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New Trends / New Drivers

An increasing interest in:
*new requirements on S/S Functionality
*Power System Upgrading

*Power System economical optimisation

-economical constraints,
-environmental issues,
-needed public acceptance

Can some ruling practices of ‘ good engineering ' be revi sited?
New practices of Insulation Co-ordination design?
Benefits achievable?

An invitation to share views and experience
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Reminders about Standard Insulation Levels
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Reminders about Standard Insulation Levels

Standard values of insulation level:
sexperience of the World

emodern protective devices

*methods of overvoltage limitations

The selection of a particular standard insulation leve | is therefore
based on:

sinsulation coordination procedure

sinsulation characteristics of the particular equipment
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Reminders about Standard Insulation Levels

Um £ 245 kV

SWIV Ph-to-E, Ph-to-Ph &
longitudinal Distance Voltage

covered by:

std short duration Power
frequency withstand
voltage

and

estd rated LIWV

Stagg\?vrgr_?g%ﬁj:ésuon Standard Lightning Impulse
Withstand Voltage Withstand Voltage
(kV rms) (kV peak)
Highest
Voltage for
Equipment Phase-to-Phase Phase-to-Phase
Um & &
(kV rms) Phase-to-Earth Phase-to-Earth
& &
Longitudinal Longitudinal
(1) (2) (3)
20
3.6 10
40
e lL. . /...
72.5 140 325
(185) 450
123
230 550
(185) (450)
145 230 550
275 650
(230) (550)
170 275 650
325 750
(275) (650)
(325) (750)
245 360 850
395 950
460 1050
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Reminders about Standard Insulation Levels

Um >245 kV

SWIV Ph-to-E, Ph-to-Ph
& longitudinal Distance
Voltage

must cover:

std short duration
Power frequency
withstand voltage

Standard Switching Impulse Withstand Voltage

Standard Lightning Impulse
Withstand Voltage

Highest Longitudinal Phase-to- Longitudinal
\éoﬁ?gn(:efz; Insulation Phase-to- Phase Insulation
quip Longitudinal Combined Phase-to- Phase & (kV peak)
Um Insulation earth :
(kV peak) (ratio to the Phase-to-
(kV rms) (kV peak) ~ (kV peak) phase-to-earth Earth _
=@+ peak value) =(6)+
Um*@/ds (kV peak) 0.7*Um*@/d8
(1) (2) (3) 4) (5) (6) (7)
850 850 + 170
750 700 +245 750 1.50 (850) ( )
300 950 950 + 170
950 950 + 170
850 700 +245 850 1.50 (950) ( )
1050 1050 + 170
950 950 + 205
850 800 +295 850 1.50 (950) ( )
362 1050 1050 + 205
950 800 +295 950 1.50 (1050) (1050 +205)
' 1175 1175 + 205
1050 1050 + 240
(850) (9000 +345) (850) (1.60) (1050) ( )
(1175) (1175 + 240)
1175 1175 + 240
420 950 900 +345 950 1.50 ( ) ( )
1300 1300 + 240
1300 1300 + 240
1050 900 +345 1050 1.50 ( ) ( )
1425 1425 + 240
1175 1175 + 315
550 (950) (950 + 428) (950) (1.60) ( ) ( )
(1300) (1300 + 315)
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Reminders about Standard Insulation Levels

Selection of the Standard Rated Withstand Voltages Uw

Selection of the Standard Rated Withstand Voltages Uw

Um = 245 kV

Standard Lightning Impulse Withstand
Voltage

Standard Short-duration Power-
frequency Withstand Voltage

Phase-to-Phase insulation

Longitudinal Insulation

Phase-to-Earth Insulation

Um > 245 kV

Standard Switching Impulse Withstand
Voltage

Standard Lightning Impulse Withstand
Voltage

Phase-to-Phase Lightning Insulation

=  Phase-to-Earth Lightning Insulation

Longitudinal Insulation (combined) :

Standard Switching Impulse Withstand
Voltage ( Phase-to-Earth )

+
Power Frequency Peak Voltage
[Um*(2/C8 (opposite polarity)]

Standard Lightning Impulse Withstand
Voltage ( Phase-to-Earth )

+
0.7 * Power Frequency Peak Voltage
[0.7 * Um*C2/CB (opposite polarity)]
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Reminders about Standard Insulation Levels

Relationship between SIWV and Um (Highest Voltage for Equipment)

