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SAFETY SUMMARY

FOLLOW EXACT OPERATING PROCEDURES

Any deviation from procedures described in this User’'s Manual may create one or more safety hazards, damage
the TRF-250, damage the test transformer, or cause errors in the test results. Vanguard Instruments Company, Inc.
assumes no liability for unsafe or improper use of the TRF-250. The following safety precautions must be observed
during all phases of test setup, test hookups, testing, and test lead disconnection.

SAFETY WARNINGS AND CAUTIONS
The TRF-250 shall be used only by trained operators. All transformers under test shall be off-line and fully
isolated. Always ground the TRF-250 to a substation ground before connecting the test cables to a transformer. Do
not perform test procedures or service unless another person is also present who is capable of rendering aid and
resuscitation.

SERVICE AND REPAIR
e Do not install substitute parts or perform any unauthorized modification to any TRF-250 test unit.
e Repairs must be performed only by Vanguard Instruments Company factory personnel or by an authorized
repair service provider. Unauthorized modifications can cause safety hazards and will void the manufacturer’s
warranty.

EQUIPMENT RATINGS
IP Rating: The enclosure for TRF-250 has an IP rating of 32.

Pollution Degree: The TRF-250 has a pollution rating of 2.

Operating Voltage: The TRF-250 is rated for use with an operating voltage of 120V or 240V, auto-ranging £10% of
selected voltage.

Power Cord: The TRF-250 is supplied with a 16 AWG, 16A power cord with a NEMA 5-15P plug. Replacement cable
shall have the same or better rating and is available through the manufacturer.

VENTILATION REQUIREMENTS

The TRF-250 must be operated with the enclosure lid open.

SAFETY SYMBOLS

Indicates that caution should be exercised

@ Indicates location of chassis ground terminal

CLEANING
To clean the TRF-250:

e Disconnect all cables and turn the unit off.

e Use a soft, lint-free cloth to wipe all surfaces clean.
e Avoid getting moisture in openings and connectors.
e Don't use any cleaning products or compressed air.
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CONVENTIONS USED IN THIS DOCUMENT

This document uses the following conventions:
e Akey, switch, or knob on the TRF-250 is indicated as [KEY], [SWITCH], [KNOB].
e Menu names are referenced as “MENU NAME”

e TRF-250 LCD screen output is shown as:

OFTIOH
« OFTIOH
« OFTIOH
« OFTIOH
« OFTIOH

0 L b e
O L b

e When instructions are provided, the menu item that should be selected is printed in bold as
shown below (option 3 should be selected):

OFTION 1
« OFTION 2
« OPFTION =
« OFTION 4
« OFTION 3

AT

e Warning messages are indicated as:

A Warning message

WARNING

e Important notes are indicated as:

‘ Note details
NOTE
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1.0 INTRODUCTION
1.1 General Description and Features

The TRF-250 is Vanguard's fourth generation transformer turns ratio tester. This latest design
provides a higher turns-ratio test voltage of 250Vac, provides a wireless Bluetooth PC interface,
and features a 44-key "QWERTY"-style membrane keyboard. All these features greatly improve
the accuracy of the turns ratio readings, ease of operation, and reliability.

The TRF-250 determines the turns ratio of the transformer under test using the IEEE C57.12.90
measurement method. The turns-ratio range is from 0.8 to 50,000 to 1. Transformer turns ratio,
excitation current, and winding polarity are displayed on the built-in 128 x 64 pixels graphic LCD
screen. The TRF-250 can be used as a standalone unit or can be computer-controlled.

Auto-Detect Transformer Configuration

The TRF-250 can automatically detect 130 specific vector groups for different transformer types
defined by ANSI, CEI/IEC, and Australian standards.

Transformer Test Voltages

To prevent an accidental wrong test-lead hook-up (e.g., when the operator reverses H and X
leads), the TRF-250 outputs a low-level test voltage to verify the hook-up condition before
applying the full test voltage to the transformer. Four test voltages (4 Vac, 40 Vac, 100 Vac, 250
Vac) allow the TRF-250 to test CT’s and PT’s, as well as power transformers.

Transformer Load Tap Changer Control

Voltage regulator or LTC tap positions can be changed remotely using the unit’s built-in
transformer load tap changer. This feature eliminates the need to manually raise or lower tap
positions from the transformer control panel.

Built-in Thermal Printer

The TRF-250 features a built-in 4.5-inch wide thermal printer that can be used to print test
results.

User Interface

The TRF-250 features a back-lit LCD screen (128 x 64 pixels) that is viewable in both bright
sunlight and low-light levels. The test results screen displays the transformer turns-ratio,
excitation current, phase angle, and percentage error. The unit is controlled via a rugged, 44-
key, "QWERTY"-style membrane keypad.

Computer Interface

In computer-controlled mode, the unit can be controlled via the Bluetooth or USB interface
using the supplied PC software (Transformer Turns-Ratio Analyzer application provided with
each unit). This Windows®-based application can be used to run tests and to store test results
on a PC. Test results can also be exported to Excel, PDF, and XML formats for further analysis.




TRF-250 USER’S MANUAL REV 1

Bluetooth PC Interface

The TRF-250 offers an industry-first Bluetooth wireless interface that can be used to remotely
control the unit.

USB Flash Drive Interface

A built-in USB Flash drive interface provides a convenient method for transferring test plans
and test records to or from a USB Flash drive. The user can store up to 999 transformer test
plans and test records on a USB Flash drive, and the supplied PC software can be used to view
the test records.

Internal Test Record Storage

Up to 112 test records can be stored in the TRF-250’s Flash EEPROM memory. Each test record
may contain up to 99 turns-ratio, excitation current, phase angle and nameplate voltage
readings. Test records can be recalled locally or transferred to a PC via the available interfaces
(Bluetooth, USB port, USB Flash drive port).

Transformer Test Plans

The TRF-250 can store up to 128 transformer test-plans in its Flash EEPROM. A test-plan is
comprised of the transformer nameplate voltages for each tap setting. The calculated turns
ratio based on the nameplate voltages is compared with the measured turns-ratio to derive the
percentage error and Pass/Fail results. By using a test plan, a transformer can be quickly tested
and turns-ratio Pass/Fail reports can be reviewed. Test plans can be created with the PC
software and can be transferred to the TRF-250 via the available interfaces (Bluetooth, USB
port, USB Flash drive port).

The 250V Test Voltage Advantage

The 250V test voltage provided by the TRF-250 provides more accurate test results when
measuring the transformer turns ratios of very large transformers with a built-in LTC. The three
figures below show the turns ratio test results and corresponding percentage error of a
600MVA transformer with an LTC in the Lowest position using 40V, 100V, and 250V test
voltages. At the 250V test voltage, the percentage error is less than 0.5% as specified in IEC
60076-1 and IEEE C57.12.00-2006-1 standards.

Test results using 40V test voltage Test results using 100V test voltage Test results using 250V test voltage

RECORD NUMBER &

RECORD NUMBER 7

TRANSFORMER TEST RESULTS

TRANSFORMER TEST RESULTS

RECORD NUMBER 8

DAaTE : oe 1714

TIME: OB : S 31

TIME:CcB:=S7: 1%

TRANSFORMER TEST RESULTS

TEST vOLTAGE = ao v

DATE : Os -1+ -1 TIME: OB : S8 : as

TYFPE: Thuno

TEST VOLTAGE = =So W

H Tars H UL TAcEs 310, Soo

= Tars = oUOLTAGE: 141, S0

CALCULATED RATIE: =. 1943

%Error > 0.5%

- Tes. - oUOLTAGE: 210, S00

* UOLTAGEs 141, =00

CAaLcuULATED mAaTIOr =.i1949

TYPE: YNun<o

H O Tars

= TAars

H UOLTacE: 310, So00
o UOLTAGE: 141, S00

CALCULATED RATIO: =. 1943

FHAaSE =<OIFF

o. 11 o. a7
o. aa
o.a=

PHS MoRaTIO ™
-z . ZOaT 10
-z . 2039 a.

=

= . ZzOa

nerl

%Error > 0.5%

%Error < 0.5%
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1.2

TRF-250 Technical Specifications

Table 1. TRF-250 Technical Specifications

TYPE

PHYSICAL SPECIFICATIONS
OPERATING VOLTAGE
MEASUREMENT METHOD

TURNS-RATIO MEASURING
RANGE

TURNS-RATIO ACCURACY

TEST VOLTAGES

EXCITATION CURRENT READING
RANGE

PHASE-ANGLE MEASUREMENT
DISPLAY

PRINTER
COMPUTER INTERFACES
EXTERNAL DATA STORAGE

INTERNAL TEST RECORD

STORAGE
INTERNAL TEST PLAN STORAGE

PC SOFTWARE

LOAD TAP CHANGER CONTACT

SAFETY

ENVIRONMENT

HUMIDITY (MAX)
ALTITUDE (MAX)
CABLES

WARRANTY

Portable, lightweight, automatic, 3-phase transformer turns-ratio meter
18"W x 5”"H x 12"D(45.7 cm x 12.7 cm x 30.5 cm); Weight: 20 Ibs(9.1 Kg)
100 — 240 Vac, 50/60 Hz

ANSI/IEEE C57.12.90

0.8 — 50,000 to 1

0.8 —1,999: £0.1%, 2,000 — 3,999: £0.25%. 4,000 — 14,999: +1%,
15,000 - 50,000: £2% @ 4Vac

0.8 —1,999: £0.1%, 2,000 — 3,999: £0.20%. 4,000 — 14,999: £1%,
15,000 — 50,000: +1.5% @ 40Vac

0.8 —1,999: £0.1%, 2,000 — 3,999: +0.20%. 4,000 — 14,999: 1%,
15,000 — 50,000: +1.5% @ 100Vac

0.8 —1,999: £0.1%, 2,000 — 3,999: +0.15%. 4,000 — 14,999: +0.8%,
15,000 - 50,000: £1.2% @ 250Vac

4 Vac @ 1 Amp, 40 Vac @ 200 mA, 100 Vac @ 100 mA, 250 Vac @ 50
mA

0 — 2 Amperes; Accuracy: 0.1 mA, +2% of reading (x1 mA)

0 — 360 Degrees; Accuracy: +0.2 degree (+1 digit)

Back-lit LCD screen (128 x 64 pixels) viewable in bright sunlight and low-
light levels

Built-in 4.5-inch wide thermal printer
Bluetooth, USB port

One USB Flash drive interface port; Up to 999 transformer test records
can be stored on a USB Flash drive (not included)

Can store 112 transformer test records internally. Each record holds the
test record header and up to 99 readings.

Can store 128 transformer test plans internally. Test plans can be
transferred to the unit from the PC via Bluetooth/USB port or via the USB
Flash drive interface

Windows®-based Transformer Turns Ratio Analyzer application is
included with purchase price

240 Vac, 2 Amps

Designed to meet UL 61010A-1 and CAN/CSA C22.2 No. 1010.1-92
standards

Operating: -10° to 50° C (15° to +122° F); Storage: -30° C to 70° C (-22°
to +158° F)

90% RH @ 40° C (104° F) non-condensing
2000m (6562 ft) to fully safety specifications

One 15-foot single-phase set, one 15-foot 3-phase set, one 25-foot
extension set, one safety ground, one USB, cable bag

One year on parts and labor

l The above specifications are valid at nominal operating voltage and at a
temperature of 25°C (77°F). Specifications may change without prior notice.

NOTE




TRF-250 USER’S MANUAL REV 1

1.3 Controls and Indicators

The TRF-250 controls and indicators are shown in Figure 1. A leader line with an index number
points to each control and indicator, which is cross-referenced to a functional description in the
corresponding table. The purpose of the controls and indicators may seem obvious, but users
should familiarize themselves with them before using the TRF-250. Accidental misuse of the
controls will usually cause no serious harm. Users should also familiarize themselves with the
safety summary information found on the front page of this User’s Manual.

120/240Vac. 44, 50-60Hz
Fuse: F5A 250V

Transtormer Ratio Finder

TRF-250"

Figure 1. TRF-250 Controls and Indicators
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Table 2. Functional Descriptions of TRF-250 Controls and Indicators

Item Panel Markings Functional Description
Number
EMERGENCY Emergency turn-off test voltage switch.
1 TURN OFF
“PUSH”
2 Back-lit LCD screen (128 x 64 pixels), viewable in bright sunlight and
low-light levels.
3 H H voltage connector.
4 3A SLOW BLOW Load Tap Changer controller fuses
5 X X voltage connector.
6 LTC Load Tap Changer controller connector.
CONTROL
7 4 .5-inch wide thermal printer (optional)
8 120/240 Vac, 4A, 50-60Hz  Input power connector and fused power switch with third-wire safety
Fuse: F5A 250V ground.
9 GROUND Ground stud for connecting to sub-station ground.
10 Rugged "QWERTY" style membrane keypad
1 LTC Load Tap Changer control buttons.
CONTROL

TEST This LED flashes in response to commands or when a test voltage is

12 IN applied to the test transformer.
PROGRESS
13 USB USB PC interface connector.
PC

14 USB USB Flash drive interface port.

MEM
15 BLUETOOTH Bluetooth status indicator.
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2.0 PRE-TEST SETUP

2.1 Operating Voltages
The TRF-250 can be powered by ac line voltage of 100-240 Vac, 50/60 Hz.

2.2 LCD Screen Contrast Control

To increase the LCD screen contrast, press and hold the [A] key for two seconds. Release the
button when the desired contrast level has been reached.

To decrease the LCD screen contrast, press and hold the [¥] key for two seconds. Release the
button when the desired contrast level has been reached.

2.3  Printer Paper Control

To advance the thermal printer paper, press and release the [A] key.
To retract the thermal printer paper, press and release the [¥] key.
2.4  Printer Paper

The TRF-250's optional built-in thermal printers use 4.5-inch wide thermal paper for printing
test results. To maintain the highest print quality and to avoid paper jams, the use of thermal
paper supplied by Vanguard Instruments Company is highly recommended. Additional paper
can be ordered from the following sources:

Vanguard Instruments Co, Inc.
1520 S. Hellman Avenue
Ontario, CA 91761

Tel: 909-923-9390

Fax: 909-923-9391

Part Number: VIC TP-4 paper

BG Instrument Co.

13607 E. Trent Avenue
Spokane, WA 99216

Tel: 509-893-9881

Fax: 509-893-9803

Part Number: VIC TP-4 paper
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2.5 Replacing the Load Tap Changer Controller Fuses

The TRF-250 features a built-in Load Tap Changer (LTC) controller that can raise or lower the
LTC tap position from the front panel. The LTC controller circuit uses two 250 Vac/2A, NO, relay
contacts to simulate the LTC Raise/Lower switches. Each relay contact is protected by a 1A/250
Vac fuse (5 X 20mm, fast acting). The fuse should be replaced with a Littlefuse P/N 217001 or
equivalent.
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3.0 OPERATING PROCEDURES

The TRF-250 should always be grounded with the provided ground cable before connecting H
and X cables. The transformer bushings should also be grounded before connecting test leads
to the transformer. This will prevent inducing any voltages into the TRF-250. All transformer bus
connections must be removed, and the transformer must be isolated before performing any
tests. Typical transformer connection diagrams are illustrated in the sections below.

3.1 Connection Diagrams

3.1.1. Typical Connections to a Load Tap Changer (LTC)
LOWER _—_l :RAISE
Ccs
L R
LOWER RAISE
-

Figure 2. Typical Connections to a Load Tap Changer (LTC)
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3.1.2. Typical Connections to a Delta-Wye Transformer
(H2) (X2)
o H2 x2 o
(HO) Noconwscno~ N\ - ,}f_ (X1)
S S
(H) = H X (x0)
o~ . H3 X3 ._\
(H3) X (X3)

el T=- 1= 1=]-]0
EWEREMEMEEE
HEI-EENEHUMUEE
Bz (][] Mm@

Figure 3. Typical H & X Cable Connections to a Delta-Wye Transformer
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3.1.3. Typical Connections to a Single Phase Transformer

(H1) ___H1 X1 (X1)

Figure 5. Typical Connections to a Single Phase Auto Transformer
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3.1.4. Typical Connections to a Voltage Regulator

SOURCE SERIES WINDING
!- RAISE

IIII:>

SHUNT LOAD

WINDING

COMMON

SERIES WINDING

-l_l_l1

SOURCE

LALALALj

X1 COMMON

Figure 7. Typical Connections to a Type B Voltage Regulator
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3.1.5. Typical Connections to a Donut Type (un-mounted) Current Transformer

X2

H2

Figure 8. Typical Connections to a Donut Type (un-mounted) Current Transformer (CT)

l The H and X test leads are reversed for the CT ratio test connections shown
above.
NOTE
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3.1.6. Typical Connections to a Multi-Tap Current Transformer

H1

X1

Il —on
i g
Rl

Figure 9. Typical Connections to a Multi-Tap Current Transformer
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3.1.7.Typical Connections to a Bushing Mount CT on a Single Phase Transformer

JUMPER
LEAD

Figure 10. Typical Connections to a Bushing Mount CT on a Single Phase Transformer
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3.1.8. Typical Connections to Bushing Mount CT’s on Delta Transformer

JUMPER INSTALLATION ON
SECONDARY WINDING

X2
(% D
H2

® | H1 H2
I Y x1% 1
"B" PHASE | ¢ '
BUsHING cT | ¢ I X2
1
e o o
H2
JUMPER CABLE
"A" PHASE "C" PHASE
BUSHING CT BUSHING CT
R o

e
X1

X3
X1 X2 JUMPER CABLE %}xg X1

Figure 11. Typical Connections to Bushing Mount CT's on Delta Transformer

l

NOTE

The CT turns-ratio is obtained by performing a Ynd11 test.




