H
GSTGA: CL-G
GSTA+B:CL-H+CL-G

LgS5a 53 (305 b B (5 S s

Bushing Test KV tgb Cap(Pf) Tgd (20 .c)

H1

H2

H3

HO

L1

L2

L3

teluasl L] sy 1S pladl Jgdeus Sulgild alig Al



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

opg i - 409> 9 S Gy S 9 Joo Yo
Ol ol ptcew
VFot/11/0A
395 Loy gl yi Sosigy (55 Cand b 9 180 ke WAL iwlojT o8 FA—¥ Jguz
Soliyes S| oale Jlu ol jles aila s Cad s | ghla ) shennl 50 jladh J5ke ;) 45 JU y 84
e Oyl d o D et
Caaud o800y .'.n:iL'n
Mods Measures Test lead KV(N) C(N) Cap(AVR) | Pf(AVR)
Pos cap Black Red Blue | KV(R) C(R) Pf %
3 H1 H1 TAP
3 H2 H2 TAP
3 H3 H3 TAP
3 HO HO TAP
3 X1 X1 TAP
3 X2 X2 TAP
3 X3 X3 TAP
3 X0 X0 TAP
................................................................................................................................................................................................. C:L"L.u.&j:l
s eluial EJL"t caellia :_,15 ,IaI:..ﬂ Js.'u..u i_,S.\b.'llé. 1:1.'13 ,Ial.'l



Yo

slocay )T 5 slopory a5 s ilss

VFo /1 /oA HVS/BALK
Auto-two winding ,gileygimily 3 cud b 5 180 ke Gl iule)T o8 Vo¥ Jgus
solipegs | aalu s oul jles 313 415 Gyl | eiley ghudd )3 o jlacd 88l el 5 Js pea 4
g g 3l da e Dy Syl da e
(Auto-two winding) Cawdd o183y cull
M:d Measures Test lead KV(N) C(N) %DF(N) Cap(AVR) Pf(AVR)
Pos cap Black Red Blue KV(R) C(R) %DF (R) Pf %
3 HT H T
4 HT+HG H T
5 HG H T
3 HT L H
4 HT+ TG L H
5 TG L H
4 HG+ TG H+L -
<25 Ol b o plle]
Pos Kv mA
H1 HO
H2 HO
H3 HO
................................................................................................................................................................................................. Silaas g3
: el g el 1S pladl J ghess (S0l g3l8 alig als




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

Ols ol ppiiaw
VFo1/11 /oA

Two winding ,eilegiumily 531 cud b o 188 Jsle Sl iglojl 038 VI—¥ Jgu

Solapmeg,s | dbw Jlw ol aild s Cadpld | gibe sl 5 o jladd o §be ) ghunil A by 29!
R e Oyl e Ok, Gyl 4
Msod Measures Test lead KV(N) C(N) %DF(N) cap(avR) | pf(avR)
Pos cap Black Red Blue KV(R) C(R) %DF (R) Pf %
3 HL H L
4 HL+ HG H L
5 HG H L
3 HL L H
4 HL+ HG L H
5 LG L H
4 HG+ LG H+L -

(Two winding) Sl 6185w i

S35 Ol 2 o))
Pos KV mA

H1 HO

H2 HO

H3 HO

s elasnal gl st b :JIS,IaL:_..'nldjlumi_rﬁJlj.]Li‘aL'l_, ?L'l



Yoy

VFe Y/ 11 oA

slocay )T 5 slopory a5 s ilss

HVS/BALK

2950 )98l 5 gy o8] Cuaglin (slosl 0,8 VY—¥ Jour

Solip 095

cale Jl

ol jlau 3L S

el | gl ghadl 5o jlad

235ke  ghea 5 Yl pou

25!

TR e Ol a2y

R gy @yl a9

Ul-N

V1-N

WI1-N

R

R’

R

1A

- *E“
e > <l o O | €| | = .E'
L "

-

-
-

-
=

-
-y

-
[+

-
o

-
<

-
>

-
o

-

-

-
-

-
3

-
-+

-t
o

-t
o

-
-<

.mlomielell‘)ﬁ.a#_l_g‘)lacd_g‘DCthu_giD

Sl oKy ?t:ll:n

LV

Connection

u2v2

V2WwW?2

U2w?2

: eludial

:&lJl:l

‘”'I\_l“;'j:l
1 lS alaal | gheus Sal gala alig ald



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> Yof

Ols ol ppiiaw
VFo1/11 /oA

s5leygindl 3 (s, yiege s Salesl o8 VY—Y Jsux

ol 09,8 | odle gl | swijlwdiigls | cuil | gile, sdeil 8 o lacd 59l 80l 5 U e 59!
T paes Oyl 42 0 0E gy ©ylp 4y
Yo .c &+ .c Yo.c .C t_"l‘,.a‘,:n}a‘;lksl.a.l
ayslas Sas (JHas
€ Caead @ad s ga )i slaa o
ey
[LEENRVg
Loy L d
oldadks Oil Temp . guge
Set 2 Set 1 3 Slac Set 2 Set1 4 Slac
Ja g Juo g
€18 e go i bl
s [l
Jeo g Juo g
obe3] s
[l [l
........................................................................................................................................................................................... Olass el
cloasl (Rl v

:_,lSeL:_;.'nl Jgreas Salgila alig ald



Yob slocay )T 5 slopory a5 s ilss

IFor/11/oA HVS/BALK
29 Lo gl i (cub Lo jLD i 0,3 V=¥ Jgur
SolepegS | odbu oui b wils s cadyls | gila) ghead] 5 o jlask 298bs ) el 5 Js yus 29
e e S e e
outiga, i 5ty | ouiis puibsliis jl V Jslis sla saagpa 5ty
Toltps
V) mA Phase a Phase b Phase c
Phase A
Phase B
Phase C
Glass i

s eludnal eyl HT ks aladl Jaeus Sulgala alig Al



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> Yos
Ols ol ppiiaw
VFo1/11 /oA

19 ygiunil i g e (5102 09,5 ulojT 0,8 VO—F Jguo

SolyposS | cdludl | swjlwdli,s | cuid | Lele,shudlojlad | eile sl Jby L89!
e Sl 40 0E gy Gyl e

Ldlise 53 yale g 5Ly 2018 g SLd g Jlash J gaa

Glaias ga 4o 1 du ity g u geki 00 0L 95 Jliadl anls U g U (sla puu Il cacd aladl 5150 : Eallie o jliu (slay ) gile ) gl 55 (51 53

398 00 Jlasl HV

Ynd1l < Wy > Vv g Vw-Ww &udiis_ sl Jleadl o

Ynd5 <—— Vv > Wy g Vw = Ww &ulia 5 5l Jladl o

Ynd7 <—— Ww > Vw g Vv = Wy &ulis o )l Jlail o

Yndl o~y Vw > Vv g Ww = Wy &ullis - oyl Jlaadl jo
................................................................................................................................................................................................ Glass s
: eludal Ryl s oaeles :Jls‘a'a_éldj.‘nuuus.\bﬁﬁelé_, ab

(L i grmSns ¢ 18585 1) @) GdS i lojT 9 (6515 9 o « g yus Lslgud —¥ -7 ¥
S g 3 il 4z LSS slml 5 b gy wlolyy &8 GlaadS” ile oolel 5 (6,l0gSg g+ Bu

