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CAUTION

Before putting relays 1nto service,
remove all blocking which may have been inserted
for the purpose of securing the parts during
shipment, make sure that all moving parts oper-
ate freely, 1inspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

APPLICATION
i The Type TSO trippling relay 1s a sing-
le phase, three-element impedance type relay
used to provide ‘out-of-step tripping at a de-
sired point 1n a system where synchronlzing:?
equipment 1s° located. It will not operate on
any type of fault, .  but will close the trip cir-
cult during the first slip cycle of an
step condition. By a slight circult m
tion, the relay can also be used for out-
blocking.

In order ‘to. apply this r‘ela“?'

der all operating conditions.7 B

CONSTRUCTION -
The Type TS0 tripping relayf consists
of three 1nstantaneous impedance elenfents, two

telephone-type relays. auxiliary contactor
switch &and operation indicator. The construc-
tion of the elements 1s described below.

Impedance Elements

The 1mpedance elements consist of a
balanced beam pulled downward on the contact end
by a current coil and restrained on the other
end by two voltage colls. The fluxes of these
two voltage colls are shifted out of phase with
respect to each other to produce a steady pull
so that practically a constant balance can be
obtained regardless of the phase angle between
the current and voltage coll fluxes. A tap
screw on the front of the element permits chang-
ing the number of turns on the current coil, and
a core screvw on the bottom of the element changes
an air gap in the magnetic path. 'lhese two ad-
justments make it possible to set the element.

On. the first impedance element (Z 1)~
the moving ' contaet 1is a  hollow, sllver,
shaped capsule practically fllled with tungsten
powder. When this contact strikes the rigid sta-

.. tionary contact, the - movement™ of the tpngsten
" ‘powder creates sufficlent friction ... tq: ‘absorb
practically all the energy of impact‘ and thus
the tendency of the contact to bounce 18 reduced
to & minimum. The moving contact 1s loosely
mounted on the first element beam and held in
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construction 1s such
move slightly after
ing the spring.

Cur-

place by a leaf spring. T
that the beam conti
the contacts close,

This provides the reg 1?ed
rent 18 conducted 1
means of a flexible mat
tion is shown in figure

Thergecond apAY third elements (Z2 and
Z3) have a make- gnd -bfefik ¥ontact assembly . con-
sisting of th, \gontadts--two hemispherical s1l-
ver contacts pﬁted on leat springs gs the sta-
tionary contd with a flat sillver contact also

mounted on. & 1eaf apring as the moving contact.
The mﬂying contact 1s operated by the beam of the

imﬁedaﬁce element as shown in figure 1.

Telephone Relays

y There are two telephone-type - relay
elements designated X and Y. The X element 1s a
,3low-to-release type. An electromagnet attracts

right-angle iron bracket which in turn operates

set of make-and-break contacts. Drop-out delay
s obtained by the copper slug on the core, and
an be varied by adjusting the ailr gap between
the core and the armature.

The Y element .1s a fast-operating
has a set of make - ~and-break contacts,
but no- air gap. adJustment

Auxiliary Contactor Switch

This 1s a small solenold-type d-c.
switch. A cylindrical plunger with a silver disc
mounted on 1ts lower end moves™in the core of the
solenoid. As the plunger travels upward, the
disc bridges three sllver statlonary contacts.

OPERATION -

fundamental difference between a.
three-phase fault and an out-6f-step or out-of-
synchronism condition  ¥8 -that 'a& favlt suddenly
reduces the voltage and increases the current,.
during the approach of an out-of-step-
condition the voltage -and’ current changes ‘are
comparatively gradual.  Under out-of-step -condi-
tions the apparent impedance as measured ty 8- Pg= -
lay anywhere near the electrical center would
start at a high value, and gradually decrease.to
a much lower value, and then graduaslly increase
again to a higher value, if there 1s no fault at
the time, and the system goes through a complete
bést -esclliation.- On the other hand, i1f.the dils-

One

- turbance 1s a fault, the impedance covered by the

relay will sudenly drop to a much lower valyg,

and then either retaln this value or slightly in-
crease due to the effects of fault reslistance,
until the fault 1s cleared. . : -

"'The relay takes advantage of this
distinction . between a fault and an out-of-step
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Figure 1
Sectional View of the Impedance Element Beams and Contact Assemblies.

condition. Under out-of-step conditions the
third impedance element will operate followed af-
ter a short time delay by the second impedance
element, and then followed by the first 1mpedance
element, as the apparent short clrcult drifts
toward the relay. In case of a fault, one, two,
or three impedance elements may be operated, but
i1f more than the third element 1s to be operated,
the others will operate withln a very short time,
and will not follow the sequence described for an
out-of-step condition. In case a fault 1s very
close to the balance point of the first or second
element, then these elements would operate com-
paratively slowly, thus simulating part of the
out-of-step condition. For this reason three
elements have been used, but all three must oper-
ate 1n a pre-determined sequence and with a suit-
able delay 1n order to cause tripping.

