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ADDENDUM
TYPE SLD42D1, AND SLD42D2 RELAY

This suppiement in addition to the attached booklet comprises the fnstructions for the SLD421 and 2
relays, which were modified after field installation.

The modifications are discussed below:

1. Filters were added to the positive and negative sequence network outputs to prevent operation
on line pickup. :

2. A redesigned squaring amplifier card (D22A) with reduced sensitivity to eleiminate operation
during network delay.

3. The FDH card (D16H) was modified and the pickup setting increased. This was necessary to avoid
operation on charging currents and reduce the possibility of tripping on decaying Tine currents
after external fault clearing. '

4. The G4 (D23) was modified to avoid overreach.

5. Modified the transient blocking card {T20) and adjusted pickup time te 35 ms. The avoided
blocking on delayed internal fault clearing. .

The internal connections for the tap block and logic units are shown in figures 1 and 2 respectively.
These supersede those internals ilTustrated in the attached booklet (fig. 11 -and 14). The internals for
the printed circuit cards referred above are shown in GEK-7364.

The app]fcation section fbr the modified SLD42D relay is below, and subersedes that application
section in the attached book.

APPLICATION
GENERAL

The Type SLD42D phase comparison relays in conjunction with SLYL phase relays are particularly adapted
to the protection of transmission 1ines, where the presence of mutual inductance with split busses or
series capacitor compensation makes the application of directional comparison relaying difficult.

The SLD42 relay employs positive and negative sequence excitation. . This is accomplished by passing
selected phases of the CT secondary current through a positive and then a negative sequence Tilter.
A portion of the single phase output of the positive sequence filter is then vectorially subtracted
from the full single phase output of the negative filter to yield a single phase keying quantity that is
proportional to: ‘
' I

where K can be set for 5, 7, or 10. The phase angle of this quantity is compared with the phase angle of
a similarly obtained quantity at the remote end of the 1ine ‘provided that the négative sequence fault
detectors FDL, FDH, and the signal magnitude detector FDM operate for either an internal or external
fault. .

The basic concepts of mixed excitation is to have the negative sequence signal (Ip) dominate the
positive seqeunce signal (I1/K) for all faults, (except three phase faults), hence for all unbalanced
faults the phase comparison will essentially be on a negative sequence basis. For three phase faults
there will be no negative sequente current (except that which results from unbalances introduced by such
things as non-transposition of 1ines, current transformer saturation, or load unbalance), thus phase
comparison will be on a positive sequence basis. :

These instructions do not purport o cover all details or variations in equipment nor fo provide for every possible
contingency fo be mef in connection with installation, operation or maintenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter should
be referred to the General Eleciric Company.
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For various faults and fauit Tocations the relative magnitudes of I; and I must be known to calculate
the quantity Ig. It is important to recognize that neglecting Toad current I and Ip in equation (1) will
be equal for phase and ground fualts. For double phase to ground faults I1 will always be greater than
I2 by an amount that depends on the ratio of the system zero sequence to positive sequence impedance.

As a result, it is necessary to consider double phase to ground faults as well as single phase to ground
faults in the application of the SLD42 relays. Given a fault Tocation, the negative sequence compenent
of current for a phase to phase fault will always be half of the three phase positive sequence fault
current, and equal to or greater than the negative seguence compenent in a double phase tc ground fault.
Consequently, there is no need to consider phase to phase faults separately. ‘

If the SLD42 relay is applied to long, heavily Toaded HY or EHV transmission Tines with series capacitor
compensation, the influence of Toad current, shunt capacitance, and series capacitors requires more de-
tailed consideration for optimum reliability than would be necessary for short lines.

LOAD CURRENT

For an internal fault with no load flow the keying signals at the two ends are in phase, and as shown
in Fig. 10, the received carrier is in phase with the transmitted carrier. The presence of a substantial
load current, which continues to flow through the Tine during an internal fault, may cause the keying
signals at the two ends to be shifted out of phase. Because of the 3 millisecond pickup setting of the
integrator timer, tripping is obtained when the phase angle between the keying signals at the two ends
of the Tine is 1150 or less. Actually the phase angle criterion for determining settings is to restrict
the keying signal angular difference to 60° or less. This provides a margin of 559 to allow for additional
phase shift due to factors other than Toad flow.

I1 of equation (1) is the superposed sum of the prefault Toad component and the fault component as
determined by Thevenin's theorem. The influence of load current on eguation (1) is most readily obtained
by evaluating the keying signal, Ikr, resulting from fault components of current and comparing it with
the keying signal resulting from the load component of I, IkL. Equation (1) may be rewritten:

Ik = Iz - (Elf_i;EEEJ
K
Ik = (I2 -I—II(F-L-IA
K
I = Igr - IkL (2}

Assuming that the positive source impedance is equal to the negative source impedance and the sources
at both ends of the Tine have the same impedance angle, then Ixr will have the same phase angle at both
terminals but opposite in polarity. It is assumed that Iy| may have any phase relationship to Igxp; the
worst angle is a function of the negative (/positive/) distribution factor, C, as illustrated in Fig. 15.

The optimal value of K s the smallest value that will restrict the phase angle between keying
signals on unbalanced faults to 60°, thereby providing maximum sensitivity on 3 phase faults. The method
for selecting the optimal valus of K is covered under CALCULATION OF SETTINGS.

SHUNT CAPACITANCE

The current slowing into the negative sequence shunt capacitance during an external fault will cause
the negative sequence currents realized by the two terminals to be of different magnitude. The negative
sequence fault detectors FDH and FDL have a difference in setting larger than the negative sequence
current flowing in the shunt capacitance. This is to assure that the tripping element FDG is not picked
up at one end before the carrier start element FDL is energized at the other. '

With the fault keying signal Iyr at one terminal larger than it is at the other for an external fault,
and with the magnitude of Ik equal to the mean of the two Ixr magnitudes, it is possibie to produce in
phase keying signals, Ii, at the two terminals (provided IxF and Ik are in phase at each end). This
could produce an undesired trip for an external fault since in phase keying signals produce a trip output.
To overcome this possibility the FDM function, which is operated by Ik, sheould he set above the maximum
value of I expected for the above condition to prevent phase comparison from occurring.

The ﬁnrush_into the shunt capacitance on line energization (particularly with unequal pole closing
of the breaker) may limit the setting of FDH which can be safely used. ' ' B
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SERIES CAPACITANCE

The series capacitance may affect the phase comparison indivectly if ‘spurious carrier is generated
when the protective gaps flashover. It is anticiapted that these bursts of spurious carrier will be in
the range of one millisecond, which could reset the phase comparator timer if aliowed to block AND45.

INFORMATION REQUIREﬁ FOR SETTING CALCULATIONS

In order to establish the optimum settings for the SLD42 relay it is necessary to obtain the following
system data: )

1. Maximum load current present in the line for each system configuration to be considered.

2. Mimimum positive sequence fault current present in each terminal for internal three phase faults
near each terminal and the midpoint of the Tine for each system configuration.

3. Mimimum ﬁositive and negative fault current present in each terminal for single line to ground
faults near the midpoint of the 1ine and near each terminal for each system configuration.

4, Mimimum positive and negative sequence fault current present in each terminal for double line to
ground faults near each of the terminals for each system configuration.

5.. The ratio Ry {PG) of Ip for single line to ground faults to Iap for 3 phase faults at each fault
location ang each system configuration.

If the information is not available directly in the form required, it can be derived if the fault
study provides for each location: :

1. The total 3 phase faﬁTt current and the distribution factors.
2. The total zero sequence fault current for a single 1ine to ground fault.
3. The maximum load current.

The total negative seguence fault current for & single line to ground fault will egual to Ip, as will
the total fault component of the positive sequence current, Ijp(PG). .

The ratio Rg(@G) may be used to obtain the positive and negative sequence components of fault current
for double Tine to ground faults in conjunction with I3p at the same fault location.

T1F(206) = R1(P96) X Tap = Tap X 5 Ro((}%))

Ry (#8G) can be read directly from Figure 16A.

Ip(PPG) = Ro(@PG) x I3p = I3g X 1 - 2R0(ID_G)
‘ 2 - 3Ro(fG)

Ro(2PG) can be read directly from Figure 16B.

The distribution of negative and positive sequence components of fault current at terminals X and Y
can be obtained by muitiplying the total sequence components of fault curyent by the distribution Tactors
Cx and Cy. .

CALCULATION OF SETTINGS

The installation adjustments of the SLD42 consist of pickup settings of G4, FDH, FDL, FDM and the
value of K which determines the relative emphasis on the positive and negative sequence inputs to the
keying signals. A sample calculation is made for the system in Figure 17A which is presumed to provide for
the protected line the most onerous application from a consideration of load studies and equipment outages.
Figure 178 illustrates the tabulation of data for the semple system.

Before calculating Io(PG)y (which is equal to I(@G)x Cx, Rp{@G) should be evaluated to ascertain
if the Towest negative sequence current is associated with single 1ine to ground faults or double Tine to
ground faults. If Ro{PG) is 0.333 or lower, I2(PG) will be equal to or Tower than Iz(PPG), and Io(P&)
Ehoul$ b$ caécu]ated. Conversely, if Ry(@E) is larger than .333, I,(PPG) will be smaller, and should
e calculated.
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PICKUP SETTINGS OF FDH AND -EDL

The FDL level detector should be set as low as possible without risk of its operating on the maximum
expected load unbalance, unless the possibility of continuous keying of the channel is not objectionable.
For many applications the minimum FDL pickup of 0.2 amperes negative sequehce will be applicable.’

The FOH Jevel detector must be set such that it will respond to ahy internal unbalanced fault with
a rargin of at least 50 percent. That is, the minimum negative sequence current for an unbalanced fault
at any location on the protected Tine must be at least 1.5 times the negative sequence pickup of FIH.
An additional requirement on FDG pickup setting is that it be sufficiently above FDL to insure security
on external faults. The setting of FDM must establish a margin between the local blocking level (FDL
pickup) and the tripping level at the remote terminal (FDH pickup). For two terminal 1ine applications
the recommended margin is expressed by the following equation:

FDH = (E) FDL

If there is significant negative sequence charging current flowing into the protected 1ine during an
external fault, it will tend to negate some of the margin provided by the above equation.

Therefore, to account -for charging current the equation for FDH pickup becomes:
FOH = (§) FDL + Igp

where Igp = negative sequence charging current

flowing in the protected iine section during an
external fault.

