
INSTRUCTIONS 

TYS3B56P13E2XB020 

PERMISSIVE SCHEME WITH 

GEK-100603 
INSERT BOOKLET GEK-90658 

GROUND DISTANCE AND GROUND DIRECTIONAL OVERCURRENT FUNCTIONS 

INTRODUCTION 

Together, books GEK-I00603 and GEK-90658 form the-instructions for the TYSX020. 

DESCRIPTION 

The TYSX020 is ~imilar to the TYS3 Directional Comparison Permissive with Phase Distance 
and Ground Distance Functions, except that Zone 1 and Zone 2 Reach Ranges have been 
extended to 0.2 - 50 ohms. The standard TYS is 1 - 24 ohms. 

ATTACHMENTS 

For the TYSX020, these insertable pages supersede the corresponding text, tables and figures of 
GEK-90658. 

Pages 1 through 6 (Table of Contents, showing GEK-I00603 pages to the right, and applicable 
GEK-90658 pa_ges to the left) 
CS-l through CS-9, CS-14, CS-15 
Figures MO-l, MO-4, MO-5, MO-l3 
Tables AT-I and AT-ll 
Pages AT -5 through AT-7 
Pages Pr -3 through Pr-7 
Figure SE-l (pages SE-4 through SE-lO) 
Pages SP-2, SP-5, SP-6 

Note: In the event that the pages ofGEK-90658 not applicable to the TYSX020 are to be 
removed from the binder, it is important that pages such as CS-IO, CS-16, MO-9, ATl 
through AT-4, Pr-l, PT-2, SE-3, SE-ll, SP-l ofGEK-90658 be retained, rather than 
being removed along with the supersedeq. pages. 

These instructions do not purport to couer all details or uariations in equipment nor provide for euery 
possible contingency to be met in connection with installation, operation or maintenance. Should further 
information be desired or should particular problems arise which are not covered sufficiently for the 
purchaser's purposes, the matter should be referred to the General Electric Company. 

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA 
standards; but no such assurance is giuen with respect to local code. and ordinances because they vary 
greatly. 
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CALCULATION OF SETTINGS 

FORWARD REACHING DISTANCE 
FUNCTIONS (tripping functions, MT, 

MTG, Ml and MG 1) 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j 

k. 

1. 

m. 

n. 

o. 

The following settings must be made: 

MTG zero-sequence current compen­
sation, KO (1-7, 0.1 step) 
MG 1 zero-sequence current compen­
sati~)l:l, KO (1-7, 0.1 step) 
PosItIve-sequence angle of maximum 
reach, ~Zl (50°-85°,5° step) 
Zero-sequence angle of maximum 
reach, ~ZO (50° - 85°, 5° step) 
Overreaching (MT and MTG) reach, r 
(2Q-50Q, 0.2Q step) . 
Overreaching (MT and MTG) reach 
multiplier, MULT (1, 0.25, 0.1) - two 
separate settings on AFM133 module 
OV'erreaching (MT and MTG) 
characteristic shape (90°, 105°, 120°) -
two separate settings on UTM111 
module 
Zone 1 (M1 and MG1) reach, r (2Q-
50Q, 0.2Q step) 
Zone 1 (M1 and MG 1) reach 
multiplier, MULT (1, 0.25, 0.1) - two 
separate settings on AFM133 module 
Zone 1 reach extension factor, II (l­
ID X zone 1,0.05 step) 
Zero suppression in the zero-sequence 
current supervision, MULT (1, 0.25, 
0.1) - 'one setting on VMMl15 module 
Zero suppression in the operate 
signal, 0(1) SUP and OCT) SUP (0.1 -
1.5, 0.03 step) - two separate settings 
on AFM217 module 
Timer II setting, TIMER II (0-3.1 sec, 
0.1 sec step) 
Timer ill setting, TIMER III (0-3.1 
sec, 0.1 sec step) 
Ground zone 1 characteristic, 
SW2/4/5 and MG-1 SUP (Mho or 
Reactance) - two settings: SW2I4/5 on 
ETM111 module and MG-1 SUP on 
UTM111 module 

(5-1 

MTG Zero-Sequence Current 
Compensation, Ko 

The .MTG zero-sequence current 
compensatIon factor, Ko, is a function of 
the positive- and zero-sequence impedances 
of the transmission line to be protected: 

ZOL 
K = - (1) 

o ZlL 

Where: 
ZOL'= zero-sequence 

impedance of the line 

ZlL = positive-sequence 
impedance of the line 

The setting is made using switches 
located on the board of the AFM133 module 
(position S), Figure MO-4 in the 
MODULES section. 

MG 1 Zero-Sequence Current 
Compensation, Ko 

The MG1 zero-sequence current 
compensation factor, Ko, is a function of 
the positive- and zero-sequence impedances 
of the transmission line to be protected: 

. 0.95 x zOi. 
KO=--­

ZlL 

Where: 

(2) 

ZOL = zero-sequence 
im~ance of the line 

ZlL = posItive-sequence 
impedance of the line 

The setting is made using switches 
located on the board of the AFM133 module 
(position V), Figure MO-4. 
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Positive-Sequence Angle of Maximum 
Reach, eZl 

The positive-sequence angle-of­
maximum-reach adjustment is common to 
all of the distance functions (MT, MTG, 
M1, MG1 and MB) and should be set to the 
angle that is just larger than the angle of 
the positive-sequence impedance of the 
transmission line on which the TYS system 
is applied. Use 85° for line angles greater 
than 85°. The setting is made using a 
switch located on the front panel of the 
ISM11(-) module, Figure MO-IO. 

Zero-sequence Angle of Maximum 
Reach, eZo 

The zero-sequence angle-of­
maximum-reach adjustment is common to 
the ground distance functions (MTG, MGI) 
and to the MB function and should be set to 
the angle that is just larger than the angle 
of the zero-sequence impedance of the 
transmission line on which the TYS system 
is applied. The setting is made using a 
switch located on the front panel of the 
ISMII(-) module, Figure MO-IO. 

MT and MTG Reach and Characteristic 
Shape, Ml and MGl Reach, Reach 
Extension Factor, Timer II and III 
Settings 

A given reach for either MTIMTG or 
M1IMG 1 is made by selecting two separate 
settings on the front panel of the associated 
AFMl33 module. The AFM133 module 
associated with MT/MTG is located in 
position "S" of the TYS chassis, and the 
AFM133 module associated with MIIMG 1 
is located in position "Y" of the TYS 
chassis. The dip switches associated with 
the "r" setting can be positioned to obtain a 
range of 20 to 500, with a resolution of 
0.20. The rotary switch associated with 
the "MULT" setting can be positioned to 1, 
0.2S, or 0.1. The actual reach is: 

actual reach = (r) (MULT), 

which results in an actual range of 0.2Q to 
son.- Maximum sensitivity will be 
achieved if the lowest MULT is used, but 
faster operating time will be obtained for 

higher fault currents if the highest MULT 
is used. Select the highest MULT value 
possible if current sensitivity is not a 
problem. Current sensitivity may be 
calculated using the equations given in the 
SPECIFICATIONS section. 

When a "MULT" setting is selected, the 
rotary switch on the front panel must be set 
to this value and the link labeled "MULT" 
located on theboard of the same module 
must be set to this value. In addition, there 
are three other settings that must be made 
on different modules that are directly 
related to the above r~ach settings. 

