REL301/302 Firmware Version 1.23 (08/19/03)
Addendum to Instruction book V1.20, 40-386.1F

Revisions

These revisions are to be added (inserted) to the REL301/302 Version 1.20 Instruction Book Revision
History as page xvi

Version 1.23 (08/19/03)

1. A change has been done to accommodate a newer generation of communication port switch device. This does
not affect customer applications.
2. With this firmware revision the applicable RCP version is V2.07.

Version 1.22 (07/20/01)

1 In situations of fault types as zone-1 as well as instantaneous overcurrent, only one LED lights. Now
with modified logic, LED’s corresponding to all the pickups will light. LCD display, records etc. will not
be affected.

2. Instantaneous over-current tripping was not working according to the setting. This was because of an
error in the associated timer and has been rectified.

Version 1.21 (11/24/99)

Corrected an error in the Blocking system. The Pilot will not trip with RX=0 if the system was first set to
POTT/PUTT/3ZNP and RX1 or RX2 present and then if the system was changed to Blocking.

General corrections in the Instruction Book V1.20 , 40-386.1F:

Page 5:

ltem 1.5.1:

The configuration software RCP for REL301/302 is available at our web site
www.abb.com/substationautomation

select Transmission products, select REL301/302 and then configuration software.

The waveforms generated by REL301/302 can be viewed by OSCAR or RELTools (RELWave), both of
which are available for download along with the above.

Page 8:
Some time earlier, an auto reclose catalog version with 120V phase to neutral synch input was added.
The sixth digit of the catalog will be with the letter P for this model.
(Existing variations are

N for no reclosing,

R for autoreclose without synch check,

S for reclosing + synchrocheck , 70V phase to neutral

T for reclosing + synchrocheck , 120V phase to phase)

Page 97:
Changes in autoreclose firmware, V1.27 has necessitated some changes in the overall scheme drawing.
Please refer to note 4 to 6 of the drawing.



REL301/302 Reclosing Option Version 1.27 (08/19/03)
Addendum to Instruction Book V1.21, 40-386.12C

Revisions

These revisions are to be added (inserted) to the REL301/302 Reclosing Option Instruction Book Version
1.21, 40-386.12C, Revision History as page v.

Version 1.27 (08/19/03)

1. The Hold binary input of the autoreclose board has been modified. The input (terminals TB5-7 and
TB5-8) is now designated as Hold / 52b input. There is also a new setting added “Hold/52b”. When
set to “Hold”, the input will function as Hold input as earlier. When set to “52b” the input will monitor
the 52b status of the breaker which the unit is auto-reclosing. This makes the breaker status input to
the autoreclose board independent of the breaker status input given to the main protection unit. This
is recommended when the line to be controlled is energized by two breakers such as in ring main or
breaker-and-a- half bus arrangements.

The recommendation is to wire the 52b auxiliary contacts of both the breakers in series to the main
protection of the relay unit (terminals TB4-5, TB4-6) so the protection will know that the line is dead
when both breakers are open.

Wire the 52b auxiliary contact of the breaker to be controlled to terminals TB5-7,8.

(The 52a contact of the same breaker needs also to be wired to TB4- 3,4, if the setting “52a/Man
Close” is set to “52a"). Please refer sketch enclosed.

2 With the addition of the new setting as above RCP software has been modified to revision V2.07

3 A software change has been done to accommodate a newer generation of communication port switch
device. This does not affect customer applications.

The external connection scheme in page 2-27 of the Instruction book also gets revised as per enclosed
drawing.

Suggested scheme
Autoreclose board of REL301/2 controls 52Lag breaker

Part of Ring main or Breaker-and-a-half scheme + T
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Version 1.22 (06/11/01)

1. Correction was done in sync timer. When manual close was done, the sync timer was mis-operating.
With 52a is applied, while system was in lockout mode, sync timer counted down from the set value
to zero, but restarted the timer from 255sec. This was repeated many times.

2. When the “3RI Only” setting was selected for the Reclose Initiate and the 52b applied to the relay too
early as with bench testing, the re-closer Sync timer used to malfunction. The timer counted down
from 255 instead of from the set value. This has been rectified.

General corrections in the Instruction Book V1.21 , 40-386.12C
Page 1-4:
Item 1.6.1:

The configuration software RCP for REL301/302 is available at our web site

www.abb.com/substationautomation
select: Transmission products, select REL301/302 and then configuration software.

Page 1-6:

1. REL301/2 is available with self polarised ground distance relay option, represented by a letter P in the
third position of the catalog number.

