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Introduction

Receiving Instructions

Check the equipment received against the packing list to ensure that all materials
are present. Notify Megger of any shortage.

Examine the instrument for damage received in transit. If damage is discovered,
file a claim with the carrier at once and notify Megger, giving a detailed
description of the damage.

This instrument has been thoroughly tested and inspected to meet rigid
specifications before being shipped. It is ready for use when set up as indicated
in this manual.

General Information

The DELTA4000 is used for shop and field testing of high-voltage electrical
insulating systems at test voltages up to 12 kV. Test results can be used to
evaluate the nature and quality of electrical insulating materials and
manufacturing processes to reveal contamination, fractures, punctures, and other
defects that accompany the aging of insulation. The test set comptises of a
control unit, a high-voltage unit, cables, and canvas carrying bags. Refer to the
Specifications section for a list of included accessories.

Tests are made by measuring the capacitance and dissipation factor (power
factor) of a specimen. The values measured will change when undesirable
conditions exist, such as moisture on or in the insulation; presence of conductive
contaminants in insulating oil, gas or solids; presence of internal partial
discharges etc.

The test set measures insulation properties in high-voltage power equipment
such as transformers, bushings, rotating machines, cables, circuit breakers,
capacitors, surge (lightning) arresters etc. In addition the test set can also measure
transformer excitation current and transformer turns ratio (with optional TTR
capacitor).

Delta4000 makes all standard Ungrounded Specimen Tests (UST) and Grounded
Specimen Tests (GST) on high-voltage apparatus and key features include:
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Two-piece design for easy transportation Rugged and robust and only
14422 kg (31+48 1b)

Performs all standard UST and GST tests

Handling up to 15 mA interference current into any lead of the
instrument or a signal to noise ratio of 1:20, secures stable readings and
correct data even in the highest interference switchyards.

Standard 50/60 Hz measurements as well as 1-500 Hz frequency sweep
reveals more details in the insulation characteristics

Advanced signal acquisition and noise suppression circuitry results in 25-
50% shorter measurement times

Intelligent temperature compensation (ITC) feature enables an accurate
temperature correction of measurements taken at high and low
temperatures. No more average table corrections but instead a true
correction based on the actual type and condition of the insulation
(standard tables also provided for comparison with previously measured

data)

Voltage Dependence Detection (VDD). Delta4000 will automatically
detect if the test specimen has voltage dependence and suggest the user
to do a tip-up test.

Two operation modes; Form-based, automated testing with PowerDB or
run your specific test manually controlled with Delta Control.

Enhanced safety features with safety hand switches, foot switch and
warning strobe light

Optional resonating inductor provides capability of testing high
capacitance samples at high voltage.
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Safety

Precautions

The test set and the specimen to which it is connected are a possible source of
high-voltage electrical energy and all persons making or assisting in tests must
use all practical safety precautions to prevent contact with energized parts of the
test equipment and related circuits. Also follow all local and company safety
requirements. Persons actually engaged in the test must stand clear of all parts of
the complete high-voltage circuit, including all connections, unless the test set is
de-energized and all parts of the test circuit are grounded. Persons not directly
involved with the work must be kept away from test activities by suitable
barriers, barricades, or warnings.

Treat all terminals of high-voltage power equipment as a potential electric shock
hazard. There is always the potential of voltages being induced at these terminals
because of proximity to energized high-voltage lines or equipment. Always use a
safety ground stick to ground the high-voltage conductor. A safety ground
jumper must then be installed between all terminals of apparatus under test and
ground. Always disconnect test leads from test specimen before attempting to
disconnect them at the test set. The ground connection on the test set must be
the first made and the last removed. Any interruption of the grounding
connection can create an electric shock hazard.

This instrument operates from a single-phase power source. It has a three-wire
power cord and requires a two-pole, three-terminal, live, neutral, and ground type
connector. The voltage to ground from the live and neutral poles of the power
source must be within the following rated operating voltage:

100-240 V + 10 %, 50/60 Hz, 16A

Before making connection to the power source, determine that the instrument
rating matches the voltage of the power source and has a suitable two-pole,
three-terminal grounding connector.

The power input plug must be inserted only into a mating receptacle with a
ground contact. Do not bypass the grounding connection. Any interruption of
the grounding connection can create an electric shock hazard. Determine that the
receptacle is propetly wired before inserting the plug.
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It is not possible to eliminate all potential hazards from, and in using, electrical
test equipment. For this reason, every effort has been made to point out in this
instruction manual the proper procedures and precautions to be followed by the
user in operating this equipment and to mark the equipment itself with
precautionary warnings where appropriate. It is not possible to foresee every
hazard which may occur in the various applications of this equipment. It is
therefore essential that the user, in addition to following the safety rules in this
manual, also carefully consider all safety aspects of the test before proceeding.

= Safety is the responsibility of the user.

® Misuse of this high-voltage equipment can be extremely dangerous.

* The purpose of this equipment is limited to use as described in this
manual. Do not use the equipment or its accessories with any device
other than specifically described.

® Never connect the test set to energized equipment.

= Operation is prohibited in rain or snow.

* Do not use the test set in an explosive atmosphere.

* A qualified operator should be in attendance at all times while the test
equipment is in operation.

= Observe all safety warnings marked on the equipment.

® Corrective maintenance must only be performed by qualified personnel
who are familiar with the construction and operation of the test set and
the hazards involved.

* Refer to e.g. IEEE 510 - 1983, “IEEE Recommended Practices for
Safety in High-Voltage and High-Power Testing,” for information.

As a routine safety procedure some users require that rubber gloves be worn, not
only when making connections to the high-voltage terminals, but also when
manipulating the controls.

High-voltage discharges and other sources of strong electric or magnetic fields
may interfere with the proper functioning of heart pacemakers. Persons with
heart pacemakers should obtain expert advice on the possible risks before
operating this equipment or being close to the equipment during operation.
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Safety

Warning and Caution Notices

Warning and caution notices are used throughout this manual where applicable
and should be strictly observed. These notices appear in the format shown below
and are defined as follows:

WARNING

A Warning, as used in this manual, is defined as a

condition or practice which could result in personal
injury or loss of life.

CAUTION

A Caution, as used in this manual, is defined as a

condition or practice which could result in damage
to or destruction of the equipment or apparatus
under test.
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3

Specifications

Technical Specifications
Input Power:
Output voltage:

Test frequency range:

Output power:

Output Current:

Measuring Ranges:
Voltage:

Current:

Capacitance:

Inductance:

100-240 V £ 10 %, 50/60 Hz, 16 A max
0 to 12 kV, continuously adjustable
45-70 Hz (12 kV)

15-405 Hz (4 kV)

1-505 Hz (250 V)

3.6 kVA

>100 mA, continuous output

>300 mA, up to 4 minutes

The output current capacity can be
expanded to 4 A using the optional

Resonating Inductor, catalog number
670600

25V to 12 kV, 1 V maximum resolution
0to 5 A, 0.1 A maximum resolution

The measurement can be corrected to either
2.5 kV or 10 kV equivalents

0 to 100 uF, 0.01 pF maximum resolution

6H to 10MH, 0.1 mH maximum resolution
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Power Factor: 0 to 100%, 0.001% maximum resolution
Dissipation Factor: 0 to 100, 0.001% maximum tesolution
Watt Loss: 0 to 2 kW, actual power, 0 to 100 kW when

corrected to 10 kV equivalent. 0.1mW
maximum resolution.

The measurement can be corrected to either
2.5kV or 10 kV equivalents.

Temperature Intelligent temperature correction (ITC)
Correction: from 5°C to 50°C test temperature to 20°C
reference

Standard tables for temperature corrections

Accuracy:

Voltage: (1% of reading + 1 digit)
Current: (1% of reading + 1 digit)
Capacitance: +(0.5% of reading + 1 pF)
Inductance: 1(0.5% of reading + 1 mH)
Power Factor: +(0.5% of reading + 0.02%)
Dissipation Factor: +(0.5% of reading + 0.02%)
Watt Loss: (1% of reading + 1mW)

Noise Immunity:

Electrostatic: 15mA induced noise into any test lead with
no loss of measurement accuracy at
maximum interference to specimen current

of 20:1

Electromagnetic: 500 uT, at 50 Hz in any direction
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Computer Interfaces:
Printer:
Communication:

User Interface (Delta4310

on-board computer model):

Data Storage:
Internal computer:

External:

Control Software:
Safety Qualifications:
Environment:

Temperature:

Relative Humidity:

Shock and vibration:

EMC:
Dimensions:
Control Unit:

High Voltage Unit:

Specifications

USB
Ethernet and USB

8.4 in., full-color VGA, test forms on-screen
view, full QWERTY keypad and
navigational pushbuttons

Up to 100,000 data sets

Pending external computer and/or flash
memory size

PowerDB and Delta Control

IEC/ANSI 61010-1

Operating: -20 to +55° C

Storage: -50 to +70° C

Operating: 0 to 90% non-condensing
Storage: 0 to 95% non-condensing
ASTM D999.75

EN 61326-1

290 x 290 x 460 mm (not including handles)

290 x 290 x 460 mm (not including handles)
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Weight:

Delta4100 Control Unit
(to be used with
external computer):

Delta4300 Control Unit
(with on-board
computer):

Delta4110 HV Unit:

Standard cables:

Test Modes

14ke (33Ibs)

15kg (311bs)

22 kg (48Ibs)

15 kg (331bs)

Delta4000 supports the following test modes:

UST: Ungrounded Specimen Testing
Test mode Measure Ground Guard
UST-R Red Blue —
UST-B Blue Red —
UST-RB Red and Blue - -—-

GST: Grounded Specimen Testing

Test mode Measure Ground Guard
GST-GND Ground Red and Blue -—-
GSTg-R Ground Blue Red
GSTg-B Ground Red Blue
GSTg-RB Ground --- Red and Blue

10
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Specifications

Maximum Specimen Capacitance

Table 1 shows the maximum measurable specimen capacitance at various

voltages and loading time. This can be increased up to 1.2 Fat 10 kV (50 Hz)
test voltage using the optional Resonating Inductor.

Table 1: Maximum Measureable Specimen Capacitance at 50/60Hz
Maximum Capacitance Maximum Capacitance
Test (uF) (uF)
V:lts (100 “S‘frvci‘;g;inuos (300 mA for 4 minutes)
(V)
60 Hz 50 Hz 60 Hz 50 Hz
0.025 11 13 32 38
0.05 5.3 0.3 16 19
0.1 2.6 3.2 7.9 9.5
0.25 1.1 1.3 3.2 3.8
0.5 0.53 0.63 1.6 1.9
1 0.26 0.32 0.79 0.95
2 0.13 0.16 0.40 0.48
3 0.09 0.11 0.27 0.32
4 0.065 0.080 0.20 0.24
5 0.11 0.063 0.16 0.19
6 0.044 0.055 0.13 0.16
8 0.033 0.040 0.099 0.12
10 0.027 0.032 0.080 0.095
12 0.022 0.027 0.066 0.080
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Safety Features
Safety features include;

= External hand or foot (optional) interlock switches must be closed to
energize high-voltage circuit.

* Dual ground required to energize high-voltage circuit.
*  Circuit breaker for short-circuit protection.
= All controls at ground potential.

*  Opver-voltage protective devices prevent damage to test set in the event
of specimen breakdown.

* Low-voltage inputs are grounded when the test set is turned off or
between measurements.

81331 Rev 01 Nov 2010
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Accessories
Included Accessories

High voltage lead: 21 m (70 ft), double shielded
Measurement lead, color-coded red
Measurement lead, color-coded blue
Ground lead: 9 m (30 ft)

Mains cable 16A EU

Mains cable 16A US

Mains cable 16A UK

Mains cable 16A no plug

Safety hand switch, Interlock #1: 18 m (60 ft)
Safety hand switch, Interlock #2: 2.5 m (8 ft)
HYV unit power cable, 1 m (3 ft)

HYV unit control cable, 1 m (3 ft)

Ground lead cable, 1 m (3 ft)

USB cable, 3 m (10 ft)

Ethernet cable, CAT 5, 3 m (10 ft)

Soft padded carrying case for control unit [1]
Soft padded carrying case for HV unit [1]
Soft case for HV cable

Soft case for other cables/accessories

User manual

Application guide

Warranty [1 year]

PowerDB Advanced software with Delta Control
Optional Accessories

Safety foot switch
External strobe

External strobe extension cable, 18 m (60 ft)

Specifications

30012-11
5572-1
5572-2
002-131
7032-19
7032-20
7032-21
7032-22
1001-850
1001-851
2002-132
2002-133
2002-134
2002-135
2002-136
2001-766
2001-766
2001-507
2001-506
81331
81332

1001-852
Y37181
1001-853

13
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Transport case, 2-piece design

Case for control unit and accessories [1] 2001-746

Case for HV unit and accessories [1] 2001-746
Transport case, 3-piece design

Case for control unit [1] 2001-791

Case for HV unit [1] 2001-791

Case for accessories [1] 2001-792
Transport cart / trolley 1001-530
Calibration box set for CALL4000 2002-137
Calibration standard 670500-1
Transit cases for calibration standard 670635
HV TTR capacitor, single phase (10 nF, 10 kV) 36610
HV reference capacitor (100 pF, 10 kV) 36610-1
HV reference capacitor (1000 pF, 10 kV) 36610-2
Carry case for capacitors 36610-CC
Capacitor kit (T'TR cap, 2 ref caps, carry case) 36610-KIT2
Resonating inductor 670600-1
Thermal Pentaxe printer, 120 V 36493-1
Thermal Pentaxe printer, 240 V 36494-1-KIT
Thermal paper (8.5” x 117) for printer 36809-1
Thermal paper (A4) for printer 36809-2
Oil test cell 670511
Hot collar belts [3] 670505
Bushing tap connectors [2] 6705006
External temperature and humidity probes 2002-138
USB bar code wand and software 36528
Accessory kit: hot collar straps [3], external 670501

temperature and humidity meters, .75” bushing tap
connector [1], 1” bushing tap connector [1], mini
bushing tap connectors [2], “J”” probe bushing tap
connector [1], 1 m (3 ft) non-insulating shorting lead
[3], 2 m (6 ft) non-insulating shorting lead [3]

Special length cables available upon request. Consult factory.

81331 Rev 01 Nov 2010
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A

Controls, Indicators, and Connectors

Control Unit Side Panel

Figure 1: Side Panel — Control Unit
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Ethernet port

Receptacle for computer communication.

. e HV ON Warning signal indicating that the HV unit is active
HV ON
OPEN When lit, this yellow lamp indicates an open in
GROUND double ground system or defective grounding of test
UPEN UROUND set.
SAFETY Two plug receptacles for connecting external
INTERLOCK | intetlock switches. Two hand intetlock switches and a
1 and 2 foot switch are supplied; however, in the event that a
hand interlock is replaced with a test area interlock,
the system must be constructed so that the interlock
3@ loa switches ate closed when the test area gate or gates
0 o are closed. The interlock wiring must be run as a
twisted pair to minimize electromagnetic coupling
into the system. This interlock system should be
wired such that connection is made to the A and B
sockets of the SAFETY INTERLOCK receptacle.
When the interlock loop is opened the test is
automatically terminated.
FLLATR INPUT RED | Plug receptacle for connecting the red low-voltage
‘ test lead.
H
PSR INPUT Plug receptacle for connecting the blue low-voltage
0 BLUE test lead.
‘- USB port Receptacle for computer communication.

