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| TRANSFORMER DIFFERENTIAL RELAYS
‘WITH PERCENTAGE AND HARMONIC RESTRAINT

TYPES BDD1i5B AND BDD16B
INTRODUCTION

Relays of the BDD Type are transformer differ-
ential relays provided with the features of per-
centage and harmonic restraint and usinga sensitive
polarized relay as the operating element. Per-
centage restraint permits accurate determination
between internal and external faultsathigh currents.
Harmonic restraint enables the relay to distinguish,
by the diiierence in waveform, between the differ-
ential current caused by an internal fault and that
caused by transformer magnetizing inrush. The
relay operates with high speed on internal fault
currents.

APPLICATION

- Because the relays produce restraint propor-
tional to the harmonic component of the relay
current, the current transformers which supply the
Type BDD relay must be adequate to reproduce
currents up to 8 times the relay tap rating without
saturating enough to produece an excessive amount
of harmonics and cause false restraint on internal
faults, Generally, the Type BDDrelay canbe applied
with bushing current transformers on all power
circuit breakers although on some of the lower
rated breakers it is sometimes necessary to use
higher than the minimum CT tap in order to assure
adequate performance. Table I indicates the ap-
plicability of the relay when used with the bushing
current transformers on General Electric power
circuit breakers. For leads of high resistance or
current transformers other than those listed, the
adequacy of the CT's should be checked as described
under CALCULATIONS.

-~~~ The Type BDD relay may also be used as shown

in Fig. 17 as a ground fault detector or as an
overcurrent unit when percentage differential relay-
ing cannot be employed. In this application an
advantage is realized from the harmonic restraint
characteristics since reliable operation is assured
during transformer energizing without loss of speed
under fault conditions.

CURRENT TRANSFORMERS

Current fransformer ratios in the various
windings of the power transformer should be se-
lected with the following points in mind.

1. The ratios should be high enough that the
secondary currents will not damage the relay
under maximum internal fault conditions (refer to
RATINGS).

2. The relay current corresponding to rated
KVA of the power transformer (onself-cooled basis)
should not exceed the relay tap value selected
(magnetizing inrush might operate the instantaneous
overcurrent unit).

3. The relay current corresponding to maxl-
mum KVA (on a-forced: cooled basis) should not
exceed twice tap value. The CT secondary current
should not exceed the continuous current rating of
the CT secondary winding.

4, The current transformer tap chosen mustbe
able to supply the relay with 8 times rated relay
tap current with an error less than 20 percent.

RATIO-MATCHING TAPS

Since it is rarely possible to match the sec-
ondary currents exactly by selection of current
transformer -ratios, ratio-matching taps are pro-
vided on the relay by means of which the currents
may usually be matched within § percent. When
the protected transformer is equipped with load
ratio control it is obvious that a close match cannot
be obtained at all points of the ratio-changing range.
In this case the secondary currents are matched at
the middle of the range and the percentage-differ-
ential characteristic of the relay is relied upon to
prevent relay operation on the unbalanced current
which flows when the load-ratio control is at the
ends of the range.

OPERATING CHARACTERISTICS

PICK-UP AND OPERATING TIME

.The opérating characteristic is shown in Fig. 1,
The curve, for various percentage slopes, shows
the percent slope versus the through current flow-
ing in the transformer. The percentage slope is a
figure given to a particular percent slope tap setting
and indicates an approximate slope characteristic.
Pickup at zero restraint is approximately 30 percent
of tap value (see Table 2).

Curves of the operating time of the main unit
and of the instantaneous unit are shown in Fig. 2,
plotted against differential current.

OVERCURRENT UNIT PICKUP

The overcurrent unit is adjusted to pick up
when the differential current transformer ampere-
turns are 8 times the ampere turns produced by
rated tap current flowing in that tap. For example

be referred to the General Electric Company.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingency to be met 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 motler should




GEH-1816 Transformer Differential Relay Type BDD15B and BDD16B

TABLE 1 . .
KV Breaker Amps A B C
7.2 FK-227-1.2-50 600 x
14.4 FLO-15-14.4-100 600 X
14.4 FLO-15-14.4-250 600 X
23 FK-439-23-250 600 X
34.5 FK-439-34.5-500 600 x
46 FK-439-46-500 600 X
69 FK-439-69-1000 600 x
115 FK-439-115-1500 800 x
230 - FGK-230-5000 800 X
14.4 FLO-15-14.4-250 1200 x
14.4 FK-439-14.4-1000 1200 x
23 FK-439-23-500 1200 x
34.5 - FK-439-34.5-1000 1200 X
34.5 . FK-439-34.5-1500 1200 x
46 FK-439-46-1500 1200 b ¢
69 FK-439-69-1500 1200 x
69 FK-439-69-2500 1200 X
115 FK-439-115-3500 1200 X
115 FK-439-115-5000 1200 x
138 FK-439-138-3500 1200 x
138 FK-439-138-5000 1200 X
161 FK-439-161-5000 1200 x
138 FGK-138-10000 1600 b 4
161 FGK-161-10000 1600 x
230 FGK-230-10000 1600 "X
230 FGK-230-15000 1600 X
330 FGK-330-25000 1600 . X
14.4 FK-339-14.4-1500 2000 x
34.5 FK-339-34.5-2500 2000 x
69 FK-439-69-3500 2000 x
14.4 FK-339-14.4-1000 3000 x
14.4 FK-339-14.4-1500 4000 x

Any tap on bushing current transformer can be used with any BDD relay tap, provided

one-way. lead resistance from CT to relay does not exceed 0.25 ohms (or one way lead
length of approximately 300 feet of 19/22 wire). No calculation necessary for percent

ratio error.

for percent ratio error.

when only one CT supplies current, and the tap plug
for the CT is in the 5 ampere tap, 40 amperes are
required for pickup. This pickup value is based on
the a-c component of current transformer output
only since the differential current transformer in
the relay produces only a half cycle of any d-c
(offset) component present.

If ratio matching taps are chosen so that rated
CT current is not greater than the tap rating, the
overcurrent unit will not pickup on magnetizing
inrush. If CT currents are greater than tap rating,
there is danger that the unit may pickup under cer=-
tain circumstances. I this condition should arise,
it is recommended that the CT ratio or relay tap
setting be increased rather than increasing the pickup

a4

These 1200/5 current transformers may be used to supply any tap of the BDD relay,
provided CT turns used are 80 or more and one-way lead resistance from CT to relay
does not exceed 0.25 ohms (one-way lead length of approximately 300 feet of 19/22 wire;.
May be used on 40 turn tap in some cases (lower lead resistance or lower relay taps

Current transformer turns selected should be checked as described under "Calculations"

of the overcurrent unit. If the overcurrent setting
must be raised, the requirements on CT error will
be more stringent in accordance with the following
equation:

E = 20 - (2.5)(P-8)
where E = CT error current in percent at pickup
of the overcurrent unit.