Referring to filgure 2, the scheme of
operation is descrlbed below. The relay marked X
is normally energized from the station battery
and is of the slow-to-release type, and 1t will
require approximately 4 cycles to drop out. Upon
the occurrence of an out-of-step.condition, im-
pedance element Z% will operate, short clrculting
the operating coig of relay X, and causing it to
drop out if in the meantime impedance element Zo
does not also operate. If Zo impedance element
operates after thils auxillary relay X has dropped
out, auxiliary relay Y will be energized and the
trip circuit wlll be completed if impedance elem-
ent 27 now operated. Under any other conditions
the trip circult cannot be completed. For exam-

o

ple, if impedance element Zp operates before aux-
illary relay X drops out, the shorting circuit is
opened, and relay X remains energized, thus pre-
venting auxillary relay Y from picklng up. If
impedance element 23 should operate before the
sequence of X dropping out and lmpedance element
Zo operating 1s completed, a clrcuit is provided
around the operating coll of auxiliary relay Y
through Z; oontact and Y back contact so that re-
lay Y 1is not energilzed.

Thus,
ent operations
fault conditions
operations to be
not occur.

any sequence of impedance elem-
which could be expected under
would not allow the seqQuence of
completed, and tripping would

When conditlons are returned to nor-
mal on the system, all impedance elements reset,
and relay X 1s energized through the back con-
tacts of impedance elements Zp and Z3. The ener-
zlzing of relay X and the resetting of impedance
element Zo will de-energize relay Y and thus re-
store both auxiliary relays to normal.

If & fault occurs within the imped-
ance zone setting of the out-of-step relay and
after the rfault 1is cleared, the systems should
pull out of step due to the disturbance caused

by the fault, the type TSO relay will still oper-
ate properly. Under the fault condition, the im-
pedance elements will take up a definite position
corresponding to the location of the fault. Af-
ter the fault is cleared, and the systems subse-

N
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Figure 2
Internal Connections of the Type TSO Out-of-Step
Tripping Relay.

qQuently pull out of step, the out-of-step relay
may or may not trip on the first swing as this
would depend upon which zone was indicated by the
original fault. However, at the conclusion of the
first swing, all three ilmpedance elements of the
relay will be reset. On the second swing, as the
system pulls out of step these impedance elements
wlll close 1in order and the system will trip on
the second swing, assuming that the electrical

center of the out-of-step condition will fall
within the =zone covered by the relay lmpedance

setting.

When out of step blocking 1s desired
from this relay, the sequence of operation is the
same except that the Z] element 1s omitted and
the back contact of the Y relay 1s used to open
the trip circuilt of the protective relays.

CHARACTERISTICS

The relay 1s available 1n an 0.6 to
6.0 ohm range. The tap and scale markings are as

follows:
Taps
All elements: 6.2 9.4 13.5 20.8 29.8 45

Element Core Screw Markings
First 0.8 1.0 1.2 1.4
Second 1.4 1.6 1.8 2.0 2.2
Third 1.4 1.6 1.8 2.0 2.2

The phase angle characteristic of the
first impedance element is flat within + 4% over
360°, and within + 7% over 360° for the second

and third 1impedance elements.
SETTINGS )

. The type TSO tripping relay requires
a setting for each of the three impedance elem-
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Flgure 3
Typical External Connections of the Type TSO Out-
of -Step Tripplng Relay. Star Connected Current
Transformers May Be Used.

ents. The first element must be set so that un-
der the most unfavorable condition 1ts balance
point is 15 to 20% beyond the electrical center
of the system when the generators are 180°out of
phase. This 1s to assure the operation of all
three impedance elements during the slip cycle.
If Ze 1is the line-to-neutral ohmlc impedance of
the line from the relay to the electrlcal center
of the system, the impedance settings are as fol-
lows:

For the first element - 115 to 120% of Zc
For the second element - Approx. 225% of Zc
For the third element - Approx. 300% of Zc

The following nomenclature will be

used 1in the formula for determining the relay
settings:
Z = line-to-neutral ohmic impedance of the line

from the relay to the deslired balance point.