INT
PC

'®

Ext-Int PC
switch

Switch for selecting internal or external PC
(functional on Delta4310 only, disabled on
Delta4110). “Internal” connects the on-board PC to
Delta via Ethernet, “External” means that you can
operate Delta from an external computer.

81331 Rev 01 Nov 2010
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Controls, Indicators, and Connectors

I | STROBE Receptacle for connecting the warning strobe light
' TEMP and Receptacle for connecting the temp and humidity
O %RH sensor (optional accessory)
INDUCTOR | Receptacle for connecting the test set to an optional
Resonating Inductor (Cat. No. 670600) for extended
capacitance range.
HV Receptacle for the control cable between the control
CONTROL and HV units
MAINS Receptacle for connecting the test set to an AC
power source as marked on panel.
TEST Receptacle for connecting the test ground cable
GROUND between the test set and ground (normally station
ground) near the test object
GROUND This wing nut is for connecting an additional safety
ground between the control and HV units or to
. ’ ground external objects e.g. optional trolley
GROUND
+
HV POWER | Receptacle for the power cable between the control

and HV units

81331 Rev 01 Nov 2010
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High Voltage Unit Connector Panel

Figure 2: Connector panel — HV Unit

HV CONTROL Receptacle for the control cable between the
control and HV units

HV POWER Receptacle for the power cable between the control
and HV units
GROUND This wing nut is for connecting an additional safety

ground between the control and HV units

HYV Output Receptacle for the high voltage cable (located on
the side exterior of the equipment box)

NOTE:  The HV cable is connected on the other side of the unit. Note the sliding
locker to secure the cable. Do NOT use force to plug in-out!

81331 Rev 01 Nov 2010
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Setup and Operation

Safety Precautions

Setup

Warning

A The output of this test set can be lethal.

As with any high-voltage equipment, caution must be used at all times and all
safety procedures followed. Read and understand Section 2, Safety, before
proceeding. Be sure that the test specimen is de-energized and grounded before
making connections. Isolate power equipment to be tested from the high-voltage
busbars and attach necessary grounds to floating busbars in accordance with
standard company policy, observing all safety procedures. Make certain that no
one can come in contact with the high-voltage output terminal or any material
energized by the output. Be aware that when testing power cables high voltage
will be present at the remote end of the cable. Use protective barriers if
necessary. Locate the control unit and high-voltage unit in an area which is as dry
as possible. Maintain adequate clearances between energized conductors and
ground to prevent arc-over. Such accidental arc-over may create a safety hazard
or damage the equipment being tested.

The following steps are a general guide for setting up the test set. Figure 6 shows
a typical setup for testing inter-winding and ground capacitance on a three-phase
delta-wye power transformer; Figure 7 shows a typical setup for making
excitation current measurements on the same transformer. The test set controls
and connectors are identified in Figures 1 through 5. Refer to the Application
Guide for specific instructions on connecting this and other power equipment to
the test set.

When making capacitance measurements on transformer windings always short
each winding on itself with a jumper lead to eliminate winding inductance effect.
The shorting wire is usually non-insulated and must not be in contact with any
other insulated or non-insulated parts of the transformer.

81331 Rev 01 Nov 2010
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When making transformer excitation current measurements conduct all tests on
high-voltage windings only. This reduces the required charging current. In load
tap changers, set to fully raised or fully lowered position for routine tests.

WARNING

There is always the possibility of voltages being
induced at the terminals of a test specimen because
of proximity to energized high-voltage lines or
equipment. A residual static voltage charge may also
be present at these terminals. Ground each terminal
to be tested with a safety ground stick, then install
safety ground jumpers, before making connections.

DELTA4000 — HIGH VOLTAGE LEAD
HIGH VOLTAGE N
UNIT -
DELTA4000 INTERCONNECTION j
TEST SET RED RED LV LEAD
CONTROL UNIT LV
nre @ 1
T -
INTERLOCK 1 _
L INE
SUPPLY
NOTE :
H1 H2 H3 DISCONNECT NEUTRAL
\/ BUSHING FROM GROUND
X1 X2 \
m M1 m X3
%\ X0
d [hd] [hd] b
4 B
P AU Co ?
S UUSUUU s cam A 1 y
1 Y
A [HG ELG
T T TRANSFORMER

Figure 6: Typical Test Setup for AC Insulation Testing of a Three-Phase Two-Winding Power
Transformer
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RED LV LEAD
HV LEAD f -
H1 o H2 H3
a h o X1 X2 X3
X0
d Ad] [hd] ]
U uouuU
T .
A Y
TRANSFORMER
Cyx H (BLACK) -
DELTA4000 6
CONTROL UNIT DELTA4000
HIGH MEASURES
RED LVLEAD | VOLTAGE HI TO H2
INTERCONNECTION UNIT

UST i

Figure 7: Typical Test Setup for Transformer Excitation Current Measurements
1. Locate the test set at least 6 ft (1.8 m) from the specimen to be tested.

2. Connect the test ground to a low impedance earth ground on the
specimen (if possible). This should always be the first cable connected
and last removed

3. Connect the control and power cables between the control and HV units.
Make sure that the bayonet type plugs are fully locked on the receptacles.

4. Connect the measurement cable with the red colored boot to the INPUT
RED receptacle. Make sure the connector locks to the receptacle. If
required, connect the measurement cable with the blue colored boot to
the INPUT BLUE receptacle.

5. Connect the external interlock cables or a test area interlock system to
the INTERLOCK 1 and 2 receptacles. Make sure the plugs are fully
seated and locked on the receptacles.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Connect the high-voltage cable to the high-voltage terminal of the high-
voltage unit (be sure that the connector locks in place).

With the main breaker OFF, plug the input power cord into the test set
power receptacle and into a three-wire grounded power receptacle having
the appropriate voltage and current ratings.

When using a generator as a power source, note that the generator itself
should be grounded to a suitable earth ground. If this is not done
properly, the high-voltage circuit of the test set will be disabled. The
voltage supplied to the Delta4000 is not critical but should be within the
specified voltage range and frequency.

Connect the crocodile clip of the measurement cable to the desired
terminal of the test specimen.

Connect the hook (or clip) of the high-voltage test cable to the desired
terminal of the test specimen.

Remove all safety grounds from the specimen to be tested.

Start Delta4000 by closing the main breaker.

For Delta4110 with external computer:

Connect the Ethernet (or possibly USB, Ethernet is preferred) cable
between Delta4110 and the computer

For using Delta Control SW:

Start Delta Control SW. A “connect to Delta” screen will appear. Select
USB or Ethernet communication.

For TCP/IP (Ethernet) you need to seatch for the HW. A new screen
will open and the SW will automatically detect the Delta address that you
can select and connect to.

The Delta Control screen will appear.

For using Power DB SW:

Start Power DB SW

The connect procedure will appear when you start the first test.

Delta4310 with internal computer is internally connected to the Delta HW when
the internal/external PC switch is set to “internal”. In case you want to use
Delta4310 with an external computer set the switch to “external” and connect
the PC to the Ethernet or USB port.

81331 Rev 01 Nov 2010
22



Setup and Operation

Pending what model of Delta4000 you are using and if testing is performed
automatically with PowerDB or manual with Delta Control SW, the actual testing
procedure will vary. The following sections describe how to use Delta4000 with
external or internal computer using Delta Control and PowerDB SW.
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Delta Control User Interface

Introduction

Delta Control

DELTA 4000

OSCILLOSCOPE

UST-RE | G5Tg-RE |

RESULTS

GET-GND
L el
. 3 I(ma) -~ C(uF)
- pE P =

The Delta Control software is an intuitive manual user interface where every
feature is easy to identify. The buttons look like regular buttons on a mechanical
front panel making the user feel as if he is using the instrument in a manual
mode. The software can be operated using a touch screen or mouse control
simply by clicking on the buttons. You may also “tab” between buttons using the
keyboard. The buttons changes its look as you push the button so it is easy to
know which key or function that is activated. All regular functions can be
reached from this main screen/panel. Some buttons activates a popup screen
where specific values and/or configurations can be set.

The Manual Control SW can be used as a test setting console in PowerDB or
started as a separate program outside PowerDB.

81331 Rev 01 Nov 2010
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Operation

Test Mode

UST mode

GST mode

TEST MODE

Delta 4000 offers a quick setting for available test modes.
The top line (UST-R in this case) defines and describes the selected test mode.

The second and third lines explain how the instrument is configured for the
measurement. They have a different designation depending on if UST
(Ungrounded Specimen Test) or GST (Grounded Specimen Test) measurements
are conducted.

Ground and Guard are internally connected. Red and Blue terminals are either
internally connected to be measured or internally connected to Ground (and
Guard). In UST mode, the center line refers to the terminal or terminals that are
measured and the lower line refers to the terminal that is internally connected to
Ground and therefore excluded from the measurement.

The current returning from Ground is measured. The Red and Blue terminals are
either connected to Ground to be included in measurement or Guard to be
excluded from the measurement.
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Test Mode Examples

Two winding transformer test

Q_/ ‘High Voltage Output '

=
.
"
.
.
.
.,
.,
",
f—
—
-

When UST-R is used for the CHL test, the HV output terminal is to be
connected to the primary winding and the red terminal to the secondary winding.
The blue terminal does not have to be connected in this case.
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Three winding transformer test

When UST-R is selected for a CHL test, the HV output terminal is to be
connected to the primary winding, the red terminal to the secondary winding and
the blue terminal to the tertiary winding. The blue terminal is in this case
grounded/guarded.

X

| /’*\‘ WARNING! | :

~..,_/ \H Igh Voltage Output

For CHT measurement UST-B should be selected. The blue terminal is now
measured and the red is grounded. The time saving benefit is that the
transformer can be tested without the need for reconnections.
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Frequency and Temperature

Test Type

This is where you specify at which test frequency you want to perform the test.
This is in most cases the same as the network frequency (but if you would like to
test at e.g. 55 Hz you simply enter 55). Note that “Line Frequency” in the setting
tab must be set to actual line frequency, 50Hz or 60 Hz.

Insulation properties are temperature dependent and the test object temperature
is a very important parameter. The average temperature of the test object
insulation should be entered.

These two parameters need to be set in order to start a measurement.

! i Power Factor

I}
—

Select which Test you want to perform. In the setting tab you set your preference
for tan delta or power factor readings.

The available tests are:

Power Factor/Tan- Power Factor or Tan-Delta test is 2 semi

Delta automatic test sequence performed at a preset
voltage and line frequency. The system will
ramp up the voltage to the set voltage and
measure the Power Factor or Tan-Delta and
after the completed test, ramp voltage down
and stop the test and present the result.

Excitation Current An excitation current is a standard test that is
helpful in determining winding or core
problems in transformers.
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Auto Tip-up Test

Frequency Sweep

Manual

Tip-up testing is used for testing power
components with voltage dependent dissipation
factor (e.g. generators) or in case a voltage
dependence is suspected and indicated by high
VDF in Delta4000. The highest voltage level
used is set on main page and the voltage per
step is set on the settings page Voltage steps
can be set on the settings page

Frequency Sweep allows the user to perform a
series of tests over a frequency range. The
voltage level used is set on main page and the
voltage per step is set on the settings page. Note
that there are limitation of voltage levels at high
frequencies and low frequencies below 45 Hz

This mode allows continuous manual control of
output voltage.
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Voltage Control

i ]
W e

The voltage control has three sections.

The top section is the voltmeter that shows the voltage in real time. Under the
voltmeter is a display showing the set voltage (target voltage). You can click on
this display to enter the target voltage or increase or decrease it using the buttons
in the centre control. Below the display area is a round control where you can
manually adjust voltage up or down. The single arrows step up or down in steps
of 100 volts while the buttons with two arrows steps up or down in steps of 1000
volts. The C button in the middle clears the selection.
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Start and Stop

When you are ready to start measuring, press the Start button. In all modes
except the Manual type, the measurement sequence is automatic and the result
presented when finished. If you need to stop an ongoing measurement press the
Stop button. Note: the Stop button stops the measurement smoothly, if stop by
emergency reason, simply release the interlock in the interlock handle.

Note that the green light on the start button will not illuminate until both
interlock switches are closed.

In manual mode you have a button for starting a measurement. The start button
is used to activate the output. You can manually control output voltage using the
Voltage control. You can record and store a value to the log at any time by
pressing the Measure button.

Press Stop or “Esc”to stop the output voltage.

Oscilloscope

OSCILLOSCOPE

In the oscilloscope you can follow applied voltage (red) and a voltage
proportional to measured current (white). Note that this feature is designed to be
a signal monitor and not intended to be a measurement device. The display has
auto scaling of amplitude and time axis.
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Results
RESULTS

f (Ha) Uk 4

T () -~ CipF) i

% PF -~ P (W) i

%aDF 3

Iout [rnd) -

In the results panel you can see the result of the latest measurement.

Indicators

INDICATORS

@ Interlock Open

@® Cpen Ground

The indicators show if there are anything that prevents a measurement from
starting. If the Interlock Open led is on, you have to close both switches before
you can start a test. If the open ground led is on, you have to ensure that the
ground potential of the test object and the instrument is the same. The
measurement cannot start if any of these led's are turned on. The “greed”,
“yellow”, “red” thermometer is related to internal instrument temperatures and
%RH; Green is ok, yellow is warning and if red the unit will not operate. For
more details open up the Status window click the Menu Status button.
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Menu

In the menu you can access various extra functions.

Settings  Access the default settings used in the program.

Graph Shows graph of performed measurements.

Log Show a log of measured values.

Help Shows a help file.

Status Accessing information about internal %RH, temperatures , serial

numbers and SW/Firmware version.

Close Close/Shut down Delta Control
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Settings

Test Settings - DLL:v1.0.704, FW:v1.0.0

General
Line Frequency S0 Hz w | () Power factor
Inteqgration () () Tan-delta
Auko
Tan-Delta Resulks
(%) Frequency Yariation {default) (110 k¥ equivalent
) Line Svnc Reversal (%) Actual Yalues

Frequency Sweep

Frequencies 470 320 160 80 32 16

Plarial

(%) None
Excitakion Current L

{:} Frequency Yariation

F Yariati
O VEey el {:} Line Sync Reversal
(%) Line Sync Reversal (default)
&uto kHpup Tesk Language Endglish v
ki istep z
() Frequency Yariation (default) —
ackory
{:} Line Sync Reversal Setkings
| (] 4 | | Cancel |

The Test Settings dialog allows for user preference and test sequence settings.
The user can also reset the software to factory default settings by pressing the
Factory Settings button in the lower right corner.

General

Under the general section you can change the default line frequency. Specify if
you want to display the values as power factor or tan-delta. You can also change
the integration time between 3 and 200 seconds or set it to automatic.

Power Factor/Tan-delta

Here you can select either frequency variation (default) or line sync reversal for
noise suppression
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Excitation Current

Here you can select either frequency variation or line sync reversal (default) for
noise suppression

Auto tip-up Test

Set the kV/step for the auto tipup test. The software will automatically increase
the voltage by the increment set in this box until the entered test voltage selected
in the main screen is reached.