TRF-250 USER’S MANUAL REV 1

3.1.9. Typical Connections to Bushing Mount CT’s on Wye Transformer

JUMPER INSTALLATION ON PRIMARY WINDING

H3
s D
H2
-
HO
H1 %
.
X1
x‘.1 H1 ]_ - T ] JUMPER CABLE
s L)
X1 L= . X0
"A" PHASE
BUSHING CT —
"C"PHASE® ~
|susHing et N 7@
-
LLL

Figure 12. Typical Connections to Bushing Mount CT's on Wye Transformer

l The CT turns-ratio is obtained by performing a YnynO test.

NOTE
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3.2 Setting the Test Voltage

The TRF-250 offers four test voltages, 4 Vac, 40 Vac, 100 Vac, and 250Vac. The unit always
defaults to 40 Vac at power-on. The 4 Vac test voltage is for testing transformers which require
low test voltages, such as metering Current Transformers (CT’s). For metering CT’s, higher
voltages may drive the CT’s into saturation, thus giving invalid results. The 40 Vac test voltage is
recommended for testing power transformers. The 100 Vac test voltage is recommended for
testing power transformers in noisy environments. The 250V test voltage provided by the TRF-
250 provides more accurate test results when measuring the transformer turns ratios of very
large transformers with a built-in LTC. Follow the steps below to set the test voltage:

a. Turn on the unit and start from the “ START-UP” menu:

1. EUH TEST
2. SETUP

2. TEST PLAMS
4. DIAGHOSTIC

TIME: 11223561
DATE: B@5-29-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

1. RECORD ID

« TEST MOLTAGE

« PFEINT REECORD

« SAVE-RESTORE RECORI
« HEST PARGE

N fe LW B

Press the [2] key (TEST VOLTAGE).

c. The following screen will be displayed:

1. 4 VOLTS

2. 48 VOLTS
Z. 188 VOLTS
4. 2568 VOLTS

Select the desired test voltage by pressing the corresponding key on the numeric keypad
([1] for 4 volts, [2] for 40 volts, [3] for 100 volts, or [4] for 250 volts).
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d. The voltage will be set and the following confirmation message will be displayed:

48 VMOLTS SET

Press any key to return to the “START-UP” menu.
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3.3 Setting the Date and Time
To set the date and time:

a. Start from the “START-UP” menu:

REUM TEST

. SETUP

« TEST FLAMHS
« DIAGHOSTIC

Fu L B

TIME: 11223561
DATE: @8-29-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST MOLTAGE

« PFEINT REECORD

« SAVE-RESTORE RECORI
» MEXT PRGE

O o L b

Press the [5] key (NEXT PAGE).

c. The following screen will be displayed:

SET TIME

« SET LAMGUAGE

« BLLUETOOTH DEY EESET
. PREVIOUS PAGE

Fu L b

Press the [1] key (SET TIME).

d. The following screen will be displayed:

EMTER DRTE

MrM-DD0-"%

Enter the date using the keypad.
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e. The following screen will be displayed:

EMTER TIME

HH: M= 55

Enter the current time using the keypad. When the complete time has been entered,
you will be immediately returned to the “START-UP” menu.
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3.4 Setting the User Interface Language
To set the user interface language:

a. Start from the "START-UP" menu:

REUM TEST

. SETUP

« TEST FLAMHS
« DIAGHOSTIC

Fu L B

TIME: 11223561
DATE: @9-84-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST MOLTAGE

« PFEINT REECORD

« SAVE-RESTORE RECORI
» MEXT PRGE

O o L b

Press the [5] key (NEXT PAGE).

c. The following screen will be displayed:

SET TIME

« SET LANGUAGE

« BLLUETOOTH DEY EESET
. PREVIOUS PAGE

Fu L B

Press the [2] key (SET LANGUAGE).

d. The following screen will be displayed:

1. EHGLISH
2. TURKISH
2. SPAMISH

Press the key on the keypad corresponding to your preferred language.
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e. The preferred user interface language will be set, and the following confirmation screen
will be displayed:

EMGLISH SET

Press any key to return to the "START-UP" menu.
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3.5 Clearing the List of Trusted Bluetooth Devices

When the TRF-250 is connected to a PC via Bluetooth for the first time, the PC is added to the
unit's list of trusted paired Bluetooth devices. The TRF-250 will then automatically connect to

the PC for future uses. You can clear the unit's list of trusted Bluetooth devices using the steps
below:

a. Start from the "START-UP" menu:

1. BUH TEST
2. SETUP

3. TEST PLAMS
4. DIAGHOSTIC

TIME: 11:23:61
DATE: BA9-84.-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

. TEST WOLTAGE

» PEIMT EECORD

» SAVE-EESTORE RECORD
« HEXT PAGE

O o L b3 e

Press the [5] key (NEXT PAGE).

c. The following screen will be displayed:

SET TIME

« SET LAHGUAGE

. BLUETOOTH DEY RESET
« PFEEVMIOUS PAGE

F LY kD =

Press the [3] key (BLUETOOTH DEV RESET).

d. The following screen will be displayed:

CLERR EBLUETOOTH
TEUSTED DEMICE LIST.

ARE YO SURETY
1. ¥ES
2. MO
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e.

Press the [1] key (YES).

The Bluetooth trusted device list will be cleared and the following confirmation screen

will be displayed:

TEUSTED DEVICE LIST
CLERRED!

Press any key to return to the "START-UP" menu.
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3.6 Performing Tests
3.6.1. Entering Test Record Header Information

You can enter the test record header information before performing tests. The record header
includes identifying information such as the company, station, circuit, manufacturer, etc. Once
the header information has been set, it will apply to all subsequent test records. To enter the
header information:

a. Start from the “START-UP” menu:

1. EUM TEST
2. SETUP

3. TEST PLAMS
4. DIAGHOSTIC

TIME: 11:23:61
DATE: BA9-84.-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

1. RECORD ID

. TEST WOLTAGE

FEIMT RECORD

» SAVE-EESTORE RECORD
» MEXT PARGE

N fe LW D

Press the [1] key (RECORD ID).

c. The following screen will be displayed:

COMPAMY

T-0 TO POSITION
"EHTER"™ TO ACCEFT

Type the company name using the keypad.
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d. The following screen will be displayed:

e. The following screen will be displayed:

f.

g. The following screen will be displayed:

STATIOM:

T-0 TO POSITION
"EHTER"™ TO ACCEFT

Type the station name using the keypad and then press the [ENTER] key.

CIRCUIT:

T+l TO POSITION
"EMTER" TO ACCEFT

Type the circuit information using the keypad and then press the [ENTER] key.

The following screen will be displayed:

MAMNUFRCTURER:

T+l TO POSITION
"EMTER" TO ACCEFRT

Type the manufacturer name using the keypad and then press the [ENTER] key.

MODEL =

T-d TO POSITION
"EMTEE" TO ACCEFT

Type the transformer’s model information using the keypad and then press the

[ENTER] key.
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h. The following screen will be displayed:

SERIAL HUMEEER:

T-0 TO POSITION
"EHTER"™ TO ACCEFT

Type the transformer’s serial number using the keypad and then press the [ENTER]
key.

i. The following screen will be displayed:

k¥A RATINGE

T-0 TO POSITION
"EHTER"™ TO ACCEFT

Type the transformer’s KVA rating using the keypad and then press the [ENTER] key.

j.  The following screen will be displayed:

OFERATOR:

T+l TO POSITION
"EMTER" TO ACCERT

Type the operator’s name using the keypad and then press the [ENTER] key. All
header information will be saved, and you will be returned to the “START-UP” menu.
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3.6.2. Testing a Single Phase Transformer
Follow the steps below to test a single phase transformer:

a.

b. The following screen will be displayed:

C.

Start from the “START-UP” menu:

« RUN TEST

« SETUF

« TEST FLAMHS
« DIAGHOSTIC

o LH] D

TIME: 11223581
DATE: @9-82-14

Press the [1] key (RUN TEST).

AFME COMFIGE
1. SINGLE PHRSE

Iy
v
od
Yy
. HEXT PAGE

() B = )

Press the [1] key (SINGLE PHASE).

The following screen will be displayed:

HAME FLATE WOLTAGE?
1. YEs
Z. MO
l If you had entered name plate voltages for a previous test, the following
screen will be displayed instead of the above screen:
NOTE
HAME FLATE “OLTAGE?
1. YES
Z. MO

Z. USE PEEY DATA

Press the [3] key if you would like to use the name plate voltage values from

the previous test performed. Continue to step d.
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1. YES

Press the [1] key (YES) if you would like to enter the transformer name plate
voltage values. The following screen will be displayed.

MAME PLATE YOLTAGE:
H: %

B o

Type the H winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MAME PLATE WOLTAGE:
H & =

ZadEE 2

Press the [ENTER] key. The screen will be updated as shown below:

MAME FPLATE WOLTRGE:

Type the X winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MAME FLATE WOLTRGE:
o

Z2adE8 @ 2408

Press the [ENTER] key. Continue to step d.
2. NO

Press the [2] key (NO) if you do not want to enter the transformer name plate
voltage values. Continue to step d.
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d. The following screen will be displayed:

"STRRET™ TO TEST
]
"STOR® TO ABOET

Press the [START] key to initiate the test.

e. The following screen will be displayed while the test is being performed:

TEST IM PROGEEZS
FLERSE WAIT...

The test results will be displayed on the LCD screen when testing has finished:

EATIO  wA “DIFF
+18. 884 6084 8.084

The polarity is displayed as either a plus sign (+) for “in-phase” or a minus sign (-) for
“out-of-phase”. The value listed under “% DIFF” is the percentage error.

The percentage error (% DIFF) is calculated as the absolute value of:
[(Calculated Ratio — Measured Ratio) / Calculated Ratio)] x 100

NOTE

Press any key to continue.
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f. The following screen will be displayed:

FEIMT TEST RESULTS?Y
1. ¥YES
2. MO

Press the [1] key (YES) to print the test results.

g. The following screen will be displayed:

FEIMT FORMAT?
1. COLLIMH
2. DETARILED

Press the [1] key (COLUMN) to print a columnar report (see Figure 13) or press the [2]
key (DETAILED) to print a detailed report (see Figure 14).

h. The following screen will be displayed:

FEEF THIS READIMG?
1. ¥ES
2. MO

Press the [1] key (YES) to save the reading.

i. The following screen will be displayed:

TEST SAVED

Press any key to continue.

l The above screen will be displayed if there is currently no data in the unit’s
memory buffer. If a test was previously performed or a test record was
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j.

NOTE  restored from Flash EEPROM or from a Flash drive, the following screen will
be displayed instead:

FEEVIOUS DATA IM EUF

1. AFFEMD FEEY. DATA
2. CLEAR FREM. DATA

Press the [1] key (APPEND PREV. DATA) to append the data in the unit’s
working memory to the current test results, or press the [2] key (CLEAR PREV.
DATA) to clear any previous data from the unit’'s memory buffer and only save
the current test results.

The following screen will then be displayed:

TEST SAVED

Press any key to continue.

The following screen will be displayed:

RUM AHOTHERE TEST?

1. ¥ES

2. NO

3. REFERT PREY. TEST

Press the [2] key (NO).
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k. The following screen will be displayed:

SAVE THIS RECORD?Y
1. ¥YES
2. MO

Press the [1] key (YES) to save the test record to the unit’s Flash EEPROM.

l.  The following screen will be displayed momentarily:

SAVIMNG RECORD. ..

FLERSE MWAIT...

The following confirmation screen will then be displayed:

RECORD HUMEER 1
HAS BEEM SAWED!

l The unit will automatically assign the record number and will not over-write

existing test records.
NOTE

Press any key to return to the “START-UP” menu.
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TRANSFORMER TEST RESULTS

TEST VOLTAGE = SO WV

- T v FE = SINGLE FRPHAaSE >XFORMER

@——bDlﬁlTE=OE/23/:L4 TIME: 155 :53: 20
CorFMP&aErNY - vAanNncuAaRD INSTRUMENTS
STAT ION: FAacCTOoORY
CIRCUIT = A=0W
@———;— MFR = (=] =] ==
MODEL - SINGLE PHAaSE
b— e oY A=23T5aSa 8390
KvAa RTGE: Ao
OFERaT OoOR - Hea X

SINGLE FPHAaSE

AL ———————— ] A ——————— T
H TaFs H UOLTAGEs =, 00 4+ |
> TrAFFse > UOLTAGE—=s =0 -

CAalLCuULAaTED RAaTIOs 10 . OO0 ¢—

b &b

FH=S M_R=RAaTIO m& FHARSE ><DIFF
(=] + 10 . OO 0. = —O . O= 0. O=
Dﬂ"l’E’: 05‘\'23/14 \ TIMNE : 1.5 = 53\ =8

o & .

Figure 13. Single Phase Test Results Printout - Column Format

Table 3. Descriptions of Single Phase Test Results Elements (Column Format)

Item Description

Number

1 Test record date and time.

2 Test record header information (see section 3.6.1).

3 Test voltage.

4 Type of transformer under test.

5 H tap voltage.

6 X tap voltage.

7 Calculated ratio.

8 Percentage error between the calculated ratio and the measured ratio.

9 Excitation current.

10 Measured ratio.

11 Winding polarity.
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TRANSFORMER TEST RESULTS

DAaTE : OB =23 1<% TIMNE 1 O9 = =2 = O= -
CoOorFMPAaRNY - vVanNnGuarRD ITNSTRUMENTS
STAT ION: FARCTOoORYT

CIRCUIT = A =O0ON

MFR : AaBbBc -
MODEL : SINGL.E PHAaSE ~FORMER
SN = A=23Ta45Sae7TBaI0

KvVAa RTG: AT

OFERAaT OR = Ha T

TEST VOL.TAGE = =3O v -

TYFPE = SINGL.E PHARSE NFORMER — |

SINGLE FPHasSE

H AL —— = P9 A ———— T

TEST H1—H= AaND > 1 —>

HNAarE FLAaTE UOL TAacGE ==

H UL TAacEs ’ = . OO /

L ] TARF SETTIHNGE:

< UOLTAaGEs 241::4"/

= T AaF SETTINGS=

CRLCuULAaTED RATIO:= 10O . DDD*'—-__—-_-_

Jdosdo bbb 46 44

MEASURED RAaTIOs 10 . 0'5'54"—__—_-
DIFFERENCET:S O . SS<=x «#%

=F M= TURHNS RAaTIO= 10 . O3 -4

UOL TAGE RAaTIOSs 10099 d4— |

MEAasSURED FPHAaSE—HGL E:= [ RN | o ) DEG

MEARASURED CURRENT = 0. = mA \

DERETE: o8 =23 ~1=% TIMNE : O9 =1 =2==2: 0O=

Figure 14. Single Phase Test Results Printout - Detailed Format
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Table 4. Descriptions of Single Phase Test Results Elements (Detailed Format)

Item

Number Description

Test record date and time.

Test record header information (see section 3.6.1).

Test voltage.

Type of transformer under test.

H tap voltage.

X tap voltage.

Calculated ratio.

Measured ratio.

Percentage error between the calculated ratio and the measured ratio.
Measured transformer turns ratio.

—-— -
2230 N oA N =

Measured voltage ratio.

-
N

Winding phase angle.

-
w

Excitation current.




REV1 TRF-250 USER’S MANUAL

3.6.3. Testing a Dyn1 (12,000 V/208 V) Transformer
Follow the steps below to test a Dyn1 (12,000 V/208 V) transformer:
a. Start from the “START-UP” menu:

RUM TEST

« SETUF

« TEST FLAMHS
« DIAGHOSTIC

F LW R =

TIME: 11223561
DATE: @9-83-14

Press the [1] key (RUN TEST).

b. The following screen will be displayed:

AFME COMFIGE
1. SIMGLE PHARSE

- Dy
« i
L Dd

« Ty
« MEXET PRGE

TN B W R

Press the [2] key (Dy).

c. The following screen will be displayed:

nE ACCESSIELEY
1. YES
2. MO

Press the [1] key (YES).
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d. The following screen will be displayed:

1. Dynl
2. Dyn=
Z. Iyns
4. Iynv
Se Dym'?
. Oynll
« AUTO DETECT

-]

Press the [1] key (Dyn1).

e. The following screen will be displayed:

MAME FLATE WOLTAGE?
1. YES
2. MO

1. YES

Press the [1] key (YES) if you would like to enter the transformer name plate
voltage values. The following screen will be displayed.

MAME FLATE YOLTRGE:

Type the H winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MAME PLATE WOLTAGE:

ZadEE 2
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Press the [ENTER] key. The screen will be updated as shown below:

MAME FLATE WOLTRAGE:

Type the X winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MAME FLATE YOLTRGE:

Press the [ENTER] key. Continue to step f.
2. NO

Press the [2] key (NO) if you do not want to enter the transformer name plate voltage
values. Continue to step f.

f. The following screen will be displayed:

"STRRET™ TO TEST
THEEE FHASE OF
"STORY TO ABORET

Press the [START] key to initiate the test.

g. The following screen will be displayed while the test is being performed:

TEST IM FPROGEESS
FLERSE WAIT...
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The screen will be updated with the Phase A test results as shown:

TEST EESULTES:
EATIO  wma ®DIFF
A +108. 84 BEa:s  B8.11

wFME TYFPE: Dynl

Testing will continue, and the screen will be updated with the Phase B test results as
shown:

TEST EESULTS:
EATIO  mA ®IDIFF

A +10E. 84 a2 B8.11
B +106.83 08a: @.12

wFMRE TYPE: Dynl

Finally, the screen will be updated with the Phase C test results as shown:

TEST EESULTES:

EATIO  wA “DIFF
A +108. 84 BEE2 B, 11
B +1608.8% 080z @, 12
C +108.81 8882 @.89

aFME TYFE:S Dynl

Press any key to continue.

h. The following screen will be displayed:

FEIMT TEST EESULTS?
1. YES
2. MO

Press the [1] key (YES) to print the test results.
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i. The following screen will be displayed:

FEIMT FORMAT?Y
1. COLLIMH
2. DETARILED

Press the [1] key (COLUMN) to print a columnar report (see Figure 15) or press the [2]
key (DETAILED) to print a detailed report (see Figure 16).

j.  The following screen will be displayed:

FEEF THIS READIHG?
1. YES
2. MO

Press the [1] key (YES) to save the reading.

k. The following screen will be displayed:

TEST SAVED

Press any key to continue.

|.  The following screen will be displayed:

RUM AMOTHER TEST?