Re = the current transformer ratio.

Rv = the potential transformer ratio.

T = the impedance element current tap value.

S = the impedance element core screw value. The

values appear as a series of dots on the
lower core screw adjusting knob.

The relay tap setting 1s found by the
use of the following formula:

10 Z Rc

S = =gy -

This formula applies when the relay
recelves delta current. If the impedance elem-
ents recelve star current, the following formula
1s used:

T‘S = 1_7.3 Z Re ,

Rv

The nomenclature 1s as defined above.
The tap, T, is obtained by dividing the TS pro-
duct by S to give an avallable tap number. When

changing taps, the extra tap screw should be
screved 1into the desired tap bsfore removing the .
exlsting tap screw to prevent open-circuiting the
current transformers.

_3..



TYPE TSO TRIPPING RELAY

The numbers on the core screw appear
in ascending order as the core screw is screwed
into the core. In some cases, a Qquestion of
doubt may arise whether the scale setting is cor-
rect, or is out by one full turn of the core
screw. In such a case, the point may be verified
by turning the core screw all the way in. Then
back out the core screw until the highest scale

marking just comes under the end of the polnter.
This wlll occur 1n less than 3/4 of a turn. To
prevent such doubt 1t 1s recommended that the

core screw setting be made by thus locating the
highest scale marking and then continulng to back
it off until the desired value appears exactly
under the end of the polnter. Sufficlently ac-
curate setting can be made by interpolating be-
tween the marked points when necessary.

The formula settings are sufficlently
accurate for most installations. Where it is de-
sired to set the balance points more accurately,
the tap and scale values may be checked by apply-
ing to the relay the voltage and current which
will be impressed on 1t 1n service.

INSTALLATION

The relays ghould Dbe .mounted on
switchboard panels or thelr equivalent in a lo-
catlon free from dirt, moisture, excessive vibra-
tion and heat. Mount the relay vertically by
means of the two mounting studs. Elther of these
studs may be utllized for grounding the relay
base. The electrical connections may be made
direct to the terminals by means of screws for
steel panel mountlng or to terminal studs fur-
nished with the relay for ebony-asbestos or slate
panel mounting. The terminal studs may be easily
removed or Ilnserted by locking two nuts on the
studs and then turning the proper nut with a
wrench.

ADJUSTMENT AND MAINTENANCE

All contacts should be perlodically
cleaned with a flne file. S#1002110 file 1s re-
commended for thils purpose. The use of abrasilve
material for cleaning contacts 1s not recommended
because of the danger of embeddlng small parti-
cles 1n the face of the soft silver and thus im-
pairing the contact.

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not be disturbed after re-
ceipt by the customer. If the adjustments have
been changed or the relay taken apart for re-
pairs, the folloving instructions should be fol-
lowed in reassembling and setting it.

First Impedance Element

Refer to figure 1. Adjust the stop
screw on the moving beam for .020 inches clear-
ance between the rear of the beam and the voltage
iron. With the beam in this position, adjust the
vertical gap for .010 inches clearance between
the adjustable 1lron and the beam, also ad just for
.020 inches clearance between the front of the
beam and the stop on the upper core screw.

The stationary contact should be ad-
justed for an .020 inch gap when the beam 1s in
the reset position. When the beam is in the
operated positilon -there should be & .015 Inch de-
flectlon of the moving contact. The spring that
carries the moving contact should lle flat on the
mlicarta arm with no initail tension on the con-

tact. The flexible pigtail should be at least
3/%2 inches from the end of the statlonary con-
tact.

" Connect the relay with polarity as
per figure 2. Using any tap and scale setting,

check the lmpedance measured by the relay with 35
volts potential restraint. Apply 5 volts re-
straint and adjust the balance weight on the beam
until the beam just trips with 1/7 of the current
required to trip with 35 volts restraint. The
phase angle characteristlc 1is flat within + 4%
over 3600°.

Second and Third Impedance Elements

Refer again to figure 1. Adjust stop
serew on moving beam for .020 inch clearance be-
tween the rear of the beam and the voltage lron.
Wwith the beam in this position adjust the verti-
cal gap for .010 inch between the beam and the
vertical post. Also, with the beam in this posi-
tion adjust for .020 inch clearance between the
front of the beam and the stop on the upper core
screv.

