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o 
OFFSET MHO DISTANCE RELAY 

TYPE CEB17A 

DESCRIPTION 

INTRODUCTION 
The CEB17A relay is a three-phase, high-speed, 

single-zone directional mho distance relaywithpro­
visions for offsetting the characteristic a fixed 
amount. It is constructed of three single-phase 
units in one L 2 case with facilities for single-phase 
testing. One target and seal-in unit provides indi­
cation of operation for all three units. The transient 
overreach characteristics of the CEB17A have not 
been limited to the point where it is suitable for use 
as a first-zone relay. This relay was designed 
primarily for use in directional comparison relaying 
schemes. 

APPLICATION 
The CEB17A was specifically designed for 

application as a carrier starting relay in directional 
comparison relaying schemes. To serve this pur­
pose the relay is equipped with normally closed 
contacts as well as with normally open contacts. 
Since many original straight distance terminals are 
later converted into directional comparison ter­
minals, the CEB17A should be used as the third­
zone unit in straight distance applications to facilitate 
possible future .conversion. 

The offset feature should always be used when 
the relay is employed to start carrier or when it is 
required to operate in .conjunction with some time 
delay for zero voltage faults. 

The CEB17A relay and its companion zone 
packaged relays may be combined in several differ­
ent ways for use in straight distance and directional 
comparison relaying schemes. Fig. 9 illustrates 
how the CEB17A, CEY15A, CEY16A and RPM21D 
relays may be employed for three-zone directional 
distance protection of transmission circuits against 
all multi-phase faults. Separate ground fault relays 
are required for single-phase-to-ground faults. 
Fig. 8 shows how these same relays plus ground 
relays and the necessary auxiliaries are combined 
in a directional comparison carrier relaying scheme. 

OPERATING CHARACTERISTICS 
MHO UNIT 

The mho unit without offset has an circular 
impedance characteristic that passes through the 
origin of an R-X dtagram, and whose center lies on 
the angle of maximum torque line. The offset shifts 

the circle 0.5 ohm (phase-to-neutral ohms) at an 
angle of 900 lead (see Fig. 3). 

The minimum ohmic reach is obtained by setting 
the taps on the autotransformer on 100%. The ohmic 
reach can be increased by reducing the autotrans­
former setting, thereby reducing the percentage of 
the terminal voltage supplied to the restraint circuit. 
The diameter of the mho unit circular characteristic 
is the ohmic reach of the unit, and can be determined 
from the equation: 

Zmin COS (I'l- 9) X 100 
OHMIC REACH = .....::=------­

(OUTPUT TAP) 

Where: 

OIItput tap = T 10 plus T 2 tap setting. 
= Mho unit minimum phase-to-neutral 

ohmic reach at the maximum torque 
angle used . 

= Mho unit angle of maximum torque. 
= Phase angle of the line. 

For a 3-30 ohm mho unit set with 100 per cent 
Input tap, 100 per cent output tap, and 75 degree 
angle of maximum torque, the reach of the mho. unit 
would be three ohms if·the line phase angle were 75 
degrees, current lagging voltage. 

At reduced voltage, the ohmic value at which 
the mho unit will operate may be. somewliat lower 
than its calculated value. This "pullback" or 
reduction in reach, is shown in Fig. 2 wh~re .the 
change in relay reach for a constant tap setting Is 
expressed as a function of the three phase fault 
current. The mho unit will operate for all points to 
the right of the curves. The static curves of Fig. 2 
were determined by tests performed with no voltage 
supplied to the relay before the fault was applied. 

The mho unit without offset is carefully adjusted 
to have correct directional action under steady-state 
low voltage and current conditions. For faults in the 
tripping direction at the angle of maximum torque 
of the mho unit, the 3 ohm unit with a 100 per cent 
tap setting will close its contacts at 1.5 volts and 
between 10 and 60 amperes. For faults in the non­
tripping direction, the contacts will remain open 
at zero · volts and between 0 and 60 amperes. 

The .. im/ruetiOM do not purport to cover all detail. or variatiom in equipment nor to provide for every possible 
con/ingency to be met in coMeCfion with im/a/Iotion, operotion or maintenance. Should further information be de.ired 
or .hould particular problem. ari.e which are not covereJ sumciently for the purcha .. r'. purpo.e., the matter .hou/d 
b. r.ferred to the Generol Electric Company. 

• Denotes change since superseded issue 3 
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STAT1C REACH VS ClRREMT CHARACTERISTIC FOR TYPE C(817" WITH 5(1% D.P. AND AT 7So LAG. 

F.,..F. INSTRUCTION~eooiil' iiiiii 

o 1 2 7 A 9 5 2 5 

Fig. 2 Static Reach vs. Current Characteristic with 50% Tap Setting and Maximum Torque Angle at 750 Lag 

Fig. 3 Minimum Static Operating Characteristics 
of 3 Ohm Mho Unit 

f.ig. q Typical Time-Current Characteristics with 86% 
Tap Setting. (Time to close normally open contact). 
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The speed of operation of the mho unit is a 
function of the instant In the cycle at which the fault 
occurs. It Is also necessarily a function of the angle 
of the fault impedance, the magnitude of the fault 
impedance, the magnitude of the fault current, the 
angle of the circuit, and the tap setting and angle of 
maximum torque of the mho unit. Typical time data 
are presented in Fig. 4 In terms of these variables. 
Maximum operating times are obtained when the 
fault occurs at that Instant in the cycle which 
produces zero DC offset current. 

TAPPED AUTOTRANSFORMER 

The ohmic reach of the mho unit may be adjusted 
by means of taps on the autotransformer. The 
autotransformer Is tapped In two percent steps from 
zero to one hundred per cent, and these taps are 
brought to the two tap blocks. The tap setting Is 
the sum of the tap settings made on one tap block. 
The lead marked T2 Is screwed Into one of the 2% 
taps and the lead marked T 10 Is screwed Into one 
of the 10% taps. 

The tap setting required to protect a zone Z 
obms long, where Z Is the positive pbase sequence 
pbase-to-.ne!!kailmpedance expressed In secondary 
terms, Is. determined by the following equation: 

OUTPUT TAP = (100) (MIN. OHMS) COS (j - 9) 
Z 

The ' minimum obms of the mho unit can be 
found on the relay nameplate. 