The negative sequence charging current in the equation above should be:

Igp = 0.5 X ICI {3)

where Ipp = positive sequence charging current
Igy = YN
Z5C
where Zgc = total impedance of the distributed shunt capacitance

If shunt reactors are present the steady state value of charging current will be diminished. However,
this effect should not be considered since coordination is necessary cn a transient basis. The value
of Ic2 in equation (3) is an empirically derived value that has been generally -applicable where breakers
With pre-insertion resistors are used.

A possible restriction on FOL #s that it should be set above the negative sequence current that may
result from max1mum load current flowing through an unfransposed Tine, otherwise continuous carrier may
be transmitted.

SELECTION OF K FACTOR

As noted under general comments, the minimum value of K should be selected. For less onerous
applications, K = 5 should be selected. K = 5 may be used with an ample margin of safety if the minimum
load current is less than 125% of the smallest Ip{@G)y, 12{@P)x and I2(PPG)y. If this relationship is
not true, a more rigorous evaluation of the optimum va]ue of X is necessary and the tabulation in Figure
178 shou1d be compTeted

The ¢ . in Figures 18A, B and C are provided to allow the se]ectioh of the K factor directly,
utiTizing .ue data tabulated in Figure 17B. The curves are based on the following:

1. The angle between the keying signals at the two terminals should be no more than 60°.
2. A safety margin is obtained by using only 75% of the calculated negative sequence current.

With reference to Figure 184, each fault location is checked by plotting the ratio of three phase
fault current to Joad clrrent, Igg/llL, and the Tower of Cx and Cy. If the point is at the upper right of
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the top one of the parallel curves, K = 5 will be suitable for that fault Tcoation. .

If the point falls between the top and the bottom curve, enter the graph at the proper point on the
Rg(£G) scale at the top of the graph, proceed down until the V curve is reached, then horizontally to the
1eft, until the distribution factor € = .03 is intersected. Draw a curve parallel to the existing curve
which passes through the intersection of the horizontal 1ine drawn and C = .03. This constriction is
shown in dashed lines for two arbitrary values of Rp(@G); one where @G is Timiting and one where PPG is
limiting. If the point Cy {or Cy) and Igp/Ij plots abeve and to the right of the curve constructed for
the specific value of Rp(#G), then K = 5 will be satisfactory. If this point plots below this curve theh
the procedure must be repeated, starting with K = 7, Figure 18B. ' '

If the initial plot of C and I3p/I1L 1ies below and to the left of the bottom curve then K = 5 is not
suitable, and the procedure must be repeated, starting with K = 7, Figure 18B. If the procedure is re-
peated for K = 7 and K = 7 is found unsuitable then proceed to K = 10, Figure 18C.

When the value of K ‘has been found for all fault conditions that may provide the Timiting case, select
the largest value of K (5, 7, or 10) and apply at both terminals. Different values of K at the terminals
could result in a phase shift between the keying signals at each terminal for an unbalanced external
fault, with false tripping as a possible consequence. : N '

If desired the angular displacement between the keying signals may be obtained by plotting a phasor
diagram of the two keying currents produced by the selected value of K. Figure 18A illustrates the phasor
diagram for the fault at F3 where the @G fault is the limiting condition. IKF 1is obtained at terminal x
by plotting .75I2(pg)y to an appropriate scale and vectorially subtracting the positive sequence fault
component at X, 11F(%e)x/K. Since the worst case of a phase A to ground fault is assumed I1F(pG)X = I2F(@G)X,
and I1F{pG)¥/K is subtracted directly from .75I, 96) From Figure 15, the worst angle between Ikl and
IxF can be obtained for the Tower value of C (st. Kt this angle, IKL 1s drawn to the same scale as
12(ge)X and the angle (@1) between Iy and IKF is obtained by measuremént. Similarly at terminal Y,

0.75 Ip(pg)Y can be plotted and IiF(#G)Y/K can be subtracted directly from it to cbtain IKF. IKL can be
added to 1kF (IKL at Y is 1800 out of phase with IxL at X) to obtain Ik at terminal Y. The angle between
IxF and Ig at Y (P2} is added to 87 to obtain the fotal angular displacement between the keying signals
at the two terminals, " o .

The angular displacement between the keying signals at the two terminals can be plotted in a similar
manner for a case where P@G fault is the Timiting type of fault, with two exceptions. Iip(ggg)x is not
equal to I2(PBG) and must be obtained from the tabulation in Figure 178. IlF%ggg)x will not sibtract
directly from I2(@ga)X in the worst type of fault, but at 60°. The fault at location F1 is plotted in
Figure 20A. : :

'If the Tine under consideration is series capacitor compensated, K = 7 should be used, and there is
no need to follow the procedure above. This K value was determined on an empirical basis and represents
an optimum compromise value.

SETTING OF FDM e
As explained previously a combination of Toad current and shunt capacitance éan_cbmbinefto produce a.

false trip on an external fault. To assure that keying cannot occur for this case, FDM should be set
above 50% of the keying signal produced by the positive and negative sequence charging currents.

1
FDM = Icp + —%l—

In this case: Ig] = 0.5 Z!hﬁnt
Z
where: Zghunt = %zz - ésir) :

Zsc total impedance of the distributed shunt capacitance

Zsr total impedance of the shunt reactors (if present)

Ic2 = 0.25 JLN
Zshunt

0.25 VIy + 0.5 VLN
Zshunt (K)Zshunt

FDM
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The above equation includes a safety margin of 2.
The minimum value of keying signal for an internal fault can be obtained by taking the minimum value

of the fault component of the keying signal, IKF, and subtracting the load component of the keying signal,
IkL, directly from it. ’ :

Ix (MIN.) = {Igp (MIN)] - lIx. (MAX)|

Ix(MIN) should be compared with the setting for FDM to assess the margin of safety. Figures 198 and 20B
1§1ustrate the minimum keying signal for fault locations Fl and F3.

PICKUP SETTING OF G4

This unit is non-directional and therefore must be set above the maximum through ground fault current
(31g) for faults in either direction. A pickup setting equal to 125% of the maximum steady state through
fault current is recommended. For the sample calculation, the maximum through fault current is assumed
for faults at FIl and F3. However, if series capacitor compensated parallel Tines exist, the maximum
through fault current may occur for a fault on a parallel Tine after it opens at one terminal. On series
capacitor compensated lines, a pickup setting equal to 200% of the maximum steady state through fault
current is recommended.

Consideration muat also be given to the possibility of unequal ploe closing of the circuit breaker
when the line is reclosed at the second terminal. The G4 element must be set above the maximum load
transfer over a single phase for the system conditions obtaining at the time of reclosure. The same
margins should be obtained in this instance as mentioned previously.

SAMPLE CALCULATIONS (refer to Figure 17)

Setting of FDH and FDL:
Set FDH = 2/3 (I minimum) = (2/3) 0.19 = 0.127 pu
This is the maximum value at which FDH may be safely set.

The maximum FDL setting may be determined from:
4

FDH = 5 FDL + Ig2

_ 4 ' _ ' 0.5
FOL = = (FDH - Ig2) = 0.75 (.127 - 52
FDL = .0327 p.u.

SELECTION QF K FACTOR:

Utilizing the procedure previously outlined it is found that K = 10 is required for fauits at F2 and
F3. K = 10 must therefore be used at both terminals. ‘ ' :

SETTING OF FDM

FoM = 0225 VLN 0.5 VLN
Zshunt (K)Zshunt
Zshunt = i:%g%—;i%%? = j24

_0.25 0.5
FOM = =7~ * T00) (@)

.0104 + .00208

I

.0125 p.u.
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FIG. II ()165B2515-0) Internal Connections Diagram For The SLD42D Logic And Trip Unit
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TYPE_SLD42D RELAY

DESCRIPTION

FUNCTTIONS

The Type SLD42D relay is a solid state phase comparison pilot relay
for differential protection of transmission lines on three~phase, phase~
to phase, and phase-to-ground faults. The relay contains both positive
and negative Sequence networks and the associated phase comparison logic;
FDL and FDH negative sequence fault detectors; FDM (positive and negative
sequence) keying level detector; G4 direct-trip residual overcurrent -
function; two SCR (silicon controlled rectifier) trip circuits with hand
reset series targets; and auxiliary relay contact outputs for RI {reclosing
initiation), BFI (breaker failure initiation), 05 (out-of-step), and RC
(reclose cancellation).

NETWORK UNIT

_ The SLD42D is packaged in two separate metal units suitable for
mounting on standard 19-inch racks. The Network Unit, which is three
rack-units high, includes the positive and re gative sequence networks

and associated adjustment potentiometers and tap block. The Network

Unit also includes voltage limiter circuits and isolation transiormers

to couple the output voltage signals to the Logic Unit. Fig. 2 shows the
outline and mounting dimensions for the Network Unit. The location of
the various internal components of the Network Unit are shown in Fig. 3.

LOGIC UNIT

The Logic Unit is four rack units high and contains the various
printed circuit cards to provide the functions listed above. All the out-
put functions listed above (trip circuits and auxiliary relays) are
located in the Logic Unit. The outline and mounting dimensions are
shown in Fig. 4. The printed circuit cards plug in from the front of
the unit into sockets which are keyed to prevent insertion into the improper
socket. The letter addresses (AE, AF, etc. for the upper row, and D, E,
F, etc. for the lower row) appear on.the card guide in front of each
socket. These addresses are shown on the component location drawing,

Fig. 5, and the internal connection diagram, Fig. 14, The signal test
points (TP2, TP3, etc.) shown on Fig. 14 are connected to instrument
jacks on the Test cards in the AT and T positions. TPl (top) thru TP10
(bottom) are located on the AT card. TPLl (top) thru TP20 (bottom) are
located on the T card. The Logic Unit also includes a CHANNEL TRIP push
button to simulate FDL and FDH output, and an INST. TRIP push button to
simulate G4 output. A window in the front cover allows observation of
the two SCR and two OS targets and the C (carrier) and I (instantaneous
overcurrent) trip lamps., Both the targets and trip lamps are reset by
push buttons in the window. Moveable links are provided behind the front

cover to allow the G4 and RC circuits to be connected or disabled.
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ASSOC D _EOQUIPMEN

The SLD42D requires a Type SSA D.C. power supply to supply regulated
17 V D.C. and blas to operate the logic and output circuits., A high speed
carrier channel (Type CS26) is used with each SLD42D to transmit and
receive signals proportional to line current phase angle, to obtain dif-
ferential protection between remote ends of a protected line. A type
SLYL12 distance relay is also used to obtain the required fault detector
sensitivity on balanced three phase faults, where FDL and FDH (operated
by negative sequence), may not respond.

