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Introduction 
 
It is recommended that the user of REL 350 equipment become acquainted with the information in this instruction 
manual before energizing the system. Failure to do so may result in injury to personnel or damage to the 
equipment, and may affect the equipment warranty. If the REL 350 relay system is mounted in a cabinet, the 
cabinet must be bolted to the floor, or otherwise secured before REL 350 installation, to prevent the system from 
tipping over. 
 
All integrated circuits used on the modules are sensitive to and can be damaged by the discharge of static 
electricity. Electrostatic discharge precautions should be observed when handling modules or individual 
components. 
 
ABB does not assume liability arising out of the application or use of any product or circuit described herein. ABB 
reserves the right to make changes to any products herein to improve reliability, function or design. Specifications 
and information herein are subject to change without notice. All possible contingencies which may arise during 
installation, operation, or maintenance, and all details and variations of this equipment do not purport to be 
covered by these instructions. If further information is desired by purchaser regarding a particular installation, 
operation or maintenance of equipment, the local ABB representative should be contacted. 
 
© Copyright 
ABB Automation Inc. 
Published 1994, 1995, 1996, 1997  
All Rights reserved 
ABB does not convey any license under its patent rights nor the rights of others. 
 
The REL 350 equipment is identified by the Catalog Number on the REL 350 chassis nameplate. The Catalog 
Number can be decoded by using Catalog Number Table 3-1 (see Section 3, page ). 
 
When engineering and production changes are made to the REL 350 equipment, a revision notation (Sub #) is 
reflected on the appropriate schematic diagram, and associated parts information. A summary of all Sub #s for 
the particular release is shown below. 
 
Repair work is done most satisfactorily at the factory. When returning equipment, carefully pack modules and 
other units, etc. All equipment should be returned in the original packing containers if possible. Any damage due 
to improperly packed items will be charged to the customer. 
 
Section 1 provides the Product Description, which includes software functions. Section 2 provides Specifications 
and External Connections. Section 3 presents applications with related Catalog Numbers for ordering purposes. 
REL 350 Installation, Operation and Maintenance are described in Section 4 with related Setting Calculations in 
Section 5 . Acceptance Tests are described in Section 6. Fault Analysis Application program RELWAVE and 
Oscillographic Data Definitions are defined in Section 7. Section 8 contains System Diagrams and in Section 9 
Application Notes. 
 
REL350 Revisions in V2.72 from 2.62 
 
The revision history below includes main board versions of V2.72 with respect to 2.62. For information regarding 
earlier versions, please contact factory. 
 
Main board 
 
Version 2.72   
SOFTWARE CHANGES 

New Features / Functionality Added 
 

V2.72 

ix 

1 An interlock has been provided on the final feedback loop circuit of the trip circuit.  This improves the relay 
immunity to induced noises when applied much in excess of standard testing levels. 
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2 Errors in the Out of step trip logic, when selected to trip on Wayout, have been corrected. 

3 The direct trip transfer signal has been made more secure.    The direct trip selection In/Out  not only controls 
the trip signal going out to the channel, it also interlocks the direct trip signal when received, thereby making it 
doubly secure.  This would also mean that keeping the In/out switch in position OUT would block signal 
transfer either way but it is recommended to keep both end switches OUT for additional security. Both local 
and remote ends will have a delay of half a cycle to transfer trip.   

4 Security of operation of the relay with longer channel delays has been improved.  

5 The following signals have been added in the oscillography: 

 DTTR - Direct Trip Transfer from remote relay 
 DTTL (XDTT)  -Direct Trip Transfer binary input from local relay 
 3PT -Three pole Trip 
 SPTL -Single Pole Trip bypass signal from binary input of Local relay 
 SPTR -Single Pole Trip bypass signal from Remote relay 
 BK1A,BK1B,BK1C- Breaker 1 Trip seal in signals, phases A, B,C 
 BK2A,BK2B,BK2C- Breaker 2 Trip seal in signals, phases A, B,C 
 TRPA, TRPB,TRPC- Final Trip logic outputs in the relay, Phases A, B, C 
 PLTA, PLTB, PLTC, PLTG- Pilot Trip, Phases A, B, C, G 
 SBT- Stub bus trip  
The following signals were changed in display- 
 CDIV-   Change detector with delay on drop out. The signal has been renamed as CDT 
 OBKT- Open breaker trip 
6 Corrections were done in SOBT+LDT of remote breaker open trip logic. 

In view of all the above featue as well as security enhancements, fault recording enhancments it is strongly 
recommended that all installations upgrade the firmware  to V2.72 
 
V2.71 
7 If the channel measurement delay is more than 24.5mSec  (the earlier value 24.1), an internal signal Ctdly is 

set, which will generate channel alarm in addition to existing channel monitoring signals.  Accordingly after the 
set delay the backup protection will be brought into service. 

8 With the new firmware, the following will scroll when a fault occurs. 

FYTP 
DMI/DMK based on setting selection 
DATE 
TIME 
The scrolling will stop as soon as any key is pressed on the front panel, external reset or reset command from  
RCP/WinRCP. 

9 An error in PTOG logic in the implementation was corrected. Operation of either PTA or PTB or PTC is 
supposed to block PTOG after a 30msec delay.  The earlier implementation used the signals prior to the 
30mSec timer block. 

10 With reference to logic diagram Sh. 9, the signal reference CD, the signal CD asserts after a delay on drop 
out of setting of signals such as dVDi, IACD, IBCD  etc., Earlier the fault record was recording the signal prior 
to the timer block under the name CD.  In the latest firmware the proper signal CD after the time delay is 
recorded. It is accordingly named CDT. 

11 Earlier, at regular intervals, the display showed CHRX=INIT which is anyway not a valid value.  This was a 
display issue introduced in V2.62 firmware.  This issue has been resolved. 

12 Logic has been modified to block RI/3RI outputs if RB is active.  Also a common pickup timer (RIP) has been 
added for RI and 3RI.  Its range is 0 to 20 ms in steps of 1 ms.  This setting appears after LDT.   
Recommended value for this setting is 8 mSec. 

x 

13 In case SPT bypass input is energized at only one end, earlier this might have resulted in single pole tripping 
at one end and three pole tripping at the other end.  In REL350 with CODEC option, an additional bit is 
transmitted from one end to the other indicating the SPT bypass position at the other end.  Mismatch between 
the SPT bypass input between the two end inputs is arranged to result in 3 pole tripping at both ends. ( This 
option is not possible using Modem option.). The output alarm Channel Fail contact gets set. 
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The change level detectors as existed earlier were found to be too sensitive considering measurement errors 
especially near zero crossings. The level detectors have been made less sensitive for currents higher than 
load currents. 
The number of times that CD has picked up  can be found against CNTD in TEST status after OPTI.  The 
value is reset by pressing TAR ACK key on the front panel. 

14 In order to account for systems with ACB phase sequence, a new setting has been added for phase 
sequence.  Its name is PHSQ and has two values ABC or ACB. It will affect only metering and fault records. 

15 The LCD driver has been revised to V1.32 and solves the earlier problems of distinguishing between  ‘0’ and 
‘O’ , ‘5’ and ‘S’ etc. and is compatible with the present relay firmware V2.71.  Relays at site with their existing 
LCDs cannot take advantage of the above feature.  Hence a setting LCDR (After PHSQ) is added in the relay.  
This has two options: YES (To go with latest V1.32LCD driver) or NO (To go with earlier LCD drivers). 

16 Build number has been added to the version  number display of the relay.  This is displayed appended to the 
version number of the firmware on the front display.  Build number will not appear on WinRCP 

17 Differential protection is blocked, Channle alarm is raised and MLDT will display fail if MLDT ismore than set 
limit or MLDT is off by 2 mSec from set value if ALDT is set to NO 

Summary of new settings: 
V2.72 
No new settings. 
V2.71 
PHSQ- ABC/ACB  
LCDR- No / Yes (Set NO when upgrading the relay firmware at site, set YES with latest relays from factory) 
RIP- Adjustable time for Reclose Initiate Pickup (0-20mSec) 
 
Display Additions: 
V2.72 
No new display additions 
V2.71 
Setting: 
 
Name Range Steps Unit 
RIP 0-20 1 MS 
PHSQ ABC/ACB   
LCDR YES/NO   
 
Metering: 
Name Range Steps Unit 
SPTB ONON /ONOF/ 

OFON/OFOF 
  

Note: The first two letters represent the SPT bypass input status (ON- Energized,  
OF- De-energized) of the local end and the second two the status of the SPT bypass input at the remote end. 
Status: 
Name Range Steps Unit 
CNTD 1- 1  

xi 

Note: The above represents the number of times that the change detector operated since prior reset. 
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Software and Firmware Configuration Supported by this Version 
Category Type Designation Valid Version 
Main Board Processor Processor -1 and 2 Firmware V2.72 
Front panel Rel3xx/ MDAR DISPLAY MODULE 

firmware 
V1.32 (Set LCDR=YES) 
Prev. Versions ( Set 
LCDR=NO) 

Comm card Modem Module 1612C01(Style T) V1.02 
Comm card Modem Module 1619C27 (Style A) V1.20 
Comm card CODEC Module V1.21              
Configuration & Engineering 
Tools 

WinRCP V1.22 (Build 4)            

Settings Storage EEPROMs V2.13 
Configuration & Engineering 
Tools 

WaveWin VB.9 

 
 
SOFTWARE TOOL COMPATIBILITY 
Interface Software:, WinRCP V1.22 (Build 4)   
 
 
DCI, digital communication interface 
 
Version 1.21   (08/23/04) 
An additional bit of information, “SPT Bypass”  is added for transfer between two ends.(Compatible with firmware 
V2.71 onwards) 
 
Version 1.11  (05/16/03) 
If measured communication channel delay is more than 24.5ms, CODEC will send value 246 (~24.6ms) to relay 
processor P2 and P2 will declare measured delay out of limit asserting CH ALARM logical signal and enable back 
up distance protection if ordered/enabled (style number MSxxxPxxxx)   
 
Version 1.10  (10/20/98) 
Improved noise immunity. Part number 1614C53G06.  
 
Version 1.00  (08/12/97) 
Initial release. Part number 1614C53G01. 
CODEC, coder-decoder 
 
 
 
 
Modem module 
 
Style T modem: 
Version 1.02   
Initial release with style “T” Modem. Can be supplied on a need basis.   
 
Style A Modem: 
 
Version 1.20  (02/05/05) 
Made modifications to accommodate longer channel delays. 
 
Version 1.00  (09/01/00) 

xii 

New design due to obsolete Rockwell modem. Style number changed to “A” for channel selection. Note that the 
style “A” modem is incompatible with the older style “T” modem. The modems have to be of the same style in the 
two line ends.  The channel delay is more by about 8 msec but the new modem chipset is more lenient to line 
conditioning requirements.  
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Trademarks 
 
All terms mentioned in this book that are known to be trademarks or service marks are listed below. In addition, 
terms suspected of being trademarks or service marks have been appropriately capitalized. ABB Automation Inc. 
cannot attest to the accuracy of this information. Use of a term in this book should not be regarded as affecting 
the validity of any trademark or service mark. 
 
IBM and PC are registered trademarks of the International Business Machines Corporation. 
WRELCOM is the registered trademark of the ABB Automation Inc. 
INCOM is the registered trademark of the Westinghouse Electric Corporation. 
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Product Description 
 
Introduction 
 
The REL 350 relay is a numerical (fully digital) segregated phase comparison transmission line protection system, 
with optional distance back-up protection and digital fault recording capability. The following communication 
options are provided: 
 
• 9600 bps Audio tone 

• 56/64 kbps Digital communication 
 
REL 350 Construction 
 
The standard nomenclature for ABB relay protection equipment is as follows: 
 

• Cabinet – contains fixed-racks, swing-racks, or open racks 

• Rack – contains one or more chassis (e.g., the REL 350) 

• Chassis – contains several modules (e.g., Microprocessor or Power Supply) 

• Module – contains a number of functional circuits (on printed circuit board) 

• Circuit – a complete function on a printed circuit board (e.g., analog-to-digital conversion) 

• The REL 350 relay assembly consists of an outer-chassis and an inner-chassis which slides into the 
outer-chassis. The REL 350 conforms to the following dimensions and weight: 

• Height 7" (requires 4 rack units @ 1.75" each); 178 mm 

• Width 19"; 483 mm 

• Depth 13.6"; 345 mm 

• Weight 38 Lbs; 17.5 kg 

 
All of the relay circuitry, with the exception of the input isolation transformers and first-line surge protection, are 
mounted on the inner chassis, to which the front panel is attached. The outer chassis has a Backplate, which is a 
receptacle for all external connections, including Digital Communication Interface. Two optional FT-14 switches 
are mounted in the two peripheral areas of the outer chassis. The FT-14 switches permit convenient and safe 
disconnection of trip, ac and dc input circuits, and provide for injection of test signals.  
 
REL 350 Modules 
 
The inner and outer chassis, together, contain standard modules, plus the optional relay output for single pole trip 
applications. The Backplane module and Digital Communication Interface (DCI) are connected to the Backplate 
(outer chassis). The remaining modules are attached to the inner chassis: 
 

• Interconnect module 

• Relay Output module 

• Contact Input module 

• Microprocessor module 

• Display module 

• Power Supply module 

1-1 

• Analog Input module 
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The Interconnect module receives inputs VAG, VBG, VCG, IA, IB, IC from the Backplane module and feeds them to 
the Analog Input module. 

• Modem module for a 9600 bps Audio Tone Channel only 

• CODEC module for 56/64 kbps Digital Communication only 

• INCOM/PONI module for remote communication 
 
The location of the modules are shown in Fig 1-1. 
 
Backplane Module 
 
The Backplane Assembly includes three voltage transformers, three current transformers, four filter chokes and 
surge protection MOV’s and capacitors. 
 
The Backplane Module receives all external connections and connects directly to the Interconnect module, thru 
plug-in connectors (J11, J12, J13); and to the Relay Output and Contact Input modules, mounted on the 
Interconnect module (via connectors JA1, JA2, JA3, JA4), which provide the connections between the inner and 
outer chassis. 
 

Figure 1-1. REL350 Backplane 
 
Backplane Module provides connection to DCI module used for 56/64 kbps Digital Communications. 
 
The INCOM/PONI® is mounted on the Backplate of the outer chassis and is connected to the Backplane module 
(via connector J4). 
 
There are two jumpers on the backplane, JMP1 and JMP2. These jumpers are factory set for the communication 
option included in the relay. The settings are as follows: 
 
  Audiotone version Digital Communication 
JMP1   TP1A   TP1D 
JMP2  TP2A   TP2D 
 
Interconnect Module 
 
The Interconnect module becomes the floor of the REL 350 inner chassis; it provides electrical connections from 
and to all other modules: from the Backplane (at the rear), to the Analog Input and Power Supply modules (at left 
and right, respectively), to the Relay Output and Contact Input modules in the center, and to the Modem, 
Microprocessor and Display modules at the front of the inner chassis. 
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lay. The settings are as follows: 

MP2  OUT   IN 

here are three versions of this module (they are installed on the Interconnect module): 

rm A), 4 BFI contacts (form A)      JB1 
JB2 
JB3 

nel ala

he Option version is used for Single Pole Tripping (SPT) requirements. 

ontact Input Module 

his module provides an opto-isolated interface between: 

ontaminated by external noise, and 

 
Volt e
 

osition  Rated Voltage 

 – 4)  110/125 Vdc 

s will d % of the lower rated voltage. For example, for jumper position (3 – 4), the input will 
hen the voltage goes below 110 x 67% = 73.7 V. 

 

This module contains two processor systems (connected via the Dual Port RAM), which perform two main 

cessor 2 is the protection processor 
 
Each pr

tel 80C196) operating at 12 MHz. 

 storage. 

ta storage. 

 

 

rocessor 1 (P1) has access to: 

• EEPROM-electrically erasable, read-write non-volatile memory for settings and fault-data storage. 

 
There are two jumpers on the interconnect board, JMP1 and JMP2. These jumpers are factory set for the 
communication option included in the re
 
  Audiotone version Digital Communication 
JMP1   OUT   IN 
J
 
Relay Output Module 
 
T

Option  4 trip (fo
Base 1  2 trip (form A), 2 BFI (form A), 2 RB (form A), 1 GS contacts (form A) 
Base 2  4 RI (form A), 2 Trip Alarm (form A), 1 Failure Alarm (form B)  
 
The chan rm output is provided on the Interconnect Module. 
 
T
 
C
 
T

• Contact inputs c

• Logic level inputs to the Microprocessor module 

ag  selection is made by jumper positions JM3 to JMP9: 

P
(1 – 2)  48/60 Vdc 
(3
(5 – 6)  220/250 Vdc 
 
The input e-assert at 67
drop out w

Microprocessor Module 
 

functions: 

• Processor 1 samples the analog inputs and provides the operator interface 

• Pro

ocessor system (P1 and P2) contains the following elements: 

• Microprocessor-16 bit microcontroller (In

• EPROM-an ultraviolet erasable read-only memory for program

• RAM-a read-write, static, random access volatile memory for performing da

1-3 
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sor 1, to time-stamp the events. 
 
The ic
position erforming a contact output test, 
M1 should be returned to its original position, (2 – 3). This will prevent accidental contact operation when the 

ion 
 off by setting JM2 in position (1 – 2). 

he Display module interfaces with the Processor 1 system of the Microprocessor module. The Display module 

LEDs (with 7 corresponding keys for selection purposes) provide function interpretation capabilities 

Pow  S
 
Three different styles of power supply boards are require  to accommodate the input voltage ranges listed below. 

ble of continued operation during a 200 msec voltage dip from the dc battery input; the 
agnitude of this voltage dip is also shown in the table:  

 (Vdc) Dip (Vdc) 

• Real-Time Clock-is accessed by Proces

 m roprocessor module has a jumper for enabling contact output test, JM1. To enable test, set JM1 in 
 (1 – 2). To disable contact output test, set JM1 in position (2 – 3). After p

J
TEST function is enabled from the front panel. 
 
The front panel has an automatic display saver feature. This feature is factory set to ENABLED by JM2 in posit
(2 – 3). The display saver feature can be turned
 
Display Module 
 
T
contains: 
 

• A LCD display with two fields for value and function (each field has 4 characters) 

• 7 
 

er upply Module 

d
The REL 350 relay is capa
m
 

Nominal 
Battery (Vdc) 

Input 
Range

Voltage 

48/60 38-70 28 
110/125 88-145 73 
220/250 176-280 146 

 
As an option this module contains tw nt p pplies, wit ode-auctioneered outputs for reliability 
purposes; both supplies are powered c batte . 

System Circuitry Supplied System Circuitry Supplied System Circuitry Supplied 

o independe ower su h di
 from a d ry voltage

 
The switching power supply, operating at 25 kHz, generates transformer-isolated voltages as follows: 
 

Voltage Voltage Voltage 
8.5 Vdc Processor Board 

+
-12 Vdc Analog circuitry -24 Vdc Channel Modem 

VF
Chips 

5 Vdc Supply  Display , Cops 

+12 Vdc Analog Circuitry +24 Vdc Channel Modem
PONI Module 

, 6.5 Vac LCD Display 

 
Analog Input Module 
 

his module interfaces with the voltage and current transformers that are mounted on the Backplane module. 
vide the following ac values: VA, VB, VC, IA, IB, IC. These values are applied to active third-

rder Butterworth antialiasing filters, with a cut-off frequency determined by the Nyquist criterion and the system 

ack-and-hold amplifier. Additionally, the autoranging 
ircuitry provides 16 bits of dynamic range needed to measure high fault current values.  

This module interconnects two REL 350 systems, located at each end of the protected line. A 4-wire 
communication channel of sufficient quality to provide reliable data interchange is required. The modem, 

T
These transformers pro
o
sampling rate. Values IA, I , I  are summed to produce 3IB C 0. 
 
All 7 inputs (VA, V , V , IB C A, IB, I , 3IC 0) are connected to the multiplexer and to the A/D converter. The A/D converter 
is a self-calibrating 12-bit (plus sign), with an internal tr
c
 
Modem Module (9600 bps Audio Tone Option) 
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perating at a carrier frequency of 1700 Hz, conforms to ITU V.29 standards, and provides a communication 

 (transmit and receive levels), and digitally-encoded S/N ratio, are also available to the 
icroprocessor module. The modem transmit level is controlled by the Microprocessor module via the above-

odem TXA and RXA are transmitter tone output and receiver tone input lines. TXA is 600 ohms and RXA is high 

c for 0 dBm modem output. Modem receive input is amplified/rectified and will output + 
.0 Vdc for a 0 dBm input. The dc output is approximately proportional to modem tone output voltage level below 

here are two jumpers on the modem board, J1 and J2. These are factory set for REL350 in position (1 – 2). 

56/64 kbps Digital Communication Option) 

ODEC (Coder/Decoder) provides digital communication capability at 56 or 64 kbps. 

he CODEC is under the control of an on-board digital signal processor and interfaces via a parallel bus with the 

l Communication Interface 
odule (DCI). 

Interface DCI (56/64 kbps Digital Communication Option) 

es: 

 56/64 kbps direct digital option, electrical standard RS422/RS485, mechanical standard RS530. The 

 RXB on pin 16. No clock synchronization input is required. Clock synchronization bit is taken 

• 

• 
 

used 

 reclose initiate (2 Form A) 

o
speed of 9600 bps. 
 
The modem is under the control of an on-board digital signal processor and interfaces, via a parallel bus, with the 
Microprocessor module. 
 
The analog signals
M
mentioned parallel bus. 
 
M
impedance.  
 
TXA will output + 5.0 Vd
5
0 dBm.  
 
T
Position (2 – 3) is for use with REL356. 
 
CODEC (
 
This module interconnects two REL 350 systems, located at each end of the protected line. 
 
C
 
T
Microprocessor module. 
 
The two signals, TX (transmit data) and RX (receive data) interface to the Digita
m
 
Digital Communication 
 
This module converts 5V logic level serial input and output data lines to/from CODEC module into one of the 
optional interfac

• Fiber optic option, 820 nm, ST connector, multi-mode cable 

•
connector is a male DB-25 plug as required for Data Terminal Equipment (DTE). TXA is on pin 2, RXA pin 3, 
TXB pin 14 and
from the received dataframe. 

• Fiber optic option, 1300 nm, ST connector, single-mode cable, short reach (12dB budget) 

Fiber optic option, 1300 nm, ST connector, single-mode cable, medium reach (22dB budget) 

Fiber optic option, 1300 nm, ST connector, single-mode cable, long reach (32dB budget) 

Contact Outputs 
 

• 4 make contacts (2 trip, 2 BFI); 8 additional optional contacts when single pole trip option is 

• Single pole reclose initiate (2 Form A) 

• Three pole

• Reclose block (2 Form A) 

1-5 

• General start (1 Form A) 
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INC
 
The INCOM/ n three versions: 

 INCOM PONI  

direct connection to PC or modem 

 to PC or modem and with input for IRIG-B time 
 for accurate time tagging of fault records 

• System failure alarm (1 Form B) 

• Trip alarm (2 Form A) 

• Channel alarm (1 Form A)

OM/PONI Module 

PONI module is available i

•

• RS-232C PONI for 

• RS-232C with IRIG-B PONI for direct connection
synchronization

 

 
 

Figure 1-2.  INCOM/PONI Communication Interface Device 
 
Self-Checking Software 

.  Digital Front-end A

EL 350 continually monitors its ac input subsystems using multiple A/D converter calibration- check inputs. 
alarms. 

.  Power Up RAM Check 

y does a complete RAM memory read/write tests. 

ys are continuously 
etected. 

 
a /D Converter Check 

R
Failures of the converter trigger 
 
b.  Program Memory Check Sum 

Immediately upon power-up, the relay does a complete ROM (EPROM) checksum of program memory.  
 
c

Immediately upon power-up, the rela
 

. Nonvolatile RAM Check d
 
All settings and targets are stored in nonvolatile RAM in three identical arrays. These arra
checked by the program. If all three array copies disagree, a nonvolatile RAM failure is d
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nique Remote Communication (WinRCP) Program and Fault recorder viewing 

• INCOM for local network communication. 

PC ft taining or sending the setting   information to the REL 
350 Th  (last and previous faults), but using the remote 
com u scillographic data can be obtained and stored. Each record of 

e oscillographic data contains 8-cycle information (1-prefault and 7-post-fault), with 7 analog inputs and 24 

U
(WaveWin)Program 
 
Two optional types of remote interface can be ordered. 

• RS232C for single point computer communication. 

 
so wares (Win RCP and WinWave) are available for ob
. e REL 350 front panel shows two fault events
m nication, 16 fault events and 3 records of o

th
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digital data (at the sampling rate of 12 per cycle).  The fault record can be viewed in WinWave software.  
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Figure 1-3.  Layout of REL 350 Modules Within Inner and Outer Chassis 
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Figure 1-4. REL350 Block Diagram 
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Specifications 
 
Technical 
 
Operating Speed 
(from fault detection  15 mS (typical), digital comm. interface 
to trip contact close -60 Hz  24mS (typical), audiotone modem type T 
excluding Absolute delay of the   32mS (typical) audiotone modem type A 
communication channel) 
 
Nominal ac Voltage (VLN) at 60 Hz                                   69.3 V rms 
 
Nominal ac Current (In)                     1 or 5 A rms 
 
Rated Frequency  50 or 60 Hz 
 
Maximum Permissible ac Voltage: 

Continuous   160 V rms  
   (limited by maximum Input to A/D converter) 

10 Second   240 V rms  
   (limited by input transformer flux density) 

Maximum Permissible ac Current: 

Continuous   3 x Nominal Current 
   (limited by thermal characteristics) 
1 Second  
 Operational  160 A rms - 5A nominal 
           32 A rms   - 1A nominal 
                 (limited by maximum input to the A/D converter) 

 Thermal   100 x Nominal Current 

dc Battery Voltages: 
 

Nominal  Input Range
60/48 Vdc      38 - 70 Vdc 
110/125 Vdc      88 - 140 Vdc 
220/250 Vdc         176 - 280 Vdc 

 
dc Burdens:  
 
                 Battery     15 W normal 
       40 W tripping 
ac Burdens: 
 
                  Volts per Phase    0.02VA at 70 Vac 

                  Current per Phase   0.45VA at 5 A 
 
External Connections 
 
Terminal blocks located on the rear of the chassis suitable for #14 square tongue lugs. 
 
Wiring to FT-14 switches suitable for #12 wire lugs. 
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Contact Data 
 
Trip Contacts — make & carry 30 Adc for 1 second, 10 Adc continuous capability, break 50 watts resistive or 25 
watts with L/R  =  .045 seconds from 38 to 280 Vdc. 

• Non-Trip Contacts    
1 Adc make and Continuous, break 25 watts resistive or 10 watts with L/R = .045 from 38 to 280 Vdc 

 
Contacts also meet IEC - 255-6A, IEC - 255-12, IEC -255-16, BS142-1982. 
 
Binary (Voltage) Input Circuits 

 
Jumper selectable   48, 125 or 250 Vdc 

Drop out threshold   67% 
 
9600 bps Audio Tone Communication Channel 
 

2-2 

Operating Speed:    9600 Bits per second 
Standard Compliance:                      ITU V.29 
Carrier Frequency:                            1,700 Hz 
Modulation:     QAM - Quadrature  
         Amplitude modulation 
Transmit Level:     -1 dBm to -15 dBm 
               Adjustable in 2 dBm steps 
Receiver Sensitivity:                         -33 dBm 
Audio Tone Channel 
Requirement:     4 wire, AT&T 3002,  
                               C2 conditioning or better 
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Note: The maximum channel delay time for correct operation of the REL350  is 15 milliseconds for relays with 
audio modem type T. The tripping time of the scheme is increased minimum by the communication channel delay 
time. 
 
56/64 kbps Digital Communication 
 
Operating Speed: 56 or 64 kbits/sec 
 
Direct Digital Option 
 
RS422/RS485 (electrical) 
RS 530 (mechanical) 
Standards Compliant 
 
Fiber Optic Options 
Wave Length  820 nm 
Fiber Optic Connector:  ST 
Cable:  MultiMode 
Transmitter Output:  -18 dBm minimum (into 50/125 µm cable) 
Receiver Input:  -25 dBm minimum 
Reach, typical  2 miles/3.3 km 
 
Wave Length:  1300 nm 
Fiber Optic Connector:  ST 
Cable:  Single Mode 
Transmitter Output:    (into 9/125 µm cable) 
Short Reach (typical reach 7.5 miles/12 km ):    -20 dBm minimum (12 dB optical budget) 
Medium Reach (typcial reach 20 miles/32 km):    -10 dBm minimum (22 dB optical budget) 
 
Long Reach (typical reach 32 miles/52 km):    0 dBm minimum (32 dB optical budget) 
Receiver Input:    -32 dBm minimum 
    -20 dBm minimum 

   Receiver maximum input is determined by receiver    saturation 
and should not be exceeded. An attenutator is delivered to 
facilitate back-to-back testing.  The receiver level should be 
adjusted to –26 dBm. 

 
Note: The maximum channel delay time for correct operation of the REL350  is 24 milliseconds for relays with 
digital communication interfaces. The tripping time of the scheme is increased minimum by the communication 
channel delay time. 
 
Optional G.703 Interface 
 
The G.703 external interface has been discontinued.  Please contact factory should you need such an interface. 
 
 
Optional Computer/Network Interface 
 

• RS232C/PONI-for single point computer communications 

• INCOM/PONI-for local network communications using INCOM network 
 
Chassis Dimensions and Weight  
 
Height 7" (177.8 mm) 4 Rack Units 

2-3 

Width 19" (482.6 mm) 
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Depth 14" (356 mm) including terminal blocks 

Weight 38 lb. (17.5 kg) 
 
Environmental Data 
 
Ambient Temperature Range 
 

• For Operation  -20°C to +60°C  
• For Storage  -40°C to +80°C 

Insulation Test Voltage 2.8 kV, dc, 1 minute (3.2 kV dc, 1 sec) ANSI, C37.90 IEC-255-5 

Open contacts 1400 Vdc continuous 

Impulse Voltage Withstand 5 kV Peak, 1.2/50 microseconds, 0.5 Joule, (IEC-225-5) 

Surge Withstand Voltage 3 kV, 1 MHz (ANSI C37.90.1, IEC-255-22-1) 

Fast Transient Voltage 4 kV, 10/100 ns Withstand (ANSI C37.90.1, IEC 255-22-4) 

EMI Field Strength Withstand 25 MHz-1GHz, 10V/m Withstand (ANSI C37.90.2) 

Emission Tests (EN 50081-1) 
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Fig 2-1.  REL350 Outline Drawing 
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Section 3 – Applications and Ordering Information 
  
Introduction 
 
The REL 350 is a dual-microprocessor based, segregated phase comparison relay system. REL 350 operates on 
the principle of offset keying; it is essentially a current-only system suitable for any application that may require 
single pole trip (e.g., critical EHV applications and series compensated lines). 
 
Although the REL 350 system is applicable to any transmission line, it is ideally suited for relaying problems 
introduced by series capacitor compensated lines, e.g.: 
 

• Voltage reversals caused by negative reactance. 

• Phase unbalance caused by protective gaps flashing and reinserting unsymetrically. 

• Abnormal frequencies from 20 to 400 Hz during fault and post-fault intervals. 
 
The REL 350 system will operate correctly regardless of capacitor locations or the amount of compensation. REL 
350 is also suitable for lines requiring single-pole tripping. 
 
The offset keying technique allows the REL 350 relay to TRIP for internal faults even with considerable outfeed at 
one terminal. Outfeed, for other relaying systems and principles is a very severe problem. For extremely severe 
cases of outfeed and weakfeed applications, the relay may be set using a modified “Skewed” offset keying 
technique. 
 
An optional distance-type relaying system has been included to provide back-up for a loss of channel situation. 
This back-up system is similar to Zone 2 and Zone 3 distance units and logic for a distance non-pilot relaying 
system. Phase and ground distance units are included.  
 
Since the primary protection is insensitive to systems’ swings, blinders have been provided for detecting the 
condition. OST (Out of Step Trip) is included in the back-up system. 
 
Trip under OST conditions may be selected via a relay setting even when the channel is sound and the system is 
performing only segregated phase comparison. 
 
The REL 350 requires the use of Voltage Transformers (vts) for making the highset OC relays directional, Out-of-
step/Power swing detection, distance protection backup, fault locator and loss of potential and loss of current 
detection. 
 
The REL 350 relay has the capability, through its channel modem, to accurately measure, the communication 
channel-delay. A continuous channel delay measurement with optional delay compensation is provided. The user, 
however, can choose fixed channel delay via relay system settings. 
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Segregated Phase Comparison Protection 
 
The offset keying concept permits the REL 350 to recognize an internal fault, even if there is significant outfeed 
from one terminal. The phase comparison operating principle is illustraded in Figure 3-1a (internal fault) and 3-1b 
(external fault).  
 

 
Figure 3-1a. Typical Internal Fault 
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Figure 3-1b. Typical External Fault 

 
Phase comparison logic uses four subsystems. Equal logic is provided for each phase and ground. The separate 
current units and current detectors are provided in each subsystem. 
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The current units and level detectors are processed on a per-phase basis, which allows for single-pole tripping. 
The different current units are as follows: 
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• IE  - Very low set overcurrent function provides output for additional logic in the relay. 

• IL  - Low set overcurrent function is used as a fault detector to supervise the phase comparison logic. 

• IH  - High set overcurrent function provides high-speed trip.  It can be set to be supervised by a directional 
unit when VT inputs are extended to the relay.  

• ICD  - Rate of change current detector is used to initiate keying to the other terminal, to allow phase 
comparison, and to supervise tripping when the phase comparison has operated. The relay will always 
start with the operation of either phase or ground change detectors. 

• VCD   - Voltage-rate of change detector is used to start the relaying system. It can be selected to be either in 
or out. If it is selected, it works in parallel to the current change detectors. 

• IKEY  - Detects a positive current level in the current waveform. Its output is “one” when the instantaneous 
value is above a positive current level setting. 

• ISWP  - It is set to detect a positive current value. Its output is “one” if the current is more positive than that 
negative current setting. Otherwise, its output is “zero”. 

• ISWN  - It is set to detect a negative current value. Its output is “one” if the current is more negative than the 
negative current setting. Otherwise, its output is “zero”. 

 
NOTE:  ISWP and ISWN are implicitly defined: 
 

ISWP  =  -(RIKEY - IDIFF) 

I   =  -(RISWN KEY + IDIFF) 
 
             where RIKEY is the remote terminal IKEY. 
 
Phase and Ground units are differentiated using P and G prefixes. 
 
The keying waveform referred to as IKEY, is derived from a positive threshold: above this level is called Trip-
Positive (TP), and below this level is Trip-Negative (TN). Local waveforms are derived by negative thresholds. 
The positive local, ISWP, becomes logic “0”; and the negative local, ISWN, becomes logic “1” at their respective 
negative thresholds. 
 
The threshold settings are defined as the rms magnitude of current that will produce 3 msec of output. For 
example, with the REL 350 Keyer, IKEY set at +3, this means that a 3.0 A, 60 Hz rms current will produce 3* msec 
pulses of trip-positive (logic “1”) during the positive half cycle of current, while the current is above an 
instantaneous level of 3 x 1.194 = 3.582 A. (3* msec represents 64.8 electrical degrees.) Current levels of IKEY are 
based on expected maximum outfeed current, while IDIFF is generally a function of line charging error current. In 
most applications, the REL 350 threshold settings are as shown in Figure 3-2, and are identical at each line 
terminal.   The ground element Key settings are also such that they will generate 3mSec pulses of trip-positive 
during the positive half cycle of current.  However a minimum coincidence of 4mSec is required for ground 
element to trip.  This results in a slight increase in pickup level of ground key elements. Thus if 2A is the key 
setting for ground loop, a current of 2.33A is required to generate a 4mSec duration of Key signal to result in 
effective trip. (4 Msec represents 86.4 degrees.  The pickup level = 2x1.194=2.39A as earlier).  Thus the trip level  
is about 1.17 times the key setting for ground loops under ideal conditions. 
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Figure 3-2. Offset Keyer and Locals 

 
Returning to Figure 3-1a, 3-1b, the different current levels are compared. Remote TP (Trip Positive) is ANDed 
with the local ISWP and the remote TN (Trip Negative) is ANDed with the local ISWN. A trip condition exists if either 
of these two conditions is true and the channel is sound and the overcurrent unit IL has operated. 
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NOTE:  The local values ISWP and ISWN are delayed by an adjustment timer (LDT), to compensate for the 
delay of the remote values (TP and TN), introduced by the communication channel. 
 
Refer to Figure 3-3. For phase A, the logic output of the comparison AND is a successful alignment, COTA,  for a 
TRIP condition. To compensate for channel errors and/or phase angle errors caused by the charging current of 
the line, a 3* millisecond minimum alignment is required for a successful Pilot Trip (PLTA). 
 
If the user selects the 2 count (2 CNT) mode for increased security, the logic output of comparison AND is 
required to provide at least two 3* to 5* msec pulses within 25 msec for a successful Pilot Trip (PLTA). If the first 
pulse is longer than 5* msec, a bypass timer assures a faster Pilot Trip output. 
 
NOTE: For the Ground Subsystem, a 4* msec alignment is required for increased security. 
 
 
The trip logic is also shown in Figure 3-3. There is a setting to select to supervise trip outputs by IL, the low set 
overcurrent unit. The setting IPLT can be 150, 0 or OUT. When set to 150, the IPL signal is stretched by 150 
msec. When set to 0, there is no pulse stretch. When set to OUT, IPL supervision is by-passed so that phase 
comparison tripping can be made for zero feed conditions. 
 

LDT

ALDT or SLDT

LPA

LDT
LNA

TPA

TNA

IAL

IPSWP

IPSWN

0
150 150

0
'1'

CDT

CARM

COTA
3
0

5
0

0
25

CNT
'0' 2

1 PLTAIPLT

 
Figure 3-3. Two Count Mode Selection and Low Set Current Supervision 

 
 
The high set overcurrent unit IH can be set non-directional or directional, supervised by a forward directional unit 
FDOP for phase and FDOG for Ground, see Figure 3-4. 
 
In Figure 3-4, it is also shown that there is a setting for Trip Seal, TRSL. The trip output can be selected to seal in 
by IPL, i.e. the trip signal will remain as long as the current is above the IPL setting. TRSL can also be set to 
stretch the trip signal for 100 msec without current seal in. The trip signal to the trip relays, PT, is further stretched 
30 msec before dropout. 
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Figure 3-4. High Set Overcurrent and Trip Seal 

 
The local TP (Trip Positive) is generated by IKEY for phase comparison. When a trip occurs in the local end, the 
remote end should be informed. This is made by a “trip squelch” circuit, see Figure 3-5. 
 
The output of the squelch AND “Stretches” a 75 msec TP (Trip Positive) to the other end to assure the remote 
end will trip. This feature is important for outfeed conditions and weak-infeed terminal applications. 
 

 
Figure 3-5. Trip Squelch 

 
REL 350 logic includes additional security. When the remote breaker is open, the remote side will key a different 
signal code indicating an open breaker condition. This is recognized in the local side. The Remote Open Breaker 
(ROBR) signal is generated through remote signal decoding. This signal, supervised by IL to prevent tripping of 
the local breaker under normal conditions, does have an intentional delay of the local time delay (LDT) plus a set 
value, SOBT, before generating a trip signal. See Figure 3-6. SOBT should be set to the maximum drop-out delay 
of the 52b input signal, with a minimum setting of 8 msec. When 52b is directly from the breaker, the 8 msec 
setting can be used. If 52b is generated by an external auxiliary relay or PLC (programmable logic controller), the 
drop-out time of this circuit needs to be considered in the SOBT setting. 
 
The REL 350 relaying system incorporates Stub Bus Protection (SBP). An externally generated signal (SBP), 
supervised by IL, the low set overcurrent unit, is another input to the trip logic. This logic uses the same security 
timer as the Open Breaker function. See Figure 3-6. 
In most applications, the SBP input decodes the position of any disconnect switch in the line. 
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Figure 3-6. Open Breaker and Stub Bus Trip 

 
Skewed Offset Keying 
 
Some rare applications require different Keyer levels at both ends.The principles covered above still hold. 
In general, skewed offset keying techniques are used when the amount of outfeed is large enough to operate the 
IKEY level of the terminal with outfeed. Otherwise, it is always recommended to use offset keying. 
 
Phase Comparison Under Fault Conditions 
 
Phase Subsystem Fault Conditions 
 
Under normal fault conditions, either internal or external, the current change detector (ICD) and the low set 
overcurrent unit (IL) will operate (IL may already be picked up by load flow) at both terminals. Transmission of trip-
positive (TP) key information is sent from both ends. Since both I  and ICD L have operated, and if the channel is 
good (no noise or low signal), then the trip AND will be satisfied. 
 
For an external fault, the received trip-positive (TP) will be “1” when the local ISWP is “0”. Likewise, trip-negative will 
be “1” when the local I  is “0”.  SWN
 
Since the AND-P sees a “1” and a “0” as its inputs, it is never satisfied. For this external fault condition, neither 
AND-P nor AND-N are satisfied; no tripping will occur. 
 
On the other hand, for an internal fault, the polarity of trip-positive (TP) and of trip-negative (TN) will be reversed. 
Therefore, AND-P will be satisfied when ISWP = ”1”, and AND-N satisfied when ISWN = ”1”. As a result, a 
comparison signal is obtained and tripping will occur. 
 
NOTE: Opposite polarity is caused by current flow into CT polarity at one terminal and into CT non-
polarity at the other terminal.  
 
Ground Subsystem Fault Conditions 
 
The Ground Sub-system operates the same way as the Phase Sub-systems. IL for the ground system is normally 
not picked up since, with normal load flow in a balanced system, the ground current is negligible. 
The ground system acts as a backup for some phase-to-ground faults and allows tripping for higher resistance 
ground faults. In the event that the phase subsystems do not recognize a ground fault, the logic allows the ground 
system and the faulted phase algorithm (to be described later) to select the faulted phase. 
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Heavy Current Faults 
 

 overcurrent unit, the IFor heavy current faults which exceed the settings of the high-set IH H unit will produce a trip 
output. This unit may be supervised with a forward directional unit. This is a direct trip path that causes a trip 
output and sets up the continuous transmitter trip-positive. I  is used for rapid clearing for close- in current faults. H
 
Outfeed Current Conditions 
 
Normal internal faults cause faulted phase currents to flow inwardly at both terminals, while outfeed conditions 
have current out (thus, outfeed) at one terminal. This outfeed condition, although rare, may be caused by 
conditions such as weakfeed sources, high resistance ground faults with heavy load current, some series 
capacitor line configurations, etc. 
 
The REL 350 offset keying technique allows tripping under outfeed conditions.  
 
Assume offset settings as IKEY = 3.0A, ISWP = –2.0 A, ISWN = – 4.0 A. Also, assume that the outfeed current is 2.5 A 
or less due to a weakfeed type source. With current of 2.5 A at the weak terminal, the 3.0 A Keyer threshold is 
never reached, therefore, causing this terminal to transmit a steady trip negative (TP=0 and TN=1). The other 
terminal, presumably strong in relation to the weak source, generally will see current in excess of 4.0 A. This 
exceeds the I  threshold, in which case local negative (local ISWN SWN) becomes “1” during a portion of the negative 
half cycle, permitting trip, since the received signal is trip-negative. Once tripped, the strong terminal shifts to a 
steady trip-positive (TP=”1”), allowing the weak source to trip with local positive. 
 