5l o 60t laais ;e 2l 5 g ses 50, Vb liebl bl aal5hl T b 4y g (slo 0



vov slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

39290 slas lailinl g Lo 8 g Lo Jondl giws (wlul 5,08 slaadS g 5lw oolel g (5 lagSS g pons :slolodl T
A 53 by Galie b Ley3)l5 0l L) opmme iy sl s (6 Lo olws wiile SLlJIT (528,57 15 30 & )55
(o0t Sls slae psame L5 8 O3l o 5 Slialejl s g 9 33l ol Sloj slaojl (28,5
o, 5 Jas o )15 cudlags g cblas « sl Jaol Cule ) izen 00,5 Jlog! 55 PM gl asli  jo p3Y &l s
s ol 55 9590 5 hlisie (sl et g el Jpol oy 53 atens sl ii9el L plys o]

2 il 4zl olnl g by, elul 5 9508 Glaygilejsauil s gilweslel 5 (651K 5 g+ Ban
= Sl slranse oS 5 Sl s (o0 YU liabl Sl al8 o gl 4 g loyss sloms
sl

Olppe @

(SIS g e 9liS 098 Jgur -

5,08 glaads wlasle;l -

JSF6 55 slo ilejl -

JW sl 5 pgemSis a3l -

(OUT DOOR) i o315 Ly SF6 S, 5 -

(IN DOOR) 6 o 5.3l5 L SF6 a6 -

_(INDOOR) 25 p5uil5o Ly D5 0 -

(OUT DOOR) 3geuSas -

Slagleyl o8 -
a8 Guls (6, g proni @9l 0,90 Jguar VI—F Jgur

oMo 3l 099 Cadlad 70 @,

Jlo OUT ) 658 p3uilSo Ly SFB 55 alaima b (clonls )

(DOOR

Jlo (N DOOR) 3l o535 L SF6 515 alsioms by (slaa,ls Y

Jlo (OUT DOOR) (536 p3ulie b 35 alzizms L slaads v

Jlo (IN DOOR) (53 p3:il50 L 35 alaims by slauls £

Jlod (N DOOR) jigonSe A

Ju (INDOOR) (1o} gumnSos 4

J (OUT DOOR) s v

Juo (OUT DOOR) yi0) ygumSn A

Juy olasd BT Jome 5 craol b kel %



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

oy Sl — dog> 9 S Ay S g Jo> YOA
Ol ol o
VFo X/ 1V oA
ol 9l 0y98 Called 7 50 @)

L) 5 5ls &y90 50 Jw o (Fog g abd (loj) s Sieasl (iale] Ve
L35 5L &g o JLy Solpnl hle Cuglia iolej! N
Lo 3,15 5Ls &g 50 Jwo oilins 5, eSS ioles] Y
Lo,3)8 5Ls &g o Juo 63 slaads o SFE 515 pids abais iole] v
L) 5l )90y & glals 1056 55 ogls oo 'F
L)l 5ls Sjge 5o oaijle Joslljgiss bl Slpasi' b Loyl

Slls (I
Slaes @y 5 (G S2) ooty azgi b lilaie 405 gy 5 sy o2l (o252 5 G 5 S
i 4395 1 Camdg 5l ylinabsl (Bl pand GglS 0,90 (el a3 Slisle;l plosl 5 Cewl sos ssalin a5 SYIS
5 et S a5 Sl (63,90 (n taten 51 S0z p3lSe 3 S oo Dlakad (6, 0ly) 5 g 5 (509, o9 « SFB K
S Al Jolis s 5l (sl 555 455,815 15 gl ol a5 Jaal s & 57 s (6 oS
Cd Kl ioloy] @
o5l ol b5l o Sl oyloj jlade g 08,5 auslie slasls 15 polio b ol s ol )0 solel oy slagyle;
350 pll Ygare OCO ahab « fuog ad loj 5 OC Jog 5 aad (o 5 C oy (o 5O ald o eyl
il <SS lesT @
shlo a8 Slaads 0ed o duslie oaijls Gl I8 Josdlygiws § Gl 15 polie b cas gl jl alol> polas
D58 a8 S o3l 55 LT polie conijle Al feadlygiws Gub diee Lol CSLLS b 55l50 o5
sl Cwglio Cous @
OO b a3 (S8 Gl 9z poe g S Sles Bale Candg Sl Dbl jshaie a4 S6 5 SIS
DS  D)9e 5 o) 9 WSS ( Cend 0l 45395 o planil S

FoS KiujelS g BoS oy a4 Jloel 5Ly Plam> cos @



vod slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

L Comalogon 5 olod Yol 45 052 o plosl oIS 1555 Kip3glS 5 55 3 0 oll 51 (il g
b by e B5eS Gy a4y Hol8 Cwy DC 5ldg 7 00 J8las U 55lST e 89 ey DC 5Ly 7. Fo J8las

5 Slac Al 5 6,5 Jlael b 0,55 55 SaiolS 5 55 s & oS Sy &2y ol ¢ ool s,
K5 oy o Sles 5Ly PBlas lgic 4y 1500 5 oo by J565 G o5 sl a5 (o505 J8las> lade g oy D y08 0 LS
il sed Al sl s> Cand ) eeiS oo ool 59 Ky elS

Soo3 g 90 ol 5l leys @

(ols o Shoe S jshay ) Kio0lS 5 oy Ollae s Siolosl Hlgze ar o oS (sloyg0 &l pons plKin o
255 o0 ol
obsy Koy 58 Gielesi(

b ghd abadoe 4 3,5 5l J8 1) 05, wBliee Shile (8, S 5l (B )0 48,2 eaiiS sels e
Cooglin (g Aligh Camnd S 50 ¢ Cudilool Wb adS 4 50,55 51 3 89, Ble Coglin Jaorn Hohay 0gad s
(e sheo V10 alols ;0 50KV ) wusl ails G xSl g0 &,a8 w2 LS 50 5l iw b le

SF6 515 Losls oliee sulesl @

el BB LG slaolKiwo b Sl joime sloollinle;] oS 4y ,I5 cpl a5 5.5 o plosl Lo 315 conlgs o 4
Sulo o pe 3ol loy Do oS eyl 5o 5 00l (5,105 ,5 SFE 515 cuodlw 5l liebl jslate 4y o)lg0 can jo .l
D9l gwyp Sl oY 58 el e Bl 1 olsST Jlasl slas Sles Jdo 4y b 0,35 o 0lS

SF6 (PPM) 55 ooy alais jiale;] @

Sl oo o8 (] 0,5 o0 O ygo Sdg mS) i Cugb ) oKl lawgs SFB 55 Cosb, s (5 Sl
Oselee o Sld olaws b PPMLV) o o gukn 50 1,3 8lows s 0 1) SFB 58 0 09590 Ol g alais
o> 815 PPM.V L Joles SFB 315 ;0 cusb, o359 PPMW S WS (6,505l 1) PPMW) (59 con>

ol pdy plomil 55wl oo I8 e e 50 Dl a5 Sloj yo Galejl cl wibge Cogh

b 3 a8 BByl oS b g (2
PSSzl g g @
S8 4 ol (680l pignSin 50,5 Ay 5l 5 2,05 oo plomil (0SS g el 5 g 5l 0)50 (bl 5
Sole 5 gy Jold DYLal oo (65 50 (0aijls Al )57 Jalljgtws 3ubo) j93 s )5 bl (6,8 51 (489,
alS Cules 5o 5 bl (50903 sead «VLall Jore )0 (CSLLS e )5) (sSebens a5 3l ool 5 (Culis S oo and)

