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ABB Transformer Protection Unit TPU2000R

Addendum to IB 7.11.1.7- 5 — CPU Firmware V2.60 Instructions

The following features have been modified or added and are available in the two-winding
TPU2000R CPU flash firmware version V2.60. This will serve as in interim addendum to the
Instruction Booklet 1IMRA588372-MIB, Issue D, December 2001 (IB 7.11.1. 7-5). Any questions
regarding the availability of these features in a particular TPU2000R, contact your local Regional
Technical Manager or call our Customer Support department at 800-634-6005 or 610-395-7333.

TPU 2000R Transformer Protection Unit:

New features and functionalities in V2.60 firmware release:

1. Differential protection slope characteristics: The differential protection algorithm security
has been enhanced by the following measures:

e The restraint current for the Percent Slope Curve in the new firmware is the average of
the incoming and outgoing restraint currents against the minimum current used earlier.

e Instead of one slope for the Percent Slope characteristics, a set of maximum of three
slopes are possible — the low level slope (default 40%) up to a low level of average of
restrain current (default 2 pu), medium slope (default 60%) up to medium level of average
restrain current (default value 5pu) and high slope of 120% for higher levels of average
restraint currents. User has the option of selecting one or two slopes only if they desire.
The settings of each of the three slopes are adjustable between 20 and 160%. Default
setting of 120% corresponds to 50 °. In comparison with the earlier characteristics using
minimum current, the maximum slope setting was 45°.
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Figure A-1: Differential characteristics
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Figure A-2: Differential setting menu when three slopes are selected for 87T
percent slope curve
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Figure A-3: Differential setting menu when two slopes are selected for 87T percent

slope curve
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Figure A-4: Differential setting menu when one slope is selected for 87T percent slope

curve
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Figure A-5: Differential setting menu when HU 35% is selected as 87T curve

The cross blocking mode is defaulted to Enable in the configuration menu. This can be

disabled if desired.
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e The through fault stability of the differential protection 87T has been enhanced by the
addition of a through fault detection mechanism

Through Fault Detection: A new through fault detection logic, called phase comparator,
has been added. This can be disabled or set between 45 ° and 135 °. Default setting is 70 °.
The through fault detection logic works by comparing the phase angle between the two
restraint signals. When the angles between the two restraint signals are beyond the set
angle, the conditions are considered as through fault and tripping is blocked for some time.
This feature allows the relay to restrain even with CT saturation conditions on one of the CTs.
During CT saturation for through faults, angular relationship between the restraints is
expected to fall outside the set angular separation. If the angles between the two restraints
are within the set value, the conditions possibly correspond to an internal fault. Further check
as to differentiate between internal and external fault is done by the conventional biased
differential algorithm.
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Figure A-6: Phase Comparator setting

The through fault detection logic is enabled when the both restraint currents exceed 1.25 Per
Unit. In order to speed up the operation for marginal fault currents just exceeding the above
threshold an additional change detector logic is provided. This logic brings in the through
fault logic with sudden changes in both through fault currents without corresponding change
in differential current.

Once the through fault detection takes place, the condition is sealed in till the phase angle
criterion is met, held on for at least 4 cycles, allowing sufficient time for any saturated CT to
come out of saturation. The biased differential protection is blocked during this condition.
Once the conditions are released, the slope of the bias characteristics are held very high for
the next 4 cycles before normal operation is restored.
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Figure A-7: Restraint Region of Phase Comparator in TPU2000R

Note: The above characteristics cannot be directly plotted on the conventional differential
slope characteristics plane with bias current on X axis and differential current on Y axis
because of the number of variables involved. Note also that since the final operation of the
differential relay is a combination of the phase comparator and the biased differential slope
characteristics, the relay would follow a combination of both the characteristics. While
testing the bias characteristics, it is thus necessary to disable the through fault
detector.

The existing through fault detection using disturbance setting is used only for providing alarm
and generating operation records (Only one operation record will be written for each through
fault detected either by the phase comparator or by the disturbance detector). The
disturbance detector will not block the differential protection.

Change in Menu setting name: “Phase Comp” in the configuration menu settings has been
renamed as “Phase Shift” to reflect the actual input used. Similarly, the harmonic restraint
feature in the Primary setting has been renamed as “2" or 5™ Harmonic” instead of the
earlier 2™ and 5™ to reflect the actual logic used.

Fault record: The digital fault recording has been modified. Default setting and trigger
positions (15) have been modified to have a minimum pre-fault value of 4 cycles for all
records. The relay will have default waveform capture settings as follows:
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Figure A-8: Default setting of waveform capture
Waveform capture feature is usually always ON and cannot be disabled by the user.
However, due to inadvertent termination of the communication session, it may be turned
OFF. It shall be ensured that the waveform capture is turned ON before logging off from any
communication session. (The capture can be turned ON manually using WinECP.)

5. VT connection: The latest firmware allows the user to select NONE as an option under “VT
Connection” when no VT input is connected. The current values in A phase in Winding 1 will
be taken as a reference and other currents will have angles with reference to the above
current. All voltages, power and energy values will be displayed as zero.
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Figure A-9: Configuration Menu with VT Connection set as NONE

6. Harmonic Blocking: Harmonic restraint blocking will be stretched for 12.5% of the harmonic
restraint pickup time with a minimum stretching of 2 cycles (with a pickup delay of 2 cycles)
and maximum stretching of 20 cycles, instead of immediate reset as earlier. This makes the
blocking more secure.

7. Star/Star transformer: With Star/Star connected transformer setting is chosen, internally the
relay calculates the delta currents, which introduces a factor of V3. The tap setting is to be
suitably adjusted for this.

SOFTWARE TOOL COMPATIBILITY with CPU V2.60

Interface Software: Win ECP V4.70 Build 12 or higher

DFR viewing Software: WaveWin VB.X or higher (Installed with WIinECP V4.70 installation)
Programmable Curves Software: CurveGen: V1.0 or higher (Installed with WinECP V4.70
installation)

Flash programming Software: WinFPI VV1.05 Build 1 or higher (Installed with WinECP V4.70
installation)
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TESTING THE NEW

MULTISLOPE CHARACTERISTICS
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Figure A10: Differential Characteristics

Assume the transformer is Delta/Delta, with 0 degree between HV and LV
The current transformers are considered Wye connected.

Assume the tap setting is 2A both on the HV and LV side.

The above are set in the configuration setting of the relay

Under Differential setting, Disable the phase comparator
Select number of slopes as 3, the following default settings are applicable:

87T Min | Slope 1 Slope2 Slope 3

PU Slope % Slope% |Start (PU) % Start (PU)

0.3 40 60 2 120 5

Define currents 11 and 12 as the two currents injected
into the high and low winding inputs of the relay

The angles are typically set at 180 °

While doing all these tests, ensure that higher currents
are not injected long. This may thermally stress the relay.
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Notes:

On the X axis, the current is the average of the "magnitude" of currents
Ix ={|11] + |I2|}/2

On the Y axis, the current is the differential current
which is the "vectorial" sum of the currents

ly =11+ 12
If 12 is at an angle ® with respect to I1,

ly =[l1+12cos(®P) + j 12sin(P))

Define
a =|l1+12cos(P) |
b =| 12sin(®P)]

So ly =? (a° + b%)

While testing the differential currents it is usual to keep the angles
between the vectors at 180°
In such cases, if we use 11 and 12 to indicate the magnitudes'
Ix ={|1] + |I12]}/2

X =(11+12) / 2 |

ly =[I1+12cos(®) + j 12sin(P)|

ly =I1-12 |

Test procedure:

Note: The following tests involve all three phase currents.

Thus if we mention 11=3A, 12 = 5A the test kit is set as follows:

Winding 1 Winding 2
la 3A £0° 5A £ 180°
Ib 3A £ 240° 5A « 60°
Ic 3A £120° 5A £ 300°

Testing can be done at any portion of the characteristics by

dividing it into various portions as follows.

1. Minimum Pickup:

Keep 12 =0 A, inject 11 current up to 87T Min | level.
11 =87T Min llevel (PU) = 0.3PU = 0.3 *Tap setting = 0.3*0.2=0.6A
The relay should trip for all higher currents.
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2. Slope 1:

This is applicable from Ix level indicated as break point for Slope 1
up to Ix level of Slope 2 Start, indicated as I1x2
The break point for Slope 1 = 87T Min | / Slope1
= 0.3PU/40%
=0.3/0.4 =0.75PU
=0.75*2=15A

For any point in this characteristics,
ly=Slope1. Ix=11-12
Ix = (11+12)/2

Solving for I1, 12

11 = Ix (1+Slope1/2)
12 =Ix (1-Slope1/2)

For example if the characteristicsis to be tested at 1PU along the X axis,
Ix =1 PU at a slope of 40% (=0.4)
Substituting the values

1=12PU=1.2"2=24A
12=0.8 PU =0.8*2=1.6A

3. Slope 2:

Keep a steady current of 0.8PU(1.6A) on both the inputs
but at 180° to check the stabaility.

Increse the second current. The relay should trip when
the second current exceeds 1.2 PU (2.4A)

This is applicable from Ix level indicated as Slope 2 Start
upto Ix level of Slope 3 Start

Note that at Slope 2 Start,

Ix2 = Slope 2 Start

ly2 = The differential current corresponding to Ix2

For any point in this portion of the characteristics,

ly=Slope2.(Ix-1x2) + ly2 =I1-12
Ix =( 11+12)/2

Solving for 11, 12

11 = Ix(1+Slope2/2) - 1x2 (Slope2-Slope1)/2
12 = Ix(1-Slope2/2) + 1x2 (Slope2-Slope1)/2

Suppose one wants to test the characteristics at 4PU along the X axis,
Ix =4 PU at a slope of 60% (=0.6)

Ix2=2PU

Slope1 =0.4, Slope2=0.6
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Substituting the values

11=5PU=5x2=10A
12=3 PU =3x 2 = 6A

4. Slope 3:

Slope 2 onwards may involve very large currents stressing the thermal limits
Momentarily apply 6A in both winding to check stabiity.

Apply these currents in the two windings momentarily:

Application of 6A and 9.6A should not cause trip.

Application of 6A and 10.4A should cause ftrip.

This is applicable from Ix level indicated as Slope 3 Start and beyond

Note that at Slope 3 Start,
Ix3 = Slope 3 Start
ly3 = The differential current corresponding to the above

For any point in this portion of the characteristics,
ly=Slope3.(Ix-1x3) + ly3 =I1-12

Ix =( 11+12)/2

Solving for I1, 12

11 = I1x(1+Slope3 /2) - Ix3 (Slope 3 -Slope2)/2-1x2(Slope2-Slope1)/2
12 = Ix(1-Slope3 /2) + Ix3 (Slope3-Slope2/2+Ix2(Slope2-Slope1)/2

Suppose one wants to test the characteristics at 6PU along the X axis,
Ix = 6 at a slope of 120% (=1.2)

Ix2 = 2PU, Ix3 = 5PU

Slope1= 0.4, Slope2=0.6, Slope3=1.2

Substituting the values

1=41PU=4.1x2=8.2A
2= 79PU=79x2=15.8A

Slope 3 testing may again involve very large currents stressing thermal limits.
Momentarily apply 8.2A in both windings to check stabiity.

Apply these currents in the two windings momentarily:
Application of 8.2A and 15A in respective windings should not cause trip.
Application of 8.2A and 16.5A should cause ftrip.
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Precautions

Take the following precautions when using the ABB Transformer Protection Unit 2000R:

1. Incorrect wiring may result in damage. Be sure wiring agrees with connection diagram before energizing.
2. Apply only the rated control voltage marked on the unit.

3. High-potential tests are not recommended. If a control wire insulation test is required, fully withdraw the TPU-
2000R from its case and perform only a DC high-potential test. Surge capacitors installed in the unit do not
allow AC high-potential testing.

4. Follow test procedures to verify proper operation. To avoid personal shock, use caution when working with
energized equipment. Only competent technicians familiar with good safety practices should service these devices.

5. In the event the self-checking function detects a system failure, the protective functions are disabled and the
alarm contacts are actuated. Replace the unit as soon as possible.

Password

6. A correct password is required to make changes to the relay settings and to test the output contacts. The preset
factory password is four blank spaces. Once you have chosen a new password and entered it into the system,
access will be denied if the password is forgotten. If you forget the password, contact the factory.

WARNING: Removal of therelay from the case exposes the user to dangerous voltages. Use extreme care.
Do not insert hands or other foreign objects into the case.

This instruction booklet contains the information to properly install, operate and test the TPU-2000R, but does not
purport to cover all details or variations in equipment, nor to provide for every possible contingency to be met in
conjunction with installation, operation or maintenance. Should particular problems arise which are not sufficiently
covered for the purchaser's purposes, please contact ABB Power T&D Company Inc.

Modbus Plus™ is a trademark of Modicon, Inc.
Modbus® is a registered trademark of Modicon, Inc.
INCOM™ s a registered trademark of Cutler Hammer.

Page i Precautions



ABB Transformer Protection Unit 2000R

Contents

[ C=Tor= T 11T ] PP PPRRPR ii
L TS T 1Yo o PP UPPRR ii
11 (o (U7 i o] o PP vii
Section 1 Protective Functions
ProteCiVE FUNCLIONS ...ttt et e e e e e e e e e e e e e e e e ae e bt e s e e e et e e eeeeeaaaaaaaaaaaaans 1-1
Harmonic Restrained Percentage Differential FUNCHION 87T ........ooiiiiiiiiiiii e 1-2
Unrestrained High Set Instantaneous Differential Function 87H ... 1-2
Phase Time Overcurrent FUNCHONS 5T1P-1/51P-2/51P-3 .. ..o e 1-5
1st Phase Instantaneous Overcurrent Functions 50P-1/50P-2/50P-3 .........ccoooiiiiiiriiiieee e 1-5
2nd Phase Instantaneous Overcurrent Functions 150P-1/150P-2/150P-3 ........ccccciiiiiiiiiiiireiee e e 1-6
Ground Time Overcurrent Functions
51N-1/51G-2 (2 WINAING REIAY) ... ettt ettt e st e e bt e e e e nbe e e neeeeennee 1-6
51N-1/51N-2/51N-3 (3 WINAING REIAY) ...coueeiiiiiei ettt e e e enaeeeen 1-6
Floating Ground Time Overcurrent Function 51G (3 Winding Relay only) ..o 1-6
2nd Ground Instantaneous Overcurrent Functions
150N-1/150G-2 (2 WINAING REIAY) ....eeeeieeieeieee ettt be et e e ne e e e neeeeennee 1-6
150N-1/150N-2/150N-3/150G (3 WINdiNG REIAY) ....eeiiiuiiiiiieie ettt 1-6
Negative Sequence Time Overcurrent FUNCHONS 46-1/46-2/46-3 ........cccoiiiiiiiiiie et 1-6
THMING CUIVES .ottt ettt h e e e ettt e e ettt e oo a b e e e e oate e e e ambe e e e amte e e e anbeeeeasbbeeeambeeeeanbeeeannbeeeennes 19
Timing Overcurrent CUrVe EQUALION ..........o ittt ettt e et e e e ae e e e nae e s s anbe e e snreeeennee 19
Self-Cooled Rating "OA-1/OA-2/OA-3 RatiNg AMP" .. .eeii ettt e e ne e 1-18
Disturbance - 2/Disturbance - 3 FUNCHONS .........ooiiiiii it s 1-18
[N LY (Yo (o g o A SRS 1-18
Section 2 Configuration Settings
(0o Ta}iTe U] ez L (o A RS T=] 141 a o < T PO 2-1
(O] (o113 =] oTed K¢l g To I (oo [ USRS 2-1
Phase Angle Compensation for a 2 Winding TPU-2000R .........ccoiuiiiiiiiiiiie e 2-1
Phase Angle Compensation for a 3 Winding TPU-2000R .........ccoooiiiiiiiiiiiie e 2-1
Trip Failure DroPOUL TIME ...ttt e et e e e e e e e e e et e e e e e e aannnneee s 2-2
(O3 I O] o1 {To U -V {o] o TR UTRTT 2-1
Section 3  Metering
Metering Without Optional VT INPULS ....co.eeiiiiiii ettt ettt st e e bee e e enee e e e anneeeeas 3-1
0T T BNV = 10T U UUPRRUR 3-1
Demand and Maximum/MiNIMUM VAIUES ........c.eoii ittt st e e b e e s nbe e e s enneeeea 3-1
DIfferential ValUES ... ..ottt ettt e e e e e e e e e e e e e e e e e beateeteeeeeeeeeaaaaaaaaaaaans 32
Metering With Optional VT INPUES ......eeiiiiiie ettt sttt e e e st e e s nb e e e s enteeeeanneeaans 34
Selected WINdiNG LOAA VAIUES ......coeiiuiiieiiiiieiiie ettt ettt et e et e e e ast e e e s bb e e e snbeeeeesnbeeeeanneeeans 34
DEMANA VAIUES ...ttt et e e e e e e e e e et e e e e e e e e aaaeee et e eeeeeeeeeeaaaaaaaaaaeaaaaaaaaaaaannnns 35
Maximum/MinIMUM VAIUES .......ccoiiiiiiiie et e e ettt e e e e sttt e e e e e sastaeeeeeesssteeeeeessanssaeaeeeesansseneeeesaans 35
H MeteriNg CONVENTIONS .....cueiiiiieiieite ettt ietiete e sttt e ettt e e et et e sessesseeseeseeseeseeseensesessesseaseesseaseeseeneensesansennens 37

Section 4 Relay Design and Specifications

e C=Tq 0 E= I D L=T o o PP OPPPRPPRP 4-1
ProCESSOr SPECITICAIONS ....ceiieiiie ittt et e et e s bt e e e e bt e e sabe e e s e e e e enbeeeeanbeeaeanneeas 4-1
Battery Backed-UpP CIOCK ......cooiiiiiiiiiie ettt ettt ettt e sttt e e st e e e s ste e e s ambe e e snbeeeeanseeeeannaeeaan 4-1

RatingS AN TOIBIANCES .......eeiiiiiiiiiie et e et e e et e e e e e b e e e e e e e a b e et e e e e e e nnbr e e e e e e annees 4-3
0Ny (=T 010 [T o TU L O (o101 £ USRS 4-3

Table of Contents # Page iii



ABB Transformer Protection Unit 2000R

Section 4 Relay Desigh and Specifications continued

Contact Input Circuits VOITagE RANGE .......ueiiiiiiie ittt e e e e e e s nbee e e sneeas 4-3
Vo] 1 2=To [= 0 [T o 10 L A O (o1 U1 £ PRSPPI 4-3
Contact Input Circuits (INPUE BUIGEN) .....eiiiiiiii ettt aee e e s nn e e e neeeeeneee 4-3

Ratings and Tolerances continued
Control POWEr REQUIFEMENTS .......oiiiiiiieiiiiie ettt ettt et et e e e et e e e s bt e e e sabe e e e sbbeeaanbeeeeenbeeesanneeaans 4-3
CONEIOI POWET BUITEN ...ttt ettt ettt ettt e bttt e ettt e e s ket e e e ab e e e e embe e e e ambeeeaanbeeeesabeeesanneeaans 4-3
O 10110101 A 0o g1 r=To1 £-30 m T= 141 o o < SRR R 4-3

OPErating TEMPEIATUIE ........ciiiiiiie ettt ettt e ettt e e e st e e s s bt e e e aee e e e asee e e e nbe e e anee e e e ambeeesanbeeesaneeeasanneeas 4-4

L 18T 1 1 Y2 PO PP PPPP R OPPPPPPP 4-4

Tolerances Over Temperature Range of -20° C 10 +55°% € ....oouuiiiiiiiii it 4-4

(D1 [T or [ TP SO PP PPPPPPPPPRPP 4-4

Weight (Standard TPU-2000R) .........eiiiieieiiiieaiiee ettt et e sttt e sabe e e asee e e sbeeeasseeesasbeeaansee e aneeaeaneeeeennes 4-4

TaTS] e= 1 E= T o PP PTPPRPPR PO 4-5
Receipt of the TPU-2000R ........oooiiiiiiiiie et e et e e e e s e e e e e e s e e e e e e s annnnneees 4-5
Installing the TPU-2000R ...ttt e e e e e e e e e e e e e e e e e e e e e e annees 4-5
Rear Terminal BIOCK CONNECLIONS ......c.uiiiiiiiie ittt ettt et e e at e e e s st e e e ebe e e e enbeeeeenneeas 4-7

NeW Firmware INSTAIIAtION ...........uieiiieee et e e s e e e e e e bbb e e e e e anreeeeeeeaaas 4-8

101 T T = 1] o P PSP PP PPPPPPPPPPRPP 49
ST B =T GRS - L (U RO ROPRPRRIN 4-9

Example of A Self-TeSt FAIIUIE .........ccueii e 4-10

EXample Of @N EQItOr ACCESS ....eeeiiiiiiiiiiie ettt e et e e e e e e b e e e e e e bt e e e e e e e s anreneeeeeaa 4-10
TPU-2000R Settings Tables DiagNOSHICS ........cieiuiiiaiiiieaiieeeeiiee ettt e s enee e e sae e e s snbeee s e anreeeaans 4-10

Section 5 Interfacing with Relay

Man-Maching INtErface (IMIMI) ..........oo ittt ettt e bt e et e e sabe e e e eabe e e e beeeesanbeeeaneeeeannes 51
IVIIMIE DISPIAYS ...ttt ettt ettt e oottt e e oo bttt e e 44 ab et et e e e e e mb e e e e e e e e e ann b e e e e e e e eannbeneeeeeaan 5-1
Main-Machine INTErface MENUS ..........oooiiiiiiiiiie e e s e e e s e anr e e e e e 5-2

External CommuniCatioNs PrOQramS ......c.oouiiiiiiii ittt sttt e et e e s be e e s sbe e s anbe e e sneeaeanreeeennes 53

External Communications Program IMENUS ...........oiiiiiiriiiieiee ettt et e e s be e e nee e s snne e e e neeeeennes 54

(O] E=T oo T To ST 1413 T < RPN 55

2T (ol g CeToT=To [ (= PP PP PPPP R OPPPPPPP 55

Calculate Tap Settings (See Section 7 for detailS) .........ocueiiiiiii i 5-11

Section 6 Programmable Inputs & Outputs

Programmable Input and OutpUt CONTACTS ........couiiiiiiiieiiii ettt e e e s e e e s ne e e e e 6-1

=T aE= LV (@feTa] ¢= Loy N 1] o101 €= S USRS 6-1

I ST 0o 11 1Y o] a1 (o] SR PR 6-1
Programming EXAMPIES ......ccooiuiiiiiiiiiiiie ittt e e e e e e e e 6-3
Programming the Binary (Contact) INPULS ........uuiii it 6-2

(O 01 (o101 3 0o g1 ¢= o1 ¢TSRS R 6-5
Permanently Programmed Output CONTACES ..........oiiiiiiiiiiiii ettt 6-5
User-Programmable OUtPUL CONTACTS .......coiuiiiiiiiie ettt ettt be e s e e e ebe e nbe e e e snneeas 6-5
Programming EXAMPIES ......cooiiuiiiieiiii e e e e e 6-10

Programming the OUIPUL CONTACES ......coiuuiiiiiiie ittt e sne e b e e e rnneeaanns 6-11

Multilevel Programmable LOGIC ........eiiiiiiiiiiee ittt e e e e e e e asnnn e e e e s 6-12
T oo [N Te] (o] o PP ST PPPT PP 6-12

g (o Ter=To (1= PP OO PPPPPPPP 6-13
Programmable INDULS ........eiiiiiiie e e e e e e e e e e bt e e e e e e e an e e e e e e e e r e e e e e e e e 6-14
Programmable OULPULS .........eeiiiiiiieie ettt ettt e et e e et e e e e bt e e e s bt e e e e nbeeeeneeeeenees 6-14
User Logical INPULS/OUIPULS ........eiiiiiiieiiie ettt ettt ettt et e e bt e e et e e e s eabe e e e e smbe e e e anbeeeeanneeas 6-14

ez 1 o] [PPSO PPPPPPRPPN 6-15

Page iv Table of Contents



ABB Transformer Protection Unit 2000R

Section 7 Programmable Inputs & Outputs
Calculation of Differential Settings for a 2 Winding Relay ...........cooooiiiiiiiiiiii e 7-1

Settings Calculation Example for the 2 Winding Relay ..o 7-2
Calculation of Differential Setting for a 3 winding Relay ..........coooiiiiiiiiiiii e 7-3
Settings Calculation Example for the 3 Winding Relay ... 7-4
F U (o] g F= Lo =T o T @7 1 (o]0 F= 1 ] o R 7-6
Method for Determining Phase Angle Compensation SEettiNg ........ccuueeiiiiiiiiiieiiiie e 7-7
Section 8 TPU2000R Records Menu
LRT=TeoT o L= 31V =T o T OO PP POTTP 8-1
Differential Fault RECOI ........ooouiiiiiiiiiee et s e e s ann e e e e e e 8-1
Through-Fault RECOIT ...ttt e e e et e e e e r e e e e e e e e e e e e eeaeas 8-2
Harmonic ReStraint RECOIT ...........oov e e e e e e e e e e e 8-2
L0011 ¢V io] 0 E- TN T= oo (o NS 8-3
L@ 01T &=V iToT 0 E-T S0 0] 0= OO 8-7
(8 o] =T oo g {=To [ S T=T o] o L 8-7
Section 9 Test Menu/Miscellaneous Commands Menu/Operations Menu
JLC=21 5817 =T o PP 9-1
L YT o L VL@ IR - L (U RSP R 9-1
Logical INPUY/OULPUL STATUS ...ttt ettt e b e e sbe e e e ense e e e e nbeeeenbeeeeennes 9-1
LOGICAI INPULE STATUS ...ttt ettt ettt e e et e e e amb e e e e sbe e e e e seee e s anbeaeanneeeeannes 9-2
[WoTo o= @011 o TUL S =Y (U [P PR 9-2
Output Contacts (Password Prote@CIE) .........eiiiiiiiiiiiie ettt e e e ne e e s neeeeea 9-3
Miscellaneous COMMEANAS IMENU .........iiiiiiiii it tee et et e et e e e et e e e e et e e e e eabe e e abeeeeeseeeeanneeeaanneeeeanneeas 9-3
Section 10 Optional Features
OPLIONAI FEALUIES ... e s e e s e 10-1
L0 ProOfile ... e 10-1
Using the Load Profile FEATUIE ........ooo et 10-2
Oscillographic Data Storage (Waveform Caplure) .........coo et 10-3
Saving a Waveform Capture RECOIM ........ccoiuiiiiiiii ittt e e e nee e enees 10-4
OsCillographiCs ANGIYSIS TOO .....cciiuieieiiiieeiiiee ettt et e e sa et e e te e e e s bee e e aabee e e aaaeeesnbeeeaanbeeeasnneeeaanbeeeans 10-5
System Requirements and INStallation ............c.eoiiiiiiiiii e 10-5
Using the Oscillographics ANalySis TOOI .........ueiiiiiiiiiiiie it e e s nae e e e rabeeeens 10-6
(O] o 1T 11 o = T 1= ST 10-6
ANalOg DiSplay WINAOWS ........coiiiiiiiiiie it e e e e e e e e e e s e e e e e ennrees 10-6
MENU COMMENTS .....eiiiiiiie ettt ek et e e ettt e e e et e e s aabe e e e be e e e aabeeeaanbe e e e e e eanbeeesanbeeeanneeaesnees 10-7
ASSIGN COlOIS IMEBNU ...ttt ettt e ea et e e b et e e e ae e e e aabe e e e ameee e e e ambeeeanbeeeanneeeeennees 10-7
Trace OVEIIAY MENU ...ttt ettt e a e e s bt e e st e e e e ambe e e e e eabe e e ambeeeeeneeeaeenneeas 10-7
S Tor 1L I = (ot V1= T USSR 10-8
SeleCt SAtUS TraCe IMENU ........eiiiiiii ettt ettt et e e s be e e e s be e e e e enbeeesanreeesanbeeeans 10-8
4 oTo] 0 (1Y, [T o U PP O P PPPPPP 10-8
Y E= 11 g = U1 (o] o OO OP PP PPPPPPPPPO 10-8
SPECIIAI ANGIYSIS ...ttt et e et e e e e ae e e e s b b e e e eabe e e e e nbe e e e anbe e e e anbe e e e nreeeenees 10-9
Customer-Programmable CUIVES .........o.uiiaiiiiieiie ittt s e e s rabe e e e nsbeeesnbeeaesnnes 10-10
Programmable CUIVE IMEBNU ........oiiiiiie ettt ettt e e b e e e e be e e e aabe e e e anbe e e e aabeeeeeenneeeeanneeeannes 10-10
CurveGen software ReEIEASE 1.0 ......oiiiiiiiiiiie ettt et e et e e be e e e enebe e e e anbee e e snneeas 10-11
O Yo [U T (=T o g =Y o =T RO UTPRRTPR 10-11
[aTS] e= 1| F= Vo o O PP PTPPEPPR ST 10-11
0] (ol G701 V=T C =T o ORI 10-11
Computing COETICIENES .....eiiiiiii ettt e st e e s bb e e e e s nbe e e anee e e snneeens 10-12
Manually Entering COEffICIENTS .......ooiiiiiiiiii ettt e e snne e 10-12

Table of Contents Page v



ABB Transformer Protection Unit 2000R

Section 11 Relay Applications
Section 12 Maintenance and Testing

MaiNtENANCE @NA TESTING ....eeeieiiiiie et e e e e e e et e e e e e e b e e e e e e e enn b e e e e e e e annreeas 12-1
HIGN-POtential TESTS ... e e e r e e e e e e e e e 12-1
Withdrawing the TPU-2000R Electronics from the Case ..........ccooiuiiriiiiiiiiiie e 12-1
Routine System Verification TESES ........oooiiiiiiii et 12-1
TPU-2000R ACCEPTANCE TESES .....eeeiiiiiiiiiiiee ettt e e e e e e e e r e e e e e eanre s 12-2

ST 141 o RSO RR 12-2
Saving and Downloading SEHINGS .......eiiiiiiie i aeee s 12-2
Saving Factory Settings 10 @ Fle ..o 12-2
Saving Existing (in-service) Settings 10 @ File .....c.oouiiiiiiii e 12-2
Sending Settings to the Relay from @ File ........oooiiiiiii e 12-3
Testing the 2 WInding TPU-2000R ...t e e e s s e e e e e aanes 12-5
DIffErential TESES ... e e e e e e e 12-6
Phase OVErCUITENT TESES ......uuiiiiiiie ittt st et et e e e eab e e e e s e ne e e e s nbeeeeneeeeenees 12-7
GrouNd OVEICUITENT TESES ...eiiieiiiiiiie ettt ettt et et e e s bt e e asbe e e e aste e e s aeeanbeeesneeaeaneeaeas 12-10
NEegative SEQUENCE TESES ......uiiiiiii ettt ettt e bt e e e s be e e s et be e e e sne e e e anreeeeennes 12-12
Testing the 3 WInding TPU-2000R ...t e e s e e e e 12-17
DIfferential TESES .....ueiii i e e 12-12
Phase OVEICUITENT TESES ......uuiiiiiiii ettt ettt e e et e e e s bt e e e e e nbe e e e anbeaeanreaeanes 12-20
NEULral OVEICUITENT TESES ... uuiiiiiiiiie ittt ettt e e et e e s e abe e e e ssbe e e eeeateeesneeeesnaeeanns 12-24
NEegative SEQUENCE TESES ......uiiiiiii ettt ettt e bt e e e s be e e s et be e e e sne e e e anreeeeennes 12-28
Testing Programmable LOGIC ........uueiiiiiiiiiieee e e e e e e e 12-33
Forced Physical Inputs and OULPULS .......coiuiiiiiiie e e e e 12-33
Forced LOGICal INPULS ........uiiiiiiiiiie ettt e e e e e e e ee e e e e e nnees 12-33
S == T ] o = TP P PP PPPPPPPPPPPPPN 12-34
Section 13 Spare Parts/Panel Mounting/Communications/Ordering Information

Parts and ASSEMDIIES .........c.coiiiiii 13-1

REPIACING POWET SUPPIIES ...ttt e et e e e e e e bttt e e e s sntt et e e e s aanbeeeeeeeesanbaneeeeeeannes 13-1

Panel MOUNTING Kit ...ttt e e e e e e et e e e e e e e n b e e e e e e e e e e e e e eeeaeeaenaaas 13-2

COMMUNICATIONS POMS ...ttt e s e e st e e s e e e e ssr e e e e anrneesanreeenan 13-3
PiN CONNECHIONS ...t e s e et e e e e e e s e e e snre e e s nr e e e e nnes 13-3
RS-485 POt .....eeieieie ettt et e e e e e e e R e e e e e n e e e 13-4
CommUNICALIONS SEHINGS ...eeiiiiiiiiiiii e e e e e st e e e e e sbte e e e e e e saneeeeeeeeaans 13-4

Communication Port CONfIQUIAtIONS .........ueeiiiiiiiieie e e e e e e e e e e e e nneeeas 13-5

CommMUNICAION PrOTOCOIS ......eeiiiiiieeiie ettt e e e e e e s 13-7

Ordering INSIIUCTIONS ....coiiiiiiiiiee ettt e et e e e e ettt e e e e e s b bttt e e e e saabeeeeeeeaesaansbeeeeeesanbnneeeeesanne 13-8
[ [0 (o T @ o 1= TP PP 13-8
IS Te) 10TVE= (=IO o] 1T 1= O 13-8

L@ (0 [T ] o IS 11 =Yoo o - SRR 13-10

CUurrent Range OPLIONS ...ttt e e ettt e e e e e e a b e e e e e e bt e e e e e e snbe e e e e e e e anreeeeeeens 13-10

Page vi Table of Contents



ABB Transformer Protection Unit 2000R

Figures

Section 1 Protective Functions

Figure 1-1. Protective Functions for the Two Winding Relay ...........ccooiiiiiiiiiii e 1-1
Figure 1-2. Protective Functions for the Three Winding Relay .........ocooiiiiiiiiiiiiiie e 1-1
Figure 1-3. Variable % Differential (HU) CharaCteristiC ...........ooouiiiiiiiiiee e 1-3
Figure 1-4. Constant % Differential (HU) CharacteriStiC...........oouueiiiiiiiiiiiie e 1-4
Figure 1-5. Adjustable constant % Differential CharacteristiC..........ccccooiiiiii i 1-4
Figure 1-6. EXIremeElY INVEISE CUIVE .....oiiiiiiiiiiiie ettt e e e ettt e e e e et e e e e e e e s ee e e e e e e nnnreeas 1-10
FIQUIE 1-7. VEIY INVEISE CUINVE ...ooiiiiiiiiiee ettt e e e ettt e e e e et e e e e e nb bt e e e e e e e snnbeeeeeeeennnreeas 1-11
FIGUIE 1-8. INVEISE CUIVE ...ttt e e e e ettt e e e e sttt e e e e e e a b be e e e e e e e nbbeeeeeeeanbeeeeeeeennnnees 1-12
Figure 1-9. Short TiIMe INVEISE CUIVE .....coiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e e s nbeeeeeeeeennnees 1-13
Figure 1-10. Definite tIME CUIVE ....oooi ittt e e e e e et e e e e e e e snb e e e e e e e ennnreeas 1-14
Figure 1-11. RECIOSEI CUIVE H#8 ...ttt e e et e e e e e s bt et e e e e e anb e e e eeee e e s nbeeeeeeeennnnees 1-15
Figure 1-12. Standard INStanNtan@ouUS CUIVE ..........uiiiiiiiiiiie ettt e e e e e e e e e 1-16
Figure 1-13. Inverse INStantan@ouUS CUIVE .........eiiii ittt e e e e e e e s nbre e e e e e e nneee 1-17
Figure 1-14. Level Detector -1/-2 APPICAION .....coiiiiiiiee e e e 1-19
Section 3 Metering
Figure 3-1. Meter MenU DiSPIAYS ........uuiiiiiiiieiieiii ettt e e e e et e e e et e e e e e e e e e e e e e aeaeeeeeens 3-3
Figure 3-2. TPU-2000R Metering CONVENTIONS ........oiiiiiiiiiiieeiiieiee ettt et e e et e e e s et e e e e s e snnbee e e e e e e ennees 34
Figure 3-3. Meter Menu Displays With Optional VT INPULS ... 3-6
# Figure 3-4. Connection for Standard Metering CONVENTION .........c.ciiiiiiiiiiie et 3-7
# Figure 3-5. TPU2000R Metering Convention with Reverse Connections ...........cccceveiiiiiiiiee i 3-8
# Figure 3-6. Connections to Reverse Standard Metering Convention ...........cccoooiiiiiie i 3-8
Section 4 Relay Design and Specifications
Figure 4-1. TPU-2000R BIOCK DIQQIAIM .......uuiiiiiiiiiiiieii ettt e e e e e e e e e e e e e e e e e e e eaeaeeeens 4-2
Figure 4-2. TPU-2000R Cas€ DIMENSIONS .....ceiuuiiiiiiiiiiiiie ettt e e e e e e st e e e e e et e e e e e e snneeeeeeeeennees 4-6
Figure 4-3. Rear Terminal BIOCK ...ttt e e r e e e e e e e aeeeeeeas 4-7
Section 5 Interfacing with Relay
FIgure 5-1. IMIMI ACCESS PANEI ...ttt e e e e et e e e e e e e e e e e e e e e e aeaeaeeeens 5-1
Figure 5-2. Man-Maching INterface MENUS ...........ueiiiiiiee e s e e e e e e e nnees 5-2
Figure 5-3. External communications Program MENUS ............ooiiiiiiiiiiiiieeee e 5-4
Section 6 Programmable Inputs & Outputs
Figure 6-1. ECP Programmable INPULS SCrEEN .......ooiiiiiiiiiii et e e e e 6-3
Figure 6-2. Programming EXAMPIE ..ottt e e e e e e e e et e e e e e e e e e ean 6-2
Figure 6-3. Programmable OULPULS SCIEEN .....ccoiuiiiiiiiiiii ettt et e e e e e e 6-10
Figure 6-4. Programmable Input and Output INtErCONNECES .......ooiviiiiiiie e 6-12
Figure 6-5. EQUIVAIENT GAES ......oeiiiiiiiiiiii ettt e e e e et e e e e e et bt e e e e e e s nbeeeeeeeeannnees 6-13
Figure 6-6. Programmable LOGIC EXAMPIE ..........uuiiiiiiiiiiiiieiie e e e e e 6-15
Figure 6-7. Programmable INPUES SCIEEN ......cooiiiiiiie ettt e e e bee e e e e e nnnreeas 6-16
Figure 6-8. Programmable OULPULS SCIEEN ......coiuiiiiiiiiiiiii ettt e st e e e e e e e 6-16
Section 7 Differential Relay Settings
Figure 7-1. Calculate Tap Settings Screen (2 Winding Relay ShOWN) .........oooiiiiiiiiiiiiiiee e 7-6
Section 8 TPU2000R Records Menu
Figure 8-1. Differential Fault Record (2 Winding Relay ShOWN) ..........coiiiiiiiiiii e 8-1
Figure 8-2. Through-fault Record (2 Winding REIAY) ........ccoiiiiiiiiiiiee et s 82
Figure 8-3. Harmonic Record (2 WIiNnding REIAY) ......cccuueiiiiiiiiiiiie ettt e s e sneee e 82

Table of Figures # Page vii



ABB Transformer Protection Unit 2000R

Section 9 Test Menu/Miscellaneous Commands Menu/Operations Menu continued

o TU =3 R I V@ N @70 4 =T - TSR 9-1
Figure 9-2. Logical Input Status (3 Winding Relay SNOWN) .......oouuiiiiiiiiie e 9-1
Figure 9-3a. Logical Output Status (2 Winding REIAY) ........uueiiiiiiiiiiee et 9-2
Figure 9-3b. Logical Output Status (3 Winding RElAY) ........eeeiiiiiiiie et 9-2
Figure 9-4. Set/Reset Output Contact (2 Winding Relay ShOWN) .......ocuuiiiiiiiiii e 9-3
Figure 9-5.  OPEratioNS MENU .......ciiiiiiiiiiiie ettt e et e e e e et e e e e e e bt e e e e e e nnnbteeeeeeeannbeeeaeeeaannnees 9-3
Figure 9-6. FOrced LOGICal INPUL ...t e e e e e e e e e e e aeaaeeeas 9-4
Section 10 Optional Features
Figure 10-1. Sample Load Profile for (-A-) Wye-Connected VTs and (-B-) Delta-Connected VTS .........cccceenneee. 10-1
Figure 10-2. Load Profil€ ANAIYSIS.......ooueiiiiie ettt e e e e e et e e e e e e e s ee e e e e e e nnnreeas 10-1
Figure 10-3. OscillographiC Wave FOIMS .......ooiiiiiiiie ettt e e e e et e e e e e nbe e e e e e e e nneee 10-3
Figure 10-4. Waveform Capture Settings SCrEEN .......coo i e 10-4
Section 11  Relay Applications
Figure 11-1. Typical External Connections for 2 Winding Relay ...........ccueiiiiiiiiiie e 11-1
Figure 11-2. Typical External Connections for 3 Winding Relay ...........ccueviiiiiiiiiiiii e 11-3
Figure 11-3. Delta-Wye Power Transformer and Wye-Wye Current Transformer Configuration

