Motors
Generators
Switchgear

Cables

Transformers
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Core

Tap Changer

Eskom

136 Severe Failures

1996 - 2006

I

Main Tank & Oil
System

Bushings

Auxiliaries

Others
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Doble Engineering
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Bushings

Tap Changer

Tank and Oil

Core

Winding
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Combined Regrouped Data

Bushing Monitoring
Power Factor
Capacitance

Partial Discharge

20 4

AT
Partial Discharge
Operations Counters
Contact Wear
Control Monitoring

DGA W Australia

M Eskom

Moisture in Oil A

Oil Dielectric Cooling System
Partial Discharge Monitoring

Leakag(_e Reactance_ Fan Current
Online FRA Control Failure

10 A

RA"‘ Core and Coils Tap Changer Bushings Cooling System Other
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Time between outages extended

Many failure modes happen quickly (days, weeks, months)

Off-line tests can not simulate actual operating conditions
(temperature, voltage, load, mechanical)

Historical data not sufficient to make a good decision
Less thorough maintenance

Can introduce new failure mechanisms



m Very Difficult to Predict / Forecast

m Studies have shown
180% of all fallures are random in nature
1120% age related

m If this Is true, then current maintenance
practices are not all that effective
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m Good Bill of Health

10nly means there is no clue as to the unit will
falil
m Easier to Predict when Fallure is imminent
“1Advanced stages of deterioration

m The only true way to capture impending
failure is to monitor continuously
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Transformer Bushing Monitoring
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Violent 52.3%

Non-violent 47.7%
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m Bushing Failed in June
2001

m Passed Doble testing in
Oct 1998

m [nvestigation confirmed a
dielectric failure with a
paper insulation puncture
through the center draw
rod area

~1 About 1/3 of the way down
from the top terminal

Photo %i&j ro

RATINGS




m Cl

m C2

m C1 can be

DYNAMIC
CRamies

measured
On Line

Test/Capacitance/
Potential/Voltage
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Transformer Partial Discharge
Monitoring
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m PD Is a leading indicator of
Insulation breakdown.

m The higher the voltage the more
destructive the activity.

m Phenomena that only occurs at
higher AC voltages (> 2,000 V).
Prefer 3 kV and higher.
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Spark

A LocalizedElectrical Dischargein an Insulation
S at does notcompletely bridge the
Electrodes.

Phase to Phase

Phase to Ground
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Key Element on Direct Connection

- Bushing Protection

m Bushing are normally grounded at the tap.

m \When monitoring, the bushing are now
grounded at the instrumentation

m [f ground connection Is lost or wire Is cut,
this can cause a large voltage to build up
at the tap and cause a failure
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m Basically two common types of Sensors
1Capacitive
1Resistive

m Protection Elements to Consider
1Surge Protection
“10pen Circuit protection
1Possible Fail Safe Circuit
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PD Pulse Characteristics

m Generates a High frequency Pulse
Rise Time 1 nS to tens of nS

Pulse width 1 nS to few hundred nS
~requency Range 0 — 10’s of GHz
Usually measured in pC or mV
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PD Magnitude (mV or pC)

1 Size or the volume of the defect
Pulse Count (PPS)

1 Number or Growth of defects

PD Intensity/Power (mW)

1 Destructive Power of the PD events
PD Signature

1 Phase of the Defect
1 Type of Defect



B e T S
O 10 20 30 40 SO S0 70 60 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 60

 Phase to Ground

 Phase to Phase

@#G"Sc « PD Signature




Method

Acoustic
Piezo accelerometer
on tank

Electrical

Sensor connected to
bushing taps
Additional sensors
on ground wire,
other locations
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Pros

Easy to install — External on tank

Most common on Transformers
today

Usually can get pulse repetition rate
and trend

Not susceptible to external electrical
noise

Possible location of defect

High sensitivity

Can be calibrated in terms of
apparent charge

Approximate location of PD source

Use of pattern/signature recognition

cons

Low Sensitivity

Depends where defect is located
and internal design of transformer

Does respond to rain, sleet and
other possible disturbances

Very Time Consuming

Need Outage to install sensors
Sensitive to external electrical noise




m Will produce gases

m How fast?

m Depends on size & type of defect
m Location of defect

m Temperature at defect

= Volume of ol

m Transformer design

m Will range from days to .....
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pC

(Irreversible damage to paper)

Defect Free 10 -50
Normal deterioration < 300 - 500
Developing Defects 1.000 — 3.000

B

reakdown of Oil Gap

10,000 - 100,000
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Discharge in excess of

Creeping discharge
within
Pressboard barrier
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m Especially on Transformers

“1Floating Potentials
m Loose bus Insulators
m Sparking Static Shields

1Loose Ground connections
1TRadio Transmissions
1Corona

m Cross Coupled Signals
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m This Is a key item for in-field / continuous
monitoring measurements

m Factories can control noise

m Can not do that in the Field
1 Corona
1 Loose support insulators
1 Radio Stations,
1 Etc.

