Westinghouse I. L. 40-211
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

OUT OF STEP RELAYING SYSTEMS

This instruction leaflet describes the various solid statefout,of -step
relaying systems that are available. Before proceeding with“the tests
described, it is recommended that one become familiar withWhthe instruction
leaflets relating to the individual relays and system(invelved.

APPLICATION

The development of disturbing forces in a system ®hat®are in excess of the
restorative forces the system can produce, gauses, instability. This unstable
relationship is referred to.as an 0S5 (out-of@st&p)) condition. It can be
caused by a fault, circuit switching, or byldeficient voltage level.

The following combinations of OS sensing elements are covered by this
instruction leaflet.

System Other deyices required Comments
l. SKSU SKDU - "zene" relay Provides 0S blocking of SKDU-3¢
Ground Relay SRU element and optionally allows
delayed zone 1 tripping on OS.
2. SDBU-1 SRU Provides 0S tripping
SIU following blinder reset
3. 0S-2 SDBU-2 0S-2 logic is located in
SRY the SRU. It provides
sTU a) 0S blocking of SKDU-3f

b) 0S tripping on outer
blinder reset. A1l tripp-
ing, OS indication and
reclose blocking
auxiliaries are provided
in the SRU relay.

System Description

The threed#systems described in this instruction leaflet utilize the same
fundamental concept for detecting a OS condition. They all respond to the
changing ohmic value they "see" as an 0S condition progresses. As instability
evolves the voltage at the relay decreases, and the current increases until
the ‘ohmic value "seen" by the relays reaches a minimum. At this point the
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vQltage at the relay begins to increase, and the current begins to decrease.
Detection of the OS condition is accomplished by identifying the sequence in
which elements in the system respond to the ohms applied to them.

SKSU System

This system is the concentric circle scheme. The distance element of the
SKSU relay is set so its characteristic circle on a resistance-reactance plot
is concentric with and greater in diameter than the characteristic ¢i¥cle of
the 3¢ (3 phase) unit of the zone 2 SKDU relay. An evolving 0S eondifion
manifests itself as a changing ohmic value as "seen by" distance relays.
Operation of the SKSU distance element 45 milliseconds or more ghead ‘of 21 -2
(the zone 2 3¢ unit) is characteristic of an 0S condition. Operdtioh of the
SKSU distance element essentially simultaneously with 21-2 3¢ unitfis
characteristic of a fault condition.

To make the system as secure as possible against falsely identifying an OS
condition, constraints are imposed in the logic that reguire that:

1) SKSU Z element operates 25 to 45 (adjustable) milliseconds before
21-2 3¢ unit.

4
2) The ground relay does not operate.
3) 21-2 3¢ unit does operate after the time’ relay.

Once the OS condition is identified, thel iripping output of one or more

SKDU relays is blocked and a recloseblocking output is produced by the SRU.
This is to prevent reclosing if anyfelement 1in the system can produce tripping
following the 0OS condition such ag, ‘fof example, a SKDU @@ (phase-to-phase)
unit trip for a fault occurring duringithe OS condition.

Two factors favor the use of the optienal zone 1 3¢ unit tripping on 0S
conditions. 1) Virtually allssyStem swings capable of producing operation
of a zone 1 distance relay will s@bsequently prove to be unstable and

2) 0S tripping must take place,somewhere. Figure 1 shows that OS blocks
zone 1 tripping temporarilyy. %A memory circuit holds the information that
zone 1 operated after zomneWl resets. Tripping is then initiated O to 1.0
second (adjustable) aftemZ resets.

The purpose of delayed tripping is to minimize the recovery voltage across
the breaker contact’s9when tripping during an 0S condition.