For a numerical example of the relay tap 
settlngS1 refer to the CALCULA TlONS section of 
this booK. 

RATINGS 
The CEB17A relay is rated 115 volts, 5 amperes 

and the mho unit baa an obmic reach that Is adjust­
able from 3 to 30 obms 'at 750 lag. The mho unit 
can also be adjusted to bave maximum torque at 800 
lag. When adjusted for 800 lag the mho unit bas an 

eobmiC reach of 2.5to250bms. The mho unit cbarae­
rlstlc can be shifted by P,§_.ohID by connecting the 

ctor in the circuit. The angJe of shift of the 
cli le due to the transactor is at 900 lead. 

The one eecond thermal rating of this relay is 
300 amperee. 

The irip circuit of the relay .~ll close and 
carry momilntarUy 30 amperes DC. The breaker 
trip circuit however, should always be opened by a 
circuit breaker auxiliary switch or other suitable 
means, because the relay contacts cannot interrupt 
the trip current. U the tripping current should 
exceed 30 amperes it Is recommended that an 
auxiliary tripping relay be used. 

The combination target and seal-In unit bas a 
dual rating P{ 0.8/2.0 amperes. The tap setting 
used on the target and seal-In unit is determined 
by the current drawn by the trip coU. The 0.8 
ampere tap is used With trip coUs which operate 

Offset Mho Distance Relay Type CEB GEH-2043 

on currents ranging from 0.6 ampere to 2.0 amperes 
at the minimum control voltage. This may alSo be 
used with trip colls drawing as much as 30 amperes 
if the voltage drop caused by the trip current flowing 
through the 0.6 ohm resistance of the targetseal-In 
coil does not cause excessive voltage drop. The 
0.6 ampere target seal-In tap can carry 30 amperes 
for one balf second without overheating. The 2.0 
ampere target seal-in tap can be used with all trip 
coils that draw more than 2.0 amperes at minimum 
control voltage and will carry 30 amperes for 4 
seconds without overheating. 

TABLE I 

TARGET AND SEAL-IN UNIT 

2 Amp Tap 0.6 Amp Tap 

DC Resistance 0.13 ohms 0.6 ohms 

Minimum Operating 2.0 amps 0.6 amps 

Carry Continuously 4.0 amps 1.2 amps 

Carry 30 Amperes for 4.0 sec. 0.5 sec. 

BURDENS 
The current burden Imposed on each current 

transformer at 5 amperes and 80 cycles Is shown In 
Table n. 

TABLEn 

CURRENT CmCUlT BURDENS 

WATTS VARS VOLT AMPS 

Without Offset 0.90 0.95 1.30 

With Offset 2.30 1.75 2.90 

The maximum potential burden imposed on each 
potential transformer at 115 volts and 60 cycles Is 
14.2 watts, 9.2 vars, 18.9 volt amps. 

The potentlal burden of the mho unit Is altered 
by changing the restraint tap setting in order to 
choose the proper reach. The burden for any set of 
conditions can be computed by using the equations 
below: . 

Watts = 8.25 + ~p :ttin~ 2 (5.95) 

Vars = ETaP ::atttngJ2 (9.20) 

5 
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GENERAL CONSTRUCTION 
The mho units of the CEB17A relay are of the 

four pole induction cylinder construction. The 
schematic connections for this unit are shown in 
Fig. 5. The two side poles, epergized with phase­
to-phase voltage! produce the polarizing flux which 
interacts with me flux produced in the back pole 
energized with a percentage of the same voltage to 
produce the restraint torque in the relay. The flux 
produced in the front pole, energized with the two 
line currents associated with the phase-to-phase 
voltage used, interacts with the polarizing flux to 
produce the operating torque. The torque equation 
at pickup (without offset) is therefore: 

Torque = 0 = EI cos~ - 9) - KE2 

where E is the phase-to-phase voltage 

I is the delta current e.g. (11 - 12 ) 

9 is the angle of maximum torque of the relay. 

fl is the power factor angle 

K is a design constant 

Dividing through by E2 and transposing reduces the 
equation to: 

y cos ~ - 9) = K 

Thus, the relay will pick up at a constant com­
ponent of admittance at a fixed angle depending upon 
the maximum torque angie of the unit, hence the 
name mho unit. 

The mho unit contacts are of fine sUver for low 
contact resistance and are of the ideal design of two 
cylinders at right angles, which provides a point 
contact without using an actually pointed contact. 

10------'" --------1 

CIt 

fig. 5 Schematic Connections of the Mho Unit 

To protect tlie contacts from damage caused by ti"\ 
high ope,rating torques under short circuit conditions, 'J 
a felt clutch is provided between the shaft and the 
contact arm. 

A combination target and seal-in unit is mounted 
at the top of the relay and is connected in series with 
the tripping circuit. 

Fig. I, shows the locations of the component 
parts of the relay visisble when the relay is re­
moved from Its case. 

INSTALLATION 

RECEIVING 
These relays, when not included as a part of a 

control panel, will be shipped in cartons designed to 
protect them against damage. Immediately upon 
receipt of a relay, examine it for any damage sus­
tained in transit. If injury or damage resulting 
from rough handling is evident, file a damage claim 
at once with the transportation company and promptly 
notify the nearest General Electric Apparatus Sales 
Office. 

Reasonable care should be exercised in un­
packing the relay in order that none of the parts 
are injured or the adjustments disturbed. 

6 

If the relays are not to be installed immediately, 
they should be stored in thetr original cartons in a 
place that is free from moisture, dust and metallic 
chips. 

INSPECTION 

Before placing a relay into service, the follow­
ing mechanical adjustments should be checked, and 
faulty conditions corrected according to instructions 
in the ADJUSTMENTS subsection of this section or 
under the MAINTENANCE section. 

.) 
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The armature and contacts of the target and 
seal-in unit should operate freely by hand. 

There should be a screw in only one of the taps 
on the right-hand contact of the target and seal-in 
unit. 

The target should reset promptly when the 
reset button at the bottom of the cover is operated, 
with the cover on the relay. 

MHO UNITS 

There should be no noticeable friction In the 
rotating structure of the mho units. The mho unit 
moving contact should return tu the backstop when 
the relay is de-energized, and in the vertical 
position. 

