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INSTALLATION o

INSTRUCTIONS

l. L. 41-484A

OPERATION ¢ MAINTENANCE

TYPE T5SO-4 OUT-OF-STEP BLOCKING RELAY
(WITH OFFSET TRANSFORMER 60° TO 90°)

CAUTION Before putting relays into service,
remove all Dblocking which may have been 1in-
serted for the purpcse of securing the parts
during shipment. Make sure that all moving
parts operate freely. Inspect the ccntacts to
see that they are clean and close properly.
Operate the relay to check the settings and

electrical connectlons.

APPLICATION

The type TSO-4 blocking relay 1s a single-
phase, two-element distance-type relay which
can be used for either one of the following
two functions:

1. Out-of-step blocking of the trip cir-
cuit at a point in a power transmission system
where it is not desired to trip the breaker
during synchronizing surges or an out-of-step
condition.

2. Bloecking of reclosing at a selector lo-
cation following an intentional tripout caused
by out-of-step condition.

This type TSO-4 relay has a modified im-
cedance characteristic so that it can be used
in conjunction with type HZM distance relays.
7t will not operate on any type of fault, but
will open the trip or reclosing circuit during
the first slip cycle of an out-of-step con-
dition. Relay contacts are also provilded to
use the relay for out-of-step indication, 1f
so desired.

The external connections of the TSO-4 relay
are shown on the overall schematic dlagram
applying to the order on which this relay 1is
supplied.

SUPERSEDES |I.L. 41-484

%Denotes changed from superseded issue.

CONSTRUCTION

The +type TSO-4% blocking relay conslsts of
two instantaneous impedance elements, two off-
set transformers with angular displacement re-
sistors, a contactor switch, and two telephone
type relays mounted in the standard projecticn
or Flexitest relay case. The censtruction of

the elements is described below.

Impedance Elements

The impedance elements conslst 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
vyoltage coils 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. A ‘tap screw on the
front of the element permits changing the num-
per 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 ele-

ments.

This type TSO-4 relay has impedance elements
that are identlcal to the conventional bal-
anced beam 1impedance element except that the
restraint 1s produced by potential and current
instead of by potentlal alone. The mixing of
the current and the potential energy to pro-
duce restraint torque 1s done in the offset
transformer and the resultant energy is fed
into potential colls of the beam impedance
element.

The two impedance elements (Zp and Z3) have
a make-and-break contact assembly conslsting
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Fig. 1—Sectional View of the Impedance Element Beam
and Contact Assembly.

of three contacts--two hemispherical silve»
centacts mounted on leaf springs as the sta-
tionary contacts, and a flat silver contact
also mounted on a leaf 8pring as the moving
contact. The moving contact 1s operated by
the beam of the impedance element as shown 1in
Fig. 1.

Telephone Relays

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

The Y element 1s a fast-operating type. It
has = set of make-and-break contacts, but no

alr gzp adjustment.

Contactor Switch

This is a small solenoid-type d.c. switch.
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 con-
tacts.

OPERATION

One fundamental difference between - three-
phase fault and an out-of-step or cut-of-
synchronlsm condition 1s that a 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
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Fig. 2—Internal Schematic of the Type TSO-4 Relay in
the Type FT Case. Omit Test Switches for the
Relay in the Standard Case.
comparatively gradual. Under ocut-of'-step ccn-
ditions, the apparent impedance as measured by
a relay anywhere near the electrical center
would start at a high value. and gradually de-
crease to a much lower value, and then gradu-~
ally increase again to a higher value, 1if
there is no fault at the time, and the system
goes through a complete beat oscillation. On
the other hand, if the disturbance 1s a fault,
the 1impedance as seen by the relay will
suddenly drop to a much lower value, and then
elther retain this value or slightly 1increase
due to the effects of fault resistance, until
the fault 1s cleared.

Thne relay takes advantage of thils distinc-
tion between a fault and an out-of-step con-
dition. Under out-of-step conditions, the Z3
impedance element will operate followed after
a short time delay by the 22 impedance ele-
ment, as the apparent short circuit drifts to-
ward the relay. In case of a fault, one or

two elements may be operated, but if more than

e
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cther
within a very short time, and

the Z3 element 1s to be operated, the
will

wlll not follow the sequence described for an

operate

out-of-step condition.

Referring to Figure 2, the scheme of opera-
tion is described below.

1s of the slow-to-release type and 1s normally

The relay marked X

energized from the station battery through the
Zo and Z3 normally closed contacts, as well as
through its own make contact. It will require
approximately 6 cycles to drop out. Upon the
occurrence of an out-of-step condition, imped-
ance element Z3 will operate, short circulting
the operating coll of relay X,
to drop out 1f in the

ment Zp, does not also operate.

and causing it
meantime impedance ele-
If Zo
ance element operates after this auxiliary re-

imped-
lay X has dropped out, auxiliary relay Y will
and the
Under any other conditions, the trip

be energized trip circult will be
opened.
circuit cannot be opened. For example, if im-

pedance element 22 operates Dbefore auxlliary
out, the

and relay X remains

circuit is
thus
preventing auxillary relay Y from picking up.

relay X drops shorting

opened, energized,

Thus, any sequence of 1mpedance element
operations which cculd be expected under fault
conditions would nct allow the sequence of
operations to be cocmpleted, and blocking would

not occur.