1. YES

2. MO

3. EEFERT PEREY. TEST

Press the [2] key (NO).
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m. The following screen will be displayed:

SAVE THIS RECORDY
1. YES
2. MO

Press the [1] key (YES) to save the test record to the unit’s Flash EEPROM.

n. The following screen will be displayed momentarily:

SAVIMNG RECORD. ..

FLERSE MWAIT...

The following confirmation screen will then be displayed:

RECORD HUMEER 1
HAs BEEM SRVED!

Press any key to return to the “START-UP” menu.
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TRANSFORMER TEST RESULTS

DEaTE : O8 =23 ~1.<% TIMFE : 08 : O&8 1 35
CoOoOMPAaRNY - vAancuaAarRD INSTRUMENTS
STAT ION: FARCTORY

CIRCUIT = A =O0ON

MFRFR : (=] = | =

MODEL = DN

SN : 1=23Ta45Ssas 7820

KvAa RTG: S00

OFPERAT OR = HAaTI

TEST VOLTAGE = =0 WV =%

NI

TYPE = Dygyr 1
Dgyrm 1
HL <
== o -
H= H= ~=
H TaFas H wvUOLTAGE:s 1=, o000 4| .
= TAaFPsE = O UOLTAGE = =0s 4——-@
CaLCULAaTED RaTIO: SD9. 92 4 { a)
PHS M_RaTIO ma PHAaSE =DIFF
- -100. O3 =L O = =T=1 O.- 104
Ex +—100. 03 =_.0 O O3 [ 104——
[= +-100. 03 2. s O . O O. 10—
N \@
DeaTEllosSs -==-1< TIME : O8 : O : 35

Figure 15. Dyn1 Test Results Printout - Column Format
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Table 5. Descriptions of Dyn1 Test Results Elements (Column Format)

Item Description
Number
1 Test record date and time.
2 Test record header information (see section 3.6.1).
3 Test voltage.
4 Type of transformer under test.
5 Transformer configuration diagrams (H and X).
6 H tap voltage.
7 X tap voltage.
8 Calculated ratio.
9 Measured ratio, excitation current, phase angle, and percentage error for Phase A.
10 Measured ratio, excitation current, phase angle, and percentage error for Phase B.
11 Measured ratio, excitation current, phase angle, and percentage error for Phase C.
12 Winding polarity.
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TRANSFORMER TEST RESULTS

DATE : o8 -~ =231 TIFE : O8 O : S99+
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o
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Figure 16. Dyn1 Test Results Printout - Detailed Format
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Table 6. Descriptions of Dyn1 Test Results Elements (Detailed Format)

Item Description

Number

1 Test record date and time.

2 Test record header information (see section 3.6.1).

3 Test voltage.

4 Type of transformer under test.

5 Transformer configuration diagrams.

6 Test H1-H3 and X1-X0 section heading.

7 H1-H3 tap voltage.

8 X1-X0 tap voltage.

9 H1-H3, X1-X0 calculated ratio.

10 H1-H3, X1-X0 measured ratio.

11 H1-H3, X1-X0 percentage error between calculated ratio and measured ratio.

12 H1-H3, X1-X0 transformer turns ratio.

13 H1-H3, X1-X0 voltage ratio.

14 H1-H3, X1-X0 measured phase angle.

15 H1-H3, X1-X0 measured excitation current.

16 Test H2-H1 and X2-X0 section heading

17 H2-H1 tap voltage.

18 X2-X0 tap voltage.

19 H2-H1, X2-X0 calculated ratio.

20 H2-H1, X2-X0 measured ratio.

21 H2-H1, X2-X0 percentage error between calculated ratio and measured ratio.

22 H2-H1, X2-X0 transformer turns ratio.

23 H2-H1, X2-X0 voltage ratio.

24 H2-H1, X2-X0 measured phase angle.

25 H2-H1, X2-X0 measured excitation current.

26 Test H3-H2 and X3-X0 section heading.

27 H3-H2 tap voltage.

28 X3-XO0 tap voltage.

29 H3-H2, X3-X0 calculated ratio.

30 H3-H2, X3-X0 measured ratio.

31 H3-H2, X3-X0 percentage error between calculated ratio and measured ratio.

32 H3-H2, X3-X0 transformer turns ratio.

33 H3-H2, X3-X0 voltage ratio.

34 H3-H2, X3-X0 measured phase angle.

35 H3-H2, X3-X0 measured excitation current.
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3.6.4. Testing a Three Phase Transformer Using Auto Detect Mode

The TRF-250 provides a convenient Auto Detect mode that can automatically detect 130
specific vector groups for different transformer types defined by ANSI, CEI/IEC, and Australian
standards. The transformer configurations supported are listed in Appendix A. The TRF-250 can
detect the vector diagrams for Delta-Delta, Wye-Wye, Delta-Wye, and Wye-Delta transformer
types. Follow the steps below to test a three phase transformer using auto detect mode:

a. Start from the “START-UP” menu:

1. BUN TEST
2. SETUF

3. TEST PLAMS
4. DIAGHOSTIC

TIME: 11:23:61
DATE: BA9-09.-14

Press the [1] key (RUN TEST).

b. The following screen will be displayed:

wFME COMFIGE
1. SIMGLE PHRSE

2. Dy
3. d
4. Iid
P T
. HEXT PRAGE

Select a supported three phase transformer type by pressing the corresponding numeric
key on the keypad ([2], [3], [4], or [5]. For this example, we will perform a Yd test
(option 3).

c. The following screen will be displayed:

nE ACCESSIELEY
1. YES
2. MO

Press the [1] key (YES).
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d. The following screen will be displayed:

THd 1
» THAE
« THAS
« THAT
« THAF

« THd111
» AUTO DETECT

M Nk Y R =

=]

Press the [7] key (AUTO DETECT).

e. The following screen will be displayed:

MAME FLATE WOLTAGE?
1. YES
2. MO

1. YES

Press the [1] key (YES) if you would like to enter the transformer name plate
voltage values. The following screen will be displayed.

MEME FLAETE YOLTAGE:
H: H
[ -

Type the H winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MAME PLATE WOLTAGE:
H & =

1. 734 &
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Press the [ENTER] key. The screen will be updated as shown below:

MAME FLATE WOLTRAGE:

Type the X winding name plate voltage value using the numeric keypad. The
screen will be updated as shown below:

MEME FLAETE YOLTAGE:
H: H

1. 734 & 168

Press the [ENTER] key. Continue to step f.
2. NO

Press the [2] key (NO) if you do not want to enter the transformer name plate
voltage values. Continue to step f.

f. The following screen will be displayed:

"STRRET™ TO TEST
THEEE FHASE OF
"STORY TO ABORET

Press the [START] key to initiate the test.

g. The following screen will be displayed while the unit determines the transformer
configuration:

THd AUTO DETECT

TESTIMG YHd1
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The TRF-250 will start testing the transformer configurations starting with YNd1. If the
transformer is not a type YNd1, it will continue to test for the next type (YNd3, YNdS5,
etc.) until the transformer type has been determined. The screen will be updated as
shown below to indicate which configuration is currently being tested for:

THd AUTO DETECT

TESTIMG YHAE

Once the transformer type has been determined, the unit will start performing the test.

h. The screen will be updated with the Phase A test results as shown:

TEST EESULTS:
EATIO  wA ®DIFF
A +HIELEET 8.2 5 T

wFME TYPE: M1

Testing will continue, and the screen will be updated with the Phase B test results as
shown:

TEST EESULTS:
EATIO  wma ®DIFF

A +18.837 8.2 B, 46
B +10.84c 8.7 d. 324

wFME TYPE: WHA1
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Finally, the screen will be updated with the Phase C test results as shown:

TEST EESULTES:
EATIO  wma ®DIFF
A +18.837 8.2
B +10.84c 8.7 d. 324
C +18.837 8.3

wFME TYPE: WHA1

Press any key to continue.

i. The following screen will be displayed:

FEIMT TEST RESULTS?
1. ¥ES
2. MO

Press the [1] key (YES) to print the test results.

j- The following screen will be displayed:

FEIMT FORMAT?
1. COLLIMH
2. DETRILED

Press the [1] key (COLUMN) to print a columnar report or press the [2] key (DETAILED)
to print a detailed report.

k. The following screen will be displayed:

FEEF THIS READIHG?
1. YES
2. MO

Press the [1] key (YES) to save the reading.




TRF-250 USER’S MANUAL REV 1

I. The following screen will be displayed:

TEST SAYED

Press any key to continue.

m. The following screen will be displayed:

RUM AHOTHERE TEST?

1. ¥ES

2. NO

3. REFERT PREY. TEST

Press the [2] key (NO).

n. The following screen will be displayed:

SAVE THIS RECORD?Y
1. YES
2. MO

Press the [1] key (YES) to save the test record to the unit’s Flash EEPROM.

0. The following screen will be displayed momentarily:

SAVING RECORD. ..

FLERSE MWAIT...
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The following confirmation screen will then be displayed:

RECORD HUMEEE 4
HAs BEEH SAVED!

Press any key to return to the “START-UP” menu.
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3.7 Working With Test Records
3.7.1. Saving Test Results to a Test Record

After performing a test, the user is presented the option to save the test results to the unit’s
Flash EEPROM or to a USB Flash Drive. If the test results are not saved immediately after
performing a test, they will still remain in the working memory and can be saved later, as long
as a new test has not been performed and the unit has not been turned off. Follow the steps
below to save the test results from the working memory to a test record (the following
procedure can also be used to re-save a restored test record to a new memory location or to a

USB Flash Drive):

a. Perform atest or restore a test record to the working memory (see section 3.7.2 and
3.7.3), and then start from the “START-UP” menu:

1. EUH TEST
2. SETUP

2. TEST PLAMS
4. DIAGHOSTIC

TIME: 11223561
DRATE: @9-89-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

1. RECORD ID

« TEST MOLTAGE

« PFEINT REECORD

. SAVE-RESTORE RECORD
« HEST PARGE

N P lH b

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

1. RESTORE RECORD
2. SAVE RECORD

%. RECORD DIRECTORY
4. ERASE RECORD

Press the [2] key (SAVE RECORD).
If a USB Flash drive is connected to the unit, continue to step d.

If a USB Flash drive is NOT connected to the unit, continue to step e.
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d. The following screen will be displayed:

1. SAVE IMTEEMALLY
2. SAVE TO THUME DREIVE

1. SAVE INTERNALLY

Press the [1] key (SAVE INTERNALLY) to save the test record to the unit’s Flash
EEPROM. Continue to step e.

2. SAVE TO THUMB DRIVE

Press the [2] key (SAVE TO THUMB DRIVE) to save the test record to the
connected USB Flash drive. The following screen will be displayed:

REC_B81 SAWED TO
THUME DEIVE.

Press any key to return to the “START-UP” menu.

e. The following screen will be displayed:

FECORD HUMEER 5
HAS BEEM SAVED!

Press any key to return to the “START-UP” menu.
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3.7.2. Restoring a Test Record From Flash EEPROM

Use the steps below to restore a test record from the TRF-250’s Flash EEPROM to the working
memory:

a. Start from the “START-UP” menu:

1. EUHM TEST
2. SETUP

2. TEST PLAMS
4. DIAGHOSTIC

TIME: 11223561
DRTE: @9-89-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST WOLTAGE

« PEIMT RECORD

. SAVE-RESTORE RECORD
« HE=T PAGE

LN o L b e

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

RESTORE RECORD

. SAVE REECORD

» RECORD DIRECTORY
. EEASE EECORD

Fu L D

Press the [1] key (RESTORE RECORD).
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d. The following screen will be displayed:

RESTORE RECORD
1.EHTER EECORED HUMEEER
2.5CROLL TO SELECT

l If you have a USB Flash drive inserted in the TRF-250’s “USB MEM” port, the
following screen will be displayed instead of the above screen:

NOTE 1. INTERHAL STORRAGE
2. THUME DRIVE

Press the [1] key (INTERNAL STORAGE).
The following screen will be displayed:

FESTORE REECORID
1. EMTER EECORED HUMEEE
2. 5CROLL TO SELECT

Continue with the steps below.

1. ENTER RECORD NUMBER

Press the [1] key (ENTER RECORD NUMBER) if you know the record number that
you would like to restore.

1.1. The following screen will be displayed:

RESTORE RECORD
HUMEER:

Type the record number using the alpha-numeric keypad and then press
the [ENTER] key.
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1.2.

1.3.

The following screen will be displayed:

RECORD EESTORED!

FEINT RECORD?Y
1.YES
2. MO

Press the [1] key (YES) to print the test record.

The following screen will be displayed:

FEIMT REECORD
1.FEIMT TO LCD
2.FRINT TO PRIMTER

Press the [1] key (PRINT TO LCD) to display the restored test record data
on the unit’s LCD screen. Continue to step 1.4.

Press the [2] key (PRINT TO PRINTER) to print the restored test record
data on the unit’s built-in thermal printer. The following screen will be
displayed:

FEIMT FORMAT?
1. COLLUMH
2. DETRILED

Press the [1] key (COLUMN) to print the test report in columnar format, or
press the [2] key (DETAILED) to print the test report in detailed format.

The test report will be printed, and you will be returned to the “START-
UP” menu. The restored test record will remain loaded in the working
memory.
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1.4. The basic information about the restored test record will be displayed as
shown:

THA 1

HUM TESTS: 1
BT-22018 0 B7i52:50

Press the [¥] key. The test record details will be displayed as shown:

1 THd 1
2 MOLTS

EATIO  wA HDIFF

A +18.837 8.8 a. 46
E +1a.840 8.7 a. 324
Co+18.837 8.8 a. 46

Press the [STOP] key to return to the “START-UP” menu. The restored
test record will remain loaded in the working memory.
2. SCROLLTO SELECT

Press the [2] key (SCROLL TO SELECT) to scroll through a directory of the stored
test records.

2.1. The following screen will be displayed:

RECORDS DIRECTORY

"URT TO SCROLL FRWI
"OWH" TO SCEOLL REYS

Press the [A] key or the [¥] key to display the next or previous test
record, respectively.
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The basic test record information will be displayed as shown:

1 B7-21-18 B985
SIMGLE PHRSE
1 TESTS

When you have located the test record that you would like to restored,
press the [ENTER] key. Continue to step 1.2 on page 59.




REV1 TRF-250 USER’S MANUAL

3.7.3. Restoring a Test Record From a USB Flash Drive

Use the steps below to restore a test record from a USB Flash drive to the TRF-250’s working

memory:

a.

Make sure the USB Flash drive containing the test record(s) is inserted in the TRF-250’s
USB Flash drive port (“USB MEM” port). Then start from the “START-UP” menu:

RUM TEST

. SETUP

« TEST PLAHS
« DIAGHOSTIC

F LY B =

TIME: 11223561
DATE: @9-89-14

Press the [2] key (SETUP).

The following screen will be displayed:

RECORD ID
« TEST WOLTAGE
« PEIMT RECORD

LN o L b e

« HE=T PAGE

» SAVE-RESTORE RECORD

Press the [4] key (SAVE/RESTORE RECORD).

The following screen will be displayed:

RESTORE RECORD

. SAVE REECORD

» RECORD DIRECTORY
. EEASE EECORD

Fu L D

Press the [1] key (RESTORE RECORD).
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d. The following screen will be displayed:

1. IMNTEEHAL STORAGE
2.THUME DRIVE

Press the [2] key (THUMB DRIVE).

e. The following screen will be displayed:

FESTORE THUME DRIVE

REC_

Type the record number that you would like to restore using the keypad. If you do not
know the record number, you can first print a test record directory using the
instructions in section 3.7.6.

Press the [ENTER] key.

f. The test record will be restored to the unit’s working memory and the following screen
will be displayed:

REC_B88 EESTORED!
FEINT RECORD?Y

1.¥ES
2 MO

Press the [1] key (YES) to print or display the restored test record.
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g. The following screen will be displayed:

FEINT REECORED
1.FEINT TO LCI
2.FEIMT TO PREIMTEE

Press the [1] key (PRINT TO LCD) to display the test record date on the unit’s LCD
screen. Continue to step h.