You can also select either frequency variation or line sync reversal for noise
suppression

Results

Specity if you want the measured values presented as either 10 kV equivalent or
the actual measured values.

Freqguency Sweep

Set frequencies at which the frequency sweep will be made.

Manual

Select the rejection mode to be used during manual measurements.

Language

Set the language for the user interface of the software.
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Graph
w '
a0
g
5 1
o ;
: |
P
L o gl |C‘I;
Fea ey (HE)
The graph dialog shows graphs of the measured values.
Log
# |Informstion | Test... [Teec) [feiey [ue) [1ima) [ctof) Lo [%PF | %pFi. Factor [P(W) |%VDF |Date  |Time [
~
Dt oy Export C5¥

The log shows all measured values from the performed tests.

The clear log button clears all measured values.
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The Export CSV button makes is possible to export the log as a comma
separated file for processing in other software or store for future reference.
When exporting to CSV you can choose if you want to have a header or not and
what type of decimal separator you want to use.

You may also mark suitable part of the log-fields and simply use cut (ctrl+c) and
paste it into e.g. excel (ctrl+v).
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PowerDB User Interface

Introduction

PowerDB Lite is a free, but limited capability, version of the PowerDB software
tool that is designed specifically to control and/or extract data from Megger
instruments. The primary difference between PowerDB Lite and PowerDB is
that PowerDB is designed to work with other manufacturers’ equipment and has
field and office synchronization capabilities. PowerDB Lite will present your test
data into a professional looking data form that can be sent to a printer or .pdf file
distiller such as PDF995.

PowerDB Lite allows you to use a sub-set of the standard PowerDB forms that
are appropriate for specific Megger instruments. PowerDB Lite detects the
instrument and enables the appropriate form(s). Data is captured directly while
using the test instrument. Completed data forms are saved as files to your
computer.

Minimum Recommended System

Operating System:  Windows XP or later
RAM: 64 MB RAM minimum, 512+ MB RAM recommended

Processor: 300 MHz Pentium Class processor minimum, 1 GHZ or
better recommended
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Software Installation
To install PowerDB Lite, load the PowerDB Lite CD into your CD-ROM
drive and follow the on-screen instructions.

1.

Accept the terms of the License agreement.

PowerDB - InstallShield Wizard

License Agreement

Fleaze read the following license agreement carefully.

Press the PAGE DOWHN key to see the rest of the agreement.

POWER DE. IMC. -
SOFTWARE LICENSE AGREEMENT

READ THE FOLLOWING TERMS AND CONDITIONS BEFORE INSTALLING THE
SOFTwARE. IFw0U OO MOT AGREE “wWITH THEM. PROMFTLY RETURN THE

SOFTYWARE AND THE ACCOMPANYING ITEMS (INCLUDING MANUIALS) TO:
POWER DE. IMC.

4064 STATE HIGHwAY 6 SOUTH
COLLEGE STATION. TExAS 77345
FOR & REFUND OF THE PRICE PAID.

-

Do you accept all the terms of the preceding License Agreement? If you zelect Mo, the setup
will close. Ta install PowerDB. you must acoept this agreament.

2. Choose the destination location for the PowerDB Lite files.

PowerDB - InstallShield Wizard

Choose Destination Location

Select folder where setup will install files,

Setup will install PowerDB in the following folder,

Toingtall to this folder, click Mext. To install to a different folder, click Browse and select
another folder.

Destination Folder

C:\Program FileshPowerDB InchPoweDBY Browse. ..
L

< Back Mest » | Cancel |
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3. Select Default Settings.

Delta 4310 User Interface

r 3
Default Settings [&J
Language: Arnerican English
Drefault Urits: Impeial ﬂ
< Back MHext » | Cancel |

4. InstallShield Wizard will complete the installation of PowerDB Lite.

Click Finish to close the installation program.

PowerDB - InstallShield Wizard

InstallShield Wizard Complete

Setup has finished installing PoweDB on wour computer.

Finish | |

NOTE:

Control SW.

Tto run the Delta4000 with PowerDB you must also install the Delta

To install Delta Control, load the SW CD into your CD-ROM drive and follow

the on-screen instructions.

41
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Using Delta4000 with PowerDB

1. Start the program and select Delta4000 in the Instrument Setup screen. If
you already have tested this object at an earlier occasion, open up this file
instead using “Open Existing Results File”. PowerDB is designed to save
data from several tests on one object in same file. Please note that Delta
Control SW must also be installed to be able to run Delta4000 and
perform measurements. Viewing and reporting previous measurements
can be done on a computer without a Delta Control installation and

without connecting to the HW.

Select An Instrument g|
Inzulation Tranzformers Eattery Breaker
515005 / BM-25 | TTR-550503 | BTEZ | OCRwene |

MEG1D | TTR3m | BITES | ODEN |

s1em2 | MCT-16e | TORKEL il

51-1052 | MTO-210 | Relay OTSE0PE
51-1054 / 51-654 PULSAR
i i Earth
Paower Factar MERT
sis010 | DELTA 2000 | DET s

TS | DELTA 3000 | — et
T DELTA 4000 P | oRo |

Flease visit wiww. powerdb.com to leam about the benefitz of upgrading to the full version of PowerDB.
Select the Instrument to begin testing

For technical support call 1-214-333-3201, 1-800-723-2861 »3519 or +44 1304 502102,

Open Existing Results File |

2. Select a form to be used for the test.

Select a Form E

INSTRUMEMNT TR&MSFORMERS

27600 - PF POTENTIAL TRANSFORMER

27610 - PF CURRENT TRAMSFORMER
MISCELLANEOUS

31510 - PF MISCELLAMEOUS EQUIPMENT
CIRCUIT BREAKER

32500 - PF AIR-MAG CIRCUIT BREAKER

32510 - PF OIL CIRCUIT BREAKER

92520 - PF SFE DEAD TANK CIRCUIT BREAKER

32529 - PF 5F6 LIVE TANK CIRCUIT BREAKER

92530 - PFYACUUM CIRCUIT BREAKER

32550 - PFVACUUM CIRCUIT RECLOSER
POWER FACTOR TESTS

33002 - MULTIPLE POWER FACTOR QUICK TESTS

TRANSFORMERS
33500 - PF TWwWiO-AwWINDING TRANSFORMERS
34500 - PF THREE+INDING TR&MSFORMERS
CABLES

36005 - PF CABLES
ROTATING MACHINERY
33005 - PF ROTATING MACHINERY TIF UP

aK | Cancel

42
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3. Enter nameplate/test object/test conditions data into the form.

PressF1for form oparation instructions)

INSULATION TESTS

Bi7 Megger-.

TWO-WINDING TRANSFORMERS d Company
www.megger.com Logo
SUBSTATION Suh1 POSITION INEWEOWT PAGE
EQPT. LOCATION DATE 2010-07-16
ASZETID 13 AMBIENT TEMPERATURE 29 < HomoiTy 30 % JOB #

TEST EQUIPMENT USED Deltad110 TESTED BY 0O F Ratar
MFR i Ltd CLASS  CNANONAF T+PE SEALED BUSHING NAMEPLATE

SER NO 1245 COOLANT ol REASCON ___ Apceptance DSG[ SERIBLNOM | WFr. |CAT.#| TvPEACLASS | Bv &S |vEAR
VEAR 010 BL K WEIGHT [0
10 ettty WINDING MATERIAL Cu [
o OIL VOLUME L mw
OlL TEMP % *C M
Fa o2 IMPEDANCE % [0
o v ) WEATHER Y
o PHASES 3 i
E

Diagram # gq (IEC)

4. When testing is ready to be performed, the test can be started by;
* Right-click the desired blue highlighted test number
= or press F2 when the actual test row is activated (highlighted in yellow)

= or for Delta4310 press the “Test” button when the actual test row is
activated

A pop-up screen will appear with selected test parameters. Click the start button
to start the test

ASSETID
D[LTJA 4000
TEST EQUIPMENT USED
—— Confirm Settings
and Press START
START CAMCEL
MFR imrLtd
SER MO 12345 CO
EAR a0
10 e Test 1af 3

Uj“\u Test Mode: GST-GMND
T i
2w Test ky: 10,000
Diagram # = (EC)
WOLTAGE (W) o
PRIMARY: | 100 7 57 735 1?
SECORD: 10 1
TEZT FREGLUENMCY: &0
Select Tests: [ /) OveraliTest [}
SavetnDTA [ E|

Hookup
[ Mg Tlluskration et

TEIT WSULETIN TEST

w0 TEETED e

TETTrETeT T T T ——r ™ T

1 CHz+ CHL | cemonn | ® L s |1000 | [ 075

2 CHG ceToRE | W L & | 1000 [ 0475

3 CHL =T ] L e | 1000 M 0ws

= [P R L LIS — s
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5. To change the settings of the Delta4000, use the “Settings” button or
place the mouse on the test form background, right-click and then select

“Power Factor Settings”.

Show Diag Mumber IF
Standard
Equivalent Reading
Use PF or DF
%PF/%DF G-I Limit
%PF/%DF D Limit

- Delta 4000 Settings
Test Frequency
%6VOF Limit
Swieep TestValtage (KV)
Sweep Plot

Swieep Freguencies(i.e. 12 30 25 110 220 330 290)

| 500 320 160 80 32 16 & 4

— Delta 2000/3000 Settings

Suppression On [ Manual Mode [

Ok |

Settings E

6. Saving the data

a. Before the first test is performed, PowerDB will ask where to save your

form with the measured data

b. The Save As screen will allow you to specify a location and file name for

your PowerDB Lite XML file.

Save As

File name: |
Save as type: | PowerDB XML File (* Pdbixml) | Cancel

PX

Save in: |_;' PowerDB j ﬁg -
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7.

Open PowerDB XML file

Forrm name: 93500 - PF TwWO-wWINDIMG TRANSFORMERS

To view or edit a zet of results, Test Date | Open |
zelect a test date and press the =01 L0706 100519
Open buttan. e

M e |
Toremove a zet of results, zelect a
test date and press the Delete ﬂ
button,

Prezs the Mew button ko enter
another zet af test results.

Delta 4310 User Interface

Open a previously performed test by opening the file in your selected
folder. A pop-up screen will appear, listing all measurements for this
object, and you can open the individual measurement in PowerDB or
perform a new test.

Cloze

Setting the Logos on the PowerDB form

Select the Tools>Options menu item.

The Logos section specifies paths to the left and right logos files to use.
To change the left logo press the “...” button by the left logo path.

The Open screen allows you to browse to a file location, select a .JPG or
.BMP file, and press the Open button.

Repeat steps (c) and (d) for the right logo path.

Note that a logo will not be shown if the logo file path is blank or the file
does not exist.

Note after specifying the logo files the image will not be shown until the
next time a form is opened (File>Open, or the File>New menu items).

Note that the logos will look the best if the resolution of the file is 400
pixels wide by 240 pixels high. DPI is not important.
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X

Options

Language

Internationalk nglish

Measurements

Default Unitz: | Metnic -

Temperature Unitz:  [*C  w

Logos

L eft: |C:\F‘ru:ugrarn Files\PowerDE InchPowerDB\powerdb_megaer_slug J

Right: |E:'\F'n:|grarn Filez"PowerDB InchPowerDB\your_company_logo.br J

OF. | Cancel ‘

9. Change language and units

a. Select the Tools>Options menu item.

b. Select the appropriate language in the dropdown menu.

Language

IntemationalEnglish

M easurements

Default Units: | Metric v]

Temperature Units: {0 -

Logos

Left: 1C:'~.F‘rogram FileshPowerDE Inc\PowerDB\powerdb_megger_slug _J

Right: JE:\.F'mgram FileshPowerDB Inch\PowerD B your_company_logo.br J

] | Cahcel ‘

46

81331 Rev 01 Nov 2010



8

PowerDB Test Forms

General

Input fields

There are a number of input fields in the various forms. Some are text e.g. site
information, others are drop down lists where only the selected values are valid.

To move between input fields you can use “Tab”, “Enter” and/or arrow buttons
or use a mouse/pointet. If you have a computer with touch screen you may just
point at the field. Use keyboard for input values.

Transformer Confiquration

Selecting Tests

Most forms have a variable complexity. When the form is opened a typical
selection of standard tests are presented. By activating or deactivating the test
checkboxes the form can be expanded or reduced.

Select Tests: [ Qverall Test  [] Bushing G7 [ BushingC2  [] Surge Aresters [ | HoiCollar [ | TTR [ | ExciingCurrent [ Manual

( Save to OTA. Il Settings | [Recalculate Test Voltages | [ Communications Log |

Measurement Frequency

Single Frequency Tests

Measurement frequency is normally the same frequency as the power system e.g.
50 Hz in Europe and 60 Hz in USA. Select the default frequency in the Power
DB settings pop-up screen.
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Frequency Sweep

Delta4000 can also measure multiple frequencies in a “frequency sweep”.
Individual frequencies are defined in a list in PDB settings. The maximum
frequency range is pending the test voltage as described in the following table.

Test Voltage Maximum frequency
range
12 kV 45-70 Hz
4 kV 15-405 Hz
2kV 8-505 Hz
1kV 4-505 Hz
500 V 2-505 Hz
250 V 1-505 Hz

Note:

60 Hz networks avoid 60,

Do not select the power frequency or any multiple of power frequency in a
frequency sweep, e.g. in 50 Hz networks avoid, 50, 100, 150... and in

120, 180...

Temperature Correction

Delta4000 offers two temperature correction methods;

Standard Temp

erature Correction Tables

This is the standard correction method based on tables for various components.
For power transformers the table selection is based on manufacturing year,
transformer type (sealed, free breathing etc), voltage and power rating. For
bushings the table is selected by manufacturer and type.

TSRO

EQPFT LOCATION

ASSETID

AMBENT TEMPERATURE

T — e

Suggested Temp Corr Table

Override Table [~

Selected Table Name

TESTEQUIPMENT LUSED Descripian Table_11 Description
TE F K C F K
MFR ABB CLASS FOA TYPE SEALED 3 EE kX BOE |094
SERND COOLANT Ol REASON Warrangy 35 96 A 932 093
YEAR 1980 BiL W OWEIGHT EEIN E: 968|091
Hy oyn1 % WMDING MATERLAL Cu L] 1004 |09
ot CILVOLUME 12345 B EEIN (7] naa
/\ / OIL TEMP = T ] 50 [EEN 5 076 [087
S \ Xy 40 MPEDIANCE B [ 536 |1 el 112 |086
H O = \ WEATHER 14 EF N K 1148 [084
1 3 % PHASES 3 6 |e0e [101 Je  [1iea 083
o 18 844 1 50 132 081
Dizgram# 5 (NS ™[ |1 |5 [ise [om
[VOLTAGE (V) [ WvA_ [RATED] [#TAPS [NOMNAL |mm:i F JTAF SET TING| ] 76 |oga = 1282 077
E‘WW—I 120 | T 48113 | 5 | 3 | Cff Load - ] w2 |oon | @ 1328 075
SECOND | 0 /34Bai] 100 [ 96225 | 1 X |88 |og7 [ |64 |02
TESTFREQUENCY COMMENTS: [ il 824|066 _Jm W0 (07
W |os ows
Sewct Tests: [J) Overat Test  [f] Bushmg C1 [ Busting C2 [ Swge Aresters [
oK Cancel
Sava fo OTA Seitings Fecalculate Test Voliages | | Comamanicaions Log

[F Motk Test

TRANSFORMER OVERALL TES
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Intelligent Temperature Correction, ITC

As a unique feature Delta4000 also offers I'TC, Intelligent Temperature
Correction. With ITC the actual temperature correction for a certain
measurement object is estimated by measuring an additional frequency sweep
after performing the standard single frequency measurement. The information
from the sweep test is then used to estimate the correct temperature correction
from measurement temperature to 20°C reference (patent pending).