SDBU-1 System

Figure 2 shows the”logic for the single blinder scheme. AND 1 and AND 2

serve to identify the origin of the swing as the right or left side of the
resistance -reactance plot. If it is the right side blinder 1 operates well
ahead of blinder 2. The logic requires that the ohmic value "seen by" the
blinder reldy 1) operate both blinder elements for 20 milliseconds 2) emerge
on theWside opposite entry and 3) cause reset of the blinder units sequentially
with“a@taleast 20 milliseconds between their resetting.
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The distinguishing factors between faults and OS conditions are that for
faults the ohmic value seen by the blinders emerges on the same side as It
enters, and that resetting is essentially simultaneous for both blinder
units or fault clearing. For an OS condition, the ohmic value seen by the
blinder units appears first on one side of the resistance-reactance plot
and then progresses to the other.

To avoid the possibility of false trip due to load pick up, an overcurrent
unit in the SIU (IA—OS) is used to supervise 0S tripping. Thisyunit is set
low and blocks tripping unless current substantially exceeds! line changing
current or terminal transformer exciting current.

0S -2 System

This is the dual blinder scheme. The SDBU-2 relay contains the two blinder
units (providing 4 blinder lines). The 0S-2 logic is“#ncorporated in the

SRU relay. The nature of the logic shown in Figuré 38is that 21B-O (the outer
blinder) must operate 50 milliseconds or more ahead, of 21B-I (the inner
blinder), and then 21B-I must operate for 20 mifl¥isedonds or more in order

for an OS condition to be identified. For ©0S blgckfng of 3@ units of SKDU
relays to take place the 0S trip block switehhyonsthe SRU must be in the "On"
position.

In the "Phase III" logic (not shown), & oUtput is provided to the SKDU
relay (s) if 1) the inner blinder opefatéssand 2) an 0OS condition does not
exist. This output supervises 3¢ unitQtripping in the SKDU.

In the "Phase IV" logic shown in Figure”3 an output is provided to the SKDU
relay (s) if an OS condition does)ex®st. This output blocks 3¢ unit tripping.
The inner blinder unit outpufjoffthe SDBU-2 is fed directly to the SKDU.
"Phase IV" is the standard ‘08 -2<logic.

For OS tripping to take placefjpthe 0S trip switch on the SRU must be in the
"On" position. Tripping Isfinitiated 1) after the OS condition is detected,
2) after 21B-O resets @nd , 3) after 20 milliseconds have elapsed. An output
continues for use ift a ‘breaker failure detecting scheme for 480 milliseconds
following trip initiation.

The SDBU-2 relay idn addition to controlling the 0OS logic also may be used to
supervise distam@ relay tripping. Phase distance relay tripping cannot take
place unless 21B-I ‘operates. This prevents operation of the distance relay
on load.

A supervising,input to the 0S-2 logic is provided to prevent the possibility
of tripping“en load pick up. This supervising unit is an overcurrent unit
in the SIU (I, -0s).

It is given a low setiing, and it blocks OS tripping unless the transmission
line current substantially exceeds line changing current ar terminal trans-
former) exciting current.



line length.

The distance element of the SKSU must be set so its characteristic circle
is concentric with and larger than the zone 2 relay 3-phase characteristick
Also, its circle radius must be sufficiently larger than that of the zone 2
relay 3-phase unit circle that the fastest out-of-step swing expected will
operate the SKSU distance element 45 milliseconds (adjustable to 25 milli-
seconds) or more, sooner than the zone 2, 3-phase unit. In general a 2 ohm
(secondary) larger radius will suffice, but larger accelerating torquegpand
low machine inertia for particular system conditions may force “the™ase/of
larger settings and/or shorter logic times.,

SDBU-1 System

Refer to Figure 4. If the SDBU-1 relay is used to supervi®e tripping of the
3¢ unit of SKDU relays the blinder units must be set suffiiciently far apart
to accomodate the maximum fault arc resistance.

A reasonable approximation of arc resistance at fault drheeption is 40O volts
per ft. If a maximum ratio of (line voltage/(sp@eing) is 10,000 volts per
ft. for a high voltage transmission line and if a“mim. internal 3-phase fault
current is calculated as:

Inin - E where Zp is maximum sOurce impedance ZL is line
(Zpo + 21) 3 impedance, andsE s, line-to-line- voltage.