The signal interconnections between the SLD42D and the SLYL12, C526,
‘and SSA are provided by plug-in type multi-conductor shielded cables,
These signal interconnections between the SLD42D, SLYL12, and 0826 are
shown on the typical overall logic diagram of Fig. 8.

The incoming current conmections to the SLD42D Network Unit from
the C.T.s are made via a Test and Connection Receptacle, which is con-
nected to the DA terminal strip on the unit by a lQ-conductor cable.
This Test and Connection Receptacle (shown in Fig. 6) allows disconnec-
tion from the C.T.s by removal of the connection plug, and A.C. testing
with the standard Type XLA relay test plug. The various trip and auxili-
ary output circuits comnected to the Logic Unit DB, DC, DD terminal strips
are similarly connected to the externmal circuits via three additional
Test and Connection Receptacles (TDB, TDC, TDD). A typical external
connection diagram for the SLD42D is shown in Fig. 7.

RATINGS
TEMPERATURE
65° ¢ maximum ambient outside the relay cases.,

ELECTRICAL

S amp, 60 cycle continuous, and 250 amp, 60 cycle for one second for
all input current circuits.

125 volts DC, 30 amp tripping duty on SLD42D1 trip circuits. 250 volts
DC, 30 amp tripping duty on SLD42D2 trip eircuit, 1 amp, DC targets on
all series targets for 0S and SCR. 0.5 amp inductive interrupting rating
at 125 Vv DC all auxiliary relay contacts. 0.25 amp Inductive interrupting
rating at 250 V DC all auxiliary relay contacts. 3 amp DC continuous
rating on all auxiliary relay contacts.

BURDEN

10 volt-amperes maximum current burden per phase pair at 5 amp, 60
cycles,
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ADJUSTMENT RANGES

FDL pickup = 0.2-1.6 amp. Neg. Sequence (1)

FDH pieckup = 0.5-4 amp. Neg. Sequence (Ip)

K (Ratio of Neg. to Pos. Seq. Semsitivity) = 5/7/10
FDM pilckup = 0.2-0.6 amp. Neg. Sequence (Iy = 0)
FDM pickup = 0.2K-0.6K amp. Pos. Sequence (I3 = 0)
G4 pickup =  4-40 amp. residual (3Io)

FDL, FDH, FDM, and G4 are continuously adjustable over the above
specified ranges by means of the adjusting screw on the front of the
corresponding level detector cards. The selection of the K ratio is
made by means of a tap block on the front of the Network Unit.

OPERATING TIMES

Phase Comparison tripping time is 1 cycle maximum for all faults
except balanced three phase faults. (Maximum tripping time for balanced
three phase faults using SLYL12 supervising relay is 1 3/4 cyele.)

G4 direct tripping time on ground faults is 1/2 cycle maximum.

The pickup and dropout times of the auxiliary relays are shown
in the following table: '

OPERATING TIME (IN CYCLES)

AUX. RELAY PICKUP DROPOUT
RI 1 8-10
RFL 1 1
RC 3/4 8-10
0S 3/4 8-10

QPERATING PRINCIPLES

PHASE COMPARTISON

A phase-comparison pilot relaying scheme operates on the basic principle
that a fault can be judged to be either internal or external to a protected
line section by comparing the relative phase positions of the fault currents
at the two ends of the linme. In practice the guantities used in making -
the comparison between the two ends of the line are single-phase voltages
which are obtained by combining the CT secondary currents at each end.. The
single-phase voltages are used to produce a square-wave signal which modulates
the channel transmitter and attempts to trip the local breaker on alternate .
khalf-cycles. This basic operation of a phase comparison scheme is illustrated
in Fig. 10.
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In the SLD42D relays the single-phase voltage, which will be referred
to as a 'keying signal', is obtained by combining the outputs of a negative=
sequence and a positive-sequence network with the resultant output weighted
to favor the negative-sequence component by a multiplying factor "K', That
is, the resultant keying signal is proportional to I, - .

' K
NEGATIVE -SEQUENCE NETWORK

These positive and negative-sequence networks are contained in the
Network Unit. The complete internal conmnections are shown in Figure 11,
It will be noted that the postive- and negative-sequence networks are
similar but differ in the way they are connected to the CT secondaries.
Both networks consist of two tramsactors, each with two primary windings
and an adjustable resistive load across a secondary winding. The positive-
sequence network consists of transactors TE and TF with adjustment potentio-
meters Py, Pp and P3. The negative-sequence network consists of trans-
actors TG and TH with adjustment potentiometers P4, P5, and Pé.

The term 'transactor" is a contraction of transfer-reactor., It is
essentially an air-gap current transformer with secondary current, and
hence. secondary voltage across the loading resistor, proportiomnal to the
© vector sum of the input currents in the leading direction. The performance -
of a transactor in a circult is described by its.transfer impedance Zr and
the associated angle 8q:

Zp = Vout ZBT (1)
Lin :
Where: _ Vout = Secondary ocutput voltage
Iijn = Vector sum of the input currents

©
=
]

Angle by which Vgo,y leads Iiy,.

The negative-sequence network will be used to explain the operating
principles of the sequence network in the SLD42D relay. This network is
represented in simplified form in Figure 12. A negative-sequence network
is, of course, one which produces an output proportional to the negative-
sequence component of the input currents, and further produces no output
for the positive~ or mero-sequence components of the input current. It
can be shown that using two transactors as in Figure 12 the output will
be proportional only to negative-sequence current if the transactor angles
are 30° apart and if the transactor with the lower angle has a transfer
impedance higher than the other by a ¥3 ratio. In the SLD negative-
sequence network the angles are 75° and 450, and the impedances are 2
and 2 {3 ohms respectively,
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As shown in Figure 12 the 75° transactor windings are connected to
phase-A and reversed phase-B CT currents. Tne output voltage, therefore,
is:

-‘-f 75 = 2 (-T_'A - EB) | | (2)

The 45° winding transactor is energized by phase-B CT current and
reversed CT residual current (3Ip), but since the residual winding has
one~third the turns of the phase-B winding, the output voltage can be
expressed by:

v = 2/3 (I - o) (3)

If the transactor secondaries are connected in series, as shown in
Figure 12, the network output voltage Vr can be expressed as follows:

— —-— — — a —r -— .
Vp = Vg5 + V45 = 2(T4 = Tp) [I5+ 213 (Tp - TS (&)

It can be shown that this network output voltage is proportional to
the negative~sequence component of the input currents. That is:

Jp= 2V3 1/105° - Where I is phase-A (5)

This relationship can best be showm graphically. Figure 13A shows
that for a pure'positive-sequence‘system the magnitudes and angles of the
transactor secondary voltages are such that the voltages are equal and
180° apart, Thus the secondary voltages cancel and the network output Vp
is zero.

Figure 13B shows the response of the network to a three-phase system
of pure negative-sequence currents. Note that the network output voltage
is now equal to 2Y3 I /105° , with the angle referenced on the phase-A
current, i.e., Ipp. This agrees with equation (5) .above.

Figure 13C shows the response of the network to a phase-A to ground

. fault. Here we see that the zero-phase sequence component of the fault
current has been eliminated from the metwork response by the action of the.
I, winding of the 45° transactor, and that the network output voltage 1s

again 23 I, /1059,

POSITIVE-SEQUENCE NETWORK

It can be shown that a positive-sequence network can be obtained by
means of the same components used in the negative-sequence network deseribed
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above, provided only that the phase-C current is used instead of phase-B.
That is:

v, = %(’iA - 1) [15° + 2[5'&@ - 1) /hs° &)

Vo= XE 1,, /105° | 7

This can be demonstrated by a graphical analysis similar to that used
for the negative-sequence network, The 1/3 factor in equations (6) and (7)
results from the use of 1/3 as many primary turns in the positive-sequence
transactors.

It should be emphasized that the 105° angle which appears in equations
(5) and (7) above results from calculations based on the open circuit
condition of the network. 1In practice the loading effect of the low-pass
filter will cause the angle of the network output voltage to deviate from
the 105¢ calculated wvalue, but since the loading will be practically the
same in the network units as the two ends of the line, the angles will
also be the same.

It should be noted also that the choice of 75° and 45° for the trams-
actor angles is one of practicality rather than necessity. The only
requirement in the basic design is the 30° difference between the two
angles and the V3 relation between the transfer impedances. It is
important, however, that the angles be the same from network to network
to insure coordination between terminals,

LOGIC CIRCUITS

The operation of the logic circuits are best explained by referring
to the Logic Unit Internal Connection Diagram, Fig. l4. AND 45 (N) is
the comparer previously described. The keying input signal at TP1ll is
obtained from the mixed (positive and negative sequence) network output
which has been passed through the squaring amplifier (AK). The squared
keying signal is supervised by the FDM keying level fault detector (G)
and the FDL blocking level fault detector (AJ) at AND 41 (AK). The FDH
tripping level fault detector (M) output is supplied to the comparer at
TPl7. Both FDL and FDH cperate on negative-sequence voltage from the
Network Unit to obtain maximum sensitivity on unbalanced faults, while
rema ining insensitive to balanced load currents. The FDL and FDH func-
tions on balanced three-phase faults are provided by.the lens-type
MB and MT function in the associated type SLYL12 distance relay. These
signals are comnected into the Logic Unit via shielded cable pins 63 and
64. The pulse stretchers (F) and (AF) are present to provide a continuous
output for cases where the apparent impedance seen by the SLYL12 MB and
MT functions immediately after fault inception may not allow a continuous
signal. :
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In the previous discussion of phase-comparison operation (and in Fig. 10)
it wae shown that the keying signal must operate the transmitter during the
half cycles which the comparer is not being energized, This is accomplished
by the application of a continuous “start™ signal to the channel control
card (AM) at TP18 when FDL operates, and applying the squared keying signal
from TP9 to the channel control "stop' imput. The key-off signal is passed
through the symmetry card (AL) to allow adjustment of the carrier on~off
times to achieve a symmetrical receiver output at remote terminal. This
unsymmetrical transmitter modulation is necessary to compensate for dif-
farences in the turn-on and turn-off of the remote recelver.

The local receiver output is connected to the NOT ipput to the comparer
via an inverter and an 0-8/0-8 card (L). This 0~8/0~8 (L) provides an
integrating time on received carrier to avoid possible incorrect blocking
due to momentary bursts of carrier on gap flashover during an internal
fault. The phase delay (J) card is pres¢nt Lo compensate for channel delay
and the carrier integrator (L) and provide the optimum relation between
the comparer keying input and the comparer blocking input. The receiver
putput is passed through the inverter (N) to provide signal compatibility
between the positive referenced CS526 carrier and the negative referenced
SLD42D logic. A similar signal inversion occurs in the CS826 transmitter
control at the SLD42D channel control interface.

