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GENERAL DESCRIPTION

2
The TR800 is a portable instrument designed for th rate ratio
measurement of transformers and all devices with AC\ ic dividers

current of the transformer under test. Keeping a f excitation current
has proved to be a reliable way of detecting p% transformers.

The phase deviation feature of the TR8 i the operator the phase
difference between primary and second ages, which is useful in

determining if there are shorted turns o the winding has an unequal
number of turms connected in para

associated with them.
Built into the TR800 is a current meter for the mea @ of the exciting
hQ]' to&

Three-phase switching on the simplifies test procedures, saves time
and greatly reduces the risk of tric'shock.

FEATURES @

- Built-in three-phas% itching.
- High ratio range; ton2021:1.
- Ratio’s all types

from over-voltage and shorted output conditions.
- True four te easurements for high accuracy.

- Durable tfansport case provided for longer instrument life,
rent meter for performing excitation tests.



13 SPECIFICATIONS

= Specifications: 25°C +5°C 6 months 50 or
+2Hz.
Bridge: Transformer ratio arm bridge circuit with phase
sensitive null detector. ¢

3 Bridge Output Test Voltage: 120V, 1A isolated, line depe\@

12V, 1A isolated, line depe Y
Frequency: 50 or 60Hz ding on line

W frequency. 0
Ratio Measurements:

(Exclusive of % Deviation Dial)

e

0.1 0.001 2.000:1
0.2 0.002 4.000:1
y 0.5 0.005 \ 10.00:1
: 19 * 0.01 K 20.00:1
. 2.0 0. 40.00:1
Y ) 50 ib 100.0:1
o 10.0 1 200.0:1
B 20.0 Qg 400.0:1
50.0 \ ‘ 1000.0:1
100.0 0 2021.0:1

Acculfcy' 1% of ratio.

NOTE: Display by TR800 is ratio at test voltage (12 or 120V)
and may not be ratio of device at its rated voltage or
current.

% { Dial
- \ aximum Range: +0.5 to -0.5 percent of ratio reading.

Resolution: 0.02% of ratio reading.
Accuracy: +2% of dial reading.

(___,} éN 11/820131 4
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SPECIFICATIONS (continued)
SPECIFICATIONS (continued)

Phase Deviation Dial

0.1 0.02CR
1.0 0.2CR
Accuracy:  +2% reading.

NOTE:

60 minutes = 1 degree.

Excitation Meter

1.0
10.0

2mA \
20@&
Accuracy:  *3% ful@
Protection

- "X" Input:

1 centiradian (CR) = 34.56

Maximum Range
+0.5CR %
+5.0CR

Maximum Range
S0mA
500mA

C)O

4

ng X side of transformer instead of H side) will

@%S maximum before protection shorts X0 to X1.
y

try to develop in excess of 150V on X side of
TS ' 800 thereby enabling protection to short X0 to X1.
is prevents any damaging voltage from entering the

instrument.

Esj&le Circuit Breaker:

backwards.

2A maximum fast acting; 0.1 second turn-off time. Prevents
any circuit damage due to high currents created when the
output supply is shorted or test transformer is connected



Physical:

Sizes:

cartying case. Case has hinged opening from above wit

lockable latch.
Instrument: 400 x 220 x 250mm (15 x 9 x 10 inchQ

Case: 480 x 530 x 370mm (19 x 21 x 14 inches)
L 4

Instrument and accessories supplies with portable foam-lix’l@

Weight: Instrument: 9kg (20 lbs)

Shipping: 12kg (27 Ibs)

14  ACCESSORIES FURNISHED (b

The TR700 Transformer Ratiometer is supplied c@ with:
820111 Instruction Manual
820112 Set of 10m leads Q

Transport Case
AC Line Cord (b

The TR800 Transformer Ratiometegis s d complete with:
820131 Instruction Man '
820132 Set of 10m L

820@

GES

Transport C

AC Line

( ) 1.5  ACCESSORIES AVAIl E
820111 and Instruction Manual, TR700
820112 st Leads
820113 est Leads
820116 e Extension Transformer, 5:1/2:1, Step-up
820118 L VT Ratio Test Extension Adaptor
820131 \ perating and Instruction manual, TR800
820132 K 10M Test Leads
820133 \ 25M Test Leads
820134 O Invertor, 12VDC to 120VAC

10M Test Lead Extension
25M Test Lead Extension

ase note that this instrument is subject to continuous development.and
improvement. This instrument may therefore incorporate minor changes in
4 detail from the information contained herein.

I(H‘_,-' @mm
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1.7

WARRANTY

Multi-Amp warrants this instrument sold by us or our authorized agents,
be free from defects in material and workmanship for a period of 12 mont
from date of shipment. During the warranty period, Multi-Amp will, at"our
option, repair or replace the Instrument or part thereof which proves to be
defective providing: : 14

@)n prepaid

or repaired by

(1)  The Instrument is returned properly packed and tr
with prior authorization from us or our appointe

(2) The Instrument has not been altered, m
unauthorized personnel and,

(3)  That our examination discloses to our @ion that any improper
operation or failure was the re defective material or
workmanship and was not the T ul@proper use, negligence or
accident, exceeding environment itSyOr connecting the instrument
to incompatible equipment.

