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Doble Power Factor Training Objectives

Basic understanding of Doble Power Factor Theory

Current

Watts

Power Factor
Capacitance
Dielectric constant
AC versus DC testing

ok whE

Basic understanding of Doble Power Factor Basics

1. Construction of high voltage lead
2. ldentify GST Ground connections
3. Identify GST Guard connections
4. ldentify UST connections

Basic understanding of bushing construction
The student will be able to perform Power Factor testing on:
a. Bushings

Overall

C1

Cc2

Inverted UST /C1
Cl+C2

Hot Collar

ogakrwhE

b. Transformers

Two Winding Transformers

Shielded transformer

Wye-Wye with HO and X0 internally connected
Three Winding Transformers
Auto-transformers with tertiary
Auto-transformers without tertiary

SN NS

c. Breakers

Oil Circuit Breakers

Gas Circuit Breakers
Vacuum Circuit Breakers
Air Magnetic Breakers
Live tank breakers

arwnE



Doble Power Factor Training Objectives
d. Miscellaneous equipment

Arresters

PTs

CTs

CCVTs

Oil

Wood members
Oil test cell

NookrwnpE

. The student will be able to safely make all connections on Doble Power Factor Test Set.
. The student will be able to perform diagnostic tests on M4000 equipment
. The student will have a basic understanding of DTA Field software.

Interpretation of case studies.

REVIEW OF SAFE TEST PRACTICES
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Confidential Notice

Doble Engineering (Doble) hereby grants the recipient (you) the right to
retain this presentation and materials included within (the Presentation) for
private reference. No other rights, title, or interest, including, but not
limited to, the rights to copy, make use of, distribute, transmit, display or
perform in public (or to third parties), edit, translate, or reformat any
portion of the Presentation are hereby or otherwise granted and shall
remain expressly reserved by Doble. You acknowledge and agree that such
limited license is expressly conditioned upon your acceptance of the terms
herein. You further agree that, in the event of your breach, Doble will
suffer irreparable damage and injury for which there is no adequate remedy
at law. As such, Doble, in addition to any other rights and remedies
available, shall be entitled to seek injunction by a tribunal of competent
jurisdiction restricting you from committing or continuing any breach of
these terms.



We Learn

> 109% of what we read
> 20 % of what we hear

» 30% of w
» 50%0 of w
> 70% of w
> 80% of w
> 95006 of w

nat we see

nat we both see and hear

nat 1s discussed with others
nat we personally experience

nat we TEACH to someone else



Insulation Theory

Basic



Basic Insulation & Power Factor Theory
Topical Guide Objectives

Review the Basic Insulation Models

-Review Capacitance and it’s Properties
‘Review A-C dielectric Loss

-Define Power Factor



Insulation

Insulation is basically two plates se
more dielectrics. One plate is at a
and the other at a lower or ground

1

oble,

b

parated by one or
nigh potential

potential.

dielectric insulation Current generated by polar contaminants in the

j— dielectric shows up as Watts.
= | Heat/Watts

%‘/



Examples of Material With dﬁ..-.._.l- '.."5
Insulating Properties

Gaseous Liquid Solid

High Vacuum Hydrocarbon- Cellulose
Based Ol

Alr Silicone Ol Porcelain

Sulfur Hexafluoride Distilled Water Phenolics

(SFe)



Simplified Equivalent Circuits d@“'..‘b
of an Insulation Specimen

Series Circuit (a) Parallel Circuit (b)



The Capacitor

Plates

Dielectric

Two conducting plates with area “A” separated by a dielectric
with a thickness of “d” and dielectric constant ¢



Capacitance

_ Ac
C=73

C = Capacitance
¢ = dielectric constant
d = Distance between plates

All the variables are Physical parameters



Dielectric Constant

-In 1836, Michael Faraday (the father of the Capacitance --
Just look at his name) discovered that when the plates
between a capacitor were filled with another insulating
material, the capacitance would change.

-This factor is the dielectric constant ¢

-By definition the dielectric constant of a Vacuum is 1.0. All
other dielectric constants are referenced to this standard.

Oil e=2.2

Vacuum

~

Cvacuum:]-O pF Coil —&exX CVacuum = 4&22 E



Dielectric Constants

Material Constant
Vacuum 1.0

Alr 1.000549
Mica 5.4

Paper 2
Porcelain {

Oil 2.2
Silicone Fluid 2.75
Water (20° C) 80

SF6 is not listed as the dielectric is dependent
on temperature and pressure



Typical Insulation System

High-\oltage Test Cable

Current & Loss
Meter
o )<\ @ = = = -
Guard Test Test-Set Ground=
Ground Lead
Test Mode-GST

Ground

Oille=2.2
D Porcelain e o= 100
I Paper ¢ = 2.0




Example: Oil leaking from an Insulation System ¢4 /iy

et >
l l Qil=2.2

[ Porcelain=7.0 Given three dielectrics in series the
I Paper = 2.0 dielectric constant ¢ is:

HEREEERRREEREEE AII’ — 10

€noore = 1/2.2+1/7.0+1/2.0 = 1/T= 1.097

If the Oil leaks out and is replaced by air...

€y — 1/1+1/7+1/2.0=1/T=0.608

o o Cl:>|tl



Example: Oil leaking from an

Insulation System
H1

H1 mA< H2 mA



Example: Oil leaking from an Insulation
System

H1 mA=H2 mA



Example: Oil leaking from an Insulation
System

H1 mA< H2 mA

Dielectric Constant of Air i1s Less than Oill



T2=0.098 mA 2 =0.099 mA

T3=0.101 mA 13 =0.103 mA 3=0.102 mA

Conclusion: The oil level in the H3 bushing is somewhere
between the locations used for tests hot-collar tests 2 and 3.
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Dielectric Loss Hoble;

Dielectric Loss Is the time rate at which electric energy Is
transformed into heat in a dielectric when it is subjected to an
electric field. The heat generated is given in terms of Watts.

I, = Watts (from vector diagram)

Watts = E I (from dielectric model circuit, parallel R/C network)
Watts = Normal losses + Contamination + Deterioration
Contamination = Water + Carbon + Dirt

Deterioration = Carbon + Corona



Watts ’-L- ble,

b

* |s the current created by polar contaminants in a
dielectric that are influenced by electrical stress.

* |s the energy expended on these contaminants in the of
form of HEAT

* |s a function of Volume. The more insulation the more
area there Is to dissipate watts (from contamination,
deterioration, and normal losses).

* To analyze Watts-Loss your need to be able to compare
the dimension of the insulation tested -- difficult.

* If you had perfect insulation the testing current would
be purely capacitive
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Describes:

erm Power Factor

 The phase angle relationship between the applied

voltage across and the current through a specimen

* The ratio of the real or average power to the apparent

power

* The efficiency of a power system in terms of real and

reactive power flows



Basic Equation

Power = \oltage x Current x

Cosine(0)

P= VI Cos(0)

Co

-

goble

/

/1

Parallel Circuit




Typical Insulation System

Good Insulation: f

Has a very low c
power factor P

e [<<I. for most insulation
systems, 1o~ I



Basic Power Factor du :

|.=Total Current |-=Capacitive Current
|.=Resistive Current  E=Applied Voltage
_ I
0% PF 0 =Power Factor Angle T
LA - )
C A | I
IC(_ j R
— ,J: C: R
0 ! |
> > _ 100% PF

I E



Power Factor Is:

Waltts = E x I
Watts = E x | X Cosine O
PF = Cosine © = Watts
EXI;
Exly, = |Ij

E X Iy

|7



What Is Power Factor (PF)?

— W _ Real Power
Power Factor IT*E ~ Apparent Power

To express power factor in percent (% PF), multiply by 100:

% PF = W X100
mMAX10—3*10X103

_W X10
mA

10 kV equivalent values




Power Factor Is:

Independent of specimen size
Useful for tabulations and comparisons

*Temperature sensitive
Needs to be corrected for liquid-filled apparatus

Performed at or near apparatus frequency
Similar to normal operation



Basic Principals of Testing: d*:..“..‘b
Always test the smallest piece possible

| :
T S i « Power factor testing measure the average
Insulation o ] :
condition of an insulation system
Test contamination
i < « Contamination would affect the total
Insulation system, but not to a large degree

Always break an insulation system into the Smallest
possible part in order to detect insulation faults.

PP TTTFFTFFrrrrs

i The contamination becomes a “bigger piece” of
Test <D the insulation and is easier to see

é Pl EFrrrrrrrrrrrrd




Dielectric Loss and Power Factor: f{L-‘ ,_5-

What are they good for...

The Dielectric Loss and Power Factor are sensitive to soluble polar,
ionic or colloidal materials:

Moisture (free, in cellulose, with particles in oil)

Products of Oxidation or mineral oil

Carbon (with moisture)

Metal Soaps /

At Higher voltage:

lonization in solid insulation



Is the Doble Test Effective for
Detecting Defective Insulation?

PF=.5% PF=.5% PF=5% PF=.5%

1) /1 1/ |/
AN A AN AN
2pF  2pF 2pF  2pF

PR, = 2t gy
L1111, 1o



Is the Doble Test Effective for
Detecting Defective Insulation?

2)

PF=5% PF=5% PF=2.5%

YAy

T4

PF=.5%

4

AN

2 pF 2 pF

_5Xx3+25

PF,
4

Power Factor increases from 0.5% to 1.0%

1\

2 pF

1.0

I\

2 pF

c=£pF

2

no change in capacitance

doble,

R TR



doble,

Is the Doble Test Effective for Detecting globk
Defective Insulation?

PF=5% PF=.5% PF = 5%
3) aEranyany
A AN
2 pF 2 pF 2 pF
PE :'5+'§+'5:.5%

i:;+;+>§+; NEEAN pF

Power Factor remains 0.5% with a 33% change in
current



Changes in Power Factor

Case 1l Case 2
Starting Condition Contamination
Iz =1 mA lr =10 mA
g
<| |w < §
= S ©
o o o ~)
=1/ S|/
I 17} 1 n
_O - S <~
> E > E
W gss = 10 W oss = 100
C = 26,500 pF C = 26,500 pF
PF =1.00% PF =9.95%
I+ =1 I+ =1

Case 3
Changein A, d,or ¢

l,=1

A

mA
<
£
©
(=
(=)
o
()

80 mA

lc =

> E
Wioss = 10
C =21,200 pF
PF =1.25%

;=1

Except for extreme cases, contamination has only a small effect on the measured current I.

A significant change in I} is usually related to a change in capacitance; I, = | = EwC.
Power Factor is affected by both contamination (watts) and capacitance (mA).



Power Factor Vs. Dissipation Factor goble

|
|
5 | Power Factor = cosf = =
I T
|
|
0 i Dissipation Factor = tan 0 = :—
| c
IR' E
0° % PF (%COS0) 5° % DF (% TANA)
90 0 0 0
89.71 500 29 500
84.26 10.00 5.74 10.05

0 100.00 90 INFINITY



goble

Comparison of Percent Power Factor With Percent
Dissipation Factor for Various Phase Angles of Q
and d

0 : % PF (% cos) S ® 9% DF (% tan)

90 0 0 0
89.71 50 29 50
87.13 5.00 2.87 5.00
84.26 10.00 5.74 10.05
81.37 15.00 8.63 15.18
53.13 60.00 36.87 75.00
45.00 70.71 45.00 100.00

0 100 90 Infinity



Voids and the Power Factor Tip-Up Test ’L._.'- b »

When we closely examine insulation, very small gaps
or “voids” exist. These voids develop an electrostatic

potential on their surfaces. These small gaps become
lonized: Partial Discharge/Corona.




dll"

Power Factor Vs. Test Voltage

Tip-Up = Power Factor at Line-to-ground voltage -
Power Factor at 25% Line-to-ground voltage

As test voltage is increased, the power factor will increase depending
on the void density.

%PF

// %PF @ L-G
— %PF @ 25% L-G
t + > E
25% L-G L-G

Tip-up occurs in dry-type insulation specimens such as Dry Type
Transformer, rotating machinery, and cables.




Calculation of Results

For 10 kV sets:
Calculation of Percent (%) Power Factor
% Power Factor = Watts x 10/Milliamperes

Calculation of Capacitance
Capacitance (pf) = 265 x Milliamperes (60 Hz)
Capacitance (pf) = 318 x Milliamperes (50 Hz)

Calculation of Parallel AC Resistance
Rp (Megaohms) = 100/Watts
(Equivalent 10kV values)
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Safety Issues doble

* Do Not Hold the High Voltage Cable While
Test Voltage is Applied

*Reference: 1995 Doble Conference Paper, Page 1-2.1

Voltage is only on the ground shield
when there is an abnormal condition.



Safety Issues

 One safety switch is for use by the test set
operator; but since he cannot watch the apparatus
while operating the test set, the other safety switch
should be used by a designated safety observer

« Be aware that induced voltages or trapped charges
may be present on the equipment to be tested, and
be sure to drain these charges by applying grounds
prior to making test connections

* Do not stand on equipment while
testing Is being performed.



Safety Issues

* Be familiar with the M4000 manual’s safety
section in chapter one. Note, however, that your
company rules and government regulations take
precedence over Doble recommendations



Safety Features )

v Ground Relay: two

grounds connected to the
M4000, assure continuity
between them.

v’ Safety Switches : In good | 4
condition and both in use. ==

v  Visible i
Safety S’Frobe - Visible In NEVER place a
the working area.

jumper from the
v’ Safety Beeper ground to the

“chassis” ground on
the test set




Safety

Prepare the Specimen for Testing

Safety meetings, de-energize, ground, isolate,
safeguard, etc., observe your company’s safety
policy and in compliance with applicable safety
regulations (OSHA, NFPA, etc).

Grounding the Test Equipment

The ground lead should always be the first test |lead
connected and the |last test lead removed. This
ensures that the test set chassis is safely grounded,
and it removes touch potential hazards.




Safety

Static and Induced Voltages
To avoid exposure to static or induced voltages:
» Ground before making test lead connections
« Connect test leads to M4100 first and then to specimen
« Ground before removing test lead from specimen

* Remove test leads from specimen first and then from
M4100

* Note: Proper protective equipment and live line tools
must be utilized while applying and removing grounds.



Safety

During Tests

Good Communication to avoid confusion, example

of communication:

1.
2.

Operator - “Ready?”

Safety Lookout — Responds “Ready” if the connections are
made and the work area is safe, or “No” if not ready and safe.

Operator — “Going hot.”

Safety Lookout — Echoes “Going hot” to acknowledge the
operator.

Test is initiated ... completes.

Operator — “All Clear.” Operator extends the operators safety
switch at arms length with the button released for all to see.



Safety

During Tests (continued)

Safety Lookout. The Safety Lookout should position
himself in an area where he can observe all terminals
and access points to the apparatus under test.

Safety Switches. The Safety Switches can be released
at any time to terminate a test. This may be necessary
If unauthorized personnel enter the area or if some
other undesirable situation develops.

Testing with Personnel on the Specimen. Testing with
personnel on the specimen is strongly discouraged.




Equipotential

M4000
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Doble High-\Voltage Test Cable

Outboard Pothead

Ground
Terminal
Guard
l Terminal
Ground
shel Gu_ard High-Voltage
l Shield Conductor

doble

Guard-to-Ground

- High-Vol -to-
Insulating Sleeve igh-Voltage-to-Guard

Insulating Sleeve

High-
Voltage
Test Hook



Test Set Shielding System, GST Mode

Test Set Ground Shield
Test Set Guard Shield

’
|+ |

ey
f 7

' _/ _Z e
Ground Guard Ie
Shle Shleld

=

-

e

H|gh Voltage Test Cable ( ( ) (O
ard Shield

Test Cable Gu

Test Cable
Terminations

7=

— )('\
I Current &
e, 0SS Meter




Five Pieces of Information Q..:. €

1) Current

2) Watts Loss
3) Power Factor
4) Capacitance

5) Power Factor Vs. Voltage Characteristic



Basic Laws of Electricity d:....'-'..‘b

A Difference Iin Potential Must Exist Between
Two Points in order for current to flow

Current Always Returns to It's Source!

Current Always Takes the Path of Least
Resistance (but current is on each path)



Components of Simplified Test Circuits

Power Source
Current & Loss Meter

*High-Voltage Test Cable
Low-Voltage Test Cable
Insulation Specimen
*Test Ground

*Test Set Operation is Based on the Relative
Positions of the Power Source, Current & Loss
Meter, and the Insulation Specimen With Respect
to the Various Test Leads.




Basic Test Circuits dﬁ._._.l- b .."5

*GST - Grounded-Specimen Test
*The Grounded Specimen Tests Measures
Current Flowing to Ground

*UST - Ungrounded Specimen Test
*The Ungrounded Specimen Test Measures
Current Flowing to an Ungrounded (Floating)
Meter Circuit

GST — The Low Voltage Lead can be
Grounded or Guarded

UST — The Low Voltage lead can be
Measured or Grounded




Basic Test Circuits d:....'-'..‘b

GST - Grounded-Specimen Test
In the GST, All Current Going to Ground is
Measured

*UST - Ungrounded Specimen Test
In the UST, No Ground Current is Being
Measured



Test Modes qu. >

M4100
( emmmm pmm—")  High Voltage (HV)
? ¢ Low Voltage (LV)
mA &W ® b Test Leads
S Meter
Sl @ ® Meter = Measured

‘_;I_ Ground Test Lead

. ¢ Guard = Not Measured I

Kirchoff’s Current Law — All current leaving must return. Therefore, by KCL all current

leaving the test set through the HV Cable must return to it ... either through the LV Test Leads
(red or blue) or the Ground Lead.

Internal to the M4100, test leads that are connected to the METER will be measured, and test
leads that are connected to GUARD will not be measured.

We can choose to measure the RED LEAD, the BLUE LEAD, the GROUND LEAD, or ANY
COMBINATION (any two, or all three) by specifying the correct TEST MODE.

The TEST MODE is specified in the DTAF software. It is an instruction that tells the M4100
which test leads to connect to the meter and which leads to connect to guard circuit.



Simplified Doble Test Circuit ~ las

High-\Voltage Cable

——— B
iy % 7 f

Transformer Low-Voltage : Test-Set
Lead | Ground
| Lead

|

|

° & _____________
Guard Test Ground

Current & Loss
Meter

Grounded-Specimen Test Mode (GST-Ground)



Doble Test Circuit ’L._.'- k '.."5

HV Cable

High-\oltage
Transformer
Red LV
Lead
A+t
o 2N
GUARD J_

METER

! i o
GST-Ground Red Blue P
C—— C=

B— , C

!

|

Blue LV Ground:

Lead Lead |

|

|

|

____________ & ————____|




Simplified Doble Test Circuit 'L._,.'- ble

High-\Voltage Cable

T B
i g f V

Transformer Low-Voltage
Lead

> & ______________
Guard Test Ground

Current & Loss
Meter

Grounded-Specimen Test Mode (GST-Guard)

Test-Set
Ground Lead




Doble Test Circuit

HV Cable

GST-Guard Red
Ground Blue

High-\oltage
Transformer

Red LV Lead

Measure lg+1-

GUARD
METER




|

Doble Test Circuit ’L._.'- k '.."5
HV Cable [:P'—/D

GST-Guard Blue
Ground Red

) C/e— C—
High-\oltage
Transformer 6




Doble Test Circuit

[:,,_/D

HV Cable

I 15 l
GST-Guard Red Blue ﬁ Py
Cl—— _

A Co—

High-\oltage
Transformer

Red LV Lead

Blue LV Lead

Measure I

GUARD J_

|
|
I
Ground!
I

Lead :
|

I

I

I

!



Simplified Doble Test Circuit 'L._,.'- ble

High-\oltage Cable

——— Bl

Test-Set v
Step-Up
Transformer Low-Voltage Test-Set

Current & Loss Lead I Ground Lead
Meter

Guard
1 AN I
Test Ground :

Ungrounded-Specimen Test Mode (UST)



Doble Test Circuit

HV Cable

UST-Measure Red
And Blue

High-\oltage
Transformer

Measure | +15

Red LV
Lead

I X
Cs C——
Blue LV Ground
Lead Lead




Doble Test Circuit

HV Cable

In | I
UST-Measure Red | B. C
Ground Blue _ |
CA C|-_a, CC__
High-Voltage
Transformer 6 §
Red LV Blue LV Ground
Lead Lead




Doble Test Circuit

HV Cable I:

UST-Measure Blue /
Ground Red C 1
; High-\oltage
Transformer

Red LV
Lead

Measure I

— — o — . — e — e — e —— —— — — —— — —— — — — — — — — — — — — — — — — — — — ——

St >
a o] I X
C—— C—/——
Blue LV Ground
Lead Lead




Test-Set
Step-Up
Transformer

Doble Test Circuit

High-Voltage Cable Ill:

I
@D Lo~

Guard

?

+ |

IA B

Current & Loss
Meter

1 ?

Low-Voltage
Lead

Test-Set

AN e Ground Lead_ |
Test Ground



Doble Test Circuit 'L-.:. €

High-Voltage Cable

e i

S LR

Test-Set
Step-Up

Transformer
Low-Voltage Lead :
|
f) I
. |
|
|
I |
Test-Set :
Ground Lead |
. <N I - ____GroundLead |
Guard Test Ground

Current & Loss
Meter



Doble Test Circuit

Test-Set
Step-Up
Transformer

H|gh -Voltage Cable

/'A

ﬁ

Current & Loss

E .
Test Ground

Cp

Low-
Voltage
Lead

1

Test-Set
Ground
Lead



Analysis Of Data (General)

Compare to nameplate data
Compare to previous tests
Compare to tests on identical apparatus type

Review not only percent power factor, but current, watts,
and capacitance as well

Percent power factor that is much lower than expected Is
just as unacceptable as that which is much higher.

A change In current or capacitance of 5% or more Is cause
for concern.

If current is less than about 300 u amps, do not calculate
percent power factor; use watts instead. This applies at least
to arresters, live tank breaker support columns, some
breakers without grading capacitors, and the UST test across
the contacts on vacuum and SF6 breakers.



Troubleshooting When Data Is
Unacceptable

» Check all connections, including the ground lead. Make sure
there Is solid metal-to-metal contact

« Clean and dry porcelain surfaces and retest

» Check leads (using ohmmeter, expect less than one ohm
conductor resistance; on LV Leads, measure between clip
and pin 3)

» Check test set using self-diagnostic program

» Check test procedure and repeat test

 See M4000 manual for further tests
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Major Bushing Types

« Bulk Bushings

— A single bulk material provides the insulation
— Bulk material may be porcelain, epoxy, polymer concrete, etc.

e Gas Insulated

— Insulation provided by compressed gas (usually SF6), and
electrodes shaped for field control

— Special type - usually a part of a circuit breaker, etc.

» Condenser Bushings

— Insulation comprised of a condenser to control field distribution
— These are the main topic of this presentation



A Typical Bulk Bushing

«Bulk Material
Provides
Insulation



Gas Insulated Bushing

1. HV Terminal

2. Top closing plate
3. Inner conductor
4. Insulator

5. SF6 gas zone

6. Internal shield
7. Flange

8. Transport cover

31



Why Use a Condenser Bushing?

In a bulk type bushing, the electrical field is not evenly
distributed (very non-linear).

On the outside of the bushing, the voltage stress will be
more concentrated near the flange.

Inside the bushing, the voltage stress will be more
concentrated near the conductor, or in an oil gap.

The condenser provides control over the distribution of
the electric field, and therefore the electric stress levels.

&2



Graded Bushing — Electrical Characteristics

Main Insulation C1 Tap Insulation C2

- - \ /_A_\ Grounded

Center Ca=Cpg=Cc=Cp=Ceg=Cg=Cs=Cy=C, = Ck  Layeror

COnd”CioLIHHHHHHHHH\ﬁ 1

Vl V2 V3 V4 V5 V6 V7 V8 V9 VlO

. 7
~N Electrode
II Line-to-Ground System Voltage

Voltage stress is evenly distributed across the insulation.

As capacitive layers (i.e.. C,, Cg, etc.) are shorted out the
overall capacitance, C,, increases.

&3



Adding Capacitors in Series

S NS S
= + + O
C, C, C, Cy Cr G G G Cy
- _J
Y
C;
Case 1: 3 Capacitors in Series Case 2: Shorted Capacitor
(1 |[( |( Ie_le_
I; I> I> I; I2
N\ ) C,>C \ )
Y T2 T1 Y
Cry Shorting out Cr,
1 1 1 3 a capaqltor 1 1 5
— + 4 - — results in an _ + —
Cry 2 2 2 increase in Cr, 2
capacitance.
CTl = = 667pF CT2 j— 1



How the Condenser Works

AC voltage fields essentially distribute according to the
capacitances of the surroundings

DC voltage fields distribute according to resistivities
Discussion here is limited to AC voltages

Condenser is an old term for a capacitor and it
“condenses” the bushing

Any two conductors, separated by an insulator, form a
capacitor

Each section in the condenser forms a capacitor

These capacitances are much more significant than the
stray capacitances of the surroundings

The entire condenser then Is comprised of several
cylindrical capacitors in series

&5



Voltage Distribution

P

*Uncontrolled field
follows the laws of
nature; unequally
stressing porcelain, oll
and paper insulation
system

—

//

*/5%

*50%

*25% I

\\

*50%

=

*25%

=

-

« With and Without Capacitance Grading

*/5%

*Field
controlled by
capacitive
grading
follows
controlled
contours
making
effective use
of all
insulation
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Electric Field: Non-condenser & Condenser



Graded Bushing - Core Construction

Semi-Conducting Paper
Foil or Paint Herringbone Pattern

\ Core Wind

\

Core Wind

C2 Plate AE/ C2 Plate A@

Common Construction Distributed Capacitance
GE Type U

&8



Graded Bushing - Core Construction

«Alcohol-based conductive ink applied at
winding stage of condenser

3
2
1



ABB O + C Construction







Components of a Typical Oil-Impregnated -
Capacitance-Graded Bushing JODK

5 3

Y
]

Center Conductor
Sight-Glass

Y

Liquid or Compound Filler

Insulating Weathershed >

Main Insulating Core |
Tap Insulation ] |

Tap Electrode <= |

1

N N I

m— e ]

O
7
/
o

Mounting Flange
Ground Sleeve
Tapped Capacitance-Graded Layer

Lower Insulator

S e o s



Typical Bushing Potential Tap
Construction

Center Conducto — |

Tapped Capacitance-Graded Core La
Liquid/Compound Fill

Main Insulating Core
Insulating Weathershed
Capacitance Graded —~<—

Core Layers

Y

Tap Cover

Filler Plug >
Connection to Tapped Core Layer

Tap Electrode
Tap Insulation

Mounting Flange

Permanently Grounded Core Layer N
Ground Sleeve

Y




Typical Bushing Test Tap Constructiorﬁ*!.....“ [‘5

Center Conductor _ |
Tapped Capacitance-Graded Core Layer
Liquid/Compound Filler

Main Insulating Core

qulating Weathershed
Capacitance Graded

Core Layers T

Tap-Cover

Tap Insulation

LI I B |
[ B e B Bl e T B R B | SR
|||||||||||

Tap Electrode

\4

Connection to Tapped

Core Layer

Mounting Flange

Ground Sleeve :




Difference Between Power Factor Test 1.._.._.'- b »
and Potential Taps

Power Factor Test Tap

>

>

Bushing Rated to <= 69 kV

C2 (PF) ~ C1(PF)
Except Lapp PRC >00-189100

Doble Test Voltage: 500 V

Except Ohio Brass Class G and L
Bushing Taps, to which no more
than 250 Volts should be applied

Tap cover 1 1/2 “ or smaller

Grounded in Service

Potential Tap
» Bushing Rated > 69 kV

> C2(pF)~C1x10 (pF)
or C2>>C1

» Doble Test Voltage: 2 kV
» Tap cover 2 1/2 “ or larger

» In Service: Floating Supply
Voltage or Grounded



LAPP PRC BUSHING
NEW DESIGN



Lapp PRC Bushing New Design dob ble

* Design Introduced February 2000

« Design Modification
« Extra Grounded Layer

« Shorts Out Epoxy Potting Compound

* Bushings With Serial Numbers 00-189100 And
Higher



%?§§%%m

GROUND CONNECTION

FIGURE 2

ENHANCED DESIGN

Lapp Tylge PRC Bushing JOIIC

esign Change
=
i} N Vﬂ #C

POTTING COMPOUND
" TEST TAP
FIGURE 1
ORIGINAL DESIGN

=
Y A% —C

GROUND FOIL



Bushing Tests

Ungrounded-Specimen Test
« Center Conductor to Tap, C,
Tap Insulation Test
« Tap to Flange, C,
Hot Collar Test
 Externally Applied Collar to Center Conductor
Overall

 Center Conductor to Flange



Investigative Bushing Tests doble

Inverse Ungrounded-Specimen Test
 Tap to Center Conductor, C1
* Do Not Exceed Tap Voltage Rating
Tip-up Test
» Repeat C1 Test at 2 and 10 kV or 2 and L-G kV if Less
Than 10kV

Alternate C2 Test
« GST Ground Test
» Tap to Center Conductor (C1 + C2)
Supplemental Hot Collar Tests



Bushing Test Set-Up dﬁ,..._..l- k e

Short-Circuit All Windings

Clean Bushings to Minimize Surface Leakage

*Ground Opposite Winding

*Remove Test Tap Cover From Bushing Under Test Only

Performed C1, Main Core Insulation Test in UST Mode

Perform C2, Tap Test in GST-Guard Mode

*Replace Test Tap Cover



Test Connections for Bushing C1 Test goble

HV Lead

LV Lead

Z
<

Ground Lead = M—IWQM




goble

Transformer Bushings
* Prior to Bushing Tests, Ensure
 High Side Winding Shorted
 Low Side Winding Shorted Including Neutral
e WHY???
Higher Than Normal Power Factor Values
May Be Obtained

 NOTE Remove Only One Tap Cover at a time....



Bushing Test Set-Up dd.....“ e

Test Setup: Which Bushing Under Test is Connected
With the Winding Short-Circuited?

Power Factor

Procedure: Incorrect Correct
) ){/é:?
Phase A 0.60% 0.39%
Phase B 0.65% 0.40%
Phase C 0.56% 0.39%




Main-Insulation/C1 Test Standard Method 'L._.'- k '.."5
High-\Voltage Cable “[:”—QL

Test Includes
Main C1 Core Insulation

B cceeeeeed

B e
I —————

E Test Mode: UST

G+1ard ‘ <~ ILow Voltage Lead
I

[
| Ground Lead

Errreeee (T b
G

Bushing and_T_
Apparatus Ground




Dielectric Circuit - Main Insulation C1 Test 'L._.'- '-'.."5

High \Voltage Lead o
Test Tap || @
-9 §
Low-Voltage | |C1 O
Lead - =]
C2 ——r— g
o
Test Mode: UST ?
| Ground Lead
Ic1 |
Guard |
dinanl el
! |
I
| | & W Meter i
I

__________________________ | Test Ground



Typical C1 Test Data Hoble;

Typical Good 1.08 0.03 .28
Bushing

Same Bushing, 1.09 .55
Contaminated

Same Bushing, 1.19 0.04 34
Shorted

Condenser

layers



C1 Test Result Analysis 1.._._.'- b o

Power Factor

* Modern Condenser Type Bushings
*Generally of the Order of 0.5%
*Temperature Correction to 20 Degrees C

 Deteriorated Bushings
*Generally Between 0.5% to 1.0%

* |nvestigate Bushings
*Above 1.0%

EXCEPTIONS...



C1 Test Result Analysis goble

Current/Capacitance

* Suggested Limits
* + 5% - Investigate
« + 10% - Investigate/Remove From Service



General Electric Company

b

goble

Type Description Typical PF Questionable PF
*A Through Porcelain 3.0% 5.0%

**A High Current 1.0% 2.0%

*B Flexible Cable, Compound Filled 5.0% 12.0%

D Oil Filled Upper Portion, Sealed 1.0% 2.0%

F Oil Filled, Sealed 0.7% 1.5%

L Oil Filled Upper Portion, Sealed 1.5% 3.0%

LC Oil Filled Upper Portion, Sealed 0.8% 2.0%

OF Oil Filled Expansion Chamber 0.8% 2.0%

*S Force C & CG, Rigid Core, 1.5% 6.0%

Compound Filled

* Type S, Form F, DF & EF (flexible cable) redesigned as Types B, BD, and BE,
respectively. Type S, no Form letter (through porcelain) redesigned as Type A



LAPP Insulator Division

Typical
C1
PF

goble

%

Questionable
Cl
PF

Type ERC (Epoxy-Resin-Core, Plastic or Oil Filled) 0.8%
Type PRC and PRC-A (Paper-Resin-Condenser Core)  0.8%

1.5%
1.5%

Typical C2 power factors for older PRC design range from 4-15% due to injected

compound used during manufacturing.