There should be approximately O.003-0.00Slnch 
end play in the shafts of the rotating structures. The 
lower jewel screw bearing should be screwed firmly 
into place, and the top pivot locked in place by its 
set screw. 

If there ts reason to belleve that the jewel Is 
dlrtyL the screw assembly can be removed from the 
bottom of the unit and examined. When replacing a 
jewel, have the top rlvot engaged in the shaft whUe 
screwing in the j ewe screw. 

All nuts and screws should be tight, with parti­
cular attention paid to the tap plugs. 

The felt gasket on the cover should be securely 
cemented in place in order to keep out dust. 

The contact surfaces should be clean. 

- CAUTION: Every circuit in the drawout case has an i auxiliary brush. It Is especially Important on current 
g circuits and other circuits with shorting bars that 
co the auxiliary brush be bent high enough to engage 
- the connecting plug or test plug before the main ... 
... 

... 

brushes do. This will prevent CT secondary cir­
cuits from being opened. 

NOTE ' AFTER ENGAGING AUXtUARY BRUSH',CONNECTING PLUG 
TRAVELS 1/4 INC,", BEFORE ENGAGING THE MAIN BRUSH ON 
THE TERMINAL BI.OCK 

Fig. 6 Cross Section of Drawout Case showing 
Position of Auxiliary Brush 

Offset Mho Distance Relay Type CEB GEH-2043 

LOCATION AND MOUNTING 
The location should be clean and dry, free from 

dust and excessive vibration, and well Ilghted to 
facilitate inspection and testing. 

The 
surface. 
Fig. 15. 

relay should be mounted on a vertical 
The outline and panel drilling is shown in 

CONNECTIONS 
The internal connection diagram for the relay is 

shown in Fig. 7. Typical wiring dlagras are given 
in Figs. 8 and 9. 

Unless mounted on a steel panel which adequately 
grounds the relay case, it is recommended that the 
case be grounded through a mounting stud or screw 
with a conductor not less than #12 B" S gauge copper 
wire or its equivalent. 

ADJUSTMENTS AND TESTS 
The relay Is properly calibrated at the factory 

and it ts not advisable to dtsturb the adjustments. 
If It is necessary to check the factory calibration 
of the units or to change the calibration, refer to 
the MAINTENANCE section of this book where de­
tailed instructions are given under the SERVICING 
subsection. 

0JrD·., 
1-2 U RJ1 

01-2" TOP UNIT 
4212-:3· "'00l.[ lim 
03-P eonCiol UNIT 

rrrr/'l,~YYl~-.rrrrl'_~I'hrr , • 
"---," 

03-1 R12 

Fig. 7 Internal Connection Diagram for 
CEBI7A Relay (Front View) 
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MHO UNITS 

Angle of Maximum Torque 

The relay is calibrated at the factory to have 
maximum torque at 750 lag. If maximum torque 
at 60 0 lag is desired the relay can be readjusted as 
described in RECALmRA TION section under 
SERVICING. 

Ohmic Reach 

The reach of the mho units can be adjusted in 
two per cent steps by the positioning of the auto­
transformer tap leads on the relay tap blocks. To 
determine the proper tap setting of the mho units, 
a procedure simitar to that outlined in the CAL­
CULA TIONS section should be followed. 

The calculated tap settings are made by con­
necting the T 10 and T2 tap leads to the proper taps. 
The lower tap leads marked T10 (on each tap block) 
should be connected to one of the 10 percent taps in 
the lower half of the tap blocks. The upper tap lead 
(on each tap block) marked T2 should be con­
nected to one of the two percent taps in the upper 
section of the tap block. The sum of the tap to which 
the T10 lead is connected and the tap to which the T2 
lead is connected should equal the calculated tap 
setting. For example a tap setting of 86% is made by 
connecting the 1)0 lead to the 80% tap and the T2 
lead to the 6% tap. The same tap setting must be 
made on both the right hand and left hand tap blocks. 

CAUTION: Examine the tap blocks with great 
care to make sure the tap lead terminals do not 
Come in contact with adjacent terminals, tap hole 
shoulders, mounting screw heads, the case or other 
grounded parts. This may cause a portion of the 
tapped autotransformer to be shorted or grounded, 
the result from this being eventual fallure of the 
transformer. The transformer tap leads should be 
placed horizontally on the tap block with the leads 
coming out rather than in toward the relay. 

Spring Adjustment 

Jumper Studs 15 to 17 to 19. 

The control spring is adjusted so that the left 
contact will just close when 3.25 ampere ±. 10% 
flow in the current coils with the connections in 
Table III. 

TABLEm 
CONNECTIONS FOR CONTROL SPRING 

ADJUSTMENT 

UNIT TOP MID. BOT. 

Current in Stud 2 5 8 

Current out Stud 5 8 2 

Jumper Studs 4-7 7>'10 4-10 

TARGET AND SEAL-IN UNIT 
The choice of tap on the target and seal-in unit 

is described under RATINGS. To change this 
tap, the spare screw above the left contact should 

12 

be inserted into the vacant tap on the right-hand 
contact, and the other screw removed and placed ~\. 
the spare position. Do not leave screws in both taps ' 
on the right-side of the unit. 

OVERALL TESTS 

Overall tests on current transformer polarities, 
potenttal transformer polarities, relay connections, 
and wiring can be made on the complete installation. 
Referring to Fig. 10, a check of the indicated phase 
angle meter reading will indicate that the relay is 
receiving the proper voltages and currents if the 
relay is connected as shown on the typical external 
connections Fig. 8 or 9. .' 

To completely check the connection it is neces­
sary to make all three tests ("a", "b", and "c") and 
if the proper phase angle reading is obtained in all 
three tests, then the three mho units are receiving 
the proper voltages and currents. The phase angle 
meter should be checked using a resistor to deter­
mine the correct connection to the phase angle 
meter to get a zero degree reading. The con­
nections shown In the upper right hand corner of 
Fig. 10 shows the proper connections for one make 
of phase angle meter. 