D9 plowl sl il Sty Slyran plSin 50 G S 0 e el



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> Y§e
Ols ol ppiiaw
VFo1/11 /oA

iy 2SS ialej] @

adloo )8 auslio glals IS polae b sl ool (6,5 ojlail polas g canl 1Y 03Y (6590 5L3 L g asl o (wlal 5
03,5 e 55 e sl e wul SLE 5 51 Ceren] JLail (0 5o 5 e olSiws 4y Jlasl Jore iules] plKin o
&85 5 s S50 bl iloads el (hagge s (90 Laneg Md oS 1, (lis (slo g0 Sl yean g g plSin o
g s

29085, s 5 WSS 5 OB JSIs jlaassl jshate a4 (85, ded 5 (589 pled diile gl bus slanc S o
Joallygims olaly 90,5 o Dyg0 05 4 3l ol ail o SFB 5 5l LT sosS hgals w45 slaallsS
3b 4 s obgS Jlas! ledl o o YU jlas o Sloe cdas b JLo YO 51 s ley Do 5l e 03l wlosls IS
&, 1y ol ool (sleby, 4 ylgis a5 ol (o 4 oS 51 SFB 515 cots a5 S yg0 50 wisS o pladl ] o4l
bl S jl0 050056 0)lge pan jo aiiS co e |y Sn jol 9 CSwlS g 00ged 5L, 0l ] Ll oged
ELF ale Solegis £45 51 L FR asle Sdgy00m €43 JILBLG aiile (6,08 45 51 sl om0 03580 - 05 o0
5255 5 G255 b ol yo 5 S lalid 51 (0l Shass (3903 b 4 soxie 4 (615 1 Vgl il abogs e g e L
eyar ol o aS aib e Jlaygl gg5 5oyl Jlis a |y LSS Slislesl g oudS sozme g_;Lo.Ja.uL..ﬁ.oJa.nd‘S-.\mLa s
5 oan 00,5 pladl S easile A5 Jealljgiisg SBLS 5l oolaiwl b g oss (590l g o yme ol 8l 51 sl o3V
S Lgly Sobly 5 wlgishe 5 220,05 628 Slapille )0 lacude SujslS 5 o g lileds wiile pruilse lalad
LaelS 51 o (nl d az g I wWisd (oo s jlaro g 039w 8 5055 Vb o SIS cde 4y Slegy sl sl 5o Lagly

el 1o 555 5 (6 s Sl )



\td slocay )T 5 slopory a5 s ilss

VFo X/ 1V /oA HVS/BALK
Out Door (58 ol b S6) @ yus slauads g0 595 @l poxi 9 (510 Comnd S YV—¥ Jgu>

ol jlw aila yls poalss JU peu #malss s Pl Fapelad | 50y mlaws [ 28l

Cutdy
ok B _F )U C}‘:'
t |t
(~9laalgl S ) B aals ) Akl pue 9 OF paldis 9 SFE IS HLi (il jae ooy

S ol g Al g (Sa gl Blad 5 La o e aaa3ly 5

Oagy s 9 5 S Gl Jy oiag LS g gy &

L qals 9 o295 9$599)9 Lo Yl S HV o¥lasl i jlal | 2

s palls Sudllah g guiliund

O (g a9 (o 9y (At pue g3 Shae 0 31 LEilada gun ) 3 g 3930

O ouiaas HLih 9 5 5Lb Gy 88 Gud JalS Guss 5 Glisalsl g a8

OF 048 48 0 js (3993 pSa 3 (lisalol g 55 53 ol 4 p 30188 (ol il s

Juog g plalialaad g ) g3l pad J s

g o i gy S 9 LSS (ilicdig) (ouus

SalSa g (S yISI SLeSY il 3 ySlas s gy

198 oaos i (puSly Kialldijle g Ladilas (o yS jaal g a9 jLé

99ud gy g oy g ilaS JANo Ollilale g La (53l Gligy < Lo gisSINS auls

Sl Sl e g LS JAI3 5L Jlase 5 S LT« gS43 55 B A 3 S gun

o) d 6 goee

(65T) e o ges Saand g gl guu g S0« (508 (5Lb giligen Sy Suaach g gy 3

39,8 paldi 5l &y 90 3 9 g et Sy Shajals g Oigr Qi

(Jh Gy g 5o ) ol 9o 55 puldli 9 it 3 yShas SIS 51 st g Solien g0 3 gty 8

(ol GLA IS Jandl) gless Babs ) 95 s jS Dol (518 s 8 9 1S (g plodd

a Jals S g ailas g (pusly Sl b (5l o Cious 3 (il 9 a3l

ey pluaien SYLaall J 58 90929 S 900 5o e X2 9 ilaS 5V ol 9 JB iy

LT o a0y 9 (85 S0 9 L pas il S Ll (oS jla T 9 250

S a5 980l 51 Gle i plule ]

...y indicition . spring charge la a )7 yiuls 3]

(9329 080 59 ) 58890 9 (i )LD i 5 93 90 pdad ST il Glala 3]

iy SIS Gl ]

PS50 Jeog g pdal Glo)y Shaasli lule ]

1fme

S5 99590 Gl 9L S5 g8 S5 888 g i 4 lael jlaly Jilia b))

Sl paidl Oy gao ja b Al ey 595 4 9 55100 9 wadl sla a d Juas

s eludial eyl Dol sy aladl Jghuus Sulgila alig als



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o>

Ols ol ppiiaw

VFet/11/oA

ey

IN Door (,é p5ilso U ST6) @ j08 slaands sloye0 Ol puoxi g (55104 Comd Sz YA—¥ Jou>

o e a3lA s

RETT

poilss Ll Sl el | Syl | cuw

294

...m’v,

Y e

= T

LT

(- gloalgl ) blEh auls jo A aas g T aslils 9 SF6 IS JLtd a0 gy ps

(1588 AU ) (St i 9 A 9 8301 Bl 308 0 e st

993 ey g 3l Hh0 JIa  oaias LS Cuaud g ey 5

2905 9 599,9 618 lise ;i HV Sl ksl |

GGl

OF (a9 maldis 9 o g ikl pae g aySlas 0 51 galadia pu g a9 was 3l

OF ouids Ll g 518 5 )Lt )9S ok JolS Sais i (lasalol g (ouuy

oy g pdad slaal g 98] pad J A0S

(9329 ciyges 5o ) aloga o gl geug jSaa g dilas (aliulig) (o) o

Sailse g oS SIS (slgSY il 3 ySlas S gy 3

198 odiSe L ailaS (a5 jaad g 3, Jlaé

99e ps gy § (e y g3 ¢ SilaS ANy Dalilladie g La 30l d e < Lo, 9ISIEAS auls

s Al sl Ui 5 o1 laT g (oS5 05 U6 I 31 siLas guu

(SMI8T) Lo gl gus Cuvand g sl gon g S0« (SeS (s1a gl puu S0y Canid g o) 4

938 Al 5L Oy e )3 g Qg i iy Saigd Sl g Cuig

(3529 0 90 o) Slicge 5 paldid 9 (aawe o Slas I 51 fas g Slige 5 (o) 8

(owajlu dilajls Jaadl ) glens Gabo ) y 9o g sf LI 518 G B 3 508 Oy plad

O30 pesaes SY el J 355 9 0929 D90 g3 g9 S g SleS 5V 9l 9 S oy

(9929 G50 09 ) G5 09y 9 4B 2 U8 9 L3 52 9 Jy 9 0ud e STLall ol laT g a3l

i d € gomer

(9929 & 900 53 ) Suujig 99 o) 3 Jlef Llsbe3]

..... gindicition . spring charge (sla a 4T uls 31

(9929 @ 900 5 ) 55990 9 GAeus §Hludi (21 ) 9 9o pdad SY 30l (ylusla 1

iy 59 SSUIS ka1

S oy g alsl Gla) Siaal Ghats 51

2 5ok 8590 Ola > 9 La Jiss K05 98 9 qu i ds el Sy Jilua Gluls !

