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TABLE 1 — POWER SHIELD STANDARD TYPES
*
Sali1d-State Trep Etement Time-Current
Trig Device Long- Short- | Instan- | Geound [Characteristse
Type® Time Time lanecus .- Curve Usage
55-3 X X
§35-36 X X X 10-9007 ganeul
§5-13 Same as above, but wilh jonger . urgoss
55136 LONG-TIME deidys. 70-3003
354 £ 1 x ;_ I Shown en | !
°3-15 , £ X X 16-5002 Oual |
35-14 Same as above, out w#ilh loager Shawn on Selective
154145 LONG-T [ME felays. 10-8604
$3-8 X X X
10-
S5-56 b X X X 0-3002 Tripte
" - Selective
515 Same as above, but with fengers
$5.156 LONG-TIME delays. 10-9004
55.7 X Shown on instantancous
$5-76 1 e TD-9001 Gnly
55-10 X Shown on Shert-Tima
$5-10G X X 10-8002 Oniy
* Types 585-13, $5-130, $5-14, $8-140, S5-35, and S5-15G sre spplisd prisarily
, to moter cifcuits having lomg dccelwrating limes.
- ** For Ground Cutves tafur to TD-900%.

There instructions do nel purpart 5o tover oli detoily or vorialicas in equipment nor 1o provide for
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LOW-VOLTAGE POWER CIRCUIT BREAKERS
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INSTRUCTIONS FOR POWER SHIELD — SOLID-STATE TRIP DEVICE (GRAY CASE)
AND TYPE 504 TEST SET

FOR I.T-E CIRCUIT BREAKER TYPES
K-40085, K-16008, K-2000S, K-3000S, K-4000S, K-DON-6005 AND X-DON-16005

1.0 POWER SHIELD — SOLID STATE TRIP DEVICE

1.1 INTRODUCTION

“POWER SHIELD" is ¢ solid-state trip device used to
protecl the power sysiem against damage caused by
overtoads and faults, 1t is supplied as an integral port of
the 1-T.E circuit breaker, types K-6005 through K-40008,
K-DON®.400S, and X-DON- 14005,

The long-time, short-time, and instantaneous trip ele-
ments perform essentially the same prolective functions
as provided by the electro-mechanical trip devices, but
with greater accuracy and selechivity. See Table 1, page 2.

The ground-trip function can be included in any model
for those applications in which it is desired to protect the
system against favits to ground. These are often creing
favits which result in currents whose magnitude is less than
normal load current, but require detection due to the dam-
age which may result from the arc,

UPOWER SHIELD' is complelely tested prior to ship.
ment. Since there are no mechanical devices which may
have iost adjustment during shipment, no readjustments
need be mode prior to placing in service. Nor is main-
tenance required in the usval sense of cieaning, adjusting,
or lubricating.

Electrical tests which moy be made as part of o routine
procedure are included in Sections 2.1 to 2.9.

The frequency of testing will vary from uses to vser de-
pending on many factors. A typical interval of 1 1o 2 years
s suggested.

1.2 GPERATING PRINCIPLES

The Hip device conusls of the sensors, logic bax, latch-
releosse, and interconnecting wiring, There are two {2}
sensors mounled on eoch primary conductor, one supply-
ing the legic box with o signal ¢current proportional to the
primary cureent, the other supplying the power required
to operate the laich-release and solid-stale circuitry. The
logic box contains the circuitry and the various lap-blocks
vsed to set the overcurrent trip levels and time-deloys.
The magnetic latch release 1S POWERED BY THE LINE
OVYERCURRENT, through the sensors and logic bax.

The power-supply sensors provide the bias-power re-
quired for the electronic circuits, as well as the power re-
quired for the iotch-retease. The power-supply sensor
oulput is swilched to the latch release on command of the
logic box, when the primory current exceeds the selected
magnitude ond time-delay.

The signal-sensars opernle similar to current hrans-
formers and supply the logic box with a current prepor-
tional to the pzimary current. As shown in Figure 1, the
secondary current,

}; is rectified in the LOGIC BOX, and is burdened
© resistor R, which is selected by placement of the amp
top plug. Thus, a voltage, ¥2, is developed acros
which voltage is proportionai to both the primary .
secondary currents {, ond I;. The electronic pick-up
cvits are octuoted by Y2 if it exceeds the set level. T
ihe time-deigy circuits are actyated to determine that
fond I} has persisted for the required delay.

At the expiration of the delay time, the outpu! ¢is
i3 {riggered, enabling the power-suppiy sensors to del

their power 1o the laich-release, thus opening the ci
breaker.