2. Some time earlier, an auto reclose catalog version with 120V phase to neutral synch input was added.
The sixth digit of the catalog will be with the letter P for this model.
(Existing variations are
N for no reclosing,
R for autoreclose without synch check,
S for reclosing + synchrocheck , 70V phase to neutral
T for reclosing + synchrocheck , 120V phase to phase)

Page 2-18:
Item 2.10:

Apply voltages at the synch. input depending on whether 70V or 120V option is chosen as indicated by
the model numbers as above. Select the correct angle for T model since voltage of Phase-neutral on one
side is compared with phase-phase on the synch Input side. Also refer to the jumper settings in the
REL301/302 manual, page 124 of IB 40-386.1F on selecting the reference phase.
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Press the SELECT push-button and scroll to the “TEST” display. The display should read “ STA-
TUS” “0” indicating the self-checking/startup/initialization routine was completed successfully
and the system is continuously passing the self-checking routine.

STEP 2

Press the SELECT push-button until you reach the “SET” mode. Displayed is the firmware VER-
SION number. Verify the VERSION number agrees with the version number shown on the cover
of this instruction literature.

NOTE: Pressing the RESET push-button, at any time, will reset the target LED’s and
cause the display to return to the METER display mode.

STEP 3

The settings used for the first test, impedance accuracy test, are shown in Table 5-4 (Table 5-
5 for REL 302). Table 5-4 (or 5-5) settings should be applied to the relay at this time.

To enter the settings, press the SELECT push-button again until the SET mode is indicated.
Then load all settings, one after the other, by using the following procedure to select, set and
accept each setting. When all settings have been entered, the entire settings set should be
reviewed for correctness before continuing with this procedure.

Setting application example OSC Data setting:

1. Press the RAISE push-button to display the “OSC Data” setting (upper-left corner of the
display).

2. Press the ENTER push-button to enable the value to be changed.

3. Press the RAISE push-button to display “OSC Data” to “Trip”.

4. Press the ENTER push-button to accept the new setting value.

5. The LCD display of “Value Updated!” Indicates the setting change is accepted.

6. Press the RAISE push-button to display the next setting and repeat Steps 1 thru 4 above.

NOTE: The ENTER push-button must be pressed to select each setting change indi-
vidually, not the entire group of settings.

NOTE: Before continuing with this procedure verify the “Freq” and “CT Type” settings
match the line frequency and current transformer input being used.

Input quantities Verification and Metering Display

STEP 4

Connect the test source according to Figure 5-4. This connection will be used for verification of
the Alarm 1 relay operation and the METER mode display. This connection will also be used for
the first test.
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Apply a balanced 3-phase voltage:

Vp =70ang 0°
Vg =70 ang -120°
Ve =70 ang 120°

Failure Alarm (AL-1) relay contacts (Terminals TB3-25 and TB3-26) are closed before the bal-
anced voltage is applied. After applying the balanced voltage verify the normally closed contacts
are open. That is, not in the alarm state.

Press the SELECT push-button again until the METER mode is selected. Displayed is the A
phase current, “IA:” and the value “0.0A", since no current is being applied, and the current angle
is blank. For any current value less than 0.5A, no current angle is displayed. This is also true for
currents IB and IC.

NOTE: ALL angle measurements (voltages and currents) are with reference to the A
phase voltage (VAG) which is always assumed at zero degrees, relative.

Press the RAISE or LOWER push-button to view the other currents, voltages and associated
angles. See Table 4-2 for the details of the “METER” mode displayed quantities.

51.3 “TEST MODE”

The “TEST” display mode provides diagnostics and testing capabilities for REL 301/302. Relay
self-check routine results, as previously described in Step 1 above, and output relay contact
testing are among the functions in the “TEST” mode. Also included is the ability to test front pan-
el LED’s and verification of selected contact inputs.

NOTE: Inorder to test the output contacts, place a jumper in the JP-5 position and re-
move this jumper after the test.

STEP 5

a. Press the SELECT push-button until the “TEST” mode is selected. Displayed is the result
of the self-test routine. Results of the self-check routine are represented by a hex number
in the VALUE FIELD of the “Status” function. A normal status, (relay system passing the
self-check routine) is “STATUS” “0”. If REL 301/302 fails the self-check routine another hex
value is displayed, which can be interpreted to provide failure mode information.

For example if the display shows “STATUS” “1B”, the binary equivalent which results is:

HEX VALUE 1 B
Binary Equiv. 0001 1011
Bit Number 7654 3210
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Using the following table, failure mode can be determined by equating bit numbers (from above)
to failure description. A bit set to “1” indicates the corresponding failure has been detected.

RELAY STATUS FAILURE MODE

FAILURE DESCRIPTION BIT NUMBER
RAM Failure 0
EEPROM* Warning** 1
EPROM Checksum Fail *** 2
EEPROM Failure 3
Analog Input Failure 4
Microprocessor Failure 5

* Electrically Erasable Programmable Read Only Memory (non - volatile memory

** “EEPROM Warning” indicates a non-fatal error related to the failure of the EEPROM
check routine. All data stored in the EEPROM is written to 3 identical arrays.
These arrays are continuously checked for agreement with each other. If any of the 3
arrays disagree (2 arrays must agree with each other) an “"EEPROM Warning” is given.
This is the only failure which does not take the protection out of service. (Also the
“Protection In-Service” LED remains lighted.)

