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Why Testing?Why Testing?Why Testing?Why Testing?

Demonstrate equipment fulfils standardDemonstrate equipment fulfils standardDemonstrate equipment fulfils standard Demonstrate equipment fulfils standard 
specs and functional requirementsspecs and functional requirements
Purpose may be type tests to checkPurpose may be type tests to checkPurpose may be type tests  to check Purpose may be type tests  to check 
quality assurance of Equipment Designquality assurance of Equipment Design
Routine Tests to check quality assuranceRoutine Tests to check quality assuranceRoutine Tests to check quality assurance Routine Tests to check quality assurance 
of the Equipment Manufactureof the Equipment Manufacture
Further routine tests ascertain ability ofFurther routine tests ascertain ability ofFurther routine tests ascertain ability of Further routine tests ascertain ability of 
equipment to withstand stresses during equipment to withstand stresses during 
entire lifeentire life



Test stress should be high enough to beTest stress should be high enough to beTest stress should be high enough to be Test stress should be high enough to be 
sensitive to withstand but low enough not sensitive to withstand but low enough not 
to cause any defect during the test; whichto cause any defect during the test; whichto cause any defect during the test; which to cause any defect during the test; which 
may deteriorate eqpt. latermay deteriorate eqpt. later
Tested condition depends on experienceTested condition depends on experienceTested condition depends on experience Tested condition depends on experience 
concerning stress and material behavior to concerning stress and material behavior to 
the testthe testthe testthe test



ConsiderationsConsiderationsConsiderationsConsiderations

11 RequirementsRequirements1.1. Requirements Requirements 
2.2. Regulations or lawRegulations or law

M t l t t h i lM t l t t h i l3.3. Mutual agreement on technical specsMutual agreement on technical specs
4.4. EconomyEconomy

This lecture deals with item 1 onlyThis lecture deals with item 1 onlyThis lecture deals with item 1 onlyThis lecture deals with item 1 only



RecommendationsRecommendationsRecommendationsRecommendations
IEC60071 IEC60071 –– describes relationship of various types of describes relationship of various types of p ypp yp
test voltages test voltages –– ac, dc and impulseac, dc and impulse
IEC60060 IEC60060 –– specifies Voltage wave shapes, tolerances specifies Voltage wave shapes, tolerances 
and measurement unand measurement un--certaintycertaintyand measurement unand measurement un certaintycertainty
HV apparatus have specific IEC stds.HV apparatus have specific IEC stds.

1.1. IEC60076 specifies switching impulse for transformer. IEC60076 specifies switching impulse for transformer. 
Thi i d b IEC60060Thi i d b IEC60060This is over and above IEC60060This is over and above IEC60060

2.2. IEC60230 specifies additional criteria for impulse tests IEC60230 specifies additional criteria for impulse tests 
on cables with front time up to 5 us as opposed to std. on cables with front time up to 5 us as opposed to std. p ppp pp
1.2 us. A low front time would result in oscillations. 1.2 us. A low front time would result in oscillations. 
Increase in time enables double exponentialIncrease in time enables double exponential
Precise definitions necessaryPrecise definitions necessaryPrecise definitions necessaryPrecise definitions necessary



DefinitionsDefinitionsDefinitionsDefinitions

Insulation CoInsulation Co--ordinationordination –– selectingselectingInsulation CoInsulation Co ordination ordination selecting selecting 
insulation levels keeping eqpt strength, insulation levels keeping eqpt strength, 
service environment together with service environment together with gg
Protective devicesProtective devices
External Insulation External Insulation –– distance in air, distance in air, ,,
surface in contact with air for solid surface in contact with air for solid 
insulation effected by external conditions insulation effected by external conditions 

h ll ti h idit dh ll ti h idit dsuch as pollution, humidity and such as pollution, humidity and 
atmospheric conditionsatmospheric conditions



Definitions ContdDefinitions ContdDefinitions Contd.Definitions Contd.

Internal InsulationInternal Insulation –– solid, liquid orsolid, liquid orInternal Insulation Internal Insulation solid, liquid or solid, liquid or 
gaseous parts inside an equipment gaseous parts inside an equipment 
protected from atmosphereprotected from atmospherep pp p
Self Restoring Insulation Self Restoring Insulation –– that  which that  which 
restores after a breakdown eg: Air or restores after a breakdown eg: Air or gg
gases, liquids to some extentgases, liquids to some extent
NonNon--selfself--restoring Insulation restoring Insulation –– that which that which gg
loses insulating properties after a loses insulating properties after a 
breakdown eg:solidsbreakdown eg:solids



Definitions ContdDefinitions ContdDefinitions Contd.Definitions Contd.

Nominal System Voltage Nominal System Voltage –– the Voltage used to the Voltage used to o a Syste o tageo a Syste o tage t e o tage used tot e o tage used to
designate a system eg: 400 V, 11 kV, 33 kV, 66 designate a system eg: 400 V, 11 kV, 33 kV, 66 
kV, 132 kV, 220 kV, 345 kV, 400 kV, 500 kV, 735 kV, 132 kV, 220 kV, 345 kV, 400 kV, 500 kV, 735 
kV 765 kV 800 kV and 1200 kV ( line to linekV 765 kV 800 kV and 1200 kV ( line to linekV, 765 kV, 800 kV and 1200  kV ( line to line kV, 765 kV, 800 kV and 1200  kV ( line to line 
RMS 50 / 60 Hz)RMS 50 / 60 Hz)
Highest System VoltageHighest System Voltage –– Highest value underHighest value underHighest System Voltage Highest System Voltage Highest value under Highest value under 
normal conditions usually normal conditions usually + + 10 %10 %
Highest Equipment Voltage Highest Equipment Voltage –– highest line to line highest line to line 
RMS design voltage according  to relevant RMS design voltage according  to relevant 
standardsstandards



Definitions ContdDefinitions ContdDefinitions Contd.Definitions Contd.

OverOver--voltagevoltage –– any voltage either line toany voltage either line toOverOver voltage voltage any  voltage either line to any  voltage either line to 
line or line to earth (ground); whose peak line or line to earth (ground); whose peak 
value exceeds peak of the Highestvalue exceeds peak of the Highestvalue exceeds peak of the Highest value exceeds peak of the Highest 
Equipment Voltage ( V Equipment Voltage ( V √2 / √3)√2 / √3)



Voltage ClassificationsVoltage ClassificationsVoltage ClassificationsVoltage Classifications

Continuous Power Frequency VoltageContinuous Power Frequency Voltage –– PFPFContinuous Power Frequency Voltage Continuous Power Frequency Voltage PFPF
Temporary OverTemporary Over--voltage voltage –– few cycles few cycles –– eg: load eg: load 
throw offthrow offthrow offthrow off
Transient OverTransient Over--voltages (OV)voltages (OV)

-- slow front OV 20 usslow front OV 20 us ≤ T≤ Tff ≤ 5000 us, T≤ 5000 us, T22 ≤ 20 ms≤ 20 msslow front OV 20 us slow front OV 20 us ≤ T≤ Tff ≤ 5000 us, T≤ 5000 us, T22 ≤ 20 ms≤ 20 ms
-- Fast front OV 0.1 us ≤ TFast front OV 0.1 us ≤ Tff ≤ 20 us, T≤ 20 us, T22 ≤ 300 us≤ 300 us
--Very Fast Front OV TVery Fast Front OV Tff ≤ 0 1 us total duration < 3≤ 0 1 us total duration < 3Very Fast Front OV TVery Fast Front OV Tff ≤ 0.1 us, total duration < 3 ≤ 0.1 us, total duration < 3 

ms, superms, super--imposed oscillations 30 kHZ < f < 100 imposed oscillations 30 kHZ < f < 100 
MHzMHz



Standard WaveStandard Wave--shapesshapes

PF 48 Hz < f < 62 HzPF 48 Hz < f < 62 Hz –– duration = 60 sduration = 60 sPF  48 Hz < f < 62 Hz PF  48 Hz < f < 62 Hz duration = 60 sduration = 60 s
Std. SI  250 x 2500 uSStd. SI  250 x 2500 uS
Std LI 1 2 50Std LI 1 2 50Std. LI 1.2 x 50 usStd. LI 1.2 x 50 us



Definitions ContdDefinitions ContdDefinitions Contd.Definitions Contd.