A , 

(.) o C 000 
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If sufficient power is flowing into the protected 
section an approximate check on calibration can be 
made. This check can be relied on only if the 
ammeters and wattmeters, or power factor meters 
are connected to a separate set of current and 
potential transformers from which the relays are 
connected, or the connection from the current 
transformers and potentlal transformers are known 
to be right as far as the ammeters, wattmeters and 
power factor meters are concerned. It is necessary 
to know this since the reading of the ammeter, 
wattmeter, and power factor meter will be used to 
determine the impedance and phase angle seen by 
the relays. Knowing the impedance and phase angle 
seen by the relay the tap value at which the relay 

• 
will just operate can be calculated. ,It is then only 
necessary to reduce the tap setting of the relay until 
the mho units operate and see how close the actual 
tap value found checks With the calculated value. 
The calculated value should take into account the 
shorter reach of the mho unit at low currents. This 
effect is shown in Fig. 2. 

A shorter test which will check for most of the 
possible ojlen circuits in the AC portion of the relay 
is as follows: Remove the lower connection plug 
disconnecting the current ctrcuits. All units should 
have strong torque to the right when full voltage is 
appUed. 

Replace the lower plug and open the restraint 
taps. All units should operate if power and reactive o flow are away from the station bus and into the pro­
tected line section. If the dtrection of reactive 
power flow is into the station bus, the resultant 
phase angle may be such that the units will not 
operate. 

ELECTRICAL CHECK TESTS ON THE MHO UNITS 

The manner in which reach settings are made 
for the mho unit has been briefly discussed. It is 
the purpose of the electrical tests in this section to 
check the ohmic pickup at the settings which have 
been made for a particular line section. 

To eliminate the errors which may result from 
A possible instrument inaccuracies a test circuit has 
"'" been selected which requires no instruments to 

determine the fault impedance. The ammeter is 
used only to determine the magnitude of the fault 
current. Such a circuit is shown in Fig. 11. ID 
Fig, 11. RS is the source lmpedan:,., :r is the fault 
switch and RL + jX L is the imp e of the line 
section for which till!" relay is being tested. The 
autotransformer, TAl which is across the fault 
switch and line impeaance is tapped in 10 per cent 
and 1 per cent steps so that the line impedance 
RL + JXL may be made to appear to the relay very 
nearly as the actual line on which the relay is to be 
used. This is necessary since it is not feasible to 

~ prOYide the portable test reactor, X L, and the test 
'lIP resistor with ellO\lldl taps so that tIii! combination 

may be made to match any line. 

Offset Mho Distance Relay Type CEB GEH-2M3 
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Fig. II Teat Connectiona .for Checking Ohmic Pickup 
of Mho Units 

For convenience in field testing the fault switch 
and tapped autotransformer of Fig. 11 han been 
arranged in a portable test box, Cat. No. 102L2011 which is particularly adapted for testing directiOllLl 
and distance relays. The box ia provided With 
terminals to which the relay current and potential 
circuits as well as the line and source impedances 
may be readily connected. For a cOlllJllete des­
cription of the test box the user is referred to 
GKl-38977. 

Other equipment required includes: 

Load Box 
Tapped Test Reactor 
Tapped Test Resistor 
Ammeter 
Test Plugs 

Since the reactance of the test reactor may be 
very accurately determined from its calibration 
curve, it is desirable to check relay pickup With the 
fault reactor alone, due account being taken of the 
angular difference between the line reactance, XL, 
and the relay angle of maximum reach. The line 
reactance, XL, selected should be the test reactor 
tap nearest above tWice the mho unit reach With 
account being taken of the difference in angie of tbe 
test reactor tap impedance and lb. relay angie of 
maximum reach. The relay reach at the anile of 
the test reactor impedance ia: 
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GEH-2043 Offset Mho Distance Relay Type CEB 

Z 
2Z Relay a 200 min. ohms cos (j - 9) where ~ is 

OUTPUT TAP 
the angle of the test reactor Im~~ 9 Is the 
relay angle of maximum reach, and "OU UTTAP" 
Is the voltage restraint tap setting. The test-box 
autotransformer percent tap for the mho-unit pickup 
Is given by: 

% tap = - 2.~_ Relay (100) 
ZL 

To Illustrate by an example let us consider the 
percent tap required on the test box autotransformer 
for a unit that has been factory adjusted to pick up 
at 3 ohms minimum at a maximum torque angle of 
75 degrees. In determining the reactor tap setting 
to use it may be assumed that the angle (~) of the 
test reactor Impedance Is 80 degrees. From the 
above, twice the relay reach at the angle of the 
test-reactor Impedance Is: 

2Z relay = 200 X _3_ cos (80-75) ~ 5.98 ohms 
100 

Therefore, use the reactor 6 ohm tap. Twice 
the relay reach at the angle of test reactor Im­
pedance should be recalculated using the actual 
angle of the reactor tap Impedance rather than the 
assumed 8Q degrees. Table IV shows the angles 
for each of the reactor taps. 

TABLE IV 

TAP ANGLE ~ COS (j - 75) 

24 88 0.874 
12 87 0.878 
8 88 0.882 
3 85 0.885 
2 83 0.880 
1 81 0.885 

0.5 78 0.889 

From the table It Is seen that the angle of the 
Impedance of the 6 ohm tap is 86 degrees. There­
fore: 

2Z relay = 200 X ~ cos (86-75) • 5.89 ohms 

The calibration curve for the portable test 
reactor should again be referred to In order to 
determine the exact reactance of the 8 ohm tap at 
the current level being used. Por the purpose of 
this lllustration assume that the reactance Is 6.1 
ohms. Since the angle of the Impedance of the 6 ohm 
tap is 86 degrees, the Impedance of this tap may be 
calculated as follows: 
14 

= ~ E 6.115 
.9976 

Prom this calculation it Is seen that the re­
actance and the Impedance may be assumed the 
same for thill particular reactor tap. Actually the 
difference need only be taken Into account on the 
reactor 3, 2, 1 and 0.5 ohm taps. 

The test box autotransformer tap setting re­
quired to close the mho-unit contacts with the fault 
switch closed Is: 

% = 5.89 (100). 96.5% (use 96% TAP) 
6.1 

Pig. 2 should be checked to determine that the 
test current used is high enough so that the charac­
teristic is not off calculated value because of low 
current. 