An external fault above FDH pick up level does not produce a comparer
output because half cycle blocking signals are present at TPZ in phase
with the TP1l keying signal. An internal fault above the FDH pickup level
will produce comparer output at TP14 on the half cycles corresponding to
TP1l keying, since the TP2 comparer blocking signal will not be present
during that half cycle. The comparer output is passed through the trip
integrator (P) to provide a continuous signal to the trip bus at the TP1l6
via AND 44 and AND 46.

AND 44 provides supervision of the trip integrator (P) output by the
RB transient blocking function. The RB functlon consists of AND 43 (AN)
plus the 25/40 timer (AP). If a system fault occurs, operating FDH, and
thére is no trip Integrator output within 25 milliseconds, an RB output
will be produced at TPL3. This RB output will block AND 44 until 40
milliseconds after the fault is cleared and FDH drops out. Since the RB
pickup time is longer than the maximum tripping time for internal faults,
the RB blocking function can only get set up on external faults. For
internal faults the trip integrator output at TP15 will block AND 43 and
prevent the 25/40 timer fromtiming and blocking tripping at AND &4, In this
way the RBE function acts to block any tripping until about 2 1/2 cycles
after an external fault is cleared.

AND 46 (R) provides 500 timer supervision of all tripping signals.
The purpose of this 500 timer supervisicn is to prevent a trip output at
the TP16 trip bus until the DC supply to the equipment has been energized
for approximately one-half second. This eliminates the possibility of
undesired trips when the DC is initially switched on.
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The G4 direct trip overcurrent function (AR} is operated from the
output of the TD residual current (3I,) transactor in the Network Unit.
The G4 output at TP6 is passed through an OR circuit (H) and through an
OR input to the AND 46 500 timer supervision to the trip bus at TP16.
The other (H) OR input is comnected to PH4 direct trip phase overcurrent
function in the associated SLYL12 relay.

A contact converter circuit is provided to stop all carrier by closing
an external normally-open contact. The output of this contact converter (E)
1s connected directly to a second OR input to the channel control (AM)
“"stop”. The third OR input to the "stop" portion of the channel control
card is connected to the TP16 trip bus. Any of the three "stop! inputs
to the channel control card has preference over the "start" input.

OUTPUT CIRCUITS

A gignal of the trip bus at TPl6 produces a series of pulses from the
SCR driver (8). These pulses are connected to the tripping SCR gate
circuits by isolating transformers on sub-assemblies BA and BB. The anode-
cathode junction of the SCR will conduct during the gating pulse interval,
and will remain in the conductive state as long as the external circuit
is completed and continues to draw current through the anode-cathode
junction. This loss of gate cantrol once the SCR 1s '"fired" provides an
effective '"seal-in'" on the trip circuit. It also means that the SCR
trip circuit must be interrupted by an auxiliary contact on the breaker
which will open when the breaker has been tripped. A hand-reset electro-
mechanical target is connected in series with each SCR trip ecircuit.

The C (carrier) target lamp is turned on by the presence of TPl6 trip
-bus signal and a TF19 (phase comparison trip) signal at AND 47 (AN), The
I (instantaneous overcurrent) target lamp is turned on by the presence of
a TP1l6 trip bus signal and a G4 orxr PH4 signal from the OR circuit on the
(H) card, These C and I lights will remain on until the reset button is
operated. : ' '

The BFI and RI auxiliary telephone~type relays are operated by the
presence of a TPl6 trip bus signal at the drivers (48). The RC relay is
operated via the upper relay driver on the (K) card by a three-phase SLYL12
fault detector (ALL MB) signal, or the optional time-~delayed trip circuits
{(if used). 1If these SLYL12 circuits are used, the RC function will provide
a contact ocutput to cancel reclosing for three-phase faults or second zone
faults. The lower relay driver (K) operates the 0S5 relay for an out-of-
step signal from the SLYL12. The 8-10 cycle time delay drop out time on
RI, RC, and 05 is obtained by diodes on their respective driver cards
which are connected in parallel with the relay coils.

The detailed operation of the individual logic functions (AND, NOT,
etc.,) may be understood by referring to the various card internal con~
nection diagrams shown in Fig, 26A~265,.
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APPLICATTION
GENERAL

The Type SLD42D phase comparison relays ( in conjunction with the
SLYL12A) are particularly adapted to the protection of lines where the
presence of mutual induction with split busses, OT series capacitor com-
pensation, makes the application of directional comparison relaying diffi-
cult or unreliable.

The SLD42D relay uses mixed positive plus negative sequence excitation.
As explained previously, this is accomplished by passing the three phases of
the CT secondary current through a positive and then a negative sequence fil-
ter. A portion of the single-phase output of the positive-sequence filter
is then vectorially subtracted from the full single-phase output of the nega-
tive sequence filter to yield a single-phase quantity that is proportional to:

Ig = Iz - 11

X ®

where K can be set for 5, 7, or L0. The phase angle of this quantity is
compared with the phase angle of a similarly obtained cuantity at the remote
end of the line, if the negative sequenmce fault detectors FDL, and FDH (or
distance fault detectors) and the signal magnitude detector FDM, operate

on an internmal or external fault.

" The basic idea behind the mixed excitation is to have the negative

' sequence (Ig) swamp out the positive sequence (11/K) for all faults except

three-phase faults so that for all unbalanced faults the phase comparison

will essentially be on a negative sequence basis. For three-phase faults,
there will be no negative sequence current (except that which results from
unbalances introduced by such things as non-transposition of lines, current
transformer saturation, or load unbalance)} so the phase comparison will be

on a positive sequence basis, It is important to recognize that, neglecting
load current, Ij and I2 in equation (8) above, will be equal to each other

for phase-to-ground faults. For double phase-to-ground faults, Tj will always
be greater than Iy by an amount that depends on the ratioc of the system zero
sequenceé to positive sequence impedance. For this reason, it is necessary

to consider double phase-to-ground faults as well as single-phase~to-ground
faults in the application of the SLD42D relay. For a given faulft location,
the negative-sequence component of current for a phase-to-phase fault will
always be half of the three-phase positive-sequence fault current and eqaul
to, or greater than, the negative sequence component in a double-phase-to-
ground fault, so there is no need to consider phase-to-phase faults separately.

Where the SLD42D relay is applied to long, heavily loaded HV or EHV
transmission lines with series capacitor compeénsation, the .influence of
load current, shunt capacitance, shunt reactors, and series capacitors
requires more detailed comsideration for optimum reliability than would be
the case for short lines. '

TOAD CURRENT

Tor an internal fault, the carxier signals illustrated in Figure 10
agsume that the load current is negligible and therefore, the received carrier
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is in phase with the transmitted carrier. The presence of a substantial load
current, which continues to flow through the line during an internal fault,
may cause the keying signals at the two ends to be shifted out of phase;
thereby lncrea51ng the time that carrier is received beyond one half cycle,
and reducing the carrier off time below one half cycle. Tripping is obtained
if the duration of the carrier received signal is .less than 3009, Reliable
tripping is assured if the phase angle between the keying signals at each
terminal is limited to no more than 60°,

The optimum value of K in equation (8) is the smallest value that will
restrict the phase angle between keying signals on unbalanced faults to
609, thereby assuring maximum sensitivity on 3¢ faults,

I1 of equation (8) is the sum (by sgperposition) of the prefault load
and the fault component determined by Thevenin's theorem. The influence of
load current on equation (8) is most readily cbtained by evaluating the keying
signal resulting from fault components of current Igp and comparing it with
the keying signal resulting from the load component of Ij, Ipp.

Equation (B) can be rewritten:

Ig = Igg m Iy, = (Ip - LiFp ) - 111 (%)
K K

On the assumption that the positive source impedance is equal to the
negative source impedance, and the sources at both ends of the line have
the same impedance angle, Igp will have the same phase angle at both termi-
nals. Igp, may be assumed equal in magnitude at both terminals and opposite
in polarity.

It is assumed that Iyy may have any phase relationship to Igp, the
worst angle being a function of the negative (and positive) distribution
factor (C) as illustrated in Figure 15. The method of selecting the
optimum value of K 18 covered under the calculation of settings.

SHUNT CAPACITANCE

The current flowing into the shunt capacitance during an external fault
will cause the sequence currents seen at the two terminals to be dissimilar,
The negative sequence fault detectors FDH and FDL have a difference in setting
larger than the negative sequence current flowing in the shunt capacitance
to assure that. the tripping element FDH 1s not picked up -at one end before
the carrier start element FDL is energized at the other,

A further consideration is that the keying signal Igy may be larger at
one terminal than it is at the other for an external fault. If Iy is opposite
in polarity and equal in magnitude to the mean of Igy at the two terminals
the keying signals Ig would have opposite polarity at the two terminals.

FDM should be set to preclude keying at one terminal for this condition.

‘ The inrush into the shunt capacitance on line energization, particularly
with unequal pole closing of the breaker, may limit the setting of FDH that
can be safely used.




GEK-6877 ' - 11 - . SLD42D

The current drawn by the shunt reactors, if connected in the protected
zone will reduce the steady state charging current of the shunt capaciltance
seen by the relays, but may not reduce the transient inrush on line
energization,

SERIES CAPACTTANCE

The series capacitance may affect the phase comparison indirectly if
spurious carrier is generated when the protective gaps flashover. It is
anticipated that these bursts of spurious carriex will be in the
order of one millisecond duration which could reset the phase comparator
timer if allowed to block AND 45 (Ref. Fig. 14). An integrating timer is
employed ahead of AND 45 with an adjustable on and off delay. The factory
setfing of 2 ms/2 ms will preclude resetting on the 1 ms burst of carrier.

The low frequency transient component of fault current associated with
series capacitors may cause intermittent operation of the fault detectors.
The transient blocking circuit input (AND 43 Fig. 14) and the phase comparison
circuit supervision input (AND 45 Fig. 14) are mai ntained by timer P/A for
a preselected time, assuring continuous phase comparison regardless of the
resetting of fault detectors. To assure coordination, the carriler start
signal must be sealed in by a second P/A timer with a reset delay set longer
than the P/A timer on the trip supervision. :

INFORMATION REQUIRED FOR SETTING CALCULATIONS

In order to establish the optimum settings for the SLD42D relay, it
is necessary to obtain the following system data:

1. Maximum load current that will f£low in the line for each system
configuration to be considered.

2. Minimum positive sequence fault current that will flow in each ter-
minal for internal three phase faults near each terminal and the
midpoint of the line for each system configuration.