Withstand VoltageWithstand Voltage –– value to be appliedvalue to be appliedWithstand Voltage Withstand Voltage value to be applied value to be applied 
specified number of times with a tolerance specified number of times with a tolerance 
specified dischargesspecified discharges
CoCo--ordination withstand voltage (Vordination withstand voltage (Vcwcw))–– value of value of 
the withstand voltage meeting performance the withstand voltage meeting performance 
criterion in actual service conditionscriterion in actual service conditions
Standard Withstand voltage (VStandard Withstand voltage (Vww) ) –– Std. Voltage Std. Voltage 

f d d S f h df d d S f h das specified in a std. Specifies the rated as specified in a std. Specifies the rated 
insulation level. Proves Compliance with std.insulation level. Proves Compliance with std.



Definitions ContdDefinitions ContdDefinitions Contd.Definitions Contd.

Rated Insulation LevelRated Insulation Level –– CharacterizesCharacterizesRated Insulation Level Rated Insulation Level Characterizes Characterizes 
Dielectric strength of the Insulation Dielectric strength of the Insulation –– std. std. 
withstand voltagewithstand voltage
Standard Withstand Voltage Test Standard Withstand Voltage Test –– Dielectric Dielectric 
test performed to comply with a std. by test performed to comply with a std. by 
performing any of the following tests:performing any of the following tests:

1.1. Short Duration PF Voltage TestsShort Duration PF Voltage Tests
2.2. SI Voltage Tests  3. LI Voltage TestsSI Voltage Tests  3. LI Voltage Tests
4. Combined Tests4. Combined Tests



Test VoltagesTest VoltagesTest VoltagesTest Voltages

Defined by Amplitude Frequency and/orDefined by Amplitude Frequency and/orDefined by Amplitude, Frequency and/or Defined by Amplitude, Frequency and/or 
shape with in certain tolerances.shape with in certain tolerances.
IEC60060 specifies std and preferred testIEC60060 specifies std and preferred testIEC60060 specifies std. and preferred test IEC60060 specifies std. and preferred test 
voltagesvoltages
S ti f h i difi dS ti f h i difi dSometimes frequency or shape is modified Sometimes frequency or shape is modified 
to enable the teststo enable the tests



Types of VoltagesTypes of VoltagesTypes of VoltagesTypes of Voltages

DCDCDCDC
ACAC
I l V ltI l V ltImpulse VoltageImpulse Voltage
Impulse CurrentImpulse Current



Test ConditionsTest Conditions

Standard Conditions are ambientStandard Conditions are ambientStandard Conditions are ambient Standard Conditions are ambient 
temperature ttemperature t00 = 20 = 20 00C and pressure bC and pressure b00 = = 
1013 mbar and absolute humidity of h1013 mbar and absolute humidity of h00 ==1013 mbar and absolute humidity of h1013 mbar and absolute humidity of h00 = = 
11 g/m11 g/m33

If ‘b’ be actual pressure and ‘t’ be theIf ‘b’ be actual pressure and ‘t’ be theIf b  be actual pressure and t  be the If b  be actual pressure and t  be the 
temperature temperature –– atmospheric correction ‘K’ atmospheric correction ‘K’ 
has two partshas two parts air density ‘kair density ‘k ’ and’ andhas two parts has two parts –– air density kair density k11  and  and 
humidity ‘khumidity ‘k22’’



Test Conditions ContdTest Conditions ContdTest Conditions Contd.Test Conditions Contd.
kk11 depends relative air density depends relative air density δδ1 1 p yp y

kk1 1 == δδmm

δδ = b (273 + = b (273 + tt00) / (b) / (b0 0 (273+t))(273+t))
ddand and 
‘m’ is a function of ‘g’; ‘g’ depends on pre‘m’ is a function of ‘g’; ‘g’ depends on pre--
discharges and defined asdischarges and defined asdischarges and defined asdischarges and defined as

g = Vg = VBB / (500 L / (500 L δδ k)k)



Test Conditions ContdTest Conditions ContdTest Conditions Contd.Test Conditions Contd.

VVBB is 50 % discharge voltage at actualis 50 % discharge voltage at actualVVB B is 50 % discharge voltage at actual is 50 % discharge voltage at actual 
condition in kV, L minimum discharge condition in kV, L minimum discharge 
pathpath δδ relative air density and k accordingrelative air density and k accordingpath, path, δδ relative air density and k according relative air density and k according 
to figure 16.20 of IET bookto figure 16.20 of IET book
KK = k= kwwKK22 = k= kww



Tests on InsulatorsTests on InsulatorsTests on InsulatorsTests on Insulators

Type Tests and Routine TestsType Tests and Routine TestsType Tests and Routine TestsType Tests and Routine Tests
Type tests check designs Type tests check designs –– on sampleson samples
R ti t t h k lit f h iR ti t t h k lit f h iRoutine tests check quality of each pieceRoutine tests check quality of each piece
HV Tests Include PF tests and Impulse HV Tests Include PF tests and Impulse 
Tests. All the insulators are tested for both Tests. All the insulators are tested for both 
the categories of tests.the categories of tests.



PF tests on InsulatorsPF tests on InsulatorsPF tests on InsulatorsPF tests on Insulators

Wet and Dry Flashover TestWet and Dry Flashover Test –– HV PF acHV PF acWet and Dry Flashover Test Wet and Dry Flashover Test HV PF ac HV PF ac 
test voltage is applied @ a rate 2 % per test voltage is applied @ a rate 2 % per 
second up to 75 % of the estimated testsecond up to 75 % of the estimated testsecond up to 75 % of the estimated test second up to 75 % of the estimated test 
voltage  to such voltage : breakdown voltage  to such voltage : breakdown 
occurs on the Surface of Insulator Whenoccurs on the Surface of Insulator Whenoccurs on the Surface of Insulator. When occurs on the Surface of Insulator. When 
carried out under normal conditions carried out under normal conditions 
without precipitationwithout precipitation –– dry flashover Ifdry flashover Ifwithout precipitation without precipitation dry flashover. If dry flashover. If 
carried out under wet conditionscarried out under wet conditions-- wet wet 
flashoverflashoverflashover.flashover.



