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READ THIS INSTRUCTION BOOK CAREFULLY BE-
FORE STARTING ANY TESTING. BE SURE TO OB-
SERVE THE PRECAUTIONS STATED THROUGHOUT
THIS BOOK.
L 4

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 matter should be referred to the nearest District Office.
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INTRODUCTION

The Powershield unit is a solid state trip device used to pro-
tect the power system against damage caused by overload
and faults. It is supplied as an integral part of the |-T-E type
LK low voltage power circuit breaker.

Four basic trip elements within the Powershield trip unit
perform the protective functions: long-time, short-time, in-
stantaneous, and ground. Models with various combinations
of these functions are available (see table 1). Selection is
based on the protection and coordination requirements for
the particular power system.

The trip unit is completely tested prior to shipment. Since

TABLE 1-POWER SHIELDSTANDARD TYPES

there are no mechanical devices which may have lost ad-
justment during shipment, no readjustments, other than
making the required settings, need be made priof’to placing
in service. Nor is maintenance required®in the usual sense of
cleaning, adjusting, or lubricating.

Electrical tests which may be madetas part‘of a routine pro-
cedure are included in this book-%iLhe frequency of testing
will vary from user to user depending on many factors. A
typical interval of 1 or 2 yeans, is sugges ted.

TRIP ELEMENTS TIME-CURRENT
SOLID STATE CHARACTERISTICS
TRIP DEVICE | LONG-TIME | SHORT-TIME | INSTANTANEOUS | GROUND CURVES
ORERATION

TYPE * * * INDICATORS | OVCT. |GROUND USAGE
GENERAL

LSS 1 (1 BAND) X X NONE TD 9058 PURPOSE
GENERAL

LSS 1G (1 BAND) X X X NONE TD 9058 [TD 9062 PURPOSE
DUAL

LSS 2 (1 BAND) X X NONE TD 9068 SELECTIVE
DUAL

LSS 4 X X OPTIONAL TD 9060 SELECTIVE
DUAL

LSS 4G X X X OPTIONAL TD 9060 | TD 9062 SELECTIVE
TRIPLE

LSS 5 X X X OPTIONAL TD 9060 SELECTIVE
TRIPLE

LSS 5G X X X X OPTIONAL TD 9060 | TD 9062 SELECTIVE
GENERAL

LSS 6 X X OPTIONAL TD 9059 PURPOSE
GENERAL

LSS 6G X X X OPTIONAL TD 9059 [TD 9062 PURPOSE

* 3 Delay Bands Provided.( Except As Noted)

PRECAUTIONS

“The, following precautions should be observed before plac-
ing the unit in service:
Select proper settings. Be sure that no tap setting pin has

been left in a TEST location.

Check that the connection cable is properly seated and
locked in position with its retaining clip.
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OPERATING PRINCIPLES

The tripping system for a power circuit breaker consists of
3 current sensors, a solid state trip unit, a latch release de-
vice, and the inter-connecting wiring. There is one current
sensor mounted on each primary conductor (phase) of the
breaker. These sensors are similar to current transformers
and provide a current proportional to the primary current.
This sécondary current provides both the signal current to
be measured by the trip unit, and the power required to op-

erate the latch release and the trip unit. The solid state trip
unit compares the current flowing to the pickup values set
on the front panel for the various functions. Should the
current exceed the set level, the time delay circuits are act-
uated. Should excessive currentypersist for the required de-
lay, the output circuit is triggered\delivering power to the
latch release and opening the £ircuit bréaker.

Magnetic
52 \/ Latch <
breaker /\ Rellase
Rectifier
§ Output
Powe_r 7’| circuit
Supplies
Current r > Input /‘\
o nPut
Sensors g Circuits
Pickup \ Timing
%/ | Detectors /’| Circuits

Figure 1: Block Diagram for Tripping System

AVAILABLE SETTINGS

Ampere Tap Setting

The ampere taps available are based,on the frame size of the
breaker. The ampere tap selector switch has 2 positions.The
ampere taps are listed‘in,table 2.

Long-Time Setting

The long-time pickup current may be set at 0.6, 0.7, 0.8,
0.9, or 1.0 times the chosén ampere tap.

Three long-time delay@bands are provided, except on the
Type LSS1 unit which has a fixed delay characteristic.
The three bands are labeled MAX (maximum), INT (inter-
mediate) Sand MIN (minimum).