When
the system, both impedance elements reset, and

conditions are returned tc normal on
relay X 1s energizes through the back contacts
of impedance elements Zop and Z3. The ener-
resetting of imped-

de-energize relay Y and

zizing of relay X and the
ance element Zo will
thus restore both auxiliary relays to normal.

CHARACTERISTICS

The modified characteristic
TSO0-4% relay is shown 1n Flg. 3.
ance element characteristic plotted on the "R"
and "X" coordinates 1s a circle with the
ter at the origin. The type TSO-4 relay is so
designed that 1t 1s possible to displace the
center of any impedance circle from the axis

of the type
A pure imped-

cen-

over an angle from 60° to 90° current lag.
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Fig. 3—Operating Characteristics and Range of the Type
TSO-4 Relay.

There are three varlables that can be con-
trolled to fit

tion requirements making the modified

the transmission line protec-
imped-
ance relay very flexible in 1its applications.

1. The
the "R" and "X" coordinates 1s entirely deter-
mined by the tap (T)
tings of the impedance element.

radius of the impedance circle on

and core screw (S) set-

2. The of the
center of the impedance circle from the origin
is determined by the offset transformer prima-
ry tap (Zg + A).

magnitude of displacement

3. The angle of displacement of the imped-
varied from 60° to 90°,
angle adjustment

can be
by the

ance clrcle

current lag, phase

(2).

The type TSO-U4 relay is available in one im-
pedance range 1.00 to 10.0 ohms impedance cir-
cle radius (TS) with 0.37 to 9.0 ohm impedance

circle center displacement (ZR + A) over a
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bhase angle from 60° to 90° current lag (g).
Both impedance elements are identical and
hence have the same range of adjustment. The
tap and scale marking on the relay elements
are as follows: (All impedances are in terms
of secondary ohms).

Impedance Elements (1.0 to 10.0 ohms)

Radius of Impedance Circle

TAPS (T)

6.2 9.4 13.5 20.8 29.8 45

Core Screw Markings (S)

1.4 1.6 1.8 2.0 2.2

Offset Transformer

Displacement of impedance circle.

Coarse Ohm Taps (Zg)

0.0 1.9 3.7 5.6 7.5

Fine Ohm Taps (&)

0.0 .37 .75 1.1 1.5

Phase Angle Displacement (g)
60° to 90° Current lag

The Phase Angle of Displacement is normally
set at 75° unless otherwise specified.

SETTINGS

The type TSO-4 relay requires an ohm setting
(radius of the impedance circle) for each of
In addition, the
magnitude and angle of offset of the impedance

the two impedance elements.

clrcle are set by adjustments on the auxiliary
unit. The offset characteristic is provided
S0 that this type TSO-4 relay can be properly
set 1n conjunction with type HZM distance re-
lays. When so applied, the T30~ relay is
usually connected to block tripping through
21, Zo plus carrier, or Zo plus T2 time delay.
However, T3 time delay 1s connected around the
TSO-4% out-of-step blocking contacts so that

+X

LINE
ANGLE
TSO4
23
TS0-4
z2
APPROX. 1-2 CYCLES
APPROX. 6 CYCLES

MIN. LOAD OHMS
+R

S

HZM-Z3 CiRCLE
NOT SHOWN

26-D~1296

Fig. 4—Transmission Line and Relay Characteristics Plot-
ted on R and X Coordinates.

tripping can occur after the T3 time delay 1n
the event of a sustained system swing.

The type TSO-4 relay settings must meet the
following requirements.

1. The ohmie reach of its 22 and Z3 ele-
ments must completely surround the impedance

circles of the Zl and 22 elements of the HZM.

2. The Z, element of the T30-4% relay must
be set so that it operates at least one or two

cycles before Z, of the HZM relay.

2

3. The relative settings of the Zp and 23
elements of the TSO-4 relay must be such that
for any power swing for which out-of-step
blocking is required, Z3 operates 1in not less
5" Z3 must be set so that

1t does not operate on load ohms.

than 6 cycles for Z

The above requirements are shown graphically
in Fig. 4. It will expedite the application
by similarly plotting on "R" and "Y" co-
ordinates the actual HZM impedance circles and
load swing curve of the power system to which
this relay is applied. From an examlnation of
the plot and the known performance of the
power system, the settings of the TSO-4 relay

e,
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determined which will meet the

foregoing requlrements.

can then be

In the TSO-4 relay, Zp 1s the left hand ele-
and 23 is the right hand

Two settings must now be made: the

ment, front view,
element.
radius of the lmpedance circle in ohms, and
the angle and ohms offset of the center of the
impedance circle. The tap and core screw set-

tings of the impedance element proper deter-
mine the radius in accordance with the follow-

ing formula:

10Z, Re

where
The impedance element current tap value.

=}
il

The impedance element current core screw

w0
]

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

Zo= Radius of as determined in the

preceding paragraphs, in ohms primary.

circle,

Ro= The current transformer ratlo.

oy}
<
]

The potential transformer ratio.

The tap, T,
product by S to give an
when changing taps with the

i{s obtained by dividing the TS
available tap number.
relay energized,
the extra tap should be screwed in the
jesired tap before

prevent open circulting the

screw
removing the existing tap

screw to current

transformers.