This warranty is exclusive and i n‘and accepted in lieu of all other

warranties, express or implied, and,constitutes fulfillment of all our liabilities

to the purchaser. Multi-Amp @ lly disclaims the implied warranties of
dama

merchantability and fitness fo ific purpose. We assume no liability, in
any event, for conseq ges, for anticipated or lost profits, for

personal injury due t accident, for incidental damages or loss of time
or other losses incurre purchaser or any third party in connection with
instruments covered warranty or otherwise.

O
N

O
Q>Q)

L 4

11/820131



2.  INSTALLATION O
| 21 UNPACKING AND INSPECTION O

. Prior to shipment this instrument was electrically tested and mechanically
inspected and found to meet specifications and be free of mechanical defects.

= After unpacking the instrument, visually inspect the, inStrument and
accessories for damage. If evidence of damage is presen must contact

the carrier who transported the unit and file a claim in The shipping
container and packing material should be retained pection by the
carrier’s agent. Electrical operation per section 3 shouldjbe checked as soon

22 PREPARATION FOR USE

as possible after shipment. Q

INSURE THAT THE APPARATUS.TO
DE-ENERGIZED PRIOR TO
familiarize himself with the contro
3 prior to use.

Tj’ 23 LINE SUPPLY VOLT @

This instrument is sh% m the factory for operation on either 120V,
60Hz line or 220V, oltage is noted on the test report. To prevent
damage to the ins ensure that the voltage on the test report matches
your particular li e.

L 4

STED IS CLEARED AND
ghly recommended that the user
ctions and features detailed in section

24  REPAC SHIPMENT

To in&.@)per shipment of this instrument it is recommended that the
origi able container and packing material be retained. If being
or calibration or service, please attach a card to the instrument

e
@\' the owner, model and serial number and service required.
L 4

L_,.} EN 11/820131 8



3. OPERATING INSTRUCTIONS

3.1

L 4

&11/820131

O

PANEL CONTROLS AND OPERATING FUNCTIONS < ’

This section details and describes the operating features of the TR700 and

TR800. (Refer to Figures 1 and 2). -

4
1. Line Input Socket - Standard input for line cord \@

2. Instrument ON - Flipping this switch upwards ac e instrument,
immediately sending voltage to the "H" outputste Is. This switch
is also a fast-acting circuit breaker, therefore, protegting the instrument

by shutting itself off. To reset, simply ﬂkﬁ pwards.
i

3. Power ON Indicator - This red L.E.D.4
is energized. %

nated when instrument

4.  Detector Phasing Switch - S of\bridge balance of ratio or phase

deviation. Null meter (17) i r for balance condition.

S
S. Detector Sensitivity - Th ns&ty of null meter (17) is controlled
with this adjustment. %‘ neral rule, the higher ratio’s require

D d

higher sensitivity. eg.

require a high sensitivity setting.

tio, therefore would require the lowest

6. Phase Multiph- vitch - The approximate range of phase deviation

sted 1S determined with this switch.

N

0. @tio Switches - These switches determine the "Ratio” of the test
nsformer, when used in conjunction with ratio multiplier (8).
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3.1

PANEL CONTROLS AND OPERATING FUNCTIONS (continued)

O

3.1 PANEL CONTROLS AND OPERATING FUNCTIONS (continued) 0

( &/szom

S

10.  Ratio Deviation Dial - Once the calculated transformer ratio is entered
into the ratio switches (9) and ratio multiplier (8), this dial gives a
direct reading of percent deviation of the test transformer versus the
entered ratio. When balancing ratio switche\ al should

ALWAYS be in "0" position.

11.  "X"Input - This connector couples with the pro i@ds marked "X0

to X3".

to H3"

12.  "H"Input - This connector couples with L@l ed leads marked "HO

13. "X" Selector - This switch selec l(bw measured from "X Lead"

connections.

14. "H" Selector - This switch SK ut to be measured from "H Lead”

connections,

15.  Polarity - This switch r% the polarity of measured ratio and also
t

acts as a polarity ifidica

16.  Test Voltage Sele - This switch applies 12V or 120V to the test
transformer. ? is generally used for C.T.s where cores saturate at

low voltages

17.  Null Me@ndicator for balance of ratio and phase. Detector

(4) determines which is being balanced.

phaskﬁ
18. Ex@ Ammeter - This meter indicates the amount of current
u

ired to excite the test transformer at the selected test voltage (16)

no load conditions.

@citation Range Switch - The appropriate range of excitation current

@ (18) is determined with this switch.
o 2

"X" Input - These binding posts couple with the provided leads.

"H" Input - These binding posts couple with the provided leads.

10



3.1 PANEL CONTROLS AND OPERATING FUNCTIONS (continued) O&
® O® OO0 ® @
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4PANEL CONTROLS AND OPERATING FUNCTIONS - TR800

S FIGURE 1
smm/mm 11




31 PANEL CONTROLS AND OPERATING FUNCTIONS (continued) O

@

#PANEL CONTROLS AND OPERATING FUNCTIONS - TR700
s FIGURE 2

820111/820131 12




32 GENERAL- OPERATING INSTRUCTIONS USING A SELF-CHEC

PROCEDURE (Ratio 1:1) . b

" 1.
2
- 3.
4.
k 5.

6.