P = pickup of overcurrent unit in multiples
of tap setting.
PERCENTAGE DIFFERENTIAL
CHARACTERISTICS

The percentage differential characteristics are
provided by through current restraint circuits. In
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Type BDD Relay

addition to the operating coil of the polarized relay,

which is energized by the differential current of the
line current transformers, the relay is equipped
with a restraining coil which is indirectly energized
by the transformer secondary currents themselves.
For the relay to operate, the current transformer
secondary currents must be unbalanced by a certain
minimum percentage determined by the relay slope
setting (as shown in Fig. 1). This characteristic is
necessary to prevent false operation on throughfault
currents. High currents saturate the cores of the
current transformers and ‘cause their ratios to
change, with the result that the secondary currents
become unbalanced. Percentage restraint is also
needed to prevent operation by the unbalanced cur-
rents caused by imperfect matching of the secondary
currents as previously described under RATIO
MATCHING TAPS.

HARMONIC RESTRAINT CHARACTERISTICS

At the time a power transformer is energized,
current is supplied to the primary which-establishes
the required flux in the core., This current is called
magnetizing inrush, and flows only through the cur-
rent transformers in the primary winding. This
causes an unbalance current toflowinthe differential
relay which would cause false operation if means
were not provided to prevent it.

Power system fault currents are of a nearly
pure sine waveform plus a d-c transient component.
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Fig. 2 Operating Time Characteristics of

Type BDD Relay

The sine waveform results from sinusoidal voltage
generation and nearly constant circuit impedance.
The d-c component depends on the time in the voltage
cycle at which the fault occurs and upon the circuit
impedance magnitude and angle.

Transformer magnetizing inrush currents vary
according to the extremely variable exciting im-
pedance resulting from core saturation. They are
often of high magnitude, occasionally having an RMS
value with 100 percent offset approaching 16 times
full load current for worst conditions of power trans-
former residual flux and point of circuit closure on
the voltage wave, They have a very distorted wave-
form made up of sharply peaked half-cycle loops of
current on one side of the zero axis, and practically
no current during the opposite half cycles. The two
current waves are illustrated in Fig. 3.

Any current of distorted, nonsinusoidal wave-
form may be considered as being composed of a
direct-current component plus @& number of sine-
wave components of different frequencies; one of
the fundamental system frequency and the others,
called "harmonics™ having frequencies which are 2,
3, 4, 5, etc., times the fundamental frequency. The
relative magnitudes and phase positions of the
harmonics with reference to the fundamental deter-
mine the wave form. When analyzed in this manner
the typical fault current wave is found to contain

only a very small percentage of harmonics while
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the typical inagnetizing inrush current wave contains
a congiderable amount.

The high percentages of harmonic currents in
the magnetizing inrush current wave afford an ex-
cellent means of distinguishing it electrically from
the fault current wave. In the Type BDD relays, the
harmonic components are separated from the funda-
mental component by suitable electric filters. The
harmonic current components are passed through
the restraining coil of the relay, while the funda-
. mental component is passed through the operating
coil. The direct current component present in both
the magnetizing inrush and offsetfaultcurrent waves
is largely blocked by the auxiliary differential cur-
rent transformer inside the relay and produces
only a slight momentary restraining effect. Relay
operation occurs on differential current waves in
which the ratio of harmonics to fundamental is lower
than a given predetermined value for whichthe relay
is set (e. g. an internal fault current wave) and is
restrained on differential current waves in which the
ratio exceeds this value (e. g. a magnetizing inrush
current wave).

RATINGS
CURRENT CIRCUIT
Models 12BDD15B and 12BDD16B

Continuous - The through current transformer
and the differential current transformer will stand
twice tap rating for any combination of taps or they
will stand twice tap value if all but one of the re-
straint windings carry zero current and the full
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Transformer Differéntial Relay Type BDD15B and BDD16B  GEH-1816

restraint current, equal to twice tap rating, flows
through the differential current transformer.

Short Time (thermal) - 220 amperes for 1 sec-
ond measured in the primary of any transformer of
the Type BDD relay. Higher currents may be applied
for shorter lengths of time in accordance with the
following equation:

12 ¢ - 48,400

Short time (electrical) - For both BDD15B and
BDD16B relays, 150 times tap value RMS total
internal fault -current. For BDD16B relays, 150
times tap value external fault current for each of
two circuits. For example in Fig. 9, current might
flow through 52-1 and 52-2 without being limited by
the transformer impedance.

AUXILIARY RELAY CONTROL CIRCUIT
Type BDD15B and BDD16B relays are avail-

able for use with either 24 and 48 or 125 and 250 d-c
control voltage. A tap block is provided so that
the relays may be used on either voltage of th
dual rating. )

CONTACTS

Type BDD15B relay is provided with two sets
of open contacts and the Type BDDI16B is provided
with one set of open contacts. The current-closing
rating of the contacts is 30 amperes for voltages
not exceeding 250 volts. If more than one circuit
breaker per set of contacts is to be tripped, or if
the tripping current exceeds 30 amperes, an aux-
iliary relay must be used with the BDD relay.
After tripping occurs, it is necessary that the
tripping circuit of these relays be opened by an
auxiliary switch on the circuit breaker or by other
automatic means. A hand-reset relay is recom-
mended and normally used. '

BURDENS
TABLE 1I

NOTE: Burdens and minimum pickup values are substantially independent of the percent
slope settings and are all approximately 100 percent power factor. Figures given are burdens
imposed on each current transformer at 5.0 amperes.

Zero- Operating Circuit* Restraint Circuit
T

Relay S et?ixx,xg R;&tﬁtgr;t 60 Cycle Relays+ 60 Cycle Relays+
Burden Imped. Burden Imped.

Amps Amps VA Ohms VA Ohms

2.9 0.87 3.2 0.128 1.3 0.052

12BDD15B 3.2 0.96 2.7 0.108 1.2 0.048
12BDD16B 3.5 1.05 2.4 0.096 1.1 0.044
3.8 1.14 2.0 0.080 1.0 0.040

4.2 1.26 1.9 -0.076 0.9 0.036

4.6 1.38 1.8 0.064 0.8 0.032

5.0 1.50 1.5 0.060 0.7 0.028

8.7 2.61 0.7 0.028 0.5 0.020

* Burden of operating coil is zero under normal conditions.
+ Burden of 50 cycle relay is the same or slightly lower.

# It should be recognized that pickup current flows not only through the differential current
transformer but also through one of the primary windings of the through current trans-
former producing some restraint. However, compared to the operating energy, this quantity
of restraint is so small that it may be assumed to be zero.

RECEIVING, HANDLING AND STORAGE

These relays, when not included as a partof a
control panel will be shipped in cartons designed to
protect them against damage. Immediately upon
receipt of a relay, examine it for any damage sus-
tained in transit. I injury or damage resulting
from rough handling is evident, file a damage claim
at once with the transportation company and promptly
g?ftiiy the nearest General Electric Apparatus Sales

ce.

Reasonable care should be exercised in un-

packing the relay in order that none of the parts are
injured or the adjustments disturbed.

If the relays are not tobe installed immediately,
they should be stored in their original cartons ina
place that is free from moisture, dust and metallic
chips. Foreign matter collected on the outside of
the case may find its way inside when the cover is
removed and cause trouble in the operation of the
relay. : :
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Fig. 6 (1u18A780)

Transformer Differential Relay Type BDD15B and BDD16B

GEH-1816

DESCRIPTION

Each Type BDD relay is a single phase unit,
The Type BDD15B relay is designed to be used for
the protection of two-winding power transformers
and has two through current restraint circuits and
one differential current circuit. This relay has
two sets of open contacts with a common connection
between the two sets. ‘

The Type BDD16B relay is designed for use
with three-winding power transformers and has three
through current restraint circuits and one differ-
ential current circuit. It may also be used for four
circuit transformer protection (see Fig. 9) when
only three circuits need through current restraint
and the fourth circuit is the weakest and needs no
through~-current restraint.