Short-Time Settings

Thegshort-time pickup current may be set at 2, 3,4, 5, 7, or

10 times the chosen ampere tap.

Three short~time delay bands are provided: MAX (maxi-
mum), INT (intermediate), and MIN (minimum).
Instantaneous Setting

The instantaneous pickup current may be set at 3, 4, 5, 7,
or 12 times the chosen ampere tap.

Ground Fault Settings

The ground pickup current tap settings vary with the break-
er rating. They are listed in table 2. These settings are mark-
ed on the front panel in hundreds o f amperes (e.g.: 6 x100
= 600 amperes pickup).

Three ground delay bands are provided: MAX (maximum),
INT (intermediate), MIN (minimum).

e,
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TABLE 2: AMPERE TAP AND GROUND TAP SETTINGS

BREAKER | SENSOR |AMPERE [GROUND PICKUP

RATING RATING TAP TAP SETTINGS
SETTINGS| (AMPERES)
800A 200A 100,200 (100,300,600,1200
800A 800A 400,800 |100,300,600,1200
1600A 800A 400,800 {100,300,600,1200

1600A 1600A 800,1600 |300,600,900,1200
2500A 2500A 1250,2500 {300,600,900,1200
3000A 3000A 1500,3000 ;500,800,1000,1200
3200A 3200A 1600,3200 {500,800,1000, 1200
4000A 4000A 2000,4000 | 500,800,1000,1200
4200A 4200A 2100,4200{500,800,1000,1200

HOW TO MAKE SETTINGS
The values of pickup current and delay times to be set must
be determined by an analysis of the protection and coordi-
nation requirements of the power system. As settings are
placed closer to the normal equipment characteristics to%eb-
tain maximum pro tection, the more likely are nuisaf¢e,op-
erations (for example, due to motor inrush on gtarting)
Therefore, as settings are calculated, appropriate compro-
mises must be made between protectionzand ‘continuity of
service.
The ampere tap setting is made by means of they2 position
slide switch on the front panel of the‘fip unit.
All other settings are made by means of,tap pins on the
front panel. The long-time, short-time,¢and instantaneous
trip functions are calibrated in_tetms_of multiples of the
ampere tap setting. The grodndfunction is calibrated dir-
ectly in amperes.
As an example of settings, camsider the following:

2500 Amp breakergwith LSS 6 trip unit

Long-Time pickup required: 1500 amperes

Instantaneous pickup required: 15000 amperes

Ground pickup required: 1200 amperes.
(1)  Set AMPERE _, TAP switch at 2500 amperes.
(2) Set LOANG-TIME tap pin at.6 setting.

2500 x'0.6 = 1500 amperes.
(3) SettNSTANTANEOUS tap pin at 7 setting.

2500:%¢7 = 17500 amperes
(40 Set GROUND tap pin at 12 setting.

12°x 100 = 1200 amperes

CAUTION CAUTION CAUTION CAUTION

TAP PIN POSITIONS LABELED TEST ARE USED TO
DEFEAT THE RESPECTIVE TRIP FUNCTION DURING
TESTING OF THE TRIP UNIT. TARPsPINS MUST BE RE-
MOVED FROM THE TEST LOCATIONS)AND RETURN-
ED TO THEIR PROPER SETTINGS PRIOR TO PLACING
THE UNIT BACK IN SERVICEn

If a tap pin is removed cdmpletely, thelsetting reverts to the

minimum value.

OPTIONAL FEATURES

Operation Indicators)(Optional)

Operation indicatoxs cam, be provided as an optional feat-
ure on certain types ofitrip units. See listing in table 1.
When indicaters are specified, one indicator will be provid-
ed for each) ofy the tripping functions: LONG-TIME,
SHORT=TME)INSTANTANEOQUS, and GROUND. There-
fore, up 10,4 indicators will be supplied, depending on the
numbeno f tripping functions on the particular trip unit.
When a trip occurs, the indicator for the function which
tripped, will show orange. The indicator will retain its pos-
itionpdespite shock or vibration until reset manually to
black by means of a small magret mounted on the front
panrel of the trip unit.

Load Alarm (Optional)

A load alarm accessory & available to provide a contact
closure when the primary current exceeds the set value.
The load alarm setting is adjustable from 50 to 100 percent
of the ampere tap setting.