Note: Tenmperature range for ITC is 5-50° measurement/ insulation
temperature. The frequency range for performing ITC should be 2-500
Hz. Selecting a higher low frequency will limit the temperature range.

Voltage Dependence Detection

Another unique feature in Delta 4000 is automatic Voltage Dependence
Detection (patent pending). In every test, Delta4000 measures the harmonic
content of the signal and based on this information it calculates a Voltage
Dependence Factor, VDF. If this value is too high (default > 0.05) the number
turns red, indicating a voltage dependence of the test object i.e. the dissipation
factor is pending the test voltage. In this situation a tip-up (step voltage) test
should be performed to verify and quantify the voltage dependence.

BUSHING C1 TESTS Individtsal Ternp Comp [ |
TEST BUSHING NAJWEPLATE ,\:EDSDTE TEkZ/T si‘"::p CAPAE‘::EE?)NCE POWMVER FACTOR % - DIRECT YVDF
0sG SERIAL ¥ POWER FACTOR CAPACITANCE MEASURED i@ 20°C FACTOR ma MATTS
11 [ H1 vstr | 1000 | [ 15943 0.30 | 05005 | 0o14s | 0025
W (12| e vstr | 1000 | [T 159.90 043 | ns0z0 | oozte | nosa
Y| s wrr | 1000 | [ 159.83 0.29 028 nes3 (.| osoie | omar | ooze
14 | HO wste | 1000 | [
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27600 — Potential Transformer

P Meader POTENTIAL TRANSFORMER T
dz gger.  Your
ompany 4
www.megger.com Logo r
—
SUBSTATION FOSITION FAGE
EQPT. LOCATION DATE 2010-09-13
ASSETID AMBIENT TEMPERATURE °C HURAIDITY % JOB #
TEST EQUIFMENT USED TESTED BY
W ~5= Bushings W Ferom ot Collar Tests
MFF YEAR REASON CLASS
CATALOG/STYLE WEATHER WEIGHT kg e
IMPEDANCE % oILVOL. L TYFE WA RATING
INSULATION TYPE BIL [
TEST FREQUENEY: &0
TRANSFORMER OVERALL TESTS
tesT | msuLaTion TEST TEST COMNECTIONS BUSHING CAFR % POWER FACTOR DIRECT
TEST ' IR
NO. TESTED MODE F
ENG BND sAR | UsT | kv R e T oot Toomm | ma [ werre
1 G5T-asHD|  HiHZ ke
2 3Tg-R H1 EIRe! Hz
3 GSTg-R Hz X1 HA
4 UST-R H1 EIRe! Hz
5 UST-R Hz X1 HA
6 G5T-ND| Wi HZ K1 @2y
[/ Muttiple Test SUPPLEMENTALTESTS
TEST | INSULATION TEST TEST CONNECTIONS (WINDINGS) CAP. % POWER FACTOR LIRECT
HO. TESTED MODE TEST (pF3 IR
ENG GND GAR usT o MEAS. | zo*c | CORR. ma | waTTS
7 UST-R H1,HZ w1 x1
] UST-B H1,H2 x4 ¥
[ GSTg-R H1 H2 51,71
10 STa-R Hz H1 51,71

Basic Form Information

The PF Potential Transformer form is used for power/dissipation factor testing
high voltage potential transformers, those generally rated over 5kV. Nameplate
information (serial number, ratings, etc.) should be entered which identifies the
asset being tested, and general information regarding the test conditions (test
date, weather conditions, etc.) should also be noted.

Labeling of windings and bushings vary from country to country and may also
vary within a country based on manufacturing year and more. All description
uses labeling H1, H2, H3, HO for High side bushings. Equivalent labeling used
are e.g. 1U, 1V, 1W, 1IN or A, B, C, N. Corresponding labeling for other
windings are e.g. X1, X2, X3, X0; 1U, 2V, 2W, 2N; a, b, ¢, n respectively Y1, Y2,
Y3, YO0, 3U, 3V, 3W, 3N.
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Delta 4310 User Interface

When testing is ready to be performed, the test can be started by;

Right-click the desired blue highlighted test number

ot press F2 when the actual test row is activated (highlighted in yellow)

or for Delta4310 press the “Test” button when the actual test row is activated

and click “Start” on the pop-up screen or press enter key to start generating the
test voltage.

The proper connections for the programmed tests are described below.

Bushing tests will only be performed on PT bushings that have test taps, usually
those rated 15kV and above. Hot collar tests are generally performed on HV
bushings that do not have test taps.

Transformer Overall Tests

Test 1 - This is a measurement of the overall insulation test on the PT primary
winding. Short H1 and H2 together and connect HV cable. Short secondary
windings X and Y together and connect Red or Blue lead. Test mode is GST-
GND.

Test 2 - Cross check test on the primary overall insulation. Remove shorting
lead on the primary winding. Connect HV cable to H1, Red lead to H2, and
Blue lead to X/Y. Test mode is GSTg-R.

Test 3 - Cross check test on the primary overall insulation. Connect HV cable
to H2, Red lead to H1, and Blue lead to X/Y. Test mode is GSTg-R.

NOTE Results of Test 2 added to Test 3 should be very close to Test 1 for
Capacitance, Current, and Watts.

Test 4 - Excitation current test of PT primary winding. Remove shorting leads
from all windings. Connect HV cable to H1, Red lead to H2, and connect one
end of each low voltage winding to ground. Test mode is UST-R.

Test 5 - Excitation current test of PT primary winding. Remove shorting leads
from all windings. Connect HV cable to H2, Red lead to H1, and connect one
end of each low voltage winding to ground. Test mode is UST-R.

NOTE:  Test4 and Test 5 duplicate the same test so results should be identical. ‘

Test 6 - This is a repeat of Test 1 (same connections) only performed at 2kV (if
Test 1 was performed at 10kV).
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Supplemental Tests

Test 7 - This tests the inter-winding insulation between primary (H) and
secondary (X). Short H1 to H2 and short X and Y windings to themselves.
Connect HV cable to H, Red lead to X and Blue lead to Y. Test mode is UST-R.

Test 8 - This tests the inter-winding insulation between primary (H) and
secondary (Y). Short H1 to H2 and short X and Y windings to themselves.
Connect HV cable to H, Red lead to X and Blue lead to Y. Test mode is UST-B.

Test 9 - This is a cross check test. Remove shorting lead from H1/H2.
Connect HV lead to H1. Short X and Y windings together and connect to H2.
Connect Red lead to H2. Test mode is Test mode is GSTg-R.

Test 10 - This is a cross check test. Remove shorting lead from H1/H2.
Connect HV lead to H2. Short X and Y windings together and connect to H1.
Connect Red lead to H1. Test mode is Test mode is GSTg-R.

Bushing Tests

Test 11 - This is the test of the C1 insulation on the H1 bushing (only performed
if the bushing has a capacitance tap). All shorting leads must be removed. HV

lead is connected to H1 and Red lead is connected to the test tap. Test mode is
UST-R.

Test 12 - This is the test of the C1 insulation on the H2 bushing (only performed
if the bushing has a capacitance tap). All shorting leads must be removed. HV

lead is connected to H2 and Red lead is connected to the test tap. Test mode is
UST-R.

CAUTION

A Bushing test taps have very limited insulation and should
generally be energized at reduced voltage levels. If the PT or
bushing manufacturer does not specify a test voltage level
use no more than 500 volts (0.5kV).

Test 13 - This is the test of the C2 insulation on the H1 bushing (only performed
if the bushing has a capacitance tap). All shorting leads must be removed. HV

lead is connected to the test tap and Red lead is connected to the H1 bushing.
Test mode is GSTg-R.

Test 14 - This is the test of the C2 insulation on the H2 bushing (only performed
if the bushing has a capacitance tap). All shorting leads must be removed. HV
lead is connected to the test tap and Red lead is connected to the H2 bushing.
Test mode is GSTg-R.
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Bushing Hot Collar

Tests 15 to 26 - These tests measure the outer shell insulation of the bushings,
including surface leakage and leakage current from the bushing surface through
the insulating material to the center conductor. A conductive strap is placed
around the bushing, below one of the skirts and connected to the HV lead. The
Red lead is connected to the bushing conductor. Test mode is GST-GND.

Multiple hot collar tests can be performed on each bushing. For each test, the
location of the strap should be clearly indicated on the form.

Multiple Quick Tests

Standards measurements may be complemented with additional measurements
executed from the Multiple Quick Test sub-form selected as a new test or as

manual measurements in the standard test forms. Check “Manual’ in the select
test boxes and a Multiple Quick Test table will be added at the end of the form.

In the field "INSULATION TESTED" you enter information on what to be
tested, TEST MODE set/change the test mode, SUPPRESS set/change noise
suppression mode.

It is also possible to use Delta Control for controlling the test by clicking the
Delta Control button (above the table) in PowerDB form, Delta Control will
send all data to be stored in the Multiple Quick Test table.
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27610 — Current Transformer

22 M CURRENT TRANSFORMER
diz Viegger.
; Your
ompany
www.megger.com o050
»
SUBSTATION POSITION PAGE
EQPT. LOCATION DATE 2010-09-13
ASSETID AMBIENT  TEMPERATURE e HUMICT £ JOB #
TEST EQUIPMENT USED TESTED BY
MFF YEAR REASCOM CLASS
CATALOGISTYLE WEATHER TaMW TEMP. "C K
IMPEDARCE E3 QIL oL, i WEIGHT kg Amps
INSULATICON TYPE BIL [ T¥PE Secondary Ohms
C1 % Powver Factar C2 % Powver Factor
C1 Capacitance 22 Capacitance
CLURRENT RATIOS
TEST FREQUEMCY: & Settings ]
TRANSFORMER OVERALL TESTS
TEST | INSULATION TEST TEST COMNECTIONS BUSHING POWER FACTOR % DIRECT
MO TESTED MODE TEST JCAPACITANCE IR
. EMG GO GAR UsT [ C(PF) MEAS. 2000 CORR. M, WIATTS
1 Creerall (GST-GMD H1 H2 1.000
2 1 UST-R H1H2 TAP 1.000
5 22 GETa-R TAP H1 H2 1.000
4 Cwverallat 2k JGST-GHND H1 H2 (kY 1.000
5 (GST-GMD 1.000
B GET-GND 1.000

Basic Form Information

The PF Current Transformer form is used for power/dissipation factor testing
high voltage current transformers, those generally rated over 5kV. Power factor

testing is normally not conducted on doughnut

Nameplate information (serial number, ratings,

style current transformers.

etc.) should be entered which

identifies the asset being tested, and general information regarding the test

conditions (test date, weather conditions, etc.) s

hould also be noted.

Labeling of windings and bushings vary from country to country and may also
vary within a country based on manufacturing year and more. All description
uses labeling H1, H2, H3, HO for High side bushings. Equivalent labeling used
are e.g. 1U, 1V, 1W, 1IN or A, B, C, N. Corresponding labeling for other
windings are e.g. X1, X2, X3, X0; 1U, 2V, 2W, 2N; a, b, ¢, n respectively Y1, Y2,

Y3,YO0, 3U, 3V, 3W, 3N.
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Testing

When testing is ready to be performed, the test can be started by;
* Right-click the desired blue highlighted test number
= or press F2 when the actual test row is activated (highlighted in yellow)

* or for Delta4310 press the “Test” button when actual test row is
activated

and click “Start” on the pop-up screen or press enter key to start generating the
test voltage.

The proper connections for the programmed tests are described below.

Bushing tests will only be performed on CT bushings that have test taps, usually
those rated 15kV and above. Hot collar tests are generally performed on HV
bushings that do not have test taps.

Transformer Overall Tests

Test 1 - This is a measurement of the overall insulation test on the CT primary
winding. Short H1 and H2 together and connect HV cable. Short secondary
winding X together and connect to Ground. Test mode is GST-GND.

Test 2 - This is a measurement of the C1 insulation of the CT. This test is only
performed if the CT main bushing has a capacitance or test tap. The HV cable
remains connected to the H winding (which can remain shorted together) and
the LV Red lead is connected to the test tap. Test mode is UST-R.

Test 3 - This is a measurement of the C2 insulation of the CT. This test is only
performed if the CT main bushing has a capacitance or test tap. The HV cable is
connected to the test tap and the LV Red lead is connected to the H winding
(which can remain shorted together). Test mode is GSTg-R.

CAUTION
A Bushing test taps have very limited insulation and should
generally be energized at reduced voltage levels. If the CT or

bushing manufacturer does not specify a test voltage level
use no more than 500 volts (0.5kV) for test 3.

Test 4 - This is a repeat of Test 1 (same connections) only performed at 2kV (if
Test 1 was performed at 10kV).

Test 5 - This test is available as a Miscellaneous Test that can be performed on
the primary (H) winding of the CT for further investigation of unusual readings,
if necessary. The test mode is GST-GND.

Test 6 - This test is available as a Miscellaneous Test that can be performed on
the primary (H) winding of the CT for further investigation of unusual readings,
if necessary. The test mode is GST-GND.
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Hot Collar Tests

12 test lines are provided on this form for Hot Collar Tests on the primary
bushing(s), if desired.

These tests measure the outer shell insulation of the bushings, including surface
leakage and leakage current from the bushing surface through the insulating
material to the center conductor. A conductive strap is placed around the
bushing, below one of the skirts and connected to the HV lead. The Red lead is
connected to the bushing conductor. Test mode is GST-GND.

Multiple hot collar tests can be performed on each bushing. For each test, the
location of the strap should be clearly indicated on the form.

Multiple Quick Tests

Standards measurements may be complemented with additional measurements
executed from the Multiple Quick Test sub-form selected as a new test or as

manual measurements in the standard test forms. Check “Manual” in the select
test boxes and a Multiple Quick Test table will be added at the end of the form.

In the field "INSULATION TESTED" you enter information on what to be
tested, TEST MODE set/change the test mode, SUPPRESS set/change noise
suppression mode.