_ 400 x Ft. _
Then: Ryay = 00X Fte . bo0 . m () o
Imin E
Rpax = __693

15,000 (BA H4ZL) = .0693 (zy +Z) (1)

Adding a 50% marginjyto cover the inaccuracies of this expression.

R = 04104 (Z, + Z1) primary ohms

max
This may be convepted %0 secondary ohms and then to tap value as described in
the SDBU-1 ingtruction leaflet. This is the minimum setting permissible
where the blinder “reday is used to provide a restricted trip area for a
distance relays

Another criteriogn that may be considered is based upon the rule of thumb that
stable swing will not involve an angular separation between generator voltages
in excess of 120 degrees. This would give an approximate maximum of':

g =28+ 2L +7ZB - ogg (ZA + 21, + ZB) primary ohms (2)

2 V3

Where Zg is the equivalent maximum source impedance at the end of the

-6 -
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line away from Z,.

This calculation establishes the maximum setting permissible.

A blinder setting between the extremes of (1) and (2) may be used. This

provides operation for any 3-phase fault with arc resistance, and restraint
for any stable swing. A large setting may be required for extreme OS swing rates.

Note that the setting of the blinder relay establishes the "reach" in a
direction perpendicular to the relay characteristic line.

0S-2 System
The requirements for setting the blinder units in the SDBU-2/relay are:

1. Inner blinder must be set to accommodate maxXimum fault resistance
for internal 3-phase fault.

2. Inner blinder should not operate on mést, seévere stable swing.

3+ Outer blinder must have adequate separation from inner blinder for
fastest out-of-step swing to be acknowledged as an out-of-step
condition.

4. Outer blinder must not operage ‘engzload.

Inner Blinder Setting

The first two requirements aregl fulfild€d by setting the inner blinder as
described above for the SDBU4<L relay.

Outer Blinder Setting

For slow out-of-step swings/a reasonably close placement of this outer to the
inner blinder charactenistic®is possible. The separation must, however, be
based on the fastes® out-oflsstep swing expected. A 50 millisecond interval

is inherent in the out®of-step sensing logic, and the outer blinder must operate
50 ms or more aheadtef the inner blinder.

Since the rate ofvchange of the ohmic value manifested to the blinder elements
is dependent upon agccelerating power and system WR2, it is impossible to
generalize. _Howewer, based on an inertia constant (H) equal to 3 and the
servere assUmptifon of full load rejection, a machine will experience, assuming
a uniformpaceeleration, an angular change in position of no more than 20
degrees perveycle on the first half slip cycle.

If theM@nnefr blinder were set for 0.104 (Zp + Zr, + ZB) and the very severe
20 degrees per cycle swing rate were used, the simple trigonemetric manipu-
lation of Appendix I reveals that the outer blinder should be set for
approximately:

Zouter = 0.5Z7 (primary) Where Zgp = (24 + 27, + ZB)



Note that the 0.104 Zp expression includes Zg which was not present in the
minimum relationship. Using the actual minimum for the inner blinder setting .
provides further margin.

It will usually be possible to use the minimum blinder setting of 1.5 ohms
(secondary). Based on the 20 ohm per cycle criterion and the logic require-
ment of 50 milliseconds, Appendix II and Appendix III show the method of
calculating the outer blinder setting. ’

It should be recognized that with the 0S-2 logic, no commitment go Rzip)on
out -of -step occurs until the inner blinder operates. Therefore, aystable
swing for which the outer blinder operates imposes no problem.

Also it should be emphasized that if a distance relay were used ©of supervise
the out-of-step relaying, the distance relay 3-phase element and,the outer
blinder would have to operate 50 milliseconds or more prior to the inner
blinder. This may require a somewhat longer reach on the distance relay than
would otherwise be required.

For the calculation of Appendix II or Appendix IIE thefresult is in terms of
secondary ohms and corresponds to SDBU-2 T-tap plateysetting without conversion.
Use the next highest T-setting available.