TR800 (Refer to Figure 1) O

Insure that instrument power switch (2) is in down position.
4

Connect high side leads(H markings on alligator to "H"
input(12). Connect low side leads (X markings ofizalligator clips) to

"X" input(11).
Short all alligator ends as follows: @

HO to X0 H1 to X1 0
H2 to X2 H3 to X3

If line cord is not plugged into instru% SO now.

Set the TR800 instrument contro follows _
Detector phasing switch; >
Detector sensitivity: way.

Phase multiplier swit
Phase deviation dia

Ratio multiplier swi 0.1. -
Ratio switches: m 10. -0 - 0.
Percent de n : 0

"X" Sele tch: X3 - X2.
"H" Sele\’ ch: H3 - H2.
Polarit itch: Normal.
Test valt elector: 12V.
Excitationefange switch:  x 10.

L 4

ersonnel are kept clear of alligator clips. Clips should be
ound or any metal objects, as they will be at a potentially

serve "Null Detector” needle. It should be pointing towards “0". If

\Ot, obtain centre balance by adjusting "Percent Deviation Dial". Dial

¢ 9

_( ; 1/820131

should remain at approximately "0" (+1 division) with needle balanced
at centre "0" position.

The excitation meter should read approximately "0". If not, just above
the "0" line.

13
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GENERAL OPERATING INSTRUCTIONS USING A SELF-CHECK
PROCEDURE (continued) O

10.  Set "Test Voltage Selector” to "120V". Re-adjust "Percent De@x
Dial". It should still balance at approximately "0". If needle mov t
is too sensitive, set "Detector Sensitivity" back until needle movement
is comfortable to operator (this does not affect accuracy). @

If all of the above goes accordingly, the instrument has e@nced to a
ratio of 1.000:1.

11.  Switch detector phasing switch to "Phase". @

12.  Observe "Null Detector” needle. It shoul wards centre 0", if
not, obtain centre balance by adjusting phasevdeviation dial (7). Dial
1vision

should remain at approximately "0" (£ ion) with needle balanced
at centre "0" position.

If all of steps 11 and 12 go accordingly, t trument has been balanced to
a phase deviation of 0.0.CR (ce ) which indicates the internal
reference transformer is okay. follewing steps will verify the correct

operation of the "X" and "HZ se r switches (13 & 14) and the
corresponding H and X leads.

13. Turn instrument '
14. Set "H" selectN - H1". Set "X" selector to "X2 - X1".
15. Turmn insﬂu@i.

16.  "Null Det@needle should be balanced with detector phasing switch
on "Ratiet "Phase.

ps 13 to 15. Exchanging the following:
H2 - H1 to H1 - H3.
X2 - X1 to X1 - X3, then,
@ b. H1 - H3 to H1 - HO.
\ X1 - X3 to X1 - X0, then,
c. H1 - HO to H2 - HO.
X1 - X0 to X2 - X0, then,
d. H2 - HO to H3 - HO.
X2 - X0 to X3 - XO.

4 This should fully complete a self-test of the instrument as well as the test

leads.

14



e

.

S

8:2

3.2

GENERAL OPERATING INSTRUCTIONS USING A SELF-CHEC
PROCEDURE (continued) :

GENERAL OPERATING INSTRUCTIONS USING A SELF-CHEg)
PROCEDURE (continued)

L 4
TR700 (Refer to Figure 2) @
1.  Ipsure that instrument power switch (2) is in dowN n.

2. Connect high side leads (“H" markings on alli s) to "H" input
(21) (H1C, H1P, H2C and H2P).

3 Connect low side leads ("X" markings on alligator clips) to "X" input
(20) (X1 and X2).

4. Short all clip ends as follows: (b

H1 to X1
H2 to X2

5.  If line cord is not plugged &trument, do so now.

6. Set the TR700 instrumgn trols as follows
Detector p g ch: Ratio.

Detector vity: Midway.
Phase multiplier switch: 0.1

Phase x dial: 0.
Ratio 1er switch: 0.1.
lor S es: 10. -0 - 0.

oPercent/deviation dial: 0.
tage selector: 12V,

7. E& t personnel are kept clear of alligator clips. Clips should be
ﬁ;ﬂ ground or any metal objects, as they will be at a potentially

oltage.

@m power switch ON.

% Observe "Null Detector” needle. It should be pointing towards "0". If

not, obtain centre balance by adjusting "Percent Deviation Dial". Dial
should remain at approximately "0" (+1 division) with needle balanced
. at centre "0" position.

11/820131 15
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GENERAL OPERATING INSTRUCTIONS USING A SELF-CHE
PROCEDURE (continued)

GENERAL OPERATING INSTRUCTIONS USING A SELF-CHEQ
PROCEDURE (continued)
L 4
10.  Set "Test Voltage Selector” to "120V". Re-adjust "Peseent Deviation
Dial". It should still balance at approximately "0". n%mqvement
is too sensitive, set "Detector Sensitivity” back until movement
is comfortable to operator (this does not affect dc e

If all of the above goes accordingly, the instrument has,been balanced to a
ratio of 1.000:1.

11.  Switch detector phasing switch to "Ph?Q

12. Observe "Null Detector” needle.
not, obtain centre balance by _adj
should remain at approxima

at centre "0" position. \

If all of steps 11 and 12 go accozdingly, the instrument has been balanced to
a phase deviation of 0.0 C iradians) which indicates the internal

reference transformer i ke
This should fully con\ self-test of the instrument as well as the test
leads. ' (b

point towards centre "0", if
phase deviation dial (7). Dial
1 division) with needle balanced

16



TRANSFORMERS (Refer to Figures 1 and 2)

1.