*** EPROM Checksum Failure indicates the program memory has failed.
With the exception noted above, (‘EEPROM Warning”) relay tripping is blocked to
prevent false operation, upon failure of the self-check routine. Also the “Protection In-
Service” LED goes out.

For reference the binary-to-hexadecimal conversion is shown below:

BINARY
al2aSRlelll REPRESENTATION
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
A 1 0 1 0
B 1 0 1 1
Cc 1 1 0 1
D 1 1 0 1
E 1 1 1 0
F 1 1 1 1
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b. The “TEST” display mode also provides access for testing for REL 301/302 output relay
contacts. All output relays will be tested using the procedure described in Step 12. In asso-
ciation with the contact test, receiver 1 and/or 2 units can be simulated for verification of
REL 302 pilot logic. These input simulations will be used later in Section 5.2 Pilot Accep-
tance Tests for REL 302.

As previously stated, when REL 301 or REL 302 are energized the system performs a complete
self-test/startup/initialization routine. Upon successful completion of the startup routine the sys-
tem firmware enters what is referred to as the background mode. In the background mode all
“non-fault analysis” functions are performed. In the background mode, current and voltage sam-
pling is done continuously (2 millisecond resolution) as well as the calculation of current and
voltage phasors. Also, when the system is in background mode MMI functions and (continuous)
self-checking are performed. See Figure 1-6 for software flowchart reference.

Tripping decisions are made in the fault mode. Both the REL 301 and REL 302 utilize a unique
disturbance detector that is used to switch from background mode to fault mode processing. In
fault mode only processing related to fault calculation trip logic analysis are done. All back-
ground mode functions not related to tripping are stopped.

The operate criteria for the disturbance detector (Fault Detector) are:

Phase current (AIA, AIB, or AIC) > 1.0A peak and 12.5% change
Ground current (Al0)>0.5 A peak
Phase voltage (AVA, AVB, or AVC) >7V and 12.5% change with a current change of AI>0.5 A

When one of the above is met, REL 301 or REL 302 will switch to fault mode processing.

In order to perform all tests, voltages will be applied first then the designated value of current
has to be suddenly applied. If REL 301 or REL 302 does not trip, adjust the current to a higher
value, and then suddenly reapply current. Unlike conventional electromechanical relays, slowly
ramping up the current will not cause Zone 1tripping. The current required to trip is shown for
each test.

5.1.4 Zone 1 Impedance Accuracy Check

STEP 6

The following impedance accuracy tests use a predetermined fault voltage and current for the
test impedance applied to the system under test. If it is desired by the user to test impedance
accuracy at another impedance setting, the following formula can be used to calculate test cur-
rent for any phase-to-ground fault, impedance setting:

VLN

(Zg-1)
5

Z,,COS(PANG —X)[l +

where: PANG = “Ang Pos”
Zr=2Zo /2y

From Table 5-4 (for example):

* “Zonel G” = “4.50hms”
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* “Ang Pos.” = “75°

e “ZOL/Z1" =*"3.0"

using: X = 75° (lagging)
V| n = Fault voltage chosen for faulted phase, in this example 30 volts

The current required to trip = 4.00A +/-5 % for fault current lagging fault voltage by 75°. This is
the maximum torque angle test. For other points on the MHO circle, change X to a value be-
tween 0° and 150°, and calculate the value of I.

With the system under test connected as shown in Figure 5-4 and with the settings from Table
5-1 (5-2 for REL 302) applied to the system, adjust the voltages as follows:

Vp =30ang 0°
Vg =70 ang -120°
Ve =70 ang 120°

Apply current to the A phase current input as shown. The current required to trip is 4.00 amps
+ 5% at an angle of 75° lagging the fault voltage. This is the “maximum torque angle” test.

When the relay trips, remove the fault current. Zone 1 and AG LED’s will light. The LCD display
will indicate the fault distance. Using the RAISE and LOWER push-buttons the complete fault
record can be reviewed. See Table 4-3 for a description of the displayed fault data quantities.

The significant quantities to review are:

Fault Type —“FLT Type” “AG”
Targets —“ZonelG” “Yes”
Fault Voltages (VA, VB, VC, 3V0 and Currents (lA, 1B, IC, IP)

All trip associated contact outputs, should be monitored as a part of this test. Connect appropri-
ate monitoring equipment to the “dry” contact outputs to be monitored. See Figures 4-1, 4-2 and
4-3 for contact output connection. Additionally, with an external jumper connected between
TB1-1 (SysT TEST) and FT-5 (BFI/RI ENA), the following can be observed:

1. Breaker failure initiate (BFIl) BFIA-1 and BFIA-2 are closed as long as the fault is applied
after the trip decision is made. BFI contacts “follow” the trip contacts.