The numbers on rhe core screw appear in as-

cending order as the core screw 1s screwed

Into the core. In some cases, & question of
whether the scale setting is
full turn of the

the point may be

doubt may arise

correct, or is out by one

core screw. In such a case,
verified by turning the core screw all the way
in. Then back out the
highest scale marking Jjust comes under the end
of the pointer. This wlll occur in
mately one turn. Then
sufficiently

core screw untll the

approxi-
turn to correct set-

ting. accurate setting can be
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Fig. 5—Adjustment Curve for the Angular Displacement
of the Operating Circle Center.

made by interpolating between the marked

points when necessary.

From the
structed,

previously con-
of the
intersection of

operating circle,
measure the displacement
center of the circle from the
the "R" and "X" axis in magnitude and angle.

The offset transformer should be set in ac-
cordance wlth the formula:

Z, R
Zg + A =2 C

RyK

(#) = Angular center of

operating circle.

displacement of
This
made by varying the resistance of the
assoclated with the offset
accordance with the
obtailn the dis-
(@) desired. The
phase angle of displacement 1s normal -

setting 1s

resistor
transformer in
of Fig. 5 to
placement of. angle

curve

1y set at 75° unless otherwise
fied.

specl-
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where
Zp + A = Offset transformer tap values.

Z2p = Displacement of the center of the oper-
ating circle 1in ohms primary.
K = Constant determined from curve Filg. 5b.

Re = The current transformer ratio.

Ry The potential transformer ratio.

li

When changing the Zr or a tap with the relay
energized, the current terminals should be
shorted before unscrewlng the tap screw to
prevent open c¢lrcuiting the transformers.

The formula settings are sufficiently accu-
Where it is de-
sired to set the balance point more accurately

rate for most installations.

the tap and scale values may be checked by ap-
plying to the relay, the voltage, current, and
phase angle conditlons which will be impressed
on i1t for a fault at the deslired balance
point. A slight change in the scale value or
in the offset transformer setting from that
calculated may be required so that the relay
will Just trip for the simulated fault at the
balance point.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free
from dirt, moisture, excessive vibration and
heat. Mount the relay vertically by means of
the two mounting studs. Either of these studs
may be utilized for grounding the relay hase.
The electrical connections may be made direct
to the terminals by means of screws for steel
panel mounting or to terminal studs furnished
with the relay frfor ebony-asbestos or slate
panel mounting. The terminal studs may be
easily removed or inserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

Electrical Check Points

To check the electrical operation of the re-
lay, the following instruction should be fol-
lowed.

3 PHASE 120 YOLT SOWRCE

ANMETER

0.C. SUPPLY

PHASE
SHIFTER
Q

| Lot

LOAD

VARI ASLE
AUTO
TRANSF.

REAR YIEW
27-D-5515
27-D-5868

31-D-4932

#* Flg. 6—Test Connections for the Type TSO-4 Relay with

Modified Impedance Elements.

Connect the relay per Fig. &6 and make the
following settings. (At regular maintenance
periods the settings of each particular relay
with the voltage and current expected at the
balance point should be used, if availlable.
During factory testing, the settings are cas-
caded as indicated below. )

IMPEDANCE ELEMENT OFFSET TRANSFORMER

ZONE T 5 Zg A 4
Zo 29.8 1.8 3.7 0.0 75°
23 45 1.8 5.6 0.0 75°

With 60 volts on the relay the impedance
elements should trip when the following cur-
rents at 75 degrees lagging are
applied.

suddenly

Z-3 I =4.% amperes

Z-2 I = 0.6 amperes

it

When Z-3 operates (z-2 not operated) the X
relay should drop out in approximately six
cycles. Then the operation of Z-2 should
cause the Y relay to plck up. When Z-3 and
Z-2 are operated at the same time, the X relay
should not drop out and the v relay should not
pick up.

Ly

A
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ADJUSTMENTS AND MAINTENANCE

All contacts should be cleaned periodically.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.

The proper adjustments to 1insure correct
cperation of this relay have been made at the
factory and should not be disturbed after re-
If the adjustments

have been changed or the relay taken apart for

ceipt by the customer.

repairs, the followlng instructions should be
followed in reassembling and setting it.

Impedance Elements

The voltage circuit on the 1mpedance ele-
ments 1s designed to have a comparatively flat
phase angle curve, This 1s accomplished by
energizing the two colls with currents that
are essentially equal and 90° out of phase.
The gaps as shown 1in Flg. 1 are nominal di-
mensions which yield equal restraints from the
two colls. The actual gaps on any particular
relay may vary a few thousandths from these

values.

If the voltage circults have been disassem-
bled, the gaps referred to in Fig. 1 provide a
nominal starting point for calibration. This
is accompllished as follows:

Adjust the stop screw on the rear of the
beam to give a clearance of .020 1nch between
the beam and the voltage 1ron circuilt. With
the beam in the reset position, 1.e., with the
stop screw agalnst the stop, adjust the verti-
cal gap for .010 1inch Dbetween the adjustable
iron and the beam. Care should be taken in
this adJustment to keep the gap the same on
both sildes. Also, with the beam in the same
position, adjust the gap between the front end
of the beam and the stop 1in the upper core
screw to .020 inch.

Further adjustment in the gaps may be neces-
sary to obtain a reasonably flat phase angle
curve at 100 volts.