Ol paidl &y g 3 L Al Sleuy G 49 9 (5l g aaajl sl a ) Jua

foypme

PRyl = oS alaal Joheus Sulgala alig ald



\kal slocay )T 5 slopory a5 s ilss

1FeY/11/oA HVS/BALK
IN Door (58 o550 b sM3) @ yjud sads slo 90 Wl pmoxi g (6,104 Conad S YA Jgu>
Sl L3 ls pyailss Jlypu pailsa ald S i Fapeglad | Gllgpla | Cuay I3

el §

witioe 2 LRSS

i bl

( 045 3lun 08,15 Jadl piens o ) WA g g9 9 Jgbos 38 L5

(1588 S ) S 9 ol 3 A 3 SapdT Lo 31 La o sl

Qo deay 9 5ha D 51 L Jy eulby Gl Suaud y o

Caal 2l

2955 96999 S Jlse 5 HV sifliall s Lo

OF (a9 i3 9 O g 3 pas 99 ySlas S 1 LgSluds gy g a3l

O oy Gt g b 5,8 g (b JolS G 3f Glaalel g i

oy g plod alaad g ;950 a0 J s

(2329 0,00 9 ) dogd oo il gy S g SIS ilindiy; o)

kS g D A SlesY Al 3 Slas Gaie g

38 oS by ilaS (0 S 5aed g a9 jlad

3943 g g ety b+ LS JA1 Glilaa g Ln (g3l B9y - L 3SLES el

silas 1o (sla Jlisa 53 a5 slaTy oS0 K3 0B 5 51 5LaS puuy o

e § mee

(59357 ) o gt o Cosand 3 gt gory S0 « (558 (5ha il gos o g Caimud g i

a8 ol Sl Oy ge g L g et it S S gdS g Dt g

(9929 Cupeo 5o ) Diliuugs 5 pilil g s 3 ilas G 51 st g Ooliei 98 53 gty 0

((oaijlen L3 IS Jasdly s Galo ) g 05 ua B DS 5415 s % 3 515 (g pladl

(e pactuns DYLSl J S g Sg2g Spgee g0 s S g Slas STl g B oy

{99y cyses 50 )51 ) 5 Ui o B 5 Led 2 3 03 ) 9 00 )lugld Y Ladl oudis la g aaajl

(2925 Qe yo ) Saazig y90 oy 3 plegd a3

..... s indicition . spring charge s a ;¥7 uls

(9323 Gy 50) G295 80 3 ens Tyl s )53 90 pldad SY il a1

il ) 5 SIS | hula 5

e

Sy Jeay g pled gla) el huls 1

78500 858 Ol 98 g8 a9 g 5 0 el Sl Pilas AaleT

Dl il Oy g jo Lt il il 595 % 9 OIS 9 w03l sl p ol JaesS

| :E_,L'l el :JE,?I;:.Q1J3LA.AUSJ|_,:IEAFL‘LJ .PL‘l



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

Ols ol ppiiaw
VFo1/11 /oA

(FgaaSow) ©)a8 slaunds’ (gloy90 Wl pmasi 9 (5,455 Condd S Ae—F Jgur

oadjlu d3la s poslse JI:I_,“- ?J;l:llid *L‘i P Sy o jlads IPEIETY| TRES 31:1.1_,?“: =] 25

T

e e

L oui pa 0¥ (sles a9 (Sogll g (Shusd Bl 3 La s wasjl

La aalS 9 2955 9 59909 5La JUse 3 HY oLl puds jla T

(Sateg culd b (Subeg 5 5) 5 sasan (518 45 5,15 5003 g pasg e | B
099 e 9 3l S 51 Lb Jy oL DLED Cairid g s 0 | B

heas Gl 5o L GSLLS (0 99 518 50 S0 cen g p3 g Suajls

Sl Sdllas g gelloadd

(2929 Dypeo 53 ) Dlie g0 5 paliid g faams 3 jSlas GBI G Jad g Sl go i gy 0

5y O 95 SIKIS 3 gane by g ey S < Jeolla (L g3 o

(9929 ©ygi0 49 ) o ga yo gt guu g ySae g JilaS (alidig ) ooy

32 ouias b J3laS (0)S Jasd g a9, Jld

(6o%a38T) Lt gl gu Cusanl g g gun g jSae ¢ (oSaS (5o gl gus Siaiog Cuanid g ey 12

gl pua g peu g ooy« w3laS JAko Cililadia g Lo G gila (4 ga < L 5 3SIAIS dals

LS Sl sl JUise 53 oS laT ¢ (S5 855 a6 1D 31 S3LaS (g 53

w5 d 6 gopee

(9929 S ygee ju ) ailas Y ol g M oon) s

P g da iy pdeaies S leadl | s

(e jls adlayls Jandl; gieus Gabo ) 595 S DU 18 £ 9 1S Olyy plad!

99l J RS g (e 3 gSbilSe g (oS Al SsY pl

Lo Juls 2uS g 33laS (guy oo Cums 31 lsalel g a3l

LT s Joaia (20 9 (82 £3) 3 Lo 28! il cflall o jlaT 5wl

(3529 ©,910 59) Sgaesos &3 S3ajig 539 ol ) Gle 8 plaka3T

a5 sliss b3

Jfnyime

Figsasis 3 5S35 (3 o oS S SY Sl 3 Slat i gt 53

Gl a8 gt o W Al Gl 59 42 9 SIS 9 a3l s p g Jaesa

s eludal iyl taasbis kS alaadl Jghens Sul gald alig ald



slocay )T 5 slopory a5 s ilss

Y7o
VFel/11 /oA HVS/BALK
(PgmmSaw 9 559 32) ©yud Gads Glivljl 3 M—¥ Jgux
S Jusw | pmiloqull | s o loudd Lol | Wy mbaw ot b
0w jlw P i
...... NS e SFB 0ulsS igels g5
- BN
S8 Pl g9
----- O oS e pgmS P
Time TES (ms) S oSs s
PHASE OPEN 1 OPEN 2 CLOSE CLOSE- OPEN
A
B
C
Contact Resistance G oS ol
(n€2)
PHASE With Conevction cwls Jlas! b With Conevction cwls Jlasl ;g
A
B
C

Megger test (MQ)

S oo wl.:

IN TRUTER ;b cdb> 50 Js

PHASE phase to earth ;yoj 4 i cdl> 4o
A
B
Cc
il o3
oLl )b P els DS el Jotas (Solgils 6l g ob




$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> \¥dd
Ols ol ppiiaw
VFo1/11 /oA