Conditions for Wet TestConditions for Wet TestConditions for Wet TestConditions for Wet Test

Precipitation ratePrecipitation rate –– 33 ++ 10 % mm/min10 % mm/minPrecipitation rate Precipitation rate 3 3 ++ 10 % mm/min10 % mm/min
Direction Direction –– 454500 to the verticalto the vertical
C d ti it f tC d ti it f t 100 S100 S 10%10%Conductivity of water Conductivity of water –– 100 uS 100 uS ++ 10%10%
Water Temperature Water Temperature –– ambient ambient ++ 15 15 00CC
IEC 42 specifies Precipitation rateIEC 42 specifies Precipitation rate



Wet and Dry Withstand TestWet and Dry Withstand Test

Voltage specified is applied under dry orVoltage specified is applied under dry orVoltage specified  is applied under dry or Voltage specified  is applied under dry or 
wet condition as per relevant std. wet condition as per relevant std. ––
ANSI/IEEE IEC BIS BS etcANSI/IEEE IEC BIS BS etc –– for onefor oneANSI/IEEE, IEC, BIS, BS etc ANSI/IEEE, IEC, BIS, BS etc for one for one 
minuteminute



Impulse TestsImpulse TestsImpulse TestsImpulse Tests

Impulse Withstand Voltage TestImpulse Withstand Voltage TestImpulse Withstand Voltage TestImpulse Withstand Voltage Test
Impulse Flashover TestImpulse Flashover Test
P ll ti T tiP ll ti T tiPollution TestingPollution Testing



Impulse Withstand Voltage TestImpulse Withstand Voltage Test

Apply standard specified Impulse under dryApply standard specified Impulse under dryApply standard specified Impulse under dry Apply standard specified Impulse under dry 
condition with both polarities.condition with both polarities.
Five Consecutive waves should not causeFive Consecutive waves should not causeFive Consecutive waves should not cause Five Consecutive waves should not cause 
flashover or puncture flashover or puncture –– insulator passes the testinsulator passes the test
If two applications cause flashover If two applications cause flashover –– insulator insulator pppp
failsfails
If there is only one Flashover  ten additional If there is only one Flashover  ten additional 
pulses are applied. If it withstands pulses are applied. If it withstands –– Insulator Insulator 
PassesPasses



Impulse Flashover TestImpulse Flashover TestImpulse Flashover TestImpulse Flashover Test

As in withstand test with specified voltageAs in withstand test with specified voltageAs in withstand test with specified voltage As in withstand test with specified voltage 
Aim is to determine 50 % probability of Aim is to determine 50 % probability of 
flashoverflashoverflashoverflashover
Probability of Flashover for 40 % and 60 Probability of Flashover for 40 % and 60 
% failure or 20 % and 80 % value are% failure or 20 % and 80 % value are% failure or 20 % and 80 % value are % failure or 20 % and 80 % value are 
determineddetermined
Average of upper and lower limit is takenAverage of upper and lower limit is takenAverage of upper and lower limit is taken Average of upper and lower limit is taken 
as Flashover valueas Flashover value
Assuming it follows Gaussian distributionAssuming it follows Gaussian distributionAssuming it follows Gaussian distributionAssuming it follows Gaussian distribution



Types of PollutionTypes of Pollution

Dust, micro organisms, bird secretions, flies etcDust, micro organisms, bird secretions, flies etcDust, micro organisms, bird secretions, flies etcDust, micro organisms, bird secretions, flies etc
Industrial Pollution like smoke, petroleum Industrial Pollution like smoke, petroleum 
vapors, dust and other depositsvapors, dust and other depositsvapors, dust and other depositsvapors, dust and other deposits
Coastal pollution Coastal pollution –– corrosive and hygroscopic corrosive and hygroscopic 
salt depositssalt depositspp
Desert pollution Desert pollution –– storms deposit sand and duststorms deposit sand and dust
Ice and fog @ high altitudes and in PolarIce and fog @ high altitudes and in PolarIce and fog @ high altitudes and in Polar Ice and fog @ high altitudes and in Polar 
countriescountries



Pollution CausesPollution CausesPollution CausesPollution Causes

CorrosionCorrosionCorrosionCorrosion
NonNon--uniform gradients along insulator uniform gradients along insulator 
strings and surface of insulatorsstrings and surface of insulatorsstrings and surface of insulatorsstrings and surface of insulators
Deteriorate the materialDeteriorate the material
Cause PD and RadioCause PD and Radio--interferenceinterference
Popular Pollution test is SaltPopular Pollution test is Salt--fog testfog testpp gg



SaltSalt--Fog TestFog TestSaltSalt Fog TestFog Test

Apply Maximum Normal withstand Voltage on Apply Maximum Normal withstand Voltage on pp y a u o a t sta d o tage opp y a u o a t sta d o tage o
the insulator and  then create an artificial salt the insulator and  then create an artificial salt 
fog around by jets of salt solution  and fog around by jets of salt solution  and 
compressed aircompressed aircompressed air.compressed air.
If the flashover occurs with in 1 hour the test is If the flashover occurs with in 1 hour the test is 
repeated with fog of lower salinity otherwiserepeated with fog of lower salinity otherwiserepeated with fog of lower salinity otherwise repeated with fog of lower salinity otherwise 
with a higher salinitywith a higher salinity
The maximum salinity at which insulator The maximum salinity at which insulator 
withstands 3 out of 4 applications without withstands 3 out of 4 applications without 
flashover is taken as representative valueflashover is taken as representative value



PF tests on BushingsPF tests on BushingsPF tests on BushingsPF tests on Bushings

Power FactorPower Factor –– Voltage TestVoltage TestPower Factor Power Factor Voltage TestVoltage Test
PD testPD test
M t With t d T tM t With t d T tMomentary Withstand TestMomentary Withstand Test
One Minute Wet Withstand TestOne Minute Wet Withstand Test
Visible Discharge TestVisible Discharge Test



Power FactorPower Factor –– Voltage TestVoltage TestPower Factor Power Factor Voltage TestVoltage Test

Bushing setup as in service or immersed inBushing setup as in service or immersed inBushing setup as in service or immersed in Bushing setup as in service or immersed in 
oiloil
Connected with line conductor to HV andConnected with line conductor to HV andConnected with line conductor to HV and Connected with line conductor to HV and 
tank or earth portion goes to detector side tank or earth portion goes to detector side 
of Schering Bridge or Capacitance Bridge.of Schering Bridge or Capacitance Bridge.g g p gg g p g
Capacitance and Power Factor ( tan Capacitance and Power Factor ( tan δδ) is ) is 
recorded at each step by applying voltage recorded at each step by applying voltage p y pp y g gp y pp y g g
in steps up to rated value and reduced.in steps up to rated value and reduced.
Variation is plotted. Routine TestVariation is plotted. Routine Testpp



PD testPD testPD testPD test

To assess internal deterioration ofTo assess internal deterioration ofTo assess internal deterioration of To assess internal deterioration of 
Composite Insulation of BushingComposite Insulation of Bushing
PD measurement is carried out MethodPD measurement is carried out MethodPD measurement is carried out. Method PD measurement is carried out. Method 
will be discussed in Cable Testingwill be discussed in Cable Testing
V lt PD l l l tt dV lt PD l l l tt dVoltage vs PD level plottedVoltage vs PD level plotted
Index of performance of bushing in Index of performance of bushing in 
serviceservice
A routine testA routine test



Momentary Withstand TestMomentary Withstand TestMomentary Withstand TestMomentary Withstand Test

As per IS 2099As per IS 2099 –– IEC 60137IEC 60137As per IS 2099 As per IS 2099 IEC 60137IEC 60137
Specified ac PF Voltage is appliedSpecified ac PF Voltage is applied
B hi h ld ith t d th lt fB hi h ld ith t d th lt fBushing should withstand the voltage for a Bushing should withstand the voltage for a 
minimum time of 30 sminimum time of 30 s
Replaced by Impulse TestReplaced by Impulse Test



One Minute Wet Withstand TestOne Minute Wet Withstand TestOne Minute Wet Withstand TestOne Minute Wet Withstand Test

Common and routine testCommon and routine test –– one minuteone minuteCommon and routine test Common and routine test one minute one minute 
wet and dry PF withstand testswet and dry PF withstand tests
Wet test as specified earlier by mountingWet test as specified earlier by mountingWet test as specified earlier by mounting Wet test as specified earlier by mounting 
bushing as in servicebushing as in service
Should withstand specified voltage for oneShould withstand specified voltage for oneShould withstand specified voltage for one Should withstand specified voltage for one 
minuteminute
No indication of performance duringNo indication of performance duringNo indication of performance during No indication of performance during 
serviceservice
Better tests are Impulse and PDBetter tests are Impulse and PDBetter tests are Impulse and PDBetter tests are Impulse and PD