2. General Start (GS) contact will pick-up for approximately 50 ms immediately after the fault
is applied.

3. Trip alarm (Trip alarm, AL-2), relay will pick-up and remain picked up as long as the fault is
applied, after the trip decision is made. The AL-2 contact “follows” the trip contacts. After
the fault has been removed, AL-2 will remain picked up since the “Trip Alarm” is set to Seal-
in. Alarm 2 can then be reset by pushing the RESET push-button.

4. Reclosing Initiation (RI) contacts R/-1 and R/-2 will not operate since the setting “RI type”
is “No RI”. Change “RI Type” to “@G RI” and re-apply the fault current. RI-1 and RI-2
should pick-up for approximately 400 ms (after the trip decision has been made).
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Repeat the A phase-to-ground fault test and measure the trip time, which should be less than 2

cycles.

The following formula can be used when PANG = GANG:

Assume, PANG

=*“Ang Pos”, GANG =

“Ang Zero”, ZR = Z /1Zy), Z¢q = Setting of Zone-1G and

X = phase aorb or c.

or

or

where

or

Example:

ng = (g + Kolo)zcg

Vig = (Ix Kglx)zcg
Iy = Vxg
X

zcg(1+—°>
s (B

= |Zg|£(GANG -PANG) -1

ly = Vxg
_ i(GANG —PANG)
iPANGT, . |Zr]€e] -1
1Zogle [1 ¥ . }
ly = Vxg
PANG , 1 jGANG
\ch\e + é\zcg\\Zr\e
Vag=302Z1g=4.5 PANG = 85
GANG =40 Zr=3
30

I, = - ,
%(4.5).3185 + %(4.5)(3)&40

30
3cos(85) +j3sin(85) + 4.5cos (40) + j4.5sin (40)

4.31/(-57.76)

This is the trip current (4.3A) at the maximum torque angle of -57.76° (current lags voltage by

57.76°).

The following equation should be used for the angle of x on the mho circle:

30

ax = 6.96cos(57.76 —X)

115



INSTRUCTION MANUAL REL 301/302 M

116

Using Figure 5-5 and 5-6, repeat (preceding) step 6 for BG and CG faults. Note Targets.
STEP 7

Using the test connections shown in Figures 5-5 and 5-6, repeat Step 6 above for B phase-to-
ground (BG) and C phase-to-ground (CG) faults respectively. The test voltages are shown be-
low:

For BG fault test, make connections as shown in Figure 5-5 and adjust the voltages as follows:

Vp=70ang0°
Vg = Vg =30 ang -120°
Ve =70 ang 120°

Apply current to the B phase current input as shown. The current required to trip is 4.00 amps
+ 5% at an angle of 75° lagging the fault voltage.

When the relay trips, remove the fault current. Zone 1 and BG LED’s will light. The LCD display
will indicate the fault distance. Using the RAISE and LOWER push-buttons the complete fault
record can be reviewed. See Table 4-3 for a description of the displayed fault data quantities.

The significant quantities to review are:

Fault Type —“FLT Type” “BG”
Targets —“ZonelG” “Yes”
Fault Voltages (VA, VB, VC, 3V0) and Currents (IA, IB, IC, IP)

For CG fault test make connections as shown in Figure 5-6 and adjust the voltages as follows:

Vp =70 ang 0°
Vg =70 ang -120°
Ve = Vg =30ang 120°

Apply current to the C phase current input as shown. The current required to trip is 4.00 Amps
+ 5% at the angle of 75° lagging the fault voltage.

When the relay trips, remove the fault current. Zone 1 and CG LED’s will light. The LCD display
will indicate the fault distance. Using the RAISE and LOWER push-buttons the complete fault
record can be reviewed. See Table 4-4 for a description of the displayed fault data quantities.

The significant quantities to review are:
Fault Type —“FLT Type” “CG”

Targets —“ZonelG” “Yes”
Fault Voltages (VA, VB, VC, 3V0) and Currents (1A, IB, IC, IP)
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5.1.5 Input Opto-Coupler Check (Also see Step 12)

STEP 8
External Reset

Apply an AG fault as described pin Step 6 above. As stated the Zone 1 and AG LEDs will light
and begin flashing. The LCD display will switch to the “L-FLT” mode and fault distance will be
displayed. Pressing the front panel RESET push-button will cause the LCD display switch to the
“METER” display and the LED’s to stop flashing.

Again apply an AG fault. Again the Zone 1 and AG LEDs will light and begin flashing. The LCD
display will switch to the“L-FLT” mode and fault distance will be displayed. Apply rated dc volt-
age to terminals TB4-7(+) and TB4-8(-). The LCD will display “FLT Type”, all fault data will be
erased and the LED’s will stop flashing. Remove the voltage from TB4-7 and TB4-8.

STEP 9
52b Input

Using the MMI change the setting of “ CIF Trip” from“No” to“ Yes” using the procedure in Step
4 above. Apply an AG fault as described in Step 6 above, except with a current of 2 Amp at an
angle of 75° lagging the fault voltage. The relay should not trip.