1.3 AVAILABLE SETTINGS

AMPERE-TAPS available on "POWER SHIELD™ dep
on the frame-size of the brecker, They are listed in Tabl

The LONG-TIME pick-vp may be set at 0.7, 0.8,
1.0, or 1.1 times the chosen AMPERE-TAP. {See Toble
The LONG-TIME delay may be set ot minimum, inter
digte, or mauximum defoy band, “POWER SHIELD'
offered with two thoices of long time deioy bands
described in Toble 4.

SHORT-TIME pick-up moy be set at 2, 3, 4, 6, 8 o
times the sclected AMPERE.-TAP. {See Table 2.}
SHORT.TIME deloy may be set ot minimum, intermed
or moximum as illustrated in Table 4.

INSTANTANEQUS pick-up may be set at 4, 5, 6, 8
or 12 times the AMPERE-TAP, (See Table 2.] This &

tion responds with no intentionol deloy as showr
Table 4.

GROUND pick-up current seftings vary with the treq
ond the AMPERE-TAP ronge chosen, as shown in Tabi
The delay may be set at minimum, intermediate, or m
mym as shown in Toble 4.
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LOW-VOLTAGE POWER CIRCUIT BREAKERS
SOLID-STATE TRIP DEVICE

b,
1 HOW TO MAKE SETTINGS

The PICK-UP and DELAY settings for all trip functions
are made by proper placement of the top plugs on the

front panel of the tOGIC BOX, If g tap plug is removed,
the settings revert to minimum.

The tong-time, shor-time, and instanioneous trip fune-
lions are calibrated in terms of the AMPERE TAP setling.
This setting is similar 1o the “ewit-roting'” of the electra.
mechanical trip device. Howaver, severai AMPERE-TAP
seftings are availabie in the "POWER SHIELD"”. The
AMPERE-TAP setting is made by placement of its tap plug
on the front panel of the LOGIC BOX.

To set the long-time trip function, place the pick-up ond
time-delay plugs in their selected positions. This proce-

dure is repeated for the short-time and instantaneous
functions.

The ground-trip function is colibrated directly in am-
peres. To set pick.up amperes and time delay, simply
place the tap plugs in the selected pasitiens of the tap-
block in the LOGIC BOX front panel.

As an example of the plug setlings, consider the fol-
lowing example:

Brecker K-20008, Trip Device Type 55.3.

long-time pick-up desired: 1600 amps.

{1} Set AMPERE-TAP plug a! 2000 amps.

{2) Set LONG-TIME PICK-UP plug ot 0.8; then L. T,

p—

pick-up = 0.§ X 2000 — 14600 amps,

{3) Set INSTANTANEOQUS PICK-UP plug at 10; then
INST. pick-up = 10 X 2000 — 20,000 omps.

1.5 OPERATION INDICATOR {Optionai} {Oronge Rotary
Fleg)

An operotion indicator is provided WHEN SPECIFIED.
This is o magnetic target indicating that o trip has occurred
due to a foult current function. The normal arrangement
provides for o single largel indicoting thot o trip has
occurred due to the operction of the short.time, instanta-
neous, or ground foull funclions. An alternate arrange-
ment can be provided for on indication of ground trip
only, The indicotors are reset manuolly by a small per-
manen! magnet. No control power is needed for reset and
the indicator cannot be shocked or vibrated into a folse
position.

When o ground trip only target is specified, a contact
for remote indication of this ground trip oction can be
provided as an optional feature.

1.6 LOAD ALARM (Optional)

A load olarm is available that will close a contact when
the primary current recaches o predetermined magnitude.
The load alarm setting is conlinvously adjustable from
50% to 100% of the AMPERE TAP setting.
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LOW-VOLTAGE POWER CIRCUIT BREAKERS
SOLUD-STATE TRIP DEVICE

~mmeter

The ammeter is calibrated to read full segle of the meter
scale switch.
Timer

The timer is a Stondord Timer model 5-1, and is used
to indicate the fength of time that the fault current per-
sists.  Please note that the timer runs when checking
pick-up and it shouid be disregarded.

2.3 CIRCUIT BREAKER ACCESSIBILITY

The circuit breaker to be tested should be completely
de-energized or otherwise disconnected from the power
circuit far complete safety to test personnel.

When the circuit breaker is stationary mounted, it is
necessary to physicatly disconnect the primary cables or

to atherwise open the circuit on both sides of the circuit
breaker,

When the circuit breaker is the drawout type, the cir-
cuit brecker should be withdrawn to the test positian to
isolate the primary circuit,

When the breaker is electrically operated, the control
power can be retoined for ease of operatian of the circuit
brecker during testing.