It is also possible to use Delta Control for controlling the test by clicking the
Delta Control button (above the table) in PowerDB form, Delta Control will
send all data to be stored in the Multiple Quick Test table.
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91510 — Miscellaneous Equipment

(Press F1 for form operation instructions)
B5 Megger MISCELLANEOUS EQUIPMENT )
a
CAPACITANCE AND POWER FACTOR TESTS vtcl,ﬁ,“;;my
www.megger.com Logo
| savetoDTA ] L’
SUBSTATION POSITION PAGE
EQPT. LOCATION DATE 2010-09-13
ASSETID AMBIENT TEMPERATURE a5 HUMIDITY % JoB #
TEST EQUIPMENT USED TESTED BY
MANUFACTURER SERIAL YEAR OF MFR. MFR. LOGATION #0OF PHASES
MVAMYA, KA, % BIL AVPS CATALOG/STYLE #
CLASS WEIGHT kg NOTES
TEST INSULATION TEST | Test LiH) POWER FACTOR % DIRECT
TEST MODE | SUPPRESS. %WVDF | IR
NO TESTED K | Freg CAP (pF) T ooc | CORR e v |
@ 1 UST-R Freq. War. @
COMMENTS: [ ]
DEFICIENCIES: | |

Basic Form Information

The PF Miscellaneous Equipment form is used for power factor/dissipation
factor testing any type of electrical equipment, especially those types where a
specific test form is not available. It allows flexibility in the number of tests that
are performed, as well as allowing the user to select the specific test mode
necessary for any testing situation.

Examples of the type of equipment testing that can be documented on this form
include:

= Spare bushings

= High voltage insulators

= Lightning arresters

= Coupling capacitors (CCVT)
= Oil samples

In using the Miscellaneous Equipment form, the user accepts the responsibility
of knowing how to properly connect and test the chosen piece of electrical
equipment.
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Apparatus nameplate information (serial number, ratings, etc.) may be
documented to identify the asset being tested, and general information regarding
the test conditions (test date, weather conditions, etc.) should also be noted.
Liberal use of the COMMENTS field at the bottom of the form is
recommended for documenting this information.

Description of Tests

Once the equipment to be tested has been properly connected to the HV lead,
LV measuring leads and ground, the desired test mode must be selected before
proceeding. The field "INSULATION TESTED" you enter information what
to be tested, TEST MODE set the test mode, SUPPRESS set Suppression
on/off (D2000/D3000) or if method select method Line Sync (Line Sync
Polarity Reversal) or Freq. Var. (Frequency Variation) method should be used in
Delta 4000

Measurements may be executed from the Multiple Quick Test sub-form or from
Delta Control (Delta Control, only Delta 4000). If Delta Control is opened from
the Delta Control button in PowerDB form, Delta Control will send all data to
be stored in the Multiple Quick Test Sub-form.

Once the desired test mode is chosen, the test sequence is initiated by;
= Right-click on the desired blue highlighted test number
= or press F2 when the actual test row is activated (highlighted in yellow)

* or for Delta4310 press the “Start” button when actual test row is
activated

and click “Start” or “enter” on the pop-up screen to start generating the test
voltage.

The test set will perform the selected test and place the results into the proper
fields for that test line. As additional tests are desired and setup, the test table
will grow to accommodate them.
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92500 - Air-Magnetic Circuit Breaker form

Press Flfor form operation instructions)
B% Megger AIR-MAGNETIC CIRCUIT BREAKERS y
a
CAPACITANCE and POWER FACTOR TESTS : Cormany
wWww.megger.com Logo r
b
—
SUBSTATION POSITION PAGE
EQPT. LOCATION DATE 2010-08-13
ASSET ID AMBIENT  TEMPERATURE i HUMIDIT % JOB #
TEST EQUIPMENT LSED TESTED BY
SERIAL NO. SPECIAL ID BLISHING NAMEPLATE
CIRCUIT AMPS. DSG] SERIAL MM | WER. [ CAT #] TYPELAGS | kv [AWPS | YEAR
MFR K 1
MFR YEAR LoC. BIL 2
TYPE INT. RATING 3
MEC. TYPE INT. MEDILIM 4
MEC. DESIGN WEIGHT Wz |5
REASON WEATHER 5
TAMKS CONTROL vOLTS TAMK TEMP %G PHASE NAMES
COUNTERS CLASS LavolT
TEST FREQUENCY &0
CIRCUIT DREARER OWERALL TESTS
TEST COMMNECTIONS BLUSHING POVVER FACTOR % DIRECT
TEST IMSLILATION TEST
B | e TESTED Ph. | MODE TEST  [CAPACITANCE [
: ENG | GMD GiR ST Py C(PF) MEsS. | 2°c | corR. mé, WATTS
1 Cia GST 1 2 1.000
2 Cog GST 2 1 1.000
= E Cig GsT 3 4 1.000
= 4 Caz GST 4 3 1.000
5 [ GsT 5 3 1.000
3 Cea GST 3 5 1.000
L7 Ci2 ST 1 2 1.000
ul g Cag ST 3 4 1.000
e Cag UsT 5 & 1,000

Basic Form Information

The PF Air-Magnetic Circuit Breaker form is used for power factor testing
medium voltage air magnetic circuit breakers. These are normally encountered in
5kV and 15kV switchgear.

Test modes are mentioned in the description of tests below. However, the test
form is pre-programmed with the appropriate test modes to automatically be
performed.
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Description of Tets

Circuit Breaker Overall Tests

Prior to the overall insulation tests, remove the breaker from its cubicle or cell.
Tests may be performed either with or without arc chutes installed. This should
be noted in the Comments field for future reference.

The breaker will remain in the open position for all tests.

Tests 1to 6 (C,;, Cy;, Cy, Cyi, Csg, Cyp) - These are measurements of the
ground insulation of each pole of the breaker with the breaker in the open
position. Test 1 is indicated by Insulation Tested C,, Test 2 by Insulation
Tested C,g, etc. The HV cable is connected to each pole, in turn, with all other
poles floating (no connection). The breaker frame must be connected to station
ground. Test mode is GST-GND.

Test 7 (C,,) - This is a measurement of the insulation between the poles on
Phase 1 or Phase A, and is indicated by Insulation Tested C,. The HV cable is
attached to Pole 1 and the LV Red lead is attached to Pole 2. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Test 8 (C,,) - This is a measurement of the insulation between the poles on
Phase 2 or Phase B, and is indicated by Insulation Tested C;,. The HV cable is
attached to Pole 3 and the L'V Red lead is attached to Pole 4. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Test 9 (C,) - This is a measurement of the insulation between the poles on
Phase 3 or Phase C, and is indicated by Insulation Tested Cs,. The HV cable is
attached to Pole 5 and the LV Red lead is attached to Pole 6. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Diagnostic Tests

These tests provide flexibility for performing more diagnostic tests in the event
that an area of concern presents itself. Each test line allows the operator to
choose between test modes UST-R and/or GST-GND. A detailed description of
the tests performed should be documented on the form, both in the
Specimen/Connection field and the form Comments field.
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92510 - Oil Circuit Breaker form

CIRCUIT BREAKER OVERALL TESTE:

cm | TEST [MEuLamow T T TEST BUSHINGS CONMECTIONS TEST CAP. POVVER EACTC DIRECT R
MO TESTED © | MODE | Bz | BEUs . [mse | T L (FF) weas | 2°c | corr me | wieTTs
1 Clo ssToND | 1
2 Coo B
HE Cac csTenn| 3
=] Cac osTonD | 4
5 Cars sToMD [ 5
[ Cia ssTonD [ 6
al 7 C1G+ Con SToND | 182
L
A IE Ca * Cag sTGND | 384
=] Cac + Cao SSTGND | 566
BUSHING AND OIL TESTS
=i MEMEFLATE Tt TEET TEP POVVER FACTOR %
o, ma | wiaTTs IF:
MO SERIAL R SLPF CAP. beg hicee K PR 'MEES. | aPC_ [ CoRk,
Tl K ST
N E =T
Wz 3 =T
w
HEERIE ST
o4 [ s ST
5 | 6 0=T
16 | 1 GST
o 7| 2 GaT
HARCRIE GST
w
a2 GET
o4
of@ [ 5 GET
ERIE 53T
2 TANK 1 O ST
HIE AN 201 ST
21 TANK 301 ST
1 3 El IS ATIOMN BRATIRG G=G000 N=NFTFRIORATFM I=IMNYFSTIGLATF
\-, /_\ I/_\' B=BiAD; Q=GUESTIONABLE TANK LOSS INDEX
MECH |
\ 2/' . ! \-6 I} RMOTE: Mo, inEMG column is bushing energized, TAMKA =
N " al other bushings must be flosting. TaMKZ2 =
pEL TANKE =

Basic Form Information

The PF Oil Circuit Breaker form is used for power factor testing medium and
high voltage bulk oil circuit breakers. These are typically found in transmission
and distribution substations.

Oil circuit breakers usually utilize condenser bushings with test taps which
should be routinely tested whenever the overall insulation of the breaker is
tested.

Test modes are mentioned in the description of tests below. However, the test
form is pre-programmed with the appropriate test modes to automatically be
performed.
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Description of Tests

Circuit Breaker Overall Tests

Tests 1 to 6 are conducted with the circuit breaker in the open position. Tests 7
to 9 are conducted with the breaker in the closed position.

Tests 1to 6 (C,;, Cy, Cy, Cyg, Coi, Cyo) - These are measurements of the
ground insulation of each pole of the breaker with the breaker in the open
position. Test 1 is indicated by Insulation Tested C,, Test 2 by Insulation
Tested C,, etc. The HV cable is connected to each pole, in turn, with all other
poles floating (no connection). The breaker frame must be connected to station
ground. Test mode is GST-GND.

Test 7 (C,;+C,) - This is a measurement of the insulation between Phase 1 (A)
and ground, and is indicated by Insulation Tested C,;+C,;. This test is
performed with the breaker closed. The HV cable is attached to either Pole 1 or
Pole 2. All other breaker poles are left floating. Test mode is GST-GND.

Test 8 (C,;+C,) - This is a measurement of the insulation between Phase 2 (B)
and ground, and is indicated by Insulation Tested C;;+C,. This test is
performed with the breaker closed. The HV cable is attached to either Pole 3 or
Pole 4. All other breaker poles are left floating. Test mode is GST-GND.

Test 9 (C;;+C) - This is a measurement of the insulation between Phase 3 (C)
and ground, and is indicated by Insulation Tested C;;+C,;. This test is
performed with the breaker closed. The HV cable is attached to either Pole 5 or
Pole 6. All other breaker poles are left floating. Test mode is GST-GND.

Bushing and Oil Tests

Tests 10 to 15 - These are tests of the C1 insulation on the breaker bushings.
The HV lead is connected to each bushing top terminal, in turn, and the LV Red
lead is connected to the respective bushing test tap. Test mode is UST - MEAS
RED, GND BLUE. At the completion of each test, the HV and Red leads are
then moved to the next bushing to be tested.

Tests 16 to 21 - These are tests of the C2 insulation on the breaker bushings.
The LV Red lead is connected to each bushing top terminal, in turn, and the HV
lead is connected to the respective bushing test tap. Test mode is GSTg-R. At
the completion of each test, the HV and Red leads are then moved to the next
bushing to be tested.

CAUTION
A Bushing test taps have very limited insulation and should
generally be energized at reduced voltage levels. If the

bushing or breaker manufacturer does not specify a test
voltage level use no more than 500 volts (0.5kV).
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Tests 22 to 24 - These are tests of oil samples taken from each phase of the
breaker (either 1 or 3). Each sample of oil is tested separately in an accessory oil
test cell. Follow oil cell instructions for details on cell cleaning and filling.
Record the temperature of the oil sample in the Nameplate section at the top of
the form. Test mode is UST-R.

92520 - SF6 Dead Tank Circuit Breaker form

CIRCUIT BREAKER OWERALL TESTS
oo | TEST [ weuamow T Trest BUSHING CONNECTIONS TEST CAP;;cE\JFfa)NCE FOWER FACTOR % DIRECT "
ENG GHND GAR usT MEAS, mec CORR: M WATT S
1 Cig o7 1 1.000
2 Cog 65T 2 1.000
z B Cag 65T | 3 1,000
% 4 Cac 65T E 1000
5 Csg 65T | 5 1,000
& Cga GST B 1.000
= 7 Ciz UsT 1 B 1,000
v El Caq usT 3 4 1.000
o o [ usT | & & 1000
& 0 Cia+Cag 68T | 182 1,000
o 11 C36+ Cag 68T | =224 4,000
o 12 Cea * Caa esT | s2a 1.000
TEST BUSHING TEST BUSHING CONKECTIONS TEST  [CAPACITANCE POVWER FACTOFR % E
no SERIAL# PrIMODE ["Eg T onp | AR | UeT il C (PP WEAS. | #°C | CORR o e
12 1 usT 1 TAP
14 2 usT [ 2 TAP
1% 3 usT 3 TAP
16 4 usT 4 TAFP
v 5 usT 5 TAF
18 L] usT L] TAFP
DiAGNOSTIC TESTS
T SPECIMEN AND CONNECTION MODE W [eapecitance| wess. | 20 c | corr ma [uette| IR
19 UsT
20 usT
21 UsT
22 usT
23 UsT
249 usT
25 UsT
26 usT
27 usT
ST ,f'v'\ TN, INSULATENTESTED: 15 §USHING TERINALS, G-GR0 UK WEULATI N RATINGIG-G00D, D= DETER I RATED, FINVESTIATEB=6AD, D=0 UESTR HABLE
w )LL) L) = NOTE: o n ENGCan buirg snemizd.in
\p as LT ezl 1 W, 10, 11300 12, Al ot
- e SR T e 1011

Basic Form Information

The PF SF6 Dead Tank Circuit Breaker form is used for power factor testing
medium and high voltage SF6 circuit breakers. These are typically found in
outdoor transmission and distribution substation applications. Dead tank circuit
breakers are those whose high voltage interrupting chamber is housed in an earth
grounded enclosure or tank.

SF6 dead tank circuit breakers occasionally utilize condenser bushings with test
taps which should be routinely tested whenever the overall insulation of the
breaker is tested. If so equipped, all bushing nameplate information should be
documented on the test form.

Test modes are mentioned in the description of tests below. However, the test
form is pre-programmed with the appropriate test modes to automatically be
performed.
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Description of Tests

Circuit Breaker Overall Tests

Test 1 (C,;) - This is a measurement of the ground insulation on Pole 1 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 2 (C,;) - This is a measurement of the ground insulation on Pole 2 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 3 (C,;) - This is a measurement of the ground insulation on Pole 3 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 4 (C,;) - This is a measurement of the ground insulation on Pole 4 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 5 (C,;) - This is a measurement of the ground insulation on Pole 5 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 6 (C,;) - This is a measurement of the ground insulation on Pole 6 with the
circuit breaker in the open position. All other poles on the breaker will be
floating (no connection). The HV cable will be connected to the bushing top
terminal. No LV lead connection is required. The frame of the breaker must be
connected to station ground. Test mode is GST-GND.

Test 7 (C,,) - This is a measurement of the insulation on Phase 1 (A) between
Pole 1 and Pole 2 with the circuit breaker in the open position. All other poles
on the breaker will be floating (no connection). The HV cable will be connected
to the bushing top terminal of either Pole 1 or 2. The LV Red lead is connected
to the other Pole. The frame of the breaker must be connected to station
ground. Test mode is UST-R.
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Test 8 (C,) - This is a measurement of the insulation on Phase 2 (B) between
Pole 3 and Pole 4 with the circuit breaker in the open position. All other poles
on the breaker will be floating (no connection). The HV cable will be connected
to the bushing top terminal of either Pole 3 or 4. The LV Red lead is connected
to the other Pole. The frame of the breaker must be connected to station
ground. Test mode is UST-R.