Adjust the lower contact of make and
break plle-up so that it does not touch the mid-
dle contact when the beam is in the operated po-
sition and agalnst the stop. With the beam in
this position adjust the middle contact so that
the spring just touches the Micarta on the end of
the beam, then glve the adjusting set screw one
half turn to the right to secure the proper blas.
Next, with the beam still in the operated posi-
tion, adjust the lower contact until there 1s
.008 inch clearance between the end of the middle
contact spring and the Micarta on the end of the
beam. \

Adjust the top contact of the make and
break plle-up so that with the beam in the oper-
ated position, there is .007 inch gap between the
top and middle contacts. There should be not
more than .008 inch deflection of the top contact
spring when the beam is in the reset position.
If there 1is more than .008 inch deflection, the
gap between the middle contact spring and the Mi-
ecarta on the end of the beam should be increased.
Phis will requlre readjusting the contacts to
mailntain the .007 1inch gap between the top and
middle contacts. :

Move the Dbalance welght along the
beam until the beam resets sufficiently to allow
the top and middle contact to barely "Make" con-
tact. Move the weight back 50 mils and lock 1t
in place.

Telephone Relays

The armature set screw on the X relay

adjusted so 1t does not extend beyond
the armature surface. Otherwise, the X and Y re-
lays require no adjustment. The drop-out of the
X element is adjusted normally for 4 cycles.

should be

Contactor Switch

Ad just the statlionary core of the
switch for a clearance between the stationary
core and the moving core when the switch is
picked up. This can pe most convenlently done by
turning the relay up-side-down. Screw up the
core screw until the moving core starts rotating.
Now, back off the core screw until the moving
core stops rotating. This indicates the point
where the play in the moving contact assembly is
taken up, and where the moving core just separ-
ates from the statlonary core ScCrew. Back off
the statlionary core screw one turn beyond this
point and lock In place. This prevents the mov-
ing core from striking and sticking to the sta-
tlonary core because of residual magnetism. Ad-
just the contact clearance for 3/32 inch by means

of the two small nuts on either silde of the Mi-
carta disc. The switch should pick up at 1.0 am-
peres d-c. Test for sticking after 30 amperes

d-c. have been passed thru the coil. The coll
resistance is approximately 0.85 ohms.

-4 -
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Operation Indicator

Adjust the 1indicator to operate at
1.0 ampere d-c. gradually applied by loosening
the two screws on the under side of the assembly,
and moving the bracket forward or backward. If
the two hellecal springs which reset the armature
are replaced by new aprings, they should be weak-

ened slightly by
pere calibration.
imately 0.16 ohm.

stretching to obtain the 1 am-
The coll resistance 1s approx-

Calibration of Impedance Elements

The current required to operate the
impedance elements against any given voltage is
obtained from the equation:

TS = lQTE_ (3)

where T 1s the current tap and S 1s the setting
of the calibrated core screw, E and I are the
voltage and current respectively applied to the
relay. Thus, 1f the setting i1s T = 20.8, 8= 1.2
and the voltage 1s 30 volts, then the current re-
quired at 60° lagging is:

I =10 E I =10 % 30 =
TS .0 X 1.2
When checking the calibration, it is

essentlal that the polarity be as given in figure
2, otherwise an error will be introduced. ‘

12 amperes

Caution

Make certain that the stops on the
rear and front of each beam are absolutely clean
otherwlise the 1impedance at which the beam trips
may be affected, particularly at low voltages.

.

The stop can be easily cleaned by drawing a plece
of clean white paper between the beam and the
stop while the beam is firmly pressed down.

Also, when checking the impedance
elements at low voltage, observe the tripping of
the beam 1instead of an 1indication in the trip
clreuit. This will prevent an error in the con-
tact adjustment which might otherwlse affect the

beam calibration.

RENEWAL PARTS

Repair work can be done most satis-
factorlly at the factory. However, interchangé-
able parts can be furnished to the customers who
are equlpped for doing repair work. When order-

ing parts, always give the complete nameplate
data.
ENERGY REQUIREMENTS

The 60-cycle burden of the impedance

elements 1s as follows:

Potential Circuit at 115 Volts

VA. P.F.Angle
All impedance elements in
parallel 4.3 8° lead

Current Circuit at 5 Amperes

Tap VA. P.F.Angle
All impedance elements in 13.5 1.2 10
serles 45 3.5 37°
The continuous rating of voltage coil 1is 115

volts, and of the current coils 8.66 amperes.
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TYPE TS0-2 OUT-OF-STEP TRIPPING RELAY

INSTRUCTIONS

CAUTION

Before putting relays into service,
remove all blocking which may have been inserted
for the purpose of securing the parts during
shipment. Make sure that all moving parts oper-
ate freely. Inspect the contacts to Ssee that
they are clean and close properly. Operate the
relay to check the settings and electrical con-
nections.