AdJjust the lower contact of make and break
pile-up so that 1t does not touch the middle
contact when the beam 1is 1In the operated po-
sition and against the stop. W1lth the beam in
this position, adjust the middle contact so
that the spring just touches the Milcarta on
the end of the beam. Next, wlth the beam still
in the operated position, adjust the 1lower
contact until there 1s .008 inch clearance
between the end of the middle contact spring
and the Mlcarta on the end of the beam.

Adjust the top contact of the make and break
plle-up so that with the beam in the ‘operated
position, there 1s .007 1inch gap between the
top and middle contacts. There should be not
more than .008 inch deflection of the top con-
tact spring when the beam is in the reset po-
sition. If there 1is more than .008 inch de-
flection, the gap between the middle contact
spring and the Micarta on the end of the beam
should be 1ncreased. This willl require read-
Justing the contacts to maintain the .007 inch
gap between the top and middle contacts.

The impedance element beams should be bal-
anced as follows. Set the offset transformer
taps Zg and A on zero and Z for 75°. With any
tap and scale setting, check the impedance
measured by the relay with 60 volts potentilal
restraint at 75° current lagging. Apply 20
volts restraint and adjust the balance weight
on the beam until the beam Jjust trips with 1/3
of the current required to trip with 60 volts
restraint. With this adjustment the beam will
require from 10 to 15 volts restraint to close
the break <contact.

With the tap set on 45 and 60 volts applied
to the pvotentlal circult, remark the core
screws (or check the markings) so that the
current to trip the beam at 75° lag will sat-
isfy the formula.

E —
I

The "S" markings should be as shown under
characteristics of the relay.
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circle can be
value with &

current to trip the

The offset of the
checked by setting Zg + A to any
= 75° and seeing that the
beam satisfles the equation

impedance

E 5 + (2 A) K
— 2 — +
I 10 R

Telephone Relays

The armature set screw on the X relay is ad-
justed normally for 4-6 cycles dropout time.
The coil
registance of both relays is 2000 ohms.

The Y relay requires no adjustment.

CAUTION Make
rear and front of

that
each Dbeam are

certain the stops on the
absolutely
at which the

particularly at

clean otherwise the Impedance
affected,

The stop can be easily cleaned

beam trips may be
low voltages.
white

by drawing a pilece of clean paper be-

tween the beam and the stop while the beam 1is

firmly pressed down.

Contactor Switch (Seal-In Switch) CS

Adjust the stationary core of the switch for
clearance between the stationary core and the
.025 the switch is
This can be done by dlisconnecting

moving core of inch when
picked up.
the switch, turning it up-side-down and screw-
ing up the core screw until the contact just
Then back off the core screw ap-
proximately one turn and lock in place. This
striking and
stlcking to the stationary core because of re-
AdJust the

inch by means of the two small

separates.

prevents the moving core from

sidual magnetism. contact clear-

2ce for 3/32

nuts on élther side of the Micarta disc. The
switch should pick up at 2.0 amperes d-c.
Test for sticking after 30 amperes d-c are

passed through the ccil. S
RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, interchangeable
parts can be furnished to the customers who
are equipped for doing repair work. When
ordering parts always give the complete name-
plate data.

ENERGY REQUIREMENTS

Typical Dburden data of the various circuits
are as follows:

Potential Clrcuits at 120 Volts, 60 Cycles
Circuit V.A. P.F.Angle
A1l Impedance Circuilts
Displacement angle 90° 4.8 48° lag
Displacement angle 60° 4.5 29° lag

Potential Circuits at 120 Volts, 50 Cycles

ﬁ»“’mﬁs,;
Circuit V.A. P.F.Angle
All Impedance Clrcuilts
Displacement Angle 90° 4.3 40° lag
Displacement Angle 60° 4.0 22° lag
Current Circuits at 60 Cycles¥*
Clrcuit Amps. V.A. P.F.Angle
Tmpedance Circuit
T=45, 8§ = 1.8
Zr=7.5, A = 0.0 8.66 14.0 52° lag
T =13.5, S = 1.4
Zg = 0.0, A = 1.1 8.66 3.0 55° lag
*The burdens of the current circuits, at 50
cycles, are slightly 1less than +the abcve
vaiues.
o
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INSTALLATION o

INSTRUCTIONS

I.L. 41-484

OPERATION o MAINTENANCE

TYPE TSO-4 OUT-OF-STEP BLOCKING RELAY
(WITH OFFSET TRANSFORMER 60° TO 90°)

CAUTION Befcre
blozking
serted fcr the

putting relays 1nto service,

remove all which may have been in-
purpcse cf securing the parts

during shipment. Make sure that all moving
parts operate freely.
see that they

Operate the

Inspect the ccntacts to
are clean and clcse properly.
relay to check the settings and

electrical connectlons.

APPLICATION
The type TS0-4 blocking velay 1s a single-
phase, two-element distance-type relay which

can be used for either one of the following

two functions:

1. Out-of-step blocking
cult at a point in a power transmission system

of the trip cir-

where it is not desired to trip the breaker

during synchronizing surges oOr an out-of-step

condltion.

2. Blocking of
cation following an intentional tripout caused

reclosing at a selector lo-

by out-of-step condition.

