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Data subject to change without notice
Features • Multi microprocessor design

• Simultaneous phase and earth distance 
measurement ensures fast and reliable 
fault detection

• Typical operate time 18 ms for three-phase 
faults 

• Operates for fault currents down to 10% of 
rated current

• Partial cross polarization and voltage mem-
ory for directional discrimination

• Well proven measuring and filter technique 
ensures correct performance during CT 
saturation and CVT transients

• 2, 3 or 4 identical reversible measuring 
zones, individual setting of resistive and 
reactive reach as well as earth return com-
pensation factor

• Local switch-onto-fault protection

• 11 different intertrip, permissive and block-
ing schemes. Local selectable weak-end-
infeed trip, echo and current reversal logic

• Single and three-phase or three-phase trip-
ping

• Programmable indications and 36 pro-
grammable signal output contacts for event 
recording

• Self monitoring

• Fault diagnostics presented on display

• Version available for application in series 
compensated network

• Power swing blocking relay

• Directional or non-directional earth fault 
relay

• Fuse failure relay

Application REZ 1 distance protection is included in the 
REL 100 transmission line protection termi-
nals which form part of the PYRAMID sys-
tem. The PYRAMID system includes a 
complete range of flexible object terminals, 
functional substation control and substation 
monitoring. The blocks in PYRAMID can be 
used as stand alone protection units or be 
building blocks in a complete Substation 
Monitoring System (SMS), Substation Con-
trol System (SCS), and/or Relay Testing Sys-
tem (RTS).

The REL 100 series includes transmission 
line protection terminals for high voltage and 
extra high voltage applications. The follow-
ing terminals based on the distance protection 
REZ 1 are available:

REZ 1 is a full scheme distance relay with 
simultaneous measurement of phase and earth 
faults in all zones. The relay can be equipped 
with 2, 3 or 4 individual directional zones that 
are individually reversible. This provides a 
fast and reliable relay with local redundancy. 
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Application (cont’d)Application (cont’d) Each zone has its own setting for reactive and 
resistive reach and for the earth return com-
pensation factor, KN.

Phase-to-phase faults are detected by nega-
tive sequence mho circles. The characteristic 
will not operate for balanced three-phase con-
ditions (load or power swing). The measuring 
function is connected in a logic which 
requires simultaneous operation from two out 
of the three circles of each zone to provide 
superior measuring accuracy.

Fig. 1 Characteristic for phase-to-phase faults

For single and three-phase faults, a combina-
tion of mho circle and quadrilateral characte-
ristic is provided. By using the two characte-
ristics in parallel, optimum performance in 
speed and sensitivity is obtained.

Fast fault clearing is mandatory for three-
phase faults with low fault resistance. The 
mho-characteristic provides the minimum 
operate time of all distance measuring charac-
teristics. In the case of single-phase to earth 
faults, fault resistance and fault current may 
vary over a large range. More than 90% of all 
faults on transmission lines are earth faults. 

Maintained selectivity even for earth faults 
with high earth resistance is important. The 
quadrilateral impedance characteristic has 
proven to provide superior performance than 
the circular mho characteristic for earth 
faults.

As a complement to the quadrilateral charac-
teristic, extremely high resistive earth faults 
can be detected with zero-sequence current 
relays. The REZ 1 can be provided with a 
non-directional or a directional earth fault 
relay.

The directional earth fault relay uses one for-
ward and one reverse looking element, used 
in either a directional comparison blocking or 
permissive scheme. Single-phase trip is 
obtained within the limitations of the phase 
selection in the distance relay.

The non-directional earth fault relay will 
always provide three-phase tripping and has 
five selectable time characteristics (four 
inverse and one definite time). The inverse 
characteristics can be set to have a defined 
minimum operate time and current.

On long and heavily loaded lines, the mho 
characteristic can be blinder controlled. This 
avoids load encroachment and may be 
applied to any of the zones when required. 
This unique flexibility makes REZ 1 suitable 
for use in both short and long line applica-
tions, limiting the influence of load and still 
covering maximum fault resistance. 