APPLICATION

The Type TS80-2 tripping relay 1s a
single phase, three-element impedance type relay
used to provide out-of-step tripping at a de-
sired point in a system where synchronizing
equipment 1s located. It will not operate on
any type of fault, but will close the trip cir-
cult during the first 8lip cycle of an out-of-
step condition.

In order to apply this
hecessary to know the Impedance
lay and the electrical center
der all eperating conditions.

relay 1t 1is
between the re-
of the system un-

CONSTRUCTION

The Type TS0-2 tripping relay consists
of three instantaneous impedance elements, two
telephone-type relays, seal-in contactor switch,
and operation indicator. The construction of
the elements is described below.

Impedance Elements

The impedance elements consist of a
balanced beam pulled downward on the contact end
by a current coil and restrained on the other
end by two voltage coils. The fluxes of these
two voltage coils are shifted out of phase with
respect to each other to produce sa steady pull

So that practically a constant balance can be
obtalned regardless of the phase angle between
the current and voltage. A tap screw on the

front of the element Permits changing the number
of turns on the current coil, and a core screw
on the bottom of the element changes an air gap
in the magnetic path. These two ad justments
make 1t possible to set the element.

On the first impedance
the moving contact is a hollow, =silver, egg-
shaped capsule practically filled with tungsten
powder. When this contact strikes the rigid
stationary contact, the movement of the tungsten
powder creates sufficient friction to absorb
practically all the energy of impact, and thus
the tendency of the contact to bounce is reduced
to a minimum. The moving contact 1is loosely
mounted on the first element beam and held in
Dlace by a leaf spring. The construction 1is
such that the beam continues to move slightly

element (Zl)

after the contacts close, thus deflecting the
spring. This provides the required contact fol-
low. Current 1s conducted into the moving con-
tact by means of a flexible metal ribbon. Thils
construction 1s shown in Figure 1.

The second and third elements (Z, ana
Zz) have a maXke-and-break contact assembly con-
sisting of three contacts--two hemispherical
sllver contacts mounted on leaf springs as the
stationary contacts with s flat silver contact
also mounted on a leaf spring as the moving con-
tact. The moving contact 1is Operated by the
beam of the impedance element as shown in Figure
1.

Telephone Relays
it et b A

There are two telephone -type relay
elements designated X and Y. The X element is g
slow-to-releass type. An electromagnet attracts
a right-angle 1ron bracket which in turn oper-
ates a set of make-and-break contacts. Drop-out
delay 1is obtalned by the copper slug on the
core, and can be varied by ad justing the alr gap
between the core and the armature.

The Y element 1is a fast-operating
type. It has a set of make -and -break contacts,
but no air gap ad justment.

Seal-In Contactor Switch

The d-c contactor switch
is a small solenoid type switch.

in the relay
A cylindrical

plunger with a silver disc mounted on its lower
end moves in the core of the solenoid. As the
plunger travels upward, the disc bridges three

silver stationary contacts. The coil 1s 1n
series with the main contacts of the relay and
with the trip coil of the. breaker. When the
relay contacts close, the coil becomes energized
and closes the switch contacts. This shunts the
main relay contacts, thereby relieving them of
the duty of carrying tripping current.

OPERATION

One fundamental difference between a
three-phase fault and an out-of-step or out-of-
synchronism condition is that s fault suddenly
reduces the voltage and increases the current,
whereas during the approach of an out-of -step
condition, the voltage and current changes are
comparatively gradual. Under out-of-step condi-
tions, the apparent impedance as measured by a
relay anywhere near the electrical center would
start at a high value, and gradually decrease to
a much lower value, . and then gradually increase
again to a higher value, 1if there is no fault a.
the time, and the system goes through a complete
beat oscillation. On the other hand, 1f the dis-
turbance is a fault, the impedance covered by
the relay wilil suddenly drop to a much lower
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Figure 1
Sectional View of the Impedance Element Beams and Contact Assemblies.

value, and then either retaln this value or
slightly increase due to the effects of fault
resistance, until the fault 1s cleared.