INTERNAL CONSTRUCTION
AND CIRCUITRY

Fig. 4 shows the internal arrangement of the
components of the BDD16B relay. Fig. 6 shows the
arrangement of rectifiers on the rectifier boards.
Reference also to the internal connection diagrams,

Figs. 10 and 11 will identify the parts more com-
plately.

CURRENT TRANSFORMERS

In the Type BDDI15B relay, the through current
transformer has two primary windings, one for each
line current transformer circuit. Winding No. 1
terminates at stud 6 and winding No. 2 terminates
at stud 4.

In the Type BDD16B relay there are three sep-
arate through current transformers, each with only
one primary winding and each terminating at a sep-
arate stud, windings No. 1, No. 2, and No. 3 cor-
responding to studs 6, 4, and 3 in that order.

In either relay there is a differential current
tragséormer with one primary lead brought out to
stud 5. ’

The primary circuit of each of these trans-
formers is completed through a special tap block
arrangement. Two or three horizontal rows of tap
positions are provided (depending on whether the
relay is 2 Type BDD16B or BDD15B), one row for
each through current transformer winding. A tap
on the differential current transformer is connected
to a corresponding tap of the through current re-

straint windings by inserting tap plugs in the tap
blocks.

When the BDD16B relay is used on four-circuit
applications as shown in Fig. 9, the fourth circuit
CT is connected to stud 7, and the jumper normally
connected between terminals 6 and 7 at the rear of
the relay cradle should be disconnected at the ter-
minal 6 end and reconnected to the upper row in
the tap block (above the row marked winding 1)
which connects it directly to the differential current
transformer in the BDD relay. The terminal on the
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movable lead should be placed under the tap screw
which gives the best current match for the current
in the movable lead.

The taps permit matching of unequal line cur-
rent transformer secondary currents. The tap con-
nections are so arranged that in matching the sec-
ondary currents, when a tap plug is moved from one
position to another in a horizontal row, correspond-
ing taps-on both the differential current transformer
winding and one of the through current transformer
windings are simultaneously selected so that the
per cent through current restraint remains constant.

THROUGH CURRENT RESTRAINT CIRCUIT

A full wave bridge rectifier receives the out-
put of the secondary of each through current restraint
transformer. In the BDD16B, the d-c outputs of all
three units are connected in parallel. The total out-
put is fed to a tapped resistor (R3) through the per-
cent slope tap plate at the front of the relay. By
means of the three taps a 15, 25, or 40 percent
slope adjustment may be selected., Resistor taps
are adjustable and preset for the given slopes.
The right tap corresponds to the 40 percent slope
getting. The output is rectified and applied to the
restraint coil of the polarized relay. :
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with Three Restraints

DIFFERENTIAL-CURRENT CIRCUIT

The differential current transformer secondary
output supplies the instantaneous unit directly, the
operating coils of the polarized relay through a

geries tuned circuit, and the harmonic restraint

circuit through a parallel resonant trap. The op-
erating and restraint currents are each passed
through a full wave bridge rectifier before passing
through the polarized relay coils.

The series resonant circuit is made up ofab
microfarad Pyranol capacitor (C1) and a reactor
(L1) which are tuned to pass currents of the funda-
mental system frequency and to offer high imped-
ance to currents of other frequencies. Resistor R1
{s comnected in parallel on the d-c side of the
operate rectifier and can be adjusted to give the
desired amount of operate current. The output of
the rectifier is applied to the operate coil of the
polarized relay. :

The parallel resonant trap is made up of a 15
Pyranol capacitor (C2) and a reactor
(L2) which are tuned to block fundamental frequency
currents while allowing currents of harmonic fre-
quencies to pass with relatively little impedanca.
Resistor R2 is connected in parallel on the a-c

- gide of the harmonic restraint rectifier and can

be adjusted to give the desired amount of harmonic
The output of the rectifier is paralleled
with the through current restraint currents and

applied to the restraint coil of the polarized relay.

It will be evident that if the differential current
applied to the Type BDD relay is of sinusoidal wave
form and system frequency, it will flow mostly in
the operating coil circuit and will cause the relay to
operate. If, on the other hand, the differential cur-
ren: contains more than a certain percentage of
harmonics, the relay will be restrained from oper-
ating by the harmonic currents flowing in the re-
straint coil. ‘

A Thyrite resistor connected across the sec-
ondary of the differential current transformer limits
any momentary high voltage peaks which may occur,
thus protecting the rectifiers and capacitors from
damage without materially affecting the character-
istics of the relay.

OVERCURRENT UNIT

The instantaneous unit is a hinged armature
relay with a self contained target indicator. On
extremely heavy internal fault currents, this unit
will pick up and complete the trip circuit. The
instantaneous unit target (I) will be exposed, to

micate that tripping was through the instantaneous
t. ‘

Because of saturation of the CT's and relay
transformers at high fault currents, it is possible
that less operating current will be provided from

11
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the differential-current transformer than the per-
centage slope tap would imply, and more harmonic
restraint will be provided than the actual harmonic
content of the fault current would supply. Asa
result, under conditions of a high internal fault cur-
rent, the main unit may be falsely restrained.
Tripping is assured, however, by the overcurrent
unit operation. Pickup is set above the level of
differential current produced by maximum magnet-
izing inrush current. Fig. 2 shows the relative
levels of pickup and speed of operation of the main
unit and the overcurrent unit.

MAIN OPERATING UNIT

The main operating unit of the Type BDD relay
is a sensitive polarized relay with components as
shown within the large circle on Internal Connec-
tion diagrams Figs. 10 and 11. The relay has one
operating and one restraining coil and its contacts
are identified as DHR (differential harmonic re-
‘straint) on the diagrams of external connections,
Figs. 7, 8 and 9. The relay is a high-speed low
energy device, and its contacts are provided with
an auxiliary reay (T) whose contacts are brought
out to studs for connection in an external circuit.

The polarized relay is mounted on an eight-
prong base which fits a standard octal radio socket,
and is protected by a removable dust-cover. It
is mounted behind the nameplate of the BDD relay
and should require no further adjustment after it
leaves the factory.

The auxiliary relay (T) carries an indicating
target and is identified by the letter T stamped on
its face. The coil of this relay is not connected
in the main contact circuit as a seal-in coil, but
is connected to the d-c control bus through an

open contact of the polarized relay and through a.

serles resistor. A tap block is provided on the
nameplate for selecting either of two d-c control
voltages.

The coil of the auxiliary relay is controlled
by both the open and closed contacts of the polar-
ized relay. The polarized relay has approximately
0.005 inch contact gap which under transient over-
voltage conditions on the d-c control bus of the
order of 1200 volts could break down momentarily.

This will not cause false operation in the event
that swch a condition occurs, because the aux-
fliary rélay is normally short-circuited by the
closed contact of the polarized unit and the series
resistance is high enough to cause the arc to go
out at normal voltage.

CASE

The case is sultable for surface or semiflush
panel mounting and an assortment of hardware is
provided for either method. The cover attaches to
the case and carries the target reset mechanism
for the trip indicator and instantaneous unit. Each
cover screw has provision for a sealing wire.