(2 WINAING REIAY) .eeeiieeiiiiiiie ettt e e e e et e e e e e nnnb e e e e e e e nnreeas 11-3
Figure 11-4. Delta-Wye Power Transformer and Wye-Delta Current Transformer Configuration

(2 WINAING REIAY) .eeeiieeiiiiiiie ettt e e e e et e e e e e nnnb e e e e e e e nnreeas 11-4
Figure 11-5. Delta-Delta Transformer with Wye-Wye CTs (2 Winding Relay) .......cccoooiiiiiiiiiieeieeee e, 11-5
Figure 11-6. Wye-Delta Power and Transformer and Wye-Wye Current Transformer .........coccccceeeiviiiieneeeeneen, 11-6
Figure 11-7. Wye 1 - Delta 2 - Wye 3 Transformer Configuration (3 Winding Relay) .......cccccooeiiiiiiiiieneiee, 11-7
Figure 11-8. Wye 1 - Delta 2 - Wye 3 Transformer Configuration (3 Winding Relay) .......cccccooiviiiiiiiicine e, 11-8
Figure 11-9. Parallel Delta-Wye Transformer Configuration (3 Winding Relay) ..o 11-9
Figure 11-10. Delta 1 - Wye 2 - Wye 3 (3 WINdiNG REIAY) ...ccceiiiiiiiieeeieie e 11-10
Figure 11-11. Wye 1 - Delta 2 - Delta 3 (3 WIiNdiNg REIAY) ....coiiiiiiiiieiiiiee e 11-11
Figure 11-12. Delta - Delta 2 - Wye 3 (3 WIiNding Relay) ......ccoiiiiiiiiiiiiie e 11-12
Section 12 Maintenance and Testing
Figure 12-1. TPU-2000R TSt CONNECHIONS .......uviiiiieiiiiiiiie ettt e e e et e e e e e e bt e e e e e e e nnneeeas 12-1
Figure 12-2. TPU-2000R TSt CONNECHIONS .......uviiiiieiiiiiiiie ettt e e e e e e e e e e e e e nneee 12-29

Page viii Table of Figures



ABB Transformer Protection Unit 2000R

Tables

Section 1 Protective Functions

Table 1-1. Time OVercurrent CUIVES (51/468) .......eoi ittt ettt e et e e e snbe e e e s sneeaesneeeeans 1-8
Table 1-2. Instantaneous Overcurrent CUrVeSs (50) ........oiueiiiiiiieiiiee ettt reee et e e e e sbe e e eaee e e s sneee e snreeens 1-8
Table 1-3. Constants for Time Overcurrent CharacteristiCs ...........oocuviiiiiiiiiiii e 1-9
Section 4 Relay Design and Specifications

Table 4-1. Operations Record Value INfOrmation ..ot e e e e e e e e e e e e e e e e annnnes 4-9
Section 5 Interfacing with Relay

Table 5-1.  Primary, Alternate 1 and Alternate 2 Settings ......eveiiiiiii e 5-8
Table 5-2. Counter Settings (Password ProteCted) ..........oou i 5-9
Table 5-3. Three Winding Configuration Settings (Password Protected) .........cuueviiiiiiiiiiiiiiie e 5-10
Table 5-4. Counter Settings (Password ProteCted) ........ ..o e 5-11
Table 5-5. Alarm Settings (Password Prot€Cted) .........uuiiiiiiiiiiiiee e 5-11
Table 5-6. Communications Settings (Password Protected) ........ccoouiiiiiiiiiiiiiiie e 5-12
Section 6 Programmable Inputs & Outputs

Table 6-1.  Programmable INPULS ........ooiii i e e et e e e e e e e e e e e e e e e e aa e s nannenes 6-1
Table 6-2.  Programmable OULPULS ........ooiiiiiiiiii ettt e e s e e s s e e e e e s et e e e s sansneeeeess 6-5
Section 7  Differential Relay Settings

L= L] T TSP P PP PP PP R TORPPPOR 7-1
L= L] 2 OO PP PP PP PPRR R TRRPPPOR 7-3
Section 8 TPU2000R Records Menu

Table 8-1. Operations Record LOg DefiNitiONS ..........uuiiiiiiiiiiiie et e e 8-3
Section 12 Maintenance and Testing

Table 12-1. Primary Settings (Factory Default) .........c.eeeiiiiiee e e 12-5
Table 12-2. TSt CONNECHIONS .....eiiiiiiiiiiiie ettt e e ettt e e e s s bttt e e e e e n bt e e e e e e s nbbeeeeeeeeannbeeeeeeeannnees 12-15
Table 12-3. TESt CONNECHIONS .....oiiiiiiiiiiiie ettt e e e et e e e e s et e e e e e a bt e e e e e e s nbbeeeeaeeeannneeeeeeeannnees 12-30
Section 13 Spare Parts/Panel Mounting/Communications/Ordering Information

Table 13-1. TPU-2000R Parts and Assemblies Table .........ccooeieiie e 13-1
Table 13-2. RS-232 Pin Connections for 2 Winding TPU-2000R .........coociiiiiiiiiiee e 13-3
Table 13-3. RS-485, INCOM, SIU and IRIG-B Pin CONNECLIONS ..........euvuuiiieieieieeeeeeeeeeeeetee e e eeeeeenae 13-4

Table of Tables Page ix



ABB Transformer Protection Unit 2000R

Introduction

The Transformer Protection Unit 2000R (TPU-2000R) is a microprocessor-based relay that protects three-phase,
two or three winding transmission and distribution power transformers. Available for 5 amp, 1 amp, or 0.1 amp
secondary current transformers (CTs), the TPU-2000R provides sensitive high-speed differential protection for internal
phase and ground faults, as well as backup overcurrent protection for through-faults. Harmonic restraint prevents

operation on magnetizing inrush and overexcitation.

The TPU-2000R is packaged in a metal case suitable for conventional flush mounting on a rack panel. The
TPU-2000R can be totally withdrawn from its case with the exception of the input transformers. All connections to

the TPU-2000R are made at clearly identified terminals on the rear of the unit.

Because of its microprocessor capability, the TPU-2000R provides the following protection, control and monitoring

functions in one integrated package:

* |solated communication ports for superior noise-free communications

* Password protected settings and controls

e Expanded operating temperature range, from -40° C to +70° C

e 32 samples per cycle for all functions including Protection, Metering and Oscillographics

* Three-phase, two or three winding transformer percentage and instantaneous differential protection: 87T/87H
* Winding 1 phase time and instantaneous overcurrent protection: 51P-1, 50P-1, 150P-1

* Winding 2 phase time and instantaneous overcurrent protection: 51P-2, 50P-2, 150P-2

» #Winding 3 phase time and instantaneous overcurrent protection: 51P-3, 50P-3, 150P-3

* Winding 1 residual neutral time and instantaneous overcurrent protection: 51N-1, 50N-1, 150N-1

e Winding 2 ground time and instantaneous overcurrent protection: 51G-2, 50G-2, 150G-2 (¥51N-2, #50N-2, #150N-2)
» #Winding 3 residual neutral time and instantaneous overcurrent protection: 51N-3, 50N-3, 150N-3

e #Ground time and instantaneous overcurrent protection: 51G, 50G, 150G

* Winding 1 negative sequence time overcurrent protection: 46-1

* Winding 2 negative sequence time overcurrent protection: 46-2

e #Winding 3 negative sequence time overcurrent protection: 46-3

» Winding 1, 2 and #3 level detectors for local or upstream switch/breaker tripping decisions
 Metering of Winding 1, 2 and #3 phase and neutral/ground currents

* Metering of restraint currents, operate-currents and percentage of 2nd, 5th and all harmonics

» Optional metering of: voltages, watts, VARs, watt-hours and VAR hours, powerfactor and frequency
e Demand currents and peak demand currents with time stamp for winding 1, 2 or #3

e Optional demand watts and VARs with time stamp for winding 1, 2 or #3

* Detailed differential fault records for last 32 trips

* Detailed harmonic restraint record for last 32 restraints

» Detailed through-fault records for last 32 overcurrent trips or disturbances

e Operations (sequence of events) record for last 128 operations

 Eight (8) binary (contact) inputs: eight (8) user-programmable

e Seven (7) output contacts: six (6) user-programmable

* Three selectable settings tables: Primary, Alternate 1 and Alternate 2

e Summation of through-fault kiloamperes and duration of faults in cycles

* Battery backed-up clock maintains date and time during control power interruptions

* Continuous self-diagnostics on power supply, memory elements and microprocessors

e Front RS-232 port and a variety of rear communication port options such as RS-232, RS-485 and Modbus®
* Optional load profile capability: four currents for 40 days at 15-minute intervals

* Stores Watts, Vars and phase voltages with optional voltage inputs

* Optional user-programmable time overcurrent curves and differential restraint curves

* Optional oscillographic data storage for last eight (8) faults

e Multiple communications protocols support 10 byte ASCII, IEC870.5 (DNP 3.0), SPACOM, MODBUS®, MODBUS PLUS™

and PG&E
# Denotes 3 Winding Relay only
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Protective Functions

The TPU-2000R contains many protective relay functions. Three settings tables (Primary, Alternate 1 and Alternate 2)

provide the flexibility to quickly change parameters. In addition, the TPU-2000R has programmable logic capabilities
and expanded metering.

e ) N i
Phase Protection Ground Protection
Functions 87H — Unrestrained (51G-2
(. (51P—1 Instantaneous S0N-1
Time Overcurrent ] | 51P-2 ] [ Overcurrent ] 150N-1
50G-2
50P-1 150G-2
Instantaneous 150P-1
Overcurrent 50P-2 N
150P-2
'Negative Sequence) [46-1
| Time Overcurrent ) | 46-2

Figure 1-1. Protective Functions for the Two Winding Relay

( . N [ _ ™
Phase Protection Ground Protection
[ Differential ] [87T — Restrained ] [Time Overcurrent ] 51N-1
Functions 87H — Unrestrained 51N-2
51N-3
\ | 51P-1 51G
[Time Overcurrent 51P-2 —
J |51P-3 50N-1
_ 150N-1
50P-1 50N—2
150P—1 [ Instantaneous ] 150N=2
Instantaneous | | 50p—2 Overcurrent 50N-3
Overcurrent ) 150P—2 150N—3
50P-3 50G
150P-3 150G
(Negative Sequence] (461 ~ g
| Time Overcurrent 46-2
46-3

Figure 1-2. Protective Functions for the Three Winding Relay
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Harmonic Restrained Percentage Differential Function 87T

The 87T differential
function provides high- 87T Parameter Range Increment

speed phase and ground . ) ] )
protection for two and Winding 1 and 2 differential tap settings

three winding power | 5-ACTs 2t09A 0.1A
transformers. Itallows CT 1-ACTs 0.41t01.8A 0.02 A

ratio matching between . .
the two or three windings 0.1 A CTs (for use with ABB Optical CTs) 0.04t0 0.18 A 0.002 A

of a power transformer. | .5 monic restraint setting
Enable or disable the 87T | - ong harmonic 7.5 to 25% of the 2.5%

function in the Primary, fundamental frequency
Alternate 1 and Alternate

2 settings. When the 5th harmonic 15 to 40% of the 2.5%
function is enabled in the fundamental frequency
settings table, you can| All harmonics 15 to 40% of the 2.5%
remotely enable or disable fundamental frequency

that function by mapping it
to a programmable contact input in the Programmable Inputs screen of the External Communications Program. By
using the harmonic restraint mode, you can select to restrain on 2nd, 2nd and 5th or all harmonics (2nd through 11th)
during transformer inrush and overexcitation. Harmonic restraint occurs in a phase winding when the harmonic
restraint setting and the operating current are exceeded in that phase.

The winding 1, 2 and 3 (if applicable) restraint currents are normalized in per unit based on the 87T-1, 87T-2 and 87T-
3 (if applicable) tap settings, respectively. The restraint current is the current in per unit of tap that flows through the
restraint winding. This current is derived according to the phase angle compensation chosen and the CT connections
used. The operate-current is the vectorial summation of the per-unit winding 1, 2 and 3 (if applicable) restraint currents.

Until the differential current is greater than a certain percentage of the through-current, the percentage differential
operating characteristic prevents operation. This characteristic accommodates CT errors, particularly those resulting
from CT saturation at high current faults external to the protected zone. The percentage characteristic (the slope) is
adjustable and allows tailoring of the operating characteristic to handle load tap changer variations.

The percentage differential characteristic curves include:

e an adjustable linear % slope with an adjustable minimum operate-current

e an HU 30% variable slope with a fixed minimum operate-current

an HU 35% variable slope with a fixed minimum operate-current

e avariable slope at 15%, 25% or 40% tap with a fixed minimum operate-current Phase Angle Compensation

Percentage Differential Curve Pglrgggt Pel:]%?g;qselrc])tpe Minim&rjnrrzﬁterating Increment
Adjustable linear % slope 15 to 60% 5% 0.2 to 1.0 per unit tap 0.1
HU 30% variable slope - - Fixed at 0.3 per unit tap -
HU 35% variable slope - - Fixed at 0.35 per unit tap -
Variable slope at 15%, 25%, or 40% tap - - Fixed at 0.3 per unit tap -
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For the two or three winding relay, the operate point for the HU30% and HU35% characteristic occurs when the
vectorial sum of the restraint currents, expressed as a percentage of the largest restraint current, exceeds the
selected HU characteristic curve (see Figure 1-3).

For the two winding relay, the operate point for the 15%, 25% and 40% tap characteristic occurs when the difference
between the two restraint currents, expressed as a percentage of the smaller restraint current, exceeds the selected
% tap characteristic curve (see Figure 1-4).

For the two winding relay, the operate point for the adjustable % slope occurs when the difference between the two
restraint currents, expressed as a percentage of the smaller restraint current, exceeds the % slope setting (see
Figure 1-5).

For the three winding relay, when using the Constant % Differential Characteristic (Figure 1-4) or the Adjustable
Constant % Differential Characteristic (Figure 1-5), the smaller restraint current in per unit of tap is defined as follows:

Assume three levels of restraint current magnitude for each phase:

Imax = Highest restraint current in per unit of tap
Imin = Smallest restraint current in per unit of tap
Imid = Middle restraint current in per unit of tap

Then the smaller restraint current for figures 1-4 and 1-5 is the following:

If Imid + Imin < Imax then | smaller

Imid + Imin
If Imid + Imin > Imax then Ismaller = 3Imin - Imid

Figure 1-3. Variable % Differential (HU) Characteristic
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Figure 1-4. Constant % Differential Characteristic
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Figure 1-5. Adjustable Constant % Differential Characteristic
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Unrestrained High Set Instantaneous Differential Function 87H

Function Range Increment | The 87H unrestrained high set instantaneous
differential function operates directly on the
magnitude of the operate-current with no
intentional delay. The operate-current is the vectorial summation of the per-unit winding 1, winding 2 and winding 3 (if
applicable) restraint currents. The pickup setting of the 87H function is in MULTIPLES of the per-unit operate-current.
For internal faults the CT secondary fault current required to trip the 87H function varies depending on the winding
source:

87H 6 to 20 multiples of operate current per unit 0.1

* If source is on winding 1, CT fault current = 87H pickup setting x 87T-1 tap setting.
e If source is on winding 2, CT fault current = 87H pickup setting x 87T-2 tap setting.
* If source is on winding 3, CT fault current = 87H pickup setting x 87T-3 tap setting.
Enable or disable the 87H function in the Primary, Alternate 1 and Alternate 2 settings. When the function is enabled

in the settings table, you can remotely enable or disable that function by mapping it to a programmable contact input
in the Programmable Inputs screen of the External Communications Program.

Phase Time Overcurrent Functions 51P-1/51P-2/51P-3

The 51P-1, 51P-2 and 51P-3 (if applicable) functions

protect the transformer from fault level currents. The | 51P-1/51P-2/51P-3 Parameter Range Increment
breaker is tripped on a programmable time-delay basis Pickup setting, 5 amp CT 11012 A 0.1 A
when the 51P pickup setting threshold has been | Pickup setting, 1 amp CT 021024 A 10.02 A
exceeded. De er?din Fc))n the ti?’nin requirements, an Pickup setting, 0.1 amp CT for |0.02 to 0.24A 10.002A

- Uep 9 g requirements, any use with ABB Optical CTs

one of nine 51P time overcurrent characteristic timing
curves can be programmed into the TPU-2000R (see
Table 1-1 on page 16). Enable or disable the 51P-1, 51P-2 and 51P-3 functions in the Primary, Alternate 1 and
Alternate 2 settings. When the function is enabled in the settings table, you can remotely enable or disable that
function by mapping it to a programmable contact input in the Programmable Inputs screen of the External
Communications Program.

Two reset modes are available for the 51P functions. In the instantaneous reset mode, the function resets immediately
when the current drops below the pickup setting for one half of a cycle. In the delayed reset mode, the function follows
a slow reset characteristic that depends on the duration of the overcurrent condition and the amount of load current
after the overcurrent condition.

If the CTs are configured in Delta, the pickup values should be set as if the CTs were wired in Wye. The line currents
should be used for pickup calculations and NOT currents seen at the inputs of the relay..

In the three winding TPU, the CTs must be configured in Wye.

1st Phase Instantaneous Overcurrent

Functions 50P-1/50P-2/50P-3 50P-1/50P-2/50P-3 Parameter Range Increment

o ) ) Pickup setting 0.5 to 20 times 0.1 times
The winding 1, 2 and 3 (if applicable) [cures:

instantaneous overcurrent 50P-1, 50P-2, | | ciantaneous Curve No delay
S0P-3 pICkup settings ar? in MULTIPLES (_)f the Inverse Instantaneous, Short Time Inverse, | 1 to 10 time dial 0.1
51P-1, 51P-2 and 51P-3 time overcurrent pickup | and Short Time Extremely Inverse Curves
settings, respectively. Depending on your timing | pefinite Time Curve 0 to 9.99 seconds | 0.01 seconds
requirements, you can select any one of the five
instantaneous overcurrent characteristic timing
curves programmed into the TPU-2000R (see Table 1-2 on page 16). Enable or disable the 50P-1, 50P-2 and 50P-3
functions in the Primary, Alternate 1 and Alternate 2 settings. When the function is enabled in the settings table, you
can remotely enable or disable that function by mapping it to a programmable contact input in the Programmable
Inputs screen of the External Communications Program.

Protective Functions 1-5



ABB Transformer Protection Unit 2000R

2nd Phase Instantaneous Overcurrent Functions 150P-1/150P-2/150P-3

150P-1/150P-2/150P-3 Parameter Range Increment | 1he winding 1, 2 and 3 (if applicable)
Biokuo settin 05 10 20 imes 0T Tmes instantaneous overcurrent 150P-1, 150P-2 and

- _p - g : : 150P-3 pickup settings are in MULTIPLES of the
Definite time curve 0t0 9.99 seconds | 0.01 seconds | 5{p-{ ,51P-2 and 51P-3 time overcurrent pickup

settings, respectively. Enable or disable the 150P-1, 150P-2 and 150P-3 functions in the Primary, Alternate 1 and
Alternate 2 settings. When the function is enabled in the settings table, you can remotely enable or disable that
function by mapping it to a programmable contact input in the Programmable Inputs screen of the External
Communications Program.

Ground Time Overcurrent Functions 51N-1/51G-2 (2 Winding Relay)
51N-1/51N-2/51N-3 (3 Winding Relay)
2 Winding Relay

For the 2 winding relay, you can connect the

TPU-2000R’s winding 1 and 2 ground current 51N-1/51G-2 (2w) Parameter Range Increment
inputs for residual or zero sequence |2IN-1/5IN-2/51N-3/51G (3w) Parameter

applications. Depending on timing | Pickup setting (5A CT) 1to 12A 0.1A
requirements, any one of nine time | pickup setting (1A CT) 0.2t02.4A 0.02
overcurrent characteristic timing curves can | Pickup setting (0.1A CT) for use with 0.02t0 0.24 A 0.002 A

be programmed into the TPU-2000R (see | ABB Optical CTs

Table 1-1). Enable or disable the 51N and
51G functions in the Primary, Alternate 1 and | Curves:
Alternate 2 settings. When the function is | Inverse Type Curves 0 to 10 time dial 0.1

enabled in the settings table, you can| Definite time curve 0to 10 seconds | 0.1 seconds
remotely enable or disable that function by

mapping it to a programmable contact input in the Programmable Inputs screen of the External Communications
Program.

3 Winding Relay

For the 3 winding relay, the neutral currents are calculated internally by the relay. These give the base currents needed
forthe 51N-1, 51N-2 and 51N-3 functions, respectively. For example, the winding 1 neutral current is simply the vectorial
sum of IA-1, IB-1 and IC-1 currents. Depending on your timing requirements, you can select any one of nine time overcurrent
characteristic timing curves programmed into the TPU-2000R (see Table 1-1), or you can program time delay selection for
the Definite Time Curve. Enable or disable the 51N-1, 51N-2 and 51N-3 functions in the Primary, Alternate 1 and
Alternate 2 settings. When the function is enabled in the settings table, you can remotely enable or disable that
function by mapping it to a programmable contact input in the Programmable Input screen of the External
Communications Program.

Floating Ground Time Overcurrent Function 51G (3 Winding Relay only)

A separate CT input is available on the three winding relay. This input gives the base current needed for the 51G
function. Depending on the timing requirements, select any one of nine time over current characteristic timing curves
programmed into the TPU 2000R (see table 1-1), or program the time delay selection for the Definite Time Curve.
Enable or disable the 51G function in the primary, Alternate 1 and Alternate 2 settings. When a function is enabled
in the settings table, that function can be remotely enabled or disabled by mapping it to a programmable contact

input in the programmable input screen of the External Communications Program.

Two reset modes are available for the above functions in both the 2 and 3 winding relays. In the instantaneous
reset mode, the function resets immediately when the current drops below the pickup setting for one half of a cycle.
In the delayed reset mode, the function follows a slow reset characteristic that depends on the duration of the
overcurrent condition and the amount of load current after the overcurrent condition. See Reset Time Equation
above Table 1-3.
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1st Ground Instantaneous Overcurrent Functions 50N-1/50G-2 (2 Winding Relay)
and 50N-1/50N-2/50N-3/50G (3 Winding Relay)

For the 2 winding relay, the winding 1 [50N-1/50G-2 (2w) Parameter Range Increment
and 2 instantaneous overcurrent 50N-1 | 50N-1/50N-2/50N-3/50G (3w) Parameter

and 50G-2 pickup settings are in
MULTIPLES of the 51N-1 and 51G-2
time overcurrent pickup settings, |Curves:
respectively. For the 3 winding relay, the | Instantaneous Curve No delay
instantaneous overcurrent 50N-1, 50N-

Pickup setting 1to12A 0.1A

’ g ) Inverse Instantaneous, Short Time Inverse, | 0 to 10 time dial 0.1
f/i SI(_)'IIEII?LEI‘EnSd 5fotﬁ p;k#lpf%[gllr\]lg; 35"13'\']” and Short Time Extremely Inverse Curves
o' the I - | Definite Time Curve 0 to 9.99 seconds [ 0.01 seconds

3 and 51G time overcurrent pickup
settings, respectively. Depending on your timing requirements, you can select any one of the five instantaneous
overcurrent characteristic timing curves programmed into the TPU-2000R (see Table 1-2 on page 16). Enable or
disable any of the above functions in the Primary, Alternate 1 and Alternate 2 settings. When the function is enabled
in the settings table, you can remotely enable or disable that function by mapping it to a programmable contact input
in the Programmable Inputs screen of the External Communications Program.

2nd Ground Instantaneous Overcurrent Functions 150N-1/150G-2 (2 Winding Relay)
and 150N-1/150N-2/150N-3/150G (3 Winding Relay)

150N-1/150G-2 (2w) Parameter Range Increment For thg 2 Winding Relay, the winding 1
150N-1/150G-2/150N-3/150G (3w) Parameter and 2 instantaneous overcurrent 150N-
1 and 150G-2 pickup settings are in
Pickup setting 0.5 to 20 times 0.1 times MULTIPLES of the 51N-1 and 51G-2
Definite time curve 0t0 9.99 seconds | 0.01 seconds | time overcurrent pickup settings,
respectively. For the 3 Winding Relay,

the instantaneous overcurrent functions 150N-1, 150N-2, 150N-3 and 150G are multiples of 51N-1, 51N-2, 51N-3
and 51G respectively. Enable or disable any of the above functions in the Primary, Alternate 1 and Alternate 2
settings. When the function is enabled in the settings table, you can remotely enable or disable that function by
mapping it to a programmable contact input in the Programmable Inputs screen of the External Communications
Program.

Negative Sequence Time Overcurrent Functions 46-1/46-2/46-3

The negative sequence time overcurrent function

provides increased sensitivity on phase-to-phase | 46-1/46-2/46-3 Parameter Range Increment
faults. The 46 functions have the same pickup | pjckup setting, 5 ampere CT 1to 12A 0.1A
range, curve selections and time dial range as | pickup setting, 1 ampere CT 0.2 to 2.4A 0.02A
the 51P selections. Enable or disable the winding | Pickup setting, 0.1 ampere MOCT 0.02 to 0.24A 0.002A

1, 2 and 3 (if applicable) 46 functions in the
Primary, Alternate 1 and Alternate 2 settings. When the function is enabled in the settings table, you can remotely enable
or disable that function by mapping it to a programmable contact input in the Programmable Inputs screen of the External
Communications Program.

The negative sequence function can be set below load current because normal, balanced load currents do not
generate negative sequence current. Increased sensitivity for phase-to-phase faults can be gained. For a phase-to-
phase fault where la = Ib and Ic = 0, the negative sequence current |, equals 58% of la.

Two reset modes are available for the 46 functions. In the instantaneous reset mode, the function resets immediately
when the current drops below the pickup setting for one half of a cycle. In the delayed reset mode, the function
follows a slow reset characteristic that depends on the duration of the overcurrent condition and the amount of load
current after the overcurrent condition.

Protective Functions 1-7



ABB Transformer Protection Unit 2000R

Table 1-1. Time Overcurrent Curves (51/46)*

Curve Time Dial/Delay
Extremely Inverse 1.0t0 10
Very Inverse 1.0t0 10
Inverse 1.0t0 10
Short Time Inverse 1.0to 10

Definite Time 0.0 to 10.0 seconds
Long Time Extremely Inverse 1.0t0 10
Long Time Very Inverse 1.0t0 10
Long Time Inverse 1.0t0 10
Recloser Curve #8 1.0to 10

User Prog 17

User Prog 2 '

User Prog 3 '

Table 1-2. Instantaneous Overcurrent Curves (50)

Curve Time Dial/Delay
Standard Instantaneous
Inverse 1.0t0 10
Definite Time 0 to 9.99 seconds
Short Time Inverse 1.0to 10
Short Time Extremely Inverse 1.0to 10

User Prog 1 '

User Prog2 '

User Prog 3 7

*Time overcurrent curves are also available as transparencies
1Only available with the user-programmable curves option.

Refer to section 10 (Optional Features).
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Timing Curves

Time Overcurrent Curve Equation

ANSI

Trip Time = ( MF')A‘ +B)x ( 14n-5 )

—C 9
Reset Time = (—2-) x (140=5 )
[1—EMI 9

M = Multiples of pickup current (I/1pu)

n = Time Dial setting (range 1 to 10 in steps of 0.1)

Table 1-3. Constants for Time Overcurrent Characteristics

Curve A B C P D E

Extremely Inverse 6.407 0.025 1 2.0 3 0.998
Very Inverse 2.855 0.0712 1 2.0 1.346 0.998
Inverse 0.0086 0.0185 1 0.02 0.46 0.998
Short Time Inverse 0.00172 0.0037 1 0.02 0.092 0.998
Short Time Ext. Inv. 1.281 0.005 1 2.0 0.6 0.998
Long Time Ext. Inv. 64.07 0.250 1 2.0 30 0.998
Long Time Very Inv. 28.55 0.712 1 2.0 13.46 0.998
Long Time Inverse 0.086 0.185 1 0.02 4.6 0.998
Recloser Curve #8 4211 0.013 0.35 1.8 3.29 15

Notes:

* The time in seconds for the Long Time Extremely Inverse Curve is 10 times that of the Extremely Inverse Curve.
* The time in seconds for the Long Time Very Inverse Curve is 10 times that of the Very Inverse Curve.

* The time in seconds for the Long Time Inverse Curve is 10 times that of the Inverse Curve.

* The time in seconds for the Short Time Inverse Curve is 1/5 times that of the Inverse Curve.

* The time in seconds for the Short Time Extremely Inverse Curve is 1/5 times that of the Extremely Inverse Curve.
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Figure 1-6. Extremely Inverse Curve DWG. NO. 605842 Rev. 2
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“Self-Cooled” Rating “OA-1/0OA-2/0OA-3 Rating Amp”

The self-cooled rating settings are found in the Primary, Alternate 1 and Alternate 2 change settings menus. When the
winding 1 time overcurrent function Curve Select setting (51P-1 Curve Sel) is set to disable, the OA-1 Rating setting
appears. When the winding 2 time overcurrent function Curve Select setting (51P-2) is set to disable, the OA-2 Rating
setting appears. If a 3 winding TPU2000R is used and the 51P-3 curve select setting is set to disable, the OA-3 Rating
setting appears. Because the time overcurrent function settings are not displayed in the disabled state, the OA-1/OA-
2/0OA-3 Rating settings become reference settings for other elements of the relay, namely, the Disturbance Functions,
Level Detectors and metering accuracy calculations. You should set it as though you would set the 51P settings.
Note that the instantaneous functions are also disabled whenever the time overcurrent, 51P, is disabled. Any function
in the settings table normally set as a multiple of the 51P pickup setting, should now be set as a multiple of the OA
pickup setting. For example, when the 51P-2 is disabled, the Disturbance-2 element pick-up is set as a multiple of the
OA-2 setting. In the 3 winding relay, the Disturbance-3 element pick-up is set as a multiple of the OA-3 setting.
Please note that the relay does NOT TRIP on the OA settings.

Disturbance - 2/Disturbance - 3 Functions

For the two winding relay, the Disturbance - 2 function is a sensitive overcurrent element that is set as a multiple of the
51P-2 setting and corresponds to the logical output “THRUFA.” For the 3 winding relay, the Disturbance - 3 function
is a sensitive overcurrent element that is set as a multiple of the 51P-3 setting where the logical output “THRUFA” is
the output of the Disturbance - 2 OR the Disturbance - 3 function. This output can be mapped to a physical output
contact to initiate a fault recorder or other device. In the 2 winding relay, when the Disturbance - 2 element detects a
fault, it logs that fault in the Through-Fault Record as “Disturbance.” In the 3 winding relay, when one of the disturbance
elements detects a fault, it logs that fault in the Through-Fault record as “Disturbance-2” or “Disturbance-3.” If the
TPU-2000R trips on any overcurrent element for the same fault, the overcurrent trip element is logged in place of
“Disturbance.”

Important:

The Disturbance functions internally “race” with the instantaneous overcurrent functions. Be sure that the Disturbance
pickup settings are below the lowest PHASE instantaneous pickup setting. To avoid any race conditions with the
GROUND instantaneous functions, set the GROUND instantaneous functions with a time delay of at least 0.03
seconds.

Level Detector -1/-2/-3

Current-level detectors, LDA - 1 for winding 1, LDA - 2 for winding 2 and LDA-3 (if a 3 winding relay is used) are used
to sense high and low level faults based on a set threshold. The LDA-1, LDA-2 and LDA-3 (if applicable) threshold is
set based on a multiple of the 51P-1, 51P-2 and 51P-3 pick-up settings, respectively. lts output, HLDA (High Level
Detect) can be mapped to an output contact to trip an upstream breaker if the fault current exceeds the break rating of
the downstream tripping device. LLDA (Low Level Detect), can be mapped to another contact to trip the local tripping
device if the fault current is within the break rating of that device. Refer to Figure 1-14. LLDA is always asserted when
HLDA is not asserted and vice versa.

WARNING:

The LDA functions internally “race” with the instantaneous overcurrent functions if the LDA pickup is set above any of
the instantaneous pickup settings. To avoid any race conditions with any of the instantaneous functions, set the
instantaneous functions with a time delay of at least 0.03 seconds.
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Configuration Settings

Cross Blocking Mode

When the Cross Blocking Mode is enabled in the Configuration Settings, harmonic restraint occurs in all three phase
windings when the harmonic restraint setting and the operate-current are exceeded in any one or more phase windings.
When the Cross Blocking Mode is disabled, harmonic restraint occurs on a per-phase basis. In other words, harmonic
restraint in one phase does not restrain another phase from tripping when the Cross Blocking Mode is disabled.

Phase Angle Compensation for a 2 Winding TPU2000R

The Phase Compensation Setting is the phase shift across the
two sides of the power transformer and is applicable to the 87T
and 87H differential elements only. This setting should not include
the effect of the CT secondary connections. The winding 1 and
winding 2 CT configuration settings compensate for any shift due to CT wiring. It is in this regard that this setting is
the angle by which the winding 1 primary currents lead the winding 2 primary currents.

Function Range | Increment
Phase Angle Compensation | 0 to 330° 30°

Example:

The power transformer high side is configured Delta (A—B) and is assigned to the TPU-2000R winding 1 input. The low
side is configured Wye and is assigned to the TPU-2000R winding 2 input. Since the transformer high side (TPU-
2000R winding 1) leads the low side (TPU-2000R winding 2) by 30 degrees, the Phase Angle Compensation setting
should be 30 degrees. If the assigned windings are reversed in this example (high side winding 2, low side winding 1)
the setting would be 330 degrees because winding 1 now lags winding 2 by 30 degrees.

IMPORTANT NOTE: Prior to completing commissioning, always verify that the TPU2000R differential metering
values are correct and acceptable using the front panel MMI or the interface software WinECP. For the 2-Winding unit,
on a per-phase basis, the restraint magnitudes should be equal and their angles 180 degrees apart. If the magnitudes
are unequal, then the tap setting are incorrect; see page 7-1. If the angles are not 180 degrees apart, the Phase
Compensation Angle is incorrect; see page 2-1.

Phase Angle Compensation for a 3 Winding TPU2000R

For a three winding transfomer, two phase compensation settings are required. The phase shift from the high side
winding (winding 1) to the low side winding (winding 2) of the power transformer is phase compensation 1-2. The phase
shift from the high side winding to the tertiary winding (winding 3) is phase compensation 1-3. For the three winding
relay, itis required that the current transformers are wired in wye.

Example:

The power transfomer high side (winding 1) is configured Delta (A—C), low side (winding 2) is configured Wye and the
tertiary (winding 3) is Delta (A—C). With an ABC phase rotation, the phase compensation 1-2 setting is 330 degrees
and the phase compensation 1-3 setting is 0 degrees. See Section 7 for a method to determine the correct phase
compensation setting. Please see the drawings in the section 11 for further examples.

IMPORTANT NOTE: Prior to completing commissioning, always verify that the TPU2000R differential metering
values are correct and acceptable using the front panel MMI or the interface software WinECP. For the 3-Winding unit,
on a per-phase basis, the two smaller restraint magnitudes should add to the larger restraint magnitude and the two
smaller restraint currents’ angels should be 180 degrees apart from the larger restraint current’s angle. IF the two
magnitudes do not add to the third, then then tap settings are incorrect; see page 7-3. If the two angles are not 180
degrees apart from the third angle, the Phase Compensation is incorrect; see page 2-1.
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Trip Failure Dropout Time

The Trip Failure Dropout Time is the allotted time for the system to clear a fault once a trip signal has been issued.
The timer, which is adjustable from 5 to 60 cycles, starts when any function goes into a trip state and stops when the
conditions described below are satisfied. The logical output for the Trip Failure alarm “TFA” can be mapped to an
output contact for external tripping or monitoring purposes.

This setting has two functions. The Trip Failure Mode setting defines how overcurrent functions drop out as well as
when the DIFF function drops out. This setting also tells the TPU-2000R which protective elements to look at for a
trip failure. The Trip Failure Dropout setting defines the actual drop out points of the protective functions. The
various combinations and effects of these two settings are shown in the table below:

Trip Failure Mode Overcurrent Function DIFF Function

Dropout Dropout
DIFF 98% of Pickup Fault Cleared Condition
DIFF and OC TFDO% x OC Function Pickup Fault Cleared Condition
OC Alarm TFDO% x OC Function Pickup | 95% of lop

In the above table, the Fault Cleared Condition is satisfied when ALL of the below conditions are satisfied:

* Winding 1 Highest phase current < TFDO% x 51P-1 pickup

* Winding 1 Highest phase current < TFDO% x OA-1 pickup (only if 51P-1 is disabled)
¢ Winding 1 Neutral current < TFDO% x 51N-1 pickup

* Winding 2 Highest phase current < TFDO% x 51P-2 pickup

¢ Winding 2 Highest phase current < TFDO% x OA-2 pickup (only if 51P-2 is disabled)
¢ Winding 2 neutral current < TFDO% x 51G-2 pickup

If a 3 Winding Relay is used, then the following conditions also apply:

* Winding 3 Highest phase current < TFDO% x 51P-3 pickup
¢ Winding 3 Highest phase current < TFDO% x OA-3 pickup (only if 51P-3 is disabled)
¢ Winding 3 Neutral current < TFDO% x 51N-3 pickup

CT Configuration

In the 2 winding relay, it is imperative to enter the proper CT configuration settings for winding 1 and winding 2. The
options are Wye, Del (A-B), or Del (A-C).

If the CTs are configured in Delta, please note that the overcurrent pickup settings should be done as if the CTs were
wired in Wye. Also, the relay will derive the individual phase currents for the metering display from the Delta
currents and the neutral CT input.

For the 3 winding relay, the CTs MUST be wired in Wye.
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Metering Without Optional VT Inputs

For the 2 winding TPU-2000R, the man-machine interface (MMI) continuously displays RMS per-phase current
magnitudes for windings 1 and 2: la-1, Ib-1, Ic-1, In-1, la-2, 1b-2, Ic-2, Ig-2. For the MMI display to show correct
primary values, you must enter the CT wiring configuration (Wye, Delta la—Ic or Delta la—Ib) and the ratio of the
winding 1 and 2 CTs into the Configuration Settings. For CT’s connected Delta, the neutral bushing CT must be
connected to the TPU-2000R ground sensor input in order to measure the zero sequence current. In the Wye
configuration, the current is read directly from the CTs. In the Delta configuration, the TPU-2000R derives the line
currents from the CT secondary currents. The MMI will display the line currents, NOT the Delta currents. Make sure
you have chosen the correct Delta configuration (la—Ic or la—Ib). Also, the overcurrent protection functions react
according to the line currents derived from inside the Delta.

For the 3 winding TPU-2000R, the MMI continuously displays RMS per-phase current values for 2 of the 3 windings.
The user selects which windings to display in the configuration settings. The default setting is winding 1 and winding
2. Please note that all of the CTs for the 3 winding TPU-2000R must be wye connected regardless of transformer
configuration.

Use the meter menu to confirm continuity of current through each input sensor. Current 1A-1 is shown at 0° phase
angle and is used as a reference for the other current phase angles. The MMI also allows you to scroll through the
numerous system parameters listed below.