The relay takes advantage of this dis-
tinction between a fault and an out -of -step con-
dition. Under out-of-step conditions, the third
impedance element will operate followed after a
short time delay by the second impedance element,
and then followed by the flrst impedance element,
as the apparent short circult drifts toward the
relay. In case of a fault, one, two, Or three
impedance elements may be operated, but if more
than the third element 1s to be operated, the
others will operate within a wery short time,
and will not follow the sequence described for
an out-of-step conditlon. In case a fault 1=
very close to the balance point of the Tirst or
second element, then these elements would oper-
ate comparatively slowly, thus simulating part
of the out-of-step conditlon. For this reason,
three elements have been used, but all three
must operate 1in.a pre-determined seguence and

with a suitable delay in order to cause tripping.

Referring to Figure 2, the scheme of
operation is described below. The relay marked
X 1is normally energized from the station battery
and is of the slow-to-release type, and it will
require approximately 4 cycles to drop out. Upon
the occurrence of an out-of-step conditlon, im-
pedance element Z3 will operate, short circuit-
ing the operating coil of relay X, and causlng
it to drop out if 1n the meantime lmpedance ele-
ment Zo does not also operate. If Z2 impedance
element operates after this auxiliary relay X
has dropped out, auxillary relay Y will be ener-
gized and the trip circuit will be completed 1if
impedance element Z] now operates. Under any
other conditions, the trip cilrcuit cannot be
completed. For example, if impedance element Z2
operates before auxiliary relay X drops out, the
shorting circult 1s opened, and relay X remains
energized,* thus preventing auxiliary relay Y
from pleking up. If impedance element Z7 should
operate before the sequence of X dropplng out

and impedance element Z2 operating is completed,
a circuit is provided around the operating coil
of auxiliary relay Y through 21 contact and Y
back contact so that relay Y 1s not energized.

Thus, any sequence of ilmpedance ele-
ment operations which could be expected under
fault condltions would not allow the sequence of
operatlons to be completed, and tripping would
not occur.

Wnen conditions are returned to nor-
mal on the system, all impedance elements reset,
and relay X is energized through the back con-
tacts of impedance elements Zp and Z The ener-
gizing of relay X and the resetting of 1mpedance
element Zo will de-energize relay Y and thus re-
store both auxiliary relays to normal.

If a fault occurs wilthin the impedance
zone setting of the out-of-step relay and after
the fault is cleared,and the systems should pull
out of step due to the disturbance caused by the
fault, the type TS0-2 relay will still operate
properly. Under the fault condition, the impe-
dance elements will take up a definite position
corresponding to the location of the fault. Af-
ter the fault is cleared, and the systems subse -
quently pull out of step, the out-of-step relay
may or may not trip on the first swing as this
would depend upon which zone was indicated by
the original fault. However, at the comnclusion
of the first swing, all three lmpedance elements
of the relay will be reset. On the second swing,
as the system pulls out of step, these impedance
elements will close in order and the system will
trip on the second swing, assuming that the
electrical center of the out-of-step condition
will fall within the zone covered by the relay
impedance setting.

CHARACTERISTICS

is available in an 0.6 to
The tap and scale markings are

The relay
€.0 ohm range.
as follows:
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Figure 2
Internal Schematic of +the Type TS0-2 Relay In

The Standard Case.

Taps

All elements: €.2, 9.4, 13.5, 20.8, 29.7, 45,

Element Core Screw Markings
First 0.8 1.0 1.2 1.4
Second 1.h 1.6 1.8 2.0 2.2
Third 1.4 1.6 1.8 2.0 2.2

. The phase angle characteristic of the
first impedance element is flat within + 4% over
3€0°, and within + 7% over 360° for the second
and third impedance elements.

SETTINGS

The type TS0-2 tripping relay requires
a setting for each of the three impedance ele-
ments. The first element must be set so that un-

der the most unfavorable condition its balance
point is 15 to 20% beyond the electrical center
of the system when the generators are 180° out

of vhase. This is to assure. the operation of all
three impedance elements during the slip cycle.
If Zc 1s the line-to-neutral ohmic impedance of
the line from the relay to the electrical center
of the system, the impedance settings are as
follows:

the first element - 115 to 1204 of Ze
the second element - Approx. 225% of Zc
the Third element - Approx. 300% of Zc

The followlng nomenclature will be
used in the formula for determining the relay
settings:

Z =

For
For
For

line-to-neutral ohmic impedance of the line
from the relay to the desired balance point.
Re= the current transformer ratio.