GIS hemy o3l 5 6310455 3 ynosd (g bslges —¥ -5 -
Sloyg> Glamsy 5> 3loaz kS sbml s boays, bl 2 GIS (Sloty 3lo oolel 5 (IS 5 gy : B2
lge @005 sanzp (1ol 5 Sl e o Vb pliebl ol a3l T el 4
1o 0 il 5 lacien b 5 b Larll 52 ol 5 GIS slotms (3l 0olel § 6 5 gy ¢ loladl =,
2Ly (olan b Leyd )5 auli b)) oyome Jiw ol s gloolliws aiile SLelJl 028,57 Jlai 10 &y9 00 9 29290
(55100t sl s 2 suzme (25 55 T 5l 9 DlialesT 5 g e g 203l ol (Sl sloojly (28,5 5k
ool il )5 s cou IS cldlagy g cblis (sl Jaol cole ;00 )5 Jlegl 35 PM la dali y j0 p3Y Ol poss

g1 a2l gy Gy el A 5l 0)50 5 hlizee glo aass g el Jgol (ogas )0 yetans sloSijeel L plss

GIS (slesoms I 9 yaoss ¢ gy 9L 0590 Jgur AY—F Jouo

SlasMe s,:jl.l.’f 0,99 C«.JLLQ CJ.C:J «_funo)

Juss ool GIS (sl Sliams (2502 T 5 s )
PMaUls 5, asbi

BRI Jw = Sasly b lojen (SSlSe slaal; (el 3 ialos] Y
PM sl
SUSRESPRSE ool g Caghy oS i8Il (60 by e lialej] pl Y
SF6 35

LS (Gl

o a5l 3y polaw den )0 Lt sl 358 oo ooliitul Bale Gloim SFE I 51 dsa sl @ Lty 0l o
o3liiwl (SFB) 3,555 w)39ld 13X 557 51 Dliagad 9 a3l (o (ale Sz (Jgone Slotiny B 2 Ly (lps g
G Sl5gz8 30,5 o0 o Ble (pl 0959 ol o 19p 4 Cas Sy ile Caols Gl a5 Wl o Jes @
s ol Ol A5 43,F 8 o308 abrioe b O ylaS Ky o ey gl o 5 ,S00Ks LU 4o Sl alols s wilgn,
Jebo s ()5 Sl Fogll 5l gy Sl sy U pas 1005 o Cany JSN (slad o az gy BB gz 4850
ot YU labl ol sl o Ly ol gll3e 5l A ol dbiise 315 1o Sliagzs ol 5 lagools 28,5 )3
Vb (Sl cueliitnl Sl sjlat ol g cmai loj (1992 0BsS ( SYsbo yoe g o5 Sl pend 4 5l el 5Ly pl0 50
Bl oo s (nl odes GLlze 5| Jog g alad pln 4 ©yu8 0I5 2eS (slao gy s 2l o

(SFB) 5,555 585l 5 515 @



\kal slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

2o 8 ol sl (oS Dl jo (SO Sl g8 b adss Joo S a5 (Sge p0 6l ehg Jlisle e
5L el g 005 iz 1y (55,3l 51 (o0l slaie SFB I8 wonyy (nl Jsbo )0 eas olT (g5 5 Les al3l 51 o amo
Js¥ge (5o 2SIl ogB slabl 5l o Wigd oo oz JoSdse 5l 5 00903 @iz 9 2SIl SG 51 53 S92 50 ,935l8 sl bS]
SIS 598 515 S 58l 50,5 sn 5k adsl Sl @ Toasms es iy St S5l cols il e 515 oa o
el pan ey Laze gl AL lasl 00 aile 5wl

a1y OS5 428,518 ol gl )0 00l bo,y diny oo Sy 45T Jy90 )0 fse 5l jidey ()59 Cle 4 a3
D9h (K Sl Wlgie 5 Wl 00 YU

s by JS Lo Lty Sl SFB 15 L8 sl o (it 5l 6Tl sl Vo s & 455 L
o ) i L g 4 i e gy hened] O B Y e JLid 58 515 el b e o) 5 b S, lnaliioe
lraS olo m,lad b pliee 5, cnl 5 0s, (o0 b boadaizs (o iile CanSs £589 Jloxal (Lo 5o 7Y 51 i)
Gy 31 Olsien 305 15 Jore 8l sl Lod 00 gy Lol ol i @ 058 o el oy (nl o D)LeS 5o
&' GIS Sligad 53 Jou8 S Cusb) lie 3,5 03wl UVE 6l (65 slaimyao b g (Gebe 5 &5) (o
sl o o Sl 43 )0 Yo glos 1o 535 200 PPM b Lacs a8 pls 1o 5 535 50 PPM b 5iSTas L,

SFE 55 cogls plie Giules! @

ool L5 L, (gloolSiins b 51s prine (gla olSiloj] SaS 4y IS ol a5 5,5 o plol Lo 1S sl o &
Ol 516,10 0 0 ey 5l aS (sl iy g o (6 las ;5 SFB I8 codls 5l lialsl jakaie 45 5 g cany jo .l
5y sl o3 I psl e Bl olisS Ll sla o Ko s b 8,58 o csob; e 0l

SF6 _PPM 5 nint abis jinle;] @

sl S l525 () 5 o 30 iy 25 i gl oS5 L SFE JIF s, s (55l
Ooekea 50 3 olaws b (PPMLV) oo s ygubin 50 1,3 slass a0 1) SFB 55 10 84290 0 o alais
o> 815 PPMLV Ly Jslea SF6 315 15 cugls, 535 (PPMLV) Sy i (6 ,iSe5lil ) (PPMAW) (5 o

ol ol 35 il on (80 o 53 S35 o ey 8 inlos] ol ABbso ush,



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> Y&A
Ols ol ppiiaw
VFo1/11 /oA

GIS (sl 6155 g w9 3w Comd S AY—F 9o

cole J owijlw 45,5 o jlw oS ez 0 ylou JU w0 ylols oy b
rﬁ»’u)lf)u :Ja.:.?:.oo)‘yd.?)é
Sla>Me Slensgs
BRI
03 ‘al.‘;u‘ W) r:l.?u‘

5 s ASogll Bl 5l leeie wsojl 5 Sl s polb il 5 pinot

Shned

keolS s HV sledlie 5 g oSty o251

GIS-GIB (slpand colos & cyn; Jlil i Ll J 8

Sy oy g el slaws 5 5l yed 555 s il Gy 9 63T Uy

g2 ) e g SorSen (Fuwd g (S0 S 0 Slae S05 g 590 ol 5l Lo

)

9 PomSaw S e slagil (5)lg, 5 (SHle 5 (S S SV il (o)
O30y P

(S5 9)1) T 0o olSiss b STy Kl Lo 5 aaileS” sig, JL 5 (30,5 oo

(Gl D90 19) Sligers elass 5 o Sliaga s 5 loyils 415 5 Shes JS

Lol Sl 5 208 IS oS 510 sledlias 25 21

(0ai3le SIS Joallygiws ubo) j53 )5 blis (5, 1Tlg, 9 (5,500 ,5

azm s 2ojk 5 SFB SIS JLed 28 5 b jsise (mds gmo 9 Shos S5
bl slo

Ll 4y Jhae o) 5 (595 55 b oSl oWLasl auo

Olds O g 50 b 4l Sl 55 655 5 ol Slee b eSS

g o, 8kee Sl 5l Slds wosb et 0586
09, S

o, Sbese Hlai 5l 2N ok

selal :@)U eelw :)lf fal;;.}‘ J}LMA L_;ol},b fl} 9 PLS

35510 65bb G lo3T 5 65K g yuond g bilgs —F - Y
S s o Sl az,LSe olml g laays; Golol 2 lags bl 5 )55Ls 55l eolel 5 (6,145 5 gyt S

DBl oo 5,0 o0 sladjr EalS g Sligss jes 0 YU laedsl CllB o138 T b 4 g (sl g0



v7a slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

slad bl 5 lace by Lo Joallgiws (bl as by 555l 5le solel 5 (5 )leSS 5 yoons = Sloladl 2,