Fig. 2 Characteristic for phase-earth and phase-
faults

Fig. 3 Blinder controlled characteristic
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The possibility to select different earth return 
compensation factors, KN, for each zone 
facilitates setting coordination at parallel 
mutually coupled lines.

REZ 1 has 11 different types of field pro-
grammable communication schemes based on 
different versions of:

direct transfer trip
permissive overreach transfer trip
permissive underreach transfer trip 
blocking overreach transfer trip

The unblocking communication principle can 
be combined with the permissive schemes.

Functions such as weak-end infeed trip, echo 
logic and current reversal logic for applica-
tion on parallel lines can be selected to sup-
plement the schemes.

A local switch-onto-fault function provides 
instantaneous three-phase tripping for the 
whole line section, if the circuit-breaker is 
closed onto a fault. The function can be acti-
vated via an external input signal or via local 
current and voltage controlled logic.

The power swing blocking unit can be pro-
grammed to block any of the zones. The 
blocking function is disabled by zero 

sequence current so that the protection is 
allowed to operate for earth faults even under 
power swing conditions.

The fuse failure unit prevents tripping at fuse 
failure and can simultaneously supervise volt-
age circuits connected to meters or synchro-
nizing equipment.

The automatic 12 hour supervision function 
detects unsymetries in the PT and CT circuits.

REZ 1 can be equipped with up to 36 signal 
relay outputs for event recording and 20 light 
emitting diodes (LED’s) for indication.

The LED’s can be programmed to give indi-
cation in four different modes.

Mode 1 Indication for every start and trip 
(maintained and accumulated 
until manual reset)

Mode 2 Indication at trip only (maintained 
and accumulated until manual 
reset)

Mode 3 Indication for every start and trip 
(new operation will reset previ-
ous indications)

Mode 4 Indication for trip only (new trip 
will reset previous indications)
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Application (cont’d)

Design REZ 1 can be provided with 2, 3 or 4 measur-
ing zones. Three of the zones are incorpo-
rated in the various schemes. The fourth zone, 
zone E operates independently of the selected 
communication-scheme and will always trip 
three-phase. It can be used as a backup zone 
set in any direction. In systems designed for 
three-phase tripping it can also be used as a 
complementary zone one.

The measuring technique used in REZ 1 is 
based on the well proven phase-angle com-
parison principle, and when combined with 
advanced filtering techniques this provides 
fast reliable fault detection and consistent 
operating times when CVT’s are used even in 
the presence of CT saturation. In REZ 1, pre-

vious experience in static relay design has 
been combined with modern microprocesso
technology to provide superior supervision, 
reliability and flexibility.

The design of the microprocessor itself per-
mits extensive local supervision without the 
addition of hardware. This, combined with a
bus system where each function has its own
address which is continuously supervised, 
ensures high reliability.

Analog signals from the replica impedances
in the transformer unit are distributed on a 
common analog bus system, to which the di
ferent measuring zones are connected. All 
zones are identical and independent of each

Space for fuse failure unit
RLUB 100*

(SE970141)

Control unit
RLGC 090

Indicator and relay unit
RLKA 050

Space for indicator and relay unit
RLKA 051*

Directional
earth fault unit
RLPA 100*

Power swing
blocking unit
RLZB 050*

Polarizing
voltage unit
RLUA 100

Test switch
RTXP 18

Transformer unit
RLHA 140

Setting unit
RLZA 050

Filter unit
RLLA 050

Comparator unit
RLGA 050

Zone 1 Zone 2 Zone 3* Zone E*

Relay unit
RLKA 052*

Input and output
relay unit
RLKB 050

Input and output 
relay unit for single
and three-phase
trip design
RLKC 050*

Power supply unit
RLMA 100

Comparator
and timer unit
RLGB 050

* Option
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other, to provide maximum redundancy. Each 
zone has its own X, R and KN settings, filters 
and circuits for conversion to square wave 
signals. The phase angle comparison of mea-
suring signals is carried out with a micropro-
cessor in each zone unit.

The results from the measuring zones and 
logic signals from external sources are trans-
ferred on two digital bus systems to the 
microprocessor based control unit.

The control unit contains the logic for the 
selectable communication schemes as well as 
selectable options to the various schemes. 