Visible Discharge TestVisible Discharge Test

This indicates possibility of RadioThis indicates possibility of RadioThis indicates possibility of Radio This indicates possibility of Radio 
Interference  in service at voltage Interference  in service at voltage 
specified by IS 2099specified by IS 2099specified by IS 2099specified by IS 2099
No discharge No discharge –– except from arcing horns except from arcing horns 
or grading rings should be visible in a darkor grading rings should be visible in a darkor grading rings should be visible in a dark or grading rings should be visible in a dark 
roomroom
All diti i b fAll diti i b fAll conditions remain as beforeAll conditions remain as before



Impulse TestsImpulse TestsImpulse TestsImpulse Tests

Full Wave Withstand TestFull Wave Withstand TestFull Wave Withstand TestFull Wave Withstand Test
Chopped Wave Withstand and Switching Chopped Wave Withstand and Switching 
Surge TestSurge TestSurge TestSurge Test



Full Wave Withstand TestFull Wave Withstand TestFull Wave Withstand TestFull Wave Withstand Test

Tested as per specified impulse voltage of eitherTested as per specified impulse voltage of eitherTested as per specified impulse voltage of either Tested as per specified impulse voltage of either 
polarity.polarity.
Five consecutive pulses of full wave are appliedFive consecutive pulses of full wave are appliedFive consecutive pulses of full wave are appliedFive consecutive pulses of full wave are applied
If 2 of them cause Flashover If 2 of them cause Flashover –– bushing is bushing is 
deemed to have faileddeemed to have failed
If 1 of them causes flashover If 1 of them causes flashover –– 10 additional 10 additional 
pulses are applied.pulses are applied.
Bushing passes when no further flashover occursBushing passes when no further flashover occurs



Chopped Wave Withstand and Chopped Wave Withstand and 
S i hi SS i hi SSwitching Surge TestSwitching Surge Test

Chopped wave test is done for BushingsChopped wave test is done for BushingsChopped wave test is done for Bushings Chopped wave test is done for Bushings 
over 220 kVover 220 kV
Switching Surge Tests are important forSwitching Surge Tests are important forSwitching Surge Tests are important for Switching Surge Tests are important for 
EHV bushingsEHV bushings
Si il t f ll ith t d t tSi il t f ll ith t d t tSimilar to full wave withstand testsSimilar to full wave withstand tests



Thermal TestsThermal TestsThermal TestsThermal Tests

Temperature rise tests is carried out in free airTemperature rise tests is carried out in free airTemperature rise tests is carried out in free air Temperature rise tests is carried out in free air 
(below 40 (below 40 00C) at rated PF ac current. C) at rated PF ac current. 
Steady temperature rise above ambient shouldSteady temperature rise above ambient shouldSteady temperature rise above ambient should Steady temperature rise above ambient should 
not exceed 45 not exceed 45 00C on any part of the bushing.C on any part of the bushing.
It is carried out for long duration : temperature It is carried out for long duration : temperature g pg p
remains  substantially constant i.e. 1 remains  substantially constant i.e. 1 00C/hC/h
This is carried at voltages above 132 kVThis is carried at voltages above 132 kV
A type testA type test



Isolators & Circuit Breakers (CB)Isolators & Circuit Breakers (CB)Isolators & Circuit Breakers (CB)Isolators & Circuit Breakers (CB)

Isolators interrupt @ best .5 A @ 420 kV and Isolators interrupt @ best .5 A @ 420 kV and so ato s te upt @ best 5 @ 0 a dso ato s te upt @ best 5 @ 0 a d
below essentially capacitive currentsbelow essentially capacitive currents
IS 9921 defines Isolator/disIS 9921 defines Isolator/dis-- connector as connector as 

h i l i hi d i h id ih i l i hi d i h id imechanical switching device, that provides in mechanical switching device, that provides in 
open position an isolation distance in accordance open position an isolation distance in accordance 
with system voltage.with system voltage.with system voltage. with system voltage. 
It is capable of opening and closing a circuit It is capable of opening and closing a circuit 
when either current interrupted is negligible or when either current interrupted is negligible or 
insignificant change in voltage occurs across the insignificant change in voltage occurs across the 
poles. Capable of carrying Short Circuit currents poles. Capable of carrying Short Circuit currents 
for a very short duration and normal currentsfor a very short duration and normal currentsfor a very short duration and normal currents.for a very short duration and normal currents.



Circuit BreakersCircuit BreakersCircuit BreakersCircuit Breakers

Evaluation of Constructional andEvaluation of Constructional andEvaluation of Constructional and Evaluation of Constructional and 
operational characteristicsoperational characteristics
Evaluation of Electrical Characteristics ofEvaluation of Electrical Characteristics ofEvaluation of Electrical Characteristics of Evaluation of Electrical Characteristics of 
the circuit to be interrupted  or madethe circuit to be interrupted  or made



Tests on CBsTests on CBsTests on CBsTests on CBs

Dielectric tests or overDielectric tests or over--voltage testsvoltage testsDielectric tests or overDielectric tests or over voltage testsvoltage tests
Temperature rise testsTemperature rise tests
M h i l T t dM h i l T t dMechanical Tests andMechanical Tests and
Short Circuit testsShort Circuit tests



Dielectric TestsDielectric TestsDielectric TestsDielectric Tests

Power Frequency WithstandPower Frequency WithstandPower Frequency WithstandPower Frequency Withstand
Lightning Impulse Voltage TestLightning Impulse Voltage Test
Switching Impulse Voltage TestSwitching Impulse Voltage TestSwitching Impulse Voltage TestSwitching Impulse Voltage Test
Carried out for both internal and external Carried out for both internal and external 
insulation with switch/CB open and closedinsulation with switch/CB open and closedinsulation with switch/CB open and closedinsulation with switch/CB open and closed
Test Voltages are 15% higher in open positionTest Voltages are 15% higher in open position
LI tests similar to Insulators of std wave shapeLI tests similar to Insulators of std wave shapeLI tests similar to Insulators of std wave shapeLI tests similar to Insulators of std wave shape
SI tests are carried out to assess OV withstand SI tests are carried out to assess OV withstand 
ability under Switching operationsability under Switching operationsability under Switching operationsability under Switching operations



Short Circuit TestsShort Circuit TestsShort Circuit TestsShort Circuit Tests

Most important test on CBsMost important test on CBsMost important test on CBsMost important test on CBs
They assess ability to interrupt fault They assess ability to interrupt fault 
currentscurrentscurrentscurrents
Determination of making and breaking Determination of making and breaking 
capacities at various load currents at ratedcapacities at various load currents at ratedcapacities at various load currents at rated capacities at various load currents at rated 
voltagesvoltages
In Isolators, rated short circuit current forIn Isolators, rated short circuit current forIn Isolators, rated short circuit current for In Isolators, rated short circuit current for 
given duration. No making and breaking given duration. No making and breaking 
tests are donetests are done



Short Circuit Tests ContdShort Circuit Tests ContdShort Circuit Tests Contd.Short Circuit Tests Contd.