Tripping will occur, provided the outfeed current is slightly less than the IKEY setting at the outfeed terminal, and 
the current at the infeed end exceeds the I  setting. SWN
 
If outfeed current is greater than the IKEY level of the terminal with outfeed, the user has two options: To use 
“Skewed” offset keying or to increase the I level at both terminals. KEY 
 
Normally, outfeed conditions will not be that severe. It is therefore recommended that the usual offset keying 
levels be used. 
 
Communication Logic 
 
The REL 350 segregated phase comparison principle is dependent on the relaying communications channel. The 
use of digital communications principles allows the system to transmit information required for phase comparison 
over a single channel. Information for phase comparison is encoded into six bits that represent the keying of 
either phase subsystem or ground. 
 
For digital communication, a 32 bit data frame is used. (Figure-3.7) For analog communication via the built-in 
audiotone modem, a 6 bit dataframe is used. With limited transmitting bandwidth, features like SPT bypass, DTT 
etc. are not available in analog audio communication.  

 

SPT 
Bypass
1-Energized
0-Not energized

SPT 
Bypass
1-Energized
0-Not energized

 
 

Figure 3-7. Data Frame 
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CTdly signal has been added to the logic diagram (Page 8-17) in order to detect: 
• Measured communication channel delay between two REL350 relays is greater than 24ms for digital 

communication chanels and 32ms for modem, when ALDT is set to YES 
• Measured communication channel delay between two REL350 relays is not within +/- 2ms of the set LDT 

value when ALDT is set to NO. 
 
If any of the conditions is met, REL350 relays will automatically disable phase comparison protection and assert 
Channel Alarm annonciation purpose. When back-up distance protection is available the relay will enter back-up 
distance protection mode.  
 
 
Transmitter Keying 
 
The normal state of operation for the transmitter is the sending of a GUARD signal. Under this condition, no 
phase comparison is performed. 
 
Under fault conditions, signal KE (Key Enable) starts the transmission of the segregated phase comparison 
algorithm. The KE signal is started under fault conditions when the I  or V  detectors are activated. CD CD
 
The encoding of the keying signal will depend on the Trip Positive (TPAK, T , T  and TPBK PCK PGK) signals of the phase 
and ground units. Moreover, an Open Breaker (OPBKR) signal is also input to the channel encoding logic for the 
appropriate transmission of a remote open breaker condition to the other end. 
 
Receiver Decoding 
 
The received signal from the other end is decoded for the phase comparison logic. 
 
Under normal conditions, the received signal is the same string of GUARD bits. A GUARD signal is derived (GD) 
for the sound channel logic. 
 
Under fault conditions, the Trip Negative (TNA, TNB, T  and TNC NG) and the Trip Positive (TPA, TPB, T  and TPC PG) 
signals are decoded for the Segregated Phase comparison algorithm for the phase and ground systems. Realize 
that Trip Negative and Trip Positive (TN and (TP) are complementary signals, i.e., TP = not (TN). 
The decoding logic in REL 350 also derives the Channel Trouble signal (CT). This signal is used to enable the 
back-up relaying algorithms to start after 150 msec of channel trouble.  
 
The REL 350 channel decoding logic also derives the Remote Open Breaker (ROBR) signal allowing, in the local 
terminal, a Remote Open Breaker high speed trip under fault conditions. 
 
Unblock Logic 
 
This logic was intended for power line carrier applications. However, this communication option is not suitable for 
use with REL350. 
NOTE: ABB suggests this option always be set to BLK. 
 
Tripping and Reclose Initiate Logic 
 
Tripping Options 
 
REL 350 is a relaying system that easily identifies the faulted phases during a fault in the power system. The 
operation of the different subsystems (øA, øB, øC and Ground) back-up each other. For any type of fault, there 
will be more than one subsystem that will operate, demonstrating the inherent redundancy of the Segregated 
Phase Comparison concept. 
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The relay system offers the capability of providing a Single-Pole-Trip function. The single pole trip logic is 
implemented as shown in Figures 3-8 and 3-9. The user may choose (via the relay “TTYP” setting) single pole 
trip, (SPT or SPT2), or three pole trip, (3PT) settings options. 
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For the situation when a Single-Line-to-Ground Fault (SLGF) occurs, and there is not adequate fault current to 
allow one of the phase subsystems to operate, then single pole to trip cannot be identified, using the phase 
comparison algorithm. Therefore, if the ground subsystem operates and a concurrent operation of a phase 
subsystem does not occur, then REL 350 will use a separate phase selector algorithm. 
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Figure 3-8. Trip Logic 

 
 
Single-Pole tripping is defined as the tripping of only the faulted phase for single line-to-ground faults (SLGF), 
while tripping all three phases for all other types of faults. The logic for single pole trip is shown in Figure 3-8. 
Signal 3PT (three pole trip) enables tripping of the unfaulted phases when the 3PT option has been selected.  
 
The system will trip the three phases for multi-phase faults or, when the optional back-up is operative, and it 
detects a fault. Moreover, the optional OST (Out of Step Trip) logic will only trip the three phases. 
 
60 Seconds Trip Limiting Timer 
 
During certain abnormal operating conditions, such as a continuous DTT (Direct Transfer Trip) receive from the 
remote end or a continuous breaker pole disagreement condition, the trip circuits of the REL350 would remain in 
picked up position. The trip circuits are reset when the trip condition disappears which does not occur for the 
above conditions. If the trip contacts remain closed for a long period of time, the excessive heating of the relay 
may cause physical damage. Therefore, the 60 second trip limiting timer logic has been added, see Figure 3-8. 
 
The 60 second trip limiting timer logic will open the trip contacts after a continuous trip has been present for 60 
seconds and remain blocked until one of the two following conditions occur: 
i) The trip condition resets. 
ii) The CD (change detector) operates due to a change of current and/or voltage. In this case the relay will 

give a 150 msec trip signal before returning to the blocked state (providing that the continuous trip 
condition is still present). 

 
When the relay is blocked by the logic, the FAILURE ALARM contact will be asserted. 
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Reclosing Logic 
 
REL 350 provides 3-phase Reclose Initiate (3RI) and Single pole Reclose Initiate (SRI) contact outputs to be used 
with an external reclosing relay. A Reclose Block (RB) contact output is also provided. The relaying system will 
block the reclosing relay if reclosing into a permanent fault, or a “Sound Phase” fault has been detected or the 
reclosing action has taken too long. 
 
The logic for reclosing is shown in Figure 3-9. There is only one reclosing scheme for three pole trip applications, 
(where TTYP setting = 3PT). There are two different reclosing options for single pole trip applications. (TTYP 
setting = either SPT or SPT2). The difference between the two single-pole reclosing options are as follows: 
 
If the TTYP = SPT setting is used, the RB contact will operate for: 
• Single line-to-ground faults with the SPT override input energized. Sound-Phase Fault trips (SPFT Target). 
 
If the alternate reclosing scheme is desired and the TTYP = SPT2 setting is used, the RB contact will not operate 
and the 3RI contact will operate instead for: 
• Single line-to-ground faults with the SPT override input energized.  Sound-Phase fault trips (SPFT Target). 
 
There are several different reclose blocking options which are implemented via the reclose block enable (RBEN) 
setting. These options are: 
• 3PRB - Block reclosing on three-phase faults only. 

• NORB - No reclose blocking. 

• MPRB - Block reclosing on multi-phase faults (phase-phase or three-phase) only. 

• ALRB - Block reclosing on all types of faults. 
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NOTE: Regardless of the RBEN setting, if a TTYP setting of either SPT or SPT2 is used, the relay system 
will not operate the RB contact for single line-to-ground faults in order to facilitate fast reclosing on 
single-pole trips. 
 
With 52b contact open (closed breaker) the sequence of operation is: 
Fault applied >>Pilot Trip>>Reclose initiate (SRI or 3RI). 
 
With 52b closed (open breaker) the sequence becomes: 
52b closed >>Fault applied>>Pilot Trip>>RIFT>>Reclose Block. 
 
Explanation: 
Closing of 52b before applying fault enables the RIFT logic after 250 msec. The Pilot Trip appears to the relay to 
be on a first reclose rather than on initial trip, the RIFT prevents a “second” reclose. 
 
Initial trip is always without 52b (breaker closed), thus a reclose is initiated. When the breaker opens on the initial 
trip, 52b closes and RIFT is armed in 250 msec. 
 
When the breaker is closed on the first reclose 52b opens, but is held “on” logically for 500 msec to the RIFT 
logic. 
 
A Pilot Trip within that 500 msec is interpreted as having reclosed onto the same fault, and further reclosing is 
blocked. 
Relay Functions 
 
Open Breaker Function 
 
When the IE (Very Low Set Overcurrent unit, all IEA, IEB, I ) is notEC  operating OR the 52b contact signal (all 52bA, 
52bB and 52bC) is operated, the relay system will place a special code in the 8 bit latch to the channel logic. 
 
This will tell the remote terminal that the local terminal has the breaker open and any overcurrent detection 
signifies a fault in the line. The processor will check the incoming data byte and, if it receives an open breaker 
code, it will trip if the IL function operates. The open breaker trip is delayed by an amount equal to the Local Delay 
Timer (LDT) setting, plus the timer set with parameter SOBT. 
 
The sending of the open breaker keying can be disabled or be activated by the 52b signal. 
 

(any IThe user may choose to activate the open breaker logic through the absence of IE EA, IEB or IEC). This is the 
very low set overcurrent unit for which it should be set below the transmission line charging current. The user 
must be aware that the minimum IE setting is 0.04 x In (0.2A for 5A ct and 0.04 A for 1 A ct), therefore for lines 
with low charging current the above requirement may not be satisfied. For this application the open breaker 
function must be detected by 52b contacts. The user may also select BOTH 52b and IE as inputs to the open 
breaker logic. 
 
NOTE: When using 52b inputs, the reset time of the breaker contacts should be carefully considered. If the 
contact reset time is too slow (greater than the channel delay plus the set SOBT time), reclosing will be 
unsuccessful. The reason is as follows: after a trip, with both breakers open, one end closes back into the line 
successfully; the second end closes in, but has slow-resetting 52b contacts; when the second closes, load current 
is established in the line while at the same time the slow 52b reset is causing an OPBR (OPen BReaker) signal to 
continue to be sent to the first end; the first end, which had closed earlier, sees load current above the IPL level 
and also receives the OPBR signal; if this condition persists for more than the SOBT time, the first end will trip 
out, interrupting the load flow; thus, the second end reclose will have been unsuccessful. In order to avoid the 
problem, the 52b reset time must be less than the sum of LDT (Local Delay Time) plus SOBT msec.  
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Stub Bus Logic 
 
The system has provisions for an external input for Stub Bus Protection (SBP). If this input is activated and the IL 
(Low set overcurrent unit) operates, the local breaker will be tripped. Stub Bus Trip is delayed by an amount equal 
to the Local Delay Timer setting plus an the SOBT set time. 
The system will immediately use the SBP input to key an open breaker condition to the other end. 
 
Loss of Potential (LOPB) 
 
This logic is implemented in the relay when the optional back-up distance protection is included. Loss of Potential 
Block (LOPB) is used to supervise the distance measurements in the backup system. When this condition exists, 
all impedance measuring units will have their outputs blocked. 
 
This simple logic shown in Figure 3-10 will detect one or two blown fuses, but will fail to detect the unlikely failure 
of all three phase fuses. The output of this logic will also energize the failure alarm relay. 
 
Loss of Current (LOI) 
 
This logic is provided when the backup system is included in the relaying system. 
 
The simple logic shown in Figure 3-10 will detect the loss of one or two current inputs. The output of this logic is only 
used to energize the failure alarm relay of REL 350. 
 

 
Figure 3-10. Loss-of-Potential and Loss-of-Current Logic 

 
Faulted Phase Selection 
 
REL 350 uses a field proven algorithm to determine the faulted phase and the type of fault cleared. In REL 350, 
this algorithm is used to supplement the inherent phase selection of the Segregated Phase Comparison 
algorithm. 
 
As mentioned previously, when the fault current is not large enough for single line to ground faults, the phase 
subsystems may not be able to detect such a high resistance fault. The ground system, being the most sensitive 
of all, will not have problems determining the fault. However, there is not enough information to determine the 
faulted phase. The phase selector algorithm is, therefore, used to determine the type of fault. This algorithm is 
crucial for single pole tripping. 
 
The algorithm removes the zero sequence component of the fault current and also the prefault load current. The 
resulting fault current is the sum of the positive and negative sequence currents of the fault. These currents are: 
 
 ∆IA  =  (IA - I0)  -  IAL

 ∆IB   =  (IB - I0)  -  IBL

 ∆IC  =  (I  - IC 0)  -  ICL

 
The magnitudes of the above equations are compared (in Figure 3-10) and the fault type is determined. Logic 
signals IA3I0, IB3I0 and IC3I0 are, therefore, derived to select the faulted phase and allow single pole trip. 
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Figure 3-11. Phase Selector 

 
Two-phase to ground faults are identified from the phase-to-phase loop plus the presence of zero sequence 
current. 
 
Fault Locator 
 
The REL 350 fault locator feature computes the magnitude and phase angle of the fault impedance and the 
distance to the fault in both miles and kilometers. The fault impedance is calculated from the voltage and current 
phasors of the faulted phase(s). Thus, proper faulted phase selection is essential for good fault locator results. 
The distance to the fault is computed by multiplying the imaginary part of the fault impedance times (VTR/CTR), 
the voltage transformer and current transformer ratios, and dividing by the distance multiplier setting (XPUD). The 
impedance calculations for the various fault types are: 
 
 Z  = V  / (IXG XG X + KI ) 0

for single line to ground faults, 

 ZXY = (V  - V ) / (IXG YG X - IY) 

for line to line faults, and 

 Z  = VABC A / IA
for three phase faults. 

 (X, Y = Any A, B, C phase) 
 
The algorithm has limitations, especially when REL 350 is being applied to lines with series capacitors. The above 
equations represent the apparent impedance to the relay and do not account for the presence of the series 
negative reactance. The user should account for this in the final estimate. 
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AG BG CG AB BC CA ABG BCG CAG
|∆IA| > 1.5 * |∆IB| X X X
|∆IA| > 1.5 * |∆IC| X X X
|∆IB| > 1.5 * |∆IA| X X X
|∆IB| > 1.5 * |∆IC| X X X
|∆IC| > 1.5 * |∆IA| X X X
|∆IC| > 1.5 * |∆IB| X X X
none = ABC



Segregated Phase Comparison Protection 
 
SPT By-Pass (External) 
 
An opto-isolated input has been provided in the relaying system to by-pass single pole tripping when the input is 
energized by dc. The relaying system will trip 3-pole and block reclosing when the input is activated and a single 
pole has been selected for tripping. It is possible that only one end binary input might get energized, which might 
result in single pole tripping at one end and three pole tripping at the other.  REL350 takes account of the situation 
by transmitting this information through the communication channel.  The single pole tripping is effectively 
bypassed and three pole tripping results whether the SPT By-pass binary in put is energized at the local end or 
remote end.  In case of conflicting inputs, the channel fail alarm is also set.   
 
Direct Transfer Trip (56/64 kb/s option only) 
 
An Opto-Isolated contact input is provided to transmit DTT Function (if enabled by setting) to the distant unit. 
 
Reception of DTT code at the distant unit for at least 10 msec will result in 3 pole tripping operation of the REL350 
trip contacts. 
 
The setting GSAL has been introduced to provide a separate contact for Direct Transfer Trip. The General Start 
(GS) alarm contact is selectable for either GS or TTRP (by setting). This is an alarm contact with 1A closing/cont. 
rating and can not be used to directly trip a breaker but it can energize an external auxiliary relay. TTRP for the 
local breaker will still be made by the trip contacts. 
 
Optional Back-up 
 
DISTANCE RELAYING 
 
The Distance units in the REL 350 relay system are only operative when the communications channel is unsound. 
The back-up distance relaying system only includes Zone 2 and Zone 3 of a conventional non-pilot distance 
relaying system. 
 
Line measurement techniques applied to each zone include: 
 

• Single Phase-to-Ground fault detection 

• 3-Phase fault detection 

• Phase-to-Phase fault detection 

• Phase-to-Phase-to-Ground fault detection 
 

Single Phase-to-Ground 
 
Single Phase-to-Ground fault detection (see Figure 3-10) accomplished by 3 non-directional phase units (A, B, C). 
Expressions 1 and 2 (below) are for the operating and reference quantity, respectively. The unit will produce 
output when the operating quantity leads the reference quantity. 
 

  FG
L

LL
XXG ZI

Z
ZZ

IV ⎥
⎦

⎤
⎢
⎣

⎡ −
+− 0

1

10   equ. (1) 

 
and 
 

⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
+ RG

L

LL
XG ZI

Z
ZZ

Vj 0
1

10   equ. (2) 

where 

                 =V , V  or VVXG AG BG CG
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IX                                       =   IA, IB or IC

( )⎥⎦
⎤

⎢⎣
⎡ ++ CBA III
3
1

I0                                        =  Zero sequence relay current  

Z , Z1L 0L                       =  Positive and zero sequence line impedance in relay ohms. 

ZFG                                  =  Forward zone reach setting in secondary ohms for SLGF. 

ZRG                                  =  Reverse reach setting in secondary ohms for SLGF. 
Figure 3-12 Mho Characteristics for Single Phase-to-Ground Fault Detection 

 
Three Phase 
 
Three phase fault detection (see Figure 3-11) is accomplished by the logic operation of one of the three ground 
units, plus the 3øF output signal from the phase selector unit. 
 
However, for a 3-phase fault condition, the computation of the distance units will be: 
 

 - IVXG XZP  equ. (3)  

and 

VQ        equ. (4) 

VQ = Quadrature Phase Voltages 
  VCB for phase A 
  VAC for phase B 
  VBA for phase C 
where 

VXG                                 =  V , VAG BG, VCG

IX                                       =  I , IA B or IC
Z                   =  Zone Reach Settings (Z2P, Z3P) in secondary ohms P 
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Figure 3-13. Mho Characteristic for Three-Phase Fault Detection 

 
Phase-to-Phase 
 
The Phase-to-Phase unit (see Figure 3-12) responds to all forward Phase-to-Phase faults, and some Phase-
Phase-to-Ground faults. Expressions 5 and 6 are for operating and reference quantity, respectively. They will 
produce output when the operating quantity leads the reference quantity. 
 
(VAB - IABZP)  equ. (5)  

(VCB - ICBZP)  equ. (6) 
 
NOTE: Phase-to-Phase-to-Ground faults will be detected by the operation of either Phase-to-Ground or 
Phase-to-Phase units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 3-14. Mho Characteristics for Phase-to-Phase Fault Detection 
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Zone 2 and Zone 3 Distance Relaying 
 
The optional back-up system in REL 350 consists of two zones of distance protection for both phase and ground 
faults. 
 
Each zone consists of four distance units that are able to detect all fault types. The impedance units are three 
Phase-to- Ground units (ag, bg and cg) and a Phase-to-Phase unit. 
 
The Phase-to-Ground units detect all Single Line-to- Ground Faults (SLGF), three phase faults and some Phase-
to-Phase-to-Ground faults within its operating characteristic. The ZGF and ZGR (forward and reverse) settings 
apply to ground faults and the Zp settings apply to 3 Phase faults. 
 
The Phase-to-phase unit detects all Phase-to-Phase faults and some Phase-to-Phase-to- Ground faults. Since 
this unit is inherently directional only the forward reach is used. ZP (forward phase setting) applies to Phase-to-
Phase faults. 
 
NOTE: All Phase-to-Phase-to-Ground faults are covered by the operation of the described units. 
 
For the indication of a phase distance trip the following conditions have to occur: 
 
1.  For a Three phase fault, the RT blinder (if the system has OST logic included) and no OSB and the 3Ph 

output of the phase selector and any of the Phase-to-Ground units have to have operated to indicate a three 
phase fault. 

 
2.  For a Phase-to-Phase fault only the Phase-to-Phase unit needs to operate to indicate a Phase-to-Phase fault. 
 
3.  For a Phase-to-Phase-to-Ground fault either the Phase-to-Phase unit or the Phase-to- Ground units have to 

operate to indicate a Phase-to-Phase-to-Ground fault. 
 
4.  For a single line to ground fault, any of the Phase-to-Ground fault units have to operate to indicate a Phase-

to-Ground fault. 
 
The phase fault detection is supervised by IL, the low set overcurrent unit. 
 
The phase to ground fault detection is supervised by I0m. 
 
Each zone has its own timer to time coordinate with relays further away for step distance relaying. Separate 
phase and ground timers are provided. 
 
The impedance back-up logic is shown in Fig 3-15. 
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Figure 3-15. Backup Distance Logic 

 
 Directional Overcurrent Units 
 
Phase and ground directional units (FDOP and FDOG) may be either in or out. When they are in, the high-set 
overcurrent units (I , I , I  and IAH BH CH GH) are directional. The ground directional unit may either be zero sequence 
polarized or negative sequence polarized. 
 
Zero sequence polarization utilizes the zero sequence components of the currents and voltages into the relay, 
and the unit operates when 3Io leads 3V0 by more than 30° or lags by more than 150°. For the operation of these 
units, it is required that 3I0 > 0.5 amp and 3V0 > 1 Volt. 
 
Negative sequence polarization utilizes the negative sequence components of the currents and voltages into the 
relay and the unit has its maximum torque line when I2 leads V2 by 98° with the current 3I2  > 0.5 amp and 3V2 > 3 
Volts. 
 
FDOG may be used for detecting high ground resistance faults that may not be detected by any of the ground 
distance units. TOG may be blocked or given a definite time for operation once FDOG has operated and Iom has 
picked up. See Figure 3-16. 
 
 

Figure 3-16. Ground Directional Logic 
 

he phase directional unit (FDOP) is based on the angular relationship of a single-phase current and the 

 

T
corresponding pre-fault phase-to-phase voltage phasors. The forward direction is identified if the current phasor 
leads the voltage phasor. The pair of current and voltage phasors which are compared are IA and VBA (FDOPA, IB 
and VCB (FDOPB), IC and VAC (FDOPC). The three-phase fault detection of Zone 2 and 3t are supervised by 
FDOPA and FDOPB and FDOPC. The high set currents IAH, IBH, ICH are supervised by FDOPA, FDOPB and 
FDOPC, respectively. 
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Out of Step Trip (OST) and Out of Step Block (OSB) Logic 
 
Out of step detection in REL 350 is achieved by the use of blinders. Only units with optional back-up have this 
logic since for the blinder implementation voltage inputs are required. 
 
A two blinder scheme is used for detecting Out of step conditions. The two blinders are called 21 BO (Outer 
Blinder) and 21 BI (Inner Blinder) and are parallel to the line impedance setting, i.e., they are tilted by the PANG 
setting. 
 
The RU and RT settings are the distance perpendicular to the line impedance that the blinders are displaced from 
the latter. This is illustrated in Figure 3-13. The RT setting is also for load restriction and if any three phase fault 
occurs, the inner blinder, 21 BI has to be activated for tripping and the impedance be in either Zone 2 or Zone 3 
reach. 

 
 

Figure 3-17. Blinders for the Out-of-Step Logic 
 
Figure 3-14 shows the OST and OSB logic. This logic is being executed constantly in the relay regardless 
whether the relaying channel is sound or not. OST logic applies in both the phase comparison system or in the 
distance back-up system. 
 
The duration of time it takes 21 BI to operate after 21 BO operates is the indication of an Out of Step condition. 
Timer OST1 controls this time. When the timer times out, an Out of Step condition has been detected. An OSB 
signal is immediately sent to block the operation of Zone 2 and Zone 3 distance units. 
 
Timer OST2 times the trip after an OST condition has been detected and the trajectory moves from point 2 to 
point 3 in Figure 3-16. When OST 2 times out a trip signal is sent if the REL 350 has been set to trip on the way in 
under out of step conditions. 
 
Timer OST3 starts timing after the inner blinder operates. If the timer has timed out then tripping will be allowed 
immediately (with a 20 millisecond time delay) once the outer blinder (21 BO) resets. Other wise, OST has to time 
out first. OST3 controls the trip for an OST condition on the way out, as illustrated by the points 4 and 5 in Figure 
3-16. 
 
The OSOT timer is an Out of Step Over-ride Timer that bypasses OSB after it has timed out and lets the relay trip. 
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Figure 3-18. Out-of-Step Logic 
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Table 3-1.  REL 350 Catalog Numbers 

 
Options  
 

Cat.
# 

MS 3 B 2 P A F R G

Trip 
Three pole trip 
Single pole trip 

 . 
3 
1 

. 
3 
. 
 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Current Rating 
1 A 
5 A  
MOCT 

  
A 
B 
C 

 
 

. 

. 
B 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
Battery Voltage 
Single supply 
48/60 Vdc  
110/125 Vdc  
220/250 Vdc  
 
Dual supply 
48/60 Vdc  
110/125 Vdc  
220/250 Vdc  

  
 
1 
2 
3 
 
 
4 
5 
6 

 
 

 . 
. 
. 
2 
. 
. 
. 
. 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
Distance backup protection 
Backup protection 
None 

  
P 
N 

 
 

  . 
P 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
Channel interface 
9600 bps audiotone 
British Telecom audiotone 
56/64 kbps direct digital 
56/64 kbps 820 nm multi-mode fiber  
56/64 kbps 1300 nm single mode fiber        

short reach (12 dB) 
56/64 kbps 1300 nm single mode fiber,      

medium reach (22 dB) 
56/64 kbps 1300 nm single mode fiber,     

long reach (32 dB) 

  
T,A*

B 
D 
H 
E 
 

M 
 
L 

    . 
T 
. 
. 
. 
. 
. 
. 
. 
. 
 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
Test switches 
FT – 14 test switches 
No switches 

  
F 
N 

 
 

    . 
F 
. 

.  

. 

. 

. 

. 

. 
Remote communication device 
RS-232C PONI 
INCOM® PONI 
RS-232C with IRIG-B PONI 

  
R 
C 
B 
 

       . 
R 
. 
. 

. 

. 

. 

. 

Digital fault recording  G        G
Accessories 
FT-14 Test plug 
Right side 1355D32G01 
Left side 1355D32G03 

   
 

       

 
*The modem with style number MSxxxxTxxx has a nominal time delay of approximately 8.9msec 
*The modem with style number MSxxxxAxxx has a nominal time delay of approximately 17msec 

3-23 



Segregated Phase Comparison Protection 
 

 

3-24 



Segregated Phase Comparison Protection 

Installation, Operation and Maintenance 
 
Separating the Inner and Outer Chassis 
 
It is recommended that the user of this equipment become acquainted with the information in these 
instructions before energizing the REL 350 and associated assemblies. Failure to observe this precaution 
may result in damage to the equipment. 
 
All integrated circuits used on the modules are sensitive to and can be damaged by the discharge of 
static electricity. Electrostatic discharge precautions should be observed when operating or testing the 
REL 350. 
 
Use the following procedure when separating the inner chassis from the outer chassis; failure to observe 
this precaution can cause personal injury, or undesired tripping of outputs and component damage. 
 
a) Unscrew the front panel screws. 

b) Remove the (optional) FT-14 covers if supplied (one on each side of the REL 350). 

c) Open all FT-14 switches. 

Do Not Touch the outer contacts of any FT-14 switch; they may be energized. 

d) Slide out the inner chassis. 

e) Close all FT-14 switches. 

f) Replace the FT-14 covers. 

g) Reverse procedures above when replacing the inner chassis into the outer chassis.  
 
Test Plugs and FT-14 Switches 
 
• Test Plugs are available as accessories; they are inserted into the FT-14 switches for the purpose of System 

Function Tests. 
  
External Wiring 
 
All external electrical connections pass thru the Backplate (Figure 4-1) on the outer chassis. Seven DIN 
connectors (J11, J12, J13, JA1, JA2, JA3, JA4) allow for the removal of the inner chassis from the outer chassis. 
 
Electrical inputs to the Backplane module, which are routed either directly thru the Backplate or thru the FT-14 
switch to the Backplate include (see Figure 4-1): 
 
• VA, VB, VC and VN  

• IA/IAR, IB/IBR, IC/ICR 

4-1 

• Power Supply (Battery) Inputs 
Primary (IBP, IBN) 
Backup (2BP, 2BN) 

 
 
 
 



Segregated Phase Comparison Protection 

Figure 4-1. REL350 Backplate 
 
Analog input circuitry consists of three current transformers (IA, IB, I ) three voltage transformers, (VC A, VB and VC), 
and low-pass filters. The six transformers are located on the Backplane PC Board. The primary winding of all six 
transformers are directly-connected to the input terminal TB6/1 thru 12 (Block Diagram, Figure 1-last); the secondary 
windings are connected thru the Interconnect module to the Analog Input module. 
 
As shown in Figure 4-1, dry contact outputs for breaker failure initiation (BFI), reclosing initiation (RI), reclosing 
block (RB), failure alarm and trip alarm are located on the Backplane PC Board.  
 
As shown in System Diagram 2693F87 (at the end of this section), the power system ac quantities (Va, Vb, Vc, Vn, 
Ia, Ib, Ic), as well as the dc sources are connected to the left side 1FT-14 switch (front view). All the trip contact 
outputs are connected to the right-side 2FT-14 switch (front view). Switches 13 and 14 on 2FT-14 may be used 
for disabling the Breaker Failure Initiation/Reclosing Initiation (BFI/RI) control logic.  
 
The INCOM/PONI communication box is mounted thru the Backplate of the outer chassis and connected to the 
Backplane module. An RS-232C serial port is provided for remote transmission of target data. The serial port is 
also available for networking, data communications, and remote settings. 
 
REL 350 Front Panel Display 
 
The front panel display consists of a LCD, a set of seven LED indicators and seven key switches. 
 
LCD Display 
 
The LCD display contains two fields with four alphanumeric characters for both the function field and the value 
field. The display is blocked momentarily every minute for the purpose of self-check; this will not affect the relay 
protection function. 
 
A “DISPLAY SAVER” feature turns-off the display if no key activity for 3 minutes is detected. 
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Indicators 
 
There are 7 LED indicators on the front panel display: 
 
• 1 “relay-in-service” indicator 

• 1 “value accepted” indicator 

• 5 display-select indicators 
 
When the “Relay-in-Service” LED illuminates, the REL 350 Relay is in service, there is dc power to the relay and 
the relay has passed the self-check and self-test. The LED is turned “OFF” if the Relay-in-service relay has at 
least one of the internal failures shown in the “Test” mode. 
 
The “Value Accepted” LED flashes only once, to indicate that a value has been entered successfully. 
 
The 5 indicators used for the display selection are: 
 
• Settings 

• Volts/Amps/Angle 

• LAST FAULT 

• PREVIOUS FAULT 

• Test 
 
One of these indicators is always illuminated, indicating the mode selected.  
 
Key Switches 
 
The front panel contains 7 keys: 

• Display Select 

• Reset Targets 

• Function Raise 

• Function Lower 

• Value Raise 

• Value Lower 

• Enter (recessed for security purposes) 
 
The “Display Select” key is used to select one of the five display modes, which is indicated when the proper LED 
illuminates. When a fault is detected, the “LAST FAULT” flashes once per second. If two faults are recorded, the 
“LAST FAULT” flashes twice per second, and the prior fault will be moved from “LAST FAULT” to “PREVIOUS 
FAULT”. The new fault data will be stored in the “LAST FAULT” register. By depressing the “Reset Targets” key, 
the flashing LED indicators are cleared, and the LED will revert back to the Metering mode. The information in the 
“PREVIOUS FAULT” and “LAST FAULT” will not be reset from the front panel key switch, but will be reset from 
External Reset (TB5-7 and TB5-8) and the remote reset through the Communication Interface. 
 
The “Function Raise” and “Function Lower” keys are used to scroll thru the information for the selected display 
mode. The “Value Raise” and “Value Lower” keys are used to scroll thru the different values available for each of 
the five functions. The “Enter” key is used to enter (in memory) a new value for settings. 
 
Front Panel Operation 

4-3 

The front (operator) panel provides a convenient means of checking or changing settings, and for checking relay 
unit operations after a fault. Information on fault location, trip types, phase, operating units, and breakers which 
tripped become available by using the keys to step thru the information. Targets (fault data) from the last two 
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faults are retained, even if the relay is deenergized. The operator is notified that targets are available by red 
flashing LEDs on the front panel; in addition, alarm output-relay contacts are provided for the external 
annunciators. 
 
The operator can identify nonfault voltage, current and phase angle on the front panel display. Settings can be 
checked easily, however, any change to the settings requires the use of the keys. When relay is in the normal 
operating mode, it is good practice to set the LED on the Volts/ Amps/Angle mode. 
 
Settings Mode 
 
In order to determine the REL 350 settings that have been entered into the system, continually depress the 
“DISPLAY SELECT” key until the “SETTINGS” LED is illuminated. Then depress the “FUNCTION RAISE” or 
“FUNCTION LOWER” key, in order to scroll thru the REL 350 SETTINGS functions. For each settings function 
displayed, depress the “VALUE RAISE” or “VALUE LOWER” key in order to scroll thru the REL 350 values 
available for the particular function. (Each value that appears, as each different function appears in the function 
field, is considered to be the “current value” used for that particular function.) 
 
In order to change the “current value” of a particular settings function, “RAISE” or “LOWER” the FUNCTION field 
until the desired function appears (e.g., “RP”). Then “RAISE” or “LOWER” the values in the VALUE field until the 
desired value appears. If the “ENTER” key (recessed for security purposes) is depressed, the value which 
appears in the VALUE field will replace the “current value” in memory; but only if the “VALUE ACCEPTED” LED 
flashes once to indicate that the value has been successfully entered into the system. 
 
For reasons of security, a plastic screw is used to cover the ENTER key. A wire can be used to lock the plastic 
screw and to prevent any unauthorized personnel from changing the settings. 
 
Metering (Volts/Amps/Angle) Mode 
 
When the Volts/Amps/Angle LED is selected by the “Display Select” key, the phase A, B, C voltages, currents and 
phase angles are available for on-line display during normal operation. All measured values can be shown by 
scrolling the “Raise” or “Lower” key in the FUNCTION field. The values on the display are dependent on the 
settings of RP (read primary); RP = YES for the primary side values and RP = NO for the secondary values. 
Conditions such as channel receive, channel transmit and loss-of-potential can also be monitored.  
 
NOTE:  All displayed Phase Angles use VA as reference. 
 
Target (LAST and PREVIOUS FAULT) Mode 
 
The last two Fault records are acessible at the Front panel. The “LAST FAULT” information is of the most recent 
fault, the “PREVIOUS FAULT” information is of the fault prior to the “LAST FAULT”. These displays contain the 
target information along with the “Frozen” data at the time of trip. The “LAST FAULT” register shows one or two 
records stored by flashing the LED once or twice per second, respectively.  
 
As soon as a fault event is detected, the most recent two sets of target data are available for display. The “LAST 
FAULT” is the data associated with the most recent trip event. The “PREVIOUS FAULT” contains the data from 
the prior trip event. If a single fault occurs, the “LAST FAULT” LED flashes. If a reclosing is applied and the 
system trips, the original “LAST FAULT” information will be transferred to the “PREVIOUS FAULT” memory. The 
latest trip information will be stored in the “LAST FAULT” memory, and its LED flashes twice per second. To reset 
the flashing LEDs, depress the “Reset Targets” key once. To reset the target information in “LAST FAULT” and 
“PREVIOUS FAULT”, see the foregoing procedure. 
 
There are 2 ways to reset the targets: 
 
• Using the “Target Reset” Contact Input. 
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• With the INCOM command, using the communication channel. 
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Test Mode Function 
 
The test display mode provides diagnostic and testing capabilities for REL 350. Relay status display, local delay 
time computation, and relay testing are among the functions provided. The test mode functions are listed in Table 
4-1. 
 
Table 4-1.  Test Mode Functions 
 

Function Description Remarks 
STAT Relay Self-Check Status  
TEST Phase Comparison TEST ENABLE Signal  
TLDT Test Mode Computation of Local Delay Time  
SRT Monitor Standing Relay Trip Sgnal  
OPTI Display Opto Input Status  
TRIP Relay Test:     Trip Relays 1 
BFI Relay Test:     BFI Relays 1 
SRI Relay Test:     SRI Relay (RI1) 1 
3RI Relay Test:     3RI Relay (RI2) 1 
RB Relay Test:     Reclose Block Relay 1 
GS Relay Test:     General Start Relay 1 
FALM Relay Test:     Failure Alarm Relay 1 
TALM Relay Test:     Trip Alarm Relay 1 
CALM Relay Test:     Channel Alarm Relay 1 
BLD Software Build Number 1 
CNTD Number of times CD changed state since last 

reset.   
2 

Remarks:  
1. These functions appear in Test mode when the test jumper JM1 is in position 1-2 (For details please 
refer to Relay Output tests sections that follows) 
2. CNTD value can be reset by by Target reset button 

Contact Input Test 
 
The Contact Input module can be conveniently tested, using the Contact Input Test Function. 
 
To activate this function, continually depress the DISPLAY key until the “TEST” LED is illuminated. Then depress 
the “FUNCTION RAISE’ or “FUNCTION LOWER” key until the word “OPTI” appears in the FUNCTION field. 
 
The “VALUE” field will display the status of the contact inputs, using two hexadecimal digits, as explained below. 
 
When the contacts close (voltage is applied across two input terminals), the corresponding bit is set to binary “1”; 
an open set of contacts results in a binary “0”. The following correspondence exists: 
 
FUNCTION BIT NUMBER 
Direct Transfer Trip 0 
Stub Bus 1 
Single-Pole Trip Override 2 
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Target Reset 3  
52b A 4 
52b B 5 
52b C 6 
Not Used 7 
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The functions listed below, 
 
• DTT  (closed) 

• Single-Pole Trip Override (closed) 

• Target Reset  (closed) 

• 52b B contact  (closed) 

• Remaining contacts (open) 
 
will result in the following binary pattern: 
 
Bit Pattern 0 0 1 0  1 1 0 1 
Bit Number 7 6 5 4   3 2 1 0 

 
HEX “Value” 
Field Display        2                          D 
 
For reference, refer to Table 4-2 for the binary-to-hexadecimal conversion. 
 
Table 4-2.  Binary-to-Hexadecimal Conversion  
 
BIT NUMBER  
3/7 2/6 1/5 0/4 HEX DIGIT 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 A 
1 0 1 1 B 
1 1 0 0 C 
1 1 0 1 D 
1 1 1 0 E 
1 1 1 1 F 
 
Relay Output Test 
 
All relay outputs can be tested using the procedure described below: 
 
(1) Open the FT switch, using the red handles of the breaker trip circuits, making sure that the following jumper is 

not disturbed: 
 
BFI/RECLOSE ENABLE 
 
(2)  Install jumper JM1 in position 1-2 on the Microprocessor module. 

(3)  Continually depress the “DISPLAY” key until the “TEST” LED is illuminated; then depress the “FUNCTION 
RAISE” or “FUNCTION LOWER” key until the words “TRIP” and “RELY” appear in the FUNCTION and 
VALUE fields, respectively. 

(4)  Activate the “ENTER” key for the desired duration of the output relays operation. 

(5)  Depress the “FUNCTION RAISE” key to select the following parameters, as desired: 
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  FUNCTION VALUE  
 FIELD FIELD DESCRIPTION
   TRIP RELY TRIP (A, B, C) 
 * BFI RELY Breaker Failure Initiate 
 * SRI  (RI1-1,2) RELY Single Pole Reclose Initiate 
 * 3RI  (RI2-1,2) RELY 3 Pole Reclose Initiate 
   RB RELY Recloser Blocking 
   GS RELY General Start 
   FALM RELY Failure Alarm  
   TALM RELY Trip Alarm 
   CALM RELY Channel Alarm 
 
(6) Activate the “ENTER” key to operate selected output relays. 
 
Note:  * These outputs are enabled only if a connection is made from TB1-13 to TB1-14. 
 
(7) After completion of this test, restore the system to its operating state by moving JM1 to position 2-3 on the 

Microprocessor module, and closing the FT switch red handles. 
 
Self Check 
 
The results of the system self-check routines are accessible using the following procedure: 
 
a. Continually depress the “DISPLAY” key until the “TEST” LED is illuminated; then depress the “FUNCTION 

RAISE” or “FUNCTION LOWER” key until the word “STAT” appears in the FUNCTION FIELD. 
 
b.  The VALUE FIELD will display the status of the relay in hexadecimal Format: 
 
 RELAY STATUS 

 DESCRIPTION BIT NUMBER
External RAM Failure 0 Least Significant Right-Most Position 
EEPROM Failure 1  
ROM Checksum Failure 2  
Dual-Port RAM Failure 3 
 
Analog Input Failure 4 
Processor Failure 5 
± 12V P.S.Fail 6 
Modem Failure 7 
 
EEPROM Warning 8 
Power Supply 1 Failure 9 
Power Supply 2 Failure 10 
Dual Port RAM  
Com Status Warning 11 
 
Failure Detected by Processor 1 12  
Failure Detected by Processor 2 13  
 0 14  
 0 15 Most Significant Left-Most Position 
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A bit set to “1” signifies that the corresponding failure has been detected. For example, the following failures will 
result in a bit pattern: 
 
 ROM CHECKSUM (Bit 2) 

         Analog Input (Bit 4) 
          Processor 1 (Bit 12) 

 
The bit pattern which results is shown below: 
 
Bit Pattern  0   0   0   1  0   0  0 0 0  0  0  1 0  1  0  0 
Bit Number 15 14 13 12 11 10 9 8 7  6  5  4 3  2  1  0 
 
Hex “VALUE”  
     Display                1                        0                       1                        4 
 
For normal error-free system performance, the “VALUE” field display is “0”. 
 
The status display is generated by “OR”ing, the self-test status from Processor 1 and Processor 2. A zero value 
indicates that no self-test failure has occurred. A non-zero value in the low byte (bits 0 to 7) represents a REL 350 
failure condition which enables the failure alarm, and disables tripping. A non-zero value in the third character 
from the right (bits 8 to 11) indicate a self- test-warning which enables the failure alarm, but does not disable 
tripping. The left-most character (bits 12 to 15) indicates which processor(s) detected the failure. 
 
Test Enable 
 
The TEST ENABLE signal on the REL 350 channel logic diagram is provided through the front panel TEST mode. 
When the TEST mode TEST or TLDT functions are selected, the TEST ENABLE signal on the REL 350 phase 
comparison logic diagram is active, otherwise it is disabled. Oscillographic data storage is triggered, when the 
ENTER key is depressed, while the TEST mode TEST function is selected on the front panel. 
 
 
Standing Relay Trip 
 
A real-time status monitor of the Standing Relay Trip (SRT) logic signal is provided as a test mode function. The 
value of the SRT function is YES if any of the trip relays is enabled, otherwise, the value is “NO”.  
 
The user should verify that SRT = “NO” prior to putting the REL 350 in service after testing. 
 
Jumper Control 
 
The following jumpers are set at the factory; the customer normally does not need to move the jumpers. 
 
Backplane Module 
 
An external jumper is permanently-wired to terminals 13/14 of switch 2FT-14. 
 
When switch 2FT-14/13 or 2FT-14/14 is opened, the BFI and RI output relays are deenergized to prevent BFI and 
RI contact closures during system function test. 
 
