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Diagnostic Measurements on GIS Components

PD Measurement on GIS Voltage Transformers

Diagnostic Measurement on GIS HV Bushings
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GIS HV Testing with a Series Resonance
Circuit via the Outdoor Bushings

PR Source: FKH Schweiz PAGE 3



GIS HV Testing with a Test Transformer
Mounted to a GIS Flange

SF6 Test

b
" Iransformer

% Source: E. Kynast, ,Prifungen von der Herstellung bis zur Inbetriebnahme®,
4% Gasisolierte Hochspannungs-Schaltanlagen, Technische Akademie Esslingen, 11. Mé&rz 2008 PAGE 4
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GIS HV Testing with Power VT

JPower-VT" =
works as VT in
Service and as
test transformer
during testing

/] .
4s Source: Siemens PAGE 5
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Equivalent Circuit Diagram od the Test Setup

« GIS as test capacitance

 Power VT as test transformer

* Inductive compensation on the LV side

« Control, regulation and power supply out of one
single unit

(o
(o

CPC 100

(o
(o

GIS Power VT  Resonance Matching- Frequency
inductors transformer variable control

and power supply
%%
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Mobile Test Solution

Power VT is part of the GIS
Modular setup with fix inductors CPC100
Fix inductors are compact and lightweight 29Kkg

Heaviest part of the test system is < 30 kg

CP CR4 CP CR6 CP TR8
20kg 20kg 19kg

CcPC 100

GIS Power VT Inductors Matching Frequency
4mH und 6mH transformer variable control

and power supply
%%
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Measurement of the High Voltage on the
Low Voltage Side

: U,
o— - o — — — o
XSC
U up = C
A
Uy | AU
A
Us

OOOOOOO



Automatic Search of the Resonance

Frequency
‘ ':_"J||_|'- 1 I T['l '_'""I '_:!_IIJFL'_‘ 1 H"."-':-';.":‘«tém 1 Insert
CT ratio: 14C |+||liooo.oa :f1.0000 A Card
VT ratio nom.: |VI AC | «|J110.0kVY [110.0V Delete
Card
Estimate HV@FD = n/a
X sc@100Hz: 100.0 mQ Rename
Card
i — 110.,0 kv ‘M10.00 v , l ]m
VT ratio w/f loss | _Cle ouick | —
Rest Activate Auto fO Search
|AC e [ CTl vTIW Gis lc —
—— Save
! vy -
| L! : I DEF: 60.00
VI1AC - - ”
a i
Pat v

Attention high-voltage output!
Press IO to start, (614)

L
%%
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Test Setup for 235kV

Voltage
| E&wder

%%
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PD Measurement on GIS VT’s 245kV

%%
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Technical Assessment

Test voltage: 1.2 x Um / V3 =1.2x242 /3 = 170 kV
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Technical Assessment

Asset Approximate Value
Insulator 20 pF
Bushings 100 pF ... 500 pF
Inductive voltage transformer 200 pF ... 500 pF
Power transformers < 1MVA 11iF ... 30k
Power transformers < 1TMVA 1 AF oseld RE
Cables 200 pF/m ... 700 pF/m (300 pF/m)
GIL 60 pF/m
GIS 1 0F ... 10 nF

Quelle: V. Hinrichsen, Hochspannungstechnik, Vorlesungsskript, TU Darmstadt

%%
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Technical Assessment

Calculation of the Test Current

2 242 [kV]
Usec 0,11 [kV]
Un 245 [kV]
U 230 [kV]
GIS
Cais 500 [pF]
Crp 250 [pF]
Crrav 400 [pF]
Ccondo 300 [pF]
Ceot | 1450 [pF] |
Test voltage
1.2*Um/V3 170 [kV]
f 60 [Hz]
Current calculation
lprim 0,093 [A]
lsec 204 [A]
S 15,3 [KVA]

%%
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110V Measuring Circuit

! . I | : | : | C T K
| lout | I I | : | ) ! |
. max=25A | S L S L F2aTA |
o 9 >0 —o — b ! ;
I : | o | - | : I I :
| ! e | A : |
- D5l | ' | ' | | :
| | B+ ! ! . l N |
: e’ I 1 I 4\ | I :
& G5 —0 o—b o ?]_ Ctot |
CPC mn | | CPTRS, 'CP CR6. !CPCR6, !CPCRS§ i =85mF |
Booster OUT | I =B mHi ISmHI ! =EimHi ! =lEimHi {auf11D V)
Ctot 1750 ~*
Cuorv = — = — = 8.5mF
i (242 /0.11)>
1
Resonanzkreis: () = ————
~LC
1 _
L = — 1.2 mH
w-C
%%

OMICRON PAGE 15



Measurement Setup

GIS GIS
VT gas gas compartment GIS
compartment B4 B3 Gas / outdoor
[~ bushing
! N0
N \y
1000 A,
‘_e_ EE Coupling Capacitor
[ 333pF / 300kV
_—
C‘,_
o X
Meas.
impedance
b 2
Ll
E
& CPCL00 PD System
i MPD600
L/
4% PAGE 16
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Measurement Setup - 110V Side

B
P
j

......