The link labeled ItMUL Tit on the board of 
the VMM115 module must be set to the 
same value selected for the rotary switch 
on the AFM133 module associated with 
M1IMG1 (located in position "Y"). The dip 
switch labeled "0(1) SUP" on the board of 
the AFM217 module must be set equal to 
O.lIMULT, where MULT is the reach 
multiplier set on the front panel rotary 
switch of the AFM133 module associated 
with MIIMGI (located in position tty,,). 
The dip switch labeled "O(T) SUP" must be 
set equal to O.IIMULT, where MULT is the 
reach multiplier set on the front panel 
rotary switch of the AFM133 module 
associated with MT/MTG (located in 
position "S"). Both "0(1) SUP" and "O(T) 
SUP" have a setting range of 0.1 to l.S, 
with a resolution of 0.03. The actual 
setting is equal to 0.1 plus the sum of the 
switch toggles set to the "right" position. 

C5-2 

The overreaching functions are 
always used with the pilot channel to 
provide high-speed protection for faults 
anywhere on the transmission line. To this 
purpose, they must be set to reach beyond 
the remote terminal of the line. The 
overreaching functions should never be set 
less than 12S% of the line impedance, but 
can be set longer than this to yrovide 
improved performance or to contro timers 
(II and ill) so that time-delayed backup 
tripping can be provided, independent of 
the pilot trip. 

The first timer (II) can be used to 
provide zone 2 protection in conjunction 
wi th the zone 1 functions by extending 



the zone 1 reach to zone 2 when this 
timer times out. 

The second timer (Ill) works directly 
wi th the overreaching functions and 
can be used to: 

a. initiate zone 3 tripping if the zone 1 
functions are used in the extended­
reach mode to provide zone 2 
backup. 

b. initiate zone 2 tripping if the zone 1 
functions are not used in the 
extended-reach mode for 2nd zone 
backup. 

Each timer is set or disabled using 
switches located on the front panel of the 
ULM234, Figure MO-11 in the MODULES 
section. 

It follows from the above discussion 
that it is necessary to decide how many 
zones of backup. protection are to be used in 
a particular application. 

If it is acceptable to extend the reach 
of the 1st zone functions, up to three zones 
of protection can be provided: . 

a. The 1st zone functions would be set to 
reach no more than 90% of the 
transmission line impedance. The 
zone 1 reach setting is made using 
switches located on the front panel of 
the AFM133 module (position Y), 
Figure MO-4. 

b. The zone 1 reach-extension factor 
would be set to give the desired 2nd 
zone reach. For example, a zone 2 
reach equal to 125% of the protected 
line can be obtained with the reach­
extension setting set as close as 
possible to 125/90 or 1.39. The reach 
extension setting is made using 
switches located on the front panel of 
the VMMll(-) module, Figure MO-13 
in the MODULES section. The zone 
timer switch (IT) labeled OUT on the 
ULM234 Module, figure MO-11, 
would be set to the left (IN) position. 

c. 
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Third (3rd) zone protection would be 
obtained by setting the overreaching 
functions (if possible) to reach beyond 
the remote terminal of any line that 
emanates from the bus at the remote 
terminal of the line to be protected. 
The reach setting is made using 
switches located on the front panel of 
the AFM133 module (position S), 
Figure MO-4. Zone timer ill on the 
ULM234 Module, Figure MO-11, 
would be set to 3rd zone time, and its 
switch, labeled OUT, would be set to 
the left (IN) position. If 3rd zone 
backup protection is not required, set 
the zone timer ill switch to the right 
(OUT) position and select a reach 
setting for the overreaching 
functions· that is at least 10% larger 
than the selected 2nd zone reach. 

Ifit is not acceptable to extend the 1st 
zone functions in reach, only two zones of 
protection can be provided: 

C5-3 

a. The 1st zone functions would be set to 
reach 90% of the transmission line 
impedance. 

b. The zone timer (IT) switch would be 
set to the right (OUT) position. 

c. The overreaching functions would be 
set with a suitable 2nd zone reach, 
kee:ping in mind the 125% minimum­
setting limitation proposed earlier. 
Set the zone timer switch (ill) labeled 
OUT to the left (IN) position. If zone 
2 backup protection is not desired, set 
the zone timer switch (ill) to the right 
(OUT) position. 

After a reach setting has been 
selected for the overreaching functions, it 
is desirable to check that the selected reach 
setting has not exceeded allowable limits. 
The maximum allowable reach setting that 
can be made is dependent on the impedance 
angle of the transmission line, the 
maximum load flow (minimum load 
impedance) across the line, and the 
characteristic shape selected for the 
distance functions. Three different 
characteristic shapes can be selected (see 
Figure CS-l for details). Larger maximum 
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~~G-____ R ---=~:::...-_____ R 

CIRCLE: B = 90 DEG 
E • 4.2 MS 

LENS: 8 ~ 105 DEG 
E • 4.9 MS 

LENS: B so t20 I:EG 
E • 5.6 MS 

CHARACTERISTIC 
TIlER 

I~TS }=B-0-W™ 
Figure CS-l (0285A9991-1) Phase Distance Functions 

Characteristic Shapes 

reaches can be used if the characteristic is 
made more lenticular, but at a slight 
increase in operating time because the 
characteristic timer setting must be 
increased to obtain the lenticular shape. 
To get the best possible operating time, a 
circular characteristic should be used 
whenever possible. 

The maximum allowable reach 
setting can be easily calculated if the 
maximum load flow across the line is 
known. Please refer to Figure CS-2 for 
details. 

The criterion used for establishing 
the maximum allowable reach is based on 
maintaining a 40° angular margin between 
the angle A and the characteristic angle B; 
i.e., B > A by 40°. With this margin 
maintained, the functions will be secure 
from operation as a result of load because 
the blocks created at the input to the 
characteristic timer (see Figure CS-l) due 
to IC?ad will be approximately 2 
milliseconds less than the timer pickup 
setting. 

Please note that the settings 
described above are predicated on using the 
overreaching functions as part of the 
stepped distance 'backup protection. If this 
function is not required as part of the 
backup, the best possible performance will 
be obtained from the ~ilot scheme if the 
reach of the overreachlng functions is set 
as large as possible, but not larger than the 
maximum allowable reach described in 
equation (3) in Figure CS-2. 

Ground Zone 1 Characteristic, Mho or 
Reactance 

C5-4 

The ground zone 1 functions can be 
set to operate with a variable mho or 
reactance characteristic. When operated 
with a reactance characteristic, the 
function is supervised by the MTG 
overreaching functions. The reactance 
characteristic will provide more resistance 
coverage than will the variable mho, but 
slightly slower operating times will be 



x 
• MEASURED COUNTERCLOCKWISE 

FROM R AXIS 
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MR = MAXIMUMALLOWABLEREACH 

MR SIN(A) X ZL 
= SIN(180-A-E) 

(3) 

Where: 

A = 50 for circle (B = 90) 
A == 65"forlens (B= 105) 
A' = 80 for lens (B = 120) 
ZL = IMinimum load impedance 

(maximum load current)1 

C= 
D= 

E= 

load impedance angle 
Relay positive-sequence an~le of 
maximum reach;use next higher 
angle above the positive-sequence 
impedance line angle 
ID-CI 

Figure CS-2 (0285A9992-1) Overreaching Function Load Coordination 

experienced for zone 1 trips because of the 
necessity of the mho supervision. 

Characteristic selection is made via 
three switches that are located on the 
board of the ETMlll module, Figure MO-
9. The variable mho characteristic is 
selected when the switches are in the ON 
position. With the switches in the OFF 
position, the reactance characteristic is 
selected. 

Directional supervision of the 
reactance characteristic is made via dip 
switch settings on the board of the 
UTMlll module, Figure MO-16. 