Rv= the potential transformer ratio.
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Figure 3
Internal Schematic of the

The Type FT Case.

Type T80-2 Relay In

T = the impedance element current tap value.

S = the impedance element core screw value.
The values appear as a series of dots on
the lower core screw ad justing knob.

The relay tap Setting 1is found by the
use of the following formula:

78 = 10 Z Re
Rv
This formula applies when the relay
receives delta current. If the 1impedance ele-

ments receive star current,
la is used:

the following formu-

_17.3 Z Re
TS = ~l2p0 Je

The nomenclature 1s as defined above.
The tap, T, is obtained by dividing the TS pro-
duct by 3 to give an available tap number. When
changing taps, the extra tap screw should be
screwed into the desired tap before removing the
existing tap screw to Drevent open-circuiting
the current transformers.

The numbers on the core SCrew appear
in ascending order as the core screw 1s screwed
into the core. In some cases, a question of
doubt may arise whether the scale setting is
correct, or is out by one full turn of the core
screw. In such a case, the point may be veri-
fied by turning the core screw all the way in.
Then back out the core screw until the highest
scale marking just comes {nder the end of the
pointer. This will occur in less than 3/4 of a
turn. To prevent such doubt it is recommended
that the core screw setting be made by thus lo-
cating the highest scale marxing and then con-
tinuing to back it off wuntil the desired value
appears exactly under the end of the pointer.
Sufficiently accurate setting can be made by in-
terpolating between the marked points when
necessary.
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Figure 4
Typical External Connections of the Type TS0-2
Relay. Star Connected Current Transformers May
Be Used.

The formula settings are sufficiently
accurate for most installations. Where it 1is de-
sired to set the balance polnts more accurately,
the tap and scale values may be checked by ap-
plying to the relay the voltage and current
which will be impressed on it in service.

INSTALLATION

The relays should Dbe mounted on
switchboard panels or their equivalent in a lo-
cation free from dirt, molsture, excessive vi-
pration and heat. Mount the relay vertically by
means of the two mounting studs. Either of these
studs may be utilized for grounding the relay
base. The electrical connections may be made
direct to the terminals by means of screws for
steel panel mounting or to terminal studs fur-
nished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easlly removed OT inserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

ADJUSTMENT AND MAINTENANCE

A1l contacts should De perlodically
cleaned with a fine File. S#1002110 file is re-
commended for this purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed Dbecause of the danger of embedding small
particles 1in the face of the soft sillver and

thus impairing the contact.

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not be disturbed after

receipt by the customer. If the adjustments
have beem changed or the relay taken apart for
repairs, the following instructions should be

followed in reassembling and setting it.

First Impedance Element

Refer to Figure 1. Adjust the stop
secrew on the moving beam for .020 inch clear-
ance between the rear of the beam and the volt-
age iron. wWith the beam in thils position, ad-

just the vertical gap for .010
between the adjustable 1ron and the beam, also
adjust for .020 inch clearance between the
fyront of the beam and the stop on the upper core
screw.

inch clearance

The stationary contact should be ad-
justed for an .020 inch gap when the beam 1s in
the reset position. When the Dbeam 1s in the
operated position, there should be a .015 inch
deflection of the moving contact. The spring
that carrles the moving contact should lie flat
on the Micarta arm with no initial tension on
the contact. The flexible pigtall should be at
least 3/32 inch from the end of the stationary
contact.

Connect the relay with polarity as
per Figure 2. Using any tap and scale setting,
check the impedance measured by the relay with
%5 volts potential restraint. Apply 5 volts re-
straint and adjust the balance welght on the
beam until the beam just trips with 1/7 of the
current required to trip with 35 volts restraint.
The phase angle characteristic 1s flat within
+4% over 360°.

Second and Third Impedance Elements

Refer again to Figure 1. Ad just stop
screw on moving beam for .020 inch clearance be-
tween the rear of the beam and the voltage iron.
With the beam in this position, adjust the ver-
tical gap for .010 inch between the beam and the
vertical post. Also, with the beam 1n this po-
sition adjust for .020 inch clearance between
the front of the beam and the stop on the upper
core screw.

Adjust the lower contact of make and
break pile-up so that it does not touch the mid-
dle contact when the beam 1s in the operated po-
sition and against the stop. With the beam in
this position, adjust the middle contact so that
the spring just touches the Micarta on the end
of the beam, then give the adjusting set screv
one half turn to the right to secure the proper
bias. Next, with the beam st1ll in the operated
position, adjust the lower contact untll there
1s .008 inch clearance between the end of the
middle contact spring and the Micarta on the end
of the beam.