Apply rated dc voltage to terminals TB4-5(+) and TB4-6(-). Again apply an AG fault with a cur-
rent of 2 Amp at an angle of 75° lagging the fault voltage. The relay should trip and a review of
the target should show “CIF Trip” “ Yes”. Remove the voltage from TB4-5 and TB4-6. Change
the setting of “ CIF Trip” from “Yes” to “No”.

5.1.6 Input Transformer (Ip) Check

STEP 10

Change the following settings using the procedure in Step 3 above.

“Zone 10” = “Disabled” (Zone 1 phase distance setting)

“Zone 1G” = “Disabled” (Zone 1 ground distance setting)

“Dir Type” = “Dual Polariz” (Directional overcurrent polarization choice setting)
“GB Type” = “CO0-8" (Overcurrent ground backup curve family setting)
“GBPickup” = “0.5 Amps” (Overcurrent ground backup pickup setting)
“GBTCurve” = “24" (Overcurrent ground backup curve selection setting)

“GB Dir” = “YES” (Overcurrent ground backup directional choice setting)

Since the “GB Dir” =“YES", the Ground Backup logic is directional, torque controlled and is
supervised by Forward Directional Overcurrent Ground (FDOG) logic. In order to test the direc-
tional logic, 3@ voltages must be applied for correct directional reference. With no voltage ap-
plied or if the setting of Loss -of-Potential Block (“LOP BIk") is “Yes” and at least one input
voltage is zero volts, GB will be non-directional regardless of the GB Dir setting.

This test is to verify the dual polarizing or fourth current transformer input (Ip). For a dual polar-
izing ground directional unit test, connect the test circuit shown in Figure 5-7. Apply Ip = 1.0A
£-90° to terminals FT-13 (+) and F1-12 (-), and apply a balanced 3-phase voltage (V4 =V, =V,
=70 Vac). Apply 15= 4A to terminals FT-15 (+) and FT1-16 (-) to the system under test. Vary the
angle of I, relative to I, and observe tripping at all of the following angles of I:

e All angles between -3° and -177°
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e Or-90° £ 87°, where -90° could be referred to as the maximum torque angle

When the relay trips, remove the fault current. OTHER will light. The LCD display will indicate
the fault distance. Using the RAISE and LOWER push-buttons the complete fault record can be
reviewed. See Table 4-3 for a description of the displayed fault data.

The significant quantities to review are:
Fault Type —“FLT Type” “AG”
Targets —“GB Trip” “ Yes”
Fault Voltages (VA, VB, VC, 3V0) and Currents (IA, IB, IC, IP)

Using the same test connection, as above, the system should not trip at any of the following an-
gles of I

« All angles between +3° and +177°
e Or +90° + 87°, where +90° could be referred to as the zero torque angle

Output Contact and Input Circuit Verification Test

STEP 11

The purpose of this test is to check the hardware connections, output relay contact operation,
and input circuit verification.

To perform these tests, jumper #5 (JP5) on the microprocessor module, must be in place. (Refer
to paragraph entitled “Acceptance Test” at the beginning of this chapter for details.) Jumper #3
(JP3) is a spare jumper which is moved to the JP5 position for this test. Upon test completion,
if front panel output contact operation is not desired, remove JP5 and return it to the JP3 posi-
tion.

Press the SELECT push-button and scroll to the display to “TEST” mode. The display should
read “STATUS” “0” indicating the self-checking/startup/initialization routine was completed
successfully and the system is continuously passing the self-checking routine. Press the RAISE
push-button and scroll to contact output to be tested. All contact outputs can be tested. See the
“CONNECTION SPECIFICATION CHART” in Section 4.3 and “Relay Output Test” in Section
4.4.2.1 for contact listing and terminal references.

After scrolling to the contact output to be tested, for example “ Trip” “ Relay”, pressing the EN-
TER push-button will cause the trip relay to operate and hence the trip contacts to close. A sim-
ilar procedure is used to test any contact output.

NOTE: Testing of the trip contacts generates a target which is reported as simply
“Test” in the display. Trip contact testing is the only contact test which gener-
ates atarget.

In the “TEST” mode verification of the LEDs functioning is accomplished by scrolling to the
“LEDs” “Protection” display and pressing the ENTER push-button. The protection LEDs will
light in the following sequence and remain lit while the ENTER push-button is depressed:

1. Pilot (REL 302 only) 6. BG
2. Zonel 7. CG
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3. Zone?2 8. M@
4. Zone 3 9. OTHER
5. AG

The following inputs can be tested, in the “TEST” mode, By applying voltage to each input and
observing the “Inputs” display. Scroll to the “Inputs” display, apply rated voltage and as each
input is energized, the associated display segment changes from*“—" to“|”.