Load Values

* Winding 1-RMS Phase currents |1A-1, IB-1 and IC-1: amperes and leading degrees

¢ Winding 1-RMS Neutral current IN-1: amperes and leading degrees

* Winding 1-Positive, negative and zero sequence currents | -1, 1,-1 and |,-1: amperes and leading degrees
« Winding 2-RMS Phase currents 1A-2, IB-2 and IC-2: amperes and leading degrees

* Winding 2-RMS Ground current IG-2: amperes and leading degrees

» Winding 2-Rositive, negative and zero sequence currents | -2, |, -2 and |, -2: amperes and leading degrees

For the 3 winding relay, the following values are also displayed:

* Winding 3-RMS Phase currents la-3, Ib-3 and Ic-3: amperes and leading degrees
¢ Winding 3-RMS Neutral current In-3: amperes and leading degrees
* Winding 3-Positive, negative and zero sequence currents | -3, I, -3 and |, -3: amperes and leading degrees

Demand and Maximum/Minimum Values

» Winding 1, winding 2 or winding 3 (if applicable): phase and neutral (ground) demand currents
» Winding 1, winding 2 or winding 3 (if applicable): phase and neutral (ground) peak demand currents with time stamp

The demand currents are calculated by using a log,q function and emulate thermal demand ammeters. You can
program the Demand Meter Time Constant for 5, 15, 30 or 60 minutes.
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Differential Values

The winding 1, winding 2 and winding 3 (if applicable) restraint currents metered on the differential screen are the
apparent relay currents in per unit of the respective winding tap. Depending on the transformer and current transformer
configuration, the relay currents may be compensated internally by the TPU-2000R. The apparent restraint currents
(afterinternal phase and magnitude compensation have been applied) are added vectorially to determine the differential
(operate) current, which is then displayed.

Example: Transformer: High side Delta, Low side Wye connected with a 30° phase shift

Current Transformer: Low side Wye, High side Wye connected

To compensate for the phase shift between the low side currents and the high side currents, the unit mathematically
performs a delta transformation on the low side relay currents. The phase A restraint current is the vector difference
of phase A and phase B relay currents (I1Azq; = 1Ag/ay - 1Brejay)-

»  Operate Currents-Phase A, B and C: fundamental magnitude in per unit (vectorial summation of winding 1 and
2 restraint currents)

* Winding 1 Restraint Currents-A-1, B-1 and C-1: fundamental magnitude in per unit of 87T-1 tap setting and
degrees

* Winding 2 Restraint Currents-A-2, B-2 and C-2; fundamental magnitude in per unit of 87T-2 tap setting and
degrees

e 2nd Harmonic Restraint Currents-A-1, B-1, C-1, A-2, B-2 and C-2: in percent of fundamental current

e 5th Harmonic Restraint Currents-A-1, B-1, C-1, A-2, B-2 and C-2: in percent of fundamental current

e All Harmonics Restraint Currents-A-1, B-1, C-1, A-2, B-2 and C-2: in percent of fundamental current

In the case of the two winding relay, if CT connections and the Phase Angle Compensation setting are
correct, the winding 1 and 2 restraint currents will be 180° out of phase. This check should be made when
commissioning the installation.

For the 3 winding relay, the following additional data is calculated:

*  Winding 3 restraint currents - A-3, B-3 and C-3: fundamental magnitude in per unit of 87T-3 tap setting and
degrees

e 2nd Harmonic Restraint Currents - A-3, B-3 and C-3: in percent of fundamental current

e 5th Harmonic Restraint Currents - A-3, B-3 and C-3: in percent of fundamental current

e All Harmonic Restraint Currents - A-3, B-3 and C-3: in percent of fundamental current

In the case of the three winding relay, if CT connections and the Phase Angle Compensation settings are

correct, the vectorial sum in per unit of all three restraint currents should be zero. This check should be
made when commissioning the installation.
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Figure 3-1. Meter Menu Displays

Examples of the metering displays for Load, Demand, Differential and Maximum/Minimum Values are shown below.

Load Values

426
414 x:
. 429 x:
: 102 x:
116 x:
421 X<
0 =
622 :
624 2:

Load Values ====

0
234
1171
108
102
357
0

350
230
110
0

0
350
120

“Denotes 3 Winding

Relay only

Max/Min Demand

=MAX/MIN DEMANDS=

Max la-1:
95/02/09

Min la-1
95/01/01

Max Ib-1:

95/02/08
Min Ib-1:
95/01/01
Max Ic-1:
95/02/08
Min lc-1:
95/01/01
Max In-1:
95/02/08
Min In-1:
95/01/01

958
12:30
0
8:58
1000
12:30
0
8:58
989
12:30
1
8:59
1002
12:30
0
8:58

Demand Values

==Demand Values==

la-1:
Ib-1:

Ic-1:
In-1:
10-1:
11-1:

172
166
174
42
0

0

Deifferential Values

DIFFER. VALUES

loperate A:
Ires
Ires

#lres
loperate B:
Ires
Ires

#lres
loperate C:
Ires
Ires

#lres

0.21

A-1: 1.76 x: 0
A-2 155180
A-3 0.00x:0
0.30

B-1: 1.84x: 240
B-2 1.54x:60
B-3 0.00x:0
0.26

C-1: 1.812: 120
C-2; 1.55x: 300
C-3: 0.00:0

2nd Harm A-1:0.0%
2nd Harm B-1:0.0%
2nd Harm C-1:0.0%
2nd Harm A-2:0.0%
2nd Harm B-2:0.0%
2nd Harm C-2:0.0%
#2nd Harm A-3:0.0%

#2nd Harm B-3:0.0%
#2nd Harm C-3:0.0%
5th Harm A-1:7.0%
5th Harm B-1.7.0%
5th Harm C-1:7.0%
5th Harm A-2:2.5%
5th Harm B-2:2.5%
5th Harm C-2:2.5%
#5th Harm A-3:2.5%
#5th Harm B-3:2.5%
#5th Harm C-3:2.5%
All Harm A-1:8.0%
All Harm B-1:7.0%
All Harm C-1:8.0%
All Harm A-2:3.5%
All Harm B-2:3.5%
All Harm C-2:0.0%
#All Harm A-3:3.5%
#AIl Harm B-3:3.5%
#All Harm C-3:0.0%

#Denotes 3 Winding
Relay only
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Metering With Optional VT Inputs

The man-machine interface (MMI) continuously displays RMS current magnitudes |4, Ig, I and Iy for winding 1,2 or 3
(if applicable) and RMS voltage magnitudes for Van, Vbn and Vcn (Wye-connected VTs) or for Vab, Vbc and Vca
(Delta-connected VTs). For the MMI to show correct primary values, you must enter the ratio of the CTs and VTs and
the type of VT connection (Wye phase-to-ground or Delta phase-to-phase, nominal voltage) into the Configuration
Settings. Use the meter menu to confirm continuity of current and voltage through each input sensor. Voltage Van (or
Vab) is shown at 0° phase angle and is used as a reference for the other voltage and current phase angles. The MMI
also allows you to scroll through the numerous system parameters listed below. See Figure 3-3 for Metering Menus
with Optional VTs.

The metered sequence voltage components of the TPU-2000R (V; and V, ) are derived form the line-to-neutral voltages,
regardless if the unit is wired in a Wye or Delta configuration. If a balanced condition is assumed:

* In a Delta configuration the angle of the positive sequence voltage (V,) leads Vab by 330°.

* In a Wye configuration the angle of the positive sequence voltage (V,) equals Van (V, = Van = 0°).

Figure 3-2. TPU-2000R Metering Conventions

Selected Winding Load Values
-KWw  a—— +Kw
e Phase currents la, Ib and Ic
— Amperes
— Degrees - KVAR
e Ground currentIn
— Amperes T

— Degrees l >

* Phase voltage Van, Vbn and Vcn for Wye VTs

— Kilovolts la
— Degrees +KVAR

* Phase voltage Vab, Vbc and Vca for Delta VTs
— Kilovolts
— Degrees
» Kilowatts per phase and 3-phase for Wye VTs and 3-phase for Delta VTs
¢ KiloVARs per phase and 3-phase for Wye VTs and 3-phase for Delta VTs
* Kilowatt-hours per phase and 3-phase for Wye VTs and 3-phase for Delta VTs
¢ KiloVAR-hours per phase and 3-phase for Wye VTs and 3-phase for Delta VTs
» Zero (l,), positive (I,) and negative (I,) sequence currents
— Amperes
— Degrees
* Positive (V,) and negative (V,) sequence voltages
— Kilovolts
— Degrees
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Demand Values

e Demand (phase and ground) currents in amperes
e Demand kilowatts

— Per phase and 3-phase for Wye VTs

— 3-phase for Delta VTs
e Demand KiloVARs

— Per phase and 3-phase for Wye VTs

— 3-phase for Delta VTs

Maximum and Minimum Values

¢ Maximum and minimum (phase and ground) currents in amperes
» Date and time stamp for maximum and minimum (phase and ground) currents
e Maximum and minimum kilowatts
— Per phase and 3-phase for Wye VTs
— 3-phase for Delta VTs
« Date and time stamp for maximum and minimum kilowatts
e Maximum and minimum KiloVARs per phase and 3-phase for Wye VTs; 3-phase for Delta VTs
¢ Date and time stamp for maximum and minimum KiloVARs
The demand currents are calculated by using a log 10 function and replicate thermal demand ammeters. The demand
kilowatts and kiloVARs are averaged values that are calculated by using the kilowatt-hours, kiloVAR-hours and the

selected Demand Meter Constant. The Demand Meter Constant is a time interval you can program for 5, 15, 30 or 60
minutes. It is found in the Configuration Settings. See Table 6-2 of this manual.

Examples of the metering displays for Load, Demand, Maximum/Minimum Values and Fault Records are shown in
Figure 3-3.
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Figure 3-3. Meter Menu Displays With Optional VT Inputs

Load Values

Load Values
la-1: 320 2C: 344
b-1: 318 xX: 224

lc-1: 320xC: 10403

In-1: 22
10-1: 0xX :
1-1: 320 :
12-1 0xX :
la-2: 320 2C:
lb-2; 318 2
lc-2: 320
lg-2/#In-2: 2 2C:
10-2:
11-2:
12-2
#la-3:
#lb-3:
#1c-3:
#In-3:
#10-3:
#11-3:
#12-3
#lg
kVan:
kVbn:
kVen:
kV1:
kv2: 0xX :
kKW-A:
kW-B: 2381
kW-C: 2396
kW-3P: 7173

kVAR-A: 699
kVAR-B: 695

kVAR-C: 699

kVAR-3P: 2093
KWHTr-A: 575040

KWHTr-B: 571065
KWHr-C: 576110
KWHr-3P: 1722215
KVARHTr-A: 167760
kKVARHTr-B: 165440
kVARHr-C: 168225
kKVARHr-3P: 501425
PF: 0.96 LAGGING

FREQ: 60.00

#Denotes 3 winding

Relay only

Demand Values

__ Demand Values____

la: 305
Ib: 297
Ic: 302
In: 8
kW-A: 2283
kW-B: 2225
kW-C: 2247
kW-3P: 6750
kVAR-A: 664
kVAR-B: 655
kVAR-C: 662
kVAR-3P: 1978

g

Maximum/Minimum Demand

Max la:
08/20/94
Min la:
08/03/94
Max lb:
08/20/94
Min Ib:
08/02/94
Max Ic:
08/20/94
Min Ic:
08/03/94
Max In:
08/15/94
Min In:
08/03/94
Max kW-A
08/20/94
Min kW-A
08/03/94
Max kW-B
8/20/94
Min kW-B
08/02/94
Max kW-C
08/20/94
Min kW-C
08/04/94
Max kW-3P
08/20/94
Min kW-3P
08/02/94
Max kVAR-A
08/20/94
Min kVAR-A
08/03/94
Max kVAR-B
08/20/94
Min kVAR-B
08/02/94
Max kVAR-C
08/20/94
Min kVAR-C
08/03/94
Max kVAR-3P
08/20/94
Min kVAR-3P
08/02/94
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# Metering Conventions

In considering a utility’s convention of power flow into or out of a bus, on the secondary of the transformer, the metering
convention shown in Figure 3-2 is achieved when the transformer secondary CT’s are shown in Figure 3-4, i.e., the
CT’s polarity lead connected to the TPU2000R’s “+” terminal. If the metering convention shown in Figure 3-5 is
desicred, then use the transformer secondary CT connections shown in Figure 3-6, where the CT’s polarity lead is
connected to the TPU2000R “-” terminal, and add 180 degrees to the previously calcuated Phase Compensation Angle
setting.

Figure 3-4. Connection for Standard Metering Convention

:

X4 -

B -* 1 1 T f ‘-
C -* T T XS Jmh- C
# -
—_ — -
453 __U| :EI
<5 = =
151 N 43\
I O 421
\5—0 8 S~
Lag T 41!
TR T L
L 47 39!

30° phase shift compensation
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Figure 3-5. TPU2000R Metering Convention with Reverse Connections

90°
+ kW <——> - kW

+ kVAR
- T ;/AN or VAB
$ \ .
- kVAR

270°

Figure 3-6. Connections to Reverse Standard Metering Convention
H1 X1

A _-ﬁ —
le = Xo ‘- b

H:-% X3 1 = .

1) {0 6

—+—1lg3 45|
_ = 44
=92 g
l51 C 43!
Tso D 42
7
49 8 41‘> _
T4 D 40 Reverse CT connection
> = at relay & add 1802 to
47 39 .
Phase Compensation

Angle

210° phase shift compensation

Metering
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Internal Design

The heart of the TPU-2000R is the microprocessor. The capabilities of the microprocessor allow the TPU-2000R to
perform the many protective functions. Figure 4-1 shows a block diagram of the unit.

Processor Specifications

The processing power of the TPU-2000R provides a true multitasking environment that combines protection, metering
and control. The hardware components of the unit include:

* CPU-+6-MHz, 32-bit 68332 Motorola microprocessor
® CPU RAM-64 K of temporary storage for CPU

e DSP-a16-bit digital signal processor handles all analog acquisition and measurement of input parameters. It
also performs all arithmetic iterations of the converted digital input signals.

e EEPROM stores all protective function settings.

® 16-bit analog-to-digital (A/D) converter

® CPU EPROM stores the CPU’s programming.

® FLASH EPROM-8:5 M of memory store the DSP’s operating algorithm.

e DSP RAM-+6 K of memory provide temporary storage of DSP’s arithmetic values.

®* Real-time battery backed-up clock

Battery Backed-Up Clock

An internal clock time-tags the faults in the fault records, events in the operations record and values in the load profile
record. In normal operation, this clock is powered by the TPU-2000R. When the TPU-2000R is withdrawn from its
case, a battery powers the clock. As long as you turn off the battery backed-up clock during prolonged storage, the
battery should last the life of the unit. Turn off the battery backed-up clock through the front man-machine interface by
entering a “0” for the day.
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Figure 4-1. TPU-2000R Block Diagram
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Ratings and Tolerances

Current Input Circuits

e 5-Ainputrating, 16 A continuous and 450 A for 1 second
e 1-Ainput rating, 3 A continuous and 100A for 1 second
* .1-Ainput rating, 3 A continuous and 100 A for 1 second

* Input burden at 0.245 VA at5 A (1 - 12A range)
e Frequency 50 or 60 Hz
* Input burden at 0.014 VA at 1 A (0.2 - 2.4A range)

Contact Input Circuits Voltage Range
19 to 280 Vdc

Voltage Input Circuit

Voltage ratings based on the VT connection setting.
BURDEN

e 0.04VA for V(A-N) at 120 Vac

VOLTAGE

e Wye Connection: 160 V (L-N) continuous and 480 V (L-N) for 10 seconds
* Delta Connection: 260 V (L-L) continuous and 831 V (L-L) for 10 seconds

Contact Input Circuits (Input Burden)
¢ 2.10 VA at 220 Vdc and 250 Vdc

e 0.52 VA at 125 Vdc and 110 Vdc
e 0.08 VA at 48 Vdc
e 0.02 VA at 24 Vdc

Control Power Requirements
e 48 Vdc model, range = 38 to 58 Vdc

* 110/125/220/250 Vdc models, range = 70 to 280 Vdc
e 24 Vdc model, range = 19 to 39 Vdc

Control Power Burden
18 VA maximum over the above ranges

Output Contacts Ratings

125 Vvdc 220 Vdc
e 30 Atripping e 30 Atripping
e 6 A continuous e 6 A continuous

e 0.25 A break inductive ¢ 0.1 A break inductive
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Operating Temperature

* —40°to +70°C
—Operating temperatures below —20° C may impede the LCD display contrast.

—COperating temperatures below 0° C may impede Modbus Plus™ communications on units equipped with
the Modbus Plus™ communications card (rear port options 6 and 7).

Humidity
e Per ANSI 37.90, up to 95% without condensation

Transient Immunity

* Surge withstand capability

— SWC and fast transient tests per ANSI C37.90.1 and IEC 255-22-1 class Il and 255-22-4 class IV for all
connections except comm or AUX ports

— Isolated comm ports and AUX ports per ANSI 37.90.1 using oscillatory SWC Test Wave only and per IEC 255-
22-1 class Il and 255-22-4 class 11|

— Impulse voltage withstand test per IEC 255-5
— EMI test per trial use standard ANSI C37.90.2 - 1995

Tolerances Over Temperature Range of -20° C to +55° C

Function Pickup Dropout Timing (whicheveris greater)

87T +3% of expected restraint value 95% of tap setting < 40 ms (60Hz)/50 ms (50Hz)

87H +7% of tap setting 95% of tap setting <40 ms (60Hz)/50 ms (50Hz)
Harm.Restr. +20% of percentage setting

51P/51N +3% of setting 98% of setting + 7% or = 16 ms (60Hz)/+ 20 ms (50Hz)
50P/50N +7% of setting 98% of setting + 7% or = 16 ms (60Hz)/+ 20 ms (50Hz)
46P +3% of 51P setting 98% of setting + 7% or = 16 ms (60Hz)/+ 20 ms (50Hz)
Ammeter + 1% of 51P and 51N time overcurrent pickup setting

Voltmeter + 1% of VT Connection setting

Wattmeter + 2% of full scale

VARmeter + 2% of full scale

PowerMeter  + 2% of | xV, 51P pickup setting x VT Connection setting
Frequency +0.01 Hz

Programmable

Output Timers + 4 milliseconds

Dielectric

e 2000 Vac for 60 seconds, all circuits to ground except comm ports per IEC 255-5
¢ 1500 Vac for 60 seconds, for isolated communication ports

¢ 1000 Vac for 60 seconds, for Modbus Plus® interface
Weight (Standard TPU-2000R unit with Voltage Inputs)

2 Winding 3 Winding
e Unboxed 6.40 kg (14.10Ibs) 6.74 kg (14.85 Ibs)
e Boxed 6.72 kg (14.81 Ibs) 7.06 kg (15.56 Ibs)
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Installation

The TPU-2000R unit comes enclosed in a metal case. Follow the instructions and diagrams in this section to
install the TPU-2000R.

Receipt of the TPU-2000R

When you receive the TPU-2000R, examine it carefully for shipping damage. If any damage or loss is evident, file a
claim at once with the shipping agent and promptly notify the nearest ABB sales office.

Before installing the unit, it is suggested that the following procedures be performed:
On units equipped with an MM

* Power up the relay. The LEDs should light and a slight clicking sound will be heard.

* Using the arrow keys, go to the Main Menu, scroll to Settings, press <E>, scroll to Unit Information, press <E>. Verify
unit information against front panel nameplate.

* Press <C>toreturntothe Settings menu, scrollto Show Settings, press <E>. Check default settings against the tables
supplied in this manual.

 After checking the default settings, press <C> twice to return to the Main menu. Scroll to Test and press <E>, at the
Self Test selection, press <E>. The unit will self test.

 After performing the self test, press <C> twice to return to the Main menu. Scroll to Settings and press <E>, in the
Settings menu, scroll to Change Settings and press <E>. In the Change Settings menu, scroll to Clock, and set the
unit clock.

* At this point, the internal battery is now in use. If the unit is not going into service for an extended period, set the day
of the month to zero (0) and the battery will not be in use. The battery will remain unused until the clock is set to a
valid date.

* Press <E> to enter the correct time and return to the Change Settings menu.

* Setthe PASSWORD by scrolling to Configuration and press <E>. At the Password prompt, press <E> again. Once
in the Change Confi Sett menu, scroll to Relay Password and enter a password. This will be the main password for
entry to the unit. Press <E> to enter the password and return to the Change Confi Sett menu. Scroll to Test Password,
and enter a different password. This password allows low level entry to the Test options of the unit.

WARNING: If the password entered in the Relay Password section is lost or forgotten, the unit cannot be
accessed. If this situation occurs, contact ABB Allentown immediately.

On units not equipped with an MMI, connect a PC to the RS-232 port on the front of the unit and use the ECP
(External Communication Program) and follow the same process as outlined above.

Installing the TPU-2000R

The TPU-2000R is enclosed in a standard 3U (3 unit high rack), 19 x 5-inch case designed for rack mounting. Figure
4-2 shows the dimensions of the TPU-2000R. A kit for panel mounting can be ordered separately. See section 13 for
details.
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Figure 4-2. TPU-2000R Case Dimensions
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Rear Terminal Block Connections

Apply only rated control voltage marked on the front panel of the unit to the positive terminal and the negative
terminal. Wire the ground stud on the rear of the case to the equipment ground bus with at least #10 gauge wire.

Figure 4-3 shows the rear terminal block layout and numbers.

Tables 11-1 and 11-2 lists the minimum required connections for a functioning system. Optional connections are
shown on the bottom of the table. Jumper #6 is used to set the TRIP Output Contact to Normally Open or Normally

Closed.

55 57 59 61 63
com3
Aux.Lo 0 0 0000000 ©oo0oo0 * - OPTIONAL CONTACT CONFIGURATION
PoRTS o o OATED SELECTABLENO.ORN.C.
CoM 1 com2 56 58 60 62 64
00000 00000 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 25 29 30
ofemzJo ofwzjo I A | [T
I+_|_+++++++_+_I|FI||J |_”J|_”J|_”J|_”J|_”J|_"J|_”J
COM- N IN N IN N N N \N
VI  pon
SELF-CHECK OUT6  OUT5S  OUT4  OUT3  ouT2  OUTH TRIP
ALARM
31 32 33 34 35 36 37 38 89 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
e © | RN ERREREN0RRRREEECCR
CATALOG NO. D o
SERIAL NO. FREQ.
NSTBOOK  cowT. Y/ w B W oW - + - F - ¥ - + - + - ¥ - + - + - + +
SENSOR10 SENSORS SENSOR8 SENSOR7 ~ SENSOR6  SENSOR5 ~ SENSOR4 ~ SENSOR3 ~ SENSOR2  SENSOR1

Figure 4-3. Rear Terminal Block
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New Firmware Installation

WARNING: Interrupting the download process before it is completed will result in lost EEPROM data. In the

event that the download is prematurely terminated, contact the factory.

To download new software to the TPU-2000R:

If desired, save all settings to a disk as described in Section 12.
On your computer’s hard drive, create a directory called C:\FPI.

Copy files from the FPI diskette (FPl.exe) and the SAF diskette (filename.abs) to the C:\FPI drive.
Remember the filename from the SAF diskette as it will be needed later.

Connect the TPU-2000R to the computer via the serial port on the front panel of the unit with a null modem
cable.

Ensure that the communications settings of the computer com port and the settings of the TPU-2000R are
both set to 9600, 8, N, 1.

At the C:\FPI prompt, type FPI
At the Monitor Type ? prompt, select the appropriate monitor (color or black and white) and press <CR>.

After the ABB description screen, the Communication Options screen appears. Use the spacebar to change
the com settings or accept the default settings by scrolling through the screen with the <CR> key.

If all com settings are correct, the Successful Connection To... screen appears. Press <CR> to continue. The
next screen to appear will be the Main Menu. If com settings are not compatible or some other problem
exists, the Communication Status screen appears. Reset the com settings and recheck connections and
press <CR>.

The only option necessary for downloading the software update is the Update Unit Software selection. Using
the arrow keys, scroll to the Update Unit Software selection and press <CR>.

At the warning message screen, select continue with unit software update.

At the Load New Firmware Data screen, type filename.abs (filename is the name of the file) copied from the
SAF disk) and press <CR>. This will highlight the default action, [READ FROM DISK]. Press <CR> again.
Downloading should take about 20 minutes to complete.

During download, the TARGET LEDs on the front panel will blink intermittently and in sequence starting with
@A with the following notes:

Computer display LE MMI (If present)
Monitor Has Been Entered OA blinks TPU2000R Monitor
Flash Erase @B blinks Flash Memory Erase in Progress
Flash Programming @C blinks Flash Memory Download in Progress

The message “Successfully Completed Downloading! Hit Any Key To Return To Main Menu” will appear.
Hitting the <CR> key will cause the systems to reboot and the message “Please Wait While System Reboots”
will appear.

After the system has rebooted, the Main Menu will reappear. Scroll down to the Quit Program selection and
press <CR>.

Restore settings to the relay as described in Section 12.
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Built-In Testing

The TPU-2000R continuously checks itself for proper functioning.

Self-Test Status

The TPU-2000R provides continuous self-testing of its power supply voltages, memory elements, digital signal processor
and its program execution. In the event of a system failure, the protective functions are disabled and the Self-Check
Alarm contacts are actuated. Except for a “processor stalled” condition, review the PASS/FAIL status of these self-test
elements by using the man-machine interface (MMI). Normal status is indicated by a green TPU STATUS light (LED)
and system failure is indicated by a red TPU STATUS light (or by the green TPU STATUS light not being lit in the case
of a loss of control power). If the green light is flashing, refer to the Operations Menu in Section 9.

Self-Test Failures are recorded as a number in the Operations Record. The binary bit pattern of this number indicates

the Self-Test Failure or Editor Access Status involved. The 1’s in the bit pattern indicate where a failure has occurred.

Count from the right of the bit pattern (starting with zero) to the position where a “1” occurs. Compare that bit position
# with Table 4-1 to reveal the failure. See the following examples for further explanation.

If the self-test fails, the TPU-2000R is no longer providing protection. Replace the unit as soon as possible.

Table 4-1. Operations Record Value Information

Bit Position Self-Test Failure Editor Access Status
0 CPU RAM INTERRUPT LOGGING
1 CPU EPROM REMOTE EDIT DISABLE =1
2 CPU NVRAM LOCAL EDIT DISABLED = 1
3 CPU EEPROM FRONT MMI EDIT ACTIVE
4 NOT USED FRONT COMM PORT EDIT ACTIVE
5 NOT USED REAR COMM PORT EDIT ACTIVE
6 NOT USED REAR AUX COMM PORT EDIT ACTIVE
7 NOT USED REAL TIME CLOCK EDITED
8 DSP ROM PROGRAMMABLE I/O EDITED
9 DSP INTERNAL RAM PRIMARY SET EDITED
10 DSP EXTERNAL RAM ALTERNATE1 SETTINGS EDITED
11 DSP ANALOG/DIGITAL CONVETER | ALTERNATE2 SETTINGS EDITED
12 DSP +/-5 V POWER SUPPLY CONFIGURATION SETTINGS EDITED
13 DSP +/-15 V POWER SUPPLY COUNTER SETTINGS EDITED
14 DSP STALL or +5 V POWER SUPPLY | ALARM SETTINGS EDITED
15 DSP TO CPU COMMUNICATIONS COMMUNICATIONS SETTINGS EDITED
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Example of a Self-Test Failure

Value : 256 has a binary bit pattern of 0000000100000000 (bit order 15........ 0)
The 1 is in bit position 8 as you count from the right. This bit position correlates to DSP ROM failure.

Example of an Editor Access

Value : 145 has a binary bit pattern of 0000000010010001 (bit order 15......... 0)
The 1’s in this bit pattern have the following bit positions and corresponding Editor Access Status:

Bit 0 : Interrupt logging bit (Ignore this bit because it will always be set in this example.)
Bit 4 : Front communications port initiated the editor access and change.
Bit 7 : Real-time clock settings were changed.

TPU-2000R Settings Tables Diagnostics

Three copies of each settings table are stored in nonvolatile memory, preventing data loss during control power
cycling. When you finish editing any settings table, the changed table’s data is transferred from a temporary edit
buffer into three separate locations in nonvolatile memory.

A background diagnostics task continuously runs a checksum on each copy of the settings tables to verify data
consistency. If an invalid copy is detected, the diagnostic task attempts self-correction by transferring a valid copy to
the invalid copy location. If this is unsuccessful, the task marks the copy as unusable and switches to the next
available copy.

When the TPU-2000R detects that all three copies of a settings table are not valid, the diagnostic task adds a self-
diagnostic error in the Operations Record, drops the self-check alarm, and disables all protective functions. In
addition, the Self Test display under the MMI Test Menu shows the current status (PASS or FAIL) for all memory
devices.
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Man-Machine Interface (MMI)

The man-machine interface (MMI) on the front panel consists of a four-line
liquid crystal display (LCD) with twenty characters per line, six push-buttons
(keys) and thirteen LED targets. Press the Enter <E> key to access the
Main Menu. Use the up and down arrow keys to move through the various
menus and to change the character value when you enter the alphanumeric
password. Use the Enter <E> key to select the desired menu or desired

0 value when you change settings.
C‘-b C
Use the left and right arrow keys to decrease and increase, respectively,
o) ' E setting values or record numbers. You can also use them to move from left

to right within the password string. Hold down or repeatedly press the arrow
keys to change the setting value.

Figure 5-1. MMI Access Panel

Use the clear <C> key to return to the previous menu. You can also use the <C> key to:

* reset LED targets and the LCD after a fault (push <C> once)
e scroll through all metered values (push <C> twice)
* reset the peak demand values (push <C> three times)

Perform a system reset by simultaneously pressing the <C>, <E> and up arrow keys. This resets the
microprocessor and re-initiates the software program. During a system reset, no stored information or settings are
lost.

The following displays and menus are available through the MMI:

* Continuous Display-the enabled settings table and all currents
* Post-Fault Display-fault currents for last fault until targets are reset
* With optional VT inputs installed, Continuous Display and Post-Fault Display show currents and voltages

MMI Displays

Metering Display (Continuous) Main Menu
(with optional VT inputs)

: 500 KVan: 13.00 MAIN MENU
: 500 KVbn: 13.00 Meter

: 500 Kvcn: 13.00 Settings
0 Prim Set — Records

Metering Display (Continuous)

. : . Display Aft Fault Int ti
(without optional VT inputs) Splay After a Fault interruption

Diff Fault Rec 1
Fault # 7

Active Set Prim
Date 17 Aug 1995
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Man-Machine Interface Menus

Below is an outline of the menus available through the man-machine interface.

MAIN MENU

Meter

Settings

Records

Operations

Test
METER MENU SETTING MENU RECORDS MENU TEST MENU
Load Show Settings Diff. Fault Record Self Test
Demand Change Settings Through Fault Record Contact Inputs
Max/Min Demand Unit Information Restraint Record Output Contacts+
Differential Operations Record
Reset Energy Meters Operations Summary

SHOW SETTINGS MENU CHANGE SETTINGS MENU UNIT INFORMATION
Prim Settings Prim Settings+ CAT 588R0411-6111
Alt1 Settings Alt1 Settings+ SERIAL # :951280
Alt2 Settings Alt2 Settings+ CPUROM :V2.23
Configuration Configuration+ DSP ROM :V2.10
Alarm Settings Counter Settings+ FP ROM :V1.10
Clock Alarm Settings+ COMM ROM: V2.10
Communications Clock+

Communications+

OPERATIONS MENU
+ Password protected Trip Breaker

Force Phy. Input

Force Phy. Output
Set/Clear ULO

Force Logical Input

Figure 5-2. Man-Machine Interface Menus
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External Communications Program

The External Communications Program (ECP) provides point-to-point communications with the TPU-2000R relay.
With ECP, you can program the settings for the TPU-2000R’s various functions, map logical inputs and outputs and
monitor the relay’s activity. ECP is a DOS®-based program and can be copied to your computer’s hard drive. To
execute the program, type “tpuecp”. ECP will guide you in setting up the configuration and communication settings
for establishing communication with the TPU-2000R.

You can also use the software without the TPU-2000R relay to explore the capabilities and functionality of the relay.
When your PC is not connected to a TPU-2000R you will be prompted that communication to the TPU-2000R has not
been established. Choose “Continue Without Connecting” and you will be prompted to enter a unit catalog number.
Your catalog selection determines which options will be displayed in the settings screen. All the settings and
configurations displayed are the factory default values. You can then change the values and save them to a file for
later retrieval to a TPU-2000R. When the PC is connected to a TPU-2000R, the records can be viewed (Get Data
From TPU-2000R), saved to a file (Save Data To Disk) and viewed later (Get Data From Disk).

Note: For the Through-fault Record and the Operations Record, only the screens you view are saved to a file.
Therefore, to save all the data to a file, you must view all the screens before exiting the record display.

When changing the Configuration or Communication Settings through ECP, you must type in the four-digit
password (the factory default password is four spaces) and then press ENTER.

The ECP contains terminal emulation commands that permit modem access to the relay or other devices
connected to a remote modem. If communication is not established, a communications error message appears. If
this message appears frequently, the line may be too noisy. Hang up and redial; if possible, use another line.

Use a straight through cable with a 9-pin null modem adaptor when you connect a PC via a 9-pin RS-232 cable
directly to the TPU-2000R (not via modems). Table 5-6 provides communication ranges and default settings for
PC/TPU communication. Refer to the Communications Ports section of this manual for more information on
connecting the TPU to a PC.

To print ECP screens with a laser jet printer via the Print Screen key, you must change the character set mode of
the printer from an ASCII character set to a line character set. Each printer has its own specific code to
accomplish this. What code to use and how to program the code into the printer are detailed in the printer manual.

For example, on the HP Laser Jet Il printer the code is “PC8” and then the printer can be programmed with the
menu system located on the front of the printer. Follow these steps to program an HP Laser Jet Ill printer:

Take the printer off line by pressing the On Line key. This enables you to scroll through the menu options.
Press the Menu button until you see “Sym Set.”

Press the “+” key until you see “PC8.”

Press the Enter key to put the printer in the line character set mode.

Press the On Line key and you are ready to print ECP screens.

ok wn =

Once you have printed the desired ECP screens, you should reprogram the printer to its original mode; otherwise
the printer will remain in the line character mode.

The application program on this disk has been carefully tested and performs accurately with most IBM-compatible
personal computers. If you experience difficulty in using the External Communications Program, contact ABB at
(610)395-7333.
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External Communications Program Menus

Below is an outline of the menus available through the External Communications Program. Many of these menus
are the same as those in the man-machine interface (MMI), but some are unique to the ECP. Tables 5-1 through
5-6 show the specific settings for the TPU-2000R.

Demand Values
Max/Min Values
Differential Values
Load Profile - All
Load Profile - Last
Return

- N Set P.C. Port
Serial Communications Port com1
Meter Menu Baud Rate 9600
Load Values Frame Rate  N-8-1

DPU Address
Return to Menu

001

(Change Settings Menu )
*Primary Settings+
Alternate 1 Settings+
Alternate 2 Settings+
Calculate Tap Settings
Configuration Settings+
Counter Settings+
Programmable Inputs+
Programmable Outputs+
FLI Index & User names+
User Logical Output Name+
ULI/ULO Configuration+
Global Register Mapping+
Register Configuation+
Miscellaneous Settings
Alarm Settings+

Main Menu
Metering

Show Settings
Change Settings
Records

Operations Menu

Test Menu

Waveform Capture
Programmable Curves
Miscellaneous Commands
Set P.C. Port

Terminal Emulator
About...

Quit Program

Clock+
Communications+
@eturn Y,
(Show Settings Menu \
*Primary Settings
Alternate 1 Settings
Alternate 2 Settings
Configuration Settings (Records Menu
l'z:gg:gmmgg'lg 'gﬁt‘gjts Differential Fault Record
Through Fault Record
FLI Index & User Names Harmonic Restraint Record
User Logical Output Names Operations Record
ULI/ULO Configuration Operations Summary
Global Register Mapping Unreported Records
Miscellaneous Settings Return
Alarm Settings \ /
Clock
Communications
kReturn Y,

Miscellaneous Commands
Unit Information

Reset Targets/Alarms

Reset Min/Max Demand

Seal In/User Alarms

Return

Programmable Curves
Receive Prog Curve Data
Transmit Prog Curve Data
Return

4 )
Waveform Capture
Show Settings

Change Settings+
Waveform Records

Start Data Accumulation+
Stop Data Accumulation+
Acquisition Status

Return

J

Test Menu
Physical I/O Status
Logical Input Status
Logical Output Status
Output Contacts+
Return

) Operations Menu
Trip Breaker+

Force Physical Input
Force Physical Output
Seal In/User Alarms
Force Logical Input
Return

Figure 5-3. External Communications Program Menus

* Denotes active settings table

+ Password protected
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Changing Settings

Use the MMI or ECP to change the following settings:

Primary
Alternate 1
Alternate 2
Configuration
Counter

Alarm
Communication

Tables 6-1 through 6-6 show the values for the different settings.

Basic Procedure

The procedure for changing settings is basically the same for all the settings. Follow these steps to change
settings:

From the ECP Main Menu, select “Change Settings”.
From the Change Settings menu, select the settings you want to change.
A Load Screen appears, prompting you to load the data. Choose one of the following:

e Get Data from TPU2000
e Get Data from Disk

The screen for the selected settings appears. Scroll to the function you want and press ENTER.

A window appears with either the possible options or a prompt to change the settings by using the arrow keys.
Press Enter to accept the new setting or press ESC to close the window without any changes.

Select “Return to Menu”.

Save your changes.

a. Press ESC.

b. Atthe window prompting you to save, highlight the option by using the arrow keys and press ENTER.
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Table 5-1. Primary, Alternate 1 and Alternate 2 Settings (Password Protected)

Function Setting Range Step Size | Factory Default
87T Curve Selection Disable, % slope, HU 30% or HU 35%, 15% % Slope
tap, 25% tap, or 40% tap
Minimum Operate 0.2 tq 1.0 per unit operate' cu.rrent, which is 0.1 0.2
Current the difference between Winding 1 and 2
Percent Slope 15 to 60% 5 30%
Restraint Mode Disable, 2nd, 2nd and 5th, or all harmonics 2nd Harm.
Percent Harmonic 2nd: 7.5 to 25% of fundamental 2.5% 2nd 15%
Restraint 5th and All: 15 to 40% of fundamental %T Sg’f/f’
87H Pickup Setting 6 to 20 per unit operate current 0.1 6.0 (1.2)
87T-1 Winding 1 Tap 2to09Aor04t01.8A 0.1 6.0 (1.2)
51P-1 Curve Selection | See Table 1-1 Ext. Inv.
Pickup Amps 1to12Aor0.2t024 A 0.1 or 0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 5.0
(?SASJ t()(lgggl-;) Current Rating 1to12Aor0.2t02.4A 0.1 or0.02 6.0 (1.2)*
50P-1 Curve Selection | See Table 1-2 Standard
Pickup X 51P 0.5 to 20 times 51P pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 1.0*
150P-1 Selection Disable or Enable Disable
Pickup X 51P-1 0.5 to 20 times 51P-1 pickup setting 0.1 3.0%
Time Delay 0 to 9.99 seconds 0.01 0.1*
46-1 Curve Selection | See Table 1-1 Disable
Pickup Amps 1to12Aor0.2t02.4 A 0.1 0r0.02 6.0 (1.2)*
Time Dial/Delay | See Table 1-1 5.0*
51N-1 Curve Selection | See Table 1-1 Ext. Inv.
Pickup Amps 1to12Aor0.2t02.4 A 0.1 or 0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 5.0
50N-1 Curve Selection | See Table 1-2 Standard
Pickup X 51N-1 | 0.5 to 20 times 51N-1 pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 2.0*
150 N-1 Selection Disable or Enable Disable
Pickup X 51N-1 | 0.5 to 20 times 51N-1 pickup setting 0.1 3.0*
Time Dial/Delay | 0 to 9.99 seconds 0.01 0.1*
LDA-1 Pickup X 51P-1 | Disable, 0.5 to 20 times 51P-1 pickup setting 0.1 Disable
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Table 5-1. Primary, Alternate 1 and Alternate 2 Settings (Password Protected) (Continued)

Function Setting Range Step Size | Factory Default
87T-2 Winding 2 Tap 2t09Aor04t01.8A 6.0 (1.2)
51P-2 Curve Selection | See Table 1-1 Ext. Inv.