Remote Ground Indication (Optional)

This feature provides a momentary contact closure when a
ground trip operation occurs. A remote alarm circuit may
be wired to this contact.

The load alarm and ground indication contacts are rated at
125Vdc:

30 amperes momentary
5 amperes continuous
0.3 amperes break, inductive
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MULTIPLES OF RANGE SELECTOR AMPS
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T 1117 N I A O e Y A A G A O A N O 5 L
m T{H%IFIITJ | EREENAmENEEN NI EENEEEEREDI T T T
L
LONG-TIME SETTING _‘
" - SOLID STATE TRIP DEVICE
L] ADJUSTAELE TO j GENERAL PURPOSE TYPE LSS-1
. 0.6, 0.7, 0.8, 0.9,
1.0 TIMES RANGE —
m V. SELECTOR AMPS -
(SHOWN SET AT 1.0X) _ NOTE 1: The upper limit of the band reprasents the maximum time from the start of lthe B
— overcurrant until interruption by the circuit breaker. The actual tripping .
] / tims will bs equal to or less than the upper limit of the band. EaRt
NOTE 2: The lower limit of the band dafines resettable time delay. If, at the time +H
defined by the lower limit of the b . e currant reducea to tha long-time
secting the circuit breaker will not trip. The actual minimum tripping time -
1 will alueys be in excess of the lower limit of nd. |
" Him
] NOTE 3: Reset time of long-time trip device functions is 0.050 sec. maximum} ‘E‘m
L] B
™ . NOTE 4:  TRIP SYSTRM RANGE SELECTOR BREAKER TYPES :]E-im
AMP_RATING APS 4
" LONG-TIME BAND ] A ™
200 100, 200 Lea, LKES, LXDS, LKM6, LKEL6, LKD16 11w
- UPPER LIMIT 100 400, 300 s, e8] DS, LX164)LKELS, LKD16 NN
(SEE NOTE 1) 1600 800, 1600 LX18, LKE18,) LKD16 4
» . — 2300 1250, 2500 K23, LKR2S
3000 1500, 3000 X327, KE)2 halm
. LK32, LKE:
A 3200 1600, 3200 32 32
m 4000 2000, 4000 k2, LKECY T“ L]
4200 2100, 4200 URA2, [AKES2
+H
NOTE S: All esattinge are detarmined by placsmant of plugginto appropriate tap block
on front of devica. Ranga empa ars detafminad by renge selector awitch on
L] front of device. A= ':
“ 1
" X NOTE 6: The long~tima and inetadtaneoUapsettings are independent functions and are ""5.
" based on the rangs selector amps.  Por,exsmpla--Asaums an LK8 circuit bresker t"‘ n
" is aset at 200 Amps, long-time @t 0.8 end inatantaneous at S5, then long-time {8
™ setting ia 160A end f{natsntanscus)aeatting is 1000A. it 9
" NOTE 7 Factory asttings (unlese otharwiss epacified:) ta L'}
lector Ampa Minimumjaetting available N
L] L 1.0 - »
Inatantanaocus Satting: 2.0 '.’_
» / O NOTE 8: When ground fdnctidh ded to Power Shield, refer to TD-9062 for time- L—‘Qn
\ current curyes. Whed meparate Ground Shield function is used, refer to ;
TCC-608015 and TGC-608016) for time~current curvea. }.»..ﬁ
NOTE 9: Always apply cipcuit breaker within ita published short-circuit current ] e
" Tatings with eppropriste long-time and inetantsneous combinations. ’:]E
A
: LONG-TIME BAND V. NOTE 10§ \Curvea ent single ss vell s three phase functions on 50/60 HZ syatewe —t
' LOWER LIMIT X and_are besed on e normal celibration temperature ramge of 10-40c. 4
$—1 (SEE NOTE 2) NOTE ‘11:,  Refer to Bulletin 3.1.1-1 for coordinatiom of fuses for LKD Circuit Breakera. T
e D, :j
‘ inEEN RN
z ! g LONG-TIME
g A DELAY BAND
- 2 ’ 1
’
"
Y
| 4
j INSTANTANEOUS SETTING ADJUSTABLE TO
B 3, 4, 5, 7, 12 TIMES RANGE SELECTOR
L AMPS
E] =t (SHOWN SET AT 4X AND 12X)
4 “ S O 1 B R y
P S N S R E AR RS R R
v " MAXIMUM CIRCUIT BREAKER
. CLEARING TIME .2
WITH INSTANTANEOUS TRIP
q /
/1
A A I
7 1
w A
M V. 1/ Y
X D49 . N4
‘4P 4 [I[
™ 7 ZXZ 2 ~
“ LN 7 (/ N
INSTANTANEOUS 7 P 4
2 LOWER LIMIT /] .
(SEE NOTE 2) /| g // f
L L 9194 | L
ELELEE N e e e e~eas E ® FaxEmRaEi E R 3 RERRRE E R IREENL