TROUBLE SHOOTING PROCEDURE

Any misoperation should be explored first by“performing the related functional
tests. Evidence obtained from these tests can “assist in pinpointing the
source of difficulty. The general phidosophy followed in trouble shooting is
to begin at the point of a known madfunction and by process of elimination,
locate the source.

RECOMMENDED, TEST EQUIPMENT
l. Oscilloscope

2. TCT test meter unit

SKSU System
DESCRIPTION OF POSSTBLE INVOLVED
TROUBLE CAUSE CIRCUITS SUGGESTED PROCEDURE
Pressing OS push- Blown fuse Functional Check fuses
button at proper Test Trans-
time in sequence former Supply
does not operate "
0S light or RB 21-2 input @4 unit of 21-2] Check SKDU (21-2)
blue light not present SKDU Relay 8¢ output

0S pushbutton Check SKDU (21-2)
input to the SKSU

o
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SKSU System

DESCRIPTION OF POSSIBLE INVOLVED
TROUBLE CAUSE CIRCUITS SUGGESTED PROCEDURE
SKSU not SKSU Z unit or Refer to SKSU, instru-
performing logic tion leaflet. Go
correctly through test points
step by step to find
fauldy component
Pressing 0S push- 0S lamp SRU lamp Operateftest reset
button at proper time burned out switeh on SRU to the
in sequence operates testy position. Lamp
one but not both 0S should come on until
light and RB light switch is released.
RB lamp RB lamp Check RB lamp

burned out

SRU compon-
nent failure

Relay or Adamp
driver

Refer to SRU internal
schematic diagrams and
check circuit involved.

0S lamp operates but SKDU not OSy bleck Check test points on 0S
block input not sensing input block board of SKDU
present at SKDU "AND"
SKSU not 08 block Check test points on 0OS
providing output block board of SKSU
SDBU-1 System
0S light does not Blowm  fuse Functional Check Fuses

turn on at proper
point in sequence
when OS pushbutton
is pushed

test trans-
former supply

0S lamp SRU lamp Operate test reset

burned out switch on SRU to the
test position. Lamp
should come on until
switch is released.

SRU component Lamp driver Refer to SRU internal

failure schematic diagrams and
check circuit involved

SIU input Ipo-0S unit of Check Ip-gg output

not present SIU

SDBU-1 logic SDBU-1 Refer to SDBU-1

not responding instruction leaflet.

properly Go through test points

step by step to find
faulty component



SDBU-1 System

DESCRIPTION OF
TROUBLE

Trip, BFI or RB
lights do not turn
on when 0S light
turns on

POSSIBLE
CAUSE

SRU Malf -
unction

INVOLVED
CIRCUITS

Trip, BFI or
RB circuits
in SRU

SUGGESTED PROCEDURE

Refer to SRU internal
schematic diagrams and
check circuits involved

SDBU-2 System

Neither OS light nor
RB blue light come
on during sequence
when OS pushbutton
is pushed

Blown Fuse

Functional Test
Transformer

Supply

Check Fuses

21B-0 input
not present

SDBU-2 outer
blinder

CheckiSDBU-2 outer
blinder

21B-I input
not present

SDBU-2 inner
blinder

Check SDBU-2 inner
blinder

0S pushbutten

Check continuity
through 0S pushbutton
when pushed

21B-I input
present too
early

RST switch

Check to see that

21B-I input to the 0S-2
logic is absent until
the 0S pushbutton is
depressed

0S-2 logic
not responding
correctly

Out -of -step PC
boards in SRU

Refer to SRU internal
schematic diagrams
and check circuits
involved

SIU imput mot
present

Ip-0g unit of
SIU

Check Ip-og output

RB light comes on
but 0S light does
not

0S lamp burned
out

SRU lamp

Operate test reset
switch on SRU to the
test position. Lamp
should come on until
switch is released

SRU component
failure

lamp driver

- 10 -

Refer to SRU internal
schematic diagrams &
check circuit involved
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SDBU-2 System