Contact Input Module 
 
The factory sets jumpers (JMP3 thru JMP9) for 48 Vdc or 125 Vdc input source. If the user intends to use a 
voltage other than 48VDC or 125VDC, voltage selection is made by jumper positions JM3 to JMP9: 
 
Position  Rated Voltage 
(1 – 2)  48 Vdc 
(7 – 8)  125 Vdc 
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(9 – 10)  250 Vdc 
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The inputs will de-assert at 67% of the lower rated voltage. For example, for jumper position (7 – 8), the input will 
drop out when the voltage goes below 125 x 67% = 83.75 V. 
 
Network Interface 
 
Two options are available for interfacing between REL 350 and a variety of local and remote communication 
devices. 
 
• RS-232C/PONI - for single point computer communication 

• INCOM/PONI - for local network communication 
 
An IBM PC or  compatible computer, with software provided (WinRCP), can be used to monitor the settings, 16 
fault data records, 3 oscillographic records, and metering information. For a remote setting, SETR should be set 
to “YES”; then the settings can be changed (remotely) with a user-defined password. If a user loses his assigned 
password, a new password can be installed by turning the REL 350 relay’s dc power supply “OFF” and then 
“ON”. REL 350 allows a change of password within the next 15 minutes, by using a default “PASSWORD”. 
 
 
When in the remote mode, the computer can disable the local setting by showing SET = REM (in the Metering 
mode). Then, the setting cannot be changed locally. In this situation, the only way to change a setting locally 
would be to turn the dc power “OFF” and then “ON”. The computer will allow for a local setting change within 15 
minutes. Refer to the IL 40-603.2 (WinRCP, Instruction Bulletin) for detailed information. 
 
Digital Fault Recording 
 
Refer to ABB Publications: 
 
• IL 40-603.2 WinRCP Instruction Bulletin 
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• Section 7 of this document for WaveWin Digital Fault Recording and Analyzing Program 
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REL 350 Settings 
 
The REL 350 setting mnemonics and the appropriate setting information is in Table 5-1 i.e., setting name, format, 
setting range (min, max, step), units and related notes. 

 
Figure 4-2.  REL350 Setting Screen 

 
Monitoring Functions 
 
The REL 350 monitoring functions display on-line system information (See Table 4-3). All angles are computed 
using V  as the reference angle. AG

 
Target (Fault Data) Information 
 
The REL 350 stores 16 sets of targets (fault data). All 16 sets are accessible through WinRCP, but only the two 
most recent sets of data are accessible from the front panel (see Table 4-4 ). 
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Figure 4-3.  Fault Target List 

The fault target list provides information about Time, Trig, Fault Type, Fault Distance and which Digital Fault 
Record (osc) corresponds to which Target Record. 
 
In the traget record, the first part of the fault data contains “Yes/No” targets, which identify the cause of the trip 
and the status of certain system inputs and outputs; the second part of the fault data contains values, including 
currents, voltages, fault impedance, and distance to the fault.  
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          FTYP.........................ABC                                      
          BK1..........................----                                     
          BK2..........................----                                     
          IAH..........................NO                                       
          IBH..........................NO                                       
          ICH..........................NO                                       
          IGH..........................NO                                       
          TEST.........................NO                                       
          OST..........................NO                                       
          PLTA.........................YES                                      
          PLTB.........................YES                                      
          PLTC.........................YES                                      
          PLTG.........................NO                                       
          PTOG.........................NO                                       
          UNBK.........................NO                                       
          SBT..........................NO                                       
          OBKT.........................NO                                       
          SEBR.........................NO                                       
          SPFT.........................NO                                       
          RIFT.........................NO                                       
          62T..........................NO        SEC                            
          PTA..........................YES                                      
          PTB..........................YES                                      
          PTC..........................YES                                      
          PTG..........................NO                                       
          BKUP.........................NO                                       
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          LDT.......................... 1.3000   msec                           
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          XMTR/BERR.................... 0.0000   dB                             
          RCVR/TTRP....................NO        dB                             
          SNR..........................                                         
          Z............................14.0800   OHMS                           
          FANG......................... 0.0000   DEG.                           
          DMI/DKM...................... 3.5000   KM                             
          PFLC......................... 0.0000   AMPS                           
          PFLV......................... 0.0000   VOLTS                          
          LP...........................     ---  DEG.                           
          VPA MAG......................69.6000   VOLTS                          
          ANG.......................... 0.0000   DEG.                           
          VPB MAG......................69.2000   VOLTS                          
          ANG..........................-120.0000 DEG.                           
          VPC MAG......................69.2000   VOLTS                          
          ANG..........................120.0000  DEG.                           
          V1 MAG.......................69.3333   VOLTS                          
          ANG.......................... 0.0000   DEG.                           
          V2 MAG....................... 0.1333   VOLTS                          
          ANG..........................-0.0000   DEG.                           
          3V0 MAG......................     ---  VOLTS                          
          ANG..........................     ---  DEG.                           
          IPA MAG...................... 4.9000   AMPS                           
          ANG.......................... 0.0000   DEG.                           
          IPB MAG...................... 5.0000   AMPS                           
          ANG..........................-119.0000 DEG.                           
          IPC MAG...................... 5.0000   AMPS                           
          ANG..........................121.0000  DEG.                           
          I1 MAG....................... 4.9665   AMPS                           
          ANG.......................... 0.6711   DEG.                           
          I2 MAG....................... 0.0440   AMPS                           
          ANG..........................-138.6743 DEG.                           
          -3I0 MAG..................... 0.0000   AMPS                           
          ANG..........................     ---  DEG.                           
          DATE & TIME..................00/00/2000 00:02:53.809                  
 

Figure 4-4.  Fault Target Screen along with text output 
 
Communication Channel Testing 
 
Monitoring functions display the following communication channel information: 
 
9600 bps Audio Tone Option Only 
 
• XMTR — provides transmitter output level (in dBm) 
• RCVR — provides receiver input level (in dBm) 
• SNR — provides signal-to-noise-ratio (in dB) 
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56/64 kbps Option Only 
 

BERR Bit Error
DISPLAY VALUE # of Frames in Error in 512 frames 
SYER Synch Error 
CTER Channel Trouble 
IDER Unit ID Error 
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Routine Visual Inspection 
 
With the exception of Routine Visual Inspection, the REL 350 relay assembly should be maintenance-free. A 
program of Routine Visual Inspection should include: 
 
• Condition of cabinet or other housing 

• Tightness of mounting hardware and fuses 

• Proper seating of plug-in relays and subassemblies 

• Condition of external wiring 

• Appearance of printed circuit boards and components 

• Signs of overheating in equipment 
 
Acceptance Testing 
 
The customer should perform the REL 350 Acceptance Tests (Section 6) on receipt of shipment. 
 
Normal Precautions 
 
Troubleshooting is not recommended due to the sophistication of the Microprocessor unit. 
 
With the exception of checking to insure proper mating of connectors, or setting jumpers, the following 
procedures are normally not recommended. (If there is a problem with the REL 350, it should be returned 
to the factory. See PREFACE.) 
 
Disassembly Procedures 
 
a) Remove the inner chassis from the outer chassis, by unscrewing the lockscrew (on the front panel), and 

unsnapping the two covers from the FT-14 switches.  
 
NOTE:  The inner-chassis (sub-assembly) slides in and out of the outer chassis from the front. Mating connectors 
inside the case eliminate the need to disconnect external wiring when the inner chassis is removed.  
 
b) Remove the FT-14 switches, mounted by two screws on the side walls. 

c) Remove the front panel (with the Display Module) from the inner chassis, by unscrewing four screws behind 
the front panel. 

d) Remove the Microprocessor module, by loosening six mounting screws, and unplugging the module from the 
Interconnect module. 

e) Remove the Modem, Relay Output and Contact Input modules by unscrewing 2 mounting screws from the 
brackets and unplugging these modules from the Interconnect module. 

f) Remove the Power Supply and Analog Input modules, by first removing the Microprocessor module and the 
support cross bar. 
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g) Remove the Backplate, by unscrewing the mounting hardware from the rear of the Backplate. 
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Table 4-3.  Monitoring Functions
 
Function Description Format Units 
CHRX REL 350 channel receive status GARD/OPBR/ARM/CHTB/SCTB/TTRP 
CHTX REL 350 channel transmit status GARD/OPBR/KEY/TTRP 
IA IA metered current magnitude XXX.X Amps 
∠ IA IA metered current angle XXXX deg 
VAG VAG metered voltage magnitude XXX.X Volts 
∠ VAG VAG metered voltage angle XXXX deg 
IB IB metered current magnitude XXX.X Amp 
∠ IB IB metered current angle XXXX deg 
VBG VBG metered voltage magnitude XXX.X Volts 
∠ VBG VBG metered voltage angle XXXX deg 
IC IC metered current magnitude XXX.X Amps 
∠ IC IC metered current angle XXXX deg 
VCG VCG metered voltage magnitude XXX.X Volts 
∠ VCG VCG metered voltage angle XXXX deg 
3I0 3I0 metered Current Magnitude XXX.X Amps 
∠ 3I0 3I0 metered Current Angle XXXX deg 
DATE Date (Month, Day) MM/DD 
TIME Time (Hours, Minutes) HH/MM  
SET Setting access status BOTH/LOC/REM 
LOP Loss-of-potential indication YES/NO 
LOI Loss-of-current indication YES/NO 
OSB Out-of-step blocking indication YES/NO 
MLDT Measured local delay time from Modem/CODEC  FAIL/XXX.X msec 
* XMTR Channel transmit level XXXX dBm 
* RCVR Channel receive level XXXX dBm 
* SNR Channel signal-to-noise ratio XXXX dB 
**BERR Channel Error Value/SYER/CTER/IDER 
***SPTB Single Polt Trip Bypass ONON/ONOF/OFON/OFOF 
 

 as the reference angle. NOTE:  All angles are computed using VAG
           * 9600 bps Audio Tone option 
         ** 56/64 kbps Digital Communication option 
         *** The First two letters of SPTB value indicate the status input of  Local relay SPT Binary input, 
                  the third and four letters indicate that of the remote binary inputs (ON means Energized, OF       
                  means Denergized) 
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Table 4-4.  Target (Fault Data) Information 
 
Target               Description Format Units 
FTYP Fault Type AB/BG/CG/AB/BC/CA/ABC 
BK1 Breaker current flowed YES/NO 
BK1A Phase A breaker current flowed YES/NO 
BK1B Phase B breaker current flowed YES/NO 
BK1C Phase C breaker current flowed YES/NO 
BK2 Breaker current flowed YES/NO 
BK2A Phase A breaker current flowed YES/NO 
BK2B Phase B breaker current flowed YES/NO 
BK2C Phase C breaker current flowed YES/NO 
IAH High set phase A fault YES/NO 
IBH High set phase B fault YES/NO 
ICH High set phase C fault YES/NO 
IGH High set ground fault YES/NO 
PLTA Pilot trip Phase A YES/NO 
PLTB Pilot trip Phase B YES/NO 
PLTC Pilot trip Phase C YES/NO 
PLTG Pilot trip ground YES/NO 
PTOG Pilot overcurrent ground trip YES/NO 
SPFT Sound phase fault trip YES/NO 
RIFT Reclose-into-fault trip YES/NO 
62T Single-phase time-out trip YES/NO 
SBT Stub-bus trip YES/NO 
OBKT Open breaker trip YES/NO 
OST Out-of-step trip YES/NO 
UNBK Unblock trip YES/NO 
TG Time overcurrent ground trip YES/NO 
Z2P Zone 2 phase fault YES/NO 
Z2G Zone 2 ground fault YES/NO 
Z3P Zone 3 phase fault YES/NO 
Z3G Zone 3 ground fault YES/NO 
Z Fault impedance XX.XX ohms  
FANG Fault impedance angle XXX.X deg 
DMI Fault distance in miles XXX.X mi 
DKM Fault distance in kilometers XXX.X km 
PFLC Pre-fault load current XXX.X Amps 
PFLV Pre-fault voltage XXX.X Volts 
LP Pre-fault load angle XXX.X deg 
VAG VAG fault voltage magnitude XXX.X Volts 
∠ VAG VAG fault voltage angle XXX.X deg 
VBG VBG fault voltage magnitude XXX.X Volts 
∠ VBG VBG fault voltage angle XXX.X deg 
VCG VCG fault voltage magnitude XXX.X Volts 
∠ VCG VCG fault voltage angle XXX.X deg 
3V0 3V0 fault voltage magnitude XXX.X Volts 
∠ 3V0 3V0 fault voltage angle XXX.X deg 
Z2T Pole Disagreement Trip, 3 Pole Tripping in Backup mode YES/NO 
IA  IA fault current magnitude XXX.X Amps 
∠ IA IA fault current angle XXX.X deg 
IB  IB fault current magnitude XXX.X Amps 
∠ IB IB fault current angle XXX.X deg 
IC  IC fault current magnitude XXX.X Amps 
∠ IC IC fault current angle XXX.X deg 
3IO  3I0 fault current magnitude XXX.X Amps 
∠ 3IO 3I0 fault current angle XXX.X deg 
DATE Date of fault (Month.Day) MM.DD 
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YEAR Year of fault YYYY 
TIME Time of fault (Hours.Minutes) HH.MM 
SEC Time of fault (Seconds) XXXX sec 
MSEC Time of fault (Milliseconds) XXXX msec 
LDT LDT used at time of trip XXX.X msec 
*XMTR Channel transmit level XXXX dBm 
*RCVR Channel receive level XXXX dBm 
*SNR Channel signal-to-noise ratio XXXX dB 
**BERR Channel error XXXX 
**TTRP Direct Transfer Trip YES/NO 
 
 NOTES:  The “YES/NO” targets are displayed only if they are “YES”. 
   
The angles are not displayed if the magnitude of the value or the reference is less than 0.5 A or 0.7 V rms. 
   
The impedance is dependent upon the CTYP setting. The internal impedance values are for a 5 A ct. The 
impedance value is multiplied by 5 if a 1 A ct is used (CTYP = 1).  
 
  *9600 bps Audio Tone Channel 
**56/64 kbps Digital Communication  
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Segregated Phase Comparison Protection 

Setting Calculations 
 
Introduction 
 
REL 350 can be set through the front panel Man-Machine Interface (MMI) or through Windows based Remote 
Communication Computer Software (WinRCP). 
 
This section will follow the sequence of settings displayed in the front panel display when the relay system is in 
the settings mode. 
 
Reference will be made to current levels based on 5A secondary line ct’s. For 1A secondary line ct’s 
multiply the current levels by 0.2. 
 
 Table 5-1. Setting Table  
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Setting Name Format Min Max Step Units Notes 
VERS Software Version XX.XX 0.01 99.99    
FREQ Rated frequency setting selection 50/60           Hz  
RP Enable readouts in primary values YES/NO      
CTYP Current transformer type: 1A or 5A ct XXXX 1 5 4 A CTYP= In 
CTR Current transformer ratio XXXX 30 5000 5   
VTR Voltage transformer ratio XXXX 300 7000 10   
OSC Triggering for storing oscillographic data TRIP/ITRG/∆V∆I      
FDAT Triggering for storing fault target data TRIP/ITRG      
TRGG Ground current pickup level trigger for OSC 

and FDAT 
XX.XX 0.5 10.0 0.5 A 1 

TRGP Phase current pickup level trigger for OSC 
and FDAT 

XX.XX 0.5 10.0 0.5 A 1 

CD Change detector option ∆V∆I      
TTYP Selection of single-pole or 3-pole trip type SPT/3PT/SPT2     8 
62T Single pole trip limit timer XX.XX 0.30 5.00 0.05 sec 8 
RBEN Reclose block enable NORB/3PRB/MPRB/

ALRB 
     

UNBK Unblock logic enable IN/OUT      
CNT Pilot logic 1-count/2-count trip selection 1CNT/2CNT      
IPLT Select memory timer for IPL XXXX 0 150/ 

OUT 
150 msec  

OPBR Open breaker selection IE/52B/BOTH/OUT      
IE Very low set phase current pickup value in 

amps 
X.XXX 0.20 0.50 0.01 A 1 

IPL Low set phase current pickup value in amps XX.XX 0.5 20.0 0.1 A 1 
IPH High set phase trip current pickup setting in 

amps 
XX.XX 4.0 80.0 0.1 A 1, 4 

IGL Low set ground current pickup value in 
amps 

XX.XX 0.5 20.0 0.1 A 1 

IGH High set ground trip current pickup setting in 
amps 

XX.XX 4.0 80.0 0.1 A 1, 4 

LPKY Local phase pickup for enabling the 
transmitter keying circuit 

XX.XX 1.0 20.0 0.1 A 1 

RPKY Remote phase pickup for enabling the 
transmitter keying circuit 

XX.XX 1.0 20.0 0.1 A 1, 2 

PDIF Difference from PKEY for computing |SWP 
and |SWN

XX.XX 0.5 19.5 0.1 A 1, 2 

LGKY Local ground pickup for enabling the 
transmitter keying circuit 

XX.XX 1.0 20.0 0.1 A 1 

RGKY Remote ground pickup for enabling the 
transmitter keying circuit 

XX.XX 1.0 20.0/
BLK 

0.1 A 1, 2, 3 

GDIF Difference from GKEY for computing |SWP 
and |SWN

XX.XX 0.5 19.5 0.1 A 1, 2 

ALDT Enable automatic LDT compensation YES/NO      
LDFL Select LDT leader/follower mode LEAD/FOLO      
LDT Local delay time setting XXX.X 0 32.0 0.1 msec 6 
LDT Local delay time setting  XXX.X 8 24.0 0.1 msec 7 
RIP Reclose initiate delay XX.XX 0 20.0 0.1 msec  
XMTR Modem transmitter level setting XXXX -15 -1 2 dBm 6 
RLSD Receiver level signal detect setting -43/-33/-26/-16    dBm 6 
UNID Unit ID XXXX 0 15 1  7 



Segregated Phase Comparison Protection 
Setting Name Format Min Max Step Units Notes 
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KBPS Communication speed (56 or 64 kbps) 64/56     7 
TTRP Transfer trip IN/OUT     7 
XCLK Source of Transmit Clock INT/EXT     7 
LPBK Loopback Test YES/NO     7 
XPUD Primary Ohms per unit X.XXX 0.300 1.500 0.001 ohms/DTY

P 
 

DTYP Selection of distance units for XPUD setting MI/KM      
PANG Positive sequence line impedance angle XXXX 40 90 1 deg  
GANG Zero sequence line impedance angle XXXX 40 90 1 deg  
ZR Line impedance ratio (Z0L/Z1L) XXX.X 0.1 7.0 0.1   
BKUP Backup Protection Enable IN/OUT     9 
LOPB Loss-of-potential blocking selection YES/NO     9 
FDOP Directional Overcurrent Phase IN/OUT      
FDOG Directional Overcurrent Ground IN/OUT      
DIRU Directional Unit Selection ZSEQ/NSEQ      
IOM Medium set ground current pickup value in 

amps 
XX.XX 0.5 10.0 0.1 A 1,9 

TOG Timer for Ground Overcurrent Unit XX.XX 0.10 9.99 0.01 sec 3,9 
Z2P Zone 2 phase distance setting in ohms XX.XX 0.01 50.00 0.01 ohms 5,9 
T2P Zone 2 phase time delay in seconds XX.XX 0.10 2.99 0.01 sec 3,9 
Z2GF Zone 2 ground forward distance setting in 

ohms 
XX.XX 0.01 50.00 0.01 ohms 5,9 

Z2GR Zone 2 ground reverse distance setting in 
ohms 

XX.XX 0.01 50.00 0.01 ohms 5,9 

T2G Zone 2 ground time delay in seconds XX.XX 0.10 2.99 0.01 sec 3,9 
Z3P Zone 3 phase distance setting in ohms XX.XX 0.01 50.00 0.01 ohms 5,9 
T3P Zone 3 phase time delay in seconds XX.XX 0.10 2.99 0.01 sec 3,9 
Z3GF Zone 3 ground forward distance setting in 

ohms 
XX.XX 0.01 50.00 0.01 ohms 5,9 

Z3GR Zone 3 ground reverse distance setting in 
ohms 

XX.XX 0.01 50.00 0.01 ohms 5,9 

T3G Zone 3 ground time delay in seconds XX.XX 0.10 2.99 0.01 sec 3,9 
OST Out-of-step trip enable NO/WAYI/WAYO     9 
OSB Enable out-of-step blocking for backup 

protection 
NONE/Z2/Z3/BOTH     9 

RT Inside blinder setting in ohms XX.XX 1.00 15.00 0.10 ohms 5,9 
RU Outside blinder setting in ohms XX.XX 3.00 15.00 0.10 ohms 5,9 
OST1 Out-of-step block timer XX.XX 0.50 5.0 0.05 cycles 9 
OST2 Out-of-step trip-on-the-way-in timer XX.XX 0.50 5.0 0.05 cycles 9 
OST3 Out-of-step trip-on-the-way-out timer XX.XX 0.50 5.0 0.05 cycles 9 
OSOT Out-of-step override timer in milliseconds XX.XX 24 240 1 cycles 4,9 
TRSL Trip seal or 100 ms drop out 0.1/SEAL      
CHAT Channel alarm pick-up timer XX.X 0.0 10.0 0.1 sec  
SOBT Stub/open breaker timer XXX 8 150 1 msec  
SETR Enable INCOM remote setting feature YES/NO      
TIME Enable setting of real time clock YES/NO      
YEAR RTC setting year XXXX 1980 2079 1 year  
MNTH RTC setting month XX 1 12 1 month  
DAY RTC setting day XX 1 31 1 day  
WDAY RTC setting day of week SUN/MON/TUES/WED/THUR/FRI/SAT 
HOUR RTC setting hours XX 0 23 1 hour  
MIN RTC setting minutes XX 0 59 1 minute  
TRAL Trip Alarm contact Memory Timer XXXX 0 5.0 0.1 Sec  
PHSQ Phase sequence ABC/ACB      
LCDR LCD Driver compatibility YES/NO     10 
 
PLEASE ALSO REFER TO NOTES IN THE NEXT PAGE 
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NOTE 1: Current settings are per-unit quantities. The setting range is multiplied by the CTYP setting 
 (In=1 or 5) for display purposes. 
 
NOTE 2: The PDIF, GDIF settings must be less than the remote RPKY, RGKY settings. The maximum 
allowable PDIF, GDIF settings are the remote RPKY, RGKY setting – 0.1 per unit.The minimum allowable 
remote RPKY, RGKY setting is the PDIF, GDIF setting + 0.1 per unit. 
 
NOTE 3: These settings have a “BLK” option for disabling a corresponding function. 
 
NOTE 4: These settings have an “OUT” option for disabling the protection. 
 
NOTE 5: The impedance settings are dependent upon the CTYP setting. The setting ranges shown are for 
a 5A CT. The displayed setting range is multiplied by 5 if a 1A CT is used (CTYP=1). 
 
NOTE 6: 9600 bps Audio Tone option 
 
NOTE 7: 56/64 kbps Digital Communication option 
 
NOTE 8:  Settings available with Single Pole Trip option  
 
Note 9: Settings available with  Backup Protection option 
 
Note 10: Set NO when upgrading the relay firmware at site with an existing relay and LCD system 
supplied earlier than December 2004.  Otherwise set YES. 

 
 
 
 
 
Relay System Set Up 

Software Version (VERS) 
Indicates the software version in the REL 350. 
 
System Frequency (FREQ) 
Select either 60 or 50 Hz, depending on the power system frequency. 
 
NOTE: It is imperative that the proper selection of frequency is made prior to application of power system 
currents and voltage. 

Readout in Primary Values (RP) 
A “YES” setting enables the REL 350 system to display all the monitored voltages and currents in primary 
kAmperes and kVolts. Note, that all settings are made in secondary values, with the exception of XPUD (line 
reactance for fault location) that is set in primary ohms. 

Current Transformer Type (CTYP) 
Select either 1 or 5 A, depending on the secondary current rating of the line ct.   
 
For example: Enter CTYP = 5 if 1200/5 line ct’s are being used. 

Current Transformer Ratio (CTR) 
This setting is used for load current monitoring, if it is selected to be displayed in primary kAmperes. It has no 
effect on the protective relaying system. 
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For example: Set CTR = 240 if 1200/5 line ct’s are being used. 
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Voltage Transformer Ratio (VTR) 
This setting is used for the system voltage monitoring, if it is selected to be displayed in primary kVolts. It has no 
effect on the protective relaying system. 
 
For example: Set VTR = 575 if 69000 V to 120 V vt’s are being used. 
 
Oscillographic Information 
 
Trigger for Storing Oscillographic Data (OSC) 
 
Indicates trigger for oscillographic data gathering. The user can select the trigger of oscillographic data when: 

TRIP -  The REL 350 system tripped 

ITRG - The REL 350 system detected the operation of either the TRGP or TRGG, phase or ground current 
trigger respectively (see below). 

∆V, ∆I - The REL 350 system has detected a fault in the system that may not even be within the protective 
zone of the relay 

 
The change detector occurs (CD) when current or voltage change between the corresponding data samples, 
spaced one power line cycle apart, exceeds 12.5%, minimum 0.5 A or 7V. 
 
Use of CD as a trigger of oscillographic data is of little practical value when a relay is connected to the power 
system. Numerous changes due to sudden load shifts, remote switching, distant faults, etc., make the resulting 
oscillographic records difficult to relate to events of importance. During testing, however, it can sometimes be 
useful to use this setting to capture records for external faults. 
 
Trigger for Storing Fault Records (FDAT) 
 
Indicates trigger for fault record gathering. The user can select to trigger fault records when: 

TRIP The REL350 system tripped 

• ITRG The REL350 system detected the operation of either the TRGP (phase) or TRGG 
(ground) overcurrent elements (see below) 

 
Ground Trigger Pick Up Level (TRGG) 
 
This setting controls the level of current magnitude on the ground current, which when exceeded triggers 
oscillographic data storage. 
 
In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system. 
 
Phase Trigger Pick Up Level (TRGP) 
 
This setting controls the level of current magnitude on the phase currents, which when exceeded triggers 
oscillographic data storage. 
 
In case OSC and/or FDAT are not set to ITRG, this setting is ignored by the system 
 
Phase Comparison – Logic Settings 
 
See also “Additional Logic Settings” 
 
Change Detector Option (CD) 
 
The relaying system is generally in the “background” mode processing secondary functions such as metering and 
display until a disturbance is detected and the relay is put in Fault Processing mode. 
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This can be achieved either by using the current change detectors (DI) or the current and voltage change 
detectors (∆I and ∆V).  
 

The user can select the Fault Processing mode of the relay on: 

• ∆I - Current change detectors only. This setting provides more security. 

• ∆I ∆V - Current and voltage change detectors if the system has voltage inputs. This setting provides more 
sensitivity and should always be used for weak-feed applications, where the change in current may not 
be significant to start the relaying system. 

 
Selection Trip Type (TTYP) 
 
This setting determines whether single pole trip (SPT) or 3 pole trip (3PT) will be used for single line to ground 
faults.  
 
The REL 350 will always trip the three poles for multi-phase faults. 
 
NOTE: An optional board is required for single pole trip. If not provided in the hardware, the SPT setting 
is not possible. 
 
Single Phasing Timer (62T) 
 
This setting applies when single pole tripping is being used. It specifies the maximum allowable time for the 
breaker to have one pole open. If 62T timer expires, the other 2 poles will be tripped and Reclose Block (RB) will 
be activated. 
 
Reclose Block Enable (RBEN) 
 
The following settings are provided for system flexibility: 

• NORB – The RB contacts will close for the following trips: 

• Reclose into fault 
• Trip from the back-up system 
• Out-of-step trip 
• High set overcurrent trip 
• Transfer trip 

 
• 3PRB - Reclose block will be activated only if the fault is a three phase fault, plus the conditions for 

NORB. 

• MPRB - Reclose block will be activated only if the fault is a phase fault (L-L or 3 phase), plus the 
conditions for NORB. 

• ALRB - Reclose block will be activated for all types of faults. 
 

Unblock Logic Enable (UNBK) 
 
This setting was intended for Power Line Carrier (PLC) applications, and as this communication option is not 
recommended for REL350, the setting should be OUT.  
 

Phase Comparison Count Logic (CNT) 
 
This setting provides a choice between sensitivity and increased security. The options are: 

• 1 CNT - Only one 3 msec, trip comparison is required to trip the system. 

• 2 CNT - If the coincidence at the output of the comparison circuit is only 3 to 5 milliseconds long a second 
coincidence greater than 3 milliseconds is required within 25 msec. If this output is longer than 5 milli-
seconds, no second comparison is required. 
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Please note for severe faults with coincidence exceeding 5mSec, the relay will still trip with single count. 
 

Phase Unit Stretch Timer (IPLT) 
 
For terminals in which the fault current disappears too fast, for example close to an AC-DC interconnection, it is 
necessary to stretch the duration of IPL to ensure the tripping of the other terminal.  
 
The IPL signal timer may be chosen to be: 

• 0 - No pulse stretch 

• 150 - IPL will be stretched 150 milliseconds 

• OUT – Phase comparison is not supervised by IPL operation. This setting is recommended for extreme 
weak feed conditions when the local infeed current would not operate the IPL element. This setting 
affects only the phase subsystems and IPLT should be set to OUT when an internal phase-to-phase fault 
or three-phase fault would fail to produce sufficient current to operate IPL. Zero sequence source is 
generally available also for weak feed terminals, but in case the infeed for an internal ground fault would 
fail to operate IGL (low set ground overcurrent element), the fault need to be detected by the 
corresponding phase subsystem by setting IPLT=OUT. 

 
Notice that stretching IPL implies that the trip output will be energized longer. 
 
NOTE:  For most of the applications this setting should be “0”. 
 
Open Breaker (OPBR) 
 
The user may choose to activate the open breaker logic through the absence of IE (any IEA, IEB or IEC). This is the 
very low set overcurrent unit for which it should be set below the transmission line charging current. The user 
must be aware that the minimum IE setting is 0.04 x In (0.2A for 5A ct and 0.04 A for 1 A ct), therefore for lines 
with low charging current the above requirement may not be satisfied. For this application the open breaker 
function must be detected by 52b contacts. The user may also select BOTH 52b and IE as inputs to the open 
breaker logic. 
 
The following settings are available for open breaker keying: 
 

• IE - The keying is initiated when the line current is lower than IE setting. 

• 52B - The keying is initiated when the 52b contact at the local end is closed. 

• BOTH - The keying is initiated when either IE is absent OR the 52b contact is closed. 

• OUT - No open breaker keying. Note that this will disable the Open Breaker function in the remote end as 
no open breaker code will be received there. 

 
Note. For most applications, OPBR should be set to 52b. Only very long lines would produce sufficient 
charging current for the IE element to properly distinguish between a closed breaker and an open breaker 
during low load or no load conditions. The IE element will indicate an open Breaker condition to the 
remote end whenever the phase current is below the IE setting, with a minimum setting of 0.2 A (for a 5A 
ct). 
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For the Open Breaker function, also see setting SOBT. The SOBT timer should be set to accommodate the 52b 
reset time. 
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Current Units 
 
Very Low Set Phase Current Unit (IE) 
 
This unit is used with the Open Breaker (OPBKR) keying logic. It should be set sensitive enough to pick-up when 
the local breaker is closed.  
 
NOTE: There is ± 20% hysteresis associated with this setting. The open breaker keying will start when 
line current drops below .8 x IE and will remain so until it increases above1.2 x IE. 
 
Low Set Phase Unit (IPL) 
 
The low set overcurrent units perform the function of supervision of fault detectors (unless IPLT is set to OUT) 
and will also to prevent the REL 350 system from tripping undesirably under line energization, if IPL is set below 
any inrush current. 
 
The phase (IPL) unit should be set at 1.5 times the net line charging current, but must be at least  .5 A. Net line 
charging current is herein defined as: the steady state net single-end line charging phase current, as measured 
under balanced conditions (all local poles closed and all remote poles open). 
 
“Net” line charging indicates the distributed capacitive current minus the line-connected shunt reactor current (if 
any), since line-connected shunt reactors are within the zone of protection of the phase comparison and tend to 
cancel the capacitive current. 
 
Even when the setting IPLT is set to OUT, which would mean that the IPL is not considered for interlocking trip 
output, it is recommended to keep IPL to as low a value as possible for other interlocking purposes. 
 
High Set Phase Overcurrent Unit (IPH) 
 
This unit is provided in the REL 350 system to supplement the phase comparison protection by providing a non-
pilot direct trip capability for high current internal faults. The IPH unit should be set above the maximum expected 
external fault current with a security margin. 
 
On lines which do not contain series capacitors, the IPH unit should be set for 1.25 times the maximum through 
current for an external three phase fault. 
 
On series compensated lines, the phase IPH unit should be set for the higher of the following two calculated 
values: 

1) 1.25 times the gap flashover setting. 

2) 1.25 times the maximum thru current for an external three-phase fault, with the line compensated. 
 
Consider a long line with maximum thru current (line compensated) equal to 8A, and the gap flashover setting 
equal to 12A. Set the phase IPH unit at 15A. 
 
Next, consider a short line application with maximum thru current (line compensated) equal to 14A and the gap 
flashover setting equal to 12A. In this case, set the phase IPH equal to 17.5A. 
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The high set overcurrent units can be made directional by setting FDOP=IN. IPH is then supervised by FDOP for 
all phase subsystems. 
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Low Set Ground Unit (IGL) 
 
The ground unit supervises the phase comparison logic for the ground subsystem. Since the effect of charging 
current is minimum for the ground subsystem, the setting should only allow for inherent unbalance under normal 
operation. A minimum setting of 0.5 A is recommended. 
 
High Set Ground Overcurrent Unit (IGH) 
 
The high set ground unit should follow the same guidelines as the high set phase units. 
 
The IGH unit can be made directional by setting FDOG = IN. IGH is then supervised by FDOG. 
 
Phase Comparison Algorithm  
 
Settings 
 
Outfeed Current 
 
REL 350 is a relaying system that can successfully identify internal faults with outfeed. Although outfeed is rare, 
the following conditions or the combination of them are most likely to produce outfeed: 

Series Compensated Parallel Lines 

Weak-Feed or Zero-Feed Applications 

Series Compensated Lines with line end capacitors. 

Simultaneous Open Conductor and Single Line-to-Ground Fault. 

High Resistance Single Line-to-Ground Fault.  
 
 
 
The situation of outfeed is a function of various factors, which may be highly variable: 

• Load Flow 

• Source Impedance 

• Maximum Expected Fault Impedance 

• Capacitor Gap flashover 
 
Outfeed, even at the worst conditions, rarely is over 2.5A. Under these conditions, “Offset Keying” is 
recommended. 

• When the worst outfeed condition is met, the terminal with more than 2.5A of outfeed reaches the IKey 
threshold if normal settings are used. This situation is identified as an external fault by the system. 
Therefore, the relaying system settings should be changed by: 

• Increasing LPKY, LGKY at both ends 

or 

• Using “Skewed” offset keying 
 
Estimating Line Charging Current 
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The net line charging current (ICH) has been defined as the total line charging current minus any shunt reactor 
current, providing the shunt reactors are connected within the zone of protection. The magnitude of ICH is very 
important to the phase comparison system. ICH is a differential “error” current which actually appears as a low 
grade internal fault to any phase comparison (or current differential) relay system. ICH is superimposed on the 
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through current during external disturbances (external faults, load switching, etc.) and affects the ideal current- in 
equals current-out relationship. The phase comparison must be secure regardless of this error current. The REL 
350 system achieves this security by separating the local square wave thresholds (ISWP, and ISWN) by a small 
amount, to provide “nesting” during external fault conditions. Therefore, the local square wave thresholds are 
based, in part, on the net line charging current. 
 
If the shunt reactors are connected outside the zone of protection, then they do not benefit the phase comparison, 
and the REL 350 settings must be based on the uncompensated charging current. 
 
If the shunt reactors are connected within the zone of protection, but may at times be switched out, totally or 
partially, then the REL 350 settings must be based on the worst case (i.e., minimum compensation). 
 
The determination of ICH can be made by measurement or calculation. The measurement can be made at either 
terminal, by reading local phase currents with the local breaker closed and the remote breaker open. The 
calculation is made by computing the total distributed capacitance, converting to equivalent phase current at rated 
voltage, and then subtracting shunt compensation current, if any. Of course, the current transformer ratio must be 
known, or assumed, in order to express the ICH in secondary Amperes. A safety factor is incorporated in the 
setting rules of the REL 350 so a high degree of precision in these calculations is not necessary. 
 
Recommended Keyer Settings  
 
The current values referred to are secondary Amperes, based on 5 A cts and 5A (secondary) maximum load 
current. If low-current cts (e.g., 1A) are used, then the currents stated here should be multiplied by the 
appropriate factor (0.2 for 1A cts). If 5 A cts are used, but the maximum load current is significantly different than 
5 A, then the recommended “Keyer” (LPKY and LGKY) value should be adjusted. For example, if maximum load 
current is 4A, then multiply the “Keyer” (LPKY and LGKY) setting by 0.8. If the maximum load current is 7A, then 
multiply the “Keyer” setting by 1.4. The local (ISWP and ISWN) thresholds are also changed, since these 
thresholds are derived from the remote “Keyer” setting (see next section). 
 
 
 
NOTE: If the load current is less than 4.A, it is recommended to use ILOAD 4.0A as the setting criteria. This 
is only done for security. 
 
Square Wave Generators 
 
Phase Units Settings (LPKY, RPKY) 
 
“Offset Keying” 
 
“Offset Keying”, both the local (LPKY) Keyer and the remote (RPKY) Keyer should be set the same. 
 
For outfeed current less than 2.5 A, the recommended keyer levels are: 

LPKY = 3.0 

RPKY = 3.0 
 
“Skewed Offset Keying” 
 
“Skewed Offset Keying” the local LPKY and remote RPKY are different. 
 
For outfeed currents greater than 2.5A the recommended settings are: 

LPKY = 7.0 

RPKY = 2.0 

in the higher-outfeed terminal, and 
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RPKY = 7.0 

in the lower-outfeed terminal. 
 
Phase Differential Current (PDIF) 
 
This setting is a security margin for the calculation of the local ISWP an ISWN that depends on the charging 
current. The local square wave thresholds ought to be symmetrical to the RPKY level. The following are the 
threshold relationships: 

IPSWP = RPKY - PDIF 

IPSWN = RPKY + PDIF 
 
The above thresholds are negative thresholds. 
 
The following settings are recommended for PDIFF: 
a) Lines with Net Charging Current of 0.75A or Less 

This category includes short lines (less than approximately 50 miles), medium length lines (approximately 50 
miles to 150 miles), and long lines (above approximately 150 miles), if the compensating shunt reactors are 
within the zone of protection. 

For these cases, PDIFF = 1.0A. 

b) Lines with Net Charging Current Greater than 0.75A 
 
This category consists of long EHV lines which require a high security margin to prevent false tripping, due to the 
high line charging current which appears to the relays as error current (simulating a low current internal fault). The 
differential (PDIFF and GDIFF) value, which determines the square wave threshold, must be increased in order to 
provide the necessary security. 

 For these cases, PDIFF = 1.2 x ICH (PDIFF should be > 1.0A). 
 
Ground Unit Settings (LGKY, RGKY) 
 
For offset keying, both the local LGKY and remote RGKY keyer levels should be the same. Outfeed in the ground 
subsystem is seldom significant. Therefore, “Offset Keying” should always be used.  
 
The recommended keyer levels for the ground sub-system are: 

LGKY = 2.0 

RGKY = 2.0 
 
NOTE: In RGKY a setting of “BLK” (Block) has been provided. This setting is to be used only at in-service 
checks. Otherwise, ignore its presence. 
 
Ground Differential Current (GDIF) 
 
Similar to the phase settings, GDIF depends on the charging current of the line. The relationship of the ground 
thresholds are: 

IGSWP = RGKY  –  GDIF 

IGSWN = RGKY  + GDIF 
 
The above are negative thresholds. The recommended setting is: 

GDIF = 1.0 For net changing current < 0.75  

and GDIF = 0.8 x ICh 
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(But not less than 1.0A for  net  charging  current >.75 A.) 
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Summary of Recommended Settings 
 
Offset Keying 
 

For ICH <.75 A. 

Both Terminals 

LPKY = 3.0 

RPKY = 3.0 

PDIF = 1.0 

LGKY = 2.0 

RGKY = 2.0 

PDIF = 1.0 

 
For ICH >.75 A 

Both Terminals 

LPKY = 3.0 

RPKY = 3.0 

PDIF = ICH x 1.2 

LGKY = 2.0 

RGKY = 2.0 

GDIF = ICH x .8 
 
“Skewed” Offset Keying 
 

For ICH <.75 A 

 Terminal  Second 
 with Outfeed Terminal 

LPKY = 7.0 2.0 

RPKY = 2.0 7.0 

PDIF = 1.0 1.0 

LGKY = 2.0 2.0 

RGKY = 2.0 2.0 
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For ICH >.75 A 

 Terminal  Second 
 with Outfeed Terminal 

LPKY = 7.0  2.0 

RPKY = 2.0  7.0 

PDIF = ICH x 1.2 ICH x 1.2 

LGKY = 2.0  2.0 

RGKY = 2.0  2.0 

GDIF = ICH x 0.8 ICH x .8 
  (but not < 1.0) 
 

NOTE: The above are recommended settings that have been used in thousands of model power system 
tests in REL 350’s product development and in years of experience in the field. 
 
Channel - Modem Settings 
 
Automatic Use of the Channel Delay Measurement (ALDT) 
 
The relay logic continuously performs the communication Channel Delay measurement. To use this feature set 
ALDT to YES. If fixed Channel Delay value is to be used set ALDT to NO. 
 
It is recommended to always set ALDT = YES. The setting ALDT = NO is mainly intended for Loop-Back testing 
(LPBK = YES). 
 
Lead/Follow Mode (LDFL) 
 
One terminal should be set to LDFL = LEAD and the other to LDFL = FOLO. 
 
NOTE: Never set both terminals the same. I.e., both to LDFL = LEAD nor both to LDFL = FOLO.  
 
 
Local Delay Timer (LDT) 
 
REL 350 uses the LDT setting when no automatic channel delay measurement is being used (ALDT = NO). 
 
LDT should be equal to the total channel delay including the inherent modem delay. 
 
The inherent delay is: 
 
Modem (Version T in style number) = 8.6 msec 

Modem (Version A in style number) = 17.0 msec 

Digital versions = 1.6 msec 
 
Reclose Initiate Timer (RIP) 
 
It may be necessary to delay Reclose intiate output contacts allowing for proper co-ordination or wait for issuance 
of reclose block conditions.  This is a setting adjustable between 0 and 20 mSec.  Set this to 8 mSec, a typical 
value to securely allow reclose to take place. 
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Segregated Phase Comparison Protection 
Transmitter level (XMTR) (9600 bps Audio Tone option) 
 
This setting defines the output power from the unit’s transmitter in [-dBm]. 
 
Receiver Level Signal Detector (RLSD) (9600 bps Audio Tone option) 
 
This setting defines the minimum threshold for declaring channel trouble (CHTB) in [-dBm]. Note that there is an 
additonal loss of about 3 – 4 dBm caused by the internal isolating transformer.  
 
Unit Identification (UNID) (56/64 kbps option) 
 
This setting eliminates the possibility of connecting two wrong units to each other due to cross connection in the 
communication channel matrix. 
 

The UNID numbers in both units should be adjacent. 
 