Input Under Test Display

“52a” l-----

“52b” “l----

“EXT RESET” e ]---

“PLT ENA” (Pilot Enable, REL 302 only) --v]--
“RCVR1" (Receiver 1, REL 302 only) - -
“RCVR2” (Receiver 2, REL302only) |  ----- |

This completes the REL 301 and REL 302 (non-pilot) Acceptance Test.
5.2.  PILOT ACCEPTANCE TESTS (FOR REL 302 ONLY)

5.2.1  Non-Pilot Acceptance Tests for REL 301/302

Perform the acceptance test procedures in Section 5.1 if not previously completed. These tests
are valid tests of hardware and firmware performance for either REL 301 or REL 302.

5.2.2  Input Opto-Coupler Check

STEP 12
Pilot Enable (PLT ENA)

In Step 3, Section 5.1, the settings from Table 5-5 should have been loaded for Non-Pilot Ac-
ceptance Tests. Change the following settings using the procedure in Step 4 above:

“Pilot” = “YES" (Enable pilot logic)

“SystType” = *“Blocking” (Pilot system selection setting)

“Pilot @” = “4.50hms” (Pilot phase distance reach setting)

“Pilot G” = “4.50hms” (Pilot ground distance reach setting)

“Dir Type” = *“Zero sequence” (Directional overcurrent polarization choice setting)
“GB Type” = “Disabled” (Overcurrent ground backup curve family setting)

Test Using Blocking System

Apply an AG fault as described in Step 6 above. The REL 302 should not trip.

Apply rated dc voltage to terminals Te4-9(+) and TB4-10(-). Again apply an AG fault as de-
scribed in Step 6 above. When the relay trips, remove the fault current. PILOT and AG LED’s
will light. The LCD display will switch to the “L-FLT” mode and fault distance will be displayed.
Using the RAISE and LOWER push-buttons the complete fault record can be reviewed. See Table
4-3 for a description of the displayed fault data quantities.
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The significant quantities to review are:

Fault Type — "FLT Type” “AG”
Targets — “Pilot G" “YES”
Fault Voltages (VA, VB, VC, 3V0) and Currents (IA, 1B, IC, 310)

Pressing the front panel RESET push-button will cause the LCD display to switch to the
“METER” display and the LEDs will stop flashing.

STEP 13
Receiver Inputs 1 and 2

Apply rated dc voltage to terminals TB4-9(+) and TB4-10(-) for tests a and b below.

a.

Blocking System Test

Apply an AG fault as described in Step 6. The REL 302 should trip. When the relay trips,
remove the fault current. PILOT and AG LEDs will light. The LCD display will switch to the
“L-FLT” mode and fault distance will be displayed. Using the RAISE and LOWER push-but-
tons the complete fault record can be reviewed. See Table 4-2 for a description of the dis-
played fault data quantities.

The significant quantities to review are:

Fault Type — “FLT Type” “AG”
Targets — “Pilot G"“YES”
Fault Voltages (VA, VB, VC, 3V0) and Currents (IA, IB, IC, 310)

Pressing the front panel RESET push-button will cause the LCD display to switch to the
“METER?” display and the LEDs will stop flashing.

Applying rated dc voltage to terminals Ts4-11(+) and TB4-12(-) simulates the receipt of a
pilot blocking signal. Again apply an AG fault as described in Step 6. The REL 302 should
not trip. Remove voltage from terminals Ts4-11 and Te4-12.

Receipt of the pilot signal can also be simulated from the front panel. Using the procedure
outlined in Step 5, press the SELECT push-button until the “TEST” mode is selected. Dis-
played is the result of the self-test routine which should show a normal status, “Status” “0".

Pressing the RAISE push-button, scroll to “Rx1” display. Pressing the ENTER push-button
simulates the receipt of the blocking signal. While depressing the ENTER push-button, again
apply an AG fault. The REL 302 should not trip.

Permissive Overreach and Underreach Transfer Trip (POTT, PUTT) System Test

Change the following setting using the procedure in Step 3.
“SystType’= “POTT” (Pilot system selection setting)

Apply an AG fault as described in Step 6. The REL 302 should not trip.

Applying rated dc voltage to terminals Te4-11(+) and TB4-12(-) simulates the receipt of a
permissive signal. Again apply an AG fault as described in Step 6. The REL 302 should trip.
When the relay trips, remove the fault current. PILOT and AG LEDs will light. The LCD dis-
play will switch to the “L-FLT” mode and fault distance will be displayed. Using the RAISE
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and LoweR push-buttons the complete fault record can be reviewed. See Table 4-3 for a
description of the displayed fault data quantities.