Ohio Brass Company

Typical Y%oPF

goble

%

Questionable %PF

Class LK-Type A, 23 to 69 kV

ODOF, Class G, and Class L Oil-
Filled:

Prior to 1926 and

after 1938

Between 1926 and
1938

Type S, OS, and FS

On OCB and Inst. Trans. 69 kV and below
(except Types S, OS, and FS)

0.4

1.0-5.0

2.0-4.0

0.8

1.5

1.0

Change of 22%
from initial

Change of 16%
from initial

2.0

3.0



Westinghouse

Typical Y%oPF

goble

b

Questionable %PF

On OCB and Inst. Trans. 92 kV to 139 kV 1.5
(except Types O, O-Al, OC and O Plus)

On Power and Dist Trans of all rating, 1.0
and OCB & Inst. Trans. 161 kV to 288 kV
(except Types O, O-Al, OC, and O Plus)

All Type D Transformer Bushings 1.5
( Semi-Condenser)

Type RJ
(Solid Porcelain) 1.0

3.0

2.0

3.0

2.0



Negative Power Factor Value d:....'-'..‘b

*Typically Created Due to a High Resistance Leakage
Path to Ground

«Conditions:
Extensive Surface Contamination
Lower Porcelain
*Upper Porcelain
*Poor Grounding of Bushing Flange

*Tracking Over the Internal Insulation to the
Bushing






lx ust = Real Component of 1. A5

— *
Wyst= lrust™E

but, I g7 IS Negative

_IR UST



Resistive Path-to-Ground Hoble:
Negative Power Factor

ABB Type O+C Bushing, Surface Contamination

“~lnitgd >

| i
LIP3

Test Mode: UST

Cy

Ci C1.2

Rs

Q

Test / Mode

Test KV

mA

%PF

C1/UST

10

1.313

-0.007

-0.053




Haefely Tap Used During Factory Tests "'L..':....|"..':5
« Some Haefely Bushings, 115kV and Above

» Factory Measures C1 Capacitance With a Special
Tap Only Available at Factory

* Variance In Test Procedure Results in Field Test
Results Being 5% or Higher Than Nameplate
Values

*The C1 Capacitance in the Field Must be Modified
by Using the Equation Below:

C1(Doble Test) = (C1(Haefely) *C2(Haefely))
(C2(Haefely)-C1(Haefely))




Haefely Tap Used During Factory Tests 4...:‘...“ D

Potential

slest Tap
Tap ===
h | e
T (0
T |

(1
z[enter Conductor




Haefely Tap Used During Factory Tests 4...!‘...“ D

Potential Test Tap (Buried)

Tap m—
(0

T (2 | 3

(1
z[enter Conductor




Tap-Insulation - C2 Test - Standard Method 'L._.'- k '.."5

ow Voltage Lead
~=q]

Test Includes

*Tap Insulator

«Core Insulation between tapped Layer and
Bushing Ground Sleeve

Portion of Liquid or Compound Filler
*Portion of Weathershed near Flange

High Voltage Lead BIE N

=
AT AT TS

Test Mode: GST-Guard

Ic2
%

Ggard <~ I ............. e

| & W Meter |_|

]
i
]
i
]
i
]
i
]
i
]
i
]
i
A
']
]
]
5
]
4
]
-
-]
]
-
-]
~
-]
L
]
=]
-]
=
(-]
&
-]




Dielectric Circuit - Tap Insulation C2 Test goble

Low \oltage Lead

O
High Voltage Lead : | | 3
—>— ¢ @

| |C1 cgv

B — (@

o2

Test Mode: GST-Guard

Ic2

D ——

Guard
¢ o9 I__T_egt Ground __

| & W Meter

||‘ .



Westinghouse Type O

Various ASEA Westinghouse Westinghouse
GO Types Types OS, S Type O Plus



Westinghouse Type 0, C2 Tap Adapter ’L- k e




Westinghouse Type 0S and S, C2 Tap Adapter'”."“5




Westinghouse Type 0 +, C2 Tap Adapter goble







Environment; Factors Affecting ’{..:.....|".:!5
Capacitance Tests

Length of Outer Grounded Condenser Layer
*Physical Movement of Paper Core
«Condition of Tap Connection

Distance From Bushing to Grounded Tank Wall



Bushing With Test Tap In Testing Tank ¢/ Ry

versus In Transformer Tank

“~lnitgd >

Capacitance C2 varies depending on the length of the grounded
outer condenser layer, and 1s made up of C2, C2’, etc

hil

C2=C2+C2»

C2

Bushing
internal
conductor

C1l

TestTank

External
condenser laye



C2 TESTS

goble



C2 TESTS doble,

Internal Flashover Around the Main Core Is a

Real and Serious Threat to all Sealed
Capacitance Graded Bushings

*The C2 Power Factor Test has Been Shown, In
Some Cases, to be a More Apparent Indicator of
Internal Fluid Contamination Than the C1 Test



C2 TESTS doble,

GE Type U 230kV Bushing:

Cl C2
Date %PF Cap %PF Cap
1/6/82 31 508.8 .28 4134

5/1/96 .58 510.2 2.26 4138

1/30/97 Failed In service




C2 TESTS doble

Example:
McGraw-Edison Type PA 23kV Bushings

Bushing # C1(%PF) C2(%PF)
X1 0.46 0.50
X2 0.60 2.78
X3 0.45 0.50

« X2 was removed from service and found to
have highly contaminated fluid with low
dielectric-breakdown strength



Spare Bushings 1:.....'- e

Do Not Test Bushings in Wooden Crate or Stand
« Support Bushing on a Metal Stand if Possible
* \Web Slings May be Used for Tests

Cleanliness of Sling May Affect Test Results

*Sling Should be Kept Clear of Energized Points



Spare Bushings d*:..“..‘b
Connect Ground Lead Directly to Bushing

Flange

Ground Both Test Set and Specimen to
Substation Ground

Clean Upper and Lower Surfaces BeforeTesting



Overall Test Setup

A Spare Bushing

est Screen

dll"

R TR

Connections Inputs Test Results
Fed Measure . Corr. PF PF Corr. © Capacitance

# Test HV Lead Ground Lead Test Mode Skirt # - Test kv Factor ma Watts (%) (%) (pF)

1 C1 Conductor § Flange Tap UST RE 10.000 : 1.06 1.489 : 0.038 0.255 0.271 304.9

2 Cc2 Tap Flange Conductor GAR RE 1.999 1.00 15.786 ¢ 0.435 0.276 0.276 4187.2

3 Owverall Conductor | Flange Unused GMND RB 10.000 ¢ 1.06 1.501 | 0.041 0.273 0.290 398.1

4 C1+C2 Tap Flange Conductor GMD RE 2.000 1.00 17.276 0.444 0.257 0.257 4582.5

5 | Inverted-UST Tap Flange Conductor LUST RE 1.999 1.00 1.489 0.042 0.282 0.282 305.0
Hot Collar Tests

6  HotCollar ~ Collar  Flange | Conductor | GNDRB || 110000 1.00  0.111  0.030 = 2703 | 2.703 29.5

Miscellaneous Tests

Il

Note that Tests 1 & 2 add up to match Test 4

0.473 watts
Note that Tests 1 & 5 are “‘equal”

17.275 mA




DTA Spare Bushing Test Screen ~ fas.s -

Overall Test Setup

Connections Inputs Test Results tings
Red Measure . Carr. PF PF Corr. - Capacitance

# Test HV Lead Ground lead Test Mode Skirt # - Test kv T miA Watts (%) (%) (pF) Manual
1 c1 Conductor | Flange Tap UST RB 10.000 1 1.06 | 1.489 | 0.038 | 0.255 | 0.271 3049 @ Good Unrated |[w |[U]
2 c2 Tap Flange Conductor GAR RE 1.999 1.00 15.786 | 0.435 0.276 0.276 4187.2 ' Good Unrated TU
3 Overall Conductor | Flange Unused GND RB 10.000 : 1.06 1.501 | 0.041 ;| 0.273 0.290 308.1 ' Good Unrated TU
4 C1+C2 Tap Flange Conductor GND RE 2.000 1.00 17.276 | 0.444 0.257 0.257 4582.5 ' Good Unrated TU
5 © Inverted-UST Tap Flange : Conductor UST RB 1.999 1.00 1.489 @ 0.042 @ 0.282 0.282 395.0 i Good Unrated Z u|
Hot Collar Tests
6  HotCollar Collar  Flange . Conductor =~ GNDRB |w]| 10,000 . 1.00 . 0.111 ; 0.030 . 2703 . 2703 295 Unrated [ = |

Miscellaneous Tests

I

FRANK Provides Ratings!



Bushing Overall Test

High-\Voltage Cable

Wil

Test Includes

*Main C1 Core Insulation
eInsulating Weathershed
*Sight-Glass

sLower Insulator

Portion of Liquid or Compound Filler

Test Mode: GST-Ground

Ggard ‘OI

[
Ground Lead|

’

————— —4

Bushing and
Apparatus Ground




Bushing Hot-Collar Test — ’{...'....'.'...:!5
When To Perform

1. Compound-Filled Bushings
2. Solid Porcelain Bushings
3. Gas-Filled Bushings

4. Oil Filled Bushings Not Equipped With Taps and Overall
Test Cannot be Performed:

a) Single Hot-Collar Test on Small Bushings 15 kV and
Below

b) Several Single Hot-Collar Tests for Bushings Rated
Above 15 kV



Bushing Hot-Collar Test ’{...'....'.'...:!5
When To Perform

5. Check Oil Level on all Liquid-Filled Bushings Without
Liquid-Level Gauges or Sight Glass

6. Check Bushing With Liquid-Level Gauges Whenever the
Gauge Is Suspect

7. As Supplementary Test When Overall, UST, Tap Tests
Indicate Possible Problem



Doble Hot Collar Test ’L._.'- l»'.:!5

Test Voltage: 10 kV

Recommended Acceptable Limits:

Watts Current

<= (0.1 Watts Similar for Same
Type Bushings



Single Hot Collar Test - UST Mode dﬁ..._.l- k '.."5

{
—
L

Low \oltage Lead

High \Voltage Lead

EEFEEER R R
EEEEEERIEEYY)

Test Mode: UST

Ground Lead

|
|
|
|
¢
|
!

e
Test Includes T
«Portion of Insulating Weathershed = |
*Sight-Glass Bushingand |||
«Core Insulation in Upper Area Apparatus Ground % §
Liquid or Compound Filler in the ]
Upper Area




Single Hot Collar Test - GST-Ground Mode dﬁ..'.....|' >

{
—
L

Low \Woltage Lead
High \Woltage Lead

Test Mode: GST-Ground

EEIREEEIMEIEERIEY,
A B

|

|

[ NN ]
Guard -—I | A

|

Test Includes =l |
Portion of Insulating Weathershed —= |
*Sight-Glass Bushingand |
Core Insulation in Upper Area Apparatus Ground v
Liquid or Compound Filler in the Upper Area =

Surface leakage from Collarto LV lead & to -
bushing flange




T2=0.098 mA 2 =0.099 mA

T3=0.101 mA 13 =0.103 mA 3=0.102 mA

Conclusion: The oil level in the H3 bushing is somewhere
between the locations used for tests hot-collar tests 2 and 3.



Hot Collar Test Result Analysis

Hot Collar Test Results

*Increased Watt-Losses
«Contamination of the Insulation
« Maximum Acceptable Limit, 0.1 W

*Decreased Current (Amperes)
*\/oIids
Low Liquid or Compound Level



Typical Hot-Collar Test Data ~ fss.;

Typical Good Bushing “ 0.02

Same Bushings,
Contaminated .095
Same Bushing,
Low Liquid Level 070




Hot Collar Test Results

doble,

° 29
Westinghouse, Type “S e
Bushing | Current | Watts Bushing | Current | Watts
X1 110 pA 0.06 X1 110 pA 0.16
X2 110 pA 0.04 X2 110 pA 0.18
X3 110 pA 0.05 X3 110 pA 0.17
Bushing | Current | Watts Bushing | Current | Watts
X1 110 pA 0.06 X1 110 pA 0.06
X2 80 pA 0.05 X2 110 pA 0.05
X3 110 pA 0.05 X3 120 pA 0.20




Bushing
Diagnostic Tests



Low Voltage Lead <1>,ﬂ-,

Test Includes

Main C1 Core Insulation g

UST
Inverted C1 Test Method

Caution: See C2 Test Voltages!
High Voltage Cable

Hii

s

Ground Lead

—_——_——— e

ORI ewreee=: e




Inverted C1 Test 'L._..'- b >

LVL

HVL Bl
C,

O
101oNpU0)) J3JU3D

Test Mode: UST

||‘ ®

Cl
J- AN -
Guard ‘JT =




Low Voltage Lead

Test Mode: GST-Ground
High Voltage Cable

Guard

Tap-Insulation/C2 Test
Alternate Method

Hii

Cl+C2

T ——




C1 + C2 Test doble,

LVL

HVL Bli——

$)
||
1

O
°
1019NpU0)) I31U3D

Test Mode: GST-Ground

C1 +C2

B S

@ /<\ - _Te_s_t_ 9 r _O_l'il []_C!< @
Guard _I W




Power Factor Tip Up Tests goble

ePerform C1 Test at 2 kV
ePerform C1 Test at 10 kV

«Compare Power Factor Values at 2kV and 10kV



Factory VS Fleld Test Results 1.._._.'- b »

REMEMBER:

*The Test Circuits Used are Generally the Same,
BUT NOT ALWAYS

*The Environment is More Controlled in the
Factory Setting

*Bushing Placement May Different
*Grounding May be Different



Client Recommended Bushing Cleaners'w."..'5

Client Recommendations:
*Dry Clean Cloth
*Water & Soap
Collonite™
*PF Solvent (LPS)
*Windex™ with Ammonia
*Apply Heat to Fully Dry all
Surfaces

Do Not Use Evaporative Materials




Field Technique Problems gobk

*Drying Tap Area With Heat
*May Result in Power Factor Values Affected by
Temperature

«Cleaning Porcelain Surface With Alcohol-Based
or Evaporative Cleaner
*May Cool Surface When Cleaner Evaporates,
Resulting in Further Condensation

_eads Used to Short-Circuit Bushings
*To Avoid Stray Capacitive Currents to Ground,
|_eads Should Not Sag Near Tank Surface



When Bushing Tests Are Doubtful goble

*Re-Check All Connections, Including Ground Lead
and Bushing Flange Ground

*Check Test Circuit Used
*Check Test Set and Test Set Leads
Visually Inspect Bushing Sheds and Oil

Clean and Dry All Surfaces



When Bushing Tests Are Doubtful ’L._I- |-|:5

«Compare and Analyze Results of Identical Bushings

*Research Bushing History of Flashovers or Line Surges

\erify Temperature Correction Factor Was Used for
C1 and Overall Tests *

*\/erify the Necessary Fields in the Nameplate \WWere
Used In Order for DTA to Identify the Correct Limit
File.

* Note C2 Power Factors Are Not Temperature Corrected



Bushing Temperature Correction

doble/

TABLE OF MULTIPLIERS FOR USE IN CONVERTING POWER FACTORS

goble

ARSI AT TEST TEMPERATURES TO POWER FACTORS AT 20°C
BUSHINGS
ABB ASEA BROWN BOVERI GENERAL ELECTRIC HAEFELY
Types Types TEST
All GO CTF, CTF, es es es es
Type Type Types CTKF CTKF TEMPERATURES | ype | Type P,,‘:.C. ogpon, s, s:'? SIM | Types ngr,
T 0+C 25-765 kV_| 20-60 kV 85-330 kV °c °F B F | LLLM OFM__ | (Cpd.-Fllled)] TandU | COS, SOT
102 87 .79 1.24 1,00 9 32,0 1.09 | 93 | 1.00 1.18 1.26 1.02 -
1.02 89 .81 1.22 A 2 356 109 | 95 | 100 1.18 1.24 1.02 -
1.02 91 .83 1.20 3 39.2 109 | 97 | 1.00 1.15 1.21 1.02 -
1.01 92 .85 117 6 428 108 | 98 | 100 1,13 1,19 1.01 -
1.01 93 .87 1,15 8 45.4 1.08 | 99 | 1.00 1.11 1.16 1.01 -
1.01 94 .89 1.12 10 50.0 107 | 99 | 1.00 1.10 1.14 1.01 0.88
1.01 95 92 1.10 12 53.6 106 [ 99 | 100 1.08 1.11 1.01 0.90
1.01 96 .94 1.08 14 57.2 105 |100 { 1.00 1.06 1.08 1.01 0.93
1.00 98 95 1.05 16 60.8 1.04 | 1.00 | 1.00 1.04 1.06 1.00 0.95
1.00 99 .98 1.03 18 84.4 1.02 |1.00 | 1.00 1.02 1.03 1.00 0.98
1.00 1.00 1.00 1.00 1,00 20 68.0 1.00 [1.00 [ 1.00 1.00 1.00 1.00 1.00
1.00 1.01 1.03 98 22 718 97 | 99 99 97 97 1.00 1.02
1.00 1.02 1.05 96 24 75.2 93| 97 99 54 93 1.00 1.04
99 1.03 1.07 94 26 78.8 90 | .96 98 91 90 99 1.07
09 1.04 1.09 91 28 82.4 85 | .94 987 88 87 99 1.09
08 1.05 1.12 88 30 86,0 81 | 92 .96 .86 B84 98 1.11
97 1.06 1.14 86 32 89.8 77| .89 95 .83 81 a7 1.13
97 1.07 1.17 84 LY} 932 73| 87 94 80 77 7 1.15
96 1.07 1.19 82 a8 96.8 69 | 84 93 77 74 .96 1.17
95 1.08 1.21 .80 38 100.4 65 | .81 91 74 .70 .95 1.19
04 1.08 1.23 .78 40 104.0 61| .78 .89 .70 67 94 1.21
93 1.08 1.26 76 42 107.6 - 74 87 67 63 .93 122
91 1.10 1.28 74 44 .2 - 70 .85 63 60 k) 1.24
.89 1.10 1.30 72 46 114.8 - 64 .83 61 56 .89 1.25
87 .1 1.3t 70 48 118.4 - 58 82 58 53 .87 1.26
86 1.11 1.33 68 50 122.0 - 52 .80 .56 .50 .86 1.27
.84 1.11 1.34 66 52 125.6 - - .79 53 A7 .84 1.28
.82 1.1 1.36 54 54 129.2 - - .78 51 44 .82 1.29
79 1.1 1.37 52 56 132.8 - - 77 .49 41 .79 1.30
77 1.12 1.37 60 Y 58 136.4 - - .76 .46 .38 77 1.29
75 1.12 1.38 .58 1.00 60 140.0 - - 74 44 .36 .75 1.27
TMCE-4950 ©1993 Doble Engincering Company

Al rights reserved



DTA - Fields Required To Activate 4*_..'- b »
emperature Correction Factor

*Manufacturer

*Type

«Ambient Temperature (Probe)

«Apparatus Temperature
*Transformer - Oil Temperature

*OIl Circuit Breaker - Ambient Temperature



DTA - Fields Required To dﬂs._ll' e
Identify Correct Limit File

Manufacturer

*Type
KV



Resistive Coatings on Bushings goble

*Semi-Conductive Glaze Coating
*Reason:
*To Control Voltage Distribution
*To Reduce Flashover Problems Under
Contaminated Conditions

*Power Factor Tests Affected by Highly
Resistive Surface Leakage
*Refer to the 1974 Doble Client Conference
paper “Doble Tests on Bushings Equipped
with Resistance-Graded Porcelains.
(Section 4-101)



Transformers



Transformer Outline

Introduction
«Safety

*Test Procedures



Free Breather Tank Transformer

Breather,
____often has

AIR
OIL

desiccant
material to
dry the air.




Sealed Tank Transformer

A volume of gas
IS above the ol
and Is sealed
from the
atmosphere.
Reference:
GEI-28013D
GEI-70369

GAS
OIL

Pressure-vacuum
bleeder.

For safety,
normally does not
operate.
Reference:
GEI-54928D



Gas (Nitrogen) Blanketed Tank

Transformer Automatic Gas Seal System

A volume of dry
nitrogen Is
maintained
above the oll
and Is sealed
from the
atmosphere.
Reference:
GEI-70366
GEK-19695B

B

|}

NITROGEN
OIL

High nitrogen
pressure may
operate a relief
valve during times
of high oll
expansion due to
heating. Nitrogen
enters as the oil
cools and reduces
In volume. There
IS a low pressure
alarm.



Gas-0il Sealed Tank Transformer

A volume of gas Is
above the oil in the
main tank which
can move in and
out of an expansion
tank. The oil in the
expansion tank
Isolates the gas
above the oil from
the atmosphere.
Reference:
GEI-28012A

GAS

OIL

| AR

GAS
OIL OlL
|




Open Conservator Tank Transformer
Conservator Oil-Preservation System, COPS

The atmosphere Is
In contact with a
small portion of oil
In the conservator
tank.

Reference
GEI-70368C

Breather

AIR

OIL

OIL




Modern Sealed Conservator Tank

Transformer Atmoseal Oil Preservation System

The atmosphere is
separated from the
oil by an expandable
bladder. A breather
IS provided directly
Into the bladder to
allow for the
expansion.
Reference
GEI-70367
GEK-29290

/ Bladder, AIR \

W

OIL




Apparatus and Personal Safety doble,

e Connect the Doble Test Set Safety Ground Cable First
Connect the Safety Ground Cable to the Apparatus

Ground Point, Then Connect to the Doble Test
Instrument

 The Order of Connection of the Remaining Test Set
Cables is Not Critical; However, All Cables Should
be Connected to the Test Instrument Before
Connecting to the Apparatus Under Test



Two Winding Transformers




Physical Representation of a Three-Phase Two-Winding Transformer

©2016 Doble Engineering Company. All Rights Reserved.

hN

One of Three
Phases Shown

HV Winding
LV Winding

Core (Grounded)
Tank (Grounded)




doble,

Dielectric Circuit: >
Two Winding Transformer

C, - Insulation between the High-Voltage Winding
Conductors and the Grounded Tank & Core
* High Voltage Bushings
* Winding Insulation
« Structural Insulating Members
 DETC Insulation
* Insulating Fluid



Dielectric Circuit:
Two Winding Transformer

C, - Insulation Between the Low-Voltage

Winding Conductors and Grounded Tank &
Core

* Low Voltage Bushings
* Winding Insulation

 Structural Insulating Members
*LTC

* Insulating Fluid



Dielectric Circuit:
Two Winding Transformer

C, - Insulation between the High and Low-
Voltage Windings

* Winding Insulation Barriers
* Insulating Fluid



Review of Test Sheet

Overall Test Setup

Connections Inputs Test Results R:
Red Blue .
# HVlead Measure Measure Insulation Testky oo mA  Watts  on, D COme Capaciance o ep sk
: Factor (%) (%) (pF)
Lead Lead : E
1 CH+CHL  10.001 | 0.93 28.817 = 0.682  0.237 | 0.221 7644.0
HV LV
: CH i ! : i i : i
2 % \Winding : Winding | Unused 10.001 . 093 9371  0.167 0179 0167 @ 24856 @ Good |
3 CHL(UST), 10.001 ; 0.93 19.448 = 0513  0.264 0247 . 51587 (@ Good [
4 iTest1 - Test 2 (calculated) CHL 0.93 19.447 : 0.515 | 0.265 ;| 0.247 5158.4
5 CL+CHL  10.002 | 0.93 62.826 @ 2.048  0.469 & 0.439 | 16664.9
LV HV .
. cL . ! i : i : .
5’ Winding | Winding Unused 10.002 | 0.93  43.375 = 2424 0559 | 0.522 = 115054 <P Deteriora [
7 CHL(UST) . 10.002 | 0.93 19.440 = 0.515 | 0.265 : 0.247 . 5159.0
8 :Test5 - Test 6 (calculated) CHL 0.93 = 19451 0525 0270 0252 51595 @ Good |
Winding without Attached Bushing Calculation
CH-C1 CH' 0.93 5.319  0.085  0.160 : 0.150 1410.8
CL-C1 cL 0.93 | 43.375 | 2.424 | 0.559 | 0.522 | 11505.4




Transformer Overall Tests




Important — LTC Must Be Off Neutral 'L!.:.. .,l >

Load Tap Changers
H1 X1
If the transformer contains a LTC, then it ®
should be moved to any non-neutral tap
position for/during overall power factor Ny
testing. %
Certain LTC schemes contain non-linear |
resistor elements (surge protection) that
may cause abnormal test results (high or > —

negative power factors) if tested in the
neutral tap position.



Transformer Overall Tests

High
H2

ngjzz H3

Cr

Ch

L ow
X2
X1
X0
X3
CL

‘ Tank & Core



\ é@b\é _", \

Do Not Ground XO | »

)\



Test Procedure -Test #1: Measure C,+Cyy, d@“' >

igh [—
_‘ CH
- ChL
Tank
ow \Voltage Lead —| I_ and
IC,, +1C,y C_ |Core
/<\
Guard
| & W Meter Ground Lead
——————————————————————————————— =X

GST - GROUND RED/BLUE



Test Procedure -Test #2: Measure C,, "u......“ >

| High
‘ CH
/1 ChL
Tank
Low \oltage Lead
¢ : Low — | and
IC,, C, |Core
/(\
Guard
| & W Meter
Ground Lead

GST - GUARD RED/BLUE



Test Procedure -Test #3: Measure C,,,

Gu

HV Cable

UST - MEASURE RED/BLUE

Hoble,

[

Test Set _
—I
C
H
- ChL
Tank
—] —and
IC.,, C, Core
el
ard
| & W Meter l» Ground Lead
* — === —————————= —3X



Verify that the Primary tests were
performed correctly

Overall Test Setup

Connections Inputs Test Results R:
Red Blue ,
HVLead ~ Measure — Measure — Insulation  TestkV o mA  Watts oy hoom Capadtance g canken
Factor (%) @ (%) (rF)
Lead Lead E
CH+CHL: 10.001 : 0.92 28.817 0.682 0.237 | 0.221 7644.0
HV LV :
CH . 5 5 : 0 5 .
Winding | Winding | Unused 10.001 ;| 0.93 = 9.371  0.167 | 0.179  0.167 . 2485.6 @ Good |
CAL(UST) 10.001 = 0.93 19448 = 0513 0264 0247 51587 @ Good |
Test 1 - Test 2 (calculated) CHL 0.93 19.447 © 0.515 : 0.265 : 0.247 5158.4
CL+CHL: 10.002 0.93 62.826 2.948 0.469 : 0.439 16664.9
LV HV .
cL . g . - . . ¢
Winding : Winding Unused 10.002 0.93 43.375 2.424 0.339 { 0.522 11505.4 @ Deteriora [
CHL{UST) ! 10.002 @ 0.93 19.449 0.515 0.26% ¢ 0.247 2159.0
Test 5 - Test 6 (calculated) CHL 0.93 = 19451 0525 0270 0252 51595 @ Good |
Winding without Attached Bushing Calculation
CH-C1 CH 0.93 5.3219 0.085 0.160 ¢ 0.150 1410.8
CL-C1 CL 0.93 43.375 2.424 0.359 : 0.322 11505.4

Test 2 mA +test 3 mMA = Test 1 mA
(CH) + (CHL)
Same for the Watts

= (CH+ CHL)



Verify that the Primary tests were
performed correctly

Overall Test Setup

Connections Inputs Test Results R:
Red Blue ,
HVLead ~ Measure — Measure — Insulation  TestkV o mA  Watts oy hoom Capadtance g canken
Factor (%) @ (%) (rF)
Lead Lead E
CH+CHL: 10.001 : 0.92 28.817 0.682 0.237 | 0.221 7644.0
HV LV
CH . 5 5 : 0 5 .
Winding © Winding Unused 10,001 @ 0.93 9.371 0.167 ¢ 0.179 : 0.167 2485.6 @ Good [
CHL(UST) 10.001 @ 0.93 = 19448 = 0513 0.264 0247 51587 @ Good |
Test 1 - Test 2 (calculated) CHL 0.93 19.447 © 0.515 : 0.265 : 0.247 5158.4
CL+CHL: 10.002 0.93 62.826 2.948 0.469 : 0.439 16664.9
LV HV .
cL . g . - . . ¢
Winding : Winding Unused 10.002 0.93 43.375 2.424 0.339 { 0.522 11505.4 @ Deteriora [
CHL{UST) ! 10.002 @ 0.93 19.449 0.515 0.26% ¢ 0.247 2159.0
Test 5 - Test 6 (calculated) CHL 0.93 = 19451 0525 0270 0252 51595 @ Good |
Winding without Attached Bushing Calculation
CH-C1 CH 0.93 5.3219 0.085 0.160 ¢ 0.150 1410.8
CL-C1 CL 0.93 43.375 2.424 0.359 : 0.322 11505.4

Testl — Test 2 = Calculated UST (Test 4)
Test 3 and Test 4 should be equal

Same for the Watts



ci\c;‘g\e A
‘x \\

Do Not Ground X0 =




Test Procedure-Rotate Test Leads

Gua

d

Test Set

HV Cable — ChL

| \_Low \oltage Lead ‘ LOW‘—|C|— and
L
il o

Tank

Core




Test Procedure-Test #5: Measure C,+C,,,

Guard

D

GST - GROUND RED/BLUE

Hoble,

[



Test Procedure-Test #6: Measure C,

Gu

Test Set

aw’@h

| & W Meter q Ground Lead

GST - GUARD RED/BLUE

Hoble,

[



Test Procedure-Test #7: Measure C,,,

Gua

Test Set

Tank
and
Core

rd

UST - MEASURE RED/BLUE

Hoble,

[



#

L e ot

Y

00 =] = h LN

Verify

performed correctly

Connections

Red Elue

HY Lead : Measure : Measure
Lead Lead

v -V Unused

Winding : Winding

Test 1 - Test 2 (calculated)

LV HV

Winding : Winding S

Test 5 - Test 6 (calculated)

Overall Test Setup

that Secondary tests were

Winding without Attached Bushing Calculation

CH-C1
1-C1

Inputs Test Results Rz
. Corr. PF PF Corr. - Capacitance -
Insulation | Test kv = i Watts (%) (%) (pF) Ask FRANK E
CH+CHL: 10.001 0.93 28.817 0.682 0.237 ¢ 0.221 7644.0
CH: 10.001 0.93 9.371 0.167 0.179 : 0.167 2485.6 @ Good [
CHL{UST): 10.001 0.93 19.448 0.513 0.264 ¢ 0.247 2158.7 @ Good [
CHL 0.93 19.447 : 0.515 | 0.265 : 0.247 5158.4
CL+CHL: 10.002 0.93 62.826 2.948 0.469 : 0.439 16664.9
CL: 10.002 0.93 43.375 2.424 0.559 § 0.522 11505.4 @ Deteriora... [
CHL{UST): 10.002 0.93 19.449 0.515 0.265 ¢ 0.247 5159.0
CHL 0.93 19.451 0.323 : 0.270 : 0.252 5159.5 @ Good [
CH 0.93 2.319 0.085 0.160 ¢ 0.150 1410.8
cL 0.93 43.375 2424 : 0.559 @ 0.522 11505.4

Test 6 ma + Test 7 ma = Test 5 mA
(CL) + (CHL)
Same for the Watts

(CL + CHL)



E=Y L s et

L= BN IR = R |

Verify

Connections

Red Elue

HV Lead : Measure : Measure
Lead Lead

v -V Unused

Winding § Winding
Test 1 - Test 2 (calculated)

LV HV

Winding : Winding Unused

Test 5 - Test 6 (calculated)

Winding without Attached
CH-C1
CL-C1

Test 5 — Test 6 = Calculated UST (Test 8)

that Secondary tests were
performed correctly

Overall Test Setup

Inputs Test Results R:
. Corr. PF PF Corr. : Capacitance -

Insulation ~ TestkV . . ma Watts (%) (%) (pF) Ask FRANK E
CH+CHL . 10,001 ¢ 0.93 28.817 : 0.682 | 0.237 | 0.221 7644.0

CH: 10.001 § 0.93 9.371 0.167 | 0.179 { 0.167 2485.6 @ Good [

CHL(UST) 10.001 0.93 19448 | 0513 0264 0247 51587 @& Good |
CHL 0.93 19.447 0.515 0.265 { 0.247 5158.4
CL+CHL: 10.002 0.93 62.826 2.948 0.469 ¢ 0.439 16664.9

CL: 10.002 0.93 43.375 2.424 0.559 § 0.522 11505.4 @ Deteriora... [
CHL{UST} 10.002 @ 0.93 19.449 0.213 | 0.263 | 0.247 5139.0

CHL 0.93 19451 & 0525 0270 0252 51595 @ Good |

Bushing Calculation

CH 0.93 5.319 0.085 0.160 ¢ 0.150 1410.8
CL 0.93 43.375 2424 | 0.559 | 0.522 11505.4

Test 7 and Test 8 should be equal
Same for the watts



#
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Y

00 =] = h LN

Verify

performed correctly

Overall Test Setup

that Secondary tests were

Connections Inputs Test Results Rz
Red Blue .
HVLlead ~Measure Measure  Insulation Testky o0 mA  Watts o, PPCOm Capactance o epanke
Factor (%) (%) (pF)
Lead Lead E
CH+CHL  10.001 = 0.93 28.817 | 0.682 & 0.237  0.221 7644.0
HY LV ;
CH . . . . . 5 5
Winding | Winding Unused 10.001 = 0.93 9371 | 0.167  0.179 0.167 @ 2485.6 @ Good |
CHL(UST) 10.001 @ 0.93 19448 © 0.513 | 0264 0.247 51587 J@ Good [
Test 1 - Test 2 (calculated) CHL
CL+CHL  10.002 | 0.93 62.826 | 2.948 | 0.469 0.439  16664.9
LV HV :
CL . . . - . . 5
Winding | Winding Unused 10.002 093 43375 2424  0.559  0.522 115054 _ < Deteriora [
CHL(UST) 10.002 @ 0.93 19.449 | 0.515 | 0.265 @ 0.247 = 5159.0
Test 5 - Test 6 (calculated) CHL 0.93 19451 | 0525 0270 0252 51595 |@ Good [
Bt ¢ cccc s

Winding without Attached Bushing Calculation

CH-C1 CH
1-C1 CL

0.93

1410.8

0.93

11505.4

Tests (lines) 3, 4, 7 and 8 should be equal as all are the

CHL insulation



Two-Winding Transformer
Overall Test Sheet

# HVLlead M

Red Blue

Lead Lead

easure - Measure

Insulation Test h:’u’ =i

...........