Direct Tests:Direct Tests:Direct Tests:Direct Tests:
1.1. Using Short Circuit Generator @ the Using Short Circuit Generator @ the 

sourcesourcesourcesource
2.2. Using Utility as the sourceUsing Utility as the source

Synthetic TestsSynthetic TestsSynthetic TestsSynthetic Tests
1.1. Direct Test on FieldDirect Test on Field
22 Di e t Te t in the L bo toDi e t Te t in the L bo to2.2. Direct Test in the LaboratoryDirect Test in the Laboratory
3.3. Synthetic Tests of CBsSynthetic Tests of CBs



Direct Tests on fieldDirect Tests on fieldDirect Tests on fieldDirect Tests on field

Some times tested under normal loadSome times tested under normal loadSome times tested under normal load Some times tested under normal load 
conditions or sc conditions in the NW conditions or sc conditions in the NW 
itselfitselfitselfitself
Carried out during limited energy Carried out during limited energy 
consumptionconsumptionconsumption.consumption.



Advantages of Field TestsAdvantages of Field TestsAdvantages of Field TestsAdvantages of Field Tests

Tested under actual conditions that occurTested under actual conditions that occurTested under actual conditions that occur Tested under actual conditions that occur 
in a NWin a NW
Special situations like breaking of chargingSpecial situations like breaking of chargingSpecial situations like breaking of charging Special situations like breaking of charging 
currents of long lines, short line faults and currents of long lines, short line faults and 
interruption of small inductive currentsinterruption of small inductive currentsinterruption of small inductive currentsinterruption of small inductive currents
Assesses the thermal and dynamic effects Assesses the thermal and dynamic effects 
f SC C t t t d li ti ff SC C t t t d li ti fof SC Currents to study application of of SC Currents to study application of 

safety devises safety devises 



Disadvantages of Field TestsDisadvantages of Field TestsDisadvantages of Field TestsDisadvantages of Field Tests

Can be tested at rated voltage and NWCan be tested at rated voltage and NWCan be tested at rated voltage and NW Can be tested at rated voltage and NW 
capacity onlycapacity only
Need to interrupt normal services andNeed to interrupt normal services andNeed to interrupt normal services and Need to interrupt normal services and 
tests only light load conditionstests only light load conditions
E t i i d fE t i i d fExtra inconvenience and expenses of Extra inconvenience and expenses of 
installing controlling and measuring eqpt. installing controlling and measuring eqpt. 
O fi ldO fi ldOn fieldOn field



Direct Testing in LaboratoryDirect Testing in LaboratoryDirect Testing in LaboratoryDirect Testing in Laboratory

SC generator along with a master CBSC generator along with a master CBSC generator along with a master CB. SC generator along with a master CB. 
Resistors, Reactors and measuring devicesResistors, Reactors and measuring devices
A make switch initiates the SC and masterA make switch initiates the SC and masterA make switch initiates the SC and master A make switch initiates the SC and master 
CB isolates the test device from the source CB isolates the test device from the source 
after a preafter a pre determined time on a testdetermined time on a testafter a preafter a pre--determined time on a test determined time on a test 
sequence controllersequence controller
M t CB b t i d if th t tM t CB b t i d if th t tMaster CB can be tripped if the test Master CB can be tripped if the test 
breaker fails to operate.breaker fails to operate.





Synthetic Testing of CBsSynthetic Testing of CBsSynthetic Testing of CBsSynthetic Testing of CBs

Uneconomical to have a single source to provideUneconomical to have a single source to provideUneconomical to have a single source to provide Uneconomical to have a single source to provide 
required SC current @ the rated voltage due to required SC current @ the rated voltage due to 
high interrupting capacity of CBshigh interrupting capacity of CBs
Effect of Short Circuit and recovery voltage are Effect of Short Circuit and recovery voltage are 
obtained separately by combining two sourcesobtained separately by combining two sources
Initial period is SC test period Initial period is SC test period --high current high current 
source supplies the current @ a low voltagesource supplies the current @ a low voltage
Later recovery voltage simulated by a High Later recovery voltage simulated by a High 
Voltage source of low currentVoltage source of low current



Synthetic Testing of CBs ContdSynthetic Testing of CBs ContdSynthetic Testing of CBs Contd.Synthetic Testing of CBs Contd.

Auxiliary breaker(3) and test breaker (T)Auxiliary breaker(3) and test breaker (T)Auxiliary breaker(3) and test breaker (T) Auxiliary breaker(3) and test breaker (T) 
are closed by closing making switch (1) are closed by closing making switch (1) ––
thereby current flowsthereby current flowsthereby current flowsthereby current flows
At a time  tAt a time  t00 T begins to operate and the 
master breaker (1) clears the generatormaster breaker (1) clears the generator
Just prior to current zero trigger gap (6) 
l f ll lt i li d t tcloses : full voltage is applied at current 

zero





Composite TestingComposite TestingComposite TestingComposite Testing

First tested rated breaking capacity@First tested rated breaking capacity@First tested rated breaking capacity@ First tested rated breaking capacity@ 
reduced voltagereduced voltage
Later @ rated Voltage @ a low currentLater @ rated Voltage @ a low currentLater @ rated Voltage @ a low currentLater @ rated Voltage @ a low current
May not assess adequately performance of May not assess adequately performance of 
th b kth b kthe breakerthe breaker



Unit TestingUnit TestingUnit TestingUnit Testing

When CB has more than one break perWhen CB has more than one break perWhen CB has more than one break per When CB has more than one break per 
pole specially @ EHV levelspole specially @ EHV levels
One break is tested @ rated current andOne break is tested @ rated current andOne break is tested @ rated current and One break is tested @ rated current and 
estimated voltageestimated voltage
A h t i ti diff f b kA h t i ti diff f b kArc characteristics may differ from break Arc characteristics may differ from break 
to break to break 
Further Voltage Distribution may not be Further Voltage Distribution may not be 
uniformuniform



Test ProcedureTest ProcedureTest ProcedureTest Procedure
Tested for Breaking Capacity (B) and making capacity Tested for Breaking Capacity (B) and making capacity g p y ( ) g p yg p y ( ) g p y
(M) After calibration of SC Generator typical test (M) After calibration of SC Generator typical test 
consist :consist :

11 BB--33--BB--3 @ 10 % rated breaking capacity3 @ 10 % rated breaking capacity1.1. BB 33 BB 3 @ 10 % rated breaking capacity3 @ 10 % rated breaking capacity
2.2. BB--33--BB--3 @ 30 % rated breaking capacity3 @ 30 % rated breaking capacity
3.3. BB--33--BB--3 @ 60 % rated breaking capacity3 @ 60 % rated breaking capacity
4.4. BB--33--MBMB--33--MBMB--33--MB @ 100 % rated breaking capacity MB @ 100 % rated breaking capacity 

with a recovery voltage > 95 %of rated service with a recovery voltage > 95 %of rated service 
voltagevoltagegg

Power factor is kept between 0.15 to 0.3. In the sequence Power factor is kept between 0.15 to 0.3. In the sequence 
3 is time in minutes. Currents are symmetrical.3 is time in minutes. Currents are symmetrical.



Asymmetrical TestsAsymmetrical TestsAsymmetrical TestsAsymmetrical Tests

One test cycle repeated for asymmetricalOne test cycle repeated for asymmetricalOne test cycle repeated for asymmetrical One test cycle repeated for asymmetrical 
breaking capacity that has dc component breaking capacity that has dc component 
@ the instant of contact separation > 50@ the instant of contact separation > 50@ the instant of contact separation > 50 @ the instant of contact separation > 50 
% of the ac component.% of the ac component.