Zs

)

3.3;, MEASUREMENT OF SINGLE-PHASE, TWO-WINDINb

Insure that instrument power switch (2) is in down position. O

Connect high side leads ("H" marking on alligator clips) to "H" input
(12 & 21). *

Connect low side leads ("X" markings on alligato\% "X" input

(11 & 20).

Assuming the transformer under test has th%@ markings:

FIG :
Connect the TR80{ e%he corresponding markings:
"H" Leads - 1 "X" Leads - X1 to X1.

- FE J - X2 to X2.

Ensure that t@g leads (H3, HO, X3, X0) are free and

clear of the former and any grounded points, as they may

accidenta ergized.
L 4

Set th Mu.ment controls as follows:
etector phasing switch: Ratio.
tector sensitivity: Midway.

hase multiplier switch:  0.1.
Phase deviation dial: 0.
Ratio multiplier switch:  0.1.

"X" Selector switch: X2 - X1.
"H" Selector switch: H2 - H1.
Polarity switch: Normal.

\® Ratio switches: 8.-0-0.
% Percent deviation dial 0.
4

U éN 11/820131

Test voltage selector: 12V.
Excitation range switch:  x 10.

17
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3.3 MEASUREMENT OF SINGLE-PHASE, TWO- WINDIN
TRANSFORMERS (continued)

3.3 MEASUREMENT OF SINGLE-PHASE, TWO-WINDING O
TRANSFORMERS (continued)

3 L 4
It should be noted that the test voltage, 12V is used in th%ication to

achieve an approximate balance, and therefore ratio, unless ecimen is
a current transformer where upon 12V is used to achieve nce as well

transformer.

7.  Ensure that personnel are kept clear o clips and test

8.  Turn power switch ON, Q
9. Observe "Null Detector” needle (17 ill be pointing to the left
side of the meter. (If not, che 1 switch (normal) and lead
connections ("H" on high side an n low side)).
tor", turn ratio multiplier switch

10.  While still observing "NU%
clockwise until null deteﬂW ) swings to the right. Turn ratio

ise one position

multiplier switch counte i .
eg.  Needle swi @@ "10" multiplier. Switch should be placed

in "5" m before continuing to next step.

11.  With the ratio i roximate range (needle pinned to left), rotate left
most ratio s ) clockwise (start on "8") until null indicator swings
right. a thch back one position.

12. Rotat i ratio switch clockwise (start on "0") until null indicator

Turn ratio switch back one position.

13. ght most ratio switch clockwise until needle either swings
r comes to a balance in the centre of the meter.

nul] detector needle is still settled either left or right of centre,
rotate percent deviation dial (10) until needle balances to zero.

Switch detector phasing switch to "Phase”.

16.  Adjust phase deviation dial (7) until "Null Detector” (17) balances to

. nAn
centre "0".

11/820131 18



33 MEASUREMENT OF SINGLE-PHASE, TWO-WINDI
' TRANSFORMERS (continued)

33 MEASUREMENT OF SINGLE, TWO-WINDING TRANSFORMEQ

(continued)
L 4

17.  If balance is not possible, switch phase multiplier swi "1" and re-
attempt step 16. '

18.  Once balance is achieved, set "Test Voltage Sele% 120V" and re-

balance. (Adjustments should be minimal). 1 uld only be used
for C.T.s that have sufficient core to handle, thisjvoltage. Otherwise,

12V is used on CTs.
EXAMPLES OF DIAL IN'I'ERPRETATI(%?
After the ratiometer is balanced, the e transformer under test is
determined as follows:

If ratio deviation dial is not used, setvat O, then;

- Ratio = Multiplier x m n Ratio Dials
( i Examples: Q

ratio dials read 17.32, then:

e

1.  If multiplier is
Ratio = 0.1 = 1.732 or 1.732:1

mul@o S and ratio dials read 10.02, then:
0.

x 10.02 = 5.01 or 5.01:1

N
~

s E EEN 111/820131 19



33 MEASUREMENT OF SINGLE-PHASE, TWO-WINDIN
TR ANSFORMERS (continued) :

If ratio deviation dial (10) is used for balancing, determine ratiogll
previous page and multiply obtained ratio by a factor 1000 + D to obtain

exact value. 1000 L 4
Examples: \‘
1. If ratio dial reads 10.00, multiplier is 2.0 and devn@x reads +1.5,
then:

Ratio = 2 x 10.00 x l!ﬂ! + 15 &
= 20.00 x 1001.5
1000

= 20.03

The ratio deviation dial is most& when percent deviation from a
predetermined value has to be (determdined. If the deviation dial reads

positive then the ratio of the tr er under test is higher than the preset
( hY value. Similarly, if the ratio ansformer under test is lower than the

preset value, then the d n will read a negative value.

Examples:

Name plate ratio 4 s to 120 volts.

Ratio = 40.00

Set multlphe‘ Q dials to obtain a ratio of 40.