. CE A EAR AN

Power source: CPC100

o —

onnectionaérhps sec. Matching transformer and
inductors
un
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Setup HV
242kV Side

Coupling Capacitor
333pF 300kV with
Measurement Impedance
and MPD600




PD Calibration with 100pC

OMICRON

%%

PD calibrator

< OMICRON Software for MPD and MI - D:ACESSAS0_Mandats\20_Tests primairestl1_ALPIG\22_BANO\=D12 AT112038\Mesure\MPD\L1 Cal 100pC_120913 132544 12... | = | (x5

File Mode Advanced Tools Help
il
‘mm@

20N aoobms 201 e 1202 me B Man | Statistics | Riv | 3FREQ | 3parnacrRn | psa | FRT |
1.0nC T T oo MPD 600 1.1 | 7rend | Mezsure | Localization | DC | Display Settings
- These settings apphy o all units:
Quec Display settings
100.1 pC Volage Index (Charge Index
Scale 10 Vidiv Scale | 20 pCliv
o Offse AV Ofse B0pC
c || 3FREQ (90 kHz)
100G - = - == 2|1 sk Color copr
W o 2MHz
1L 4 M
d & 312677 PZDs Time base 105 sféiv Horizontzl positon 05
O lfnt2s
a Replay range
£ || 6ated Percentage
O || static: 0% Swrreplya O B
© & || matic partsk 0%
pC & || dynamic 0% repayfor 1025
£ | c coz270 status haw cursors and shades |qq
| onforming. Citrared OMICRON!
g@,ﬁ'ﬂrﬁ: ) ey FLANIEED
S Y [ Export MatiabE-compativle files
i 2 |/ MPD 600 1.1: Folder  cloport
: il [F] Generste phase yectr fie
(1 S v/v2 _
1787V Sl
5 Export as Video fie
=
i = || Vems
Replaying Stream... Fiegath  cimpdSuesm e
1 [[70.01V
2001C
f Re-sport repley range 25 new stesm file
=AY
g stream fie
£ | 50.00 Hz [E]Re-opor s sream
60.00 V- 20be] 4 File path  c\mpdStreamExport.stm
' K
— Replay speed
5 [7]ss Fost s possible
40.00 V- ol &
cument replay speed: 475 %
=
=]
20.00 V- wle] g
&
g
10505 31505 52505 7.3505 9.450s = Loading Settings...
System Status resdy. Fiber Optics




PD Noise Level < 6pC at 170kV

File Mode Advanced Tools Help

3.705 ms 7.409 ms

11.11 ms

@ OMICRON Software for MPD and MI - D:\CESSAN90_Mandats\20_Tests primaires\11_ALPIQ\22 BANON\=D12 AT1'\12038\Mesure\MPD\L3 0-170kV_120913_130524.stm

MPD m@
Main | Stafistics

MPD 600 1.1:

14.82 ms

100

Qwo
5.992 pC

3FREQ (£ B0 kHz)

I 180 kHz
II 2 MHz
III 4 MHz
2,358,555 PDs
in333s

Gated Percentage
static: 0%
static partial: 0%
dynamic 0%

1.0 pC

IEC 60270 status

MPD 600 1.1:
v/v2

P Replaying Stream...

200 fC

300.0 kv

200.0 kv

System Status

168.8 kv

Vems
168.9 kv
fy
54.00 Hz

=N Eom ==

[v Jeo [o [rv [3rreq | zparoiacreo | psa [ Frr |

| o) | Reply

Trend | Messwe | Locals DC | Display Settings |

unit

Time | FFT | (V) | Replay | Loc. | Trend | | = | H{Q) | DC 1| DC 2 | PSA | 3PARD/3CFRD | Gate | Ellipse

ready.

These sattings 2pphy to 2l units:
Displzy s=ttings

Voltage Index Charge Index
Scale | 50 kvidiv Scale 1 pGldiv
Offset | -200 kV Offszet 4 pC

:_:ob- |

Time base  3.72 sldiv

Coke 1|

Horizontal position 05

Replay range

Startreplay st Os ’
replzy for 3326
Show cursors and shades

%%

OMICRON
Export to Matlab®
[ Export Matlzb@-compatible files
Folder cilexport Browss...

[[]Generate phase vector fie

Export as Video file
[] Export 25 Video file Options...
File path  ct\mpdStream.mpd Browse...

