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FALSE APPLICATIONS OF RELIABLE
RELAYING PRINCIPLES
(Things We All Know To Be True — Which Are Not)

by Walter A. Elmore

Introduction

This paper describes a series of significant fundamental principles that are often misunderstood and used
improperly. All of these concepls are related to protective relaying directly or indirectly. This paper was written
in the interests of shedding light on these basic fundamentals. While the paper has no theme and is merely a
group of one-line statements that contain mis-representations that are often encountered, an effort was made
to collect them into somewhat related areas.

Current Transformers

1. The excitation curve supplied with current transformers —
relates instantaneous secondary voltage and exciting cur-
rent. False. These curves, as in figure 1, are a plot of v
sinusoidal, clean, 60 hertz RMS voltage applied to the
secondary terminals versus the reading of an RMS
responsive ammeter, even though the secondary current
which flows is replete with harmonics (See figure 2). It is
incorrect to assume that this curve represents instanta-
neous voltage to instantaneous current or 60 hertz volt-

age to 60 hertz current relationship. Experience has I
shown though, that reasonable results can be achieved ) .
by using an RMS to RMS assumption. Indeed the ANSI Figure 1: ct Saturation Curve

Standards allow this approach. (Reference 1).

2. For a C class current transformer, the maximum
error with no more than rated secondary burden is v i
10%. False. This applies for symmetrical currents
(with no dc component) from 5 to 100 amperes
secondary, but for only a ct having no residual
flux. Figure 3 shows that the secondary voltage

can be generated in a number of ways such as time —»
loop ab, c¢d or ef in figure 3, depending upon the
starting point (Reference 2). Previous history of

the magnetic circuit, caused by faults or load and
point of deenergization establish this starting
point. Each of these loops have a different peak ) .
exciting current, even though they are all based Figure 2: ct Exciting Current
on the same secondary current and burden.
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Figure 3: Effect of residual flux on ct exciting current

Loop ab cannot persist because
of the dc component inherent in
the non-symmetry about the verti-
cal axis. This dc component in the
secondary current (not matched
by primary current) will cause the
location to move to loop cd. This
loop can remain_forever, along
with the excessive error associ-
ated with the difference between
the peak currents associated with
d and f. Changing conditions
change the location of the loop.
Only ef relates to the specified
behavior of the ct for relaying or
metering because the standard
tests reduce the residual flux to
zero by applying a secondary
voltage to the ct high enough to
produce loop gh and reducing it
gradually to zero. This restores
symmetry.

Since fault current interruption occurs at zero current, which is at zero ct secondary voltage with a resistive
burden, which is near peak ct core flux, there is a good likelihood, that severe faults will leave near-peak

flux entrapped.

Total
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Figure 4: Shows no change in current at fault inception

3. Fault current having dc off-
set is initially very high. False.
Following the occurrence of a
fault, the current immediately
after the fault is exactly the same
as the current immediately pre-
ceeding the fault. Current cannot

. change instantaneously in an

inductance. As figure 4 shows,
the instantaneous magnitude of
current does not change at fault
inception. The high current usu-
ally associated with faults having
dc offset is that of the first peak,
which occurs a full half-cycle
after the occurrence of the fault.

Symmetrical Components

1. Third harmonic is always
zero-sequence in character.
False. This statement is true

only if the same level of third harmonic is generated in each of the three phases. A non-linear load
in a single phase circuit generates third harmonic voitage, but it contains positive, negative and
zero-sequence characteristics in the same way that a phase-to-ground fault does.
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2. Since the operator “a@” rotates a phasor 120° in the
counter-clockwise direction, operator “-a" rotates a phasor aK
120" in the clockwise direction. False. Figure 5 shows that “3” Rotates K to here

“.a” rotates phasor K only 60 degrees in the clockwise
direction. /

3. Positive-sequence phasors rotate in a counter-clockwise
direction and negative-sequence phasors rotate in a clock-

wise direction. False. All phasors rotate in the CCW direc- »K
tion. Negative-sequence phasors peak in the opposite
sequence to that of positive-sequence phasors. (ACB for
example as opposed to the normal ABC). \
“w k24 R t t
4. Seventh harmonic is positive-sequence in character and K?o he?ea e

therefore will have no effect on a negative-sequence volt-
age relay. False. Virtually all “negative-sequence filters”
are designed for 60 hertz. They produce a single-phase | ,2g -aK
output voltage proportional to the negative-sequence con-
tent of the input voltages or currents. Figure 6 shows, for a
typical negative-sequence filter, that at high frequency the
filter output voltage is nearly the same whether the charac-
ter of the high frequency voltage is positive or nega-
tive-sequence. Triple harmonics (third, ninth, fifteenth etc.) are automatically screened-out through the use
of phase-to-phase voltage rather than phase-to-ground for the relay input. Note that a filter, designed for 60
hertz negative-sequence sensing, will produce an output for a high frequency input, even though the fun-
damental is purely positive-sequence, which has essentially the same magnitude as if the fundamental
were not present. Of course, some such filters are equipped with provision to desensitize the relay to high
frequency influence.