Press the [2] key (PRINT TO PRINTER) to print the restored test record on the unit’s
built-in thermal printer. The following screen will be displayed:

FEIMT FORMAT?
1. COLLIFMH
2. DETRILED

Press the [1] key (COLUMN) to print the test record in columnar format, or press the [2]
key (DETAILED) to print the test record in detailed format. The test record will be
printed, and you will be returned to the “START-UP” menu. The restored test record will
remain loaded in the unit’s working memory.

h. The basic information about the restored test record will be displayed as shown below:

YHd1
HUM TESTS: 1
BT -22-18  B7:52:58
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Press the [¥] key. The test record details will be displayed as shown below:

1 THA1
2 MOLTS

REATIO  wA ®DIFF
A 18857 8.2 &4

B +18.848 8.7 @, 34
C +18.6837 8.8 &4

Press the [STOP] key to return to the “START-UP” menu. The restored test record will
remain loaded in the working memory.
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3.7.4. Copying Test Records to a USB Flash Drive

Use the steps below to copy one or all test records from the unit’s Flash EEPROM to a
connected USB Flash drive:

a. Make sure a USB Flash drive is connected to the unit’s “USB MEM” port, and then start
from the “START-UP” menu:

RUM TEST

. SETUP

« TEST PLAHS
« DIAGHOSTIC

F LY B =

TIME: 11223561
DATE: @9-89-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST WOLTAGE

« PEIMT RECORD

. SAVE-RESTORE RECORD
« HE=T PAGE

LN o L b e

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

RESTORE RECORED

. SAVE REECORD

» RECORD DIRECTORY

. EEASE EECORD

. COPY TO THUME DRIVE

O o L b3 e

Press the [5] key (COPY TO THUMB DRIVE).
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d. The following screen will be displayed:

COPY EEC TO THUME DEM

1. COPY SIMGLE REECORT
2. COPY ALL RECORDS

1. COPY SINGLE RECORD

Press the [1] key (COPY SINGLE RECORD) to copy a single test record from the
TRF-250’s Flash EEPROM to the connected USB Flash drive. The following screen
will be displayed:

EMTER RECORD HUMEEER
TO COPY TO FLARSH DREY

HUMEER:

Type the record number using the alpha-numeric keypad and then press the
[ENTER] key (If you don’t know the record number, you can first print a test
record directory using the instructions in section 3.7.6). The test record will be
copied to the USB Flash drive and the following screen will be displayed:

REC_B8a saWED TO
THUME DEIVE

Press any key to return to the “START-UP” menu.
2. COPY ALL RECORDS

Press the [2] key (COPY ALL RECORDS) to copy all test records from the TRF-
250’s Flash EEPROM to the connected USB Flash drive. All test records will be
copied from the unit to the connected USB Flash drive. The following screen will
be displayed when the process is finished:
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ALL RECORDS HAVE EBEEM
TEAHSFEREED TO THUME
DIEIVE!

Press any key to return to the “START-UP” menu.
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3.7.5. Printing or Displaying a Test Record

You can print or display a test record at the time that it is restored (see section 3.7.1 and 3.7.3),
or you can restore it to the working memory and print or display it later. To print or display the
current test record in the working memory:

a. Perform a test or restore a test record to the working memory (see section 3.7.1 and
3.7.3) and then start from the “START-UP” menu:

1. BUH TEST
2. SETUP

3. TEST PLAMS
4. DIAGHOSTIC

TIME: 11:23:61
DATE: BA9-09.-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

1. RECORD ID

. TEST WOLTAGE

« PRINT RECORD

» SAVE-EESTORE RECORD
» MEXT PARGE

N fe LW D

Press the [3] key (PRINT RECORD).

c. The following screen will be displayed:

FEINT REECORED
1.FEINT TO LCI
2.FEIMT TO PREIMTEE

Press the [1] key (PRINT TO LCD) to display the test record data on the unit’s LCD
screen. Continue to step d.

Press the [2] key (PRINT TO PRINTER) to print the restored test record on the unit’s
built-in thermal printer. The following screen will be displayed:
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FEIMT FORMAT?
1. COLLUIMH
2. DETRILED

Press the [1] key (COLUMN) to print the test record in columnar format, or press the [2]
key (DETAILED) to print the test record in detailed format. The test record will be
printed, and you will be returned to the “START-UP” menu.

d. The basic information about the restored test record will be displayed as shown below:

THd 1

MUM TESTS: 1
BY-22018 0 BTI52:58

Press the [¥] key. The test record details will be displayed as shown below:

1 THA1

2 MOLTS

EATIO  wA ®DIFF
A +HIELEET 8.2 5
B +l8.848 8.7 B, 254
Co+18.857 8.2 5

Press the [STOP] key to return to the “START-UP” menu. The restored test record will
remain loaded in the working memory.
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3.7.6. Printing a Test Record Directory

Follow the steps below to print a directory of the test records stored in the unit’s Flash EEPROM
or on a connected USB Flash drive:

a. Start from the “START-UP” menu:

1. EUHM TEST
2. SETUP

2. TEST PLAMS
4. DIAGHOSTIC

TIME: 11223581
DATE: @9-83%-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST WOLTAGE

« PEIMT RECORD

. SAVE-RESTORE RECORI
« HE=T PAGE

LN o L b e

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

RESTORE RECORED

. SAVE REECORD

» RECORD DIRECTORY

. EEASE EECORD

« COFY TO THUME DRIVE

N o L b e

l Option 5 (COPY TO THUMB DRIVE) is listed only if a USB Flash drive is

connected to the unit.
NOTE

Press the [3] key (RECORD DIRECTORY)
If a USB Flash drive is connected to the unit, continue to step d.

If a USB Flash drive is NOT connected to the unit, continue to step e.
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d. The following screen will be displayed:

1. INTEEHAL DIRECTORY
2. THUME DEIVE DIE

1. INTERNAL DIRECTORY

Press the [1] key (INTERNAL DIRECTORY) to print a directory of the test records
stored in the unit’s Flash EEPROM. Continue to step e.

2. THUMB DRIVE DIR

Press the [2] key (THUMB DRIVE DIR) to print a directory of the test records
stored on the connected USB Flash drive. A full directory of the test records
stored on the USB Flash drive will be printed and you will be returned to the
“START-UP” menu. Please see Figure 17 for a sample thumb drive directory

printout.

e. The following screen will be displayed:

FEIHT DIRECTORY

1. FULL DIRECTORY
2. SHORET DIRECTORY

Press the [1] key (FULL DIRECTORY) to print a full directory listing. This option will print
all test record headers. The full record directory will be printed and you will be returned
to the “START-UP” menu.

Press the [2] key (SHORT DIRECTORY) to print a short directory consisting of the last
twelve record headers. The short record directory will be printed and you will be
returned to the “START-UP” menu.

Please see Figure 18 for a sample internal Flash ERRPROM test record directory printout.




TRF-250 USER’S MANUAL REV 1

T HUME DR DT =

THUMNB DR\ FIL ENAarFE - REC _OOCO
DaAaTE-~-TIME: o8 =23.—1< A= = 55 1 O
TYPE = YNdL

NUMBER o TESTS = a

STATION:
CIRCUIT =

MFR :

MODEL =

SN =

KVvVAa RTG: =

THUMB DRV FILENAaARE : REC _OO1
DAaETE-~-TIMNE: O8 - =23-—1< o7 5= 5O
TYPE = N

NUMBER OF TESTS: a

STAaTION:
CIRCUIT =

MFER :

MODEL =

=l o ]

vVAa RTG: =

Figure 17. Typical USB Flash Drive (Thumb Drive) Test Record Directory Printout

TEST DDIRECT ORY

RECORD NUMBER = =

DAaTE—~—TIME: o3 =2 1< o7 5= 50
TYyPFPE = TiNAdL

NUMBER O TESTS = a

STAT ION:
CIRCUIT =

MFR =

MODEL. =

SN =

KvAa RTG: =

RECORD NUMNMBER = =

DaTE—~—TIME: [ ] = P — du- P B 3 O7F - 33 1 S5
TYPFPE = YNAdL

NUMBER OF TESTS = a

STAT ION:
CIRCUIT =

mMFFR =

MODEL =

SN =

[ Vo = ] RTG: =

RECORD NUMBER : =

DAaTE-TIMFME: OS2 =23 .—1< A 5 = S
TYPE = Dy L

NUMBER OF TESTS: a

STATION:
CIRCUIT =

MFR :

MODEL. =

SN =

=KV A RTGEG = =

RECORD NUMBER = -

DAaTE—~—TIME: OB == 1=} O - OS5 = 37
TYyFPE = SINGL E PHARSE NFORMER
NUMFMBER aoF TESTS = a

STATION:
CIRCUIT =

MFR =

MODEL. =

SN =

=va RTGE: =

Figure 18. Typical Internal Flash EEPROM Test Record Directory Printout
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3.7.7. Erasing Test Records from the Flash EEPROM
Follow the steps below to erase test records from the Flash EEPROM:

a. Start from the “START-UP” menu:

REUM TEST

. SETUP

« TEST FLAMHS
« DIAGHOSTIC

Fu L B

TIME: @9:18:15
DATE:  @9-18-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST YOLTAGE

« PEINT REECORD

. SAVE-RESTORE RECORI
« HEST PARGE

I R

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

FESTORE REECORD

« SAVE REECORID

« RECORD DIRECTORY

. ERASE RECORD

« COPY TO THUME DRIVE

LN o L b e

Press the [4] key (ERASE RECORD).

l Option 5 (COPY TO THUMB DRIVE) is listed only if a USB Flash drive is

connected to the unit.
NOTE

d. The following screen will be displayed:

ERASE RECORED

1.ERRSE SIMGLE REC.
2.ERASE ALL RECORDES

"STOR" TO ERIT
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l If you have a USB Flash drive inserted in the TRF-250’s “USB MEM” port, the
following screen will be displayed instead of the above screen:

NOTE 1.ERASE IMTERMAL REC
2.ERASE THUME DRV REC

Press the [1] key (ERASE INTERNAL REC).
The following screen will be displayed:

ERASE RECORD

1.ERRSE SIMGLE EEC.
2.ERASE ALL RECORDS

"STORP" TO ExIT

Continue with the steps below.

1. ERASE SINGLE REC.

Press the [1] key (ERASE SINGLE REC.) to erase a single test record from the unit’s
internal Flash EEPROM. The following screen will be displayed:

ERASE EECORD
HUMEER:

You can cancel the process and return to the “START-UP” menu by pressing
the [STOP] key.
NOTE
Type the record number that you would like to erase using the keypad and then
press the [ENTER] key. If you do not know the test record number, you can first
print or view a test record directory using the instructions in section 3.7.6.
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The following screen will be displayed while the record is being erased:

ERASIHG RECORED
FLERSE WAIT...

The following screen will be displayed when the test record has been completely
erased:

FECORD HUMEBER =
ERASED!

Press any key to continue. You will be returned to the beginning of step d.

2. ERASE ALL RECORDS

Press the [2] key (ERASE ALL RECORDS) to erase all the test records from the unit’s
internal Flash EEPROM. The following warning screen will be displayed:

ERASE ALL RECORDS!
ARE YO SURETY

"EMTEE" TO COMTIMUE.

You can press the [STOP] key to cancel the process and return to the “START-UP”
menu.

Press the [ENTER] key to proceed with deleting all the test records from the unit’s
Flash EEPROM. The following screen will be displayed during the erasure process:

ERASIMG RECORDS
FLERSE MWAIT...
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The following screen will be displayed when all test records have been completely
erased:

RECORDZ ERASED!

Press any key to return to the “START-UP” menu.
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3.7.8. Erasing Test Records from a USB Flash Drive
Follow the steps below to erase test records from a USB Flash drive:

a. Make sure a USB Flash drive is connected to the unit’s “USB MEM” port, and then start
from the “START-UP” menu:

REUM TEST

. SETUP

« TEST FLAMHS
« DIAGHOSTIC

Fu L B

TIME: @9:18:13
DATE:  @9-18-14

Press the [2] key (SETUP).

b. The following screen will be displayed:

RECORD ID

« TEST WOLTAGE

« PEIMT RECORD

. SAVE-RESTORE RECORD
« HE=T PAGE

LN o L b e

Press the [4] key (SAVE/RESTORE RECORD).

c. The following screen will be displayed:

RESTORE RECORED

. SAVE REECORD

» RECORD DIRECTORY

» ERASE RECORD

« COFY TO THUME DRIVE

N o L b e

Press the [4] key (ERASE RECORD).
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d. The following screen will be displayed:

1.ERASE IMTEREMAL EEC
2.ERASE THUMB DEYM REC

Press the [2] key (ERASE THUMB DRV REC).

e. The following screen will be displayed:

ERASE REECORD

1.ERASE SIMGLE REEC.
2. ERASE ALL RECORDS

"STOR" TO ERIT

1. ERASE SINGLE REC.

Press the [1] key (ERASE SINGLE REC.) to erase a single test record from the
connected USB Flash drive. The following screen will be displayed:

ERASE THUME DEIVE
REC_

Type the record number that you would like to erase using the keypad and then
press the [ENTER] key. If you do not know the test record number, you can first
print a test record directory using the instructions in section 3.7.6.

The test record will be erased from the USB Flash drive and the following screen will
be displayed:

THUME DRIVE REC_B86
ERASED!
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Press any key to continue. You will be returned to the beginning of step e. Press the
[STOP] key to return to the “START-UP” menu.

2. ERASE ALL RECORDS

Press the [2] key (ERASE ALL RECORDS) to delete all test records from the connected
USB Flash drive. The following warning screen will be displayed:

ERASE ALL THUME DRIVE
RECORDS!

ARE wOU SURE?S

"EMTERE" TO COMTIMUE.

Press the [STOP] key if you do not want to erase all the test records. You will be
returned to the “START-UP” menu.

Press the [ENTER] key to proceed with deleting all the test records from the
connected USB Flash drive. The following screen will be displayed when all the
records have been erased:

ALL THUME DEIYE
RECORDZ ERASED!

Press any key to return to the “START-UP” menu.
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3.8  Working With Test Plans

The TRF-250 comes with the Vanguard Transformer Turns Ratio Analyzer Series 2 software
(TTRA S2) that can be used to create transformer test plans on a PC (see the TTRA S2 software
manual for details). Test plans can then be transferred to the TRF-250 and used to quickly

perform tests.
3.8.1. Performing a Test Using a Transformer Test Plan

Follow the steps below to perform a test using a test plan:

a. Start from the “START-UP” menu:

1. EUM TEST
2. SETUF

2. TEST PLAHS
4. DIAGHOSTIC

TIME: B@9:18:15
DATE: @A9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

1. LOAD TEST PLAH
UHLOAD TEST FLAM
FLAM DIRECTORY
FEIMT TEST FLAM
ERASE TEST FLAM
SAVE TEST FLAM

COFPY TO THUME DRIVE

o LU - o

l Option 7 (COPY TO THUMB DRIVE) will be available only if a USB Flash drive is

connected to the “USB MEM” port.
NOTE

Press the [1] key (LOAD TEST PLAN).
If you have a USB Flash drive connected to the unit, continue to step c.

If you do NOT have a USB Flash drive connected to the unit, continue to step d.
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c. The following screen will be displayed:

1. IMTEEHAL STORAGE
2. THUME DEIVE

1. INTERNAL STORAGE

Press the [1] key (INTERNAL STORAGE) to load a test plan from the unit’s Flash
EEPROM. Continue to step d.

2. THUMB DRIVE

Press the [2] key (THUMB DRIVE) to load a test plan from the connected USB Flash
drive. The following screen will be displayed:

Lo/l THUME DRIVE TF

PLAM_:

Type the test plan number to load from the USB Flash drive and then press the
[ENTER] key.

The following screen will be displayed:

FLAM_BE86 LOADED!

SAVE PLAM IMTERMALLY'Y
1. YES
2. MO

Press the [2] key (NO) to not save the test plan in the unit’s Flash EEPROM and to
just load it in the working memory. The test plan will be loaded in the working
memory and you will be returned to the “START-UP” menu. Continue to step e to
perform a test using the loaded test plan.

Press the [1] key (YES) to load the test plan to the working memory and also save it
in the unit’s Flash EEPROM. The following screen will be displayed:
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TEST PLAM 861 SAVED!

Press any key to continue. The test plan will be loaded in the working memory and
also saved to the unit’s Flash EEPROM. You will be returned to the “START-UP”
menu. Continue to step e to perform a test using the loaded test plan.

d. The following screen will be displayed:

LOAD TEST FLAM
HUMEER:

Type the test plan number to load from the unit’s Flash EEPROM and then press the
[ENTER] key. The test plan will be loaded from the Flash EEPROM and you will be
returned to the “START-UP” menu. Continue to step e to perform a test using the
loaded test plan.

e. Start from the “START-UP” menu again to run a test using the loaded test plan from the
steps above:

1. RUN TEST
2. SETUF

2. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:13
DATE:  @9-18-14

Press the [1] key (RUN TEST).
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f. The following screen will be displayed (test details will differ depending on the test type
defined in the test plan):

TF 11 YHI1
TEFS: 2

TEST FLAM LOADED
1. COMTIHUE
2o UMLORD TEST FLAM

l The above screen will be displayed only if a test plan is loaded first.
NOTE
Press the [1] key (CONTINUE).

g. The following screen will be displayed:

TaF HUMEERE 1

H MTG: 1734
wo MTGE 1868

"STARET™ TO EUH TEST

Set the transformer to the tap position indicated on the LCD screen. Press the [START]
key to run the test using the test plan.

h. The unit will start performing the test and the screen will be updated with the test
results as shown:

TEST EESULTS
EATIO  mA ®IDIFF

A +18.857 8.8 @.48 P
B +10.848 6.7 B.34 P
C +18.857 8.8 @.48 P

wFME TYPE: SHD1

For each phase (A, B, and C) a “P” or “F” will be displayed to indicate Pass or

Fail, respectively.
NOTE

Press any key to continue.
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j.

k. The following screen will be displayed:

The following screen will be displayed:

FEIMT TEST REESULTS?
1.YES
2. MO

Press the [1] key (YES) to print the test results.

The following screen will be displayed:

FEIMT FORMAT?
1. COLLIMH
2. DETRILED

Press the [1] key (COLUMN) to print a columnar report or press the [2] key (DETAILED)
to print a detailed report. Please see Figure 19 for a sample test results printout.

FEEF THIS READIMG?
1. ¥ES
2. MO

Press the [1] key (YES) to save the reading.