2L Gslie b L5 anli ) ©pme oy slaws s bvolliws wuile SLll (28,5 Jlai 13 & 5,5 9 99250
(510002 3l Sl 2 dazme 23yl 5 T 5 e 9 Dltalojl g Guag e g 235k plonil o slaojly (28,5 ks
o) il )57yl cod IS cldlags g cblas ¢ gl Jaol Cule; 00,5 Jlesl 55 PM gl asliy jo 03Y Sl s

Ol 1 aihie 5 4 5L 3,90 5 Bt (slaaass 5 el Syl (o9a> 53 setns slkdigal b plys

b 9 55Lb (6515 9 yuens gl 090 Jguz AF—F Jguo

ol R collab 2,8 .
ole ¥ o5l 6,55 g oot g )
olo # b bl (5,535 5 clale oo Y
Ju) Sl 5,5l il Gralej] ¥
b bl
oL ¥ o JuKw g lop VT ioles] ¥
ol 7 1 ,5,L0 (6,MS5g ot gy o
LS (&

@ aSed g)lly 5 J Sy cblas ol cwlol (25 )55l 5 6, bb (ogasdl de 5y legny AC 5 8C (slapinens
(hdo ;o 4 515 ol o dC LT 4385 o aS ooy ctbla> sladl, dosns slladl o 5wl (S 205,10 oage
asls aales Jlis 4 b ol sladols 95 J Leixl o5 alad LT adss S oligS Lo slalaxd gl o>

s ol 32 oine Olas g (6,040 5 jond poi) o VT s a4y iblis slod); Ol loe g2 0, e
()M 5 ot S S) sl (pps 5 !

Cened Sz bl gl ceadls 1 el 5 Sl (ol joe (1l 5l (6 S sl gz Lo ybl g o5l g s
055 5o plslonijle oS08 Jeallyginws b g ool angs

3okl caz 55l 5l e ,bl (g3l Tz il (68515 « Lo (i clile wiile 5,0 5 (,bl roligles]
SN 5 i 9l 099 4 a2 53 L 55 Lo i 5 Lo VT 5555 j5l @iz 9V 9 ) L35l (bl il )ty
055 oo plmlonijle oS08 Joallygiws b g



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

Ols ol ppiiaw
VFo1/11 /oA

L350 61 090 Ol 9 (6,1t Conad Sz AD—F Jgur

ou s LBl s s e Ik g I3l o ladd — 29!
Cutdg
oMo

Ly S

jreye o
faaikns

O30 peasan 9 Lo ouia Gl 9 Lajgad Lajian « ilicdigy 4295 w05L 9 s

JLEa,8 99,3 ) S S ala Cga Sl s O aleiies o

I30L LG 5 550k a3 Jo g3 e S 1S CHUS 9 s g e

oaiay (Ll sla yas 9 29589 599,90 a8 o)ladl sla ol&heun | iis
boost —flot au g jglich Calla o 5Ll 8 ySlae ooy

L bl g )b Ghsa J A

25018 Sl YT J S 9 o

a6 mfee

cheng over swith 5 Y\ (sLa ;5 L ugad JIjLs (ISs! g vy

295 Jhds J RSS9 3 Ll (agad ad g 3ol
L B g L o YT lusle

Ol il &y geo 5o L Al Sl S9) 49 5l g 0k Lo p S JaeSS

1eme

s elasnal :t__lJL“n Y 1 :JLS‘:LQMJ_;LuuSJbMA?DJ PL'.



\RA slocay )T 5 slopory a5 s ilss

IFet/11/oA HVS/BALK
o (s 5bl (51 0590 Ol ppass 3 (6,M5 Conmed Kz AP Sz
sui il BAIS | (s byl el yaal ) cusd L3 L Cw o ylah Cacas |
) WS | sakbsy | ( e et B J : 28
0O sebw J et O s Gk g
Curdy
|t
((dasy Ol gy piSies « T Wyl ) Sasl Jaleug « ity FLI gt (ooap s
Gl gen 39358 3 sle g LT Gungp 9 099 pllis S5 51 L8 5 ol 5 ,all wau3s
S Ll Jaws yo ol 39 L s j8 5l ouliied! § ¥ luall odis ylad
93 o da 920 £
a1 plens J 358 | g
N
O3 Juad! plenses J 535S 9 4l 315 Olasgad Cg g2 skl ae gads (093 pSae oy 3
(3 O au0 53 0 jladd cuad ) g ybls o jladds J yiis
ool Sl LIS £33 S 5ol 58 ospo Bl i
(50 T (3348 QLB S & 9000 9 ( St 351 ) g ols o J s
ool SS3 b clile J Sy Gl
Loy 36dg s g otutejl |
Lesols (sl 3f sl g bl pasad gl | &
Ol yaadl O 9o 53 L Al il 59, 9 IS0 9 w05l sLa p S Juas
Glaas 93

s elodal : eyl Y Y 1 ols aladl Joius Sulgila alig Al



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

Ols ol ppiiaw
VFo1/11 /oA

Sy | e glosT — (655l (61 0395 300t 9 (614K Cond Sz AV Jgar

o)l A yls sl Sy (cebon ol ) o 8 G obly G o lacd ] 25!
Joludia Ol Ik Qg Sstlau buaa slas
(] sootie s o3t () soeodase [ mrase [(Jr-cswons [Jeswuss [ Jaistelylge
J sl U sot [ Sl pss
oalale Sadg gy calale Sade Aaay calale Sadg Ragy oalale Sady Aaay
a¥ sy ¥y )
10 (33 vy Y
s 20 v¥ v
av 2% ¥a ¥
4A £y v e
aq #A Y ¢
Yo 9 YA Y
Yoo Yo va A
VoY vy Fo q
s VY ) Ve
% vy Y K
1.2 V¥ Fr Y
Vof Yo ¥ VY
Vv Ve o X3
VoA vy ¥ Vo
Y144 YA Fv AR4
VY ¥4 FA VW
XK A 3 YA
Y A O AR
1YY AY &Y Y
VY F AT oy AR
2 AF o¥ Y
G Ad oF Yy
v AP 20 Y¥
VA AV of Ya
ARE] AA av A4
Y. X dA Yv
T a. 29 YA
vy ) #a ¥4
B 5,0 5605 55t cud ” 3 "
(dado )obey | 5B a T m
;5 Dol aladl Jgheus (Sa1g3lA alig als
V8
A\ reliaal :f:_"nJL"n HpwY
Yo
Yo

O30 ) w51 4SS 9 pneti (g Lilgs 0 -F Y



Yy slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

los93 Lo mag s 5> 3lwaz LSy dlml g sy olool 2 o s (3l o0lal 5 (600 5 (g yos - Bt
3l o 6100 slaainze (L8l 5 Dl jes 0 YU iplinebl bl Gl T b 4

9750 slod Juilinl 5 laces s 5 o Jaallygiss Golul (oo s (3l 00l 5 (651655 5 e - bl 2,
Ao b Golae b Le8)ls 0l L) e Jiwpy oland e gloolSiws wiile Sl (5285 ,15 )5 & )5,5
(&0 e il lie 2 saze Dbl 5 ol 5l g Dlialesl 5 Guagpm 25k plonil Gloj slaosly (28,5
el L5 L o IS cutlagy § cbilis o eyl Jpol Cule, 05,8 Jlael 55 PM glo asliyy 4 o3¥ &y
Ol (s dilaie 32 4K 5L 35909 il slamass 5 el Syl pogas ) petume sldigal b ol