Refer to the individuol instruction books listed in Section
' for guidance.
P

2.4 LONG-TIME FUNCTION {S5ee Nofes -5 page 5)

2.4.1 PICK-UP TEST

a. Set the Funclion Selector to LT,
b. Set the Phase Selector to the desired phase,

¢. Opergte and hoid the Fauit Switch and slowly ad-
just Variac Control until the Pick-Up Lamp lights.

d, Observe meter reuding ond compare againsd proper
value obtained from Table 2. Repect for ather phases,

2.4.2 DELAY TEST

a. Set the Function Selfector to TIME.
b. Set the Phose Selector to the desired phase.

¢. Operate and hold the Faull Switch and adijust the
¥Yariac Control to the desired rest current, {e.g. three times
pick-up test current in Toble 2.)

d. Release the Fault Swilch and reset the Timer.

e. Ooerate and hold the Fault Switch ynlit the Cpen
Lamp lights, the Timer stops, and the breaker trips. Check
time against Table 4.

f. Reset the Timer, depress the Resel Button and if de-
sired close the circuit breaker.

*. Return the Yariag Control to zero [counterclockwise)
L end of the deloy test.

2.5 INSTANTANEOUS FUNCTION [ See Notes 1.5 puge 5}

2.5.1 PICK-UP TEST

a. Set the Function Selector to [INST.
b. Setthe Phase Selector 1o the desired phase,

¢. Operate and hold the Fault Switch ond slowly
adjust the Varige Contral yntil the Open Lamp lights and
the circuit breaker trips,

d. Observe the meter reading at the point wnere the
meter reading begins to decay and compare with the
proper value found in Table 2.

e. Return the Variae Conkol 1o zero {counterciock-

wise ], depress the Reset Button, ond close circuit breaker
if desired,

£. Repeat for other phases if desired.

4. Note thor the INSTANTANEQUS fuaction siay not
be checked at the 12X setting becouse the maximum
SHORT-TIME setting 10X [when included) will interfere
with test,

2.6 SHORT-TIME FUNCTION {5ee Notes 1-5 page 5)

2.6.} PICK-UP TEST

a. Set the Funclion Selector 1o ST,
b, Set the Phase Selectar to the desired phaose.

<. Operate and hoid the Fault Switch and slowly od-

just the Yariae Control until the Open lamp lights and the
brecker irips.

d. Observe the meter reading at the paint where the
meter reading begins to decay and compare w.th the
proper value obtained from Table 2,

€. Return the Variae Contral to zero {counterclock-
wise], depress the Rese! Button, and close circuil breaker
if desired.

1.6.2 DELAY TEST

G. Sel the function Seiectar to TIME,

b, Set the Phase Selector 10 the desired phaose,

¢. Cperate and hotd the Foult Swilch and adjust the
Variac Control 1o @ current that is 150% ot pick-up. (To

presal test current, place pick-up pin into max. siol; then
replace to origing slot. )

d, Release the Fault Switch and reset the Timer.

e. Operate and hold the Fault Switch until the Cpen
lamp lights and the circuil Sreaker trips. The Timer will
indicote the elupsed trip time. Check time against Table 4,

f. Return the Varioc Control to tere {counterciock-
wise], depress the Reset Button, and close the circuit
breaker if desired.

g. Repeat for other phases if desired,
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2.7 GROUND FUNCTION [See Notes 1.5 page 5)

2.7.1 PICK.-UP TEST

a. Set the Function Selector to GND.
b. Set the Phaose Selector to the desired phase.
c. Set the GND Switch in the Test position.

d. Cperate and hold the Fault Switch and slowly od-
just the Voriac Control until the Open Lamp lights and the
breaker trips.

e. Observe the meter reading ot the point where the
meter reading begins to decay and compare with volue
obtained in Table 3.

§. Return the Vasiac Control to zero (counterclock-
wise), deprass the Reset Button, and close the circuit
breaker if desired.

g. Repeat for other phases if desired.

2.7.2 DELAY TEST

a. Se! the Function Selector fo TIME,
b. Set the Phase Selector to the desired phase.
¢. Set the GND $witch to the Test pasition.

d. Operote and hold the Fault Swiich and adijust the
Variac Control to a current that is 150%, of pick-up. {To
preset test current, place pick-up pin into max. slot; then
replaee to grigingl slot. )

¢. Release the Fault Switch and reset the Timer.

f. Operole ond hold the Foult Swilch until the Open
Lamp lights and the breaker trips. The Timer will indicate
the elapsed trip time, Check time ogainst Table 4.

g- Return the Yariac Control to zero { counterclock.
wise), depress the Reset Bulton, and close the circuit
breaker if desired.

h. Repeat for other phases if desired.