Pickup Amps 1t012A0r0.2t02.4 A 0.1 0r0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 50
OA-2 (t51pP-2 Current Rating 1t0o12Aor0.2t024 A 0.1 0r0.02 6.0 (1.2)*
is set to disable)
50P-2 Curve Selection | See Table 1-2 Standard
Pickup X 51P-2 0.5 to 20 times 51P-2 pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 1.0*
150P-2 Selection Disable or Enable Disable
Pickup X 51P-2 | 0.5 to 20 times 51P-2 pickup setting 0.1 3.0
Time Delay 0 to 9.99 seconds 0.01 0.1*
46-2 Curve Selection | See Table 1-1 Disable
Pickup Amps 1to12Aor0.2t024A 0.1 or0.02 6.0 (1.2)*
Time Dial/Delay | See Table 1-1 5.0"
51G-2 (2w) Curve Selection | See Table 1-1 Ext. Inv.
51N-2 (3w)
Pickup Amps 1to12Aor0.2t02.4 A 0.1 or 0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 5.0
50G-2 (2w) Curve Selection | See Table 1-2 Standard
50N-2 (3w)
Pickup X 51N-2 | 0.5 to 20 times 51N-2 pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 2.0*
150G-2 (2w) Selection Disable or Enable Disable
150N-2 (3w)
Pickup X 51N-2 | 0.5 to 20 times 51N-2 pickup setting 0.1 3.0
Time Dial/Delay | 0 to 9.99 seconds 0.01 0.1*
Disturbance 2 Pickup X 51P-2 0.5 to 5.0 times 51P-2 pickup setting 0.1 3.0
LDA-2 Pickup X 51P-2 | Disable, 0.5 to 20 times 51P-2 pickup setting 0.1 Disable

* Not used when default values are present

() = Taprange (.210 2.4)
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Table 5-1. Primary, Alternate 1 and Alternate 2 Settings (Password Protected) (Continued)
The following functions are available in the 3 Winding Relay only:

Function Setting Range Step Size |Factory Default
87T-3 Winding 3 Tap 2t09Ao0r04t0o1.8A 6.0 (1.2)
51P-3 Curve Selection | See Table 1-1 Ext. Inv.

Pickup Amps 1t012A0r02t02.4A 0.10r0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 5.0
OA-3 tees Current Rating | 1to 12 Aor0.2t02.4 A 0.10r0.02 6.0 (1.2)*
50P-3 Curve Selection | See Table 1-2 Standard
Pickup X 51P-3 | 0.5to 20 times 51P-3 pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 1.0*
150P-3 Selection Disable or Enable Disable
Pickup X 51P-3 | 0.5 to 20 times 51P-3 pickup setting 0.1 3.0"
Time Delay 0 to 9.99 seconds 0.01 0.1~
46-3 Curve Selection | See Table 1-1 Disable
Pickup Amps 1to12Aor0.2t024A 0.1 or 0.02 6.0 (1.2)*
Time Dial/Delay | See Table 1-1 5.0*
51N-3 Curve Selection | See Table 1-1 Ext. Inv.
Pickup Amps 1to12Aor0.2t02.4 A 0.1 or 0.02 6.0 (1.2)
Time Dial/Delay | See Table 1-1 5.0
50N-3 Curve Selection | See Table 1-2 Standard
Pickup X 51N-3 | 0.5 to 20 times 51N-3 pickup setting 0.1 3.0
Time Dial/Delay | See Table 1-2 2.0"
150N-3 Selection Disable or Enable Disable
Pickup X 51N-3 | 0.5 to 20 times 51N-3 pickup setting 0.1 3.0%
Time Dial/Delay | 0to 9.99 seconds 0.01 0.1~
Disturbance 3 Pickup X 51P-3 | 0.5 to 5.0 times 51P-3 pickup setting 0.1 3.0
LDA-3 Pickup X 51P-3 | Disable, 0.5 to 20 times 51P-3 pickup setting 0.1 Disable
51G Curve Selection | See table 1-1 Ext. Inv.
Pickup Amps 1to120r0.2t0 2.4 0.1 6.0 (1.2)
Time Dial/Delay | See table 1-1 0.1 5.0
50G Selection Disable or Enable Standard
Pickup 0.5 to 20 times 51G pickup setting 0.1 3.0
Time Dial/Delay | See table 1-2 2.0*
150G Curve Selection | Disable or Enable Disable
Pickup 0.5 to 20 times 51G pickup setting 0.1 3.0%
Time Dial/Delay | 0to 9.99 seconds 0.1*

* Not used when default values are present

() = Taprange (.20 2.4)
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Table 5-2. Two Winding Configuration Settings (Password Protected)

Setting Range Factory Default
Winding 1 Phase CT Ratio 1 to 2000 100
Winding 1 Neutral CT Ratio 1 to 2000 100
Winding 2 Phase CT Ratio 1 to 2000 100
Winding 2 Ground CT Ratio 1 to 2000 100
Winding 1 CT Configuration \E/)V(-;-/I(taa' I(Dlgltlggla-lc), or Wye
Winding 2 CT Configuration \é)vé?a' ﬁgﬂﬁg'a"c)’ of Wye
Transformer Configuration \[,)Veylg 1'1/\\//\}’;52”%%%;'1?%2"”251 5 Deltal-Wye2
Phase Compensation 0° to 330° 30°
VT Ratio 1 to 2000 100
VT Connection ?gngvﬁéj gggvDSIetﬁ’a 120 Wye
Phase Rotation ABC or ACB ABC
Alternate 1 Settings Enable or Disable Enable
Alternate 2 Settings Enable or Disable Enable
Cross Blocking Mode Enable or Disable Disable
Trip Failure Mode o R:g OC Trip, Diff and Diff and OC
Trip Failure Time 5 to 60 cycles 60
Trip Failure Dropout 510 90% of 51P-1 and 51P-2 5
Target Display Mode Last or All Faults Last
Meter Winding Mode Winding 1 or 2 Wdg 1
Overcurrent Protection Mode Fundamental or RMS Fund.
Overcurrent Reset Mode (51/46) | Inst. (2 cycles) or Delayed Instantaneous
Remote Edit (local HMI only) Enable or Disable Enable
Local Edit (comm. ports only) Enable or Disable Enable
Watt Hour Display Kwhr, Mwhr Kwhr
Volt Display Vin,  Va Vin
LCD Light Off, On On
Unit (Relay) Identification 15 alphanumeric characters TPU2000R
Demand Meter Time Constant 5, 15, 30, or 60 minutes 15
LCD Contrast Adjustment 0to 63 16
Change Test Password? YorN Y

Interfacing with Relay
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Table 5-3. Three Winding Configuration Settings (Password Protected)

Setting Range Factory Default

Winding 1 Phase CT Ratio 1 to 2000 100
Winding 2 Phase CT Ratio 1 to 2000 100
Winding 3 Phase CT Ratio 1 to 2000 100
Ground CT Ratio 1 to 2000 100
Winding 1 CT Configuration Wye Wye
Winding 2 CT Configuration Wye Wye
Winding 3 CT Configuration Wye Wye
Transformer Configuration Wye1-Wye2-Delta3 Delta1-Wye2-Wye3

Wye1-Delta2-Wye3

Delta1-Wye2-Wye3

Wye1-Delta2-Delta3

Delta1-Delta2-Wye3

Delta1-Wye2-Delta3

Delta1-Delta2-Delta3

Wye1-Wye2-Wye3
Phase Compensation 1-2 0° to 330° 30°
Phase Compensation 1-3 0° to 300° 30°
VT Ratio 1 to 2000 100

69V Wye, 120V Delta,
VT Connection 120V Wye, 280V Delta 120 Wye
Phase Rotation ABC or ACB ABC
Alternate 1 Settings Enable or Disable Enable
Alternate 2 Settings Enable or Disable Enable
Cross Blocking Mode Enable or Disable Disable
Trip Failure Mode o R:g OC Trip, Diff and Diff and OC
Trip Failure Time 5 to 60 cycles 60
Trip Failure Dropout 510 90% of 51P-1 and 51P-2 5
Target Display Mode Last or All Faults Last
Meter Winding Mode Winding 1,2 0or 3 Wdg 1
Overcurrent Protection Mode Fundamental or RMS Fund.
Overcurrent Reset Mode (51/46) | Inst. (2 cycles) or Delayed Instantaneous
Remote Edit (local HMI only) Enable or Disable Enable
Local Edit (comm. ports only) Enable or Disable Enable
Watt Hour Display Kwhr, Mwhr Kwhr
Volt Display Vin, Vi Vin
LCD Light Off, On On
Unit (Relay) Identification 15 alphanumeric characters TPU2000R
Demand Meter Time Constant 5, 15, 30, or 60 minutes 15
LCD Contrast Adjustment 0to 63 16
Change Test Password? YorN Y
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Calculate Tap Settings (See Section 7 for details)
Table 5-4. Counter Settings (Password Protected)

Setting Range Factory Default
Through Faults Counter 0 to 9999 0
Through Fault kKAmp Summation Phase A Winding 2 0 to 9999 kA 0
Through Fault kAmp Summation Phase B Winding 2 0 to 9999 kA 0
Through Fault kKAmp Summation Phase C Winding 2 0 to 9999 kA 0
Through Fault Cycle (Duration) Summation 0 to 99990 cycle 0
Overcurrent Trip Counter 0 to 9999 0
Differential Trip Counter 0 to 9999 0

Duplicate table for Winding 3 exists for the 3 Winding TPU2000R

The Through Faults Counter, the Overcurrent Trip Counter and the Differential Trip Counters will be reset to zero
(0) when the “CRI” (counter reset initiate) programmable input is asserted.

Summation Counters can only be reset to zero (0) via the Counter Settings Menu in ECP or the MMI. See Table 5-4.

Table 5-5. Alarm Settings (Password Protected)

Setting Range Factory Default
Through Faults Counter Alarm (TFCA) 0 to 9999 Disable
Winding 2 Through Fault kAmp Summation Alarm (TFCA) |1 to 9999 kA Disable
Winding 3 Through Fault kAmp Summation Alarm (TFKA-3) | 1 to 9999 kA Disable
Through Fault Cycle (Duration) Summation (TFSCA) 0 to 99990 cycle Disable
Overcurrent Trip Counter Alarm (OCTC) 0 to 9999 Disable
Differential Trip Counter Alarm (DTC) 0 to 9999 Disable
*Phase Demand Current Alarm (PDA) 1 t0 9999 A Disable
*Neutral Demand Current Alarm (NDA) 1 t0 9999 A Disable
*Load Current Alarm (LOAD A) 1 t0 9999 A Disable
*3 Phase KVAR Demand (Var DA) 10 to 99990 A Disable
*Low Power Factor (LPFA) 05 -1.0 Disable
*High Power Factor (HPFA) 05 -1.0 Disable
*Positive KVAR (PVArA) 10 to 99990 A Disable
*Negative KVAR (NVArA) 10 to 99990 A Disable
Positive Kilowatts Winding 1 (Watt 1) 1 t0 9999 A Disable
Positive Kilowatts Winding 2 (Watt 2) 110 9999 A Disable
#Positive Kilowatts Winding 3 (Watt 3) 1t0 9999 A Disable

#Denotes 3 Winding Relay only

*Logical output asserts after condition is satisfied and a 60 second time delay

Interfacing with Relay
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All of the alarms listed in Table 5-5 can be reset via the Target/Alarm Reset by pushing “C” on the MMI twice or by
the Miscellaneous Command Menu in ECP.

Warning: If the counter exceeds the threshold setting and the alarms are reset, the alarms exceeding the
threshold setting will be reactivated at the time of the next fault.

The Phase Demand Alarm (PDA) and the Neutral Demand Alarm (NDA) will reset when current drops to 98% of
threshold setting.

Table 5-6. Communications Settings (Password Protected)

Setting Range Factory Default
FP232 Baud (Front Port) |300, 1200, 2400, 4800, 9600 9600
FP232 Frame N,8,1 or N,8,2 N,8,1
RP232 Baud (Rear Port)* | 300, 1200, 2400, 4800, 9600, 19200 9600
RP232 Frame N,8,1; E,8,1; ODD,8,1; N,8,2; E,7,1; ODD,7,1; N,7,2 N,8,1
RP485 Baud (Rear Port)* | 300, 1200, 2400, 4800, 9600, 19200 9600
RP485 Frame N,8,1; E,8,1; ODD,8,1; N,8,2; E,7,1; ODD,7,1; N,7,2 N,8,1
INCOM (Rear Port)* 1200, 9600 9600
Unit Address 3 hexadecimal characters (0-9 & A-F) 001
IRIG-B Input Disable or Enable Disable

* Check catalog number for available communications port options.

Miscellaneous Settings (Password Protected)
Under the Miscellaneous Settings Menu, you will find the following:

Communications Configurable Settings — For use with Modbus/Modbus Plus™ Communications. Contact
factory for details

Security Mask for Writable 4XXXX Control — For use with Modbus/Modbus Plus™ Communications. Contact
factory for details.

User Display Message — For use with User Definable Interface (UDI) Programmable Input. The user can type
a 4 line message here. When UDI is asserted, this message will blink on the MMI.

Programmable Inputs/Programmable Outputs — See Section 6

Global Register Mapping/ Register Configuration
For use with Modbus/Modbus Plus™ Communications. Contact factory for details.

User Logical Output Names
The user has the ability to change the names of “ULO1” through “ULQO9”. See Section 6 for details on how to
use the User Logical Outputs.

ULI/ULO Configuration
This allows the user to connect or disconnect ULIs from corresponding ULOs. The default is all ULIs
connected to ULOs. See Section 6 for details on ULIs.

FLI Index and User Names
This allows the user to set up a table of Logical Inputs that can be forced in the Operations Menu. See
Section 9.
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Programmable Input and Output Contacts

By using the External Communications Program, you can individually program certain input and output contacts.
Inputs and outputs cannot be programmed via the front panel.

Binary (Contact) Inputs

Binary inputs are either programmable single-ended or programmable double-ended. Single-ended inputs have one
terminal connection marked “+” and share a common terminal (# 3) marked “-". Double-ended inputs have two terminal
connections, marked “+” and “=". The recognition time for the change in state of an input is two (2) cycles.

Up to eight (8) user-programmable contact inputs are available. You can program these only through the External
Communications Program. All protective functions remain operational (enabled) when not assigned to contact inputs
in the Programmable Input Map. You must assign the remaining input functions to contact inputs for the functions to
be operational (enabled). The user-programmable inputs can monitor, enable, initiate or actuate the input functions
shown in Table 6-1. A 2 cycle debounce is included for each input. This should be considered when applying
inputs to timing sensitive applications.

Figure 6-1 shows an example of a Programmable Inputs mapping screen. The “C” represents a closed contact to
enable the function; to represent an open contact to enable the function, you place an “O” under the input in the
desired contact line.

Press the F1 function key to assign names to the programmable contact inputs. Each name may contain up to eight
(8) alphanumeric characters.

Press the F2 function key to program the feedback inputs. For more information on feedback, see “Multilevel
Programmable Logic” later in this section.

# Trip Circuit Monitor

You can use inputs IN7 or IN8 as a Trip Circuit Monitor (TCM) input. When the breaker is closed, a small trace current
of 6 milliamperes is passed from the positive terminal through the negative terminal and the trip coil circuit. If an open
circuit is detected while the breaker is closed, the Trip Circuit Failure Alarm (TCFA) actuated and a “Trip Coil Failed”
message appears on the MMI display. Please note that this input MUST be “ORed” to another physical input wired to
an external 52a or 52b contact. See the diagram below.

Programmable Inputs

52a  Trip Circuit
Logical Logic IN1 IN7
TCM |OR [0 ¢

Programmable Inputs and Outputs # 6-1
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Table 6-1. Programmable Inputs

Programmable Input

Function

Default Input

Contact

87T Two (2)-winding, 3-phase percentage differential current control;

enables the 87T function )
87H Two (2)-winding, 3-phase instantaneous differential current control; )

enables the 87H function
51P-1 Winding 1 phase time overcurrent control; enables the 51P-1 function -
51P-2 Winding 2 phase time overcurrent control; enables the 51P-2 function -
#51P-3 Winding 3 phase time overcurrent control; enables the 51P-3 function -
51N-1 Winding 1 neutral time overcurrent control; enables the 51N-1 function -
51G-2 (2w) Winding 2 ground/neutral time overcurrent control; enables the )
51G-2 (3w) 51G-2/51N-2 function
#51N-3 Winding 3 neutral time overcurrent control; enables the 51N-3 function -
50P-1 Winding 1 instantaneous control; enables the 50P-1 function -
50P-2 Winding 2 instantaneous control; enables the 50P-2 function -
#50P-3 Winding 3 instantaneous control; enables the 50P-3 function -
50N-1 Winding 1 instantaneous control; enables the 50N-1 function -
gggal\fz(?;vm)/) Winding 2 instantaneous control; enables the 50G-2/50N-2 function -
#50N-3 Winding 3 instantaneous control; enables the 50N-3 function -
150P-1 Winding 1 instantaneous control; enables the 150P-1 function -
150P-2 Winding 2 instantaneous control; enables the 150P-2 function -
#50P-2 Winding 3 instantaneous control; enables the 150P-3 function -
150N-1 Winding 1 instantaneous control; enables the 150N-1 function -
1283_—5 ((gvv\"’)) Winding 2 instantaneous control; enables the 150G-2/150N-2 function -
#H50N-3 Winding 3 instantaneous control; enables the 150N-3 function -
46-1 Winding 1 negative sequence control; enables the 46-1 function -
46-2 Winding 2 negative sequence control; enables the 46-2 function -
#46-3 Winding 3 negative sequence control; enables the 46-3 function -
#51G Ground time overcurrent control; enables the 51G function -
#*50G Ground instantaneous control; enables the 50G function -
#150G Ground instantaneous control; enables the 50G function -
ALT1 Enables Alternate 1 & 2 Settings table. First table enabled takes IN-6
ALT2 precedance over the second when both tables are selected "ON" IN-7

ECI1 (Event Capture Initiated)

Initiates storage of data in fault summary and fault record

ECI2 (Event Capture Initiated)

Initiates storage of data in fault summary and fault record

WCI (Waveform Capture Initiated)

Initiates oscillographic data storage in the waveform capture record

TRIP

Initiates Differential Trip Output contacts

SPR (Sudden Pressure)

Sudden Pressure input

TCM (Trip Coil Monitoring)

Trip Coil Monitoring input

ULI1-ULI9 User Logical inputs; enables ULI1-ULI9 (see Appendix I) -

CRI Clears through fault and overcurrent counters -
User Definable Interface. To type the displayed message in ECP, go

UDI to "Change Settings" then select "Miscellaneous Settings." When this -

input is asserted through the programmable inputs, the message will
blink on the MMI.

#Refers to 3 Winding TPU2000R only
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Change Programmable Inputs — TPU2BBBR OC IST
MAME: ALT1 ALT2
LGC IH-1 IN-2 IN-3 IN-4 IN-5 IH-6 IN-7? IN-8

87T AND C
87H AND c
GiP-1 AND
Gip-2 AND C
S51H-1 AND c
51G-2 AND
58P AND
58P-2 AND
S58H-1 AND
58G-2 AND
158P-1| AND
158P-2| AND
158H-1| AND
158G-2| AND
46—1 AND c
462 AND c

C = Enable—closed. Disahle—opened; O = Enable—opened. Disable-closed

Use UP, DOWN. LEFT. RIGHT arrows,. and ENTER. Logic can he AND or OR.

Press Fl to edit Input Wames. Press ESC to go to Save Screen.

—Press Spacebar for Selections

Figure 6-1. ECP Programmable Inputs Screen

Programming Examples:

If you want to also have IN-2 OR IN-8 enable the 50P-1 function, insert a “C” under IN-2 and a “C” under IN-8 and
an “OR” under LOGIC in the 50P-1 LGC column. This is logically 50P-1 = IN-2 OR IN-8. Refer to Figure 6-2.

Programming the Binary (Contact) Inputs

Use ECP and follow these steps to program the binary (contact) inputs on the Programmable Input Map screen:

1.

2.

From the ECP Main Menu, select “Change Settings.”

From the Change Settings menu, select “Programmable Inputs.”
The Programmable Input Map screen appears.

To change the function listing:

Use the arrow keys to highlight the function (far left column).
Press the space bar to display a list of possible functions.
Scroll through the list until the contact you want is highlighted.

Press ENTER to change the function or press ESC to close the function list window without changing the
current listing.

coow

To change the Logic of a contact:

Use the arrow keys to highlight the Logic value of a contact.

Press the space bar to display a window with AND and OR.

Highlight AND or OR.

Press ENTER to change the Logic or press ESC to close the Logic window without any changes.

coow
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6. To change the status of a contact:

a. Use the arrow keys to highlight the area across from the contact name and underneath the input you

want.

b.  Press the space bar to display a window with a blank, a “C,” and an “O” (nothing, closed and open).

oo

Highlight the status you want.
Press ENTER to change the status or press ESC to close the status window without any changes.

7. To assign a name to an input:

coop

Press F1.
Use the right arrow key to highlight the input you want to change and press the space bar.

A window appears prompting you to enter the new name. Type in the new name (up to 8 characters).
Press ENTER to change the name or press ESC to close the input window without any changes.

8. Save your changes.

a. PressESC.
b.  Atthe window prompting you to save, highlight the option you want by using the arrow keys and press

Change Programmahle Inputsz — TPUZBABAR OC TST
ALT1 ALT2
IN-1 IN-2 IN-3 IN-4 IN-5 IN-6 IN-7? IN-8

ENTER.

MAME:

LGC

87T AND
8°H AND
51P-1 AND
51p-2 AND
1M1 AND
G1G-2 AND
SAP-1 oR
Lap-2 AND

Figure 6-2. Programming Example
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Output Contacts

Like the binary inputs, the relay output contacts are divided into two categories: permanently programmed and
user-programmable. Jumpers on the main boards allow you to choose whether the programmable output contact
is normally open or normally closed. Jumper J6 is the TRIP contact, J7 is OUT1 and J8 is OUT2.

Permanently Programmed Output Contacts
Permanently programmed output contacts include the following:

* The TRIP output contact is actuated by the ENABLED Percentage Differential Trip 87T and High Set Instanta-
neous Differential 87H protective functions. The trip output is maintained closed until the fault current drops
below the Trip Failure Dropout setting.

*  Self-Check Alarm output contacts, one form 4C with one normally open and one normally closed contact, change
state when control power is applied. Upon a loss of control power or on a failure status of a specific self-test, the
contacts return to their normal state. A contact can be connected to a local annunciator light or, if available, to a
remote terminal unit for indication of a self check alarm condition.

User-Programmable Output Contacts

Up to six (6) output contacts can be programmed only through the External Communications Program. You can
program these six output contacts for time delay on pickup. The time delay interval is adjustable from 0 to 60
seconds in 0.01 steps. You can program the user-programmable output contacts to indicate up to 32 of the
conditions shown in Table 6-2.

To access the feedback outputs, press F2 while in the programmable output screen in ECP. See “Multilevel
Programmable Logic” later in this section for more details.

Table 6-2. Programmable Outputs

o Default Output
Programmable Output Description eggntacli pu
DIFF TRIP Same as permanently programmed contact OuT-3
ALARM Same as permanently programmed contact -
87Tt Harmonic Restrained Percentage Differential Trip Alarm -
87H" Unrestrained High Set Instantaneous Differential Trip Alarm -
2HROA! 2nd Harmonic Restraint Alarm OouT-4
5HROAT 5th Harmonic Restraint Alarm -
AHROAT All Harmonics Restraint Alarm (2nd through the 11th harmonic) -
TCFA (Trip Circuit Failure Alarm) [Indicates that the trip circuit is open. This alarm remains until continuity is -
re-established.
TFA (Trip Failure Alarm) Indicates that a fault has not been cleared within the programmable Trip OUT-5
Failure time setting of 5 to 60 cycles. Use the Trip Failure Mode setting
(Differential, Overcurrent, or Differential and Overcurrent) to select the type
of faults for which a trip failure alarm will be given. The trip failure alarm
clears when the current drops below the Trip Failure drop-out setting.

t Dropout time is 3 cycles for all trip alarms.
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Table 6-2. Programmable Outputs (continued)

Programmable Output Description Defgglrtn(a);tput
51 P-1 Winding 1 Phase Time Overcurrent Trip Alarm OuUT-1
51P-2 Winding 2 Phase Time Overcurrent Trip Alarm OuT-2
51P-3 (3w) Winding 3 Phase Time Overcurrent Trip Alarm OUT-3
50P-1* 2nd Winding 1 Phase Instantaneous Overcurrent Trip Alarm OuT-1
50P-2* 1st Winding 1 Phase Instantaneous Overcurrent Trip Alarm OUT-1
150P-1* 1st Winding 2 Phase Instantaneous Overcurrent Trip Alarm OuT-2
150P-2* 2nd Winding 2 Phase Instantaneous Overcurrent Trip Alarm OouT-2
50P-3* (3w) 1st Winding 3 Phase Instantaneous Overcurrent Trip Alarm OUT-3
150P-3* (3w) 1st Winding 3 Phase Instantaneous Overcurrent Trip Alarm OUT-3
51N-1* Winding 1 Neutral Time Overcurrent Trip Alarm OuT-1
21 Sg: ((ngv)) Winding 2 Ground/Neutral Time Overcurrent Trip Alarm OuT-2
51N-3* (3w) Winding 3 Neutral Time Overcurrent Trip Alarm OuT-3
50N-1* 1st Winding 1 Neutral Instantaneous Overcurrent Trip Alarm OuT-1
150N-1* 2nd Winding 1 Neutral Instantaneous Overcurrent Trip Alarm OuT-1
ggﬁg ((5&,\')) 1st Winding 2 Ground/Neutral Instantaneous Overcurrent Trip Alarm OouT-2
12832: ((gv":)) 2nd Winding 2 Ground/Neutral Instantaneous Overcurrent Trip Alarm OouT-2
50N-3* (3w) 1st Winding 3 Neutral Instantaneous Overcurrent Trip Alarm OuUT-3
50N-3* (3w) 2nd Winding 3 Ground/Neutral Instantaneous Overcurrent Trip Alarm OUT-3
46-1* Winding 1 Negative Sequence Time Overcurrent Trip Alarm OuUT-1
46-2* Winding 2 Negative Sequence Time Overcurrent Trip Alarm OuT-2
46-3* (3w) Winding 3 Negative Sequence Time Overcurrent Trip Alarm OUT-3
51G (3w) Ground Time Overcurrent Trip Alarm -
50G (3w) 1st Ground Instantaneous Overcurrent Trip Alarm -
150G (3w) 2nd Ground Instantaneous Overcurrent Trip Alarm -
87T-D Percentage Differential Function Disabled Alarm -
87H-D High Set Instantaneous Function Disabled Alarm -
51P-1D Winding 1 Phase Time Overcurrent Function Disabled Alarm -
51P-2D Winding 2 Phase Time Overcurrent Function Disabled Alarm -
51P-3D (3w) Winding 3 Phase Time Overcurrent Function Disabled Alarm -
51N-1D Winding 1 Neutral Time Overcurrent Function Disabled Alarm -

1 Dropout time is 3 cycles for all trip alarms.

(2w) = Two Winding Relay only

(3w) = Three Winding Relay only
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Table 6-2. Programmable Outputs (continued)

an enabled protective function is picked up and can be used as a fault
detector output alarm. The contact resets 500 milliseconds after the picked
up state has dropped out.

Programmable Output Description DeféLcJ)Irt]tg);tput
glﬁgg ((g\‘,'\,v)) Winding 2 Ground Time Overcurrent Function Disabled Alarm -
51N-3D (3w) Winding 3 Neutral Time Overcurrent Function Disabled Alarm -
50P-1D 1st Winding 1 Phase Instantaneous Overcurrent Function Disabled Alarm -
50P-2D 1st Winding 2 Phase Instantaneous Overcurrent Function Disabled Alarm -
50P-3D (3w) 1st Winding 3 Phase Instantaneous Overcurrent Function Disabled Alarm -
50N-1D 1st Winding 1 Neutral Instantaneous Overcurrent Function Disabled Alarm -
50G-2D (2w) 1st Winding 2 Ground/Neutral Instantaneous Overcurrent Function _
50N-2D (3w) Disabled Alarm
50N-3D (3w) 1st Winding 3 Neutral Instantaneous Overcurrent Function Disabled Alarm -
150P-1D 2nd Winding 1 Phase Instantaneous Overcurrent Function Disabled Alarm -
150P-2D 2nd Winding 2 Phase Instantaneous Overcurrent Function Disabled Alarm -
150P-3D 2nd Winding 3 Phase Instantaneous Overcurrent Function Disabled Alarm -
150N-1D 2nd Winding 1 Neutral Instantaneous Overcurrent Function Disabled Alarm -
150G-2D (2w) 2nd Winding 2 Ground/Neutral Instantaneous Overcurrent Function _
150N-2D (3w) Disabled Alarm
150N-2D (3w) 2nd Winding 3 Ground/Neutral Instantaneous Overcurrent Function _

Disabled Alarm
46-1D Winding 1 Negative Sequence Time Overcurrent Function Disabled Alarm -
46-2D Winding 2 Negative Sequence Time Overcurrent Function Disabled Alarm -
46-3D (3w) Winding 3 Negative Sequence Time Overcurrent Function Disabled Alarm -
51G-D (3w) Ground Time Overcurrent Function Disabled Alarm -
50G-D (3w) 1st Ground Instantaneous Overcurrent Function Disabled Alarm -
150G-3D (3w) 2nd Ground Instantaneous Overcurrent Function Disabled Alarm -
PATA Phase A LED Target Alarm -
PBTA Phase B LED Target Alarm -
PCTA Phase C LED Target Alarm -
PUA (Pickup Alarm) Differential and Overcurrent (87/51/50/150/46) Pickup Alarm. Indicates that OuT-6

(2w) = Two Winding Relay only

(3w) = Three Winding Relay only

Programmable Inputs and Outputs
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Table 6-2. Programmable Outputs (continued)

Programmable Output Description Defg)l:lggttput
THRUFA Through Fault Alarm; actuated by the Winding 2 Disturbance pickup setting OUT-6
TFCAT Through Fault Counter Alarm -
TFKAT Through Fault kAmp Summation Alarm for winding 2 -
TFKA-3 (3w)T Through Fault kAmp Summation Alarm for winding 3 -
TFSCAT Through Fault Cycle Summation Alarm -
DTCt Differential Trip Counter Alarm -
ocTct Overcurrent Trip Counter Alarm -
PDA Phase Demand Current Alarm: Pickup time delay is 60 seconds and -

dropout is 98% of setting.
NDA Neutral Demand Current Alarm: Pickup time delay is 60 seconds and -
dropout is 98% of setting.
PRIM Primary Settings Enabled Alarm -
ALT1 Alternate 1 Settings Enabled Alarm -
ALT2 Alternate 2 Settings Enabled Alarm -
63 Sudden Pressure Input Alarm -
HLDA-1 Winding 1 High Level Detector Alarm -
LLDA-1 Winding 1 Low Level Detector Alarm -
HLDA-2 Winding 2 High Level Detector Alarm -
LLDA-2 Winding 2 Low Level Detector Alarm -
HLDA-3 (3w) Winding 3 High Level Detector Alarm -
LLDA-3 (3w) Winding 3 Low Level Detector Alarm -
ULO1-ULO9 User Logical Outputs 1 — 9 -
HPFA High Power Factor Alarm -
LPFA Low Power Factor Alarm -
OCA-1 Winding 1 Overcurrent Alarm -
OCA-2 Winding 2 Overcurrent Alarm -
OCA-3 (3w) Winding 3 Overcurrent Alarm -
OCG (3w) Ground Overcurrent Alarm -
LOAD A Load Current Alarm -
VarDA 3 Phase kVar Demand Alarm -
PVARA Positive 3 Phase kVar Alarm -
NVARA Negative 3 Phase kVar Alarm B
PWATT-1 PWinding 1 Positive 3 Phase kWatt Alram -
PWATT-2 Winding 2 Positive 3 Phase kWatt Alarm -
PWATT-3 (3w) Winding 3 Positive 3 Watt Alarm -

* Seal-in alarms drop out when targets are reset via the MMI or the ECP.

TDropout time is 3 cycles for all trip alarms. The counter alarms are cleared when the targets are reset. The alarms activate with each operation or power-up until the counters are reset.
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Table 6-2. Programmable Outputs (continued)

Programmable Output Description Defgﬂagg:put

STCA* Settings Table Changed Alarm is activated whenever the Change Settings
menu is accessed. This alarm is cleared when the targets are reset.

87T* Percentage Differential Seal In Alarm
87H* High Set Instantaneous Differential Seal In Alarm
2HROA* 2nd Harmonic Restraint Seal In Alarm -
5HROA* 5th Harmonic Restraint Seal In Alarm -
AHROA* All Harmonics Restraint Seal In Alarm (2nd Through the 11th Harmonic) -
51P-1* Winding 1 Phase Time Overcurrent Seal In Alarm -
51P-2* Winding 2 Phase Time Overcurrent Seal In Alarm -
51P-3* (3w) Winding 3 Phase Time Overcurrent Seal In Alarm -
50P-1* 1st Winding 1 Phase Instantaneous Overcurrent Seal In Alarm -
150P-1* 2nd Winding 1 Phase Instantaneous Overcurrent Seal In Alarm -
50P-2* 1st Winding 2 Phase Instantaneous Overcurrent Seal In Alarm -
150P-2* 2nd Winding 2 Phase Instantaneous Overcurrent Seal In Alarm -
50P-3* (3w) 1st Winding 3 Phase Instantaneous Overcurrent Seal In Alarm -
150P-3* (3w) 2nd Winding 3 Phase Instantaneous Overcurrent Seal In Alarm —
51N-1* Winding 1 Neutral Time Overcurrent Seal In Alarm -
g} ’C\i‘g: ((g\\/,vv; Winding 2 Ground/Neutral Time Overcurrent Seal In Alarm -
51N-3* (3w) Winding 3 Ground/Neutral Time Overcurrent Seal In Alarm -
50N-1* 1st Winding 1 Neutral Instantaneous Overcurrent Seal In Alarm -
150N-1* 2nd Winding 1 Neutral Instantaneous Overcurrent Seal In Alarm -
ggﬁg gvv\\/’; 1st Winding 2 Ground/Neutral Instantaneous Overcurrent Seal In Alarm -
;Igchi__g: ((g\\:vv)) 2nd Winding 2 Ground/Neutral Instantaneous Overcurrent Seal In Alarm -
50N-3* (2w) 1st Winding 3 Instantaneous Overcurrent Seal In Alarm _
150N-3* (3w) 2nd Winding 3 Instantaneous Overcurrent Seal In Alarm
46-1* Winding 1 Negative Sequence Time Overcurrent Seal In Alarm -
46-2* Winding 2 Negative Sequence Time Overcurrent Seal In Alarm -
46-3* (3w) Winding 3 Negative Sequence Time Overcurrent Seal In Alarm -
51G3* (3w) 1st Ground Instantaneous Overcurrent Seal In Alarm -
150G3* (3w) 2nd Ground Instantaneous Overcurrent Seal In Alarm -
63" Sudden Pressure Input Seal In Alarm -

*Seal-in alarms drop out when targets are reset via the MMI or the ECP.

(2w) = 2 Winding Relay only
(3w) = 3 Widning Relay only
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Figure 7-2 shows the Programmable Outputs mapping screen. The “X’s” indicate what functions are mapped to
which outputs. Delay output timers can be programmed for each output contact by pressing the F1 function key.

TIMERS = a.88

Change Programmable Outputs — TPUZBB8R
a a.88

OUT-1 ouT-2 ouT-3 ouT-4

MAME: PRI Trip SEC Trip DIFF Tep Harm Rst TRP Fail PICKUP

A.88
OUT -6

DIFF A
ALARM
TFA
87T
87H
2HROA 2
SHROA
AHROA
G1P-1 b

Sip-2 a
SAP-1 2

158P-1 "

Sar-2 R
1568P-2

LOGIC OR OR OR OR

b
B = Output iz selected. LOGIC can he AND or OR.
arrows, and ENTER. Use F1 to edit Timer fields.

Use UP. DOWN,. LEFT,. RIGHT
ESC to Exit screen.

OR

—Press Spacebhar for Selections

Figure 6-3. Programmable Outputs Screen

Programming Examples

The figure above displays the factory default output contacts mapping.

1. Output 4 above is mapped to the 2nd harmonic restraint output alarm (2HROA) logic function. If the TPU-2000R
restrains on the 2nd harmonic, the OUT-4 contact will alarm for the duration of the restraint.

2. To assign the 5th harmonic restraint output alarm (5SHROA) logic function to OUT-4 also, The LOGIC is set to

“OR” and an “X” is placed in the 5SHROA row under column OUT-4.

The OR logic implies that output 4 will alarm under either restraint condition, 2nd harmonic or 5th harmonic. Up to

32 logic functions can be mapped to a single output contact.

6-10
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Programming the Output Contacts

Use ECP and follow these steps to program the output contacts on the Programmable Output Map screen. You
can select up to 32 attributes to be displayed on the Programmable Output Map.

1. From the ECP Main Menu, select “Change Settings.”

2. From the Change Settings menu, select “Programmable Outputs.”
3. The Programmable Output Map screen appears.

4. To change the function listing:

a. Use the arrow keys to highlight the function in the far left column.
b. Press the space bar to display a list of possible contacts.

NOTE: You cannot access the Trip function.

c.  Scroll through the list until the contact you want is highlighted.
d. Press ENTER to change the contact or press ESC to close the contact list window without changing the
current contact.

5. To change the Logic of a contact:

Use the arrow keys to highlight the Logic value of a contact.

Press the space bar to display a window with AND and OR.

Highlight AND or OR.

Press ENTER to change the Logic or press ESC to close the Logic window without any changes.

coow

6. To select an output:

a. Use the arrow keys to highlight the area across from the contact name and underneath the output you
want.

b. Press the space bar to display a window with a blank and an “X.”

c.  Highlight the status you want.

d. Press ENTER to change the status or press ESC to close the status window without any changes.

7. To change the name:

a. Use the arrow keys to highlight the output name you want to change.
b.  Type in the new name (up to 8 alphanumeric characters).
c. Press ENTER to keep the new name or press ESC.

8. To change a Timer value:

a Press F1.

b.  Use the right arrow key to highlight the timer you want to change and press ENTER.

c A window appears. Use the arrow keys to increase or decrease the timer’s value.

d Press ENTER to keep the value or press ESC to close the window without any changes.

9. Save your changes.

a. Press ESC.
b.  Atthe window prompting you to save, highlight the option you want by using the arrow keys and press
ENTER.
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MULTILEVEL PROGRAMMABLE LOGIC

INTRODUCTION

The programmable inputs and outputs in the DPU2000R and TPU2000R can be interconnected to produce more
complex logic functions than the single level logic functions described earlier in this section. This subsection goes
into more detail on how to create functions with many inputs and logic levels. It is assumed that the user already
knows how to select and change values in the Programmable Input and Output Tables from reading the previous
pages in section 6.

Figure 6-4 shows a typical Input and Output logic gate and all of their possible interconnections. The output of a
Programmable Input gate can be fed to the next stage of logic, the input to a Programmable Output gate, by
CONNECTIng the Input User Logical Input (ULIk) to its’ User Logical Output (ULOK). Likewise, the output of a
Programmable Output can be fed to the input of a Programmable Input gate by using FEEDBACK. The
FEEDBACK feature is only available in the TPU-2000R units with version 2.10 CPU firmware or later and ECP
version 2.10 or later.

Output gates that control physical output contacts can have a timer associated with them. The output contacts will
energize after the gate logic is active for the set pickup time.

Physical
Inputs v 2
INn
Protection
Other / o >Function
FEEDBACKSs AND/OR
ULOk ULIk .
CONNECTKk j=1-8
k=1-9
- m=1-6
FEEDBACK] n=1-8
Other ULO ouTm . Physical
er S sica
Protection A AND/OR
Functions Pickup =0 -60.00 sec.

Dropout =

Figure 6-4. Programmable Input and Output Interconnects
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PROCEDURE
A logical Function can be made from the Programmable Input and Output tables using the following procedure:
Draw a logic diagram of the function using only AND and OR gates. Any logic gate can have eight or more inputs.
Label the gates as either a Prog. Input or a Prog. Output depending on these rules:

* Any physical input ( IN-n contact) must go to a Prog. Input gate.

* Any protection functions must go into a Prog. Output gate.

* Any physical outputs (contact operation) must come from a Prog. Output gate.
Add gates, CONNECTSs, and FEEDBACKS to the diagram so that the following rules are followed:

* The output of a Prog. Output gate connects to the input of a Prog. Input gate through a FEEDBACK;.
See Figure 6-5a.