If the ohmic pickup of the mho unit checks 
correctly according to the above, the chances are 
that the angle of the characteristic Is correct. The 
angle may, however, be very easily checked by using 
the callbrated test resistor In combination with 
various reactor taps. The calibrated test resistor 
taps are pre-set In such a manner that when used 
with 12 and 6 ohm taps of the specified test reactor, 
Impedances at 80 degrees and 30 degrees respec- . 
tively wlll be available for checking the mho-unit ~!! 
reach at the 80 degree and 30 degree positions. 
The mho-unit ohmic reach at the zero-degree posi­
tion may be checked by using the callbrated test 
resistor alone as the line impedance. The cali­
brated test resistor Is .upplled with a data sheet 
which gives the exact Impedance and angle for each 
of the combinations available. The te.t-box auto­
transformer per cent tap for pickup at a particular 
angle Is given by: 

200 Zmln cos (~ - II) 
% Tap = X 100 

(ZL) (OUTPUT TAP) 

Where ~ is the angle of maximum torque of the 
unit, 9 is the angle of the test impedance (ZL), 
ZL Is the 60 degree, 30 degree or zero degree Uil- , 
pedance value taken from the calibrated restetor ". 
data sheet and "OUTPUT TAP" i. mhounitrestralnt 
tap setting. As In the case of the previous tests, 
the load box which serve. as source Impedance 
should be adjusted to allow approximately 10 amperes 
to flow In the fault circuit when the fault switch is 
closed. 

When checking the mho unit at angles of more 
than 30 degrees off the maximum reach position, 
the error becomes relatively large with phase angle 
error. 

I) 
In addition to the above test on the mho units, ' 

they may also be checked for directional action with 
the test box circuits as shown In Fig. 11. The fault 
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resistor RL may be zero and the test reactor should 
be set on lIle 0.5 ohm tap. With connections made 
as shown, the mho unit contacts should close ' over 
the current range of 10-60 amps with 1.5 volts applied 
across the potential circuit. I r 

TRIP CmCUlT 

If possible, the relay contact circuits should be 
given an eleclrlcal test In place by closing each 
mho unit contact successively by hand and allowing 
trip current to pass through the contacts and the 
target and seal-In unit. The target should promptly 
appear. 

SETTINGS 

The reach of the relay at any given Impedance 
angle In terms of Its reach at the set angle ts given 
by the following expression: 

ZR 

where: 

9 = 

il z 

ZM = 

ZR = 

= Z M cos (il - 9 ) , 

maximum torque angle of relay 

angle of Impedance to the fault 

relay set reacl). In secondary ohms at 
angle of maxlmjun torque (9 ,. 

relay reach In secondary ohms at im­
pedance angle (il). 

SAMPLE CALCULAT,IONS 
Consider one terminal of a two terminal 69 kv 
transmission line 17.3 mlles long having a phase to 
neutral impedance 

Zprim = 0.14 + j 0.80 ohms per mlle 

Zprim = 17.3 (0.14 + j 0.80) = 2.4 + j 13.9 
ohms total 

PT Ratio = 69,000/115 = 600/1 

CT Ratio = 600/5 = 120/1 

CT Ratio 
PT Ratio 

120 
Zsec = (2.4 + j 13.9) 600 = 0.48+ j 2.78 ohms 

Zsec = 2.82 ~0.2o ohms 

Assume that the CEB17A is to be used to pro­
vide 3rd ZOne protection In the forward direction 
and it ts desired to set the forward reach for 6.0 
ohms at an angle of 80.20 degrees. Thts setting 
having been arrived at after due consideration was 
given to coordination with the phase relays on 

~ adjacent circuits and taking current Infeed Into 
'flU account. 

Offset Mho Distance Relay Type CEB GEH-2043 

Case I - No offset required 

With the angle of maximum torque of ·the relay 
set at 75 degrees, the percent tap setting required 
is obtained from the equation on page 5. 

OUTPUT TAP = 100 (3.0) Cos (80.2 -75) 
6.0 

= 49.8 percent 

Set the output tap at 50 percent 

Case n - Offset required 

Since the offset setting is along the reactance 
axts on the R-X diagram, it ts easiest to arrive at 
the proper tap setting by means of a graphical 
solution as outlined below: 

x 

8.0 

-2.0 

l c 

Fig. 12 Graphical Solution To Detenoln. Proper 
ITap Setting When Mho Unit is Offset 
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1. Draw the R-X diagram as Iii Fig. 12. 

2. Draw line OA at the Impedance angle of the 
line and measure off the length to be pro­
tected. In thla case It Is 6.0 ohms. 

3. Through the point S, representing the offset, 
which In this case Is (R = 0, X = -0.5, draw 
the line "'SC'" at the angle of maximum torque 
for which the relay Is set. In this case It Is 
75 degrees. 

4. By trial and error !I!:D a circle which has 
Its center on line BC and which passes 
through both points P and S. This ctrcle 
represents the destred setting. 

5. Measure the diameter of the circle SM. 
In this case It measures 6.55. ohm!!. ' , '\ 

I.> I 
6. The destred OUTPUT TAP setting in percent 

Is given by the following equation: 

OUTPUT TAP = (100) (Minimum Reach) 
Destred Diameter 

OUTPUT TAP = (100) (3.0) = 45.8 percent 
6.55 

Set the OUTPUT TAP for 46 percent. ~ I 

MAINTENANCE 

PERIODIC TESTS 
An operation test and an inspection of each relay 

unit and seal-In unit are recommended · at least 
once every six months. The inspection of the relay 
should be made as outlined In the INSPECTlON sub­
section of the INSTALLATlON section. The check 
teste should be those described In the ELECTRICAL 
CHECK TESTS subsection of the INSTALLATlON 
section. These check teste may be made very 
quickly U the test box autotransformer settings for 
each relay terminal are determined ahead of time. 
In that case It Is only necessary to Insert the test 
plugs In each relay In succession and observe relay 
contact operation when the fault switch is closed. 
Frequent CALmRATlON tests are not considered 
necessary since the calibration of the relay does not 
change appreciably with time. If It Is found that the 
relay does not check test correctly, recalibratlon 
may be made according to the procedures set forth 
under SERVICING In this section. 