This type TSO-4
pedance characteristilc

a modified im-
so that it can be used

relay has
in conjunction with type HZM distance relays.
It will not operate on any type of fault, but
willl open the trip or reclosing circult during
the first slip
dition.
use the

cycle of an out-of-step con-
Relay contacts are also provided to
relay for out-of-step indication, if
so desired.
The external connections of the TSO-4 relay

are shown on the overall schematlc diagram

applying to the order on which this relay is

supplled.

SUPERSEDES |I. L. 41-418.6
(New I. L. Nummber—No Changes)

CONSTRUCTION

T8C-L

two instantanecus impedarce elements, two off-

The type blocking relay consists of
set transformers with anzulsr displacement re-
sistors, a contactor swltch, and twe telephine
type relays mounted in the standard precjecticn
or Flexitest relay case. The c.nstructicn 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

The fluxes of these two
shifted out of phase with

respect to each other to produce a steady pull

by two voltage colls.
yoltage colls are
so that practically a constant balance can be
sbtained regardless of the phase angle between
the current and voltage. A tap screw on the
front of the element permits changing the num-
and a core

per of turns on the current coll,

serew on the bottom of the element changes an
These two ad-

to set the ele-

alr gap in the magnetic path.

justments make 1t possible

ments.

This type TSO-4% relay has impedance elements
that are identical

anced beam I1mpedance

to the conventional bal-
element except that the
restraint is produced by potential and current
The mixing of
potential energy to pro-

instead of by potential alone.

the current and the

duce restralnt torque 1s done in the offset
transformer and the resultant energy is fed
into potential colls of the beam impedance
element.

The two impedance elements (22 and 23) have

a make-and-break contact assembly conslsting

EFFECTIVE MARCH 1955
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Fig. 1—Sectional View of the Impedance Element Beam
and Contact Assembly.

of three contacts--two nemispherical silver
contacts mounted on leaf springs as the sta-
tionary contacts, and a flat silver contact
also mounted on a leaf spring as the moving
contact. The moving contact 1s operated by
the beam of the impedance element as shown in
Fig. 1.

Telephone Relays

There are two telephone-type relay elements
designated X and Y.
to-release type. An electromagnet attracts a

The X element is a slow-

right-angle iron bracket which in turn oper-
ates a set of make-and-break contacts. Drop
out delay is obtainea by the copper slug on
the core, and can be varied by adjusting the
‘alr gap between the core and the armature.

The Y element is g fast-operating type. It
has a set of make-and-break contacts, but no

alr gap adjustment.

Contactor Switch

This 1s a small solenoid-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 silver statlonary con-
tacts.

OPERATION

One fundamental difference between a three-
phase fault and an out-of~step or out-of-
synchronism condition is that a 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

TOP TEST SWITCH

D ESE B EET DI

FRONT YIEW

APPROX. 6 ZYCLES — ]
DROP OUT

LEET wanp ]

DISTANCE ELE:

(FRONT vIEW) |

REAR YIEW SHORT CIRCUIT SW

BOTYOM TEST SWITCH

BJ k] —T0 RELAY
[~ CURRENT TEST JACK
(103 ] fe-T0 BASE TERNS

1" cussis operajeo
FRONT VIEW SHORTING SWITCH

27-D-5515

Fig. 2—Internal Schematic of the Type TSO-4 Relay in
the Type FT Case. Omit Test Switches for the
Relay in the Standard Case.
comparatively gradual. Under out-of-gtep con-
ditions, the apparent impedance as measured by
a relay anywhere near the electrical center
would start at a high value, and gradually de-
crease to a much lower value, and then gradu-
ally increase again to g higher wvalue, 1if
there is no fault at the time, and the system
goes through a complete beat oscillation. On
the other hand, if the disturbance is a fault,
the impedance as seen by the relay will
suddenly drop to a much lower value, and then
elther retain this value or slightly 1ncrease
due to the effects of fault resistance, until
the fault is cleared.

The relay takes advantage of this distinc-
tion between a fault and an out-of-step con-
dition. Under out-of-step conditions, the Z3
impedance element will operate followed after
a short time delay by the Z2 Impedance ele-
ment, as the apparent short circuit drlfts to-
ward the relay. In case of a fault, one or

two elements may be operated, but 1f more than

it
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the Z3 element 1s to be operated, the other
will

will not follow the sequence described for an

operate within a very short time, and

out-of-step condition.
Referring to Figure 2, the scheme of opera-

tion is described below.

1s of the slow-to-release type and 1s normally

The relay marked X

energized from the station battery through the
Zo and Z3 normally closed contacts, as well as
through its own make contact. It will require
approximately 6 cycles to drop out. Upon the
occurrence of an out-of-step condition: imped-
ance element Z3 will operate, short clrcuiting
the operating coil of relay X, and causing it
to drop out 1f in the

ment Zo does not also operate.

meantime impedance ele-
ance element operates after this auxiliary re-

imped-

lay X has dropped out, auxillary relay Y will
and the circult will be
Under any other conditions, the trip

be energized trip
opened.
circult cannot be opened. For example, 1f im-

pedance element Z2 operates before auxillary

relay X drops out, the circuit 1is
thus

preventing auxiliary relay Y from picking up.

shorting

opened, and relay X remains energlzed,

Thus, any sequence of impedance element

operations which could be expected under fault
conditions would not allow the sequence of
operations to be completed, and blocking would
not occur.