Two possibili =2,R =20.00(19 + 1 + 0) or,
=5 R=80(8 +0 + 0)

Now b nly with ratio deviation dial. Deviation dial reads in mils (1
or 0.1%) as to how high or low the ratio is from nameplate.

xh aining ratio readings, the second and third ratio dials may exceed
at occurs they should be read in the following manner:

8+ 10+ 9= 9.09

19 + 11 + 10 = 20.20

10+ 0+ 10 = 10.10

L 4

J $ﬁ§m 20
K



33 MEASUREMENT OF SINGLE-PHASE, TWO-WINDIN
TRANSFORMERS (continued)

PHASE ANGLE BALANCE O

The phase deviation dial reads directly in centiradians regardless of ratio, as
long as proper multiplier (0.1 or 1.0) is applied. In norm ing, phase

J deviation should be minimal. Excessive dial readings from n should be
investigated because they indicate possible shortedox resence of
circulating current paths, or other errors.

One centiradian is equal to 34.37 minutes. To@l the phase angle

deviation dial from centiradians to minutes, multi ial reading by 3.437
" when operating on the 0.1 multiplier and by 34 n operating on the 1.0
multiplier. :
3 34  SINGLE PHASE AUTO TRANSFOR D REGULATORS

TEST USING TR700

1.  Auto Transformers (See Fﬁx

"r ) Make connection as st@ figure 4, connecting:
pia & i. Hl 1 H1P)
: ii X 1
! ii. t C + H2P) + X2
Follow steps m' n 3.3 to complete the test.
' 2.  Regulatorg(SeeFigure 5)
L 4

Make

\ on as shown in figure S, connecting:
i. © StoX2

117 L to (H2C + H2P)

SL to (HIC + H1P) + X1

steps of section 3.3 to complete the test.

N

,L | §N 11/820131 21



TEST USING TR800 O

1.

Auto Transformers (See Figure 4) Q

Make connection as shown in figure 4, connecting:
i. HltoH1
ii. XltoX1

4
iii.  HOto HO + X0 \@

Follow steps of section 3.3 to complete the test.
Regulators (See Figure 5) @

Make connection as shown in figure S, conneéti
i. StoX2
ii. LtoH2

i,  SLtoHO + X0 (D.
Follow steps of section 3.3 to co testhe test.

L 4

Q
&
&

11/820131
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34 SINGLE PHASE AUTO TRANSFORMERS AND REGULATO
(continued)

-

TR700

Transfanmer

O HIC

HC

under test
9
|
. TR800
=
1)
N
TRANSFORMER
o UNDER
TEST
HOXO
L4
;(\ } 11/820131

ON OF A SINGLE PHASE AUTO TRANSFORMER

FIGURE 4




34 SINGLE PHASE AUTO TRANSFORMERS AND REGULATORS
- . (continued)

Source Load
Bushing Bushing

TAP CHANGER

/ A TOMATICALLY
CONTROLLED

| | ]
NEUTRAL: Cay \! h\ _

F D
SOURCE.  CONTACT
BUSHING
& .,._‘ ) 2R REVERSING
S y ‘l“ SNITC
N
o
' R o o [
& o7\ X "1
J ‘ ’ s CURRENT TRANSFORMER-
TO LINE-DROP COMPENSATOR
28 IN CONTROL

\ * e OEA_BI_BUSHIHE

SO RCE 5‘, - 0201‘ L

SHUNT

\K WINDING TO CONTROL L%

Q POTENTIAL
@ WINDINGS

\ S SOURCE-LOAD BUSHING
- ONE STEP VOLTAGE REGULATOR

FIGURE 5

"L_ /820131 24
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3.5

DETERMINING TRANSFORMER CONNECTIONS USING ONL
NAMEPIATE DATA

For most transformers, a connection diagram is available from our @,
for these transformers, one needs only match the correct figure fro e
nameplate with the corresponding figure on our chart and follow the
instructions. ” ¢

For many utilities, different nameplate diagrams make it i to always
find a corresponding figure on our Table I. To assist i mining the
i

correct connection and testing of any transformer, the % g explanation

will assist in self checling one’s work. 0

EXAMPLE 1: DETERMINING IN-PHASE "X" "H" VECTORS

For this diagram, one must determine twofli hich are PARALLEL to
each other. For example, H1-H3 is par t -X1. Only H1-H3 will ratio
against X2-X1. The polarity is also i nd is noted by the order of the
phase mentioned i.e. H1-H3 is op rity to H3-H1.

2 w-m
HI >XI
Hi-H3 (043 &

L 4
x FIGURE 6
In connecti the TR800, an operator would typically connect the leads as
marked t responding bushings i.e. H1 to H1, H2 to H2 etc. therefore
in testi is transformer, the following test positions on the "X’ and "H"

switci;@e TR800 would be used:
X" SWITCH POLARITY

H1-H3 X2-X1 Normal

-H1 X1-X3 Normal

4

; &u/mm

H
H3-H2 X3-X2 Normal

For the TR700, each connection is made as a single phase transformer.

25



DETERMINING TRANSFORMER CONNECITIONS USING ONL
NAMEPLATE DATA (continued)

EXAMPLE 2: USE OF JUMPERS (i.e. no neutral accessible) O

In some cases, parallel lines on a transformer diagram are not apparent, or
as is most often the case, a neutral connection is not availablesand hence no

test appears possible. \

o | A
X

HI H3 X3
: FIGU
In the above diagram, H is llel to X1-XO0, but with no X0 available,
an altermative method e used. By jumpering X2 to X3, a cancelling

effect of the upward aéti X2 with the downward action of X3 is obtained
and a resultant directi rallel to X1-XO0.

measured by the will be higher than the nameplate ratio. To obtain

H1-H3 can now Q} pared to X1-(X2 jumpered to X3). The ratio
8
the multiplier, Table I for a similar configuration.