The case has studs or screw connections at the
bottom for the external connections. The electri-
al connections between the relay unit and the case
gtuds are made throughspringbacked contactfingers
mounted in stationary molded inner and outer blocks
between which nests a removable connecting plug
which completes the circuit. The outer block,
attached to the case, holds the studs for the external
connection, and the inner block has terminals for
the internal connections. -

The relay mechanism is mounted in a steel
framework called the cradle and is a complete unit
with all leads terminating at the inner block. This
cradle is held firmly in the case with a latch at
the top and bottom and by a guide pin at the back
of the case. The case and cradlie are so constructed
that the relay cannot be inserted in the case upside
down. The connecting plug, besides making the
electrical connection between the blocks of the cradle
and case, also locks the latch in place. The cover,
which is fastened to the case by thumbscrews, holds
the connecting plug in place.

~ To draw out the relay unit, the cover is removed
and the plug is drawn out. Shorting bars are pro-
vided in the case to short the current transformer
circuits. The latches are then released and the
relay unit can be easily drawn out.

A separate testing plug can be inserted in place
of the connecting plug to test the relay in place on the
panel either from its own source of current, or from
other sources. Or, the relay unit can be drawn out
and replaced by another which has been tested in
the laboratory. -

INSTALLATION

TESTS

Before placing the relays inservice, mostusers
consider it advisable to check the relay calibra-
tion as it is received from the factory to insure
that it is correct. The following test procedure
is outlined for this purpose.

CAUTION: The relaycalibrationisaccomplish-
ed by adjusting resistors R1, Rg2, and R3. Changes
made in any one of these resistors will affect the

other two settings. - In the event one setting is

changed, the PICKUP, HARMONIC RESTRAINT, and
THROUGH CURRENT RESTRAINT adjustment pro-

cedures should be repeated until no further de-
viation from proper calibration is noted. Best
results can be obtained if the through current re-
straint adjustment is made only after the other
two settings are correct.

PICKUP

The test circuit for pickup is as shown In
Fig. 13 with S2 open. Pickup should be 1.5 am-
peres with current {lowing in terminals 5 and 6
and tap plugs in the 5 ampere and 25 percent slope
tap positions. The pickup operation should be
repeated several times until two successive readings
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Qutline of Test Rectifier

agree within 0.01 ampere with total pickup current
being interrupted between successive checks.

The pickup of the polarized unit varies slightly
depending upon the previous history of its magnetic
circuit. The repeated pickup operation restores the
condition of the magnetic circuit to some reference
level thus eliminating any Initial variation in mag-
netic history.

The condition of the magnetic circuit is influ-
enced by the manner in which pickup current is
removed after a test. For this reason, pickup
readings will be slightly lower if the current in the
differential circuit is reduced gradually than if the
current is abruptly reduced or interrupted. The
reason for this is that energy is storedin the series
tuned circuit when the current is applied. This
energy ls dissipated in the harmonic restraint cir-
cuit, the path of least impedance, when the current
is abruptly reduced or removed. The restraint coil
of the polarized unit, having approximately three
times as many turns as the operating coil, receives
a greater saturating effect than the operating coil.
The net effect is the same as though a restraint
saturating current were applied to the relay.

Since the Type BDD relay uses a polarized unit
with a very low energy level, the minimum pickup
setting may vary as much as plus-or-minus 10%.
I pickup is found to be anywhere within this range
(1.35-1.65), the 'setting should not be disturbed.
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Fig. 13 Test Connections

This variation is greater than normally expected in
protective relays, but because of the seasitivity,
the accuracy of the relay under inrush or through
fault conditions is not substantially impaired b
this change. .

With d-c control voltage applied to the proper
studs of the relay, the pickup of the auxiliary relay
(T) can be used as an indication of operation of the
polarized relay unit. This voltage may be applied
externally, as shown in Fig. 13, or from the station
d-c trip bus. The latter is accomplished by pro-
viding a U-shaped through jumper for each of the
test plug studs corresponding to d-c control.

I pickup is found to be out of adjustment, it
may be corrected by adjusting the position of the
band on resistor Ry, which is connected in parallel
with the operating coll of the polarized relay.
Resistor Ry is located at the top of therelay, and is
the left-hind adjustable resistor (see Fig. 4).

HARMONIC CURRENT RESTRAINT

The harmonic restraint is adjusted by means of
a Test Rectifier (Cat. 102L210 G1) used in con-
junction with suitable ammeters and load boxes.
The outline of the Test Rectifier isshownin Fig. 12.
The test circuit is as shown in Fig. 13 with 82

closed to position A, Tests should be made on the
5.0 ampere and 25% slope taps.
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The analysis of a single phase half wave recti-
fied current shows the presence of fixed percentages
of d-c, fundamental, and second harmonic com-

‘ponents as well as negligible percentages of all
" higher even harmonics. This closely approximates
'a typical transformer inrush current as seen at the
'relay terminals inasmuch as its principal com-
ponents are d-c, fundamental, and second harmonic.
Although the percent second harmonic is fixed, the
' overall percentage may be varied by providing a
_ path for a controlled amount of by-passed currentof
fundamental frequency. The by-passed current is
added in phase with the fundamental component of
the half wave rectified current and thus provides a
. means of varying the ratio of second harmonic cur-

rent to fundamental current.

The following expression shows the relationéhip

between the percent second harmonic, the d-c
component, and the by-pass current:
0.2121
% Second Harmonic = d-c X 100

0.451, + 0.5 1 __

Fig. 14 is derived from the above expression and
shows the percent second harmonic corresponding
to various values of by pass current (Il) for a
constant d-c set at 4.0 amperes.

16

Relationship Between Percent Second Harmonic And By-pass Current With I{DC) Set At 4.0 Amperes

Unless otherwise specified by the requisition,
the relay is calibrated at the factory using the lower
d-c control voltage tap. Since the percent second
harmonic required to restrain the relay will be ap-
proximately one percent higher if the calibration is
checked using the higher tap, harmonic restraint
must be tested on the lower tapinorder for the field
test to agree with the factory calibration.

The relay is calibrated with a composite RMS
current of two times tap value. When properly set
the relay will restirain with greater than twenty
percent second harmonic but will operate withsecond
harmonic equal to twenty percent or lower, With
the d-c ammeter (I2) set at 4.0 amperes, the aux-
iliary relay should just begin to close its contacts
with gradually increasing by-pass current (Ij) ata
value of 4.5 - 5.5 amperes. This corresponds to
19 - 21 percent second harmonic (see Fig. 14)

providing a two percent tolerance at the set point to -

compensate for normal fluctuations in pickup. It
should be noted that the current magnitude in the
rectifier branch (Ip) is slightly infivenced by the
application of by-pass current (Ij) and should be
checked to insure that it 1s maintained at its
proper value.

In the event a suitable d-c ammeter is not avail-
able, the proper half wave rectified current may

Fig. I4 (418A786)
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be set using an a-c ammeter in position I9 by
shorting out the rectifier and setting the unrectified
current at 9.0 amperes. If the rectifier is then
unshorted, the half wave rectifled current will
automatically establish itself to the proper value.