* The output of a Prog. Input gate can be connected to the input of a Prog. Output by making a
CONNECT between the Input gate’s ULIk and ULOk. See Figure 6-5b.

LOGI EQUIVALENT

@)

= OUT

N — —| or [{FeEerck W
_I—AND

i

1l =

D_ = IN ULIk ULOk
- —fomesT—
—AND CONNECT ouT
AND
2 I
—{ OuT N | ULk ULOK
Jom—a) — on . {eomecT— our
I AND
9 =
— IN
—|ano . [reepeaok = W ]
d) ] OR

Figure 6-5. Equivalent Gates
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The output of a Prog. Output gate must go to the input of another Prog. Output through a FEEDBACK-
Prog. Input CONNECT combination. The logic of the added input gate does not matter. See Figure 6-5c.

The output of a Prog. Input gate must go to the input of another Prog. Input through a CONNECT-Prog.
Output-FEEDBACK combination. The logic of the added output gate does not matter. See Figure 6-5d.

Programmable Inputs

1.

Using ECP, place the input gates in the Prog. Inputs Table. Each input gate is a row in that table. The output
of the gate is the ULIk or function in the far left column. The type of gate, AND or OR, is the second column of
each row. The remaining items in the row are potential inputs to the gate.

On the diagram, number the ULlks and ULOKks to be joined by a CONNECT, the FEEDBACK;, and any IN-n to
correspond to unused values in the table.

If they do not already appear there, program the function or ULIk for each gate/row to the far left column. See
Programming Binary Inputs earlier in Section 6.

Change the logic function for each row depending on if it represents an AND or an OR gate.

For each gate/row, mark the space under the IN-n and FEEDBACK;j columns which compose the inputs for
that gate. Use a “C” if you want the input contact to be active closed (when sensing control voltage). Use an
“O” if you want the contact active open (no control voltage). Up to 32 entries can be made in the table. An
unmarked space will have no effect on the gate logic.

Note: Using an “O” in place of a “C” or a “C” in place of an “O” is a way to put a logical inversion, or NOT gate,
in the diagram

Enter a descriptive name for the connected ULIk-ULOk pairs. Use the User Logical Output Names item on the
Change Settings menu.

Programmable Outputs

1.

Again using ECP, place the output gates in the Prog. Outputs Table. Each output gate is a column in that
table. The output of the gate is the OUT-n or FEEDBACK;] in the top row. The type of gate, AND or OR, is two
rows below the gate output in the LOGIC row. The remaining items in the column are potential inputs to the
gate.

If they do not already appear there, program every protection function or ULOK input for each gate/column to
the far left column. See Programming the Output Contacts earlier in this section.

Change the logic function for each column depending on if it represents an AND or an OR gate.

For each output contact or FEEDBACK;] column, mark the spaces across from the ULOk or protection function
which compose the inputs for that gate. An “X” will mark that function as an input to the gate. Up to 32 “X’s”
can be put in the table. An unmarked space will have no effect on the gate logic.

Enter a descriptive name for each Physical Output and Feedback, OUT-m and FB-j.

Enter a value for the timer on the Physical Outputs, if necessary.

User Logical Inputs/Output Configuration

Again using ECP, connect all of the ULIk and ULOK pairs used in the logic.

1

From the Change Settings Menu, select “ULI/ULO Configuration.”

2 From the User Logical I/0 Cfg screen, program connections between all of the ULIk and ULOKk that are

connected in the diagram.
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EXAMPLE

This process is best illustrated by an example. Figure 6-6a shows some typical logic which will be implemented
using the Prog. Inputs and Outputs.

It is desired that a differential fault detection (87T or 87H) cause a trip output which will be sealed in until the
breaker is opened as indicated with a 52a contact. This function will be implemented using the process just
described.

Draw the logic with AND and OR gates. Indicate all inputs and outputs. This is shown in Figure 6-6a.

The gates are labeled as Prog. Input or Prog. Output. Gate A has protection inputs 87T and 87H, so it must be an
Output gate. Gate B has a physical input from a contact, so it must be an input gate. Gate C controls a physical
contact, so it must be an Output gate. See Figure 6-6b.

A FEEDBACK, two CONNECTSs, and another Input gate are added according to Figure 6-5. Since there is a direct
connection between two Output gates, A and C, it is necessary to add the additional Input gate, D. This is all
shown in Figure 6-6c¢.

Figure 6-7 shows how this information is entered in the Prog. Inputs Table.

Figure 6-8 shows the necessary additions to the Prog. Output Table.

Finally, the ULOs and ULIs are joined by a CONNECT in the User Logical I/O Cfg screen (not shown). All ULOs
and ULlIs are connected by default.

87T —r\ | C
87H A

— °© 1
Trip
Contact
522 _|I |
Contact
I
a)

87T —_— o ouT OUT-m
87H ouT 1_ N C )
A Trip
— B Contact
IN-n
52a Contact
b)
IN ULI2 ULO2
— D CONNECT ouT
&7T C | OuT-2
= out OR
87H mm—{ A _ Ié\l UL ULO1
r OR — AND [—CONNECT
IN-4

Figure 6-6. Programmable Logic Example
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Change Programmable Inputs - TPU-2000R
LGC 112 I3 14 15 16 17 18 FB1 FB2

Figure 6-7. Programmable Inputs Screen

Change Programmable Outputs - TPU-2000R
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Figure 6-8. Programmable Outputs Screen
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Calculation Of Differential Settings for a2 Winding Relay

Follow these steps to calculate the relay settings. An example is provided at the end of the procedure.

1.

10.

11.

12.

13.

Determine the power transformer phase shift between the high voltage and low voltage sides. Assign the high side
as winding 1 and the low side as winding 2. Set the Phase Compensation setting equal to the angle by which the
winding 1 currents lead the winding 2 currents. Follow the procedure in Section 2 to determine this setting or see
Method to Determine Phase Compensation Setting later in this section.

Determine the maximum load currents, IH and IL, on the high side and low side of the power transformer.
Determine the maximum through-fault currents, IHF and ILF, for both sides of the transformer.

Choose the current transformer (CT) ratio in accordance with Step 1 to give approximately 5 A of secondary
current at the maximum load current while keeping the maximum external fault current less than 100 amperes
secondary. For two winding transformers, the through-fault current is limited by the transformer impedance.
Calculate the load currents, IHS and ILS, on the CT secondary sides.

Calculate the CT secondary currents flowing into the terminals of the TPU-2000R: IHR=IHS*HSECF;

ILR=ILR*LSECF where HSECF and LSECF are the multiplying factors from Table 7-1 that take into account the
effect of the external CT connections.

# Table 7-1

Calculate the restraint currents used
within the relay after the internal phase Transformer C T Connection Internal Compensation External Compensation
compensation is applied: Connection Multiplying Factor Multiplying Factor
IHAR = IHR * HSICF; ILAR = ILR * |Hs LS HS Ls HS LS HS LS
LSICF where HSICF and LSICF are [wye  wye Delta  Delta 1 1 V3 V3
the multiplying factors for internal Wye  Wye \3 \3 1 1
compensation from Table 7-1. Delta  Delta | Wye  Wye 1 1 1 1

Wye Delta Wye Wye V3 1 1 1
Select the high and low side tap Delta  Wye 1 1 \3 1
settings by rounding off IHAR and ILAR | Deita  Wye Wye  Delta 1 1 1 V3
respectively to the nearest 0.1 ampere. Wye  Wye 1 V3 1 1

If either value is larger or smaller than
the available tap range, then form the ratio of the two values and set the taps in the same ratio.

Check that the through-fault currents on the high and low side current transformer secondaries are less than 35
times the selected tap settings (IHFS - 35 x T, and ILFS - 35 x T ). This is an internal analog to digital converter
limitation.

Select the percentage differential characteristic curve. The example shown is for the linear percentage slope. For
security, select a slope of 20% to 30% for transformers without load tap changers and 30% to 40% for transformers
with load tap changers.

Select the minimum operating current between 0.2 and 0.4 per unit. The minimum operate-current is the per-unit
difference between the winding 1 and 2 per-unit restraint currents.

To block tripping on transformer in-rush current, select the Harmonic Restraint Mode and Percent Harmonic
Restraint. The choices are 2nd, 2nd & 5th or All Harmonics and 7.5% to 25% of Fundamental in steps of 2.5%.

Select the Unrestrained High Set Instantaneous Differential setting 87H so that it will not trip on transformer in-
rush current. If the transformer in-rush current is not known, use 10 times the power transformer self-cooled load
current rating.

Differential Relay Settings # 7-1
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Use the Harmonic Restraint Record to adjust the Harmonic Restraint Mode, Percent Harmonic Restraint and
Unrestrained High Set Instantaneous Differential settings after the transformer has been energized several times.

Settings Calculation Example for the 2 Winding Relay

The following transformer ratings and connections are assumed for this example:

12/16/20 MVA OA/FAIFA, Phase shift: High side leads Low side by 30°
115-kV Delta, 13.8-kV Wye 8.5% impedance, load tap changer range +/- 10%.
High side (115-kV Delta) Low side (13.8-kV Wye)

1. Phase angle compensation setting is 30° with the High side connected as Winding 1 and the Low side
connected as Winding 2.

2. Maximum load current at 20 MVA
IH =20,000/(115*1.73) =100 A IL =20,000/(13.8*1.73) =837 A

3. Maximum through-fault currents assuming an infinite bus:
IHF = 12,000/(115 * 1.73 * 0.085)  ILF=12,000/(13.8 * 1.73 * 0.085)

=709 A =5907 A

4. Choose CT Ratios:
High Side 100/5 =20

Low Side 1000/5 = 200
CT secondary currents at maximum through-fault:

IHFS = 709/20 = 35.5 ILFS =5907/200 = 29.5 A <100A
5. Load Currents on CT secondary side at maximum transformer rating of 20 MVA:
IHS =100/20=5.0 A ILS =837/200 = 4.19 A

6. Relay currents at maximum load currents:
High-side CT secondary connection Low-side CT secondary connections

Wye (HSECF=1) Delta (LSECF=1.73)  Wye (LSECF=1)
IHR=5.0 A ILR=4.19A *1.73 ILR =4.19A * 1.00
=7.26A =4.19A
7. Apparent relay currents at maximum load currents
High Side Low Side
Wye (HSICF=1) Delta (LSICF=1) Wye (LSICF=1.73)
IHAR=5.0A ILAR=7.26A ILAR=4.19 * 1.73=7.26A
8. Select the high-side 87T-1 and the low-side 87T-2 tap settings:
87T-1=5.0A 87T-2=73A 87T-2=73A

9. Check that the through apparent relay fault currents on the high and low side current transformer secondaries are
less than 35 times the selected tap settings.
Delta Wye

35.5-35*5=175A 295*1.73-35*7.3=255,5 295*1.73-35%*7.3=2555
10. Select a linear percentage slope of 30% for a power transformer with +/- 10% load tap changer.
11. Select a minimum operating current of 0.3 per unit.
12. Select the 2nd harmonic for the Harmonic Restraint Mode and 15% for the percent Harmonic Restraint.
13. Select the Unrestrained High Set Instantaneous Setting 87H:

High-side relay current at self-cooled rating = 12,000/(115* 1.73*20) =3.0 A

Transformer inrush is 10 times self-cooled rating (typically 8 to 10 times)

87H setting = (3.0 A * 10)/5-A high-side tap setting = 6.0 per-unit operate current
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Calculation Of Differential Settings for a 3 Winding Relay

Follow these steps to calculate the relay settings. Look at the example at the end of the procedure.

1.

ook w

10.

11.

12.

13.

Determine the power transformer phase shift between the high voltage and low voltage sides. Assign the high side
as winding 1 and the low side as winding 2. Set the Phase Compensation 1-2 setting equal to the angle by which
the winding 1 primary currents lead the winding 2 primary currents. Follow the procedure in Section 2 to
determine this setting or see Method to Determine Phase Compensation setting later in this section.

Determine the power transformer phase shift between the high voltage and tertiary voltage sides. Assign the
tertiary voltage side as winding 3. Set the Phase Compensation 1-3 equal to the angle by which the winding 1
primary currents lead the winding 3 primary currents.

Determine the maximum load currents IH, IL and IT for all windings based on the highest rated winding.
convert the impedances Xy, X,y and X to a common base.
Assuming an infinite bus, calculate the worst case max 3@ through fault. This will give IHF, ILF and ITF.

Choose the current transformer (CT) ratio to give approximately 5 A of secondary current at the maximum load
current for each individual winding.

Calculate the secondary maximum through fault currents IHFS, ILFS and ITFS. Be sure that these currents are
less than 100 amps secondary.

Calculate the secondary load currents based on the highest rated winding.

Calculate the relay currents IHR, ILR and ITR using the currents from step 8 and the compensation factors from
table 7-2.

Calculate the tap settings based on the currents in step 9. If all currents in step 9 are less than 9 amps but greater
then 2 amps, then set the taps equal to IHR, ILR and ITR rounded off to the nearest 0.1 ampere. If at least one
current is greater than 9 amps, then set the tap according to the procedure below:

a. Find the highest one of IHR, ILR and ITR and set this tap = 9.0

b. Let us assume ITR is the highest and therefore 87T-3 Tap is set equal to 9.0
c. 87T-2 Tap = 9.0 x (ILR/ITR) rounded off to the nearest 0.1

d. 87T-1 Tap = 9.0 x (IHR/ITR) rounded off to the nearest 0.1

Table 7-2
Transformer Connection CT Connection Internal Compensation
Multiplying Factor

High Low Tertiary High Low  Tertiary High Low Tertiary
Delta Delta Wye Wye Wye Wye 1 1 3
Delta Wye Delta Wye Wye Wye 1 <] 1
Wye Delta Delta Wye Wye Wye %) 1 1
Wye Delta Wye Wye Wye Wye %) 1 )
Wye Wye Delta Wye Wye Wye %) s 1
Delta Wye Wye Wye Wye Wye 1 Fe) )
Delta Delta Delta Wye Wye Wye 1 1 1
Wye Wye Wye Wye Wye Wye s s )

Check that the through fault currents on the high, low and tertiary side CT secondaries are less than 35 times the
selected tap settings (IHFS - x 87T-1, ILFS - 35 x 87T-2, and ITFS - 35 x 87T-3).

Select the differential characteristic curve. For security, select a slope of 20% to 30% for transformers without load
tap changers and 30% to 40% for transformers with load tap changers.

Select the minimum operate current between 0.2 and 0.4 per unit. The operate current is the vectorial summation
of winding 1, winding 2 and winding 3 per-unit restraint currents.

14. To block tripping on transformer inrush current, select the Harmonic Restraint Mode and Percent Harmonic Restraint.

The choices are 2nd, 2nd and 5th or All Harmonics. Selectable from 7.5% to 25% of fundamental in steps of 2.5%

15. Select the Unrestrained High Set Instantaneous Differential setting 87H so that it will not trip on transformer inrush

current. If the transformer inrush current is not known, use 10 times the power transformer self-cooled load
current rating.
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Settings Calculation Example for the 3 Winding Relay

Assume relay has 5A CT inputs.
Transformer Nameplate Data:

161KV Ya /115kV ¥4 /13.2kV D

Xyr = 16% on 48 MVA
Xy = 10% on 36 MVA
XL = 8% on 12 MVA

1. Calculate max load currents based on highest rated winding

High 161Kv => rated 80 MVA max.
Low 115Kv => rated 60 MVA max.
Tertiary 13.2Kv = > rated 20 MVA max.

IH = 80MVA/(161kV x 8) = 287A
IL = 80MVA/(115kV x 8) = 402A
IT = 8OMVA/(13.2kV x8) =  3.499A

2. Convert impedances to a common base (100MVA)

Xyt = (100MVA/48MVA)(.16) = .33 per unit
Xy = (100MVA/36MVA)(.10) = .28 per unit
Xy, = (100MVA/12MVA)(.08) = .67 per unit

3. Calculate worse case max 30 through fault (assume infinite bus)
= (1/.33)(100MVA/(161kV x 83) = 1,088A
= (1/.28)(100MVA/(161kV x 83) = 1,281A
IHF = 1,281A
(1/.28)(100MVA/(115kV x 83) = 1,793A
(1/.67)(100MVA/(115kV x 83) 750A
ILF = 1,793A
= (1/.33)(100MVA/(13.2kV x 83)
= (1/.67)(100MVA/(13.2kV x 83)
ITF = 13,254A
4. Choose CT Ratios

High 300/5 60

Low 60MVA/(115kV x 83) = 301 choose 300/5
Tertiary 20MVA/(18.2kV x 83) = 875 choose 1000/5

=
.
1l

13,254A
6,528A

60
200

5. Calculate secondary max through fault current

IHFS 1,281/60 21.35A
ILFS 1,793/60 29.9A OK, all <100 A

ITFS 13,254/200 66.27A
Calculate secondary load current (based on 80MVA)

IHS = 287/60 = 478A
ILS = 402/60 6.7 A
ITS = 3499/200 = 17.50A

Calculate relay current (YYD) using compensation factors from Table 7-2

IHR = 4.78 XV§3 = 8.28 User should check to make sure line currents
LR = 67x &8 =116 (based on actual winding MVA) are <16A.
ITR = 175x1 =175

Differential Relay Settings
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6. Select tap settings based on load currents calculated in Step 5

SELECT 87T-3 = 9.0
_ 16\ _
87T-2 = 9.0 (17_5) =6.0
87T-1 = 9.0 (ﬁ) =43
17.5

7. Select 87H setting

48MVA
87H = (m X10)/4.3 = 6.7

87H=6.7
8. Check tap settings
High Low Tertiary
(18.1) (83) < (35) (4.3) (13.95) (38) < (35) (6.0) (66.27) <(35) (9.0)
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Automatic Tap Calculation

The TPU-2000R has an automated transformer tap setting calculation screen (see Figures 7-1). After you enter
information at the Calculate Tap Settings screen, ECP calculates the following values:

e 87T-1,87T-2 and 87T-3 (if applicable), and 87H Tap settings

e Maximum transformer load currents IH, IL and IT (if applicable)

e Maximum primary transformer through-fault current on all windings (IHF, ILF and ITF if applicable)

e Maximum CT load on all windings (IHS, ILS and ITS if applicable)

e Maximum secondary through fault current on all windings (IHFS, ILFS and ITFS if applicable)

e Apparent Relay Currents on all windings of transformers (IHAR, ILAR and ITAR if applicable)

Calculate Tap Settings
Unit Mame: TPU2BBGR Catalog Ho: 588“3415 6111 Date: BE—Jun—95
Transformer Rating<MUA>| Self-Cooled: 12.88 HMax Force-—Cooled: 28._.8d
Voltage <kU3> High Side = 115.68 Low Side : 13 .86
Transformer Connect High Sdide :Delta Low Side Hye
Percent Impedance H 8 .58
Phase Compensation Setting {degrees)- 346 Calculate
Transformer shift,. ie, the angle by which Wdgl leads Wdg2.
Max. Load <(IH> = 180841 Max. Throwugh Fault <IHF>» = 7as .77
Max. Load {IL>» = 836.74 Max. Through Pault {ILF} = OB 4@
Phase CT Ratio High Side = 28 Low Side 20808
CT Conmect High Side :Wye-tldgi Low Side Delta g2
Max. Load on CT <{IHS> = L.82 Max. Through Fault{IHFS>» = 35_ 44
Max. Load on CT <{ILS» = 418 Max. Through Fault<{ILFS8» = 29 .53
fApparent Relay Currents Set 8PT-1 Tap to 5.8
CIHAR> = L.@z Set BYT-2 Tap to .3 Calculate
CILAR) = .25 Set 87YH to 6.8 Return
Press F1 for Help

- Press Enter to Perform Tap Settings Calc

Figure 7-1. Calculate Tap Settings Screen (2 Winding Relay Shown)
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Method for Determining Phase Angle Compensation Setting
Step 1
Look at the sample transformer nameplate drawing below. Looking ONLY at the high side of the transformer,

determine which Power Transformer winding (H1, H2 or H3) will have the CT’s wired to the IA-1 coil in the relay.
Mark this winding.

Hy L1+, L] Hg
vepmmmvemnl

= E—

X4 [1x, [1xs

Step 2

Looking ONLY at the low side of the transformer, determine which Power Transformer winding (X1, X2 or X3) will
have the CT’s wired to the IA-2 coil in the relay. Mark this winding.

Hy L1Hy H3
& & | |
J W
M
X4 L1x, X3
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Step 3

Looking ONLY at the high side of the transfomer, determine what phases are connected to what windings. In our
example H1 = C phase, H2 = B phase, H3 = A phase. At this point, IGNORE the low side transformer

connections and temporarily transfer the high side connections to the low side windings.

Step 4

We now have enough information to determine the Phase Compensation Setting. This is the setting by which the
high side marked winding leads the low side marked winding. Assuming a standard ABC phase rotation, where B

lags A by 120° use the convention below to determine the setting.

90
120° C-B 60
C -B
150 30
C-A A-B
180 -A A 0 (H3)
B-A AC 49
210
B -C
240 B-C 300
270
(X2)

H3 Leads X2 by 90°. Therefore, the Phase Compensation Setting = 90°. Various transformer configurations and
corresponding Phase Compensation Settings are show on the following pages.
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B
¢ » TO RELAY

WDG1 CT = WYE

WDG2 CT = WYE
TRANSFORMER = WYE 1 - WYE 2
PHASE COMP = 0°

C > TO RELAY
B

A

B
¢ p TO RELAY

WDG1 CT =WYE

WDG2 CT = WYE

TRANSFORMER = DELTA 1 - WYE 2
PHASE COMP = 330°

C » TO RELAY

NOTE: Assume Phase Rotation is “ABC” unless otherwise noted.

+——C

A
B} TO RELAY

WDG1 CT = DEL (IA- IC)

WDG2 CT = DEL (IA - IC)
TRANSFORMER = WYE 1 - WYE 2
PHASE COMP = 0°

————— C
B} TO RELAY
T A
A B C -
A B C
A
B
E ¢ TO RELAY
g ¢

i B>

x
N

|l|—4

3| R

WDG1 CT = WYE

WDG2 CT = DELTA (IA- IC)
TRANSFORMER = DELTA 1 - WYE 2
PHASE COMP = 330°

>
=

B} TO RELAY
A

A B C
A A
B , B} TO RELAY
¢ S TO RELAY [ —b—
A PTG
H1] H2 H3
WDG1 CT = WYE \31- ' WDG1 CT =DELTA (IA- IC)
WDG2 CT = WYE WDG2 CT = WYE
TRANSFORMER = WYE 1 - DELTA 2 A TRANSFORMER = WYE 1 - DELTA 2
PHASE COMP = 30° PHASE COMP = 30°
X1 X2 X3
g E_‘r
\%
[¢ TO RELAY [ T
c i c O RELAY
A
A B C
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@ >

TO RELAY

(¢

|||—1

¢r||-

WDG1 CT = WYE

WDG2 CT = WYE

TRANSFORMER = DELTA 1 - DELTA 2
PHASE COMP = 0°

(@]

TO RELAY

™ O

TO RELAY

>

WDG1 CT =WYE

WDG2 CT = WYE

TRANSFORMER = DELTA 1 - WYE 2
PHASE COMP = 30°

# PHASE ROT = ACB

A > TO RELAY
B
C

A

B
c p TO RELAY

WDG1 CT =WYE

WDG2 CT = WYE

TRANSFORMER = WYE 1 - DELTA 2
# PHASE COMP = 120°

TO RELAY

B
A
C

I_O
on
mj

|
¢
¢

C
B} TO RELAY
A

H2 H3
D

O

§l>'l|3<5-<
E_
€]

X2 X3

WDG1 CT = WYE

WDG2 CT = WYE

TRANSFORMER = WYE 1 - DELTA 2
# PHASE COMP = 30°

# PHASE ROT = ACB

<
o0

é} TO RELAY
C

-

[o9)
>

w >

TO RELAY

(@]

WDG1 CT = WYE

WDG2 CT = WYE

TRANSFORMER = WYE 1 - WYE 2
PHASE COMP = 120°

TO RELAY

O>»

W >

TO RELAY

(9]

WDG1 CT =WYE

WDG2 CT = WYE

TRANSFORMER = DELTA 1 - WYE 2
# PHASE COMP = 90°

TO RELAY

hd
A
\é_l- m—u-
X1 X2 xX3] .
Y EJ =
(1|
B C A

B
A
C
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Records Menu

The TPU-2000R provides fault and operations records.

Differential Fault Record

The differential fault record contains the last 32 faults. The fault — Records Menu
record displays one fault at a time and includes the following . .
information (see Figure 8-1): Differential Fault Record

Through Fawmlt Eecord
Harnonic Restraint Record

e Record number (perations Record

* Differential fault number ﬁﬂi::ﬁ;ﬁgﬁ %52233;’

* Enabled settings table Return

* Tripping element " DifFerential Fault Records —

¢ Date and time

e Fault clearing time in seconds

e Winding 1, 2 and 3 (if applicable) tap settings

* Operate currents for all three phases

e 2nd, 5th and total (2nd through 11th) harmonic current content in percent of fundamental for all three phases for all
windings

* Three-phase restraint current for all windings (magnitude and angle)

* Windings 1, 2 and 3 (if applicable) phase and neutral currents (magnitude and angle)

e Winding 1, 2 and 3 positive, negative and zero sequence currents (magnitude and angle)

After a differential trip, the MMI continuously displays the fault currents (magnitude only) for all windings until the
targets are reset. Save the differential fault record as a file by using TPUECP.EXE.

Differential Record — TPUZBBBR OC TST

Differential Record : 1 Differential Number: 128
Active Set : Prim Fault Element : 87H
Date : BB-Jun-95 Clear Time H 8.866
Time : 11:22:16.81 Wdg-1 Tap: 3.88 Wdg-2 Tap: 6.868
HARMONIC WDG-1 WnG-2 I Operate A : 5.42
I Operate B : 14.55
2nd-A h8.5» 18.8x I Operate G : 13.23
Sth-f 4.8 ?.5%
All-n 23.5x 24_8x WDG-1 WnG-2
2nd-B 48 .5 19.5x ||[RESTRAINT
5th-B 2.8z 5.8x ||[CURRENTS |MAGNITUDE| ANGLE MAGNITUDE| ANGLE
All-B 1.5 42 @
2nd-C 63.8:x 37.8x Ires—f 4_87 a 1.46 284
5th-C 1.8z 1@8.8:x Ires-B 13.95 236 1.61 165
All-C 23.8x 63.8x Ires-C 11.89 73 1.57 48
Usze Page Down key to view
current magnitude and angle Mext Record Latest Record Return
- Show Hext Recowd
Differential Record — TPUZBBBR
All-B a.8:x 28 .52
2nd-C a.8:x 37.5% Ires—A 3.52 ] 1.47 188
S5th-C a.8:x 12.5x Ires—B a.81 313 2.83 i
All-C a.8:x 66 . B Ires—C a.68 16 1.37 183
Use Page Down key to view
current magnitude and angle Next Record Latest Record Return
WDG-1 WpG-2
LINE
CURRENTS MAGHNITUDE ANGLE MAGHITUDE ANGLE
1A 1392 2] IR 1857 25
IB 1 36 1B 1341 144
a 171 IC 4372 12
IN/IG i 351 IN/IG L4461 27
465 ] I8 1823 27
I1 464 ] I1 1573 273
12 464 ] 12 1526 78

- Show Next Record

Figure 8-1. Differential Fault Record (2 Winding Relay Shown)
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Through-Fault Record

_ i Through Fuult Record — TPUZARAR O TRT
;Lhelthrtogg?hfau”r:efcorl‘tj czntams Through Fauls Record i Fauls Numbor : 596
e las rough-faults. ctive Set ay Time  : -0
. g Date: WHE-Jun—95 T:l.nl:= 11. 22 689 Glear Tine : a3y
through-fault is stored on any Fault Elenment
whenever the Disturban h 1 el o R R R
i - -1: - ngle= - - ngLle:
w_henevert'he D|sturbance 2 1c-1 626 IC-1 Angle: 130 1c-2: 4d@ 10-2 Angle: 195
pickup setting is exceeded. The IH-1 2 IH-1 Anglez 279 1G-2: A 1G-2 Angle: 260
) 18-1 & 1B-1 fingle: 292 18-2: @ 18-2 Mingle: 200
fault record displays one fault at 11-1 497 I4-1 Bngle: 14 11-2 471 14-2 fAngle: 71
a time and includes the foIIowing 14-1 137 12-1 Angles 237 12-2 40 12-2 Angle: B4
information: T —
Latezt Record
 Record number R tuen

- Ehow Mext Record

* Through-fault number
¢ Enabled settings table Figure 8-2. Through-fault Record (2 Winding Relay)
* Date and time

* Tripping element

* Relay operate time for overcurrent trips (the time from the time of pickup to the time of the trip)

e Fault clearing time (the time from the time of the trip to the time of the cleared fault)

e Phase and neutral currents (magnitude and angle) for all windings

* Positive and negative and zero sequence currents (magnitude and angle) for all windings

Save the through-fault record as a file by using TPUECP.EXE.

Harmonic Restraint Record

The harmonic restraint record contains the last 32 harmonic restraint operations. The harmonic restraint record
displays one harmonic restraint operation at a time and includes the following information:

¢ Record number

* Harmonic restraint number

¢ Enabled settings table

* Restraint mode setting Figure 8-3. Harmonic Record (2 Winding Relay)

e Date and time

Harmonic Restraint Record — TPU2BBBAR
. . . Restraint Record : 1 Restraint MNumber :@ 183
L4 ReStralnt dura“on N Seconds Active Set : Prim Restraining Mode : 2nd & 5th Harm
Restraint Date : B8—Jun-95 Restraint Duration : a.8z2@a
° Tap Settlngs for a” Wlndlngs Restraint Time : 11:22:16.86 Wdg—1 Tap: 3.88 UWdg-2 Tap: 6 .88
START STOP START STOP
e Operate currents for all three phases
HarMoNIC| wpc-1 [upc-2 || wpe-1 |upG-2 }op:% E%i g.gg
harmonic current content in percent of |37i-4 125.5? 38.5:: 12?.5? 127.5? mac | ancLE || mac | aNcLE
fundamental for ay three phases for all i | | adlas oty sl tael e | gl 8
Wlndlngs at the time that the harmonic gnﬁ_g 2§§; 433; ggg; gig; %::z_g Hg_% E gg é;g g:?g 2gg
H th- -t -8 -t -8 = -, -
restraint was started and stopped all-¢ 61.5%| 69.04|1157 5% [127 54 |[iwes—B UD—2| 1.16| fte1 @27 157
. Ires—C WD-2| 1.11 56 0.39 3
e Three-phase restraint current for all Nowt Focord  lotoet Focord  Fotorn

windings (magnitude and angle) whenthe - Show Next Record
harmonic restraint was started and stopped.

Save the harmonic restraint record as a file by using TPUECP.EXE.
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Operations Record

The operations record contains the last
128 operations. The operations record

Qperations Records - TPUZBAAR

. Recl Mo I Type Date I Time I Ualue
includes the:
1| 57| 58N-1 Trip 27-Jun-95 |B8:42:02.29 [
F S| B I e | Bl e |
ault ear Faile —Jun— =41 :43.
" Onoraton mumt | B pnea | B iR |
H ault ear Faile —Jun— H .
* Operation number 6| 52| 87T Trip 27-Jun-95 |BB:41:28.19 8
o : 7| 51| Fault Cleared 26-Jun-95 [15:44:13.19 ]
* Description of the operation 8| 58| Fault Clear Failed | 26-Jun—95 [15:dd:13 55 8
: . rip —Jun— H
¢ Date and time of the operation 18| 48| 5AG-2 Trip 26-Jun-95 |15:44:11.43 a
. . . . 11| 47| 58P-2 Trip 26—Jun—95 [15:44:11.43 ]
Operations include differential and i% 12 ggpq Tlniip gg—jun—gg éggé gf EE 273
1 1 1 1 itDl" CCEeESS —dun-— H =
overcurrent trips, activation of binary 14| 44| Editor Access 26-Jun-95 |B9:48:55.88 273
inputs and output contacts and all alarm 15| 43| Control Power Fail 23—-Jun—-95 |15:51:54.81 a
o ) 16| 42| Fault Clear Failed | 23-Jun-95 |14:56:58.67 ]
conditions. Save the operations record 17| 41| 87T Trip 23-Jun—95 |14:56:50.36 8
as a file by using TPUECP.EXE. Refer 18| 48| Fault Cleared 23—Jun—95 |14:56:41.45 a
to Table 4-1 to decode the value after an Hext Latest Return

“Editor Access” or a “self check”
message is logged.

- Show Mext Page

Table 8-1. Operations Record Log Definitions

87T Trip
87H Trip
51P-1 Trip
51N-1 Trip
50P-1 Trip
50N-1Trip
150P-1 Trip
150N-1 Trip
46-1 Trip
51P-2 Trip
51G-2 Trip
150P-2 Trip
150G-2 Trip
46-2 Trip
#51P-3 Trip
#51N-3 Trip
#50P-3 Trip
#50N-3 Trip
#150P-3 Trip
#150N-3 Trip
#46-3 Trip
#51G Trip
#50G Trip
#150G Trip

Element picked up and timed out.
It is possible that this is not the
actual tripping element.

Thru Flt

Logical Output “THRUFA” went high.

Fault Clear Failed
Fault Cleared

Fault failed to clear by relay.
Fault cleared by relay.
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Table 8-1. Operations Record Log Definitions (continued)

Operate current above trip level, but
relay restrainted.

Manual Trip Breaker tripped externally to the relay.

87T Enabled
87H Enabled
51P-1 Enabled
51P-2 Enabled
#51P-3 Enabled
51N-1 Enabled
51G-2 Enabled
#51N-3 Enabled
50P-1 Enabled
50P-2 Enabled
#50P-3 Enabled
50N-1 Enabled

Harmonic Restraint

50G-2 Enabled Programmable Input was asserted
#50G-3 Enabled and setting is active in the settings
150P-1 Enabled table.

150P-2 Enabled
#150P-3 Enabled
150N-1 Enabled
150G-2 Enabled
#150N-3 Enabled
46-1 Enabled
46-2 Enabled
#46-3 Enabled
#51G Enabled
#50G Enabled
#150G Enabled

Indicates that Programmable Input
“ECI1” or “ECI2” was asserted and
event record logged.

Event Cap1 Init
Event Cap2 Init

Programmable Input “WCI’ asserted and

Wave Cap Init wave form capture taken.

SPR Input Closed “SPR” Programmable Input asserted.
TCM Input closed “TCM” Programmable Input asserted.
Primary Set Active Primary settings enabled.

Alt1 Set Active Alternate 1 settings enabled.

Alt2 Set Active Alternate 2 settings enabled.

#Denotes 3 Winding Relay only
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Table 8-1. Operations Record Log Definitions (continued)

Thru Flt Cntr Alm
Thru Flt KASum Alm
Thru Flt cycle alm
OC Trip Cntr alarm
Diff Trip Cntr alm
Phase Demand Alarm
Neutral Demand Alm
Load Current alarm
High PF Alarm

Low PF Alarm

kVAR Demand Alarm
Pos. kVAR Alarm
Neg. kVAR Alarm
Pos. Watt Alarm 1
Pos. Watt Alarm 2
#Pos. Watt Alarm 3

Indicates that the alarm has
exceeded its threshold setting.

Trip Coil Failure

Logical Input “TCM” indicated a trip coil
failure.

High Level Detection Alarm, Wdg 1

HLDA-1 Logical Output asserted.

Low Level Detection Alarm, Wdg 1

LLDA-1 Logical Output asserted.

High Level Detection Alarm, Wdg 2

HLDA-2 Logical Output asserted.

Low Level Detection Alarm, Wdg 2

LLDA-2 Logical Output asserted.

High Level Detection Alarm, Wdg 3

HLDA-3 Logical Output asserted.

Low Level Detection Alarm, Wdg 3

LLDA-3 Logical Output asserted.

Self Test Failed

Internal System failure. Refer to Table
4-1 to decode value.

Control Power Fail

Loss of DC supply.

Editor Access

Indicates setting change has been made.

Refer to Table 4-1 to decode value.

87T Disabled
87H Disabled
51P-1 Disabled
51P-2 Disabled
#51P-3 Disabled
51N-1 Disabled
51G-2 Disabled
#51N-3 Disabled
50P-1 Disabled
50P-2 Disabled
#50P-3 Disabled
50N-1 Disabled
50G-2 Disabled
#50N-3 Disabled
150P-1 Disabled

Indicates that the associated
Programmable Input was
de-asserted.

#Denotes 3 Winding Relay only
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Table 8-1. Operations Record Log Definitions (continued)

150P-2 Disabled
#150P-3 Disabled
150N-1 Disabled
150G-2 Disabled
#150N-3 Disabled
46-1 Disabled
46-2 Disabled
#46-3 Disabled
#51G Disabled
#50G Disabled
#150G Disabled

Indicates that the associated
Programmable Input was
de-asserted.

Event Cap1 Reset
Event Cap2 Reset

Programmable Input “ECI1” or “ECI2”
was de-asserted.

Wave Cap Reset

Indicates that Programmable Input
“WCI” was de-asserted.

Trip Input Opened

SPR Input Opened

TCM Input Opened
ULI1 Input Closed
ULI1 Input Opened
ULI2 Input Closed
ULI2 Input Opened
ULI3 Input Closed
ULI3 Input Opened
ULI4 Input Closed
ULI4 Input Opened
ULI5 Input Closed
ULI5 Input Opened
ULI6 Input Closed
ULI6 Input Opened
ULI7 Input Closed
ULI7 Input Opened
ULI8 Input Closed
ULI8 Input Opened
ULI9 Input Closed
ULI9 Input Opened

Input closed indicates that
the ULI transitioned from a
logical O to a logical 1.

Input opened indicates that
the ULI transitiioned from a
logical 1 to a logical 0.

CRI Input Closed

CRl transitioned from logical 0 to Logical 1

CRI Input Opened

CRil transitioned from logical 1 to Logical 0

#Denotes 3 Winding Relay only
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Operations Summary

The operations summary includes the: — Operations Summary - TPUZ@BAR OC TET —
Through Faults 59
* Number of through-faults Through Fault Summation kfimp A-2 142
. Through Fault Summation kAmp B-2 53
e Summation of through-fault current on a per-phase Through Fault Summation kAmp C-2 L8
basis in kiloamperes (thousand symmetrical amperes) Through Fault Cycle Summation 131548
Ouercurrent Trips 573
* Number of overcurrent trips Differential Trips 128

* Number of differential trips Return

Unreported Records

- Return to Previous menu

(2 Winding Relay shown)

When a SCADA application polls a relay, it sends the fault and operations information to the appropriate
Unreported Record. Records remain in the Unreported Record until either SCADA downloads the information or
you physically view the Unreported Records screen. When SCADA downloads the information, that entire
Unreported Record file is cleared, the record counter on the Unreported Records Status screen drops to 0, and
access to that Unreported Records file is denied until more information is reported. When you view a screen of
Unreported Records, the record counter decreases by the number of records that can fit onto your screen. For
example, if your computer screen can show 15 records, the record counter decreases by 15 when you exit the

Unreported Records screen.

Unreported Records Status

Differential Records 16
Throngh Fanlt Records 32
Harmanic Restpaint Records 32
Operation Records 128

Uiew Unwpep Diffewential FRecs
Uiew Unrep Through Fault Hecs
View Unrep Harn Rest HRecs
Uiew Unrep Operation Hecs
Return to Previous Menu

- Unreported Differential Records

The Unreported Records help by showing the faults and
operations records that have occurred since the last time
SCADA downloaded or you viewed the Unreported Records.
The Fault Summary, Fault Record, Operations Summary and
Operations Record do not identify which records have been
reported and which remain in the Unreported Records.

TPU2000R Records Menu
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Test Menu

Test 10 Menu The Test menu displays options for viewing the status of input and output
Physical 10 Status contacts.

Loagical [nput Etatus
Logical Output Status
Dutput Contacts
Return

Show I/0 Status

Physical I/O Status

The Physical I/0 Status screen displays the 1,0 Contacts
open/close status of all _contact inputs and IN1  ALT1 Open TRIP De—Energized
the energized/de-energized status of all IN 2 ALT2 Open OUT 1 PRI Trip Energized

. . . IN 3 Open oUT 2 SEC Trip Energized
output relays. Use this display to confirm IN 4 Open OUT 3 DIFF Trp De—Energized
continuity through each optically isolated iE g §gg: §E£ ‘g‘ E%Egﬁ Eg:g:g_;:gc;l:gg

i pen nergize

contgct input for both the opened_(no voltage IN 2 open
applied) and closed (voltage applied) states.
Also use this display to confirm the status of || Hit Any Key to Return]
each output relay.