The following screen will be displayed:

TEST SAYED

Press any key to continue.
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m. If the test plan included multiple tests, the start-up screen for the next test will be
displayed as shown:

TaF HUMEEE 2

H MTG:  41e8
A NMTGE 248

"STARET™ TO REUH TEST

Repeat steps h through | for this test.

n. The following screen will be displayed after the last defined test in the test plan has
been performed:

EHD OF TEST FLAM

Press any key to continue.

o. The following screen will be displayed:

SAVE THIS RECORDY
1. ¥ES
2. MO

Press the [1] key (YES) to save the test record to the unit’s Flash EEPROM.

p. The following screen will be displayed momentarily:

SAVING RECORD. ..

FLERSE MWAIT...
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The following confirmation screen will then be displayed:

RECORD HUMEBER 1
HAs BEEH SAVED!

Press any key to return to the “START-UP” menu.

TRANSFORMER TEST RESULTS

DaTE : OB =231 TIME OF : 15 : 55
cCorMFPFAalNY - vaNnGUAaRED INSTRUMMENTS
STAaTION: FacCcToOoORY

CIRCUIT = A=0N

MFER =

FMODEL =

SN =

EvWea RETGEG: S00

OFERAaTOR : HAaI

TEST VOL TAGE = = N
TYFE = gl T =
gl L e
H1 1
=
HoO
H= H= —_=
- TwEmEF = L] oL TAacE s 1. 77==3
=< TFAFe = oL TrAacE s 1o

CEaElLCuULAaTED RAaT IOs 10O . oo

PHS M_RaTIOo mes FHAaSE =OIFF
=1 10 OST L=y = ] [ R = (= L
[=] el W= T (= 0. o= O.a= &
= 10 OsST (== L= T L= e
DAaTE : O =21 TIFE : OF - 1S : S5

Figure 19. Test Plan Test Results Printout
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3.8.2. Unloading a Test Plan From the Working Memory
Follow the steps below to unload a test plan from the working memory:

a. Start from the “START-UP” menu:

REUM TEST

« SETUF

« TEST PLAMS
« DIAGHOSTIC

F LY kD =

TIME: @9:18:13
DATE:  @9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

LOAD TEST FLAM

» UMLORD TEST PLAM

« FLAM DIRECTORY

« FEIMNT TEST FLAM

« EEASE TEST FLAM

« SAYE TEST FLAM

« COFY TO THUME DRIVE

=4 T LT L B e

Press the [2] key (UNLOAD TEST PLAN).

c. The test plan will be unloaded from the working memory, and the following screen will
be displayed:

TEST PLAM UMLOADED!

Press any key to return to the “START-UP” menu.
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3.8.3. Printing a Test Plan Directory

Follow the steps below to print a directory of the test plans stored in the unit’s Flash EEPROM
or on a connected USB Flash drive:

a. Start from the “START-UP” menu:

1. EUHM TEST
2. SETUF

3. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:13
DATE:  @9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

1. LoAaDr TEST PLAM

2. UHLOAD TEST PLAH
. PLAN DIRECTORY

4. PEIMT TEST PLAM
=. ERASE TEST PLAM
=
T

Ly

SAVE TEST FLAM
COFRY TO THUME DREIYE

Press the [3] key (PLAN DIRECTORY).

If a USB Flash drive is NOT connected to the unit, a directory of the test plans stored in
the unit’s Flash EEPROM will be printed, and then you will be returned to the “START-

UP” menu.

If a USB Flash drive is connected to the unit, continue to step c.
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c. The following screen will be displayed:

1. INTEEHAL DIRECTORY
2. THUME DEIVE DIE

1. INTERNAL DIRECTORY

Press the [1] key (INTERNAL DIRECTORY) to print a directory of the test plans
stored in the unit’s Flash EEPROM. The directory will be printed and you will be
returned to the “START-UP” menu.

2. THUMB DRIVE DIR

Press the [2] key (THUMB DRIVE DIR) to print a directory of the test plans stored
on the connected USB Flash drive. A full directory of the test plans stored on the
USB Flash drive will be printed and you will be returned to the “START-UP”
menu.
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3.8.4. Printing a Test Plan

Follow the steps below to print a test plan from the internal Flash EEPROM or from a connected
USB Flash drive:

a. Start from the “START-UP” menu:

1. EUHM TEST
2. SETUF

3. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:15
DRTE:  @9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

1. LoAaDr TEST PLAM

« UMLOAD TEST PLAM

« PLAM DIRECTORY

» PRINT TEST FLAN

. ERASE TEST PLAM

« SAVYE TEST PLAM

« COPY TO THUME DRIVE

s LA B R

Press the [4] key (PRINT TEST PLAN).
If a USB Flash drive is connected to the unit, continue to step c.
If a USB Flash drive is NOT connected to the unit, continue to step d.

c. The following screen will be displayed:

1. PEIMT IMTEREHAL TF
2. PEIMT FLASH DEM TR

1. PRINTINTERNAL TP

Press the [1]1 key (PRINT INTERNAL TP) to print a test plan from the unit’s
internal Flash EEPROM. Continue to step d.

2. PRINT FLASH DRV TP

Press the [2] key (PRINT FLASH DRV TP) to print a test plan from a connected
USB Flash drive. The following screen will be displayed:
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FEIMT THUME DRIVE TF

FLAM_

Type the test plan number using the keypad and then press the [ENTER] key.
The test plan details will be printed on the unit’s printer and you will be returned
to the “START-UP” menu. A sample test plan printout is shown in Figure 20.

d. The following screen will be displayed:

FEIMT TEST FLAM
HUMEER:

Type the test plan number using the keypad and then press the [ENTER] key. The test
plan will be printed on the unit’s printer and you will be returned to the “START-UP”
menu. A sample test plan printout is shown in Figure 21.

THUME DRIVE PLAN_OO0

TYwYFE=s= g 1

TE=ST wWwoOLTAacE — =% L
CcOrMFAaHY =

MF~Ra SE

FMODEL.= Ezxammp 1 = =
Ui gEas RETGs ] Ll R ] ]
COMMMEHNT=z=

MaEs DEUIA&T IOR: 0. SoEs

HUuMBER DOF TAF=as =

TAEPF W1

—H O THARcE s D=, =00 La

> O TAaGE s OO0, 1 =0 L
TaF -,

HH UOLTAaSoEs DOO=% , 10 L]

= UOLTAacE:s OO0, =30 L)

Figure 20. Sample Printout of a Test Plan from a USB Flash Drive
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TEST FPL_~ard A

TYwYFE== g 1

TEST UOLTAGE = oSO

CcOMFAaHY =

MR~ SE

FMODEL.= Ezxammp 1 = #3
EiigEs REToGs SsSELWU&A
COMMEHNT=Sz=

MaEs DEUIA&T IOR: 0. SoEs

HUuMmBER DOF TrAaFss =

TAEF W1
H wOLr TAacEs DOZ= , =00
= O TAacEs OO0, 1 =0

TARFE =
H wuoOoLr T TAacEs DOoO=3 , 10
= UOLTAacE:s OoOo , =Z=30

2

Cok

Figure 21. Sample Printout of a Test Plan from Internal Memory
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3.8.5. Saving a Test Plan

Use the steps below to save a test plan from the working memory to the unit’s Flash EEPROM
or to a connected USB Flash drive:

a. Make sure a test plan is loaded in the working memory, and then start from the “START-
UP” menu:

1. EUH TEST
2. SETUF

3. TEST PLAHS
4. DIAGHOSTIC

TIME: @9:18:13
DATE:  @9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

1. LoAaDr TEST PLAM

« UMLOAD TEST PLAM

« PLAM DIRECTORY

« PEIMT TEST PLAM

. ERASE TEST PLAM

. SAYE TEST PLAM

« COPY TO THUME DRIVE

LU =R R

Press the [6] key (SAVE TEST PLAN).
If a USB Flash drive is connected to the unit, continue to step c.
If a USB Flash drive is NOT connected to the unit, continue to step d.

c. The following screen will be displayed:

1. ZAVE IMTERMALLY
2. SAVE TO THUME DEIVE

1. SAVE INTERNALLY

Press the [1] key (SAVE INTERNALLY) to save the test plan to the unit’s Flash
EEPROM. Continue to step d.

2. SAVE TO THUMB DRIVE

Press the [2] key (SAVE TO THUMB DRIVE) to save the test plan to the connected
USB Flash drive. The test plan will be saved to the USB Flash drive and the
following screen will be displayed:
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FLAM_B@1 SAVED TO
THUME DEIVE.

Press any key to return to the “START-UP” menu.

d. The test plan will be saved to the unit’s Flash EEPROM and the following screen will be
displayed:

TEST FLAM #0@1 SAVED!

Press any key to return to the “START-UP” menu.
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3.8.6. Copying a Test Plan to a USB Flash Drive

Use the steps below to copy a test plan from the unit’s Flash EEPROM to a connected USB Flash
drive:

a. Make sure a USB Flash drive is connected to the unit’s “USB MEM” port, and then start
from the “START-UP” menu:

RUM TEST

« SETUF

» TEST PLRAMS
« DIAGHOSTIC

B L B

TIME: @9:18:13
DATE:  @9-18-14

Press the [3] key (TEST PLANS).

b. The following screen will be displayed:

LOAD TEST PLAM

« UHLOAD TEST PLAM

« PLAM DIRECTORY
FREIMT TEST PLAM

. ERASE TEST PLAM

« SAVYE TEST PLAM

. COPY TO THUME DRIVE

=1 M N f LW RO

Press the [7] key.

c. The following screen will be displayed:

EMTER TF HUMEER
TO COPY TO FLASH DEY

TF HUMEEER:

Type the test plan number using the keypad and then press the [ENTER] key.

d. The selected test plan will be copied to the USB Flash drive and the following message
will be displayed:

TF 1 SAYED TO THUME
DIEIVE AS PLAM_BAZ
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l Any existing test plans in the Flash drive will NOT be over-written.
NOTE

Press any key to return to the “START-UP” menu.
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3.8.7. Erasing Test Plans

Follow the steps below to erase a test plan from the unit’s Flash EEPROM or from a connected

USB Flash drive:

a.

b. The following screen will be displayed:

C.

Start from the “START-UP” menu:

1. EUHM TEST
2. SETUF

3. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:15
DRTE:  @9-18-14

Press the [3] key (TEST PLANS).

1. LoAaDr TEST PLAM

« UMLOAD TEST PLAM

« PLAM DIRECTORY

« PEIMT TEST PLAM

. ERASE TEST FLAN

« SAVYE TEST PLAM

« COPY TO THUME DRIVE

= T O Fe L] D

Press the [5] key (ERASE TEST PLAN)
If a USB Flash drive is connected to the unit, continue to step c.
If a USB Flash drive is NOT connected to the unit, continue to step d.

The following screen will be displayed:

1. ERASE IMTEREHMAL FLAM
2. ERASE THME DEY FLAM

1. ERASE INTERNAL PLAN

Press the [1] key (ERASE INTERNAL PLAN) to erase test plans from the unit’s
Flash EEPROM. Continue to step d.

2. ERASE THMB DRV PLAN

Press the [2] key (ERASE THMB DRV PLAN) to erase test plans from a connected
USB Flash drive. The following screen will be displayed:




TRF-250 USER’S MANUAL REV 1

ERASE TEST PLAM

1. ERASE SIMGLE PLAM
2. ERASE ALL FLAMS

1. ERASE SINGLE PLAN

Press the [1] key (ERASE SINGLE PLAN) to erase a single test plan from the
connected USB Flash drive. The following screen will be displayed:

ERASE THUME DREIVE

FLAM_

Type the test plan number using the keypad and then press the [ENTER]
key. The following screen will be displayed:

THUME DRIVE FLAM_B6H
ERASED!

Press any key to return to the “START-UP” menu.
2. ERASE ALL PLANS

Press the [2] key (ERASE ALL PLANS) to erase all test plans from the
connected USB Flash drive. The following warning screen will be displayed:

ERASE ALL THUME DRIVE
TEST PLAMS!

ARE YOU SURE?

"EMTER" TO COMTIMUE

If you do NOT want to erase all the test plans from the connected USB Flash
drive, press the [STOP] key. You will be returned to the “START-UP” menu.
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To proceed with erasing all the test plans from the connected USB Flash
drive, press the [ENTER] key. All test plans will be erased from the USB
Flash drive and the following message will be displayed:

ALL THUME DEIYE
TEST FLAHS ERASED!

Press any key to return to the “START-UP” menu.

d. The following screen will be displayed:

ERASE TEST FLAM
1. ERASE SIMGLE PLAM
2. ERASE ALL FLAMS

1. ERASE SINGLE PLAN

Press the [1] key (ERASE SINGLE PLAN) to erase a single test plan from the unit’s
internal Flash EEPROM. The following screen will be displayed:

ERASE TEST FLAM
MHUMEER:

Type the test plan number using the keypad and then press the [ENTER] key.
The test plan will be erased and the following message will be displayed:

TEST PLAM MUMEEER 1
ERASED!

Press any key to return to the “START-UP” menu.

100
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2. ERASE ALL PLANS

Press the [2] key (ERASE ALL PLANS) to erase all test plans from the unit’s
internal Flash EEPROM. The following warning screen will be displayed:

ERASE ALL FLAHS!
ARE YO SUREY

"EMTER" TO COMTIHUE.

If you do NOT want to erase all the stored test plans from the unit’s Flash
EEPROM, press the [STOP] key. You will be returned to the “START-UP” menu.

To proceed with erasing all the test plans from the unit’s Flash EEPROM, press
the [ENTER] key. All test plans will be erased from the unit’s Flash EEPROM
and the following message will be displayed:

FLAMS ERASED!

Press any key to return to the “START-UP” menu.
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4.0 DIAGNOSTICS, VERIFICATION, AND TROUBLESHOOTING
41 Performing an H and X Cable Diagnostic Test
Use the steps below to perform a diagnostic test on the H and X cables:

a. Start from the “START-UP” menu:

1. EUM TEST
2. SETUF

2. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:13
DATE:  @9-18-14

Press the [4] key (DIAGNOSTIC).

b. The following screen will be displayed:

1. CRELE TEST
2. VERIFICATION TEST

Press the [1] key (CABLE TEST).

c. The following screen will be displayed:

CRELE TEST
COMHECT: HE-xEs Hl-x1
Hi=xZs HE-RZ

"EMTERE" TO COMTIMUE. .

Connect the H and X cables per the on-screen instructions and then press the [ENTER]
key.

d. The following screen will be displayed while the cables are being tested:

CRELE TEST

102
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The screen will be updated with the status of each test as shown:

CRELE TEST

Hi—-x8s Hl-K1: 0Ok
Hi—xBs HZ-Ra: 0k
Hi—-x8s HE-RZ: 0k

l “NOT OK” will be displayed for a failed diagnostic test.
NOTE

Press any key to return to the “START-UP” menu.
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4.2 Performing a Verification Test

Use the steps below to perform a verification test on the TRF-250’s electronics:

a. Start from the “START-UP” menu:

1. EUHM TEST
2. SETUF

2. TEST PLAMS
4. DIAGHOSTIC

TIME: @9:18:13
DATE:  @9-18-14

Press the [4] key (DIAGNOSTIC).

b. The following screen will be displayed:

1. CRELE TE=ST
2. VERIFICATION TEST

Press the [2] key (VERIFICATION TEST).

c. The following screen will be displayed:

VERIFICATION TEST
COMHECTS HE-=Es Hl-x1
Hi-x2y H3-K3

"EMTERE" TO COHTIMUE. .

Connect the H and X cables per the on-screen instructions and then press the [ENTER]
key.

d. The TRF-250 will start performing a DELTA-DELTA test. The following screen will be
displayed momentarily:

DELTA-DELTA TEST

The screen will then be updated with the test results for each phase:
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RESULTS

MA DIFF
BEE1

BEE1

BEE1

TEST
RATIO

A +1. 8886

B +1.8886

C +1.8888

wFME TYPE: Dd@

The unit will then proceed to perform a Y to Y test. The following screen will be
displayed momentarily:

¥OTO % TEST

The screen will then be updated with the test results for each phase:

TEST EESULTS

RATIO
A +1. 8888
B +1.8866
C +1.86888

MA

DIFF

wFME TYPE:

BEE1
BEE1
BEE1

YHyn&

The following screen will be displayed when testing is finished:

TEST
EATIO

A +1. 8888

B +1.8866

C +1.86888

RESULTS

MA “DIFF
BEE1

BEE1

BEE1

TEST COMFLETE

l

NOTE

The ratio reading should be 1.0000 +0.1% for all tests.

Press any key to return to the “START-UP” menu.
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APPENDIX A - TRANSFORMER VECTOR GROUP CODES

Utility power transformers manufactured in accordance with IEC specifications have a Rating
Plate attached in a visible location. This plate contains a list of the transformer's configuration
and operating specifications. One such rating is the winding configuration and phase-
displacement code. This code follows a convention that comprises letter and number sets that
denote three-phase winding configurations (i.e., Wye, delta, or zig-zag). Letter symbols for the
different windings are noted in descending order of their rated voltages. That is, symbols
denoting higher voltage ratings will be in upper-case letters and symbols denoting lower or
intermediate voltage ratings will be in lower-case letters. If the neutral point of either a wye or
zig-zag winding is brought out, the indication will be an N (high voltage) or n (lower voltage).
The end numeral is a 300 multiplier that indicates phase lag between windings.

Accordingly, the following standard practice applies:
Wye (or star) =Y (high voltage) or y (low voltage)
Delta = D (high voltage) or d (low voltage)
Zig-zag = Z (high voltage) or z (low voltage)
For example, Dyn11 decodes as follows:
D indicates that the high-voltage windings are connected in a Delta configuration
(Since delta windings do not have a neutral point, the N never appears after a D).
y indicates that the lower voltage winding is in a wye (or star) configuration.
n indicates that the lower voltage windings have the neutral point brought out.