Corr.

HV

Winding EWinding

- Unused

................

................

LV

HV

.8 winding © winding @ VMused

CHL

Overall Test Setup

PF PFD::rr
(%) (%) :

...........

T

0.179

0.264

0.265

0.469

0.559

0.265

[H

....................................

- 0.160

............

- 0.550

..........




CH’ and CL’ on OVERALL

After bushing tests, CH’ and CL’ can be
calculated.



CH’ Calculations

% % . .
N |ENG | GND | GaR | UST Tﬁf‘ s "w'atts MEEE. EDFr'f F'éz't’m 'f;‘FF'] Meas |Rtg|Rig
T A | L 10 30880 0823 027 022 08 8219 |CH+CHL
5 | H L M 11 0248 022 019 081 298 |CH G G
3 || H L |10 19970 0578 029 023 081 5299 |CHLUSTIG G
4 | [ 19980 0581 029 023 081 53000 [cHL |G G
5 | L | H 10 E5410 1907 029 023 081 17351 |CL+CHL
5 |l L H 10 45430 1328 029 023 081 12081 |oL G G
7 L H (10 19970 0576 029 023 081 5299 |CHLUSTIG G
5 | [ [58] 19980 0579 029 023 081 53000 [CHL |G G
5 | 1 [cHCT EG77 0128 023 019 081 15064 |CH G G
10 | 1 [ELc =TT 1111 030 024 081 97735 |ob G G
Line 9 is the CH without the bushings
C1 1 C2 1
. %PF | % | . N
N | BH | SeralNumber | - Er:qapp_ P oms.| on. | Facte %;E] Rig|Rtg—
T H1 = [1766473 23 380 10 023 023 100 35340 G G|
1 H2 = 1766470 23 359 10 023 023 100 35160 G G
L1 H3 v [1766471 23 357 10 023 023 100 35080 G G
1 HO = |1766472 23 389 10 022 022 100 35380 G G
L %1 w 2093510 27 BE4 10 026 026 100 56080 G G
R pu| e T [w g =y ] ac F71 in [ = [ = 1 nn FCT — —=
o 1 [




CH’ Calculations

C1 1 C2 ]
M| BH | Serial Number ;.E'F'?F E’:“app_ Tﬁf‘ mb | watts JEEE EDP”F F':a';':ft’m 'f;'@] Rig | Rtg——
T H1 v |1766473 23 | 360 10 1333 D030 023 023 100 35340 G G
11 H2 = |176E470 23 33 10 1333 hoso 023 023 100 35360 GG
11 H3 v [1766471 23 37 10 1323 hoso 023 023 100 35080 GG
11 HO = |1768472 23 33 10 1334 hoso 02z 022 100 35380 GG
L)1 w 2093510 27 | 564 10 TZTTE DOS4 026 026 100 56080 G G
R - | NO0FN0 ac F71 in 100 mnnNnE2 [ = [ . = 1 MmN FCT ~ —
A y [

Sum of the H bushings C1 tests currents

1.333 +1.333 + 1.323 + 1.334 = 5.323 mA




CH’ Calculations

% 4 . .
N |ENG | GND | GaR | UST Tﬁf‘ s "w'atts MEEE. EDFr'f F'éz't’m 'f;‘FF'] Meas |Rtg|Rig

1 || L 10 30980 0829 027 022 081 8219 |CH+CHL

> | [ H L 0 11 0248 023 013 08 2918 [CH G G
5 | [ H L |10 19970 0578 029 023 081 5299 [CHUUST|G G
4 | 02 19980 0581 029 023 081 53010 |CHL G G
s | C [ H 10 E5.410 1907 0239 023 081 17351 |CL+CHL

5§ |af L H 10 46430 1328 029 023 081 12051 |CL G G
7 |l L H [10 19970 0576 029 023 081 5299 |CHLUSTIG G
g | 1|56 19980 0579 029 023 081 53000 |CHL G G
g | 1 [CH-CT FEF7 0128 023 019 081 15064 |CH! G G
10 | 1 |cLc bodi 1111 030 024 081 97735 [ol G G

Line 9 is the CH without the Primary Bushings

Sum of the Primary Bushings C1 tests currents

1.333 +1.333 + 1.323 + 1.334 = 5.323 mA

Line 2 mA — Sum of C1 mA = Line 9 mA
5.323 mMA

11mA

5.677 mA




CL’ Calculations

% % . .
N |ENG | GND | GaR | UST Tﬁf‘ s "w'atts MEEE. EDFr'f F'éz't’m 'f;‘FF'] Meas |Rtg|Rig

1 | H [ L 10 30980 0829 027 022 081 8219 |CHe+CHL

> | H L 10 11 0248 023 019 08 2918 |CH G G

5 | [ H L |10 19970 0578 029 023 081 5293 |[CHLUSTI|G G

4 | [0 19980 0581 029 023 081 53000 |CHL G G

£ | L | H 10 E5.410 1907 0239 023 081 17351 |CL+CHL

E || L H 10 45430 1328 029 023 081 12050 |CL G G

7 |l L H [10 19970 0576 029 022 081 5299 [CHLUSTI|G G

5 | |56 19980 0579 029 023 081 53000 |CHL G G

g |1 [cHC FEF7 0128 023 013 081 15064 |CH' G G

10 | 1 [CLC IE843 1111 030 024 081 97735 |CU° G G

]
Line 10 is the CL without the bushings
c1 L oF. ]
. MNP P Test ZPF | %2PF | Carm. Cap. -

§ BH Senal Mumber %PF | Cap. . i, WA atts Meaz | Com | Eactar [pIE] Rtg | Rtg—
x| 2093510 AT R4 10 2114 0054 026 026 1.00 REOBD G G
w2 LEDEEEEIEI 2B 571 10 2138 0053 025 025 1.00 REY G G ]
o3 lEDEEEDE e R34 10 2189 0054 025 025 1.00 REBORD G G
=0 LEDEEEEIE 2B R74 10 2146 005 026 026 1.00 BE9.20 G G
o -

| = hd
« | 3




, [ ]
CL’ Calculations doble

C1 I C2 ]

- MNF MF | Test =PF | 2FF | Com Cap. ol
. del | sl e ZPF | Cap. AN mh | el tMeaz. | Com | Factor | [pF] g | i
1w (2095510 2T AE4 10 2114 J0054 026 0268 1.00 BeOBD G |G
1 w2 w (2035503 2R A7 10 2138 0053 025 025 1.00  BE? G G |
1 w3 w (2095508 2T R34 10 2189 J0054 025 025 100  B3BORD G |G
1 w0 W (2095505 2R 7410 2146|0056 026 0268 1.00  BEZ2D G |G
) -
| — i
« | 3

Sum of the Secondary Bushings C1 tests currents

2.114 + 2,138 + 2.189 + 2.146 = 8.587 mA



CL’ Calculations

% % . .

N |ENG | GND | GaR | UST Tﬁf‘ s "w'atts MEEE. EDFr'f F'éz't’m 'f;‘FF'] Meas |Rtg|Rig
T A | L 10 30880 0823 027 022 08 8219 |CH+CHL
> | H L M 11 028 023 013 08 298 |cH G G
3 | H L |10 19570 0578 029 023 081 5239 |CHUUSTIG G
4 |02 19980 0581 029 023 081 53000 [cHL |G G
5 | L | H 10 E5410 1907 029 023 081 17351 |CL+CHL
5 || L H 10 45430 1328 023 023 081 12081 |oL G G
7 L H (10 19970 0576 029 023 081 5299 |CHLUSTIG G
3 | 1|56 19980 0579 029 023 081 53000 [CHL |G G
3 |1 [EH-CT EE77 0128 023 019 081 15064 |CH G G
10 | 1 [ELc 36643 1111 030 024 081 97735 |CL G G

T

Line 10 is the CL without the Secondary Bushings

Sum of the Secondary Bushings C1 tests currents
2.114 + 2,138 + 2.189 + 2.146 = 8.587 mA

Line 6 mA — Sum of C1 mA

45.430mA —

8.587 mMA

Line 10 mA
36.843 mA




Overall Test Temperature Correction

LIQUID-FILLED TRANSFORMERS, SH

UNT REACTORS, AND VOLTAGE REGULATORS

POWER TRANSFORMERS DISTRIBUTION mmsroa_ PTs/V1
(Above 500 KYA)
Breathing and HV/EHV
Askarel-| and Older Con- Oil-Filled TEST Shunt Voltage

Filled | Conservator Types Prior to TEMPERATURES| Reactors | Regulators

Trans. | Types <16 161 K| soone |Askarel| 1950 | Modern|Siicone| °C og | (ON-Filled) | (Oil-Filled) | Askarel
~ 1.58 TH |9 | - | - | 1% 157 - 0 32.0 05 1.56 p
- 152 1 9 - = 152 150 - 2 356 96 152 -
- 1.48 1. 98 - - 148 144 - 4 392 98 1.48 -
- 145 1. 93 - = 145 137 - 5 428 98 145 -
s 143 % | - - | 143 131 | - 18 4641 .99 143 =
- 1.38 1, L) - = 1.38 125 =19 500 99 138 -
- 1.3 119 | 100 - - 13 119 - 12 sas| 100 1.31 -
- 1.24 114 | 101 - - 124 114 - 7 s72| 1.0 124 -
- 1.16 109 | 101 - - 1.16 1.09 - | . 60.8 1.01 1.16 ~
= 108 | 105 | 100 = - 1.08 1.05 - |18 64| 100 1.08 =
1.00 1.00 1.00 | 100 | 1 1.00 | 1.00 100 | 100 |20 1.00 1.00 1.00
90 91 99 96 80| 9t 96 96 | 22 716 55 ] 20
81 83 98 2 81| 83 92 o | 24 75.2 98 83 81
72 76 97 88 72| 76 88 88 | 26 78.8 97 76 72
64 70 96 84 64| 70 B84 84 824 96 70 84
56 63 : 85 .80 56 | .63 80 80 | 30 86.0 95 63 56
51 58 78 94 76 51| .58 76 76 | 32 89.6 a4 58 51
46 53 73| 3 73 46 | .53 73 73 | 34 932 9 53 46
42 49 70 | o 70 42| 49 70 70 | % 96.8 K-} 49 42
29 45 67 | .90 67 | 39| 45 87 $7 1 38 1004 90 45 39
35 42 65 | 89 65 35| 42 85 65 | 40 104.0 .89 42 35 |
33 38 62 | 87 62 33 | o8 82 62 | 42 107.6 87 38 33
30 36 59 | 86 59 30 | .96 59 59 | 44 11.2 86 36 30
28 33 56 84 56 28| 33 56 56 | 46 114.8 84 33 28
26 30 54 | 83 54 26 | .90 54 54 | 48 1184 83 30 26
24 a8 51 81 51 24 | .28 51 51| 50 122.0 81 28 24
22 26 49| 7 49 2| .26 49 49 | 52 125.6 79 26 22
21 23 47 b A7 21| .2 A7 47 | s4 129.2 77 23 2
19 21 45 | 75 45 19| 2 45 45 | 56 1328 75 21 19
18 19 43 | 72 43 a8 | .19 43 43 | 58 136.4 72 19 18




Other types of 2 winding Transformers

Shielded Transformers

Wye-Wye Internally Tied Together



Testing Transformers with
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Inter-Winding Shield

(not always shown
on nameplate)

44



Inter-winding Shield ok

<l -

Physical Representation of a Three-Phase Two-Winding Transformer

!

One of Three
Phases Shown

©2016 Doble Engineering Company. All Rights Reserved.
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Inter-Winding Shield

H3

H1 H2
{.-"-..-"n...ﬂ-..-'-...ﬂ-..-'-.] L,u,k.a..'...a,kj L.&A.&..A.#Ajy

e

X0 X1 X2 X3

i Electrostatic Shield
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<]

.]J: ChL

L

A
It
Ch
C
L
Ay

|

£ winding transformer

<=

I k ‘ CL
2 winding transformer with
grounded electrostatic shield
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A
Tl )
|
T .
| Ch
Y 'l‘ ChL
: C. |
} I
s
LV Lead ! v
7
> -
p— Ground Lead

Test 1: Ground
Measures CH + CHL

Ground Lead

Test 1: Ground
Measures CH + 172 CHL
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A
B——")
aﬂ o
C
J_ H
TCHL
C, Y
? I
N
LV Lead “ v

Y

Ceard =l Ground Lead

—_—

Test 2: Guard

MMeasures CH

<

12 CHL

O v==
T

r
ot 2

CL
e
LV Lead :? v

—g
~— |
'E'-W_I—l J_— Ground Lead

Test 2: Guard
Measures CH + 172 CHL

S HI-
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T,
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Test 3 and 5: UST
Measures CHL

———"

__
-~

<

III-I.1‘L

l.-

I i
T C
/J\ ”L 1
Iy

L

Y .

Test 3 and 5: UST

Current takes the path of least resistance therefone
most of the current fiows to ground. There is,
however, 3 small amount of current that is
rneasured for the LIST test, Lines 34,7 and 8 of
the owverall test will be similar
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Inter-Winding Shield doble

Overall Test Setup

............................................................................................................................................................................................................................................................................................................................................................

: : : e - Corr. PF _PFEnrr_Eapacitance
# HV Lead : Measure : Measure Insulation E;Testiciu’; Factor ma Watts (%) (%) (pF) =

lead : Lead

m.:i-.....E ............................. E ............................... E ............................. E ............ E.I.-.i.-.l.-..E.i.-.l.i: ...... E.DDD ..... ....... 1 .DD ....... ..... q- 2.[]53 ..... ...... 2.619 ....... DIEEEDEEq ..... ........ 1 1154.5 ........
.......... .é H'Ili'r é L'Ililr E E....................................E _ __-

= = = = CH s \ : ) : ) : : :
.......... g | wndng | S 0 A | st b 0g 067 Ll

...........................................................................................................................................................................................................................................................................................................................

..........................................................................................................................................

5§ ~ CLsCHL 2000 | 1.00 | 154.020 | 4.796 §n.311 n.alzg 40854.6

: WV P WV ed cLE 2.001 . 1.00 . 153.470  4.796 & 0.313 | 0.313 = 40708.9

.......... Winding Winding
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Wye-Wye Transformers Internally

Connected




Wye — Wye
Internally
Grounded

How Many
wWindings?




Test Connections — Wye — Wye Internally Connected




Three Winding Transformers




Dielectric Circuit

hree-Winding Transformers
| |
Coirl |
ngh Low Tert
5 X2 Y2
i} e ! F“‘[\
Hie 3 % x3 % v3
1 Cuw _ T Cy
Cy —— oF— C,
—— Tank & Core
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Dielectric Circuit
Three-Winding Transformers

'I-Iigh }(
Cy
T~ ChL
r y Tank
1 Low and
T o I\ Core
C,
—~ Ci1
. 1/
Tert Iy
_ 1




Dielectric Circuits of Transformers

C,: C;

Insulation between the Winding Conductors
and the Grounded Tank & Core

* Winding Insulation

« High, Low, Tertiary Voltage Bushings

« Structural Insulating Members

 DETC Insulation

«LTC

e Insulating Fluid

doble,

bt b



Dielectric Circuits of Transformers

Insulation Between Two Windings; Inter-
winding Insulation

« Winding Insulation Barriers

* Insulating Liquid

doble,

b b



Three Windin
Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results

Red Blue .
# HVlead Measure Measure Insulation TestkV o0 mA Watts TR e B

: Factor (%) (%) (pF)

Lead Lead

1 CH+CHL: 10.007 1.00 43.800 1.796 0.410 0.409 11618.1
HW L 1LY
2 Winding : Winding Winding CH: 10.006 1.00 17.452 0.616 0.353 0.352 4629.1
3 CHL{UST): 10.006 1.00 20.356 1.156 0.439 0.438 £991.2
4 :Test1- Test 2 {calculated) CHL 1.00 26.348 1.180 0.448 : 0.447 6989.0
g CL+CLT: 10.004 1.00 21.199 1.886 0.368 0.368 13580.9
LW ™ HY
f Winding ; Winding Sinching CL: 10,003 1.00 22.319 0.819 0.364 0.363 2973.3
7 CLT{UST) | 10.003 1.00 28.689 1.036 0.361 0.361 7o10.0
g :Test5- Test6 (calculated) CLT 1.00 28.080 1.067 0.372 § 0,371 7a07.6
g CT+CHT 7.503 1.00 51.188 2.259 0.441 0.441 13577.9
w: ™ RV ) v Winding €T 7.503 | 1.00 | 50.320 @ 2.258 | 0.440 @ 0.448 | 13347.7
Winding ¢ Winding

11 CHT{UST) 7.503 1.00 0.867 0.010 0.115 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT: 10.006 1.00 00,272 3.735 0.414 0.413 23945.2
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ead Selection Screen

Select iIf Red LV 1s on Low and Blue LV is on Tertiary
Or if Blue LV is on Low and Red LV is on Tertiary

F@ Low Voltage Lead ... M@wﬂ

(" BLUE LVL:Lo. FIED LWL TERT




Low \oltage Lead —
| & W Meter q LA

GST - GROUND RED - GUARD BLUE



J

Guard
I

& W Meter

GST - GUARD RED & BLUE




Test Procedure -Test #3: Measure C,,,

Gu

ICyy

- —

Test Set

®o—

ard

e

| & W Meter

HV Cable

UST - MEASURE RED - GROUND BLUE

Hoble,

[




Three Windin
Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results

Red Blue .
# HVlead Measure Measure Insulation TestkV o0 mA Watts TR e B

: Factor (%) (%) (pF)

Lead Lead

1 CH+CHL: 10.007 1.00 43.800 1.796 0.410 0.409 11618.1
HW L 1LY
2 Winding : Winding Winding CH: 10.006 1.00 17.452 0.616 0.353 0.352 4629.1
3 CHL{UST): 10.006 1.00 20.356 1.156 0.439 0.438 £991.2
4 :Test1- Test 2 {calculated) CHL 1.00 26.348 1.180 0.448 : 0.447 6989.0
g CL+CLT: 10.004 1.00 21.199 1.886 0.368 0.368 13580.9
LW ™ HY
f Winding ; Winding Sinching CL: 10,003 1.00 22.319 0.819 0.364 0.363 2973.3
7 CLT{UST) | 10.003 1.00 28.689 1.036 0.361 0.361 7o10.0
g :Test5- Test6 (calculated) CLT 1.00 28.080 1.067 0.372 § 0,371 7a07.6
g CT+CHT 7.503 1.00 51.188 2.259 0.441 0.441 13577.9
w: ™ RV ) v Winding €T 7.503 | 1.00 | 50.320 @ 2.258 | 0.440 @ 0.448 | 13347.7
Winding ¢ Winding

11 CHT{UST) 7.503 1.00 0.867 0.010 0.115 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT: 10.006 1.00 00,272 3.735 0.414 0.413 23945.2




Three Winding Transformer — Tests #5, 6 & 7 Setup

MR
delll
\V4 | l 'IIMWM
WW Wi

Y0 |



Test Procedure-Rotate Test Leads

Gua

rd

Test Set

HV Cable

Low \oltage Lead
<><‘ Low |
C

| & W Meter

} Low \oltage Lead <><[Tert —_l I_

Ground Lead C;

Tank
and
Core




Test Procedure-Rotate Test Leads ‘~oble

Test Set

I&WMeterJ

o | < |4
Guard | 1 Low \Woltage Lead <><[Tert __”_




Test Procedure-Rotate Test Leads

Test Set

HV Cable

Gua‘rd_ /<\I |

| & W Meter l

c, [Core
Low \oltage Lead Cur Car
‘ Tert ]
Ground Lead Cr




ead Selection Screen

Select if Red HV is on Tert and Blue LV is on High
Or if Blue LV is on Tert and Red LV is on High

E Low Voltage Lead ... M@wﬂ

¢° BLUE LVL: TERT . RED LVL: Hi




Low
IC, +1C; \ —al
o1 < \_ow Voltage Lead ]
Guard ‘{ Tert ——

| & W Meter

GST - GUARD RED - GROUND BLUE




Gua

Low
l e |\ |

rd

GST - GUARD RED & BLUE

\ow \oltage Lead
<X| Tert
| & W Meter q




IS I ¥OW \Voltage Lead CLT_ Crr
Guard Q{ Tert _| |_
| & W Meter ¥ Ground Lead C,
- ¢ -~ - N

UST - MEASURE BLUE - GROUND RED

| v H—and
IC,+ \ C, |Core

Tank




Three Windin
Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results

Red Blue .
# HVlead Measure Measure Insulation TestkV o0 mA Watts TR e B

: Factor (%) (%) (pF)

Lead Lead

1 CH+CHL: 10.007 1.00 43.800 1.796 0.410 0.409 11618.1
HW L 1LY
2 Winding : Winding Winding CH: 10.006 1.00 17.452 0.616 0.353 0.352 4629.1
3 CHL{UST): 10.006 1.00 20.356 1.156 0.439 0.438 £991.2
4 :Test1- Test 2 {calculated) CHL 1.00 26.348 1.180 0.448 : 0.447 6989.0
g CL+CLT: 10.004 1.00 21.199 1.886 0.368 0.368 13580.9
LW ™ HY
f Winding ; Winding Sinching CL: 10,003 1.00 22.319 0.819 0.364 0.363 2973.3
7 CLT{UST) | 10.003 1.00 28.689 1.036 0.361 0.361 7o10.0
g :Test5- Test6 (calculated) CLT 1.00 28.080 1.067 0.372 § 0,371 7a07.6
g CT+CHT 7.503 1.00 51.188 2.259 0.441 0.441 13577.9
w: ™ RV ) v Winding €T 7.503 | 1.00 | 50.320 @ 2.258 | 0.440 @ 0.448 | 13347.7
Winding ¢ Winding

11 CHT{UST) 7.503 1.00 0.867 0.010 0.115 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT: 10.006 1.00 00,272 3.735 0.414 0.413 23945.2
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Test Procedure-Rotate Test Leads Aoble

Test Set

Low \oltage Le%ﬁ_l |—
i
k™ S
H
Tank

) Low | —Hand
— c, |Core
IC; S L
Gua‘rd_ 2N I—$ \_ow \oltage Lead |
| Tert —

| & W Meter 1 Ground Lead C;

1
|
Ie
B
O
T
_|




Test Procedure-Rotate Test Leads

Test Set

Gua‘rd ﬁ

HV Cable

| & W Meter

¥

Low \Woltage Lead
___________ gelead 1

Ground Lead

Low \oltage Lead
<>{ High

_‘_CH

I |— and
Co

Tank

Core




Test Procedure-Rotate Test Leads

Low \oltage Lead

Test Set

HV Cable

Guald A I

| & W Meter } Ground Lead




ead Selection Screen

Select if Red HV is on High and Blue LV is on Low
Or if Blue LV is on High and Red LV is on Low

& Low Voltage Lead ... L][E]Ei

¢ BLUE LWL: Hi . RED LVL: Lo




Test Procedure-Test #9: Measure C+Cy; d@“' D

Test Set

Tank
—_ CHL and
Low Voltage Lead o Core
<a{ Low
ol C
L
T CurT Cur
HV Cable
GuaTrd_

| & W Meter C
\] ________ GroundLead A Y

GST - GROUND RED - GUARD BLUE



Test Procedure-Test #10: Measure C d@“' D

Test Set Low Voltage Lead
~={ High 4| I—
— ChL
Low \Voltage Lead Tank
x| Low | Fand
IC — C, |Core
T -1 -1
TCusTC
<N\ HV Cable ul i
Guard —I \ i1 Tert 1
& WMeter | \] GroundLead Sl_zlx

GST - GUARD RED & BLUE



Test Procedure-Test #11: Measure C;

Test Set

Low \oltage Lea(dxf
High
gh i

Guald | A0 I

| & W Meter

— ChL
Low \oltage Lead
2o J 1
o C
L
T CurT Chr
HV Cable i
C
——————————————————————————————— —Lax

Hoble,

Tank
and
Core

UST - MEASURE RED - GROUND BLUE

[



Three Windin
Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results

Red Blue .
# HVlead Measure Measure Insulation TestkV o0 mA Watts TR e B

: Factor (%) (%) (pF)

Lead Lead

1 CH+CHL: 10.007 1.00 43.800 1.796 0.410 0.409 11618.1
HW L 1LY
2 Winding : Winding Winding CH: 10.006 1.00 17.452 0.616 0.353 0.352 4629.1
3 CHL{UST): 10.006 1.00 20.356 1.156 0.439 0.438 £991.2
4 :Test1- Test 2 {calculated) CHL 1.00 26.348 1.180 0.448 : 0.447 6989.0
g CL+CLT: 10.004 1.00 21.199 1.886 0.368 0.368 13580.9
LW ™ HY
f Winding ; Winding Sinching CL: 10,003 1.00 22.319 0.819 0.364 0.363 2973.3
7 CLT{UST) | 10.003 1.00 28.689 1.036 0.361 0.361 7o10.0
g :Test5- Test6 (calculated) CLT 1.00 28.080 1.067 0.372 § 0,371 7a07.6
g CT+CHT 7.503 1.00 51.188 2.259 0.441 0.441 13577.9
w: ™ RV ) v Winding €T 7.503 | 1.00 | 50.320 @ 2.258 | 0.440 @ 0.448 | 13347.7
Winding ¢ Winding

11 CHT{UST) 7.503 1.00 0.867 0.010 0.115 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT: 10.006 1.00 00,272 3.735 0.414 0.413 23945.2




Three Windin

Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results

Red Blue .
# HVlead Measure Measure Insulation TestkV o0 mA Watts TR e B

: Factor (%) (%) (pF)

Lead Lead

1 CH+CHL: 10.007 1.00 43.800 1.796 0.410 0.409 11618.1
HW L 1LY
2 Winding : Winding Winding CH: 10.006 1.00 17.452 0.616 0.353 0.352 4629.1
3 CHL{UST): 10.006 1.00 20.356 1.156 0.439 0.438 £991.2
4 :Test1- Test 2 {calculated) CHL 1.00 26.348 1.180 0.448 : 0.447 6989.0
g CL+CLT: 10.004 1.00 21.199 1.886 0.368 0.368 13580.9
LW ™ HY
f Winding ; Winding Sinching CL: 10,003 1.00 22.319 0.819 0.364 0.363 2973.3
7 CLT{UST) | 10.003 1.00 28.689 1.036 0.361 0.361 7o10.0
g :Test5- Test6 (calculated) CLT 1.00 28.080 1.067 0.372 § 0,371 7a07.6
g CT+CHT 7.503 1.00 51.188 2.259 0.441 0.441 13577.9
w: ™ RV ) v Winding €T 7.503 | 1.00 | 50.320 @ 2.258 | 0.440 @ 0.448 | 13347.7
Winding ¢ Winding

11 CHT{UST) 7.503 1.00 0.867 0.010 0.115 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT: 10.006 1.00 00,272 3.735 0.414 0.413 23945.2




Three Winding? Transformer
Overall Tests

Where Did We See
This Type of Results?




Three Winding? Transformer
Overall Tests

Shielded Transformer

But Is It Really Shielded?