When returned to normal on

the system, both impedance elements reset, and

conditions are

relay X 1s energized through the back contacts
of impedance elements Zo and Z3. The ener-
glzing of relay X and the resetting of imped-
ance element Zo will de-energize relay Y and

thus restore both auxlllary relays to normal.

CHARACTERISTICS

The modified
TSO-4% relay is shown in Fig. 3.
ance element characteristic plotted on the "R"

characteristic of the type

A pure imped-

and "X" coordinates 1s a circle with the
ter at the origin. The type TSO-% relay is so
designed that 1t 1s possible to displace the
center of any 1impedance circle from the axis
over an angle from 60° to 90° current lag.

cen-

OHMS X
20

T R
- 18+

PR
Tt

"2 13 14 OHMS R

V1~ CIRCLE.

- 10~ CIRCLE

OHM SETTING {RADWS OF CIRCLE) | TO 10. OHMS (15); OFFSET
OF CHARACTERISTIC CIRCLE .37 70 9.0 OHMS (Zq +A
SETTING ON AUXILIARY UNIT}; ANGLE ON WHICH CENTER OF
CIRCLE FALLS ADJUSTABLE BETWEEN 60° AND 90°

13-~D-5600

Fig. 3—Operating Characteristics and Range of the Type
TSO-4 Relay.

There are three variables that can be con-
trolled to fit

tion requirements making the modified

the transmisslon line protec-
imped-
ance relay very flexible 1n its applications.

1. The
the "R" and "X" coordinates 1s entirely deter-
mined by the tap (T)
tings of the impedance element.

radius of the impedance circle on

and core screw (S) set-

2. The magnitude of displacement of the
center of the impedance circle from the origin
is determined by the offset transformer prima-

ry tap (Zg + A).

3. The angle of displacement of the imped-
varied from 60° to 90°,
angle adjustment

circle can be
by the

ance

current lag, phase

(2).

The type TSO-4 relay is available in one im-
pedance range 1.00 to 10.0 ohms impedance cir-
cle radius (TS) with 0.37 to 9.0 ohm impedance

circle center displacement (ZR + A) over a
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phase angle from 60° to 90° current lag (d).
Both 1impedance elements are identical and
hence have the same range of adjustment. The
tap and scale marking on the relay elements
are as follows: (All impedances are in terms

of secondary ohms).

Impedance Elements (1.0 to 10.0 ohms)

Radius of Impedance Circle

TAPS (T)

6.2 9.4 13.5 20.8 29.8 45

Core Screw Markings (§)

1.4 1.6 1.8 2.0 2.2

Offset Transformer

Displacement of impedance cirecle.

Coarse Ohm Taps (Zg)

0.0 1.9 3.7 5.6 7-5

Fine Ohm Taps (A)

0.0 .37 .75 1.1 1.5

Phase Angle Displacement (g)
60° to 90° Current lag

The Phase Angle of Displacement is normally
set at 75° unless otherwise specified.

SETTINGS

The type TSC-4 relay requlres an ohm setting
(radius of the impedance circle) for each of
the two impedance elements. In addition, the
magnitude and angle of offset of the impedance
circle are set by adjustments on the auxiliary
unit. The offset characteristic is provided
so that this type TSO-4 relay can be properly
set in conjunction with type HZM distance re-
lays. When so applied, the T30-4% relay is
usually connected to Dblock tripping through
Zy, Zp plus carrier, or Zs plus T2 time delay.
However, T3 time delay 1s connected around the
TSO-4 out-of-step blocking contacts so that

+X
LINE
ANGLE
TS0-4
Z3
T304
22
APPROX. 1-2 CYCLES
APPROX. 6 CYCLES

MIN. LOAD OHMS

=% ”,

HZM-Z3 CIRCLE
NOT SHOWN

26-D-1296

Fig. 4 —Transmission Line and Relay Characteristics Plot-
ted on R and X Coordinates.

tripping can occur after the T3 time delay in
the event of a sustained system swing.

The type TSO-4 relay settings must meet the
following requirements.

1. The ohmic reach of its 22 and 23 ele-
ments must completely surround the impedance
circles of the Z1 and 22 elements of the HZM.

2. The Z, element of the TSO-4 relay must
be set so that 1t operates at least one or two

cycles before Z2 of the HZM relay.

3. The relative settings of the Zp and 23
elements of the TSO-4 relay must be such that
for any power swing for which out~-of-step
blocking is required, Z3 operates in not less
ot Z3 must be set so that
it does not operate on load ohms.

than 6 cycles for Z

The above requirements are shown graphically
in Fig. 4. It will expedite the application
by similarly plotting on "R" and "x" co-
ordinates the actual HZM impedance circles and
load swing curve of the power system to which
this relay is applled. From an examination of
the plot and the known performance of the
power system, the settings of the TS0-4 relay
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determined which will
foregoing requirements.

can then be meet the

In the TSO-4 relay, Zo 1s the left hand ele-
and 23 is the right hand
Two settings must now be made: the

ment, front view,
element.
radius of the impedance circle in ohms, and
the angle and ohms offset of the center of the
impedance circle. The tap and core screw set-
tings of the

mine the radius in accordance with the follow-

impedance element proper deter-

ing formula:

10Z,5 R,
TS =
Ry
where
T = The impedance element current tap value.

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

Zo= Radlus of as determined in the

precedlng paragraphs, in ohms primary.

circle,

Ryo= The current transformer ratlo.
Ry= The potentlal transformer ratio.