Cable TestingCable TestingCable TestingCable Testing
Important for Underground transmissionImportant for Underground transmission
Mechanical Tests: bending, dripping and Mechanical Tests: bending, dripping and 
drainage, fire resistance and Corrosiondrainage, fire resistance and Corrosiong ,g ,
Thermal Duty TestsThermal Duty Tests
Dielectric power factor testsDielectric power factor testsDielectric power factor testsDielectric power factor tests
PF withstand voltage testsPF withstand voltage tests
PD testsPD tests
Life Expectancy testsLife Expectancy testsp yp y
Focus on electrical testsFocus on electrical tests



Sample PreparationSample PreparationSample PreparationSample Preparation

To be prepared carefully to avoid leakageTo be prepared carefully to avoid leakageTo be prepared carefully to avoid leakage To be prepared carefully to avoid leakage 
and end flashoverand end flashover
Length varies from 50 cm to 10 mLength varies from 50 cm to 10 mLength varies from 50 cm to 10 mLength varies from 50 cm to 10 m
Termination prepared by shielding the end Termination prepared by shielding the end 

d t ith t hi ldd t ith t hi ldconductor with stress shieldconductor with stress shield



TerminationsTerminationsTerminationsTerminations



Dielectric Power Factor TestDielectric Power Factor TestDielectric Power Factor TestDielectric Power Factor Test

Employs HV Schering Bridge orEmploys HV Schering Bridge orEmploys HV Schering Bridge or Employs HV Schering Bridge or 
Transformer Ratio arm bridgeTransformer Ratio arm bridge
TanTanδδ Loss Tangent or Dielectric PowerLoss Tangent or Dielectric PowerTanTanδδ –– Loss Tangent or Dielectric Power Loss Tangent or Dielectric Power 
Factor  is measured @ 0.5,1.0,1.66 and Factor  is measured @ 0.5,1.0,1.66 and 
2 0 times rated voltage phase to ground2 0 times rated voltage phase to ground2.0 times rated voltage phase to ground 2.0 times rated voltage phase to ground 
((lglg))
M l diff i f t tM l diff i f t tMax. value difference in power factor to Max. value difference in power factor to 
normal value @ 1.66 and that @ 2.00 is normal value @ 1.66 and that @ 2.00 is 

ifi difi dspecifiedspecified



At times difficult to supply charging VA At times difficult to supply charging VA 
from the source availablefrom the source available
At such times a reactor is used with the At such times a reactor is used with the 
cable to form a resonant circuitcable to form a resonant circuitcable to form a resonant circuitcable to form a resonant circuit
Thus enabling improvement in Power Thus enabling improvement in Power 
Factor of test circuit and test voltageFactor of test circuit and test voltageFactor of test circuit and test voltage Factor of test circuit and test voltage 
magnitudemagnitude
C it b id h ld hC it b id h ld hCapacitance bridge should have Capacitance bridge should have 
appropriate protectionappropriate protection



HV tests on CablesHV tests on CablesHV tests on CablesHV tests on Cables

Withstand tests against ac dc and impulseWithstand tests against ac dc and impulseWithstand tests against ac, dc and impulse Withstand tests against ac, dc and impulse 
voltagesvoltages
During manufacture entire cable is testedDuring manufacture entire cable is testedDuring manufacture entire cable is tested During manufacture entire cable is tested 
@ rated HV to check the continuity of @ rated HV to check the continuity of 
insulation in the cableinsulation in the cable a routine testa routine testinsulation in the cable insulation in the cable –– a routine testa routine test
This is done @ 2.5 times normal rated This is done @ 2.5 times normal rated 

lt f 10 i tlt f 10 i tvoltage for 10 minutesvoltage for 10 minutes
Type tests are carried out on samples Type tests are carried out on samples 



HV tests on Cables ContdHV tests on Cables ContdHV tests on Cables Contd.HV tests on Cables Contd.

Type tests consist of both dc and impulseType tests consist of both dc and impulseType tests consist of both dc and impulse Type tests consist of both dc and impulse 
teststests
dc voltage applied is 1 8 times the rateddc voltage applied is 1 8 times the rateddc voltage applied is 1.8 times the rated dc voltage applied is 1.8 times the rated 
value of negative polarity for 30 minutesvalue of negative polarity for 30 minutes
I l t t ifi d 5 iti 5I l t t ifi d 5 iti 5

HV tests on Cables

Impulse test as specified 5 positive 5 Impulse test as specified 5 positive 5 
negative pulses are appliednegative pulses are applied
This is followed by a Dielectric Power This is followed by a Dielectric Power 
Factor measurement.Factor measurement.



Partial DischargesPartial DischargesPartial DischargesPartial Discharges

Discharge MeasurementDischarge MeasurementDischarge MeasurementDischarge Measurement
LocationLocation
S iS iScanningScanning



Discharge MeasurementDischarge MeasurementDischarge MeasurementDischarge Measurement

Important for cables as life depends onImportant for cables as life depends onImportant for cables as life depends on Important for cables as life depends on 
discharge leveldischarge level
A very good index of weakness of cableA very good index of weakness of cableA very good index of weakness of cable A very good index of weakness of cable 
insulationinsulation



PD MeasurementsPD MeasurementsPD MeasurementsPD Measurements

Earlier Loss Tangent or Dissipation factorEarlier Loss Tangent or Dissipation factorEarlier Loss Tangent or Dissipation factor Earlier Loss Tangent or Dissipation factor 
or Dielectric power factor were indices of or Dielectric power factor were indices of 
condition of insulationcondition of insulationcondition of insulationcondition of insulation
As it was voltage dependantAs it was voltage dependant
V id k i f ti l d tV id k i f ti l d tVoids cracks or imperfections lead to Voids cracks or imperfections lead to 
internal intermittent discharges termed PD internal intermittent discharges termed PD 

ith t b id i l t dith t b id i l t dwithout bridging electrodeswithout bridging electrodes
Usually not revealed in capacitance Usually not revealed in capacitance 
measurementsmeasurements





PD Measurements ContdPD Measurements ContdPD Measurements Contd.PD Measurements Contd.

Location of site is valuableLocation of site is valuableLocation of site is valuableLocation of site is valuable
Enables strengthening insulation and Enables strengthening insulation and 
improving the designimproving the designimproving the designimproving the design
Equivalent Circuit in previous slideEquivalent Circuit in previous slide
On voltage reaching critical value On voltage reaching critical value 
discharge takes place can be simulated by discharge takes place can be simulated by 
shorting gap across void capacitance Cashorting gap across void capacitance Ca
Ca << Ca << CbCb << Cc<< Cc



Charge ∆q0 present in the void flowsCharge ∆q0 present in the void flowsCharge ∆q0 present in the void flows Charge ∆q0 present in the void flows 
through the rest of insulation giving rise to through the rest of insulation giving rise to 
a pulsea pulsea pulsea pulse
A measure of voltage pulse  gives A measure of voltage pulse  gives 
discharge quantitydischarge quantitydischarge quantitydischarge quantity
Difficult hence apparent charge across a Difficult hence apparent charge across a 
d t ti i dd t ti i d t i lt i ldetecting impedance as a detecting impedance as a terminal terminal 
measurement is mademeasurement is made





Discharge LocationDischarge LocationDischarge LocationDischarge Location

Voltage dip due to a PD propagates as aVoltage dip due to a PD propagates as aVoltage dip due to a PD propagates as a Voltage dip due to a PD propagates as a 
travelling wavetravelling wave
Can be detected as a pulse at theCan be detected as a pulse at theCan be detected as a pulse at the Can be detected as a pulse at the 
terminals at the end of the cableterminals at the end of the cable
B i ti diff b tB i ti diff b tBy measuring time difference between By measuring time difference between 
pulses distance can be determinedpulses distance can be determined





ScanningScanningScanningScanning

In order to scan entire length bare core ofIn order to scan entire length bare core ofIn order to scan entire length bare core of In order to scan entire length bare core of 
cable passed through  high field and cable passed through  high field and 
discharge location is donedischarge location is donedischarge location is donedischarge location is done
Cable is passed through insulating tube Cable is passed through insulating tube 
containing distilled watercontaining distilled watercontaining distilled watercontaining distilled water
Four electrodes in ring form are mounted Four electrodes in ring form are mounted 
t t d d t iddlt t d d t iddlat two ends and at middleat two ends and at middle
Middle electrodes are Middle electrodes are energisedenergised @ High @ High 
VoltageVoltage