Dielectric Circuit Three-Winding Transformers

Transformer tertiary configurations - Tertiary inside the low
voltage winding closer to core not on same insulation tube

CHT (very low capacitance) Tank wall Core

_{

CH

Tank — Core
./




Three Windin

Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results
Red Blue .
# HVLead Measure - Measure : Insulation . Testkv: o0 mA Watts SEMIN E SR R P
: Factor (%) (%) (pF)
Lead Lead
1 CH+CHL: 10.010 0.97 67.225 3.461 0.515 0.498 17831.0
: HY LV v
2 Winding : Winding Winding CH: 10,004 0.97 41,992 2.692 0.641 0.620 11138.4
3 CHL{UST): 10.004 0.97 25.220 0.747 0.296 0.287 po89.8
4 :Test1- Test 2 {calculated) CHL 0.97 25.233 0.769 0.305 0.295 0693.2
5 CL+CLT: 10.003 0.97 47,884 1.5864 0.389 0.376 12701.4
: LV ™ HV
b Winding : Winding winding CL: 10,002 0.97 12.726 0.597 0.469 0.454 3375.6
¥ CLT{U=T) | 10.002 0.97 35.153 1.286 0.366 0.354 0324.6
B :iTest5 - Test 6 {calculated) CLT 0.97 35.158 1.267 0.360 0.348 0325.8
g CT+CHT ¢ 10.003 0.97 42,970 1.261 0.293 0.284 11399.6
w i TV HY v Winding CT 10.002 | 0.97 @ 12763 @ 0.572  0.448 = 0.433 3385.4
Winding : Winding (" ~ 7 T et e St S
11 CHT{UST) : 10.002 0.97 30.207 0.717 0.237 0.230 g012.7
12 iTest 9 - Test 10 {calculated) CHT 0.97 30.213 0.689 0.228 ¢ 0.221 B8014.1
513 all CH+CL+CT: 10.004 0.97 08.200 7.302 1.071 1.035 18089.5




Dielectric Circuit Three-Winding Transformers

Transformer tertiary configurations - Tertiary stacked on
top of low voltage winding on same insulation tube

CLT (Very low capacitance)

Tank T Core L/Tank wall Core

_{

CH




Test Procedure-Test #13: doble

Measure C, +C, +C;

HV Cable

Test Set i —
o C,
— ChL
Tank
| Fand
Ct1C, 4 1C, — C, Core
—C..+—C
LT HT
Guar o :—l I__
d
‘&WMeter | 1 Groundlead = EI:Ix

GST - GROUND



Three Windin
Overall Tests

Transformer

Overall Test Setup

Connections Inputs Test Results
Red Blue .
# “HV Lead : Measure : Measure - Insulation @ Test kv torr. mA Watts -~ S
Factor (%) (%) (pF)
Lead Lead
1 CH+CHL: 10.007 i 1.00 43,800 1.796 0.410 : 0.409 11618.1
2 HW LW ™
Winding { Winding Winding
3 CHL{UST): 10.006 : 1.00 26.356 1.156 0.439 : 0.438 6091.2
4 :Test1- Test 2 (calculated) CHL 1.00 20.348 1.180 0.448 | 0.447 6989.0
5 CL+CLT: 10.004 1.00 51.199 1.886 0.368 0.368 13580.9
LV v HV |
f Winding | Winding | Winding CL: 10.003 ;@ 1.00 22.519 0.819 0.364 : 0.363 5073.3 I
7 CLT{UST): 10.003 | 1.00 28.689 1.036 0.361 : 0.361 7610.0
§ :Test5- Test 6 {calculated) CLT 1.00 28.680 1.067 0.372 ¢ 0.371 7o07.6
g CT+CHT | 7.503 1.00 51.188 2.259 0.441 : 0.441 13577.9
™ HY N
10 Winding | Winding LV Winding CT: 7.503 1.00 50.320 2.258 0.449 : 0.448 13347.7 I
11 CHT{UST) | 7.503 1.00 0.867 0.010 0.115 : 0.115 229.9
12 iTest 9 - Test 10 {calculated) CHT 1.00 0.868 0.001 0.012 : 0.012 230.2
13 All CH+CL+CT 23945.2

22.519

50.320

90.321



Auto Transformers




Auto-Transformer With Accessible dob b »
Tertiary Winding

High and Low
H2 Tertiary
NN
H3 Ylﬁi:}zYS
Ch C+

—I— Tank & Core



Auto XFMR With Accessible Tertiary — Test #1, 2, & 3 Setu "dob

et

doble) . MM W2 o

J -
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Auto-Transfarmer With Accessible d

ertiary Winding

Overall 1est S5etup

Connections Inputs Test Results

Red Blue :
. Corr. PF PF Corr. - Capacitance
HV Lead Measure : Measure : Insulation | Test kV =T ma Watts (%) (%) (pF)

Lead Lead

CH+CHT  10.000 0.98 | 103.110 . 2.161 | 0.210 | 0.205 . 27349.7
TV Unused cH 10.000 0.98 @ 49.436 @ 0.924 @ 0.187 | 0.182 = 13113.0
Winding S S S S T oo :

CHT(UST) | 10.000: 0.98 @ 53.657 | 1.243 | 0.232 | 0.226 | 14232.7

HV Winding

Test 1 - Test 2 (calculated) CHT 0.98 = 53.674 | 1.237 | 0.230 @ 0.225 @ 14236.7

.................................................................................................................................................................................

CT+CHT  10.000° 0.98 @ 165.700 | 3.567 | 0.215 | 0.210 : 43951.3

e e e e o = = e e o = = = e e = e e e e e o e e o = e e e = = e e =

H'Il.lII : : : : : :
Winding : Unused 399 ¢ 098 112030 2.249 © 0.201 L 0.1% 237170

CHT(UST) 9,999 @ 0.98 | 53.652 | 1.270 @ 0.237 | 0.231 | 14231.8

L o o o o= == e o e o T T o o o e S et e ot

TV Winding

Test 5 - Test 6 (calculated) CHT * 53.670  1.318  0.246  0.240 = 142343

.................................................................................................................................................................................

Test as a Two Winding



Auto-Transformer - With Accessible Tertiary Windin

©2016 Doble Engineering Company. All Rights Reserved.



Auto- Transformer Without Tertiary Winding
(Tertiary Winding Not Accessible)

1 HZ HS

Remove
Ground from
HO/X0 while
Testing



Auto-Transformer Without Tertiary Winding (Not Accessible doble




#

1

5

Auto- Transformer Without Tertiary Winding .89,

(Tertiary Winding Not Accessible)

Overall Test Setup

Connections Inputs Test Results
Red Blue :
HV Lead Measure - Measure - Insulation  Testkv - o0 mA Watts S S s S
—— (%) (%) (pF)
Lead Lead
All Unused : Unused CH  10.006 | 0.98 @ 164.965 3.525 & 0.214  0.209 ;| 43757.6 |

One Test to Ground
(No LV lead i1s Required)

T



Transformer Overall Tests

Updated Recommended Doble Power-Factor Test
Voltages for Liquid-Filled Power and Distribution
Transformers

Winding Rating L-L (kV) Test Voltage (kV)

17.32 kV and Above 10 kV
Below 17.32 kV Line - Ground



Transformer Overall Tests

Examples of common winding voltages and their calculated
line to ground voltages. These are general guidelines.

Winding Rating L-L (kV) Line to Ground Voltage
17.32 kV 10,000
13.8 kV 7967
12.47 kV 7200
4.16 kV 2401
2.4 kV 1385

A48 kV 2177



Transformer Overall Tests

Recommended
Liquid-Filled

Doble Power-Factor Test Voltages for
'ype Power and Distribution

Transformers

‘ested In the Absence Of Insulating

Fluid and Under Atmospheric or Greater Absolute

Pressure

» Determine - By Direct Measurement - That the

Gas space an

d fluid contain safe combustible gas

levels for testing as prescribed by your company

* Purge with dry nitrogen to obtain <2%o oxygen

* Never apply test voltage to a transformer whose

windings are

under vacuum or partial vacuum



Transformer Overall Tests

Recommended Doble Power-Factor Test Voltages for
Liquid-Filled Type Power and Distribution
Transformers Tested in the Absence Of Insulating
Fluid and Under Atmospheric or Greater Absolute
Pressure

« Low test voltage Is sufficient to assess the general
level of dryness of a transformer insulation system

« Maintain adequate clearance between all
energized, floating and grounded conductors when
testing with some or all of the transformer leads,
core, and colls out of the insulating fluid



Transformer Overall Tests

Recommended Doble Power-Factor Test Voltages for
Liquid-Filled Type Power and Distribution
Transformers Tested in the Absence Of Insulating
Fluid and Under Atmospheric or Greater Absolute
Pressure

« Do not apply test voltages that exceed those
recommended for transformers with the insulating
fluid removed



Transformer Overall Tests

Recommended Doble Power-Factor Test Voltages for
Liquid-Filled Type Power and Distribution
Transformers Tested in the Absence Of Insulating
Fluid and Under Atmospheric or Greater Absolute
Pressure

Transformer Winding Rating L-L (kV) Test Voltage (kV)
Delta Windings

161 and Above 10
115 to 138 5
34 to 69 2
12 to 25 1
Below 12 0.5



Transformer Overall Tests

Recommended Doble Power-Factor Test VVoltages
for Dry-Type Power and Distribution Transformers

Transformer Winding Rating L-L (kV)

Test Voltages (kV)

Delta and ungrounded Wye Windings

Above 14.4
12 to 14.4
5.04 to 8.72
241t04.8
Below 2.4

Grounded Wye Windings
2.4 and Above
Below 2.4

2 and 10

2, L-to-G, 10
2and 5

2

1

2
1



Power & Distribution Transformers 6oe®

Doble dielectric-loss & power factor testing as
applied to transformers is a comprehensive test
for insulation assessment, detecting:

‘Moisture
Carbonization

‘Mechanical Failure

Test techniques makes it possible to separate
the transformer into major components for more
effective analysis of test results.



Analysis

o]
Data Interpretation of Modern Oil- ._
Filled Power Transformers
(Temperature Corrected)

eLess Than 0.5% --  GOOD

*>0.5% but < 0.7% -- DETERIORATED
*>0.5% but <1.0% & increasing -- INVESTIGATE
*Greater than 1.0% --  BAD

GENERAL GUIDELINES!



Transformer Limit Guidelines "‘M ._l D

Rating Type New  Used
0 - 500 KVA Distribution 1.0% 2.0%

> 500 KVA Power 0.5% 1.0%

THESE ARE GENERAL GUIDELINES!

Change in Charging Current Rating*

0-3% G
3-5% D
5 -10% I

> 10% B




Analysis of Dry Type Transformers

L Iimits Are Determined Based on Manufacturer and

Rating

Based on a Recent Tabulation (1999), the Following
General Guidelines Can Be Used:

Ventilated Transformers
Cy  £2.0%
Cy <3.0%
C. . <£4.0%

Epoxy-Encapsulated
Transformers
CuL £ 1.0%
Cy<3.0%
CL.L2.0%




oble,

Considerations d‘_____ £

‘NEVER rely only on power factor when reviewing data.
Tests can be performed incorrectly and still have an “acceptable
power factor.

N

*Overall power factor will not reveal shorted turns or an open.
*Always review current, watts, power factor and capacitance.

*Review bushing test data, excitation current, turns ratio and
winding resistance.



Considerations

*Previous Test Results (Rate of Change)
*Test Temperatures

*Reason for Test: Acceptance, Routine or Suspect
*Other Test Results, e.q.

» High P.F. Readings = Lab Results

(DGA, Moisture in Oll)

» High P. F. Readings = P. F. Tip-Up

» Change in Capacitance = LRT and/or
SFRA




Exciting Current Tests




Excitation Current Principles

With the LTC On NEUTRAL — We measure the
exciting current of the Transformer

With The LTC on an EVEN Tap — The EXxciting
current may Include additional components such as a
Series Transformer or Preventative autotransformer.

With the LTC on an ODD tap — The EXxciting current
In almost all cases includes any Series Transformer or
Preventative autotransformer and anything else that
will affect It.



Excitation Current Principles

No Load

Iexcitation = Imag /—’ (I)maq
a ) °
+ q D 7
V1C">- C ) D) \_/2

1) When an AC Voltage Source, such as a Doble Test Set, is placed on a
transformer, a small current will flow.

2) This small current is the Magnetizing Current: the current required to

magnetize the Transformer core with the Magnetic Flux (I)mag. This
Maanetizing Current is the Excitation Current we measure and record.

3) This Magnetic Flux will induce a voltage across the secondary windings: V,



Excitation Current Principles

Load Added

lexcitation = lnag | /—— @+, b B
+ 1, D d 4 -

3 C D + R
Vl C D) V2 % 2

1) When a Load is placed on the secondary windings a current
will flow

1,=V,/R, [ Ohm’s Law ]

2) The Current I, will in-turn create an Opposing Magnetic Flux

¢,

3) The Generator, which regulates voltage at a set level, will
provide more current to maintain the core magnetized equal to the

opposing flux

Iexcitation =Imag + I2



Excitation Current Principles

Turn to Turn Fault

|+ Orag™ ¢
HV ,%iiq : [; mag _ rfaul (d)fault X4

UST
¢ H, C c \y
1 ) C fault
~ LV , D .
- HO XO

1) If a fault develops in the secondary windings, this fault will act as a load across
the faulted windings drawing a current I, ;.

2) As a result, the Excitation Current will go up due to the opposing flux created by
the fault [dey -

Result: A Fault will cause Excitation Current to Increase



Excitation Current Principles

Grounded Winding

Iexcitation— mag+ Ifault

X — +
N, ] (I)maq (I)fault (I)fmulf 2<1 Ground Fault
USTHV Hy 4 P 1k
+ —
C > (-
) ) fault
LV Y Ho Xo S

— Neutral Ground

1)If the secondary winding has a grounded neutral and one of the windings
develops a fault to ground, grounded windings will draw a fault current.

2) As a result, the Excitation Current will go up due to the opposing flux
created by the fault [d¢, -

Result: A grounded winding on a transformer with a grounded
neutral will cause the Excitation Current increase.



Excitation Current Principles doble

Preventative Autotransformer

excitation:Imag+ IAT

+
ﬁ.; {—)_’(I)maq (I)AT QAI X,

UST HV  Hy C
+ I,
C D—
] ; D C .
LV Y H, X

When an autotransformer is connected across two taps it acts as a load and the
primary current goes up.

Result: When the Autotransformer is in the bridging position
the Excitation Current increase.



Transformer Excitation Current Test 'L:.:.. »
Procedure - Single Phase

Note :

It Is recommended to ground one terminal of each
low voltage winding so that excessive voltage in the
winding will not be developed from electrostatic
coupling.



Transformer Excitation Current Test dd.:. ..l D

Test Voltage Guidelines

« Do Not Exceed Test Voltages Recommended For
Over-All Winding Test Procedures

 Use the Highest, Whole Number, Voltage in kV,
That the Test Set Can Deliver Up To the Maximum
Recommended Test Voltage



Transformer Excitation Current Test

Test Voltage Guidelines

*The Relationship Between Excitation Current and
Applied Test Voltage is Non-Linear

For Historical Comparisons it Is Necessary to Use the
Same Test Voltage For Each Test on a Given
Transformer

Hoble,

b



Wye Winding
Excitation Current Tests



' Seriot No. |

Transformer Nameplate

Three Phase Transformer Type TDQ-105 A22 D9K-99

1.650.402 |

Coss  FOA

-3

i _li&i }
I

= |

60 Hertz

Year of monufocture [ 1987 )

High Voltage

NTC

Voits

Anps

33

G20

A1

-
|

‘-A I;m !

Ead

die



Transformer Excitation Current Test
Test 1: Measure H1 to HO

Energize: H1, UST: HO, Float: H2,H3,X1,X2,X3
Note: If Low Voltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set

Ground Lead

H?2

HO

H3

~ ._. P
Guard Low \oltage Lead

| & W Meter

Hoble,

[



Test 2: Measure H2 to HO

Energize:H2, UST: HO, Float: H1,H3,X1,X2,X3
Note: If Low \Woltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set

H3

<~ ._. P
Guard [ Low \oltage Lead

| &W Meter




Test 3: Measure H3 to HO

Energize: H3, UST: HO, Float: H1,H2,X1,X2,X3

Note: If Low Woltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set

H3

~ I_. —
Guard Low Voltage Lead

| & W Meter




Transformer Excitation Current Test dd.:. ..l D

Summary

Test Test

No. Measures Mode Energize UST Ground Float

1 H1I-HO UST H1 HO * H2,H3,X1,X2,X3
2 H2-HO UST H2 HO * H1,H3,X1,X2,X3
3 H3-HO UST H3 HO * H1,H2,X1,X2,X3

If Low-\Voltage Winding is Wye-Connected, Ground X0

*This Procedure is for Transformers With H2 and HO Bushings
Associated With Center Leg of Core



Transformer Excitation Current Test
3-Phase Wye Connected Windings

e H1

|AA/AAA|
vV VvV VvVv vy




Transformer Excitation Current Test
3-Phase Wye Connected Windings

¢ H2 ¢ H3

V

doble,

b b

¢ HO




Transformer Excitation Current Test
3-Phase Wye Connected Windings

¢ HI1

¢ H2 ¢ H3

B o B

< < <
\> \>
<\> < <\>
<\> < <\>
<\> < <\>
_<\> _c _<\>

¢ HO

doble,

et -



Transformer Excitation Current Test
3-Phase Wye Connected Windings

¢ H2 ¢ H3

¢ HO

doble,

et -



Current and Watts Pattern - - HLH - Why?

*Test Voltage, E, Applied to Winding - Same For Each
Test

‘E=444fNOD
 f = Alternating Current Frequency (Constant)
* N= Number of Turns of Conductor (Constant)

* The Magnetic Flux @ In the Core Within the
Conductor Colls - Same for Each Test



Current and Watts Pattern — HLH - Why? ""L..!'......|"'| D

*Magnetic flux, ® - Same for Each Test
‘NI = DR
N = Number of Turns of Conductor (Constant)

Current, I, Through the Conductor - Affected Only by
‘R, Reluctance of the Core

Larger Reluctance, ‘R, Larger Current

Smaller Reluctance, R, Smaller Current



Current and Watts Pattern - HLH - Why? d@“' D

Summary

‘E=444fTNOD
—Must Keep E Constant to Keep @ in the
Core Constant

‘NI = DR
—N and ® Are Constant,
—I (current) Will Vary With ‘R
(Reluctance)
—Higher R Then Higher |
—Lower ‘R Then Lower |



Current and Watts Pattern - HLH - Why?

> Larger Reluctance, R, Larger Current

»Smaller Reluctance, R, Smaller Current



Current and Watts Pattern - HLH - Why? "u......“.,l >

3 3 3| Same for this leg

Outer Cores

‘RE = (1+3+1) + [3(1+3+1)/(3+1+3+1)] = 6.875



Current and Watts Pattern - HLH - Why?

R, 1 1

Inner Core

RE=3+(5x5)/10=5.5



Delta Winding
Excitation Current Tests



Transformer Excitation Current Test

3 Phase, Delta Connected
H1-H2 in Center Phase



Test 1: Measure H3 to H1

Energize: H3, UST: H1, Ground: H2, Float: X1,X2,X3
Note: If Low Woltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set

usp

| ] Ground Lead__?I H1 H3
«—EC L
N

Guard Low Voitage Lead
| & W Meter




Test 2: Measure H1 to H2

Energize: H1, UST: H2, Ground: H3, Float: X1,X2,X3
Note: If Low Woltage Winding is Wye-Connected - Ground X0

HV Cable
H?2
Test Set
@ Ground Lead H H3
lec | _(—_Q?I

iy i
Guard Low \Woltage Lead

| & W Meter




Test 3: Measure H2 to H3

Energize: H2, UST: H3, Ground: H1, Float: X1,X2,X3
Note: If Low Voltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set

Ground Lead

Guard Low Volfage Lead
| & W Meter




Transformer Excitation Current Test
3 Phase, Delta Connected, H1-H2 in
Center Phase

Summary

Test Test

No. Measures Mode Energize UST Ground  Float

1 H3-H1  UST H3 H1 H2* X1,X2,X3
2 H1-H2  UST H1 H2 H3* X1,X2,X3
3 H2-H3  UST H?2 H3 Hl1* X1,X2,X3

*This Procedure i1s For Transformers That Have H1 and H2
Bushings Associated With the Center Leg of Core

*Note: If Low Voltage Winding is Wye-Connected - Ground X0



Transformer Excitation Current Test
3 Phase, Delta Connected, H1-H2 in Center Phase




Transformer Excitation Current Test "t.:......"._l D
3 Phase, Delta Connected, H1-H2 in Center Phase

H1 IHZ IHB

A A NAAAN




Transformer Excitation Current Test du .bl D
3 Phase, Delta Connected, H1-H2 in Center Phase

__—I H2 H3

LVL H1




Transformer Excitation Current Test dﬁ.!'......“.,l D
3 Phase, Delta Connected, H1-H2 in Center Phase

LVL

H1 —<»I H2 __—I H3




Transformer Excitation Current Test
3 Phase, Delta Connected, H1-H2 in Center Phase

LVL

—tH1 luD—OIHz —<»IH3

/

|A/Al\l\l\
vV V VWV VYV
AA A AN
/A
v




Application of Excitation Current Test "-ﬁ.._._.l- o D

For New or Questionable Transformers

*Test Positions of the LTC:

All positions
or

1R-16R, N, 1L
or

1L-16L, N, 1R

*Test Each Position of the DETC:
A.B,C,D,E with the LTC in Neutral



Application of Excitation Current Test "'ﬁ.:......“.,l >

On a Routine Basis

*Test Positions of the LTC
16R, 1R, N, 1L, 16L

[_eave the DETC in the Nominal Position or the
Position to be left on for operation.



Analysis, Excitation Current and Watts
Phase Patterns

Two Similar (SS)
Single Phase Transformers



Analysis, Excitation Current and \Watts “
Phase Patterns

EDTA Field System - [Auxiliary Transformer Tests - Excitation Teskts]
=] File Edit ©Cperations Test Layouk

Locatian: TCY TRALCY 500 ARD Special ID;  KT241
Serial Mo 048737100151 CCT Desig KT24 Date:  May 31 2002

—De-Energized Tap Changer —Un-Load Tap Changer
b fr: Hy UMl Tupe: kA fr: HvyUM|  Tupe:
# Steps: 5_ Boost: + | %  Buck: -I_:‘e.; # Steps: 5_ Boost: + %  Buck: - I_ o

FaM-Fnd: FaM-Left: PSM-Frnd: PSM-Left:

Connections

Detc  Lte  Test HIT'HID_ HID_'HIT HI_'HI_ NS

Mo Pzn Psn kN __mé watts  __md walls M, watks RTG

10 | 36330 | 11080 | 36.830 130
10 | 36360 | 11060 | 36960 130
100 | 36.570 (11050 | 36360 {13050
10 | 36,380 | 11040 | 36330 130
10 | 36580 | 11040 |36.340 {12370
10 | 37700 (11650 |35.2580 [135.40
10 | 37.630 [ 11650 | 355320 [135.50
10 | 37630 [ 11650 |33.340 [136.80
10 | 37.630 |116.50 |33.360 136

F

D00 =] @ i e L —
PRI — — — —
F LI — LN e L



Analysis, Excitation Current and Watts "-*__.I-' b D
Phase Patterns

Two Similar and One Lower (HLH)
Most Common.

Three Legged Core.
Shell Form with Delta Secondary Winding.

Regular Test Procedure.



Analysis, Excitation Current and Watts
Phase Patterns

EZIDTA Field System

File Edit Operationz Test Lapout

I Auziliary Transformer Tests - Excitation Tests

Locatior: Special ID;  BO9-TH-5
Senal Mo CCT Dezig: BO9-TH-5 Ciate:  Awg 26 1399
—De-Energized Tap Changer —[n-Load Tap Changer
b fr: P Type: OFF-LIME b fr: Tupe:
H Steps: ] Boost: + #  Buck: -I_?; H Steps Boost: + #  Buck: - I_ E
PSMH-Fnd: |3 PSHM-Left: | 1 PSM-Frd: PSH-Left:
Connechions
Hi{1 -H|2 Hlz -H|3 Hlz -H[1
Detc Lt Test I_ I_ I I I I IHS
Moo Fzn Fzn AT s, watks s, watts e, wattz RTG

1 1 10 (49080 (39210 |17.960 (14790 | 47660 | 38530 || =

2 2 10 TEZ60 | 39310 717420 | 14590 [49.260 |3939.20 || |

3 3 10 (50400 {41090 {18150 (15220 |51.270 | 41710 ||

4 4 10 | 52,480 (42890 |18.8930 (15270 |53.430 | 435.20 ||

] ] 10 |54.830 (443960 |19.740 |166.20 |55.930 | 456.20 ||

G

7

3

3 =

| arrester I | DR-HL I Jump T I | Prew Date I Mext Date I | Save I| E =it I

Appears that H1 and H3 are rolled



13 Raise and 5 Raise indicate trouble on H1-H2

Excitation Test
Delta Wye Transformer Example

H2 - H3 H3 -H1 H1 - H2
DETC LTC Test KV mA Watts X mA Watts X mA Watts
C 16R 10 12.296 78.44 L 12.658 79.492 L 5.687 34.371
C 15R 10 58.192 85.977 L 58.575 86.383 L 52.597 42.547
C 14R 10 12.041 76.574 L 12.346 77.386 L 5.592 33.684
C 13R 10.004 57.945 84.218 L 58.399 84.737 L 18.88 64.341
C 12R 10 11.806 7491 L 12.095 75.705 L 5.508 33.08
C 11R 10 57.814 82.606 L 58.126 82.778 L 52.498 41.292
C 10R 10 11.603 73.513 L 11.793 73.903 L 5.431 32.559
C 9R 10 57.674 81.387 L 57.976 81.384 L 52.423 40.84
C 8R 10 11.427 72.348 L 11.614 72.692 L 5.367 32.118
C 7R 10 57.55 80.469 L 57.828 80.187 L 52.376 40.52
C 6R 10 11.315 71.439 L 11.455 71.578 L 5.314 31.765
C 5R 10 57.433 79.813 L 57.67 79.299 L 52.263 40.295
C 4R 10 11.202 70.714 L 11.33 70.783 L 5.272 31.504
C 3R 10.001 57.338 79.241 L 57.514 78.788 L 52.236 40.205
C 2R 10 11.124 70.27 L 11.227 70.238 L 5.245 31.299
C 1R 10 56.972 79.277 L 57.203 78.823 L 51.893 40.315
C N 9.999 11.094 70.122 L 11.202 70.039 L 5.238 31.235
C 1L 10.001 57.121 78.981 L 57.364 78.354 L 52.068 39.925
C 2L 10 11.125 70.181 L 11.242 70.213 L 5.254 31.308
C 3L 10.001 57.334 78.933 L 57.467 78.394 L 52.258 39.901
C 4L 10 11.205 70.706 L 11.268 70.548 L 5.29 31.474
C 5L 10 57.415 79.564 L 57.586 78.935 L 18.82 63.081
C 6L 9.999 11.343 71.481 L 11.383 71.247 L 5.331 31.736
C 7L 10 57.626 80.416 L 57.687 79.703 L 52.381 40.389
C 8L 10 11.485 72.475 L 11.483 72.073 L 5.385 32.101




Graph

LTC Pattern Excitation Example 1

70
60

50

O H2 -H3
BmH3-H1
OH1-H2

40

Milli Amps

30

20

il el

QL &R A R AN A A
@Q‘N&QQ‘@Q‘%@vm DA R IR )

P

LTC Positions from 16R to 16L




Delta Wye Transformer Example 1

The nameplate was examined. 13R and 5L steps shared the same contact.

"G" RING- first from "H" RING -second from
g micarta board micarta board LTC Compartment

3 - N

a y

S 5

6 > L) A\ |

G " PRRRL |y I P3preyentative Adto
 — : g
l, & Caf . i
Regulatipg - 1/8\ e
. . "H" Il E
Winding 10 75 Tlo /\‘ R ?L —E] Pl
I
N /
12 \\_/Z
14
g view facing contact side of micarta board
schematic 1s shown with tap changer on position 16 L
transfer switches E and F are Cloffcﬂj%'tézﬂg apéigrliargréd
<€ pPositions
POSITION
CONTACT LOWER RAISE
Is(Is14i3i2(11{10[9|8|7|6|5|4|3|2|1[N|1 |2]|3]|4|5|6|7 |8|9i0|11]|12]1314|15)i6

Pl (G)
connects to 4|15|5(6|6|(7|7|8|8|9|9/(10/I0[I1{II|M|M[4|4|5(5|6|6|7|7|8[|8 |2 (3101011
P3 (H) ala|s|slele|7|7|8|8|o|olofioli]ii|m|m|a|als]s (6|6 |7| 7|8 |8|o]oliolo] I
connects to
R
SORNeEIs 16 A[AA(A[AIAIA|A[A[A|A|AIAIAIA|IA|IA|B|IB|B/B|B|B|B |B|B|B|B|BIB|B|B|B




Analysis, Excitation Current and "'M e,
Watts Phase Patterns

Determining Phase Patterns:

*The Doble Test Assistant Considered Measurements
similar if:
(1) Currents are between 0 and 50 mA and are
within 10% of each value

(2) Currents are greater than 50 mA and are
within 5% of each value



Analysis, Excitation Current and "-h.._._..'- b »
Watts Phase Patterns

*Three Similar Phase Currents (SSS)
—4 or 5 Legged Cores
—Shell Form with Non Delta Connected
Secondary
—3 Single Phase Transformers Connected as a
Three Phase Transformer.



Analysis, Excitation Current and
Watts Phase Patterns

Two Similar and One Higher (LHL)

Delta Connected Primary Performed Using the
Alternate Method

*\Wye Connected Primary, Neutral is Not Accessible,
Measuring Two Phases in Series

*High Capacitance Windings and Low Loss Core



Analysis, Excitation Current and "t.:......“._l >
Watts Phase Patterns

Transformer Excitation Current Test Procedure 3 Phase, Wye
Connected Windings Without an Accessible HO Bushing

Test Test

No. Measure Mode Energize UST Float

1 H3-HO+HO-H1 UST H3 H1 H2,X1,X2,X3
2 H1-HO+HO-H2 UST Hi H2  H3,X1,X2,X3
2 H2-HO+HO0-H3 UST H2 H3  H1,X1,X2,X3

Note: If Low Woltage Winding is Wye-Connected - Ground X0



Wye Connected Windings
Without

Accessible HO Bushing



Test 1: Measure H3 to H1

Energize: H3, UST: H1, Float: H2,X1,X2,X3
Note: If Low Woltage Winding is Wye-Connected - Ground X0

HV Cable

H2
Test Set L
@ Ground Lead H1 H H3

Guard

| & W Meter Low \oltage Lead




Test 2: Measure H1 to H2

Energize H1, UST H2, Float H3,X1,X2,X3
Note: If Low Voltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set L

Ground Lead H1 H H3

BFI N
EC

) o 2
Guard Low Voltage Lead

| & W Meter




Test 3: Measure H2 to H3

Energize: H2, UST: H3, Float: H1,X1,X2,X3
Note: If Low Voltage Winding is Wye-Connected - Ground X0

HV Cable

Test Set L

Ground Lead H1 H H3

Guard Low Voltage Lead

| & W Meter




Wye Connected Windings
Without Accessible HO Bushing

E-DTA Field System

File Edit OQperations Tesk Lawouk

I Auxiliary Transformer Tests - Excitation Tesks — 0] =]
Location: EEHS Special 1D; 36781
Serial Mo 93903401 203 CCT Desig: HS5T2 D ate: Oct 02 2000
—[De-Energized Tap Changer —On-Load Tap Changer
kA fr: bAal Tvpe: b fr: b ol Type: TC-ME
B Steps: 5 Boozt: + | B & Buck: I ST B Steps: | 33 Boozt: + |10 % Buck: - I 10 %=
FSH-Frd: | 3 FSH-Left: | 3 PSH-Frd: | M FSH-Left:| M
Connections
Hi1 -H|2 Hi1 -H|3 Hlz -H|3
Detc Lt Test I_ I_ I_ I_ I_ I_ IMS
Moo Fzn Fzn kM e, yaatts e, waatts e, waths BTG

1 3 M 10 |39.370 | 24710 |53110 34210 ar 23520 |1 (=)

2 3 1L 10 14220 | 264.40 153 361.60 |138.90 | 25220 ||

3 3 2L 10 | 39.030 | 24560 |53.260 |34250 | 37240 | 23610 |1 o

4 3 3L 10 14250 | 26610 |153.30 |363.60 |139.20 | 25450 ||

] 3 4L 10 | 39=28=—r247.80 | BSFFE—r 345.40 | IPAE4a—38.30 ||

[ 3 AL 10 (14 2E8.70 |1 AEF10 |13 25730 |1

v 3 GL 10 |39 25110 |5 34380 |38 241 60 ||

a 3 7L 10 (148 27250 | 155 AF210 | 148 251 I

| 3 aL 10 | 40620 |255.40 | 55320 | 35560 | 33.8340 246 I ;I

| Birrester I | DR-HL I Jump To I | Prew Date I ket Date I | Save I| E =it I




Transformer Excitation Current and
Watts, Test Procedure, Three Phase

LHL Pattern - When HLH Pattern Expected

2:1 OTA Field System
File Edt Operationz Test Layout

i Auxiliary Transformer Tests - Excitation Tests Hi=] E
Location;  PORT ALLEM Special D
Seral Mo:  HB81308 CCT Dezig: Date:  May 03 2001
~De-Energized Tap Chaniger ~0r-Load Tap Chaniger
dfr; LBE  Type: bdfr: Tupe:
# Stepz: W Boost + Ei_ % Buck: -IE?; # Steps: | Boost + | % Buck: I_ 4
FSH-Frd: |3 FSM-Left: FSM-Frd: FSM-Left
Connechions
S e e
Detc Lic Test IMS
M | Pwm P kY watts watts watts RTG

RN

,J

| 10 |4.21n |34.15n |5.4=34 |1EI.?3III | 4859 |3?‘.EED ||:.1 | 4




Transformer Excitation Current and
Watts, Test Procedure, Three Phase

LHL Pattern - When HLH Pattern Expected

~=< 4000 for Windows - Cliphoard - EX_C_CAP
File Mode Edt “iew Configuration Test Diagnostice Help

== EIEIEE

Company:

drd=iisl|n]

Location: Time: 08:08

Date: | 05/09/01

Equipment:

Special ID: Circuit Designation: I

Mo. Senal No_ / LC Circuit kY mA | Wattz | Meas | Comr. | Corr. Cap. f R
Test ID ? Desc. %PF | Fact. | 2PF Ind. T

] e S
| [+]

1 |H3-HI A~ |UST-R |~ |10.000| 4.316| 31.073| 72.00| 1.00| 72.00 783.7 pF
2 |H1-HZ A TIUST-H |~ |10.000| 6.368| 14.854| 23.33| 1.00{ 23.33] 1640.3 pF
3 |H2-H3 A T JUST-R |~ |10.000| 4.936| 36.497| 73.94| 1.00| 73.94 868.1 pF
4 Al | 0.000 1.00




Transformer Excitation Current and Watts, doble

Test Procedure, Three Phase
LHL Pattern When HLH Pattern Expected

‘Added Capacitance Current of the Winding = I \
‘Watts (Ig) has the HLH Pattern \

Actyal |+ Actual |+ Actual 1+
(Low) (High (Low)
I I I lc
—>
Expected I, Expected I; Expected I,
(High) (Low) (High)

Phase A Phase B Phase C



Analysis - Problems That Can Be Detected

Windings

*Turn-To-Turn Winding Insulation Failure Causing
a Short Circuit or Resistive Connection

*\Winding to Ground Short for a Grounded Winding
*Open Windings (Main, Tap, Reactor)
*High Resistance Conductor Connections

*Phase-To-Phase Electrical Tracking



Analysis - Problems That Can Be Detected Hdoble.

bt b

Tap Changer

*Misalignment

*Mechanical Problems

*Coking and Wear of LTC and DETC Contacts

Core

e Abnormal Circulating Currents in the Core From:
eClamping Components
*Multiple Core Grounds

*Core Lamination Insulation Damage

*Core Joint Dislocations



Olil Circuit Breakers




b

Dead-Tank Oil Circuit Breaker 4%

Recommended Tests:
Power-Factor
Time & Travel
Contact Resistance

CGE, 260 kV
type FGK




Oil Circuit Breaker Tests 1.._....'- k |.:5

In Simplified Terms:
Two Bushings-Per Phase
Contact Assembly (Interrupter)
Operating Rod (\ertical or Rotary)
Insulated Guide Assemdly (Operating Rod)
A Volume of OIl

Tank Liner



Dead Tank Oil |
Circuit Breaker ,~— Bushings

L]
llllllllllllll

Guide Assembly

Tank Liner
Lift Rod Guide
Contact Assembly «——
(Interrupter) Lift Rod

Oil




Doble Recommended Tests JODK
(Minimum)

« Overall Circuit Breaker Test
a. Six Open Breaker (GST)

b. Three Closed Breaker (GST)
» Tank Loss Index

 Bushing Tests

* O1l Sample Test

e Miscellaneous

* Diagnostic L




Recommended Doble Test Voltages ’L_.'- l-'.b'
OIl Circult Breakers

Use Line to Ground Voltages
for the Line to Line Voltage Rating of the
Breaker



goble

%

Transformer Overall Tests
Examples of voltages and their calculated line to ground voltages.