The tap, T, 1s obtalned by divlding the TS
product by S to glve an
When changing taps wlth the
should be screwed 1n the

available tap number.
relay energized,
the extra tap screw
desired tap before

prevent open circulting the

removing the existing tap
screw to current
transformers.

The numbers on the core screw appear 1n as-

cending order as the core screw is screwed

Into the core.
doubt may arise
or 1s

In some cases, a question of
whether the

out by one

scale setting 1s
full turn of the
the point may be

correct,
core screw. In such a case,
verified by turning the core screw all the way
in. Then back out the
highest scale marking just comes under the end
of the pointer. This will occur 1in
mately one turn. Then
Sufficiently

core screw until the

approxi-
turn to correct set-

ting. accurate setting can be

ENOTE: OPEN CIRCUIT RESISTOR
| for 909 SeTTING

DISPLACEMENT ANGLE
&F
3
o

100. 200. 300. 400. 500. 600. 700. 800.

PHASING RESISTANCE IN OHMS
FiGUure ‘@'

.10

1.00

o
o

CONSTANT
K

g

el
{] H

| 1
60° 65° 70° 75° 80° 85° 90° 95°

DISPLACEMENT ANGLE (B) SETTING
Figure ‘b’

Fig. 5—Adjustment Curve for the Angular Displacement
of the Operating Circle Center.

made by interpolating between the marked

points when necessary.

From the
structed,

operating circle, previously con-

measure the digplacement of the

center of the circle from the 1intersection of
the "R" and "X" axis in magnitude and angle.

The offset transformer should be set 1in ac-

cordance with the formula:

Z R

ZR+A=D c

RyK

(¢) = Angular center of

operatlng cilrcle.

displacement of
This
made by varying the reslstance of the
assoclated with the offset
accordance with the
obtain the dis-
(g) desired. The
phase angle of displacement is normal-

setting is

resistor
transformer in
of Fig. 5 to
placement of. angle

curve

1y set at 75° unless otherwise
fied.

speci-
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Zgr + A = Offset transformer tap values.

Zp = Displacement of the center of the oper-
ating circle in ohms primary.
K = Constant determined from curve Flg. 5b.

Re = The current transformer ratio.

Ry = The potential transformer ratio.

When changlng the Zy or a tap with the relay
energized, the current terminals should be
shorted before unscrewing the tap screw to
prevent open circulting the transformers.

The formula settings are sufficiently accu-
rate for most installatlons. Where it is de-
sired to set the balance point more accurately
the tap and scale values may be checked by ap-
plying to the relay, the voltage, current, and
phase angle conditions which will be impressed
on 1t for a fault at the desired balance
polint. A slight change in the scale value or
in the offset transformer setting from that
calculated may be required so that the relay
wlll just trip for the simulated fault at the

balance point.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent 1n a location free
from dirt, moisture, excesslve vibration and
heat. Mount the relay vertically by means of
the two mounting studs. Either of these studs
may be utilized for groundlng the relay hase.
The electrical connections may be made direct
to the terminals by means of screws for steel
panel mounting or to terminal studs furnlshed
with the relay for ebony-asbestos or slate
panel mounting. The terminal studs may be
easily removed or inserted by locklng two nuts
on the studs and then turning the proper nut
with a wrench.

Electrical Check Points

To check the electrical operation of the re-
lay, the following instruction should be fol-
lowed.

3 PHASE 120 YOLT SOURCE

AMME TER

0..C. SUPPLY

PHASE
ANGLE 2 - 1
METER o} O
E % Y 3
o o
o) | ox-- O
PHASE

SHIFTER
@ 9

104D
1 : 2 ij b,21
24 6 r,zJ_J
VARIABLE 1
AUTO 6 H 25
TRANSF. %Mw
REAR VIEW
217-0-3615
27-D-5868

31-D-4932

Fig. 6—Test Connections for the Type TSO-4 Relay with
Modified Impedance Elements.

Connect the relay per Fig. 6 and make the
following settings. (At regular maintenance
periods the settings of each particular relay
with the voltage and current expected at the
balance point should Dbe used, if available.
During factory testing, the settings are cas-
caded as indicated below.)

IMPEDANCE ELEMENT OFFSET TRANSFORMER,

ZONE T S 25 A &z
Zo 29.8 1.8 3.7 0.0 75°
Z3 45 1.8 5.6 0.0 75°

With 60 wvolts on the relay the impedance
elements should trip when the following cur-
rents at 75 degrees lagging are suddenly
applied.

Z=-3 I = 4.4 amperes

Z-2 I = 6.6 amperes

When Z-3 operates (Z-2 not operated) the X
relay should drop out in approximately six
cycles. Then the operation of Z-2 should
cause the Y relay to pick up. When 2Z-3 and
Z-2 are operated at the same time, the X relay
should not drop out and the Y relay should not
pick up.
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ADJUSTMENTS AND MAINTENANCE

All contacts should be periodically cleaned
with a fine file. S #1002110 file 1s recom-
mended for this purpose. The use of abrasive
materlal for cleaning contacts 1s not recom-
mended because of the danger of embedding
small particles in the face of the soft silver
and thus impairing the contact.

The proper adjustments to 1nsure correct
cperation 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
repairs, the following instructions should be
followed in reassembling and setting it.