When each of the ~A, ~B, and ~C 
"MG .. 1 SUP" switches are set to the 
"REACT" position, the zone 1 function is 
supervised by MTG. When the reactance 

characteristic is selected on the ETMlll 
module, the "MG-l SUP" switches must be 
set to REACT. When the mho 
characteristic is selected on the ETMlll 
module, the "MG-l SUP" switches must be 
set to MHO. 

WORKED EXAMPLE (distance tripping 
functions) 

(5-5 

As an example of the settings to be 
made on the distance functions, consider the 
typical transmission line shown in Figure 
CS-3 and assume that three zones of 
protection are to be used in the TYS system 
located at Station Able. To accomplish this, 
the 1 st zone functions will be increased in 
reach following zone 2 time to provide zone 
2 protection, and, for 3rd zone protection, 
the overreaching functions will be set, if 
possible, to reach beyond the remote ends of 
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El • 66.4 I 0 DE6f£ES 
21 • 2.5 • 85 DEGREES 
ZO • 2. 1 , SA OEIHES 

NOTE: 

fRAY 
PROTECTED LItE 

2t • to • 85.5 DEGREES 
20 • 31.5 • 74 DEGREES 
ZLOAD • 23.6 I to.7 DEGREES 

ALL VAllES GIVE IN 
SECONlARY IJJANTITIES 

LItE 3 

E2 • 66.4 I -50 DEIHIS 
Z1 • 3.2 I 85.5 DERES 21.!5 I 87 DE6AEES 
lO· 10.t I 74 DESAEES ZO. 4.9 • 113 IERES 

21 • 4.6 I SA.3 DERES 
ZO • 14.5 I 74 DEIHIS 

E3 • 66.4 , -311 DERES 
Z1 • 2 • 85 DERES 
ZO • 3 • ao DEIilEES 

Figure CS-3 (0285A9993) Typical Transmission System 
the lines emanating from Station Baker to The neare~t setting i~ 3.0. Set Ko for 
Station Charlie and Station Delta. MG1 to 3.0, usmg the swttches located on 

Positive-Sequence Angle of Maximum 
Reach, ~Zl 0" 0 

Set the positive-sequence angle of 
maximum. reach ((6Z1) to 85°, using the 
switch located on the front panel of the 
ISM11( -) module, Figure MO-10. 

Zero-Sequence Angle of Maximum 
Reach,~Zo 

Set the zero-sequence angle of 
maximum reach ((6Zo) to 75° using the 
switch located on the front panel of the 
ISM11( -) module, Figure MO-IO. 

MTG Zero-Sequence Current Compensa­
tion,Ko 

From equation (1) above: 

KO = 31.5/10 = 3.15 

The nearest setting is 3.2. Set KO for 
MTG to 3.2, using the switches located on 
the board of the AFMl33 module (position 
S), Figure MO:4. 

MGl Zero-Sequence Cur.rent Compensa­
tion.Ko 

From equation (2) above: 

Ko = (0.95x31.5)110 = 2.99 

the board of the AFM133 module (position 
Y), Figure MO-4. 

Ml and MG1 Reach 

Set the zone 1 functions to reach 90% 
of the positive-sequence impedance of the 
transmission line. 

ZR1 = 0.9X10 = 90hms 

Set "MULT" = 1, using the rotary 
switch on the front panel of the AFM 133 
module located in position ''Y''. Set "r" = 9 
ohms, using the dip switches on the front 
panel of the same module. Set ''MULT'' = 
1 , using the link located on the board of the 
same module. Refer to Figure MO-4 for the 
locations of these settings. The reach of both 
M1 and MG1 is established with these 
settings. 

C5-6 

Set ''MULT'' = 1, using the link 
located on the board of the VMM 115 
module. Set 't}(1) SUP" = 0.111 = 0.1, 
using the switch on the board of the 
AFM217 module. 

Second Zone Reach (extension factor), 
Timer II 

Zone 2 protection will be provide~ by 
increasing the reach of the zone 1 functlOns 
(M1 and MGl) following a 2nd zone time 
delay set on timer II. The timer is started by 



MBReach 

The reach of the blocking functions 
will be established using equation (5) above 
because the reach of the overreaching 
functions at Station Able (28.6 ohms) is 
greater than twice the positive-sequence 
impedance of the line: 

MB Reach = (2B.6-10)X1.7 = 31.6 
ohms 

Set 31.6 ohms, using the "r" switches 
located on the front panel of the ABM11(-) 
module, Figure MO-2. 

Zero-Sequence Current Compensation 
Factor.K 

The MB zero-sequence compensation 
factor is calculated using equation (6) 
above: 

K ~ (31'~010) = 2.15 

The nearest available setting is 2.2. 
Set 2.2, using the switches located on the 
board of the ABM11(-) module. Figure MO-
2. 

MB Characteristic Timer 

Set the MB characteristic timers for 
95°, using the switches located on the board 
of the UTM111 module, Figure MO-16. 

OVERCURRENT FUNCTIONS 

The following overcurrent functions 
must be set: 

IPB - Pilot blocking (0.05-0.755 per 
unit, 0.025 step) 

I~ - MT overcurrent supervision 
(0.1-1.0 per unit, 0.1 step) 

1M Overcurrent supervision (0.05-
0.755 per unit, 0.025 step) 

11 - Line pickup (0.2-3.2 per unit, 
0.2 step) 

GEK-100603 

I PB, Pilot Blocking 

IPB uses zero-sequence current with 
positive-sequence restraint (10 - KBh). It is 
used to supervise the NB function. The 
setting is made in per-unit current, where 
rated current, IN, (lor 5 amperes) is used as 
the base, and it is actually in terms of 3x(lo 
- KBlt). IPB should be set to its minimum 
setting of 0.05 per-unit current. The 
setting is made using the switches located 
on the board of the ADM112 module, 
Figure MO-3. 

Ifjfj, MT Supervision 

lfi)fi) is not a separate overcurrent 
function but r~ther an input to the MT 
phase distance function comparator, 
however it acts just like an overcurrent 
function to establish trip level supervision 
of MT. lfi)fi) uses delta current for the 
operating quantity (i.e., IA - IB for the fi)A-B 
MT function), but its setting is based on 
phase current. The setting is made in per­
unit current, where rated current, IN (lor 5 
amperes) is used as the base. lfi)fi) must 
coordinate with 1M at the remote terminal 
since 1M provides overcurrent supervision 
of the MB blocking functions. For two 
terminal applications, 1f6fi) should be set for 
its minimum value of 0.1 per-unit current. 
For three terminal applications, the 
coordination margin should be doubled by 
increasing the I~ setting to 0.2. Both of 
these recommended settings are based on 
the 1M setting suggested below. The 
setting is made using the switches located 

CS-9 

For the balance of the text of the 
CALCULATION OF SETTINGS section, please 
refer to pages CS-S - CS-13 of GEK-9065S. 
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ACCEPTANCE TESTS 

TABLE AT-I 
LINKJ 

MODULE SWITCH 
NAME LOCATION NAME SETIING 

ABMll(-) ZC K (SWITCH) 1.0 
Kv (SWITCH) 0.3 
It (SWITCH) 0.2 

ADMl12 ZG IPBBIAS (SWITCH) 0.05 
1M BIAS (SWITCH) 0.05 

AFM133t Y KO (SWITCH) 4.0 

AFM133 S o SUP (SWITCH) 0.1 
S MULT (LINKS) 1.0 

AFM217 U 0(1) SUP (SWITCH) 0.1 
U O(T) SUP (SWITCH) 0.1 

CTM12(-) ZJ IDT DIR. CONTROL (LINK) "IN" 
(OPTION) ITOC DIR. CONTROL (LINK) "IN" 

PTPU (SWITCH) 0.5 

ETM111 W PHA- VP (SWITCH) "ON" 
PHB- VP (SWITCH) "ON" 
PHC-VP (SWITCH) "ON" 

IOMl12 2N DC PWR SUP SOU RCE (LINK) RATED 

TAM101 D LOGIC VOLT (LINK) 12VDC 
(OPI'ION) SW4 (SWITCH) ASREQ'D 

ULM227 K TLl (SWITCH) 0.0 
TL16 (SWITCH) 0.0 

UTM111 M MG1 (SWITCH) MHO 
MT (SWITCH) 90° 
MTG (SWITCH) 90° 
MOB (SWITCH) 1240 

MB (SWITCH) 800 

FREQ. (SWITCH) RATED 

VMMl15 ZE MULT (LINK) 1.0 
t Refer to the specific model number, the NomenCIature Selection Guide 

(INTRODUCTION section) and Table AT-II to determine which range has been supplied. 