Equipment protected against switching O/Voltages by Su rge
Arresters

sexpected values of temporary O/voltages
scharacteristics of installed surge arresters

sco-ordination & safety factors between protective leve | of Surge
Arrester and SWIL of the equipment

Equipment not protected against switching O/Voltages by Surge
Arresters

sacceptable risk of disruptive discharge (probable ran ge of
O/voltages occuring at equipment location to be assesse d)

seconomical assessment of a degree of O/voltage control
deemed acceptable
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Reminders about Standard Insulation Levels

Relationship between LIWV and SIWV

Equipment protected by Surge Arresters
slower values of LIWV are applicable

(final selection considering ratio of Lightning Impuls e protective
level to Switching Impulse protective level of the sai d Arresters +

appropriate margins)
scharacteristics of installed surge arresters

sco-ordination & safety factors between protective leve | of Surge
Arrester and SWIL of the equipment

Equipment not -or not effectively - protected by Surge Arresters
«only the higher value of LIWV shall be used

(these higher values are based on the typical ratio LIW  V/SIWV of
the external insulation of the apparatus)
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Reminders about Standard Insulation Levels

IEC Std: Ratio LIWV & SIWV to System Rated Voltage
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Insulation Co-ordination Practices & Related Clearance S
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Insulation Co-ordination Practices & Related Clearance S

Standardized Practices

«Suitability of Std LIWL and/or SIWL

*Required electrical clearances

given:
by the maximum o/voltages likely to be experienced by the equipment
and not

by the system rated voltage

Nota: Safety Clearances are specified by National Safety Cod es (or
equivalent)
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Insulation Co-ordination Practices & Related Clearance

S

Standardized Practices

No particular requirement to perform detailed insulatio n coordination studies whenever
the recommendations of Standards are applied:

svalues of electrical clearances within S/S areaandr  ated insulating voltages
applicable to Apparatus are stipulated

*(For some Standards: to a given rated voltage are asso  ciated sets of recommended
insulation withstand voltages and electrical clearance S)

Maximum O/voltages controlled/limited by Protection devices:

*Requirements on SIWL and LIWL

*Requirements for electrical Clearances

should be referred to the actual characteristics of Protection devices ... and no more to
the Mavimum O/Voltages likely to be experienced within t he S/S area.

Nota: Safety Clearances are specified by National Safety Cod es (or equivalent)
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Insulation Co-ordination Practices & Related Clearance s
Electrical Clearances selection process
The Standardized practice....
Analysis: Electrical
N . Clearances
prospective Coefficients Arrangement +
highest (Margin) Selection of |  coefficients maimgnance
Rated Voltage overvoltages of rated standard (margin) |
the System insulation levelg ¢ earinces
‘ (lightning, ‘ q safety
. switching) . clearances)
... and an Insulation Co-ordination study based on
the actual characteristics of Surge Arresters
Electrical
Surge Arrester Clearances
Selection of (maintenance|
characteristics and clearances
efficiency &
safety
q clearances)
Analysis: Coefficients
prospective (Margin)
highest
Rated Voltage ‘ overvoltages of q
the System Selection of
(lightning, rated standard
switching) insulation levelg
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Insulation Co-ordination Practices & Related Clearance S

Reference

Minimum Clearance in air

Examples of JEC and |IEC tables

A Standardized practice....
Nominal -or Maximum - Voltage

*LIWV proposed (several values)

*Minimum clearances in air (lightning)

Voltage (k\l;lvi\;k) (lightning impulse)
(kV rms) P (in mm)
i
1 IEC IEC
JEC IEC JEC JEC Irod- structure conductor-
Nominal Maximum JEC IEC phase-to- phase-to- I(Phase-Phase structure
Voltage Voltage phase earth | & Phase-to- (Phase-to-
: Earth) Earth only)
t
1
6.6 45 45 1
7.2 40 : 60

65
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Basic Rules & Applications
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Basic Rules & Applications

A necessary co-ordination between

Transmission Circuits and Substation Standard Insula tion levels

Transmission Lines
*Shielding failure
*Back-flash-over

Substation
«Spark-gaps protection

*Metal-oxide Surge Arrester protection

A thorough co-ordination between insulation levels of t he
transmission circuits and the substation equipment it self is required
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Lower Rated Insulation Voltages - Possible Applications
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Lower Rated Insulation Voltages - Possible Applications
Substation Compaction