2.8 SENSOQR CHECKS

NOTE: All sunsors are tested as part of lhe complete
brecker system ot the foctory, prior to shipment,

All sensors ean be individuclly checked as follows:

Remave the test coble from the "POWER SHIELD" ter.
minal block.

Attach a pair of test leads to the SENSOR CHECK fer-
mincis on the “"POWER SHIELD" Tast Sel,

2.8.1 SENSOQOR CONTINUITY

SIGNAL SENSORS

o. Attach one of the test leads 1o terminal five {.
the "POWER SHIELD™ terminal block,

. Remove the wire from terminal eight {8) o
"POWER SHIELD terminal block and hold the remc
test lead TO THE WIRE. The sensor continuity lamp sl
light brightly to indicale continuity.

¢. Reploce the wire to terminal eight (8).

d. Repeat the test for terminals seven (7) and six

e. If the ""POWER SHIELD™ unit is o four wire s
with ground protection, repeat the test on termina
{4} to check continvity of the neutral sensor.

POWER SUPPLY SEMNSORS

a. Attach one of the test leads to terminal for
{14) of the "POWER SHIELD" terminal block.

b. Remove the wire from tarminai eleven {11}
“POWER SHIELD " terminal biock and hold the rem
test lead TQ THE WIRE, The sensor confinuity
should light brightiy to indicate continuity.

¢. Replace the wire to terminal eleven {11}.

d. Repeat the tast for terminols wwelve (12
thirteen {13}.

2.8.2 SENSOR GROUNDING

To ensure thal oil sensors are electrically isclate
ground, the above tests con be repeated from each
terminal {8, 7, &, 4, 11, 12, and 13} to breaker
The continuity lomp shouwid NOT light.

2.9 MOTOR ALARM TEST

a. Ser the Function Selector to TIME.
b. Set the Phase Selecior to the desired phase.

¢. Opercle and hold the Fault Switch and adj
Variae Conteol clockwise until the contacts of term
and B close. [Terminais A and B are located on
case. )

d. Observe the meter reading and compare w
proper volue oblainable from Table 2.
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2.0 POWER SHIELD -— TEST SET
2.1 GENERAL REQUIREMENTS

The test set hos been designed specifically for use with
the "POWER SMIELD" trip device, ond incorporates all the
required fest circuitry in o compact portable case.

These instruciions should be used in conjunction with
the basic circuit breaker instruction books as follows:

K-600S, K-16005, K-20005,
K-DOMN-4008, K-DON-16005. . . ...... B-9.1.7-¢

K-30005, K-40005 .. ... ........... 18.9.1.7-4

The required power is ¢ II5V, 60 Hz., single phase, 5
ampere sovrie.

In addition to testing the trip device pick-up and deiays
of the long-Time, Instontaneous, Short-Time and Ground
functions, {"on” or "off" the breaker} the test set may be
vsed ta confirm that the sensors and their wiring hove con-
tinuity and are not shorted to ground. The test set wili
also confiem thot the loteh reiease, and the rest of the
breaker's trip mechanism is functioning, by tripping the
breaker through the tOGIC BOX,

To vse the "POWER SHIELD TEST 5ET", connect the
power cable to o 115V source and connect the test cable
to the “"POWER SHIELD" terminol block. It is unnecessary
10 remove the wires from the "POWER SHIELD" terminal
block, unless otherwite indicated.

In testing o particular function, it will be necessary 1o
move the plugs on the other functions to their maximum
setting. However, the existing setting must be noted 5o
thot they can be properly restored and overall coording-
tion mainloined as originaliy determined by the engineers.
The plugs of the other elements should not be merely
removed because this does not defeal the function, but
rather atlows it to revert to the minimum setling, and im-
proper operation will occur.

NOTE 1

When testing 'POWER SHIELD™ units equipped with
ground protection il will be necessary to set the GND
switch in the DEFEAT position {lower lefthand corner
of the test set) to test Long-Time, instanioneous, and
Short-Time delay functions. Sel the GND switch in
the TEST position to test ground trip functions.

NOTE 2

The CLOSE lamp must be lighted of the start of any
test, |f not, depress the RESET buttor and close the
circuit breoker if desired.

NOTE 3

The “POWER SHIELD" tunctions can be tested with
the circuil breaker in the open position if so desired,

The trig ond close lights on the test set will simuiate
breaker cperalion,

NOTE 4

Toleronces of =15% cre suggested to account for
field iesting voriations. Actval tolerances are closer

NOTE 5

When testing "POWER-SHIELD" unils off of th
breaker, insure tho! the resistor leads are connecte
to termingis 3 and 16.