AT-2 
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. TABLE AT-II 

MODULE SWITCH 
NAME LOCATION NAME SE'ITI~G RANGE 

ABMll(-) ZC r 6.0 (2T050Q) 

AFM133 Y r 3.0 (0.2 TO 50 Q) 
AFM133 Y MULT 1.0 (0.1 TO 2.5 Q) 

CTM12(-) ZJ TOCPU 0.6 (0.05 TO 0.6 PU) 
TD 1.0 (0.5 TO 10) 
IDTPU 4.0 (0.4 TO 4.0 PU) 

ETMl14 P I0 - 0 0.1 (0.1 to 1.0 U) 

ISMll(-) ZA 0Z\ 85° (50 TO 85°) 
0Z0 85° (50 TO 85°) 

ULM234 H TIMER II 0.0 (0 TO 3.1 SEC) 
TIMER III 0.0 (0 TO 3.1 SEC) 

ULM258 F OSB-1 OPEN 
08B-2 OPEN 

VMM11(-) ZE II 1.0 (1 TO 10) X ZONE 1 

AT-3 



ACCEPTANCE TESTS 

II Detector Test 

1. With the connections as shown in 
Figure AT-I, move the oscilloscope 
input to card-extender Pin 24. Increase 
lOp until the oscilloscope trace goes 
from LOW to HIGH. At this point the 
current should be between 2.9 (0.59) 
and 3.3 (0.66) amperes rms. 

V 1 DETECTOR TEST 

1. With the connections as shown in 
Figure AT-2, move the oscilloscope 
input to card-extender Pin 26. Set 
angle VA=O°, VB=-120° and 
VC = + 120° or - 240°. Set voltage VA, 
VB and VC to 67 volts rms. 

2. Reduce the three-phase voltage, 
simultaneously, until the oscilloscope 
trace goes from LOW to HIGH. At this 
point the voltage should be between 
48.5 and 51.5 volts rms. 

~EGATIVE-SEQUENCE DIRECTIONAL 
TESTS 

NT Test 

1. With the connections as shown in 
Figure AT-3, move the oscilloscope 
input to card-extender Pin 18. Connect 
the relay input "Y" to BH1 (TP9 for 
post-installation testing). Set an~le 
VA=O°, VB= _120° and VC= +120 or 
_240°. Set voltage VA, VB and VC to 
67 volts rms. 

2. Set angle lop == - 85". Reduce voltage 
V A to 30 volts rms and slowly increase 
lop until the trace on the scope goes 
from LOW to HIGH. At this point 
current lop should be less than 1.0 
ampere rms. 

3. Change angle lOp to + 95° and check 
that the oscilloscope trace does not go 
HIGH as lOp is increased up to 10 (2) 
amperes rms. 

NBTest 

1. With the angle lOp set to +95°, move 
the oscilloscope input to card-extender 
Pin 14. Reduce lop to 1.0 (0.2) amperes 
rms and check that the oscilloscope 
trace is HIGH. 

2. Change angle lOp to - 85° and check 
that the oscilloscope trace is LOW. 

REACH TESTS 

1\11 Test 

1. With the connections as shown in 
Figure AT-4 for the appropriate phases 
and function to be tested, set an~le 
VA=O°, VB= _120° and VC= +120 or 
- 2400

• Set voltage V A, VB and VC to 
67 volts rms. Set the phase angle of lop 
to the values indicated in Table AT-III. 

TABLE AT-III 

VoltsRMS 
26- 30 
32 - 37 
26- 30 

I Degrees 
-25 
-55 
-85 

2. Set lOp to 10 (2) amperes rms. 
Simultaneously reduce the voltage of 
the faulted phases and check that the 
appropriate pin on the card extender 
goes from LOW to HIGH within the 
voltage limits given in Table AT-III. 

MTTests 

1. With the connections as shown in 
Figure AT-4 for the appropriate phases 
and function to be tested, set an~le 
VA=O°, VB= _120° and VC= +120 or 
_240°. Set voltage VA, VB and VC to 
67 volts rms. Set the phase angle of lop 
to the values indicated in Table AT-IV. 

AT-S 

2. Set lop to 10 (2) amperes rms. 
Simultaneously reduce the voltage of 
the faulted phases and check that the 
appropriate pin on the card extender 



TABLE AT-IV 

VoltsRMS 
26 - 30 
32 - 37 
26 - 30 

I Degrees 
-25 
-55 
-85 

goes from LOW to HIGH within the 
voltage limits given in Table AT-IV. 

MGl Tests 

1. With the connections as shown in 
Figure AT-6 for the appropriate phase 
and function to be tested, set an~le 
VA=O°, VB= _120° and VC= +120 or 
_240°. Set voltage VA, VB and VC to 
67 volts rms. Set the phase angle of lop 
to the values indicated in Table AT-V. 

TABLE AT-V 

VoltsRMS 
34- 39 
40 - 47 
34 - 39 

I Degrees 
-55 
-85 

-115 

2. Set lop to 7.5 (1.5) amperes rms. Reduce 
the voltage of the faulted phase and 
check that the appropriate pin on the 
card extender goes from LOW to HIGH 
within the voltage limits given in Table 
AT-V. 

MTGTests 

1. With the connections as shown in 
Figure AT-6, for the appropriate phase 
and function to be tested, set an~le 
VA=O°, VB= _120° and VC= + 120 or 
- 240°. Set voltage V A, VB and VC to 
67 volts rms. Set the phase angle of lop 
to the values indicated in Table AT-VI. 

2. Set lop to 7.5 (1.5) amperes rms. Reduce 
the voltage of the faulted phase and 
check that the appropriate pin on the 
card extender goes from LOW to HIGH 
within the voltage limits given in Table 
AT-VI. 

GEK-l00603 

TABLE AT-VI 

VoltsRMS 
34- 39 
40 - 47 
34- 39 

MB Tests 

I Degrees 
-55 
-85 

-115 

1. With the connections as shown in 
Figure AT-3 for the appropriate phase 
to be tested,set angle VA = 0°, VB = 
_120° and VC = + 120° or - 240°. Set 
voltage VA, VB and VC to 67 volts rms. 
Set the phase angle of lop to the values 
indicated in Table AT-VII. 

TABLE AT-VII 

VoltsRMS 
50- 58 
52 - 60 
50- 58 

I Degrees 
+65 
+95 

+125 

2. Set lop to 5 (1) amperes rms. 
Simultaneously reduce the three-phase 
voltage and check that the appropriate 
pin on the card extender goes from LOW 
to HIGH within the voltage limits given 
in Table AT-VII. 

MOB Tests 

1. Change the MOB timer setting to 60°. 
This is accomplished by means of a 
switch located on the board of the 
UTM111 module, Figure MO-16, which 
is found in location "M". 