3., Minimum positive and negative sequence fault current that will
flow in each terminal for single line to ground faults near the mid-
point of the line and near each terminal for each system configuration.

4. Minimum positive and negative sequence fault current that will
flow in each terminal for double line to ground faults near each
of the terminals for each system configuration.

5. The ratio R, (#G) of I, for single line to ground faults to Ijg
for 3 phase faults for each fault location and each system

configuration.

If the information is not available directly in the form requiréd, it can
be derived if the fault study provides for each location:

1. The total 3 phase fault current and the distribution factors.

2, The total zero sequence fault current for a single line to ground
faults .
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3. The maximum load current.

The total negative sequence fault current for single line to ground
fault (Ip(gg) will be equal to I,, as will the total fault component of
the posit{ve sequence current (IlF(ﬁG))'

The ratio R,(#G) may be used to obtain the positive (IlF(QGG)) and

negative (I2(ggc)) sequence components of fault current for double 1line to
ground faults in conjunction with T3g at the same fault locationm,

Iip(gge) = Ri(gge) 136 = 136 1-Ro(go)

| 2-3Ro(g6)
Ry (pgg) can be read directly from Fig. 16A
I2(86c) = Ra(gdc) Iypg = Isg 1-2Re(de)

2=3R4 (9G)
Ra¢dde) can be read directly from Fig. 1638

The distribution of negative and positive sequence components of fault
current at terminals X and Y can be obtained by multiplying the total
sequence components of fault current by the distribution factors Cyx and Cy. .

CALCULATION OF SETTINGS

The installation adjustments of the SLD42D consist of the pickup settings
of G4, FDH, FDL, FDM, and the value of K which determines the relative
emphasis -on the positive and negative sequence inputs to the keying signals.

. The settings will be discussed in the sequence in which they will be calculated.
A sample calculation is made for the system in Figure 17A, which is presumed

to provide for the protected line the most onerous application from a -
consideration of load studies and equipment outages.

Figure 17B illustrates the tabulation of data for the sample system.

The load current I;y is obtained from load flow studies for the system
configuration under study. :

I3g is the total 3 phase fault current at the fault location.

I, is the total zero sequence current for a single line to ground fault
at the fault location. Rg(ggy is the ratio of I,/Iy4.

Cy and C, are the positive sequence distribution factors for the fault
location, and”are assumed equal to the negative sequence distribution factors.

Before calculating Iycgg),,» which is equal to Ip(@gg)cy» Ro¢@ec) should be
evaluated to ascertain if the fowest negative sequence current 1s associated
with single line to ground faults or double line to ground faults. If .

Ro(@ge) 1s .333 or lowex, Ip(gg) will be equal or lower than Ip(ggg), and
IZ'GG% should be calculated. Conversely, if Ro(gg) is larger than .333, I(¢gg)
will be smaller, and should be calculated.
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PICKUP SETTINGS OF ¥FDH AND FDL

To provide coordination between the fault detectors at the two terminals,
the setting of FDH at one terminal should be at least 4/3 the setting of the
FDL at the other terminal. If the negative sequence current in the shunt
capacitance of the line is sign1f1cant, then the setting of FDH should be
increased so that:

FDH = Ipge + 4/3 FDL

where Isgp is the negative sequence current in the shunt capacitance {or
the net shunt current if shunt reactors used) for a fault at the line
terminals with minimum I, flowing through the line.

I75c may be calculated by first obtaining the minimum I, for fault
locations, Fl or F3, Fig. 17A. The negative sequence voltage V2 at that
fault location would be Vyy multiplied by RO(GG{ if 126¢G) is less than

tiply

IZ(ﬁGG)' If IZ(QGG) is smaller than I gg), mu LN by Ry (ggc) -

The average negative sequence voltage on the line

=1 - t L)
(VZAV) VZ i) (Cx) gL Fo?‘faul location F3
or (VZAV) =Vy -1, (Cy)_2L For fault lopcation F1
2
“Iasg = Voav
Zgcf28R)
Zgc *+ Zgr

where Zgn 1s the total impedance
of the shunt capacitance. Zgp

is the total impedance of the
shunt reactors.,

A further restriction of FDH is that it should be no more than 2/3 of
the minimum I, at the terminal considered for an internal fault.

A possibie restriction on FDL is that it should be set above the negative
sequence current that may result from maximum load current flowing through
an untransposed line, otherwise continuous carrier may be transmitted.

Because the system represents a long line, FDH is set equal to 2/3
I, minimum to minimize the possibility of FDH picking up on line inrush.

SELECTION OF K FACTOR

As noted under general comments, the mlnimum value of K should be selected,
For less onerous applications, X = 5 should be selected. = 5 may be used
with an ample margin of safety if the maximum load current is less than 125%

of the smallest of I2(@e)%, L2(gG)Y, Iy (ggc)*: and Is(gge)y. If this
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relationship is not true, a more rigorous evaluation of the optimum value
of K is necessary and the tabulation in Fig. 17B should be completed.

The curves in Figures 18A, B and C are provided to allow the selection
of the K factor direactly, utilizing the data tabulated in Fig. 17B. The
curves are based on the following'

1. The angle between the keying signals at the two terminals should
be no more than 60°. ‘ .

2. A safety margin is obtained by using only 75% of the calculated
negative sequence current.

With reference to Figure 18A, each fault location 1s checked by plotting
the ratio of 3¢ fault current to load current, I3g/I1L, and the lower of

"Gy and Cy. If the point is at the upper right of the top one of the parallel

curves, = 5 will be suitable for that fault location.

if the point falls between the top and the bottom curve, anter the praph
at the proper point on the Ro(ﬁG) scale at the top of the graph, proceed
down until the V curve is reached, then horizontally to the left, until
the distribution factor € =.03 is intersected. Draw a curve parallel to
the existing curves which passes through the intersection of the horizontal
line drawn and C = .03. This construction i1s shown in dashed lines for
two arbitrary values of R (GG) one where @G is limiting, and one where
$@G is limiting., If the poxnt Cx (or Cy) and I3g/IyL plots above and to the
right of the curve constructed for the spec1f1c value of RO(GG), then K=35
will be satisfactory. If it plots below this curve then the procedure must
be repeated, starting with Figures 18B, for K=7.

If the initial plot of C and IBG/IIL lies below and to the left of the
bottom curve then K=5 is not suitable, and the procedure must be repeated,
starting with Figure 188 for K=7.

If the procedure is repeated for ¥=7, and K=7 is found unsuitable, then
proceed to Figure 18C for K=10,

When the value of K has been found for all fault conditions that may
provide the limiting case, select the largest value of K (5, 7, or 10) and

-apply at both terminals. Different values of K at the terminals could result

in a phase shift between the keying signals at each terminal for an unbalanced
external fault, with false tripping as a possible consequence.

If desired, the angular displacement between the keying signals may be
obtained by plotting a phasor diagram representing the 2 keying currants
produced by the selected value of K,

Figure 194 illustrates the ph#sor diagram for the fault at F3, where
the @G fault is the limiting condition. Iy is obtained at terminal x by
first plotting .75 I5(gg)* to an appropriate scale. The positive sequence
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component of the fault at x, IlF(GG)x’ will be equal to Iy (go)x- Since

the worst cagse of a phase A to G is assumed, Ijp(ggyx/k 18 subtracted directly
from .75 Ip(gg) to give Iyp. From Fig. 15, the worst angle between Iy

and Igp can be obtained for the lower value of C (Cy). At this angle, Igj,

1s drawn to the seme scale as Ip(gg)x and the angle (8;) between Iy and

Igxp is obtained by measurement.

Similarly at terminal ¥, 0.75 IZ(EG)Y can be plotted (to a different scale
if desirable) and IlF(QG)y/K can be’ subtracted directly from itoto obtain
Igp. Iyg (to the same scale as IZ(ﬂG)y) can be added to it 180" out of
phase with Ip; at terminal X, to obtain Iy. The angle between Ipp and Tk
at ¥ (8y) is added to (8;) to obtain the total angular displacement between
the keying signals at the two terminals.

The angular displacement between the keying signals at the two terminals
can be plotted in a similar manner for a case where a P@G fault is the.
limiting type of fault, with two exceptions. Ilipcppg)x is not equal to
IZ{?@G)X and must be obtained from the tabulation in Fig. 17B. IlF(@gG%X
will not subtract directly from IZ(@QG x in the worst type of fault,

at 60°. The fault at location Fl is plotted in Fig. 20A.

SETTING 0¥ FDM

On some external faults, the fault component of the keying signal, T

may be approximately equal in magnitude, and opposite in polarity, to the
load component of the keying signal, Igr,+ In this event, the net keying
signal Ty will approach zero, and the sequence current flowing in the shunt
capacitance may cause Iy at one terminal to be 180° out of phase with Ix

at the other terminal. To preclude keying at one, or both, ends for this
possible condition, FDM should be set above 50% of the keying sigmal, pro-
" duced by the positive and negative sequence charging currents.

V, (AV V1 (AV :
pov = v2 A9 RANCDN (Minimum setting)
Z shunt KZ shunt
or VZ(AV)_ + VN ~ V2(AV)
Z shunt KZ shunt

- Where V,,y is the average negative sequence voltage on the line for the
minimum I, for fault locations F1 and F3. Z shunt is the net shunt impedance
in the protected zone. The formula includes a recommended safety margin

of 2.

The minimum value of keying signal for an internal fault can be obtained
by taking the minimum value of the fault component of the keying signal,
Lp, and subtracting the load componment of the keying signal, Tgy, directly
from it. ' :

Iy min. = IIKF min. | - ;IKL max.
Ty min. should be compared with the setting for FDM to assess the margin

of safety. Fig. 19B and 208 illustrate the minimum keying signal for
~ fault locations F1 and F3.
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PICKUP SETTING OF G-

This unit is non-directional and therefore must be set above the maximum

“through ground fault ecurrent (3Iy) for faults in either direction. For

the sample calculation, the maximum through fault current is assumed for
faults at Fy and F3. However, if series capacitor compensated parallel
lines exist, the maximum through fault current may occur for a fault on a
parallel line after it opens at one terminal. On series capacitor com-
pensated lines,a pickup setting equal to 200% of the maximum steady state
through fault current is recommended.