 0 in one and 1 in the other 
2    “  3    “ 
10  “  11  “ 

• The lower number of the pair should be an even number 

             For example:  0 and 1 is legal  
 1and 2 is illegal 
 
Communication Speed Selection (KBPS) (56/64 kbps option) 
 
This setting allows 56 kbps or 64 kbps communication speed selection. 
 
This speed should be coordinated with the external communication multiplexer used in the system. 
 
A vast majority of applications are 64 kbps. 
 
Transfer Trip (TTRP) (56/64 kbps option) 
 
Transfer Trip function as initiated by a contact closure (TB5 9 to 10) can be enabled or disabled (IN or OUT). Both 
end units shall have the setting selected IN to have contact transfer for absolute security. 
 
If enabled (TTRP = IN) contact closure, as described above will result in transmission of TTRP code to the remote 
unit after a delay of 0.5 cycles, to guard against noise signals.   Once received at the remote end, the signal shall 
be present for a time setting TTDT, adjustable between 0.5 to 3 cycles before a  three pole trip is issued. 
 
In addition, either the output contacts GS or TA can be programmed to close for received TTRP.  
 
Transmit Clock Source (XCLK) (56/64 kbps option) 
 
This setting establishes source of the transmit Data clock. 
 
If XCLK = EXT is set, the transmit data clock is extracted from the received data stream. XCLK set to INT causes 
transmit clock origination from the internal crystal oscillator. 
 
NOTE: For systems utilizing External Communication Multiplexers (T1 or E1 type) this setting should be 
EXT. 
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Segregated Phase Comparison Protection 

 
Loopback (LPBK) (56/64 kbps option) 
 
For Loopback configuration used in test when transmitter to receiver connection is made set LPBK = YES. 
 
NOTE:  This setting is set to NO for normal system operation. 
 
Fault Locator, Blinders and Distance Protection Common Settings 
 
Ohms per Unit Distance (XPUD) 
 
This setting is used by the fault locator algorithm to estimate a calculated distance to the fault. The units of XPUD 
will be in primary ohms per mile or ohms per kilometer, depending on the setting of DTYP. 
 
For example, set XPUD = 0.8 if DTYP = miles and the line reactance is 0.8 Primary Ohms/mile. 
 
Distance Unit Type for XPUD (DTYP) 
 
Either miles (MI) or kilometers (km) should be selected. This setting should match the units used in XPUD. 
 
Line Positive Sequence Impedance Setting Angle (PANG) 
 
This setting relates directly to the positive sequence impedance angle of the line. It defines the Zone 2 and Zone 
3 phase impedance unit maximum torque angle in degrees. This setting is also the complement of ZP (Phase 
reach) and is also used for defining the slope of the blinders for OST and OSB and for the fault locator algorithm. 
 
For example, if the positive sequence impedance of the line is Z1  =  3.0 ohms at 75°, then set PANG  =  75. 
 
Line Zero Sequence Impedance Angle Setting (GANG) 
 
This setting defines the impedance angle of the zero sequence (ZL0) impedance of the transmission line. Zone 2 
and Zone 3 ground impedance units use this parameter for their operation. 
 
For example, if the zero sequence impedance of the line is ZL0  =  15 ohms at 80° then set GANG  =  80. 
 
Zero Sequence Impedance to Positive Sequence Impedance Ratio (ZR) 
 
This setting is used for all ground fault measurements. It reflects the magnitude ratio of the zero sequence 
impedance to the positive sequence impedance of the line and is determined as ZR = ZL0/ZL1.  
 
For example, if ZL0 = 65 ohms at 60°, and ZL1 = 19 ohms at 75°, then set ZR = 65/19 = 3.42. 
 
 
Back-up System Settings 
 
Backup System Enable (BKUP)  
 
This setting determines if the distance backup system will be activated at channel trouble. The BKUP can be set 
to IN or OUT. 
 
Loss of Potential Block Enable (LOPB) 
 
This setting enables the loss of potential logic (Vo and not Io) to block all Zone 2 and Zone 3 impedance units if 
the logic is satisfied. 
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Segregated Phase Comparison Protection 
 
Forward Directional Phase Unit (FDOP) 
 
If the system has voltage inputs, then the high set overcurrent units (IPH) can be made directional if FDOP is in. 
Set FDOP = IN to make the IPH units directional. 
 
NOTE: In a series capacitor environment that can experience voltage reversals, the directional units are 
not reliable. Set FDOP = OUT when using IPH in a series capacitor environment. This makes the IPH units 
non-directional. 

Forward Directional Ground Unit (FDOG) 
If the system has voltage inputs, then the high set overcurrent unit (IGH) and the time delayed ground back-up 
unit (TOG) can be made directional if FDOG is in. Set FDOG = IN to the make the IGH and TOG units directional. 
 
NOTE:  In a series capacitor environment that can experience voltage reversals, the directional unit is not 
reliable. Set FDOG = OUT when using IGH and TOG in a series capacitor environment. This makes the 
IGH and TOG units non-directional. 
 
Ground Directional Unit Polarization Options (DIRU) 
 
The ground directional unit can be zero sequence or negative sequence polarized. When zero sequence 
polarized it uses all zero sequence quantities to determine the power flow direction and it is very sensitive to zero 
sequence mutuals between parallel lines. When negative sequence polarized it uses all negative sequence 
quantities to determine the power flow direction and its operation is negligibly affected by the presence of mutual 
effects. Set DIR = ZSEQ if mutuals are not a consideration and DIR = NSEQ if strong zero sequence mutuals are 
present in the neighborhood of the transmission line. 
 
Medium Set Zero Sequence Overcurrent Unit (IOM) 
 
This overcurrent unit supervises the ground trips of the Z2 ground units in the impedance back-up system. If TOG 
is being used it may also be used for tripping after a time delay, TOG. It is measuring the ground return current or 
3I0. It should be set above the maximum expected unbalance in the normal load current flow in the line. 
 
The recommended setting is IOM = 0.5 amps. 
 
Time Overcurrent Ground Back-up Timer (TOG) 
 
This timer starts timing after IOM has operated. The relay system will trip if this TOG timer has operated. It is 
used for back-up to the ground distance units for high ground fault resistance faults that do not cause system 
instability and may not be detected otherwise. This unit needs to be coordinated with down stream devices. 
 
Zone 2 and Zone 3 Settings 
 
Settings for Zone 2 and Zone 3 protective systems are similar. Application of the distance units follow the 
standard application for a conventional step distance, non-pilot relaying system. 
 
When REL 350 is applied in a series capacitor environment, the impedance units provided to it are always to be 
used as time delayed Zone 2 and Zone 3 protective zones with the series capacitor shorted. 
 
Following the traditional step distance, Zone 2 is set to under-reach any Zone 1 covering the adjacent lines 
coming out of the remote terminal, if possible. It is also expected that Zone 2 will always cover at least 100 
percent of the protected line plus 20 percent of the shortest adjacent line under all operating conditions. The 
maximum apparent impedance that the line can have is when the protective gaps and/or MOV’s are shorting the 
series capacitors and effectively removing the series capacitors from the apparent impedance to the relay. 
Therefore, this condition should be the basis for calculating the reach of Zone 2. 
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Segregated Phase Comparison Protection 
Zone 2 timers, for phase and ground, should be set to coordinate with the forward and reverse adjacent high 
speed trips. Moreover, the timer should include the breaking time of the slowest adjacent breaker and a tolerance 
of two to three cycles. Typical Zone 2 timers range between 0.2 to 0.3 seconds. 
 
For Zone 3, it is recommended to be set under-reaching any Zone 2 from the remote terminal, if possible. Zone 3 
should include at least 100 percent of the protected line plus 100 percent of the adjacent shortest line plus 10 
percent of the next shortest line. 
 
Zone 3 timers, for phase and ground, should be set to coordinate with the forward and reverse adjacent Zone 2 
trips. Generally two times the Zone 2 timer may be chosen for the Zone 3 timer setting. Typcial Zone 3 timers 
ranges between 0.4 and 0.6 seconds. 
 
Applicable parameters and settings for the characteristics of the zones have been discussed already. These are 
the PANG, GANG and ZR settings discussed in previous paragraphs since they are commonly used in other 
parts of the relay algorithms, for example the fault locator. 
 
Ground units in both zones are self-polarized and have a forward (ZGF) and a reverse (ZGR) reach. The FDOG 
is used to supervise the forward direction while the “reverse” reach is used primarily to define the overall size of 
the characteristic and the amount of reach along the R-axis. 
 
The phase to phase and 3-phase units in REL 350 have only a forward reach (ZP). These units are inherently 
directional.  
 
Zone 2 Phase Unit Reach (Z2P) 
 
This setting controls the Zone 2 reach for phase to phase faults in secondary ohms. It is always forward looking. 
 
For example, if the desired Z2 reach is 10 ohms secondary at 75°, set Z2P = 10. 
 
Zone-2 Phase Timer (T2P) 
 
Selects the time delay for Zone 2 Phase fault detection in seconds. Set T2P = 0.15 if the minimum time delay for 
step distance coordination is 150 milliseconds. 
 
Forward Zone 2 Ground Unit Reach (Z2GF) 
 
This setting controls the forward reach of the Zone 2 ground unit in secondary ohms. 
 
For example, set Z2GF = 10 if the desired Zone 2 reach is 10 ohms secondary at 75°. 
 
 
Reverse Zone 2 Ground Unit Reach (Z2GR) 
 
Phase to ground units in REL 350 have been designed to have three self-polarized phase- ground units (ph-A, 
ph-B, ph-C). The Z2GR setting is determined by the amount of reach along the R-axis as shown in Figure 3 – 12. 
 
The resistive reach at the X-axis can be determined by: 
 

2
4)(cos)()cos()( 22 ZGRZGFPANGZGRZGFPANGZGRZGF

R
⋅⋅+⋅−+⋅−

=  

 
As an example, if Z2GF=10 ohms and Z2GR=0.01 ohms, the resistive reach will be approximately 2.6 ohms. If 
Z2GF=10 ohms and Z2GR=10 ohms, the resistive reach is 10 ohms. 

5-16 

 



Segregated Phase Comparison Protection 
Zone 2 Ground Unit Timer (T2G) 
 
T2G selects the time delay for Zone 2 Ground fault detection in seconds.  
 
For example, set T2G = 0.15 if the minimum time delay for step distance coordination is 150 milliseconds. 
 
Zone 3 Phase Unit Reach (Z3P) 
 
This setting controls the Zone 3 reach for phase to phase faults in secondary ohms. It is always forward  
looking. 
 
For example, if the desired Z3 reach is 15 ohms secondary at 75°, set Z3P = 15. 
 
Zone-3 Phase Timer (T3P) 
 
T3P selects the time delay for Zone 3 Phase fault detection in seconds.  
 
For example, set T3P = 0.30 if the minimum time delay for step distance coordination is 300 milliseconds. 
 
Forward Zone 3 Ground Unit Reach (Z3GF) 
 
This setting controls the forward reach of the Zone 3 ground unit in secondary ohms. 
 
For example, set Z3GF = 15 if the desired Zone 3 reach is 45 ohms secondary at 75°. 
 
Reverse Zone 3 Ground Unit Reach (Z3GR) 
 
Phase to ground units in REL 350 have been designed to have three self-polarized phase- ground units (ph-A, 
ph-B, ph-C). The Z3GR setting is determined by the amount of reach along the R-axis as shown in Figure 3-12. 
 
The resistive reach at the X-axis can be determined by: 
 

2
4)(cos)()cos()( 22 ZGRZGFPANGZGRZGFPANGZGRZGF

R
⋅⋅+⋅−+⋅−

=  

 
As an example, if Z3GF=15 ohms and Z3GR=0.01 ohms, the resistive reach will be approximately 3.9 ohms. If 
Z3GF=15 ohms and Z3GR=15 ohms, the resistive reach is 15 ohms. 
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Segregated Phase Comparison Protection 
 
Zone 3 Ground Unit Timer (T3G) 
 
T3G selects the time delay for Zone 3 Ground fault detection in seconds.  
 
For example, set T3G = 0.30 if the minimum time delay for step distance coordination is 300 milliseconds. 
 
Out-of-Step Logic Settings 
 
Segregated phase comparison is immune to system swings. When voltage inputs are part of the REL 350, 
blinders are provided for power swing detection. The Out of Step Trip (OST) logic is executed all the time 
regardless of the status of the channel. This means that OST is possible when the system is operating the 
segregated phase comparison algorithm. The Out of Step Block (OSB) logic is only applicable to the back-up 
system, i.e., Zone 2 and Zone 3. 
 
Out of Step Trip (OST) 
 
This setting enables the Out of Step Trip logic. Set the relay to: 

• OUT: If there is no need for an Out of Step Trip. 

• WAYI: If the controlled Out of Step Trip is in the Way in to the operating characteristics of the 
relay. 

• WAYO: If the controlled Out of Step Trip is in the Way out of the operating characteristics of the 
relay. 

 
Out of Step Block (OSB) 
 
This setting enables the Out of Step Block logic that blocks the Zone 2 and/or Zone 3 distance units under Out of 
Step Conditions. 
 
Select: 

• OUT: If no OSB is required 

• Z2: If only Zone 2 units are to be blocked by the OSB logic on Out of Step conditions. 

• Z3: If only Zone 3 units are to be blocked by the OSB logic on Out of Step conditions. 

• BOTH: If both Zone 2 and Zone 3 are to be blocked by the OSB logic on Out of Step conditions. 
 

Inner Blinder, 21 BI, Setting (RT) 
 
This setting is the offset in the perpendicular direction to the line impedance on the R-X diagram in secondary 
ohms. 
 
For example, set RT = 4.0 ohms for an inner blinder 4 ohms away from the line impedance. 
 
NOTE: RT restricts tripping inside its operating characteristics. It may be used for load restriction 
purposes to avoid tripping under load.  
 
Outer Blinder, 21 B0, Setting (RU) 
 
Similar to RT. It does not restrict tripping. It is used to detect out of step conditions. 
 
For example, set RU = 8.0 ohms for a blinder 8.0 ohms away from the line impedance. 
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Segregated Phase Comparison Protection 
 
Out of Step Detection Timer (OST1) 
 
This timer, set in cycles, is started when the outer blinder, 21 B0, has operated but the inner blinder, 21 BI, has 
not operated. If the timer times out, an out of step condition has been detected and OSB is active. 
 
For example, set OST1 = 1.5 cycles. 
 
Out of Step Trip on the Way In Timer (OST2) 
 
This timer, set in cycles, is started when an Out of Step condition has been detected and the two blinders have 
operated. Once it times out, a trip signal is issued for OST. 
 
For example, set OST2  =  2 cycles. 
 
Out of Step Trip on the Way Out Timer (OST3) 
 
This timer, set in cycles, is started when an Out of Step condition has been detected and the OST2 timer has 
timed out and both 21 BI are NOT operated. This permits controlling the time that the breaker opens. 
 
For example, set OST3  =  0.5 cycles. 
 
Out of Step Over-ride Timer (OSOT) 
 
This timer, set in cycles, is started once an Out of Step condition is identified (output of OST1). An OST signal is 
generated if OSOT times out and the apparent impedance seen by the relay is inside Zone 2 or Zone 3 reach 
plus the RT blinder. 
 
For example, set OSOT = 100 cycles. 
 
Additional Logic Settings 
 
Trip Seal (TRSL) 
This setting allows for trip seal by current (IPL) or drop-out 100 milliseconds after the phase comparison trip has 
reset, regardless of whether line current is present or not. The settings are SEAL or 0.1. 
 
Channel Alarm Timer (CHAT) 
 
The channel alarm contact is provided with a pick-up time delay, settable 0.0 – 10.0 sec. 
 
Stub/Open Breaker Timer (SOBT) 
 
The SOBT timer provides a time delay for the stub bus and open breaker trip functions. When using 52b inputs 
for the open breaker detection, the reset time of the breaker contacts should be carefully considered. If the 
contact reset time is greater than 8 msec plus the set SOBT time, reclosing will be unsuccessful. The reason is as 
follows: after a trip, with both breakers open, one end closes back into the line successfully. The second end 
closes in but has slow resetting 52b contacts why OPBR (open breaker) code is still being received by the remote 
end at the time load current starts to flow. The remote end will then trip from the low set IPL elements if OPBK 
function is used. The SOBT timer thus needs to be set longer than the 52b contact reset time plus 8 msec margin.  
 
The 52b contact reset time is generally close to zero when the breaker contacts are used directly but might be 
much longer when connected to the relay via an external auxiliary relay. 
 
Enable Setting Remote Setting feature (SETR) 
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Trip Alarm contact ouptut Memory (dealy on drop out) Timer(TRAL) 
 
Output contact Trip Alarm can be delayed on drop out by the above setting, settable 0-5.0mSec in 0.1 second 
steps.  
 
Time Settings 
 
REL 350 has an internal clock for event time tagging purposes. Even if the unit has lost its power supply the 
internal clock will continue running.  
 
Setting the Clock 
 
To set the clock in the relay, set TIME = YES.  
 
The next fields are self explanatory: 

• Year  YEAR 

• Month  MNTH 

• Day  DAY 

• Day of the week WDAY 

• Hour  HOUR 

• Minutes  MIN 
 
Enter the correct values as appropriate. 
 
 
Phase sequence(PHSQ) 
 
To be selected ABC or ACB depending upon the naming of the sequence of phases in the power system. When 
ACB phase sequence is selected, the system Cphase and B phase currents and voltages shall be wired to B 
phase and C phase inputs of the relay.   
 
LCD Driver compatibility setting(LCDR) 
 
When upgrading the protection firmware to V2.72 or later on REL350 relays with LCD hardware supplied earlier 
to February 2005 it is necessary to make them compatible with the older hardware by setting the above to NO.  
Otherwise set to YES.  If in doubt, set the above to YES and observe the target and other indications and check 
whether they appear correct while testing.  Otherwise change to the setting NO. 
 
 
 
Setting Examples 
 
The purpose of this section is to discuss typical applications of REL 350 and recommended settings for the 
protective functions. 
 
Example 1 
 
Refer to Figure 5-1.  REL 350 will be used as the protective relaying system for a 500 KV series-capacitor 
compensated line. The maximum line loading, line impedances and charging current of the line are shown in the 
Figure in primary quantities. The vt and ct ratios are Rv = 4167 and Rc = 400, respectively. 
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Segregated Phase Comparison Protection 
The series capacitor banks provide a total of 66.7% compensation and are located at both line terminals.  
 
The series capacitors are protected from over-voltages by gaps. 
 
Outfeed currents that could be generated in the line due to different power system conditions will never be greater 
than 500 amps primary. Also, the maximum expected residual unbalance in the load current is 100 amps primary. 
 

 
Figure 5-1. Setting Example 1 

 
Segregated Phase Comparison Settings 
 
Using the specified ct ratio, the secondary currents that determine the thresholds of the terminals are: 

ICH = ICH primary/Rc 
 = 0.575 sec amps 

Max. Load = Imax/Rc 
 = 4.33 sec amps 

Max. Outfeed = 500/Rc 
 = 1.25 sec amp 

Max. Unbalance =     100/Rc 
 =     0.25 amps 
 
Since the maximum outfeed is less than 2.5 (4.33/5.0) or 2.17 amps, Offset Keying will be used. 
 
For the Phase systems the local and remote keying levels are the same at both terminals and referring to Section 
5 the keyer level should be: 

RPKY = 3.0 (4.33/5) = 2.6 

LPKY = 2.6 
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Also since ICH is less than 0.75 (4.33/5.0) =  0.65 then the differential should be: 

PDIF = 1 (4.33/5.0) = 0.87 

5-22 

 



Segregated Phase Comparison Protection 
 
 
 
The low set overcurrent, IPL, should be set at 1.5xICH or 0.5 amps, which ever is maximum. In this case  

IPL = 1.5 x (0.575) = 0.86 amp 
 
For the ground subsystem, for both terminals, the keyer levels are: 

RGKY = 2.0 (4.33/5.0)   = 1.7 

LGKY = 1.7 
 
Since ICH < 0.75 (4.33/5.0) the differential current is: 

GDIF = 1.0 (4.33/5.0)   = 0.87 
 
The low set overcurrent unit should be set at  

IGL = 0.5  
 
since it is above the maximum expected unbalance of 0.25. 
 
Back-up Distance Settings 
 
Only settings for the left or local relaying system will be provided since the right or remote relaying system should 
follow the same guidelines. 
 
Using the ct and vt ratios of 400 and 4167 respectively, the secondary impedances required for the proper setting 
of the impedance units are: 

Zl1 = 100/(Rv/Rc) 

 = 9.6 ohms at 80 deg. 

Zl0 = 33.6 ohms at 70 deg. 

Xcl = -j 3.17 ohms 

Xcr = -j 3.17 ohms 

Zsl1 = 3.17 ohms at 80 deg. 

Zadj = 4.8 ohms at 80 deg. 
  Min 

Zadj = 0.96 ohms at 80 deg. 
  2nd 
 
To set the forward reach of the distance units, (the series capacitor should be shorted). 
 
Under this conditions, the settings of the positive and zero impedance angles and ratio should be: 

PANG = 80  

GANG = 70 

ZR = (Z0l/Z1l) 

 = 3.5 
 
The forward reach is obtained using the guidelines for Zone 2 and Zone 3 settings above. Therefore: 

Z2P = 9.6 + 0.7(4.8) 

 = 12.96 sec. Ohms 
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Z3P = 9.6 + 1.0(4.8) + 0.7(0.96) 

 = 15.07 sec ohms 

Z3GF = 15.07 sec ohms 
 
NOTE: Zone 2 and Zone 3 reach settings should include at least 10% of the next adjacent line, as shown 
in the example above. 
 
The above assumption ensures that the whole line will be covered by Zone 2 and Zone 3 distance units when the 
gaps have been shorted. 
 
The phase to phase unit is inherently directional.  
 
The phase to ground units have a reverse reach setting which is determined by the amount of reach along the R-
axis. Assume 25% of the forward reach. Therefore, the reverse ground settings should be: 

Z2GR = 0.25 (12.96) = 3.24 sec ohms 

Z3GR = 0.25 (15.07) = 3.77 sec ohms 
 
The phase to ground units are directional with FDOG supervision and the reverse reach should be considered for 
coordinating step distance zones. 
 
The forward directional units supervising IPH and IGH should be set 1.15 times the maximum fault on the  
remote bus, where the factor of 1.15 is to allow for the transient overreach: 
 
Example 2 
 
Refer to Figure 5-2. REL 350 will be used as the protective relaying system for a 345 KV series-capacitor 
compensated line. Other lines of different voltages run parallel to it and introduce a zero sequence mutual 
impedance of about 60% of the zero sequence impedance of the 345Kv line to be protected. The maximum line 
loading, line impedances and charging current of the line are shown in the figure in primary quantities. The vt and 
ct ratios are Rv = 2875 and Rc = 600, respectively. 
 
The series capacitor banks provide 50% of compensation and are located at both line terminals. The series 
capacitors are protected from over-voltages by gaps and Metal Oxide Varistors. 
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Figure 5-2. Setting Example 2 

 
Segregated Phase Comparison Settings 
 
Using the specified ct ratio, the secondary currents that determine the thresholds of the terminals are: 
 
ICH = 0.5 sec amps 

Max. Load = 5.0 sec amps 

Max. Outfeed = 1.33 sec amp 

Max. Unbalance = 0.25 amps 
 
Since the maximum outfeed is less than 2.5, Offset Keying will be used. 
 
For the Phase systems the local and remote keying levels are the same at both terminals and 11the keyer level 
should be: 

RPKY = 3.0 

LPKY = 3.0 
 
Also since ICH is less than 0.75 then the differential should be: 

PDIF = 1.0 
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The low set overcurrent, IPL, should be set at 1.5 x CH or 0.5 amps, which ever is maximum. In this case  

IPL = 1.5x0.5 = 0.75 amp 
 
 
 
For the ground subsystem, for both terminals, the keyer levels are: 

RGKY = 2.0 

LGKY = 2.0 
 
Since ICH < 0.75 the differential current is: 

GDIF = 1.0 
 
The low set overcurrent unit should be set at  

IGL = 0.5  
 
Since it is above the maximum expected unbalance of 0.25. 
 
Back-up Distance Settings 
 
Only settings for the left or local relaying system will be provided since the right or remote relaying system should 
follow the same guidelines. 
 
Using the ct and vt ratios of 600 and 2875 respectively, the secondary impedances required for the proper setting 
of the impedance units are: 

Zl1 = 30 (600/2875) = 6.26 ohms at 85 deg. 

Zl0 = 86 (600/2875) = 17.95 ohms at 70 deg. 

Xcr =  -j 1.57 ohms 

Zsl1 =  10.43 ohms at 85 deg. 

Zadj =  3.13 ohms at 85 deg. 
      Min 

Zadj =  2.09 ohms at 85 deg. 
      2nd 
 
To set the forward reach of the distance units, consider the worst condition, which is with all the gaps flashed 
(shorted), therefore ignoring the presence of the capacitors in the line. 
 
Under this condition, the settings of the positive and zero impedance angles and ratio should be: 

PANG = 85 

GANG = 70 

ZR = 2.87 
 
The forward reach is obtained using the guidelines for Zone 2 and Zone 3 settings above15. Therefore: 

Z2P = 6.26 + 0.1(3.13) 

 = 6.57sec. ohms 

Z2GF = 6.57 sec. Ohms 

Z3P = 6.26+ 3.13 + 0.1(2.09) 

 = 9.60 sec ohms 

Z3GF = 9.60 sec ohms 

5-26 

 



Segregated Phase Comparison Protection 
NOTE:  Zone 2 and Zone 3 reach settings should include at least 10% of the next adjacent line, as shown 
in the example above. 
 
The above assumption ensures that the whole line will be covered by Zone 2 and Zone 3 distance units  
when the gaps have flashed. 
 
The phase to phase unit is inherently directional and will always see the capacitor.  
 
The phase to ground units have a reverse reach as well and the purpose of this reverse reach is to extend the 
reach along the R-axis. Assume to set at 25% of the forward reach. Therefore, the reverse ground setting should 
be: 

Z2GR = 0.25 (6.57) = 1.64 sec ohms 

Z3GR = 0.25 (9.60) = 2.40 sec ohms 
 
The phase to ground units are non-directional and the reverse reach should be considered for coordinating step 
distance zones. 
 
The forward directional units supervising IPH and IGH should be set 1.15 times the maximum fault on the remote 
bus, where the factor of 1.15 is to allow for the transient overreach. 
 
OST Settings – Example 
 
The Problem 
 
Refer to the example of Figure 5-3. Two neighboring utilities are tied together by two series compensated parallel 
lines. These lines are the only ties to the system and are designed to transfer 3000 MW in either direction. MOV’s 
and protective gaps are part of the series capacitor banks which provide 66.67% compensation. 

 
Figure 5-3. Out-Of-Step Setting Example 

 
The two utilities have agreed that if either power system becomes unstable, separation is necessary to prevent 
the stronger utility from having to shed load. The impedances for the two power systems are equivalent, and it is 
evident that the electrical center for the overall system is in the parallel lines. 
 
Stability studies performed by the two utilities did not consider the unsymmetrical behavior of the  
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protective gaps and non-linear MOVs. The stability studies performed considered the capacitors either in or out. 
Experience of the system departments indicated that these were the two extremes and that the real behavior 
would be in between these two conditions. 
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Table 5-2.  Overall System  Table 5-3.  From REL 350 (L) 
CASE Zec Sec Ohms Zms Sec Ohms  CASE Zec Sec Ohms Zms Sec Ohms 

5 - 4a 6.49 _81.92° 7.50 _51.92°  5a 3.04 71.70° 8.51 12.04° 
4 - 4b 11.49 81.08° 13.27 51.08°  5b 13.03 78.8° 19.07 34.08° 

 
REL 350 relays, with optional back-up distance logic, will be used for the protective relaying of the transmission 
lines. Segregated phase comparison has been chosen due to the presence of series capacitors. This relaying 
scheme, however, is immune to power swings that occur when the phase difference between two systems is 
increasing and the apparent three phase impedance falls somewhere in the protected line. The optional backup 
system; however, is affected by the power swing and will operate if the apparent impedance falls in the three 
phase impedance characteristics that may even include a reverse reach. 
 
The stability studies and the experience of the system engineers in both utilities estimated that for the overall 
system (both parallel lines in), the impedance trajectory on the R-X diagram will travel with a maximum rate of 
0.75 sec. ohms/cycle. This is the worst case and their experience indicated that it is an extremely fast rate. 
 
General Comments 
 
The above discussion may not be a real life situation, but does illustrate several points to be considered.  
Segregated phase comparison is immune to power swings, therefore, the additional OST logic is necessary for 
controlled tripping of the transmission line. 
 
The optional impedance back-up is not immune to power swings; through it is in service only on channel failure, 
and the OSB option should be used when controlled tripping (OST) on power swings is required.  The OST logic 
is operative all the time, regardless of the channel status and provides controlled tripping of the circuit breaker. 
Large angle differences between the voltages of the two terminals make interruption of the current more difficult 
for the circuit breaker. Therefore, the time for energizing the trip coil of the circuit breaker should be controlled. 
The OST options of the tripping of the breaker “On the Way Out (WAYO)” and “On the Way In (WAYI)” provide 
this flexibility. Tripping “On the Way In” is required if the swing rate is slow. Tripping “On the Way Out” is required 
if the swing is relatively fast. 
 
Although the above example illustrates a case in which two parallel lines connect two power systems; it is by no 
means the rule. Any two power systems can be reduced to two source impedances and two lines connecting the 
two. One of the lines is the line under consideration for the OST settings and the other is the equivalent 
connection between the power systems. 
 
The OS detection in REL 350 is done by the use of two blinders. The time spent by the apparent impedance in 
between blinders is an indication of an out-of-step condition. The requirements for setting the inner (21 BI) and 
outer (21 BO) blinders are: 

• The inner blinder (21 BI) must be set to accommodate reasonable amounts of phase-fault- impedance. 
Generally this is not a limitation. 

• The inner blinder (21 BI) should not operate for stable swings. It is a rule of thumb that the most severe 
stale swing occurs when the phase difference between the source voltages is 120°. If the phase 
difference between sources is greater, the swing may be considered unstable. 

• The outer blinder (21 BO) must have adequate separation from the inner blinder to identify the fastest 
power swing as an out-of-step condition. 

• The outer blinder (21 BO) must not operate on maximum load (minimum apparent impedance). Generally 
this will be the limiting case. 
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It is especially true in selecting settings for the out-of-step logic that experience and good judgement are 
important. There are no strict rules to follow; except a few guidelines. 
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Settings Procedure 
 
All impedances in Figure 5-3, are in secondary ohms, and they correspond to the positive sequence impedances 
of the systems and lines. 
 
The following settings calculation will consider the relay at bus a, REL 350 (L). 
 
The maximum load flow into the line is 1500MW. This translates to a primary current of 2510 amp. Taking into 
consideration ct and vt ratios, the minimum apparent load impedance corresponds to 16.56 ohms. 
 
When the gaps are not flashed the equivalent combination of the two lines considers the negative reactance of 
the reactors also. In this example when the gaps are not flashed the equivalent impedance of both lines is around 
5@80°. 

 
Figure 5-4.  Maximum Stable Angular Separation 
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Calculating the electrical center for the system when the gaps are not flashed: 
Zec        = (5@85°+ 5@80° + 3@80°) / 2 = 6.49@81.92 sec ohms 
 
The maximum stable angular separation is a phasor with an angle that is 30° lower than the angle of the electrical 
center impedance (Zec) and a magnitude of Zec/Cos(30°). This corresponds to a phase difference of 120° 
between the sources. 
 
 
Therefore: 

Zms      = (6.49 / 0.866) @(81.92° - 30°)  = 7.5@51.92° sec ohms 
 
These points are plotted in Figure 5-4. The diagrams are not to scale, but do help in the illustration. 
 
The same procedure could be followed for all the gaps conducting case. Therefore: 

Zec               = (5@85° + 15@80° + 3@80°) /2   =  11.49@_81.086° sec ohms 

and 

Zms        = (11.49/Cos 30°)@(81.086° -30°)   =  13.27@51.086° sec ohms 
 
These last two points are shown in Figure 5-4. Table 5-1 is a summary of the previous calculations: 
 
The above apparent impedances shown in Figure 5-4, do not correspond by any means to the apparent 
impedance that the relay REL 350 (L) will “see”. They are offset by the source impedance behind bus A. 
Moreover, the influence of the other parallel transmission line should be taken into account. This is done by 
multiplying any of the above impedances by the factor (Z1+Z2) / Zp, where Z1 is the line under consideration and 
Zp is the line parallel to the line under consideration. In the present case, this factor is equal to 2. 
 
The electrical center when the gaps are conducting referenced to REL 350 (L) is therefore: 

Zec A  =  2 (Zec – 5@85°)   =  3.04@71.7° sec ohms 
 
Figure 5-5 illustrates the calculated values for the gaps conducting and not conducting with the impedances 
referenced to REL 350 (L). The figures shown are not to scale. Table 5-2 can be calculated with the above 
procedure. 
 
The same is true for the swing rate estimate. An estimate of 0.75 ohms/cycle rate, for REL 350 (L) is equivalent to 
0.75 (2) = 1.5 sec ohms per cycle. 
 
The inner blinder setting is to be determined by the maximum stable phase separation when the gaps are not 
conducting. RT = 8.5 is a reasonable setting for the inner blinder. 
 
It is recommended that for severe fast swing rates the outer blinder be set as far apart from the inner blinder as 
possible. Since the limitation for the inner blinder is the minimum apparent impedance for load flow, and this limit 
is 16.56 sec ohms a setting of RU = 14 sec ohms is reasonable. 
 
The difference in secondary ohmic impedance between the two blinders is 14  -  8.5   =  5.5 ohms. For the fastest 
swing of 1.5 ohms per cycle, this indicates that the apparent impedance trajectory will be a minimum of 3.66 
cycles in between blinders. This indicates that OST1 can be set to 3 cycles and be sure that any power swing will 
be detected. 
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Figure 5-5. Influence of Gap Flashing 
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When controlled out-of-step trip is desired it is necessary to block the operation of the impedance units in the 
back-up system for loss of channel. Therefore OSB = BOTH should be selected to block the operation of Zone 2 
and Zone 3 units. 
 
 
Due to the fast swing rate expected it will be safe to avoid the tripping “On the Way In” since this could produce 
the opening of the breaker contacts when the phase difference between the generator voltages is almost 180° 
out-of-phase, i.e., the apparent impedance being close to the electrical center of the system. 
 
Therefore, to control the tripping of the breaker OST = WAYO is used and the breaker trip coil will be energized 
when the apparent impedance of the swing is coming out of the operating characteristics of the blinders. 
 
OST2 setting is for tripping “on the Way In” and maybe set to 0.5 cycles to minimize its influence in the above. 
 
OS3 is a security timer. It is the minimum time inside the two blinders (21 BI and 21 BO) to declare an unstable 
swing and trip “On the Way Out”. If the fastest travel between inner blinders is 2(85) / 1.5 = 113.33 cycles, then 
the maximum setting of 3 cycles will provide enough security. 
 
OSOT is the out-of-step block Override timer. This timer should reflect the maximum permissible time that the 
impedance trajectory can stay in between outer blinders (21 BO). Using a width of 2 (14) = 28 ohms between 
outer blinders and a swing rate of 1.5 ohms per cycle, a total unstable swing, traveling from right, to left will take 
18.67 cycles. Allowing the logic for OST on the WAYO to trip takes another 1.5 cycles. Allowing 5 cycles of 
tolerance OSOT cold be set for 400 msec. 
 
In summary, the settings for the proceeding example are: 

 OS = WAYO 

 OSB = BOTH 

 RT  = 8.5 

 RU = 14.0 

 OST1 = 3.0 

 OST2 = 0.5 

 OST3 = 3.0 

 OSOT = 400 

 
NOTE: The above settings example has been provided for demonstration purposes to illustrate the 
function of the different settings. It should be mentioned again that OST logic settings are based on good 
judgement as well as experience. 
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Section 6 – Acceptance Tests 
 
Introduction 
 
The acceptance test of the relay verifies the operation of four subsystems. 

• Analog Input 

• Contact Input 

• Relay Output 

• Communication 
 
Additionally, Phase Comparison functional tests (simulating internal faults) are performed. 
 
Caution: The test procedures below shall NOT be conducted with relays in service. 
Remove connections from trip outputs from either end relay before attempting any of 
the following tests 
 
Equipment Needed 
 
 Qty.  Description

1  REL 350 Relay and loop back provision 

1   Doble, AVO or equivalent 3 Phase Test System 

1  PC with WinRCP and test software loaded 

1set  Necessary connectors, test leads, multimeter etc  

Test Setup 
 
Current and Voltage Inputs 
 
Connect the Relay Test System to REL 350 Relay as shown in “Functional Tests”, below.  
 
NOTE: Do not leave fault currents with trip relays energized for long periods of time. 
 
Power 
 
Connect the primary and secondary dc power as shown on 2693F87, Section 4. Consult the relay nameplate for 
rated voltage. 
 
NOTE: Before turning on dc power check jumper positions on the Contact Input and Microprocessor 
modules.  
 
Analog Input and Front Panel Metering Test 
 
Step 1 

Turn on the primary and optional secondary dc input power if used. Make sure that the FREQ setting matches the 
line frequency, and the RP setting is set to “NO” (Readout in secondary values). The “Relay in Service” LED on 
the front panel should be lit. 
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NOTE: All ac voltage & current phase angles in this document are referenced to VA-G voltage (0 degrees). 
Positive angles LEAD VA-G, negative angles LAG VA-G. 
 
Fault impedance angles (FANG) are displayed as positive for inductive faults and negative for capacitive. 
 
The relay has a setting PHSQ which can be set to ABC or ACB.  When ACB phase sequence is set, the 
current and voltages to be applied shall  still in the positive sequence to inputs labeled A, B, C in the 
relay.    
In other words connect  
 A phase of the system to A phase inputs of the relay,  
 B phase of the system/testkit  to C phase input of the relay and  
 C phase of the system/testkit  to B phase  input of the relay. 
The relay will indicate correctly the SYSTEM A, B, C phase currents, voltages and target records on the 
display.  
 
The following instructions refer to the setting when PHSQ is set to ABC.   If the setting is ACB, the 
following testings are still valid, except with reference to targets, the phase indications B, C will 
correspond to C and B phases.   
 
 
Apply the following ac quantities to the relay: 

V (volts) /  Angle I (amps) / Angle 
Va = 70 / 0° 
Vb = 70 / -120° 
Vc = 70 / +120° 

Ia = 10 / -45° 
Ib = 10 / -165° 
Ic = 10 / +75° 

 
Using the procedure described in Section 4, read the following parameters:  

Note: Readings when setting PHSQ = ACB is set are shown within brackets. 

VAG =70 
VAG=0 
VBG(VCG)=70 
VBG(VCG)=-120 
VCG(VBG)=70 
VCG(VBG)=+120
IA=10.0 
IA=-45 
IB(IC)=10.0 
IB(IC)=-165 
IC(IB)=10.0 
IC(IB)=+75 

VOLTS 
DEG. 
VOLTS 
DEG. 
VOLTS 
DEG. 
AMPS 
DEG. 
AMPS 
DEG. 
AMPS 
DEG. 

 
Verify all metered values to be ± 5% on magnitude and ± 2 degrees on phase angle. 
 
Contact Input Subsystem Test 
 
Make sure that the input voltage selection jumpers on the contact input module 1611C28 (See Figure 1-2, on 
page in Section 1, for Module Placement) correspond to the desired contact “wetting” voltage. 
Apply the rated voltage across the terminals shown in the table below: 
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Description Terminal 
Block 

Terminal 
+  - 

HEX 
Digit 

DTT Key 
STUB BUS 
Single-Pole Trip Override 
Target Reset* 
52b A/52b (3PT) 

TB5 
TB5 
TB5 
TB5 
TB5 

 9 10 
11 12 
13 14 
 7          8 
 1 2 

1 
2 
4 
8 

10 
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52b B / 52b (3PT) 
52b C / 52b (3PT) 
 

TB5 
TB5 

 3 4 
5 6 
 

20 
40 

Note: In case the relay has targets, fault records, energizing target reset binary input in Test mode will 
reset the target and revert the system back back to service mode from Test mode. Redo the tests after 
clearing the records to obtain the above result.   

Using procedure described in Section 4 verify proper response of the front panel display to contact input status 
changes. 
 
Relay Output Subsystem Test 
 
Using the procedure described in Section 4, verify operation of relay output subsystem. The relay contact wiring is 
shown on Block Diagram, Figure 1-4 and application diagram 2693F87 found in Section 4. Please note that the 
Failure Alarm Relay (TB4, 5-6) has a normally closed contact.   
 
Communication Subsystem Test 
 
9600 bps Audio Tone Option 
 
Make the following test connection on the rear of the relay: 

TB4-11 to TB4-13 
TB4-12 to TB4-14 
 
This connects the Communication XMT pair to RCV pair. 
 
Step 1  

Make sure that 52b-A, 52b-B, 52b-C contact inputs (TB-5 terminals 1-2, 3-4, & 5-6 respectively) are de-energized. 
 
Change the “OPBR” setting to “52B” to disable the open breaker code transmission. Change the “ALDT” setting to 
“NO” since automatic delay time measurement is not possible with communication channel in a “Loopback” 
configuration. Turn the dc supply connected to the REL 350’s dc (Battery) inputs “off” for 1 second & then back 
“on” again to re-initialize the modem’s “ALDT” setting on power-up sequence. 
 
Change the “XMTR” setting to “-1” dBm. Press the “DISPLAY SELECT” key on REL 350 front panel several times 
to select the “VOLTS/AMPS/ANGLE” mode. Use the FUNCTION RAISE/ LOWER keys to display the “XMTR” 
monitoring function. The transmitter output level is measured via the “XMTR” monitoring function should read 
between +2 and -5 dBm. 
 
Change the “XMTR” setting to “-11” dBm. The transmitter output level as measured via the “XMTR” monitoring 
function should read between -8 and -15 dBm. 
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Change the “XMTR” setting back to “-1” dBm. Use the “CHRX” monitoring function for indication of the Channel 
receiver line status, “CHRX” should read “GARD”. 
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Step 2 

Temporarily disconnect the XMT to RCV jumper TB4-11 to TB4-13. The display CHRX should change to CHTB 
(Channel Trouble). 
 
Step 3 

Reconnect TB4-11 to TB4-13. The display CHRX should return to GARD after a short time delay. 
 
56/64 KPBS Digital Communication Option 
 
Make following Loopback connections on digital Communication Interface on the rear of the relay. 

• Fiber Optic Version (820 nm) 
 

Using 50/100 µm or larger Multi Mode Cable with ST connectors at each end, connect Fiber Optic Transmitter to 
Fiber Optic Receiver. 

• Fiber Optic Version (1300 nm) 
 

Using 9/125 µm, Single Mode Cable with ST connectors at each end, connect Fiber Optic Transmitter to Fiber 
Optic Receiver. 
 
NOTE: For Medium and Long Reach Options the Optical Power Attenuator delivered with the relay must 
be used to limit the Receiver Input Power to -26 dBm to prevent receiver saturation.  
 