2. With the connections as shown in 
Figure AT -8, connect the oscilloscope 
input to card-extender Pin 27. Set 
angle VA = 00. VB = _120° and 
VC = + 120° or - 240°. Set voltage VA, 
VB and VC to 67 volts rms. Set the 
phase angle of lop to the values 
indicated in Table AT-VIII. 

AT-6 

3. Set lOp to 10 (2) amperes rms. 
Simultaneously reduce the voltage of 
the faulted phases until the trace on the 
oscilloscope, Pin 27, goes from LOW to 
HIGH (First Pulse) within the voltage 



ACCEPTANCE TESTS 

TABLEAT-VllI 
VoltsRMS 

35-41 
35-41 

I Degrees 
-25 
-85 

limits ~ven in Table AT-VIII. Move 
the oscIlloscope input to card-extender 
Pin 45 and check that it also has 
changed from LOW to HIGH. 

4. Connect the oscilloscope input to card­
extender Pin 8, 9 or 10, determined by 
the phases that are being tested. 
Continue to reduce the voltage of the 
faulted phases until the trace on the 
oscilloscope goes from LOW to HIGH. 
Also, check that the trace on the 
oscilloscope from card-extender Pin 45 
remained HIGH. 

5. Increase the voltage of the faulted 
phases back to 67 volts rms and check 
that the traee on the oscilloscope from 
cardJextender Pin 45 returned to a 
LOW. 

6. Reset the MOB timer to its pre-test 
position. (See Table AT-I) 

AT-7 
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SETTINGS UST A (Blank Form) 
TYS3 PHASE AND GROUND DISTANCE PERMISSIVE SCHEME SETIING LIST 

Module Switch 
LocationModule Agiustment Descritr°n Location Setting ZC ABMl1(-) II Line P su~ervision on bOard 

ABMll(-) KV Pos. seq. vo t. compo on board 0 
ABMll(-) K MB zero seq. curro compo on board 
ABMll(-) r MB reach setting front panel 

ZG ADMl12 1M BIAS Overcurrent supervision on board 0.05 
ADMl12 IPBBIAS Pilot blocking on board 

y AFM133 r Zone 1 reach (MlIMGl) front panel 
AFM133 MULT Reach multiplier front panel 
AFM133 MULT Clip level on board 
AFM133 KO Zero seq .curr .comp(MlIMG 1) on board 

S AFM133 r Overreaching (MTIMTG) reachfront panel 
AFM133 MULT Reach multiplier front panel 
AFM133 MULT Clip level . on board 
AFM133 KO Zero seq .curr .comp(MTIMTG) on board 

U AFM217 0(1) SUP Zone 1: zero suppression on board 
AFM217 O(T) SUP Zone 2: zero suppression on board 

W ETM111 PHA- VP MG 1 Characteristic on board 
ETM111 PHB- VP REACTANCE = OFF on board· 

.. ETM111 PHC- VP MHO = ON on board 
P ETM114 I~ MT overcurrent supervision front panel 

ZN IOMl12 VDC Contact conv. volt. on board 

ZA ISM11(-) ~ZI Pos. seq. reach ang. front panel 
ISMl1(-) ~Zo Zero seq. reach ang. front panel 

K ULM227 TL1 Trip integrator on board 

H ULM234 TIMER II Zone ( ) timer front panel 
ULM234 TIMERm Zone ( ) timer front panel 

F ULM258 OSB-l OSBoption front panel 
ULM258 OSB-2 OSB option front panel 

M UTM111 MT MT char. timer on board 
UTMl11 MTG MTG char. timer on board 
UTMl11 MB MB char. timer on board 
UTMl11 MOB MOB char. timer on board 
UTM111 MGl-SUP MG 1 supervision on board 

ZE VMM115 II Zone 1 ext. factor front panel 
VMM115 MULT Zero suppression on board 

Optional overcurrent functions (when included) 

ZJ CTM12(-) TD TOC time dial front panel 
CTMl2(-) TOC PU TOC pickup front panel 
CTM12(-) DT PU IDT pickup front panel 
CTM12(-) PT PU filT ~ickup on board 
CTM12(·) !TOe DIR eON TO directional cant. on board 
CTM12(-) IDTDmCONT IDT directional cont. on board 

CS·14 



CALCULATION OF SETIINGS 

SE'ITINGS LIST B (Worked Example) 
TYS3 PHASE AND GROUND DISTANCE PERMISSIVE SCHEME SETIING LIST 

Module Switch 
LocationModule Adjustment Description Location Setting 

ZC ABMll(-) 11 Line PU su~ervision on board 0.6 
... ABM11(-) KV Pos. seq. vo t. compo on board 0 

ABM11(-) K MB zero seq. curro compo on board 2.2 
ABM11(-) r MB reach setting front panel 31.60 

ZG ADM112 1M BIAS Overcurrent supervision on board 0.05 
ADM112 IPB BIAS Pilot blocking on board 0.05 

y AFM133 r Zone 1 reach (MlIMGl) front panel 9Q 
AFM133 MULT Reach multiplier front panel 1 
AFM133 MULT Clip level on board 1 
AFM133 KO Zero seq.curr.comp(MlIMGl) on board 3.0 

S AFM133 r Overreaching (MTIMTG) reach front panel 28.6Q 
AFM133 MULT Reach multiplier front panel 1 
AFM133 MULT Clip level on board 1 
AFM133 KO Zero seq.curr.comp(MTIMTG) on board 3.2 

U AFM217 0(1) SUP Zone 1: zero suppression on board 0.1 
AFM217 O(T) SUP Zone 2: zero suppression on board 0.1 

W ETM111 PHA-VP MG 1 characteristic on board MHO {ON} 
ETM1:H PHB- VP REACTANCE = OFF on board MHO {ON} 
'ETM111 PHC- VP MHO = ON on board MHO {ON} 

P ETM114 I~ MT overcurrent supervision front panel 0.1 

ZN IOM112 VDC Contact conv. volt. on board 125VDC 

ZA ISM11(-) f/SZl Pas. seq. reach ang. front panel 85 0 

ISM11(-) f/SZo Zer. seq. reach ang. front panel 75"f1 

K ULM227 TLl Trip integrator on board 4.0ms 
H ULM234 TIMER IT Zone ( ) Timer front panel 0.2 sec 

ULM234 TIMERll Zone ( ) Timer front panel 0.5 sec 

F ULM258 OSB-1 OSBoption front panel IN 
ULM258 OSB-2 OSB option front panel IN 

M UTM111 MT MT char. timer on board 105 0 

UTMlll· MTG MTG char. timer on board 105'6 
UTMlll MB MB char. timer on board 95"f1 
UTMlll MOB MOB char. timer on board 84"f1 
UTMlll MGI-SUP MG1 supervision on board MHO 

ZE VMM115 IT Zone 1 ext. factor front panel 1.4 
VMM115 MULT Zero suppression on board 1 

Optional overcurrent functions (when included) 

ZJ CTM12(-) TD TOC time dial front panel 2.0 
CTM12(-) TOCPU TOC pickup front panel 0.05 
CTM12(-) DTPU IDTpickup front panel 0.7 
CTM12(-) PT PU IPT ~ickup on board 0.1 
CTM12(-) !TOC DIR CON TO directional cont. on board IN 
CTM12(-) IDT DIR CON IDT directional cant. on board OUT 

CS-1S 



the operation of the MT overreaching 
functions. Assume that zone 2 reach is to be 
125% of the protected line, and that a zone 2 
time of 0.2 seconds is required. 