Other two electrodes and cable conductorOther two electrodes and cable conductorOther two electrodes and cable conductor Other two electrodes and cable conductor 
are groundedare grounded
As a result the discharge occurringAs a result the discharge occurringAs a result the discharge occurring As a result the discharge occurring 
between middle electrodes is detectedbetween middle electrodes is detected
If th bl i d th h thIf th bl i d th h thIf the cable is passed through the If the cable is passed through the 
electrode system discharge location is electrode system discharge location is 

tt dtt dspottedspotted
Very Convenient for isolating the defects Very Convenient for isolating the defects 
while manufacturingwhile manufacturing



Life TestsLife TestsLife TestsLife Tests

Intended for reliability studiesIntended for reliability studiesIntended for reliability studiesIntended for reliability studies
Life is assessed through accelerated life Life is assessed through accelerated life 
tests applyingtests applying increased voltagesincreased voltagestests applying tests applying increased voltagesincreased voltages



Transformer TestingTransformer Testing 

Important and costlyImportant and costly
They should not be damaged during test
F I l ti t tFocus on Insulation tests
Other tests include temperature rise, short 
circuit test
IS 2026 – IEC 60076



Induced OV testInduced OV test

Tested by exciting the Secondary from aTested by exciting the Secondary from a 
high frequency (100-400 Hz) @ twice the 
rated voltagerated voltage
Reduces the core saturation
Li it th h i t i lLimits the charging current in large power 
transformers
Thus checking insulation withstand check



PD TestPD Test

PD test on windings are carried out to assess test o d gs a e ca ed out to assess
discharge level  and the RI level
Transformer can be connected as discussed 

liearlier 
Location can be done by using Traveling wave 
techniquetechnique
Discharge measurements are carried out on all 
terminalsterminals
Under PF excitation discharges > 104 pC are
considered severe



Impulse TestingImpulse Testing

Ability to withstand over-voltagesAbility to withstand over voltages
Short rise time – voltage distribution along the 
winding is non-uniformwinding is non uniform
Carried out employing Full and Chopped waves 
chopped between 2-6 uspp
Windings not tested are short circuited and 
grounded to avoid induced OVs
This reduces impedance of transformers and 
hence adjusting wave-shape becomes difficult



Test ProcedureTest Procedure

Test level in the std is termed BILTest level in the std. is termed BIL
One pulse @ 50 – 75 % BIL
O l @ 100 % BILOne pulse @ 100 % BIL

One Chopped pulse @ 50 – 75 % BIL
Two Chopped Pulses @ 100 % BILpp @
Two Pulses @ 100 % BIL



Fault Detection During TestFault Detection During Test

General Observations – Noise in the tank orGeneral Observations Noise in the tank or 
smoke or bubbles in the breather or external 
flashover
Voltage Oscillogram – Fault appears as a 
collapse of voltage wave – can not detect faults 
within 5 % of one end of the winding
Neutral Current Method – Current flowing from 

l d d b dneutral to ground monitored by a non-inductive 
shunt CVR



Neutral Current has three components –Neutral Current has three components 
High Frequency Oscillations, Low 
Frequency Disturbance and a current rise q y
In case of arcing due to turn to turn or 
between turn to ground  train of HF pulses g p
are seen and waveshape gets altered
In case of a PD only HF oscillations y
without change in Voltage waveshape are 
seen



Transfer Function ApproachTransfer Function Approach

Change in Transfer Function beforeChange in Transfer Function before 
chopping to after chopping is examined
Convert applied Voltage waveform andConvert applied Voltage waveform and 
neutral current in to frequency domain
T k th ti f I(f)/V(f) dTake the ratio of I(f)/V(f) and compare 
from pulse to pulse.



Surge Arrester (SA) TestingSurge Arrester (SA)  Testing

SA – employed towards OV protectionSA employed towards OV protection
It is non-conducting in normal situation 
under PFunder PF
Behaves as a Short Circuit for Over 
V lt th b di h i i t dVoltages – there by discharging associated 
energy without any power follow currents



SA Voltages and Currents
SA Class Rating Impulse High LongSA Class Rating Impulse 

Current 
(8 x 20 

High 
Current  
(4 x 10 

Long 
Duration 
us (A)(

us) (kA)
(
us) (kA)

( )

A 230 V to 1.5, 2.5 10, 25 50, 
600 V

, , ,
(500us)

B 400 V to 5 65 75B 400 V to 
33 kV 
(distribut

5 65 75 
(1000us)

(
ion)

C >11 kV 10, 20 100 150 
Station (2000us)



TestsTests

Power Frequency Spark over testPower Frequency Spark over test
Standard Impulse Spark over test
F t f k t tFront of wave spark over test
Residual voltage test
High Current test
Long Duration Impulse Current testLong Duration Impulse Current test
Operating Duty Cycle test



Power Frequency Spark over testPower Frequency Spark over test

Routine TestRoutine Test
Current limiting resistor is used 
SA t ith t d 1 5 ti t d lt tSA to withstand 1.5 times rated voltage at 
least for 5 successive applications
Carried out under dry as well as wet 
conditions



Standard Impulse Spark over testStandard Impulse Spark over test

To check the operation of SA to act uponTo check the operation of SA to act upon 
over voltages
IVG is set for standard Lightning ImpulseIVG is set for standard Lightning Impulse 
as specified in the standard
B th l iti f 10 l hBoth polarities of 10 pulses each
Alternative way of performing is to start 
from a low level, increase in steps till 100 
% flashover occurs



Front of wave spark over test

Tests efficacy for steep fronted over voltagesTests efficacy for steep fronted over voltages
An Impulse with a rate of rise at least 100 kV/us 
per 12 kV is applied – specified in the standardper 12 kV is applied specified in the standard
Test is conducted @ 100 % SOV test for 
increasing test levels while measuring time to g g
spark over
Voltage vs time are plotted
Intersection of V-t curve with slope of virtual 
steepness of the pulse gives front of wave SOV



Residual voltage testResidual voltage test

Carried out on Prorated arrester units in 3-12 kV Ca ed out o o ated a este u ts 3
range
Voltage developed across the block due to the 
fl fflow of over currents 
Standard Impulse Currents of rated magnitude 
and applied and voltage developed across theand applied and voltage developed across the 
block is  recorded using a voltage divider and a 
CRO
Test levels being approx. 0.5, 1.0 and 2.0 times 
rated level. Residual voltages are plotted



High Current TestHigh Current Test

Performed on Pro-rated units in the rangePerformed on Pro rated units in the range 
of 3 – 12 kV
High Current impulse of 4 x 10 us as perHigh Current impulse of 4 x 10 us  as per 
std applied on a spare unit
T h l li dTwo such pulses  are applied
Then the tested units are allowed to cool



Unit passesUnit passes

PF SOV test before and after High CurrentPF SOV test before and after High  Current 
test does not differ by more than 10 %
Voltage and current waveforms do notVoltage and current waveforms do not 
change due to this test
NLR h ld t h i f P tNLR should not show any sign of Puncture 
or external flashover



Long Duration Impulse Current testLong Duration Impulse Current test

Also performed on Pro-rated unit of 3-12 kVAlso performed on Pro rated unit of 3 12 kV
Rectangular Pulse Current Generator is 
employedemployed
20 pulses as per standard in groups of 5 are 
appliedpp
Interval between successive applications is 1 
min
Waveforms of first 2 and last 2 are recorded