• Direct Digital Version (RS422/RS530) 

Connect Pin 2 to Pin 3 (TXA to RXA) 
Connect Pin 14 to Pin 16 (TXB to RXB) 

 
Pin placement on DB-25 connector used is as follows:  
 

 
 
Step 1 

Set: UNID = 0 
 KBPS = 64 
 XCLK = INT 
 LPBK = YES 
 
Make sure that 52b-A, 52b-B, 52b-C contact inputs (TB-5 terminals 1-2, 3-4, & 5-6 respectively are de-energized. 
 
Change the “OPBR” setting to “52B” to disable the open breaker code transmission. Change the “ALDT” setting to 
“NO” since automatic delay time measurement is not possible with communication channel in a “Loopback” 
configuration. Turn the dc supply connected to the REL 350’s dc (Battery) inputs “off” for 1 second & then back 
“on” again to re-initialize the modem’s “ALDT” setting on power-up sequence. 
 
The Monitoring Function CHRX (Received Line Status) should read GARD. 
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Disconnect above described Loopback Connections. The display CHRX should read CHTB (Channel Trouble). 
 
Step 3 
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Reconnect the Loopback Connection. The display CHRX should return to GARD after a short time delay. 
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Functional Tests – Phase Comparison System 
 
The purpose of these tests is to test the proper operation of the segregated phase comparison logic in the REL 
350. Having followed all the steps above, make sure that the following test connections on the rear of the relay 
are made: 

TB4-11 to TB4-13 
TB4-12 to TB4-14 

 
The REL 350 modem interface , style number MSxxxxAxxx, has nominal time delay of approximately 17 
milliseconds. LDT should be set to 17 msec to simulate internal faults (local and remote currents in phase). 
 
Note. The REL350 modem interface, style number MSxxxxTxxx has a nominal time delay of 8.9 msec and LDT 
should then be set to 8.9 msec to simulate internal faults. 
 
Make sure that GARD is the received signal and the communication test above has been preformed. 

The following section documents all the various types of tests that can be done to verify operating characteristic of 
the REL350 relay. If a simple single unit test needs to be performed, the first two sections will be adequate for 
verification purposes. The last section is included for lab type back to back verification tests and is not necessary 
for field installation testing. 
 
9600 bps Audio Tone Option 

Step 1:  Make sure that the following test connections on the rear of the relay are made: 
  
                            REL 350           
        
                                                                            
 
 
 
 
 
 
 

 
Step 2:  Enter the following settings (either with WinRCP software or through relay’s front display): 

 
     FREQ.........................60        Hz         
          RP...........................NO        PRI        
          CTYP.........................5         AMP        
          CTR..........................200                  
          VTR..........................7000                 
          OSC..........................TRIP                 
          FDAT.........................TRIP                 
          TRGG.........................0.500     AMPS       
          TRGP.........................0.500     AMPS       
          CD...........................dIdV                 
          TTYP.........................3PT                  
          62T..........................0.300     SEC        
          RBEN.........................NORB                 
          UNBK.........................OUT                  
          CNT..........................1CNT                 
          IPLT.........................0         msec       
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TB4-11        
XMTR       

TB4-12        
                   
TB4-13 

                                       RCV  
                                                        TB4-14       
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          OPBR.........................52b                  
          IE...........................0.200     AMPS       
          IPL..........................0.500     AMPS       
          IPH..........................OUT       AMPS       
          IGL..........................0.500     AMPS       
          IGH..........................OUT       AMPS       
          LPKY.........................3.000     AMPS       
          RPKY.........................3.000     AMPS       
          PDIF.........................1.000     AMPS       
          LGKY.........................2.000     AMPS       
          RGKY.........................2.000     AMPS       
          GDIF.........................1.000     AMPS       
          ALDT.........................NO                  
          LDFL.........................LEAD                 
          LDT..........................8.900     msec       
          RIP..........................8.000     msec       
          XMTR.........................-1        dBm        
          RLSD.........................-16       dBm        
          XPUD.........................0.800     /DTY       
          DTYP.........................KM                   
          PANG.........................75        DEG.       
          GANG.........................75        DEG.       
          ZR...........................3.000                
          BKUP.........................IN                   
          LOPB.........................NO                   
          FDOP.........................IN                   
          FDOG.........................IN                   
          DIRU.........................ZSEQ                 
          IOM..........................0.500     AMPS       
          TOG..........................BLK       SEC        
          Z2P..........................4.500     OHMS       
          T2P..........................0.100     SEC        
          Z2GF.........................4.500     OHMS       
          Z2GR.........................0.010     OHMS       
          T2G..........................0.100     SEC        
          Z3P..........................7.000     OHMS       
          T3P..........................BLK       SEC        
          Z3GF.........................7.000     OHMS       
          Z3GR.........................0.010     OHMS       
          T3G..........................2.990     SEC        
          OST..........................NO                   
          OSB..........................NONE                 
          RT...........................1.000     OHMS       
          RU...........................3.000     OHMS       
          OST1.........................0.500     CYC        
          OST2.........................0.500     CYC        
          OST3.........................0.500     CYC        
          OSOT.........................24        CYC        
          TRSL.........................SEAL                 
          GSAL.........................GS                   
          CHAT.........................0.000     Sec        
          SOBT.........................8         mSec       
          TRAL.........................0.000     Sec        
          PHSQ.........................ABC                  

    LCDR.........................NO                   
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Note: LDT should be set  17ms for the REL 350 with style number MSxxxxAxxx and 8.9ms for the 
REL350 with style number MSxxxxTxxx. 
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Settings  like Freq, Ctyp, PHSQ, LCDR are system / hardware specific, please refer to Section-3 for 
details. 

 
Step 3:  Power down the unit  
 
Step 4:  Remove the inner chassis 

a) Note factory settings of jumpers on the Opto-isolated input module, 
b)  Make sure that the jumpers are set for the desired battery voltage. 

 
Step 5:  Insert and secure the inner chassis. Before the unit is powered up, check catalog number and 

apply proper battery supply voltage. Power the unit up. 
 

Step 6:  Verify relays response to all types of faults by applying the test quantities per the following tables. 
Note: apply all of the fault currents suddenly.Adjust value up or down to find the point where relay 
just trips. The measuring error is 10% of calculated pick-up value or 0.20A, whichever is greater 

 
 
Fault Type 

I 
Amps           Angle 

Current  
Pickup range 

AG 
 

Ia=2.3              0 
Ib=0.0             -120 
Ic=0.0             -240 

2.10-2.50A 

BG Ia=0.0              0 
Ib=2.3             -120 
Ic=0.0             -240 

2.10-2.50A 

CG Ia=0.0              0 
Ib=0.0             -120 
Ic=2.3             -240 

2.10-2.50A 

AB Ia=3.0              0 
Ib=3.0             -180 
Ic=0.0             -240 

2.80-3.20A 

BC Ia=0.0              0 
Ib=3.0             -120 
Ic=3.0             -300 

2.80-3.20A 

CA Ia=3.0              0 
Ib=0.0             -120 
Ic=3.0             -180 

2.80-3.20A 

ABG Ia=4.5              0 
Ib=4.5             -150 
Ic=0.0             -180 

4.20-4.80A 

BCG Ia=0.0              0 
Ib=4.5             -120 
Ic=4.5             -270 

4.20-4.80A 

CAG Ia=4.5              0 
Ib=0.0             -120 
Ic=4.5             -150 

4.20-4.80A 

ABC Ia=3.0              0 
Ib=3.0             -120 
Ic=3.0             -240 

2.80-3.20A 

Note: a) If the system has provisions for single pole tripping set TTYP=SPT and make sure that the relaying 
system operates the right trip relays (trip contacts) for the different line to ground faults (AG, BG and 
CG). Meantime check proper fault phase/phases indication under LAST FAULT on the relay front 
display.  

           b) No external fault testing is possible with a single unit since there is noway to invert the signal 
into the receiver to simulate an external fault or load current. 
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56/64 kbs Digital Comm Option 

Step 1:  Make sure that the Loopback Connections are made as described in the “Communication 
Subsystem Test” above. 

 
Step 2:  Enter the following settings (either with RCP software or through relay’s front display): 

 
 

          FREQ.........................60        Hz         
          RP...........................NO        PRI        
          CTYP.........................5         AMP        
          CTR..........................200                  
          VTR..........................7000                 
          OSC..........................TRIP                 
          FDAT.........................TRIP                 
          TRGG......................... 0.5000   AMPS       
          TRGP......................... 0.5000   AMPS       
          CD...........................dIdV                 
          TTYP.........................3PT                  
          62T.......................... 0.3000   SEC        
          RBEN.........................NORB                 
          UNBK.........................OUT                  
          CNT..........................1CNT                 
          IPLT.........................0         msec       
          OPBR.........................52b                  
          IE........................... 0.2000   AMPS       
          IPL.......................... 0.5000   AMPS       
          IPH..........................OUT       AMPS       
          IGL.......................... 0.5000   AMPS       
          IGH..........................OUT       AMPS       
          LPKY......................... 3.0000   AMPS       
          RPKY......................... 3.0000   AMPS       
          PDIF......................... 1.0000   AMPS       
          LGKY......................... 2.0000   AMPS       
          RGKY......................... 2.0000   AMPS       
          GDIF......................... 1.0000   AMPS       
          ALDT.........................NO                  
          LDFL.........................LEAD                 
          LDT.......................... 1.3000   msec       
          RIP.......................... 8.0000   msec       
          UNID.........................0                    
          KBPS.........................64        kbps       
          TTRP.........................OUT                  
          XCLK.........................INT                  
          LPBK.........................YES                   
          XPUD......................... 0.8000   /DTY       
          DTYP.........................KM                   
          PANG.........................75        DEG.       
          GANG.........................75        DEG.       
          ZR........................... 3.0000              
          BKUP.........................IN                   
          LOPB.........................NO                   
          FDOP.........................IN                   
          FDOG.........................IN                   
          DIRU.........................ZSEQ                 
          IOM.......................... 0.5000   AMPS       
          TOG..........................BLK       SEC        
          Z2P.......................... 4.5000   OHMS       
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          T2P.......................... 0.1000   SEC        
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          Z2GF......................... 4.5000   OHMS       
          Z2GR......................... 0.0100   OHMS       
          T2G.......................... 0.1000   SEC        
          Z3P.......................... 7.0000   OHMS       
          T3P..........................BLK       SEC        
          Z3GF......................... 7.0000   OHMS       
          Z3GR......................... 0.0100   OHMS       
          T3G.......................... 2.9900   SEC        
          OST..........................NO                   
          OSB..........................NONE                 
          RT........................... 1.0000   OHMS       
          RU........................... 3.0000   OHMS       
          OST1......................... 0.5000   CYC        
          OST2......................... 0.5000   CYC        
          OST3......................... 0.5000   CYC        
          OSOT.........................24        CYC        
          TRSL.........................SEAL                 
          GSAL.........................GS                   
          CHAT......................... 0.0000   Sec        
          SOBT.........................8         mSec       
          TRAL......................... 0.0000   Sec        
          PHSQ.........................ABC                  
          LCDR.........................NO                   
 
 
Step 3:  Power down the unit  
 
Step 4:  Remove the inner chassis 

a) Note factory settings of jumpers on the Opto-isolated input module, 
b) Make sure that the jumpers are set for the desired battery voltage. 

 
Step 5:  Insert and secure the inner chassis. Before the unit is powered up, check catalog number and 

apply proper battery supply voltage. Power the unit up. 
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Step 6:  Verify relays response to all types of relay faults by applying the test quantities per the following 
tables. Note: apply all of the fault currents suddenly.Adjust value up or down to find the point 
where relay just trips. The measuring error is 10% of calculated pick-up value or 0.20A, 
whichever is greater.  
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Fault Type 

I 
Amps           Angle 

Current  
Pickup range 

AG 
 

Ia=2.3              0 
Ib=0.0             -120 
Ic=0.0             -240 

2.10-2.50A 

BG Ia=0.0              0 
Ib=2.3             -120 
Ic=0.0             -240 

2.10-2.50A 

CG Ia=0.0              0 
Ib=0.0             -120 
Ic=2.3             -240 

2.10-2.50A 

AB Ia=3.0              0 
Ib=3.0             -180 
Ic=0.0             -240 

2.80-3.20A 

BC Ia=0.0              0 
Ib=3.0             -120 
Ic=3.0             -300 

2.80-3.20A 

CA Ia=3.0              0 
Ib=0.0             -120 
Ic=3.0             -180 

2.80-3.20A 

ABG Ia=4.5              0 
Ib=4.5             -150 
Ic=0.0             -180 

4.20-4.80A 

BCG Ia=0.0              0 
Ib=4.5             -120 
Ic=4.5             -270 

4.20-4.80A 

CAG Ia=4.5              0 
Ib=0.0             -120 
Ic=4.5             -150 

4.20-4.80A 

ABC Ia=3.0              0 
Ib=3.0             -120 
Ic=3.0             -240 

2.80-3.20A 

 Note: a) If the system has provisions for single pole tripping set TTYP=SPT and make sure that the relaying 
system operates the right trip relays (trip contacts) for the different line to ground faults (AG, BG and 
CG). Meantime check proper fault phase/phases indication under LAST FAULT on the relay front 
display.             

           b) No external fault testing is possible with a single unit since there is no way to invert the signal coming 
into the receiver to simulate an external fault or load current. 

 
Dual unit back to back tests  
 
Step 1:  To test the relays back to back several connections need to be made that are dependent on the 

communication channel used. Make the connections depending on the communication option you 
have. 

 
Communication connection options: 
 
9600 Audio-Tone Option: 
 
            REL350 Unit # 1                                                          REL350 Unit # 2                    
 
 
 
56/64 kbps Direct Digital Option: 
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XMIT OUT                    TB4-
11 
XMIT OUT                    TB4-
12 
RCVR IN                      TB4-13 

TB4-13                     RCVR IN 
TB4-14                     RCVR IN 
TB4-11                    XMIT 
OUT  TB4-12                    
XMIT OUT                                
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The direct digital option requires a DB25 to DB25 cable hooked between Unit #1’DCI assembly and Unit #2’s DCI. 
Connectors on DCI are male gender so the cable needs to be female gender on both ends. Connections are as 
follows: 
 
Pin2 to pin3     (TXA to RXA)                                            Pin3 to pin2     (RXA to TXA) 
Pin14 to pin16 (TXB to RXB)                                            Pin16 to pin14 (RXB to TXB) 
 
56/64 kbps Fiber Optic Option:                     
 
The fiber optic option requires a fiber optic cable with in-line attenuator be placed between the XMIT connector of 
Unit#1’s DCI to the RCVR connector of Unit#2’s DCI. The same connection needs to be made from Unit#2 to 
Unit#1. Set the in-line attenuators for the received level of –26dbm (in-line attenuator is needed for relays with the 
catalog number MS _ _ _ _ M or L_ _ _) . 
 
With any one of the three communication options chosen a few settings need to be changed before back to back 
testing can be performed: 
 
Both units                                               Unit # 1                                 Unit # 2     
LPBK=NO                                             UNID=0                                        UNID=1 
ALDT=YES 
 
Step 2:  Enter the settings similar to single box text earlier.  Modify and verify the above three settings. 
 
Note: LDT should be set  to 17ms for style number MsxxxxAxxx,  8.9ms for style number MSxxxxTxxx and 
1.4ms forstyle number MSxxxx(D,H,E,M,L)xxx. 
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External Fault(s) – Current connection     
 
 
               TB6-6 IA                             TB6-5 IAR                       TB6-5 IAR                               TB6-6  
           TB6-8 IB                                 TB6-7 IAB                      TB6-7 IAB                               TB6-8 IB 
           TB6-10 IC                               TB6-9 IAC                      TB6-9 IAC                                TB6-10 IC 
          
 
 
 
 
                                                 IC 
                                                 IB                                  IR 
                                                  IA                                   
 
 
 
 
Step 3:  Apply fault currents shown in the table and verify that the relay does not trip on the external faults.  
 
Fault Type 

I 
Amps           Angle 

Current  
Pickup range 

AG 
 

Ia=5.0              0 
Ib=0.0             -120 
Ic=0.0             -240 

 No trip 

BG Ia=0.0              0 
Ib=5.0             -120 
Ic=0.0             -240 

No trip 

CG Ia=0.0              0 
Ib=0.0             -120 
Ic=5.0             -240 

No trip 

AB Ia=5.0              0 
Ib=5.0             -180 
Ic=0.0             -240 

No trip 

BC Ia=0.0              0 
Ib=5.0             -120 
Ic=5.0             -300 

No trip 

CA Ia=5.0              0 
Ib=0.0             -120 
Ic=5.0             -180 

No trip 

ABG Ia=5.0              0 
Ib=5.0             -150 
Ic=0.0             -180 

No trip 

BCG Ia=0.0              0 
Ib=5.0             -120 
Ic=5.0             -270 

No trip 

CAG Ia=5.0              0 
Ib=0.0             -120 
Ic=5.0             -150 

No trip 

ABC Ia=5.0              0 
Ib=5.0             -120 
Ic=5.0             -240 

No trip 
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   Unit # 1 

 
   Unit # 2

 
   Test Set
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Internal Fault(s) – Current connection     
 
               TB6-6 IA                             TB6-5 IAR                       TB6-6 IA                                  TB6-5 IAR  
           TB6-8 IB                                 TB6-7 IBR                      TB6-8 IB                                  TB6-7 IBR 
          TB6-10 IC                               TB6-9 ICR                      TB6-10 IC                                TB6-9 ICR 
          
 
 
 
 
 
                                                 IC 
                                                 IB                                 IR 
                                                  IA                                   
 
 
Step 4:  Apply fault currents shown in the table and verify that the relay trip on the internal faults. The 

measuring error is 10% of calculated pick-up value or 0.20A, whichever is greater.  
 
Fault Type 

I 
Amps           Angle 

Current  
Pickup range 

AG 
 

Ia=2.3              0 
Ib=0.0             -120 
Ic=0.0             -240 

2.10-2.50A 

BG Ia=0.0              0 
Ib=2.3             -120 
Ic=0.0             -240 

2.10-2.50A 

CG Ia=0.0              0 
Ib=0.0             -120 
Ic=2.3             -240 

2.10-2.50A 

AB Ia=3.0              0 
Ib=3.0             -180 
Ic=0.0             -240 

2.80-3.20A 

BC Ia=0.0              0 
Ib=3.0             -120 
Ic=3.0             -300 

2.80-3.20A 

CA Ia=3.0              0 
Ib=0.0             -120 
Ic=3.0             -180 

2.80-3.20A 

ABG Ia=4.5              0 
Ib=4.5             -150 
Ic=0.0             -180 

4.20-4.80A 

BCG Ia=0.0              0 
Ib=4.5             -120 
Ic=4.5             -270 

4.20-4.80A 

CAG Ia=4.5              0 
Ib=0.0             -120 
Ic=4.5             -150 

4.20-4.80A 

ABC Ia=3.0              0 
Ib=3.0             -120 
Ic=3.0             -240 

2.80-3.20A 
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   Unit # 1 

                    
   Unit # 2

 
   Test Set



Segregated Phase Comparison Protection 
 
Functional Tests – Optional Backup System 
 
For units that include the stepped distance backup system the following tests will functionally test all the distance 
units provided. 
 
Be sure that the shows CHTB as the signal received (by disconnecting the communication wires, both ways). A 
channel trouble enables the backup system. 
 

The following initial settings should be used:           
          PANG.........................75        DEG.       
          GANG.........................75        DEG.       
          ZR...........................3.000                
          BKUP.........................IN                   
          LOPB.........................NO                   
          FDOP.........................IN                   
          FDOG.........................IN                   
          DIRU.........................ZSEQ                 
          IOM..........................0.500     AMPS       
          TOG..........................BLK       SEC        
          Z2P..........................4.500     OHMS       
          T2P..........................0.100     SEC        
          Z2GF.........................4.500     OHMS       
          Z2GR.........................0.010     OHMS       
          T2G..........................0.100     SEC        
          Z3P..........................7.000     OHMS       
          T3P..........................BLK       SEC        
          Z3GF.........................7.000     OHMS       
          Z3GR.........................0.010     OHMS       
          T3G..........................2.990     SEC        
 

 
Phase To Ground Units 
 
To calculate the fault impedance seen by the relay system the following formula applies: 

Z fault   =    

3
)@(2 PANGGANGZRI

V

XG

XG

−+
 

Where x is either phase a, b, or c. 
 
The above formula is rigorous and general. However, if a quick approximation of the minimum trip current 
required at different angles (θ) is desired, the following formula applies: 

Ixg  =   [ ]3/)1(1)cos(*2 −+− ZRPANGGFZ
V XG

θ
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where x is either phase a, b, or c. 
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Zone 2 Phase-Ground element Without Reverse Reach 
 
1. Forward Internal Faults 
 
For forward Zone 2 Phase-Ground Internal Faults use Table 1 of voltages and currents. In each case apply the 3-
phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system trip 
target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 degrees 
on phase. Trip time should fall within 100-132 milliseconds. 
 

Table 6-1 Zone 2 Phase-Ground Forward Internal Faults:  Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA 90% of reach fault 
Va = 30 ∠ 0 
Vb = 69  ∠  -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 4.4  ∠  -75 (285) 
Ib = 0 
Ic = 0 
 

4.05  ∠  75 
 
 
 

Z2T Trip 
Fault type AG 
Z2G Unit 
Trip time 100-132 mS 

AG at MTA -45° 90% of reach fault 
Va = 30  ∠ 0 
Vb = 69  ∠  -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 6.23 ∠  -30 (330) 
Ib = 0 
Ic = 0 
 

2.86  ∠  30 
 
 
 

Z2T Trip 
Fault type AG 
Z2G Unit 
Trip time 100-132 mS 

AG at MTA +45° 90% of reach fault 
Va = 30  ∠  0 
Vb = 69 ∠ -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 6.23  ∠  -120 (240)
Ib = 0 
Ic = 0 
 

2.86  ∠  120 
 
 
 

Z2T Trip 
Fault type AG 
Z2G Unit 
Trip time 100-132 mS 

BG at MTA 90% of reach fault 
Va = 69  ∠  0 
Vb = 30  ∠  -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 0 
Ib = 4.4  ∠  -195 (165)
Ic = 0 
 

4.05  ∠  75 
 
 
 

Z2T Trip 
Fault type BG 
Z2G Unit 
Trip time 100-132 mS 

BG at MTA -45° 90% of reach fault 
Va = 69  ∠  0 
Vb = 30  ∠  -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 0 
Ib = 6.23  ∠  -150 (210)
Ic = 0 
 

2.86  ∠  30 
 
 
 

Z2T Trip 
Fault type BG 
Z2G Unit 
Trip time 100-132 mS 

BG at MTA +45° 90% of reach fault 
Va = 69  ∠  0 
Vb = 30  ∠  -120 (240) 
Vc = 69  ∠  -240 (120) 
 

Ia = 0 
Ib = 6.23 ∠  -240 120) 
Ic = 0 
 

2.86  ∠  120 
 
 
 

Z2T Trip 
Fault type BG 
Z2G Unit 
Trip time 100-132 mS 

CG at MTA 90% of reach fault 
Va = 69  ∠  0 
Vb = 69  ∠  -120 (240) 
Vc = 30  ∠  -240 (120) 
 

Ia = 0 
Ib = 0 
Ic = 4.4  ∠  -315 (45) 
 

4.05  ∠  75 
 
 
 

Z2T Trip 
Fault type CG 
Z2G Unit 
Trip time 100-132 mS 

CG at MTA -45° 90% of reach fault 
Va = 69  ∠  0 
Vb = 69  ∠  -120 (240) 
Vc = 30  ∠  -240 (120) 
 

Ia = 0 
Ib = 0 
Ic = 6.23 ∠  -270 (90) 
 

2.86  ∠  30 
 
 
 

Z2T Trip 
Fault type CG 
Z2G Unit 
Trip time 100-132 mS 

CG at MTA +45° 90% of reach fault 
Va = 69  ∠  0 
Vb = 69  ∠  -120 (240) 
Vc = 30  ∠  -240 (120) 

Ia = 0 
Ib = 0 
Ic = 6.23  ∠  0

2.86  ∠  120 
 
 

Z2T Trip 
Fault type CG 
Z2G Unit 
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   Trip time 100-132 mS 
 
2. Forward External Faults 
 
For forward Zone 2 Phase-Ground external faults use the following Table 2 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are beyond the reach of the Zone 2 ground units.  
 

Table 6-2 Zone 2 Forward Phase-Ground External Faults:  Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Angle 

Relay System 
Operation 

AG at MTA 110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.6 ∠ -75 (285) 
Ib = 0 
Ic = 0 

4.95 ∠ 75 No Trips 

AG at MTA -45° 110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 5.09 ∠ -30 (330) 
Ib = 0 
Ic = 0 

3.5 ∠ 30 No Trips 

AG at MTA +45°110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 5.09 ∠ -120 (240) 
Ib = 0 
Ic = 0 

3.5 ∠ 120 No Trips 

BG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 3.6 ∠ -195 (165) 
Ic = 0 

4.95 ∠ 75 No Trips 

BG at MTA -45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 5.09 ∠ -150 (210) 
Ic = 0 

3.5 ∠ 30 No Trips 

BG at MTA +45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib =5.09 ∠ -240 (120) 
Ic = 0 

3.5 ∠ 120 No Trips 

CG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 3.6 ∠ -315 (45) 

4.95 ∠ 75 No Trips 

CG at MTA -45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 5.09 ∠ -270 (90) 

3.5 ∠ 30 No Trips 

CG at MTA +45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 5.09 ∠ 0 

3.5 ∠ 120 No Trips 
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3. Reverse External Faults 
 
For reverse Zone 2 Phase-Ground external faults se the following Table 3 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the GANG setting.  
 

Table6-3 Zone 2 Phase-Ground Reverse External Faults:  Z2GF = 4.5 Ohms Z2GR = 0.01 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA -180° 50% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 8 ∠ -255 (105) 
Ib = 0 
Ic = 0 

2.25 ∠ -105 No Trips 

AG at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0  
Ib = 8 ∠ -15 (345) 
Ic = 0 

2.25 ∠ -105 No Trips 

AG at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 8 ∠ -135 (225) 

2.25 ∠ -105 No Trips 

 
Zone 2 Phase-Ground element with Reverse Reach 
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NOTE: Change the “Z2GR” distance setting to 4.5 ohms before applying the following faults in Tables 4, 
5, and 6 to the relay system. 
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4. Forward Internal Faults 
 
For forward Zone 2 Phase-Ground internal faults use the following Table 4 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay 
system trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 
3 degrees on phase. Trip time should fall within 100-132 milliseconds. 
 

Table6-4 Zone 2 Phase-Ground Forward Internal Faults:  Z2GF = 4.5 Ohms Z2GR = 4.5 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang

Relay System 
Operation 

AG at MTA 90% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 4.4 ∠ -75 (285) 
Ib = 0 
Ic = 0 

4.05 ∠ 75 Z2T Trip 
Fault type AG 
Z2G Unit Trip time 100-132 mS 

AG at MTA -45° 90% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 4.4 ∠ -30 (330) 
Ib = 0 
Ic = 0 

4.05 ∠ 30 Z2T Trip 
Fault type AG 
Z2G Unit Trip time 100-132 mS 

AG at MTA +45° 90% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 4.4 ∠ -120 (240) 
Ib = 0 
Ic = 0 

4.05 ∠ 120 Z2T Trip 
Fault type AG 
Z2G Unit Trip time 100-132 mS 

BG at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 4.4 ∠ -195 (165) 
Ic = 0 

4.05 ∠ 75 Z2T Trip 
Fault type BG 
Z2G Unit Trip time 100-132 mS 

BG at MTA -45° 90% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 4.4 ∠ -150 (210) 
Ic = 0 

4.05 ∠ 30 Z2T Trip 
Fault type BG 
Z2G Unit Trip time 100-132 mS 

BG at MTA +45° 90% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 4.4 ∠ -240 (120) 
Ic = 0 

4.05 ∠ 120 Z2T Trip 
Fault type BG 
Z2G Unit Trip time 100-132 mS 

CG at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 4.4 ∠ -315 (45) 

4.05 ∠ 75 Z2T Trip 
Fault type CG 
Z2G Unit Trip time 100-132 mS 

CG at MTA -45° 90% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 4.4 ∠ -270 (90) 

4.05 ∠ 30 Z2T Trip 
Fault type CG 
Z2G Unit Trip time 100-132 mS 

CG at MTA +45° 90% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 4.4 ∠ 0 

4.05 ∠ 120 Z2T Trip 
Fault type CG 
Z2G Unit Trip time 100-132 mS 

The Zone 2 Ground unit (Z2G) should operate on all faults listed above. Trip time should be within times shown. 
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5. Forward External Faults 
 
For forward Zone 2 Phase-Ground external faults use the following Table 5 of voltages and currents. In each case 
apply the 3-phase voltage tot he relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are beyond the reach of the Zone 2 ground units.  
 
 
 

Table6-5 Zone 2 Forward Phase-Ground External Faults:  Z2GF = 4.5 Ohms Z2GR = 4.5 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA 110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.6 ∠ -75 (285) 
Ib = 0 
Ic = 0 

4.95 ∠ 75 No Trips 

AG at MTA -45° 110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.6 ∠ -30 (330) 
Ib = 0 
Ic = 0 

4.95 ∠ 30 No Trips 

AG at MTA +45° 110% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.6 ∠ -120 (240) 
Ib = 0 
Ic = 0 

4.95 ∠ 120 No Trips 

BG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 3.6 ∠ -195 (165) 
Ic = 0 

4.95 ∠ 75 No Trips 

BG at MTA -45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 3.6 ∠ -150 (210) 
Ic = 0 

4.95 ∠ 30 No Trips 

BG at MTA +45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib =3.6 ∠ -240 (120) 
Ic = 0 

4.95 ∠ 120 No Trips 

CG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 3.6 ∠ -315 (45) 

4.95 ∠ 75 No Trips 

CG at MTA -45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 3.6 ∠ -270 (90) 

4.95 ∠ 30 No Trips 

CG at MTA +45° 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 3.6 ∠ 0 

4.95 ∠ 120 No Trips 



Segregated Phase Comparison Protection 
 
 
6. Reverse External Faults 
 
For reverse Zone 2 Phase-Ground external faults, use the following Table 6 of voltages and currents. In each 
case apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are reverse direction from the GANG setting. 
 
 
 

Table6-6 Zone 2 Phase-Ground Reverse External Faults:  Z2GF = 4.5 Ohms Z2GR = 4.50 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA -180° 50% of reach fault 
Va = 30 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 8 ∠ -255 (105) 
Ib = 0 
Ic = 0 

2.25 ∠ -105 No Trips 

BG at MTA -180 50% of reach fault 
Va = 69 ∠ 0 
Vb = 30 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 8 ∠ -15 (345) 
Ic = 0 

2.25 ∠ -105 No Trips 

CG at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 30 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 8 ∠ -135 (225) 

2.25 ∠ -105 No Trips 

 
Zone 3 Phase-Ground Element Without Reverse Reach 
 
NOTE: Change the “T3G” timer setting to 1.0 seconds before applying the faults in Tables 7, 8, and 9. 
 
7. Forward Internal Faults 
 
For forward Zone 3 Phase-Ground internal faults use the following Table 7 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay 
system trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 
3 degrees on phase. Trip time should fall within 1.00 - 1.05 seconds. 
 

Table6-7 Zone 3 Phase-Ground Forward Internal Faults:  Z3GF = 7.0 Ohms Z3GR = 0.01 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA 90% of reach fault 
Va = 25 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 2.38 ∠ -75 (285) 
Ib = 0 
Ic = 0 

6.3 ∠ 75 Z3T Trip 
Fault type AG 
Z3G Unit 
Trip time 1.0 - 1.05 S 

BG at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 25 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 2.38 ∠ -195 (165) 
Ic = 0 

6.3 ∠ 75 Z3T Trip 
Fault type BG 
Z3G Unit 
Trip time 1.0 - 1.05 S 

CG at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 25 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 2.38 ∠ -315 (45) 

6.3 ∠ 75 Z3T Trip 
Fault type CG 
Z3G Unit 
Trip time 1.0 - 1.05 S 



Segregated Phase Comparison Protection 
 
 
8. Forward External Faults 
 
For forward Zone 3 Phase-Ground external faults use the following Table 8 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are beyond the reach of the Zone 3 ground units.  
 

Table6-8 Zone 3 Phase-Ground Forward External Faults:  Z3GF = 7.0 Ohms Z3GR = 0.01 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA 110% of reach fault 
Va = 25 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 1.95 ∠ -75 (285) 
Ib = 0 
Ic = 0 

7.7 ∠ 75 No Trips 

BG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 25 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 1.95 ∠ -195 (165) 
Ic = 0 

7.7 ∠ 75 No Trips 

CG at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 25 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 1.95 ∠ -315 (45) 

7.7 ∠ 75 No Trips 

 
9. Reverse External Faults 
 
For reverse Zone 3 Phase-Ground external faults use the following Table 9 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the GANG setting.  
 

 
 
 
 
 

Table6-9 Zone 3 Phase-Ground Reverse External Faults:  Z3GF = 7.0 Ohms Z3GR = 0.01 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA -180° 50% of reach fault 
Va = 25 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 4.29 ∠ -255 (105) 
Ib = 0 
Ic = 0 

3.5 ∠ -105 No Trips 

BG at MTA-180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 25 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 0 
Ib = 4.29 ∠ -15 (345) 
Ic = 0 

3.5 ∠ -105 No Trips 

CG at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 25 ∠ -240 (120) 

Ia = 0 
Ib = 0 
Ic = 4.29 ∠ -135 (225) 

3.5 ∠ -105 No Trips 
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Phase to Phase Units 
 
To calculate the fault impedance seen by the relay system the following formula applies: 

Z fault = 
yx

xy

II
V
−

  

where x is either phase a, b, or c and y is the next lagging phase. 
 
The above formula is rigorous and general. However, if a quick approximation of the minimum trip current 
required at different angles (θ) is desired, the following formula applies: 

lxy = 
))(cos(2 θ−PANGPZ

Vxy   

where x is either phase a, b, or c and y is the next lagging phase. 
 
Zone 2 Phase-Phase Element 
 
10. Forward Internal Faults 
 
For forward Zone 2 Phase-Phase internal faults use the following Table 10 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay sys-
tem trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 
degrees on phase. Trip time should fall within 100-132 milliseconds.  
 

Table6-10 Zone 2 Phase-Phase Forward Internal Faults:  Z2P = 4.5 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AG at MTA 90% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.7 ∠ -45 (315) 
Ib = 3.7 ∠ -225 (135) 
Ic = 0 

4.05 ∠ 75 Z2T Trip 
Fault type AB 
Z2P Unit 
Trip time 100-132 mS 

BC at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 3.7 ∠ -165 (195) 
Ic = 3.7 ∠ -345 (15) 

4.05 ∠ 75 Z2T Trip 
Fault type BC 
Z2P Unit 
Trip time 100-132 mS 

CA at MTA 90% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 3.7 ∠ -105 (255) 
Ib = 0 
Ic = 3.7 ∠ -285 (75) 

4.05 ∠ 75 Z2T Trip 
Fault type CA 
Z2P Unit 
Trip time 100-132 mS 
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11. Forward External Faults 
 
For forward Zone 2 Phase-Phase external faults use the following Table 11 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are beyond the reach of the Zone 2 Phase units. 

 
Table6-11 Zone 2 Phase-Phase Forward External Faults:  Z2P = 4.5 Ohms 

 
V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA 110% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 3.03 ∠ -45 (315) 
Ib = 3.03 ∠ -225 (135) 
Ic = 0 

4.95 ∠ 75 No Trips 

BC at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 3.03 ∠ -165 (195) 
Ic = 3.03 ∠ -345 (15) 

4.95 ∠ 75 No Trips 

CA at MTA 110% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 3.03 ∠ -105 (255) 
Ib = 0 
Ic = 3.03 ∠ -285 (75) 

4.95 ∠ 75 No Trips 

 
12. Reverse External Faults 
 
For reverse Zone 2 Phase-Phase external faults use the following Table 12 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the PANG setting.  
 
 
 
 
 

Table6-12 Zone 2 Phase-Phase Reverse External Faults:  Z2P = 4.5 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA -180° 50% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 6.66 ∠ -225 (135) 
Ib = 6.66 ∠ -45 (315) 
Ic = 0 

2.25 ∠ -105 No Trips 

BC at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 6.66 ∠ -345 (15) 
Ic = 6.66 ∠ -165 (195) 

2.25 ∠ -105 No Trips 

CA at MTA -180° 50% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 6.66 ∠ -285 (75) 
Ib = 0 
Ic = 6.66 ∠ -105 (255) 

2.25 ∠ -105 No Trips 



Segregated Phase Comparison Protection 
 
 
Zone 3 Phase-Phase Element 
 
NOTE: Change the “T3P” timer setting to 1.0 seconds before applying the following faults in Tables 13, 
14, and 15 to the relay system. 
 
13. Forward Internal Faults 
 
For forward Zone 2 Phase-Phase internal faults use the following Table 13 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay 
system trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 
3 degrees on phase. Trip time should fall within 1.00 - 1.05 seconds. 
 

Table6-13 Zone 3 Phase-Phase Forward Internal Faults:  Z3P = 7.0 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA 90% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 2.38 ∠ -45 (315) 
Ib = 2.38 ∠ -225 (135) 
Ic = 0 

6.3 ∠ 75 Z3T Trip 
Fault type AB 
Z3P Unit 
Trip time 1.0 - 1.05 S 

BC at MTA 90% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 2.38 ∠ -165 (195) 
Ic = 2.38 ∠ -345 (15) 

6.3 ∠ 75 Z3T Trip 
Fault type BC 
Z3P Unit 
Trip time 1.0 - 1.05 S 

CA at MTA 90% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 2.38 ∠ -105 (255) 
Ib = 0 
Ic = 2.38 ∠ -285 (75) 

6.3 ∠ 75 Z3T Trip 
Fault type CA 
Z3P Unit 
Trip time 1.0 - 1.05 S 

 
14. Forward External Faults 
 
For forward Zone 3 Phase-Phase external faults use the following Table 14 of voltages and currents. In each case 
apply the 3-phase voltage tot he relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are beyond the reach of the Zone 3 Phase units. 
 

Table6-14 Zone 3 Phase-Phase Forward External Faults:  Z3P = 7.0 Ohms 
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V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA 110% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 1.95 ∠ -45 (315) 
Ib = 1.95 ∠ -225 (135) 
Ic = 0 

7.7 ∠ 75 No Trips 

BC at MTA 110% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 1.95 ∠ -165 (195) 
Ic = 1.95 ∠ -345 (15) 

7.7 ∠ 75 No Trips 

CA at MTA 110% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 1.95 ∠ -105 (255) 
Ib = 0 
Ic = 1.95 ∠ -285 (75) 

7.7 ∠ 75 No Trips 



Segregated Phase Comparison Protection 
 
 
15. Reverse External Faults 
 
For reverse Zone 3 Phase-Phase external faults use the following Table 15 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the PANG setting. 
 

Table6-15 Zone 3 Phase-Phase Reverse External Faults:  Z3P = 7.0 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA -180° 50% of reach fault 
Va = 17.3 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 69 ∠ -240 (120) 

Ia = 4.28 ∠ -225 (135) 
Ib = 4.28 ∠ -45 (315) 
Ic = 0 

3.5 ∠ -105 No Trips 

BC at MTA -180° 50% of reach fault 
Va = 69 ∠ 0 
Vb = 17.3 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 0 
Ib = 4.28 ∠ -345 (15) 
Ic = 4.28 ∠ -165 (195) 

3.5 ∠ -105 No Trips 

CA at MTA -180° 50% of reach fault 
Va = 17.3 ∠ 0 
Vb = 69 ∠ -120 (240) 
Vc = 17.3 ∠ -240 (120) 

Ia = 4.28 ∠ -285 (75) 
Ib = 0 
Ic = 4.28 ∠ -105 (255) 

3.5 ∠ -105 No Trips 

 
3-Phase Units 
 
To calculate the fault impedance seen by the relay system the following formula applies: 

Z fault = 
xg

xg

I
V

  

where x is all three of the a, b, and c phases. 
 
The above formula is rigorous and general. However, if a quick approximation of the minimum trip current 
required at different angles (θ) is desired, the following formula applies: 

lxg = 
))(cos(2 θ−PANGPZ

Vxg   

where x is all three of the a, b, and c phases. 
 
Zone 2 3-Phase Element 
 
NOTE: Set the “T3P” timer setting to “BLK” before applying the faults in tables 16, 17 and 18 to the relay 
system. 
 
16. Forward Internal Faults 
 
For forward Zone 2 3-phase internal faults use the following Table 16 of voltages and currents. In each case apply 
the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay system 
trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 3 
degrees on phase. Trip time should fall within 100-132 milliseconds. 
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Table6-16 Zone 2 Three-Phase Forward Internal Faults:  Z2P = 4.5 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

ABC at MTA 90% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 4.93 ∠ -75 (285) 
Ib = 4.93 ∠ -195 (165) 
Ic = 4.93 ∠ -315 (45) 

4.05 ∠ 75 Z2T Trip 
Fault type ABC 
Z2P Unit 
Trip time 100-132 mS 

 
17. Forward External Faults 
 
For forward Zone 2 Phase-Phase external faults use the following Table 17 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are beyond the reach of the Zone 2 Phase units. 
 

Table6-17 Zone 2 Three-Phase Forward External Faults:  Z2P = 4.5 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

ABC at MTA 110% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 4.04 ∠ -75 (285) 
Ib = 4.04 ∠ -195 (165) 
Ic = 4.04 ∠ -315 (45) 

4.95 ∠ 75 No Trips 

 
18. Reverse External Faults 
 
For reverse Zone 2 3-Phase external faults use the following Table 18 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the PANG setting. 
 

Table6-18 Zone 2 Three-Phase Reverse External Faults:  Z2P = 4.5 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

AB at MTA -180° 50% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 8.89 ∠ -255 (105) 
Ib = 8.89 ∠ -15 (345) 
Ic = 8.89 ∠ -135 (225) 

2.25 ∠ -105 No Trips 

 
Zone 3 3-Phase Element 
 
NOTE: Set the “T3P” timer setting to 1.0 seconds before applying the faults in Table 19, 20 and 21 to the 
relay system. 
 
19. Forward Internal Faults 
 
For forward Zone 3 3-Phase internal faults use the following Table 19 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. Compare the relay 
system trip target data to the applied fault values. The target data should be within +/- 10% on magnitude and +/- 
3 degrees on phase. Trip time should fall within 1.00 - 1.05 seconds. 
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Table6-19 Zone 3 Three-Phase Forward Internal Faults:  Z3P = 7.0 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

ABC at MTA 90% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 3.17 ∠ -75 (285) 
Ib = 3.17 ∠ -195 (165) 
Ic = 3.17 ∠ -315 (45) 

6.3 ∠ 75 Z3T Trip 
Fault type ABC 
Z3P Unit 
Trip time 1.0 - 1.05 S 

 
20. Forward External Faults 
 
For forward Zone 3 3-Phase external faults use the following Table 20 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. The relay system 
should not trip as these faults are beyond the reach of the Zone 3 3-phase unit. 

Table6-20 Zone 3 Three-Phase Forward External Faults:  Z3P = 7.0 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

ABC at MTA 110% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 2.6 ∠ -75 (285) 
Ib = 2.6 ∠ -195 (165) 
Ic = 2.6 ∠ -315 (45) 

7.7 ∠ 75 No Trips 

 
21. Reverse External Faults 
 
For reverse Zone 3 3-Phase external faults use the following Table 21 of voltages and currents. In each case 
apply the 3-phase voltage to the relay system first then suddenly apply the currents listed. In each case the relay 
system should not trip as these faults are reverse direction from the PANG setting. 
 