CONTACT CLEANING 
For cleaning the fine sUver contactB, a flexible 

burnishing tool should be used. This conslstB of a 
fleXible strip of metal with an etched roughened 
surface, resembling In effect a superfine file. The 
polishing action Is so delicate that no scratches are 
left, yet corroded material will be removed rapidly 
and thoroughly. The flexibUlty of the tool Insures 
the cleaning of the actual polntB of contact. 

Fine silver contactB should not be cleaned with 
knives, fUes, or abrasive paper or cloth. Knives 
or files may leave scratches which Increasing arcing 
and deterioration of the contactB. Abrasive paper 
or cloth may leave minute particles on insulating 
abrasive material In the contactB and thus prevent 
closing. 

The burnishing tool described Is Included In 
the standard relay tool kit obtainable from the 
factory. 
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SERVICING 

MHO UNIT 

a. Contact Adjustment 

The normally open contacts of the mho unit 
should have an .050 - .065 Inch gap. Fig. 13 illus­
trates the mho unit contact adjustmentB requtred to 
obtain proper operation. The gaps should be set by 
suitable thickness gages. 

8RUSH WUSI MOT 
IlJCKlE WRING 
OPERATION. 

SCRAPP€R BRt.ISH EkO 
lOBE ~ .11M 
COHTACT ARM. 

, 

~ 
CONTACT TO JUST TOlOI 
FELT BACK STOPS WI 
CLEAR nlO STOPS 
BY .005 

GAP 
.050 - .065 

! APPROX. 

Fi g. 13 Contact Adjustment (Momally Open) 
of CEBI7A Relay 

, 
• • • 
i 
< -
• 



b. Control Spring Adjustment· 

'11Ils adjustment Is the same as glven under the 
INSTALLATION section. 

c. Clutch Setting 

The clutch of the mho unit Is set to slip when a 
force of from 45 to 55 grams Is applled to the moving 
contact assembly at the moving contact. 

'11Ie clutch on the mho unit is adjusted by means 
of the steel collar at the upper end of the rotatlng 
shaft. To adjust the clutch, loosen the Bet screw in 
the collar, rotate the collar on the shaft through the 
number of half turns necessary to obtain the correct 
presllUl'e. Moving the collar down increases the 
clutcb pressure. 'l'be. collar should then ~ locke4 by 
means of the set screw wblch Beats Itself in a groove 
provlded on the shaft. Care sbould be taken to seat 
the set screw in this groove rather than tighten it 
against the threaded shaft. 

d. Polarity 

To check the polartty of the mho unit, the con­
neetlona of Fig. 14A may be IIHd. With these con­
neeti01l8 and the mho unlt taps on 100 per cent, the 
mho unlt contacts sbould remain open. Tbe correct 
polarity for the mho untt is indicated by the closing 
of the left-band contact of the mho unit wben the T2 
tap lesda are removed from the autotransformer 
tap blocks. 
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FI g. I~ T •• t Connection. For Checklllg Correct 
Mho Unit Operation for CEBI7A Relay 

Offset J/Iho Dtstance Relay Type CBB GBR-2M3 

e. DIrectional 

To cbeck the dlrectional actton of the mho unit, 
the connections of Ftg.l4B shOl!ld be used. Set the 
mho unU's taps on 100 per cent. With the connoc­
tions of Ftg. 14B adjust the phase shUter to the 
angle of maxtmum torque. Wtth 1.5 volts applied to 
the potential circuit, the mho unit contact should be 
closed over the range of 10 to 60 amps. With the 
current connections at the relay terminais as shown 
in Fig. 14B, voltage removed from the relay, and the 
relay potential ter mlnals shorted the normally open 
contact of the mho unlt should remain open from 
o to 60 amperes. 

If the mho unlt faUs to perform properly at 
these bigh current levels, the inner stator, or core, 
sbould be adjusted to the left or right a small amount. 
To accompllsb this, flrst loosen the bex bead nut 
in the bottom rear of the mho unit. Tbis nut clamps 
the core positioning bracket. Once this nut is 
loosened, the core can be moved from side to side 
by means of the core adjusting screw mounted on 
the rear of the mho unit mounting plate. Tbis 
adjusting screw is accessible from the right side of 
the relay. If the mho unit contact faUs to close at 
the bigh current level, turn the core adjusting Sf'rew 
sltgbtIy clockwise. If the mho unlt contact taUs to 
open properly at the bigh current level, turn the 
core adjusting screw sllghtly counter-clockwtse. 
After an adJustment of the screw in either dlrection, 
back it off sllghtly in the oppostte dlrection to relleve 
tension on the screw. 

f. Recaltbratton 

Before pickup or phase angle cbecks are made, 
the mho unit sbould be allowed to beat up fOr ap­
prOldmately 15 minutes energized with rated voltage 
alone. When cold the relay tends to underrescb by 
3 or " per cent. U the relay is permitted to warm 
up, the error due to temperature will be less than 
OIle per cent. 

If the pickup of the mho untt is to be calthrated 
by test, use the connectlnns of FIg. 14B. Carefnlly 
caltbrated meters are an abaoJ.ute neceutty If the 
relay calthration tsats are to be carried out 1I\lC­
cesefnlly. Set the mho unlt calculated reacb! Z, by 
means d. the taps. &ljust the voltage to the aeslrecl 
level. When setting low values d. impedance, It ls 
advtaable to use approzl_tely 55 volts to avoid 
ezcessive currents. AdJust the phase angle to the 
angle of mutmum torque d. the mho untt. Iner_ 
the current to determine the mho unlt plcbp 
current. Tbe Impedance calculated from the ratto 
of the Yoltage and current readIngs with the con­
nections d. FIg. 14B corH8P""ds to the phase-to­
phase impedance, and is double thephase-to-neatral 
or relay impedance, Z. If the contact does not clOll8 
at the correct current, the setting d. the resistor 
Ru , Ria' or RU sbould be changed. 