Arrester passesArrester passes

PF SOV does not differ by 10 %PF SOV does not differ by 10 % 
Residual voltage across SA at the first and 
last application does not differ by morelast application does not differ by more 
than 8 %
N i f t th dNo sign of puncture or any other damage



Operating Duty Cycle TestOperating Duty Cycle Test

Again performed on pro-rated units closeAgain performed on pro rated units close 
to field conditions
SA is energised @ rated PF voltage. AtSA is energised @ rated PF voltage. At 
about a phase of 300 rated impulse 
current is applied – power frequency pp p q y
follow on current is observed.
If there is no follow on current angle is g
advanced by 100 in steps up to 900 till the 
power follow on current is established



During the follow on peak voltage shouldDuring the follow on peak voltage should 
be less than or equal to rated peak 
voltageg
20 Impulse Current pulses @ the point of 
the wave selected are applied in four pp
groups with an interval of 1 minute 
between pulses
Interval between successive groups is 30 
minutes



SA passesSA passes

PF SOV does not differ by 10 %PF SOV does not differ by 10 % 
Residual voltage across SA at the rated 
current doe not differ by more than 10 %current doe not differ by more than 10 %
Follow on current is interrupted each time
No sign of puncture or any other damage



Other TestsOther Tests

Mechanical Tests – porosity temperatureMechanical Tests porosity, temperature 
cycle tests and others
Pressure relief testsPressure relief tests
Voltage withstand test of SA housing
Switching Surge FO test
Pollution Test



RI or EMI MeasurementsRI or EMI Measurements
Power Apparatus produce unwanted noise in radio, tv , u pp p , ,
wave and other high frequency ranges
Arise due to Corona in air, PD in the insulation, sparking 
at commutators and brushes in rotating machinesat commutators and brushes in rotating machines
Noise generated must be acceptable
Surface conditions of OH conductors @ High Voltages 

d i At h i C diti i fl EMIunder varying Atmospheric Conditions influence EMI
Bonding between porcelain and metal in a insulator, 
conductor and insulator surface and surface pollution p
cause EMI



RI MeasurementRI Measurement

Radio Frequency line to ground voltageRadio Frequency line to ground voltage 
RIV  a conducted measurement
Interfering field measured by an antennaInterfering field measured by an antenna 
RI
RIV i d i L b t iRIV is measured in Laboratories
RI is measured on field



Radio Noise Meter comprisesRadio Noise Meter comprises

Portable radio receiver with a local oscillatorPortable radio receiver with a  local oscillator
A radio frequency amplifier
A mixerA mixer
Intermediate Frequency Amplifier
Detector similar to radio receiver operating 15Detector similar to radio receiver operating 15 
kHz to 30 MHz
Voltmeter has i/p impedance of 50 to 75 ohmVoltmeter has i/p impedance of 50 to 75 ohm



Test CircuitTest Circuit

Radio Frequency Choke to limit loss of RIVRadio Frequency Choke to limit loss of RIV 
Voltage and to conduct energy from the 
sample Impedance < 1500 Ωsample. Impedance < 1500 Ω
Coupling Capacitor C , 0.001 uF and a 
resistor equal to 800 Ω Conducted RIresistor equal to 800 Ω. Conducted RI 
from test sample
C i l bl f 185 ΩCoaxial cable of 185 Ω



Loss Tangent MeasurementLoss Tangent Measurement
Normally Dielectric Constant > 1; shows loss on y ;
application of ac voltage depending on 
frequency
These are combined and termed ComplexThese are combined and termed Complex 
Permittivity and are determined over a range of 
frequencies
C it it d b i (jωt) hCapacitor excited by ac  i.e. v = v0 ε(jωt) where ω
= 2π stores charge Q = C0v drawing a charging 
current Ic = dQ/dt =jωC0v c 0
When dielectric is vacuum C0 is Vacuum 
Capacitance or Geometric Capacitance. Ic leads v 
by 900by 90



If the capacitor be filled by a dielectric materialIf the capacitor be filled by a dielectric material 
of ε’; the capacitance changes to C = C0 ε’/ε0  =
C0K’ (termed relative dielectric constant)0

If a voltage V is applied; it results in Charging 
Current Ic and a loss component Il

Il = GV; G is Conductance
I = Ic + Il = (jωC + G) Vc l 

I leads V by θ less than 900

Angle (900 – θ) is termed loss angle (= δ) g ( ) g ( )



tan δ = D = Il / I = 1/ωCR assuming atan δ = D = Il / Ic = 1/ωCR assuming a 
parallel RC Circuit
D may not agree with our measurement itD may not agree with our measurement  it 
may include energy consuming processes 
in addition to migration of charge carriersin addition to migration of charge carriers
Better represented by complex permittivity

ε* = ε’ – jε”



I = (jωε’ + ωε”)C0/ε0V = jωC0ε*VI  (jωε  + ωε )C0/ε0V  jωC0ε V 
ε* =(ε’ – jε”)/ε0 = K’ –j K”
tan δ = ε”/ε’ = K”/K’tan δ = ε /ε  = K /K  
σ = ωε” sums dissipative effects, actual 
conductivity and loss dependant on frequencyconductivity and loss dependant on frequency  
i.e. dipole orientation in dielectric
Measurements look @ Geometric CapacitanceMeasurements look @ Geometric Capacitance 
and capacitance with Dielectric



Measurement RangesMeasurement Ranges

Lumped circuits employed over dc – 100Lumped circuits employed over dc 100 
MHz
Neither dielectric constant or tanδ are notNeither dielectric constant or tanδ are not 
measured directly
Th d t i d i ll th dThey are determined using a null method
Bridge methods are difficult over 0-10 Hz. 
They are estimated from Current Time 
Curves



Over median frequency range 10 Hz to 1Over median frequency range 10 Hz to 1 
MHz bridge methods are employed.
Common bridge being four arm ScheringCommon bridge being four arm Schering 
bridge from 50 Hz to 100 kHz – HV 
Schering Bridge when effect of voltage g g g
needs to be assessed
Over 100 kHz to 100 MHz additional 
problem of shielding  and errors become 
excessive



At frequencies above 100 MHz lumpedAt frequencies above 100 MHz lumped 
circuit approximation is not valid as 
wavelength of the frequency approacheswavelength of the frequency approaches 
that of the specimen thickness



Variation of sudden change in tanδ withVariation of sudden change in tanδ with 
applied voltage indicates inception of PD
Variation of Dielectric Properties enableVariation of Dielectric Properties enable 
knowing point of dispersion or reduction in 
permittivity with rise in frequencypermittivity with rise in frequency



Low Freq Measurement (0-10 Hz)Low Freq Measurement (0 10 Hz)

Moles bridge is suitableMoles bridge is suitable
Used for measuring dispersion in installed 
eqpt A reliable measure of Moistureeqpt. A reliable measure of Moisture
Dispersion increases with decrease in freq.
Usually a CRO is used as Detector. Bridge 
is balanced if vy in quadrature with vx





Power Frequency – HV Schering 
idBridge

25 – 100 Hz Schering Bridge is very25 100 Hz Schering Bridge is very 
sensitive
Standard Capacitor has Capacitance of 50Standard Capacitor has Capacitance of 50 
to 500 pF
F Hi h C it t t bj t Sh t iFor High Capacitance test objects Shunt is 
used 













Transformer Ratio Arm BridgeTransformer Ratio Arm Bridge

@ High Frequencies arms with high@ High Frequencies arms with high 
resistance pose difficulties due to residual 
inductances and skin effectinductances and skin effect
Shielding and grounding of large arms is 
difficultdifficult
@ High Frequencies Transformer Ratio 
A b id i f d it li i t tArm bridge is preferred it eliminates two 
arms