The microprocessor of each measuring zone 
and the control unit has its own continuous 
watch dog function.

The control unit also contains two different 
modes for supervision of the relay. During 
normal service, the communication to the 
other units is checked via the address system. 
The RAM area in its microprocessor is 
checked and the checksum for the ROM area 

is verified. When a primary fault occurs it 
leaves this check mode and starts to process 
the output signals from the measuring zones.

Every 12 hours the RAM in each individual 
zone is checked. At the same time a check of 
phase angles of all internal current and volt-
age signals using the inputs from CT’s and 
CVT’s is carried out. This test takes 250 ms.
If an abnormal condition is detected, the tes
is repeated and if the abnormal condition 
remains the defective zone will be blocked 
and an alarm given. The defective measurin
zone is identified via a fault tracing code on 
the display.

The primary protective functions will be 
available even if an abnormal condition is 
detected in the control unit. The unit will be 
blocked via its internal check system, how-
ever, the measuring signals from the individ
ual measuring zones will be routed directly to
the trip output unit. If a primary fault occurs,
three-phase instantaneous or time delayed 
tripping, independent of the selected commu
nication scheme, will be provided.

Fig. 4 Principle block diagram of REZ 1
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Design (cont’d)

Fig. 5 Characteristic of the power swing blocking 
unit

The measuring principle of the separate 
power swing blocking unit is the same as for 
the measuring zones. It has independent set-
tings for reactive and resistive reach. It is also 
provided with a second characteristic, 20% 
smaller than the set range. If the locus of the 
impedance stays between the two characteris-
tics longer than 40 ms, the condition for a 
power-swing is fulfilled. The blocking is lim-
ited to a 2 second period after which it per-
mits tripping if the impedance is within the 
trip characteristic.

The sensitive directional earth fault relay is 
voltage polarized and operates for neutral 
voltages (3 U0) as low as 0.5% of rated volt-
age. Filters are used to suppress 3rd harmon-
ics to ensure correct operation in applications 
where CVT’s are used.

REZ 1 can be provided for three-phase or 
single and three-phase tripping.

In its basic design, REZ 1 is equipped with a
indicator and relay unit, having 16 LED’s and
12 relay outputs. A unit with four LED’s and 
12 relay outputs and/or a unit with 12 relay 
outputs can be added. REZ 1 can be equipp
with 36 relay outputs.

Technical data
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Table 1: Energizing quantities, rated values and limits

Rated frequency, fr 50 or 60 Hz 

Rated voltage, Ur 110 V ac burden 0,1 VA 

Nominal range
50 Hz
60 Hz

90-121 V ac
90-143 V ac

Maximum voltage
continuous
during 1 s 

1,5 . Ur 
2,5 . Ur

Rated current, Ir 1 A or 5 A, burden 0.1 VA 

Maximum current:
continuous 
during 1 s 

3 . Ir
70 . Ir

Auxiliary dc voltage 48-60, 110-125 or 220-250 V, ±20%

Power consumption
before operation
during operation 

29-43 W (depending on options)
36-50 W (depending on options)
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Table 2: Impedance measuring

Number of zones Two to four zones (each zone can be reversed)

Reactive reach for each zone
Ohms/phase at 1 A

Ohms/phase at 5 A

50 Hz, X = 0,24-250 ohm
60 Hz, X = 0,30-300 ohm
50 Hz, X = 0,05-50 ohm
60 Hz, X = 0,06-60 ohm 

Resistive reach for each zone
Ohms/loop at 1 A
Ohms/loop at 5 A

Rb = 0,5-127,5 ohm
Rb = 0,1-25,5 ohm

Line angle for Z1 and ZN 50 Hz: 45, 50, 55, 60, 65, 70, 75, 80 and 85o

60 Hz: 50, 55, 60, 64, 69, 73, 77, 82 and 85o 
individually settable for Z1 and ZN

Zero-sequence compensation factor 
KN for each zone 0 - 3,1 in steps of 0,1 

Time setting range
Zone 2
Zone 3
Zone E

0-1,195 s in steps of 5 ms or ∞
0-3,585 s in steps of 15 ms or ∞
0-2,390 s in steps of 10 ms or ∞