These are general guidelines.

Line to Line KV Line to Ground Voltage
17.32 kV 10,000

13.8 kV 7967

12.47 kV 7200

4,16 kV 2401

2.4 kV 1385

48 kV 2177



Overall Test Procedure
Tests 1-6




Open Circuit Breaker Test JOLK

HV Lead

Stresses: 1) 1 Bushing
2) 1 Interrupter
3) Lift Rod Guide
4) Top of Lift Rod (Guide
Assembly)

GST Ground

| &W Meter ' Ground Lead
|

___\!\s//

No Low Voltage Lead Required

|||||||
llllll
lllllll




Open Breaker Test

Major Contribution of Watts-Loss:

Bushing

Contact Assembly (Interrupter)
Lift-Rod Guide

Upper Lift-Rod

YV V VYV VY

Lesser Contribution of Watts-Loss:

> Tank Liner
> Ol



Overall Test Procedure
Tests 7-9




Closed Breaker Test JOUR
HV Lead

Stresses: 1) 2 Bushing
2) Lower Lift Rod
3) Oil
4) Tank Liner

GST Ground

| &W Meter i Ground Lead oil

-------- T T——




Closed Breaker Test

Major Contribution of Watts-Loss:

» Bushing (2)

> Ol

> Lower Lift-Rod
> Tank Liner

Lesser Contribution of Watts-Lo0ss:

» Contact Assembly (Interrupter)
» Lift-Rod Guide



Tank Loss Index( TLI ) Hoble,

*Bushings Comprise the Largest Portion of the Ol
Circuit Breaker Insulation System

A Bad Bushing Will Be Indicated in the Open and
Closed Breaker Tests.

*To Analyze the Condition of the Internal Parts of the
OCB, Tank Loss Index (TLI) was Developed

TLI = Closed Breaker Watts - (£ Open Breaker Watts )
(For Each Phase)



Tank Loss Index( TLI ) goble

Closed Breaker — Sum of the Open Breaker

TLI =2 Bushings + Lower Lift Rod + Oil + Tank Liner
-(2 Bushings + 2 Lift Rod Guides + 2 Top of Lift Rods +2
Interrupters)

= Lower Lift Rod+ Oil +Tank Liner - 2 Interrupters -
Lift Rod Guides - 2 Top of Lift Rods

As a General Rule: TLI Tends to Be Negative



Tank Loss Index: Component Failures’L- '-".,'-5

TLI = Lower Lift Rod+ Oil +Tank Liner - 2 Interrupters - Lift Rod
Guides - 2 Top of Lift Rods

What would happen to TLI if:

> Water Content of the Oil Increases.....

» Carbon 1s Collecting on the Interrupters...

> Tank Liner Becomes Saturated With Water

> Lift Rod Guide 1s Deteriorating Due to Corona Activity...



2.5 kV

10 kV

Guideline Tank-Loss Indexes SE
(TLI1) Oil Circuit Breakers

Tank Loss Index

Above Between -10 mW -10mWto +7.5mwW | Between +7.5 mW Above
-15 mwW and -15 mV and +15 mwW +15 mW
Above Between -0.10 W -0.10 Wto +0.05 W Between +0.05 W Above
-0.20 W and -0.20 W and +0.10 W +0.10 W
Investigate | Retest Normal for most Retest Investigate
Immediately| on a more breaker types. Place on a more Immediately

frequent basis. on a normal routine frequent basis.

test schedule.

Lift-Rod guide assembly, contact
assembly (Interrupter), and upper
portion of lift rod.

Lift rod, Tank Qil, tank
liner, and auxiliary contact
support insulation.




goble

Calculating Tank Loss Index

E-JDTA Field System

File Edit Operations Test Layout

i 0il Circuit Breaker Insulation Test - Overall Tests o m]
Location:  alL Special ID:%L1 52|:
Serial Mo 01334AEEE3-204 CCT Desig ¥L152C Drate; Jul OF 2000
Buzh Bus Inz P Test  Equise 10k X PWRFCTR  comr INS
M | Bk Ener Ft # H ki wattz  meas  com fol RTG
1 a 1 |ps |1 A 10 | 2402 | 0161 \ 067 |0BE |0.493 G
2 P 2|25 (2 |A 10 ) 2353 | 0227 \N\J.37 |08 | 093 G
3 E 3 |25 |3 B 10 | 2403 | 0271 13 [1.12 (093 [
4 M 4 |25 |4 B 10 ) 2337 | 0106 |0 Q. 45 EI 99 G
5 5 |25 |5 C 10 ) 2294 | 007 | oA 1.03 G
= B |25 |6 C 10 | 2324 (003 | 03a 093 G
. TLI's
¢ C 12150 |1 A, 10 | 4535 | D236y 0.52 EI 51°) - I
g L 34|50 |2 B 10 | 4537 | 0214 47 |07 [WNas I
3 5 BE/BO0 |3 C 10 | 4425 | 0153 N 034 T G
TLI, = CBW, - (OBW,+OBW,) = 0.236 - (0.161+ 0.227) = - 0.152W

TLIg = CBW, - (OBW,+OBW,) = 0.214 - (0.271+ 0.106) = - 0.163W

TLI. = CBW, - (OBW+OBW,) = 0.153 - (0.071+ 0.091) = - 0.009W



Analysis of
Oil Circuit Breaker
Condition



Currents Do Not Add Up d..:‘...“ »

File Edt Operations Test Layout

i 0il Circuit Breaker Inzulation Test - Overall Tests ED
Location; OCE 84 Special 1D
Serial Mo:  1-3/5139 CCT Deszia; Crate: kar 10 1953
Buzh Buz Inz P Test  Equw. 10KV =PWRFCTR  car IMS
M | Brk Ener Ft H H kA watts  meas  cor fi:tr RTG
1 o 1 |0 0 i 10 )| 2200 o240 | 1.09 |1.05 |096 Y
2 P 2 |0 0 i 10 2 0240 | 1.20 1115 [|0.96 Y
3 E 2 |0 0 B 10 Z1o0 | 0240 | 1.14 |1.09 (096 Y
4 M 4 10 0 B 10 | 2200 || 0280 | 1.27 |1.22 |096 Y
& 510 0 C 10 | 2200 || 0280 | 1.27 |1.22 |096 Y
E E |0 0 C 10 | 2100 || 0220 | 1.05 |1.01 |09& Y
TLI's
! C 1.2(0 0 & 10 2 0240 | 1.20 J115 (096 |-0.240 ||
= L 340 0 B 10 &300 7 0520 | 1.21 |16 |096 |0.0000 |G
= S BE|O 0 10 | 4200 | 0440 | 1.05 (1.01 (096 |-00s0 |G

| e Check If Breaker was Open

Mate: Mun
other bushings must be floating.




Bushing Problem Identified doble

File Edit ©Operations Test Lawouk

il il Circuit Breaker Insulation Test - Overall Tests E - 10| x|
Location: WAL Special 1D:VL152
Serial Mo:  01334ABBE3-204 CCT Desig:vL152C Crate: Jun 29 2000
Bush Buz Inz P Test  Egue 10KV ZEPWHFCTH  cor IM3
M | Brk Ener Ft g H ki wattz  meas  com fctr RTG
1 o 1 (258 |1 &, 10 | 2414 | 0197 | 082 |081 |093 G
2 P 2 |25 |2 &, 10 | 2338 | 0109 | 047 |047 |093 G
a E 3 |25 |3 B 10 | 2401 0145 | 060 (059 |0493 G
4 M 4 125 |4 B 10 | 2338 | 0126 | 054 |053 |095 G
] a |25 |5 C 10 [2A34 13413 11347 1133 1099 |
= B |25 |6 C 10 | 2336 | 0120 | 051 (050 |093 &
TLI's
7 C 1.2/50 |1 A, 10 | 4547 | 0276 | 061 |060 |093 |-0030 |G
g L 34|50 |2 B 10 | 4553 | 0260 | 067 |05B6 |093 |-00011 |G
3 S BEBlBD |3 C 10 | 4659 | 3548 | FB2 1754 |093 | 015 |l
| |0 Screen I Buszhing I Jump To I Prew Date INEHt Drate I | Save I E =it I

Maote: Mumbers in BUSH EMER column indicate b
ather bushings must be floating.




Bushing Problem Identified doble

] DTA Field System

File Edit Operations Tesk Layouk

I 0il Circuit Breaker Insulation Test - Bushing Tests =10] =]
Location: WAL Special 1ID:  YWL152C
Seral Mo 01 3946663-204 CCT Desig:  %L152C Date:  Jun 29 2000
M armeplate Tezt  Equee. 10KV =PwWHFCTRE  cor meaz IMS
Moo Senal & ClpF] %=PF kW i watts  meaz  comr felr ClpF] RTG
1 1727917 Je3 | .33 il | 1.350 | 0.061 045 (045 (0599 [3B88.20 |G
2 1727916 Je3 | .32 10 | 1.349 | 0.041 030 (030 {0939 [35780 |G
3 1727915 o1 | 362 | 53 10 | 1.340 | 0067 | 050 (050 (0599 |35540 |G
4 1727914 B3 | .32 10 | 1.356 | 0059 | 044 (044 10599 |359.40 |G
a] 1727918 Je3 | .33 10 | 1.366 | 0266 | 1.95 |34 (0599 Je2 |
B 1727913 Jed | 34 10 | 1.353 | 0046 | 034 (034 (0599 |35890 |G
1 1727917 2850 2 9652 | 0353 | 037 037 [(1.00 | 2560 |G
2 d 110750 | 0560 | 033 (033 |1.00 | 2852 |G
3 2 |10.860 | 0404 | 037 (037 |1.00 | 2382 |G
4 d 110890 | 05349 | 033 (033 |1.00 | 2809 |G
a 1727918 2827 2 |52080 [B0580 |9712 |971 |1.00 | 3208 ||
B 1727913 2826 2 |10670 | 0339 | 032 (032 |1.00 | 2832 |G
‘ verall I Hat Collar I Jump To I ‘ Frew D ate I Mewt D ate I | Save I E =it I




Check Condition of Bushings d*.L. D

« Bushings Comprise the Largest Portion of
the Oil Circuit Breaker Insulation System

« A Bad Bushing Will Show Up in Both the
Open and Closed Circuit Breaker Tests



Tank-Loss Index

EXAMPLE # 1 | (mA) | Watts | % PF
1 (Open) 1.150 | 0.07 0.61
2 (Open) 1.150 | 0.07 0.61
7 (Closed) 2.300 | 0.11 0.50

TLI=0.11 - (0.07 + 0.07) = - 0.03 watts

Comments: Test results are normal.

goble



Tank-Loss Index JODK
Example #2 I(mA) Watts %PF
1(OPEN) 1.15 0.07 0.61
2(OPEN) 1.2 0.22 1.83
7(CLOSED) 2.3 0.13 0.56

TLI =0.13 - (0.07 + 0.22) =-0.16

Comments:

High Negative TLI “Wet” Interrupter on Bushing No. 2
or High Losses Near Bushing No. 2

May be the Lift Rod Guide Assembly
High Power Factor on Bushing No. 2, Test Bushing to Confirm



Tank-Loss Index

Example #3 I(mA) Watts %PF
1(OPEN) 1.15 0.07 0.61
2(OPEN) 1.2 0.22 1.83
7(CLOSED) 2.35 0.26 1.11

TLI = 0.26 - (0.07 + 0.22) = -0.03

Comments:
Normal TLI

Bushing No. 2 May Be Contaminated.

Test Bushing to Confirm.



Tank-Loss Index

Example #4 |(mA) Waltts %PF
1(OPEN) 1.2 0.15 1.25
2(OPEN) 1.2 0.15 1.25
/(CLOSED) 2.3 0.11 0.48

TLI=0.11 - (0.15 + 0.15) =-0.19
Comments:

High Negative TLI

Bushing May Be OK -Test to Confirm
Possible Problems:

Deteriorated Operating-Rod Guide

*Upper Portion of Lift Rod

«Contaminated Interrupter Assemblies



Tank-Loss Index Example - DTA goble

: ] --DTA Field Systen
File Edit Qperations Test Lawouk

i 0il Circuit Breaker Insulation Teskt - Overall Tesks — 1O =]

Location:  Bluswater Substation Special |D: CEAW
Serial Mo 013345382-201 CCT Deszig: Crate: JIL 25 13928
Buzh Buz Ins P Tezt E quive. 10 kMW 2 PwR FCTHR Cofr IN5S
M | Brk Ener  Ft H H b wattz meas  cor fizkr RTG
1 o 1 1 10 2.400 0,200 1.25 1.23 | 092 G
2 F 2 1 10 2.400 0200 1.25 1.23 | 092 G
3 E 23 2 10 2.400 0.240 1 0as |09z G
4 M4 2 10 2.250 0.340 1.45 1.42 | 0,92 G
5 5 3 10 2.250 0,250 1.06 1.04 | 093 G
B B 3 10 2.250 0,230 1.23 1.21 |0493 G
_ TLI's
; C 1.2 1 10 4.500 0.520 1.18 116 |092 |-0070 |G
L 34 2 10 4.500 0.420 0,93 091 o9z -HI EH !
3 S5 BE 3 10 4.450 0.500 112 110 joag | -0

Expert System Analysis Oukpuk

1D Screen Lihe: &

Mate: Mumber | o 2100 cl_H

other b The high negative TLI mayw reflect contamination of
the interrupter, lift rod guide, andsor upper part of
the lift rod.

Detailed Linnit Infornmaktion

A immeadiate inkernal investigation i1z recommended. Lo Belaw -0.77 0000
Contact your supervizor or Doble.

Ak 0060000




>

O1l Circuit Breaker Test Summary dm

Measure |, W and %PF
Calculate Tank-Loss Index (TLI)
TLI = Closed OCB Watts - Sum 2 Open OCB Watts

%PF Corrected Using Bushing Type and Ambient
Temperature

Interpret Test Results on a Per Phase Basis



Wood and Other Insulating Members doble

*The Insulating Properties of Wood or Other
Insulating Members Can Be Measured

*This Dielectric Measurement is a VValuable Tool
When Investigating High Power Factors From Other
Dielectric Tests

Example: High Negative TLI Which May Indicate
a Breaker Lift Rod Problem



Wood and Other Insulating Members

Wood Specimen

High \Voltage Lead
i i—

UST

Guard T Low \oltage Leads
——1 & W Meter



Wood and Other Insulating Members d*:..“ D

Recommended Power Factor Test Limits:

Used
Breaker Lift-Rods:
0.20 Watts/3” @ 10 kV

Plastic Coated Members:
0.15 Watts/3” @ 10 kV

New or Excellent Condition
0.02 Watts/3” @ 10 kV




Interrupters - Investigative Tests goble

__—Bushing

i
o BTy
|
|
*
/ I |
| |
: -
Bare Wire — ————JT= LV Lead (UST)
:
|

— —
[
I

To Hold Foil |
in Place \ |
*

Household
Tin-Foll

Moveable Contact: Energize for Test

Breaker Closed



Interrupters - Investigative Tests ""L..':....|".:':5

Power Factors for Interrupters
(General Guideline)

Good: 10-30%
Questionable/Grey area: 30-50%
Bad: >50%

Alternate Test Method:

Wrap Additional Tin Foil Around the Bottom of
the Interrupter With the Breaker in the Open
Position



Recloser Tests

*Reclosers Are Tested as Oil Circuit Breakers

|f Unexpected Results are Obtained, Recloser May
Have a Resistor Assembly Between Lower Bushing
Terminals
Perform Alternate Tests 1-6 by Guarding One
Bushing and Energizing the Opposite Bushing
on the Same Phase
Alternate Tests Include Three UST Tests - One
Per Phase



Alternate Recloser Tests 1-6

High \Woltage Lead

GST Guard

|&W Meter

Low Woltage Lead

E Stresses 1 Bushing

1l
G u ard } [ANGAEE R e,

| Ground Lead

\

=L T




Alternate Recloser Tests 10-12

High \Voltage Lead

Low \oltage Lead

Stresses Interrupter

E Assembly
UST
| |&W Meter

X

\

Ground Lead —



O
LL
)




ABB 169-PM-40-20




Grounded Tank SF6 Breaker d*.L. :5

Overall Test Procedure:

*Disconnect Bus-work
*Record |, W, & C

*Record %PF if | > 300 uA
Test Results Should Compare:
*Between Phases

*Previous Tests

Similar Units

eLimit Files




Grounded Tank SF6 Breakers 1.._.._.'- k |.."5

Test Procedure:

- Overall Tests

- Bushing Hot-Collar Tests
. Capacitor

- Miscellaneous

- Diagnostic



Grounded Tank SF6 Circuit Breakers ’L._,.'- k '.."5

Test Voltage

Rated 15 kV and above: 10 kV for all overall tests
Rated <15 kV:

Initial Test:

1. 2kV
2. Rated Operating L-G \Woltage
3. 10% and 25% Above Rated Operating L-G \oltage

Routine Follow-Up Tests:

1. 10% and 25% above rated L-G voltage



Single Contact Grounded Tank Breakers




Circuit Breaker Layout

 Look at the drawings as not all layouts are the
same

» Most common layouts for which bushing
designation Is based on cabinet location but
not always



Dielectric Circuit Single Contact
Dead Tank Breaker

Terminals 1,3,5 Terminals 2,4,6
Ces Cs

|_

| |
Ce Cs,

Insulation Components
Ce— Bushing Csi — Support Insulator
Cec — Grading Capacitor Cie — Interrupter Envelope
Ror — Operating Rod




Test Procedure for Single Contact Breaker

Test No. Breaker Test Terminal Terminal Terminal Insulation
Position Mode Energized | Floating UST Measured
1 OPEN GST- 1 2 - Cs+Csi+
GROUND Ror
2 OPEN GST- 2 1 - Cs + Csi
GROUND
3 OPEN GST- 3 4 - Cs + Csi
GROUND +Ror
4 OPEN GST- 4 3 - Cs + Csi
GROUND
5 OPEN GST- 5 6 - Cs + Csi
GROUND +Ror
6 OPEN GST- 6 5 - Cs + Csi
GROUND
7 OPEN UST 1 - 2 Cie + Cac
8 OPEN UST 3 - 4 Cie + Cac
9 OPEN UST 5 - 6 Cie + Cac




Dead Tank SF6 Breaker Tests 1.._._.'- b |.."5

Tests N0. 1 -6

High \Voltage Lead
O

Ground Lead

T

GST-Ground Mode



Dead Tank SF6 Breaker Tests 1.._._.'- b |.."5

Tests N0. 1 -6

eStresses
 Bushings
*Support Insulators

*Test Mode: GST-Ground



Dead Tank SF6 Breaker Tests 1.._._.'- b |.."5

Tests N0. 7-9

Low \oltage Lead

HV Lead {1

Ground Lead

UST Mode e



Dead Tank SF6 Breaker Tests 1.._._.'- b |.."5

Tests N0. 7-9

« Stresses
*SF6 Gas
*Grading Capacitors and Resistors

e« Test Mode: UST



Multi-Contact Grounded Tank Breakers




Dielectric Circuit for Multi-Contact
Design for Dead Tank Breaker

Terminals 1,3,5

—

Terminals 2,4,6
Ce

Cecet Cac2

Y

Cg— Bushing

CSI ROR

Insulation Components
Csi — Support Insulator

Cec — Grading Capacitor Cie — Interrupter Envelope

Ror — Operating Rod



Test Procedure for Multiple

Contact Breaker

Test No. Breaker Test Terminal Terminal Terminal Insulation
Position Mode Energized Floating UsST Measured
1 Open GST- 1 2 - Ce + Csi
Ground
2 Open GST- 2 1 - Ce + Csl
Ground
3 Open GST- 3 4 - Ce + Csi
Ground
4 Open GST- 4 3 - Ce + Csl
Ground
5 Open GST- 5 6 - Ce + Csi
Ground
6 Open GST- 6 5 - Ce + Csi
Ground
7 Open UST 1 - 2 CiE182 +
Ccc1a2
8 Open UsT 3 - 4 CiE182 +
Ccc1a2
9 Open UsT 5 - 6 CiE182 +
Cacc 182
10 Closed GST- 1or2 - - (2)Cs +
Ground (3)Cs1 +
Ror
11 Closed GST- 3or4 - - (2)Ce +
Ground (3)Cs1 +
Ror
12 Closed GST- 5o0r6 - - (2)Ce +
Ground (3)Cs1 +

Ror




Grounded Tank SF6 Breaker - Closed Position 'L- b ._"5

Tests No. 10, 11 & 12

HV Lead

*
| (-
= QT TR
=
= d . g
Support Insulators == Ground Lead
— e
GST-Ground

Measures Support Insulators



Grounded Tank SF6 Breaker — d*.'.....|' .:'5
Closed Position

*Note:

To Test the Intermediate Support Insulator The
Breaker Must Be Tested In The Closed
Position With The GST-Ground Circuit



Live Tank Breakers



Live Tank Circuit Breakers




1 — Support column and
operating rod
2 — Interrupter

chamber
3 — Grading

capacitors

4 — Insertion resistors

5 —Line or bus
connections



Test Procedure for T and Y Type
Live Tank Breakers

X

:1111:1111:1111»2

(I




Dielectric Circuit for Type T
Live Tank Circuit Breaker

Caci Cac2

— — |

_ 1|

Cie1 Terminal Ciea

Terminal I | D 11
A | ‘ 11

| | |
1
Cre1 Crez

Cs Ror

T
L

Insulation Components
Cac— Grading Capacitor Cie — Interrupter Envelope
Cre — Resistor Envelope Csi — Support Insulator
Ror — Operating Rod

Terminal
B



CCI’? Type

Candlestick or

Live Tank Breaker

CAYUUD N g

ol ot

C ol 00000 e - ,_



Dielectric Circuit for Candlestick
Live Tank Breaker

l Terminal A
CGC_‘_CE - %CRE
Terminal B

L s.

Insulation Components
Cec— Grading Capacitor Cie — Interrupter Envelope
Cre — Resistor Envelope Csi — Support Insulator
Ror — Operating Rod



Test Procedure for Candlestick or
| Type Live Tank Breakers

Test No. | Breaker Test Terminal | Terminal | Terminal | Insulation
Position Mode | Energized | Guarded UST Measured
1 OPEN UST B - A Cie + Cac
+ CRE
2 OPEN GST- B A Csi + Ror

GUARD




Analysis of Test Results: Dead Tank SF6 dob ble,

Open Breaker Tests

- Evaluate I, W, %PF
. For Charging Current of less then 300 micro-amps,
Power Factor May Not Be Significant and More
Emphasis is Given to Watts-loss Values
- Due to the Wide Range of Contacts, Grading
Capacitors, Grading Resistors That Are Available in
SF6 Breakers, Data Should be Compared To
-The Doble Test-Data-Reference-Book
-Similar Units
-Previous Results



Analysis of Test Results: Dead Tank SF6 ’L._.'- b »

Closed Breaker Tests
e Evaluate I, W, and %PF

 Results Are Compared With
*The Doble Test Data Reference Book
*Previous Results on a Per Phase Basis
Similar Units



Additional Tests Dead Tank SF6 Breakers ‘Aoble

st b

- If Moisture is Suspect Due to High Watts and %PF,
Cycling the Breaker Several Times May Improve the
Test Result

- Conduct a DEW POINT Analysis to Confirm the
Presence of Moisture

- If Bushings Are Equipped With Potential Taps or
Test Taps, Perform the Following Bushing Tests
- C1(Main Core Insulation)
. C2 (Bushing Tap Insulation)



Additional Tests Dead Tank SF6 Breakers ~ foaa™

-.SF6 Filled Bushings Should be Tested by the Single-
Hot Collar Method or by the Multiple-Hot Collar
Method

- The Presence of Contamination or Cracks Along
the Inside Weathershed Could be Detected

- Compare Test Results to Similar Units

- Single Hot Collar Test Results Should Yield 0.1
Watts or Less for Acceptable Test Results

- Consider Performing the Test at Multiple Voltages
to See If a Problem is Voltage Sensitive



Vacuum Breakers




Vacuum Circuit Breaker




Vacuum Circuit Breakers

Power Factor Test Procedure

SAME TEST PROCEURE AS SF6

Switch gear Cubicle
*Open-Breaker Tests (6 Tests)
*Open-Breaker UST Tests (3 Tests)
*Diagnostic (Questionable Results)




Vacuum Circuit Breakers




Vacuum Circuit Breakers

Power Factor Test Procedure

Free-Standing
» Bushings (Hot-Collar)
* Open-Breaker Tests (6 Tests)
* Open-Breaker UST Tests (3 Tests
 Diagnostic (Questionable Results)



Vacuum Circuit Breakers & Reclosers d:....'-..‘b

Test VVoltage

Rated 15 kV and Above: 10 kV for all Overall Tests
Rated <15 kV:

Initial Test:

1. Low \oltage (2 kV). (Basic Insulation Power
Factor)

2. Rated L-G \Woltage
3. 10% and 25% above rated. L-G voltage

Routine Follow-Up Tests:
1. 10% and 25% above rated L-G voltage



Vacuum Circuit Breakers & Reclosers 4&.:...“;5

NOTE: Test Voltage

For 15 kV Vacuum Breakers Operating at 13.8 kV
e|nitial Test
*Tests Should be Conducted at 2, 8, 8.8, to 10 kV
Future Tests
» The Highest Test Voltage Without Appreciable
Corona



goble

Overall Test Procedure
Vacuum Circult Breakers/Reclosers

Test Breaker Test  Bushing  Bushing Bushing
No. Position Mode Energized Floating UST
1 OPEN GST 1 2 -

2 OPEN GST 2 1 -

3 OPEN GST 3 4 -

4 OPEN GST 4 3 -

5 OPEN GST 5 6 -

6 OPEN GST 6 5 -

7 OPEN UST 1 - 2

8 OPEN UST 3 - 4

9 OPEN UST 5 - 6



OQutdoor VVacuum Breaker Tests 4*.'....“:5

(b
High Voltage Lead %

\\ Support Insulators

Interrupter

Ground Lead



Outdoor Vacuum Breaker Tests du .:'5

Open Breaker Tests 1-6:

 Energize each of the six phase bushings
 Test Mode: GST-Ground



Outdoor Vacuum Breaker Tests 44....":5

Cii—
High Voltage Lead

Low \oltage Lead

\\Support Insulators

Interrupter

1 Ground Lead L.



Outdoor Vacuum Breaker Tests du .:'5

Open Breaker Tests 7-9:

 Energize One Bushing of Each Phase

 Low \Woltage Lead Connected to Opposite
Bushing of Energized Phase

 Test Mode: UST



Vacuum Circuit Breakers & Reclosers dﬁ..:....“:b

Test 1-6 Stresses

- Bushings

- Support Insulators
- Phase Barriers

- Operating Rod

Test 7-9 Stresses
- Vacuum Interrupter




Vacuum Circuit Breaker- Test Analysis dﬁ,..._..l- b 2

Open Breaker Tests:

 Tests 1-6 dominated by bushings. Also includes
operating rod, any support insulation, and any phase
barriers

* |, W (Charging Current is expected to be small so Power
Factor is not calculated)

* The current and watts for Tests 1-6 are compared with
each other, with previous results, and other similar
breakers on the system

* The Watts-Loss should be compared to the Test Data
Reference Book

« Under Dry Conditions Vacuum Bottles should have
losses approaching zero for tests 7-9. Compare phases to
each other

 If High UST losses are present, a defective bottle or
surface conditions



Vacuum Circuit Breaker- Test Analysis ’L_.'- b 2

Open Breaker Tests: (Contd.)

* The Watts-Loss Should Be Compared to the Doble Test
Data Reference Book

» Under Dry Conditions Vacuum Bottles Normally Have

Losses Approaching Zero for Tests 7-9. Compare Phases
to Each Other

e High UST Losses Indicate a Defective Bottle or a
Contaminated Surface Condition EXIsts

Troubleshooting Steps:
« Clean the surface of the bottle

. Apply Heat to the bottle
. Use a guard collar



AIr Circuit Breakers




Air-Magnetic Circuit Breaker ’L._.'- b »

Bushing

Support Insulator

Interrupting
System (Arc
Chutes) LU -

. Ground Lead




Air-Magnetic Circuit Breaker

U ] P O
() vl B— L,




Air-Magnetic Circuit Breaker 'L._.'- k e

Bushing

Support Insulator

! High \oltage Lead

Ilillllll! ) ——=

Interrupting
System (Arc
Chutes)

Low \oltage Lead

~ Ground Lead
—— roun ea



Air-Magnetic Circuit Breaker du 2

*Open Breaker tests 7-9:
 Energize One Bushing of a Phase
* Place the Low \Woltage Lead On the
Opposite Phase Bushing
» Test Mode: UST



DTAPro Test Procedure

Air-Magnetic Circuit Breaker

Overall Test Setup

Connections Inputs Test Results
Corr. PF PF Corr. - Capacitance
# - Breaker - HV Lead Mi::ﬂre Phase = Test kV Factor mA Watts (%) (%) (pF)
: 1 1 2 £ Ed £ £ £ £ £
........... A

2 2 1 £ Ed £ £ £ £ £
3 : ; - - - - - - -
........... B

q_ q_ 3 £ Ed £ £ £ £ £
5 open . . - - - - - - -
........... C

E E 5 £ Ed £ £ £ £ £
? . ; A - - - - - - -
B . ; ; - - - - - - -
g 5 E C £ Ed £ £ £ £ £




- DTAF Test Procedure
Air-Magnetic Circuit Breaker

All Tests - BREAKER OFEM

H

Test
Mode

EMG

GEAR

PH

Test kKW

i,

Wy'atts

2% FF
Meas.