If aDgU1ar settings are to be cbeeked use the 
connections of FIg. 14B with about 55 volts on the 
relay, and current IIlIfflciently btgh to cause tbe 
contacts to close over a span d. 90 degrees or more. 
Turn the phase shifter and find the two values of 
phase angle at wbieb the normally open contacts will 
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just close (always taking the reading as contacts 
move from open to closed posltion)1 maintaining the 
same voltage and current when Doth angles are 
read. The angle midway between these two values 
Is the angular setting of the unit, or Its angle of 
maximum torque. If the angle of maxim~ torque 
is not correct It can be corrected by adjusting RU , 
R42, or R 43 depending on whether It Is the top, 
middle, or bottom unit being adjusted. 
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RENEWAL PARTS 
It is recommended that sufficient quantities of 

renewal parts be carried In stock to enable the 
prompt replacement of any that are worn, broken, 
or damaged. 

When ordering renewal parts, address the 
nearest Sales Office of the General Electric Com­
pany, specify quantity required, name of part wanted

i and give complete nameplate datal. including serta 
number. If possible, give the ueneral Electric 
Company requisition number on which the relay 
was furnlshed. 
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PANEL DRILLING FOR SEMI- FLUSH 
MOUNTING (FRONT VIEW) 

Offset Mho Distance Relay Type CEB GEH-2043 
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Buff .. lo IU05 •.•..•. US o.lawu. A .. e. 
N •• York 10022 ...... &1.1 IA"'reton Aft. 
Rochnttr 14604 . ....•.... 89 Eut Ave. 
Syraeuae 13208 . . . ... 35)2 Jam .. SI. 

NORTH CAROLINA 
• t I Charlotte 28201 ..... , 141 Provtdenet Rd. 
o WUmlnctoll 

OHIO 

• f 
• f t 

f 
f 
f 

Relle1wood 284511 ••••... P. O. Boll 166 

C1nc:lnnaIl45208 .•.... 2621 Victory PkWy. 
Cleveland 44104 • . •• 1000 Laknld. A,e. 
Coilimbu. 4322i . . . . . 1110 MOrlt Rd. 
Toledo 43606 . . 3125 DoII(lu Rd. 
YO\I"I.to"", 44501 ..... 272 indl .. nola Ave. 

GENERAL R.ECTRIC SERVICE SHOPS 

OKLAHOMA • 
o t Okl .. homa City 13108 ..• 2000 Clusen Blvd. 

TIiIIJa 1410~ •. P. O. Bo .. 1646, s-tIIalde St.. 

ORECON 
t £UCeHt1401 . ...... . ..• 1l10PearlSt. 

o t f Portland \11210 ••.•••• 21121 NW 29th Ave. 

PENNSYLVANIA 
AllenlOw" 1 .. 02 .. 

• t t PhllAdelphle IU02 . 
o t Plltabu.rlh 15222 . 

SOUTH CAROLINA 

..1444 H .. mIlIOflSt. 
3 Penn Center Piau 

.300 6th Avenlle Bid,. 

t I Coillmbia 211204 . . . 2100 Mlddlebllrl Dr. 
t CreenVllle ZlS01 .. UNo. Pleuantbllr, Dr. 

TENNESSEE 
• t Chaltanoop 31411 

TEXAS 

• f 
• f 

• f 
• f 

f 
• f 

f 

UTAH 

· .......... . 5800 BkIJ. £u",te C~er 
Memphl. 38130 ....... 3385 Alrn,.. Blft!. 

Amarillo 11101 . .•........ 303 Polk St • 
Bta",mont 11104 ...•.... 1385 Calder Ave. 
Corpus Chrl.tl18401 .. 205 N. Chaparral SI. 
DUI ... 1S222 .... "OJ SCemlllOM Freeway 
E1 Puo 1~~ ....... . .. US N.Staftton 
Fori Worth 18102 . . ,408 W. Seventh 6t. 
Koueton 1102'1 . .. .. 4319 Richmond A .. e. 
san Antonio 18204 . . . 434 S. M .. I" St. 

f Salt Lake Cit)' &tIll ..• 31 S. Third ElIu St . 

VIRCfNlA 
I Nf'II'port New. 23801 . .• 311 Main St. 

t I Richmond 23230. . 1508 Willow Lawn Or. 
t Roanoke 24015.. . . 2018 Colonial Ave. 

WASHINCTON 
• t I SHute 98188 

· . . . . . liZ Andover Perk £"'1, Tun.lla 
Spobne m02 .. . ... . £.1805 Trent A~. 

WEST VIRCINIA 
• t Cllarlulotl25328 .. 3011 MacCorlt&e Ave .• S£ 

WISCONSIN 
Appleton 54911. 

f. Mlhnlll<f. 53202 
3003 West Collelte Or. 

. 1115 E. M,d,l,an 51. 

WHEN YOU NEED SERVICE, .. Ttl.", GE SerYice Shop' "filII repair, re­
condition. And rebulld)'Olll" .Imrle apparaill" Tbe tulillin are a..-allable 
day I.tI4 nllhl, leven Gay. a "'1'8. t« work In Ute .hop.e or on your pnrn-

''''.. Latnl factory methods and ,enllint GE renfWal pari. are "'led to 
maintain performanc .. of YOllr eqllipment. For filII Information about Illese 
.erVlce .. contact yov.r nearn( serVice anop or Aiel offiCI". 

ALABAMA 
•• Blnnl .. ham "211 •• 1500 lIl •• Ave. ,5. W. 

e MobI.le 38&0$ •.••••••• '721 !.akulde Dr. 

AIUZON .... 
(Phoe1l1x) GI.ndaJ.e 8S0li .4111 W.C(liter St. 

• Phoenix; 85011 ....• 3840 W. CIar.ndon St. 
• TuceOQ 8511S •.•• 2tU SO. Palo Verde Ave. 

CALIFORNIA 
• Lo' .u.,les to301 .... 6000 Stanlord Aft. 
, (Lo. Anlel .. ) ~ID 12805 

· ..•...•....•.. 3001 E. LaPaIm.a AM. 
(Lo • ...,.ele.) lnIlewood i0301 
· ..•..•.....•.. 226 W. Flonnte Ave. 
saeramento ~"4. . . . . . tt KorUt IlUi It. 

•• (SUI Fu.ncl,col Qai(lafw:IIM60a 
· •...••...•.•.•.••... 1650 34th St. 

COLORADO 
e· Denwr 1020$ .....•... 33SS Lulmer St. 