Substation compaction sensitivity analysis
sthree voltage levels: 170 kV, 245 kV and 420 kV

sthree technologies: (1) conventional AlS, (2) convent  ional Gas-Insulated switchgear (GIS) and
(3) combined function equipment (DS+CB)

145 kv §/S- 7 Bays - Full AlStechnology
145 kV - 7 Bays - Full GIS Solution

,z\
P Win
IR Y
\Y
/
\
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Lower Rated Insulation Voltages - Possible Applications
Substation Compaction

Overall Land Area Requirements

30000

25000

20000

15000

Area in sgm

10000

5000 ¢

™
Technology, Architecture and Rated Voltage
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Lower Rated Insulation Voltages - Possible Applications

Reduction of LIWV

Reduction of LIWV

a practice observed on Power Transformers /Shunt Reac  tors

ssupported by a comprehensive transient analysis (ATP, E MTP...)

*with the support of protection devices properly locate d (eg Power
Transformer terminals, line entrances...

System voltage (kV)

Power Transfo BIL (KV)

132

450

220

850

380

1175

Japanese case:

*LIWV for 66 to 154 kV standardized in 1944, confirme din 1954 (JEC-0102-

1954)

*Experience gained by the use of modern surge arresters , 1998 revision (JEC-

2373-1998): 25% lower than the 1954 issue

*Further reduction acceptable for GIS thanks to decreas e of insulation failure

accidents

2005 CIGRE SC-A3 & -B3 Joint Tutorial in Tokio
Possible Applications and Benefits expected through Re

B-1

duced Insulation Co-ordination Voltages



Lower Rated Insulation Voltages - Possible Applications
Substation Voltage Uprating

Substation Voltage Uprating
*to increase the substation transmitted power @ same rat ed current
*eg: 123 -> 170 kV: 135 % MVA increase
Potential savings
salready available land
sre-use of existing infrastructure
spossible re-use of existing HV equipment (partial)
Functional Requirements

*new operating conditions to be guaranteed (steady-sta te and transient
conditions)

=> better fits S/S with rated voltage < 245 kV (higherr  esistance to
transient O/V)

=> |long-duration voltages (TOV, Power frequency) to be thoroughly
considerd against environmental conditions
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Lower Rated Insulation Voltages - Possible Applications
Substation Voltage Uprating

In short:

Evaluation of functional operating margins  of the S/S is required
stest specification of the components
sactual voltage stresses expected at site (present, fut  ure)
senvironmental stresses (pollution..)

history of previous operation

Cases (USA)

By judicious use of Surge Arrester:
«Several 115 kV S/S uprated to 230 kV
*Disconnectors rated 550 kV BIL instead of 900 kV BIL

*Electrical clearances to ground: former 115 kV appli cation
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Consequences for Standardization of Test Voltages
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Consequences for Standardization of Test Voltages

S/S equipment and components have different insulatio n characteristics -
and resistance-

In Japan:

«In parallel to the adoption of reduced LIWV under cert  ain conditions,
analysis and tests to assess and quantify these resista nces to different
families of voltage waveforms have been carried out

sInvestigations driven by the necessity to understand h ow the V-t
characteristics vary:

- in function of the parametres of the applied voltage waveform

-in function of the insulated structure of the equipm ent, or component

sa precise overvoltage analysis technology
sa better understanding ot the equipment insulation chara cteristics
sthe systematic use of surge arresters

=> LIWV for equipment has been uniformly determined
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An invitation to share experiences and practices
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POSSIBLE APPLICATIONS AND BENEFITS EXPECTED THRUGH REDUCED
INSULATION CO-ORDINATION VOLTAGES

APPENDIX

VOLTAGE -TIME CHARACTERISTICS
OF VARIOUS INSULATION SYSTEM

Japan AE Power Systems Corporation
Tokio YAMAGIWA, Dr. Eng.
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Chapter 6
f - . : I

Reduction of LIWV

aget I tice e inculated

structures
Influence of applied voltage waveforms
Insulation characteristics of non-standard lightnin g impulse

<

Evaluation method of Lightning surge waveform withV -t curve
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Transformer Lin_e Switch
(Oil & Gas) (Air gap &

Insulator)
Cable
(Oll & Solid)
Transmission Line
(A|r gap & Insulator)

GCB | GIS
(SF6) Bushing
(SF6 Oill, Alr)
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Qvervoltages into Substations