Consideration must also be givern to the possibility of unequal pole
closing of the circuit breaker when the line is reclosed at the second termi-
nal. The G4 element must be set above the maximum load transfer over a single
phase for the system conditions obtaining at the time of reclosure.

SAMPLE CALCULATIONS (Refer to Fig. 17)

Setting of FDU & FDL

Set FDH = 2/3 min. I, = .19 (2/3) = ,127 pu.
FDH = 4/3 FDL + Igg
Isg = Vs AV‘ _ Va = Iy {Cx) gL
Zgc (Zsp)
ZSC 7 Zgc (Zgp)
sc * “sR —_—
| Zsc * Zsr
= Viy Ro(@e)) - Ip(%xdzy 2 = 1 (.246) - (.19) (.5)
-6 (8
Zgc (Zsr) -g+8
28C + ZgR

= .151 = ,0063 pu.
~24

FDL = (.127 - .0063) 3/4 = .09 pu.

1f shunt reactors not included in protected zone

Tep = Vo AV |

e 270 o 3L 025 pu.
Zsc

FDL = (.127 - .025) 3/4 = .0765 pu.

SELECTION OF XK FACTOR

K = 10 is required for faults F2 end F3. K = 10 must therefore be used
‘at both terminals.

SETTING OF FDM

FDM = V, (AV) + V1A

Z shunt K Z shunt




GEK~6877 | - 17 - SLD42D

" (From FDL setting calculatiomn)

1l

.151 1-.151
24, 10 (-24)

.0063 +.00353

i

= .0098 pu. (Minimum)
1f shunt reactors not included in protected zone

FOM

=V, (a4 vy (AD)
Z shunt - K Z shunt
= .151 " + .849 = .025 + .0l4
-6 80 | |

.039 pu
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TESTING
ENERAL

The SLD42D relay will generally be supplied from the factory mounted
and wired in a static relay with the associated SSA, SLYL12, test panel
and C526 carrier, The AC test inputs can conveniently be supplied to the
SLD Network Unit by the insertion of anm XLA test plug in the TDA test
receptacle on the test panel.

The Logic Unit must be energized with the regulated 17 volt DC and
bilas outputs of the associated SSA to operate any of the functions or
obtain trip or auxiliary outputs, Be certain that the output cirecuit
connection plugs (TDB, TDC, TDD) are removed from any circuits connected
to the power system prior to making any tests on the relay. The output
of the positive and negative-sequence networks can be checked from J1 and
J2 respectively to reference. The output signals from the various logic
functions can be measured at the various test points in Logic Unit with
respect to TPl (reference). These signals will be from +5 to +15 volts
for the ON condition and less than +1 volt for the OFF condition., These
signals can be checked with an oscilloscopae, the test panel voltmeter, or
a portable high-impedance voltmeter. When the test panel voltmeter is
used, its negative terminal will normally be connected to the logic refer-
ence., Therefore, it is only necessary to comnect the panel voltmeter
test jack (meter positive) to the desired test point and depress the
voltmeter pushbutton to obtain a test reading. A dual-trace oscillo~
scope with calibrated horizontal sweep, and external triggering facility
is recommended for checking or adjusting the various time delay cards
such as phase delay (J), trip integrator (P), etc.

Caution: It is a design characteristic of most electronic instruments
that one of the signal input terminals is connected to the
instrument chassis. Since the SLD reference voltage, which
normally will be connected to the ground input of the
instrument, is near the (+) station battery voltage level,
the instrument chassis must be insulated from station
ground, If the instrument power cord contains a third
lead, that lead must NOT be connected to station ground.

NETWORK BALANCE CHECK

" The Network Unit circuits have been accurately preset atthe factory
to obtain positive-sequence cancellation in the negative-sequence network
and negative~sequence cancellation in the positive-sequence network. No
further adjustments should be required in the field. It is recommended,
however, that the following checks be made at the time of installation
to insure that nothing has occurred during shipment to upset the networks.
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The basic circuit used in checking both networks is shown in Figure 21.
This arrangement provides means of obtaining two test currents of equal
magnitude but separated by 60°. Then by appropriate connectilons to the
networks it is possible to simulate either a balanced 3-phase positive=
sequence current (Figure 21B), or a balanced negative~sequence current
(Figure 21C). During the following tests the basic current level in each
branch will be 5 amps, and since these currents will add at a 60° angle,
the total load in the Variac will be about 8.7 amps. It is desirable that
the 110 volt scale of the phase angle meter be used to minimize the effect
of this potential circuit on the relation between the two test currents.
It is further desirable that the Variac be set near its maximum voltage
output and that the load boxes be set to obtain approximately 5 amps as
a preliminary step, since this will provide the greatest possible voltage
to the phese angle meter and will insure the best possible accuracy.

a. Negative Séquence Network

To check the negative-sequence network for positive sequence
cancellation, arrange a Type XLA test plug as shown in Figure Z1B
and connect the branch 'A', branch 'B', and common return leads
as shown to simulate a balanced positive sequence imput to the
relay. This is accomplished by setting one current (branch 'A'™)
to lag a second equal current (branch. "B") by 60° and by revers-
ing the branch "B" current at the relay. Branch MA'" current
now simulates phase A relay current and reversed branch "BY
current which lags branch "A" by 1200, simulates phase B relay
current. Phase C current is not used in the negative sequence
network,

~ The above mentioned phase notation assumes relay external
connections corresponding to phase sequence A-B-C. For phase
sequence C-B-A the extermal connections to the relay would be
such that branch '"A" test current would simulate phase C; and
that the phase A current would not be involved in the negative
sequence network.

The following procedure is suggestedf

1. Adjust the branch "B" locad box to obtain approximately > amps
when the Variac 1s set for 110 volts.

2, Adjust tue branch "A' load box until the phase angle meter
indicates a 60° lag of curxent with respect to voltage.

3. Readjust the branch “B" load box until branch "A" and "B

_ currents are. equal.

4, Adjust the Variac until both currents are 5 amps.

5. Touch up branch YA" load box for angle trimming and branch
131 1oad box for magnitude trimming.
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Now jumper Jl (positive sequence network output) to REF. jack
and connect an oscilloscope with its ground at the TPl test point
in the SLD Logic Unit and its vertical Input at the J2 test jack on
the Network Unit. Set the scope sensitivity to observe the waveform
with readable deflection, This should be a distorted wave at system
frequency. With perfectly balanced currents and a2 network which has
been perfectly adjusted, the waveform observed at J2 should consist
solely of harmonics (primarily third and fifth).

Since perfection is seldom realized, the branch 'A'' and branch
UE" load boxes should now be touched up until the waveform contains
no fundamental component, and then the Variac readjusted until the
branch "B" current 1s again 5 amps. Branch "A' current should be
5 amps + 0.5 amps, and the angle between the 'A" and "B" currents
should be 60° + 3°. The peak-to-peak value of the network output,
which now will consist solely of harmonics, will depend on the system,
but should be on the order of a few tenths of a volt.

b. Positive Sequence Network

To check the positive~sequence network for negative-sequence
cancellation, use the test plug arrangment and branch "A" and branch
"B" connections shown in Figure 21C to simulate a balanced negative-
sequence input to the relay. This is accomplished by the same scheme
described in section (a) above, except that the reversed branch "B"
currentywhich lags branch "A" current by 1200, now simulates the
phase C relay current. Phase B current is not used in the positive-
sequence network for phase sequence A-B-C.

Remove the jumper from-J1 to REF., and place a jumper from J2
(negative sequence network output) to REF. Reconnect oscilloscope
vertical input to J1. Follow the same procedure described im a.l to
a.5 above for obtaining the 5 ampere branch "A'" and branch "B" currents
separated by 60°. Trim the "A'" and "B' currents and angle to eliminate
the fundamental as described above. With the "B" current at 5 anps,
"A' current should be 5 amps + 0.5 amps, and the angle 600 + 30,

1f the corrected phase angle meter readings and/or the corrected
ammeter readings are outside the limits given above, a readjustment
of the network should be considered. However, this should be .done
only after a thorough verification of the previous measurements.
The factory adjustments were made with specialized equipment to
obtain an accuracy of the current relationships within much tighter
limits than those given above. Any readjustments should be sattempted
only under very carefully controlled conditions.
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0T Phasing, Polarity, & Sequence Check

The following tests on CT phasing, polarity and sequence are desirable
to assure that coordination between terminals will be realized, and are
readily made when power line carrier is used as the pilot channel. The
tests provide a means of checking that for phase sequence A-B-C, phase A
CT is connected to the DAS-DA6 circuit of the network unit with the same
polarity at both terminals, that phase B CT is similarly comnected to the
DA7-DA8 circuit, phase C CT to the DA9-DALO circuit, and that the return
current path for CT residual current is properly comnected to DA3 and DA4.
For phase sequence C-B-A, the phase C CT will connect to DA5-DA6, and
phase A CT to DA9~DA10, The carrier channel is used to ‘communicate phase
. angle information between terminals. :

In order to make the test it is necessary that load current be flowing
in the line. The magnitude of the load current should be at least five
times the single-end~feed line charging current to assure readable through=-
fault current relationships. If charging current is too high relative
to load current, the phase differenceé between currents at the two ends
will make it difficult to interpret correctly the results of the following
tests, In the following tests load current in each phase is used independently
to simulate a corresponding line to ground fault.

 Since the carrier pilot chamnel is used in this test, it is necessary
that the simulated phase-to-ground fault current be above the FDL level
detector operating point, so that the FDL, and squaring amplifier in the
SLD, will initiate the transmission of carrier Rf on alternate half-cycles
of fault current (i.e., half-cycle on, half-cycle off). The FDL and FDM
level detectors are set at 0.2 amps negative sequence at the factory.

For a simulated phase-to-ground fault the negative-sequence component
is one~third the line current. Therefore, it is necessary that the secondary
load current be at least 3 x 0.2 amps, or 0.6 amps. If load current exceeds
this value, the low-set level detectors (FDL and FDM) should both operate
and the squaring amplifier will have a nearly symmetrical output.

The test plug connections in Figure 22A, 22B, and 22C will yield the
correct line-to-ground current flow in the Network Unit for phase A, phase
B, or phase C CT tests respectively. To obtain a current in the CT residual
circuit for checking polarity of connections, it will be necessary to bypass
one phase current around the network residual current windings temporarily.
If the DA3, DA6, DAB and DALO points in the Network Unit connect directly
to the relay neutral point, then the phase C current can be safely bypassed
as shown in the CT residual test dilagram in Figure 22D.