\0
@)
¥

>



3.6 THREE PHASE TRANSFORMERS (Two Windings)

In testing three phase transformers it is necessary to pay special attenti O
the relative phase relationships and winding connections. { ’

Table I has been devised to simplify taking the ratio measurements of three
phase transformers with single phase excitation. The nameplate voltage ratio
(R) is the ratio of the HV line-to-line voltage and the LV line t6-line voltage.
Table I shows the relationship between the measured 'o%he actual

ratio based on line-to=line voltages. Even though neut ay not be
accessible, it is possible to determine ratios with only mi anges in the
test method. This also permits the testing of zigzag u@ ithout available
neutrals. '

It should also be noted that if the connections are e according to Table
I, the relative phase rotation of the HV and be verified.
The step by step procedure described tien’'3.3 should be followed for
checking ratio, polarity and phase rotatio

3.7 THREE PHASE AUTO TRAN so%hﬂaRs

Ratio tests on three phase autajt rmers are carried out on asingle phase
basis following the same al ‘procedure as described for single phase auto
transformers. Connec hown in Table I between the ratiometer and
transformer being tes ld be observed with care. The step by step
procedure for obtaini io, phase rotation and polarity is similar to that
described in the pre ctions. Make sure that while conducting the tests
with Model TR8 phase switching) X0 lead from the instrument lead

bundle is IIODCQCt to HO-X0 terminal of transformer being tested.
L 4
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CONNECTIONS USING TRANSFORMER NAMEPLATE

HIGH LOM VOLTAGE (L) SWITCH MEASURED VDE
FIGURE VOLTAGE JUMPER VALUE OF NOTATION NOTES
1) DIRECT (REVERSE) ] X RATIO
Hi X1 x 2-1]2-1 single Phage ¥
1 oD R armer
K2 x x4
2 E g: N 1-0j1-0 ’ Regulator
HO
L
H2 e X4 1-3|1-3 0 Accessible
3 .)\Q /l\ .- 2-112-1 R Neutral
H4 X X3 3 -2
H2
) /1%
He

H2
5
I-IF/kH:I <30° (<210°)
-}
Sa
m/kua <30° (<210*)
7]
6 HO
..«./L.‘a 210 (<30%)
H2 No Accessible
7 Neutral
I*T) <3°. (<21°.)
. ¢ H2 - No Accessible
7a Neutral
<30° (<210°)
No Accessible
8 Neutral on H.V. Side
<30° (<210°)
9
No Accessible
10 Neutral on L.V. Side
«<30° (<210*)
No Accessible
10a Neutral on L.V. Side
<30° (<210°)
"
<30° (<210°)

TABLE




§ HIGH LOW VOLTAGE (L) SWITCH MEASURED VWE
FIGURE VOLTAGE JUMPER VALUE OF NOTATION NOTES
(H) DIRECT (REVERSE) H RATIO
: H2 X2 5\ 1-3]1-3 Dz0
12 | _ ?‘ S EERE XN R
[, X9 x2 3-23-2 (026)
| ) ’0: - :!' K3 -H2J1-3|1-3] 2r No Accessible
13 | z MY - B3] 2 - 1 2
[~ X2 X xy-x2l 1 -
13a 5% x2 - 3| 2
(<210°)
o Accessible
14 Neutrsl on L.V. Side
<30° (<210°)
No Accessible
15 Neutral on H.V. Side
Three-Phase
16 Auto-Transformer
17
18
B R oy5
18 2
(oy11)
Ydn
19 3R
(Yd5)
B3R Ydn
20 2
(YdS)
2R Ydn
208 3
(Yd5)
Y258
21 3R
(re11)
wl1-3[1-3] 20 Yzn
22 L Kwla-1[(2-1] &3
-H|3-2|3-2 (rzS)
w P2 wla X0 -x|1-3]1-3| g Yzt
22 g 4 - -u3l2-1[2-1] 2
P %2 Xt|3-2|3-2 {v25)

TABLE I (continued)
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INTERPRETATION AND PROPER USE OF THE RATIO DEVIA’I'!O

DIAL

The Deviation Dial simplifies the determination of % zatio error for

PURPOSE OF DIAL

transformers. ANSI specifications allow a maximum, of b error or
deviation from nameplate ratio. \

Instead of using nameplate vs measured ratio and calcu e % deviation,
one need only set the nameplate ratio of the TR800 e example below)

and adjust only the deviation dial until balance iS\g@btained. This gives the
operator an immediate indication of magnitude viation and simplifies
his written entry on his test report.

EXAMPLE Z

Nameplate Ratio: 4800 volts to S

Ratio = 40:1 \
1.  Set multiplier and rat@ o obtain nameplate ratio.

2. Mult =S ias=8+0+0

3. Now balance only Ratio Deviation Dial. Dial balances at -1.2.
NOTE: Th on Dial reading must be multiplied by 0.1 to obtain
% rati@ error (indicated on front panel).
L 4
4, i kes the ratio error is -0.12% from nameplate.
In the hod of testing, the Ratiometer would balance at 39.95 to 1.