Figure 9-1. 1/0 Contacts
Logical Input/Output Status

Both the logical input and output status displays are available only through the External Communications Program
(ECP). The status of the logical input and output is shown in real time.

With these screens you can verify that the logic you entered in the mapping screens is working properly without
physically looking at the contacts.

Logical Input Status

The logical input status shows which functions are enabled (asserted) and disabled (not asserted) based on the
contact input logic. Use this

screen to confirm whether or TPU-ECP Uersion 2.24
not the input logic is correct and Logical Input Status
i i 871 8 ALT1 @ ULI? 8

_;I)_Lowdes the desired results. oA 6 ALI2 6 crI 6

e 87T, 87H, 51P, 50P, 150P, sipt 8 ECI1 8 . 8
51N, 51G, 50N, 50G, 150N, gin—% g 1%.'%1) g gég—g g
150G, 46 and TCM input LEP-1 8 SPR a SEN-3 A
functions remain enabled EEEZE E EE?% E igggzg E
(assertgd) whether or nqt they 1235_5 S Hf{i S Eég S
are assigned to contact inputs 158p-2 g uLid 2 s9c, 8
in the Programmable Input 15042 0 uLIg a
Logic Map. You must assign the 46-2 A ULIS 8
remaining inpUt functions to 1 = Enabledr/fAsserted. B = Disabled-Not Asserted
contact inputs for the functions WERE BTy Lf=w &m eEry
to be enabled (asserted).

Figure 9-2. Logical Input Status (3 Winding Relay shown)
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Logical Output Status

The logical output status shows which output functions are energized and de-energized. Use this screen to
confirm whether or not the functions are programmed correctly in the Primary, Alternate 1, Alternate 2,
Programmable Inputs and Alarm Settings tables. Also use it to check that the settings provide the desired results.

Logical Output Status

DIFF a |b1G-2 a 58G—-2ZD |8 DIG ] 158F—-1+(8 ULOS a HUArA |8
ALARM |1 [|58N-1 a 158P-1D|@a QCTC [t S5AP-2= (A ULOG a Pllatt1|@
871 B |[L5@K-1 |@8 158P-2D |8 PDA o 15@8P-2= (@ ULO? o PlUatt2 |8
87H a |jxaG-2 a 1584-1D| @ HDA [t S1N-1= (A ULC8 a
Z2HROA |8 |[L58G-2 |8 158G-2D|a PRIM 1 51G-2= (A ULO? a
CHEREOA |8 [M6—1 a 46-1D a ALT1 [t SAN-1= (A LOAD A @
AHROA |@ |62 a 46-2D a ALT2 H 158N-1= A ocA-1 |1
TCFA 1 |IB?7T-D a PATAH a STCA 1] 58G-2= (@ OCA-2 |1
TFA a [|B7H-D a PETA a 87T = H 158G-2= A HLIA-1 |8
Sir-1 |1 |51iPr-1D |G PCTA a 87H = ] 46—-1= a LLIAn-1 |8
1F-2 |1 |[51P-2D |8 PUA 1 ZHR0A= |B q6—2= a HLIA-2 |8
CAP-1 |A |51H-1D |A 63 A CHROA= |A Rl A LLTA-2 A
156P-1 |18 ||51G-2D |8 THRUFA |@ AHROA= |B ILO1 a HFFA a
Lar-2 |1 |-8Pr-1D |8 TFCA a LiP-1= |B@ ILO2 a LPFA a
1582 |8 |bar-Zp |a TFER A DlP-2= |R@ ULO3 (] UarDA |8
iK1 |8 |[[5AN-1D |8 TFECA a LAP-1= |@ ILO4 a PUArA |8

1 = Energized, B = Hot Energized Hit Any Key to Return

* = filarms are zealed in wntil cleared

Figure 9-3a. Logical Output Status (2 Winding Relay )

IDIFF @ ||58G-2 a 46—2D a a @ |[PUArA [5]
ALARM |G ||158G-2 |8 PATA a a A ||[NUArA a ||51G-D
B?T a 461 A PBTA A A A |Wattl A ||58G-D
B?H a ||46-2 a PCTh a a A ||Watt2 A ||158G-D
2HROA |@ ||B87T-D a PUA a a A ||51P-3 A ||51P-3=
SHROA |@ ||87H-D a 63 a a a ||58ar-3 a ||>ap-3=
AHROA [@ |[51P-1D |@ THRUFA |@ A A |[158P-3 |@ [[158P-3*
TCFA a ||51pr-2D |8 TFCh a a A ||51N-3 A ||51H-3=
TFA a ||51i8-1D |8 TFKA a a A ||58N-3 A ||58M-3=
51P-1 |@ ||51G-2D |8 TFSCA a a A |[158N-3 |8 ||158N-3=
51P-2 |@ |[58P-1D |@ DTG A A A ||46-3 A J|46—3=
5@P-1 |@ ||58Pr-2D |8 QCTC a a A ||51G A ||51G=
158P-1 |A |[S6BH-1D |8 PDA a a a ||58G a ||>8G=
KApP-2 |@ ||58G-2D |8 MDA a a A |[158G A ||158G=
158P-2 |A |[158P-1D|A@ PRIM A A A ||51P-3D |@ |ITFKA-3
51iN-1 |8 |[15%6P-2D|8 ALT1 a a A ||58P-3D |@ |[HLDA-3
51G-2 |@ |[15%BN-1D|8 ALT2 a a A |[158P-3D|@ ||LLDA-3
SBN-1 |8 |[15°8G-2D|8 2TCA a a A ||S1N-3D |68 ||0CA-3
158N-1|@ ||[46—1D a B7T= a 5] A ||SBN-3D |8 JWatt3
|1EBH—3D a ||oCcG
1 = Energized, B = Hot Energized
#*# = Alarmsz are sealed in until cleaned

Figure 9-3b. Logical Output Status (3 Winding Relay )
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Output Contacts (Password Protected)

TRIP
By using the output contacts option, you can activate all permanently g:ﬁ ; g::::::: % A
programmed and user-programmed output contacts via the MMI or the OUT 3 Output 7 Mo
ECP. The output contacts are activated for a period of time equal to the OUT 4 Outputa No
Trip Failure Time settin OUT 5 Qutput 5 Mo
p g. OUT & Output & HNo

Miscellaneous Commands Menu

- Miscellaneous Commands Menn

Unit Information
Reszet Targets- Alarms
Reset Min~sMax Demand
Seal Inslser Alarms
Return

- Show Unit Information

Output Ganteocts

*Press spacehar to
toggle YesAHo.

- Enawrgi=a T»ip

The Miscellaneous Commands menu lets you:

*View information about the TPU-2000R unit (for example,
catalog number, firmware version, etc.).

* Reset targets and alarms.

* Reset minimum and maximum demand values.

* Reset Seal In alarms.

* Set or reset alarms for user-programmable logic functions.

When you select Seal In/User Alarms from the Miscellaneous Commands Menu, a screen appears showing all the
Seal In and user-programmed alarms. On this screen you can remotely set (user-programmed logic functions
only) or reset the programmed output state of each alarm contact.

HetoHeset ubpot Lontacts

A7Tx A Hn Ghanpe ARG Rx R Hn Ghange
B7H~ B Hu Chanyw || 1E8G-2~] B | Hu Chanyu
H ROn # It} Rrark 1F=1% n Hn Changre
SHHOA # "] My Chainge b L] Hu ChHamge
1iH Ry =~ L] Ha Chanye A= B MHa Changn
IR H Hn Changs |11 H Hn Clhanga
Sl o M Channe LA L] Hu Chamep:
LEP-—1n~ ] React U] Fa| L5l fok
1LHE 1x| 4 Mo Chanye U034 L} Ha Change=
S50p-3=- | B Ho Chanyge ILAS [ 5] Raeet
1A 2x| A M Change 1T A Hn Change
Sl ] He Chanye Lo L5} Hu Chamya
Qin—x e ] Ma Chanpe 1rada n Ha Change
B T H M Loha e 1A% H Hn CGhange
15BH-1~| B He Chanywe

wYealed In Alarms -k el L-Hul Enesiced
I Heset ALL Seal ins " “ UetHeset Dubputs ”

TerRs SnanehaT

Figure 9-4. Set/Reset Output Contact (2 winding relay shown)

Operations Menu

Uperotions Honn

The Operations Menu allows for quick and easy testing of user
logic. The user can operate the trip contact, force physical inputs
and outputs, force sealed-in outputs high or low, and force logical
inputs. Figure 9-6 on the following page shows an example of
forcing logical inputs.

Irip Breaker

Force Fhysical Input
Force Phuyesical Output
Seal In~Allzer Alarn=s
Force Logical Input
Return

- Celect Porcing State

Figure 9-5. Operations Menu

Miscellaneous Commands Menu and Operations Menu

9-3



ABB Transformer Protection Unit 2000R

Please note, when any logic is in a “forced state,” the green normal LED will blink. See the example below:

Forced Logical Inputs — TPU2088

87T 87T 1 Mormal ALT1 ALT1 a Mormal
87H 8%7H 1 Mormal ALTZ2 ALTZ2 a Mormal
L1P-1 L1P-1 1 Mormal ECI1 ECI1 a Mormal
L1P-2 Lip-2 1 Mormal ECIZ2 ECIZ2 a Mormal
L1N-1 L1N-1 1 Mormal UCI UCI a Mormal
L1G-2 Li1G-2 1 Mormal TRIF TRIP a Mormal
LAapP-1 LAP-1 1 Mormal SPR SPR a Mormal
LApP-2 Lap-2 1 Mormal TCH TCH 1 Mormal
LAN-1 LAN-1 1 Mormal ULI1 ULI1i: 1F Closzed
LAG-2 LaG-2 1 Mormal ULIZ ULIZ2: a Mormal
158FP-1 158FP-1 i Mormal ULI3 ULI3: a Mormal
158P-2 158P-2 1 Mormal ULI4 ULI4: a Mormal
158H-1 158H-1 i Mormal ULIS ULIS: a Mormal
158G-2 158G-2 1 Mormal ULIG ULIG: a Mormal
461 46—1 i Mormal ULI? ULI?: a Mormal
462 462 1 Mormal ULIS ULI&: a Mormal
1 = Enabhled-Asserted Send Command

B = Disabled-/MHot Asserted Refreszh Screen

F = Forced Return to Menu

Figure 9-6. Forced Logical Input

The “1F” next to ULI1 indicates that ULI1 is high and in the forced state. All forced I/O should be set to normal
after testing is completed.
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Optional Features

In addition to the protection functions, the TPU-2000R has load profile, oscillographic waveform capture and user-
programmable curve optional features.

Load Profile

An optional load profile feature records per-phase demand kilowatts, demand kiloVARs and line-to-ground voltages
when the unit is equipped with the optional VT inputs. If the unit is not equipped with the option VT inputs, the load
profile feature records per-phase currents. You can select a 5-, 15-, 30- or 60-minute time interval (Demand Meter
Constant) for which the load profile record then contains 13.3, 40, 80 or 160 days of information, respectively
(default is 15 minutes and 40 days). The load profile feature requires Wye-connected VTs to accurately measure
per-phase kilowatts and kiloVARs for unbalanced loads (Figure 10-1a). For Delta-connected VTs, the load profile
feature records three-phase kilowatts and kiloVARs, per-phase and ground demand currents and line-to-line voltages
(Figure 10-1b). Load profile data can be retrieved only through the External Communications Program which stores
the load profile and its header in a comma-delimited ASCII file (default is filename.dla). View this file by using any
text editor program (word processor or spreadsheet) or by using the following DOS command: Type [name of
file].dlajmore. Use the pipe character (I) between "dla" and "more.” Sample load profile data is shown below. The
graph in Figure 10-2 is a sample of the type of load profile data analysis that can be performed.

Currents Volts
Not Used Month Hour Kilowatts Volts Not Used MonthHour  3p Kilowatts |
ItpAl(pBI(pC [eA[eB] oc \ \l/ »L |—| [foaTeBTocToN [9A ToeB Jec
1,93 08 13 17 00, 6668, 6692, 6688, -116,-138,-124,11397,11404,11395 1,93 08 13 17 00, 6668, 6692, 122, 116, 138, 0 ,11397,11404,11395
9A]9B] oC
Year Date Minutes KiloVARs Year Date Minutes 3¢ KiloVARs
1,9308131700,6668,6692,6688,-116,-138,-124,11397,11404,11395 1,9308131700,6668,6692,122,116,138,0,11397,11404,11395
1,9308131715,6678,6680,6690,-116,-128,-128,11378,11414,11393 1,9308131715,6678,6680,123,116,128,0,11378,11414,11393
1,9308131730,6678,6680,6690,-116,-128,-128,11378,11404,11391 1,9308131730,6678,6680,120,116,128,0,11378,11404,11391
-A -
-B -

Figure 10-1. Sample Load Profile for (-A-) Wye-Connected VTs and (-B-) Delta-Connected VTs

1800
1600

1400

Per phase kWatts

1000

MAGNITUDE
®
g

Figure 10-2. Load Profile Analysis
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Using the Load Profile Feature

Use ECP and follow these steps to retrieve the optional Load Profile information.

Meter Menu
1. Under the Meter Menu, select Load Profile — All or Load Profile — Last.

ﬁg;gnga,}ﬁﬁes As the names suggest, choosing Load Profile — All downloads all the
Max-Min Ualues load profiles, while choosing Load Profile — Last downloads only the
Differential Ualues most recent load profile.

Load Profile — All
Load Profile — Last

Return 2. Type in the filename (8 characters) and select SAVE ON DISK.
- Show Load UValues

3. View the load profile information by doing one of the following:

®  Open the file from your word processing or spreadsheet program.
® Type the following DOS command and press Enter.
type [name of file].dlalmore

Type the pipe character () between "dla" and "more".
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Oscillographic Data Storage (Waveform Capture)

To enhance disturbance analysis, the TPU-2000R can be furished with optional | Hevef et Gapture Honu =

oscillographic data storage that captures the waveform data for each of the gﬂﬂ“ Sertings

. . o ange Settinge
eight input currents. The storage capacity is 64 cycles of each waveform. Waveforn Records .
Retrieve the waveform data from the TPU-2000R by using the Waveform Start Data Nocumulation

i X X . Stnp Data Accnmnlatinm

Capture Menu in the External Communications Program. Fault analysis is Acquisition Btotus
enhanced by the Oscillographics Tool, which uses a Microsoft® Windows™-— Keturn
based Graphical User Interface. - Shau Uamefarm Captuze

You can program the TPU-2000R to capture eight, four, two or one record(s) containing 8, 16, 32 or 64 cycles of data.
Thirty-two points per cycle for each of the eight analog current inputs, Winding-1 and Winding-2 for both two and three
Winding units, and numerous protective and logic functions are stored in each waveform record. The capturing of
waveform data, can be triggered when the trip output is actuated or the waveform capture input (WCI) is initiated
(provided the WCI logic function has been mapped to an input contact). You can also program the TPU-2000R to
trigger the capturing of waveform data on trip of the following functions: 87T, 87H, 50N, 50P, 150N, 150P, 50G and 46.
To provide as many cycles of prefault and fault data as possible, you can program the trigger position at any quarter-
cycle within the fault record. The time stamp of a waveform record is captured at the time of trigger.

NOTE: Download the captured waveform records to a file before changing any Waveform Capture settings. Changing
settings may lose waveform records.

= POWERview Oscillographic Analysis Tool @ 1995 ABB Power T&D Company

File Hardcopy Assign Colors Trace Overlay Scale Traces Select Status Trace Zoom
[[Delete| W1 1A Amplitude @ CL -00 \

~ ./ \ 1
W1 1B Amplitude @ CL  -.42

| f — | Fi = Spectral Analysis Display

Main Display

W1 IC Amplitude @ CL  -.00 : |I::\STEINEY\I]SI:ILLI]\A15I]P_1,I:‘
{_‘__‘__‘_~_+m I Date: Time:

12:13:08.11
W1 IN Amplitude @ CL .42 [[o1/0775 | | |
CL: CR:

- /\t /\—A_A_‘“———A_F | 000.0 ms | ‘ 132.86 ms |

W2 1A Amplitude @ CL .64

CR - CL: Trig:
._k.___‘._.l,:
| - — g | 131.81 ms ‘ ‘ 25.01 ms |
m W2 1B Amplitude @ CL  -.00 .

: Unit LD
e

[Delete] W2 IC Amplitude @ CL  -.00

Delete| W2 IG Amplitude @ CL  -.42
- | |

Figure 10-3. Oscillographic Wave Forms
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The waveform capture program includes an option called Single-Shot Mode. When you select Single-Shot Mode
and the Record Type is 3, the accumulation of data stops when one record is captured. In this way, you can
ensure that a waveform record will not be overwritten by new captures. Select "Start Data Accumulation” to
capture a new record and overwrite the old one.

Trigger Sources

CiH-1 Yes 461

371 Yes LEN-
47H Yes 158P-1 Ko S0P-Z No
GE1F-1 Ye= 158H—1 Yes EOG-2 Mo

LOP—1 Mo L1P-

1 Mo LiG-Z2 No

Mo 158P-2 No
2 Mo 15852 Ko

Uaveform Capture Settings

4p-2
Through Fault

Harm Hestwaint Ho Bingle Thot OfF

LCI

Bettings

Ho Record Tupe 1
Yes [Irigger Pos 28

Ho App HRec Mode OFF

Fetuwn

Fecord [uwpe

Hunher of Records

Size of Hecords

Max I'rvigger Positien

8.8 r}
4,16 1
2,32 2
104 3

— I

B cyclee
16 cycles
32 cycles
hd rurlen

22
64
1248
.

- Prezs Spacebar

Figure 10-4. Waveform Capture Settings Screen

Selecting "On" for the Appended Record Mode enables the TPU-2000R to capture a new triggered record while it
is still completing the capture of another record. If Appended Record Mode is "Off," the new record cannot be

captured until the current record has been completed.

Saving a Waveform Capture Record

To save a waveform capture record, do the following:

1. Select "Waveform Records" from the Waveform Capture Menu.

2. Select the record you want to save and press Enter.

3. Type the path and filename you want for the record and press Enter.

10-4
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Oscillographics Analysis Tool

ABB’s Oscillographics Program Analysis Tool software program enhances the fault analysis capabilities of the ABB
Protection Units. The Oscillographics Program Analysis Tool displays the waveform data captured by these units.
Besides all analog waveforms, this program shows digital input/output, pickup and fault information.

The analog waveforms are displayed simultaneously in individual windows. Each window contains a trigger indicator,
a left cursor and a right cursor. You can move either cursor to any position within the window for that waveform.
When you move the cursor in one window, it moves in the other windows as well. Each waveform window can be
resized to enhance viewing and can be deleted individually.

The time location of the left and right cursors and the difference in time between the cursors are provided in the Main
Display window. Other information in the Main Display window includes the file name from which the waveform
records were extracted; the date, time and trigger position of the sample taken at the Protection Unit; the unit ID
number; and the catalog number.

You can overlay an individual analog waveform onto any other analog waveform. For example, you can overlay W1
la onto W2 la to examine the phase relationship.

You can scale all current waveforms with respect to the largest amplitude within that group. This is called the Actual
Scale and is the default setting. But you can also scale waveforms with respect to the largest amplitude encountered
for that waveform only; this is called the Normalized Scale. The Normalized Scale accentuates noise and other
characteristics of the waveform.

A zoom feature allows you to position the left and right cursors within the waveform and then “zoom in” to closely
examine that section of the waveform.

System Requirements and Installation

The Oscillographics Program Analysis Tool requires at least a 386-based PC running Microsoft® Windows™ 3.1. It
is recommended that you set the screen resolution to 1024 x 768 to allow all the windows generated by the

Oscillographics Program Analysis Tool to be seen at one time.

To install the Oscillographics Program Analysis Tool, follow these steps:

1. Start Windows and enter the File Manager program.

2. Create a directory where the program will reside on your hard drive. This may be any directory name you
choose.

3. Place the 3.5” disk in your floppy drive and copy the files named PWRVIEW.EXE and TEST.CAP from the 3.5”
disk to the directory you created. The test file is used to explain the operation of the Oscillographic Display and
Analysis software (refer to figure 10-3).
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4. Create an icon for the program in the Program Manager window:
a. Go to the Main window in the Program Manager window.
Double-click on “Windows Setup.”
The Windows Setup window appears. Select “Set Up Application” under the Options menu.
Another window appears. Select “Ask you to specify an application,” and click on “OK.”

Enter the application path and filename (e.g., C:\Yourdir\pwrview.exe) and click on “OK.” The icon should
appear in the Applications window of the Program Manager.

®ao0ouo

Using the Oscillographics Analysis Tool
Running on Windows, the Oscillographics Program Analysis Tool is a menu-driven program. A parent window contains

windows for the analog waveforms and for digital information.

Opening a File
To open a file, do the following:

B o]

1. Double-click on theiconin the Applications window File Name: Directories:
of the Program Manager. at

2. Click on “Continue” at the prompt. 010435 cap i [ an *

3. Underthe File menu, select“Load Graph Data File.” waveB cap.

4. The “Open” window appears. POWERview Analy- [ Read Only
sis Tool files are listed as *.CAP files, including the — B
TEST.CAPfile. Click on the file you want and select ¥
“OK,” or double-click on the filename. List Files of Type: Drives:

i o (*.capl 2 [=:a [2]

The file loads and the individual analog waveform

windows appear.

Analog Display Windows

The analog waveform windows appear within the Main Display window. The Main Display window appears to the
right of the analog waveforms and lists the file name, date and time the data was captured at the Protection Unit and
locations of the trigger point and the left and right cursors.

The left cursor is at the far left side of each analog waveform window and the right cursor is at the far right side. You
can “drag” the cursors by moving the mouse cursor close to the left or right cursors. Hold down the left mouse button
while dragging the left or right cursor to the desired position. Release the mouse button.

After you move the left or right cursor, the time value for that cursor changes in the parent window. Also, the cursor
position in all the other analog waveform windows mirrors your cursor movement. The trigger cursor cannot be
moved.

To resize an analog waveform window, move the mouse to the border on that window. A double-headed arrow
appears when the mouse is properly positioned. Hold down the left mouse button and drag the window border to the
desired position. Release the mouse button.

Each analog waveform window can be deleted. Simply click on the DELETE button in the window. That waveform
window disappears and the other waveform windows shift to take up the empty space.
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Menu Commands

Each menu on the Oscillographics Program Analysis Tool parent window has specific features.

Hardcopy Menu

Under the Hardcopy menu is the command “Print
Graph.” When you want to print a copy of the
window(s) you are viewing, select this command.

POWERview Oscillographic Analysis Tool © 1995 ABB Power TED Compan|
File EGEIGLGIOYE Assign Colors  Trace Overlay Scale Traces Select Status Trace Zoom

¢ Print Graph PRy Wi
W1 IB Amplitude @ CL ~ -.42
f t —

Main Display

File: [MATH |

J W1 IC Amplitude @ CL  -.00

& |E:\STIJNEY\IJSCILLU\A15IJP_1.[2‘
‘

Date: Time:

Assign Colors Menu
Use this menu to assign colors to the analog waveforms and the digital traces. This is especially helpful when you

overlay two waveforms.

When you select Analog or Digital Trace, a list of the

POWERview Oscillographic Analysis Tool @ 1995 ABB Power TED Company
File Hardcopy QEHSHLEMILIEN Trace Overlay Scale Traces Select Status Trace Zoom

 Analog lace Trace la
analog or digital traces appears. L Main Display
W1 IB Amplitude @ CL %’“E:;' T
. . . i Trace Ya
Click on the trace you want and a window with color i Trace Vb |——f | File:
patterns appears. Click on a color and select “OK.”  [Delete] i Ic Ampitade @ €L | Irace¥e 17| | [EASTONEV\DSCILLOwISOP. ]
Trace a 5
Trace W1 lb |—{f Date: Time:
|Delete] W1 IN Amplitude @ cL | lrace Wile |7 [ onso7s95 | [1z130a11]
=‘ Color Trace W1 In CL: CR:
Basic Colors: = /ﬂ\{\ ] Trace¥2la ] [0 ms | [13286ms |
Delete] W2 1A Amplitude @ CL Trace W2 Ib
Trace W2 Ic CR - CL: Trig:

LCustom Colors:

I O
I o

| Sobing Tustom Dolois I

(e

Trace Overlay Menu

Use the Trace Overlay menu to overlay any analog = POWERview Oscillographic Analysis Tool © 1895 ABB Power TD Company
waveform on any other analog waveform. This way you “File Hardcopy AssignColors Trace Overlay Scale Traces  Select Status Trace [P0

can directly compare the two. From the Trace Overlay .
. Delete] W1 1A Amplitude @ CL .00

menu, choose “Select From Existing Traces.” You can pfud: @ Zoom In

also use this menu to remove overlays. i /\{ / ' \

— DTS After selecting from the Trace Overlay menu, a window appears that requests
you to enter a base trace and an overlay trace. Enter each trace and select
“Enter.” The overlay trace appears in the window of the base trace. Enter other
traces as you desire and select “Done” when you are finished.

Zoom Out

Main Display

Base Wave Form

Owerlay Wave Form

NOTE: Only one waveform may be overlaid onto any base trace.

ENTER
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Scale Traces Menu

POWE feitw OSC oaraphit Analyels Tooi © 1955 ABE Power TED Comp You can scale analog waveforms to an Actual Scale or a
File_Hardcopy Assign Colors Trace Overly ESCIERIEERN selectstaus Trace_zoom  NOrmalized Scale. Actual Scale shows an analog
[Belete] Wi Th Ampliude @ CL 00 P p—— waveform in relation to the other six waveforms. When
p— = you choose Normalized Scale, the waveform is scaled
|Delete] WIIE Amplfde @ CL - 42 _J with respect to the largest amplitude for that waveform
! ‘L o only. In other words, the peaks expand to fit that individual

window. From the Scale Traces menu, select Actual
Scale or Normalized Scale. The program launches in Actual Scale.

Select Status Trace Menu
You can present digital input/output, pickup and fault

. POWERview Oscillographic Anabysis Tool @ 1995 ABB Power TED Companmy
File Hardecopy Assign Colors  Trace Overlay  Scale Traces EEERRESEITERIETCE Zoom

information in a window by using the Select Status [Delete] W1 1A Ampiitude @ CL_-.00 — Inpul Status
. .. 1 N _ r Output Status |,
Trace menu. Follow these steps to display digital - ™~ "~ 4 Fickup Status
information. |Detete] Wi I8 Amplitude @ CL -.42 . | Fault Status
I J- —H | File:

1. Select the digital information you want under the
menu.

2. A window appears with a list of the different

NO'WENvicw Oscilloaraphic Analysis Tool @ 1995 ABB Mowcr TED Compa

—| Sclect Nickup Status Trace Scale Traces  Select Statuc Trace  Zoom parameters measured. Click on the parameters you
[B7H High Set Unresirained Overcurrent — want. As you click on a parameter, a digital line appears
87T Differential Overcurent + ) Main Display . .
Db lgh Setlovestained Crocumcn W — in the graph window.
S1NH-1 WDG1 Ground Dvercurrent
SIH 1 WDG 13t Noual Intarsoneous Orcrouman— | I | Fil:
S0P- ] ozt Inslanl +
150P-1 WDG1 Znd Pl 0 [CASTONEVAOSTILLOWTS0P1 ] 3. Wh_en you have selected all the parameters you
- Dater Timer want, click on Done.
= Status Wave Form Display H
| 01/07/95 | |12:13;us.11|
_______________________________ CL: Ch:
FLUK-LE QUM WUE1H edtral Instantaneous Jvencurment +
i | 000.0 m= | | 132.86 ms |
FLEE-LE 870 DIerertial Uvereurmet + MR-l Tl-.J
i | 131.81 ms| | 25.01 ms |
Unit 1.D.
;
Delele| W2 IC Amplitude @ CL -00
1 | |
'7 W2 IG Amplilwle @ CL - -.42 &
P | |
Zoom Menu

Zooming in allows you to enlarge a selected portion of _ POWERview Oscillographic Analysis Tool © 1995 ABB Power T&D Company
the analog waveform. To do this, set the left and right M;:mﬁpmzd:@ju 1’?;;""""“ =S e o
cursors to the desired range. Then select “Zoom In” A ' )
from the “Zoom” menu. The portion you selected
enlarges. Use “Zoom Out” to return to the original size.

Main Display

Math Button

At the top of the Main Display window is a button marked “Math.” Press this button to perform math functions
associated with the analog waveforms.
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Spectral Analysis

The Spectral Analysis Tool window appears when you click on the Math button. By using this tool, you can create a
spectrum window for a selected region of waveform data.

Follow these steps to perform a spectral analysis:

1. Click on the Math button at the top of the Main Display window.
2. The Spectral Analysis Tool window appears.

3. Select the waveform you want by scrolling up or down in the "Waveform" box. Double-click on the desired
waveform. An extended cursor appears in place of the left cursor in the window of the selected waveform. (The
default is the uppermost waveform.)

4. Select the desired sample interval by scrolling up or down in the "Sample Interval" box. Double-click on the
interval you want. The extended cursor in the waveform window changes size accordingly. (Default = 32 or one
cycle for a 50-Hz or 60-Hz waveform.)

5. Move the extended cursor over the section of the waveform on which you want to perform the spectral analysis.
Do this by clicking on the left vertical of the cursor and dragging in the waveform window.

6. Click on the FFT (Fast Fourier Transformer) button in the Spectral Analysis Tool window. The Spectral Analysis
Display window appears with the generated spectrum. The harmonic content as a percentage of the fundamental
(50 or 60 Hz) appears in the Spectral Analysis Tool window for the harmonics (2nd to the 11th).

7. Asyou wish, move the cursor within the Spectral Analysis Display window by clicking the left mouse button in the
region you want. The cursor snaps to that position and the frequency appears in the "Frequency" box of the
Spectral Analysis Tool window.

8. Double-click on the upper left corner of the Spectral Analysis Display window to close it or click on "Done" in the
Spectral Analysis Tool window to remove the Spectral Analysis Display and Spectral Analysis Tool windows.

= POWERview Oscillographic Analysis Tool © 1995 ABB Power T&D Company
File Hardcopy Assign Colors Trace Overlay Scale Traces Select Status Trace Zoom

Delete] Wi 1A Amplitude @ CL -504.02

Spectral Analysis Tool
vAVA —
W1 1B Amplitude @ CL  -1.06 Harmonic Content
i | ) ) DONE % of Fundamental
[ 1 1
Delete] W1 IC Amplitude @ CL  -.00 Wave Form 2nd [16.30 %
— Wil In 3rd |8.55%
='| Spectral Analysis Display i + ath 3.68%
Vel in K FY Y
i Sample Interval  Gth |3.82 %
64 fth |2.73%
n ? +| g [250%
i +
9th |2.49%
Fr Y
AN -’ i 10th |2.07 %%
0.00 Hz
|Delete] W2 IC Amplitude @ CL 64 | ootz | 11w [rsew
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Customer-Programmable Curves

An external PC-based program, CurveGen, is used to create and program time-current curves for the TPU-2000R.
With CurveGen you can program time-overcurrent curves other than the ones currently provided in the TPU-2000R
(see Tables 1-1 and 1-2 ). You can manipulate the curves in the time and current domains just like any other curve
currently programmed into the TPU-2000R. CurveGen generates all of the necessary variables for the user-defined
curves to be stored in the TPU-2000R (i.e. the alpha’s, beta’s and pointers to the curve table). The method of
accomplishing this task is curve definition.

The standard curve entered into the TPU-2000R has the form of:

t= (ﬁ) +B M is the per-unit current above the pickup value
t is total trip time at M
A, p, C and B are variables to be defined.

To define the curve, you must define the variables in this equation. There are two ways to do this:

e Enter variables by hand: With the CurveGen program you can define all four variables by hand. This is designed
for users who do not want curves based on already established functions but instead are ready to define curves
through mathematical manipulation.

e Determine variables via curve fitting: Define a series of time versus current points and fit them to the standard
equation listed above.

With the CurveGen program you can enter these series of time/current points from an already defined curve. CurveGen
then fits the four variables to these points. There are two ways to enter these points into the CurveGen program:

e Enter all sampled points by hand. The ability to remove, sort, plot, edit and view points gives you total power over
the curve to be generated.

e File entry: CurveGen can also read files with points defined in them. The ability to remove, sort, plot, edit and
view points gives you total power over the curve to be generated.

Once all the points are entered, the CurveGen program is cued to fit a standard curve. After A, p, C and B have
been determined, you can plot the curve against the points given as well as determine the overall error of the
curve versus the plotted points.

After all four variables have been determined, you can generate a linear approximation of the curve. A maximum
error criteria must be satisfied before CurveGen can determine the coefficients needed for the TPU-2000R. Errors
and warnings indicate whether or not the error criteria can be met or if the number of entries in the curve table is
above the maximum value allowed.

When the curve tables have been defined by CurveGen, download them into the TPU-2000R. When you want to use
a customer-defined curve, select "Receive Prog Curve Data" from the Programmable Curve Menu in the External
Communications Program. After you have retrieved a curve file from a disk, you can download it into the TPU-2000R.

Programmable Curve Menu

Programmable Curve Menu —— By using the Programmable Curve Menu, you can send
Receive Ouercurrent Curve Data (transmit) curve data that you have created via the CurveGen
Iransmit Ouvercurrent Curve Data program from your computer to the TPU-2000R. You can also

Receive Differential Curve Data

Transmit Differential Curve Data download (receive) curve data fr.qm ’ghe TPU-2000R into your
Return computer for storage and for modification through the CurveGen
program.

Receive OC Data from Unit

To transmit or receive curve data, highlight the selection you

want and press Enter. Type in the curve’s filename (including all directories) and press Enter again. The curve data
is sent or retrieved as you selected.
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CurveGen Software Release 1.0

PC Requirements

386 processor or higher
Disk Space:

200K in specified Directory
6 MB in Windows/System Directory

Memory:
480K RAM in the lower 640K for setup

Installation

Step 1. Exit Windows™
Step 2: Type WIN at the c:\ prompt

Step 3: After you hit return, hold down the <SHIFT> key until Windows™ has completely booted up. This will
ensure that nothing in your startup file will interfere with the CurveGen installation.

Step 4: While in the windows desktop, insert disk 1 of 2 into drive a:
Step 5: Click on File

Step 6: Click on Run

Step 7: Type a:\setup and press enter

Step 8: Follow the installation instruction

Step 9: If you encounter errors during the installation, go into your windows/system directory and delete the
following files:

0C25.DLL COMDLG16.DLL TABCTL.OCX
THREED.OCX VCFI16.0CX

Repeat installation from Step 1.

When the installation is complete, Windows will reboot (no need to hold down the “SHIFT” key and CurveGen can
be run.

Using CurveGen

Click on the CurveGen 1.0 icon to run CurveGen. At this point, the user has two options. Curve coefficients can
be calculated by the software by manually entering data points.

The standard equations for timing curves are shown below:

Trip Time (ANSI) = (A/(MP-C)+B) x ((14n-5)/9)
Trip Time (IEC) = (A/(MP-C)+B) x n

Where A, B, C and P are the coefficients to be computed and/or entered
n = time dial

M = Relay current in multiples of tap setting

Optional Features 10-11



ABB Transformer Protection Unit 2000R

Computing Coefficients

Step 1:
Step 2:
Step 3:

Step 4:
Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

If desired, the user may enter a description in the Description field.
Under Standard, the user should select either ANSI curves or IEC curves.

Under the data entry method, the user should select Compute Coefficients. At this point, the Compute
Coefficients Tab towards the top of the screen should appear. Click this tab.

Using the mouse, place the cursor on Row 1, Column 1 (Current M)

Type the desired multiple of tap, M, and press the TAB key. Now type the corresponding time. Press the
TAB key again to enter a second point. Continue until at least 5 data points are keyed in (100 points
max). Please note that whether you are using ANSI or IEC type curves, the points you enter are
equivalent to a time dial of 1.

After all points are entered, click on solve. The computed coefficients will appear on the screen. In order
to see these points on a graph, hit the Apply button.

Click on the Relay Data tab. At this point, you'll see that the coefficients previously calculated appear
under Coefficients. Under Curve Series, select default. Time dial 1 through 10 should appear on the
screen for ANSI or 0.05 to 1 for IEC. Any combination of valid time dials can be used.

Select Apply. At this point, a graph will appear on the screen. The graph format can be changed by
selecting different options under the Graph menu at the top of the screen. The Curves can also be
printed for a clearer view.

If you are satisfied with the results, select Save As under File and Type in a filename with a .crv
extension. This is the file to be used when downloading curves to your 2000R relay.

The user also has the ability to save the worksheet. To do this, select Save Worksheet As under File
and type in a filename with a .wrk extension.

Manually Entering Coefficients

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Step 6:

Step 7:

Step 8:

If desired, the user may enter a description in the Description field.
Under Standard, select ANSI or IEC.

Under Data Entry Method select Manually Enter Coefficients.
The user can now enter the known coefficients A, B, C and P.

Under Curve Series, select Default. Time dial 1 through 10 should appear on the screen for ANSI or
0.05 to 1 for IEC. Any combination of valid time dials can be used.

Select Apply. At this point, a graph will appear on the screen. The graph format can be changed by
selecting different options under the Graph menu at the top of the screen. The Curves can also be
printed for a clearer view.