DYNAMIC
RATINGS



DYNAMIC
RATINGS

m Pulse Shape Analysis
m Gating

m Notch Filters

m Pulse Direction

m Pulse Patterns



m One needs to determine If the measured
signal iIs coming from

“IInside the transformer
1External to the transformer.

m Allows this to be an active system
~1Conditions change

DYNAMIC
RATINGS



m [ime of arrival

m Compares Time of Pulses to reach
Instrument
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m Pulse Polarity (To determine direction)

1Uses two types of Sensors
= One Capacitive
= One Inductive
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m Bushing Sensor — Capacitive Elemery

m Rogowski Coll — Inductive Element
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m 500 kV — 230 kV, 3 phase transformer
m No Outage

m Only RFCTs on neutral connection and
tank ground




m 500 kV - 3 phase tank
m 6 bushing sensors

m 6 Rogowski Colls

m RFCT on Neutral

m Bushing Monitoring

m PD Monitoring
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Case 2 Installation
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m 500 kV — 230 kV - 3 Single Phase
Transformers

m 6 Bushing Sensors

m 6 Rogowski Colls

m 4 Acoustic PD sensors per phase

m RFCT on Neutral

m RFCT - Core Ground

m Power Frequency CT On Core Ground
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Case 3 Installation
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Case 3 Bushing Data
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Ph, deg.

PDI=25 mW
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BAU and Rogowski Coll
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Acoustic and Load Current Aux.
CT
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Another Recent Install - Indonesia
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Phase | R | vy | B

% PF — 10 kV .891 12.17 2.05
Capacitance (pF) 639 567 595
Hydrogen 113 19,432

Methane 5 12,637

Ethane 3 2,234

Ethylene 3 21

Acetylene 1 1

Cco2

- mitonag) 5] eeameew nllnam; - o .;_Z;o.,. -
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m Can see the
Power
Factor Is
changing on
two of the
bushings
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Capacitance (pF)
Hydrogen

Acetylene

4.041
341

12024

9400
7214

20667

87

Amplitude,
.

Phase | R | vy | B

% PF — 10 kV

3.302
350
18714
11524
2675
224
0.1

T
180
Ph, deg.

FPh. IE (240 deg.) vl

T
180
Ph, deg.

s

RATINGS

, Amplitude, v

Circled areas are noise — Floating Potentials

2 hour Period — No bushing monitoring performed

Fh.|& [ Odeq] 'l




Phase | R | vy | B

% PF — 10 kV 31.48
Capacitance (pF) 511
Hydrogen
Methane
Ethane
Ethylene

R P W O O

Acetylene
CO2

28.33
485

P P W~ O

Amplitude,

2 hour Period — No bushing monitoring performed

0 31s 36(

phh:‘zwm] .l PDI=5.9 mW Ph.|B (120 deg.] VI

14.45

542

N = = ST

PDI=23.2 mW

Ph.lA[ Odeal <]

Little to No PD — Mostly Noise



B [ransmission
m Distribution
m GSU

m Generator / Bus Duct / GSU
—10nly supplier that can offer a single solution
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SN Rogowskd Coll - 6 Total

. Acoustic PD Sermor - B 1otal

i Bushing Semsor - 6 total

DYNAMIC
RATINGS



DYNAMIC
%NGS



DYNAMIC
RATINGS






DYNAMIC
RATINGS

; \

il

i

Mu“““\‘
=y

OuUTPUT
24V(+) DC

COM(

) X

sV(+) DX

cOM(

) DL

0.2A
0.2A

0.5A
0.5A

o
(@)
=
m
X
7}
c
v
0
L7

° e °

ALARM
WARNING

\_/ STATUS

DISPLAY

L=

BUSHING
SENSORS

SHLD

BUSHING
NSORS




j https 192,168, 227, 130/mainFrame, htm

(DRMCC TRAHNSFORMER ID AHND LOWCATION: DATE AND TIME OH SITE: [l TS ITIR I FIExEH T
- LOCATION LOCAL DATE AHD TIME: ST s B i LI At H R
OVERVIEW RATNGPLATE  ELECTRICALDATA ~ TEMPERATURES = LTC & AVR " COOLERS
Partial Discharge Monitor
m Device Status Ok
m Alarm Status Warning Alarm Cause Maximum amplitude
m Last Measurement: Sep ¥, 2009|1141
Channel pC QO (m\y) PO Intensity (mW) Pulse Count {PPS) Status
1 310 a1 74 19187 Active
m 2 10480 104 a1 16440 Arctive
m 3 10480 104 24 164485 Arctive
E 4 10480 104 a3 15791 Arctive
ICM ] 10480 104 a0 15594 Arctive
SPEC 1] 10480 104 7o 14424 Arctive
RANSFIX 7 0 0 0 0 InActive
>ERVERON 8 0 0 0 InActive
4 0 0 0 o InActive
10 0 0 0 o InActive
11 0 0 0 o InActive
12 0 0 0 o InActive
13 0 0 0 o InActive
14 0 0 0 o InActive
14 0 0 0 o InActive
@ Temperature @ cooler Fail @ voltage @ 1c fail @ Ancillaries @ system

@ Fans on @ FPump on @ T1cC Raise @ T1C Lower @ TcIP O Power on