% PF
Carr,

Carr,
Factor

Cap.
(RF)

A
Chutes

Fitgy

Fig

g 00 ] O s L 2 —

By =

GAR
GAR
GAR
GAR
GAR
GAR
UST
ST
ST

Lo — o0 M L La e —

00 s M3 N o L s — O

1|1|1|1|1|1|1|1|1




Air-Magnetic Circuit Breaker

Test Procedure - Breaker Open
 Record I, W and %PF

* No Temperature Correction

* Tests 1, 3 and 5 Should Compare

* Tests 2, 4 and 6 Should Compare
-Main Influence - Bushing

* Tests 7 Through 9 Should Compare
-Condition of the arc chutes



Air-Magnetic Circuit Breaker HOLK

Test Data Analysis
e Tests1to 6
- Dominated by Bushings

- Includes Operating Rod, Puffer Assembly, Phase
Barriers

e Tests 7, 8, and 9
- Condition of Arc-Chute
- Very Low Current, Evaluate Losses

» Diagnostic Tests Performed With Phase Barriers and
Arc-Chutes Removed



Air-Magnetic Circuit Breaker
Test Data Analysis

dll

o |f Current is Greater Than 200 pA, Evaluate % PF

* No Temperature Correction

« Compare results:
- Among Similar Test Specimens (Among Phases)

Tests 1, 3, ano

'ests 2, 4, and

'ests 7, 8, and

5
0
9

- Compare Results to Any Previous Tests, Similar
Breakers, and to similar breakers using DTA Web

R TR






Surge Arresters goble

Silicon Carbide Metal Oxide

Shunt Resistor %

Valve Element

Gap

0 O || O O

:

- (MCOV & MOV)

Older Designs Newer Designs




Surge Arresters Description

Normal Condition ==> Insulator

Instant of Disturbance ==> Conductor

Passing of Disturbance ==> Insulator

Non-Linear Volt-Ampere Characteristic

Dielectric-Loss Test - Not a Test of The Arrester’s
Protective Characteristics



Surge Arresters d@“ &

Silicon Carbide Metal Oxide
100KV -
100KV |-
69KV [\/W
/ BOKV. —
L

-Over design ratings it *Over design ratings it
dissipates the impulse dissipates the impulse
*Drops down to zero *Clamps the voltage
-Generates its own *Doesn't drop to zero
impulse *Doesn’t generate its

own impulse



Surge Arrester Test VVoltages

» To make comparisons meaningful, arresters must
be tested at the same voltage levels

 Clean all porcelain surfaces to minimize surface
leakage



Surge Arresters Test Voltages

AP
ARRESTER KV RATING 10KV 2.5KV
TYPE

3.0 2.5 2.5
Silicon 4.5 4.0 2.5
Carbide 6.0 5.0 2.5
7.5 7.0 2.5
9.0 7.5 2.5
12.0 and Above 10 2.5
2.71t0 3.0 2.0 2.0
('\)/'ztjae') 4.510 12.0 2.5 2.5
15.0 and Above 10 2.5

Refer to Tabulation in the Doble Test Data-Reference Book




Single Unit Arrester

1. Bus must be disconnected
from top of unit.

2. Place HV test lead as shown.
3. If discharge counter present,
place jumper from bottom of
arrester to ground, bypassing the
counter.

4. Connect test set ground to
grounded structure supporting
arrester stack.

5. Use a GST-Ground test circuit.

HV Cable \

(>

Test Set
Ground Lead —



Two Unit Arrester Stack

1. Place test leads as shown. Colors
may be interchanged. Bus must be

: : Red/Blue LV Lead
disconnected from top unit.

: A

_2. If discharge counter present, place High Voltage Lead
jumper from bottom of B to ground,
bypassing the counter.

3. Connect test set ground to grounded

structure supporting arrester stack. Test Set
Ground Lead




Two Unit Arrester Stack

4. A and B must be measured one at
a time as follows:

Choose This Circuit To Measure
UST Measure Red A
GST Guard Red B

5. Use the multiple test choice to
speed testing.

6. This example uses the Red lead.
The blue lead could have been used
Instead, and all test circuit choices
would then have the red replaced by
blue.

Red/Blue LV Lead

—gX

A
High Voltage Lead

— =" ’
B

Test Set _<><_]_

Ground Lead



Test Method 1 - Dual-Stack Arresters ’L._.'- k '.."5

Test #1
—.ﬂluﬂl:}-—q 1

_

=

.

No. Mode Energize Ground Measure
1 GST 1 2 A



Test Method 1 - Dual-Stack Arresters dﬁ.:....“:b

Test #2

1
A
——— i —>- ) ]

5, 2

B

No. Mode Energize Ground Measure
2  GST 2 3 B



Test Method 2 - Dual-Stack Arresters dﬂ.'....“:b

Test #1A

|, IS Measured

|5 Is Not Measured

No. Mode Energize Ground Guard UST Measure
1A UST 2 3 1 A



Test Method 2 - Dual-Stack Arresters q..!..!. .:‘5

Test #2A

| ,is Not Measured

|5 is Measured

No. Mode Energize Ground Guard UST Measure
2A  GST 2 3 1 --- B



Surge Arresters

Three Arresters:

CKT SW

High Voltage Lead

Test Set
Step-Up
XFMR
I
Gtiard N
I&W Meter

CKT SW




Three Unit Arrester Stack doble
Bus Connected To Top & Grounded

1. Place test leads as shown. Colors may be
interchanged.

2. If discharge counter present, place jumper
from bottom of C to ground, bypassing the
counter.

3. Connect test set ground to grounded structure

supporting arrester stack. — ="
— X

Red/Blue




Three Unit Arrester Stack dﬁ..'.....“ &
Bus Connected To Top & Grounded

4. A, B, and C must be measured one at a time

as follows:

Choose This Circuit To Measure

GST Guard Red A

UST Measure Red B — ="
5. Use the multiple test choice to speed testing.

6. To measure C, remove HV cable and LV <

leads. Replace HV cable between B and C.

Replace Red LV lead between A and B. Use Red/Blue
GST-Guard Red circuit. Blue lead may be used

Instead of red lead. If blue lead used, test circuit

would then be GST-Guard Blue.




Testing Multi-Stack Arresters d*.'.....u D

Test Test

No. Mode Energize Ground Guard UST Measure
1 GST 2 1,6 3 A

2 UST 2 1,6 3 B

3 UST 3 1,6 4 C

4 UST 5 1,6 4 D

5 GST 5 1,6 4 E

Guard —=Xx

HV Lead —=—"

Ground ——=x




Testing Multi-Stack Arresters dﬁ..'.....“ o

Test Test
No. Mode Energize Ground Guard UST Measure
1 GST 2 1,6 3 A
1
2
Test Set 3
4
GST-Guard |
<N I oA 5
Guard | & W Meter 5




Testing Multi-Stack Arresters ’{..:.....'".:!5

Test Test
No. Mode Energize Ground Guard UST Measure
2 UST 2 1,6 3
1
2
Test Set 3
4
UST
5
Guard
| & W Meter
6




Testing Multi-Stack Arresters

Test Test
No. Mode Energize Ground Guard UST Measure
3 UST 3 1,6 4
1
2
Test Set 3
4
UST
5
Guard |ae
| & W Meter 6




Testing Multi-Stack Arresters d*:....“.:b

Test Test
No. Mode Energize Ground Guard UST Measure
4 UST 5 1,6

Test Set

UST

KN

Guard
| & W Meter




Testing Multi-Stack Arresters du D

Test Test
No. Mode Energize Ground Guard UST Measure
5 GST 5 1,6 4 E

Test Set

GST-Guard I

‘ﬂ—‘ IE
Guard

| & W Meter




Arrester Test Results Analysis

Refer to Published Tabulations
Compare Losses Obtained for Similar Units Tested

Under Same Conditions
Any Deviation, Either Higher or Lower, Should Be

Investigated
Rating Are Based On Watts-Loss Values

%PF Not Calculated
Temperature Correction Unnecessary



Surge Arresters Test Results Analysis goble

Metal Oxide

Higher Than Normal Losses
Contamination by Moisture, Dirt or Dust
Corroded Gaps in Early Designs (newer

designs gapless)

Lower Than Normal Losses
Discontinuities in Internal Electrical

Configuration



Surge Arresters Test Results Analysis d@“' &

Silicon Carbide

Higher Than Normal Losses
Contamination by Moisture, Dirt or Dust
Corroded Gaps

Lower than Normal Losses
Broken Shunting Resistors
Poor Contact and Open Circuits Between

Elements

Change in Currents

Mechanical Damages



Handling Suspect Arresters d‘_&_'.;b

*A damaged seal-gapped arrester should be
handled with care. Due to the increased
pressure caused by the destruction of internal
elements, a defective arrester may be an
explosive hazard.

*If the decision is made to disassemble a
suspect unit, ensure that the chamber is
properly vented.

*Do not simply “throw away” defective
arresters.

*Any suspect arrester should be vented and
discharged before disposal.



Surge Arresters Qu. €




Surge Arrester
Test Data
Examples



Hand-Written Data Sheet 44'19

The middle phase OB arrester, type 217598 is rated

Good by the technician
Arrester

Watts Type Ratin g

?;%;\{/
RoyAolph Bt
Surge Arrester uA  Watts Rating
®1- ABB P120XA098A 210  0.08 G
®2- OB 217598 180 0.34 G

®3- ABB P120XA098A 210 0.05 G



Example: Hoble

R TR

Original bad data flagged by DTA: This arrester was
left In service and subsequently failed .

TAuxiliary Transformer Tests - Surge Arrester Tests - |C

Senal Mum:  YASE35131 Special [D:

Location:  Maopesz |sland CCT Deszig: Diate:  bMap 14 1933
Arrester _ Rated Test Test Equie. 10 kN M5
Laocation b fr Sernal # [ tade 3 M watts RTC

1 Phase s |A-BE | P120MA0954 ‘ 93 ‘ ‘ 10 ‘ 0.210 ‘ 0,080 ‘Ei ‘

2 Fhaze B | 0B 217598 93 10 | 0180 | 0.340 ||

3 FPhaze C | A-BE F .

1 Expert System Analysis Oulpui

i

b zall w1

7 The ‘W att reading i higher than the lirmit. Higher

0 than narmal watt readings mavbe cauzed by internal

3 contarmination or detenoration, ar external surface

10 leakage. Retest after clearning or retest uzing a guard

11 collar. If acceptable readings cannot be obtained,

12 the arrester should be replaced. Contact waur

supervizor or Doble.




Example of Problem Arresters dﬂ?

i DTA Field System
File Edit Operations Tesk

=
Senal Mum: 70071933 Special ID: Mumber One Bank
Lozaton:  LOM HILL 34541 38/89/12 K\ CCT Desig: Auta Date: Apr 24 2002
Brrester R ated Test Test Equive. 10 kW IS
M | Locaton M Senal # kY Mode kY s watts RTG
1 | M H1 ] E3234-1D 300, GROUMD | 10 | 0BBE | 5475 |B |
2 HZ2 ] E3230-1D 300, GROUMD | 10 | 0371 | 0910 |B
3 H3 ] B3275-1D 300, GROUMD | 10 | 0280 | 0.247 |l S
4 21 ] E3740-CH 120, GROUMD | 10 | 0176 | 0075 |G |G
] a2 ] E37E0-CH 120, GROUMD | 10 | 0183 | 0178 |1 (D
G #3 ] E3758-CH 120, GROUMD | 10 | 0173 | 0072 |G |G
7 il ] 18MPASTIE2TE [15.0 GROUMD | 10 | 0090 | 0167 |G
) T )3 15MPASTET YR 0.0 GROUMD | 10 | 0078 | 0374 |0
q 3 ]2 16MPASTETSE 0.0 GROUMD | 10 | 0077 | 0356 |0
10
11
12 ;I
Diag Test I E wcitation || Jurmp To I| F'[E'-.-'DatE |‘ Mewxt Date I Save I E wit I




Example of Problem Arresters

] DT A Field System

Test

File Edit Cperations

il Auxiliary Transformer Tests - Surge Arrester Tesks

Senal Murm; 700159335
Location:  LOM HILL 345/ 38/694 2 KV

Special ID: Mumber One Bank
Date: Apr 24 2002

CCT De=zig:  Auto

=10l ]

Arrester R ated Test Test Equie. 10 kY M5
M| Location ki fr Senal # ki tode kS i, waths RTG
1 M H1 1] B3284-1D a00. GROUWD | 10 | 0685 | R475 |B [
2 HZ 0] EI280-1D 00, GROUWD [ 10 | 037 | 0910 | B _|
3 H3 UEB 327510 200, GROUWD | 10 | 0.2a0 | 0.247 ||
4 =1 [ Arrester Detail X GROUND | 10 [ 0176 | 0075 |G |G
a] 2 1| F— GROUWD L 10 | 0183 | 017 |1 [D
E #3 C Tope. e GROUWDf 10 | 0173 | 0072 |G |G
7 1 C Hate.:iw- 200 GROUMD | 10 | 0090 | DAEF |G
a T C — b GROUWD | 10 | 0078 | 0374 |0
a| 3 C . E'am_ 13uE GROUMWD | 10 | 0077 | 0.3R6 |0
:II-ID Mizc Data
12 &ave Selections | Iuhange Selections I j
Diag Test I E =citation I| Jump T I| _E‘_r_gg__l_ﬁ_ﬁ{_@_t_g_ I‘ Mewt Date I Save I E it I




Example of Problem Arresters doble

] DT A Field System

File Edit OCperations Test

M=
Senal Murm: 70071933 Special ID: Mumber One Bank
Location:  LOM HILL 345/138/899 2 KA CCT De=zig:  Auto Date: Apr 24 2002
Arrester _ R ated Test Test Equie. 10 kY M5

M| Location ki fr Senal # ki tode kS i waths RTG
1 M H1 1] B3284-1D a00. GROUWD | 10 | 0685 | R475 |B [
2 HZ 0] EI280-1D 00, GROUWD [ 10 | 037 | 0910 | B _|
3 H3 UEB 327510 200, GROUWD | 10 | 0.2a0 | 0.247 ||
4 =1 [ Arrester Detail X GROUND | 10 [ 0176 | 0075 |G |G
a] 2 1| F— GROUWD L 10 | 0183 | 017 |1 [D
E #3 C Tope. e GROUWDf 10 | 0173 | 0072 |G |G
7 1 C Hateﬁw- 200 GROUMD | 10 | 0090 | DAEF |G
a T C — b GROUWD | 10 | 0078 | 0374 |0
_IEID 3 C T TR GROUMWD | 10 | 0077 | 0.3R6 |0
11 Mizc Data
12 &ave Selections : Iuhange S elections I j
"OB|211345||MPR300|SINGLE|300|10[NO|0.005/0.05 ]




§ 5 i DTA FFnlr' Euvckons

File Edit]
D o2 bt vt b The -
m arrester on H3 testged high =0 we wster Tesks ;IEI EI

are going to change all three of
SeriaI_H :2:{2d‘ﬂgi”:ﬁetr?;?ngﬂtﬂndcmﬁi Special ID: Murmber One Bank,
Location | oot al three of the low side CCT De=zig:  Auto Date: Apr 24 2002

arresters.

Rated Test Test Equie. 10 kY M5
M Cocation RATT SR kA b ode kA i, wakks RTG
1 M H1 OB E9234-10 300, GROUWD | 10 | 0685 | 5475 |B |~
& HZ OB EIZ30-10 00, GROUWD | 10 | 0571 0910 |B _|
3 Ha OB 9 75-10 00, GROUWD | 10 | 0.280 | 0.247 ||
4 #1 §]{Arrester Detail XGROUKND | 10 | 0176 | 007s |G |G
A e al - GROUWD | 10 | 0183 | a17s1 |1 |D
= #a ol Tope. ' MPRI00 GROUWD | 10 | 0173 | 0072 |G |G
¥ A ol Hate.ﬁ W GROUWD | 10 | 0.090 | 016V |3
a3 e af Testk‘-.-’:. 1'0 GROUWD | 10 | 0073 | 0.374 |G
‘IE'[I '3 al T TR GROUWD | 10 | 0077 | 0356 |G
11 kizc Data :
12 &ave Selections : Iuhange S elections I j
"OB|211345|||MPR300|SINGLE|300|10|N0O|0.005|0.05 ﬁ




Examples of Problem Arrester 45

L0 DTA Field System

File Edit Operations Lawout CwWindows

=

L rrester on phasze H1 failed after ;I
being tested and placed back in
TEMVICE.

Tezted buzhings after arresters
were inztalled. Buzshings are
zhowing zighs of degredation on
porcelain. Power factor iz negative
due to watts lozs from glazing

WEAT.

|nzulation power factors are alzo
high due external leakage on
buszhing.

Mew Aresters were tested with
gilicone spray.

Buzhing =1 & ®3 hawve ol leaks and
oll cannot be added to fill ko

correct lewel.

*Arresters could not be replaced. The H1 arrester
failed hours after being energized.



Potential Transformers
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Why Do We Test?

Prevent catastrophic failures and loss of apparatus
Reliability
Not only provides for equipment reliability but

can often times improve morale of personnel (not
always replacing damaged equipment)

« Avoid Injury to personnel

Prevent collateral damage to other equipment

Insurance underwriters often require equipment to
be tested



Test?

Why Do We

131



Why Do We Test?
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Line to Line Potential Transformer

H1

133

H?2



Potential Transformers

Liguid-Filled Line-to-Line PTs Rated Below 15 kV Insulation Class

PT Voltage Rating  Test Voltage (kV)

7.2108.7 5.0
4.2t05.0 2.5
2.4 2.0

*For Unit Rated 15 kV and Above, perform test series at 10 kV

Liquid-Filled Line-to-Ground PTs

a) Perform test series at the rated voltage of the neutral bushing.

b) Cross-Checks are performed at 10 kV or rated Line-to-Ground Voltage
(whichever is lower)



Potential Transformers

Dry-Type Line-to-Line PTs Rated Below 15 kV Insulation Class

PT Voltage Rating  Test Voltage (kV)
Overall a. 2kV
b. Line-to-Ground Voltage
c. 10% to 25% Above Line-to-Ground
operating Voltage
Cross-Check a. 2kV
b. Line-to-Ground Operating Voltage
Exciting Current a. Line-to-Ground Operating Voltage

Dry-Type Line-to-Ground PTs Rated Below 15 kV Insulation Class

a) Perform test series at a voltage not to exceed the neutral bushing rating
as was outlined in the previous section.

b) Cross-Checks are performed at 10 KV or rated Line-to-Ground Voltage
(whichever is lower)

*For Units rated above 15 KV, the complete test series is performed at 2 and 10 kV



Test Procedure - Single Phase PTs

D TAF Program

Test Test PF | % PF | Corr Cap.
. hode e S s UST ki WS | v heas. | Corr. | Factor [pI-Ejl
11 GND HIHZ  *1.4%7
21| GAR H1 1.1 H?
31| GAR Ha <151 H1
41 20| LUST H1 #1571 Hz
Bl | LUST He <151 H1
B | GND  HIHZ =157 B2k 2.0
supplemental Tests
11| WUsT  H1HZ 1 1
21| WUsT  H1HZ 1 1
31| GaAR H1 HZ =1,
410 GAR Hz H1.%1.%1




Test Procedure Using
D TAF Program



Test #1 : GST Ground - No LV Lead Required

Measure: CH1+CHX+CHY+CH2

H1
— Q=)

HV Lead

il

’\’|‘I\]’\
YUY

i

H2
=
=j
CH1




Test #2: GST-Guard (Cross-Check Test #1)
*Measure: CH1+ 1/2CHX + 1/2CHY

H1

HV Lead &5

¢

LV Lead

AN
i

I

i

o 1
éﬁ T
O

O
T
<

| |

I




Test #3. GST-Guard (Cross-Check Test #2)
*Measure: CH2+ 1/2CHX + 1/2CHY

H1 H2
—<aX.=, L =H{l—
LV Lead %@3 % HV Lead
= =
= =
| I
P gl
- X
Cry T ‘ ‘ xg
1
Y3 —




Test #4: Ungrounded Specimen Test (UST)
Measure: Excitation Current

H1

HV Lead &5

¢

LV Lead

AN
i

I

i

I 1
i T
O

O
T
<

| |

|




Test #5: Ungrounded Specimen Test (UST)
Measure: Excitation Current

H1 H2
— I>< = éC/_"':'l]:']I_
LV Lead %c_% % HV Lead
= =
= =
I
Chs Cup

O
T
<

| |

|

ik




Supplemental Tests

Test #6 : UST
Measure: C,x
H1 H2
— =" 5
HV Lead %3
@ =
= =
1. -
Chi Chix Cho
— X3
v ‘ ‘ X2

g

LV Lead



Supplemental Tests

Test #7 : UST
Measure: Cy
H1 H2
— =" 5
HV Lead %ﬁ
= =
1. -

Cht Chx

X3

Cho
Chvy ﬁ

Y3
Y?2

X2
Ji(l

LV Lead



Supplemental Tests

Test #8: GST-Guard Red & Blue
Measure: C,

H1 H?2 LV Lead
_I[|;[||:|>._fcl;D M
HV Lead §g§ ggg

!

I

i

ol
i i
O =

LV Lead

X L
L X
[T
L X1
Y3
Y2

Y1

148



Supplemental Tests

Test #9: GST-Guard Red & Blue

Measure: C,,, « HV Leao
H1 Hé/A»
LV Lead —<qXe
= =
=
= = LV Lead
4‘ I
W I
Chi HX Chz
X3

X2

L X1
Y3
Y2

Y1

O
T
<

| |

|

148



Test Procedure - Single Phase PTs

Overall Test Setup

DTAPro Program

Connections Inputs Test Results
Red .
Corr. PF PF Corr. - Capacitance
Measure
# HV Lead - Ground oo Test kv Factor mA Watts (%) (%) (pF)
1 £ £ £ £ £ £
........... le H2 Unused
2 2.000 * * * * *
3 H1 H2 * e # # £s e
X1, ¥1
q_ HE Hl £ £ £ £ £ £
2 H1 H2 * * *
] H2 H1 * * *
Supplemental Tests
;,r ‘-.r-'l xl £ £ £ £ £ £
........... H1, H2
B xl ‘-1.-'1 £ £ £ £ £ £
Q H1 Hz2, X1, ¥1 * * * * * *
Unused
10 H2 H1, X1, ¥1 * * * * * *

147




Test Procedure Using
D TAPro Program



Test #1 : GST Ground - No LV Lead Required

Measure: CH1+CHX+CHY+CH2

H1
— Q=)

HV Lead

il

’\’|‘I\]’\
YUY

i

H2
=
=j
CH1




Test #2 : GST Ground - No LV Lead Required

Measure: CH1+CHX+CHY+CH2

H1
— Q=)

HV Lead

il

’\’|‘I\]’\
YUY

i

H2
=
=j
CH1




Test #3. GST-Guard (Cross-Check Test #1)
*Measure: CH1+ 1/2CHX + 1/2CHY

H1

HV Lead &5

¢

LV Lead

AN
i

I

i

o 1
éﬁ T
O

O
T
<

| |

I




Test #4. GST-Guard (Cross-Check Test #2)
*Measure: CH2+ 1/2CHX + 1/2CHY

H1 H2
—<aX.=, L =H{l—
LV Lead %@3 % HV Lead
= =
= =
| I
P gl
- X
Cry T ‘ ‘ xg
1
Y3 —




Test #5: Ungrounded Specimen Test (UST)
Measure: Excitation Current

H1

HV Lead &5

¢

LV Lead

AN
i

I

i

I 1
i T
O

O
T
<

| |

|




Test #6: Ungrounded Specimen Test (UST)
Measure: Excitation Current

H1 H2
— I>< = éC/_"':'l]:']I_
LV Lead %c_% % HV Lead
= =
= =
I
Chs Cup

O
T
<

| |

|

ik




Supplemental Tests

Test #7 : UST
Measure: C,x
H1 H?2
— =" 5
HV Lead %3
@ =
= =
1. -
Cha Chix Ch2
— X3
v T ‘ ‘ X2

g

LV Lead



Supplemental Tests

Test #8 : UST
Measure: Cy
H1 H2
— =" 5
HV Lead %3
= =
1. -

Chi Chix

X3

Cho
Chvy ﬁ

X2
Ji(l

LV Lead



Supplemental Tests

Test #9: GST-Guard Red & Blue
Measure: C,

H1 H?2 LV Lead
_I[|;[||:|>._fcl;D M
HV Lead §g§ ggg

!

I

i

ol
i i
O =

LV Lead

X L
L X
[T
L X1
Y3
Y2

Y1

187



Supplemental Tests

Test #10: GST-Guard Red & Blue

Measure: C,,, « HV Leao
H1 Hé/A»
LV Lead _<::[>C%D
= =
= = LV Lead
= =
4‘ I
W I
Chi HX Chz
1 X3
Criv = ‘ ‘ X2

L X1
Y3
Y2




Internally Grounded PT

— HO
Neutral Shown Internally Grounded

188

X3
X2
X1
Y3
Y2
Y1



Internally Grounded PT

Test Procedure

Test No. Mode Energize  Ground Guard UST
1 UST H1 HO X1,Y1
2 GST Hi HO X1,Y1

Test No. 1: Measures Line-End Inter-winding Insulation

Test No. 2: Measure Excitation Current



Line to Ground PT

o 4 -
v
- - -
N N L R o

H1

HO/H2
(Stubby
bushing)



Line to Ground PT

TEST PROCEDURES ARE
THE SAME AS FOR THE 2 H1

BUSHING
S

LOWER TEST VOLTAGE
REQUIRED WHEN HO IS

ENERGIZED
HO/(H2)

( 1@0:1




Line to Ground PT

Note that the HO bushing is o
smaller and Is grounded!

Ground Is removed and a -H;%-
reduced voltage used when

. . S
the HO Is energized!

NOTE: Test Voltage for Tests 1, 3,4, 5
Limited by Rating of Neutral Bushing (2/5 HO/(H2)

KV) |
( H‘l




Single Phase Line to Ground PT

Test 1 Overall DTAF /\!O—cml

(Tests 1 and 2 for DTAPro) " HV on H1

H1l & HO Jumpered

U

GST -no LV lead is
required

The secondary windings are
grounded for tests 1-5 |

HO/(H2)
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Single Phase Line to Ground PT

Test 2 DTAF l@—-:m.

(TeSt 3 DTAPI’O) | | HV on H1

Cross Check

GST - Guard g g
oS

LVonH_O«ECm:J w

165




Single Phase Line to Ground PT

Test 3 DTAF
(Test 4 DTAPro)

Cross Check

GST - Guard

HV on HO

.)b—

=

LV on H1
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Single Phase Line to Ground PT

Test 4 DTAF .@—Gﬂl

Test b DTAPI’O) | HV on H1

Excitation

UST g g
S

LV on HO ( 1
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Single Phase Line to Ground PT

Test 5 DTAF
(Test 6 DTAPro)

Excitation

UST

HV on HO

.)b—

=

LV on H1




Single Phase Line to Ground PT

Test 6 Overall DTAF /\!O—cml

(Tests 1 and 2 for DTAPro) " HV on H1

H1l & HO Jumpered

U

GST -no LV lead is
required

The secondary windings are
grounded for tests 1-5 |

HO/(H2)

168



Test Procedure-Single-Phase PT - DTA

XPF | %PF [ Cor. | Cap.

A U S e T e P
INERER 198 4518 0200 051 03 08 11984 G
o[l BR M iyl W2 | oo [Tamooen]oz 0is 064 ans
s BR 2 XYl W 1.nu‘3u35u155n\n.52 040 064 G525
o W w f2| 09 [074 1.351‘ ——
S| UsT 2w | 100 [0 a0t | [ 2o
o| N0 A Wiyl @ | 2

Supplemental Tests 1.480 + 3.036 =4.516 mA  0.0410 + 0.1890 = 0.230 Watts

1 UsT  HIHZ Y1 Al
2 UsT HIRZ Xl il
3 GAR  HI Heml Y
4 GAR  HZ H1.41,71




Analysis of Results: PTs

Compare Overall Power Factor Test Values to Previous Test
Results

Compare Overall Power Factor Values to Similar Units
(Test-Data-Reference-Book)

Compare Cross-Check Power Factors
— Most PTs Test Results are Similar



PT #1 — First Test

Test Nomenclature Test kV
1  Overall 10
2  Cross-Check 1 10
3  Cross-check 2 10

Summation of Cross-checks

| (MA)

1.323
1.275
2.393

3.668

Watts

1.744
0.029
0.101

0.130

Measured
% PF

13.18

0.23
0.42

173

Corrected
% PF

14.6
0.26
0.47



PT # 2 — First Test

Test Nomenclature Test kV
1  Overall 10
2 Cross-Check 1 10
3  Cross-check 2 10

Summation of Cross-checks

| (MA)

1.374
1.325
2.428

3.753

Watts

1.717
0.031
0.104

0.135

Measured
% PF

12.5

0.23
0.43

173

Corrected
% PF



PT # 3 — First Test

Test Nomenclature Test kV
1  Overall 10
2 Cross-Check 1 10
3  Cross-check 2 10

Summation of Cross-checks

| (MA)

3.78
1.283
2.432

3.715

Watts

0.835
0.030
0.107

0.137

Measured
% PF

2.24

0.23
0.43

174

Corrected
% PF



« Test voltage should be limited to either 2 or 5 kV for Tests
1 and 3.

« The overall Power Factors are very high and the
summation of the current and losses for the Cross-Checks

do not agree.