If harmonic restraint is found to be out of ad-
justment, it may be corrected by adjusting resistor
R2, which is connected in parallel, on the a-c side
of the rectifier, with the restraint coil of the polar-
ized relay. This resistor is located atthe top of the
relay and is the right hand adjustable resistor (see
Fig. 4). There are two separate slide bands pro-
vided, a main band and an auxiliary. The main
band, the one located nearest the fixed rear terminal
of R2, is normally the only one used. The auxiliary
band, normally unconnected, i8 used as a vernier
when the adjustment by the main band becomes too
coarse due to the main band being too close to the
fixed rear terminal of R2, An extra lead, normally
bolted to the fixed rear terminal of R2, is provided
for connection to the auxiliary band when a finer
adjustment becomes necessary. In effect, a high
resistance is placed in parallel with a low re-
sistance providing a means of finely controlling the
overall resistance by varying the high resistance.

THROUGH CURRENT RESTRAINT

The through current restraint, which gives the
relay the percentage differential or percent slope
characteristics shown in Fig. 1, may be checked
and adjusted using the circuit illustrated in Fig. 13
with 52 closed to position B. Ammeter I reads the
differential current and I, reads the smaller of the
two through currents. In Pestlng BDD16B relays the
setting should be checked with the switch S4 first in
one position and then the other, thus checkingall the
restraint coils. With the current tap plugs in the
5.0 ampere position and the percent slope tap plug
in the 40 percent position, the relay should just
pick upfor values of the I; and I3 currents indicated
in Table III. Repeat with the percent slope tap plug
in the 25 percent and 15 percent positions. If any one
of these set points is found to be other than as pre-
scribed, the adjustment may be made by adjusting
the particular band on resistor Rj (located near
the top of the case, behind the nameplate) associated
with it, as indicated in Table III. It should be noted
that the current magnitude in the through current
branch (Ig) is slightly influenced by the application
of differential current (I11) and should be checked to
insure that it is maintained at its proper value.

Any change in R 3 to give the desired slope will
have small effect upon minimum pickup and har-
monic restraint. However, after the slope setting
has once been set, any adjustment of minimum
pickup will change the slope characteristics. The
slope set points must then be rechecked to insure
that they are in accordance with Table III

NOTE: These currents should be permitted to
flow for only a few seconds at a time with cooling
periods between tests; otherwise, the coils will
be overheated.

TABLE III
Percent | Band on Amperes True Slope
Slope Tap | Res. R '
3] 14 I (Il/I3 x 100)
40 Right 30| 12.0-13.2 | 40.0-44.0
25 Middle | 30| 7.5- 8.3| 25.0-27.5
15 Left 30| 4.5- 5.0 15.0-16.5

NOTE:- The percent slope tolerance is 10 percent
of nominal, all in the plus direction. This,

is to insure that the slope characteristic "

never falls below tap value. .
INSTANTANEOUS OVERCURRENT UNIT

This unit is located at the upper right-hand
side of the relay and is marked I, Its setting may
be checked by passing a high current of rated
frequency through terminals 5 and 6. The unit
should pick up at 8 times the tap rating as described
under OPERATING CHARACTERISTICS. If the
setting is incorrect, it may be adjusted by loosening
the lock-nut at the top of the unit and turning the
cap screw until the proper pickup is obtained.. In
making this adjustment, the current should not be
allowed to. flow for more than approximately one
second at a time. '

LOCATION

The location should be clean and dry, free
from dust and excessive vibration, and well lighted
to facilitate inspection and testing.

MOUNTING

The relay should be mounted on a vertical sur-
face. The outline and panel drilling dimensions ar
shown in Fig. 5. . '

CONNECTIONS

Internal connection diagrams are shown in
Figs. 10 and 11. Typical wiring diagrams are given
in Figs. 7, 8 and 9 for differential applications, and
in Fig. 11 for straight overcurrent applications.

Of course, any through current transformer
winding may be used for any power transformer
winding provided the taps are properly chosen.

When the relay is mounted on an insulating
panel, one of the steel supporting studs should be
permanently grounded by a conductor not less than
No. 12B&S gage copper wire or its equivalent.

Every circuit in the drawout case has an aux-
iliary brush. This is the shorter brush in the.case
which the connecting plug should engage first. .On
every current circuit or other circult with shorting’
bars, make sure the auxiliary brushes are bent high
enough to engage the connecting plug or test plug
before the main brushes; otherwise, the CT sec-
ondary circuit may be opened where one brush
touches the shorting bar before the circuit is
completed from the plug to the other main brush,

17
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ADJUSTMENTS

TAP PLUG POSITIONING
RATIO MATCHING ADJUSTMENT

To obtain a minimum unbalance current in the
differential circuit, means are provided in the BDD
relay to compensate for unavoidable differences in
current transformer ratios. Taps on the relay
transformer primary windings are rated 8.7, 5.0,
- 4,6, 4.2, 3.8, 3.5, 3.2, and 2.9 amperes for each line
“current transformer. The tap plugs should be moved
to the locations which most nearly match the ex-
pected CT currents for the same KVA assumed in
each of the power transformer windings. The
selection of taps should be guided by the method
outlined under CALCULATIONS. The connection
plug should be removed from the relay before
changing tap positions in order to prevent open-
‘circuiting a CT secondary. A check should be made
.after changing taps to insure that only one plug is
left in any horizontal row of tap holes. Inaccurate
calibration and overheating may result if more than
one plug is connected to any one winding.

UNBALANCE CURRENT MEASUREMENT

Unbalance current measurement is useful in
checking the best tap setting when matching current
transformer ratios in the field. It is also useful in
‘detecting errors or faults in the current trans-
former winding, or small faults within the power
transforther itself where the fault current is too
low to operate the relay.

The Type BDD relays have a special arrange-
ment for measuring the unbalance current flowing
in the differential circuit withoutdisturbing the relay
connections., Provision is made for temporarily
connecting a 5 volt high-resistance voltmeter (1000
or more chms per volt) across the secondary of the
differential current transformer. This may be done
by connecting the meter across terminals 8 and 9
(see Figs. 11 and 12). When a perfect match of

18

relay currents is obtained by the ratio matchingtaps,
the voltmeter will read zero, indicating no unbalance.
If the voltmeter reads 0.4 volts or less, the un-
balance current entering or leavinga giventap equals
approximately 0.05 times the voltmeter reading
times the tap rating. For higher voltmeter readings,
the approximate unbalance current may be cal-
culated by substituting the voltage reading and tap
rating into the following equation:

I'(inbalance) = (0.115V - 0.025) x Tap

The unbalance percentage equals 100 times the
unbalance current divided by the measured tap cur-
rent. For a three winding bank, this must be checked
with load on at least two pairs of windings in order
to insure that the connections are correct.

The curves in Fig. 15 show the approximate
voltages across terminals 8 and 9 required to
operate ‘the relay for various percent slope tap
gettings and through currents expressed as per-
centages of tap. To insure a margin of safety
against false operation, the unbalance voltage should
not exceed 75 percent of that required to operate
the relay for any given through current and percent
slope tap setting. This extent of unbalance may
result from the relatively high error currents of
low ratio bushing CT's at low multiples of tap cur-
rent,

Small rectifier-type AC voltmeters are suitable
for the measurement of unbalance. The voltmeter
should not be left permanently connected since the
shunt current it draws reduces the relay sensitivity.