Test 9 (C,) - This is a measurement of the insulation on Phase 3 (C) between
Pole 5 and Pole 6 with the circuit breaker in the open position. All other poles
on the breaker will be floating (no connection). The HV cable will be connected
to the bushing top terminal of either Pole 5 or 6. The LV Red lead is connected
to the other Pole. The frame of the breaker must be connected to station
ground. Test mode is UST-R.

Test 10 (C,;+ C,¢) - This is a measurement of the ground insulation on Phase 1
(A) with the circuit breaker in the closed position. All other phases on the
breaker will be floating (no connection). The HV cable will be connected to the
bushing top terminal of Pole 1 or 2. No LV lead connection is required. The
frame of the breaker must be connected to station ground. Test mode is GST-
GND.

Test 11 (C,;+ C,;) - This is a measurement of the ground insulation on Phase 2
(B) with the circuit breaker in the closed position. All other phases on the
breaker will be floating (no connection). The HV cable will be connected to the
bushing top terminal of Pole 3 or 4. No LV lead connection is required. The
frame of the breaker must be connected to station ground. Test mode is GST-
GND.

Test 12 (C,;+ C,) - This is a measurement of the ground insulation on Phase 3
(C) with the circuit breaker in the closed position. All other phases on the
breaker will be floating (no connection). The HV cable will be connected to the
bushing top terminal of Pole 5 or 6. No LV lead connection is required. The
frame of the breaker must be connected to station ground. Test mode is GST-
GND.
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Bushing Tests

SF6 dead tank circuit breakers occasionally utilize condenser bushings with test
taps which should be routinely tested whenever the overall insulation of the
breaker is tested.

The table supplied may be used to measure the C1 insulation on condenser
bushings, if so equipped. The HV lead is connected to each bushing top
terminal, in turn, and the LV Red lead is connected to the respective bushing test
tap. For all tests, test mode is UST-R. At the completion of each test, the HV
and Red leads are then moved to the next bushing to be tested.

Diagnostic Tests

These tests provide flexibility for performing more diagnostic tests in the event
that an area of concern presents itself. Each test line allows the operator to
choose between test modes UST-R, and GST-GND. A detailed description of
the tests performed should be documented on the form, both in the
Specimen/Connection field and the form Comments field.
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92530- Vacuum Circuit Breaker

CIRCUIT BREAKER OVERALL TESTS
TEST | MSULATION TEST BUSHING CONNECTIONS FOWER FACTOR % DIRECT
cB Fh. TEST  |CAPACITANCE IR
MO TESTED MODE "B [ oND | oAR | st Py C{PF) MEAS. | 20°C | coRR. | ma  [weTTs
1 Cio AR 1.000
2 Cag alosT | 2 1.000
zl s Ca BlosT| 3 1000
=1 Cag BlosT| 4 1000
5 Cao closr| s 1000
B . cloar | s 1.000
7 12 A | UsT | 1 2 1.000
=
i I Ta B|ust | 3 4 1.000
g Cag clust| s § 1000
EUSHING TESTE
TEST BUSHING "
A Tal SERsl
10 1 usT| TAP
1 2 usT | 2 TAP
12 3 usT| 2 TAP
13 4 usT | 4 TAP
14 5 usT | 5 TAP
15 B usT | & TAP
DIAGRAM INSULATIOMRATING KEY
G = GOOD
D = DETERIORATED
MECH I = INVEETIGATE
B = BAD(REMOVE OR RECONDITION)
m INSULATIONTESTED
1106 = BUSHINGTERMINALS
TANK TANK2 TANK3 G = GROUND

Basic Form Information

The PF Vacuum Circuit Breaker form is used for power factor testing medium
and high voltage vacuum circuit breakers. These are normally encountered
above 5kV in both switchgear and outdoor substation applications.

Test modes are mentioned in the description of tests below. However, the test
form is pre-programmed with the appropriate test modes to automatically be
performed.
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Description of Tests

Circuit Breaker Overall Tests

Prior to the overall insulation tests, remove the breaker from its cubicle or cell, if

applicable.
The breaker will remain in the open position for all tests.

Tests 1to 6 (C,;, Cyi, Cy, Cyg, Cog, Cyi) - These are measurements of the
ground insulation of each pole of the breaker with the breaker in the open
position. Test 1 is indicated by Insulation Tested C,, Test 2 by Insulation
Tested C,, etc. The HV cable is connected to each pole, in turn, with all other
poles floating (no connection). The breaker frame must be connected to station

ground. Test mode is GST-GND.

Test 7 (C,,) - This is a measurement of the insulation between the poles on
Phase 1 or Phase A, and is indicated by Insulation Tested C,,. The HV cable is
attached to Pole 1 and the LV Red lead is attached to Pole 2. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Test 8 (C,,) - This is a measurement of the insulation between the poles on
Phase 2 or Phase B, and is indicated by Insulation Tested C;,. The HV cable is
attached to Pole 3 and the LV Red lead is attached to Pole 4. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Test 9 (C,) - This is a measurement of the insulation between the poles on
Phase 3 or Phase C, and is indicated by Insulation Tested Cs,. The HV cable is
attached to Pole 5 and the L'V Red lead is attached to Pole 6. All other breaker
poles are left floating. This test is performed with the breaker open. Test mode
is UST-R.

Bushing Tests

Most vacuum circuit breakers are not supplied with condenser bushings, except
for those rated above 15kV.

The table supplied may be used to measure the C1 insulation on condenser
bushings, if so equipped. For all tests, test mode is UST-R.
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93002 — Multiple Dissipation/Power Factor Quick Test

Press F2 to execute a test; Press F1for HELP

ASSET ID:
[ DekaControl | [ ShowConsole | [ Sefings J
TESTFREQUENCY; & COMMENTS: [ ]
TEST INSULATION teat | Test LiH) POWER FACTOR % DIRECT
NO TESTED TEST MODE | SUPPRESS. | "oy | Freg CAP.(2F) = %VDF [ IR

MEAS.

20°c

méa

WATTS

UST-R

Freq.var.

=  Enter the Asset ID

* Enter the temperature correction factor (TCF). If you do not know or
want to correct for temperature please leave this value at 1

= Enter the optional description

= Enter test voltage or run the test with Delta Control

= Start the test
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93500 — Two-Winding Transformer

g7 Megger.

WwWw.megger.com

INSULATION TESTS

TWO-WINDING TRANSFORMERS

SUBSTATION POSMON PAGE
EOPT. LOCATION DATE 2010-09-13
ASSETID ABIENTTEMP ERATURE T HUMADITY k3 Jop#
TEST EQUIPMWENT USED TESTEDBY
MR CLaGS TYPE SEALED BUSHING HAWER LATE
SER NO COOLANT ol REASON OSG] SERIALNUM | WFR. JCATA | TYPECLAGS | kv [AFs [TEe
YEAR BIL K AWBGHT | HI
Hy Dl . MANDINGMETER | AL o He
t QILOLURE L [He
OILTEP T [H
4y ] hPEDANCE ENF
" " WEATHER: )
! # e FHASES )
Dizgram ¥ 5 S0 il
TOLTAGERW | 1 | FRRTED | [# TAPS [NORNAL] CHEHGER JTAF SETING
[FRRERY: 2 5 [t Load
[EECOND: T T

TESTFREQUENCY: &)

COnhENTS:

Sebct Tests: [ Oweral Bst [ Buskng GF

[ Busking 2 [ | Gwge dvesters [ td Collar

[ D=&0Ts | 21 T Fecalcalae Tertuohages | [ Communicaions Log

[ 7R [ Euding Qurent [ Mars!

[/ hdtge Tesr

TRANSFORMER OWVERALLTESTS

ikl Temp Comp[ |
Tempoor. Talle Mok

] =

POWUER FACTOR %

DIRECT

EGOF | INSUL

CHE+ CHL

ST ghs

CH

-

CHL

CHL

T2

- P ———

CLg+CHL

CLi

CHL

wl| oo | @ ;| p]| caf k]| =

=

TEST 5 MIFLES TEST 8

Basic Form Information

The PF Two-Winding Transformer form is used for power factor/dissipation
factor testing medium and high voltage power transformers, generally those with
at least one winding rated over 5kV.
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Description of Tests

Transformer Overall Tests

Prior to the overall insulation tests, short all high side (H) bushings together and
short all low side (L) bushings together, keeping both windings separated.
Remove ground connections from neutral bushings.

Test 1- This is a measurement of the insulation between the transformer high
voltage winding and the transformer tank, plus the insulation between the high
voltage winding and the low voltage winding, both measured in parallel.
Connect the HV cable to the H winding and connect the Red lead to the X
winding. Test mode is GST-GND.

Test 2 - This is a measurement of the insulation between the transformer high
voltage winding and the transformer tank. Connections are exactly the same as
for Test 1. Test mode is GSTg-RB.

Test 3 - This is a measurement of the insulation between the transformer high
voltage winding and the low voltage winding. Connections are exactly the same
as for Test 1 and 2. Test mode is UST-R.

NOTE:  Ounce Tests 1, 2 and 3 are completed, Line 4 will populate with values
calenlated by subtracting Test 2 from Test 1. This is applicable for
values of capacitance, current and watts. Line 4 is a caleulated
comparison to the direct measurements of Test 3. 1 alues on these two
lines should be essentially the same. If they are not, re-check all
connections and verify the proper operation of the test set. If Test 3 and
Line 4 vary by more than 2%, the Insulation Rating (IR) will
antomatically populate with B (Bad).

Test 5 - This is a measurement of the insulation between the transformer low
voltage winding and the transformer tank, plus the insulation between the low
voltage winding and the high voltage winding, both measured in parallel.
Connect the HV cable to the low side (L) winding and connect the Red lead to
the H winding. Test mode is GST-GND.

Test 6 - This is a measurement of the insulation between the transformer low

voltage winding and the transformer tank. Connections are exactly the same as
for Test 5. Test mode is GSTg-RB.

Test 7 - This is a measurement of the insulation between the transformer low
voltage winding and the high voltage winding. Connections are exactly the same
as for Test 5 and 6. Test mode is UST-R.
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NOTE:  Once Tests 5, 6 and 7 are completed, Line 8 will populate with values
calenlated by subtracting Test 6 from Test 5. This is applicable for
values of capacitance, current and watts. Line 8 is a calculated
comparison to the direct measurements of Test 7. 1 alues on these two
lines should be essentially the same. If they are not, re-check all
connections and verify the proper operation of the test set. If Test 7 and
Line 8 vary by more than 2%, the Insulation Rating (IR) will
antomatically populate with B (Bad).

Lines 9 and 10 will automatically populate with calculated values once Tests 1-7
and all bushing tests are completed. Line 9 is a corrected value for the insulation
of the high voltage winding to the transformer tank minus the measured losses
of the high side bushings. Line 10 is a corrected value for the insulation of the
low voltage winding to the transformer tank minus the measured losses of the
low side bushings.

Bushing C1 Tests

87 Megger-. ot
weww.megger.com TWO-WINDING TRANSFORMERS Company
. . Tozo
'Y
o r
PAGE
BUSHING C1 TESTS Irclividual Temp Comp I_
TEST BUSHING NANEF LATE POUUER FACTOR % WRET
. Te=T | TERT freq | capscmence
* =S ZERIALE powER FecToR |cepscmance | MO e Sweep Gk MEASURED @2 LA e p— EA0 F
1 [ H TR l_
" 12 | H2 IR l_
M EE T O
14 | HY u=TR . [ ]
15 | x1 TR l_
i 16 | X2 TR [
M e O
15 | <0 (=11 [
19 oWLTEST TR [
Show Sweep fesuts [
BUSHING C2 TESTE
TEST BUSHING NANEF LATE POUER FACTOR % WRET
. TesT | TEST freq | capscmence
* =53 SERIALE powvER FacToR |capscmance | WUE W Sweep SiE MEASURED @2 FF;E.T.; R ma WRTTS sYDF F
2 | H crr | 050 [
" 2 | H2 -k | 050 [
Y1z wnn | 050 | [
23 | HD -k | 050 l_
24 | ¥ cmr | 050 [
o 25 | =2 wrr | 050 [
I wnn | 030 | [
2 | X0 cemer | 080 [

If the transformer windings are terminated using condenser bushings, then
measurements of the C1 insulation on each bushing are generally made. The
bushing insulation C1 is internal and is the insulation between the bushing center
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conductor and its test tap (capacitance tap). If a bushing does not have a test
tap, then the C1 measurement is not performed.

NOTE:  These tests may be performed with the bushing shorting leads still in
Place from the overall insulation tests. This allows all the high side
bushing CT tests to be performed without having to move the H1 lead
from bushing to bushing. It will still be necessary to move the Red lead
to the individual test taps for each test.

Test 11 - This is the test of the C1 insulation on the high side phase 1 bushing.
The HV lead is connected to the bushing top terminal and the Red lead is
connected to the bushing test tap. Test mode is UST-R.

Tests 12, 13 and 14 are C1 measurements for the other high side bushings. Test
14 is used only if the high winding has a neutral bushing with a test tap. Make
sure to move the Red lead connection from bushing to bushing as necessary.
Test mode is UST-R.

Tests 15, 16, 17, and 18 are C1 measurements for the low side (L)) bushings.

Test 18 is used only if the high winding has a neutral bushing with a test tap.
Test mode is UST-R.

NOTE:  Many condenser bushings will have factory values for C1 stamped on
their nameplates, both for power factor and capacitance. The test results
Jor C1 on each bushing can be compared directly to its respective
nameplate values.

The 93500 test form includes a single test line (Test 19) for capturing the results
of a power factor test on the insulating oil. This is generally done on a sample of
oil drawn from the main tank of the transformer under test. The test requires an
oil test cell designed for field use. The test cell should be a three-terminal cell
where connections for high voltage, measurement lead, and ground can be safely
made.

As with the other insulation tests on this test form, the test sequence is initiated
by right-clicking on the blue highlighted test number (19) at the bottom of the
Bushing C1 Tests table. The test mode used is UST-R.
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Bushing C2 Tests

Bushings with test taps may also be tested to obtain a C2 insulation
measurement. The C2 insulation is the insulation between the test tap
connection and the bushing mounting flange. To perform a C2 test, the HV lead
is carefully connected to the bushing test tap and the Red lead is connected to
the bushing center conductor. Care should be taken not to cause physical
damage to the test tap, as the tap connection point may be a small pin or a
flexible spring. If this is the case, use a small insulated jumper wire or a specially
designed test tap adapter to make the HV lead connection.

CAUTION
A Bushing test taps have very limited insulation and should
generally be energized at reduced voltage levels. If the

bushing manufacturer does not specify a test voltage level
use no more than 500 volts (0.5kV).

Tests 20 to 27 are measurements of the individual bushings C2 insulation. All
are performed with test mode GSTg-R All phase and neutral bushings may be
tested providing they have test taps.