If the DA points do not connect directly to the relay wye point, then
the test conmections in Figure 22D can be used only if the phase C current
can be safely interrupted and the residual current increased to load magni-
tude. in other relays which may be interposed between the DA block and the
wye point. (Note that above phase notations refer to phase sequence
A-B-C). '
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The required procedure is outlined below:

1. Connect a Type XL4 test plug in accordance with Figure 22A at each
terminal of the protected line.

2. Connect the vertical input of a scope to the Rf jack of the CS26
carrier receiver and the ground input of the scope to the carrier
chassis,

3. MNow insert the test plug into the TDA test receptacle at each end
of the line. This will simulate a phase A& to ground through fault.

4. Two.levels of carrier Rf should be observed on the scope, the
higher from the local transmitter and the lower from the remote
transmitter. The two levels of carrier should adjoin each other
every half-cycle with a dead space between of not more than one=-sixth
of a half-cycle (309). While the width of this dead zone between
adjacent blocks of carrier Rf 1s not rigidly limited, it must be
small enough to establish that it has not resulted from a CT
phasing error. The higher amplitude Rf duration is very.close
to one-half cycle long and may be used as a time reference.

Repeat the above steps for each of the phase and ground test plug
connections. If the results of each test are satisfactory, it indicates
that CT phasing and polarity are correct. If the carrier signals do not
intermesh properly the comnections between the Network Units and CTs, or
the phasing of CTs at opposite terminals, should be investigated.

With CT polarity and phasing established, check that the phase sequence
is correct by observing the voltage between jack J2 on the metwork unit and
SLD reference (TPl). If the sequence is not correct, the load current will
appear as negative-phase~sequence current to the negative sequence network
and the output voltage at J2 will be sinusoidal and have an amplitude of
approximately 5 times the secondary load current. With correct phase
sequence the waveform at J2 will contain a much lower fundamental component
and will contain a large percentage of harmonic components.

LEVEL DETECTOR ADJUSTMENT

The following paragraphs cover the checking and adjustment of FDL, FDH,
and FDM level detector cards. These level detectors are set at the factory
for the minimum pick up point in the published range. The pick up  level
is increased by turning the card adjusting screw clockwise. The output of
each level detector is a continuous positive DC signal measured at the
test points shown in the following table:
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) Factory Setting 1
t, P t Card
Function Tes oin ar #-@ Test Amps Equiv.Neg, Seq, Amps
FDL TP8 AJ 0.35 0.2
FDH : TB?7 M 0.87 C.5
FDM TR4 G 0.35 0.2

FDL, FDH, and FDM should now he set at the operating points determined in
the section on CALCULATION OF SETTINGS. The test circuit of Fig. 23 may
be used to obtain the proper adjustable test input to simulate @A-0B
current, '

Since FDM responds to both positive and negative sequence, the positive
sequence network must be shorted out by jumpering J1 to REF. when making a
negative sequence FDM pickup test, Similarly, the negative sequence network
should be shorted out by jumpering the J2 to REF. to check the positive
operating point of FDM: Be sure that the K tap is in the proper position
when checking the positive sequence FDM pickup.

- TRANSMITTER DRIV SYMMETRY SHTTING

This adjustment of the transmitter drive symmetry card (AL) refinmes
the duration of the tramsmitter blocking output at one terminal to produce
equal half-cycles of receiver output at the remote terminal. This adjustwment
compensates for asymmetry in the half-cycle blocking signal which may be
introduced by the receiver ftuned circuit. Since this adjustment depends on
operating conditions in service, it cannot be made at the factory. Before
this adjustment is made it is essential that the carrier sets at both
terminals be adjusted as prescribed in the INSTALLATION section of the
carrier set Instruction Book. This will insure that the symmetry card
settings will be made with receiver gain and attenuator settings at the
levels which will be experienced when the equipment is in service.

Assume that the protected line section is A-B with A the local terminal
and B remote. At station B connect a scope to observe the received blocking
signal at TP5. Supply the network unit at station A with phase-to-phase
test current using the connections showh in Figure 23. Raise the test
current to about 90% of the FDH operating point so as to operate FDL but
not FDH. This will cause the carrier set at station & to tramsmit carrier
pulses of approximately half-cycle duraticn.

At station B set the scope horizontal sweep so that one full cycle is
spread across the screen and observe the duration of the "block''{positive)
and "non-block" (zerc) half-cycle. At station A adjust blocking trans~
mission time by means of the screw adjustment of the T1l6 symmetry card (AL)
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gso that the "block" and 'non-block" half-cycle at station B are exactly equal.
Clockwise rotation of the adjusting screw increases the 'non-block" half-
cycle. Be sure that the red tap lead on the Tl6 card is in the "S'" position,
It is necessary to withdraw the card to see this lead.

The carrier integrator (L) card is set at the factory for 2 milliseconds
pickup and 2 milliseconds dropout time. This adjustment can be checked or
reset, if required, at station B at this time. This can be done by con-
necting the second channel of a dual trace scope at station B .to TP2,
and comparing the TP2 signal to the TP5 signal to see that the proper
delay in the received carrier signal exists. Be certain that the carrier
integrator output at TP2 has symmetrical on-off times.

The symmetry card at station B must also be adjusted to produce equal
“plock" and "non-block™ half-cycles at station A. This should be done after
the sequence networks and level detector:checks have been made at B, and
after the carrier set installation checkout is completed. The received
carrier integrator (L) card at A should also be checked at this time as
described above. On multi-terminal lines, when adjusting the symmetry
at a given station, observe the receiver output at the nearest remote
station.

Phase Delay Adjustment

The object of this adjustment is to set the local trip half-cycle
(TP11l), which is applied to the comparer, so that it is in phase with the
received blocking half-cycle (TP2) which results from transmission of
carrier from the remote terminal during a through fault. This adjustment
is necessary to compensate for such things as channel delay introduced by
the receiver filters and propagation time in the line, the shift in the
leading edge of the transmitted signal by the transmitter drive symmetry
card and the received carrier integration time of the (L) card. Since
the phase delay setting is affected by service conditions, 1t cannot be
made at the factory.

Three possible methods of making the phase delay adjustment are listed
below with the limiting conditions shown:

a, Load Current Method

In this test load current in the line is used to simulate negative-
sequence current. It is necessary that the secondary load current be
greater than the negative-sequence current settings of the FDL fault
detector, or that load current be at least equal to the minimum avail-
able setting of FDL, which is 0.2A (negative sequence) In which case
it will be necessary to temporarily reduce the FDL setting to its
minimum value. If this method is to produce an accurate setting,
it is also necessary that the tratio of line charging current to through
load current be low enough so that the phase displacement between
currents at the two ends of the line does not exceed 10 degrees.
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1f these conditions are met, the procedure outlined below should
be followed. If the conditions are not mef, it will be necessary to
use one of the alternate schemes described in (b) oxr {¢):

At each terminal prepare test plugs with connections as shown in
Figure 2&. This will cause phase A current to flow in phase B relay
coils and vice versa, thereby making balanced load current appear as
negative-sequence current to the relay.

1f necessary, reduce the operating point of the FDL level detector
to 0.2 amps negative sequence (0.35 amps phase-to-phase test current}
following the procedure described in the LEVEL DETLCTOR -ADJUSTMENT
section. '

At Station A (local) remove AND44 (the L18 card in pos. D), and
then connect a 3.3 K resistor from TP19 to +16.8 V at TP20. This will
prevent the local transmission of carrier. o

At Station B (remote), jumper TP19 to TPl to prevent a trip
output from stopping carrier trapsmission from that end. Be certain
that the output connection plugs (TDB, TDC, TDE) are still removed
at both stations.

Using a dual trace scope at Station A, connect trace A vertical
input to TP2, trace B vertical input to TPll, and scope ground to
TP1, Now insert the test plugs into the TDA test receptacle at each
terminal of the protected line. A half-cycle blocking signal {equal
"hloek" and equal 'mon-block" duration) should appear on trace A as
the result of transmission from Station B. The local tripping
signal should appear on trace B. The "on" and '"off' durations of this
half-cycle tripping signal should be very nearly equal, but the
tripping signal (trace B) probably will not line up with the received
blocking signal (trace A) since this adjustment depends on charac-
teristics of individual receiver filters and must be made under
service conditions. ' :

Two adjustments are provided on the phase delay card (T25, pos. J)
to bring the tripping signal (TP1l) in line with the blocking signal
(TP2). The Ry pot (adjacent to the card) controls the leading edge
and the Ry pot (away from the card) controls the trailing edge of the
TP1l signal. Adjust these two pots on the "J" card so that the posi-
tive half-cycle of the tripping signal (TP1ll) lines up with the
positive half-cycle of the blocking signal (TP2).

After the phase delay adjustmént is completed remove the Type

¥L4 test plugs at both terminals, remove the 3.3 K resistor from TP19
to TP20 at Station A and remove the TP19 to TP1 jumper at Station B.

b. Test Source Method

If the line is not loaded, is carrying insufficient load, or if
the ratio of charging current to load current is too high, an AC test
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source can be used at each station to operate FDL and FDM, provided
the sources are in phase. Use the test connections shown In Figure 23
at Station A, and similar connections at Station B except interchange
the connections to relay points 5 and 7 of the test plug. This will
simulate a through fault.

Before proceeding with phase delay adjustments, the phase relation
of the two test sources should be checked via the carrier channel.
With the test plugs inserted at each terminal of the line raise the
test current to approximately 90% of the FDH operating point so that
FDL will operate but not ¥DH. At the local temminal connect the
vertical input of the scope to the Rf jack of the carrier receilver
and the scope ground to the carrier chassis. Two levels of Rf should
be observed on the scope, the higher from the local transmitter and
the lower from the remote transmitter. If the two test sources are
substantially in phase, the two levels of carrier Rf should adjoin
each other every half-eycle with very little dead space or overlap
between adjacent levels of carrier. For the phase delay adjustment
to have any value, the dead space or overlap should not exceed 109,

The AC source for the test connections of Figure 23 will usually
be station service AC, and on long-line applications it will usually
be found that the test souxces are displaced by too great an angle to -
be of any use for the installation adjustment of the phase delay.