Operater wpuld apply formula:

d Q :ﬁg[tqd Ratio - Measured Ratio x 100
; : \ Marked Ratio

(Y] .

(_'_ $~ 820111/820131
o s

thérefore, 40.0 - 39.95 x 100 = -0.12%
40.0

30



3.8 INTERPRETATION AND PROPER USE OF THE RATIO DEVIATIO
DIAL (continued)

3.8 INTERPRETATION AND PROPER USE OF THE RATIO DEVIAQ
DIAL (continued)
' L 4
When filling out test sheets, much less written work using t jation dial
is required. e.g.:

“ - PERCENT PHASE CITATION
TAP NAMEPIATE DEVIATION DEVIA CURRENT mA
POSITION RATIO T
A B C A A B C
1 40.0 -1.2|-1.0|-0.2 = - = -
2 40.5 0.8 0.6|-0. = = = =
3 41.0 3.5|-0.4|-0.2 = = 25| 8 8
4 41.5 0.0 0.1 = = = = =
5 42.0 -1.0|-0.8 > = = = = = =
6 42.5
7 43.0
8 43.5
9 44.0
Only high readings and excitation current are recorded.

O
N
O

2

L 4

N 820111/820131 31



3.9 CURRENT TRANSFORMERS O
BUSHING CURRENT TRANSFORMERS O
Bushing current transformers (BCT’S) can be tested for their ratio and phase
angle characteristics with the TR700 and TR800 ratiometers. This clecking
is particularly useful for the following applications: @

1 Receiving inspection of Bushing Current Transf \

) Testing of BCTI’s after they are mounted o %nner or circuit
breaker covers, before cover is assembled te,the fmain tank. This test
is normally done to:

a. Check whether the CT’s are teéh with proper polarity with
respect to the bushing le %

B To make sure that th n leads from the CT are brought
out to the proper te S.

3.  Testing BCI’s after the&e installed in transformers if their

performance is suspectm
-0 Hic
&
X2 Q.muy (feed through)
< 0 X)
X3
—& -0 X5
X4
o Hzp
o Hx
L 4
FIGURE 8
820111/820131 32



3.9 CURRENT TRANSFORMERS (continued) O

NOTE: While testing with Model TR800 Ratiometer, H and X segtg
switches should be set in position H2-H1, and X2-X1. Use
and LV leads marked H1-H2, and X1, X2 for this test.

Reversing switch should be in normal position. ¢

A current transformer is connected backwa %ﬂpared to
a potential transformer. That is, the H lea ruments are
connected to the X (secondary) termi the current

transformer. 0
Procedure: Q
1.  Runalead (10 AWG wire) through t e of the BCT/CT or to
the buss terminals.

2 Connect one end of this lea t al X1 and the other end to
terminal X2 on the ratiomexI

)} Connect the secondary win ofthe BCT to the H1P, H1C and H2P,
H2C terminals on the r@ g

4, Set the test volta ch™to 12 volts.

B Use procedure N n 3.3 to complete test.

" O Hye

oHlP

Oxl

} * O X2
“1x
1] Lzl

. X113, S - -
o

— H2c

B ING CURRENT TRANSFORMERS, WHEN MOUNTED

4 FIGURE 9

P /N, 820111/820131 33
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CURRENT TRANSFORMERS (continued)

In order to test the BCT without removing it from the transformer: O

1. De-energize and disconnect the main power transformer from the
source so that it can be worked on. rs

2. Short circuit the X1, X2 terminals on the main p en%former.

<} Connect the X1 terminal of the instrument to th minal of the
power transformer and the X2 terminal of the,i ent to the H2
terminal of the power transformer.

4, Connect the H1 terminal of the instrument e X1 terminal of the
current transformer and the H2 termi he instrument to the X2
terminal of the current transformer.

o Conduct the ratio measurement as ibed in section 3.3.
NOTE: It is important to shorgiCircuit all the windings on the same core
limb except the onﬁ includes the current transformer

being tested. 2

METERING CURRE NSFORMERS

phase angle characteri with the Model TR700 and TR800 Ratiometers.

Metering current tra% s (CT’s) can be tested for their no load ratio and
This checking is i ly useful for the following application.

ection of new CT’s from the manufacturer or recycled

1 Receiy,
i the field for incorrect nameplate ratings.

2. sco e’mg if internal damage has occurred on field units which may
E een subjected to lightning or fault currents.

eck for correct polarity.

OTE: Connection diagram is the same as Figure 4. Testing procedure
is the same as in section 3.3.

L 4

1/820131
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3.10

L 4

111/820131

INSTRUMENT VOLTAGE TRANSFORMERS O

POTENTIAL TRANSFORMERS O

These transformers can be tested following the same procedure as for single
phase, two winding transformers (Section 3.3). It is important to detérmine
both the ratio and phase angle deviation to know the ch ristics and
correction factors for PT applications. In determining t %nce of PT
characteristics for its accuracy class it is advantageous tol&e % deviation

dial for ratio and to convert the phase deviation dial rga to minutes.