LS (L

Frop Cdl g gl ) cblis (gl aSadlbioe (o) i (32 Sl (Pib B 50 e sl il 51 So
3 Oy ool Cenglia (53551 Sy 5 e e ik g e 09 (0 485 LA 0 Sl o 9,518
OBk JB j5iws 55 Sy o) (00l Cerglie 1ol (izren 5 pu8 g el JU Jlade alS Cua o lbiul oo
Gy Sgmy 3 Olaebl 5 ey 4SS gl 5l pliebl sl (sloyss Slaslel el Lel ool sl
Ol et g Sy el Jloo iz SB35 51 G 0l (o0 (65055 9 e sl el Sl (oS Lo Sl § Sl
aSay) Jlaa! oLl Sud wgd 5 48,2 6T ol sy2gs 15l paizmad o ST sains S slizl 5 Los g Cush,
4l 5l o8 sl Gl ple 00 9929 Wl Gl (e 4K Dl Jlasl oo b g e 4D sonl Caeglie
(o) aSd sonl Canglio iglejl plonil .l polill Gy 50 sl Slead 0)99 S (b Wil 85,121 5 oYLl
ooy Jlail (g2 g 5] limabol 25 plowl b i Sl (5l 090 (slo adliyy olsl 2 § (o geatie oS Lansgs
oS 4y by po Sk Ced g S B ool a5 £9d90 (nl b @l 2l sleog S g 4ty Corenl Jlews 15 e 2

30,5 (6,I4K Blguw Sl g JooSS Wl 5 Dl 9 oy () el (551455 g

0 ) oot ()1 g pond 9L 0590 Jgdor AA—¥ Jou

Olbsde ogld 090 Cdled 7 0l G,

Jw) Oy s (5509 s g s )

S Syge 5o Jwo Oy (Somgn | pliebsl g (codl Canglin Liales] Al



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> \RA¢
Ols ol ppiiaw
VFo1/11 /oA

O s (51090 O p0ai 9 (IS Comd Sz AF Jgu

o) 85 Calias 3l o e ] — 29!
g
oo | k| E ST
-» »
k|t
Jlad! Lol (fS jlalg e aSud 4 Ol 7agaS SYLAT (ags psas 51 lisalsly wa 3l
3T Jasio (10 9 (5893 ) 9 La 2! yial S Ll wan 3l 3«
SYLall Jas 3 (Sadd ca9d b 4o w9858 46T 48, |
(S8 BB ) SYladl auls 5 pa (ST b (Sasugy L850 oy éi
ooli ol d La iS5 39 CVT - PT - CT g lguadl 5 sy cx¥least Juis | €
(Ohe ) oae) plonsen Suaglie Sale ]
a0y 4 Ol 3 Y Leall (oS S (Kian gy 3 (laalo) %—’
O a3 &y g0 5o Lo s Siliay 59 409 SIS0 w303k Lo a8 Jaasi | T
........................................................................................................................................... Cll_‘;:u.é_g:l
1 eludial eyl s ley 8 pladl Jaaus Bulgala alig Al
Crny A8 G031 — o3 ot (51 090 Sl aand g (65005 Ao—F Jgur
e (o 8 Cialisa 52 dasl el g ghas | One) )] s 29!

] 00 ‘al?u‘ ........................................ wb oK b 2R L u.ojLaA uu.:Lo)T



YV slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

me s caeglis a8 o5ladl Jas =y

2 945 pLADN Caas 0lTuns SIS g Jenll gians ulisl 2 (558 03130 (3, i 63

........................................................................................................................................... Glass gs
: eludial :'&_n_’l."n oas b :JLS‘QL:‘h.'ﬂJ‘,L.‘mu.gJ!_,JlA?uj ?L'n

AC -DC glaghli Siulojl 9 5lness 9 ot gy bilgs —F -5 ¥

AC —DC slashl 5 )l g jooss cpmgyw Llps @
Sz 5> il 4zl sbml 5 b assy ol 1 (e i S5lo 03lel 5 (6145 5 gy - S
Bl o 610 050 laainse (RS 5 Dl yee 0 YU plabl bl Gl T a4 g (slo g0
S97 50 slod Juilinl 5 lacee s 5 o Jaallygiss Golul s (oo s (3l 00l 5 (651655 5 s s Slaludl 255

P55 5 Golia b Lol b 1) oo ymo iy hiss s (sliaolSis asile SUIH 35,8 Sl 1o &5, 5



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

Ols ol ppiiaw
VFo1/11 /oA

(0 5te sbasl slue sz byl 5 T 5l ey 5 Slislejl g g 5 il plosl Gloy slaosl 28,5

] i1 L5 o IS ablagy 5 cblis o el gl Cule, 50,8 Jlae! 55 PM slo a0 a3 Ol peris
O (1 aihte 5 4 5L 3,90 5 alide slo JaasS 5 sl Jpol Logas 59 petts slaigel L plss

5510 4 lagbl ol o blis o S (lend @ |y 5y e 5 s diabsg AC — DC (glaskl LIS

J?‘d WMS )‘ AJQ)L’ W AJLJLN Sl 6)5)»4 9 0092 Slales )JLAJJ 9 4.[) ‘..\,JS ‘u 2 6‘)10 LOWIW- u»a; QLQ)B

SL- 3,5 398 g j508 Jomo a5 LS (29,5 5 6999 Sl yrms S 18 (6,105 g yrend uag e S8 il

g Galojl 5l Sy90 50 5 JrSS i sy aldle s shU 09,0 Slilaie &S 5 Lajsed

AC-DC (sbo gl (5,05 9 yross Q9L 093 Jour W—F Jgur

s gl 0490 Cllzd 7 0 K90,
ol # AC'DC&L&@L;U 6)|A(:‘i35 )».A).L) gy )
o AC-DC oljue 2blis slojsss iobes] Y

JL..; \ AC-DC 6ﬂfo)'|..\ﬂ LSL‘”"&;""“) |J,._.S 9 )y \g



yvy slocay )T 5 slopory a5 s ilss

1Fer/11/oA HVS/BALK

AC-DC s gbl (gl 0,90 &l oxi g (5 5l045S Cornd S AY—¥ Jou

o s A3 1 JUs s & lack LG Al L olad oy 594!