PERCENT SLOPE SETTING

Taps for 15, 25, and 40 percent slope settings
are provided in both the BDD15B and BDD16B re-
lays. It is common practice to use the 25 percent
setting unless special connections make it advisable
to use one of the others. See the corresponding
heading under CALCULATIONS for further details,
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CALCULATIONS
METHOD

The calculations required for determining the
proper relay and CT taps are outlined below. A
sample calculation, for the transformer shown in
Fig. 16, is shown on the opposite page.

CURRENT TRANSFORMER CONNECTIONS

Power Transformer - Current Transformer

Connections Connections
Delta-Wye Wye-Delta
Wye-Delta Delta-Wye
Delta-Delta Wye-Wye
Wye-Wye Delta-Delta
Delta-Zigzag Delta-Delta

with zero degrees
phase shift between
primary and secondary

- DETERMINATION OF CT TURNS AND TYPE BDD
' RELAY TAP SETTING

1. Determine maximum line currents (Max. Ip)
on the basis that each power transformer winding
.may carry the maximum forced cooled rated KVA
of the transformer.

L. = Maximum Transformer KVA

P Y3  (Line KV)
‘ 2. Determine the full load rated line currents
(100% Ip) on the basis that each power transformer

_winding may carry the full self-cooled rated KVA
" of the transformer.

100 % I =

Max,

100% Transformer KVA
v3  (Line KV)

3. Select CT ratios so that the secondary cur-
_rent corresponding to maximum Ip does not exceed
“the CT secondary rating (5 amperes). Also select
CT ratios so that the relay currents canbe properly
matched by means of the relay taps. (Highest cur-
rent not more than 3 times lowest current).

For Wye connected CT's

Tap Current = 100%Ip

: N

For Delta connected CT's
Tap Current = 100%1, V3~

N
where N is the number of CT secondary turns

4. Check the matching of relay currents torelay
taps to keep the mismatch error as low as possible.
This error, plus the variation due to tap changing
means {when used), should not exceed 15%. There-
fore, when tap changing means are used, the mis-
match error at the middle of a plus-or-minus 10

percent power transformer tap range should not
exceed 5 percent.

r1e

Calculate the percent of mismatch as follows:-
On two winding transformers, determine the ratio
of the two relay currents and the ratio of the two
tap values selected. The difference between these
ratios, divided by the smaller ratio, is the percent
of mismatch.

For three-winding transformers, the percent of
mismatch error should be checked for all combina-
tions of currents or taps.

If taps cannot be selected tokeep this percentage
error within allowable limits, it will be necessary to
choose a different CT ratio on one or more lines to
obtain a better match between relay currents and
relay taps.

5. Check to see that the sum of the relay cur-
rents that will be applied to the relay for a fault at
the terminals of the power transformer is less than
220 amperes RMS for 1 second. Ifthe period during
which a fault current flows in the relay can be
definitely limited to a shorter time, a higher current
can be accommodated in accordance with the re-

lation: (Amperes)2 x seconds = 48,400.

CURRENT TRANSFORMER RATIO ERROR

The CT ratio error must be less than 20 per-
cent at 8 times relay rated tap current. This is
based on the instantaneous unit being set at its
normal setting which is 8 times tap rating. If the
instantaneous unit pickup is raised above this value,
the 20 percent figure must be reduced as described
under the heading OPERATING CHARACTERISTICS.

A 44KV
* — (e
Fk-a6

RATED 600
AMFS.
110 xv
il Ihl
~ .
FK-439-115
RATED 800 Y
ANFS, .
, 600 AMFS. 3.8 W
Srika. .
TS FK-14,4
RATED 600
AMES
3000 KVA  SELF COOLED
3750 kvA  FORCED AIR COOLED
ONE WAY LEAD RESISTANCE ASSUMED TO BE 0.75a a1 257¢
TQR TRANSFORMER €CT, C = 25, D = 226, € = 7.5 MULLIOHMS
FULL W!NDING - 120 TURNS

Fig. 16 Transformer Ysed in Sample Calculations

(389A740)

Fig. 16



Transformer Differential Relay Type BDD15B and EDD16B GEH-1818

EXAMPLE REFER TO FIG 16

1 DETERMINATION OF CUT TURNS AND BDD RELAY TAP SETTING

1, Transformer and Line A B C
2. Max, Ip = 3750 /V'3 (Line KV) EN 405 157
3. 100% Ip = 3000 / V73 (Line KV) 15.7 39.6 125
4, Assume CT turns 20 20 60
5. Max. I secondary (less than 5a) 0.98 2.47 2.62
6. 100% I secondary 0.79 1.98 2.08
7. CT connections - Delta Wye Delta .
8. Relay Current for 100 % I Sec. 1.37 1.98 3.60
9. Ideal Relay Taps (Set C = 8.7T) 3.31 4.18 8.7
10. - Try Relay Taps 3.2 4.6 8.7
11. Check Mismatch4Eé'ror: 1.44-1.43
. - 1-98 — . “de -—
Lmes A-B -3:2- = 1.43 1—3-7" = 1.44 —1—13—. - 0-7%
8.7 . 3.60  _ 1.89-1.82 _
Lmes B-C 4.6 1.89 1-98 - 1.82 ‘_I_.e' 2 = - 3.8%
8.7 3.60 72-2.63 _
Lines C"A 3.2 - 2.72 1.37 - 2.63 2.63 - 3.4%

(All are less than 5%; therefore mismatch error is not e'xéesslve)

12. Assume that the sum of the maximum relay currents is less than 220 amps for one second, and
therefore short-time rating of relay is not exceeded. '

I PER CENT RATIO ERROR
1. Burdens on CT's (assume one-way lead resistance is 0.25 ohms)
(a) Line A, Z = 2 (0.156) 4 (20X )£ {2:50 xS0, .57 (0.25)
= 0,312 + 0.256 + 0,568 = 1.136
0.096 + 20x2.5) + (2,50 x35) , ¢ 568

(b) Line B, Z 800

0.096 + 0.172 + 0.568 = 0.836

(c) Line C, Z

2 (0.048) + SOX25 , 0,568 = 0.096 + 0.187 + 0.568 = 0.851

A B £
2. Impedance, ohms 1.136 0.836 © 0.851
3. 8 times tap, amperes 25.6 36.8 69.6
4. Eg, CT voltage required (1Z) 29.0 - 30.8 59.3
5. IE, required, from excitation curve 1.10 oo 0.13
6. % Ratio Error 4.3% oo “1.8%

Exciting current on line B is too high; should try higher tap on CT to improve CT performance.
IA REPEAT - CT TURNS AND RELAY TAP SETTING

1. 100% Ip 15.7 39.6 125
2. Try CT Turns (necessary to change

C also for proper matching) 20 40 80
3. 100% I secondary 0.79 0.99 1.56
4. Relay Current 1.37 0.99 2.70
5, Ideal Relay Taps (Set C = 8.7) 4,40 3.19 8.7
6. Use Taps 4.6 3.2 8.7
7. Mismatch error is less than 5% :
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GEH-1816 Transformer Differential Relay Type BDD15B and BDD16B

METHOD (CONTINUED)

The calculations listed below are for the worst
fault condition, as far as CT performance is con-
cerned, which is an internal ground fault between
the CT and the transformer winding with none of the
fault current supplied through the neutral of the
protected transformer.