2.2 DESCRIPTION OF CONTROLS
Fusae Holder

The fuse is o stondard AGC-3. (3 ampere, slow bl
On-OF Swilch

Removes power from test set circuitry, Retoin ir
position until ofl connections and seitings are made.
Phase Selector Switch

Allows tests to be selected on individual phoses.
"N position is used when the "POWER SHIELD" dev
a unit with o nevtral sensor {4 wire system with grov
Function Selector Switch

Selects which oplion is to be tested.

GND Switch

The swilch defeals the ground option when fe
phase functions,
Faull Switch

Applies a simuloted foult condition,

Reset Switch

Rese!s the simulated brecker position to the closed
dition,
Ogen ond Close Lamps

Indicates position of the simulated breoker. {l
are type 1835) :
Long-Time Pick-Up Lamp

Indicotes when long-time pick-up has occurred.
lamp is operable only when the Function Selector is
LT position. {Lomp type 18335}
Sensor Continuity Lomp

indicales sensor continuity. It can be checked by
ing the sensor check terminals. (lomp type iB35
Sensor Check Terminals

Used in conjunclion with a set of test leads 1o in
conlinyity of the breaker sensors.
Test Plug Connector

1t is impertant that the test piug be inserted secu
the proper holes: Clamp the assemblies together ¢
vided to prevent misoperafion,

Variac Control

Adjusts the level of the simulated fovlt cyurrent. J
start the tests with varioc in the low position,

‘Extemcl Ammeter Terminals

For more precise seftings an exiernal ammeter a
used to sef faull levels,

Mater Scale Switch
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TABLE 4 — TRIP TIMES
Test Test Current Tize Oelay rn Seconds
Long-Time 3 0 LONG-TIME pick-up setling. 55-3, §35-¢, $3-9
Delay Set SKORT-TIME and INSTANTANEOUS gick-up above test cur- Min Int Max
fent by phacing piugs at mazimym, for test purposs only, B-12 Z0- 30 &0-98
Return plugs 1o proper position when test is concludad, §$5-13, $3-14, 55-t5
Defaat ground tiip function far this lest a5 indicated Min int Max
rn Nots 1, (See page 5) 16-74 $0-50 120-156
Short-Time 1.5 & SHORT-TIME pick-up setting. At Devices
Delay Set INSTANTANEQUS pick-up above test current by placing Hin Int Max
plug at meximum, for test purpose only, .08-.17 .20-.32 .35~.50
Return piug 1o progsr position when test is cencluded.
Defeat ground trip tunclion for this lsst as indicalag
1a Note 1, (Ses page 5)
fnstantaneaus | 1.5 x INSTANTANEOUS pick-up satting. Aly Devices
Ceiay No noliceabls deiay or
.05 sec. max,
Groung 1.5 x GROUND prcx-up setting. Ali Oevices
Daiay Min int Max
.08-,17 L20-,32 § .35-.50
N 4 8§ ¢
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APPENDIX

3.1 PRIMARY CURRENT TESTING

The primary test method is desirable pericdically, when
the proper high current test equipment is ovaiiable, since
oll elements of the circuit breaker are tested ot ane time,
simulating actual service conditions as closely as possible.

NOTE: It is pointed out that when such a low voiloge
— high current test set is used, the resultant test current
is not perfectly sinusoidei. This can couse apparert errors
in lest results, particuiariy when checking the GROUND
function, since solid-state trip devices are designed and
tested in the factory in terms of rms sinysoidal current, in
accordance with srendords,

However, even with the deficiencies noted, thz nrimary
test method is still valuvoble in checking all components
in the circvit breaker from terminat 1o lerminel,

If more accurate measurements are desired, the foliow-
ing steps should be token:

a. Remove wires from terminals 11, 12, 13 & 14 of
the logic box, Short out these four wires for the duration
af the tests,

b. Apply an externci auxilicry valtage scurce {14 Vac
=207 through o 52/a breaker ouxiliary contact to
terminals 11 & 14 of the logic box.

Proceed to lest as usuol.

p_— . . . . -
e foliowing gencral guide lines ore provided far in-
fo...ation,

1. Test Equipmant—The test equicment should be a
60 Hz. power supply capable of suppiying single phase,
high currenr at low voltage. Current output should be
adiustable with a minimum current requirement of 600%,
of moximum sensor rating. This is besed on checking the
instontaneous element for pick-up a! approximately four
times roting andg checking the short-lime delay element
sel at four times rating with current at 1% times the set-
ting. The test equipment should be ccpable of maintain-
1ng the instontaneocus and short-nme lest currents for a
minimum of two seconds wnich is the hime allotted for
adjusting the test equipment o the correct current vaives.
The equipment shouid contain o timer which will opeiate
during current flow and be cazabie of accurately measur-
ing times between .03 ond 300 secords.