(JIN DOOR [ JOUTDOOR  sLls cual Jao (] AC (]pc sbeg

g

e o
Y

s L g g A Cuaid g )

(2929 © 90 Hu ) (AN S pas Slasals (5 )\Sly) 9 (g

398 L pa (SSI5 g 5985 pus oy 1 Yl 3 9 YLl S Lol
L ouias fldih g @l ylas 0aliS (uali (gla ) gad g Lasals maas o jSlas oy s
JW e 20S S e b O a2l 4aidd 0 JB N8B (o e

(4325 @9 o) Leo¥T LY 3l (a5

SLG (803 K05 9 sl o < Lol (e JLal! (a3

HhG Sl ge i g yisd g abo g yo SIS 9 il jlas oo s

3ls 28 9 pLL S 3L g lelals IS gy o oy 0

(OUTDOOR ) 198 suies b La shils a9, Jlué g 5, kS 5ual

(INDOOR ) 132 ouisa Ly laghili g, Jlat 9 18 paad

(2929 &9 43 ) O Lo yise o ySlas sy LG yiojusl ially oo

aiyd

(9329 Sy po ) Sl sla o) Ghutsj]
Ol aadd O geo o Ld Al Al 595 439 SIS0 9 5L sLa a8 Juass

L L

s eliaal :'&_nJL"n Y A :_,IsPL_;J,J,:muuS.\I,LL'\?u_, isl.'n



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o> YYA
Ols ol ppiiaw
VFo1/11 /oA

Bl gl o, U‘"’L")T 9.6 9 proxi ¢ gy batlgs -V -5 Y
A5 51 asdy 992 g0 Dl a4 Oyl (3ges JBlax laie 51 & g e 3 45D (prekae g @ e Bl B0
Bl ;0 hxd g palisgzg b g SBlis la A, o o Sles pas Cosl Ceal Pl 55 5 30 el sk
o dxd g (SBlix sl ) Bl e g hnd 9 lge alolid pas g ol g 4 e Wi o Ll o Slas
&k 5 ol (polidl o ble 4y (55)l50 ) g Aol Dlas (i el Wl Solg> 595 ol 50 il o, Shae
Jsb 5o Solite Glacus plxil b (sbla> la a5 Shee Cunlion £9090 (n 5l Tl sl 00,5 aSis
d9zg0 sla al; a5 08 Jol> plivebl plo B axd )5 513 b5)) 9550 65l0e%5 5 jes 5 (3lil o) g Jol e
bl o LIo T, 503 s 53 SV 0500 Bl 5 gsly it oo dlla gmams et abile sagac ol
63KV Lighs slo al, (gl ods mein ko) slo 0,95 5 ool gz e (gla e Lyans £ ol =
e o Cun ploxl ) (0908 3jlbial 5 g5l LS 5 A
(obls
opi s AR VTF SOTF s o ibe slascly 5 pibioss cilis sl oloo
SNz g Sz e DBl by aBlal cblis slpis el
S5y rals faslsl cbla> slpzns sl
Vb Guilagel 9 Gy uilaal Jondl o bli> sl plox]
CBF bl slyzus plov

bz 4Ll ¢ Lol iy o uilings bli> sl &) (gl o laibi] (gl ond slomyl plov

()l

el 3 g1l Uas oges SU slp a5 el sbla> (Main Protection) @ Lol cbsla> -l

QS b Lol cbli> cusdge pas 90 40 a5 cwl sbla> (Backup Protection) @ Lo, cbla> -0
Slos 3 b Gls Vaome laiy cbla> o )ls oage | s oges ST iy dhas g3l o abgy o &
il oo ol cblis 4y cos

oo 381g &y o] 5l cblas a5 cowl Sliagss b aSis 51 sla>U (Protecton Zone) @ sbla> (g5 -
Uas by adad ol abasd U s £48g abasd 5| Sl alols (Clearance Time): Uas o S oyl -
SlST ol 5 Gl 5 (S8 g e slerdy 3o (e ey 90 Shee oy ol (ol il 508 0 lS L
NSO LI

Sginn Dbl Ay oy SlESTUS (as dtan b Uas g3y alaod o Sloj alold i),y 3 Shoe o) ¢



Yva slocay )T 5 slopory a5 s ilss

IFot/11/oA HVS/BALK

hol )5l o JBSmw Gy 5 (S5 slatd, U sl Job o5 (Sloj 1SS 5 5 sledy 0, 8bes ooy ¢
caisles Jloyl 1) @08 0ldS” oged 5L cga oY JUKw 5 0090 <8l o

adS Gl CSLLS 0aisS Jee 586 B ogioe Bro aS gloy S5 5l el O jle 1508 oIS ol 5L ley -
S5 Ghgals 48> g w8 5L,

sk

WSS e s 5L T a8 Slej o abla> wieen (SeCUTILY) ©ciisl -3

5l asl JBlas gilulos 5 Cgare 4l paseis o cbli> gteww Uiy (Selectivity) @l o e -
09 )l b sl Gl a0 Sles pas sloe 4 ples @08 50 Ojle 4 090 S| Uas a5 5 5b 4 aSis
ol o,y obla>

CBl 0 Cawd 90 e K 3l dilate JuKw G 4 canl sble> b s (Transfer Trip) @ co 5 Jlas! -
Al oy | (o oS 5w

20 Jle olgie 4 sleie calos o,y 0 Slee 3l a5 JUSw (Blocking Signal) @ eaussdl Jusew - w
33,5 O (Pole Discordance) bl Sialea pac cbili> s Slae b LS5 saze Jog plSin

oS ol abla> #,b G (Switch On To Fault) @ Uas g, @ ,08 oS o ains blie jo cbla> -
SRS (0 u.s).v (5'.‘ Sygo A ol.’55 JLaJ‘ 6L‘a.’> S9) L)"\'“" A Sy §O ‘) u)».\ﬁ ».\.a.ls

Jadie o3l Cblis piww 4 4 col bt 7,k G (Single Pole Reclosing) @ Lss sasxe Jog - o
5SS olisS Jlasl glallaz 55, adlge )0 a5 (55205 @y eled Jog g alad alSlar 1) ©j08 0lS Sledy 51 G 0 oS
05,5 gl (Voo ye yle3) 2UeS oy o gly Uas >0 51 Lads ( Jll bas jo sy @

Aol g & 900 45 5,08 0lS Log g adad o= ,b ool ,o (Three Pole Reclosing) @ g saxe Joog -2
Al 4o ol 0 pdy &g 5B wim g ST Sl el 0lisS Jlasl slallas glail glys Wilgie Jugew Sdome Juog 0giie
el e a4 58S oligST Jlasl sl (gl Ladd suze Jog S ek 4 ol ] Jla]

0dijlw A5 Lawgs 45 Sagus asend b al, das FIrmware ;oees o35> 1 (Firmware) Sl 55, 4 - b
sl o0 3l

il Uas Lyl s Jleel 5 B3 by g5 ledb&ew 3,5 by wow Pre-Fault @ L -L

vl Uas bl s Jloel 51w b, g 5y bl 30,5 loy 0w Post-fault : ol -¢

‘:Jab} sl dly cus gl il Cldginne a5 5 Al o 000 u»)yo] Gl ad > iSO ol )5 e sz.zu—é
Oyl eage ol

dolie ooled o)l Cudgtns a5 4ol 5 005 @y A0, o BIKES O b 69,8 icens LBL -8

oyl eage ol Cas



$l0js s SIS 5 (S)I0p0 4t ST 9T (oo

ojg Cligrs — a0s> 9 Gl Ay S g o>

Ols ol ppiiaw

VFet/11/oA

YA

bl b i jo Olilass! Jguz AY—F Jou

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
RTU (Remote Terminal Unit) 90 ofy I S5 usly
GUI (Graphical User Interface) S ) Ll
E&M (ELECTRICAL & MECHANICAL) S0 9 (S ) Ol g
LPS (Lighting & Power Substation) Ole 9 2 lidigy Conny
TPS (Traction Power Substation) PlS e Sy
RS (Rectifier Substation) (TPS Go/pio) jlwgmnsy o
RIC 190 oy jl ockds f piiS 0ulilS >
HVS (High Voltage Substation) Yo jly Cony

GIS (Gas Insolation Substation)
1/0O (Input / Output)
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MSN (Multi Service Network) Wil 80 Lty pw b Jplio 4Tl
OCC (Operation Control Center) Sldoc JpS 5 0
TCC (Traffic Control Center) S JpS S o
Ll ) Slogi olyo o ot
AFC (Automatic Faire Collection) )
(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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