DESCRIPTION OF
TROUBLE

0S light comes on
but RB light does
not

POSSIBLE
CAUSE

RB lamp
burned out

INVOLVED
CIRCUITS

RB lamp

SUGGESTED PROCEDURE

Check RB lamp

no RB contact
closure

RB telephone
relay or relay
driver

Check™to see that RB
operates in response
0 fhe OS trip input
tofthe SRU

No trip lights and
no momentary BFIL
light

No input to the
trip logic

0S trip switch

Make sure OS trip
switch is in the
"ON" position

0S trip/output

Refer to SRU internal
schematic diagrams
and check 0OS trip
output circuit

Trip lights but no
BFI light

No BFI output

SRU breaker
failure circuits

Refer to SRU internal
schematic diagrams
and check BF circuits

0/500 timer in
0S5 -2 logic
faulty

- 11 -

Refer to SRU internal
schematic diagram and
check duration of
output of 500 ms timer
following reset of
21B-0.
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Appendix I Determination of Outer Blinder Setting with Inner
Blinder set for 0.104 Zp (where Zp =Zp + 21, + ZB primary ohms ) i,

Refer to Figure 5a.

Calculate 6
-1 0.527 -1
6 =2Tan §.10k zp = 2 Tan L.8
4 -2 (78.2) = 156.k4
Calculate swing angle with for example, a 20 per cycle swingfrate and a

50 millisecond logic criterion, the limiting swing angle between the
outer and inner blinder operations is 20 x 3 = 60 degrées

Calculate (8 - swing angle)
6 - 60 = 156.4 - 60 = 96.4

Find B2 (refer to Figure 5b)

32=ZA+Zﬁ+ZB . Zp

Q. LL8 2
2 Tan (& - 60)/2 2 Tan 48,2 T

Use Zouter - 0.5 Zq primary ohms

This is the minimum setting of the “‘outemfblinder for a 20 degree per
cycle swing rate

Appendix II Determination oOf Outer Blinder Setting with
Inner Blinder set for 1.5 ohms

Determine (27 Rc¢)/(3Ry) wH€Ye Zf = Zp + Zp + Zc primary ohms. Rg is
C.T. ratio and Ry is B.T.\ratio.

If ratio is less thanq0.8 Pefer to Appendix III, if not continue to 3.
At 20 degrees per cycleWswing rate and 50 millisecond logic criterion,
the limiting swingsangle between blinder operations is 20 x 3 = 60 degrees.

Referring to Figurey,Sc, it can be seen that:

Tan (Qll_ég) = T
2 2Bp

1
then! B, 42 2T
5" 5~ Tan (6/2-30)

Bp = 2T 1 + Tan ©/2 Tan 30
2 Tan 6/2 - Tan 30

-12 -
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Zr 1 + 0.577 Tan-g/2

B2
2  Tan-o/2 - 0.577 O

Bo = ZT \/3 + Tan /2 0
2 /3 Tan 6/2 -1

but Tan-6/2 = 2T RC = 2T Rc
2 (1.5) Ry 3 Ry

L 4
Determine Bo \
<O

L. Use Zouter (primary) = 1.1 B to provide additiona A
5. Calculate Zoyter (secondary) = 1.1 Bp Rg/Ry. Th'Qe minimum setting
ate.

of the outer blinder for 20 degree per cycle sw

Appendix III Determination of Outer 'n%tting With
Inner Blinder set for 1.5 ohms (secon d Z7 Re < 0.8,

where Zq = Zp + ZC + Zp (primary s) 3Ry
1. Calculate-0- = 2 Tan ~% ZT RC
3 Ry
2. Using maximum swing rate, K e@er cycle), calculate:
-
B, - 2L
273 Tan - 3K)
3. Set Zouter (primary) =

L 4
This is the minim ng of the outer blinder for the maximum swing

rate K.

L. Calculate Zoyter (secg)ﬁ = 1.1 Bo Rg/Ry

\
O
Q¥

- 13 -
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