Figure 5: Showing “-a” does not rotate a
phasor 120° in the clockwise direction.

Va
A
Ve
Y 3
L Vxy = FILTER OUTPUT
X
| D
R
RATED FREQUENCY HIGH FREQUENCY
a) Positive Seq. b) Negative Seq. c) Pos. Seq. d) Neg. Seq.

A

A A A
X
C B X
c B B
Y c X Y B Y C

Figure 6: Typical negative sequence filter
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Figure 7: Simultaneous open and eg fault

5. Faults which do not involve ground produce no zero-sequence current. False. Figure 7 shows the intercon-
nection of the networks for a “simultaneous” open and phase-to-phase fault, from this, it is apparent that
zero-sequence current will flow provided there is a zero-sequence path [so called source] on each side of
the open. Care should be exercised with relays that have weighted zero-sequence response. This case
could appear as an external fault, even though it is an internal phase-to-phase fault.

Power Line Carrier

1. With center-phase-to-ground coupling

and center phase trapping, the carrier 0 i
signal is confined to the coupled phase. a A N
False. With this type couplmg que 1 ) Signal on Adjacent Line . * <L L
and mode 3 are coupled with magnitudes Due to Local Transmitter

as shown in figure 8a and mode 2 is zero. Mode ! = } *
Mode 3 attenuation is roughly 20 to 40 =Mode 3=0 Mode 1 Yo%
times (in_db) that of mode 1, and so the ;

received signal with any significant dis- L

tance of transmission is purely mode 1.

Since, the nature of mode 1 is essentially To Transmitter Receiver

one unit in each of the two outer phases Received

returning in the center phase, a substan- <B 2

tial signal level can be expected at the 273 73 5

receiving terminal on the two uncoupled “':,'3" “'2; Lt : b) Signal on Adjacent Line

phases in addition to the signal on the -
phase to which the carrier is coupled. 4 4 L Mode 1 Only
Indeed, power line carrier systems have Mode 1 Mode 3
been operated for years unintentionally Mode2=0
coupled to different phases at the two
ends of the transmission line without ever
experiencing difficulty.

Due to Remote Transmitier

Hfaans

Figure 8: Carrier signal is not confined to coupled phase
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A single center phase trap blocks mode 1 and mode 3 as generated by center-phase-to-ground coupling
from the local transmitter. However, the received mode 1 from the remote transmitter is severely attenuated
by the presence of the trap and mode 3 is generated on the side of the trap away from the protected line as
figure 8b shows. A carrier signal is distinctly present at this location on the two outer phases in spite of the
presence of this single trap. Three phase trapping will confine the carrier to the coupled phase.

The principal purpose of the trap, of course, in relaying is to assure that an external fault will not block the
transmission of carrier to the remote terminal.

2. Transmission line transpositions produce a con-

centrated 6 db carrier loss. False. At a transpo- - i
sition, there is no carrier power loss. There is 1
however, a transformation of carrier mode, see -
figure 9a. A low-loss mode 1 signal arriving at a . 7 >/< ;
transposition is attenuated and partially con- | ) Conversion g -
verted to mode 2. The mode 1 voltage content of Mode 1 ! 12 312
is half of that of the arriving signal (down 6 db). Mode 1 Only :Ik:""”—‘:oz
Mode 2 voltage is generated by the transposi- - -
tion to a level of 3/4 of the original mode 1. 1!/2 3/2|
Mode 1 Mode 2

Mode 2 attenuates at roughly 4 times (in db) the
rate of mode 1, but any mode 2 that remains at
the next fransposition is aftenuated (fo half 1

value) and partially converted back to mode 1, > & 0

as figure 9b indicates. -
b) Conversion
The worst possible attenuation expected froma | ©f Mode 2 — S_——
transposition is 6 db, but may well be less than 1 " R,
that. This description takes liberties with the Mode 2 Only . -
method described accurately in reference 3, but 4__ o
the concept may be more clearly understood ) )
with this approach. -
Mode 1 Mode 2
Transformers

Figure 9: Mode conversion caused by transmission
1. Phase-sequence is important in connecting the line transposition
differential relays for a power transformer.
False. As the example transformer of figure 10
demonstrates, phase-sequence does not control the connection of the current transformers nor the relays.
The phase relationships are chosen for the ct's to match the transformer connection.
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Figure 10: Partial circuit for transformer differential relay showing phase sequence does not matter
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2. The instantaneous trip pro-
tecting a transformer must

always be set above inrush | B Znd HARMONIC
current. False. Some trans- % AN |
former differential relays, PoND.
such as that of figure 11,

have the instantaneous trip ”

located in such a position
that it is not responsive to H 2nd
either dc current or second o
harmonic, both of which are
significant components of
inrush current. Considering m OP R
a fundamental value of FO‘—”‘
100% peak, a dc compo- A Qg
nent of 70% and a second

harmonic of 20% peak for

. AIR GAP TRANS
the inrush current, an FILTERS dc
instantaneous setting that
is roughly 40% lower than Figure 11: Example of IT location to ailow more sensitive setting

that which would otherwise
be required may be used,
and still be secure. Figure 12 shows this.