&
Insulation Characteristics

*AC overvoltage

*Switching surge

*Lightning surge

*Very first transient overvoltage
(VFT)

Voltage —time

Characteristics

Zgﬁ% g gé%:g%g%%ﬁ’}atorial inT
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Voltage— Time Characteristics
of Various Insulation Systems

Oil Insulation systems (TR, Cable)
Gap and Surface in SF6 gas (GCB, GIS, TR)

Cable Insulation (OF, CV*)

*CV cable : Cross-linked polyethylene insulated vinyl sheath

Gap and Surface in Air (Bushing, Insulator)

Voltage
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Fig.6-1-1 V-t characteristics of oil-filled apparatus
(insulation to ground)
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Fig.6-1-2 V-t characteristics of SF6 gas gap
(sphere - plane)
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Fig.6-1-3 V-t characteristics of OF cable
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Fig.6-1-X Lightning impulse flashover characteristics

of rod-rod-gap-in-air
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Effect of Waveforms to Insulation Systems
<Effect of Impulse voltage superimposed on AC \gdta

Characteristics of Transformer
Characteristics of GIS
Characteristics of Cable
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Fig.6-2-1-1 AC + Lightning impulse
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Fig.6-2-1-Y AC + Lightning Impulse

(Spacer-surface in-SFor GIS)
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Fig.6-2-1-Z AC + Lightning impulse
(Cable)
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— Effectof Nonstandard-Lightning-lmpulse \oltage
<Various Kinds of Norstandard Lightning Impulse>

Characteristics of GIS
Characteristics of Transformer
Characteristics of Cable
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Fig.6-2-2-1 Four kinds of non-standard waveforms
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C D

Fig.6-2-2-2 Examples of V - t characteristics of non-standard
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(a) G1 gap (b) G2 gap

Fig.6-2-2-2 Insulation characteristics of non-standard waveform
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Fig.6-2-2-3 a)
Test results of turn-to-turn

insulation model
(0.63/1.08) s

Fig.6-2-2-3 b)

Relation of voltage
duration and BDV
(Oil gap and section-to-
section insulation models)

2005 CIGRE SC-A3 & -B3 Joint Tutorial in Tokio
Possible Applications and Benefits expected through Re duced Insulation Co-ordination Voltages 17
B-1



Fig.6-2-2-4 Various non-standard impulse voltage
breakdown of cable
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ation.Cl tics of Vars

The insulation characteristics (especially short-timeregion of
lightning impulse voltage) of various apparatus (tranformers,
switchgears, cables, etc.) were investigated towardsduction of LIWV.
< The summary is as follows.>

1) The typical V-t characteristics of short time region Pr various
apparatus were clarified.

2) The AC pre-stressed voltage had no effect on the lighihg impulse
breakdown voltage when superimposed AC voltage levelag operation
voltage level.

3) Various V-t characteristics of short-time region (<1 s) using non-
standard lightning impulse waveform were investigated.The ratios
between these breakdown voltages to minimum breakdowwvoltage
levels of the standard lightning impulse were obtained

These ratios are 1.3 to 1.5 times for transformergl,.06 to 1.1 times
for GIS, and equivalent for CV cable.
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Evaluation method

of-lightning-surge waveform-with- \-t curve—

Criteria V- t curves for various apparatus
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Evaluation method

of lightning surge waveform with M curve
<Analysis of a wave front portion>

1) Draw a straight line in parallel
with a time-axis from the maximum
peak value (/m) of an analysis result. O O

2) Set the intersection of this straight
line and a criteria V-t curve (Cc) to
(Po).

3) Apparatus can be withstood if the
wave-peak envelope of the portion
more than LIWV of an analysis wave
becomes below LIWV within the time

of Po.
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Evaluation method
of lightning surge waveform with M curve
<Analysis of a wave tail portion>

1) It is based on actual breakdown
voltage V-t cuve (Ca)

2) Curve (Ca) is obtained connecting e
two points, which are 2 s and 50 s
(or 90% value of LIWV at 10 s ) of O
the standard lightning impulse voltage.

| ™4

Future examination is required based on the
new V- t characteristics shown in this paper.
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The following investigation is required for the future
LIWV reduction.

1) A setup of new criteria V-t curves for various apparatus.

2) The review of surge analysis results for various new types of
substations.

3) The proposal of LIWV level based on evaluation of results for the above
method.

Thank you for your attention!
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