Table6-21 Zone 3 Three-Phase Reverse External Faults:  Z3P = 7.0 Ohms 
 

V 
Volts ∠ Angle 

I 
Amps ∠ Angle 

Fault Z 
Ohms ∠ Ang 

Relay System 
Operation 

ABC at MTA -180° 50% of reach fault 
Va = 20 ∠ 0 
Vb = 20 ∠ -120 (240) 
Vc = 20 ∠ -240 (120) 

Ia = 5.71 ∠ -255 (105) 
Ib = 5.71 ∠ -15 (345) 
Ic = 5.71 ∠ -135 (225)) 

3.5 ∠ -105 No Trips 
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The user should verify that Standing Relay Trip SRT = NO in the Test Mode Function (See Section 4) prior 
to putting the REL 350 in service. 
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Out of Step System Functional Tests 
 
For systems equipped with OST logic the following settings may be used to check the OST logic in REL 350: 

PANG = 65 
GANG = 65 
ZR = 3.0 
BKUP =           IN 
LOPB = NO 
FDOP = IN 
FDOG = IN 
DIRU =        ZSEQ
IOM = 0.5 
TOG = BLK
Z2P = 8.5 
T2P = 0.1 
Z2GF = 6.5 
Z2GR = 0.01

T2G=0.1 
Z3P=11.0 
T3P=.2 
Z3GF=11.0 
Z3GR=0.01 
T3G=.2 
OST=WAYO 
OSB=BOTH 
RT=2.0 
RU=4.0 
OST1=2 
OST2=3 
OST3=3 
OSOT=100 

 
The situation is described more accurately in the sketch of Figure 6-1. 
 
NOTE: These tests are optional and require programing Computer Aided, Multi- amp or Doble test 
equipment. 
 
In the R-X diagram, the positions shown in Figure 6-1, correspond to the following quantities: 

State 
 

V (Volts) I (Amps) Duration in cycles 

1 Va = 69  ∠ 0 
Vb = 69 ∠ -120 
Vc = 69 ∠ +120 

Ia = 5 ∠ -5 
Ib = 5 ∠ -125 
Ic = 5 ∠ +115 

60 

2 Va = 20  ∠ 0 
Vb = 20 ∠ -120 
Vc = 20 ∠ +120 

Ia = 4.5 ∠ -25 
Ib = 4.5 ∠ -145 
Ic = 4.5 ∠ +95 

5 

3 Va = 20  ∠ 0 
Vb = 20 ∠ -120 
Vc = 20 ∠ +120 

Ia = 6 ∠ -65 
Ib = 6 ∠ +175 
Ic = 6 ∠ +55 

20 

4 Va = 20  ∠ 0 
Vb = 20 ∠ -120 
Vc = 20 ∠ +120 

Ia = 4 ∠ -100 
Ib = 4 ∠ +140 
Ic = 4 ∠ +20 

5 

5 Va = 69  ∠ 0 
Vb = 69 ∠ -120 
Vc = 69 ∠ +120 

Ia = 6.5 ∠ -105 
Ib = 6.5 ∠ +135 
Ic = 6.5 ∠ +15 

60 

 
The apparent impedances seen by the relay in each of the above positions and the expected operation of the 
inner (21 BI) and outer (21 BO) blinders are shown in the following table. The status of the 21 BI and 21 BO can 
be verified from the oscillographic records. 

 

 

6-29 

State Z app 21 BI 21 BO 
1 13.8 ∠ 5 No No 
2 4.47 ∠ 25 No  Yes 
3 3.33 ∠ 65 Yes Yes 
4 5.00 ∠ 100 No Yes 
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5 10.6 ∠ 105 No No 
 
In the following tests make sure that the transmitter and receiver are connected in the unit.  
 
NOTE: Make sure that the loopback connections described in page 6-3 (9600 bps Audio Tone Option) and 
6-4 (56/64 KPBS Digital Communication Option) are made. Also, the metered value CHRX displayed 
should be GARD. 
With setting OST=WAYO the relay should trip with OST indication.  In case OST=WAYI is chosen the test should 
cause trip with just the first 3 steps of the above. 
 
 
The user should verify that Standing Relay Trip SRT = NO in the Test Mode Function (See Section 4) prior 
to putting the REL 350 in service. 
 
 
In case tripping is to be simulated for OST set to WAYI,  the relay shall trip on the first 3 steps.    
 
In case Out of Step Blocking output is programmed to GS or TA outputs, the output contact shall close on the first 
2 steps of the above sequences. 
 
 

 
 
 
 
 

 
Figure 6-1. Out-of-Step Testing 
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Functional Tests - “On-Load” Phase Comparison System 
 
For critical line applications, end-to-end satellite time syncronized load testing and fault testing is recommended to 
test the  complete protection, communication, tripping systems.  
 
The offline tests however do not take into account certain connection arrangements that can be checked out only 
by “On-load” checks.   Some interesting cases that might come to light only when doing “on-load” checks are: 
 

1. It is possible ABC of one power system is tied up with BCA of an adjoining power system due to 
transmission line construction / limitation. Accordingly ensure that CTs and PTs are connected 
appropriately. . 

2. It is also possible that one end of the power system has an ABC sequence and the other end ACB 
sequence, very typical when interconnecting two different utilities with different conventions. . 

3. The CT ratios may be different at either end. It is preferable to keep CT ratios identical.  If not, manipulatin 
of the current level detectors settings would become necessary. 

 
The object of the following procedure is to carry out “on load” end to end tests in order to demonstrate that the 
protection system has been correctly installed. The minimum requirement for load current is 0.2 x ct ratio. This 
procedure will provide a positive and negative check by simulating both internal and external primary fault 
conditions, using normal load current. Table L-1 states the test sequence to be followed, where references to end 
“L” or “R” are shown fill in the names of the substations concerned. 
 
 
This test schedule has to be done at both ends of the circuit in turn. 
 
As explained in Sections 3.4 and 5, the phase comparison process and transmission of phase comparison 
information are activated by the Change Detector (CD). 
 
During the normal load condition the CD is deasserted and both REL 350 relays are transmitting (and receiving) 
the GUARD code over communication channel. Remember also that the load current resembles external fault i.e. 
out of phase relationship of currents at both ends of protected line. Therefore the following elements need to be 
simulated: 

• Transmission of phase comparison information from the remote “R” relay. This is accomplished by setting the 
relay in TEST mode (see step 6). 

• Generation of Change Detector (CD) in the local “L” relay. This is performed by application of voltage (step 8). 
   
Please note that the setting CD = ∆V∆I must be used. 
   
For the systems with no voltage inputs connected the steps 3 and 8 must be disregarded and steps 3A and 8A 
must be used. 
• Simulation of internal fault must be done by reversing the ct wiring (step 4). 
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Make sure that 52b-A, 52b-B, 52b-C contact inputs (TB-5 terminals 1-2, 3-4, & 5-6 respectively) are de-energized. 
Change the “OPBR” setting to “52B” to disable the open breaker code transmission 
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Item On Load End to End Test Procedure 
 

Completed
(  √  ) 

1 The circuit should be on load with the ABB Type REL 350 protection system normal but trip 
outputs disconnected to prevent circuit breaker tripping. 

 

2 Ensure that the circuit load current exceeds the applied “KEYER” settings (LPKY, RPKY). If this 
is not the case, apply identical lower settings to each relay, as appropriate for the actual load 
current. Set RGKY=BLK to disable the ground subsystem when performing on-load phase tests. 

 

 At circuit end “L”:  
3 Remove the A (red) phase VT input to the relay by withdrawing the appropriate isolating link.  
3a Remove the B (yellow) phase ct input by opening the appropriate test switch.  
4 Reverse wiring to A (red) phase ct input. Take care not to open circuit any ct secondary circuits 

while on load. 
 

 At circuit end “R”:  
5 Set the relay to “Test” mode and confirm the LED indication.  
6 From the displayed sub-menu, select “TEST” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to transmit phase comparison data. 
 

 At circuit end “L”:  
7 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from guard (GARD) to armed (ARM). 
 

8 Replace the removed VT isolation link. This will cause the relay Voltage Change Detector to 
pickup thus resulting in relay operation/trip output. 

 

8a Replace the removed ct test switch. This will cause the change detector to pickup thus resulting 
in relay trip output operation. 

 

9 Confirm that the relay operates and that the relay indications are correct. Reset trip indications. 
Power down the relay and reenergize to clear SRT (Standing Relay Trip). Check SRT = NO 

 

 At circuit end “R”:  
10 Select the relay to normal by selecting from “TEST” mode to “Volts/Amps/ Angle” mode.  

 At circuit end “L”:  
11 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from armed (ARM) to guard (GARD). 
 

12 Return the A (red) phase ct wiring to normal. Take care not to open circuit any ct secondary 
circuits while on load. 

 

13 Remove the A (red) phase VT input to the relay by withdrawing the appropriate isolating link.  
13a Remove the B (yellow) phase ct input by opening the appropriate test switch.  

 At circuit end “R”:  
14 Set the relay to “Test” mode and confirm the LED indication.  
15 From the displayed sub-menu, select “TEST” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to be “Armed”. 
 

 At circuit end “L”:  
16 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from guard (GARD) to armed (ARM). 
 

17 Replace the removed VT isolation link and confirm that the relay does not operate.  
 At circuit end “R”:  

18 Select the relay to normal by re-selecting from “Test” mode to “Volts/Amps/ Angle” mode.  
 At circuit end “L”:  

19 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 
from armed (ARM) to guard (GARD). 

 

20 Remove the B (yellow) phase VT input to the relay by withdrawing the appropriate isolating link.  
20a Remove the C (blue) phase ct input by opening the appropriate test switch.  
21 Reverse wiring to B (yellow) phase ct input. Take care not to open circuit any secondary circuits 

while on load. 
 

 At circuit end “R”:  
22 Set the relay to “Test” mode and confirm the LED indication.  
23 From the displayed sub-menu, select “TEST” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to be “armed”. 
 

 At circuit end “L”:  
24 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from guard (GARD) to armed (ARM). 
 

25 Replace the removed VT isolation link. This will cause the relay Voltage Change Detector to  
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pickup thus resulting in relay operation/trip output. 
25a Replace the removed ct test switch. This will cause the change detector to pickup thus resulting 

in relay trip output operation. 
 

26 Confirm that the relay operates and that the relay indications are correct. Then reset trip 
indications. Power down the relay and reenergize to clear SRT (Standing Relay Trip). Check SRT 
= NO. 
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 At circuit end “R”:  
27 Select the relay to normal by re-selecting from “Test” mode to “Volts/Amps/ Angle” mode.  

 At circuit end “L”: 
28 By utilizing the relay “Volts/amps/Angle” mode confirm that the status of “CHRX” has changed 

from armed (ARM) to guard (GARD). 
 

29 Return B (yellow) phase ct wiring to normal. Take care not to open circuit any ct secondary 
circuits while on load. 

 

30 Remove the B (yellow) phase VT input to the relay by withdrawing the appropriate isolating link.  
30a Remove the C (blue) phase ct input by opening the appropriate test switch.  

 At circuit end “R”:  
31 Set the relay to “Test” mode and confirm the LED indication.  
32 From the displayed sub-menu, select “Test” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to be “armed”. 
 

 At circuit end “L”:  
33 By utilizing the relay “Metering Mode” confirm that the status of “CHRX” has changed from guard 

(GARD) to armed (ARM). 
 

34 Replace the removed VT isolation link and confirm that the relay does not operate.  
34a Replace the removed ct test switch. This will cause the change detector to pickup thus resulting 

in relay trip output operation. 
 

 At Circuit end “R”:  
35 Select the relay to normal by re-selecting from “Test” mode to “Volts/Amps/ Angle” mode.  

 At circuit end “L”:  
36 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from armed (ARM) to guard (GARD). 
 

37 Remove the C (blue) phase VT input to the relay by withdrawing the appropriate isolating link.  
37a Remove the A (red) phase ct input by opening the appropriate test switch.  
38 Reverse wiring to C (blue) phase ct input. Take care not to open circuit any ct secondary circuits 

while on load. 
 

 At circuit end “R”:  
39 Set the relay to “Test” mode and confirm the LED indication.  
40 From the displayed sub-menu, select “TEST” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to be “armed”. 
 

 At circuit end “L”:  
41 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from guard (GARD) to armed (ARM). 
 

42 Replace the removed VT isolation link. This will cause the relay Voltage Change Detector to 
pickup thus resulting in relay operation/trip output. 

 

42a Replace the removed ct test switch. This will cause the change detector to pickup thus resulting 
in relay trip output operation. 

 

43 Confirm that the relay operates and that the relay indications are correct. Then reset trip 
indications. Power down the relay and reenergize to clear SRT (Standing Relay Trip). Check SRT 
= NO. 

 

 At circuit end “R”:  
44 Select the relay to normal by re-selecting from “Test” mode to “Volts/Amps/ Angle” mode.  

 At circuit end “L”:  
45 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from armed (ARM) to guard (GARD). 
 

46 Return the C (blue) phase ct wiring to normal. Take care not to open circuit any ct secondary 
circuits while on load. 

 

47 Remove the C (blue) phase VT input to the relay by withdrawing the appropriate isolating link.  
47a Remove the A (red) phase ct input by opening the appropriate test switch.  

 At circuit end “R”:  
48 Set the relay to “Test” mode and confirm the LED indication.  
49 From the displayed sub-menu, select “TEST” to initiate the Phase Comparison Test Enable signal 

thus causing the remote relay to be “armed”. 
 

 At circuit and “L”:  
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50 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 
from guard (GARD) to armed (ARM). 

 

51 Replace the removed VT isolation link and confirm that the relay does not operate.  
51a Replace the removed ct test switch. This will cause the change detector to pickup thus resulting 

in relay trip output operation. 
 

 At circuit end “R”:  
52 Select the relay to normal by re-selecting from “Test” mode to “Volts/Amps/ Angle” mode.  
53 By utilizing the relay “Volts/Amps/Angle” mode confirm that the status of “CHRX” has changed 

from armed (ARM) to guard (GARD). 
 

54 Select the relay to normal by selecting to “Volts/Amps/Angle” mode and confirm that the relay 
display of system volts and load current is correct. 

 

55 Reset any relay alarms or indications  
56 Set RGKY and change any other settings back to the original values, if changed for the on-load 

test. 
 

 
The above sequence of on load tests should be repeated from both circuit ends. PLEASE CONFIRM by a tick 
( √ ) when this is completed. 
 

Both ends tested (    ) 
 

Name Representing 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Date of Testing:      ...................../....................../.......................... 

 
Putting The Relay Into Service 
 
All on load testing is now completed. The relays at BOTH ends of the circuit should be powered down and re-
energized before putting the relays into service. This ensures the SRT function has been cancelled and the trip 
contacts have been released after testing. PLESE CONFIRM the SRT indication is NO by ticking ( √ ) box. 

 
SRT = NO at both ends (   ) 

 
The user should verify that Standing Relay Trip SRT = NO in the Test Mode Function (See Section 4.5.4, on 
page) prior to putting the REL 350 in service. 
 
Reinstate The Relay To Normal 
 
The protection at each end should be switched back into service having first verified that all ct connections and 
relay settings are reinstated to normal. PLEASE CONFIRM by a tick ( √ ). 
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Both ends fully reinstated and switched into service (    ) 
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Computer Communications 
 
Communication Port(s) Use 
 
Introduction 
 
REL 350 can be communicated with for target data, settings, etc., through the man-machine interface (MMI), The 
relay can also be communicated with via the communication (comm.) ports. Comm port communications, 
provides the user with more information than is available with the MMI. For example, all 16 targets are available 
and a more friendly user interface for settings can be accessed (all settings are displayed on a single screen on 
the user’s PC). This section will provide the details of the comm port options, personal computer requirements, 
connecting cables and all information necessary to communicate with and extract data from the relay. Additional 
communications details are contained in Instruction Bulletin of WinRCP (IB40-603.2) 
 
 
Communication Port Options 
 
REL 350 is supplied with a rear communications port. If the network interface is not specified, a RS-232C 
(hardware standard) communications port is supplied. Network interface comm. port option allows the connection 
of the relay with many other devices to a 2-wire network. A detailed discussion of networking capabilities can be 
found in AD 40-600, Substation Control and Communications Application Guide. 
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RS-232C, rear communication port is of the removable, Product Operated Network Interface (PONI) type and is 
available in two styles. One is identified by a 25 pin (DB-25S) female connector, it is usually black and has a 
single data comm. rate of 1200 bps. The second style is identified by a 9 pin (DB-9P) male connector and 
externally accessible dip switches (next to the connector) for setting the communication data rate. This port option 
is always black in color, can be set for speeds of 300, 1200, 2400, 4800, 9600 or 19200 bps5 and offers an option 
for IRIG-B time clock, synchronization input. 
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Personal Computer Requirements 
 
Communication with the relay requires the use of Remote Communication Program (WinRCP) regardless of the 
communication port option. WinRCP is supplied by ABB Relay Division and is run on a personal computer (PC). 
 

 
Connecting Cables 
 
With each communication port option the connecting cable requirement can be different. Also, connecting directly 
to a PC or connecting to a modem, for remote communication, affects the connecting cable requirements. Table 
7-1, provides a summary of a plug pin assignments, pins required and cable connectors. 
 
Some terminology will be defined to aid the user in understanding cable requirements in Table 7-1. Reference, is 
often made to the “RS-232C” standard, for data communication. The RS-232C standard describes mechanical, 
electrical, and functional characteristics. This standard is published by the Electronics Industry Association (EIA) 
and use of the standard is voluntary but widely accepted for electronic data transfer. ABB relay communications 
follows the RS-232C standard for non-network data communication. 
 
Although the RS-232C standard does not specify a connector shape, the most commonly used is the “D” shape 
connector. As stated in Section 1 all ABB relay communication connectors are of the “D” shape (such as DB-
25S). 
 
Data communication devices are categorized as either Data Terminal Equipment (DTE) or Data Communication 
Equipment (DCE). A DTE is any digital device that transmits and/or receives data and uses communications 
equipment for the data transfer. DCE’s are connected to a communication line (usually a telephone line) for the 
purpose of transferring data from one point to another. In addition to transferring the data, DCE devices are 
designed to establish, maintain, and terminate the connection. As examples, a computer is a DTE device and a 
modem is a DCE device. 
 
By definition the connector of a DCE is always female (usually DB-9S or 25S). Similarly, DTEs are always male 
(usually DB-9P or 25P). These definitions apply to the equipment being connected and to the connectors on the 
interconnecting cables. 
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One additional piece of hardware that is required, in some applications, is a “null” modem. Null modem’s function 
is to connect the transmit line (TXD), pin 2 by RS-232C standard, to the receive line (RXD), pin 3. A null modem is 
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required when connecting like devices. That is DTE to DTE or DCE to DCE. A DCE to DCE, example, where a 
null modem is required, is the connection of a 25 pin, PONI to a modem. 
 
A null modem function can be accomplished in the connecting cable or by separate null modem package. That is, 
by using a conventional RS-232C cable plus a null modem.  
 
Table 7-1.  Communications Cable Requirements 
 

Connection Type Cable (Straight = 
no null modem)

Pins Req’d. (All 
pins not required)

Cable Connectors Data Rate 

DB-25S, RS-232C connected 
to PC* 

Straight 2, 3, 7 To port: 25 pin DTE 
To PC: 9 or 25 pin DCE 

1200 bps only

DB-25S, RS-232C connected 
to modem 

Null Modem 2, 3, 7 To port: 25 pin DTE 
to Modem: 25 pin DTE 

1200 bps only

DB-9P, RS-232C connected 
to PC* 

Null Modem 2, 3, 5 To port: 9 pin DCE 
To PC: 9 or 25 pin DCE 

See Table 7-2
For settings 

DB-9P, RS-232C connected 
to modem* 

Straight 
 

2, 3, 5 To port: 9 pin DCE 
To Modem: 25 pin DTE 

See Table 7-2
For settings 

 
Modem Communications 
 
The REL 350 system can be connected to its configuration software, WINRCP, using a dial-up connection. The 
Application Note in Section 9 “Modem Communication to ABB Relays” provides a step-by-step guide for the 
remote communications setup. 
 
Setting Change Permission and Relay Password 
 
To gain access to certain communication port functions, the REL 350 must have the remote setting capability 
permission SETR set to YES and knowledge of the relay password is required. All communications port functions 
listed below require SETR set to YES before the actions can be performed: 

 Update/Change Settings 
Enable Local Settings (capability) 
Disable Local Settings (capability) 
Activate Output Relays (contact testing function) 

 
Access control, both setting permission and password knowledge is required for all communication port options. 
 
Before attempting any of the above functions, the setting of SETR must be verified via the front panel MMI. Using 
the setting change procedure in Section 4, verify or change SETR such that it is set to YES. 
 
 
Using communication port communications, the ability to change settings from the MMI can be disabled.The 
WINRCP, Password Menu Choice “Disable Local Settings” when selected, will block setting changes via the MMI. 
Blocking the front panel setting changes, may be useful for situations in which the access to the relay cannot be 
secured from tampering by unauthorized persons. 
 
Password: 
When the REL 350 is received from the factory or if the user loses the relay password, a new password can be 
assigned with the following procedure: 

 Turn off the relay dc supply voltage for a few seconds, 
Restore the dc supply voltage and wait for the relay to complete the self check/start-up  
routine, Using WINRCP, perform the Password Menu choice “Set Relay Password”, 
Use the word “password” when prompted for the “current relay password” and 
Then enter a new password. 
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Password setting change procedure must be completed within 15 minutes of energizing relay or “password” will 
not be accepted as the “current” password. 
 
Connecting 
A typical configuration menu for REL350 would be as follows: 

 
 

Figure 7-1. Connection configuration 
 

Once the connections are done and connections made, click on the symbol ! to connect to the relay. 
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Troubleshooting 
 
In the event the communication remains unsuccessful, first make sure that the relay is powered, proper 
communication cable is used (Table 7-1), and the connection is good. 
 
For further testing, check that the bit rate (Baud) on the RS-PONI (Table 7-2) is set to correspond to the one 
displayed at the bottom right of the WINRCP display. 
 
If after these verifications the problem remains, try to remove the power from the relay and apply it again. If the 
communication still fails (several attempts), the communication equipment needs to be serviced. 

Table 7-2.  RS-PONI Dip Switch Settings 
 

Dip Switch Pole Port Data Rate 
1 2 3 bps
0 0 0 300
0 0 1 1200
0 1 0 2400
0 1 1 4800
1 0 0 9600
1 0 1 19200
1 1 0 1200
1 1 1 1200
Dip Switch Pole Auto Answer 

Rings 
 

4 5   
0 0 none  
0 1 4  
1 0 8  
1 1 12  
NOTE:Turn the power OFF and ON, anytime Dip 
Switch changes are made. 

 

 
Note: The PONI normally blinks ON/OFF with a green LED. During communications the PONI LED 
flashes amber. 
 
 
Sixteen Fault Target Data 
 
The REL 350 saves the latest 16 fault records, but only the latest two fault records can be accessed from the front 
panel. For complete 16 fault data, the computer communication is necessary. 
 
 
Oscillographic Data 
 
Three sets of oscillographic data are stored in REL 350. Each set includes seven analog traces (Va, V , Vb c, I , Ia b, Ic 
and In), with one cycle pre-fault and 7-cycle fault information, and 72 sets of digital data based on 12 samples per 
cycle. Note that the displayed LP and LN signals are delayed with LDT plus 3 sample times (4.17 msec) 
compared to the analog waveform. The delay is due to data transfer time between the protection processor and 
the DFR processor and is of no importance for the protection function. 
 
WAVEWIN Digital Fault Recording and Analysis 
 
WinRCP can download the fault records from the relay.  Click on Oscillograhic menu of WinRCP and download 
the desired fault records 0(the latest), 1, 2. 
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WinRCP stores the fault record in COMTRADE format in the directory where it is installed. 
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Any commerical COMTRADE viewer can be used to view the fault record and analyze.  The following is a few 
snapshots that were captured from REL350 using ABB COMTRADE viewer WaveWin. 
For a list of signals that the waveform captures, please refer to Table 8-1 in section 8 of this manual. 
NOTE: If power is interrupted to relay all “oscillographic data” will be lost. 
 

  
Figure 7-2. Typical Waveform for an internal fault 
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Figure 4-3. Typical waveform for an external fault 
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Section 8 - REL350 System Logic Diagrams 
 
Module Sheet # 
Phase A subsystem logic 1 
Phase B subsystem logic 2 
Phase C subsystem logic 3 
Ground subsystem logic 4 
Trip logic 5 
Reclosing logic 6 
Input logic 7 
Channel logic 8 
Change detector and keying logic 9 
Open breaker logic 10 
Unblock logic 11 
Optional distance backup logic 12 
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Signal list 
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Signal Description Sheet DFR Notes 
21BI Inner blinder 12 X  
21BI-A Inner blinder phase A 12   
21BI-B Inner blinder phase B 12   
21BO Outer blinder 12 X  
21BO-A Outer blinder phase A 12   
21BO-B Outer blinder phase B 12   
2φG Two-phase to ground fault 12  From phase selector 
3P Three phase 6, 11, 12   
3P/G Three phase or three phase 

to ground fault 
 X From Phase selector 

3PT Three pole trip 5, 6 X  
3RI Three pole reclose initiate 12 X  
3φ Three phase  12   
3φZ2 Three phase Zone 2 12   
3φZ3 Three phase Zone 3 12   
52b 52b logic signal 6, 10   
52bA 52b contact phase A 6, 7 X Binary input 
52bB 52b contact phase B 6, 7 X Binary input 
52bC 52b contact phase C 6, 7 X Binary input 
60DAND Allow trip when trip signal 

has not been present for 
longer than 60 seconds 

5, 6   

62T Pole discordance timer 6  Setting 
62T Pole discordance 6 X  
AB/G AB or ABG fault  X From Phase selector 
AGF AG fault 1 X From phase selector 
ALDT Automatic time delay 1, 2, 3, 4   
ASQ Trip squelch phase A 1, 9   
BC/G BC or BCG fault  X From Phase selector 
BFIA Breaker failure initiate phase 

A 
5   

BFIA-1 Relay BFI contact 1 phase A 5   
BFIA-2 Relay BFI contact 2 phase A 5   
BFIB Breaker failure initiate phase 

B 
5   

BFIB-1 Relay BFI contact 1 phase B 5   
BFIB-2 Relay BFI contact 2 phase B 5   
BFIC Breaker failure initiate phase 

C 
5   

BFIC-1 Relay BFI contact 1 phase C 5   
BFIC-2 Relay BFI contact 2 phase C 5   
BGF BG fault 2 X From phase selector 
BK1A Relay trip contact 1 phase A 5 X 
BK1B Relay trip contact 2 phase A 5 X 
BK2A Relay trip contact 1 phase B 5 X 
BK2B Relay trip contact 2 phase B 5 X 
BK3A Relay trip contact 1 phase C 5 X 
BK3B Relay trip contact 2 phase C 5 X 

Note: The fault recorder 
     traces BK1A etc.    
     represent series  
     seal-in contact  
     operation when 
     breaker coil is  
     energized. 

BKUP Backup setting 11  Setting 
BSQ Trip squelch phase B 2, 9   
BTRP Back-up trip 6, 12   
BTRP1 Back-up trip AND PSE 12   
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Signal Description Sheet DFR Notes 
CA See CH ALARM    
CA/G CA or CAG fault  X From Phase selector 
CARM Channel armed 1, 2, 3, 4, 11 X  
CD Change detector 9   
CD Change detector setting 9  Setting 
CDT 
 

Change detector  signal with 
delay on drop out 

1,2,3,5,9,11 X  

CGF CG fault 3 X From phase selector 
CH ALARM  Channel failure alarm 5, 11 X  
CHAT Channel alarm contact pick 

up delay 
5  Setting 

CNT Count setting 1, 2, 3, 4  Setting 
COTA Coincidence phase A 1 X  
COTB Coincidence phase B 2 X  
COTC Coincidence phase C 3 X  
COTG Coincidence ground 

subsystem 
4 X  

CSQ Trip squelch phase C 3, 9   
CT Channel trouble 11 X  
CT* Channel trouble (inverted 

signal) 
8, 11   

CTdly Measured communication 
channel delay greater 
24.5ms or not within +/-2ms 
of the set value if ALDT=NO 
generates Ctdly signal 

11   

D0 Zero sequence direction 
forward 

12   

D2 Negative sequence direction 
forward 

12   

dc power OK DC supply 5   
DIRU Directional selection for 

ground overcurrent elements 
12  Setting 

DTT Direct transfer trip 6, 8   
DTTL Refer to XDTT    
DTTR Direct transfer trip enable 8  Setting 
DTTR Received direct transfer trip 8 X  
FDOG Setting for directional 

supervision of high set 
ground overcurrent element 

4, 12  Setting 

FDOG Forward ground directional 
element 

4, 12   

FDOP Setting for directional 
supervision of high set 
phase overcurrent element 

1, 2, 3  Setting 

FDOP3φ Three phase forward 
directional element 

12   

FDOPA Forward directional element 
phase A 

1, 12   

FDOPB Forward directional element 
phase B 

2, 12   

FDOPC Forward directional element 
phase c 

3, 12   

GS General Start Relay Output 5 X  
GSQ Trip squelch ground 

subsystem 
4, 9   
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Signal Description Sheet DFR Notes 
GSAL General start Select Setting  5  Setting to choose 

energizing signals 
I0 Zero sequence current 12   
I0M Medium set ground 

overcurrent 
12 X  

IACD Current change detector, 
phase A 

1, 9   

IAH High set overcurrent phase 
A 

1 X  

IAL Low set overcurrent 
element, phase A 

1,10, 11, 12 X  

IBCD Current change detector 
phase B 

2, 9   

IBH High set overcurrent phase 
B 

2 X  

IBL Low set overcurrent element 
phase B 

2,10,11, 12 X  

ICCD Current change detector 
phase C 

3, 9   

ICH High set overcurrent phase 
C 

3 X  

ICL Low set overcurrent element 
phase C 

3, 10,11,12 X  

IE Extra low set current, any 
phase 

10 X  

IEA Extra low set current phase 
A 

10   

IEB Extra low set current phase 
B 

10   

IEC Extra low set current phase 
C 

10   

IGCD Ground current change 
detector 

4, 9   

IGH High set ground overcurrent 
element 

4 X  

IGKEY Ground keying level signal 4   
IGL Low set ground overcurrent 

element 
4, 10,11 X  

IGSWN Local negative ground signal 
before LDT 

4   

IGSWP Local positive ground signal 
before LDT 

4   

IKA Keying phase A 1, 8 X  
IKB Keying phase B 2, 8 X  
IKC Keying phase C 3, 8 X  
IKG Keying ground subsystem 4, 8 X  
IL Low set overcurrent, any 

phase 
12   

IL3φ Three phase low set 
overcurrent 

12   

IPH High set phase overcurrent 1, 2, 3  Setting 
IPKEY Phase keying level signal 1, 2, 3   
IPLT Setting of phase comparison 

low set current supervision 
1, 2, 3  Setting 

IPSWN Local negative phase signal 
before LDT 

1, 2, 3   
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Signal Description Sheet DFR Notes 
IPSWP Local positive phase signal 

before LDT 
1, 2, 3   

KE Keying enable signal 1, 2, 3, 4, 9 X  
LDT Local delay timer 10  Set LDT or measured 

MLDT depending on 
ALDT setting 

LNA Local negative phase A, 
IPSWN after LDT 

1 X  

LNB Local negative phase B, 
IPSWN after LDT 

2 X  

LNC Local negative phase C, 
IPSWN after LDT 

3 X  

LNG Local negative ground 
subsystem, IGSWN after 
LDT 

4 X  

LOP Loss-of-potential block 12 X  
LOPB Enable loss-of-potential 

block 
12  Setting 

LPA Local positive phase A, 
IPSWP after LDT 

1 X  

LPB Local positive phase B, 
IPSWP after LDT 

2 X  

LPC Local positive phase C, 
IPSWP after LDT 

3 X  

LPG Local positive ground 
subsystem, IGSWP after 
LDT 

4 X  

MPF Multiphase fault  X From phase selector 
OBKT Open breaker trip 6,10 X  
OPBKR Open breaker 8, 10   
OPBR Open breaker setting 10  Setting 
OSB Out-of-step block 12 X  
OSB Out-of-step block enable 12  Setting 
OSB(Z2) Out-of-step block Zone 2 12   
OSB(Z3) Out-of-step block Zone 3 12   
OSI Out-of-step inner 12   
OSOT Out-of-step override timer 12  Setting 
OST Out-of-step trip enable 12  Setting 
OST Out-of-step trip 6, 12 X  
OST1 Out-of-step timer 1 12  Setting 
OST2 Out-of-step timer 2 12  Setting 
OST3 Out-of-step timer 3 12  Setting 
PLTA Phase comparison trip 

phase A 
1 X  

PLTB Phase comparison trip 
phase B 

2 X  

PLTC Phase comparison trip 
phase C 

3 X  

PLTG Phase comparison trip 
ground subsystem 

4 X  

P-P Phase-phase 6, 11, 12   
PSE Power supply  5, 7, 12   
PSE1 Power supply 1 7   
PSE2 Power supply 2    
PTA Pilot trip phase A 1, 4, 5, 6, 11 X  
PTB Pilot trip phase B 2, 4, 5, 6, 11 X  
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Signal Description Sheet DFR Notes 
PTC Pilot trip phase C 3, 4, 5, 6, 11 X  
PTG Pilot trip ground subsystem 4, 6, 11 X  
PTOG Trip from ground subsystem 1, 2, 3, 4 X  
PTP60CD Trip signal > 60 seconds 5   
P-UNBK Phase unblock 6, 11   
RB Reclose block 12 X  
RBEN Reclose block enable 6  Setting 
RGD Received guard 8, 11 X  
RIFT Reclose into fault 6 X  
RIP Reclose Initiate timer 6  Setting 
ROBR Remote open breaker signal 8, 10,11 X  
RST Target reset 7  Binary input 
SBP Stub bus protection 7, 10 X Binary input 
SBT Stub bus trip 6,10 X  
SCT Soft channel trouble 8 X  
SEBR Signal to enable backup 11, 12 X  
SLDT Set time delay 1, 2, 3, 4  Setting LDT 
SLGF Single line to ground fault 6   
SOBT Stub/open breaker time 

setting 
10  Setting 

SPT Single pole trip 6   
SPT BY-PASS Single pole trip by-pass 7  Signal 
SPTF Single pole fault 6 X  
SPTL Single pole trip by-pass 

Local 
6, 7 X Binary input 

SPTR Single pole trip by-pass 
Remote 

6, 8 X  

SRI Single pole reclose initiate 12 X  
T2G Zone 2 ground timer 12  Setting 
T2P Zone 2 phase timer 12  Setting 
T3G Zone 3 ground timer 12  Setting 
T3P Zone 3 phase timer 12  Setting 
TA Trip Alarm Contact  5 X  
TRAL Trip alarm contact drop out 

delay 
5  Setting 

TEST Test enabled from front 
panel 

1, 2, 3, 4, 9   

TGD Transmit guard 8 X  
TNA Trip negative phase A, 

received from remote end 
1, 8   

TNB Trip negative phase B, 
received from remote end 

2, 8   

TNC Trip negative phase C, 
received from remote end 

3, 8   

TNG Trip negative ground 
subsystem, received from 
remote end 

4, 8   

TOG Overcurrent ground timer 12  Setting 
TOG Overcurrent ground trip 12 X  
TPA Trip positive phase A, 

received from remote end 
1, 8 X  

TPB Trip positive phase B, 
received from remote end 

2, 8 X  

TPC Trip positive phase C, 
received from remote end 

3, 8 X  
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Signal Description Sheet DFR Notes 
TPG Trip positive ground 

subsystem, received from 
remote end 

4, 8 X  

TRIP Trip Phase A or B or C 5   
TRIPA (TRPA) Trip phase A 5 X  
TRIPB (TRPB) Trip phase B 5 X  
TRIPC (TRPC) Trip phase C 5 X  
TRSL Trip seal 1, 2, 3  Setting 
TRSL Trip seal signal 5 X  
TTDT Transfer Trip Delay time  8  Setting 
TTYP Trip type 6  Setting 
UNBK Unblock trip 4, 11 X  
UNBK Unblock enable 11  Setting 
uP self check 
OK 

self supervision 5   

V0 Zero sequence voltage 12   
VACD Voltage change detector, 

phase A 
1, 9   

VBCD Voltage change detector 
phase B 

2, 9   

VCCD Voltage change detector 
phase C 

3, 9   

X2 Single pole trip made 4, 6, 11   
XDTT (LDTT) Direct transfer trip- Local 7, 8 X Binary input 
Z2-2φG Zone 2 two phase to ground 12   
Z2G Zone 2 ground 12 X  
Z2GT Zone 2 ground trip 12   
Z2P Zone 2 phase 12 X  
Z2PT Zone 2 phase trip 12   
Z2T Zone 2 trip 12 X  
Z3-2φG Zone 3 two phase to ground 12   
Z3G Zone 3 ground 12 X  
Z3GT Zone 3 ground trip 12   
Z3P Zone 3 phase 12 X  
Z3PT Zone 2 phase trip 12   
Z3T Zone 3 trip 12 X  
φAGZ2 Phase A to ground Zone 2 12   
φAGZ3 Phase A to ground Zone 3 12   
φBGZ2 Phase B to ground Zone 2 12   
φBGZ3 Phase B to ground Zone 3 12   
φCGZ2 Phase C to ground Zone 2 12   
φCGZ3 Phase C to ground Zone 3 12   
φG Phase-ground 12  From phase selector 
φφZ2 Phase-phase Zone 2 12   
φφZ3 Phase-phase Zone 3 12   
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ABB
2/10/2005

SG

REL350 PHASE COMPARISON SYSTEM
PHASE A SUBSYSTEM LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 1 OF 12

LDT

ALDT or SLDT

LPA

LDT
LNA

TPA

TNA

IAH

IAL

IACD

VACD

IPSWP

IPSWN

IPKEY

0
150 150

0
'1'

OUT

CDT

CARM

COTA
3
0

5
0

0
25

CNT
'0' 2

1 PLTA

FDOP
OUT

IN
FDOPA

IPH
IN

'0' OUT IAH

AGF
PTOG

TRSL

SEAL
100

0
100

PTA
0

30

75
0

TEST

ASQ

KE

IKA

IPLT
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ABB
2/10/2005

SG

REL350 PHASE COMPARISON SYSTEM
PHASE B SUBSYSTEM LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 2 OF 12

LDT

ALDT or SLDT

LPB

LDT
LNB

TPB

TNB

IBH

IBL

IBCD

VBCD

IPSWP

IPSWN

IPKEY

CDT

CARM

COTB
3
0

5
0

0
25

CNT
'0' 2

1 PLTB

FDOP
OUT
IN

FDOPB

IPH
IN

'0' OUT IBH

BGF
PTOG

TRSL

SEAL
100

0
100

PTB
0

30

75
0

TEST

BSQ

KE

IKB

0
150 150

0
'1'

OUT

IPLT
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LDT

ALDT or SLDT

LPC

LDT
LNC

TPC

TNC

ICH

ICL

ICCD

VCCD

IPSWP

IPSWN

IPKEY

CDT

CARM

COTC
3
0

5
0

0
25

CNT
'0' 2

1
PLTC

FDOP
OUT

IN
FDOPC

IPH
IN

'0' OUT ICH

CGF
PTOG

TRSL

SEAL
100

0
100

PTC
0

30

75
0

TEST

CSQ

KE

IKC

ABB
2/10/2005

SG

REL350 PHASE COMPARISON SYSTEM
PHASE C SUBSYSTEM LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 3 OF 12

0
150 150

0
'1'

OUT

IPLT
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ABB
1/7/2005

SG

REL350 PHASE COMPARISON SYSTEM
GROUND SUBSYSTEM LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 4 OF 12

LDT

ALDT or SLDT

LPG

LDT
LNG

TPG

TNG

IGH

IGL

IGCD

IGSWP

IGSWN

IGKEY

CARM

COTG
4
0

5
0

0
25

CNT
'0' 2

1 PLTG

FDOG
OUT

IN
FDOG

IGH
IN

'0' OUT IGH
PTG

0
30

75
0

TEST

GSQ

KE

IKG

UNBK

X2

PTB
PTC

PTA 0
3

PTOG

RGKY

BLK
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ABB
1/7/2005

SG

REL350 PHASE COMPARISON SYSTEM
TRIP LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 5 OF 12

TRIPC

TRIPA
TRIPB

TRIP TA
Trip

Alarm
0

TRAL

GS
General
start or
DTTR

GSAL

DTT
CDT

CA
Channel

Alarm
CHAT

0CH ALARM

PTA
PTB

PTC

3PT
60S
60

CDT PSE

60DAND

RY2RY1

LL

BK1A BK2A BFIA-1 BFIA-2

0
50

TRIPA

BFIA

RY2RY1

LL

BK1B BK2B BFIB-1 BFIB-2

0
50

TRIPB

BFIB

RY2RY1

LL

BK1C BK2C BFIC-1 BFIC-2

0
50

TRIPC

BFIC

FA
Failure
Alarm

uP self check OK
dc power OK

PTP60CD

BK1A

BK1B

BK2A

BK2B

BK3A

BK3B

TRIPB

TRIPC

TRIPA

BK1A
BK1B

BK2A
BK2B

BK3A
BK3B

TRSL
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ABB
1/7/2005

SG

REL350 PHASE COMPARISON SYSTEM
RECLOSING LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 6 OF 12

PTA
PTB
PTC

3P

SLGF

52bC
52bB
52bA

52b

TTYP
SPT2
SPT
3PT

62T
0

X2

62T

250
500

250
500

250
500

RIFT

PTG
100

0X2

SPFT

P-P

RBEN
3PRB

NORB'0'
MPRB

ALRB

60DAND

0
300

P-UNBK
BTRP
OST

DTT

SBP

0
100

16
62T

TTYP

SPT2
SPT

3PT

8.3
0 SPT

0
200

SPT BY-PASS

TTYP
SPT2
SPT
3PT

TTYP
SPT2
SPT
3PT

3PT

RB
Reclose

block

SRI
Single
pole RI

0
700

RIP
200 3RI

Three
pole

Reclose
Initiate

OBKT

SPTL

SPTR
RIP

0
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ABB
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SG

REL350 PHASE COMPARISON SYSTEM
INPUT LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 7 OF 12

RST
TARGET
RESET

XDTT

DIRECT
TRANSFER

TRIP

52bA
A PHASE

52b

52bB
B PHASE

52b

52bC
C PHASE

52b

SBP

STUB
BUS

PROT

SPTL
SPT

BY-PASS

PSE1

PRIMARY
INPUT

POWER

PSE2

BACKUP
INPUT

POWER

PSE
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CHANNEL
ENCODING

LOGIC IKA

IKB

IKC

IKG

OPBKR

ABB
2/10/2005

SG

REL350 PHASE COMPARISON SYSTEM
CHANNEL LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 8 OF 12

Note. * indicates inverted signal

DTTR
IN

OUT
XDTT

(digital version only)

10
0 DTT

TGD

CHANNEL DECODING LOGIC
TPA
TNA
TPB
TNB
TPC
TNC
TPG
TNG

RGD
ROBR

CT*
SCT

SPTR

SPTL

DTTR
IN

OUT

10
0

                DTTR
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ABB
2/10/2005

SG

REL350 PHASE COMPARISON SYSTEM
CHANGE DETECTOR AND KEYING LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 9 OF 12

VBCD

VCCD

VACD
CD

dVdI

dI'0'

IACD
IBCD
ICCD
IGCD

0
150

CDT

BSQ
ASQ

CSQ
GSQ

TEST

KE

CDTCD
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SBP
ROBR

SOBT+LDT
0

SBT

OBKT

ABB
2/6/2005

SG

REL350 PHASE COMPARISON SYSTEM
OPEN BREAKER LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 10 OF 12

OPBR
IE

BOTH

52b

OUT
'0'

52b

40
0

SBP

OPBKR

IEA
IEB
IEC

IE

IAL
IBL
ICL
IGL
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ABB
1/7/05

SG

REL350 PHASE COMPARISON SYSTEM
UNBLOCK LOGIC

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 11 OF 12

CT*
CT

150
150

BKUP OUT

SEBRIN

CH ALARM

ROBR

RGD

CARM

0
16

IAL
IBL
ICL
IGL 150

0

PTA
PTB
PTC
PTG

0
2500

0
30

UNBK
OUT
IN

X2

3P
P-P

CDT

32
32

UNBK

P-UNBK

CTdly
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ABB
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SG

REL350 PHASE COMPARISON SYSTEM
OPTIONAL DISTANCE BACKUP

ABB Automation Inc.
Substation Automation and Protection Division

Allentown, PA
SIZE FSCM NO DWG NO REV

2704F10 2.0
V 2.72 SH 12 OF 12

IAL
IBL

21BO-A
21BO-B

21BI-A
21BI-B

OSI

OUT OF STEP
LOGIC

Z2G
Z3G

3P
SEBR

OSTI
100 OSB

OSOT
0

OST2
100

OST3
100

20
500

OST

WAYO

WAYI

OST
21BI

OSB Z2
BOTH
Z3

OUT

OSB(Z2)

OSB(Z3)

21BO

IAL
IBL
ICL

IL3Φ

LOW LEVEL
CURRENT

SUPERVISION

FDOPA
FDOPB
FDOPC

FDOP3Φ

PHASE
DIRECTIONAL

ELEMENTS

3ΦZ2
3P
OSB(Z2)
21BI
FDOP3Φ
IL3Φ

ΦAGZ2
ΦBGZ2
ΦCGZ2

2ΦG
IOM
FDOG

Z2-2ΦG

Z2G

ΦΦZ2

P-P

3Φ

Z2P
SEBR
IL

LOP

T2P BLK

T2P T2P
0

Z2PT
BTRP1

Q

Q
SET

CLR

S

R

Z2P

LOP

IOM
SEBR
FDOG
ΦG

T2G BLK

T2G T2G
0

Z2GT
BTRP1

Q

QSET

CLR

S

R

Z2G

3ΦZ3
3P
OSB(Z3)
21BI
FDOP3Φ
IL3Φ

ΦAGZ3
ΦBGZ3
ΦCGZ3

2ΦG
IOM
FDOG

Z3-2ΦG

Z3G

ΦΦZ3

P-P

3Φ

Z3P
SEBR
IL

LOP

T3P BLK

T3P T3P
0

Z3PT
BTRP1

Q

Q
SET

CLR

S

R

Z3P

LOP

IOM
SEBR
FDOG

T3G BLK

T3G T3G
0

Z3GT
BTRP1

Q

Q
SET

CLR

S

R

Z3G

TOGTRIP
Z2GT
Z2PT

Z3PT
Z3GT

BTRP

PSE
BTRP1

BACKUP TRIP

ZONE 2

ZONE 3

FDOG

FDOG OUT

IN

SEBR
IOM

IOM TOG BLK

TOG TOG
0

BTRP1

Q

Q
SET

CLR

S

R

TOG

TOG

GROUND TRIP

V0
I0

500
500

16
500

LOI

LOP

LOPB NO
YES

LOP

LOSS OF POTENTIAL
LOSS OF CURRENT

21BI

IL

Z3T

Z2T

DIRU
NSEQ
ZSEQ

D2

D0
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AN-63A-00

Modem Communications To ABB Relays

ABSTRACT:  Advances in telephony switching systems and semiconductor technologies have made
digital communication via analog public telephone systems an affordable reality.  Advances from the initial
Bell 202 modems operating at speeds of 300 baud to modern day V.90 modems which can theoretically
operate at 56K have made fast data transfer within a substation a reality.  This paper explains the theory
of modern day modems and their use with ABB protective relays and configuration software.  Although
many manufacturer’s of modem equipment are available, this application note covers the theory and
application of 10 bit dial-up telephone modems. ABB does not specify specific modem vendors
equipment, this application note is to be a guide to configuration of general vendor’s telephony equipment
with various ABB products.  This application note is intended to present four examples of modem
connectivity between ABB products and a personal computer.