The significant quantities to review are”
Fault Type — “FLT Type” “AG”
Targets — “Pilot G” “YES”
Fault Voltages (VA, VB, VC, 3V0) and Currents (1A, IB, IC, IP)
Pressing the front panel RESET push-button will cause the LCD display to switch to the
“METER” display and the LEDs will stop flashing.
Receipt of the pilot signal can be simulated from the front panel as in Part a above. Using
the procedure outlined in Step 5, press the SELECT push-button until the “TEST” mode is
selected. Displayed is the result of the self-test routine which should show a normal status,
“Status” “0".
Pressing the RAISE push-button, scroll to “Rx1” display. Pressing the ENTER push-button
simulates the receipt of the permissive signal. While depressing the ENTER push-button,
again apply an AG fault. The REL 302 should trip as in the test above as though voltage is
applied to the Receiver 1 input.

c. Repeat the tests in Part b. Above except using the Receiver 2 input by applying rated dc
voltage to terminals TB4-13(+) and TB4-14(-). In the front panel test substitute “Rx2".

This completes the REL 302 Pilot Acceptance Test.

5.3.  MAINTENANCE PROCEDURES

53.1
53.11

5.3.1.2

5.3.1.3

NOTE: Itis NOT recommended to perform any type of invasive periodic maintenance

test (requiring relay disassembly).

Periodic Maintenance Tests

Using Remote or Local Data Communication

Read Metering Values

Read Diagnostic Information

Monitor Relay Failure Indication

Remotely test Output Relay (Trip, Close, etc.)
Check for Failure Alarm via annunciator or network

Change real-time clock battery. (See Figure 5-3 for location.) Use a lithium type battery such
as Ray O’ Vac #BR2016.

Using Man-Machine Interface

Use the front display, and push-buttons to manually perform the tests described in Section
5.3.1.1 above.

Routine Visual Inspection

With the exception of routine visual inspection, the REL 301/302 relay assembly should be
maintenance free for one year. A program of routine visual inspection should include:

Condition of cabinet or other housing
Tightness of mounting hardware
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* Proper seating of subassemblies

« Condition of external wiring

e Appearance of printed circuit boards and components

< Signs of overheating in equipment

5.3.1.4 Perform the Acceptance Test

Performing this test is optional if all other test results are acceptable.

5.4. CALIBRATION

54.1 Pre-Calibration

NOTE: Whenthe REL301/302 is being calibrated, move the jumper from JMP3 to JMP6

position on the Microprocessor Module. After calibration, replace the jumper
back to the original JMP3 position.

Three trimpots (P17, P16, P15) are used to calibrate the A/D converter; a variable capacitor (C6)
is used for clock calibration (see Figure 5-1and 5-3). The REL301/302 relay has been properly
adjusted at the factory; adjustments by the user are not required. The following Factory calibra-
tion procedure is for reference only.

1
2)
3)
4)
5)
6)

7

8)
9)

Turn “OFF” all Vac and Vdc power.

Remove the cover and front panel by using a screw driver.

Connect together all terminals FT-1, 2, 3, 4, 12-19 through an external mating connector.
On the microprocessor module, move jumper from position JP3 to JP6 (see Figure 5-3).
On input/filter module, remove U6 (Sample/Hold device) from its socket.

Connect a digital voltmeter, with at least 5 digit accuracy, to TP3, and TP2 (common) on
the input/filter module.

Using a battery and potentiometer, connect the adjustable voltage to TP1, and common
to TP2 on the input/filter module. Apply voltage per steps 11 and 12 below.

Apply a rated dc voltage across FT-20 and FT-11. Turn “ON” the dc power source.
On the front panel, depress the SELECT push-button until the TEST mode is indicated.

542 A/D Calibration

10)

11)

12)
13)
14)
15)

122

Raise the Function field, on LCD display to A/D CAL mode. The value field display shows
the average Hex value of the analog input over one cycle.

Set the Voltmeter input to -4.99878 Vdc. Adjust Pot P16 until the Value display reads
C009.

Set the voltmeter input to +4.99634 Vdc. Adjust Pot 17 until the Value display reds 3FF4.
Turn “OFF” the dc power supply.
Remove the battery voltage from TP1 and TP2.

Remove the digital voltmeter.



I.L.40-386.1

16)
17)

Replace U6 in its socket.

Turn “ON” the dc power supply and adjust Pot P15 until the Value display reads 0 or FFFF
Hex.

5.4.3 Real-Time Clock Calibration on Microprocessor Module

18)

19)

20)
21)
22)

Connect a precision period counter instrument to TP1, on the microprocessor module
and TP7 (common) on the input/filter module.

On the microprocessor module, adjust variable capacitor (C6) and read the period of
pulses at TP1. It should be 1.000000 second (+ 0.000002).

Turn “OFF” the dc power supply.
Remove the power leads and external connector.