Adjust the top contact of the make and
break plle-up so that with the beam in the oper-
ated position, there 1s .007 inch gap between
the top and middle contacts. There should be
not more than .008 inch deflection of the top
contact spring when the beam is in the reset po-
sition. If there is more than .008 inch deflec-
tion, the gap between the middle contact sprilng
and the Micarta on the end of the beam should be
increased. This will require readjusting the
contacts to maintaln the .007 inch gap between
the top and middle contacts.

Move the balance welght along the
peam until the beam resets sufficlently to allow
the top and middle contact to barely "make" con-
tact. Move the weight back 50 mils and lock it
in place.

Te lephone

The armature set screw on the X relay
should be adjusted so it does not extend beyond
the armature surface. Otherwise, the X and Y
relays require no ad justment. The drop-out of
the X element 1s adjusted normally for 4 cycles.

Contactor Switch

Adjust the
switch for a clearance

of the
stationary

statlonary core
between the

T
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core and the moving core when the switch 1is
picked up. This can be most conveniently done
by turning the relay upside down.. Screw up the

essential that the polarity be as given
ure 2,

core screw untlil the moving core starts rotating.

Now, back off the core screw until the moving
core stops rotating. This indicates the polnt
where the play in the moving contact assembly 1s
taken up, and where the moving core just sepa-
rates from the stationary core screw. Back off
the stationary core screw one turn beyond this
point and lock in place. This prevents the mov-
ing core from striking and sticking to the sta-
tionary core because of residual magnetism. Ad-
just the contsct clearance for 3/32 inch by
means of the two small nuts on elther side of
the Micarta disc. The switch should pick up at
1.0 ampere d-c. Test for sticking after 30 am-
peres d-c have been passed thru the coil. The
coil resistance is approximately 0.85 ohm.

Operation Indicator

Adjust the indicator to operate at 1.0

ampere d-c gradually applied by loosening the
two screws on the under side of the assembly,
If

and moving the bracket forward or backward.
the two helical springs which reset the armature
are replaced by new springs, they should be
weakened slightly by stretching to obtain the 1
ampere calibration. The coll resistance is ap-
proximately 0.16 ohm.

Calibration of Impedance Elements

to operate the
voltage is

The current regquired
impedance elements against any gilven
obtained from the equation:

When checking the calibration, it 1is
in Fig-

otherwise an error will be 1introduced.

Caution

Make certaln that the stops on the
rear and front of each beam are absolutely clean,
otherwise the impedance at which the beam trips
may be affected, particularly at low voltages.
The stop can be easlly cleaned by drawing a
piece of clean white paper between the beam and
the stop whille the beam is firmly pressed down.

Also, when checking the impedance ele-
low voltage, observe the tripping of
instead of an indication in the trip
circuits. This will prevent an error 1in the
contact adjustment which might otherwise affect
the beam calibration.

ments at
the beam

RENEWAL PARTS

Repair work can be done most satis-
factorily at the factory., However, interchange-
able parts can be furnished to the customers who
are equipped for doing repalr work. When order-

ing parts, always give the complete nameplate
data.
ENERGY REQUIREMENTS

The €0 cycle burden of the impedance

elements 1is as follows:

Potential Circuit at 115 Volts

10 E VA. P.F. Angle
T8 = —/—— All impedance elements in
I parallel 4.3 8° lead
where T is the current tap and S is the. setting . ;
of the calibrated core screw, E and I are the Current Circult at 5 Amperes
voltage and current respectively applled to the
relay. Thus, if the setting is T = 20.8, 8= 1.2 211 imped 1 . %ﬂ \ié P.F. Angle
and the voltage 1s 30 volts, then the current in s rgesance elements 43'5 1. 10 lag
required at €0° lagging is: erie 5 3.5 57
10 E 10 x 30 The continuous rating of the voltagp colls 1is
I="g5" I-= 508 % 1.2 = 12 amps. 115 volts, and of the current colls 8.€€ amperes.
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Figure 5
Outline and Drilling Plan of the Standard Projection Type Case. BSee the Internal Schematlc

for the Terminals Supplied.
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Figure 6
Outline and Drilling Plan for the M10 Projection Type FT Flexitest Case. See the Internal Schematic
for the Terminals Supplied. For Reference Only.
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Outline and Drilling Plan for the M10 Semi-flush Type FT Flexitest Case.
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