To carrier coordination time for 
blocking schemes 0-75 ms in steps of 5 ms

Minimum operating current for each 
zone 10, 20 or 30% of Ir

Resetting ratio < 105% 

Accuracy at reference condition: 
Static accuracy

Static angular
Maximum dynamic overreach

 
±5% at line angle and 2 < X . Ir < 80 ohms/phase setting and
0,5 < SIR < 30
±5% at the R-axis and 2 < R . Ir < 127,5 ohms/loop setting and
0,5 < SIR < 30
Static angular accuracy ±3o

+5% at line angle and 
2 < X . Ir< 80 ohms/phase setting and 
0,5 < SIR < 30 and with CVT 

Operate time Typical 18 ms at 50 Hz for three-phase faults within 0 to 80% of 
set value and of SIR between 0,5 and 10 

Resetting time Approx. 25 ms for measuring element 
Approx. 60 ms for trip output

Trip mode Three-phase trip or as option single and three-phase trip

Table 3: Power swing blocking unit RLZB 05

Reactive reach
Ohms/phase at 1 A

Ohms/phase at 5 A

50 Hz, 10-310 ohm 
60 Hz, 12-372 ohm 
50 Hz, 2-62 ohm 
60 Hz, 2,4-74,4 ohm

Resistive reach
Ohms/phase at 1 A
Ohms/phase at 5 A

0,5-127,5 ohm 
0,1-25,5 ohm 

Duration of blocking 2 seconds 
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Technical data (cont’d)Technical data (cont’d)
Table 4: Nondirectional earth fault relay RLIA 100

Rated frequency, fr 50-60 Hz 

Rated current, Ig 0,2, 1 or 5 A 

Burden at
0,2 A
1 or 5 A 

< 0,025 VA 
< 0,5 VA

Maximum current
continuous
during 1 s 

0,2 A 10 x Ig 
1 or 5 A 3 x Ig
0,2 A 100 x Ig 
1 or 5 A 70 x Ig

Setting range, Is 0,1-0,5/0,5-2,5 x Ig

Time-lag characteristics Definite time
Normal inverse 0,05-6 s
Very inverse current multiplier
Extremely K = 0,05-1,1
inverse1,1
“RXIDG” logarithmic

Min operate time for inverse and 
logarithmic characteristics Basic time (0)0,05-6 s 

Min operating current for inverse and 
logarithmic characteristics 

1-4 x Is
Is = set starting value 

Table 5: Directional earth fault relay RLPA 100

Rated frequency, fr 50 or 60 Hz 

Rated voltage, Ug 110x√3, 110/√3 or 110/3 V

Burden 3 VA 

Maximum voltage
continuous
during 1 s 

1,5 . Ug
2,5 . Ug 

Rated current, Ig 1 or 5 A 

Burden < 0,5 A 

Maximum current
continuous 
during 1 s 

3 . Ig A 
70 . Ig A 

Setting range, Is 
characteristic angle,  α
Min polarizing voltage reconnectible 
Carrier coordination time 

Is = 0,05-0,35 . Ig A
= 65° 
0,5, 2, 5% . Ug 
0-150 ms 

Directional back-up trip time delay 0,2-2,98 s or ∞ 
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Table 6: Contact data

Trip relays in unit RLKB 050 and RLKC 050

Max system voltage 275 V dc

Test voltage across open contact 800 V dc, 1 min 

Current-carrying capacity
continuous 
1 s 

5 A 
15 A 

Making capacity inductive load 
L/R > 10 ms;

200 ms 
1 s 

30 A 
10 A

Breaking capacity at ac max 250 V
PF > 0,4 8,0 A 

dc L/R < 40 ms
48 V
110 V
220 V
250 V

1,0 A
0,4 A
0,2 A
0,15 A

Signal output relays in unit RLKA 050, 051 and 052

Max system voltage 275 V dc 

Test voltage across open contact 800 V dc, 1 min

Current-carrying
continuous 0,4 A 

Making capacity inductive load
L/R > 10 ms;