2. Connect the upper and lower breaker terminals of
one poie 1o the test unit. If the breaker and test unit are
not equipped with siab odaplers, use coble or bus of
sufficient size and as short as posuble to hold heat rise
and voltoge drop to & minimum.

3. After egcn test that results in the breaker tripping,
reclosing the brecker is required before proceeding with
the next tast,

4. Since much of the testing is done with currents ex-

¢~~ding the continuous current rating of the circuit

%er, care should be exercised in not overheating it.
~..gxr sufficient cooling time between tests.

After conclusion of the tests, make sure the tap
plugs ore reset to the required operating setting.

6. In order to save time and 10 keep the breaker from

experience, ii the soiid-state Irip device checks out at one
cclibration sefting with an overcurrent through the
brecker, the device will also check out ot other calibra-
tion settings and overcurrents. Therefore, 300% over-
current is used os representative for long-time delay and
130% {(of SHORT-TIME calibration setting) for shoet-time
delay testing.

7. Dve to extensive equipment required, field testing
for resettable delay is not iustified and, therefore, not
covered by this procedure,

3. Clean Contocts—The are contoc's will become
meariked from repecied tests and at the low voitcge test
values, the current tunds ro mork the mains as well. Clean
with nonmelcilic material such as “*Scolch Brite." Blow
residue from the breoker befora placing in servica,

Nate For Testing Mede!s Equiprod With Ground

For "POWER SHIELDS" so equipped, the ground.tnp
function must be defeated in order to test the other trip
functions. This is done by placement of jumper-wire on
the "POWER SHIELD" front panel, batween terminals 1
and 2. To test the LONG-TIME, SHORT-TIME, and IN-
STANTANEQUS functions, temperarily connect this jumper,
Remove it to test the ground trip function ond to place
the breaker in service,

As an example of ihis test procedure, consider a
K-2000S breoker equipped with type §5-5G “POWER
SHIELD™ trip device. The seflings are;

LONG-TIME: Pick-up = 1,600 amps {3.8 X 2000)
Delgy ~ Min. Sond

SHORT-TIME: Pich-up — 3,000 amps (4 x 260
Delay — Int, Band

INSTANTANEQUS: Pick-up — 20,000 emps (10 X
2000}

GROUND: Pick-up — 400 amps {2 % 300)
Delay — Max. Band

When ltosting LONG.TIME, SHORT-TIME and INSTAN-
TANEQUS functicns, ploce the jumper between lerminois
1 and 2, 10 defeat ground.

For the LONG-TIME test, use test current of 3 w1600
= 4400 cmpr. Since tnis is below the SHORT-TIME and
INSTANTANEOUS sertings, they need not be changed
for the test. The breaker should open after the expiration
of the LONG-TIME, minimum delay of 8 to 12 seconds.

{0 test the SHORT-TIME function, use o test curren! of
.5 X 8,000 = 12,000 amps. The delay should be
from .20 to .32 seconds.

Use a test current of 1.5 X 20,000 = 30,000 amps to
lest Ihe INSTANTANEQUS. Deloy should be .05 seconds
or less.

Remove the jumper between terminals 1 and 2. Use
a test current of 1.5 X 400 = 900 amps 1o test the
ground. The deloy should be between .35 and .50 sec-
onds. )

In addition to the delay test cutlined above, the pick-up
currents may aiso be checked, if desired. The tolerance
on all pick-ups {LONG, SHORT, and INSTANTANEQUS)
is plus or minys 10%., The SHORT-TIME, INSTANTANE.
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creasing the current gradually until the breaker trips. The
LONG-TIME pick-up may be occurately determined by
connecting @ YOM from terminal 10 to ¢ {10 plus).
Pick-up is that current at which the YOM just deflects. if
aliowed to persist fong encugh, the breaker will eventy-
ally trip aiter the YOM is removed,

3.2 PRIMARY TESTING QOF A 4-WIRE DOUBLE-ENDED
SUBSTATION (DE4W) BREANER

Moin and tie bregkers of a 4.wire dovble-ended system
sense ground faulls from currents through the neutral

CURRENTY ]
MACHINE "‘l l

sensor only, A ground fault current can be simutated us
a spare neviral sensor around the curren? source bus, w
the sensor secondary connected to terminals 4 and 5
the "POWER SHIELD" logic box os shown below.

it o spare neutral sensor is not availgble, an aliern
methed con be employed as follows. Connect the left P
of the breaker, as viewed from the front, 1o the cusr
source and move the lead from termingl 6 to terminc
of the "POWER SHIELD" logic box.