Modem Theory

Early Modems  

In the beginning, telephony operated using analog signals.  The legacy public telephone network required
that the standard Bell Telephone.  Signals placed upon the telephone network consisted of voice
communication.  The channels were limited (which led to the creation of the party- line) and
communication consisted of much dead time in which no activity was occurring on the expensive phone
connection.

When digital computers were evolving, there came a need to interconnect the various sites for a limited
period of time.  Expensive digital data exchange networks were available for device interconnection.
Installation of these systems for limited use was impractical due to installation costs but also for their
operational costs.  Some systems (such as ARPA net [precursor to the internet]) were available but only
to the military and select universities.  Another method had to be developed to allow general industries to
communicate via a public medium.

It was widely known that Analog signals have three distinct characteristics.

a. Frequency (which may be varied and measured in communication systems).
b. Amplitude (which may be increased decreased).
c. Phase (which may be shifted with respect to a particular reference at any time).

Engineers at Western Electric (the R&D arm of Bell Telephone) took advantage of these characteristics of
an analog signal and created a device called a modem.  MO – MODULATOR : DEM – DEMODULATOR.
The public telephone network communication channel was able to carry signals from 300 Hz to 4,000 Hz.
The modem translated the signal from a digital waveform to an analog waveform (modulator) and
transferred it to a telephone line analog grade signal.  Figure 1 illustrates this transformation.  The
receiving modem translated the analog signal to a digital signal (demodulator)Thus the initial methods of
communicating were developed to use the operating analog bandwidth of the telephone systems.  The
physical interface employed for the digital interface was a recently specified RS 232 interface.  For a more
in depth explanation of RS 232, please reference other application notes available from ABB’s FAXBACK
service or WEB Site.

ABB Application Note

Substation Automation and Protection Division
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1                      0                   1                     0

Figure 1 - Frequency Shift Keying Modulation

The first Bell 202 modems used data transmission rates from 300 Baud to 1200 baud using Frequency
Shift Keying.  FSK modems used one of two methods of implementation.  Half Duplex FSK and Full
Duplex FSK.

Half duplex FSK: One frequency band  pair is used to transmit/receive data.  The one modem transmitting
data uses one frequency to denote a binary  “1” and another to denote a binary “0”.  The other modem
decodes the 1’s and 0’s for corresponding to the specific frequency.  The signal is then translated from
the analog encoding to the digital encoding. Turn around time is an issue when the modems switch from
transmitting data to receiving data.  Less of the telephone bandwidth range is used for communications,
but communications are slower in that each modem must signify whether it is to transmit or receive data.
One cannot transmit or receive data at the same time.

Full duplex FSK: Two frequency bands are employed. One set of frequencies represent the transmit
channel (frequencies allocated to the transmitted “1”’s or “0”’s).  The other set of frequencies are allocated
to the receive channel (frequencies allocated to the receivers “1”’s or “0”’s).  This type of encoding has
advantages in that no delay results for channel turnaround delay results and that full duplex
communications is possible.  The first Bell 202 modems were developed using FSK.

With these limitations, FSK technologies are not used in modern modems.

Next Developments

However innovative these FSK methods were, there was still a limitation on the bandwidth of the
telephone network.  FSK used an entire phase in the frequency.  The next innovation was to use analog
to digital converters to send/receive more information at faster data rates than the maximum frequency of
4,000 Hz that a telephone system may allow.   New A/D or D/A converters were able to convert signals
dependent upon the phase shift of the signal.  Using fast analog to digital (A/D) and digital to analog (D/A)
converters made data transfer rates in excess of 4000 baud possible.  Intermediate developments using
the combination of phase and multiple bits could be encoded into a symbol. Four symbols could be
represented by two bits.  The transmission of the bits could be referenced with relation to the frequency
and phase shift.  For a brief time, a method using the analog signal phase shift, frequency allowed data to
be transmitted/received in excess of 4000 Hz.  The method was referred to as Quad Phase Shift Keying
or Differential Phase Shift Keying.  However, this method was short lived due to the fact that more
efficient methods of data encoding were developed.

The next development which elevated modem data transfer rates to those from 9600 to 33,600 baud.
The method is referred to as Quadrature Amplitude Modulation (QAM).  Modern modems (such as those
sold in electronics stores) use this technique in that the amplitude, phase, and frequency encode the
digital bits into a symbol.  A simplified explanation is provided.
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Figure 2 illustrates the possible combinations of data, which may be represented by two bits.  Four
possible symbols may be transmitted/received using this method (as was the case with QPSK methods).
If, for example a sine wave is split into four quadrants each part of the phase could represent each of the
two bit combinations in an analog fashion.  Thus the phase from 0 – 90 degrees could represent the value
00, 90-180 degrees could represent the value 01, 180-270 degrees could represent the value 10, and
logically 270 – 360 could represent the value 11.  A rapid A/D and D/A converter could determine the
phase of the conversion area and determine the value depending upon the amplitude of the signal being
converted. Thus, four symbols could be transferred in a single phase.

TWO BIT REPRESENTATION
0  0
0 1
1 0
1 1

4 Bit Combinations

00                    01

01                            11

0                90         90            180     

180       270   270       360
DEGREES0          90           180          270        360

WAVEFORM                                  BIT MAP ASSIGNMENT 
                                                          VERSUS FREQUENCY

Figure 2 - QAM Analysis 4 Bit Analysis

Expanding this concept, Figure 3 illustrates what could occur if a 16 symbols could be transferred using
an extended sine wave interpretation. The proper designation for this encoding is 16-QAM.  Thus 16 is
the number of symbols which may be expressed in one waveform.   Each ¼ cycle could represent a
quadrature 00 –01- 10- 11.  Each ¼ cycle could then be designated to two bit values depending upon the
phase angle location upon the cycle.  QAM modem manufacturers have a quadrature plot illustrating the
phase/bit encoding which occurs in their design.  This technology allows modems to transfer data at rates
of 33,600 bits per second over telephone lines designed to carry voice at 4000 hz. This is pretty
impressive in that the average cost of a 10 bit synchronous modem capable of operating at 56K bits per
second (theoretically) is $100.

FOUR BIT REPRESENTATION
0  0 0 0 
0 0 0 1
0 0 1 0
0 0 1 1 
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1

16 Bit Combinations

0                90         90            180     

180       270   270       360
DEGREES0          90           180          270        360

WAVEFORM                                  BIT MAP ASSIGNMENT 
                                                          VERSUS FREQUENCY

1  0 0 0 
1 0 0 1
1 0 1 0
1 0 1 1 
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

00

01

10

11

11

10

01

00

00                             01
QUAD                      QUAD

10 QUAD                 11 QUAD

Figure 3 - QAM – 16 Bit Encoding

Another new technology used in modems is one called, Trellis Encoding Technology.  One of the
modems presented in this paper uses this technology which evaluates speed optimization and fast
forward error detection/correction technology.  Within the present V. standards, error detection/correction
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and line speed balancing improves with each technology.  One modem shall be used in this paper which
uses Trellis Encoding Technology .

 The Tricky Thing About Baud Rates

Baud rate is defined as the amount of changes a signal can undergo in 1 second.  With FSK modems in
the initial days of the Bell 202 modem, 1 baud = 1 bit.  Today, with the complexity of modem technology,
one bit does not equal one baud.    As illustrated in the descriptions of DPSK and QAM, one transition of
signal may not equal one baud in that two bits may represent 4 combinations, 3 bits may represent 8
combinations, 4 bits may represent 16 combinations, 8 bits may represent 256 combinations, and 12 bits
may represent 4,096 combinations.  Thus operation over a standard frequency 300, 600, or 2400  hertz
(audio) may yield (when signals are decoded into digital signals) baud rates of up to 33, 600 bits per
second.

Standards

Early modems were defined as per their operating baud rate.  An international committee the ITU-T
(International Telecommunications Union) developed standards defining the operation of modems.
Today, the V. (VEE DOT) standard is recognized as the modem definition standard to which modems are
designed.  Some standards are listed below:

V.29 BIS -  2,400 Baud : 9,600 Bits per second: 2 Wire Full Duplex, 4-DSPK, 16 QAM
V.32 BIS -  2,400 Baud: 14,400 Bits per second: 2 Wire Full Duplex 64- QAM,
V.34 +    -   2,400 Baud: 33,600 Bits per second:  2 Wire Full Duplex 4,096 QAM.

With the increasing complexity of modem technology,  another innovation came about increasing the
acceptance of telephone modem technology in circuits,  Hayes AT command set.  Hayes was one of the
pre-eminent manufacturers of modem technology in the early 70’s.  They developed a command set
which allowed a modem to be placed in several operational modes.  Modems could be configured “on the
fly” to auto-answer, change transmission/reception speeds, enable data encoding modes, dial out phone
numbers ….. as well as other capabilities.

With the introduction of the Hayes AT command set, integration of modems into more common
acceptance within a variety of applications.   Configuration could occur using a commonly supplied
“WINDOWS” Terminal Emulator program.  When the terminal connected with the modem the “AT”
command could be sent to the modem with the appropriate command.  Unfortunately over time there has
been a deviation in  the HAYES command set in that there is no such thing as a “STANDARD HAYES AT
COMMAND” set.

10 Bit Versus 11 Bit Modems

Commercially available dial-up modems, such as those generally sold through chain electronic stores
may be used with many of the protocols offered in the ABB Protective relays.  Modems such as those
allowing telephone connectivity using 10 bit protocols are generally those available inexpensively.  A 10
bit telephone modem is in the cost area of $100 (120 VAC operation) whereas 11 bit modems are in the
area of cost of $1500 (120 VAC operation) [COSTS QUOTED ARE FOR YEAR 2000].  Modems using
125 VDC power sources are much more expensive than those quoted for 120 VAC operation.
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START    1    2    3    4    5    6    7    PARITY    STOP

With Parity Checking

START    1    2    3    4    5    6    7    STOP        STOP

Without Parity Checking

10 BIT PROTOCOL

Figure 4 - 10 Bit Protocol Packet

With Parity Checking

Without Parity Checking

START    1      2     3     4     5    6    7     8  PARITY    STOP

START    1      2     3     4     5    6    7     8   STOP       STOP

Figure 5 - 11 Bit Protocol Packet

The difference in packet size is illustrated in Figures 4 and 5.  An 10 bit protocol is comprised of 1 Stop
Bit, 1 Stop Bit, 1 Parity Bit, and 7 Data Bits or in the case of no parity, a stop bit is inserted to complete
the 10 bit packet.  Thus the total of bits transferred is 10 bits. 10 bit protocols usually are those encoded
in ASCII.  The ASCII encoding is defined to be a code from 00 to 7E (7 bits of data per character).   A
modem must be able to anticipate the data packet size in order to transfer the protocol bytes.  A 10 bit
modem is only able to reliably transmit/receive such 10 bit data packets.

An 11 Bit protocol is one in which a byte’s worth of data may be transferred.  An 11 bit protocol is
comprised of 1 Stop Bit, 1 Parity Bit, 1 Start Bit, and 8 Data Bits or in the case of no parity an additional
stop bit is substituted..   Thus byte data may be transferred using an 11 bit modem without any data
encoding.  This is why 11 bit data may not be transferred/received via a 10 bit modem.  It is important to
match the modem with the protocol being used.

Modem Cabling Options

Cabling is dependent upon the devices attached and modem control options enabled.  Through the “AT”
modem command set such capabilities as RTS/CTS control, CD, DTR enable is possible.  However, if
one requires that a standard modem setting shall not be changed from location to location, signal
jumpering through the cable may be preferable.  What follows are a few diagrams illustrating cable
connection between some devices.  If one is unsure as to the function or emulation of RS 232 please
reference one of the many fine ABB application notes on the subject.

The Modem is generally a DCE RS232 device.  It is configured via a personal computer using a terminal
emulator program such as:

DOS OPERATING SYSTEM – PROCOMM
WINDOWS 3.1 -    TERMINAL or a similar 16 bit application program commonly available.
WINDOWS 95,98, or NT – Hyperterminal or similar 32 bit application programs commonly available.
Such programs are available to be configured for handshake control, no handshake, XON/XOFF control.
A variety of cables are illustrated for connection of a device to the modem for AT terminal command
configuration, or device operation connectivity.
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Knowledge of the RS 232 port design is important when interconnecting a modem and an IED. Also if
configuration software is required to communicate and configure the device through the com port,
knowledge of the software’s requirement to control the RTS/CTS, CD, DSR, or DTR RS 232 lines must be
known.  Table 1 lists the variety of ABB products  and the emulation of each of the ports and applicability
of cable design.

Table 1 - Product Cable Guidelines For Connection To A Modem

PRODUCT RS 232
Port

RS232
Emulation CTS/RTS –

DSR/DTR*
Sup

NOTES FOR MODEM
CONNECTION

DPU 2000
(Front and Back Ports)

9 Pin
Female

DTE NO
 NO*

USE FIGURE 6 CABLE

DPU 2000R
(Front and Back Ports)

9 Pin
Female

DTE NO
NO*

USE FIGURE 6 CABLE

TPU 2000
(Front and Back Ports)

9 Pin
Female

DTE NO
NO*

USE FIGURE 6 CABLE

TPU 2000R
(Front and Back Ports)

9 Pin
Female

DTE NO
NO*

USE FIGURE 6 CABLE

GPU 2000R
(Front and Back Ports)

9 Pin
Female

DTE NO
NO*

USE FIGURE 6 CABLE

PONI R 9 Pin Male DTE YES
NO*

USE FIGURE 7 or 8 Cable
dependent on handshake options.

REL 512 Front Port 9 Pin
Female

DCE NO
NO*

USE FIGURE 9 CABLE

REL 512 Rear  Port (
Serial Port 1)

9 Pin Male DTE NO
NO

USE FIGURE 12 CABLE (Modem
Handshake options disabled).

REL 512 Network Port
(DNP 3.0 Card)

9 Pin
Female

DTE YES**
NO*

USE FIGURE 10 or 11 Cable
dependent on handshake options.

RCP SOFTWARE IBM “XT”
25 Pin
Female

IBM
COMPAT.
9 Pin Male

USUALLY
DTE

Hardware
Dependent

NO
NO*

Sample cables are illustrated in
FIGURES 12 and 13.

ECP SOFTWARE
OR
WIN ECP SOFTWARE

IBM “XT”
25 Pin
Female

IBM
COMPAT.
9 Pin Male

USUALLY
DTE

Hardware
Dependent

NO
NO*

Sample cables are illustrated in
FIGURES 12 and 13.

PONI M COMSET
SOFTWARE

IBM “XT”
25 Pin
Female

IBM
COMPAT.
9 Pin Male

USUALLY
DTE

Hardware
Dependent

YES
NO*

Sample cables are illustrated in
FIGURES 12 and 13.

** PONI – R Card does not support DTR/DSR HANDSHAKE LINES
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Additionally, Figures 14 and 15 illustrate a communication cable configuration when a Modicon PLC is
connected to a Modem (as is the case when it is using a Ladder Logic XMIT block allowing the port to
operate as a host device).

IED Cable
 
   Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE

DCE

2
3

5

3   RCD
2   TXD

7  GND
8  CD *
4   RTS *
5   CTS *
6   DSR *
20 DTR *

RCD
TXD

GND

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 6 - Example Cable 1: GPU 2000R, TPU 2000, TPU 2000R, DPU 2000, DPU 2000R, MSOC, or
DPU 1500R.  It is recommended that DSR, CD, and CTS control be disabled via modem.  If control is
disabled, jumpers are optional as shown.

PONI -R
 
   Female Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3

5
7
8

3   RCD
2   TXD

7  GND
4   RTS
5   CTS
6   DSR *
20 DTR *

RCD
TXD

GND
RTS
CTS

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 7 - Example Cable 2: ABB PONI R (installed in a REL 301, 302, 350, 352, 356 or MDAR), using
hardware handshaking configured in the modem.  Install optional jumper if modem configured for
supplying DSR signal.

PONI -R
 
   Female Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3

5
7
8

3   RCD
2   TXD

7  GND
6   DSR *
20 DTR *

RCD
TXD

GND
RTS
CTS

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 8 - Example Cable 3: ABB PONI R (installed in a REL 301, 302, 350, 352, 356 or MDAR), NOT
using  hardware handshaking configured in the modem.  Install optional jumper if modem configured for
supplying DSR signal.
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REL 512 Front
 Port Cable
    Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DCE

DCE

2
3

5

2   TXD
3   RCD

7  GND
8   CD *
4   RTS *
5   CTS *
6   DSR *
20 DTR *

RCD
TXD

GND

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 9 - Example Cable 4: ABB REL 512 Connected To A Modem Through The RS 232 Front Port.  It
is recommended that RTS/CTS and DSR/DTR handshaking be disabled so optional jumpers need not be
installed within the cable.

REL 512 Network
Port Cable
    Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DCE

DCE

2
3
8
7
5

2   TXD
3   RCD
4   RTS
5   CTS
7  GND
6   DSR *
20 DTR *

RCD
TXD
CTS
RTS
GND

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 10 -Example Cable 5: REL 512 Network Port Cable Connection To a MODEM.  It is advisable
that the DSR/DTR control be disabled in the modem so that the optional DSR/DTR jumpers not be
inserted in the cable.

REL 512 Network
Port Cable
    Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DCE

DCE

2
3
8
7
5

2   TXD
3   RCD
4   RTS *
5   CTS *
7  GND
6   DSR *
20 DTR *

RCD
TXD
CTS
RTS
GND

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 11 - Example Cable 5: ABB REL 512 Connected To A Modem Through The RS 232 Network Port
With Handshaking From The REL 512 Disabled.  It is recommended that RTS/CTS and DSR/DTR
handshaking be disabled in the MODEM  so optional jumpers need not be installed within the cable.
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IBM PC 
 
   Female Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3
6
4
5
7
8

3   RCD
2   TXD
6   DSR
20 DTR
7  GND
4   RTS
5   CTS

RCD
TXD
DSR
DTR
GND
RTS
CTS

(Signal Flow Direction Denoted By Arrow)

NOTE: If Software does not support DSR/DTR - install hardware signal jumpers in the cable
             and disable the modem control for DSR/DTR.  If RTS/CTS is not controlled via software
            Install RTS/CTS jumpers for each side of the cable.  As an option, disable
            RTS/CTS handshaking on the modem.

Figure 12 - Cable 6: IBM PC 9 Pin Port Cable Connecting to a Modem With Handshaking Enabled.
Please refer to the NOTE for optional jumpers and modem configuration options.

IBM PC “XT” Cable
 
   Male Cable Gender
    ( 25  Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3
4
5
6
7
8
20

2   TXD
3   RXD
4   RTS
5   CTS
6  DSR
7  GND
8   CD
20  DTR

TXD
RXD
RTS
CTS
DSR
GND
CD
DTR

(Signal Flow Direction Denoted By Arrow)

Figure 13 - Cable 7: IBM PC 25 Pin Port Cable Connecting to a Modem With Handshaking Enabled.
Please refer to the NOTE for optional jumpers and modem configuration options. NOTE CHECK
SOFTWARE WITH RESPECT FOR SUPPORTED RS 232 PIN HANDSHAKING OPTIONS.

PLC Cable
 
   Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3
4
6
5
7
8
9

3   RCD
2   TXD

7  GND
4   RTS
5   CTS
6   DSR
20 DTR

RCD
TXD
DSR
DTR
GND
RTS
CTS

(Signal Flow Direction Denoted By Arrow)

Figure 14 - Cable 8: PLC Cable Connectivity To a Modicon PLC with Handshaking Enabled On The
PLC And Modem Side.
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PLC Cable
 
   Male Cable Gender
    ( 9 Pin Connector)

Modem Cable
    
     Male Cable Gender
      (25 Pin Connector)

DTE DCE

2
3
4
6
5
7
8
9

3   RCD
2   TXD

7  GND
4   RTS *
5   CTS *
6   DSR *
20 DTR *

RCD
TXD
DSR
DTR
GND
RTS *
CTS *

(Signal Flow Direction Denoted By Arrow)

*OPTIONAL
DEPENDENT ON
MODEM CONTROL 
LINE CONFIGURATION

Figure 15 - Cable 8: PLC Cable Connectivity To a Modicon PLC with Handshaking Disabled On The
PLC And Modem Side.

At Command Set

Within these examples, a Hayes Compatible external telephone modem from 3Com and ZOOM  is used.
The command sets and S Registers differ slightly based upon the chip set used.  For example, the ZOOM
modem uses a chipset from LUCENT TECHNOLOGIES.  The description of the command set is available
from the internet web-site www.lucent.com.  The 3Com modem has their command set available on the
Internet web-site www.3com.com :  The AT “&” commands are usually the same for both manufacturers,  
However, the definition of the AT “X” (Where X may be a letter or a “\” or && and a letter) commands vary
widely between the manufacturers.  Also the AT”S” (S register commands) register definitions vary widely
between the two manufacturers.

US Robotics (3COM) 56 K (V.90 or X2) Sportster Faxmodem

The Sportster FAXMODEM is an external modem.  This modem allows visualization of a variety of
parameters allowing for visual troubleshooting in the event of trouble.  The Sportster also has a set of
dipswitches allowing for quick configuration without connection of a “Terminal Emulator” to configure the
unit through “AT commands.  Please refer to the web-site documents for a more complete explanation of
configuration strings.

Prior to configuring the modem, attach the proper cable between the terminal emulator and the modem.
One Should Type  “AT” (without the quotation marks) and depress the enter key.  The modem shall echo
back an “OK” to acknowledge the communication.  It is recommended that the dipswitches for this unit be
set as follows:

1: Down – Data Terminal Ready Overriden (EXCEPT IF USING THE BIRT)
2: Down – Numeric Results Code Displayed
3: Down – Display Results Code
4: UP – Echo OFFLINE Commands
5: Dependent upon application – AUTO ANSWER
6 Down- Carrier Detect Override (EXCEPT IF USING THE BIRT)
7: UP – Load NVRAM DEFAULTS
8: Down – Smart Mode Operation

If the modem does not answer, please check the terminal emulator settings to be the following:
9600 Baud
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7 Data Bits
1 Stop
Even Parity
Hardware or No Flow Control depending upon the cable selected and configuration of modem.
VT 100 Terminal Emulation
Inbound Communications : Carriage Return = Carriage Return and Line Feed

If the modem does connect, then the following command may be sent to initialize the modem to
parameterize the RS 232 com ports to the proper mode as explained below.

AT=&F1

&F1 = Initialize the modem to Hardware Control Factory Defaults.

AT = &A3 &B1 &C1 &D0 &G0 &H1 &I0 &K1 &M4 &N0 &P0 &R2 &S0 &T5 &U0 &Y1

&A = Protocol Indicators Added (error control and data compression) (3 = Yes)
&B = Serial Port Rate (0= Follows Connection Rate)
&C = Carrier Detect Override (1 = Overridden)
&D = Data Terminal Ready Control  (0= Overridden)
&G= Guard Tone (0 = USA & Canada)
&H = Hardware Flow Control (1 = CTS Enabled, 0 = Disabled)
& I  = Software Flow Control (0 = Disabled)
& K = Data Control Compression (Auto Enable Disabled =0)
& M = Error Control (4 = Normal)
& N = Sets Connect Speed (0 = Determined by remote modem).
& P = Rotary Dial Ratio Pulse (0 = USA & Canada)
& R = RD Hardware Flow Control (RTS) ( 2 = Received Data To Computer)
& S  = Data Set Ready Operation (0 = DSR Overridden – Always ON)
& T = Test Loop Enable (5 = Inhibits Test Mode)
& U = Floor Connect Speed (Determined by &N Codes 0 = Best Possible Speed)
& Y = Break Handling (1 = Expedited, Destructive)

For this modem, Register S0 controls the Auto-answer feature.  Autoanswer is controlled via the dip-
switch  position 5 and a combination of the value in register S0.  To change the value of auto answer
pickup (number of rings) send the command:

ATS0= X, where X is the number of rings which the device shall sense for phone pickup.  Note if the host
is to dial out the number at all times, this parameter may be set to a “0” thereby disabling the auto answer
feature.

Once the commands are written to the modem, one must write them into the modem’s non-volatile
memory.  The command should be sent as follows to the modem:

AT=&W0

Or

AT=&W1
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The US ROBOTICS Sportster Modem offers two NVRAM profiles.  W0 places the parameters in to Profile
1, whereas W1 places the parameters in Profile 2.

Zoom 56Kx Dual Mode Faxmodem Configuration

The ZOOM modem offers more LED’s on their external modem than the US Robotics device.  However,
the ZOOM modem must be configured for each parameter via a “TERMINAL EMULATOR” program.  The
ZOOM modem does not offer a dipswitch for configuration of the different operation modes.  AT “\”
commands and AT “X” (where X is a letter) performs the setup of the device.

Prior to configuring the modem, attach the proper cable between the terminal emulator and the modem.
One Should Type  “AT” (without the quotation marks) and depress the enter key.

If the modem does not answer, please check the terminal emulator settings to be the following:

9600 Baud
7 Data Bits
1 Stop
Even Parity
Hardware or No Flow Control depending upon the cable selected and configuration of modem.
VT 100 Terminal Emulation
Inbound Communications : Carriage Return = Carriage Return and Line Feed

If the modem does connect, then the following command may be sent to initialize the modem to
parameterize the RS 232 com ports to the proper mode as explained below.

AT=&F0

&F0 = Initialize the modem to Hardware Control Factory Defaults.

AT = &C1 &D0 &G0 &K3 &Q0 &S0

&C = Carrier Detect Override (1 = Overridden)
&D = Data Terminal Ready Control  (0= Overridden)
&G= Guard Tone (0 = USA & Canada)
& K = Local Flow Control  (0 = Disabled, 3 = Hardware RTS/CTS, 4 = XON/XOFF)
&Q = Asynchronous Communication Mode (0 = Asynchronous Mode Buffered)
& S  = Data Set Ready Operation (0 = DSR Overridden – Always ON)

For this modem, Register S0 controls the Auto-answer feature.  Autoanswer is controlled via the dip-
switch  position 5 and a combination of the value in register S0.  To change the value of auto answer
pickup (number of rings) send the command:

ATS0= X, where X is the number of rings which the device shall sense for phone pickup.  Note if the host
is to dial out the number at all times, this parameter may be set to a “0” thereby disabling the auto answer
feature.

To view the configuration, one may issue the following command:

AT=&V

&V = View Active Configuration and Stored Profile
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This can view the programmed profiles.

To store this configuration, the command AT=&W0.

Refer to the document at www.lucent.com for an explanation of the AT “L” commands where L is the  
defined commands for dial-up, speaker control, and other modem functions.

Connectivity Example 1- TPU 2000R To WINECP Configuration Software Connectivity
Example

If one was to connect a TPU 2000R to a configuration program such as WIN ECP over a long distance, a
method to accomplish this is via a telephone dialup modem.  As illustrated in Figure 16, a personal
computer with WIN ECP is at the headquarters attached to a Public Telephone Switched Network.  A
standard 10 bit telephone modem is providing connection of the digital signals to the analog telephone
line.

At a remote location is a TPU 2000R attached to a modem providing connectivity.

At both ends, the modem must be configured for appropriate auto- answer capabilities and RS 232 port
capabilities.  The protocol used to connect is ABB’s Standard 10 Byte protocol.  This is a 10 bit protocol
which may be transmitted asynchronously via a telephone dialup modem as those discussed via this
application note.  The Standard 10 byte protocol is a Master-Slave protocol.  The device at the PC
terminal end ( WIN ECP End) sends the command dial up string whereas the DPU 2000R modem end
must be configured to AUTOANSWER capabilities.  If a ZOOM Modem is placed at the Host end and a
US Robotics modem is placed at the IED end, the following configuration must be configured for each.

EC

Address 1
9600 Baud
Std 10 Byte Protocol
TPU 2000R

Public Switched
Telephone Network

Personal Computer With
WIN ECP  Installed

10 Bit  Dial Up MODEM 10 Bit Dial Up  MODEM

Auto- Answer
Enabled

Example Cable 1-
Figure 6.Example Cable 6 or 7

Figures 12 or 13.

Figure 16 – Application Topology Diagram PC TO TPU 2000R Point To Point.

Figures 17 and 18 illustrate  the WIN ECP screens required for connectivity to the device upon dial up.
Upon execution of the ABB WIN ECP program, the initial screen shown in Figure 17 appears.  One
should select Remote Access which allows attachment to the remote modem if the proper AT command
strings and numeric dial out instructions are given.
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 Figure 17- Initial ABB WIN ECP  Access Screen

If one depresses the OK button after selecting the WINDOWS RADIO button Selection for Remote
Access, the screen as illustrated in Figure 18 appears.

Figure 18 - Parameter Selection Screen For Remote Dial – Up Access

The COM PORT is that of the PC’s modem port for attachment to the phone line.
The Baud Rate is that for the remote modem and must match that of the Standard 10 Byte port which the
modem is attached to the TPU 2000R.
The Frame is that selected for the Remote TPU 2000R.
The Unit Address is the unit address of the Remote TPU 2000R node.
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If Pulse Dial is selected, then the  the Modem Command for sending the Pulse command is sent when
dialing the number, otherwise, if Tone Dial is selected the command ATDT is sent to prefix the modem
dial out string.  In this case, the Tone Dial selection is activated.

The dialup string is:

ATDT ,,,,18005551212 (the substation number of the remote device)

To hang up the device the WIN ECP program must be able to send the command:

ATH0

Additionally, one must be sure that the appropriate modem configuration strings have been accepted by
the modem for correct handshake control and remote auto answer configuration.

Connectivity Example 2– REL 3XX TO RCP Configuration Software

If one wished to connect an ABB transmission relay such as a REL 300 (MDAR), REL 301, REL 302, REL
350, REL 352 or REL 356 to its configuration software (RCP – Remote Communication Program), using a
dial up configuration as illustrated in Figure 19 is quite possible.  The REL transmission relay uses a
PONI R card for direct point to point communication via a cable or a modem.  Please reference Instruction
Leaflet 40-603 titled RCP Communication Program Users GUIDE and Instruction Leaflet 40-610 titled RS-
PONI RS 232 Product Operated Network Interface User’s Guide.

9600 Baud
Std 10 Byte Protocol
REL 350Public Switched

Telephone Network - ANALOG LINE

Personal Computer With
RCP  Installed

10 Bit  Dial Up MODEM 10 Bit Dial Up  MODEM

Auto- Answer
Enabled

Example Cable 1-
Figures 7 or 8..Example Cable 6 or 7

Figures 12 or 13.

ABBABB

ABB

ABB

ABB

Figure 19 - RCP TO REL 350 Communicatation Topology Example

In this example, a REL 350 shall be connected together with two US ROBOTIC Model 005686 Sportster
Modems as described previously in this application note.  RCP software shall be configured to
communicate to the REL 350 via the aforementioned modems.  Several steps are to be completed in this
example.

1. Configure the PONI R dipswitches to correspond to the appropriate baud rates of the
modem and RCP software.

2. Attach the correct cables as  to the relay devices as indicated in Figure 19.  In this
example however, we shall disable handshaking (RTS/CTS) in the modem, so a straight
through DTE to DCE cable is necessary.

3. Configure the US ROBOTIC modems to enable/disable the appropriate features.
4. Configure the RCP software to connect to the modem and enable communications.
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5. Execute the communication command sequence and establish communications.

STEP 1
In this example, the communication baud rate selection shall be set for 9600 baud.  The baud rate of the
PONI R card is configured via dipswitches located at the rear of the card, consult the PONI R manual
referenced in this document.  Also configure the PONI R card for NO COMMAND ISSUED mode.  If one
is to view the dipswitches of the PONI R (installed in the REL 350) card,  the four dipswitch positions (left
to right) are upward, and the rightmost dipswitch is downward.  This corresponds to dipswitch positions 1
through 5 being 1 0 0 0 0  or ON, OFF, OFF, OFF, OFF.  The PONI R CARD is now configured.

STEP 2
As per Figure 19, connect the cables as indicated for the personal computer to modem and the REL 350
PONI R to modem connection.  In this example, the handshaking shall be disabled on the PONI R card
modem.  Thus even using standard off the shelf cables (9 to 25 pin cables with each pin run straight
through)  shall operate in this example.

STEP 3
Now the modems shall be configured.  Using the HYPERTERMINAL program supplied with Windows 95,
98, NT or 2000 can be used to configure the modems.  Using hyperterminal as illustrated in Figure 20,
one can issue the AT commands to configure the modem.

Figure 20 - Hyperterminal At Command Set Example

Each modem must be configured in this method.  The modem parameters and dipswitch settings shall be
covered for each modem location.

Dipswitch Settings For The Modem Local To RCP:

Modem Dipswitch Position
Position 1 UP – Data Terminal
Position 2 UP – Verbal Results Codes
Position 3 DOWN – Display Results Codes
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Position 4 UP-Echo Offline Commands
Position 5 DOWN – Disable auto answer
Position 6 DOWN – Carrier Detect Override
Position 7 UP – Load NVRAM defaults
Position 8 DOWN – Smart Mode

Dipswitch Settings For The Modem Local To The REL 350/ PONI R card:

Modem Dipswitch Position
Position 1 UP – Data Terminal
Position 2 UP – Verbal Results Codes
Position 3 DOWN – Display Results Codes
Position 4 UP-Echo Offline Commands
Position 5 UP – Auto Answer on the first ring, or higher if specified in NVRAM
Position 6 DOWN – Carrier Detect Override
Position 7 UP – Load NVRAM defaults
Position 8 DOWN – Smart Mode

In setting the modems via the AT command set, it was determined that the modem closest to the
computer executing the RCP program shall use the factory defaults of the modem right out of the box.  If
one was to view the  USROBOTICS troubleshooting guide (available on the www.3com.com website) the  
factory defaults are listed in the downloadable files.

For the modem attached to the RCP program, one must change a few parameters within the modem to
ensure connectivity.  Starting with the factory default settings with the modem right out of the box, one
should issue the AT commands:

AT&H0&D0&K0&R1&S0

Which corresponds to the following definitions as designated in the USROBOTICS literature:

&H0 = Flow Control Disabled
&D0 = DTR Override (Default)
&K0 = DATA COMPRESSION DISABLED
&R1=MODEM IGNORES RTS
&S0 = DSR OVERRIDE ALWAYS ON

As stated previously, other commands could be issued to the modem to allow it to peacefully co-exist and
operate with the PONI R card.  It is highly recommended to write the settings to the EEPROM in the
modem by issuing the AT&W 1 or AT&W2 command

STEP 4
The RCP program must now be configured to operate with the modem and issue the commands.  The
steps to use this are as follows:

One must start RCP and enter the standard start screen as illustrated in Figure 21.
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Figure 21 – RCP Standard Setup Screen

One must configure a substation file for the REL 350 connection.  Depress the Alternate key and S
simultaneously to enter the Substation menu and depress the down arrow “↓” once to select  “ New
Substation File” menu selection as illustrated in Figure 22.

Figure 22 –New Substation Setup Screen

A file must be configured for the REL 350 connection.  Since a PONI R card is not addressable, it is
considered a point to point device.  As illustrated in Figure 23,  one must pick an option for the
configuration .  In our example (as shown in the topology  of Figure 19), although the REL 350 is
networked through a modem, the connection is still point to point, one must select the selection “1” to
allow correct connectivity. Figure 23 illustrates the screen queries and answers for this specific example.

As illustrated in Figure 24, the operator must supply additional configuration data. Figure 24 lists the
configuration responses for this example.  Configuration data to be supplied is as such:

RELAY TYPE – in this case selection 5 (REL 350) is selected.
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DEVICE DESCRIPTION – This field is used only for documentation purposes.

LOGON SEQUENCE – In this example, the ATDT command is used for a pulse tone telephone system.
Also in this example, an analog system is used and an additional prefix of “9” must be dialed to access
the external public telephone system, the comma “,” is used to insert a delay before dialing the telephone
number of the remote location (where the REL 350 resides).  In this instance, the substation is located in
a telephone overlay area where the area code must be dialed with the main number.  Additionally, since
the remote modem is resident at an analog extension, several commas “,” are added to create a delay for
the phone line to transfer to that extension and then synchronize with the remote modem. A query is
generated to accept the configuration and a request for the file name to store the information is then
requested (without the operating system file extension).

Figure 23 – Initial Substation Configuration Screen

Figure 24 – Final Substation Configuration Screen Query
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One must then configure the RCP program to execute the dial up sequence and configure the personal
computer communication port selected.  One must depress the Alternate key and “C” key simultaneously
to access the “COMMUNICATE” menu shown in Figure 25.

Figure 25 – Communicate Menu Selections

One should depress the down arrow key ““↓” once to select the settings menu to configure the port type,
baud rate, and communication port selection as illustrated in Figure 26.

Figure 26 – RCP Settings Selection Screen

For this example, one must configure the RCP program for the same parameters as the PONI R card, in
other words, 9600 Baud. (Selection 9 in the Bit Rate Selection Submenu) shown in Figure 27 .
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Figure 27 – Communication Baud Rate Setting Screen

Execute the same procedure to access the RS232/MODEM Selection submenu.  The selection for
modem must be selected.  By using this selection, the query for  ATDT dial out command screen will be
issued when issuing the connect command prompt.

Figure 28 illustrates the screen presented for the RS 232/ MODEM prompt.

Figure 28 – MODEM/RS 232 Screen Prompt Selection Submenu

The COM PORT Selection menu must be used to select the PC computer port though which RCP will
issue commands.  In the sample case, the PC used  has only one com port port “1’” .  The selections for
the communication port parameters are shown on the bottom right hand side of the communication
screen.

One must now select the previously configured file for operation.  Simultaneously depress the “ALT” and
”S” keys on the keypad to select the Substation Screen as illustrated in Figure 22.  Highlight the “SELECT
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SUBSTATION” selection.  The screen as shown in Figure 29 will be presented.  As illustrated, the file
REL350md .sub is available for selection. Depress the right arrow key “→”  twice to select the file
(highlighted as shown) and depress the enter key.  Depress the enter key again to select the REL 350
description of the intended IED to be attached.

Finally, one must initiate communications with the relay.  Depress the alternate “C” keys simultaneously to
view the menu as illustrated in Figure 25.  Highlight the “INITIATE “ selection and depress the enter key to
display the dial out  query shown in Figure 30.

Notice that the dial out telephone number is visible.  Depress the “Y” key on the keyboard to initiate
communications.  One should notice a black screen as illustrated in Figure 31 which follows.  Once the
modem connects end to end, one will be prompted to depress the enter key to return to the main screen
as shown in Figure 21.  One may then proceed to the “RELAY COMMANDS” menu to query the relay for
information.  The modem is configured to operate the speaker (there is a volume control on the left hand
side of the modem as one faces the front of the modem) until connection occurs.