Z2 = 1.25X10 = 12.5 ohm:s 

Reach Exten:sion Factor = Z2 = 12.5 
Zl 9 

= 1.39 

The nearest available setting for the 
reach multiplier is 1.40. Set 1.4, using 
switches located on the front panel of the 
VMMl15 module, Figure MO-13. 

Set the 0.2-second Zone 2 time delay 
and set the timer switch labeled OUT, to the 
left (IN) position, using the switches 
marked TIMER II and located on the front 
panel of the ULM234 module. Figure MO­
ll. 

and 

If the MT and MTG overreaching 
functions are to reach beyond the remote 
terminals of the lines emanating from 
Station Baker, the effects of infeed at 
Station Baker must be taken into account in 
establishing a reach setting. Fault studies 
were run with and without load flow for the 
system shown in Figure CS-3, and it was 
established that the maximum appar~nt 
impedance seen by the relays at StatIOn 
Able was: 

Z = 22.9 ohms, for a single-line-to­
ground fault at Station Charlie 
(no load) 

The studies showed that the apparent 
impedance seen. with load flow was less 
than the value given above. 

It is PJ'oposed that the MT 
overreaching functions be set with a reach 
that is 25% greater than the maxi~um 
apparent impedance seen by ~he fun~twns, 
and that timer III be set to pl.ck up In 3rd 
zone time of 0.5 seconds. 

ZRT = 1.25X22.9 = 28.6 ohms. 

GEK-'00603 

It is next necessary to check the 
maximum allowable reaches that are 
permitted for the conditions given in Figure 
CS-3. From equation (3) above and from 
the system data given in Figure CS-3, the 
following maximum reaches can be 
calculated (use a relay angle of maximum 
reach of 85°): 

MR =21.9 ohms with 90° circle 
MR =32.8 ohms with 105° lens 
MR =50 ohms (maximum available) 

with 120° lens 

To obtain the reach of 28.6 ohms 
calculated above, the overreaching 
functions must be set with a 105° lens 
characteristic. Bet "MULT" = 1, using the 
rotary switch on the front panel of the 
AFM133 module located in position'S". 
Set 'r" = 28.6 ohms, using the dip switches 
on the front panel of the same module, and 
"MULT" = 1, using the link located on the 
board of the same module. Refe,. to Figure 
MO-4 for the locations of these settings. The 
reach of both MT and MTG is established 
with these settings. 

Set 'tJ(T) SUP" = 0.111 = 0.1, using the 
switch on the board of the AFM217 module. 

CS-7 

. Set the 105° lens characteristic for MT 
and MTG, using the respective switches 
located on the board of the UTM111 
module, Figure MO-16. 

Set the 3rd zone timer to 0.5 second, 
and set the timer switch, labeled OUT to the 
left (IN) position, using the switches 
marked TIMER III and located on the front 
panel of the ULM234 module, Figure MO­
ll. 

Note: if 3rd zone protection is not 
required, the overreaching functions 
can be set with a circular (90°) 
characteristic, but the reach must be 
reduced to 21.9 ohms. 

Ground Zone 1 (MG1) Characteristic 

The variable mho characteristic will 
be used for the zone 1 ground distance 
functions in this application. 



CALCULATION OF SETTINGS 

Select the mho characteristic, using 
the switches located on the board of the 
ETMlll module, Figure MO-7. 

Select the mho supervision, using the 
switch located on the board of the UTMll1 
module, Figure MO-16. 

Distance Function Sensitivity 

If required, the sensitivity of the 
distance functions can be found using the 
calculated settings and the procedures 
defined in the SPECIFICATIONS section 
of this instruction book. 

REVERSE-REACHING BLOCKING 
FUNCTIONS, MB 

The following settings must be made: 

a. MB Reach (20-500, 0.20 step) 
b. Zero-sequence current compensation, 

K ('1-7,0.1 step) 
c. Characteristic timer setting (80°, 95°, 

110°) 
d. Positive-sequence voltage compen­

sation, KV (0-0.3, 0.15 step) 

MB Reach 

The reach of the reverse-reaching 
blocking functions is dependent on the 
reach of the overreaching functions at the 
remote end of the line. The following 
settings are proposed: 

a. If the MT reach at the remote 
terminal is less than twice the 
~ositive-sequence impedance of the 
line, 

MB Reach = (MT reach)XO.85 (4) 

b. If the MT reach a t the remote 
terminal' is greater than twice the 
~ositive-sequence impedance of the 
line, 

MB Reach = (MTreach - ZlL)X 1.7 (5) 

Where: Zl L = positive-sequence 
impedance of line. 

The MB reach is set using the 
switches located on the front panel of the 
ABM11(-) module, Figure MO-2. 

Zero-Sequence Current Compensation 
.'actor, K 

The zero-sequence current 
compensation factor, K, is a function of the 
positive- and zero-sequence impedances of 
the transmission line to be protected: 

K = (ZOL-ZIL)/ZIL (6) 

Where: 
ZOL = zero-sequence impedance 
of line. 
ZlL . = fositive-sequence impe­
dance 0 line. 

The MB zero-sequence current 
compensation factor is set using the 
switches located on the board of the 
ABM11(-) module, Figure MO-2.· 

MB Characteristic Timer Setting 

The characteristic timer settings for 
the blocking functions should be set 10° 
less than the characteristic timer setting of 
the overreaching functions at the remote 
terminal of the "line. The characteristic 
timer setting is made using the switches 
located on the board of the UTMl11 
module, Figure MO-16. 

Positive-Sequence Voltage Compen­
sation Factor, KV 

The posi ti ve-sequence vo ltage 
compensation factor, KV, should be set to 
zero (0). The setting is made using the 
switches located on the board of the 
ABMl1(-) module, Figure MO-2. 

" WORKED EXAMPLE (distance blocking 
functions) 

C5-8 

The system of Figure CS-3 will be 
used. The blocking functions at Station 
Baker will be set to coordinate with the 
settings selected above for the overreaching 
functions at Station Able. 



tolerance given in Table PT-I for the 
particular value of test current. 

I = "II" PU X IN X 3 (6) 

WHERE: 

FD 

"II" PU is the per-uni t setting on 
the board of the ABMll(-) 
module, Figure MO-2 

IN is the rated relay current 
(1 or 5 amperes) 

I is the nominal pickup current 

The fault detector may be tested using 
the same method as specified under 
ACCEPrANCE TESTING since there are 
no customer settings on this function. 

REACH TESTS 

Ml 

Use the connections shown in Figure 
AT-4 for the appropriate phases and 
function to be tested. 

Set the current and voltage phase 
angles per Table PT-ll. 

TABLE PT-ll 

Phase AB lOp -(8 - 30t 
Phase Be lop -(8 + 90t 
Phase CA lop (150 - 8t 

VA 0° 
VB _1200 

Vc + 120
0 

Where: 8 is the setting Of"~ZI" 
on the front panel of the 
ISMll(-) module, 
Figure MO-9 

The recommended test currents for this 
test are given in Table PT-m. 

The nominal operating voltage for Ml, 
at the angle of maximum reach, is given in 
Equation 7. 

VNOM = ZR1 \73 X ITEST (7) 

PT-3 
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WHERE: 
VNOM is the phase-to-ground 
pickup voltage 

ITEST is the test current 
ZRl is the reach setting "r" 
times the multiplier setting 
"MUL T" found on the front 
panel of the AFM133 module, 
Figure MO-4, found in 
location "Y" 

TABLEPT-m 

IN = 5 
ZR1 or "r"(Q) ITEST(amps) 

0.2 - 2.5 10 
1 - 6 10 
6 - 12 5 

12 - 20 3 
20 - 25 2 
25 - 50 1 

IN = 1 
ZR1 or "r"(Q) IrEST(amps) 

0.5 - 125t 2 
5 - 30 2 

30 - 60 1 
60 - 100 0.6 

100 - 125 0.4 
125 250 0.2 

NOTE: The switch marked "II" 
mounted on the front panel of the 
VMM11(-) module, Figure MO-13, 
should be set to 1 (all switches to left) 
when testing the M1 function. 