For either method use ground test procedure descrii
in Section 3.1,

CIRCUIT BREAGKER

T

POWER
SNELD

4

|
|
? 4 I

/ | e e —
NEUTRAL IT

SENSOR

fig. 4 — DE4W Testing
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R e |
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L? i l sl rajilé lnuu l
o) o TIMING
l v “g A chl]tl ciRcul |
, Ot
T | TEFE |
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| :} PICKUP i
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JTHE CiRCurT anmgn | _I
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% REFER TQ FiG. 6 FOR LOCATION OF NEUTRAL SENSORS
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3.3 DESCRIPTION OF GROUND FAULT PROTECTION SYSTEM FOR FOUR-WIRE DOUBLE-ENDED SUBSTATION

v

22T

o

2T

Q
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' 2
I[_“ A T T ne r“"—], i T
! : , i : { |
eyl PN ol A
' o g N i i f
. I i {“_““f_") | NEUTRAL BUS
A f NA NB { ‘ |8
—_ —
e | o
[

— Y
—F Ty

1T
,g__,

. " GROUND 8US

- l ! l i ] ]

Rl
O

“F;'
-
=

I

|
A

J—-ﬁ
Fig. 6 — Fous-Wire Doukle-Znded System )
FOUR-WIRE DOUBLE-ENDED SYSTEMS 4p the neutral to ground bog cannection to the neutegl

points cf transiormers A & B. All three neutral sensars
INA, NB and NT will sense the fqult current, but only the
hie Sreaker wiii ttip since tha grournd function of the majn
breckers is controlied 2y 'he tie breaker, $2/4 contact.
After the he bregker teps, the fault current will continge
to be sansed only by the main breaker A" neutrai sensor
{NA}. The main breaker " A" wish trip interrupling service
lo the feeaders on side A", Main bregker 8" remaias
closed, and bus 3" remains energited,

The cbove system is used for ground fau!t protection
90 a four-wire double-ended subsiciion with tiec oreoker.
This system assures that & bus ground feulr wili couse only
one main breaker ‘o trip, teaving the othar main brecker
in service. The ground trip signcl of each main breaker is
controlled by 6 52/0 contact gf the te brecker. There-
fore, the main breakers con rip on a ground fayit only
when the He breoker is cpen.

The following is o typical graund fault seguence. As- The feeder bBreakers gnd the tie breaker mus! ke co-
sume that both mgins and the tie breaker ¢re cloted and ordinated time-wise to insure that the feeder breaker will
a ground fault occurs on bus A. The ground faull cyrrent clear a ground fault before the lie breaker trips on faults
will flow to the fouit point returning via the ground bus, downstream from the jeeder breakers.
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BREAKER TYPE

TEST SHEET

DATE

TESTER

TRIP DEVICE TYPE

LONG-TIME (TAP

PICKUP: ™

TIME:

INST. (PLUG
PICKUP:

SHORT-TIME {PLUG

PICKUP:
TIME:

GROUND (PLUG
PICKUP:
TIME:

SENSOR CHECKS

TRIP DEVICE SERIAL NO.

- PLUG - MINIMUM DELAY)

amps (PHASE A)
amps (PHASE B)
amps (PHASE ¢)

seconds

amps

- MINIMUM DELAY)
amps

seccnds

- MINIMUM DELAY)
amps

seconds

0K NOT 0K

*Different Phases need oniy be checked once.

Run ramainina +aecte

ad Am maa Bk
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TEST SET TROUBLE-SHOOTING GUIDE
This list of relerence voltages applies only far problems in the tester,
BE SURE THE PROBLEM (S NDT CAUSED BY THE POWER SHIELD SOLiOB-STATE TRIP QEVICE.
Printeg €%y, Board Breaker Printed Ckt, Board Breaker
Test Points Pasilion Voltage Tast Points Pasitian Voltiage
3t 2% Closed 120 vace 14 to 17 Closed 33 vde
ig8 Lo 18 Closed 27.9 vac 14 to 7 Jpen 79 VYde
18 to b Glosed 1.9 vde 20 to 17 Closed 75 Vdc
10 ts 1) Bpen 0 vde 0 te 17 Bpen .85 ¥de
12 ta 17 Ciosed 33 vde 5 to 17 Closed U vde
12 te 17 Open 29 vide 25 to 17 gpan 23 Yie
13 to 17 Closad 25.% ¥do 8 to 17 Closed 31 Voe
13 to 17 Jpen 23 vdre 26 to 17 dgen 8 Yd¢
EXAMPLE OF COMPLETED TEST SHEET*
—
e batars e bt w9112
E -
i O
Y MU
—

patt NOVEMBER 6 19474

TESTER Jeun DO

sREARER TTPE _K-180003 IMIE DEVICE Fret _5S5GD

TAIP BEVICE SEAIAL WO, 2C D37

LonG-TinE  (TAP 1QGGG - rius _1-C . MIniwuK BELAY)

pigenr:t _2.C3  aaps {PHASE 4]
210 awpsy [FHASE B)
__2.05 amps [ PHASE €)