11 indicates a phase-displacement lag of 330 degrees between the Wye and the Delta
winding.

Hi H2 H3

H2
[ ]
H1 H3
T
X1 X2 X3
X2
L J
@XS
5 X

VECTOR DIAG.050103VE
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APPENDIX B — Common ANSI Transformer Descriptions

TEREoEEE | [wmowa reoTes
STD HIGH Low
HIGH-VOLTAGE | LOW-VOLTAGE TURNS | VECTOR
TS| “winoinG (1) | winoing (x| S| (oL | e | RaTIO | Grour|  NOTES
v
H
1 | no OH, | x0 0%, | 1D | Hy—Hy [ Xy X, ~— [ 1ph0 | SNG — PHS

Hi—Hz | X4=Xg
H-

Ho-Hy | Xo=Xp | — |Dyn1| dt-Y

Ha—Ho | X3-X

H2— HO X2— X3 YNd1
, 8 3 Ha—Hg | X3—X4
Hy Xo Hy—Hg X1— X3
4 A /\ HyHy | Xom Xq ‘;H DO | dt-dt
H,——dn, | x; X, Ha-Hp | Xg-Xo "

Hi-Hg | X4-Xg
Ho—Hg | Xo—Xg
Ha-Hp | X3-%p

“— |YNynO y-y

w
I
>
m
OOI"’
I
_‘><
x 7 x
n
O w >0 ® > lowm >0 o >
<| <
x IT
oS
~Z
|
(e

VANGUARD.050207V1
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oG eSS
SPEC HIGH Low CAL.
i) X, = X, A Hi—Hg | Xg3-X4
1 [A v — | B [ Ho-Hy | X4-X5 \\I,” Dd6
A A Hy *2 C Hy—Hy | Xo—X3 '
Hy X A H1-H3 [ Xy-X3
37 Bi EC bi E — | B | He-Hi [ Xo-X; [ <"~ DdO
H, n Hy | X{ = H, C H3-Hz | Xg3-Xo ’
"y X Q——P X, A Hi—Hz [ X3-X2 ,
38 ci EA v — B | Ha-H3 | X1-X3 VH Dd2
Hy B Hy *2 © H3-H1 | X2-X4 '
Hy %3 A Hi-Hz2 | X3-X4
39 ci EA f E — | B [He-H3 [ Xxi-X2 | | D4
HyO—5 —OH, | X0 —9X, C H3-H1 | Xo-X3 )
Hy X2 A Hy—Hs | X5—X3 ,
40 Ci EA Ci Ea — | B Ho —Hg [ Xg3-X4 VH Dd8
HaC—g—OH, | X, O——0x, C Hz—Hqy | X1-X3 '
" X,Q—— X, A | Hi—-H2 | X1-X3
41 ci EA v — B | Ha—-H3 [ Xa-X4 \\I/” Dd10
x
Ha B Hy *3 C H3—-H1 | X3-X2
Hy i A Hi-H3 | X1-Xo
42 Ai EB X30-2 XE) — | B |He-H1 | Xo-Xo \\//” "% | Dyn1
HO—5—OH, X, c [Ha-Hz [xa-x0 |
"y Hy-Hy [ A Hi-H3 | Xq-X3 o
2| /X | B [P | x| 2 oy | peseezes
H,O———0H, X, [H=H, | C Hz3—Hz | X3-Xo WYE WINDING
Hy *iq, Ha-Hy [ A Hi—H3 | X4 -=Xo o
S| YN | e |t B et e |G Dy | e
H,O——DH, [ X He-H, | C [Ha-H2 | X3—Xq WYE WINDING
Hao X, - A H{1—H3 Xo—Xo .
62 Bi ic o X | — B Ho—H1 | Xg—X3 ™ Dyn3
Hy A Ha X3 C Hz —H2 XO - X1

108

VANGUARD.050108V1




TRF-250 USER’S MANUAL REV 1

N oRMER, WINDING TESTED
Test| HIGH-VOLTAGE | LOW-VOLTAGE PHASE| VOLTAGE | VOLTAGE TURN | vecTOn NOTES
NO. |  WINDING (H) WINDING (X) | JUMPER WINDING | winDiING | RaTIO | GROUP
" A | Hi=H3 | x3-Xp
3 ﬁ -— B | Ho-H1 | Xq-xg [Y-3|Dyn5
H GO OH, C Ha-Hz | Xo-Xg VX
Hy Ha-Hy | A Hi—-H3 | X3 -X»o NO
s A O O i e ] R v
H, n HS HZ'H‘I c H3 _ H2 X2 _ X1 x WYE WINDING
Hy A | Hi—Hz | Xo—X;
5 A — | B [Ha—Hy [ Xg—%5 ‘\’/: "3 | Dyn7
Hy O—5—OH, C | H3—Hp | Xp—X3
Ha Ha—Hy [ A Hi-Hg [ X3-Xq NO
6 é to| B[ MM [ XX | 5 Dy7 | (R
H,G———DH, Ho-Hy | C H3-Ho | Xp—Xg WYE WINDING
" Hy-Hy| A | H1=H3 | X2-Xq NO
| o/ o I R ey i LS e o
H,G——H, Hy-H, | C Ha-H2 | Xx1-X3 X WYE WINDING
Hy A H1—-H3 | X2 -Xp
64 si Ec — B | H2-Hi | X3-Xo | Y1 +Y2|Dyn9
Hy A Ha C H3—-Hz2 | X4 -Xp Y
Hy X2Q . A Hi—H3 | Xp—X3
7 Bi Ec Xop—ox, | — | B | Ha=H1 | Xo-X1 | |pyn11
HO—F—OH; | % i C H3z-Hz | Xo—X2 "
H, A H1-H3 | Xo-X3 NO
s | /\ 5 [T o= |52 oy s
H,G——on | x, He-H, | C [ Ha—H2 | X1 -x2 WYE WINDING
H A Hy-Hy | X;-Xp
45 Cf EA 2| bl | el | = :ﬂ Dzn0
HaO—F—OH, C H3-Hy | X3-Xo '
Hy Lo—? Xj | Ho-Hy | A Hi-H2 [ Xp-X2 .
46 ci EA : % ° Hy-H, | B Ho-Hz | Xp-X3 —Z-ix Dzn2
HyO— Hy X, Hi-Hy| C H3z —H1 | Xp- X4

VANGUARD.050108V2
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WINDING TESTED
SPEC HIGH LOW CAL.
TEST| "ORG i | Wiwoa 0| wueen| PHASE| volraa | vouraae | Tk | (eon|  NOTES
A A | Hi=H2 [ X3-X2
47 & ‘ — B Ho —H3 | Xq1-X3 \:,: Dz2 ACCEJE?SIBLE
" { _ } " C T B NEUTRAL
Hy X3 Ho-Hy | A Hq-H2 X3 —Xp y
48 Ci EA *N\xo b He-H, | B Ho—Ha [ Xq-Xp —G'Vi Dzn4
HyO— Hy | X5 & X Hi-H, | C Hz—H1 | X5-Xq "
H X3 A Hi—H2 | X3-Xq
49 Ci :A BANUIRS — | B | H2e-H3 | X1-Xo \:,H Dz4 ACCEIE?SIBLE
Hy B Ha| %5 ¢ X C H3 - H1 X2 - X3 ' NEPTRAE
H, X2 A Hi—-H3z | X4 -X3 , o
9 f Ec " | — | B [He—Hi[xe-xi || Dz0 | sccessmie
OO | X7 o C H3—H2 | X3-Xo
o A Hi—Hgz | X3-X4 NO
10 ai Ec — B Ho —Hy Xy —Xo ::' Dz6 AilcéEsT?ELLE
Hy O——0H, C | Hzg—Ha | Xp—X3
Hy " b X3 [ Hy=Hg | A Hi1—Ha | Xg—X4 v,
50 ci EA 2% © H-Hi| B Ho—H3 | Xg—Xo A Dzn6
HyC—5 M, % Hi-Hx| C H3—H1 [ Xg—X3
Hy Xi Ho-Hs | A Hi-H2 [ X2-Xp ,
51 cf iA oy Hy-H,| B | Ha-Ha | X3-Xo —21 Dzn8
Hy = Hy | X b Hi-Hs | C Hz-Hy | X1 -Xo
" A | Hi-H2 | X2-X3
52 c A — B Ho —H3 | X3-X4 \;H Dz8 Ai(égs:séu:.tE
%AB H, C [Ha-H1 [X1-x2 |
My Hy-Hy | A Hy—Hy | Xg—Xg
53 A Hy-Hy| B | Ha—Hz | Xo—%4 —Z\;i Dzn10
HyC—5 M, Hi-Hy [ C [ Ha—Hy | Xg—X3 '
; A | Hi—H2 | X1-X3 , o
54 Cf EA — B Ho—Hz | X2-Xq V';' Dz10 ACNCEESTE"EIEE
HyC—F—OH, C | Hg-Hy | X3—X2
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TRF-250 USER’S MANUAL REV 1

TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
T,Eg_T WINDING (H) | WINDING (x) | Jumper| PHASE m;y::: ‘;ﬁ;g‘fg aans | Groue NOTES
H, X, A Hi—-Hp | Xo—Xj
c
11 B b Y1 | — | B |He-Ho | X3-X2 | _ |YNd7
A 0 = Vx «V3
Hy H [ % C |Ha-Ho | X1-X3
H2 a X2 A H1 = HO X1 = X2
H X b Ho-Hp | Xo—Xg |—F
|l 1< — | B [M2Ho [ %-Xg |t |YNa
H, C OH, Xy C H3—Hp | Xg3—Xq4
P2 a R%e [Ha=Hp| A | H1—-H3 [ X1-Xp .
d H,_H _ _ Vi V3 | Ydi ACCESSIBLE
12 W X‘<:b 1-Hs| B [ H2-H1 | Xo-X3 T NEUTRAL ON
H, o] H3 xa H2' H1 C H3 _ H2 X3 _ X1 WYE WINDING
H, . X A Hi-Hp | X3- X4
Vi
. X b | — Ho—Hg | X1-X2 |=— |YNd5
13 i A 3< B 2-Ho 1-%2 | =
QT OToky X5 C | Ha-Ho | X2—-X3
H, " X, | Hg=Hy A Hi—Hg Xg — X4 NO
Vy V3
B H,—H - — H V3 ACCESSIBLE
14 A _oN X - =il B8 [ Ma=Hy | =30 V2 Yd5 | NEUTRAL ON
[+
0~ CoH, x, |H-Mi| G Hg—Hp | Xo—Xg WYE WINDING
H, X, . Ha-Hy, | A Hi—-H3 | Xo—-X4 NO
X Vy V3 ACCESSIBLE
= AB \ b:> "M B H2—H1 | Xy—%5 TH'% Yd7 | NeuTRaLON
X
H, C oH, X, a Hy—H, ' H3 — Ho X1 _ XS WYE WINDING
Hy X, A Hi—-Ho | X1 —X3
c
VH
B 5 | — Ho—Hp | X2-X
16| 2l b>3 B [He—Ho [ Xe-X1 |- lyNdtt
Hy C OHg X4 ‘ C Hz-Hp | X3—-X2
H, X, i Ha-H, [ A Hi-H3 | X1 -X3 NO
Vi V3 ACCESSIBLE
L AB N °>X3 H1-Hs| B H2=H1 | X2-X1 VH' : Yd11| NEuTRALON
X
H, CYOH, | X 2 H-H, | C Hz—Hz2 | X3-Xo WYE WINDING
P2 xON__20x, A [ M) X=X |
c
18 ® i, b] 0 — | B | Ha—Ho | Xo—X2 | < [YNyn6
A X
H1 C H3 Xg C H3 = HO XO L= XS
Hy X5 Hy-Ho| A | H1—Ho [ X1-X2 NO
v ACCESSIBLE
19 B lH °ly H-Ho| B | H2—Ho [ X2-X3 H_|YNyO| NEUTRALON
AR 2 Vi LOW VOLTAGE
H,0” COH, [ X ¢TOX; | Hi-Hy| C | Ha—Ho | X3-X1 WINDING

VANGUARD.050108V4
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TRANSFORMER
SPEC HIGH LOW CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
TEST PHASE | VOLTAGE | VOLTAGE | TURN
NO. | WINDING (H) [ WINDING (x) |JUMPER WINDING | WINDING | RATIO | GROUP NOTES
H, X, Xa-Xo | A H{—-H3 | X1—Xo NO
v ACCESSIBLE
20 5] o] x, x-%| B Hz—Hq | Xo-Xp V“ YynO| NEUTRALON
A a X HIGH VOLTAGE
H, CToH, | x, cOX, | Xo-X5 | C Hz—-H2 | X3-Xo WINDING
Hy x5 A Hi-Ho | X1-Xp
V
43| °Jw o] %, — | B |[He-Ho | xo-Xo | — [YNynO
a L
A COH; | X ¢ 0X C H3-Ho | X3-Xo
Ha X5 A Hi-H3 [ X1-X3 “
V,
B b — Ho—H1i | Xo—X H | YyO ACCESSIBLE
21 A N Yy B en v, NEUTRAL
Hy COoH; | Xy ¢ OX, C H3—H2 | X3-Xo
3 X3 20x, | "o~ A o | Xe X v ACCSSOSIBLE
C
o0 2l Ak Hg-Ho| B | H2—Ho | X3—Xo —— [ YNY6|  neuTRAL ON
X
y o xS oo i T —x LOW VOLTAGE
1 3 1-Hg| C 3-Ho 1-X3 WINDING
i X3 - %o | A MM | XX ACCI;JSOSIBLE
V
23 . NG X1-X| B | Ho—Hy | Xg—Xp H_|Yyn6 | NEUTRALON
A Vy HIGH VOLTAGE
H, Hy X5 X=X | © Hg—Hy | Xg—X3 WINDING
Mo xOn__30%, A | Hi-H3 | X3-X4 , o
c
B n _ Ho —H Xy =X H Yv6 ACCESSIBLE
24 QA/K b B 2~ M 172 v, y NEUTRAL
H, C OH, Xy C H3—Hz | Xo—Xg
H, A Hi-H3 | X{-=Xq
B VH 'V§
65 Ry — | B el | sy | YNzn1
X
H1 H3 C H3 = H2 X3 = XO
H, A | Hi-H3 [ X1-Xo NO
Vi V3 ACCESSIBLE
25 Bl - B Ho—H1 | X2-Xo VH Yzn1| NEUTRAL ON
A X WYE WINDING
H,0” COH, C | Hz3-Hz [ X3-Xo
H, Yoo |Hy-H, [ A Hi-H3 [ X1 -Xo "
2 Vi V3
26 o] b |H-Hy| B Ho—H1 | Xo—X3 | Yz1 ACCESSIBLE
A X1 n Vx 2 NEUTRAL
H, C oM, cNg¥s |[Ha-Hy C H3-H2 [ X3-X1
H2 A H1 - H3 X3 - XO NO
Vi oV3 ACCESSIBLE
27 AB N — B Ha—Hy | X4-X%o VH Yzn5| neutRAL ON
X
" ok, C Ha—Hp | Xp- X WYE WINDING

VANGUARD.050108V5
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE TURN | vECTOR
T,fg.T WINDING (H) WINDING (x) | Jumper | PHASE ‘(,ﬁhm,fg mh:,?,fg R:ﬂo GROUP NOTES
H, 51 | Ha-H, | A H1-H3 | X3-X4
a NO
B b |H-Hy| B Ho—-H1 | X1—=Xo .3 | Y25 | accessisLE
28 N X
A 3 n Vy 2 NEUTRAL
H, COH, ¢ NgXo [Ho=H, C H3-H2 [ Xo-X3
Hy X339 ¢ A H1-H3 | Xo-X4
X X
66 ® | b AALO | — | B | H2-Hi | Xo-Xo |Y4.%5 | YNzn7
A 0 XO a Vy
Hy COH; X5 C H3 -H2 X0—-X3
Hy X3 O ¢ A H1-H3 | Xo— X1 NO
X Vi «V3 ACCESSIBLE
| Che | ey | T B LR [Y0THe g Va7 e on
H, CTOH, | X, C H3 —H2 Xo—X3
Hy X3 c Hy-Hy | A Hi-H3 X2 _X1 NO
X V3
B \ T | H,=H Ho — H4 Xq =X Vi3 | yz7 ACCESSIBLE
30 A N e 3 i~s| B 3 T2 I NEUTRAL
H, CYOH; | X, Hy-H, | C H3-Hz | X{—-Xq
Hy 1o N A | H1-H3 | Xo-X3
x V IV_
67 N b 00 0% | — | B [ H2—H1 | Xo-Xq \:( 2 [YNzn11
a
H, CTOH, | X, C H3 —H2 | Xg-Xo
Hy X0 ¢ A Hi1-H3 [ Xg-X3 \o
X
B 3| _ _ VieV3 |Yzn11| ACCESSIBLE
31 A &l A B H2—-H1 | Xo-X4 VH 2 NEUTRAL ON
X
H, CoH, | x, C Hz—Ho | Xo-Xo WYE WINDING
Hy X2V ¢ Ha-Hy | A Hi-H3 | X1 -X3 NO
. B . A0 0% [ n| g [Ha=th | Xo—xq VMY | yz11| AccessiLe
A N z Ve & NEUTRAL
H, C™OH, | X, Ho-H [ C H3—H2 | X3 -Xo
X %X | A [Hi-Ho | X=X |
¢ i : a X3_X1 B H2—HO X2—X3 —i'i ZNdO
X
X P | X=X | C Hz—Hp | X3-X4
X1 A H‘l = H2 X1 — X2 y NO
— _ H ACCESSIBLE
¢ i E a — | B H2-Hz | Xo-X3 v, Zd0 | [EUTRAL ON
xG—ox, C Ha—H1 | Xg- X HIGH VOLTAGE
X, b X, X=X [ A Hi—-Hg | X2-X{
\
N /o |X-%| B |H2-Ho | Xa-Xo _i vﬂ ZNd6
Xy -2 C Hz—Ho | X1-X3 "
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC| HiGH-vOLTAGE | Low-voLTAGE HIGH LOW AN VECTOR
T,Eg_T WINDING (H) WINDING (X) | JUMPER PHASE mhmﬁ: mh&‘fg ;:.ﬁg GROUP NOTES
Hp A | H1-Ho [ X3-X4 NO
3 — VH ACCESSIBLE
33 j‘/_QHiO — B H2 HO X1 - X2 V.3 ZNy5 NEUTRAL ON
he —on, c H3—Ho | Xo- X3 WYE WINDING
X Hy-Hy | A Hi—Hg | X3-X%4 - NO
B H,—H Ho—Hy | Xy -Xo | M5 | 7 ACCESSIBLE
34 A _n =73 B 27 ™ L e yS NEUTRAL
HE ¢ OH, Ho-Hi | C Hz—Hp | Xo-X3
H, Xg A | Hi—-Ho | X1-X3 NO
b\ M VH
B ACCESSIBLE
35| » EHO 0% | — B | H2a-Ho | Xo-Xq ve vz [ZNY11] NEUTRAL ON
o ou, | %, c Ha—Ho | X3 Xa WYE WINDING
My Xo Hy-H, | A Hi-H3z | X1-X3
36 bW _ox, |H,_H Ho—H1 | Xo-X1 |2 [ 7v11 ACCI?S‘?SIBLE
- - 2-X1 |5
af e s |MTe| B w7 | <Y NEUTRAL
HO ¢ OH3 | X Ho-Hy | C Ha-H2 | X3-X2
¥ Xz A Hi—-Hz | X{—-Xo
V,
H -
AN AN Hy-Hy Y TOT
H Hy [ X1 X, | X=X, B H1—-Hg | Xy-X3
Hy f2 [Ho-Hg | A Hi—-Hg | Xy-X, |8, V3
5 a 2 ! 2 Vy 2 T-T
59 2\ |y b v L3°
5| ™ - AL
S Xq X=X | B Ho—-H3 | Xy -Xg [ V3 ag
Hy X2 Hy—H A Hy-H Xy =X Vi V3
N X 2="3 3 1773 T T-T
60 A v 30
H X 2
3 2 —_——
H X, X;-%; | B Ho-Hg | Xo-Xq |vi'i Lead