The applied three-phase voltage should 
be initially set to a value greater than the 
nominal operating voltage and the current 
should be increased slowly to the 
recommended test value. The voltage of the 
faulted phases should be slowly lowered, 
simultaneously, until the trace on the 
oscilloscope steps from LOW to HIGH. The 
actual operating voltage should be within 
the tolerances given in Table Pr-I for the 
val ue of test current used. 

To check the Ml function at other 
angles, refer to the TYSTEST computer 
program provided in the SOFTWARE 
section of this manual. 



PERIODIC TESTING 

MT 

Use the connections shown in Figure 
AT-4 for the appropriate phases and 
function to be tested. 

Set the current and voltage phase 
angles per Table PT-II. 

The recommended test currents for this 
test are given in Table PT-IV. 

TABLE PT-IV 

IN = 5 
ZRT or "r"( Q) ITI~ST(amps) 

0.2 - 2.5 10 
1 - 6 10 
6 - 12 5 

12 - 20 3 
20 - 25 2 
25 - 50 1 

IN = 1 
ZRT or "r"( Q) lrrEST(amps) 

0.5- 125 2 
5 - 30 2 

30 - 60 1 
60 - 100 0.6 

100 - 125 0.4 
125 250 0.2 

The nominal operating voltage for MT, 
at the angle of maximum reach, is given in 
Equation 8. 

VNOM = ZRT t~ X lrrEST (8) 

WHERE: 
VNOM is the phase-to-ground 
pickup voltage 

ITEST is the test current 
ZRT is the reach setting "rlt times 
the multiplier setting "MULT" 
found on the front panel of the 
AFM133 module, Figure MO-4, 
found in location "S". 

. The applied three-phase voltage should 
be initially set to a value greater than the 
nominal operating voltage and the current 
should be increased slowly to the 
recommended test value. The voltage of the 
faulted phases should be slowly lowered, 
simultaneously, until the trace on the 
oscilloscope steps from LOW to HIGH. The 
actual operating voltage should be within 
the tolerances given in Table PT-I for the 
value oftest current used. 

To check the MT function at other 
angles, refer to the TYSTEST computer 
program provided in the SOFTWARE 
section of this manual. 

MGl 

Use the connections shown in Figure 
AT-6, for the appropriate phase and 
function to be tested. 

Set the current and voltage phase 
angles per TABLE PT-V. 

PT-4 

TABLEPT-V 

Phase AN lop -(8 t 
Phase BN lop -(8 + 120t 
Phase eN lop (120 - 8t 

VA 0° 
VB _1200 

Vc + 1200 

Where 8, the phase angle of lop, IS 

determined by the following expression: 

ZG = IZGI L8 (9) 

WHERE: 
f6Z1 is the positive-sequence 
impedance characteristic angle 
setting, found on the front panel 
of the ISM11(-) module, Figure 
MO-10 

f6Zo is the zero-sequence imped­
ance characteristic angle set­
ting, found on the front panel of 
the ISMll(-) module 



"r" is the nameplate reach 
setting (located on the front 
panel of the AFM13( -) module, 
Figure MO-4, and found in loca­
tion "Y") times the multiplier 
setting "MUL T" 

Ko is the zero-sequence current 
compensation factor, found on 
the hoard of the AFM133 mod­
ule, location "Y" 

The nominal operating voltage for 
MG 1, at the angle of maximum reach is 
given in Equation 10. 

VNOM = ITEST X I ZG I (10) 

WHERE :V NOM is the phase-to-ground 
pickup voltage 

ITEST is the test curren t 
ZG is the reach as determined 
above (equation 9) 

NOTE: The switch marked "II", 
mounted on the front panel of the 
VMM11(-) module, Figure MO-13, should 
be set to 1 (all switches to left) when testing 
the MG 1 function. 

The applied three-phase voltage should 
be initially set to a value greater than the 
nominal operating voltage and the current 
should be increased slowly to the 
recommended test value shown in Table 
PT-VI. The voltage of the faulted phase 
should be slowly lowered, until the trace on 
the oscilloscope steps from LOW to HIGH. 
The actual operating voltage should be 
within the tolerances given in TABLE PT-I 
for the value of test current used. 

NOTE: The test currents indicated in 
Table PT- VI should only be used as 
guidelines. The maximum amount of test 
current that can be applied to obtain a 
favorable test result is determined by 
several factors, e.g. MG 1 reach setting, Ko 
setting. etc. Therefore, to make certain 
that the maximum allowable test current 
has not been exceeded, refer to the 
TYSTEST computer program furnished in 
the SOFTWARE section of this manual. 

To check the MG 1 function at other 
angles, refer to the TYSTEST computer 

PT-S 

GEK-90658 

TABLEPr-VI 

IN == 5 
ZR1 or "r"!Q! I:n~ST~amQs) 

0.1- 2.5 - 10 
1 - 6 10 
6 - 12 5 

12 - 20 3 
20 - 25 2 
25 - 50 1 

IN - 1 
ZR1 or "r"!Q~ ITEST{amQs~ 

0.5 - 12.5 - 2 
5 - 30 2 

30 - 60 1 
60 - 100 0.6 

100 - 125 0.4 
125 - 250 0.2 

program provided in the SOFTWARE 
section of this man ual. 

MTG 

Use the connections shown in Figure 
AT-6, for the appropriate phase and 
function to be tested. 

Set the current and voltage phase 
angles per TABLE PT-V, where 8, the 
phase angle of lop, is determined by the 
following expression: 

ZG = IZGI L8 (11) 

WHERE: 
~Zl is the positive-sequence 
impedance characteristic angle 
setting, found on the front panel 
of the ISM11(-) module, Figure 
MO-10 
~Zo is the zero-sequence imped­
ance characteristic angle 
setting, found on the front panel 
of the ISM11(-) module 

"r" is the nameplate reach 
setting, (located on the front 
panel of the AFM133 module, 



PERIODIC TESTING 

Fi~re MO-5, found in location 
ItS ') times the multiplier setting 
"MULT" 

Ko is the zero-sequence current 
compensation factor, found on 
the board of the AFM133 
module, location "s" 

The nominal operating voltage for 
MTG, at the angle of maximum reach, is 
given in Equation 12. 

VNOM = ITEST X I ZG I (12) 

WHERE: 
VNOM is the phase-to-ground 
pickup voltage 

ITEST is the test current 
ZG is the reach as determined 
above (Equation 11) 

The applied three-phase voltage should 
be initially set to a value greater than the 
nominal operating voltage and the current 
should be increased slowly to the 
recommended test value shown in Table 
Pr-VII. The voltage of the faulted phase 
should be slowly lowered, until the trace on 
the oscilloscope steps from LOW to HIGH. 
The actual operating voltage should be 
within the tolerances given in TABLE PT-I 
for the value oftest current used. 