On the microprocessor module, move jumper from position JP6 to JP3 and replace front
panel with six mounting screws.
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Table 5-4: REL 301 SETTINGS (NON-PILOT SYSTEM)
(As Displayed on Front Panel LCD)
VERSION X. XX Zone 3 Forward Dir
OSC Data Trip Ang Pos. 75°
FLT Data Trip Ang Zero 75°
CT Ratio 1000 Z0L/Z1L 3.0
VT Ratio 2000 Low V 60 Volts
Freq 60 Hz Low lg 0.50 amps
CT Type 5 amps IM 0.50 amps
Read Out Secondary Units 310s 0.50 amps
[R)IIS'T'UM Ellolr?nleters Inst. @ Disabled
ype 0 :
Fast RI Z1/Inst | Iggt';o ok mabled
5822 g R Eg 0soT 4000 sec
Sys Type Non Pilot OS Inner 15.00 Ohms
Zonel o 4.50 Ohms OS Outer 15.00 Ohms
Zonel G 4.50 Ohms Dir Type Zgro Sequence
T1 Timer 0 Cycles GB TYPe Disabled
Zone2 o Disabled GB Pickup 0.50 amps
T2 Type Definite Time GBT Curve 24
T2@ Time 1.00 sec GB Dir YES
Zone2 G Disabled CIF Trip NO
T2G Type Definite Time LL Trip NO
T2G Time 1.50 sec LOP BIk NO
Zone3 g Disabled LOI Blk NO
T3 g 2.00 sec Trip Alm Seal-in
Zone3 G Disabled Rem. Set Remote Allowed
T3 G 2.50 sec Set Time NO
NOTE: This REL 301 settings table is for 60 Hz and 5A ct systems. For 1A ct, change Zonel &,

Zonel G, Zone2 @, Zone2 G, Zone3 &, Zone3 G, OS Inner, OS Outer by multiplying a factor
of 5, and all current values mentioned in the text should be multiplied by a factor of 0.02.
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Table 5-5: REL 302 SETTINGS (PILOT SYSTEM)
(As Displayed on Front Panel LCD)

VERSION XXX T3 @ 2.00 sec
OSC Data Trip Zone3 G Disabled
FLT Data Trip T3G 2.50 sec
CT Ratio 1000 Zone 3 Forward Dir
VT Ratio 2000 Ang Pos. 750
Freq 60 Hz o

Ang Zero 75
CT Type 5 amps
Read Out Secondary Units Z0L/Z1L 3.0
X/Dist 0.500 Q/Km Low vV 60 Volts
Dist Unit Kilometers Low lg 0.50 amps
RI Type No RI IM 0.50 amps
Fast RI Z1/Inst | 3I0s 0.50 amps
Zone2 RI NO 310m 0.50 amps
Zone3 RI NO Inst. @ Disabled
FP‘;;‘BF RB mg Inst. G Disabled

OS Block NO
SystType Non-Pilot
FDOG Time Blocked 0SOT 4000 sec
Weakfeed NO OS Inner 15.00 Ohms
3-Term NO OS Outer 15.00 Ohms
Blk Time 0 msec Dir Type Zero Sequence
Pilot g Disabled GB Type Disabled
Pilot G Disabled GB Pickup 0.50 amps
Zonel g 4.50 Ohms GBT Curve 24
Zonel G 4.50 Ohms GB Dir YES
T1 Timer 0 _Cycles CIF Trip NO
Zone2 g Dlsgb_led _ LL Trip NO
T2 @ Type Definite Time
T2 g Time 1.00 sec LOP Blk NO
Zone2 G Disabled LOI Blk NO
T2G Type Definite Time Trip Alm Seal-in
T2G Time 1.50 sec Rem. Set Remote Allowed
Zone3 g Disabled Set Time NO

NOTE: This REL 301 settings table is for 60 Hz and 5A ct systems. For 1A ct, change Zonel @,
Zonel G, Zone2 @, Zone2 G, Zone3 J, Zone3 G, OS Inner, OS Outer by multiplying a factor
of 5, and all current values mentioned in the text should be multiplied by a factor of 0.02.

132




I.L.40-386.1

Table 5-6: REL 301/302 Reference Drawings

Drawing Name

Drawing Number (Sheet Numbers)

General Drawing

2678F11 (1,2,3,4)

Filter Module Schematic

1612C33 (1,2)

Filter Module Assembly

1612C34 (1,2,3)

Backplane Module Schematic 1357C85
Backplane Module Assembly 1612C53 (1,2,3)
Power Supply Module Schematic 1357D14

Power Supply Module Assembly 1612C68 (1,2,3,4)
CT Module Schematic 1503B32

CT Module Assembly 1612C79 (1,2)

VT Module Schematic 1503B33

VT Module Assembly

1612C80(1,2)

Microprocessor Module Schematic

1357D38 (1,2)

Microprocessor Module Assembly

1613C55 (1,2,3)

Display Module (MMI) Schematic

1613C76

Display Module (MMI) Assembly

1613C69 (1,2)

Reclosing Module Schematic

1614C17 (1,2,3,4)

Reclosing Module Assembly

1614C19 (1,2)

Firmware Upgrade Procedure

L - 682A34
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RESERVED FOR NOTES
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