200 ms 0,4 A 

Breaking capacity
at ac, max 150 V PF > 0,4 
at dc, L/R < 40 ms

48 V
110 V
220 V
250 V

0,1 A 

0,1 A 
0,04 A 
0,02 A
0,015 A

Signal output relay K12 in unit RLKA 05, 051 and 052
Alarm relay in unit RLMA 100 and RLKB 050

Current-carrying capacity
continuous
1 s 

5 A 
15 A 

Making capacity inductive load 
L/R > 10 ms;

200 ms 
1 s 

30 A
10 A 

Breaking capacity
at ac, max 250 V PF > 0,4
at dc, L/R < 40 ms

48 V
110 V
220 V
250 V

8,0 A 

1,0 A
0,4 A
0,2 A
0,15 A
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Technical data (cont’d)Technical data (cont’d)
Table 7: Environmental and mechanical specifications

Permitted ambient temperature -5 to +55°C 

Dielectric tests:
Current circuits
Other circuits 

2,5 kV, 50 Hz, 1 min 
2 kV, 50 Hz during 1 min (IEC Publ. 255-5 and ANSI C37-90) 

Impulse voltage test
(IEC Publ. 255-5) 5 kV, 1,2/5,0 µs, 0,5 J

Electromagnetic compatibility tests:
Nominal frequency disturbance 
test 500 V (SS 436 1503)

1MHz test 2.5 kV (IEC Publ. 255-6 and ANSI C37.90a)

Fast transient test 4-8kV (SS 436 1503) 

Weight Approx. 18-25 kg 
Depending on No. of options selected

Dimensions Width 60C, 19”, (483 mm)
Height 12U, 21”, (533 mm)
Depth 206 mm
Depth with screw terminal blocks at the rear, 305 mm 
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Ordering Basic version of REZ 1

The basic versions of REZ 1 have two mea-
suring zones, three-phase tripping for all 
types of faults and an indication and relay 
unit with 16 LED’s.

Basic version 1, with internal CT star point 
towards the line.
Ordering No. RK 673 025-AA

Basic version 2, with external CT star point 
towards the line.
Ordering No. RK 673 026-AA

Basic version 3, with Series Compensated 
Networks internal CT star point towards the 
line.
Ordering No. RK 673 028-AA

Basic version 4, with Series Compensated 
Networks external CT star point towards the 
line.
Ordering No. RK 673 028-BA

Data to be specified at order
• Quantity

• Ordering No.

• Rated frequency, fr

• Rated current, Ir

• Electronic dc supply voltage, EL

• Interface relay dc supply voltage, RL

• Rated current of optional earth fault unit, 
lg

• Rated voltage of optional directional earth 
fault unit, Ug

• Required options

• Desired wording on the lower half of the 
test switch face plate max. 13 lines with 14
characters per line.

Options
The following options may be added to the 
basic versions:

- CT start point towards the bus

- Measuring zone 3

- Measuring zone E

- Power swing blocking unit, type 
RLZB 050

- Input and output relay unit for single 
and three-phase tripping, type 
RLKC 050

- Indicator and relay unit, type 
RLKA 051

- Relay unit, type RLKA 052

- Fuse failure blocking unit type, 
RLUB 100

- Non-directional earth fault unit, type 
RLIA 100

- Directional earth fault unit, type 
RLPA 100

Accessories for testing and fault tracing
• Bus signal indicator unit, type RLSA 050,

Ordering No. RK 673 012-AA

• Measuring zone indicator unit, type 
RLTNA 070, 
Ordering No. RK 673 013-AA

• User’s Guide 1MRK 506 008-UEN

• RCALC, Simulation and setting calcula-
tion program for REZ 1, with manual and 
software, see 1MRK 511 014-BEN

References REZ 1 User’s Guide

Panorama Station Automation

1MRK 506 008-UEN

1MRK 500 016-BEN

For our reference and statistics we would be pleased if we are provided with the following application data:

Country: End user:

Station name: Voltage level: kV
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Manufacturer ABB Automation Products AB
Substation Automation Division
SE-721 59 Västerås
Sweden
Tel: +46 (0) 21 34 20 00
Fax: +46 (0) 21 14 69 18
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