Re-sxpart replay range as new stream file

[| Re-eoport 25 strezm file

File path  timpdStrezmExport.stm [ Browse.. |
Replay speed

as fast a5 possible
owrent replay speed: 1042 %

Loading Settings. ..
Fiber Optics

()]

%%
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Diagnostic Measurements on GIS Components

PD Measurement on GIS Voltage Transformers

Diagnostic Measurement on GIS HV Bushings
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Measurements on a 420kV GIS

SO, in the gas
compartment of a
HV bushing

%%
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Online PD Measurement

4) 4%.// MPD600 on the bushing measuring tap
»rr":-.///

BR 801
.. ,BR802

—

—>
UHF620+MPD600 on UHF sensor
via existing adapter and HF cable

S

%%
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PD Measurement at the UHF-Sensors

%%
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PD Measurement at the Bushing Taps

N \

[
H
(2]
=
g
2

%%
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Online PD UHF Measurements

112, .
:gg; :: 4010 ms 8019 ms 12.03 ms 16.04 ms 66_72 pv 0
’ L1
1000 pv —
L zn_.éﬁhv Tl
-22.000 mV
‘:.DDD :V 4010 ms 8019 ms 16.04 ms 58_07 HV 0
»
100.0 v L 2
= - 1.____—-_ g .
2o0pv E ) i |
1.32.
:gg;:: o sles 8019 ms 1203 ms 16.04 ms 362.0 pv 0
R - - (5,
1000 pv I Q
=_J
20.00 v
%Y
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Opened Gas Compartment at the Bushing

%%
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Dielectric Response Measurement
with FDS on a Spare Bushing

—

%%
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Dielectric Response Measurement
with FDS on a Spare Bushing

without
protection
hood

i
|

Frequency

with
protection
hood




Measurements on the Defective Bushing

> A
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Capacitance and Tan Delta Measurement of C1

—————— (. .
- 77 . / / ’ .

-
T L
-
- q !
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Capacitance and Tan Delta Measurement of C1

Capacitance and Tan Delta at U=10kV und f=50Hz
UST Measurement to the measurement tap with earthed flange (Guard)

Tan Delta
[%]
Utest' [V] |test[A] C[F] measured
10001,00 | 1,21E-03 || 3,852E-10 4,0732

Capacitance and Tan Delta at U=10kV und f=50Hz

1

x

IN A

INB:

o—

—

UST-A

4

|

GST Measurement to flange with mounted measurement cap, measurement tap shorted

Tan Delta
[%]
U test’ [V] | | test [A] C [F] measured
10000,00 | 2,13E-03 || 6,784E-10 4,0387
%%
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Capacitance and Tan Delta Measurement of C1

6,0%

5,0%

4,0%

3,0%

2,0%

1,0%

0,0%

DF (V)

/
(

0,0v

2000,0V -
4000,0V -
6000,0V -
8000,0V -

10000,0V -
12000,0V -
14000,0V

DF (f)
7,0%
6,0%
5,0% 71—.—<.\./
4,0%
3,0%
2,0%
1,0%
0,0% T T T T T T T T
N N N N N N N N N
I T I I I I I I I
o S S S S S S S S
[S) o o o o o o o o
rs) S 0 S o] S ry) S
= = Y RV 5] ™ <
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Insulation Resistance
of the Measuring Tap to Flange

h

Insulation resistance
~ of the measuring tap
_ to flange = 782 Ohm

%%
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PD Measurement

|

i
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PD Inception Voltage below 20kV

2.000 ms 4.000 ms

10 nC

5.000 ms

2.000 ms

%%

OMICRON

Intensity
Gamut  [ppg/g]

[N}

5. 86
4.45
3.38
2.57
1.96

1.49

0.86

0.65

Main Ctatistics

U1.1:

QwTD
393.4 pC

3FREQ (+ &0 kHz)
1 400 kHz

11 1,995 MHz
11T 4,007 MHz
107,108 PDs
in18s

Gated Percentage
static: 0%
static partial: 0%
dynamic 0%
IEC 60270 status
PO Fier settings ars
outside of the allowed
range.

Uil.1:
v/v2
15.00 kv

VRrMs
14.54 kv

fy
100.0 Hz




PD > 2nC at 45 kV

50 nCC
2000 ms 4000 ms 8.000 ms 2.000 ms Gamut

OMICRON
S

OMICRON

Intensity
[PDsis]

524

383

28

205

15

1.08

0.3

0.58

0.43

0.1

023

017

Main Statistics

U1.1:

Qwtp
2.616 nC

3FREG (£ B0 kHz)
I 400 kHz

I 1.995 MHz
T 4,007 MHz
454,218 PDs
in 5,588 s

Gated Percentage
static: 0%
static partial: 0%
dynamic 0%
IEC 60270 status

PO Filter settings are
outside of the allowed
ramge,

Ui.1:
v/v2
44.69 kV

Veus
44,06 kv
fy

100.0 Hz




PD Location
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PD Location
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Measurement Tap
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Measurement Tap

PAGE 41
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Cut of the Bushing

T e

R

OMICRON PAGE 42



Burned Contact Spring

50Hz: I=UowC =37 mMA
VFT: | = C du/dt > 100A

%%
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Mounting of the Spare Bushing

%%
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Capacitance and Tan Delta Measurement
of all Bushings

%%
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Results of Capacitance and Tan Delta
Measurements

C [F]

DF [%]

5,001E-10

0,4244

5,043E-10

0,4801

5,032E-10

0,4746

0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

DF (f)A, B, C

DF (V) A, B, C
® o —@&— @
= = & a
> > > > > > >
- o e - o S S
S) S g g g =) =)
o o o o o o
o =] Q S Q Q
N < © [°3} o (]
- —

14000,0V

——A

—A—C

50 -

100 -
150 -

200
250 -
300

350 +
400 +
450

Hz

N
N
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