« H1 and HO bushings were not connected together for the
tests.
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PT#1—As Left

Test Nomenclature

N

Overall
Cross-Check 1
Cross-check 2

Summation of Cross-checks

Excitation Current 1
Excitation Current 2

Test kV

S
10
S

S
S

| (MA)

3.775
1.281
2.429

3.710

0.197
0.205

Watts

0.134
0.029
0.105

0.134

Measured
% PF

0.35
0.23
0.43

Corrected
% PF

0.39
0.26
0.48




PT#2 —As Left

Test Nomenclature

N

Overall
Cross-Check 1
Cross-check 2

Summation of Cross-checks

Excitation Current 1
Excitation Current 2

Test kV

S
10
S

S
S

| (MA)

3.823
1.324
2.426

3.750

0.205
0.205

Watts

0.133
0.031
0.102

0.133

Measured
% PF

0.35
0.23
0.42

Corrected
% PF

0.42
0.27
0.50



PT # 3 — As Left

Test Nomenclature

N

Overall
Cross-Check 1
Cross-check 2

Summation of Cross-checks

Excitation Current 1
Excitation Current 2

Test kV

S
10
S

S
S

| (MA)

3.724
1.275
2.389

3.664

0.201
0.201

Watts

0.127
0.028
0.099

0.127

Measured
% PF

0.34
0.22
0.41

Corrected
% PF

0.38
0.24
0.46




Analysis of Results: PTs

Examples:

PT #1

Test No. mA Watts % PF
1 (Overall) 2.540 0.104 0.41
2 (H1 Cross-check) 1.256 0.056 0.45
3 (HO Cross-check) 1.248 0.046 0.37
PT #2 I High power factor when the H1 bushing is energized I
Test No. mA Watts % PF
1 (Overall) 2.650 0.354 1.32
2 (H1 Cross-check) 1.356 0.313 2.31
3 (HO Cross-check) 1.248 . 0.44
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Single Phase Line to Ground PT

Troubleshooting H1 lQ—«:ml
high power factor | "HV on H1
GST — Guard
Guard Collar is ﬂg—
near base of porcelain
oS
LV Lead

( w HO/(H2)




Current Transformers




Test Procedure dd.....“ :5

e Short Primary Windings

 Ground all Secondary Windings

 Perform Overall Test iIn GST Ground Mode
 Perform Tap Test C1 and C2 (If Test Tap Installed)



CT Test Voltage ST

Liquid Filled

15 kV and Above: 10 kV

*Below 15 kV: Test Woltage Equal to or Below
Nameplate Operating Line to Ground (L-to-G)
\oltage

Dry-Type
15 kV and Above: 2 kV
10 kV*

*Below 15 kV: 2 kV
L-to-G \Woltage *
10% to 25% Above Operating
L-to-G Voltage

* Note: Tip-Up Tests



Current Transformers (CTs) goble




Current Transformers (CTs) 4*.'....|"| &

H1 & F H2
NIINIRENE
2N
1S
L 0S
1S
LS
1S
S
PR - X Windings
{ f‘ e 1

CT Without Test Tap



Current Transformers (CTs) dﬁ..'.....|' D

L

r—XI X2 X3

CT Without Test Tap



Test Procedure du .:‘5

Test Procedure: CTs Without Test Taps

Test No. Energize Ground UST Guard

1 (Overall)  Primary Secondary



Test Procedure

Test No. 1: GST- Ground

H1 H2

High \Voltage Lead

= —

r—Xl X2 X3

CT Without Test Tap

goble



Current Transformers (CTs) 'L._.'- k e

H1 1 E H2
NIINIRENE
e S
1S
L 0S
1S
LS
1S
S

- X Windings
gas

CT With Test Tap



goble

Current Transformers (CTs)

H?2

-
T

L
e

r—XI X2 X3

CT With Test Tap



Test Procedure

Test Procedure: CTs With Test Taps

Test No.
1 (Overall)
2 (C1)

3 (C2)

Energize Ground UST
Primary Secondary
Primary Secondary Tap
Tap Secondary

Guard

Primary



Test Procedure du .:‘5
Test No. 1: GST- Ground

H1 H2
"
High \Voltage Lead Hﬂ\ ?
|Cl 1l
T C2 T
r—X1 X2 X3

CT With Test Tap



Test Procedure goble
Test No. 2: UST

High Voltage Lead H1 H2
="
Low \oltage Lead C1 l
_|_ C2 T
r—X1 X2 X3

CT With Test Tap



Test Procedure du 2

Test No. 3: GST-Guard

H1 H2
Low \oltage Lead

—3X

—fi=
High Woltage Lead Cl J_
_|_ C2 I
— X1 X2 X3

CT With Test Tap




Current Transformers - DTA Hoble

B DTA Field System

File Edit oOperaktions Layoub  Swindow

i Current Transformer Insulation Test - Identification _ - |O] x|

—General Info

Comparny: | Dtz
Location: | 345 ROB PARE Test Date: | Sep 291934 I 10:34:17

Tested by HL Teszt Set Type: IMEH ;|| Reaszan: ROUTIME ;IJ
Sdmiriztration. .. I | T ezt Conditions. .. I |-

—Mameplate Data

b arf: T 1 b fr'd: W Sernial Mo 1
kaw ol | 345 Ampa: 2000 Special ID: CEMTER
CCT Deszig: ARGEMTA CB KA
Type: IHC-345/11 Inzul Type: CIL-FILLE D lIJ
Secondary Rezsiztance: | CatalogAStyle #:
Current Hatic: 2000 5
| CT Tap“aluss I| M ameplate Detail I

Diata kgr I Oxerall I Jump To I Frew Datel HgHtDatEI Save I Lluick Entry I




Current Transformers - DTA

‘

R TR

=1 DT A Field System
File Edit Operations Test Lavout

il Current Transformer Insulation Test - Overall Tests - 3O] x|
Location: 345 ROEB FARE. Special ID:  CENTER
SenalMa: 1 CCT Desig;. ARGEMTACE [Date: Sep 231934
Tt Test Connections Test  Egquee 10kKY  ZEPWRFCTR com  ClpF]  IMS
M | Mod EMG GMD Guard UST kY e wattz  meas com fohh meaz RTG
1M GMDOHT HZ i | 375 | 0161 | 043 |04 |1.07 | 938 |G
2 |M UST H1.HZ TapP| 10 | 3260 | 0139 | 043 |046 |1.07 | 867 |
£ GaR TAP H1.HZ A5 134900 | 1620 | 046 (049 (1.07 | 9165 |l
4 GHDH1.HZ 20 | 3760 | 0158 | 0.42 | 0.45 [1.07 |993.50 |G
R Mizc Test - Dezcibed in Mote
b Mizc Test - Descibed in Maote
7 Hat Callar Test an H1
EI Hat Callar Test an HZ

|0 Screen | Ol Tests Jump To

‘ Fresy Datel Hg:-:tDateI ‘ Save I E uit I




Analysis goble

e Calculate Power Factor

» Compare Test Results to identical apparatus



Doble
Current Transformer
Supplemental Tests



Basic Principle

 Basic Theory for Power Transformer Tests
and Data Interpretation Also Applies to

CT’s
« Apply Test Voltage Across Full Winding
With the Highest Number of Turns:

* Minimizes Test Current
» No Step-Up Voltage

e Excitation Current Tests Can be Performed
at Multiple Test Voltages for Saturation

Curve



Doble
Current Transformer
Turn Ratio Test



Doble Transformer Turn Ratio Test du e

Doble TTR
HV Lead Capacitor

CTRUE
@ @ Transforme

— T

(/)
T & LV Lead
. c /N
Cre™ 10KV x o APPATENt ™ 10 kV X @

RatioN —— N= CTrue/CApparent



Doble Transformer Turn Ratio Test

TTR Cap. | % " "
AR
@ 1 X2 YXB Y1 Y2 [|Y3

29 2
=  Meter Meter
C.11,e Measurement 1 C. ppparent M€aSUrement

Turns Ratio N —— N = Cq;,/Cppparent

Note: Test \oltage Based on Nameplate



Metering Outfits

PT/CT Comibnation



Single-Phase M O - Connections 1.._....'- b |.:5

Use the same test form as the single
phase potential transformer/
Voltage transformer:



Single Phase Metering Outfit Q_._.'- k e

HP,  CT | |
mi W m




Single-Phase M O - Connections doble

M O Connections:
« Base Terminal - One End of PT Primary

* Top Terminals (2) - Connected to the Line
 Full Line Voltage in Service

* Terminals Correspond to Either End of CT
Primary

* One Terminal also Corresponds to One End of
the PT Primary

e Case Terminal Near Base - Grounded In Service

» Terminal Designation Varies With
Manufacturer



Recommended Test Voltage dﬁ._._.l- ble

Dry-Type MO Rated 15 kV Insulation Class And Below

MO Voltage Rating Test Voltage (kV)

Overall a. 2kV
b. Line-to-Ground \oltage*
c. 10% to 25% Above Line-to-Ground
operating Voltage

Cross-Check a. 2kV
b. Line-to-Ground Operating Voltage
Excitation Current  a. Line-to-Ground Operating Voltage

*Note: Power Factor Tip Up Test
Test kV Limited by Rating of Neutral Bushing (2/5 kV)



Recommended Test Voltage dﬁ..'.....“ D

Liguid Filled MO’s Rated 15 kV Insulation Class and Above

Perform Over-all Winding Tests at 2 kV
Perform Over-all Winding Test - 10 k\V*

*Perform Cross-Check Tests at 10 kV or Rated Line-to-Ground
\oltage, Whichever is Lower

*Note: Tip-Up Test

Test kV Limited by Rating of Neutral Bushing (2/5 kV)



goble

Test Procedure for Metering Outfits

Test Preparation:

Short Circuit All Primary Windings (Current &
Potential)

*Connect One Side of Secondary Windings to Ground

*Ground All Spare Units Under Test
 Connect External Ground to Unit Housing



Test Procedure -Single Phase M O 4*.'....“ &

Test Test
No. ModeEnergize Ground Guard UST Description
1 GST Hl/Pl,HZ,HB Xl,Y]_,Zl - - Ovel‘a|
2 GST HiuP: X,Y;,Z1 Hs - Cross-Check
3 GST Hs* X,Y1,Z1 HiP1 - Cross-Check
4 UST HuP: XY1,Z1 - Hs Excitation Test
5 UST Hs* X,Y:,Z1 - HuP1 Excitation Test

*Test kV Limited by Rating of Neutral Bushing (2/5 kV)
Test Voltage Applied for Tests 4 & 5 Should Be the Same for Comparison

ALL Spare Metering Outfits Tested in Storage - Housing
Must be Grounded Externally



Test Procedure - Single Phase M O dg...'*':b

Test 1: GST-Ground

Measure: Overall |

H,/P,

Il Hv cable

Lower Voltage for

This Test Short-Circuit

Primary, Test 1
Only

H./Hy/P,

1
—®—_  Ground Lead
Test kV Limited by Rating of Neutral Bushing (2/5 kV)




Test Procedure - Single Phase M O dg....'*':b

Test 2: GST-Guard
Measure: #1 Cross-Check

Eﬁ Il Hv cable

H,/P,

|tl])):><>~ LV Lead

1L
—®—___  Ground Lead




Test Procedure - Single Phase M O doble

Test 3: GST-Guard

Measure: #2 Cross-Check |
X>— LV Lead
H2

H,/P,

Lower Voltage for
This Test

L[Ilﬂ F—DJ HV Cable
L II

—®—_  Ground Lead
Test kV Limited by Rating of Neutral Bushing (2/5 kV)



Test Procedure - Single Phase M O '14..'.'.....'".:!5

Test 4: UST

Measure: Excitation | Egz

H,/P,

}'I HV Cable

Lower Voltage for
This Test

|tl])):><>~ LV Lead

1L
—®—___  Ground Lead




d.l'

Test Procedure - Single Phase M O JOUK
Test 5: UST ]
Measure: Excitation |
X>— LV Lead
H,/P, H,

Lower Voltage for
This Test

Ha/H/Pq
J[I HV Cable

1
—®—_  Ground Lead
Test kV Limited by Rating of Neutral Bushing (2/5 kV)




s P

Secondary Windings
(Not Shown)

|||—Q



Test Procedure - 3 Phase M O

Test Test
No. Mode Energize Ground Guard UST Description

dll"

R TR

1

S o1 B~ WD

GST
GST
GST
GST
UST
UST

|11P1|2

X1, Y1
X1, Y1
X1, Y1
XY,
X1, Y1
X, Y1

Pl

Il1 I2

l,,P

,,P
1,P

Overal
|, Cross-C
P Cross-C

|, Cross-C

nec

nec

necC

K

K

K

Excitation Test

Excitation Test

* ALL Spare Metering Oultfits Tested in Storage - Housing
Must be Grounded Externally



Analysis of Results: MO’s @L.:. C

«Compare Overall Power Factor Test Values to
Previous Test Results

«Compare Overall Power Factor Values to Similar Units
(Doble Test-Data-Reference-Book)

«Compare the Sums of Cross-Check Currents & Watt-
Loss Values to the Over-All Test Results



Analysis of Results: MO’s q&.‘.’. D

«Compare Excitation Current Test Results Performed at
Both Ends of The Winding (Test Voltage Must be the
Same for Both Tests)



)
-
>
O
O



@@= single Stack

Two Stack _

CCVTs

221

221



If you can test a Single Stack then
you can test any CCV'T

The difficult part 1s knowing what to
disconnect 1n the base

222



H.V. BUSHING

'ﬁ'?w\
\ CARRIER BUSHING

\

SWITCH JAW

HIGH VOLTAGE
TERMINAL BOARD

SPRING
SWITCH HANDLE
OIL TO AR A\ A1 J*—
SEAL PLATE § =P tas
LOW VOLTAGE S LS =
BOX ‘:!' [ _ VOLTAGE TRANSFORMER
DRAIN COIL—' % &
CHOKE COIL—t ) <+———MINERAL OIL
CARRIER GROUND
ROUNE )/DRAIN PLUG
CARRIER ENTRANCE —
SUSHING FERRORESONANCE SUPPRESSION

FILTER
SERIES REACTOR

223



What isa CCVT?

A capacitance coupled voltage transformer (CCVT)
IS a transformer used in a power system to step down
extra high voltage signals and provide a low voltage
signal.

CCVTs are typically used for measuring voltages In
excess of 100kV where the use of a wound primary
winding Is not economical.

Disadvantage of this type of transformer is with
ferroresonance and over-voltage transient problems

224



Applications for CCVTs

Accurate transformation of primary system

voltage into secondary output voltages suitable
for :

»Relaying / Protection CCVT

»Metering CCVT

»Power Line Carrier Coupling (CCVT/CC)

225 225



Applications for CCVTs

» TRV Mitigation for CB (CCVT/CC)
»Harmonics monitoring (CCVT/CC)

»Power supply for SS and remote area (CCVT)
»Except HVAC (CCVT)

»|mproves SS insulation withstand (CCVT/CC

226 226



Significance of Tests

« Capacitance Pack Deterioration or Failures
Indicated by Changes in Capacitance

« Contamination of Capacitance Stack or Base
Box Indicated by Changes in Power Factor

227



Capacitor Nomenclature

« C2, the Auxiliary capacitor is the largest capacitor in
picofarads

« C1-1 (B1-POT) sits on top of C2, both are located in
the first porcelain unit

« C1-2, C1-3, and so forth are found in additional
stacked porcelain units on CCVT’s with higher
voltage ratings.

Nameplate capacitances may not exist for C1-1;
this value may require calculation from the given
C.ota1y Which Is often the series combination of C2
and C1-1 (B1-CAR).

228



Capacitor Nomenclature

» It C1 is provide instead of C1-1 you may
have to perform some calculations to
determine the value of C1-1

229 229



Capacitor section nameplate-Ritz

O 2 TYPE YEAR )
<RITZ> SccTIoN
O N S/N WEIGHT
XCN 7680 |PF MUSI TARE " KV D.F. z O
RATED
C2| 62840 |PF rrEQUENCY Hz O

_+ 1 c, =8750pF

1
C,, 7680 62840

©Doble Engineering Company




To Measure the following resistors

R1 R2 R3I R4 R1-R3

A-B B-C C-D D-E A-D



Measure the
c2 c3 c4 following

C1l C5
_|I | | | ||_ capacitors
A B Il c Il ol e Il

C1l C2 C3 C4 G5

A-B B-C C-D D-E E-F

Z32



Measure the

c1 c2 C3 Cc4 C5 following
_|I | | | ||_ capacitors
A B Il c Il ol e Il
C4 - C5
D-F

233



Now, Let’s Rotate this
circuit 90 degrees and
give different
identification to each
capacitor

234



I B4
B3

Cl-3 et

} B2
C1-2
} Bl

Cl-1 ==

4 Stack CCVT

How do we measure

Potential Grounding
Switch (closed)

C2

Cl-1
Cl-2
C1-3
Cl-4
C1-1/C2

235



Test Points and Nomenclature

nun (B4)
Ci4
"W"
800 kV (B3) () — Doble
Nomenclature
CCVT ©=
X" (82)
C1-2 # : "Y"
' (B1)
1
g‘" POT
2 T -q "z

(CAR)



Capacitor voltage divider

o "Y” BI
1

C31—1

G

CLZT //Z// S POT




Capacitor voltage divider

//XII BZ

IIY/I Bl

_l_ EMU
Car IIZII O

POT

W
e
YK
—
—
——
-
—
—
A —
—
——
——
——
——
< ————
—
a—
~————
—
—
—
Com—
il
:

=i




Power Factor
Testing CCVTs

239



Materials & Power Factor

 Dielectric: kraft paper and polypropylene film
 Electrode: Aluminum foil
« Connection: Tinned copper tabs

Type of insulation Power factor @ Comment
SyStem Vrated [%]
High polar material
content
Paper/Mineral oll 0.40
Polypropylene/paper/ 0.080 Low polar material