Figure 29 – Substation File Selection Screen

Figure 30 – Dial Out Initiation
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Figure 31 – Modem Command Mode Screen Upon Device Connection

At the conclusion of the communication session, one must remember to “hang up” the modem and
disconnect the device.  Depressing the Alternate key and the “C” key simultaneously will display the
screen as illustrated in Figure 25.  Use the down arrow  “↓” to select the “HANG UP” selection.  The
program will issue the AT&H0 command.

Example 3 – Connection Of A REL 512 ASCII Front Port To Hyperterminal
Software

PREFACE  - The REL 512  differs from the other two relays presented in  EXAMPLE 2 and EXAMPLE 1  
above.  The communication port is a master/slave port design.  The configuration port uses ASCII strings
in that a dumb terminal interface is able to attach and display the device settings/metering parameters ….
The REL 512 sends out (via its RD line) a time/date ASCII string every minute for display on the attached
device.  This fact is very critical in that the modem or device attached must be able to tolerate this string.
Additionally, the REL 3XX products or the TPU/DPU 2000R , GPU 2000R or DPU 1500R communication
ports are slave only in their protocol design.  The port only responds to requests.  The REL 512 differs in
that it sends out at time string without any prompting to the attached device.

The REL 512 also uses a numeric character or alphabet character to move through its menus.  The other
devices discussed in the other examples use protocols and do not respond to the attached device strings.
The REL 512 will respond to each character.  As shown in this example, the attached device (in this case
the modem) must be able to tolerate this operational characteristic.

The REL 512 has settings capabilities configurable and viewable via its front com port (which is a DCE
RS232 port) or its front panel interface.  Any dumb terminal emulator is able to connect to the front port
and synchronize with the unit to allow visualization of the REL 512 parameters.  Within this example, two
USROBOTIC  model 002806 (V.EVERYTHING modem using trellis technology encoding [which differs
from the QAM encoding]).  As illustrated in Figure 32, the modems are configured via a point to point
connection.  The REL 512 ASCII protocol is not addressable and therefore cannot be multi-dropped
unless port switch devices are added to the system.  The steps to establish communications are:

1. Connect the correct cable between the REL 512 front and the modem.



Modem Communications To ABB Relays AN-63A-00

24

2. Connect the correct cable between the PC executing the HYPERTERMINAL program (in this
case the operating system used is WINDOWS 95).

3. Parameterization of the REL 512 front port communication parameters.
4. Parameterization of the HYPERTERMINAL settings.
5. Parameterization of the USROBOTICS modems using its particular AT command set.
6. Execution of the connectivity procedure to establish communications.

As illustrated in Figure 32, the topology of the REL 512 interconnection with the HYPERTERMINAL
software is illustrated. Please note on the diagram, the appropriate cables used to connect the device.  In
this example, the communication handshaking cannot be used since RTS/CTS, DCD, DSR, DTR signals
are not supported on the REL 512 front communication RS 232 port.

19200 Baud
REL512 MENU ASCII
REL 512Public Switched

Telephone Network - ANALOG LINE

Personal Computer With
An Operating System
Offering a  HYPERTERMINAL
Utility

10 Bit  Dial Up MODEM 10 Bit Dial Up  MODEM

Auto- Answer
Enabled

Example Cable 4-
Figure 5..Example Cable 6 or 7

Figures 12 or 13.

ABBABB

ABB

ABB

ABB LOCAL
 LOCATION

REMOTE
LOCATION

Figure 32 – Modem Connection Between A REL 512 Front Port And Hyperterminal Configuration
Software

Step 1 And Step 2: Attach the Correct Cables to the Devices

Connect the cables as illustrated in Figure 32 above.

Step 3: Configure the REL512 Communication Port

Configure the front port interface of the REL 512 with the correct parameters. The standard configuration
for the REL 512 is:

8 Data Bits
No Parity
2Stop Bits
9600 Baud.

Configure the font port with these parameters:

8 Data Bits
No Parity
1Stop Bit
19200 Baud.

The procedure to configure the front port interface is as follows:
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When connecting a device to the front port of the relay, the communication parameters for the port must
be changed to reflect those of the device to which it is connecting.  To change the parameters via the
REL 512 front panel interface one could follow the procedure as follows:
1. From the screen of the Front Panel Interface viewing the meter readings, Depress the “E” key to get

the menu :
E  Fault Records
→ Device Info
← Edit Settings
C Metering

2. Depress the Left Arrow Key “←” to Display the Menu
E  Edit Settings
→ Fault Records
← View Settings
C Metering

3. Depress the “E” Key to display the menu
E  Password

********
C Edit Settings

One must enter the CORRECT password to change the relay settings for this procedure.  The default
password for the REL 512 is “ABB” (without the quotation marks).  If the password has been changed,
please enter the correct password as follows:

• Depress the up arrow “↑” or down arrow “↓”  to page through the numeric and alphabet selections for
the password.

• Depress the left arrow “←” or the right arrow ”→” to move through the different positions of the
password.

4. Depress the “ E” key to accept the password selection you have entered.  If the password is accepted
the following screen shall be visible.

E  Password

← Accepted
C Edit Settings

5. Depress the left arrow “←” key to accept the settings and proceed to the next menu which is shown
 E Sys Settings

→ Act Settings

C Edit Settings
6. Depress “E” so that the System Settings may be changed.  The following menu item shall be

displayed:
E  CHG ACTIVE GRP
→ IDENTIFICATION

C System Settings
7. Depress the right arrow key “→” to display the following screen:

E IDENTIFICATION
→ SYSTEM PARAM
← DATE & TIME
C Sys Settings
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8. Depress the right arrow key “→” to display the following screen:
E SYSTEM PARAM
→ COMM PORTS
← IDENTIFICATION
C Sys Settings

9. Depress the right arrow key “→” to display the following screen:
 E COMM PORTS

→ DATA RECORDING
← SYSTEM PARAMS
C Sys Settings

10. Depress the “E” key to display the following screen:
E FRONT PORT
→ REAR PORT
← MODBUS ID
C COM PORTS

Since this example is a guide to configuring the communication settings for the FRONT COM ASCII port,
please refer to step 11 for FRONT PORT CONFIGURATION INSTRUCTIONS.

11. Depress the “E” key to display the following screen:
E FRNT BIT RATE
→ FRNT DATA LGTH
← FRNT STOP BITS
C FRONT PORT

12. Depress the “E” key to display the following screen:
E ENTER
    System Group
← 115200
C FRNT BIT RATE

By depressing the “←” left arrow key, one can view the baud rate selections for the REL 512 front port
interface.  The available selections are:

115200
 2400
9600
19200

Select the desired baud rate by depressing the “E” key.

13. Depress the “C” key to display the following screen
E FRNT BIT RATE
→ FRNT DATA LGTH
← FRNT STOP BITS
C FRONT PORT

14. One must then select the Front panel data length depress the “→” to reveal the following screen.
E FRNT DATA LNGTH
→ FRNT PARITY
← FRNT BIT RATE
C FRONT PORT
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15. One must select the Front Port Data Length.  Depressing the “E” key  allows visualization of the
following menu.

E ENTER
System Group

← 8
C FRNT DATA LNGTH

Depressing the left arrow key “←”  allows the operator to select from the following data lengths:
8
7

16 Depress “E” to  accept the parameters and then depress the “C” to return to the menu:
E FRNT DATA LNGTH
→ FRNT PARITY
← FRNT BIT RATE
C FRONT PORT

17. One must set the parity  by depressing the left arrow key “←”  to display the following screen.
E EDIT PARITY
→ FRNT STOP BITS
← FRNT DATA LNGTH
C FRONT PORT

18. Depress “E” to display the following screen
E  ENTER

System Group
← NONE
C FRNT PARITY

By depressing the left arrow key “←” the choices for parity are displayed.  The choices for selection are:
NONE
ODD
EVEN

19. Depress the “C” key to display the following screen
E FRNT BIT RATE
→ FRNT DATA LGTH
← FRNT STOP BITS
C FRONT PORT

 20.Depress the left arrow key “←” to select the Front Panel Stop Bit selections.  The following Screen
      should be visible.

E  ENTER
System Group

← 1
C FRNT STOP BITS

The selections for Stop Bits are 1 or 2.

 21.Depress the “E” key to accept the selections.
 22.Depress the “C” key to back out of the relay and accept the settings when prompted by the front panel
       Interface.

Step 4: Configure Hyperterminal

Configuration of HYPERTERMINAL requires a few easy steps.  The same configuration of hyperterminal
may be used for two tasks:

• Configuration of the MODEMS with the AT command sets.
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• Dial out and query of the REL 512 MENU ASCII SCREENS for device configuration
and file retreival.

The REL 512 FRONT port as illustrated in TABLE 1 does not offer handshaking.  Therefore, setup
requires that  no handshaking be used for HYPERTERMINAL.  HYPERTERMINAL MUST BE SET UP
WITH COMMUNICATION PARAMETERS WHICH MATCH THAT OF STEP 3 ABOVE, namely:

8 Data Bits
1 Stop Bit
No Parity
19200 Baud

The steps to accomplish this are as follows:
1. Select HYPERTERMINAL from the WINDOWS menu to reveal the following screen illustrated

in Figure 33.
2. Select the icon labeled Hyperterminal.exe  The screen illustrated in Figure 34  should be

visible.  The operator will be prompted for a name as illustrated.

Figure 33 – Hyperterminal Selection Screen

Figure 34 – Hyperterminal Setup Screen
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3. Once the OK  icon has been depressed, the screen for port setup will be displayed.  Note that
the port setup menu is illustrated for display and COM 1 selection is highlighted for this
example and selection.  Notice that with the MODEM selection (for the built in computer
internal modem) deselected, the some of the fields are “greyed out”.

4. The COM properties for the modem must be selected for this example to those selected for
the REL 512.  In this case the same settings configured for the REL 512 in STEP 3 are
selected for the interface.  Notice that the settings are selected in Figure 35  for those
configured in STEP 3.  Notice for this example, hardware handshaking is enabled for
RTS/CTS configuration (since HYPERTERMINAL TO MODEM CONFIGURATION IS
OCCURING NOTE: REL 512 DOES NOT HAVE HANDSHAKING AND THE MODEM WILL
BE CONFIGURED AS SUCH).

5.  Once the OK pushbutton is depressed,  the screen depicted in Figure 37 is presented to the
operator.  AT commands can now be typed to configure the modem with the appropriate
parameters for operation in this system.

Figure 35 – Com Port Configuration For Attachment Of Hyperterminal Session

Figure 36 – Com Port Settings  Configuration Screen
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The configuration process for this step is now complete.

Step 5 – Configuration Of The Modem Parameters For The Local And Remote
Sites

THE USROBOTICS modems used (Model 002806- V.Everything) have commands similar to those of the
previous USROBOTIC modems.  Several differences are apparent with respect to their “S” register
configurations and auto configurability.  Additional sessions may be set up to allow remote configuration.
However, it is strongly advised that remote configuration and automation dial up capabilities not be used
with the REL 512 since difficulties may result since handshaking is not available.

Another word of caution should be issued in that the V.Everything modem may experience difficulties
connecting with the  REL 512 master/slave emulation of the port during dial-up sessions.  IF the MODEM
is undergoing the attachment process and the REL 512 happens to send out its time ASCII string to the
MODEM simultaneously,  the modem will disconnect and display the prompt “NO CARRIER” at the host
site.  This process will take a few minutes to occur and until this occurs, no communications will occur.  If
a command string is sensed via the SD line (remote modem LED will illumintate) during the dialing
process, the remote modem will hang up (the remote modem OH [On Hook]) LED will extinguish.  There
is no way to overcome this limitation in operation with this model of modem.

Some important words covering the configuration of the MODEM when used with the REL 512:
• DISABLE DTR (&D0)
• USE THE DEFAULT DISABLE OF SOFTWARE FLOW CONTROL (&I0)
• DSR ALWAYS ON (&S0)
• DISABLE CARRIER DETECT (&C0)

Thus the command string should look like this:

AT&D0&S0&I0&C0&W

Note the &W writes the current setting to the Non-Volitile RAM.

Additional tips are covered in the following tips for LOCAL modem configuration (that modem attached to
the HYPERTERMINAL Personal Computer) and the REMOTE modem (that modem attached to the REL
512).  Attach the cable from the  PC to the modem undergoing the configuration process.  It is advisable
to label each modem location since the LOCAL modem will be configured slightly differently from  the
remote modem.

Local Modem

Local Modem parameters are illustrated in Figure 37. To display the current list of parameters, the
command string AT&I4 should be typed in the HYPERTERMINAL environment .  A list of the parameters
used is shown.  The LOCAL modem also may be configured via the dipswitches located underneath the
relay.

Dipswitch Positions are:

POSITION 1 –UP = DTR Always ON
POSITION 2 –UP =VERBAL RESULTS CODE
POSITION 3 –DOWN = DISPLAY RESULTS CODE
POSITION 4 –UP =ECHO OFFLINE COMMANDS
POSITION 5 –DOWN =SUPPRESS AUTO ANSWER
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POSITION 6 –DOWN = CARRIER DETECT OVERRIDE
POSITION 7 –UP =DISPLAY NORMAL RESULTS CODE
POSITION 8 –DOWN =ENABLE AT COMMAND SET
POSITION 9 –UP =NO DISCONNECT WITH +++
POSITION 10 –UP =LOAD NVRAM DEFAULTS

NOTE this local modem is only configured for DIAL OUT capability – no auto answer.  Additionally, all
commands are echo’ed back to the terminal for easy access and troubleshooting.  Upon Power UP the
NVRAM defaults are loaded into memory.  It is also illustrates in Figure 33 that handshaking is enabled.
No other parameters have been changed from the default settings.

Figure 37 – Local Modem Configuration Parameters

Remote Modem  

The configuration requirements for the remote modem vary slightly from the local modem.  The
configured commands in the REMOTE modem are illustrated in Figure 38.  The parameters configured in
your remote modem may be accessable using the command AT&I4.  It is important to connect the
HYPERTERMINAL program to the modem being configured as REMOTE to accomplish this.  It is also
advisable to label the modem as being a REMOTE device for identification purposes only.

The remote modem should have all its handshaking requirements turned off.  Additionally, the
COMMAND MODE ECHO and the ONLINE MODE ECHO must be disabled.  Failure to disable these
parameters will lockup the buffer of the modem and the REL 512 since  the connect strings, REL 512 time
ASCII strings (on a 1 minute basis) will be returned to the REL 512 for response.

The important command strings to configure are:

• DISABLE DTR (&D0)
• USE THE DEFAULT DISABLE OF SOFTWARE FLOW CONTROL (&I0)
• DSR ALWAYS ON (&S0)
• ONLINE ECHO OFF (E0)
• ONLINE LOCAL ECHO OFF (F1)
• DISABLE CARRIER DETECT (&C0)
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• DISABLE TRANSMIT FLOW CONTROL (&H0)
• DISABLE RECEIVED DATA RTS CONTROL (&R1)

The AT command set string should look like this:

AT&D0&I0&S0E0F1&C0&H0&R1&W
As with the previous example, the &W writes the command string to NVRAM.

Since this modem is configured for AUTO ANSWER, certain “S” registers should be configured for
optimal performance.  In this example, sample “S “ register values are given as an example.  The user
should engineer appropriate values for their application:

• ATS0=3   (3 Rings before Auto Answer)
• ATS41=10 ( 10 Attempts before disconnect of Auto Answer)
• ATS19 = 1 (1 Minute Inactivity causes hang up).

The “S” register definitions are particular to this particular brand of modem.  Refer to the website or CD
ROM included with the modem to verify correctness.  As explained previously, the command AT&W
should be sent to the device to write the parameters into NVRAM.

Figure 38 – Remote Modem Settings

As described in for the local modem, the following dipswitches could be configured for power-up auto-
configuration:
Dipswitch Positions are:

POSITION 1 –UP = DTR Always ON
POSITION 2 –UP =VERBAL RESULTS CODE
POSITION 3 –UP = SUPPRESS RESULTS CODE
POSITION 4 –DOWN =NO ECHO OFFLINE COMMANDS
POSITION 5 –UP = AUTO ANSWER ON RING
POSITION 6 –DOWN = CARRIER DETECT OVERRIDE
POSITION 7 –DOWN =INHIBIT DISPLAY NORMAL RESULTS CODE
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POSITION 8 –DOWN =ENABLE AT COMMAND SET *** (see note that follows)
POSITION 9 –UP =NO DISCONNECT WITH +++
POSITION 10 –UP =LOAD NVRAM DEFAULTS

***NOTE – Once configuration is complete it may be advisable to place dipswitch 8 in the UP position to
disable AT commands.  In this way if an “AT” command string is contained within the modem upload or
download file strings or ASCII command strings, the modem will not respond unpredictable or disrupt
communications.

Step 6: Connection And Execution Of Attachment Procedure

Attach the modem to analog lines (local and remote).  Use the ATDT command string to access the
modem as illustrated in Figure 39 using HYPERTERMINAL.  Since the command echo is not suppressed
for the local modem, the example screen in Figure 39 shows the RING and CONNECT prompts returned
upon successful communication.

Figure 39 – ATDT Sample String And Successful Connection Banner

If the modem does not connect, then the REL 512 may have been sending its time string during the dial
up procedure.  If this is the case, redial or modify the reconnect tries in the S19 register.

If the modem does connect, then depress the “/” key or Backspace key on the keyboard to reveal the REL
512 startup screen illustrated in Figure 40.

To exit the session, depress the hang up icon located on the HYPERTERMINAL screen or the HANG UP
submenu located on the TERMINAL screen.  Also one may send the AT&H0 string for hang up.
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Figure 40 - REL 512 Configuration Menu Screen

Example 4 – Connection Of A REL512 ASCII Serial Port 2 (Rear Port) To
Hyperterminal Software

The REL 512 has settings capabilities configurable and viewable via its rear com port (which is a DTE
RS232 port).  Any dumb terminal emulator is able to connect to the rear port and synchronize with the unit
to allow visualization of the REL 512 parameters.  Within this example, two USROBOTIC model 002806
(V.EVERYTHING modem using trellis technology encoding [which differs from the QAM encoding]).  As
illustrated in Figure 41, the modems are configured via a point to point connection.  The REL 512 ASCII
protocol is not addressable and therefore cannot be multi-dropped unless port switch devices are added
to the system.  The steps to establish communications are:

1. Connect the correct cable between the REL 512 SERIAL 2 port and the modem.
2. Connect the correct cable between the PC executing the HYPERTERMINAL program (in this

case the operating system used is WINDOWS 95).
3. Parameterize the REL 512 rear port communication parameters.
4. Set the jumpers internal to the relay for correct RS 232 port configuration
5. Configure and set HYPERTERMINAL settings.
6. Parameterize each USROBOTICS modem using its particular AT command set.
7. Execute the connectivity procedure to establish communications.

As illustrated in Figure 41, the topology of the REL 512 interconnection with the HYPERTERMINAL
software is illustrated. Please note on the diagram, the appropriate cables used to connect the device.  In
this example, handshaking will be used to provide coordination between the modems. The USROBOTIC
modems allow Carrier Loss Redial capability along with dial back security capability.  Although these
features will not be configured and examined in this rudimentary application note, the RS 232
handshaking features will be set up to its fullest capability to allow addition (and reliability in operation) of
these capabilities at a later date.
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19200 Baud
REL Menu ASCII Protocol
REL 512Public Switched

Telephone Network - ANALOG LINE

Personal Computer With
RCP  Installed

10 Bit  Dial Up MODEM 10 Bit Dial Up  MODEM

Auto- Answer
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Example Cable 5-
Figures 11..Example Cable 6 or 7

Figures 12 or 13.
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Figure 41 – Modem Connection Between A REL 512 Serial Port 2 (Located At The Back Of The Relay)
And Hyperterminal Configuration Software

Step 1:

Construct and attach the cable as illustrated in Figure 41 above for the REL 512 / modem connection.
(REMOTE LOCATION).

Step 2:

Construct and attach the cable as illustrated in Figure 41 above for the personal computer to modem
connection. (LOCAL LOCATION

Step 3:

Configure the rear port interface of the REL 512 with the correct parameters. The default parameters for
all ports are 9600 baud, 8 data bits, No parity , 2 Stop bits.  However, with the standard configuration, the
port cannot be used with a 10 bit modem as previously explained.  The Serial port 2 (located at the back
side of the REL 512) must be configured following the attached procedure. Configure the font port with
these parameters which are compatible for operation with a 10 bit modem:

19200 Baud
8 Data Bits
No Parity
1 Stop Bit

 The procedure to configure the REAR port interface is as follows:

When connecting a device to the front port of the relay, the communication parameters for the port must
be changed to reflect those of the device to which it is connecting.  To change the parameters via the
REL 512 front panel interface one could follow the procedure as follows:

1. From the screen of the Front Panel Interface viewing the meter readings, Depress the “E” key to get
the menu :

E  Fault Records
→ Device Info
← Edit Settings
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C Metering
2. Depress the Left Arrow Key “←” to Display the Menu

E  Edit Settings
→ Fault Records
← View Settings
C Metering

3. Depress the “E” Key to display the menu
E  Password

********
C Edit Settings

One must enter the CORRECT password to change the relay settings for this procedure.  The default
password for the REL 512 is “ABB” (without the quotation marks).  If the password has been changed,
please enter the correct password as follows:

• Depress the up arrow “↑” or down arrow “↓”  to page through the numeric and alphabet selections for
the password.

• Depress the left arrow “←” or the right arrow ”→” to move through the different positions of the
password.

4. Depress the “ E” key to accept the password selection you have entered.  If the password is accepted
      the following screen shall be visible.

E  Password

← Accepted
C Edit Settings

5. Depress the left arrow “←” key to accept the settings and proceed to the next menu which is shown
 E Sys Settings

→ Act Settings

C Edit Settings
6. Depress “E” so that the System Settings may be changed.  The following menu item shall be

displayed:
E  CHG ACTIVE GRP
→ IDENTIFICATION

C System Settings
7. Depress the right arrow key “→” to display the following screen:

E IDENTIFICATION
→ SYSTEM PARAM
← DATE & TIME
C Sys Settings

8. Depress the right arrow key “→” to display the following screen:
E SYSTEM PARAM
→ COMM PORTS
← IDENTIFICATION
C Sys Settings

9. Depress the right arrow key “→” to display the following screen:
 E COMM PORTS

→ DATA RECORDING
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← SYSTEM PARAMS
C Sys Settings

10. Depress the “E” key to display the following screen:
E FRONT PORT
→ REAR PORT
← MODBUS ID
C COM PORTS

Since this example is a guide to configuring the communication settings for the FRONT COM ASCII port,
please refer to step 11 for FRONT PORT CONFIGURATION INSTRUCTIONS.

11. Depress the “→” key to display the following screen:
E REAR BIT RATE
→ REAR DATA LGTH
← REAR STOP BITS
C REAR PORT

12. Depress the “E” key to display the following screen:
E ENTER
            System Group
← 115200
C REAR BIT RATE

By depressing the “←” left arrow key, one can view the baud rate selections for the REL 512 REAR port
interface.  The available selections are:

115200
 2400
9600
19200

Select the desired baud rate by depressing the “E” key.

13. Depress the “C” key to display the following screen
E REAR BIT RATE
→ REAR DATA LGTH
← REAR STOP BITS
C REAR PORT

14. One must then select the Front panel data length depress the “→” to reveal the following screen.
E REAR DATA LNGTH
→ REAR PARITY
← REAR BIT RATE
C REAR PORT

15. One must select the Front Port Data Length.  Depressing the “E” key  allows visualization of the
following menu.

E ENTER
System Group

← 8
C REAR DATA LNGTH

Depressing the left arrow key “←”  allows the operator to select from the following data lengths:
8
7
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16. Depress “E” to  accept the parameters and then depress the “C” to return to the menu:
E REAR DATA LNGTH
→ REAR PARITY
← REAR BIT RATE
C REAR PORT

17. One must set the parity  by depressing the left arrow key “←”  to display the following screen.
E EDIT PARITY
→ REAR STOP BITS
← REAR DATA LNGTH
C REAR PORT

18. Depress “E” to display the following screen
E  ENTER

System Group
← NONE
C REAR PARITY

By depressing the left arrow key “←” the choices for parity are displayed.  The choices for selection are:
NONE

ODD
EVEN

19. Depress the “C” key to display the following screen
E REAR BIT RATE
→ REAR DATA LGTH
← REAR STOP BITS
C REAR PORT

20. Depress the left arrow key “←” to select the REAR Panel Stop Bit selections.  The following Screen
should be visible.

E  ENTER
System Group

← 1
C REAR STOP BITS

The selections for Stop Bits are 1 or 2.

21. Depress the “E” key to accept the selections.
22. Depress the “C” key to back out of the relay and accept the settings when prompted by the REAR

panel interface.

Step 4:

The REL 512 Serial Port 2 is able to be configured for RS232 or RS 485 connectivity.  The configuration
procedure is achieved via jumpers located near the Serial Port 2 interface on the relay.  The default
configuration for the relay is RS232.  However one should verify jumper settings via the following
procedure:

1. The technician performing this operation should be wearing anti-static wrist straps and work
on an anti-static environment to ensure that static electricitiy is not conducted between the
operator and REL 512 internal components.
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2. Rotate the knurled screws to the left and right of the REL 512, which secure the front panel
interface to the housing of the unit.  The knurled screws should be turned counterclockwise
(or to the left) to loosen the screws.

3. Remove the blue and red ribbon cable interconnecting the electronic signals between the
front panel interface and the REL 512 motherboard.  The internal assembly of the
unit should be visible.

4. While grasping the internal assembly ejectors, and cantilevering the ejectors towards you,
remove the internal assembly board from the chassis.

5. As illustrated, 5 jumpers are located near the rear serial port connector.  The jumper locations
for RS 232 and RS 485 operation are listed in TABLE 2.  Ensure that the jumpers placed in
the locations corresponding to the RS232 positions listed in the table.

6. Place the board into the REL 512 housing pressing the assembly ejectors with even force to
mate the connections within the assembly with the REL 512 motherboard.

7. Carefully reattach the blue and red ribbon cable interconnecting the electronic signals
between the front panel interface and the REL 512 motherboard.

8. With the front panel interface in the correct position, secure the front panel interface with the
housing by tightening the knurled screws on the left and right side of the panel.  The screws
should be rotated clockwise (or to the right).

Table 2 - Card Jumper Settings.

Jumper Pins 1,2 2,3
Mode Selection:

JP1-4 RS-232 RS-485
RS-485 Configuration

JP5 Half duplex Full duplex
JP6 2 wire 4 wire
JP7 2 wire 4 wire

RS-485 Termination/Bias Resistors:
Jp8 121 Ohms Open

JP9 523 Ohms Open
JP10 523 Ohms Open

Step 5:

The operator should configure the HYPERTERMINAL settings  to match those of the configuration made
for the REL 512.  The procedure is as follows:

1. Select HYPERTERMINAL from the WINDOWS menu to reveal the following screen illustrated
in Figure 42.

2. Select the icon labeled Hyperterminal.exe  The screen illustrated in Figure 43  should be
visible.  The operator will be prompted for a name as illustrated.
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Figure 42 – Hyperterminal Selection Screen

Figure 43 – Hyperterminal Setup Screen

3. Once the OK  icon has been depressed, the screen for port setup will be displayed.  Note that
the port setup menu is illustrated for display and COM 1 selection is highlighted for this
example and selection.  Notice that with the MODEM selection (for the built in computer
internal modem) deselected, the some of the fields are “greyed out”.

4. The COM properties for the modem must be selected for this example to those selected for
the REL 512.  In this case the same settings configured for the REL 512 in STEP 3 are
selected for the interface.  Notice that the settings are selected in Figure 44 for those
configured in STEP 3.  Notice for this example, hardware handshaking is enabled for
RTS/CTS configuration.

6.  Once the OK pushbutton is depressed,  the screen depicted in Figure 45 is presented to the
operator.  AT commands can now be typed to configure the modem with the appropriate
parameters for operation in this system.
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Figure 44 – Com Port Configuration For Attachment Of Hyperterminal Session

Figure 45 – Com Port Settings  Configuration Screen

Figure 46 – Hyperterminal Screen For Data Communication Entry.
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Steps 6 And 7 – Configuration Of The Modem Parameters For The Local And
Remote Sites

THE USROBOTICS modems used (Model 002806- V.Everything) have commands similar to those of the
previous USROBOTIC modems.  Several differences are apparent with respect to their “S” register
configurations and auto configurability.  Additional sessions may be set up to allow remote configuration.
However, it is strongly advised that remote configuration and automation dial up capabilities not be used
with the REL 512 since difficulties may result since handshaking is not available.

Another word of caution should be issued in that the V.Everything modem may experience difficulties
connecting with the  REL 512 master/slave emulation of the port during dial-up sessions.  IF the MODEM
is undergoing the attachment process and the REL 512 happens to send out its time ASCII string to the
MODEM simultaneously,  the modem will disconnect and display the prompt “NO CARRIER” at the host
site.  This process will take a few minutes to occur and until this occurs, no communications will occur.  If
a command string is sensed via the SD line (remote modem LED will illumintate) during the dialing
process, the remote modem will hang up (he remote modem OH [On Hook]) LED will extinguish.  There is
no way to overcome this limitation in operation with this model of modem.

Some important words covering the configuration of the MODEM when used with the REL 512:
• DISABLE DTR (&D0)
• USE THE DEFAULT DISABLE OF SOFTWARE FLOW CONTROL (&I0)
• DSR ALWAYS ON (&S0)
• DISABLE CARRIER DETECT (&C0)

Thus the command string should look like this:

AT&D0&S0&I0&C0&W

Note the &W writes the current setting to the Non-Volitile RAM.

Additional tips are covered in the following tips for LOCAL modem configuration (that modem attached to
the HYPERTERMINAL Personal Computer) and the REMOTE modem (that modem attached to the REL
512).  Attach the cable from the  PC to the modem undergoing the configuration process.  It is advisable
to label each modem location since the LOCAL modem will be configured slightly differently from  the
remote modem.

Local Modem

Local Modem parameters are illustrated in Figure 47. To display the current list of parameters, the
command string AT&I4 should be typed in the HYPERTERMINAL environment .  A list of the parameters
used is shown.  The LOCAL modem also may be configured via the dipswitches located underneath the
relay.

Dipswitch Positions are:

POSITION 1 –UP = DTR Always ON
POSITION 2 –UP =VERBAL RESULTS CODE
POSITION 3 –DOWN = DISPLAY RESULTS CODE
POSITION 4 –UP =ECHO OFFLINE COMMANDS
POSITION 5 –DOWN =SUPPRESS AUTO ANSWER
POSITION 6 –DOWN = CARRIER DETECT OVERRIDE
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POSITION 7 –UP =DISPLAY NORMAL RESULTS CODE
POSITION 8 –DOWN =ENABLE AT COMMAND SET
POSITION 9 –UP =NO DISCONNECT WITH +++
POSITION 10 –UP =LOAD NVRAM DEFAULTS

NOTE this local modem is only configured for DIAL OUT capability – no auto answer.  Additionally, all
commands are echo’ed back to the terminal for easy access and troubleshooting.  Upon Power UP the
NVRAM defaults are loaded into memory.  It is also illustrates in Figure 33 that handshaking is enabled.
No other parameters have been changed from the default settings.

Figure 47 – Local Modem Configuration Parameters

Remote Modem  

The configuration requirements for the remote modem vary slightly from the local modem.  The
configured commands in the REMOTE modem are illustrated in Figure 48.  The parameters configured in
your remote modem may be accessable using the command AT&I4.  It is important to connect the
HYPERTERMINAL program to the modem being configured as REMOTE to accomplish this.  It is also
advisable to label the modem as being a REMOTE device for identification purposes only.

The remote modem should have all its handshaking requirements turned off.  Additionally, the
COMMAND MODE ECHO and the ONLINE MODE ECHO must be disabled.  Failure to disable these
parameters will lockup the buffer of the modem and the REL 512 since  the connect strings, REL 512 time
ASCII strings (on a 1 minute basis) will be returned to the REL 512 for response.

The important command strings to configure are:

• DISABLE DTR (&D0)
• USE THE DEFAULT DISABLE OF SOFTWARE FLOW CONTROL (&I0)
• DSR ALWAYS ON (&S0)
• ONLINE ECHO OFF (E0)
• ONLINE LOCAL ECHO OFF (F1)
• DISABLE CARRIER DETECT (&C0)
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• DISABLE TRANSMIT FLOW CONTROL (&H0)
• DISABLE RECEIVED DATA RTS CONTROL (&R1)

The AT command set string should look like this:

AT&D0&I0&S0E0F1&C0&H0&R1&W
As with the previous example, the &W writes the command string to NVRAM.

Since this modem is configured for AUTO ANSWER, certain “S” registers should be configured for
optimal performance.  In this example, sample “S “ register values are given as an example.  The user
should engineer appropriate values for their application:

• ATS0=3   (3 Rings before Auto Answer)
• ATS41=10 (10 Attempts before disconnect of Auto Answer)
• ATS19 = 1 (1 Minute Inactivity causes hang up).

The “S” register definitions are particular to this particular brand of modem.  Refer to the website or CD
ROM included with the modem to verify correctness.  As explained previously, the command AT&W
should be sent to the device to write the parameters into NVRAM.

Figure 48 – Remote Modem Settings

As described in for the local modem, the following dipswitches could be configured for power-up auto-
configuration:

Dipswitch Positions are:

POSITION 1 –UP = DTR Always ON
POSITION 2 –UP =VERBAL RESULTS CODE
POSITION 3 –UP = SUPPRESS RESULTS CODE
POSITION 4 –DOWN =NO ECHO OFFLINE COMMANDS
POSITION 5 –UP = AUTO ANSWER ON RING
POSITION 6 –DOWN = CARRIER DETECT OVERRIDE
POSITION 7 –DOWN =INHIBIT DISPLAY NORMAL RESULTS CODE
POSITION 8 –DOWN =ENABLE AT COMMAND SET *** (see note that follows)
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POSITION 9 –UP =NO DISCONNECT WITH +++
POSITION 10 –UP =LOAD NVRAM DEFAULTS

***NOTE – Once configuration is complete it may be advisable to place dipswitch 8 in the UP position to
disable AT commands.  In this way if an “AT” command string is contained within the modem upload or
download file strings or ASCII command strings, the modem will not respond unpredictable or disrupt
communications.

Step 8: Connection And Execution Of Attachment Procedure

Attach the modem to analog lines (local and remote).  Use the ATDT command string to access the
modem as illustrated in Figure 49 using HYPERTERMINAL.  Since the command echo is not suppressed
for the local modem, the example screen in Figure 49 shows the RING and CONNECT prompts returned
upon successful communication.

Figure 49 – ATDT Sample String And Successful Connection Banner

If the modem does not connect, then the REL 512 may have been sending its time string during the dial
up procedure.  If this is the case, redial or modify the reconnect tries in the S19 register.

If the modem does connect, then depress the “/” key or Backspace key on the keyboard to reveal the REL
512 startup screen illustrated in Figure 50.

To exit the session, depress the hang up icon located on the HYPERTERMINAL screen or the HANG UP
submenu located on the TERMINAL screen.  Also one may send the AT&H0 string for hang up.
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Figure 50 - REL 512 Configuration Menu Screen

Conclusion

In using modems, knowledge of many communication topics is required.  This brief and rudimentary
application note covers only a miniscule amount of information needed to successfully attach a 10 Bit
Telephone Modem to an Analog Public Switch Telephone Network.  Proper engineering of a
communication network requires areas of investigation as:

• Protocol
• Modem Compatibility With The Protocol
• RS 232 DTE or DCE emulation with the IED and Host.
• Device Handshaking Requirements
• Modem AT Command Set Configuration
• S Register Configuration
• Modem Save Command Commands
• Cabling Options

ABB relays have been proven to operate reliably with many manufacturer’s modems.   Careful system
configuration is the key to a successful project installation.  It is hoped that this rudimentary application
note assists the user in the task of easily and flawlessly attaching a modem to ABB products.

Contributed by:
John Popiak
Revision 1.0,  12/7/00

ABB, Inc.
7036 Snowdrift Road
Allentown, PA 18106
800-634-6005 Fax 610-395-1055
Email: powerful.ideas@us.abb.com
Web: www.abb.com/substationautomation
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Pilot Protection Alternatives

Introduction

This note discusses the application of directional comparison and phase comparison relay systems for use
as transmission line protection.

Directional comparison

Directional comparison relay schemes use voltage and current at both line terminals to calculate the
impedance to a forward or reverse fault.  This information is exchanged between the two terminals in the
form of a blocking signal, if the fault is behind the relay, or a permissive trip signal, if the fault is in front of the
relay.

Directional comparison schemes come in many types : blocking, unblocking, permissive overreaching
transfer trip, permissive under reaching transfer trip…the scheme is determined by what information is
transferred to the remote terminal, and how the remote terminal handles the information.  All of the schemes
are based on an impedance measurement, which involves getting information from potential transformers
and current transformers at both terminals.  A completely redundant system as is often used on high voltage
lines would require 2 sets of potential transformers and current transformers.

21 21
Communications channel

Directional comparison Scheme

In addition to the expense for 2 sets of potential transformers there are other limitations to the use of
redundant directional comparison schemes.  Two such limitations are: the response of the distance relay to
power swings and the application on series compensated lines.

Transmission lines today are loaded to the maximum.  Any perturbation on the system causes system
swings that may or may not cause the entire system to go unstable.  These swings wreak havoc with
distance relays because the power swings look to the relays as a change in impedance that brings the
impedance into the operate region for the relay.  Techniques are available to block operation of distance
relays during power swing conditions but these techniques by their nature, block the relay during a time
when protection is most needed

Series capacitors either connected directly on the line or on adjacent lines pose problems to distance relays.
Bypass schemes employed to protect the series capacitor during overcurrent conditions confuse the distance
relay.  Again, techniques are employed to ensure correct operation of distance schemes such as delaying

ABB Application Note

Substation Automation and Protection Division
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the relay operation until the system settles down.  This slows down relay operation and ultimately, fault
clearing.

Phase Comparison Scheme

A Phase comparison scheme is an attractive alternative to directional comparison schemes.  Phase
comparison as well as current differential schemes are current only schemes.  That is, they require only
current transformers for inputs.  No potential transformers are used.   Phase currents are measured at both
terminals.  A representation of this phase current is sent to the remote terminal for comparison with the local
current.  Current transformers are connected in such a way that the currents (remote and local) are in phase
for an internal fault,  and out of phase for an external fault.

87 87
Communications channel

Phase comparison Scheme

Since phase comparison schemes use current only, they are immune to certain problems discussed earlier
with directional comparison systems.  Since power swings are a through phenomena, power swings have not
effect on current only schemes.  The system does not have to be disabled during this disturbance.  Likewise,
series capacitors have no effect on the operation of current only schemes.

Conclusion

In addition to those points covered above, there are several reasons why “Current Only” schemes make a
great complement to Directional comparison relay schemes. First, since it uses different operating principles,
current differential relays don’t have the same “holes” in protection as directional comparison schemes.
Second, since current only schemes don’t require potential transformers, an extra set of potential
transformers is not needed to have a completely redundant system. The savings from not having to buy an
extra set of potential transformers could be substantial. These reasons make phase comparison or current
differential schemes the perfect complement to directional comparison schemes, both from an economical
and technical standpoint.

Contributed by:
Roger A. Hedding
Revision 0, 12/00

ABB, Inc.
7036 Snowdrift Road
Allentown, PA 18106
800-634-6005 Fax 610-395-1055
Email: powerful.ideas@us.abb.com
Web: www.abb.com/substationautomation
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Influence of The Equal and Unequal CT Ratios On The Setting of REL 350
Relays

Introduction

This application note will show how to calculate and pick the settings on the relay for the general
application case, both CT at the two line end have the equal CT ratio, and CT’s at two line ends have
unequal ratios.

Application

Consider the line that is protected with REL350 relays at both ends like in Fig. 1

                      S                    A                                               B          S
                                                   CT                                   CT

                                                        Communication channel

Figure 1 – Power system example for setting

The data that will be used in setting calculation is as follows:

L: Line of 30 miles length, positive and negative impedance is 24 Ohm and zero impedance is 82 Ohm.
The charging current of the line is 25 A primary.
S: system with nominal voltage 115kV

For the given load of 37 MVA, nominal load current is:

A
U

S
I

n

n
n 76.185

1153
000,37

3
=

∗
=

∗
=

Select current transformer with rated primary value of 200 A and rated secondary value of 5 A.

1) Current Transformers with equal CT ratio

For the phase subsystem (phase A, B, C) and ground subsystem, the local and remote keying levels must
be the same at both line ends.

ABB Application Note

Substation Automation and Protection Division

REL 350 REL 350
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The recommended keyer levels are RPKY=LPKY=3.0A (See I.L.40-201.82,  section 5.5.5).
Considering the maximum line load of the 37MVA, keyer level set value should be accordingly adjusted

ALPKYRPKY 78.2
200

76.185
3 =∗==             Set RPKY=LPKY=2.80A

The line charging current is:

A
R

A
ICH

c

625.0
40
2525

===

In order to avoid misoperation of the protective system during external faults, local square wave
thresholds (ISWP, ISWN) are slightly separated by the amount (PDIF) depending on the line charging
current.
Take  PDIF=1A (section 5.5.5.1.3). That value must be also accordingly adjusted as:

A93.0
200

76.185
1 =∗                                          Set PDIF=0.9A

The low set overcurrent, IPL, should be set at 1.5 ICH or 0.5 A, which ever is maximum.

 AIPL 94.0625.05.1 =∗=                               Set IPL=0.9A

For the ground subsystem, for both terminals, the keyer levels are:

                                                                                   ALGKYRGKY 86.1
200

76.185
2 =∗==             Set

RGKY=LGKY=1.9A

GDIF setting again on the charging current of the line:

 93.0
200

76.185
1 =∗=GDIF                                     Set GDIF=0.9A

The low set overcurrent IGL should be set above the maximum expected unbalance in the system. Let’s
suppose that maximum expected unbalance in the system is 20A, converting to the secondary side
20/40=0.5A

IGL=0.5A

2) Current Transformers with different CT ratio

Let us suppose that CT at end A has the unchanged ratio 200/5 but CT at end B has ratio 400/5.
In order not to have unselective trip, some modification in setting must be done at both line ends.
Coefficient to adjust settings at both line ends is:
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ratioCTlower
ratioCThigher

K

  
  

1
=

In our case the coefficient is:

5.0

200
400
1

==K

Recalculated setting values are:

AKLPKYRPKY 40.1
200

76.185
3 =∗∗==               Set RPKY=LPKY=1.40A

AKPDIF 46.0
200

76.185
1 =∗∗=                               Set PDIF=0.5A

AKLGKYRGKY 93.0
200

76.185
2 =∗∗==              Set RGKY=LGKY=0.9A

 AKGDIF 46.0
200

76.185
1 =∗∗=                              Set GDIF=0.5A

 If the CT ratio difference is less than 67% at both line ends  (ex.1000/5 and 1500/5 where difference is
50%), it is not possible to see the operation of the relays during the full load current. “Misoperation”
caused by different CT ratio could be manifested during the external faults. So it is strongly recommended
to check current metering values at both line ends during the full load current. They must be the same!

Contributed by:
Fahrudin Mekic
June 2001
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