Impedance Elements

The voltage clrcuit on the 1Impedance ele-
ments 1s designed to have a comparatively flat
phase angle curve. This 1s accomplished by
energizing the two coils with currents that
are essentlally equal and 90° out of phase.
The gaps as shown 1n Fig. 1 are nominal di-
mensions which yleld equal restraints from the
two colls. The actual gaps on any particular
relay may vary a few thousandths from these

values.

If the voltage clrcuits have been dlsassem-
bled, the gaps referred to in Fig. 1 provide a
nomlnal starting point for calibration. This
is accomplished as follows:

Adjust the stop screw on the rear of the
beam to glve a clearance of .020 inch between
the beam and the voltage 1iron circuit. With
the beam in the reset position, 1.e., with the
stop screw agalnst the stop, adjust the verti-
cal gap for .0l0 1nch Dbetween the adjustable
iron and the beam. Care should be taken in
this adjustment to keep the gap the same on
both sldes. Also, with the beam in the same
position, adjust the gap between the front end
of the beam and the stop 1n the upper core

secrew to .020 inch.

Further adjustment in the gaps may be neces-
sary to obtaln a reasonably flat phase angle

curve at 100 volts.

Adjust the lower contact of make and break
plle-up so that it does not touch the middle
contact when the beam 1s in the operated po-
sition and against the stop. With the beam 1n
this position, adjust the middle contact so
that the spring Jjust touches the Micarta on
the end of the beam. Next, with the beam still
in the operated position, 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 operated
position, there is .007 1inch gap between the
top and middle contacts. There should be not
more than .008 inch deflection of the top con-
tact spring when the beam is in the reset po-
sition. If there 1s more than .008 inch de-
flection, the gap Dbetween the middle contact
spring and the Micarta on the end of the beam
should be increased. This will require read-
Justing the contacts to maintain the .007 inch
gap between the top and middle contacts.

The impedance element beams should be bal-
anced as follows. Set the offset transformer
taps Zg and A on zero and ﬁ for 75°. With any
tap and scale setting, check the impedance
measured by the relay with 60 volts potentilal
restraint at 75° current lagging. Apply 20
volts restraint and adjust the balance weight
on the beam until the beam just trips with 1/3
of the current required to trip with 60 volts
restraint. With this adjustment the beam will
require from 10 to 15 volts restraint to close
the break contact.

With the tap set on 45 and 60 volts applied
to the wpotential circuit, remark the core
screws (or check the markings) so that the
current to trip the beam at 75° 1lag wlll sat-
1sfy the formula.

E -
T

The "S" markings should be as shown under
characteristics of the relay.
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circle can be
value with ¢

current to trip the

The offset of the
checked by setting Zg + A to any
= 75° and seeing that the
beam satlisfles the equation

impedance

E s + (z A) K
— = emeae +
I 10 R

Telephone Relays

The armature set screw on the X relay is ad-
Justed normally for 4-6 cycles dropout time.
The coil
reglstance of both relays is 2000 ohms.

The Y relay requires no adjustment.

CAUTION Make
rear and front of

that
each beam are

certain the stops on the
absolutely
at which the

particularly at

clean otherwise the I1mpedance
affected,

The stop can be easily cleaned

beam trips may be
low voltages.
by drawlng a plece of clean white
tween the beam and the stop while the beam 1is

paper Dbe-
firmly pressed down.

Contactor Switch (Seal-In Switch) CS

AdJust the statlonary core of the switch for
clearance between the stationary core and the
the switch is

Thls can be done by disconnecting

moving core of .025 1inch when
picked up.
the switch, turnlng it up-side-down and screw-
ing up the core screw until the contact just
Then

proximately one turn and lock in place.

back off the core screw ap-
This
striking and

separates.
prevents the moving core from
sticking to the stationary core because of re-
Adjust the
inch by means of the two small

sidual magnetism. contact clear-
2ce for 3/32
nuts on elther side of the Micarta disc. The
switch should pick up at 2.0

Test for sticking after 30

amperes d-c.

amperes d-c are

passed through the coil.
RENEWAL PARTS

Repair work can be done most
at the

satisfactorily

factory. However, interchangeable

parts can be furnished to the customers who

When

name-

are equipped for doing repair work.
ordering parts always give the complete

plate data.

ENERGY REQUIREMENTS

Typical Dburden data of the various circults

are as follows:

Potential Circuits at 120 Volts, 60 Cycles

Circuit V.A. P.F.Angle
All Impedance Circuits

Displacement angle 90° 4.8 48° 1lag
Displacement angle 60° 4.5 29° lag

Potential Circults at 120 Volts, 50 Cycles

Circuit V.A. P.F.Angle

All Impedance Circuits
Displacement Angle 90° 4.3 40° lag
Displacement Angle 60° 4.0 22° lag

Current Circults at 60 Cycles*

Circuit Amps. V.A. P.F.Angle
Impedance Circult

T=45, 3 = 1.8

Zp=7.5, A = 0.0 8.66 14.0 52° lag
T =13.5, S = 1.4

ZR = 0.0, A = 1.1 8.66 3.0 55° lag
*The burdens of the current circuits, at 50
cycles, are slightly 1less than the above

values.
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Fig. 7—Outline and Drilling Plan of the Standard Projection Type Case. See the Internal Schematic for the Terminals
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