~ECTICUT 
e· (Soulhlnctonl Planta'IIUe 0841i 

· ..•..•.........•..• 310 Atwater Sl. 

rLORmA 
•• JacUon't\lle 32203 .... 2020 W. Btaver St. 

• (lIlaml) Hlillnb SSOIO ••• 1082 E .. t 21th st. 
e· 'nmpt. "to! ......... 11th C. Cnnt St •. 

GECRClA 
• (A0uta) CbamOlae .so34 1 

• ........ &035 Pftchtru tndllatr1l.1-SIft!. 
• Atlf.nb. •......... 2311 John CleM Dr. 

ILLlNOI3 
•• Chlcqo GOes8 .•.. 8Q45S.Notttll(haQl Aft. 

INDlANA 
EvaftA:'t\U.41111 401 N.Concre .. AYe. 

• n.Wayne4I8OS ....• nnEdalIA ... 
• ftammoIIId 48UO ••••••• l1P Il4th PI.tt 

e· lndl&nl.poli.48221 ... n40 W. vermont 81. 

IOWA 
(Da"lIpOrt) Bettendorr Sa72t .1013 State St. 

KENTUCKY 
LoIII .... m .. 40209 •• • • 3V01) C'r1~ Drive 

LOU1S1AHA 
• .9;1I0Il Roo.ce 10814 . . . 1~5 North Dual Sl. 

•• New Orlean. 10114 .. .1115 DeArmu St. 

~YLAND 
,. Balthnore 21230 . 

MASSACHUSETTS 
• 0 I:. ,~onJ Medlord 02155 

. • • • 3NO MYRle Valley Pk'ory. 

MICHICAN 
• • I:. (Detroit) IUftr't\ew .•.• 1&015 KnuS. Ave. 

e FllnI4n05 ....... 1500 E. Carpelltfr Rd. 

MINNESOTA 
• Dutv.ttI SU07 . .. SOd! Aft. W C. St..Lootl. 8lI)' 

•• MIMeapoU.55430 .... 202~ 4IthA~.,N. 

"lS9OIJRl 
•• KanA. City 64120 ..... 3'525 Cudnllr Ave. 
e· SI. Loul' 63110 .. 1\15 Ea.t Rd. 

NIW JEIlSEY 
e Ne. 8run.Wiek 081102 •.••• 3 t.a.UIIC'I' It. 

NEW MEXJCO 
• AltNqllerque 8110t ... 4420 McLeod Rd.NE 

NEW YORK 
AltWly 1210$ .• . ...... 1091 CtlltI" .. l Ave. 

•• (8u.lfalo) TonawUlda 14150 •. In MII.tI. Rd. 
e lLo~ Istand) Old &ethpqe 11804 

· ... , .... 113 Bethpace--Swtet Hollow Rd.. 
(tf" York Ctty) Nortll au, ... , N.I. 07012 
• .••••••••.•. , ••• Il001 TOMelit Aft. 
!New York City) CUlton. N. J. 01012 
· •.......•.... . .•...• Brl(bton Rd. 

• I:. Scheneet&dy lU~ ...•..... 1 RIM, Rd. 
8rr.cu .. 13201 •••. 1015 E. HIA_tha 81Vd. 

KORTK CAROL IN .... 
•• Charlotte 28208 .•...... 2328 TIlrUt Rd. 

OHIO 
e Alron (Carlton) 4U20 

· .....•.....•. 1000 Whipple A .... N. W. 
•• ClnelnllAti 45202 ••••• , •• 444 W •• t 3rd St. 

• 01:. Ct.VlI1tld4412S .•••• • 441'r&u1411hSt. 
e Collirnbli. 4Snl .•..... 8880 HlltlU.,. Rd . 

•• ToledO U605 .••••••. 405 Durborn Ave. 
YOWC.to_ 44507 .... 212 E.Indlanola. Ave. 

OKLAHOMA 
• Till .. 14145 .. 5220 S. l001J) East Ave. 

00£000 
• Ellflene ~1402 

• 0 Porlbnd ~1210 
. 510 WU_ St. 

. 2721 NW 2itl1 Ave. 

PENNSYLVANIA 
Allentown 18103 . 668 E. HI,h1and SI . 
fDtb .... re Valler)Cllerry Hili. M.J .• 011034 
· ........... , ... 1'1"10 E. Multon Pike 

• John.to .... n 15802 841 Oalt St. 
• PlUlildelph\;lo I!U24 .. 1040 Ea.t Erie Ave. 

•• CPittiburCh) Wesl Mimi. nU2 
4930 Buttermilk Hollow Rd. 

e York 1140' . . . . . ,54 t1". Harrison St. 

SOUTH CAROLINA 
• (Chuleston) No. Charleston 211401 

· ...... . .......... 2490 Debonair SI. 

TENNESSEE 
• Knol!vtUe 3111"' 

· . . . . .. 2821 Gonrnor John Sa't\er W.,.. 
M,mphl.38I01. 108 tforlh Malll St. 

TEXAS 
e IHalimont mo~ .. . .. ueo w. CardlNl OJ" . 
, COrp.l' Chrl.tI 1&401 115 Waco St. 

•• Dallu 152S5 .•. • ..•••• 3202 M.nor Way 
• Koulton 11038 ... . 5534 Harv.,. WIlIOI'I Or . 

HOII.ton 11036 . . .. 119UI Rar.ln Df. 
Midland 18101 . . 104 S. Johnston 51. 

UT.\H 
•• Salt Lab City 84110 . 301 S. 1th Wesl St. 

VlRCINIA 
•• Richmond ZlU4 . ...... 1403 lnIfarn A'fe . 

• Roanoke 24013 . 1004 RIVlr Ave., 5E 

WASHINCTON 
•• Stattle 1I1l:M ..... 342J FirR Av •.. SOo.Ith 

• Spokane oPal I ....... E.4323 Million St. 

WEST VlRCINIA 
e· Ctlule.ton 2S328 .• 301S MacCorkie Ave., IE 

wtSCON'S1K 
e (Appleton) Menash. 54110 .. 1725 Racine St. 
• MII .... uke.53201 ••. U5 W.Oki.hom" Ave . 

• Eleetrlcal/Mechanlcal Service Shop • IMtI"umentation Shop I:. Special Manu.factllrlng Shop 

GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA. .-':::-. 
"' . 

) 