synthetic oll

content




Arrangement of mixed dielectric
capacitor element

T Alum. Foil

7

Polypropylene

Kraft Paper




CCVT/CC Construction
Capacitor element

Construction
» Electrode - Aluminum foil
 Dielectric spacer material

|) Hazy polypropylene
film

1) Kraft paper

e Connection— Tinned Cu
tabs

 Synthetic Fluid : PXE,
SAS40 or Jarylec

Polypr. Film
Alum. Fol

Polypr. Film
Kraft Paper
Palypr. Film
Alum, Foll

Palypr. Film
Kraft Paper

~~~—/




Capacitor Element




Capacitor Stack




Capacitor Nomenclature

» The first step is to gather all of the nameplate
iInformation. In this case there are 3
nameplates for a two-stack CCVT.

245 245



Nameplates

15t On the door where the secondary
output Is located

2"d On the bottom flange of the top stack
capacitor (C1-2)

3'd On the top flange of the bottom stack of
capacitors (C1-1,C2 series)

All of this iInformation needs to be recorded so that it
can be entered in the DTAF program.



Nameplate on Door




Nameplate at Bottom of Top Unit

248



Nameplate at Top of Bottom Unit




Capacitor Nomenclature

»The C2 capacitor is always the largest capacitor

» The capacitance of the C1-1 in series with the
C2 is less than the C1-1

250 250



Test Points

» The Top of Each Porcelain Section

» The Potential Grounding Switch

« The Carrier Terminal

» The Transformer Grounding Link (Alternate
‘est Only)

251



Modern CCVT

(Top)
B5

B4 > Additional porcelain units found

B3 at higher voltage ratings. Each
contains one capacitor
B2
%
B1 N

Base porcelain unit contains
~ two capacitors

Electromagnetic Unit
POT |Choke Coil

|::| CAR Assembly l E— X
| X2

- X,

Carrier Potentl?l & Y,
Grounding Gr(?undmg E— Y,
Switch Switch — Y3

Base Box J
Transformer
o Ground Link T

252



The CAR Terminal

» Older CCVT’s
— Carrier (CAR) Bushing Accessible for Testing
— Potential (POT) Bushing Accessible for Testing

» Newer CCVT’s
— CAR Bushing Accessible for Testing
— POT Bushing Not Accessible For Testing
— Max Test Voltage 2 kV

253



CAR And POT Bushing ( Older Units)

T L5 0 0 M Y, ) A e

234



The CAR Terminal (Newer Units)

*CAR Terminal Accesible
*Bushing Not Accessible For Testing
*Max Test Voltage 2 kV

Z55



Typical Ritz Junction Box
With CAR Lead “HF”

DRAIN colL|
10mH/07A

P







Typical ABB Junction Box
With CAR Lead “L”

SRR AR

w0 B

7 O
\s\&szmi‘/v‘f""’m &

e - El x
T e - — R0
. - N &
| =
=5 s o e
- = ;_»,"

Z88



Typical Trench Junction Box
With CAR Terminal Grounded




Test Procedures For Individual
Capacitors

» De-energize capacitor by disconnecting from
power line.

» Ground and discharge each porcelain unit.

» Close carrier (S1), if present, and potential
(S2) grounding switches.

%60
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Test Procedures For Individual
Capacitors

» |Isolate CAR terminal from ground, drain coill,
or carrier accessory lead.

» Test capacitors individually, measuring  percent
power factor and capacitance.

261 261



Analysis of Results

» Capacitance Should Not Vary From Nameplate By
More Than 1.0% On Modern Units

» Power Factor on Older Units With Paper/Oil
Construction Should Not Exceed 0.5%

» Power Factor on Newer Paper/Film/Synthetic
Fluid Units Usually Run Below 0.1% and Should
Not Exceed 0.2%
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Summary

» ldentify and isolate CAR terminal; replace after
testing!

» Test capacitors individually with POT switch
closed.

» Any series test of C2 and C1-1 combined must be
made with POT switch open and transformer ground
link removed.

» Observe both capacitance and percent power
factor upper limits.
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Voltage Ratio




Voltage Ratio

There Is another test that is strongly
recommended when testing CCVTs. That is the
voltage ratio test. A known series of values 1kV
to 10kV in 1KV steps is applied via the high
voltage hook to the high voltage terminal (4-hole
pad) of the CCVT. The secondary output is read
by connecting voltmeters on terminals X1 to X3,
Y1to Y3, X21to X3, and Y2to Y3.
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Voltage Ratio

The actual value should fall well within a +/-
5% from calculated. Expected would be +/-1%.
The nameplate will give you the nominal applied
system voltage, and also the secondary outputs
for each of the secondary outputs.
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Voltage Ratio

» Apply 10 kV to top of CCVT and measure the
following points:

» Perform a voltage ratio test to confirm the ratios of the
CCVT

v X1-X3, Y1-Y3 (1200/1 = 10000/1200 = 8.333v)
v X2-X3, Y2-Y3 (2000/1 = 10000/2000 = 5.0v)

A CCVT with an acceptable power factor can
still have a ratio problem. Analyze all data!
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Insulating Fluid



Recelving, Storage and Handling of Oil goble

— Purchase oil as per ASTM-3487 or Doble TOPS

— Stored & transported in dedicated containers

— Test oil before using it In apparatus

— Avoid handling oil during adverse weather
conditions to minimize moisture ingress

— Check for material compatibility (hoses, pumps)

— Do not mix oils from different apparatuses

— Do not mix different types of fluids



Sampling of Insulating Mineral Oil d@“ D

Two different methods from ASTM:

D 923: Standard Method of Sampling Electrical
Insulating Liquids

D 3613: Standard method of Sampling Electrical

Insulating Oils for Gas Analysis and Determination of
Water Content



Sampling of Insulating Mineral Ol doble

— Protect from outside contamination

— Relative Humidity < 70%

— Flush drain valve prior to sample collection

— Consider specific gravity. If specific gravity <1, free
water will sink, take sample from bottom of tank

— Avolid sampling below freezing temperature (32° F)

— Consider remaining oil volume in apparatus

— Do not sample if a negative internal pressure exists

— Do not sample from energized instrument transformers



Sampling of Insulating Mineral Ol d@'* &

 The oil lab is only as “Good” as
the sample provided.

* Temperature has to be provided
for relative saturation to be
calculated



Sampling of Insulating Mineral Oil

Recommended Containers:
General Sampling glass bottles
polyethylene bottles

aluminum or tin cans

DGA Sampling glass syringes
stainless steel cylinders

Note: glass containers help visual inspection.

goble



SAMPLE IDENTIFICATION

L) From Factory Run J  Fre: Breathing

t 1 Core Type [J Sealed Conservator
L] Sheli Type [J  Gas Blanketed
PCB Content (ppm): [l  greater than 499 [J Open Conservator
S/N Syringe #

Company Date

Substation Transformer

Previous Doble Report No. Cable [] Potential Trans. (] Curret Trans. [

Mfr. kV MVA _ Mfr. Yr.
Unit has a LTC: Ye; [

Silicone L1 Other U

Cooling: FOA, etc. No [

O1] Capacity Oil Type: Mineral ]

gal.

I'EMP: Ambient °C Top Ol °C Humidiy %
Sampled by: Unit’s REF #:

Sampling Point: Main Tank-Top U or Bottom D; LTC [ Other

[.TC Type: Break-1n—o1l [ Vacuum [ Mfr./Model:

[.TC Tank: Free Breathing L Silica Gel Breaker [ Sealed []

Test Requested: Gas [ H,O0 [l MiniScreen = PCB[J Other

FOR RUSH SERVICE
PLEASE CHECK HERE

Ship To: Doble Engineering Company

(O () :5 85 Walnut Street
Watertown, MA 02472-4037

PILEASE RETURN ORIGINAIL AND 2 COPIES OIL FORNM 08 Rev. 03 10/09/98




Common Tests used for in-service du :5
Transformer Oll

Test To Detect

Color Rapid deterioration or serious
contamination

Dielectric Strength Contaminants (water & conducting
particles)

Interfacial TensionPolar contaminants
Neutralization Number  Acid degradation products

Power Factor Unsatisfactory electrical properties,
deterioration by-products
Pour Point Contamination raising the pour point

Specific Gravity Solvents, other oils, organic materials



. . ("lb.
Common Tests used for in-service IR
Transformer Oll

Test To Detect

Viscosity Solvents, other oils, organic materials
Water Content Presence of dissolved water

PCB Content PCB concentration

Inhibitor Content Depletion of oxidation inhibitor
Dissolved Gas-in-oll Incipient transformer faults

Metals-in-oil Dissolved or particulate metals



Transformer Oil Testing Frequency

Annual (recommended)
Dielectric Strength (D877 or D1816)
Dissolved Gas Analysis
Water Content (D1533B)

Every three to five years
Annual Tests
Interfacial Tension (D971)
Neutralization Number (D974)
Inhibitor Content (D2668)
Power Factor (D924)
Physical Tests

goble



doble,

Transformer Oil Screening Tests SULR

Utility: Mini Screen:
Inhibitor Content
Neutralization Number
Water Content
Interfacial Tension

Color

Dielectric Breakdown
Interfacial Tension
Neutralization Number
Pour Point

Power Factor (25C & 100C)
Specific Gravity
Viscosity

Inhibitor Content
Water Content

PCB Content



doble,

Transformer Oil Screening Tests SULR
7/-Part Industrial: 5-Part Industrial:
Color/Visual Color/Visual
Dielectric Breakdown Dielectric Breakdown
Interfacial Tension Neutralization Number
Neutralization Number Specific Gravity
Power Factor (25C) Water Content
Specific Gravity

Water Content



doble,

L imits for in-service oils JOUK

=<69kV  >69=<288kV  >288kV

o7 Ky i 26 30 *
o1636,006 g kv minimen 20 20 25
oo ma 0.5 0.5 0.5
D153, ppm max 35 25 20
Visual Exam clear & bright clear & bright clear & bright

* D877 is not as sensitive to dissolved water as D1816, should not be used in EHV apparatus



doble
/~ GuardRing Oll Cell Test:

Connected for
Testing

Electrode

f Guard Ring

LV Lead

Bottom Half of Carrying Case



Oil Cell Power Factor Test

Test Voltage: 10 kV
Test Results: New Oil <= 0.05%
Used Oil <= 0.50%
After taking Oil Power Factor Test, Immediately
Take the Temperature and apply Temperature
Correction.
Test Set Check: (Dry QOil Cell)
Test Voltage: 5 kV

Current: 400-450 uA

Watts: almost 0 Watts



Dissolved Gas-In-Oil

dll"

st b

Gas Chemical Symbol  Acceptable Limits
Hydrogen H, 100

Oxygen O,

Nitrogen N,

Methane CH, 100

Carbon Monoxide  CO 250

Ethane C,Hg 60

Carbon Dioxide CO,

Ethylene C,H, 100

Acetylene C,H, 5

These limits were common to 90% of the transformer
population included in the database



Key Gas Analysis goble

Condition Key Gas

Arcing High concentration of hydrogen and acetylene, with
minor quantities of methane and ethylene.
Key gas - Acetylene

Corona Low-energy electrical discharge creates hydrogen and
methane, with lesser quantities of ethane and ethylene.
Key gas - Hydrogen

Overheated Ol Includes ethylene and methane, and lesser quantities
of hydrogen and ethane.
Key gas - Ethylene

Overheated Cellulose  carbon dioxide and carbon monoxide are evolved
from over-heated cellulose. Hydrocarbon gasses will
be formed if the fault involves an oil-impregnated
structure.

Key gas - Carbon Monoxide



Gases Produced during Overheating d*.'.....“ D

Temperature of Overheating Gas Chemical Symbol

Low Temperature (~120°)  Methane CH,
Ethane C,Hg
Ethylene C,H,

High Temperature (>700° C) Acetylene CaH;



CASE STUDIES



CASE STUDIES
Transformers




Case Study 1 -Transformer

Mfr. —ITE

Date -1972
VA -750
2400/480 D-Y

Routine maintenance




Test | Measured | TestkV| mA |Watts| % PF |Corr. Fac.| Capacitance
1 CH + CHL 2.5 12.920 (| 3.605| 2.23 0.80 3426
2 CH 2.5 4911 (1.268| 2.06 0.80 1302
3 CHL (UST) 2.5 8.018 | 2.338| 2.34 0.80 2125
4 CHL 8.009 |2.337| 2.34 0.80 2124
5 CL+ CHL 1.0 18.710 | 5.620| 2.40 0.80 4963
6 CL 1.0 10.700 | 3.282 | 2.46 0.80 2838
7 CHL (UST) 1.0 8.018 | 2.336| 2.33 0.80 2125
8 CHL 8.010 | 2.338| 2.34 0.80 2125
9 CH’

10 |CU




» Wet Windings and contaminated oil
» Watts are now 1/10 of the as found tests

» Current was affected by the dielectric of the
oil



Test | Measured | TestkV| mA |Watts| % PF |Corr. Fac.| Capacitance
1 CH + CHL 2.5 11.810 { 0.327 | 0.249 0.90 3134
2 CH 2.5 4552 (0.143| 0.31 0.90 1207
3 CHL (UST) 2.5 7.271 |10.182| 0.25 0.90 1928
4 CHL 7.258 [0.184| 0.25 0.90 1927
5 CL+ CHL 1.0 17.040 | 0.541| 0.286 0.90 4521
6 CL 1.0 9.777 | 0.356| 0.36 0.90 2593
7 CHL (UST) 1.0 7.271 [ 0.179| 0.25 0.90 1928
8 CHL 7.263 [ 0.185| 0.25 0.90 1928
9 CH’

10 |CU

After baking windings and new oil




Case Study 2 - Transformer



Test | Measured | TestkV| mA | Watts | % PF | Corr. Fac.| Capacitance
1 CH + CHL 10 32.380 | 2.558 | 0.789 1.0 8591
2 CH 10 9.969 | 1.855 | 1.86 1.0 2644
3 CHL (UST) 10 22.390 | 0.694 | 0.31 1.0 5941
4 CHL 22.411 | 0.703 | 0.31 1.0 5947
5 CL+ CHL 2 40.720 | 1.484 | 0.364 1.0 10803
6 CL 2 18.320 | 0.737 | 0.40 1.0 4860
7 CHL (UST) 2 22.400 | 0.734 | 0.33 1.0 5942
8 CHL 22.400 | 0.747 | 0.33 1.0 5943
9 CH’ 7.753 | -0.151| -0.19 1.0 2058.8
10 |CU




C1 Tests

Test | Test kV mA Watts % PF | Corr. Fac. | Capacitance

H1 10 0.761 0.798 10.5 1.0 200.7

H2 10 0.736 0.653 8.87 1.0 194.5

H3 10 0.555 0.555 7.72 1.0 190
C2 Test

Test | Test kV mA Watts % PF | Corr. Fac. | Capacitance

H1 5 2.203 2.634 13.02 1.0 532.2




The watts are higher for the C1 tests than for the
CH which is 1.855 watts

0.798 + 0.653 + 0.555 = 2.006 watts

1.855 - 2.006 =-0.151 watts



Case Study 3 -Transformer

Mfr. — GE

Date -2001

<VA — 5000
12000/480 D-Y
Acceptance Tests




Test | Measured | TestkV| mA |Watts| % PF |Corr. Fac.| Capacitance
1 CH + CHL 10 15.800 | 1.012| 0.55 0.86 4192
2 CH 10 5.195 |0.793| 1.32 0.86 1377
3 CHL (UST) 10 10.610 | 0.252| 0.21 0.86 2814
4 CHL 10.605 { 0.219| 0.18 0.86 2815
5 CL+ CHL 5 44.050 | 2.232| 0.43 0.86 11686
6 CL 5 33.440|1.978| 0.51 0.86 8871
7 CHL (UST) 5 10.610 | 0.271| 0.22 0.86 2814
8 CHL 10.610 | 0.254 | 0.21 0.86 2815
9 CH’

10 |CU




Hot Collar Tests

Test Test mode Skirt Test kV mA watts
H1 Ground 1 10 0.094 0.175
H2 Ground 1 10 0.477 4.187
H3 Ground 1 10 0.095 0.072

Retest
H1 Ground 1 10
H2 Ground 1 10 0.098 0.189
H3 Ground 1 10




Case Study 4 - Transformer



Test | Measured | TestkV| mA Watts | % PF | Corr. Fac. | Capacitance
1 CH + CHL 10 33.080 | 16.220 1.01 8765
2 CH 10 12.860 | 3.612 | 2.84 1.01 3411
3 CHL (UST) 10 20.210| 12.610| 6.30 1.01 5352
4 CHL 20.220 | 12.608 | 6.30 1.01 5354
5 CL+ CHL 10 59.360 | 23.630 1.01 15734
6 CL 10 39.140 | 11.040 | 2.85 1.01 10380
7 CHL (UST) 10 20.210 | 12.610| 6.30 1.01 5353
8 CHL 20.220 | 12.590 | 6.29 1.01 5354
9 CH’ 8.133 | 3495 | 4.34 1.01 2157.4
10 |CU 35.668 | 10.813 | 3.06 1.01 9459.3




Cl

C2

Test |C(pF)| % PF |TestkV| mA Watts | Corr. PF | Meas. pF
H1 415 24 10 1.573 | 0.042 0.27 417.2
H2 415 24 10 1.572 | 0.037 0.24 416.8
H3 | 418 24 10 1.582 | 0.038 0.24 419.6
Test |C(pF)| % PF |TestkV| mA Watts | Corr. PF | Meas. pF
H1 | 1833 .26 2.5 6.925 | 0.184 0.27 1836
H2 | 1808 | .28 2.5 6.822 | 0.176 0.26 1809
H3 | 1845 | .26 2.5 6.958 | 0.188 0.27 1845




Excellent example of “averaged power factor” as
the power factor for the CH’ is 4.34% without
the bushings and 2.84% with the bushings. The
good bushings were masking the bad windings.



Case Study 5 - Transformer

Background
»High side bushings were replaced

»Load Tap Changer was open all week for
maintenance

»Routine test after repairs



Test | Measured | Test kV mA Watts | % PF | Corr. Fac. | Capacitance
1 CH + CHL 10 28.510 | 0.934 | -—--- 1.08 7564
2 CH 10 10.110 | -0.040 | -.0 1.08 2683
3 CHL (UST) 10 18.400 | 0.988 | 0.58 1.08 4880
4 CHL 18.400 | 0.974 | 0.57 1.08 4881
5 CL+ CHL 10 71.340 | 42.440 | --—--- 1.08 18889
6 CL 10 52.960 | 41.420 | 8.45 1.08 14008
7/ CHL (UST) 10 18.390 | 0.991 | 0.58 1.08 4879
8 CHL 18.380 | 1.020 | 0.59 1.08 4881
9 CH’

10 CL




Mfr.: FPE

Year Mfr. 1976

Tank Type: N2 Blanketed

Phases: 3

Config: Delta — Wye

Coolant: Oil

KV: 138 /69 MVA / 15/20/25
LTC: Y

Top Oil Temperature: 17 degree C



» Federal Pacific Electric tested with the Load
Tap Changer (LTC) in the neutral position.

» This tap changer has resistors in the neutral
position.

» Always test with LTC off neutral
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Test |Measured |TestkV [mA Watts |% PF | Corr. Fac. | Capacitance
1 CH + CHL 10 28.510 | 0.949 | -—--- 0.96 7562
2 CH 10 10.090 | 0.316 | 0.30 0.96 2677
3 CHL (UST) 10 18.390 | 0629 | 0.33 0.96 4883
4 CHL 18.430 | 0.633 | 0.33 0.96 4885
5 CL+ CHL 10 72.160 | 3.144 | -—-- 0.96 19148
6 CL 10 53.750 | 2.487 | 0.46 0.96 14263
7 CHL (UST) 10 18.410 | 0.629 | 0.34 0.96 4883
8 CHL 18.410 | 0.657 | 0.36 0.96 4885
9 CH’

10 CL

Retest with LTC off neutral




Case Study 6 - Transformer

Background

» 2002 CL capacitance and 2004
capacitance do not match

> Routine tests



Test |Measured |TestkV [mA Watts |% PF | Corr. Fac. | Capacitance
1 CH + CHL 10 2447 | 1.296 | ---- 0.80 6492
2 CH 10 3.915 | 0.212 | 043 0.80 1038
3 CHL (UST) 10 20.56 | 1.080 | 0.42 0.80 5454
4 CHL 20.55 | 1.084 | 0.42 0.80 5454
5 CL+ CHL 24 44.87 | 2.398 | --—-- 0.80 11902
6 CL 24 24.33 | 1.289 | 0.42 0.80 6454
7 CHL (UST) 24 20.59 | 20.59 | 0.42 0.80 5461
8 CHL 20.54 | 20.54 | 0.42 0.80 5448
9 CH’

10 CL

2002 Test




Test |Measured |TestkV [mA Watts |% PF | Corr. Fac. | Capacitance
1 CH + CHL 10 24.39 | 1.113 | - 1.0 6471
2 CH 10 3.905 | 0.170 | 0.44 1.0 1035
3 CHL (UST) 10 20.49 | 0.942 | 0.46 1.0 5435
4 CHL 20.48 | 0.943 | 0.46 1.0 5436
5 CL+ CHL 24 24.38 | 1.151 | ---- 1.0 6469
6 CL 24 3.907 | 0.176 | 0.45 1.0 1036
7 CHL (UST) 24 20.48 | 0.970 | 0.47 1.0 . 9434
8 CHL 20.47 | 0.970 | 0.48 1.0 5433
9 CH’

10 CL

2002 capacitance was 6454 — 2004 capacitance 1036




Test |[Measured |Test kV |mA Watts | % PF | Corr. Fac. | Capacitance
1 CH + CHL 10 2439 | 1.113 | --—-- 1.0 6471
2 CH 10 3.905 | 0.170 | 0.44 1.0 1035
3 CHL (UST) 10 20.49 | 0.942 | 0.46 1.0 5435
4 CHL 20.48 | 0.943 | 0.46 1.0 5436
5 CL+ CHL 24 24.38 | 1.151 | --—-- 1.0 6469
6 CL 24 3.907 | 0.176 | 0.45 1.0 1036
7 CHL (UST) 24 20.48 | 0.970 | 0.47 1.0 5434
8 CHL 20.47 | 0.970 | 0.48 1.0 5433
J CH

10 Ccl

Leads not changed — tested high side again




Case Study 7 - Transformer

Background

» Acceptance tests on new transformer
» Data called in by owner of equipment
»0Owner questioned test report



Test | Measured | Test kV | mA Watts % PF | Corr. Fac. | Capacitance
1 CH + CHL 2 11.76 | 0.600 0.71 3121
2 CH 2 3.040 | 0.955 2.23 0.71 805.9
3 CHL (UST) 2 8.729 | -0.350 -0.3 0.71 2315
4 CHL 8.720 | -0.355 -0.3 0.71 2315
5 CL + CHL 1 15.23 | 1.634 0.71 4041
6 CL 1 6.514 | 1.952 2.13 0.71 1727
7 CHL (UST) 1 8.729 | -0.330 -0.3 0.71 2315
3 CHL 8.716 | -0.318 -0.3 0.71 2314

15t Testing Company




Test | Insulation | Test kV | mA Watts % PF | Corr. Fac. | Capacitance
1 CH + CHL 2 11.76 | 0.600 0.71 3121
2 CH 2 3.040 | 0.955 2.23 0.71 805.9
3 CHL (UST) 2 8.729 | -0.350 -0.3 0.71 2315
4 CHL 8.720 | -0.355 -0.3 0.71 2315
5 CL + CHL 1 15.23 | 1.634 0.71 4041
6 CL 1 6.514 | 1.952 2.13 0.71 1727
7 CHL (UST) 1 8.729 | -0.330 -0.3 0.71 2315
8 CHL 8.716 | -0.318 -0.3 0.71 2314

15t Testing Company — Test report submitted report to

customer wit negative numbers




Test | Insulation | Test kV | mA Watts % PF | Corr. Fac. | Capacitance
1 CH + CHL 10 11.82 | 0.314 0.80 3135

2 CH 10 3.206 | 0.111 0.28 0.80 850.4

3 CHL (UST) 10 8.616 | 0.205 0.19 0.80 2285

4 CHL 8.614 | 0.203 0.19 0.80 2284.6

5 CL + CHL 1 15.49 | 0.335 0.80 4109

6 CL 1 6.874 | 0.123 0.14 0.80 1823

7 CHL (UST) 1 8.616 | 0.191 0.18 0.80 2285

8 CHL 8.616 | 0.212 0.20 0.80 2286

Retest by 2"d Testing Company




» Transformer was not grounded

» Diagnostics tester from 15t testing company
did not question negative results

» Negative results questioned by owner

» Diagnostics tester from 2"9 testing company
grounded the transformer



Case Study 8 - Transformer

Mfr. — Efacec - USA
Configuration — Wye — Delta
Tank Type — Sealed conservator
MVA — 900

kV —230 /25

Acceptance tests



Transformer 8

» Was informed that the first transformer
received failed (no additional data)

» Owner had major concerns with data as
testing company could not provide answers
for the results obtained




Test | Measured | Test kV mA Watts | % PF | Corr. Fac. | Capacitance
1 CH + CHL 10 262.11 | 10.905 | ---- 1.0 69525.8
2 CH 10 258.45 | 10.918 | 0.42 1.0 68555.6
3 CHL (UST) 10 3.633 | 0.021 | 0.06 1.0 963.55

4 CHL 3.660 | -0.013 |-0.04 1.0 970.20

5 CL+ CHL 3.001 | 677.76 | 27.797 | ---- 1.0 179779.7
6 CL 3.000 | 674.08 | 27.728 | 0.41 1.0 178803.1
7/ CHL (UST) 2.999 | 3.639 |0.0180 | 0.05 1.0 965.27

8 CHL 3.680 | 0.069 | 0.19 1.0 976.00

9 CH’ 251.37 | 10.732| 0.43 1.0 66678.49
10 CL 640.06 | 26.768| 0.42 1.0 169780.40

Acceptance tests




Windings

Test Voltage

Capacitance

Power Factor

HV / LV + Earth 10 69730.10 0.38
HV / Earth 10 68736.80 0.39
HV / LV 10 974.95 0.22
LV / HV + Earth 4 180580.50 0.38
LV / Earth 3 179551.50 0.38
LV / HV 3 975.32 0.25
HV + LV / Earth 3 248473.00 0.39

Factory tests




» Shielded transformer
s*Very high voltage transformation
**Variable frequency drives on secondary



Tank



Case Study 9 - Transformer

Mfr. — Efacec - USA

Configuration — Wye — Wye — Delta
Tank Type — Sealed conservator
MVA - 900

kvV—-230/36.5/13.2

Factory tests



Meas. Test kV mA Watts %PF Corr Fctr | Cap(pF)
CH + CHL 10.001 46.790 1.692 1.00 12411.5
CH 10.000 15.628 0.8020 0.51 1.00 4145.4
CHL(UST) 10.001 31.148 0.8810 0.28 1.00 8262.1
CHL 31.162 0.890 0.29 1.00 8266.100
CL+ CLT 10.001 62.773 2.508 1.00 16650.7
CL 10.001 25.510 1.211 0.47 1.00 6766.4
CLT(UST) 10.000 37.247 1.320 0.35 1.00 9880.1
CLT 37.263 1.297 0.35 1.00 9884.300
CT + CHT 10.001 66.249 2.199 0.33 1.00 17572.4
CT 10.001 65.953 2.111 0.32 1.00 17494.0
CHT(UST) 10.001 0.2860 0.0820 2.87 1.00 75.813
CHT 0.296 0.088 2.97 1.00 78.400
CH+CL+CT | 10.001 107.22 4.122 0.38 1.00 28439.8




Meas. Test kV mA Watts %PF Corr Fctr | Cap(pF)
CH + CHL 10.001 46.790 1.692 1.00 12411.5
CH 10.000 15.628 0.8020 0.51 1.00 4145.4
CHL(UST) 10.001 31.148 0.8810 0.28 1.00 8262.1
CHL 31.162 0.890 0.29 1.00 8266.100
CL + CLT 10.001 62.773 2.508 1.00 16650.7
CL 10.001 25.510 1.211 0.47 1.00 6766.4
CLT(UST) 10.000 37.247 1.320 0.35 1.00 9880.1
CLT 37.263 1.297 0.35 1.00 9884.300

17494.0

75.813

CH+CL+CT

10.001

107.22

4.122

78.400
28439.8




We saw this type of results on a shielded
transformer

**|s the transformer shielded?

*Do we
*Do we
*Do we

nave a defective low voltage lead?
nave a defective test set?

nave a test procedure issue?



Transformer tertiary configurations - Tertiary inside the low
voltage winding closer to core not on same insulation tube

CHT (very low capacitance) Tank wall Core

Tank — Core
./

_{

CH




Transformer tertiary configurations - Tertiary stacked on
top of low voltage winding on same insulation tube

CLT (Very low capacitance)

Tank Core

L/Tank wall Core

_{

CH




Case Study 10 - Transformer

Mfr. — Westinghouse
Generator Step Up
kV—-69/13.8

Mfr. Date 1973
Routine



November 7, 2016 Tests

Test Meas. kV mA Watts | % PF CF Cap. pF
1 [CH+ CHL 10 | 34.150 | 1.503 [ 0.441| 1.002 10980.050
2 |CH 10 | 9.768 | 0.450 [0.461| 1.002 3140.520
3 |CHL(UST) | 10 |24.369 | 1.065 |0.438| 1.002 7835.110
4 |CHL 24.383 | 1.053 [ 0.432| 1.002 7839.530
5 |CL+CHL 10 | 57.800 | 16.908 | 2.930| 1.002 18575.900
6 |CL 10 | 33.434 | 14.876 | 4.456 | 1.002 10739.000
7 |CHL(UST) | 10 | 24.367 | 1.066 | 0.438| 1.002 7835.105
8 |CHL 24.366 | 2.032 [ 0.835| 1.002 7836.900




Retest - November 17, 2016 Tests

Test Meas. kV mA Watts | % PF CF Cap. pF
1 |CH+ CHL 10 | 41.343 | 1.875 [ 0.454 1.0 10966.750
2 |CH 10 | 11.855 | 0.656 | 0.554 1.0 3144.690
3 |CHL(UST) | 10 |29.474 | 1.219 | 0.414 1.0 7818.370
4 |CHL 29.488 | 1.219 | 0.413 1.0 7822.060
5 |CL+CHL 10 | 69.555 | 5.080 | 0.730 1.0 18450.100
6 |CL 10 | 40.069 | 3.888 | 0.970 1.0 10628.450
7 |CHL(UST) | 10 {29.471| 1.231 | 0.418 1.0 7817.520
8 |CHL 29.486 | 1.192 | 0.404 1.0 7821.650




March 25, 2013 Tests

Test Meas. kV | mA Watts | % PF CF Cap. pF
1 |CH+ CHL 10 | 41.358 | 1.848 | 0.45 1.0 10970.7
2 |CH 10 | 11.809 | 0.5840 | 0.49 1.0 3132.6
3 |CHL(UST) | 10 |29.533| 1.273 | 0.43 1.0 7834.3
4 |CHL 29.549 | 1.264 | 0.43 1.0 7838.1
5 |CL+CHL 10 | 69.509 | 3.948 | 0.57 1.0 18438.0
6 |CL 10 | 39.968 | 2.700 | 0.68 1.0 10601.6
7 |CHL(UST) | 10 |29.529 | 1.277 | 0.43 1.0 7833.2
8 |CHL 29.541 | 1.248 | 0.42 1.0 78




11-7-2016 11-17-2016

Measured Ma Watts Cap mA Watts | Cap

CH + CHL 34.150 1.503 10980.050 41.343 1.875 |[10966.750
CH 9.768 0.450 3140.520 11.855 0.656 |3144.690
CHL 24.369 1.065 7835.110 29.474 1.219 |7818.370
CHL 24.383 1.053 7839.530 29.488 1.219 |7822.060
CL + CHL 57.800 16.908 |18575.900 69.555 5.080 |18450.100
CL 33.434 |14.876 |10739.000 40.069 |3.888 |10628.450
CHL 24.367 1.066 7835.105 29.471 1.231 |7817.520
CHL 24.366 2.032 7836.900 29.486 1.192 |7821.650




3-25-2013 11-17-2016

Measured Ma Watts Cap mA Watts | Cap

CH + CHL 41.343 1.848 10970.7 41.343 1.875 |[10966.750
CH 11.809 0.5840 |[3132.6 11.855 0.656 |3144.690
CHL 29.533 1.273 7834.3 29.474 1.219 |7818.370
CHL 29.549 1.264 7838.1 29.488 1.219 |7822.060
CL + CHL 69.509 3.948 18438.0 69.555 5.080 |18450.100
CL 39.968 |2.700 10601.6 40.069 |3.888 |10628.450
CHL 29.529 1.277 7833.2 29.471 1.231 |7817.520
CHL 29.541 1.248 7836.4 29.486 1.192 |7821.650




CASE STUDIES
Exciting Current




Exciting Current

»Normally have 2 Highs and 1 Lower
» Middle winding is usually the lowest
»0pen circuit test

»Have to observe a tap pattern and a
phase pattern






How would you perform exciting current tests
on this transformer?






This is a Delta — Wye
with a HO bushing




The Excitation Test
What it measures

The Excitation Test measures the current needed to magnetize the core and
generate the Magnetic Field in the Windings.

A broader definition would be the current that flows when the transformer is
energized with an ac voltage source under no-load conditions.
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Case Study 11 — Transformer

Exciting Current
Mfr. — Westinghouse
Configuration — Delta — Wye
Tank Type — Sealed
Acceptance



H1-H2 H2 - H3 H3 -H1
DETC | Test kV mA Watts mA Watts mA Watts
1 10 49.080 | 392.10 | 17.96 | 14790 | 47.660 | 385.30
2 10 48.260 | 393.10 | 17.420 | 145.90 | 49.260 | 399.20
3 10 50.400 | 410.90 | 18.150 | 152.20 | 51.370 | 417.10
4 10 52.480 | 428.90 | 18.890 | 158.70 | 53.48 | 435.20
5 10 54.890 | 449.60 | 19.740 | 166.20 | 55.930 | 456.20

2 Highs and 1 Lower as expected — But do we

have a good pattern?




H1-H2 H2 - H3 H3 -H1
DETC | Test kV mA Watts mA Watts mA Watts
1 10 49.080 | 392.10 | 17.96 | 14790 | 47.660 | 385.30
2 10 48.260 | 393.10 | 17.420 | 145.90 | 49.260 | 399.20
3 10 50.400 | 410.90 | 18.150 | 152.20 | 51.370 | 417.10
4 10 52.480 | 428.90 | 18.890 | 158.70 | 53.48 | 435.20
5 10 54.890 | 449.60 | 19.740 | 166.20 | 55.930 | 456.20

H2 — H3 is the lowest instead of H1 — H2
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H3 -H2 H2 - H1 H1-H3
H1-H2 H2 - H3 H3 -H1
DETC | Test kV mA Watts mA Watts mA Watts
1 10 49.080 | 392.10 | 17.96 | 14790 | 47.660 | 385.30
2 10 48.260 | 393.10 | 17.420 | 145.90 | 49.260 | 399.20
3 10 50.400 | 410.90 | 18.150 | 152.20 | 51.370 | 417.10
4 10 52.480 | 428.90 | 18.890 | 158.70 | 53.48 | 435.20
5 10 54.890 | 449.60 | 19.740 | 166.20 | 55.930 | 456.20

H1 and H3 appear to be identified incorrectly




Case Study 12 - Transformer

Overall and Exciting Current

Mfr. — ABB
Configuration — Delta — Wye
Tank Type — Sealed

MVA — 20
kV—34.5/4.16 Routine



Test | Measured | Test kV mA Watts | % PF CF Capacitance
1 CH + CHL 10 61.581 | 1.692 | --—- 0.96 16334.7
2 CH 10 15.352 | 0.451 | 0.28 | 0.96 4072.2
3 CHL (UST) 10 46.226 | 1.227 | 0.26 | 0.96 12261.7
4 CHL 46.229 | 1.241 | 0.26 | 0.96 12262.5
5 CL + CHL 2 98.95 |3.756 | ---- 0.96 26246.9
6 CL 2 52.716 | 2.400 | 0.44 | 0.96 13983.1
7 CHL (UST) 2 46.237 | 1.391 | 0.29 | 0.96 12264.6
8 CHL 46.234 | 1.356 | 0.28 | 0.96 12263.8

Overall Power Factor Tests




Exciting Current Tests

H3 - H1 H1 - H2 H2 - H3
DETC | TestkV | mA | Watts | mA | Watts | mA | Watts
3 5 08.941(839.85|111.25[895.22|46.071|425.66
3 5 98.971(839.92|108.50(880.78|45.377421.32




Exciting Current Tests

H1-H3 H3 - H2 H2 - H1
H3 - H1 H1 - H2 H2 - H3
DETC | TestkV | mA | Watts | mA | Watts | mA | Watts
3 5 08.941(839.85|111.25[895.22|46.071|425.66
3 5 98.971(839.92|108.50(880.78|45.377421.32
H H L

2 Highs and 1 Lower — but do we have a good pattern

What if bushings 1 and 3 were mis-labeled?










H2 — H3 is the middle winding and
not H1 — H2 as we usually expect




Exciting Current Tests

H3 - H1 H1 - H2 H2 - H3
DETC | TestkV | mA | Watts | mA | Watts | mA | Watts
3 5 08.941(839.85|111.25[895.22|46.071|425.66
3 5 98.971(839.92|108.50(880.78|45.377421.32




Case Study 13 — Exciting Current



» Where are the “odd” currents
» Review the tap pattern and the phase pattern



H2 - H3 H3 - H1 H1 - H2
DETC LTC Test kV mA Watts X mA Watts X mA Watts
C 16R 10 12.296 78.44 L 12.658 79.492 L 5.687 34.371
C 15R 10 58.192 85.977 L 58.575 86.383 L 52.597 42.547
C 14R 10 12.041 76.574 L 12.346 77.386 L 5.592 33.684
C 13R 10.004 57.945 84.218 L 58.399 84.737 L 18.88 64.341
C 12R 10 11.806 74.91 L 12.095 75.705 L 5.508 33.08
C 11R 10 57.814 82.606 L 58.126 82.778 L 52.498 41.292
C 10R 10 11.603 73.513 L 11.793 73.903 L 5.431 32.559
C 9R 10 57.674 81.387 L 57.976 81.384 L 52.423 40.84
C 8R 10 11.427 72.348 L 11.614 72.692 L 5.367 32.118
C 7R 10 57.55 80.469 L 57.828 80.187 L 52.376 40.52
C 6R 10 11.315 71.439 L 11.455 71.578 L 5.314 31.765
C 5R 10 57.433 79.813 L 57.67 79.299 L 52.263 40.295
C 4R 10 11.202 70.714 L 11.33 70.783 L 5.272 31.504
C 3R 10.001 57.338 79.241 L 57.514 78.788 L 52.236 40.205
C 2R 10 11.124 70.27 L 11.227 70.238 L 5.245 31.299
C 1R 10 56.972 79.277 L 57.203 78.823 L 51.893 40.315
C N 9.999 11.094 70.122 L 11.202 70.039 L 5.238 31.235
C 1L 10.001 57.121 78.981 L 57.364 78.354 L 52.068 39.925
C 2L 10 11.125 70.181 L 11.242 70.213 L 5.254 31.308
C 3L 10.001 57.334 78.933 L 57.467 78.394 L 52.258 39.901
C 4L 10 11.205 70.706 L 11.268 70.548 L 5.29 31.474
C 5L 10 57.415 79.564 L 57.586 78.935 L 18.82 63.081
C 6L 9.999 11.343 71.481 L 11.383 71.247 L 5.331 31.736
C 7L 10 57.626 80.416 L 57.687 79.703 L 52.381 40.389
C 8L 10 11.485 72.475 L 11.483 72.073 L 5.385 32.101
C 9L 10 57.764 81.568 L 57.845 80.774 L 52.433 40.806
C 10L 9.999 11.686 73.735 L 11.662 73.248 L 5.45 32.541
C 11L 10 57.95 83.104 L 57.978 82.156 L 52.499 41.374
C 121 10 11.897 75.202 L 11.865 74.673 L 5.524 33.073
C 13L 10.001 58.079 84.821 L 58.088 83.689 L 52.469 42.037
C 14L 10 12.124 76.869 L 12.095 76.293 L 5.614 33.672
C 15L 10.001 58.259 86.606 L 58.257 85.577 L 52.552 42.763




H2 - H3 H3 - H1 H1 - H2
DETC LTC Test KV mA Watts X mA Watts X mA Watts
C 16R 10 12.296 78.44 L 12.658 79.492 L 5.687 34.371
C 15R 10 58.192 85.977 L 58.575 86.383 L 52.597 | 42.547
C 14R 10 12.041 76.574 L 12.346 77.386 L 5.592 33.684
C 13R 10.004 57.945 84.218 L 58.399 84.737 L 18.88 64.341
C 12R 10 11.806 7491 L 12.095 75.705 L 5.508 33.08
C 11R 10 57.814 82.606 L 58.126 82.778 L 52498 | 41.292
C 10R 10 11.603 73.513 L 11.793 73.903 L 5.431 32.559
C 9R 10 57.674 81.387 L 57.976 81.384 L 52.423 40.84
C 8R 10 11.427 72.348 L 11.614 72.692 L 5.367 32.118
C 7R 10 57.55 80.469 L 57.828 80.187 L 52.376 40.52
C 6R 10 11.315 71.439 L 11.455 71.578 L 5.314 31.765
C 5R 10 57.433 79.813 L 57.67 79.299 L 52.263 40.295
C 4R 10 11.202 70.714 L 11.33 70.783 L 5.272 31.504
C 3R 10.001 57.338 79.241 L 57.514 78.788 L 52.236 | 40.205
C 2R 10 11.124 70.27 L 11.227 70.238 L 5.245 31.299
C IR 10 56.972 79.277 L 57.203 78.823 L 51.893 40.315
C N 9.999 11.094 70.122 L 11.202 70.039 L 5.238 31.235
C 1L 10.001 57.121 78.981 L 57.364 78.354 L 52.068 39.925
C 2L 10 11.125 70.181 L 11.242 70.213 L 5.254 31.308
C 3L 10.001 57.334 78.933 L 57.467 78.394 L 52.258 39.901
C 4L 10 11.205 70.706 L 11.268 70.548 L 5.29 31.474
C 5L 10 57.415 79.564 L 57.586 | 78.935 L 18.82 63.081
C 6L 9.999 11.343 71.481 L 11.383 71.247 L 5.331 31.736
C 7L 10 57.626 80.416 L 57.687 79.703 L 52.381 40.389
C 8L 10 11.485 72.475 L 11.483 72.073 L 5.385 32.101
C 9L 10 57.764 81.568 L 57.845 80.774 L 52.433 40.806
C 10L 9.999 11.686 73.735 L 11.662 73.248 L 5.45 32.541
C 11L 10 57.95 83.104 L 57.978 82.156 L 52499 | 41.374
C 121 10 11.897 75.202 L 11.865 74.673 L 5.524 33.073
C 13L 10.001 58.079 84.821 L 58.088 83.689 L 52.469 | 42.037
C 14L 10 12.124 76.869 L 12.095 76.293 L 5.614 33.672
C 15L 10.001 58.259 86.606 L 58.257 85.577 L 52.552 | 42.763
C 16L 10.004 12.488 79.219 L 12.351 78.14 L 5.715 34.352




Milli Amps

LTC Pattern Excitation Example 1
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CASE STUDIES

Bushings



Case Study 14 -Bushing

ABB O+C bushings
Mfr. 1995

kV — 138

Amp — 800

Type — Draw lead



C1 Nameplated data

1 0.21%PF  365pF
2 022%PF  365pF
3 022%PF  365pF



1995

J" : r e
/()/“,(//‘,()/, a

O+C




Nameplate

H1 .21 % PF 365 pF

H2 .22 % PF 365 pF

H3 .22 % PF 365 pF
Actual

H1  .212 % PF 357.5 pF

H2  .033 % PF 358.1 pF

H3  .213 % PF 359.2 pF




» Why is the C1 power factor lower than
nameplate?
s*Contamination on lower porcelain
**Internal contamination
**Poor flange ground

> It helps to have prior test data / history of the
bushings!!!!



C1 History — Bushing H1

History for C1
Display History for Bushing H1
Inputs Results R
Date . Corr. PF PF Corr. - Capacitance -
Serial# TestkV - o ctor ma, Watts (%) (%) (pF) Ask FRANK
] 7/31/2016 3704040195 10.002 1.05 1.348 0.027 0.202 0.212 357.5 @ Good |
] 3/9/2005 3704040195 10.000 0.95 1.342 0.008 0.060 0.057 3536.0 ;‘l\l Investigate |
] 4/12/2000 3704040195 10.000 1.00 1.348 0.027 0.200 0.200 357.4 @ Good |




C1 History — Bushing H2

History for C1

Display History for Bushing H2

Inputs Results Ratir
Date . Corr. PF PF Corr. - Capacitance -

Serial# TestkV @ o or mA Watts (%) (%) (pF) Ask FRANK
7/31/2016 3704040295 10.170 1.05 1.350 0.004 0.021 0.033 358.1 Jﬂ Investigate E]
3/9/2005 3704040295 10.000 0.95 1.313 -0.030 -0.228 -0.218 348.3 @ Bad E]
4/12/2000 3704040295 10.000 1.00 1.351 0.027 0.200 0.200 358.2 @ Good E]



C1 History — Bushing H3

History for C1

Display History for Bushing H3

Inputs Results Ratin
Date ) Corr. PF PF Corr.  Capacitance o

Serial# TestkV = o op ma Watts (%) (%) (pF) Ask FRANK
7/31/2016 3704040395 10.002 1.05 1.354 0.028 0.203 0.213 359.2 @ Good E]
3/9/2005 3704040395 10.000 0.95 1.350 0.024 0.178 0.170 338.0 @ Good E]
4/12/2000 3704040395 10.000 1.00 1.350 0.027 0.200 0.200 338.0 @ Good E]




» |s there a problem?
» Review history of this type of bushing
» ABB Service Advisory May 31, 2000



ABB Service Advisory May 31, 2000

ABB Alamo has received reports indicating
that some O Plus C™ pushings in service
have shown staining on the lower porcelain
area. Reported incidences to date of the
stained bushings in oll are confined to O Plus
C ™ 115 kV and below, manufactured in the
1990 to 1994 timeframe. Our investigation
confirms the staining process originates at
the gasket joint.



» This bushing was manufactured in 1995 so it is
not within the dates for the service advisory

» What steps do we take?



Inspection of Bushing H2




Inspection of Bushing H2




After cleaning

//////// //




C1 Test Before and After Cleaning

History for C1
Display History for Bushing H2
Inputs Results Ratir
Date ) Corr. FF PF Corr. . Capacitancel -
Serial# TestkV - o or mA Watts (%) (%) (pF) Ask FRANK
7/31/2016 3704040295 10.170 1.05 1.350 0.004 0.031 0.033 358.1 & Investigate [Z]
3/9/2005 3704040295 10.000 0.95 1.313 -0.030 -0.228 -0.218 348.3 @ Bad E]
4/12/2000 3704040295 10.000 1.00 1.351 0.027 0.200 0.200 358.2 @ Good [Z]
Inputs Results R:
Date . Corr. apacitanke .
Serial# TestkV - or mA Watts (%) (pF) Ask FRANK
] 7/31/2016 | 3704040295  10.171 = 1.05 1.350 0.027 & 0.203 @ 0.214 358.1 | <D Deteriora... |

: A



Case Study 15 -Bushing

Mfr. — Westinghouse
Type -0

kV—115

Amp — 1200

Mfr. Date 1967-1968
Routine



C1 Tests — As Found

Test| PF |Cap | kV| mA | Watts | % PF Cap
H1 |.45|349| 10 | 1.327 | 0.063 | 0.49 | 351.89
H2 | .43 349 | 10 | 1.329 | 0.064 | 0.50 | 352.52
H3 |.45|350| 10 | 1.326 | 0.064 | 0.50 | 351.83




C2 Tests — As Found

Test| PF | Cap | kV | mA | Watts | % PF Cap

H1 28301 2 [10.738| 0.553 | 0.51 | 2848.4
H2 2745 2 110.438| 1.637 | 1.57 | 2768.3
H3 2830 2 |10.714| 0.541 | 0.50 | 2841.9




C2 Tests — As Found

Test| PF | Cap | kV | mA | Watts | % PF Cap
H1 2830 2 |10.738 2848.4
H2 2745 2 |10.438 2768.3
H3 2830 2 |10.714 2841.9

Note the increase in watts
and power factor for H2




» The Westinghouse type O bushing has the tap
compartment filled with oil

> Since there was an increase in watts the C2
compartment was suspected.

» Changed the fluid and cleaned up the covers
and new gasket for the cover.









C2 Tests — As Left

Test| PF | Cap | kV | mA | Watts | % PF Cap
H1 2830 2 | 10.71 | 0.572 | 0.53 | 2840.5
H2 2745 2 | 10.38 | 0.570 | 0.53 | 2754.4
H3 2830, 2 | 10.69 | 0.566 | 0.53 | 2836.3
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