1. Determine the burden on each CT, using the
following expressions:

- “(a) For Y connected CT's.

Ne + 2.50f
800

(b) For delta connected CT's,
Ne + 2.50f
800

Z=B+ 2.27R

Z=2B+ + 2.27R

where B = BDD relay total burden (see Table
v

N = number of turns in bushing CT

e = bushing CT resistance per turn,
milliohms

f = bushing CT resistance per lead,
milliohms o

R = one-way lead resistance (at 25°C)
from CT to relay.

(The multipliers used on the F and R terms in-
clude factors to cover two leads instead of one,
Increase -of resistance due to temperature rise, and
resistance of longest CT leads.)

. 2. Determine CT secondary current for 8 times
tap setting,

Ig = 8 x BDD relay tap rating

(Note: For the type fault assumed, all the fault
:urrent is supplied by one CT, so that CT current
ind relay current are the same, regardless of
vhether the CT's are connected in wye or delta).

3. Determine secondary CT voltage required
it 8 times tap setting,

4. From excitation curve of particular tap of
current transformer being used, determine excita- .
tion current, Ig, corresponding to this gecondary
voltage, Eg. The excitation curves for bushing
CT's on General Electric outdoor circuit breakers
of current design may be drawn by the template
method using C and D constants as given in Table
V. :

5. Determine the percent error in each CT by
the expression:

% error =

1 |
IE x 100
s

This should not exceed 20 percent of any set of
CT's. If it does, it will be necessary to choose a
higher tap on that set of CT's, and repeat the cal-
culations on selection of reiay taps, mismatch
error, and percent ratio error.

PERCENT SLOPE SETTING

The proper percent slope required is determined
by the sum of the following causes of differential
current:

(a) the maximum range of manual taps and the
load-ratio-control, or automatic tap changing means,
in percent.

(b) the maximum percent of mismatch of the
relay taps.

(c) the maximum differential current due to
CT saturation during external faults.

The percentage slope tap selected should be

. greater than the ratio of maximum total error cur-

rent to smaller of the through currents. In general,
if the total error current does not exceed 20 per-
cent, the 25 percent tap is used. I it exceeds 20
percent, but not 35 percent, the 40 percent tap is
used,

I the. movable lead is used (as in Fig. 9 for
example) the percent slope tap should be chosen
about twice as high since the movable lead pro-

Es =1 s Z vides no restraint.
TABLE IV
Total Burden for 60 Cycle Relays
BDD Taps Amps 8X Tap Amps Burden Ohms (B) Min. P. U. Amps

2.9 23.2
3.2 25.6
3.5 28.0
3.8 30.4
4.2 33.8
4.6 36.8
5.0 40.0
8.7 69.6

0.180 0.87
0.156 0.6
0.140 1.05
0.120 1.14
0.112 1.26
0.096 1.38
0.088 1.50
0.048 2.61




Transformer Differential Relay Type BDD15B and EDD16B GEH-1816

EXAMPLE (CONTINUED)

II A REPEAT - PERCENT RATIO ERROR
1. Burden on CT's

Line A, Z = 0.192 + 0.235 + 0.568 = 1,016
Line B, Z = 0.156 + 0.235 + 0.568 = 0.959
Line C, Z = 0.096 + 0.250 + 0.568 = 0.914

2. Impedance, Ohms 1.016 0.959 0.914
3. 8 times tap, amperes 36.8 25.6 69.6
4. Eg, CT voltage required (IZ) 37.4 . 24.6 63.6
. IE required, from excitation curve 1.30 . 0.25 0.15
6. % of Ratio Error 3.52% 0.98% 0.21%

: Per Cent Error is less than 20%, so CT taps and Relay taps are satisfactory.
Il PER CENT SLOPE SETTING

1.- Assume load ratio control maximum range 10.0%
2 - Relay Tap mismatch, from IA above 4.2
3 - Assume CT error for max. external fault 5.0%
Use 25% tap.
TABLE V
Circuit Breakers Current Transformers
No. of Excita- Constants for Approx. In-
turns in tion Dwg. Char- ternal Resist.
Type Ratings full wind- curve acteristic Milliohms
: ing Dwg. No. by Template Per Per
K-65586717 Method turn lead
KV Amps C D e f
FK-227-7.2-50 7.2 600 120 AT 10 140 3.5 10
FLO-15-14.4-100 | 14.4 600 120 BN 14 222 2.5 13.5
FLO-15-14.4-250 | 14.4 600 120 BN 14 222 2.5 13.5
FLO-15-14.4-250 | 14.4 1200 240 BR 14 222 2.5 13.5
FK-439-14,4-1000 | 14.4 1200 240 BL 14 222 2.5 35
FK-339-14.4-1000 | 14.4 3000 600 AD 25 285 3.0 35
FK-339-14.4-1500 | 14.4 2000 400 BM 14 222 2.5 35
- FK-339-14.4-1500 | 14.4 4000 . 800 AE 13 325 2.5 35
FK-439-23-250 23 600 120 - BK 14 222 2.5 35
FK-439-23-500 23 1200 240 BL 14 222 2.5 35
FK-439-34.5-500 | 34.5 600 120 BK 14 222 2.5 35
FK-439-34.5-1000 | 34.5 1200 240 BL 14 222 2.0 35
FK-439-34.5-1500 | 34.5 1200 240 BL 14 222 2.5 35
FK-339-34.5-2500 | 34.5 2000 400 AL 25 285 3 35
FK-439-46-500 46 600 120 BK 14 222 2.5 35
FK-439-46-1500 46 1200 240 BL 14 222 2.5 35
FK-439-69-1000 69 600 120 BC 25 290 3 45
FK-439-69-1500 {69 1200 240 BD 25 290 3 “45
FK-439-69-2500 ‘| 69 1200 240 BD 25 290 3 45
FK-439-69-3500 69 2000 400 BE 32 350 3.5 45
FK-439-115-1500 | 115 800 120 AV : 40 515 4 50
FK-439-115-3500 | 115 1200 240 AW 40 515 4 50
FK~439-115-5000 | 115 1200 240 AW 40 515 4 50
FK-439-138-3500 | 138 1200 240 AY 43 590 4.5 60
FK-439-138-5000 | 138 1200 240 AY 43 590 4.5 60
FGK-138-10000 138 1800 400 BF 43 590 4.5 60
FK-439-161-5000 | 161 1200 240 BA 40 670 4 80
FGK-161-10000 161 1600 400 * 40 670 4 80
FGK-230-5000 230 800 240 BA 40 670 4 80
FGK-230-1000 230 1600 400 * 40 670 4 80
FGK-230-15000 230 1600 400 * 40 670 4 80
FGK-330-25000 330 1600 400 A 42 930 3.5 15.5

* - 157L502 BJ
A - K-6558678 CA
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. GEH-1816 Transformer Differential Relay Type BDD15B and BDD16B

OPERATION

TARGETS

Targets are provided for both the auxiliary
relay and the instantaneous overcurrent unit. In
. the event of an internal fault, one or both of these
units will operate depending upon the fault magni-
tude. This will produce a target indication on the
particular unit which operates. The auxiliary relay
does not function as a seal-in since it does not
carry the breaker tripping current. After a fault is
cleared, the target should be reset by the reset
-sli&e located at the lower left hand corner of the
relay. '

DISABLING OF
TYPE BDD RELAY

When by-passing a breaker for maintenance, it
will be necessary to disable the relay to prevent
false tripping. If the disabling of the relay is done
by a remote switch rather than by removing the

relay connection plug, the following precautions
should be taken:-

1. The relay may be disabled by short-circuiting
studs 8 and 9 of the relay and by opening the trip
circuit at stud 1. ' '

The trip circuit should be opened at stud 1
since the series resistors in the auxiliary relay
circuit cannot withstand rated control voltage con-
tinuously in the event that the polarized relay

operates.