If you are satisfied with the results, select Save As under File and type in a filename with a .crv
extension. This is the file to be used when downloading curves to your 2000R relay.

the user also has the ability to save the worksheet. to do this select Save Worksheet As under File and
type in a filename with a .wrk extention.
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Figure 11-1. Typical External Connections for 2 Winding Relay

11-1

Relay Applications



ABB Transformer Protection Unit 2000R

301S MO1 ® )
¥0 30IS HOIH ;i
YINYOISNVYL OL 4" ﬁ
= g
- ?
g e +_-o_| +~-<_| +~-m_| +~-o_| +n-<_| +n-m_| +n-o_| . 9wl o el w N.m\ ”wuww .v%wmé,_wwm_
OND
e NS © woa

¥ €9 TS 1S 05 o6 8 L 9 S¥ vy g ¥

XdiyL %) L0 *Z 1IN0 € 1IN0 v 1IN0 S Lo 9 1n0

rh fh fh fh il fh fh

or 6f 8¢ /& 9¢ Gf ¥ ££ T¢& If

NyvIv
AD3HI-JT3S 9 ¢ ¥ ¢ T ] NON J0A

g NI LN N N NN NN -NOD
_|_T_|\_\_\|_|+|+++++++||+

Y A I I
@___®___®___®___®___®___®___®___®___®___®___®___®___®_

N A A I I
_®___8___8___8___8___6__@___9___®___®___®___®___®___®___®___®_

0g| 6| 82| cZ| 9| SC| ¥ €T W 1z O 6L 8L L

JRIL INJYINIYIAO 3QIS MOT = ZINO
diLl IN3YYNOY3IA0 30IS HOH = }INO

“O'N ¥0 "O'N 318vLI313S
NOIV¥NIIINOD LOVINOD TWNOILJO = *

9 SH W € a )y o0 6 8 L 9 S ¥ £ T |

v ¢9 09 89 9§
0000
Olssssslo

0O0O0OO0OOOOOOO

€9 19 6S LS &S

[oJeJoJe} 0000
Ofssaselo  Ofsesselo

Z NOD } OO

2 % 3 % o
9% =28 -3
98 0 2
=26 =28
M M WYYV ¥3SN ¥3HIO
- o 40 YOLVIONNNNY
1

()
YIMOd TOHINOD 90
(+)

Figure 11-2. Typical External Connections 3 Winding Relay
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TPU-2000R Configuration Settings: IN-1 1G-2
Winding 1 CT = Wye —47 39

Winding 2 CT = Wye
Transformer = Deltal — Wye2
Phase Compensation = 330°

Figure 11-3. Delta-Wye Power Transformer and Wye-Wye Current Transformer Configuration
(2 Winding Relay)
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Figure 11-4. Delta-Wye Power Transformer and Wye-Delta Current Transformer Configuration
(2 Winding Relay)
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Figure 11-5. Delta - Delta Transformer with Wye Wye CTs
(2 Winding Relay)
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Figure 11-6. Wye-Delta Power Transformer with Wye-Wye Current Transformer Configuration
(2 Winding Relay)
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Table 11-1. Minimum Required Connections for 2 Winding TPU2000R

Required Connections Terminals

Control Voltage Input Positive: 1; Negative: 2; Common Negative: 3*

Current Input Winding 1 Phase A | IA-1: 54(+) and 53(—

Current Input Winding 1 Phase B | IB-1: 52(+) and 51(—

(+)

(+)

Current Input Winding 1 Phase C | IC-1: 50(+) and 49(-)

Current Input Winding 1 Neutral IN-1: 48(+) and 47(-)
(+) (
(+)
(

Current Input Winding 2 Phase A | IA-2: 46(+) and 45(-)
Current Input Winding 2 Phase B | IB-2: 44(+) and 43(-)

Current Input Winding 2 Phase C | IC-2: 42(+) and 41(-)

Current Input Winding 2 Ground 1G-2: 40(+) and 39(-)

TRIP Output Contact 29 and 30 (N.O./N.C. jumper # J6 on mother board)
SELF-CHECK ALARM Contacts |15 and16 N.O.; 15 and 14 N.C. (TPU-2000R powered down)

Table 11-2. Minimum Required Connections for 3 Winding TPU2000R

Required Connections Terminals
Control Voltage Input Positive: 1; Negative: 2; Common Negative: 3*
Current Input Winding 1 Phase A | IA-1: 54(+) and 53(-)
Current Input Winding 1 Phase B | IB-1: 52(+) and 51(-)
Current Input Winding 1 Phase C | IC-1: 50(+) and 49(-)
Current Input Winding 2 Phase A | IA-2: 48(+) and 47(-)
Current Input Winding 2 Phase B | IB-2: 46(+) and 45(-)
Current Input Winding 2 Phase C | IC-2: 44(+) and 43(-)
# |[Current Input Winding 3 Phase A | IA-3: 42(+) and 41(-)
# |Current Input Winding 3 Phase B | IB-3: 40(+) and 39(-)
# |Current Input Winding 3 Phase C | IC-3: 38(+) and 37(-)
Current Input Ground IG : 36(+) and 35(-)
TRIP Output Contact 29 and 30 (N.O./N.C. jumper # J6 on mother board)

SELF-CHECK ALARM Contacts [15and 16 N.O.; 15 and 14 N.C. (TPU-2000R powered down)

NOTE: A three winding TPU2000R can be used as a two winding unit by not wiring CT
connections to the third winding.
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Table 11-3. Other Connections

Connection

Terminal

Programmable Inputs
(Default Assignments)

Contact Input Number 1 IN 1; 4(+)
Contact Input Number 2 IN 2; 5(+)
Contact Input Number 3 IN 3; 6(+)
Contact Input Number 4 IN 4; 7(+)
Contact Input Number 5 IN 5; 8(+)
ALT1 (Alternate 1) Settings IN 6; 9(+)
ALT2 (Alternate 2) Settings IN7;10 & 11
Contact Input Number 8 IN8;12 & 13

Programmable Outputs
(Default Assignments)

Overcurrent Winding 1 Trip 51/50/150P/N and 46

Output 1, 27 and 28 (N.O./N.C., jumper # J7 on mother board

Overcurrent Winding 2 Trip 51/50/150P/G and 46

Output 2, 25 and 26 (N.O./N.C.; jumper # J8 on mother board

DIFF TRIP 87T/87H

Output 3; 23 and 24

2nd Harmonic Restraint Alarm 2HROA

Output 4; 21 and 22

Trip Failure Alarm (TFA)

Output 5; 19 and 20

Pickup and Through Fault Alarm (PUA/THRUFA)

Output 6; 17 and18

11-14
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Maintenance and Testing

Because of its continuous self-testing, the TPU-2000R requires no routine maintenance. However, you can conduct
testing to verify proper operation. ABB recommends that an inoperative unit be returned to the factory for repair. If
you need to return a unit, contact your local ABB sales office for a return authorization number.

High-Potential Tests

High-potential tests are not recommended. If a control wire insulation test is required, completely withdraw the
TPU-2000R from its case and perform only a DC high-potential test.

Withdrawing the TPU-2000R Electronics from the Case

The TPU-2000R can be disassembled to install optional equipment or to change jumper settings of the selectable
output contacts, between normally open (NO) and normally closed (NC).

With exception of the CTs and burden board, you can totally withdraw the TPU-2000R from its case.
Follow these steps to disassemble the unit:

WARNING: Removal of the relay from the case exposes the user to dangerous voltages. Use extreme care.
Do not insert hands or other foreign objects into the case.

1. Loosen the knurled screws on the face of the TPU-2000R and gently remove the face and attached circuit board
by grasping the knurled screws and pulling the unit straight forward. Pulling the board out at an angle or otherwise
stressing the board on extraction may damage the unit. Once removed from the case, position the unit face
down on a static secured mat.

2. Install the desired options according to the instructions provided with those options. The output relays are on
the top-left-rear section of the board (when viewed from the front) under the metal shield. Movable jumper links
alongside the output relays set the selectable output contacts to normally open (NO) or normally closed (NC). To
access the jumper links it is necessary to remove the shield, which is secured by a screw and 1/4" PCB mounting
stud. If an AUX COM board is installed, it will be necessary to remove the board completely to allow access to
the shield.

3. To reinstall the unit into the case, carefully align and insert the lips on both sides of the board into the guide rails
on the inside walls of the case and gently push the unit straight inward until it fully seats in the case. Secure the
knurled screws.

Routine System Verification Tests

Besides continuously monitoring a Self-Check output contact, perform routine hardware tests to verify that the TPU-
2000R is functioning properly. Run these tests via the MMI or via the communications port and the External
Communications Program. The tests are:

1. Confirm pass/fail status of each Self-Check element by using the Test Menu.

2. Confirm continuity of current and voltage through each input sensor by using the Meter Menu.

3. Confirm continuity through each optically isolated contact input for both the opened and closed condition by
using the Test Menu.

4. Verify operation of each output contact by using the Test Menu.

5. Confirm that all relay settings are correct by using the Show Settings Menu.

6. Check the Fault and Operation Records for proper sequential operation.

Maintenance and Testing 12-1
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TPU-2000R Acceptance Tests
Required Equipment

* Active 2 phase AC voltage and high current source with timer.
* |IBM or equivalent computer with available serial port and null modem communications cable.

Settings

The following tests were written to verify proper relay operation after it is received from the factory. They are
assumed to be performed on the factory default settings. Table 12-1 lists the factory default settings to be tested.
Some settings in the TPU-2000R will not be listed in the table and are not needed for testing purposes. The
values shown in parentheses (x.xx) are the values for 1 ampere rated units.

to download factory settings to an in service unit for testing, follow the procedure below:

Saving and Downloading Settings

Saving Factory Settings to a File:

1. With an IBM PC or compatible computer, load and execute the TPU-2000R External Communication Program
(ECP). Do not connect the PC to the TPU-2000R at this time.

Select the monitor type and press “Enter”.
Press “Enter” after reading header.
4. The “Communications Options” menu should appear. It should read:

w D

Serial Communications Port: COM1 (or whichever will be used on your PC)
Baud Rate: 9600

Frame N-8-1

TPU Address 001

Highlight “Return to Main Menu” and press “Enter”.

The “Communications Status” menu should appear. Select “Continue Without Connecting” and press “Enter”.
Enter the relay catalog number and press “Enter”.

Select “Change Settings” and press “Enter”.

9. Select “Primary Settings” and press “Enter”.

10. Select “Get Data From Disk” and press “Enter”.

11. Select “Don’t Read From Disk” and press “Enter”.

12. The default settings should appear. Press the “Esc” key to exit.

13. Select “Save Data to Disk” and press “Enter”.

14. Enter the desired file name for the factory default settings such as DEFAULT.PRI.
15. Select “Save on Disk” and press “Enter”.

16. Press the “Esc” key until the main menu appears.

17. Select “Quit Program” and press “Enter”.

© N O

Saving Existing (in-service) Settings to a File:

1. Connect the TPU-2000R to the PC at this time. Load and execute the TPU-2000R External Communication
Program (ECP).

2. Select the monitor type and press “Enter”.

3. Press “Enter” after reading header.

12-2 Maintenance and Testing
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7.
8.
9

10.
11.
12.
13.
14.
15.

The “Communications Options” menu should appear. It should read:

Serial Communications Port: COM1 (or whichever will be used on your PC)
Baud Rate: 9600

Frame N-8-1

TPU Address 001

Highlight “Return to Main Menu” and press “Enter”.

The “Successful Connection to TPU-2000R” screen should appear. This contains the relay information includ-
ing: division code, D, catalog number, serial number and prom versions.

Press “Enter”.

Select “Change Settings” and press “Enter”.

Select “Primary Settings” and press “Enter”.

Select “Get Data From TPU-2000R” and press “Enter”.

The TPU-2000R settings should appear. Press the “Esc” key.

Select “Save Data to Disk” and press “Enter”.

Enter the desired file name for the actual settings such as ACTUAL.PRI.

Select “Save on Disk” and press “Enter”.

Press the “Esc” key until the main menu appears and select “Quit Program” to exit.

Sending Settings to the Relay From a File:

1.

oo

10.
11.
12.
13.
14.

15.

Connect the TPU-2000R to the PC at this time. Load and execute the TPU-2000R External Communication
Program (ECP).

Select the monitor type and press “Enter”.

Press “Enter” after reading header.

The “Communications Options” menu should appear. It should read:

Serial Communications Port: COM1 (or whichever will be used on your PC)
Baud Rate: 9600

Frame N-8-1

TPU Address 001

Highlight “Return to Main Menu” and press “Enter”.

The “Successful Connection to TPU-2000R” screen should appear. This contains the relay information includ-
ing: division code, ID, catalog number, serial number and prom versions.

Press “Enter”.

Select “Change Settings” and press “Enter”.

Select ““Primary Settings” and press “Enter”.

Select “Get Data From Disk” and press “Enter”.

Enter the filename, select “Read from Disk” and press “Enter”. The file settings should appear.

Press the “Esc” key and select “Send Data to TPU-2000R” and press “Enter”.

Enter the relay password (factory password = four spaces) and press “Enter”.

The ECP will display “Communicating with TPU-2000R Please Wait” then return to the Change settings menu.
Press the “Esc” key until the main menu appears and select “Quit Program” to exit.
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Table 12-1. Primary Settings (Factory Default)

Function Primary Setting Default Setting
Curve Selection % Slope
Minimum Operating Current 0.2 per unit
Percent Slope 30%
87T
Restraint Mode 2nd Harmonic
Percent Slope 15%
% 2nd Harmonic Restraint
87H Pickup Setting 6.0 per unit
Winding 1 Settings
87T-1 Winding 1 Tap 6.0 (1.2) amps
Curve Selection Extremely Inverse
51P-1 .
Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50P-1
Pickup Multiple of 51P-1 3.0
150P-1 Selection Disable
46-1 Curve Selection Disable
Curve Selection Extremely Inverse
51N-1 .
Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50N-1 Pickup Multiple of 51P-2 3.0
150N-1 Selection Disable
Level Detector-1 Pickup Multiple of 51P-1 Disable

Winding 2 Settings

87T-2 Winding 2 Tap 6.0 (1.2) amps
Curve Selection Extremely Inverse
51P-2 Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50P-2
Pickup Multiple of 51P-2 3.0
150P-2 Selection Disable
46-2 Curve Selection Disable
Curve Selection Extremely Inverse
51G-2 (2w) Pickup Amps 6.0 (1.2) amps
S1N-2 (3w) Time Dial 5.0
50G-2 (2w) Curve Selection Standard
50N-2 (3w) Pickup Multiple of 51P-2 3.0
ggﬁ; ((g\\/’vv)) Selection Disable
Distrubance-2 Pickup Multiple of 51P-2 3.0
Level Detector-2 Pickup Multiple of 51P-2 Disable

12-4
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Table 12-1. Primary Settings (Factory Default) continued

Winding 3 Settings (if applicable)

87T-3 Winding 3 Tap 6.0 (1.2) amps
Curve Selection Extremely Inverse
51P-3 Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50P-3 Pickup Multiple of 51P-3 3.0
Time Dial 5.0
150P-3 Selection Disable
46-3 Curve Selection Disable
Curve Selection Extremely Inverse
51N-3 Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50N-3 Pickup Multiple of 51P-3 3.0
Time Dial 2.0
150N-3 Selection Disable
Disturbance-3 Pickup Multiple of 51P-3 3.0
Level Detector-3 | Pickup Multiple of 51P-3 Disable

Ground Settings (3 winding TPU2000R only)

Curve Selection

Extremely Inverse

51G Pickup Amps 6.0 (1.2) amps
Time Dial 5.0
Curve Selection Standard
50G - -
Pickup Multiple of 51P-3 3.0
150G Selection Disable

Testing The 2 Winding TPU-2000R

Change the following CONFIGURATION settings from the factory default for all tests:

* Transformer Configuration
e Phase Compensation

Tnfr Cfg
Phase Comp

Deltai-Delta 2
0

Maintenance and Testing
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Differential Tests

Test 1: Testing the 87T Differential Unit Minimum Pickup:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 6.0
87T-2 Tap Selection 87T-2 = 6.0

Make the test connections as shown in Figure 12-1 for the 87T phase pairs to be tested. Set the primary and
secondary currents to 0.50 (0.10) amperes RMS. Set the primary and secondary current source angles to 0
degrees.

Apply the currents. Slowly raise only the secondary current from 0.50 (0.10) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the secondary current reaches 0.70 (0.14) amperes RMS + 3%.

Test 2: Testing the 87T Differential Unit With Adjustable Percent Slope Setting:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0

Make the test connections as shown in Figure 12-1 for the 87T phase pairs to be tested. Set the primary and
secondary currents to 6.00 (1.20) amperes RMS. Set the secondary current source angle to 180 degrees.

Apply the currents. Slowly raise only the secondary current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the secondary current reaches 7.80 (1.56) amperes RMS + 3% .

Tests 3: Testing the 87T Differential Unit With Fixed 25% Slope Setting:

87T Selection 87T Select = 25 % Tap
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0

Make the test connections as shown in Figure 12-1 for the 87T phase pairs to be tested. Set the primary and
secondary currents to 6.00 (1.20) amperes RMS. Set the secondary current source angle to 180 degrees.

Apply the currents. Slowly raise only the secondary current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the secondary current reaches 7.60 (1.52) amperes RMS + 3% .

Tests 4: Testing the 87T Differential Unit With HU 30% Slope Setting:

87T Selection 87T Select = HU 30%
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0

Make the test connections as shown in Figure 12-1 for the 87T phase pairs to be tested. Set the primary and
secondary currents to 6.00 (1.20) amperes RMS. Set the secondary current source angle to 180 degrees.

Apply the currents. Slowly lower only the secondary current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the secondary current reaches 4.70 (0.94) amperes RMS + 3% .
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Test 5: Testing the 87T Differential Unit With Harmonic Restraint:

(This test requires a current source with synchronized adjustable frequency sources.)

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0

Make the test connections as shown in Figure 12-1 for the 87T HARM phase pairs to be tested (both sources
synchronized and in parallel). Set current source 1 to 6.00 (1.20) amperes RMS at 0 degrees 60 Hz. Set current
source 2 to 1.00 (0.20) amperes RMS at 0 degrees 120 Hz.

Apply the currents. The TPU-2000R display should read “Trip Restrained”. Slowly lower only current source 2
from 1.00 (0.20) amperes RMS until the relay trips. The contact monitor should indicate a closed contact. The
“Differential” target along with the phase target should light. This should occur when current source 2 is between
0.90 (0.18) and 0.80 (0.16) amperes RMS.

Test 6: Testing the 87H Differential Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
51P-1 Selection 51P-1 = Disable
51P-2 Selection 51P-2 = Disable
51N-1 Selection 51N-1 = Disable
51G-2 Selection 51G-2 = Disable

Make the test connections as shown in Figure 12-1 for the 87H phase pairs to be tested. Set current source 1 to
11.0 (2.2) amperes RMS at 60 Hz. Set current source 2 to 11.0 (2.2) amperes RMS at 120 Hz (both sources
synchronized and in parallel).

Suddenly apply the current for 1 second. The TPU2000R Relay should read “Trip Restrained.”

Set the current source 1 to 13.0 (2.6) amperes RMS at 60 Hz. Set current source 2 to 13.0 A at 120 Hz.
Suddenly apply the current for 1 second. The relay should trip. The contact monitor should indicate a closed
contact. The “Differential” target along with the phase target light. Go to the fault records and verify that the last
trip was initiated by the 87H unit.

Repeat the test for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the
current and review your set up.
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Phase Overcurrent Tests

Test 7: Testing the Winding 1 51P-1 Phase Time-Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-1 Selection 51P-1 = Extreme Inv
50P-1 Selection 50P-1 = Disable

Make the test connections as shown in Figure 12-1 for the 51P-1 phase pairs to be tested. Set the current source
to 12.0 (2.40) amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51P-1 unit should trip in 15.6 seconds + 7%. The Time and Phase targets should light.
Repeat the test for all of the phase pairs listed in Table 12-2.

Test 8: Testing the Winding 2 51P-2 Phase Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:]

87T Selection 87T Select = Disable
51P-2 Selection 51P-2 = Extreme Inv
50P-2 Selection 50P-2 = Disable

Make the test connections as shown in Figure 12-1 for the 51P-2 phase pairs to be tested. Set the current source
to 12.0 (2.40) amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51P-2 unit should trip in 15.6 seconds + 7%. The Time and Phase targets should light.
Repeat the test for all of the phase pairs listed in Table 12-2.

Test 9: Testing the Winding 1 150P-1 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-1 Selection 51P-1 = Extreme Inv
50P-1 Selection 50P-1 = Disable
150P-1 Selection 150P-1 = Enable

Make the test connections as shown in Figure 12-1 for the 150P-1 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

# Apply the current for 1 second. The 150P-1 unit should trip in 0.10 +.016 seconds. The Instantaneous and Phase
targets should light.

Repeat the test for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.
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Test 10: Testing the Winding 2 150P-2 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-2 Selection 51P-2 = Extreme Inv
50P-2 Selection 50P-2 = Disable
150P-2 Selection 150P-2 = Enable

Make the test connections as shown in Figure 12-1 for the 150P-2 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150P-2 unit should trip in 0.10 +.016 seconds. The Instantaneous and Phase
targets should light.

Repeat the test for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 11: Testing the Winding 1 50P-1 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50P-1 Selection 50P-1 = Standard
150P-1 Selection 150P-1 = Disable

Make the test connections as shown in Figure 12-1 for the 50P-1 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50P-1 unit should trip instantaneously (minimal delay). The Instantaneous and
Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.
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Test 12: Testing the Winding 2 50P-2 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50P-2 Selection 50P-2 = Standard
150P-2 Selection 150P-2 = Disable

Make the test connections as shown in Figure 12-1 for the 50P-2 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50P-2 unit should trip instantaneously (minimal delay). The Instantaneous
and Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Ground Overcurrent Tests

Test 13: Testing the Winding 1 50N-1 Ground Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
150N-1 Selection 150N-1 = Disable

Make the test connections as shown in Figure 12-1 for the 50N-1 unit. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50N-1 unit should trip instantaneously (minimal delay). The Instantaneous
and Neutral (N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.
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Test 14: Testing the Winding 2 50G-2 Ground Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
150G-2 Selection 150G-2 = Disable

Make the test connections as shown in Figure 12-1 for the 50G-2 unit. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50G-2 unit should trip instantaneously (minimal delay). The Instantaneous
and Ground (G-2) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 15: Testing the Winding 1 51N-1 Neutral Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-1 Selection 50N-1 = Disable
150N-1 Selection 150N-1 = Disable

Make the test connections as shown in Figure 12-1 for the 51N-1 unit. Set the current source to 12.0 (2.40)
amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51N-1 unit should trip in 15.6 seconds + 7%. The Time and Neutral (N-1) targets should
light.

Test 16: Testing the Winding 2 51G-2 Ground Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50G-2 Selection 50G-2 = Disable
150G-2 Selection 150G-2 = Disable

Make the test connections as shown in Figure 12-1 for the 51G-2 unit. Set the current source to 12.00 (2.4)
amperes RMS (2*pickup). Set the timer to start upon application of current.

Apply the current. The 51G-2 unit should trip in 15.6 seconds + 7%. The Time and Ground (G) targets should
light.
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Test 17: Testing the Winding 1 150N-1 Neutral Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-1 Selection 50N-1 = Disable
150N-1 Selection 150N-1 = Enable

Make the test connections as shown in Figure 12-1 for the 150N-1 test. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150N-1 unit should trip in 0.10 +.01 seconds. The Instantaneous and Neutral
(N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 18: Testing the Winding 2 150G-2 Ground Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50G-2 Selection 50G-2 = Disable
150G-2 Selection 150G-2 = Enable

Make the test connections as shown in Figure 12-1 for the 150G-2 test. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150G-2 unit should trip in 0.10 +.01 seconds. The Instantaneous and Ground
(G) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Negative Sequence Tests

Test 19: Testing the Winding 1 46-1 Negative Sequence Time-Overcurrent Unit:
(This test requires a current test source capable of at least 40 (8.0) amperes RMS.)

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
46-1 Selection 46-1 = Extreme Inv
51P-1 Selection 51P-1 = Disable
150N-1 Selection 150N-1 = Disable

Make the test connections as shown in Figure 12-1 for the 46-1 unit. Set the current source to 36.0 (7.2)
amperes RMS (2 x pickup single phase mode). Set the timer to start upon application of current.

Apply the current and remove it as soon as the relay trips. The 46-1 unit should trip in 15.6 seconds + 7%. The
Negative Sequence target should light. Allow the relay to cool for 3 minutes before proceeding.
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Repeat the tests for all of the phase pairs listed in Table 12-2.
CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current

and review your set up.

Test 20: Testing the Winding 2 46-2 Negative Sequence Time-Overcurrent Unit:
(This test requires a current test source capable of at least 40 (8.0) amperes RMS.)

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
46-1 Selection 46-2 = Extreme Inv
51P-1 Selection 51P-2 = Disable
150N-1 Selection 150N-2 = Disable

Make the test connections as shown in Figure 12-1 for the 46-2 unit. Set the current source to 36.0 (7.2)
amperes RMS (2 x pickup single phase mode). Set the timer to start upon application of current.

Apply the current and remove it as soon as the relay trips. The 46-2 unit should trip in 15.6 seconds + 7%. The
Negative Sequence target should light. Allow the relay to cool for 3 minutes before proceeding.

Repeat the tests for all of the phase pairs listed in Table 12-2.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 21: Metering Tests:

Set the current source to 1.00 amperes RMS. Apply the current to each current input on the TPU-2000R and
watch the metering on the front panel display or ECP program. The values seen should be 100 + 6 amperes
RMS.

Restoration of Settings:
Verify or change the PRIMARY settings to return to the factory defaults listed in Table 12-1.

Change the following CONFIGURATION settings to return to the factory default:

Transformer Configuration Tnfr Cfg = Del1-Wye2
Phase Compensation Phase Comp 30

IMPORTANT: To return the unit to service, the settings must be restored to the in-service values. Follow the
procedure outlined at the beginning of this section. If the unit is not to be placed into service, the
factory default settings should be restored. This can be down by downloading a previously saved
default file or by manually checking each setting.
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Figure 12-1. TPU-2000R Test Connections
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Function Phase Connections
Test Under Inputs Expected Tested
Number Test Under Test Value Value
Q R S T TIMER
1A-1 1A-2 54 46 53 45 — — 0.7 (0.14) amperes + 3%
87T
#1 [ Minimum B-1 B2 | 52 44 51 43 — - 0.7 (0.14) amperes +3%
Operate
IC-1 Ic2 | 50 42 49 41 - — 0.7 (0.14) amperes +3%
A1 1A2 | 54 46 53 45 — — 7.8 (1.56) amperes +3%
4 | 87T
% Slope B-1 B2 | 52 44 51 43 — — 7.8 (1.56) amperes +3%
IC-1 1Ic2 | 50 42 49 41 — — 7.8 (1.56) amperes +3%
A1 1A2 | 54 46 53 45 — — 7.6 (1.52) amperes +3%
87T
#3 ;'gf,zd B-1 B2 | 52 44 51 43 — | — | 7.6(1.52)amperes +3%
IC-1 I1Ic2 | 50 42 49 41 — — 7.6 (1.52) amperes +3%
1A-1 1A-2 54 46 53 45 — — 4.7 (0.94) amperes + 3%
44 87T
HU 30% B-1 B2 | 52 44 51 43 — — 4.7 (0.94) amperes +3%
IC-1 Ic2 | 50 42 49 41 — — 4.7 (0.94) amperes +3%
IA-1 54 54 53 53 — — 0.72 (0.144) - 1.08 (0.216)
IB-1 52 52 51 51 — — 0.72 (0.144) - 1.08 (0.216)
IC-1 50 50 49 49 — — 0.72 (0.144) - 1.08 (0.216)
#5 87T
HARM
IA-2 46 46 45 45 — — 0.72 (0.144) - 1.08 (0.216)
IB-2 44 44 43 43 — — 0.72 (0.144) - 1.08 (0.216)
IC-2 42 42 41 41 — — 0.72 (0.144) - 1.08 (0.216)
IA-1 54 54 53 53 — — 12 (2.4) £ 0.84 (0.17)
IB-1 52 52 51 51 — — 12 (2.4) £ 0.84 (0.17)
IC-1 50 50 49 49 — — 12 (2.4) +0.84 (0.17)
#6 87H
IA-2 46 46 45 45 — — 12 (2.4) + 0.84 (0.17)
IB-2 44 44 43 43 — — 12 (2.4) +0.84 (0.17)
IC-2 42 42 41 41 — — 12 (2.4) +0.84 (0.17)

Table 12-2. Test Connections
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Function Phase Connections
Test Under Inputs Expected Tested
Number Test Under Test Q S T TIMER Value Value
1A-1 54 53 — 27 28 15.6 sec. £+ 7%

7 51P-1 1B-1 52 51 — 27 28 15.6 sec. +7%
1C-1 50 49 — 27 28 15.6 sec. + 7%
1A-2 46 45 — 25 26 15.6 sec. + 7%

8 51P-2 IB-2 44 43 — 25 26 15.6 sec. £ 7%
IC-2 42 41 — 25 26 15.6 sec. + 7%
1A-1 54 53 — 27 28 0.10 + 0.016 sec.

9 150P-1 | 1B 52 51 — | 21 | 28 0.10 + 0.016 sec.
1C-1 50 49 - 27 28 0.10 £ 0.016 sec.
1A-2 46 45 — 25 26 0.10 £0.016 sec.

10| 18502 g, 44 43 | — | 25 | 26 | 010£0016sec.
IC-2 42 41 - 25 26 0.10 £ 0.016 sec.
1A-1 54 53 - 27 28 Instantaneous

11 50P-1 IB-1 52 51 - 27 28 Instantaneous
IC-1 50 49 — 27 28 Instantaneous
1A-2 46 45 - 25 26 Instantaneous

12 50P-2 1B-2 44 43 — 25 26 Instantaneous
IC-2 42 41 — 25 26 Instantaneous

13 50N-1 IN-1 48 47 — 27 28 Instantaneous

14 50G-2 1G-2 40 39 — 25 26 Instantaneous

15 51N-1 IN-1 48 47 - 27 28 15.6 sec. £+ 7%

16 51G-2 1G-2 40 39 — 25 26 15.6 sec. £+ 7%

#17 150N-1 IN-1 48 47 — 27 28 0.10 £ 0.016 sec

#18 150G-2 1G-2 40 39 — 25 26 0.10 £ 0.016 sec.
1A-1 54 53 — 27 28 15.6 sec. £+ 7%

19 46-1 1B-1 52 51 — 27 28 15.6 sec. £+ 7%
1C-1 50 49 - 27 28 15.6 sec. + 7%
1A-2 46 45 - 25 26 15.6 sec. £+ 7%

20 46-2 IB-2 44 43 - 25 26 15.6 sec. + 7%
IC-2 42 41 — 25 26 15.6 sec. £+ 7%
1A-1 54 53 — — — 100 + 6 amperes
1B-1 52 51 — — — 100 + 6 amperes
1C-1 50 49 — — — 100 + 6 amperes

21 Metering IN-1 48 47 — — — 100 + 6 amperes
1A-2 46 45 — — — 100 * 6 amperes
1B-2 44 43 — - — 100 + 6 amperes
IC-2 42 41 - - - 100 *+ 6 amperes
1G-2 40 39 - - — 100 + 6 amperes

Table 12-2. Test Connections (continued)
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Testing The 3 Winding TPU-2000R
Change the following CONFIGURATION settings from the factory default for tests 1-4:

e Transformer Configuration  Tnfr Cfg = Delta1-Delta 2-Delta3
¢ Phase Compensation Phase Comp 1-2 = 0°
Phase comp 1-3 = 0°
Differential Tests
Test 1: Testing the 87T Differential Unit Minimum Pickup:
87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 6.0
87T-2 Tap Selection 87T-2 = 6.0
87T-3 Tap Selection 87T-3 = 6.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set the winding 1 and
winding 2 currents to 0.50 (0.10) amperes RMS. Set the winding 1 and winding 2 current source angles to 0
degrees.

Apply the currents. Slowly raise only the winding 2 current from 0.50 (0.10) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 2 current reaches 0.70 (0.14) amperes RMS + 3%.

Repeat this test for all phase pairs listed in Table 12-3.

Tests 2: Testing the 87T Differential Unit With Adjustable Percent Slope Setting:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set winding 1 and
winding 2 currents to 6.00 (1.20) amperes RMS. Set the winding 2 current source angle to 180 degrees.

Apply the currents. Slowly raise only the winding 2 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when winding 2 current reaches 7.80 (1.56) amperes RMS + 3% .

Repeat this test for all phase pairs listed in table 12-3.

Tests 3: Testing the 87T Differential Unit With Fixed Setting:

87T Selection 87T Select = 25% Tap
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set winding 1 and
winding 2 currents to 6.00 (1.20) amperes RMS. Set the winding 2 current source angle to 180 degrees.

Apply the currents. Slowly raise only the winding 2 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 2 current reaches 7.60 (1.52) amperes RMS + 3% .

*Repeat this test for all phase pairs listed in Table 12-3.
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Tests 4: Testing the 87T Differential Unit With HU30% Setting:

87T Selection 87T Select = HU 30%
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections in as shown in Figure 12-2 for the 87T phase pairs to be tested. Set winding 1 and
winding 2 currents to 6.00 (1.20) amperes RMS. Set the winding 2 current source angle to 180 degrees.

Apply the currents. Slowly lower only the winding 2 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 2 current reaches 4.70 (0.94) amperes RMS + 3% .

*Repeat this test for all phase pairs listed in Table 12-3.

Test 5: Testing the 87T Differential Unit With Harmonic Restraint:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 6.0
87T-2 Tap Selection 87T-2 = 6.0
87T-3 Tap Selection 87T-3 = 6.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set winding 1 and
winding 3 currents to 0.50 (0.10) amperes RMS. Set the winding 1 and winding 3 current source angles to 0
degrees.

Apply the currents. Slowly raise only the winding 3 current from 0.50 (0.10) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 3 current reaches 0.70 (0.14) amperes RMS + 3%.

*Repeat this test for all phase pairs listed in Table 12-3.

Test 6: Testing the 87T Differential Unit With Adjustable Percent Slope Setting:

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set the winding 1 and
winding 3 currents to 6.00 (1.20) amperes RMS. Set the winding 3 current source angle to 180 degrees.

Apply the currents. Slowly raise only the winding 3 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 3 current reaches 7.80 (1.56) amperes RMS + 3% .

*Repeat this test for all phase pairs listed in Table 12-3.
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Test 7: Testing the 87T Differential Unit With Fixed Setting:

87T Selection 87T Select = 25% Tap
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set the winding 1 and
winding 3 currents to 6.00 (1.20) amperes RMS. Set the winding 3 current source angle to 180 degrees.

Apply the currents. Slowly raise only the winding 3 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 3 current reaches 7.60 (1.52) amperes RMS + 3%.

*Repeat this test for all phase pairs listed in Table 12-3.

Test 8: Testing the 87T Differential Unit With HU30% Setting:

87T Selection 87T Select = HU 30%
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T phase pairs to be tested. Set the winding 1 and
winding 3 currents to 6.00 (1.20) amperes RMS. Set the winding 3 current source angle to 180 degrees.

Apply the currents. Slowly lower only the winding 3 current from 6.00 (1.20) amperes RMS until the relay trips.
The contact monitor should indicate a closed contact. The “Differential” target along with the phase target should
light. This should occur when the winding 3 current reaches 4.70 (0.94) amperes RMS + 3%.

*Repeat this test for all phase pairs listed in Table 12-3.

Test 9: Testing the 87T Differential Unit With Harmonic Restraint:
(This test requires a current source with synchronized adjustable frequency sources.)

87T Selection 87T Select = % Slope
87T-1 Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0

Make the test connections as shown in Figure 12-2 for the 87T HARM phase pairs to be tested (both sources
synchronized and in parallel). Set current source 1 to 6.00 (1.20) amperes RMS at 0 degrees 60 Hz. Set current
source 2 to 1.00 (0.20) amperes RMS at 0 degrees 120 Hz.

Apply the currents. The TPU-2000R display should read “Trip Restrained”. Slowly lower only current source 2
from 1.00 (0.20) amperes RMS until the relay trips. The contact monitor should indicate a closed contact. The
“Differential” target along with the phase target should light. This should occur when current source 2 is between
0.90 (0.18) and 0.80 (0.16) amperes RMS.

*Repeat this test for all phase pairs listed in Table 12-3.
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Test 10: Testing the 87H Differential Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = % Slope
87T-1Tap Selection 87T-1 = 2.0
87T-2 Tap Selection 87T-2 = 2.0
87T-3 Tap Selection 87T-3 = 2.0
51P-1 Selection 51P-1 = Disable
51P-2 Selection 51P-2 = Disable
51P-3 Selection 51P-3 = Disable
51N-1 Selection 51N-1 = Disable
51N-2 Selection 51N-2 = Disable
51N-3 Selection 51N-3 = Disable

# Make the test connections as shown in Figure 12-2 for the 87H phase pairs to be tested. Set the current source 1 to
11.0 (2.2) amperes RMS at 60 Hz. Set current source 2 to 11.0 A at 120 Hz (both sources synchronized and in
parallel).

Suddenly apply the current for 1 second. The TPU2000R Relay should read “Trip Restrained.”

Set the current source 1 to 13.0 (2.6) amperes RMS at 60 Hz. Set current source 2 to 13.0 A at 120 Hz. Suddenly
apply the current for 1 second. The relay should trip. The contact monitor should indicate a closed contact. The
“Differential” target along with the phase target light. Go to the fault records and verify that the last trip was initiated by
the 87H unit.

Repeat the test for all of the phase pairs listed in Table 12-3.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the
current and review your set up.

Phase Overcurrent Tests

In the programmable outputs menu in ECP, map 51P-1, 50P-1, 150P-1, 46-1, 51N-1, 50N-1, 150N-1 to OUT 1.
Map 51P-2, 50P-2, 150P-2, 46-2, 51N-2, 50N-2, 150N-2 to OUT 2. Map 51P-3, 50P-3, 150P-3, 46-3, 51N-3, 50N-3,
150N-3 to OUT 3. Map 51G, 50G, 150G, to OUT 4.

Test 11: Testing the Winding 1 51P-1 Phase Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-1 Selection 51P-1 = Extreme Inv
50P-1 Selection 50P-1 = Disable

Make the test connections as shown in Figure 12-2 for the 51P-1 phase pairs to be tested. Set the current source to
12.0 (2.40) amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51P-1 unit should trip in 15.6 seconds + 7%. The Time and Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.
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Test 12: Testing the Winding 2 51P-2 Phase Time-Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-2 Selection 51P-2 = Extreme Inv
50P-2 Selection 50P-2 = Disable

Make the test connections as shown in Figure 12-2 for the 51P-2 phase pairs to be tested. Set the current source
to 12.0 (2.40) amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51P-2 unit should trip in 15.6 seconds + 7%. The Time and Phase targets should light.
Repeat the test for all of the phase pairs listed in Table 12-3.

Test 13: Testing the Winding 3 51P-3 Phase Time-Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-3 Selection 51P-3 = Extreme Inv
50P-3 Selection 50P-3 = Disable

Make the test connections as shown in Figure 12-2 for the 51P-3 phase pairs to be tested. Set the current source
to 12.0 (2.40) amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51P-3 unit should trip in 15.6 seconds + 7%. The Time and Phase targets should light.
Repeat the test for all of the phase pairs listed in Table 12-3.

Test 14: Testing the Winding 1 150P-1 Phase Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-1 Selection 51P-1 = Extreme Inv
50P-1 Selection 50P-1 = Disable
150P-1 Selection 150P-1 = Enable

Make the test connections as shown in Figure 12-2 for the 150P-1 phase pairs to be tested. Set the current
source to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150P-1 unit should trip in 0.10 +.01 seconds. The Instantaneous and Phase
targets should light.

Repeat the test for all of the phase pairs listed in Figure 12-3.

CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the
current and review your set up.
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Test 15: Testing the Winding 2 150P-2 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-2 Selection 51P-2 = Extreme Inv
50P-2 Selection 50P-2 = Disable
150P-2 Selection 150P-2 = Enable

Make the test connections as shown in Figure 12-2 for the 150P-2 phase pairs to be tested. Set the current
source to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150P-2 unit should trip in 0.10 +.01 seconds. The Instantaneous and Phase
targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.

CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the
current and review your set up.

Test 16: Testing the Winding 3 150P-3 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51P-3 Selection 51P-3 = Extreme Inv
50P-3 Selection 50P-3 = Disable
150P-3 Selection 150P-3 = Enable

Make the test connections as shown in Figure 12-2 for the 150P-3 phase pairs to be tested. Set the current
source to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 150P-3 unit should trip in 0.10 +.01 seconds. The Instantaneous and Phase
targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.
CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the

current and review your set up.

Test 17: Testing the Winding 1 50P-1 Phase Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50P-1 Selection 50P-1 = Standard
150P-1 Selection 150P-1 = Disable

Make the test connections as shown in Figure 12-2 for the 50P-1 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.
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Apply the current for 1 second. The 50P-1 unit should trip instantaneously (minimal delay). The Instantaneous
and Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.
CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current

and review your set up.

Test 18: Testing the Winding 2 50P-2 Phase Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50P-2 Selection 50P-2 = Standard
150P-2 Selection 150P-2 = Disable

Make the test connections as shown in Figure 12-2 for the 50P-2 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50P-2 unit should trip instantaneously (minimal delay). The Instantaneous
and Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the
current and review your set up.

Test 19: Testing the Winding 3 50P-3 Phase Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50P-3 Selection 50P-3 = Standard
150P-3 Selection 150P-3 = Disable

Make the test connections as shown in Figure 12-2 for the 50P-3 phase pairs to be tested. Set the current source
to 20.0 (4.0) amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50P-3 unit should trip instantaneously (minimal delay). The Instantaneous
and Phase targets should light.

Repeat the test for all of the phase pairs listed in Table 12-3.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the
current and review your set up.
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Neutral Overcurrent Tests

Test 20: Testing the Winding 1 50N-1 Ground Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51N-1 Selection 51N-1 = Enable
50N-1 Selection 50N-1 = Standard
150N-1 Selection 150N-1 = Disable
51P-1 Selection 51P-1 = Disable

Make the test connections as shown in Figure 12-2 for the 50N-1 unit. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50N-1 unit should trip instantaneously (minimal delay). The Instantaneous
and Neutral (N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 21: Testing the Winding 2 50N-2 Ground Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51N-2 Selection 51N-2 = Enable
50N-2 Selection 50N-2 = Standard
150N-2 Selection 150N-2 = Disable
51P-2 Selection 51P-2 = Disable

Make the test connections as shown in Figure 12-2 for the 50N-2 unit. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50N-2 unit should trip instantaneously (minimal delay). The Instantaneous
and Neutral (N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 22: Testing the Winding 3 50N-3 Ground Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
51N-3 Selection 51N-3 = Enable
50N-3 Selection 50N-3 = Standard
150N-3 Selection 150N-3 = Disable
51P-3 Selection 51P-3 = Disable

Make the test connections as shown in Figure 12-2 for the 50N-3 unit. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50N-3 unit should trip instantaneously (minimal delay). The Instantaneous
and Neutral (N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.
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Test 23: Testing the 50G Ground Instantaneous Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
150G-1 Selection 150G Disable

Make the test connections as shown in Figure 12-2 for the 50G unit. Set the current source to 20.0 (4.0) amperes
RMS. Set the timer to start upon application of current.