If at least one of the stations of the protected line is equipped
with line~side potential devices or transformers it is possible that
substantially in-phase test sources can be obtained at the two ends
by supplying the test circuit of Figure 23 from the potential device
or transformer and operating the line with the breaker at one end
open. The open end is, of course, the location where line-side
potential is available. With this arrangement the voltages at the two
ends will differ only by the drop in the line inductive reactance
caused by the line capacitive charging current, and this will primarily
be a magnitude difference. It is, of course, essential that the normal
installation adjustments be made on the potential devices prior to
this test,

Having obtained AC test sources that are substantially in phase,
proceed to adjust the phase delay settings as described in section
a4 above, using a dual-trace scope.

c., Local Signal Method

If neither the (a) or (b) adjustment method can be used, an
ad justment of the phase delay can be made on the basis of the local
keyed=carrier signal, This method assumes that the carrier receiver
gain control and attentuator have been set to provide the normal
margin above the cutoff point of the signal received from the remote
transmitter, as recommended in the carrier equipwment instruction book.

The AC test circuit of Figure 23 will be used. First cause the
local transmitter to send a full=-strength Rf signal by turning the

carrier test switch (CTS on test panel) to SEND., Observe and record
where recelver attentuator is set, and then turn the receiver attenuator
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in a clockwise direction until the cutoff point is reached (SA relay
will dropout and white lamp on relay test panel goes out). Now

turn attenuator back to provide the normal margin (as noted in the
previous paragraph) from this cutoff point, as determined by the
attenuator dial markings. Presumably with this attenuator setting the
local transmitter will drive the local receiver at approximately the
same level as the Rf signal received from the remcte terminal would
drive it with installation settings of the transmitter and recelver.

Now raise the test current (Figure 23) to about 90% of FDH pickup.
Connect scope channel A to the Rf jack, channel B to TP2 and scope
ground to relay REF at TPl and observe the signals shown in the top
two traces of Figure 25. The TP2 signal should be very close to equal
"ON' and "OFF'" time s since the conditions are very close to those for
which the symmetry setting was made.

Now shift channel A input to TP1l and set the phase delay card
adjustments so that the local trip signal on the comparer (TP11)
lines up with the M"OFE'" time of the B trace (TP2). '

This adjustment method neglects propagation time of the carrier
signal between the two terminals which is 1 millisecond for 186 miles
of line. The setting can be further refined for long lines by
calculating the theoretical propagation time for the line and shifting
the trip signal (TP1l) to the right (delayed) by a time interval '
equivalent to this propagation time. : :

After the setting is complete reset the attenuator at its original
position as recorded at the start of this test. Remove the test plug

and replace the TDA connection plug.

Trip Integrator Time Check

The trip integrator card (P) has been adjusted at the factory to
provide a delay of 3 milliseconds between comparer outputand trip integrator
output, and sufficient delay on release so that once an.output is produced
it will be continuous with half-cycle repetitive input.

The purpose of the trip integrator card is to insure thattripping
does not occur on extraneous spikes of comparer output which may result.
from transient voltages, network mismwatch, phase delay mismatch, or CT
errors, Adjustment of the trip integrator time is not considered to be
part of the normal imstallation procedure. However, a check on the
integration time may be desirable at the time of installation to be sure
that unintentional changes have not occurred.

In the field a quick check of the trip integrator may be made by using
a scope with a calibrated time base and an external sweep trigger. Connect
the trigger input to TPl4. Connect the vertical input to trip integrator
output at TP15 and scope ground to SLD reference. Set the scope for
calibrated sweep with a sweep rate of 1 millisecond per centimeter, posi-
tive slope trigger, Connect a 3.3 K resistor -from TP9 to TP20 and remove
(AR)to simulate a continuous keying input to the comparer.
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Now push the Carrier Trip button in the SLD Logic Unlt and observe
the trace as it sweeps across the scope screen, The vertical deflection
should occur at the 3 millisecond point (+ 0.3 M.S,). The operating delay
can be adjusted by means of Ry which is the rheostat next to the (P) card.

To check the release time trigger control to negative slope and sweep
to 5 ms/cm. Trace should now sweep when "carrier trip" button is released
and output at TP15'should step from 5-8 volts to zero volts in 18 ms + 1 ms.
Release time is controlled by Ry (outer) pot and normally should not require
field adjustment,

RB Logic

The RB transient blocking logic (AND 43 and 25/40) is designed to operate
and block phase comparison tripping at AND 44 if a fault detector operation
(either FDH, or MT) is not followed by a comparer and trip integrator output
within a set time of 25 milliseconds. Once established, the RB circwit will
maintain blocking at AND 44 for the duration of its release time, 40 milliseconds.

The operation of the RB function can be checked in the field as follows:
Jumper TP15 to REF. (TPl or REF. jack). Using a scope with a calibrated
time base and an external sweep trigger, connect trigger input to TP12,
vertical input to TP13, and scope ground to SLD Ref. at TPl. Use positive
slope triggering and 5 ms/cm sweep. Push the '"Channel Trip" button in the
SLD logic unit and observe the trace as it sweeps across the screen. The
- vertical deflection should occur at the 25 millisecond point {+ 2 ms).

The RB 40 millisecond dropout time can be checked by resetting the
scope trigger (TP12) to negative trigger on negative slope and initiating
RB dropout by releasing the Channel Trip push button. The dropout time
should be 40 milliseconds i 2 millisecond. The 25/40 dropout time is
controlled by the outer (away from the card) adjustment. Remove the jumper
from TP15 to REF. when RB tests are completed.

Pulse Stretcher Checks

The fault detector pulse stretchers can be checked using the Channel
Trip push button and a triggered sweep on the oscilloscope. The FDH pulse
stretcher (AF) is normally set for 70 milliseconds + 5 milliseconds. This
can be done by connecting the oscilloscope trigger (negative slope) to pin 5
of the (AF) card using the Card Adapter, and the vertical input to TP17.
The dropout time of the pulse stretcher can be measured from as the time
from the beginning of the sweep until the vertical output (TPl7) goes to
zero when the Channel Trip push button is released. The FDL pulse stretcher
(F) is normally set for 100 milliseconds + 5 milliseconds. This can be
checked using the same procedure, except the oscilloscope trigger is

connected to pin 5 of the F card and the vertical input is connected to TP18.

G4 TRIP LEVEL ADJUSTMENT

The G4 pick up level can be checked and adjusted using the test circuit
of Fig. 23, except the test current leads should be connected to relay side
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studs 3 and &4 instead of studs 5 and 7. Be sure that the G4 link in the
Logic Unit is in the IN position, and connect an oscilloscope or voltmeter
from TP6 to TPl. The G4 (AR) operation on gradually increasing current
gives a continuous approximately 9-12 volt DC signal at TP6. The pick up
level can be adjusted by means of the adjusting screw on the AR card
(clockwise rotation increases the pick up level).

QUTPUT CHECKS

The SCR trip circuit operation can be checked by comnecting a self- ,
interrupting auxiliary relay such as the G.E. type HEA lockout relay con-
nected by means of XLA test plugs. The G4 imput circuit above can be used
to check the DB2 (+) to DC2 SCR trip circuit. When the test current is
increased to. the G4 operating point the SCR should operate the test
auxiliary trip relay, the Tl (L.H.) target, and the I target lamp. The
BFI and RI auxiliary relay contacts should also close (this can be checked
at the ¥LA test plugs using an ohmmeter oOr continuity lamp). The DB3 (+)
to DC3 SCR trip eircuit. and and T2 (R.H.) target can be checked in the
game manner.

A phase comparison trip test can be made by reconnecting the AC input
test circuit of Fip. 23 (test current through studs 5-7 at the XLA), and
increasing the current to the FDH pick up level. This will produce a
phase comparison trip in the absence of a received blocking signal. The
operation of the SCR, target, BFI, and RI will be the same as that deseribed
for the G4 trips except that the C target lamp will light instead of the
1 lamp.

The operation of the 05 and RC (if used) auxiliary relay outputs
can be checked by supplying the necessary signals from the associated
SLYL12 relay.

A trip of the associated breaker or breakers should also be made if
possible. This can be dome by disconnecting all test circuits and replacing
all relay connection plugs, and operating the INST. TRIP pushbutton. Test
tripping of the breakers using the CHANNEL TRIP pushbutton can be
accomplished if the line current is above FDM pick up.

MA INTENANCE

PLRIODIC TESTS

During a periodic check of the equipment the FDL, FDH, and FDM level
detector operating points should be checked against the settings made at
the time of installation, using the phase-to-phase AC test circuit of Fig. 23.
The G4 operating point shouldialso be checked against its original setting
using the test circuit described in the TESTING section. The trip and
auxiliary relay outputs and targets should also be checked at this time.
The SCR trip circuits and series targets may be checked by the use of a test
HEA connected through an XLA test plug as described previously in the
TESTING section. The operation of the auxiliary telephons relays can be
checked with an.ohmmeter via the XLA test plug as previous described.
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The CS26 carrier output should be checked to be sure that operation
of FDL and FDM does produce the expected modulated RF output. Any check
of the transmitter drive symmetry or phase delay adjustments requires
operators at both terminals of the line, and should not require checking
during normal periodic test programs.

TROUBLE  SHOCTING

In trouble shooting of equipment, it should first be established
which unit is functioning incorrectly. The overall logic diagram
(similar to Fig. 8) contains the combined logic diagrams of the SLD42D
- relay and all other associated relays, and the various test points in each
unit. By signal tracing using the applicable overall logic diagram and
the various test points, it should be possible to quickly isolate the
trouble, : '

‘A Test Adapter Card, 0128B2221Gl, is supplied with each static relay
equipment to supplement the pre-wired test points on the test card. This
adapter can be plugged into any card position, and then the logic card for
that address can in turn be plugged into the adapter. The unit test card
can thent be plugged into the second socket in the adapter, giving access
to all ten connection polnts by instrument jacks while the logic card is
" operating in the circult. The connections to each pin on the adapter logic
card socket are individually removable to allow circuit wiring changes to
the logic card during trouble shooting.

An oscilloscope is a valuable aid to detailed trouble shooting, since
it can be used to determine phase shift, operate and reset times, as well
as input and output levels. A portable dual-trace scope with a calibrated
sweep is recommended.

SPARE PARTS:

To minimize possible outage time, it 18 recommended that 2 complete
maintenance program should include the stocking of at least one spare
card of each type.' It is possible to repair damaged or defective com-

ponents on the printed circuit cards, but great care should be taken in
soldering so as not to damage or bridge-over the printed circuit busaes,
or overheat the semi-conductor components. The repaired area should be
recovered with a suitable high dielectric plastic coating to prevent
possible breakdowns across the printed busses due to moisture and dust,
A list of the types of cards is shown in Fig. 5. The complete wiring

diagrams and component values for these cards are shown in Fig. 264
through 265,
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