TIME: ]_0__5_ vecondn
3T. (PLEG .G )
riciur: B4 eeps

short-tamg (pawe 2.0 - Wimiayum SELAYE

PLERUP; _,_{;;_’4'—__ ambs
TIME: ) secands

GrouNG  (PAuG 3.0 . WIKINUK DELAYY}

riceye:  0.41 anps

Ting: 0.7 secends

SENSOR CRECKS i1 *OT O

‘oiffarent Phases need onfy ba chRethod Sncy.
Kun rempineng tests st eny ene Phasve.
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TABLE 2 — LONG-TIME, INSTANTANEOUS AND SHORT-TIME PICK-UpP CURRENTS (=159%)
The test current valyes fisted 3re secondary ampares,
Test
Breaker Azpera Cululsent Plug Setting
Rating Tap {Amns)* 2 3 4 g 6 8 g 12
50 3.50 1,09 1. 56 2.00 2.50 3.co 4,03 .00 6.Q0
K-6005 70 6.70 1.40 2.10 1.80 3. 90 4,20 9.60 7.00 8. 40
£-0on-500S 160 1.00 2.00 J3.00 4.00 5.00 §.80 8.00 10.00 12.30
(2254 Sensors) 150 1, 5@ 1.92 4.50 5,00 1.50 §.00 12,00 15.3) 18. 00
225 2.25 4.30 § 6.7% §.00 11.25 13.99 18.0C —_ —
X-600% 259 1.00 2.00 3.00 4.G0 5.00 6.4Q0 8.00 id.00 12.00
£-Oen-50C08 504 1.60 3.20 4,80 §.40 8.00 9.60 12.80 16.00 19.20
{600A Sansars) 6C0 2,40 4.80 ¥.20 8.60 12.00 14,40 13. 20 —_ —
K-1600% 5% .00 2.40 1.00 4.C0 5.00 §.00 §.00 '0.09 12.00
k-Don-150CS 460 1. 60 .20 4,80 B. 40 8.00 9.60 12.80 15.00 18.20
(GOCA Sensors} 6500 2.40 4.60 1.20 9.30 12.00 F4_40 19. 20 o —_—
§-1604a% 500 G.7% 1,80 2.25 1.00 3.5 4.50 5.00 7.593 9.80
K-Don-16008 1530 1,23 2.59 3.715 5.00 6.12% 7.0 10.00 12.59 15.08
(16004 Sensors) ;600 2.40 4.09 5.00 3.0¢ 10.09 12.30 15.00 20.60 —
ach 1,00 2.00 3,00 4.00 5.00 6.G0 8.00 16.00 12.00
K-20608 12092 1,590 3.00 4.50 £.00 T.53 3.60 12.00 15.00 i8.00
2000 2.50 5.00 7.50 10,30 12.50 15.400 20.00 — —
X-33905 2000 1.909 Y 3.08 4.00 5.4 6.C0 B.G2 10.00 12.00
t 3000 1.50 3.00 4,50 6.00 7.50 9.00 12.00 15.00 18.00
——
K-400038 kil - 3.00 4.50 6.230 1.50 2.00 12.00 15.09 16.00
[ 4008 .90 4.00 §.00 8.00 10.00 12.00 16,00 20.00 e
*Based on 1.0 preh-up setting. For other piek-up settings, multuply the 1.0
pick-up vaiue by thae girch-up tap setting.
1.8 0.8 preh-up setling on s 1600 ampers tap of 1 1600 Breaksr rating,
G.8 x 2.00A = 1,B0A Test Current,
TABLE 3 — GROUND PICK-UP CURRENTS [=15°%)
The test current values |isted are secondary amperes.
Ground Grouny
Pickup Test Pickup Tesi
8reaker Prug Curcent Sreannr Plug Current
Rating Setiing (An3s) Rateng Satiing {Amps}
1 .0 K-i500S 3 0.375
K-60CS 3 1.0 K-Ban- 15008 § 0.15
X-Oon-5008 (1600A Sensors)
(225A Sensors) & 6.0 & 8 1.12%
12 12.0 k-20008 12 1.5
K-6008 ! 0.4 5 .25
"ﬂ K-Den-600S 3 1.7 K-30008 0.4
X-16008 i
K-Ogn-i600S 6 2.4 K-45008 10 0.5
<5°0A Sensotﬁ) 19 Pt -
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