Also consider the fact that the harmonics can be segregated in microprocessor relays and utilized in any
way desired. The instantaneous trip, then, can be made responsive to the fundamentai only, and thereby
be settable to a lower level.

A
" INRUSH
FUNDAMENTAL| TEAK
e COMPONENT
/ Tge | PEAK
/ ) ,
4
”
/
s

Figure 12: Influence of dc and second harmonic on peak of inrush

3. Anauto-transformer neutral is always a reliable source of zero-sequence polarizing current for ground
relays. False. Reliability means that the current is always up the neutral when zero-sequence current is
flowing to a ground fault, irrespective of fault location.

For two winding auto-transformers, the neutral is obviously inadequate because the current is always down
the neutral for faults on the high voltage system and always up for faults on the low voltage system. It is
therefore unsuitable for a polarizing source. As figure 13 shows, the relays on both the high voltage and
low voltage systems would either trip for both fault locations or block for both fault locations.

For auto-transformers equipped with a tertiary, the neutral current may be a reliable polarizing source for
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Figure 13: Neutral of autotransformer for polarizing

relays on both sides of the transformer. Observing figure 14, it is apparent that the neutral current will be in
the proper direction (up) when current is flowing to a fault on the high voltage system provided (1 - KV/V)

is positive where K is the per unit current that flows in the zero-sequence network of figure 14a, and Viy/V_

is the ratio of the high and low voltages. Note that the tertiary current is always in the same direction unless
the Z| + Zpg sum (figure 14a) is negative, which is possible but not probable. (Z|_is usually a small nega-

tive impedance in the equivalent circuit). For that case K becomes greater than 1, and the tertiary is an
unsuitable polarizing source.
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f(i»xu—vv% YIH

OK IF POSITIVE
Figure 14: Neutral of autotransformer with delta tertiary for polarizing
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4. Wye-ground-broken-delta transformers always provide a reliable source of polarizing voltage. False. Figure
15 describes a connection that is sometimes proposed which will not work. The wye-ground-broken-delta
transformer properly reproduces across the break, any zero-sequence voltage that is present. However,
the open-delta open-delta connection used with it in this figure delivers no zero- sequence voltage to it
There is no zero-sequence content in phase- to-phase voltages. There will then be no output from the wye-
ground-broken-delta transformer even though considerable zero- sequence voltage may be present on the
power system.

Microprocessor Relays
A VA1
Anti-aliasing filters must be used on all B VA2
microprocessor relays. False. In addition
to the hardware cost savings, the real C T VAQ
advantage of omitting a front-end

low-pass filter is to allow the higher fre- A— 'uqu
guency components which influence the ’\NY“]
RMS value to remain in the wave-form. Z—

Using asynchronous sampling (for
example, 8 uniformly spaced samples
followed by a time delay and then 8
more etc.), the error associated with
sampling at the same point in each
cycle is removed. High frequency com- I
ponents are aliased into the appearance gL ] f ) } 1 | ‘
of having a lower frequency character, - A e

but the RMS value is not influenced
appreciably over time because of the l >
jump (the time delay). This is applicable

only to time delayed relays because of -
the need of evaluating the samples over
a period of several cycles.

iH

L
£

VA1 VA2

NOTHING

Figure 15: Incorrect use of wye-ground-broken-delta
transformer connection

Transmission Line Relaying

Parallel line compensation is always good for ground distance relays. False. The introduction of adjacent line
zero-sequence current into a relay is very appealing from the viewpoint of eliminating the error in a ground dis-
tance relay that is caused by zero-sequence mutual inductance. However, the nature of compensation is that
the zero-sequence current in the adjacent line increases the reach of the ground relay for faults on the pro-
tected line, and this increase also occurs for faults on the adjacent line. Since adjacent line zero-sequence cur-
rent for a zero percent fault on the adjacent line is limited almost exclusively by the source impedance (rather
than the line impedance), the compensation may be overpowering, causing the relay to have a false sense of
direction to the fault (see figure 16.) The addition of a zero-sequence directional unit solves this problem, as
would decreasing or eliminating the adjacent line zero-sequence mutual compensation.

Conclusions

This paper has attempted to examine certain nuances of fundamental principles which are directly or indirectly
related to protective relaying. If it has provided any help in minimizing the confusion that often surrounds these
principles, it will have served its purpose.
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