2. If the CT secondaries are short-circuited
as part of the disabling procedure, the trip circuit
should be opened at stud 1 and studs 8 and 9 should
be short-circuited before the CT secondaries are
short-circuited. It is not sufficient to rely on
short-circuiting the CT secondaries alone, because
any difference in time of shorting them may cause
false tripping. o

- MAINTENANCE

CONTACT CLEANING

‘ For cleaning fine silver contacts, a flexible
burnishing tool should be used. This consists of a
flexible . strip of metal with an etched roughened
surface, resembling in effect a superfine file, The
-polishing action is so delicate that no scratches are
left, yet corroded material will be removed rapidly
and thoroughly. The flexibility of the tool insures
the cleaning of the actual points of contact. Some-
times an ordinary file cannot reach the actual points
of contact because of some obstruction from some
-other part of the relay.

: Fine silver contacts should not be cleaned with
knives, files, or abrasive paper or cloth. Knives or
files may leave scratches which increase arcing
and deterioration of the contacts. Abrasive paper
or cloth may leave minute particles of insulating
abrasive material in the contacts and thus prevent
closing. v

The burnishing tool described is included in
the standard relay tool kit obtainable from the
factory.

PERIODIC TESTS

An operation test and inspection of the relay
and its connections should be made at least once
every six months. Tests may be performed as
described under 'Installation Tests" or, if desired,
they may be made on the service taps as described
in this section.

When inserting or withdrawing a test plug in a
relay with connections to the trip circuit, studs 8
and 9 should each be provided with one of the

-shaped through jumpers to maintain the con-
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nections from the relay to the case. If this is not
done, there is a risk of false tripping upon inserting
or withdrawing the plug.

PICKUP

. The method for checking pickup is as described
under the heading "Installation Tests" except, of
course, pickup current will be different depending
upon the WDG 1 service tap. Pickup value may be
determined as follows:-

Il = 0.30 x WDG 1 Tap

Of course, when checking pickup on a particular
service tap, the + 10 percent expected variation
still applies, the acceptable as found values being

I; = 0.90x0.30 x WDG 1 Tap to
1.10 x 0.30 x WDG 1 Tap

Example

WDG 1 Tap = 35A
It = 0.90 x 0.30 x 3.5 to 1.10 x 0.30x 3.5
I1 = 0.94 to 1.16 amperes

HARMONIC CURRENT RESTRAINT

The procedure for checking harmonic restraint
is as described under the heading "Installation
Tests" except the test current values must be
modified as follows:-

12 (DC) = 0.80 x WDG 1 Tap’

I1 = 0.90 x WDG 1 Tap to 1.10 x WDG 1 Tap

In the event a suitable DC meter is not available,
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I2 (AC) = 2.25 x I2 (DC) (Theoretically, this
conversion factor would be 2.22 if the rectifier
back resistance were infinite.)

Example

WDG 1 Tap=3.5A

I2 (DC) = 0.80 x 3.5 = 2.8 Amperes
I1 = 0.90 x 3.5 to 1.10 x 3.5

I1 = 3.15 to 3.85 Amperes

If DC meter is not available,
I3 (AC) = 2.25 x 2.8 = 6,30 Amperes
THROUGH CURRENT RESTRAINT

In order to check the service tap slope setting
the test current values indicated in Table II must
be modified to take into account any difference in
tap settings. Furthermore, the test circuit shown
in Fig. 13 must be set up such that the lead from
ammeter I3 to the test plug is connected to the stud
corresponding to the winding with the lower tap
setting. The common lead, of course, is connected
to the stud corresponding to the winding with the
higher tap setting. For any combination of taps,
the percent slope is given by the following equation:

%smpe:l}—;(%al-* 1)‘:] X 100

where T1 = lower tap setting
T2 = higher tap setting
I1 = differential current
I3 = smaller of the two through currents

Table VI is derived from the above expression
and is based on a multiple of tap current of six
times the lower tap setting for all combinations of
taps except those which involve the 8.7 amp tap.
For the latter case, a four times tap setting is used
since the total test currentfor a six times tap setting
may be as high as 75.2 amperes which is not only
prohibitively high for many installations but also
may subject the relay to excessive heating,.

For a given tabular value of I3 corresponding
to a given combination of winding and percent slope
taps, the values of If (min.) and Ij (max.) cor-
respond to the minimum and maximum percent
slope tolerance limits given in Table III. However,
for a four times tap setting, both the upper and
lower percent slope tolerance limits have been
raised by a value equivalent to the difference be-
tween the true slope and the nominal slope at four
times tap value indicated by the percent slope
characteristic curves shown in Figure 1.

EXAMPLE
WDG 1 Tap = 3.5A
WDG 2 Tap = 5.0A
Slope Tap = 40%

Since WDG 1 has the lower tap setting the lead
from ammeter 13 to the test plug shouldbe con-
nected to stud 6 and the common lead should be
connected to stud 4.

From Table VI:-
I3 = 21.0 Amps

It 2min.) = 21.0 Amps
11 (max.) = 22.2 Amps

' RENEWAL PARTS

It is recommended that sufficient quantities of
renewal parts be carried in stock to enable the
prompt replacement of any that are worn, broken,
or damaged.

When ordering renewal parts, address the near-
est Sales Office of the General Electric Company,

specify quantity required, name of part wanted,
and give complete nameplate data, and the serial
number which may be found stamped on the in-
stantaneous unit in black ink. If possible, give the
General Electric Company requisition number on
which the relay was furnished. /
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'GROUND WIRE OR
PROTECTED LINE (+) D.C. TRIP BUS

1 87 ) Lzz
E_ TCT X T poc T a
87 ‘
—] MM DHR
. 5 87 s 52
87 87| %--
DeT S 2L TC
' 2
| 7
87 = TYPE BDD DIFFERENTIAL RELAY
a = AUX.SWITCH,OPEN WHEN BREAKER
OPEN
TC = TRIP COIL
DCT = DIFFERENTIAL CURRENT

TRANSFORMER

TCT = THROUGH CURRENT TRANSFORMER ?
DOC = DIFFERENTIAL OVERCURRENT ' J
UNIT . (-]
DHR = DIFFERENTIAL UNIT WITH
HARMONIC RESTRAINT
52 = POWER CIRCUIT BREAKER
= TYPE HEA, HAND RESET RELAY

86
' % SLOPE SETTING - 15

CURRENT TAP SETTING 2.9 8.2 3.5 3.8 4.2
1.2

. 4,
PICKUP AMPS. 0.87 .96. 1.05 1,14 .26 1

6
.38

N O

Fig. 17 Elementary Diagram for Type BODISB and BDDI68 Relays used as Ground Fault'oetector
or Overcurrent Relays

Fig. 17 (389A731)
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