1 centiradian = 34.37 minutes 0

0.1 centiradian = 3.437 minutes

or, 1 minute = 0.029 centiradians,

~ therefore, multiply bridge reading b 3% to get a dial reading in

minutes.
For determining high voltage PT a tics an auxiliary 40:1 step-up
transformer is available as an optij Amp Cat. No. 820118).

It should be pointed out that a ra%e’i test cannot be substituted for a full
ge, using real burdens and a suitable

accuracy test conducted at ra
comparator.
CAPACITIVE vorﬁ%mmms

This information is @yr the Capacitive Dividers and Capacitive'Voltage
Dividers (CVT)
L 4

Due to the hi Nerference and rather high impedance of the CVT, it is not
a recom & policy to test the ratio of a CVT in a station using an
ordinar ter. However, the TR700/800 ratiometers together with an
auxiliary 408l step-up transformer can be used to measure accurately the
over i0 of the EVT in the shop or in the field if reduced accuracy is
ac e.

kuxiliary transformer (CVT Ratio Adaptor) increases the test voltage to
4800 volts and increases the range of the ratiometer to 8Q, 800:1. This ratio

large enough to test CVT’s on the highest voltages used for power
transmission at the present time. :

35



3.10 INSTRUMENT VOLTAGE TRANSFORMERS (continued)

Figure 10 shows the connection for a typical measurement using the auxiliaO
transformer. It should be noted that the ratio of the CVT may be dif

when tested at 1200 volts than at the operating voltage due to the

linearity of the components used in the CVT.

=0
ey

tial winding
Supply Winding

FIGURE

Alternatively, the TR700 @ atiometers may be used to test separately, first

the divider and then th érmmediate voltage transformer. This test, however,
is limited to CVT’s wi& ible intermediate voltage connections.

Test X2 4
Transforme X Hic
Hyp
X
gy ]
J/ X
Hzp
ol -
X
e 1
T&tmr H L
o *']
\. B,

TRANSFORMER COMPARATOR

¢ FIGURE 11

(‘ ; P, 820131 36



3.10. INSTRUMENT VOLTAGE TRANSFORMERS (continued)

820111/820131

oH2
|
Test {l J
Transformer j
Irl-——
Reference Z
Transformer ﬁ
Supply
Transformer

(D

This conne@ equivalent to the tests of an instrument transformer at
N

rated vo

NOTE:

ng a calibrated reference transformner.

ng the transformer ratiometer as a comparator, make the
between the reference or standard transformer, ratiometer, and
er being tested as shown in Figure 12. Conduct the balancing for
d phase as described in section 3.3.

pl

It may be desirable to supply X1-X2 of the Supply Transformer
from a separate and variable source. This is especially true if
the tested transformers are of higher voltage and required many
VA for excitation.
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4.

TROUBLE SHOOTING

4.1

SETTING OF DEVIATION DIALS

C)O

If the self check procedure (see Section 3.2) indicates that the calibration may

be out, then a simple field adjustment can be implemented. L 4
1.  Observe the instructions as per Section 3.2, 1 thr@
2. Remove the plastic caps on the deviation and ngle variable

dials, and loosen the nuts which secure the k e pot shaft.
I )

3. With the phase selection switch in the apprepr sition, set the dial
to zero on the scale and with a screw d@rn the pot shaft such

that the null detector is halanced.

4. Check both phase pointers (rati d se angle) then secure the

nuts, replace the plastic caps

S.  This adjustment is for mingf,calibration changes, which should be
expected occasionally. Major adjustment should be performed by a

qualified technician or % ctory

O
O
&

O
Q>®

1/820131
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42 QUICK REFERENCE TROUBLE CHECK

]

W————————

H

- 0

A

O —H————

o
0
XWX XX

~
KN oxX X
~

KN XXX
o]
o]

1/820131

|
|
IlJROBLEMS
E

O

TYPICAL PROBLEMS O
A - Self-check fails completely.

B - High phase angle reading. ¢
C - Transformer hums or vibrate%

D - Leads heat above the no
E - Excitation meter pins.

F - Breaker blows.
G - Bridge will not balan

POSSIBLE CAl@Q
Wrong polari or leads reversed.

Leads o ircuited - check continuity.
Poor 1 act on Tx.
Open ing on H or X of Tx.

Ratio greater than 2021:1.

Leddsweversed primary and secondary on Tx.
ec cal short on Tx (link closed)
uld be normal check expected value.

evere problem on Tx.
\ st voltage is too high.
@ ncorrect main supply 120/240.

Internal damage to bridge

Connect instrument for "self-check”

Loose circuit card or mechanical damage to
instrument wiring.

Instrument has incorrect internal wiring
(120/240V).



3. SERVICE AND MAINTENANCE

5.1 DOCUMENTATION

()O

The following drawings are included for reference purposes only:

DRAWING NO.
B10130-109
B20110-102
A20110-104
B20110-105
A20110-106
C20110-107
C20130-102

r A10130-706

A20110-707

DESCRIPTION

Schematic, PWR PCB

.
a

ion Transformer

Schematic, DTH PCB

Connection Diagram, Ran

Schematic, RPH PCB
Schematic, OVH (b
Schematic, T @
Schematic, ’{%

bm dn@embly, PWR PCB

@
C ent Assembly, DTH PCB

A20110-708 \nent Assembly, RPH PCB
A20110-709 ponent Assembly, OVH PCB
4

-

—_—

&/&mm

Q
&
&
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) |
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