NOTE:  Similar to the bushing C1 tests, all the C2 measurements may be made
with the bushing shorting leads still in place from the transformer overall

lests.
Surge Arresters
SURGE ARRESTERS
LOCATION SERIALY MFR gf:ﬂ}."é ,:AL-Irﬁ‘JDG TYFE RA;LED ORDER TESTMODE TESTHY QFN[::p — DIRECTWATTS R

20 GST-GND [
29 GST-GND [
30 GST-GND [
31 G5T-GND [
32 G5T-GND ™
& GST-GND [
3 GST-GND [
35 GST-GND [
3 GST-GND ™

If the transformer is equipped with surge or lightning arresters, these may be
tested as well. If the arrester is a single-stack unit, its HV connection must be
disconnected to eliminate the measurement of losses from other connected
apparatus (such as switch and support insulators). Multi-stack arresters may be
tested without disconnecting if desired. The procedure described below assumes
single-stack arresters are being tested.

Nameplate, serial number and location information for each arrester should be
entered so that future testing can be compared to specific units.
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Tests 28 to 36 are measurements of the arrester insulation. Only test voltage,
current and watts are recorded for arresters. The HV lead is attached to the
arrester HV terminal. No connection using the Red or Blue leads is necessary.
The Test Mode used is GST-GND. Once the HV lead is connected, right-click
on the blue highlighted field on the desired test line to initiate the test sequence.
Follow the onscreen instructions to complete the test.

Bushing Hot Collar Tests

57 Megger. INSULATION TESTS f
ST TWO-WINDING TRANSFORMERS Company
'y
PAGE

HOT COLLAR TESTS

TEET 056G SERIAL # Diesignation TESTMODE TEST kW Sfufgp _ DIRECT -

3 H GST-GND [

3| | H2 GST-GND [

39 |H3 GST-GND [

40 | HO GST-GND [

49w GST-GND [

42 [ GST-GND [

43 (3 GST-GND r

44 |x0 GST-GND [

45 GST-GND [

48 GET-GND [

Hot collar tests are generally performed on HV bushings that do not have test
taps. However, these tests may also be done as an additional test if the bushings
have test taps

Tests 37 to 46 - These tests measure the outer shell insulation of the bushings,
including surface leakage and leakage current from the bushing surface through
the insulating material to the center conductor. A conductive strap is placed
around the bushing, below one of the skirts, normally the top skirt, and
connected to the HV lead. The Red lead is connected to the bushing conductor.
Test mode GST-GND is automatically programmed by the test form.

Multiple hot collar tests can be performed on each bushing. For each test, the
location of the strap should be clearly indicated on the form in the Designation
column.
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Exciting Current Tests

EXCITING CURRENT TESTS Mumberof Tests: &
COMMECTIONS: FHASEA: Enter connection PHASEB: Enter connection PHASE C: Enter connection
TEST [ LiHi/ EQUN. 10KV TE=T | LiHi/ EQUIY. 10 kY TEST [ LiH f EQUN. 10 kY
DETCLLTC v | cpm | ™ Tma Twams | & | €A | ™ [wm Jwarms | W | cof | ™ [ Jwars| "
47
45
49
50
a1
TURNS RATIO TEST Murmber of Tests: 1
| E3 | v | | STANDARD C£F. (pF)
FHASE FHESE B FHASEC
HTap | ®Tap |Hwoiage | xvehage [oaLc. Ramoy W | cerpry | TuRNs RaTIO % ERROR ko | cer. pry | TuRNS RaTIO |4 ERROR K | cep.pFy |TURNS RATIO |wERROR
a3 o4 25

Measurements of the individual phase excitation current values are valuable in
determining defects in the transformer core and coils. Excitation current
measurements are generally performed on the high voltage winding only, to
minimize the amount of current required.

NOTE: Al bushing shorting leads must be removed for exciting current
measurements. If the low voltage winding has a nentral, connect the
neutral bushing as it normally is in-service (grounded or ungrounded).

Measurements are usually made one phase at a time. Connections should be
documented in the fields provided at the top of the table. For initial or
commissioning tests, perform the measurements on each possible primary and
secondary tap setting. Unless conditions warrant, future tests may be reduced to
the tap settings as found.

For each test line on the form, document the DETC (De-Energized Tap
Changer) and LTC (Load Tap Changer) tap settings and perform three tests per
form line. On WYE /Y connected transformers, connections would be H1-HO
/ U-N /A-N, H2-HO / V-N / B-N and H3-HO / W-N /C-N. On DELTA D
(or WHYE /Y without accessible neutral) connected transformers, connections
would be H1-H2 / U-V /A-B, H2-H3 / V-W / B-C and H3-H1 / W-U /C-A

To perform the individual tests, connect the HV lead to one bushing and the
Red lead to the second bushing. The test mode will be automatically set on the
test form to UST-R.

To initiate the individual tests, right-click on the blue highlighted field of the
desired test line. The test sequence initiates and the results will be placed in the
proper fields automatically.

The number of test lines in the table is adjustable. Enter the number of lines
desired for the number of taps to be tested.
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NOTE  Exciting current measurements are pending voltage level. Make sure use
same voltage level as in earlier measurements on same transformer.
Excciting current may also vary due to core magnetization status, exciting
current measurements should be performed prior winding resistance
measurement or after demagnetization.

Measurements of transformer winding ratio can be made with a high voltage
power factor test set when a TTR capacitor is available. Depending on the
voltage rating of the winding being energized, tests can be made up to 10kV.
The significance of this is that higher volts per turn can be applied to the
winding, stressing the winding turn-to-turn insulation more than low voltage
ratio test sets. This may be able to detect high resistance turn faults that may be
undetectable at lower voltage. The tests are performed one phase at a time on
three-phase transformers.

To enable this portion of the test form, select the Show TTR Tests checkbox at
the top of Page 1. A table for ratio test results will become visible near the end
of the form. You should select the Number of Tests based on how many
transformer taps you intend to test.

The first test must measure the capacitance of the Standard Capacitor, in pico-

Farads (pF).

Connect the test set leads, the HV lead and the Red measurement lead, directly
to the capacitor.

Initiate the test by right clicking on the blue field for the Standard Capacitor.

Subsequent tests require the HV lead to be connected to one side of a HV
winding (e.g. H1/U/A) where the other side of the HV winding is grounded to
the tank (e.g. HO/N/N). The corresponding winding on LV side is grounded on
one side and on the other side is connected to Red lead via the capacitor.

By enter the winding voltage levels in the form, the assessment is automatic.

Multiple Quick Tests

Standards measurements may be complemented with additional measurements
executed from the Multiple Quick Test sub-form selected as a new test or as

manual measurements in the standard test forms. Check “Manual” in the select
test boxes and a Multiple Quick Test table will be added at the end of the form.

In the field "INSULATION TESTED" you enter information on what to be
tested, TEST MODE set/change the test mode, SUPPRESS set/change noise
suppression mode.
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It is also possible to use Delta Control for controlling the test by clicking the
Delta Control button (above the table) in PowerDB form, Delta Control will
send all data to be stored in the Multiple Quick Test table.

81331 Rev 01 Nov 2010
78



Delta 4310 User Interface

94500 — Three-Winding Transformer

Incthickia T Comp [ |

MutipieTest [ TRANSFORMER OVERALL TESTS oo 7ot one o
TRaEEe POWER FACTOR % DIRECT
TEST INSULATION TEST COWNECTIONS TEST FREQ CAPACITANCE ° o
HO TESTED WODE e SUEEP CipF %VDF (&
reD | sLuE | Guo MEASURED @a0c CORR mé WATTS

FACTOR

CHG + CHL

G3Ta-B

G3Tg-RB

L T G

UST-R

HY
H L T G
H
H

L T G

- TEST 1 MINUS TEST 2

G5Tg-R

L H T G

G3Tg-RB

L H T G

UsT-B

L H T G

TEST 5 MINUS TEST &

G3Ta-B

T H L G

C15

G3Tg-RB

T H L G

UST-R

—I—Ii—l—li—l—l—l

T H L G

TEST 8 MINUS TEST 10

CHp MINUS H BUSHINGS

Cpg MINUS L BUSHINGS

Crg MINUS T BUSHINGS

Basic Form Information

The PF Three-Winding Transformer form is used for power factor/dissipation
factor testing medium and high voltage power transformers, generally those with
at least one winding rated over 5kV. Nameplate information (serial number,
ratings, etc.) should be entered which identifies the asset being tested, and
general information regarding the test conditions (test date, weather conditions,
etc.) should also be noted.

Description of Tests

Transformer Overall Tests

Prior to the overall insulation tests, short all high side (H) bushings together and
short all low side (L) bushings together, keeping both windings separated.
Remove ground connections from neutral bushings.

Test 1 - This is a measurement of the insulation between the transformer high
voltage winding and the transformer tank, plus the insulation between the high
voltage winding and the low voltage winding, both measured in parallel.

Connect the HV cable to the H (high voltage) winding, connect the Red lead to
the L (low voltage) winding and Blue lead to the T (tertiary) winding. Test mode
1s GSTg-B.

Test 2 - This is a measurement of the insulation between the transformer high
voltage winding and the transformer tank. Connections are exactly the same as
for Test 1. Test mode is GSTg-RB.
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Test 3 - This is a measurement of the insulation between the transformer high
voltage winding and the low voltage winding. Connections are exactly the same
as for Test 1 and 2. Test mode is UST-R.

NOTE:  Once Tests 1, 2 and 3 are completed, 1ine 4 will populate with values
calenlated by subtracting Test 2 from Test 1. This is applicable for
values of capacitance, current and watts. Line 4 is a calculated
comparison to the direct measurements of Test 3. 1 alues on these two
lines should be essentially the same. If they are not, re-check all
connections and verify the proper operation of the test set. If Test 3 and
Line 4 vary by more than 2%, the Insulation Rating (IR) will
antomatically populate with B (Bad).

Test 5 - This is a measurement of the insulation between the transformer low
voltage winding and the transformer tank, plus the insulation between the low
voltage winding and the tertiary winding, both measured in parallel. Connect the
HYV cable to the low side (L) winding, connect the Red lead to the H winding and
Blue lead to the T (tertiary) winding.. Test mode is GSTg-R.

Test 6 - This is a measurement of the insulation between the transformer low
voltage winding and the transformer tank. Connections are exactly the same as
for Test 5. Test mode is GSTg-RB.

Test 7 - This is a measurement of the insulation between the transformer low
voltage winding and the high voltage winding. Connections are exactly the same
as for Test 5 and 6. Test mode is UST-B.

NOTE:  Once Tests 5, 6 and 7 are completed, Line 8 will populate with values
calenlated by subtracting Test 6 from Test 5. This is applicable for
values of capacitance, current and watts. Line 8 is a caleulated
comparison to the direct measurements of Test 7. 1 alues on these two
lines should be essentially the same. If they are not, re-check all
connections and verify the proper operation of the test set. If Test 7 and
Line 8 vary by more than 2%, the Insulation Rating (IR) will
antomatically populate with B (Bad).

Test 9 - This is a measurement of the insulation between the transformer tertiary
winding (T) and the transformer tank, plus the insulation between the tertiary
winding (T) and high voltage winding (H), both measured in parallel. Connect
the HV cable to tertiary winding (T), connect the Red lead to the L winding and
Blue lead to the L winding.. Test mode is GSTg-B.

Test 10 - This is a measurement of the insulation between the transformer
tertiary winding and the transformer tank. Connections are exactly the same as

for Test 5. Test mode is GSTg-RB.
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Test 11 - This is a measurement of the insulation between the transformer
tertiary winding and the high voltage winding. Connections are exactly the same
as for Test 5 and 6. Test mode is UST-R.

NOTE:  Once Tests 9, 10 and 11 are completed, Line 12 will populate with
values calenlated by subtracting Test 10 from Test 9. This is applicable
Jfor values of capacitance, current and watts. Line 12 is a calenlated
comparison to the direct measurements of Test 11. 1 alues on these two
lines should be essentially the same. If they are not, re-check all
connections and verify the proper operation of the test set. If Test 11 and
Line 12 vary by more than 2%, the Insulation Rating (IR) will
antomatically populate with B (Bad).

Lines 13, 14 and 15 will automatically populate with calculated values once Tests
1-11 and all bushing tests are completed. Line 13 is a corrected value for the
insulation of the high voltage winding to the transformer tank minus the
measured losses of the high side bushings. Line 14 is a corrected value for the
insulation of the low voltage winding to the transformer tank minus the
measured losses of the low side bushings. Line 15 is a corrected value for the
insulation of the tertiary winding to the transformer tank minus the measured
losses of the tertiary bushings.

Bushing C1 Tests

If the transformer windings are terminated using condenser bushings, then
measurements of the C1 insulation on each bushing are generally made. The
bushing insulation C1 is internal and is the insulation between the bushing center
conductor and its test tap (capacitance tap). If a bushing does not have a test
tap, then the C1 measurement is not performed.

NOTE:  These tests may be performed with the bushing shorting leads still in
Pplace from the overall insulation tests. This allows all the high side
bushing C1 tests to be performed without having to move the HV lead
from bushing to bushing. It will still be necessary to move the Red lead
to the individual test taps for each test.

Test 16 - This is the test of the C1 insulation on the high side phase 1 bushing.
The HV lead is connected to the bushing top terminal and the Red lead is
connected to the bushing test tap. Test mode is UST-R.

Tests 17, 18 and 19 are C1 measurements for the other high side bushings. Test
14 is used only if the high winding has a neutral bushing with a test tap. Make
sure to move the Red lead connection from bushing to bushing as necessary.
Test mode is UST-R.
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Qil Tests

Tests 20, 21, 22, and 23 are C1 measurements for the low side (L) bushings.

Test 23 is used only if the high winding has a neutral bushing with a test tap.
Test mode is UST-R.

Tests 24, 25, 26, and 27 are C1 measurements for the Tertiary (T) bushings.

Test 27 is used only if the high winding has a neutral bushing with a test tap.
Test mode is UST-R.

NOTE:  Many condenser bushings will have factory values for C1 stamped on
their nameplates, both for power factor and capacitance. The test results
Jor C1 on each bushing can be compared directly to its respective
nameplate values.

The 94500 test form includes a single test line (Test 28) for capturing the results
of one power factor test on insulating oil. This is generally done on a sample of
oil drawn from the main tank of the transformer under test. The test requires an
oil test cell designed for field use. The test cell should be a three-terminal cell
where connections for high voltage, measurement lead, and ground can be safely
made.

As with the other insulation tests on this test form, the test sequence is initiated
by right-clicking on the blue highlighted test number (28) at the bottom of the
Bushing C1 Tests table. The test mode used is UST-R.

Bushing C2 Tests

Bushings with test taps may also be tested to obtain a C2 insulation
measurement. The C2 insulation is the insulation between the test tap
connection and the bushing mounting flange. To perform a C2 test, the HV lead
is carefully connected to the bushing test tap and the Red lead is connected to
the bushing center conductor. Care should be taken not to cause physical
damage to the test tap, as the tap connection point may be a small pin or a
flexible spring. If this is the case, use a small insulated jumper wire or a specially
designed test tap adapter to make the HV lead connection.

CAUTION

A Bushing test taps have very limited insulation and should
generally be energized at reduced voltage levels. If the bushing

manufacturer does not specify a test voltage level use no more
than 500 volts (0.5kV).