VANGUARD.050108V7
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APPENDIX C — CEI/IEC 60076-1 Transformer Descriptions

WINOIG TESTED
TEST| MGHIOLTAGE | LOWNOUTACE | pen| iASE | volraGe | voirace | Tumi vecron| NS
v WE—E—p2u A |1u-1w [ 2w-2u
1 A C; ;b — | B |1v-1u [2u-2v | 2| Dd6
WO——omw 2v c IW—-1V | 2V-2w
v 2v A 1U—-1W [ 2U-2W
37 Ay bi Ec — | B 1V-1U | 2v-2u E; DdO
U = AW | 2u - oW C 1W—1V | 2w -2v
1 oW Q—2—0 2y A 1U-1V | 2w-2v
g A v — | g [w-1w [au—2w | —| Dd2
WO—g—om 2v c |1w-1u | 2v-2u
W 2w A 1WU-1W | 2w -2U
39 A ci Ea — B 1V-1U | 2u-2Vv E; Dd4
OO | VO———02u C |[1w-1U|2v-2w
0 X2 A 1U-1V | 2v—2w
40 A A — | B V1w [ 2w-2u | —— | Dd8
it e e C 1W-1U | 2U-2V
v 2U Q—2—p v A | 1U-1v |2Uu-2wW
41 ci EA v — | B | tv-1w [ 2v-2u | —|Dd10
WO—g—oW 2w C |[1w-1u [2w-2v
P - A |1U-1w |2u-2N
42 A awo= : — | B |[1v-1U | 2v-2N ‘:;Vé Dyn1
WC——0mW v C |[1w-1v |[2w-2N
v w-wv| A [ 1U-1w | 2U-2V “©
2| /X wew| g [V [ av-aw || oyt | corssms
iU A 1w w-iu| C 1IW-1V | 2W -2U WYE WINDING
v uQ, w-1v[ A [1Uu-1w |2u-2v ‘o
VA Jo2 |- g [ V-1V Tav-2w |t Dy3 | ey
1U oW 24 w-1w| C 1W=1V |2w_2u WYE WINDING
v 0Q, A | 1U-1W | 2N-2v
62 Bi Ec o | — [ B | v-1U [ 2N-2w 3;‘@ Dyn3
WO——0mw| 2 c |[1w-1v | 2n-2u

CEI/IEC.050108CA
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
TeEST| HIGH-VOLTAGE | LOW-VOLTAGE PHASE | VOLTAGE | VOLTAGE | TURN | VECTOR NOTES
NO. | WINDING (H) | WINDING (X) [JUMPER WINDING | winping | RATIO | GROUP
W 2u A | 1U-1W [2W-2N
b
3 Bi EC 2w 0-2{on — | B |1v-1u | 2u-2n |u+¥s [Dynd
G U2
e = C |1wW-1V [ 2v-2N
1v oy |tw=1v[ A 1U-1W | 2W -2V NO
b ACCESSIBLE
4 A 2W a 1U-1wW B 1V— 1U 2U—2W lljl;vé Dy5 NEUTRAL ON
10— “Yav [1vo1u| ¢ W_1V | 2v_—_2U WYE WINDING
v 2wQ . A | 1U-1w | an-2u
5 Bi Ec g “oz2u | — | g [1v-1u [ an-av LS | Dyn7
U = 1w | 2 C 1TW -1V | 2N-2W
v 2WQ . w-1v | A 1U-1W | 2w -2U o
f a B — — U1 eV3 ACCESSIBLE
6 B c ’ 2U | 1U-1wW B 1V-1U 2U-2v = Dy7 NEUTRAL ON
Wwo——>omw [ w-tu| G | IW=1V | 2v-2W WYE WINDING
v aw [ 1w=v| A 1U-1W | 2v-2u o
b
fE a ~ _ _ .3 | Dy9 | AccessiBLE
63 B c 2v , 2N w-w| B 1V-1U | 2w -2v lLJJ12 3 y NEUTRAL ON
1U - 1W 2U 1V=1U C 1W -1V oU - 2W WYE WINDING
v _paw A 1U-1W | 2v - 2N
64 Bf Ec woldey | — | B | TV-IUjew-2n jui-% ) Dynd
Wo——o1w “Dau C 1W -1V [ 20 -2N
1V vQ . A 1U-1W | 2N -2W
7 ai Eo ab=oaw| — | B [1v-1u | 2Nn-2U | Y='3 [Dyni1
b u2
16— w| 2 @ 1W =1V | 2N -2V
1V Q. w-1v | A 1U-1W [ 2v-2W NO
f a U1 +V3 ACCESSIBLE
1w d——omw| 2 wv-tu| G W1V | 20_2v WYE WINDING
1u 3 wo1w| A 1U-1V | 2U-2N
45 ci EA VA w-1u| B 1v_1w | 2v—2N _'5—; Dzn0
wo——0w | O ;7O u-v| C 1W-1U | 2W-2N
v b 2 lv-w| A 1U-1V [ 2N -2V
2W 3 . Ul
46 ci EA L/ | w-1u| B V—1W | 2N-2W [—*—Dzn2
W 5 v 2v 1u-v | C 1W-1U | 2N-2U
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE TURN | VECTOR
T;CS,T WINDING (H) WINDING (X) | JUMPER PHASE ‘Cﬂhmﬁé mhg?rfé RATIO | GROUP NOTES
1U b U A 1U-1vV | 2w -2V
2W n Ui NO
47 c/ \A c = B |1V-1W |2u-2w 0z | Dz2 | ACCESSBLE
a NEUTRAL
WO—F—01v v C |1w-1U |2v-2u
w aw | 1V-IW ] A 1U-1V | 2W-2N
A 1wW-1U 2.2 | Dzn4
48 c A o b B 1V-1W 2U-2N 2 Uz
WO———01v ¢ ey WUV C 1W-1U | 2v-2N
U oW A 1U-1V 2W -2U
a u NO
49 c A b — B |1V-1W | 2u-2av u; Dz4 | accessieLe
2V, NEUTRAL
1w =01 ¢ oy C 1W-1U | av-2w
v v A | 1U-1w [2u-2aw
b Y| Dzo ACCENSOSIBLE
n - -
9 8/ \¢ a | — B 1V-1U | 2v-2u 0 EDTRAL
we——>ow| § C | 1w-1v [aw-2v
v c 5 A | 1Uu-1w | 2w-2u “
2W U1
7 N a — 1V-1U | 2u-2Vv Dz6 | ACCESSIBLE
e A b " B U2 NEUTRAL
WOo——01w 2y © 1W-1V [ 2V -2W
1U b 2V [qv—1w| A 1U-1V 2N -2U
2V 3 ut
50 c A aleN © w-1ul B 1WV—1W | 2N-2V [ Dzn6
WO—5—0w 2u W=Vl C | 1tw-1U | 2N-2W
v 2v w-1iw| A 1U-1v | 2V-2N
a
51 ci :A c__don iwW=-1Uu| B 1V -—1W [ 2W -2N —:5—21 Dzn8
wo——>ow | F v || ¢ [1w-1u | 20-2N
1U 2v A 1U-1v | 2v-2W
a Ut NO
52 c A c - B 1V—-1W | 2W -2U Dz8 ACCESSIBLE
ow U2 NEUTRAL
wo—g Wil 20 b C 1W-1U | 2Uu -2V
U 20 oV [v-iw | A 1U-1VvV | 2N-2W
53 ci EA p —N w-1u| B 1V-1w | 2N-2U _3.5_1 Dzn10
a 2 2
WO—F—OWV | aw 1wu-1v | C 1W-1U | 2N-2V
1U 2U —_ _
c v A 1U-1V | 2U-2W ; NO
54 ¢/ \A b — B | 1v_iw | 2v-2u ' |Dz10| AccessiBLE
a u2 NEUTRAL
w SOl aw C 1W U | 2W -2V
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH LOW CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
TSt om0 | wiowa po- | wueen| PHASE| YOUTAGE | voLrace | Uk |\eeion)  NOTES
N ow . A 1U-1N | 2v-2U
11 AB v b>2u — B 1V—-1N | 2W -2V :J;_.vg YNd7
1wo” cow [ o ® Cc [1w-in [2u-2w
v 2 2 A | 1U-1IN | 2u-2v
u
44 ®lin 2w b | — | B | 1v-1N |2v-2w |——= |YNd1
A c U2 V3
w crow 2v C 1W-1N [ 2w -2u
v 2 o [iw-1v| A [ 1U—1W [ 2u-2V \o
B _ Ut Vs | Yd1 ACCESSIBLE
12 A * 3 °o|vv B =il || eyt Uz 2 g NEUTRAL ON
1U C 1w 2W | qy-1u C 1W =1V 2W — 2U WYE WINDING
W . O2U A 1U-1N | 2W-2U
U1
13w | b | — | B | 1v-iN |2u-2v [ — [YNd5
c
o~ croiw 2 C | 1W-1N|2v-2w
1V a u [tw=1v | A 1U-1W [ 2W-2U B NO
B - ui V3 ACCESSIBLE
14 A aw b [WU-Wl B [ 1v-1U | 2u-2v |z YA5 | (EiTRaLoN
U cTo1w ¢ av |v-1U | o 1W =1V | 2v—2ow WYE WINDING
v oW . 1W=-1V A 1U-1W 2V -2U NO
A ACCESSIBLE
15 ° b>]2u e = R VR VS [V B R B VA e
wo” Sow | o ® w-u| ¢ [ 1w-1v [20-2w WYE WINDING
I o, A | 1U-1IN |2u-2w
Ui
16 AB - b>2w — B 1V-1N | 2V-2U P YNd11
wo” cow | o * C |1w-1N |2w-2v
1v a W=tV A | 1U-1W | 2Uu-2wW ND
Cc
V3 ACCESSIBLE
70 b:>>2w U-tWi B[ V-1U | 2v-2U |22 Yd11| neotRaLon
U chow | sy a w-1u | G TW—1V | 2W -2V WYE WINDING
v 2w a_02u A 1U-1N [ 2N-2U
c Ui
18 Al o[ 2 — | B 1V —1N | 2N-2v | —— [YNyn6
LE Cow 2v C W —1N [ 2N -2wW
1v av v-iN| A 1U-1N | 2u-2v NO
Ut ACCESSIBLE
19 Aol o W-iN| B [ 1V-1N [ 2V-2W [——|YNyO| NEUTRALON
a LOW VOLTAGE
U CO1wW | 2u c aw | 1U=1N C 1W-=1N | 2W =2U WINDING
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
T:g_T WINDING (H) WINDING (x) | Jumper| PHASE m,‘.ﬁ\fg mhmfé FT,:?,':, GROUP NOTES
1V 2v 2w-2N| A 1U-1W | 2U-2N NO
U1 ACCESSIBLE
20 AB b| on 20-2N B 1V-1U | 2v-2N —— | YynO| NEUTRALON
a HIGH VOLTAGE
1U CO1wW | 2u c 02W | 2v-2N C 1W -1V 2W - 2N WINDING
U 2v A 1U-1N | 2U-2W
Ut
43 AB 1N . bl on — B 1V — 1N 2\ — 2N 0 YNynO
1w cho1v | 2u c o 2w C 1W=1N | 2w =2N
v 2v A 1U-1W | 2U-2W NO
o1 - b — | B [tv-1u [ 2v-2u |— | YYO s B
a
1U co1w | 2u c o 2w C 1W-1V | 2W -2V
v 2w ao2u | V-IN] A 1U-1N |2V -2U NO
c U1 ACCESSIBLE
29 AB N b w-1iN| B 1V—1N |[2Ww -2V 5 | YNY6|  neutRaLON
LOW VOLTAGE
iU co1wW 2V w-iN| C 1W—1N [ 2U-2wW WINDING
Y oW a 02U |2W-2N| A 1U-1W | 2N-2U NO
. oz i - - 9 {ywne ACCESSIBLE
23 A N b 20-2N| B | 1IV-1U [ 2N-2V | ——|Yyn6 | NEUTRALON
HIGH VOLTAGE
1w 1w P av-aN| G | 1w-1v | 2N—2w WINDING
v oW a_02u A 1U-1W | 2w -2U \o
u
o4 B ‘. — | B [tv-1u [au-2av | —| Yy6 ACCESSIBLE
A
1U Co1w 2v C 1W-1V | 2V -2W
1V 2v A 1U—-1W | 2U-2N
B &) b VH V3
65 o N o o — B 1V -1U 2V —2N V. YNzn1
1 C ow ¢ 02w C 1W-1V | 2W-2N
v 2v A 1U-1W [ 2U-2N NO
. a b Ul eV3 ACCESSIBLE
25 A 0 2N — B W-1U | 2V-2N | = Yzn1| NEUTRALON
WYE WINDING
1U cow ¢ oW C 1W -1V | 2W —-2N
1w v W=tV A 1W-1W | 2u-2v
~ b V3 e
o6 B o w-w| B 1V—1U | 2v—2w %;Ei Yz1 ACCESSIBLE
A NEUTRAL
1 c oW ¢ ow |1v=1u | C 1W—-1V | 2w -2U
v a 2U A 1U-1W | 2W -2N NO
b W3 ACCESSIBLE
27 AB oW 2N —_— B 1V - 1U 2U - 2N 512 3 an5 NEUTRAL ON
WYE WINDING
1u chow ‘N0 oy C 1W-1V | 2V-2N
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
T,EgT WINDING (H) WINDING (X) | JUMPER PHASE mh}g’?ﬁg mlﬁm\% ;:?Ig GROUP NOTES
v ou [1w=1v | A 1U-1W [2w-2u
B b TRE NO
28 A 2w w-w| B | 1V-1U | 2u-2V |—+5| Yz5 | AccesssLe
NEUTRAL
1 SR ®~pav [1V-1U [ C [1w-1Vv [2v-2w
1V 2w c A 1U-1W | 2N-2U
2N
66 Bl b W — | B | 1v=-1U [aeN-2v [ [¥Nzn7
0 a V.
1wo” cow | 2 c [w-w [en_aw | ”
v sy A |[1U-1w | 2N-2U NO
Ui eV3 ACCESSIBLE
29 AB N b 2N~y i =3 | NS e e Yzn7 | neuTraL ON
U cotw | 2v C 1W—1V | 2N -2w WYE WINDING
v WO w-1v | A 1U-1w | 2v-2uU N
30 8 b aulw-tw| B | 1Vv—1U | 2w-2v | Y. 53| Yz7 | AccessieLe
A a u2 2 NEUTRAL
1U choiw | av w-1u | C 1W-1V | 2U-2W
1V VO A 1U—-1W | 2N - 2W
2N Vi oV3
67 AB N b aw| — B 1V—1U | 2N-2U ™ YNzn11
a
wor comw | 2 C | 1W=1V | 2N-2vV
v VO, A 1WU-1W | 2N -2W NO
B _ .5 |Yzni11| ACCESSIBLE
31 A by — | B W1V fen-2u 312 2 NEUTRAL ON
1u cCo1w | 2u C 1W—-1V | oaN-2V WYE WINDING
v 2v c w-1v| A 1U-1W | 2U - 2W
B 2W uiLvs Yz11 ACCI?S?SIBLE
32 Ll b - u-1w| B 1WV-1U | 2v-2U |75°3 NEUTRAL
wo crow | 2 twv-u| C | 1W-1Vv |2w -2V
Wy 2u Ww=1w | A 1U-1IN [ 2u-2v
A 2 Ut
55| o . A W-1Uf B [ 1V-1IN | 2v—2w [—-=|ZNd0
& BTOW |PWOTOV v [ G | IW-1IN | 2W-2U
o 2y A | 1Uu-1v | 2u-2v o
iA u1 ACCESSIBLE
56 © A — B 1V —-1W | 2V -2w o 2 ON e
1w B 1V | 2w : 2v C 1W - 1U 2W - 2U HIGH VOLTAGE
P wvo—2oow|tv-tw| A | 1U-1N [2v-2u
A
2 U
1W-1U — - =, 2
57 c 4 a; ;c B 1V—1IN | 2w -2V T ZNd6
wo g —o1v 20 w-wv| ¢ |1W-1N |2U-2W
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH LOW CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
Tﬁg_T WINDING (H) | WINDING (x) | Jumper | PHASE mbﬁfg mhﬁfg ;:?,g GROUP NOTES
Ve .o A | 1U-1IN |2w-2u e
Ut ACCESSIBLE
33 | A—din 2w 0= — B WV-1IN [ 2U-2V | === 1ZNy5| NEUTRALON
& o—ow o\ Ly c [w=in[zv_aw WYE WINDING
v Lpou [W=1V] A 1WW-1W [ 2w-2U NO
34| A ’ 2w 0= w-w| B 1V-1U | 2Uu-2V -5 Zy5 ACCESSIBLE
» \ uz 2 NEUTRAL
S |- | ¢ W -1V | 2V -2W
v 2v A | 1U-1N |[2Uu-2wW NO
B 2 Ut ACCESSIBLE
35 | A—dm MO — | B | 1V-1IN | 2v-2U | o5 |ZNY11| NEUTRAL ON
g c 1w 2U C 1W — 1N S\ — 2V WYE WINDING
1V 2v W1V | A 1U-1W | 2U-2W
3| A ° ° 2w vV uYs | 211 ACCENSOSIBLE
. a/ ¢ u-1w| B 1V-1U 2V -2U 53 y NEUTRAL
w © 2U w-wu| C 1W-1V | 2w -2V
1V 2v A 1U-1v | 2Uu -2V
A a U1 T-T
58 & 2 U2 0
Lo aw|[1U=1v
1U 2U su-ov| B 1U-1W | 2U-2W
v W=1wW WU-1W | 2u-2v |2
. a 2V w2 | T-T
59 A b 30
2U
10 W aw [2u-2v | B | AV-1W | 20-2W [+ 4% Lag
v 2v woiw | A | WU=1W [ 2u-aw |-US ) op
B b 2w
60 A 30
U w | wo”® u-aw| B [ 1v-1w | av-2u [UE Lead
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APPENDIX D — Australian Std.2374 Transformer Descriptions

TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH LOwW CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
T,'ng WINDING (H) WINDING (X) | JUMPER PHASE ‘{3;{,‘,‘,?5 ‘{,3;{,?,?5 ;ﬂ?,: GROUP NOTES
B c a a A A-C c—a
1 3i Ec b; ;c _ B B-A a-b :':: Dd6
A p c b C C-B b-c
B b A A-C a-c
HV
A p c| a ~ c C C-B c-b
A c b a A A-B c-b
HV
38 Ci E“ v — | B e a-c¢ | bd2
c . B b C C-A b-a
A c A A-B c—a
HV
30 /\ /\ — | &8 | B¢ | at |—7-|Dd4
cO——D8 | bE—Da C C-A b-c
A b A A-B b-c
HV
40 /\ /\ — |8 [ BC | °c-a |—5-|Dds
c = B|a = [ C C-A a-b
A a b b A A-B a-c
f ( ; HV
41 c A a ¢ J— B B-C b-a = Dd10
c 5 B ¢ C C-A c—-b
A a A A-C a-n
42 Ai Es co<d — | B B-A b-N | = *% | Dyn1
c e B b C cC-B c-mn
B , b [c-B| A A-C a-c . NO
a — _ HV «V3 ACCESSIBLE
5 s/ \c ao-4 A-C| B B-A b-a = Dyl | NEuthaL on
A c e B-A| ¢ C-B c—b WYE WINDING
A
B aq. c-B| A A-C a-b NO
4 _ _ Vi oV3 ACCESSIBLE
61 8/ \c b b fA-c| B B-A b-c Vi Dy3 | NeutraLoN
A c| ¢ B-A| ¢ C-B c—a WYE WINDING
A
B a A A-C n-b
c
62 s:‘ EC ) T]a b — B B-A n-c ':: V3 Dyn3
A ~ c c C C-B n—a

AUSTRALIAN.050108A1
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WINDING TESTED
SPEC HIGH LOW CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
TECS,T WINDING (H) WINDING (X) | JUMPER PHASE mhmﬁ: \:.ﬂ'ﬁmfé ;:-?,’:, GROUP NOTES
B a A A-C c- n
f b
3 8 c c0-2 n _ B B-A a-m HV V3 Dyn5
c LV
A - c b C C-B b-1M
B . |c-B| A A-C c-b NO
. B . W ACCESSIBLE
4 s/ \c . A-C| B B-A a-c 5= Dy5 | EuTRAL ON
A c oo |B-A| ¢ c_B b-a WYE WINDING
A
B cQ. A A-C n-a
AN o3 B ER TS R s
b
A - c| P C C-B N-c
B ¢ Q. c-B| A A-C c-a NO
a _ _ HY «V3 ACCESSIBLE
6 8/ \¢ n T | A c| B B-A a-b |3 DY7 | NEutRALON
A c b B-A C C-B b-c¢ WYE WINDING
A
B pe [c-B| A B-C b-a 5
a _ _ _ 3| Dy9 | ACCEsSIBLE
63 8/ \c b A-C| B E=i c-b T: *1 5Y¥ | NEuTRaLoN
" = ‘ba |B-A c C-B s WYE WINDING
A
B c A A-C b- Tl
64 B C b a bn —_— B B-A C_n Hv .Va Dyng
f E Lv
A ~ c ‘ba C C-B a-m
B bQ ., A A-C n-c
7 si EC “oc | — | B B-A N-a [H % IDyn11
LV
A - c ad’ C C-B n-b
B bQ, c-B| A A-C b-c NO
a Hv «V3 ACCESSIBLE
8 8/ \¢ n °c|A-C| B BEA c-a |3 Dy11| neutraLON
A c| ad° B-A| ¢ cC-B a-b WYE WINDING
A
A - B-Cc| A A-B a-m
@ = B-C = BIPLLY
cd—Ds |° ,°% |A-B| C C-A | ¢-n
A co— opal|B-C| C | A-B | m-b
é 3 Hv
46 C A a n c C-A A B-C N-c _2'5 D2n2
c P B b A-B B C-A N-a
AUSTRALIAN.050108A2
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TRANSFORMER
CONFIGURATION WINDING TESTED
CAL.
TEst| MIGH-VOLTAGE | LOW-VOLTAGE PHASE| VOLTAGE | VOLTAGE | TURN |vecTom NOTES
NO. | WINDING (H) WINDING (X) | JUMPER WINDING | wINDING | RATIO | GROUP
2 A-B c-b
2 HV NO
47 C A — B B-C a-c v | Dz2 | AccessiBLE
NEUTRAL
3 B B C C-A b—a
A B-c| A A-B c-M
3 HV
48 A C-A| B B-C a-m ' |Dzn4
co——Ls A-B| C C-A b—n
A c A A-B c-a
HV NO
49 A ‘ b — | B B-C a-b —— | D24 | accessmiie
. 5 | b0t c P — NEUTRAL
B a -
B b ) A A-C a—-c¢ v NO
o _ b— Dz0 | AccessiBLE
9 A y B B-A @ Lv NEUTRAL
AG——Dc |20 Moc C C-B | c-b
B c c a A A-C c—a NO
HV
B C a — B—A a-b Dz6 ACCESSIBLE
v A? B B Lv NEUTRAL
rAd——>Dc b C C-B b-c
A A A-B n-a
3 HV
50 A B B-C n-b (—+= [Dzn6
c 3 B C C-A n-c
A b B-C| A A-B b-n
i : a 3 Hy
51 C A c n C—A B B-C c-" ?.E Dzn8
c ~ B|a P A-B| C C-A a-m
A b A A—-B b-c
‘ Av ACCSE‘?SIBLE
c A _ B-C c-a
52 / . B v | D=8 NEUTRAL
cO——o08 | *° b C C-A a-b
A A A-B n-c
53 Cf EA B B-C N-a —a-g Dzn10
2
c - B C C-A n-b
a aQ —Ob A A-B a-c .
54 c A b — B B-C b-a " _|IDz10| AccessBLE
a v NEUTRAL
CO——08 c C C-A c-
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TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH Low CAL.
TEST| HIGH-VOLTAGE [ LOW-VOLTAGE T VECTOR
NO. WINDING (H) WINDING (X) | JUMPER PHASE mhm\?é mlﬁm\?{f R:?I:I) GROUP NOTES
= © . A A-N b-a
11 Ul bb}a — | 8 B-N c-b va_ YNd7
LV eV3
A coOcC a a C C-N a—-c¢
B a b A A-N a—-b
HV
44 AB N a b _ B B-N b-c — YNd1
A c ‘ ¢ C C-N c-a
B a 2 C-B A A-C a-b NO
E a b B-A _ ACERZE ACCESSIBLE
12 A : ass b-¢ %7 NEUTRAL ON
A Coc ¢ |B-A| ¢ C-B c—a WYE WINDING
B a a A A—-N c—a
HV
13 AB . c b — B B—N —b — YNd5
A coc ‘ b C C—-N b-c
B , o [c-B| A A-C c-a . NG
2 - - Hv Y3 ACCESSIBLE
14 A ° ’ A= B B-A a-b Lv 2 Yds NEUTRAL ON
A coc ‘b |B-A| ¢ C_B 5o WYE WINDING
B c . c-B| A A-C b-a NO
B _ _ Hv V3 ACCESSIBLE
15 . b ala-Cc| B B-A c-b Ty Yd7 | NEUTRAL ON
A coec | b ? B-A| C C-B a_oc WYE WINDING
B b . A A-N a-c
HV
6] L ,,>c | s B-N -2 | == [YNg11
A coc a ‘ C C-N c-b
5 b . c-B| A A-C a-c NO
8 _ HY V3 ACCESSIBLE
17 , b c|A-C| B B-A b-a | —.—|Yd11| NEUTRALON
A coc a a B-A| C C-B c—b WYE WINDING
E c a0a A A-N n-a
©
18|  Clw AL — | B B-N n-b = |YNyn6
- coc b C C-N N-c
B b B-N| A A—-N a-b NO
ACCESSIBLE
19 AB N ° C-N| B B-N b-c ':\\: YNy0O| NEUTRALON
a LOW VOLTAGE
A coc a coec [A-N C C-N c—a WINDING
AUSTRALIAN.050108A4
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TRANSFORMER
SPEC HIGH Low CAL.
HIGH-VOLTAGE | LOW-VOLTAGE VECTOR
T,Eg'jr WINDING (H) | WINDING () |Jumper| PHASE ‘;ﬁhm‘fé ‘;ﬁh;‘?ﬁé ;ﬂﬁ'z, GROUP NOTES
B b c—h| A A-C a-T1 NO
HY ACCESSIBLE
20 & °In a-h| B B-C b-1 — YynO| NEUTRALON
A 2 HIGH VOLTAGE
. o | a c [b-h| ¢ -B c-N WINDING
B b A A-N a-n
HV
8 b _ _
43 ) N Ll —_ B B-N b-1M = YNynO
A C [o] a c c C C-N c—-"N
B b A A-C a-c -
o1 8 b _ B B_A ba ™| Yyo ACCESSIBLE
A a Lv NEUTRAL
A coc | a cOe¢c C C-B c-b
B c a0a | B=N A A-N b-a NO
c HV ACCESSIBLE
22 ﬂs N b C-N| B B-N c-b m YNy6| NeutRAL ON
LOW VOLTAGE
A coc b A—-N C C-N a-c WINDING
B c «pa | c-h| A A-C n-a NO
> i ACCESSIBLE
23 &in ALl a-h| B B-A n-b Yyn6 | NEUTRAL ON
A Lv HIGH VOLTAGE
A coc b b-h C C-B nN-c WINDING
B c e 0a A A-C c-
8 ¢ B-A b il Yv6 ACCENSSBLE
_ - a-
24 A b B Lv y NEUTRAL
A coc b C C-B -c
B b A A-C a-
a b o« V3
65| , Ln a 1 — | B B-A | b-n [X5 lyngng
A c cNpec C C-B c-—
B . b A A-C a-m NO
Vi o V3 ACCESSIBLE
o5 8 a b — B B-—A b-m L: 21Yzn1| nNeutRALON
LA . n T WYE WINDING
A ¢ c C - c—
B b — A A-C a-b
. §*|c-B ; o
26 8 a A-C| B B-A b-c ’i\‘;’ . % Yz1 ACCESSIBLE
A NEUTRAL
A coc ¢ c B-A C C-B c—a
B . @ A A-C c-1M NO
b HY V5 ACCESSIBLE
27 L c n — | B B-A a-N [ ==2|YznS| NeuTRAL ON
. o ¢ ‘S c C-B T WYE WINDING

AUSTRALIAN.050108A5

126



TRF-250 USER’S MANUAL REV 1

TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH-VOLTAGE | LOW-VOLTAGE HIGH Low eaL VECTOR
- - TURN
T,fg_T WINDING (H) | WINDING (x) | Jumper | PHASE mhmﬁg ‘\',ﬂhmfg RaTIO | GROUP NOTES
B a |C- A A-C c-a
a N Va NO
o8 ) 8 c A- B B-A a-b %gi Yz5 | AccEssIBLE
NEUTRAL
A coc ‘b [B-A| C C-B b-c
B c . A A-C n-a
66| L , o0 pa| — | B B-A n-b | Y% [YNzn7
a V.
A c | v c [ c-8 [ n-c |~
B C c A A-C n-a NO
n — _ HV V3 ACCESSIBLE
29 . & b B = B B-A n-b m Yzn7 [ NEuTRALON
A ~oc | » a . C_B n—o WYE WINDING
B c c C- A A-C b-a
8 a B_A b |H.B | yz7 o
30 ) b A_ B - c- W2 Yz ACCESSIBLE
y: NEUTRAL
A coc b _ C C-B a—-c¢ v
B © ¢ A = n-c¢
Vi eV3
67 AB N b n a - B B-A T]_a Vo Yznii
a
A coc b C C-B n-b
B bO__, A n-c¢ NO
s n _ i | Yz11 | AccessiBLE
31 . b c| — B N-a E\\I/ E NEUTRAL ON
A oo e a a c _ n-b WYE WINDING
B b C- A A-C a—-c
8 C b W5 [va1q|  accessiLe
32 4 aN b N ¢ [A- B e Al NEUTRAL
A0” coc | a B- C C-B c-b
a —c| A A-N a-b
2 HV
55 A c—a B B—N b-c S ZNdO
c ¢ b bl a-b C C-N c—a
a A A-B a-b o
HV ACCESSIBLE
56 ¢ ‘ — | B B-C b-c o | 490 | NeuTRAL ON
c . 3 c C_A c_a HIGH VOLTAGE
b
b b | b-c| A A—-N b-a
57 V c-a|l g | B-N | c-b |——[2ZNd6
c a a—-b C C—N a—-c
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REV1 TRF-250 USER’S MANUAL

TRANSFORMER
CONFIGURATION WINDING TESTED
SPEC HIGH-VOLTAGE | LOW-VOLTAGE HIGH Low eaL VECTOR
- - TURN
T,fg_T WINDING (H) | WINDING (x) | Jumper | PHASE mhmﬁg ‘\',ﬂhmfg RaTIO | GROUP NOTES
B a |C- A A-C c-a
a N Va NO
o8 ) 8 c A- B B-A a-b %gi Yz5 | AccEssIBLE
NEUTRAL
A coc ‘b [B-A| C C-B b-c
B c . A A-C n-a
66| L , o0 pa| — | B B-A n-b | Y% [YNzn7
a V.
A c | v c [ c-8 [ n-c |~
B C c A A-C n-a NO
n — _ HV V3 ACCESSIBLE
29 . & b B = B B-A n-b m Yzn7 [ NEuTRALON
A ~oc | » a . C_B n—o WYE WINDING
B c c C- A A-C b-a
8 a B_A b |H.B | yz7 o
30 ) b A_ B - c- W2 Yz ACCESSIBLE
y: NEUTRAL
A coc b _ C C-B a—-c¢ v
B © ¢ A = n-c¢
Vi eV3
67 AB N b n a - B B-A T]_a Vo Yznii
a
A coc b C C-B n-b
B bO__, A n-c¢ NO
s n _ i | Yz11 | AccessiBLE
31 . b c| — B N-a E\\I/ E NEUTRAL ON
A oo e a a c _ n-b WYE WINDING
B b C- A A-C a—-c
8 C b W5 [va1q|  accessiLe
32 4 aN b N ¢ [A- B e Al NEUTRAL
A0” coc | a B- C C-B c-b
a —c| A A-N a-b
2 HV
55 A c—a B B—N b-c S ZNdO
c ¢ b bl a-b C C-N c—a
a A A-B a-b o
HV ACCESSIBLE
56 ¢ ‘ — | B B-C b-c o | 490 | NeuTRAL ON
c . 3 c C_A c_a HIGH VOLTAGE
b
b b | b-c| A A—-N b-a
57 V c-a|l g | B-N | c-b |——[2ZNd6
c a a—-b C C—N a—-c
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