TABLE PT-VII 

IN = 5 
ZRT or "r"~Q) ITEST~amgs) 

-
0.1- 2.5 10 
1 - 6 10 
6 - 12 5 

12 - 20 3 
20 - 25 2 
25 - 50 1 

IN = 1 
ZRT or "r"{Q} ITEST{amgs} 

-0.5 - 12.5 2 
5 - 30 2 

30 - 60 1 
60 - 100 0.6 

100 - 125 0.4 
125 - 250 0.2 

NOTE: The test currents indicated in 
Table PT-VII should only be used as 
guidelines. The maximum amount of test 
current that can be applied to obtain a 
favorable test result is determined by 
several factors, e.g. MTG reach setting, Ko 
setting, etc. Therefore, to make certain 
that the maximum allowable test current 
has not been exceeded, refer to the 
TYSTEST computer program furnished in 
the SOFTWARE section of this man ual. 

To check the MTG function at other 
angles, refer to the TYSTEST computer 
program provided in the SOFTWARE 
section of this manual. 

MB 

Use the connections shown in Figure 
AT-3 for the appropriate phase to be tested. 

Set the current and voltage phase 
angles per Table PT -VIII. 

PT-6 

TABLE Pr-VIII 

Phase A lop Lead by 360 - (as + 180)' 
PhaseS lop Lag by 120 -[360 - (as + 180lJ" 
PhaseC lop Lead by [360 - (as + 180)1 + 120' 

VA 0
0 

VB -12~ 
Vc +1200 

Where 6B, the phase angle ofIop, is 
determined by the following expression: 

ZB = 

(l~K )X[(l+ O.l;Ky )L~Zl+(~)L~Zol 
y 

ZB = I ZB I,L 6B 

WHERE: 

(13) 

j/jZ1 is the positive-sequence 
impedance characteristic angle 
setting, found on the front 
panel of the ISMll(-) module, 
Figure MO-IO. 

j/jZo is the zero-sequence 
impedance characteristic angle 
setting, found on the front 
panel of the ISM11(-) 
module. 



"r" is the nameplate reach 
setting located on the front 
panel of the ABMll( -) module, 
Figure MO-2. 

K is the zero-sequence current 
compensation factor, found on 
the board of the ABM11(-) 
module. 

Kv is the positive-sequence 
voltage compensation factor, 
found on the board of the 
ABM11(-) module. 

The nominal operating voltage for MB, 
at the an~le of maximum reach in the 
blocking dlrection (6B + 180°), is given in 
Equation 14. 

V NOM = ITEST X I ZB I (14) 

WHERE: 
VNOM is the phase-to-ground 
pickup voltage 

. ITESTis the test current 
ZB is the reach in the blocking 
direction, as determined above 
(Equation 13) 

Set voltage VA, VB and VC to 67 volts 
rms. Set the current to the value shown in 
Table Pr-IV. Simultaneously reduce the 
three-phase voltage, and check that the 
appropriate pin on the card extender goes 
from LOW to HIGH. The actual operating 
voltage should be within the tolerances 
given in Table Pr-I for the value of test 
current used. 

NOTE: The test currents indicated in 
Table Pr-IV should only be used as 
guidelines. The maximum amount of 
test current that can be applied to 
obtain a favorable test result is 
determined by several factors, e.g. MB 
reach setting, K setting, K V setting, etc. 
Therefore, to make certain that the 
maximum allowable test current has 
not been exceeded, refer to the 
TYSTEST computer pro~ram 
furnished in the SOFI'W ARE sectIOn of 
this manual. 

To check the MB function at other 
angles, refer to the TYSTEST computer 
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pro~ram provided in the SOFTWARE 
section of this manual. 

MOB 

The MOB function can be tested with 
specific settings for a particular application 
by the same method as specified under 
ACCEPTANCE TESTING. To 
determine the required values for Table 
AT-XIV, refer to the TYSTEST computer 
pro~ram provided in the SOFTWARE 
section of this manual. 
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OPTIONAL' PILOT INSTANTANIOUS L 
TIME OVERCURRENT fUNCTIONS 

fROM CTM • 
SHEET 2> Ae COuPLE 

IIAI 3X MUL T. 

fROM eTM • CTM • SHEET 2> LOW PASS ABS VAL + 310SUP lJ34 fiLTER 

fROM CTM • H CTM. SHEET 2> LOW PASS ABS VAL + 31A2 fiLTER 
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SPECIFICATIONS 

CONTACT DATA 

Trip Outputs 

Thyristor Outputs 

Auxiliary Outputs 
(including Alarms) 

DLA and Channel 
Control Contacts 

REACH~SETTING RANGES 

MEASURING 

Continuous rating = 3 amperes 
Make and carry for tripping duty: 

(per ANSI C37 .90) = 30 amps 
Break 180 VA resistive at 125/250 VDC 
Break 60 VA inductive at 125/250 VDC 

Same as trip contacts except no 
interrupting rating 

Continuous rating = 3 amperes 
Make and carry for 30 seconds = 

5 amperes 
Break 25 watts inductive at 

125/250VDC 
Make and Carry continuously 50 watts 
Maximum of250 volts or 0.5 ampere 

10 watts 
250 VDC maximum, 0.5 amp maximum 

TABLE P-I 

RANGE IN OHMS RESOLUTION 
FUNCTION UNIT MULT IN=5 IN=l IN=5 IN=l 

Zone 1 M1 0.1 0.2 to 5.0 1.0 to 5.0 0.02 0.1 
M1 0.25 0.5 to 12.5 2.5 to 62.5 0.05 0.25 
M1 1.0 2.0 to 50 10 to 250 0.2 1.0 

Zone 2 MT 0.1 0.2 to 5.0 1.0 to 5.0 0.02 0.1 
MT 0.25 0.5 to 12.5 2.5 to 62.5 0.05 0.25 
MT 1.0 2.0 to 50 10 to 250 0.2 0.5 

Blocking MB 2.0 to 50 10 to 250 0.2 1. 

REACH EXTENSION FACTOR 
TABLESP-ll 

FUNCTION MEASURING UNIT RANGE RESOLUTION 

Zone 1 M1 (1 - 10) X Zone 1 0.05 

SP-2 





EXAMPLE: 

For the phase pair A - B unit and: 
ZRl = 3 
RM = 1 
X = 0.95; (1 - X) = 0.05 (5% pull back) 

IA-IB = (.905) = 6.03 
(.05) (3) 

For a phase - phase fault: 
IA-IB = 2IA = 6.03 
IA = 3.015 

For a three-phase fault: 
IA-IB = V3 IA = 6.03 
IA = 3.48 

The current sensitivity for the ground distance units is determined from: 

(Ie - 10) ZRl + 10 Ko ZRO = (0.905)(RM) 
(1 - X) 

GEK-100603 

To use this formula, the ratio ofIo to Ie must be known or assumed. 

WHERE: Ie 
10 
ZRl 
ZRO 

Ko 
RM 
X 

EXAMPLE: 

10 = 310 
Ko = 3 

is the phase current at relay 
is the zero-sequence current at relay 
is the positive-sequence relay reach 
is the zero-sequence relay reach 

. (ZRl = ZRO) 
is the zero-sequence current compensation factor 
is a design constant (see Table SP-VTII) 
is the actual reach I nominal reach 

X = 0.95; (1- X) = 0.05 {5% pull back} 

~ Ie ZRl + Ie ZRl = (18.1) (RM) 
3 
IfZRl = 3 and RM = 1, then 

Q.(le)(3) = 18.1 
3 
Ie = 3.62 amps 

sp-s 



SPEC/FICA TIONS 

DIMENSIONS 

Height 

Width 

Depth 

WEIGHT 

14 inches (356 millimeters) 
8 rack units 

19.1 inches (484 millimeters) 
Standard 19 inch rack 

16 inches (406 millimeters) 

Standard rack-mounted unit weighs approximately 45 pounds 
(20 kilograms) 

SP-6 
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