Apply the current for 1 second. The 50G unit should trip instantaneously (minimal delay). The Instantaneous and
Ground targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 24: Testing the Winding 1 51N-1 Neutral Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-1 Selection 50N-1 = Disable
150N-1 Selection 150N-1 = Disable
51P-1 Selection 51P-1 = Disable

Make the test connections as shown in Figure 12-2 for the 51N-1 unit. Set the current source to 12.0 (2.40)
amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51N-1 unit should trip in 15.6 seconds + 7%. The Time and Neutral (N) targets should
light.

Test 25: Testing the Winding 2 51N-2 Ground Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-2 Selection 50N-2 = Disable
150N-2 Selection 150N-2 = Disable
51P-2 Selection 51P-2 = Disable

Make the test connections as shown in Figure 12-2 for the 51N-2 unit. Set the current source to 12.00 (2.4)
amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51N-2 unit should trip in 15.6 seconds + 7%. The Time and Neutral (N) targets should
light.
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Test 26: Testing the Winding 3 51N-3 Neutral Time-Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-3 Selection 50N-3 = Disable
150N-3 Selection 150N-3 = Disable
51P-3 Selection 51P-3 = Disable

Make the test connections as shown in Figure 12-2 for the 51N-3 unit. Set the current source to 12.0 (2.40)
amperes RMS (2 x pickup). Set the timer to start upon application of current.

Apply the current. The 51N-3 unit should trip in 15.6 seconds + 7%. The Time and Neutral (N) targets should light.

Test 27: Testing the 51G Ground Time-Overcurrent Unit:
Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select Disable
50G Selection 50G Disable

Make the test connections as shown in Figure 12-2 for the 51G unit. Set the current source to 12.00 (2.4) amperes
RMS (2*pickup). Set the timer to start upon application of current.

Apply the current. The 51G unit should trip in 15.6 seconds + 7%. The Time and Ground (G) targets should light.

Test 28: Testing the Winding 1 150N-1 Neutral Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-1 Selection 50N-1 = Disable
150N-1 Selection 150N-1 = Enable
51P-1 Selection 51P-1 = Disable

Make the test connections as shown in Figure 12-2 for the 150N-1 test. Set the current source to 20.0 (4.0)
amperes RMS. Set the timer to start upon application of current.

# Apply the current for 1 second. The 150N-1 unit should trip in 0.10 +.016 seconds. The Instantaneous and Neutral
(N) targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the
current and review your set up.
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Test 29: Testing the Winding 2 150N-2 Neutral Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-2 Selection 50N-2 = Disable
150N-2 Selection 150N-2 = Enable
51P-2 Selection 51P-2 = Disable

Make the test connections as shown in Figure 12-2 for the 150N-2 test. Set the current source to 20.0 (4.0) amperes
RMS. Set the timer to start upon application of current.

# Apply the current for 1 second. The 150N-2 unit should trip in 0.10 £.016 seconds. The Instantaneous and Neutral (N)
targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the
current and review your set up.

Test 30: Testing the Winding 3 150N-3 Neutral Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50N-3 Selection 50N-3 = Disable
150N-3 Selection 150N-3 = Enable
51P-3 Selection 51P-3 = Disable

Make the test connections as shown in Figure 12-2 for the 150N-3 test. Set the current source to 20.0 (4.0) amperes
RMS. Set the timer to start upon application of current.

# Apply the current for 1 second. The 150N-3 unit should trip in 0.10 £.016 seconds. The Instantaneous and Neutral (N)
targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained instantaneously, shut off the current
and review your set up.

Test 31: Testing the 150G Ground Instantaneous Overcurrent Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
50G Selection 50G = Disable
150G Selection 150G = Enable

Make the test connections as shown in Figure 12-2 for the 150G test. Set the current source to 20.0 (4.0) amperes
RMS. Set the timer to start upon application of current.

# Apply the current for 1 second. The 150G unit should trip in 0.10 +.016 seconds. The Instantaneous and Ground
targets should light.

CAUTION: Do not allow high currents to persist. If tripping is not obtained within specified time, shut off the
current and review your set up.
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Negative Sequence Tests
Test 32: Testing the Winding 1 46-1 Negative Sequence Time Over-current Unit:

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
46-1 Selection 46-1Curve = Extreme Inv
46-1 Selection 46-1 Pickup = 2.0

46-1 Selection 46-1 Time Dial = 5.0

51P-1 Selection 51P-1 = Disable
51N-1 Selection 51N-1 = Disable

Make the test connections as shown in Figure 12-2 for the 46-1 unit. Set the current source to 12.0 (2.4) amperes RMS
(2 x pickup single phase mode). Set the timer to start upon application of current.

Apply the current and remove it as soon as the relay trips. The 46-2 unit should trip in 15.6 seconds + 7%. The
Negative Sequence target should light. Allow the relay to cool for 3 minutes before proceeding.

Repeat the tests for all of the phase pairs listed in Table 12-3.

Test 33: Testing the Winding 2 46-2 Negative Sequence Time Over-current Unit:
(This test requires a current test source capable of at least 40 amperes RMS.)

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
46-2 Selection 46-2 Curve = Extreme Inv
46-2 Selection 46-2 Pickup = 2.0

46-2 Selection 46-2 Time Dial = 5.0

51P-2 Selection 51P-2 = Disable
51N-2 Selection 51N-2 = Disable

Make the test connections as shown in Figure 12-2 for the 46-2 unit. Set the current source to 12.0 (2.4) amperes
RMS (2 x pickup single phase mode). Set the timer to start upon application of current.

Apply the current and remove it as soon as the relay trips. The 46-2 unit should trip in 15.6 seconds + 7%. The
Negative Sequence target should light.

Repeat the tests for all of the phase pairs listed in Table 12-3.

Test 34: Testing the Winding 3 46-3 Negative Sequence Time-Overcurrent Unit:
(This test requires a current test source capable of at least 40 (8.0) amperes RMS.)

Verify or change the following PRIMARY settings for this test:

87T Selection 87T Select = Disable
46-3 Selection 46-3Curve = Extreme Inv
46-3 Selection 46-3 Pickup = 2.0

46-3 Selection 46-3 Time Dial = 5.0

51P-3 Selection 51P-3 = Disable
51N-3 Selection 51N-3 = Disable
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Make the test connections as shown in Figure 12-2 for the 46-3 unit. Set the current source to 12.0 (2.4)
amperes RMS (2 x pickup single phase mode). Set the timer to start upon application of current.

Apply the current and remove it as soon as the relay trips. The 46-3 unit should trip in 15.6 seconds = 7%. The
Negative Sequence target should light.

Repeat the tests for all of the phase pairs listed in Table 12-3.

Test 35: Metering Tests:

Set the current source to 1.00 amperes RMS. Apply the current to each current input on the TPU-2000R and
watch the metering on the front panel display or ECP program. The values seen should be 100 + 6 amperes
RMS.

IMPORTANT: To return the unit to service, the settings must be restored to the in-service values. Follow the
procedure outlined at the beginning of the testing section, Sending Settings to the Relay. If the unit is not to be
placed into service, the factory default settings should be restored. This can be down by downloading a
previously saved default file or by manually checking each setting.

When applying current to one phase at a time, neutral current on the winding will also be present.

TPU-2000R
Q
11
29
2 Phase 12 R Contact
Active Monitor
Current IRET 1
S 30
Source
IRET 2
T
See Table for Timer
Connections
1
Control *
Voltage 2
Supply -

Figure 12-2. TPU-2000R Test Connections
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Test Function |Phase Inputs Connections Expected Tested
Number [Under Test | Under Test Value Value
Q R S T TIMER
#1 87T 1A-1 1A-2 54 48 53 47 - - 0.7 (0.14) amperes * 3%
Minimum
Operate IB-1  IB-2 52 46 51 45 - - 0.7 (0.14) amperes + 3%
Ic-1 1c2 | 50 44 49 43 - - | 0.7 0.14) amperes + 3%
# 87T 1A-1 1A-2 54 48 53 47 - - 7.8 (1.56) amperes * 3%
% Slope
1B-1 1B-2 52 46 51 45 - - 7.8 (1.56) amperes * 3%
Ic-1 1c2 | 50 44 49 43 - - | 7.8(1.56) amperes + 3%
- _ - - 0,
#3 87T 1A-1 1A-2 54 48 53 47 7.6 (1.52) amperes + 3%
Fixed
ow B-1 B2 | 52 46 51 45 ; - | 7.6 (1.52) amperes + 3%
IC-1 IC-2 50 44 49 43 - - 7.6 (1.52) amperes + 3%
1 87T 1A-1 1A-2 54 48 53 47 - - 4.7 (0.94) amperes + 3%
HU 30%
1B-1 1B-2 52 46 51 45 - - 4.7 (0.94) amperes + 3%
IC-1 IC-2 50 44 49 43 - - 4.7 (0.94) amperes + 3%
#5 87T 1A-1 IA-3 54 42 53 41 - - 0.7 (0.14) amperes + 3%
Minimum
Operate B-1 B3| 52 40 51 39 - - | 0.7 (0.14) amperes + 3%
IC-1 Ic3 | 50 38 49 37 - - | 0.7 (0.14) amperes + 3%
#6 87T
% Slope 1A-1 IA-3 54 42 53 41 - - 7.8 (1.56) amperes + 3%
1B-1 IB-3 52 40 51 39 - - 7.8 (1.56) amperes * 3%
1C-1 IC-3 50 38 49 37 - - 7.8 (1.56) amperes * 3%
#7 87T 1A-1 IA-3 54 42 53 41 - - 7.6 (1.52) amperes + 3%
Fixed
25% 1B-1 IB-3 52 40 51 39 - - 7.6 (1.52) amperes + 3%
Ic-1 1c3 | 50 38 49 37 - - | 7.6 (1.52) amperes + 3%
1A-1 I1A-3 54 42 45 41 - - 4.7 (0.94) amperes + 3%
#8 87T
HU30% 1B-1 IB-3 52 40 43 39 - - 4.7 (0.94) amperes + 3%
IC-1 IC-3 50 38 41 37 - - 4.7 (0.94) amperes * 3%
IA-1 54 54 53 53 - - | 0.72(0.144) - 1.08 (0.216)
#9 87T
HARM IB-1 52 52 51 51 - - | 0.72(0.144) - 1.08 (0.216)
IC-1 50 50 49 49 - - | 0.72(0.144) - 1.08 (0.216)
1A-2 48 48 47 47 - - 0.72 (0.144) - 1.08 (0.216)
IB-2 46 46 45 45 - - | 0.72(0.144) - 1.08 (0.216)
IC-2 44 44 43 43 - - | 0.72(0.144) - 1.08 (0.216)
1A-3 42 42 41 41 - - 0.72 (0.144) - 1.08 (0.216)
1B-3 40 40 39 39 - - 0.72 (0.144) - 1.08 (0.216)
IC-3 38 38 37 37 - - | 0.72(0.144) - 1.08 (0.216)

Table 12-3. Test Connections
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Test Function Phase inputs Connections Expected Tested
Number |Under Test | Under Test Value Value
Q R S T TIMER

#10 87H I1A-1 54 54 53 53 - - 12(2.4)+0.84
IB-1 52 52 51 51 - - 12(2.4)+0.84
IC-1 50 50 49 49 - - 12(2.4)+£0.84
I1A-2 48 48 47 47 - - 12(2.4)+0.84
IB-2 46 46 45 45 - - 12(2.4)+0.84
IC-2 44 44 43 43 - - 12(24)+0.84
IA-3 42 42 41 41 - - 12(2.4)+0.84
IB-3 40 40 39 39 - - 12(2.4)+0.84
IC-3 38 38 37 37 - - 12(2.4)+0.84

1 51P-1 I1A-1 54 - 53 - 27 28 156+ 7%
IB-1 52 - 51 - 27 28 156+ 7%
IC-1 50 - 49 - 27 28 156+ 7%

12 51P-2 I1A-2 48 - 47 - 25 26 156+ 7%
IB-2 46 - 45 - 25 26 156+ 7%
IC-2 44 - 43 - 25 26 156+ 7%

13 51p-3 IA-3 42 - 41 - 23 24 156+ 7%
IB-3 40 - 39 - 23 24 156+ 7%
IC-3 38 - 37 - 23 24 156 + 7%

14 150P-1 IA-1 54 - 53 - 27 28 0.10 £ 0.016 sec.
IB-1 52 - 51 - 27 28 0.10 £ 0.016 sec.
IC-1 50 - 49 - 27 28 0.10 £ 0.016 sec.

15 150P-2 1A-2 48 - 47 - 25 26 0.10 £ 0.016 sec.
I1B-2 46 - 45 - 25 26 0.10 = 0.016 sec.
IC-2 44 - 43 - 25 26 0.10 = 0.016 sec.
1A-3 42 - 41 - 23 24 0.10 £ 0.016 sec.

16 150P-3
IB-3 40 - 39 - 23 24 0.10 £ 0.016 sec.
IC-3 38 - 37 - 23 24 0.10 £ 0.016 sec.

17 50P-1 1A-1 54 - 53 - 27 28 Instantaneous
1B-1 52 - 51 - 27 28 Instantaneous
1C-1 50 - 49 - 27 28 Instantaneous

18 50P-2 1A-2 48 - 47 - 25 26 Instantaneous
1B-2 46 - 45 - 25 26 Instantaneous
IC-2 44 - 43 - 25 26 Instantaneous

Table 12-3. Test Connections (continued)
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Function Phase Connections
Test Under Inputs Expected Tested
Number Test Under Test Q 5 - TIMER Value Value
IA-3 42 41 — 23 24 Instantaneous
19 50P-3 IB-3 40 39 — 23 24 Instantaneous
IC-3 38 37 — 23 24 Instantaneous
20 50N-1 1A-1 54 53 — 27 28 Instantaneous
21 50N-2 1A-2 48 47 — 25 26 Instantaneous
22 50N-3 IA-3 42 41 — 23 24 Instantaneous
23 50G IG 36 35 — 22 21 Instantaneous
24 51N-1 1A-1 54 53 — 27 28 15.6 sec. + 7%
25 51N-2 1A-2 48 47 — 25 26 15.6 sec. £ 7%
26 51N-3 I1A-3 42 4 — 23 24 15.6 sec. £ 7%
27 51G [€] 36 35 — 21 22 15.6 sec. + 7%
28 150N-1 1A-1 54 53 — 27 28 0.10 £ 0.01 sec.
29 150N-2 1A-2 48 47 — 25 26 0.10 £ 0.01 sec.
30 150N-3 1A-3 42 41 — 23 24 0.10 £ 0.01 sec.
31 150G IG 36 35 — 22 21 0.10 £ 0.01 sec.
1A-1 54 53 — 27 28 15.6 sec. + 7%
32 46-1 IB-1 52 51 — 27 28 15.6 sec. £ 7%
IC-1 50 49 — 27 28 15.6 sec. + 7%
1A-2 48 47 — 25 26 15.6 sec. + 7%
33 46-2 IB-2 46 45 — 25 26 15.6 sec. £ 7%
IC-2 44 43 — 25 26 15.6 sec. + 7%
IA-3 42 41 — 23 24 15.6 sec. £ 7%
34 46-3 IB-3 40 39 — 23 24 15.6 sec. + 7%
IC-3 38 37 — 23 24 15.6 sec. + 7%
1A-1 54 53 — — —_ 100 + 6 amperes
IB-1 52 51 —_ —_ 100 + 6 amperes
IC-1 50 49 — — 100 + 6 amperes
I1A-2 48 47 — — 100 + 6 amperes
35 Metering IB-2 46 45 — — 100 + 6 amperes
IC-2 44 43 — — — 100 + 6 amperes
I1A-3 42 41 —_ — 100 + 6 amperes
IB-3 40 39 — — — 100 + 6 amperes
IC-3 38 37 — — 100 + 6 amperes
(€] 36 35 — — 100 + 6 amperes

Table 12-3. Test Connections (continued)
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Testing Programmable Logic

The TPU-2000R contains features to help verify the correct operation of the Programmable Logic. These features
are found under the “Operations Menu” and are used to force the physical I/0 and Logical Inputs to a particular
logic state. In this way, the outputs of the logic function can then be examined, using the “Show Logical Outputs”
command in the Test Menu, and the logic modified if necessary to produce the desired result.

Be aware that protection function inputs to the Programmable Logic cannot be forced. In order to produce the

active state of a protection function, currents and/or voltages must be applied to simulate the appropriate fault
condition. Refer to the Acceptance Test procedure earlier in this section.

Forced Physical Inputs and Outputs
To force a physical input, use ECP and the following procedure:

*  From the ECP Main Menu, select “Operations Menu.” The Operations Menu appears.

e Select “Force Physical Input.” The Force Phys. Input screen appears.

* Select “Open” or “Close” to force the input or “Normal” to return it to its normal, non-forced state.
To force a physical output, use ECP and the following procedure:

*  From the ECP Main Menu, select “Operations Menu.” The Operations Menu appears.

* Select “Force Physical Output.” The Force Phys. Out screen appears.

* Select “Assert” or “De-Assert” to force the output or “Normal” to return the contact to its normal, non forced
state.

Forced Logical Inputs
To force a logical input, use ECP and the following procedure:
From the ECP Main Menu, select “Operations Menu.” The Operations Menu appears.
Select “Force Logical Input.” The Forced Logical Inputs screen appears.
Select “Open” or “Close” to force the ULI to a OF (disabled) state or a 1F (enabled) state, respectively. Select

“Normal” to return it to its normal, non-forced state. The ULI will remain in the same state that it was forced,
but can now change depending on the logic.
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Test Example

The same logic as in the Programmable 1/0 “Multilevel Programmable Logic” section example will be used to
demonstrate using Forced I/O to test the logic designed to seal in a trip from a differential fault until the breaker
opens. In operation, the process would start with the relay detecting a differential fault and asserting 87T and/or
87H. The high level output of OR gate A inputs to OR gate C which outputs a high level and operates the trip
contact. Gate A also activates AND gate B which already sees a high level from the closed 52a contact. The
output of gate B inputs a high level back to gate A to seal in the trip signal for when the 87 functions are no longer
asserted. When the breaker opens, the 52a contact opens and outputs a low level disabling gate B. Because
there is a low level from gate B and the 87 function is no longer asserted, gate C outputs a low level and de-
energizes the trip contact.

1)

2)

4)

Before testing the logic, use the items under the Test Menu to examine the states of all affected Logical and
Physical I/0. Specifically, confirm that:

* IN-4 is Open

e OUT-2 is De-Energized

e ULI1 and ULI2 are Disabled

¢ ULO1 and ULO2 are Not Energized

If it is not convenient to apply current to the relay to create an 87 condition, another connected ULI/ULO pair
can be used to act as the initial input to gate A. Use ULI3 and ULOS3 for this purpose. Map ULO3 to an input
of gate A just like ULO1 and ULO2. Use “Force Logical Input” in the Operations Menu to force ULI3 active
(1F). Also, use “Force Physical Input” to force IN-4 closed to indicate a closed breaker.

Use the Test Menu to confirm that:

* IN-4 is Closed

* OUT-2 is Asserted

e ULI1 and ULI2 are Asserted

e ULO1 and ULO2 are Asserted

Again use “Force Logical Input” to disable ULI3 (OF). Use the Test Menu to confirm that all signals listed in
step 2 have not changed,; the trip has sealed in.

Force IN-4 inactive to simulate the breaker opening. Use the Test Menu to confirm that:

IN-4 is Open

OUT-2 is De-Energized

ULI1 and ULI2 are Not Asserted
ULO1 and ULO2 are Not Asserted

Return all forced signals to their “Normal” state.

WARNING: When any signal is in the “Forced” state, the green Normal LED blinks on and off. Make
certain that all forced signals have been returned to “Normal” before putting the relay back into service.

12-34 Maintenance and Testing



ABB Transformer Protection Unit 2000R

Parts and Assemblies

The following table lists the parts and assemblies involved in the TPU-2000R.

Table 13-1. TPU-2000R Parts and Assemblies Table

Part and Assembly Description Part Number
125-Vdc Power Supply Assembly 613806-K2
48-Vdc Power Supply Assembly 613806-K1
24-Vdc Power Supply Assembly 613806-K1
RS-232 Port Front or Rear Comm 1 613800-T2
RS-232 Card (non isolated Comm 2) 613811-TH1
RS-232 Card (isolated Comm 3) 613630-T10
Aux Comm & RS-232 Card (isolated comm 3) 613624-T8
INCOM (isolated) 613624-T6
Aux Comm & INCOM (isolated) 613624-T7
RS-485 (isolated) 613630-T6
Modbus Plus & RS-232 (non isolated comm 2) 613628-T3
Modbus Plus & RS-485 (isolated) 613628-T4
Horizontal Panel Mount Kit 604513-K1
Vertical Panel Mount Kit 604513-K2
Bezel/gasket assembly only 604513-K3
Horizontal lens cover only 613724-K1
Vertical lens cover only 613724-K2

Replacing Power Supplies

To replace an exisiting power supply with a power supply of the same voltage, simply remove the TPU2000R relay
from its case. the power supply board is located on the underside of the relay. Remove the four (4) mounting
screws and the two (2) white plastic connectors. Reinstall with new board.

If the user is replacing the power supply with a power supply with a different voltage, follow the above procedure
and note the following:

1.

When going from a 125 VDC supply to a 48 or 24 VDC supply, Jumper J3 should be installed. On
some newer relays, the jumper should be moved to the LOW position.

When going from a 24 or 48 VDC supply to a 125 VDC supply, Jumper J3 should be removed.
On some newer relays, the jumper should be moved to the HIGH position.

Jumper J3 is located on the CPU Board near the two (2) rear RS-232 ports.

Please note that the unit catalog number will not be affected by changing the power supplies. Therefore, when
changing power supply voltages, the sixth digit in the catalog number will be wrong. If the user wants this
remedied, please contact the factory.

Spare Parts, Communications and Ordering Information 13-1



ABB Transformer Protection Unit 2000R

Panel Mounting Kit

The complete kit will include a bezel, its associated hardware and gasket, as well as a lens cover
with its associated hardware. This kit will provide a means for panel mounting and dustproofing.

Ordering Information: Spare Parts List:

Horizontal Panel Mounting Kit 604513-K1 Bezel/gasket assembly only 604513-K3

Vertical Panel Mounting Kit 604513-K2 Horizontal lens cover assembly 613724-K1
Vertical lens cover assembly 613724-K2

Note: The Bezel Assembly is available as an option for
mounting the 2000R units in a panel application.

Note: Below is the panel drilling cutout for the
TPU-2000R unit and the bezel assembly.

PANEL CUTOUT

22 . HOLES TYP. 6 PLACES
0.250 /_ (5.6]
[6.35] [+ 17.50 [444)5] / — 50 [12.7]
T T_. T { i
[6.052] [5,562] | 5.63 [143.0] o |
154.0] [1413 X
i l (0.7 MAX. RADII\
l ’ 4 4 ——

t
le— 92850 [235.0] —+|

18,50 [469.9 ]

NOTE: DIMENSIONS ARE
INCHES [MILLIMETERS]
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Communications Ports

The TPU-2000R has a standard 9-pin RS-232C interface on the front for serial port communications. Connect a 9-
pin RS-232C cable from this port to your personal computer to have direct point-to-point communications through
the ECP. Refer to the External Communications section of this manual, for the proper communications
parameters.

As an option, a serial port termination can be provided at the rear of the TPU-2000R. This rear port, called the
Auxiliary Communications port, can be a 9-pin RS-232C, 3-wire RS-485, 2-wire INCOM, IRIG-B or SCADA
Interface Unit (SIU) connection. Because the hardware termination for all these options is on every TPU-2000R,
you must refer to the catalog number on the front of the unit or to the software communications menu to know
which rear port option is implemented. An IRIG-B input for precision real-time setting is furnished with the rear
communications port catalog options 2, 3 or 4 (see “Ordering Selections” on the last page of this instruction book).
The rear RS-232C port can interface with a modem and a remotely connected computer or you can attach a
computer directly to the rear RS-232C port. The RS-232C ports are configured as data terminal equipment.

The TPU-2000R supports various byte-oriented protocols. The command message structure and substructures for
these protocols are available upon request. Contact the nearest ABB sales office or ABB at its Allentown, PA
factory for information about the emulation of SCADA protocols via the rear Auxiliary Communications port (SIU).
Use the External Communications Program (ECP) shipped with the relay to communicate with the TPU-2000R via
the following protocols:

e STANDARD-ABB 2000 series-specific ASCII oriented 10 byte communication protocol available through all
ports

e SPACOM-a protocol available through the Auxiliary Communications port

¢ INCOM®-two-wire communications system and protocol

e DNP 3.0 (IEC870-5)-a-protocol available through the Auxiliary Communications port

*  Modbus Plus™-a-token ring network capable of high speed communication (1 Mb/sec)

Pin Connections

The pin connections for the various communications ports are shown in Tables 13-2 and 13-3.

Table 13-2. RS-232 Pin Connections for 2 Winding TPU2000R

Pin Number Pin Number
2 Receive data—Relay receives data through this pin.
3 Transmit data—Relay transmit data through this pin.
5 Signal ground—Front port has signal ground tied to
the chasis; rear port signal ground is fully isolated.
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Table 13-3. RS-485, INCOM, SIU and IRIG-B Pin Connections

Pin Number Pin Number

64 IRIG-B Minus

63 IRIG-B Positive

62 INCOM

61 INCOM

60 +5 VDC at 100 milliamperes

59 Direction minus

58 Direction positive

57 RS-485 common/VDC return

56 RS-485 minus or SIU minus (aux. comm. port)

55 RS-485 positive or SIU positive (aux. comm. port)
RS-485 Port

For all communications hardware options with a single RS485 port, that port is provided at terminals 55(+), 56 (-),
and 57 (com). See Table 13-3.

For communications hardware option #8, dual RS485 ports, terminals 55, 56, and 57 are designated RS485 Rear
Port #2, and pins 1(+), 2 (-), and 7(com) of the Com #3 DB-9 connector represent RS485 Rear Port #1.

The RS485 port on the TPU2000R has three associated resistors and jumper links that allow insertion or removal of
these resistors, depending on the location of the relay in the network. Jumper link J6 on the communications card is
for the termination resistor. A termination resistor should be inserted at the first and last devices on the network.
Typically J6 would be set for “IN” for the last relay on the RS485 network; and, J6 would be set in the “OUT” position
for all other relays in the loop. The first unit on the network, typically an ABB 245X series convertor, has the terminating
resitor built-in. For communication hardware option “8,” dual RS485 ports, J6 is for Port #2 and a similar jumper, J16
is provided for RS485 Port #1.

Jumper links J7 and J8 insert or remove “pull-up” resistors. These resistors establish a known voltage level on the
RS485 bus when no units are transmitting, in order to reduce noise. These jumpers should be set to the “IN” position
on only one relay at either end of the RS485 loop. If an ABB communications convertor, catalog series 245X, is used
on the network; it has these resistors built-in, and all relays can have J7 and J8 in the out position. For communications
hardware option “8”, dual RS485 ports, J7 and J8 are for Port #2, and J17 and J18 are for Port #1.

The RS485 cable should be shielded 3 conductor twisted cable. The shield should be grounded at one end of the
communications circuit, preferably where the RS485 circuit begins; eg: at the convertor unit. A typical RS485
connection diagram, drawing 604765, is available on request from the factory.

Communications Settings

Change communications settings via the man-machine interface (MMI) on the front of the TPU-2000R or through the
ECP. When you use the MMI, the communications ports are blocked from downloading settings but can still retrieve
data. Similarly, when a communications port is downloading new settings, the MMI and other communications ports
are blocked from changing or downloading settings but not from retrieving data.

13-4 Spare Parts, Communications and Ordering Information



ABB Transformer Protection Unit 2000R

Use the MMI to change all communications settings, such as baud rate, data bits, parity and stop bits. You can
change settings locally or remotely. If you use a computer or modem to change the settings, be certain that the
communications settings on your equipment match those of the TPU-2000R.

Set the communications settings (baud rate, [parity, data bits, stop bits]) for the front and rear ports as follows:

e Front port: 300, 1200, 2400, 4800 or 9600 [n, 8, 1 or n, 8, 2]
e Rear port: 300, 1200, 2400, 4800, 9600 or 19,200 [n, 8,1 0rn, 8,20re, 8,1 0rodd, 8,1 0r e,7,1 0orn, 7, 2 or odd,
7,1].

Communication Port Configurations

The 2000R platform provides several variations of communication ports, such as a 9-pin RS-232, RS-485,
INCOM™ and Modbus Plus™. Also available is a list of factory supported common communication protocols for

networking the unit.

RS-232 ports are available in two different configurations, Isolated and Non-Isolated. Isolated ports provide
isolation between the communication port and the rest of the relay.

COM 1 port is configured as a non-isolated port only. Units having an MMI display use the RS-232 port on the
front panel as COM 1, thereby permanently disabling the RS-232 port marked COM 1 on the rear of the unit.
Units not having an MMI Display permit the user to select, via jumper setting, either the front or rear (labeled COM

1) RS-232 connectors to act as COM 1.

COM 2 port is a non-isolated configuration and COM 3 port is an isolated configuration. Refer to the following list
of options to select the most suitable configuration.
The 2000R series also features ABB’s innovative RS-485 isolated communications capability available when the

optional Auxiliary Communication board is installed. This isolated RS-485 configuration provides superior
communication quality recommended for applications in areas of high electrical noise or that require connecting

cables longer than 10 feet (3m).

56 57 59 61 63
*

AUX. o 0 0 0 0 0 0 0 0 o o) ©0000 fe) Es%’mrso = OPTIONAL CONTACT CONFIGURATION
PORTS 0000 SELECTABLE N.O. ORN.C

coM1 com2 56 58 60 62 64
17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
OO1O|O[O|O|OIO[O[O]OJO|O[O[O]O O|0|0[O]O]O|O[O[O]O]O|O[OO
ot bttt Ll LY 4P Gd GP G, 4P G,
MON 1 2 3 4 5 6 7 8 SELF-CHECK ouT 6 ouTs ouT 4 ouT3 ouT2 ouT1 TRIP
ALARM

31 32 33 34 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
e e ° ololo|ololo|olo|o|o|o]olo|o|o]o|o|o]o]o

SERIALNO. FREQ. G\
INST. BOOK CONT. /}7 va 8 w w — *+ - + - + - + - + - + - + - +
SENSOR3 ~ SENSOR2  SENSOR1

SENSOR 8 SENSOR7 SENSOR 6 SENSOR 5 SENSOR 4

Rear Terminal Blocks and Communication Ports
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NOTE: Non-isolated RS-232 ports are susceptible to electrical noise. For that reason itis recommended
that connecting cables be no longer than 10 feet (3m) when connecting to a non-isolated port. Devices
connected to non-isolated ports must have the same ground return as the 2000R unit.

Refer to the Select Communication Options Table when making option selections.

In addition to the standard front or rear non-isolated RS-232 port (COM 1), the following rear communication port
options are available:

Option 0

This option provides RS-232 communication via the non-isolated COM 2 port and is suitable only in applications
where communication to the unit is local through a direct connection to a PC or remote through an external
isolating communication device , such as an RS-232 to fiber optic converter, which is connected to the relay using
a short cable.

Options 1 through 8 are provided on an independent communication card installed in the unit.

Option 1

This option provides RS-232 communication via the isolated COM 3 port for transient immunity and isolation and
must be used where communication cable lengths are greater than 10 feet (3m) or a common ground is not
guaranteed. In general, RS-232 communication is limited to a maximum distance of 50 feet (15m). Aux Com and
COM 2 ports are disabled in this configuration.

Option 2
This option provides RS-232 communication via isolated COM 3 port and RS-485 communication via the isolated

Aux Com ports. The auxiliary port is an isolated RS-485 configuration that supports several communication
protocols (See Communication Protocol Category On Ordering Sheet).

Option 3

This option provides INCOM™ availability, via the Aux Com port, in applications where either the Westinghouse
INCOM™, or ABB WRELCOM™, network is used.

Option 4
This option provides RS-485 communication and INCOM™ availability, via the isolated Aux Com port.  In this
configuration, the INCOM™ port provides the same functionality as option 3.

Option 5
This option provides RS-485 communication via the isolated Aux Com port, and is highly recommended for

applications requiring communication over distances of up to 300 feet (100m). This option has an advantage over
RS-232 by allowing networking of multiple relays via a simple 3 wire connection.

An RS-485 to RS-232 converter (Catalog Number 245X2000) is available to connect the network to an external
device such as a modem or a personal computer.
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Option 6

This option provides a Modbus Plus™ interface, via the COM 3 port, and RS-232 communication via the non-
isolated COM 2 port.

Option 7

This option provides a Modbus Plus™ interface via the COM 3 and RS-485 communication via the isolated Aux
Com port.

Option 8
This option provides RS-485 communication via the isolated COM 3 and Aux Com ports.

Communication Protocols

The Select Options Table shows the communication protocols and the respective hardware port assignments that
are currently available.

The "Standard" Protocol

The "Standard" protocol referenced throughout this publication refers to an ABB 2000 series-specific 10 byte
ASCII oriented communication protocol. This protocol is standard for COM 1 and is selectable for other rear ports
as per the Select Options Table. The 2000 series External Communication Program (ECP) provided, at no
charge, with the relay uses the standard protocol.

Product specific protocol documents are available from the factory upon request.

Modbus Plus™ is a trademark of Modicon, Inc.
Modbus® is a registered trademark of Modicon, Inc.
INCOM™ s a registered trademark of Cutler Hammer Corporation.

Spare Parts, Communications and Ordering Information 13-7



ABB Transformer Protection Unit 2000R

Ordering Instructions

The 2000R series of relays have a structured catalog number ordering system. The unit's catalog number is built
up from 13 customer-selectable characters. Each character identifies features or functions that can be
incorporated into the relay.

Sample Catalog Number
588 R0411-61010
iguration | ‘ |—Communications Protoc
ant Range Software Options

rol Voltage Frequency

Display and Communication Port Rear Communications |

How to Order

Using the Ordering Selection sheet, select those special features or options that are required to adapt the 2000R
to your specific application. Create the catalog number, as shown above, by selecting the associated number or
letter that refers to the desired feature or option from each category.

Software Options

The software options available on the 2000R series include Load Profile, User Programmable Curves, and
Oscillograhic Data. Any combination of these options may be selected.

3 character locations in the catalog number define your selection of software options.

Oscillographics
User Programmable Curves
Load Profile

13-8
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The table below illustrates all possible hardware configurations for the communication ports and the supported
protocols. The Catalog Number Select Option columns list every communication option for which the relays can
be configured.

The different protocol variations are outlined under the corresponding communication ports that support them.
Select the row containing the protocol combination that best suits your communications requirements and use the
corresponding catalog number options to fill in the brackets [ ] of the catalog number.

The auxiliary port labelled IRIG-B receives a demodulated IRIG-B signal for 2000R clock synchronization
purposes.

For example, if your system requires DNP 3.0 (IEC870-5) protocol, the ordering catalog number would be
588R041[2]-6101[1] (4th row), 588R041[4]-6101[1](10th row) or 588R041[8]-6101[1](18th row) based on your
choice for the second port provided.

Select other characteristics of the relay from the following pages.

REAR PORT ASSIGNMENTS

com1 com2 com3

55 57 59 61 63
- - [ % ? |
O-OOOOOOOOO O o OOOOOOOOO o O OOOOOOOOO o AUX. 5 00000 o o > o
Catalog Number L so? = M

Select Option NON NON ISOLATED RS-485 INCOM IRIG-B
ISOLATED ISOLATED RS-232 ISOLATED ISOLATED
+ + RS-232 RS-232 s
588RO41[ ] - 6101[ ] |oispiay | Drapioy-
0 0 Standard Standard
1 0 Standard Standard
2 0 Standard Standard Standard IRIG-B
2 1 Standard Standard DNP 3.0
DNP 3.0 Standard
2 4 Standard Modbus® or Standard Modbus® or Standard IRIG-B
See Note # See Note #

3 0 Standard INCOM IRIG-B
4 0 Standard Standard INCOM IRIG-B
4 1 Standard DNP 3.07 INCOM
4 4 Standard Modbus® INCOM | IRIG-B
5 0 Standard Standard
6 4 Standard Standard Modbus® (Modbus Plus™)
7 4 Standard Modbus® (Modbus Plus™) Standard

#8 0 Standard Standard Standard IRIG-B

#8 1 Standard Standard DNP 3.0

DNP 3.0 Standard
8 4 Standard Modbus® or Standard Modbus® or Standard IRIG-B
(RS-485) See Note # See Note #

Select Communication Options Table

An empty selection box indicates communication port is either not provided or is disabled.

* Main board jumper selectable front or rear.

Consult factory for availability. > ” L .
# Protocol selectable in settings process, all 4 combinations possible.
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Ordering Selections

Catalog Number Selection 588 —

Configuration
3 Windings
3 Windings w/voltage inputs
2 Windings
2 Windings w/voltage inputs

<TO -+

Current Range
See following page for Current Range Options 0-K

Control Voltage .
38—58Vdc . . ... 3
70—280Vdc . . ... 4
19 — 29 Vdc 9

Man-Machine Interface / Mounting

Horizontal Mount Unit / No Man Machine Interface . . . . . . . . . |
Horizontal Mount Unit / Man Machine Interface . . . . . . . . . .. 1
Vertical Mount Unit / No Man Machine Interfface . . . . . . . . . .|
Vertical Mount Unit / Man Machine Interfface . . . . . . . . . . . .| 6

Rear Communications Port (see table on previous page for futher
explanation) (Front RS-232 port is standard equipment on all units)

RS-232 (non-isolated) . . . . . . . . . ... 0
RS-232 (isolated) - - . - . . ..o 1
Auxiliary Port & RS-232 (isolated) - - - - - - - -« - o oo 2
INCOM™ (isolated) - - - - . . . . . . . . . . ... 3
Auxiliary Port & INCOM™ (isolated) . . . . . . . . . .. . ... 4
RS-485 (isolated) . . . . . . . .. ... 5
Modbus Plus™ & RS-232 (non-isolated) - - - - - - - - - - . . . 6
Modbus Plus™ & RS-485 (isolated) - - - - . . . . . . . . . .. 7
Dual RS-485 Ports (isolated) - - - - - - - . . . . .. ... .. 8

Frequency
50 Hertz
60Hertz . . . . . . . 6

Software Options
No Oscillographics
Oscillographics

No User Programmable Curves . .. .. .. . | 0
User Programmable Curves .
No Load Profile 0

Load Profile 1

Communications Protocol
Standard (10-Byte protocol) 0
DNP 3.0 (IEC 870-5)
SPACOM
Y MODUS® - « « « « v e e e e 3
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Current Range Options

Current Range Catalog Digit Selection

Winding 1 Winding 2 Winding 3 Ground | No.
Phase Ground Phase Ground Phase Gound
1-12 1-12 1-12 1-12 — — — 0
1-12 2-24 1-12 2-24 — — — 1
2-24 2-24 2-24 2-24 — — — 2
1-12 1-12 2-24 2-24 — — — 3
2-24 2-24 1-12 1-12 — — — 4
.02 -.24 .02 -.24 1-12 1-12 — — — 5
.02 - .24 .02-.24 1-12 2-24 — — — 6
.02 -.24 .02 -.24 2-24 2-24 _ _ _ 7
1-12 1-12 .02 -.24 .02 -.24 — _ _ 8
1-12 2-24 02-24 02-.24 . _ _ 9
2—-.24 2-24 .02 -.24 .02 -.24 — — — A
.02 -.24 .02 -.24 02-.24 02-.24 — — — B
1-12 — 1-12 — 1-12 — 1-12 | C
1-12 — 1-12 — 2-24 — 1-12 | D
1-12 — 2-24 — 2-24 — 1-12 E
2-24 — 2-24 — 2-24 — 1-12 | F
1-12 — 1-12 — 1-12 — 2-241 G
1-12 — 1-12 — 2-24 — 2-24| H
1-12 — 2-.24 — 2-24 — 2-24|J
2-24 — 2-24 — 2-24 — 2-24| K
2-24 — 1-12 — 1-12 — 2-241 L

Note: .02 — .24 range is for use with ABB Optical CT’s.
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