Tests 29 to 40 are measurements of the individual bushings C2 insulation. All
are performed with test mode GSTg-R. All phase and neutral bushings may be
tested providing they have test taps.
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NOTE:  Similar to the bushing C1 tests, all the C2 measurements may be made
with the bushing shorting leads still in place from the transformer overall
tests.

Bushing Hot Collar Tests

Hot collar tests are generally performed on HV bushings that do not have test
taps. However, these tests may also be done as an additional test if the bushings
have test taps

Tests 41 to 60 - These tests measure the outer shell insulation of the bushings,
including surface leakage and leakage current from the bushing surface through
the insulating material to the center conductor. A conductive strap is placed
around the bushing, below one of the skirts, normally the top skirt, and
connected to the HV lead. The Red lead is connected to the bushing conductor.
Test mode GST-GND is automatically programmed by the test form.

Multiple hot collar tests can be performed on each bushing. For each test, the
location of the strap should be clearly indicated on the form in the Designation
column.

Surge Arresters

If the transformer is equipped with surge or lightning arresters, these may be
tested as well. If the arrester is a single-stack unit, its HV connection must be
disconnected to eliminate the measurement of losses from other connected
apparatus (such as switch and support insulators). Multi-stack arresters may be
tested without disconnecting if desired. The procedure described below assumes
single-stack arresters are being tested.

Nameplate, serial number and location information for each arrester should be
entered so that future testing can be compared to specific units.

Tests 61 to 72 are measurements of the arrester insulation. Only test voltage,
current and watts are recorded for arresters. The HV lead is attached to the
arrester HV terminal. No connection using the Red or Blue leads is necessary.
The Test Mode used is GST-GND. Once the HV lead is connected, right-click
on the blue highlighted field on the desired test line to initiate the test sequence.
Follow the onscreen instructions to complete the test.

81331 Rev 01 Nov 2010
83



Megger-.

Turns Ratio Tests

Measurements of transformer winding ratio can be made with a high voltage
power factor test set when a TTR capacitor is available. Depending on the
voltage rating of the winding being energized, tests can be made up to 10kV.
The significance of this is that higher volts per turn can be applied to the
winding, stressing the winding turn-to-turn insulation more than low voltage
ratio test sets. This may be able to detect high resistance turn faults that may be
undetectable at lower voltage. The tests are performed one phase at a time on
three-phase transformers.

To enable this portion of the test form, select the Show TTR Tests checkbox at
the top of Page 1. A table for ratio test results will become visible near the end
of the form. You should select the Number of Tests based on how many
transformer taps you intend to test.

The first test must measure the capacitance of the Standard Capacitor, in pico-
Farads (pF).

= Connect the test set leads, the HV lead and the Red measurement lead,
directly to the capacitor.

* Initiate the test by right clicking on the blue field for the Standard
Capacitor.

Subsequent tests require the HV lead to be connected to one side of a HV
winding (e.g. H1/U/A) where the other side of the HV winding is grounded to
the tank (e.g. HO/N/N). The corresponding winding on LV side is grounded on
one side and on the other side is connected to Red lead via the capacitor.

By enter the winding voltage levels in the form, the assessment is automatic.

Exciting Current Tests

Measurements of the individual phase excitation current values are valuable in
determining defects in the transformer core and coils. Excitation current
measurements are generally performed on the high voltage winding only, to
minimize the amount of current required.

NOTE: Al bushing shorting leads nust be removed for exciting current
measurements. If the low voltage winding has a neutral, connect the
neutral bushing as it normally is in-service (grounded or ungrounded).

Measurements are usually made one phase at a time. Connections should be
documented in the fields provided at the top of the table. For initial or
commissioning tests, perform the measurements on each possible primary and
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secondary tap setting. Unless conditions warrant, future tests may be reduced to
the tap settings as found.

For each test line on the form, document the DETC (De-Energized Tap
Changer) and LTC (Load Tap Changer) tap settings and perform three tests per
form line. On WYE /Y connected transformers, connections would be H1-HO
/ U-N /A-N, H2-HO / V-N / B-N and H3-HO / W-N /C-N. On DELTA D
(ot WHYE /Y without accessible neutral) connected transformers, connections
would be H1-H2 / U-V /A-B, H2-H3 / V-W / B-C and H3-H1 / W-U /C-A

To perform the individual tests, connect the HV lead to one bushing and the
Red lead to the second bushing. The test mode will be automatically set on the
test form to UST-R.

To initiate the individual tests, right-click on the blue highlighted field of the
desired test line. The test sequence initiates and the results will be placed in the
proper fields automatically.

The number of test lines in the table is adjustable. Enter the number of lines
desired for the number of taps to be tested.

NOTE:  Exciting current measurements are pending voltage level. Make sure use
same voltage level as in earlier measurements on same transformer.
Excciting current may also vary due to core magnetization status, exciting
curvent measurements should be performed prior winding resistance
measurement or after demagnetization.

Multiple Quick Tests

Standards measurements may be complemented with additional measurements
executed from the Multiple Quick Test sub-form selected as a new test or as
manual measurements in the standard test forms. Check “Manual” in the select
test boxes and a Multiple Quick Test table will be added at the end of the form.

In the field "INSULATION TESTED" you enter information on what to be
tested, TEST MODE set/change the test mode, SUPPRESS set/change noise
suppression mode.

It is also possible to use Delta Control for controlling the test by clicking the
Delta Control button (above the table) in PowerDB form, Delta Control will
send all data to be stored in the Multiple Quick Test table.
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96005 — CABLES
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Because of the many variations of cable installations, this test form is designed
for flexibility in capturing test information and results.

Included is 2 normal "header" where location and test conditions are recorded, as
well as a Cable Nameplate area for detailing specific information about the cable
to be tested.

To allow for flexibility, the test table in this form is designed to grow by a line
with every test added. This permits any number of cables to be tested, multiple
times if necessary.

Specific information (phase designation, termination, etc.) about the cable
insulation being tested should be entered in the Insulation Tested column. The
appropriate test configuration must be selected from the dropdown list.

To initiate the test, right-click on the Test No in the left-most column of the
table and follow the prompts provided in the pop-up window. At the conclusion
of the test, the results will populate into the fields of the selected test row.

Continue testing as necessary by moving to the next row and repeating the same
steps.
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The testing procedures for the two versions of Delta4000 are principally the
same. Delta4110 is operated from an external computer running Power DB Lite
and Delta Control SW. Delta4310 has an internal computer with pre-installed
Power DB On-board and Delta Control SW. Power DB On-board has the same
functionality as Power DB Lite but the test forms are adapted to the smaller

screen and the SW has support for the specific shortcut keys and buttons
available on the 4310.

This section covers the specific controls on Delta4310 that differs from a
standard laptop computer used together with Delta4110.
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Top Panel

Test Button:

Navigation Keys:

Home Key:

Zone Key:

SPACE

Keypad:

Power Suspend:

Help Function:

Information Key:

Function Key:

Initiates and Terminates Testing
TEST

Use Arrow keys to highlight a desired Selection. Use
«C 2 Enter button (in center) to Activate the Selection.

Toggles HOME Action Icons

Allows User to select Active area of the screen.

Key board for entering notes and data.

Prepares the Instrument for Shutdown. A message
will indicate when Input Power can be safely removed
(not used on some models)

Provides on screen Help to assist operator.
Provides on screen information to assist operator

E Displays the options available for any highlighted
Selection (when applicable)

Figure 8: User Interface Panel
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Communications Ports

Ethernet port

USB Storage/Print

Figure 9: Communications ports

4310 Joystick

The Joystick is weather-sealed with “left” and “right” buttons, similar to a
‘mouse’.

The middle of the joystick contains the controls for the pointer and buttons for
the ‘left’ (top) and ‘right’ (bottom) click. The TEST button has the same
functionality as the ‘Start’ button on the instrument.

Left-click

Right-click
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Home Action Icons

E Select to create NEW test

) Select to RECALL test

b

Select to SAVE Test.
Select to ZOOM-IN

Select to ZOOM-OUT

Print Icon. Prints the Selected Test Form. Printer driver is factory installed.

__j Please contact Megger for specific printer model availability.

Select to enter PREFERENCES screen

Figure 10: HOME Action Icons

Utility Icons

® Cancel Icon. Select to Cancel without Saving.

- Delete Icon. Deletes the Selected File or Report.

. Print Icon. Prints the Selected Report. Printer must be standard USB
i supporting HP PCL protocol.
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USB Out Icon. Select to Transfer Files or Reports from external USB
Memory Stick to the TTR.

&

external USB Memory Stick.

“»\% USB In Icon. Select to Transfer Files or Reports from the TTR to the
‘ Back Icon. Select to return back to the previous screen.

Figure 11: Utility Icons

Navigating the screen
Use Arrows keys to highlight desired action
Use ENTER key (in center) to select highlighted action
Home Screen Action Icons

u Select HOME key to display Action Icons
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Action Icons

(| @] 2| @] | | sm

5

Select NEW TEST to open new form

5l
Select RECALL to open test from memory (either internal or USB

memory)

On Board File Manager - Select File to Open ﬂ
Internal Storage (24066 KB)

File Name Mod. Date File Name Mod. Date | E;
TIR_aa_1...  11/13/07 03:0... Use Zone Key

to move cursot to
various zones on

display

File ID:\PDWERDB\ TTR_aa_1.PdbXml /
& % o
N PN ‘

Figure 15: File Manager -Recall Test

e

Select SAVE to save test to memory
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Internal Storage (240664 KB)
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USE Files (240664 KB)

File Name | Mod. Date | File Name | Mod. Date
Br TTR_aa_1.... 11/13/07 03:0...
File fPrrs_t-pdbxmi |~ save touse
B B s
1
1
BN PN Al ‘

Figure 16:

File Manager —SAVE Test screen
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Select {E‘?‘ PREFERENCES to set global parameters

Delta 3000 Prefences x|
Cwiner: Use
on: [PowerDB1234 Units: [imperial 7] i";i Key
Language: IInternationaIEminsh j Suppression On M
Save File Prefix: |PFTS_ % Error Limit: ID-75
Equivalent Reading: | 10k -~
Default Form: | 1 - POWER FACTOR QUICK TEST B
Ok | Cancel |
Figure 17: Global Settings — Preferences screen
Owner: User specified field
SN: Serial Number of Test Instrument
Units: Units of Measure setting
Language: Indicates displayed language
Save File Prefix: All Saved files will begin with this prefix
% Error limit: Sets error limit

Equivalent reading:  Sets voltage level to display “equivalent reading” level

Default form: Indicates default form, upon power-up

Select PRINT to print to USB printer
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Delta 4310 User Interface

Form Print Options

" Mo Page Numbering |

Use SPACE bar to

—Shading Options

& Pprint shades as a color
" Print shades as a pattern

" Do not print shades

select OPTIONSs

Use Zone key to tab

—Blank Form Options
¥ Indicate Entry Fields

¥ Darken Read-Only Calculated Fields

0K Cancel

Figure 18:

PRINT
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Maintenance and Calibration

Maintenance

Maintenance should be performed only by qualified persons familiar with the
hazards involved with high-voltage test equipment. Read and understand Section
2, Safety, before performing any service.

Routine maintenance is all that is required for these test sets. The cables and
connector panel should be inspected frequently to be sure all connections are
tight and all ground connections intact.

DISCONNECT the MAINS plug before cleaning.

The appearance of the test set can be maintained by occasional cleaning of the
case, panel and cable assemblies. The outside of the carrying case can be cleaned
with detergent and water. Dry with a clean, dry cloth. The control panel can be
cleaned with a cloth dampened with detergent and water. Do not allow water to
penetrate panel holes, because damage to components on the underside may
result. A household all-purpose spray cleaner sprayed on cloth can be used to
clean the panel. Polish with a soft, dry cloth, taking care not to scratch the
display screen cover. The cables and mating panel receptacles can be cleaned
with isopropyl or denatured alcohol applied with a clean cloth.

Contamination of some parts of the high-voltage circuit, in particular the high-
voltage cable terminations and its mating panel receptacle, may show up as a
residual PF(DF) meter reading. Cleaning of these sensitive parts will remove the
leakage paths which cause the unwanted leakage current. Treat the high-voltage
cable with care. Keep it clean and do not subject it to abuse, such as dropping or
crimping,.

Calibration

During the warranty period, no calibration should be necessary. Contact the
factory if there is any suspected problem.

The overall accuracy of capacitance and power factor (dissipation factor) at 10
kV should also be checked at least once a year against Megger’s Capacitance and
Dissipation Factor Standard (Cat. No. 670500-1). This will ensure that the entire
high-voltage circuit is functioning and calibrated propetly.
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A calibration kit is provided as an optional accessory. This allows for traceable
calibration locally without sending the unit to factory.

Factory calibration is of course also available. Contact your local Megger
representative for details

Recommended calibration interval is 1-3 years.

Troubleshooting

General Guidelines

This section provides general guidelines for basic troubleshooting of the
Delta4000. The Delta4000 undergoes rigorous testing before being shipped from
the factory; however, when it is subjected to various field conditions, there is
always the possibility of damage being done to the instrument or its cables. This
troubleshooting section does not attempt to cover all possibilities, but does list
suggestions that can be carried out in the field. There may be problems that
require the unit to be returned to the factory for repair.

If questionable readings are obtained, the first step is to check the calibration of
the Delta4000 using Megger’s Capacitance and Dissipation Factor Standard (Cat.
No. 670500-1). If the standard is not available, the next step is to test a specimen
with a stable known value e.g. the TTR capacitor or one of the capacitors in the
Megger capacitor kit. If such a specimen is not available, then perform the
following procedure for an “Open Air Test.”

Open Air Test

The purpose of this test is to check the overall functionality of the Delta4000,
including the high-voltage cable. The readings obtained show the stray signal
losses of the high-voltage cable.

1. Connect the wing nut ground terminal of the test set to a low impedance
earth ground using the ground cable supplied.

2. Connect the control unit to the high-voltage unit using the two
interconnection cables.

3. Connect the external intetlock cables to the SAFETY INTERLOCK
receptacles.

4. Connect the high-voltage cable to the HV OUTPUT terminal of the
high-voltage unit (power supply). Be sure that the connector locks in
place.
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5. With the main breaker OFF, plug the input power cord into the test set
AC POWER receptacle and into a three-wire grounded power receptacle
having the appropriate voltage and current ratings.

6. Suspend the outboard end of the high-voltage cable in free air so that it is
clear of all surrounding objects by at least 3 ft (0.91 m). Use dry nylon
rope if available.

7. Start your Delta4000 and use Delta Control (or a PowerDB form) and
perform a general GST-GND test.

When test is completed, observe test results. The results should be as follows:
Capacitance: between 4.0 and 8.0 pF
%DF or %PF: between -1.0 to +2.0%

Watts @ 10 kV: between -0.002 to +0.006
mA @ 10 kV: between 0.015 to 0.030

Megger offers a complete repair service and recommends that its customers take
advantage of this service in the event of equipment malfunction. Please indicate
all pertinent information including problem, symptoms, and attempted repairs.
Pack the Delta4000 in its transit case and include all cables that came with the
instrument. Equipment returned for repair must be shipped prepaid and insured
and marked for the attention of the Repair Department.
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