MULTIPLES OF RANGE SELECTOR AMPS

TIME - CURRENT CHARACTERISTIC CURVES_Solid State Trip Device I-T-E types:

Lss-1 LonE-time and Insta¥§aneo”§, General z,“igggi
or s an ow Voltage Power Circult Breakers.

E_Bc Brown Boveri Electric, Inc.
SVER pManuiacturer of | T-E Electucal Power EGupment
DWN. 3Y EFS DATE __5-22-80

v. TD-9058

[

Figure 2: TIME CURRENT CHARACTERISTIC CURVE FOR TYPE LSS - 1 TRIP UNIT.
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MULTIPLES OF RANGE SELECTOR AMPS
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m LONG-TIME SETTING - SOLID STATE TRIP DEVICE 1M
Lot ADJUSTABLE TO TL‘ SELECTIVE TYPE LSS-4 (LT, ST) | 6
bl 0.6, 0.7, 0.8, 0.9 r TRIPLE SELECTIVE TYPE LSS-$ (LT, ST, INST) ]S
.6, 0.7, 0.8, 0.9,
e 1.0 TIMES RA GE r sk
wm SELECTOR AMPS L NOTE 1: The upper limit of the band represents the maximum time from the stArt of ccfe L yom
(SHOWN SET AT 1.0X) L overcurrent until interruption by the circuit breaker. Thegactual (grippdng
time will be equai to or less than the upper limit of the bandh 1
L NOTE 2: The lower limit of the band defines resettable time delay. If, at the time e
Ve defined by the lower limit of the band, current reduces to lomg-time setting
the circuit breaker will not trip. If, at the time defined by the lower limit &\
of the band, current reduces to 90% of the short-time sefting, /the leircuit
- M breaker will not trip via the short-time element. The agfual /Minimum Etrip-
- — ping time will always be in excess of the lower limit of ‘the band. m
:: E‘SEERT{};E{I?AND NOTE 3:  Reset time of Long-time and Short-time trip device fundions 1sOF050 sec. in
maximum. -
" (SEE NOTE 1) 1+
500 NOTE &: TRIP SYSTEM RANGE_SELECTOR BREAKER TYPES +{sm
l‘) = . AMP_RATING H
w V B e
00 100, 200 xaf LKES) LK 8, LK16, LKEN6, LK 16 |
" 800 400, 800 X8, LKES, iXD8, LK16, LKE16, LK 16
1600 800, 1600 @16, LKEL6, LKD16 Bkl
2500 1250, 2500 LE2S, LKE2S H
— 3000 1500, 3000 WX32LLKE 32
™ LONG-TIME BAND - 3200 1600, 3200 LK32, CKEDZ ™
LOWER LIMIT 4000 2000, 4000 LX42, 1XFL?
(SEE NOTE 2) 1 4200 2100, 4200 1'KL2, MLKEL2 -
V T NOTE 5: All settings are determifiediby placement of/plug into appropriate tap block J
L] V. 1 on front device. Range amps.ate determined by range selector switch on front ]
: } of device. "
“
" A I NOTE 6: The long-time, short-time and|instantafeous secttings are independent functions En
M and are based onfthelFange selector amps. For example--Assume an LK8 circuit Lla
“ Y { breaker is sec ac 200, Anpsijlong=time ac 0.8, short-ctime at 4X and instanta- [
X v neous at SX, then longleime seteing {s 160A, short-time setting is 800A and %
" X ANT instantaneous| Sectiing s 1G00A. He
» NOTE 7: Factory setting8 (ulless othegwise specified:) "”
Range Selectdr Amps Mifimum setting available Lj
( Long-time S€tting 1.0
n Short-time Setting 4.0 n
Instantaneous Seting: 12.0
\ \ Time Bdnds Minimum
XTT n
NOTE 8: When| ground functlon is added to Power Shield, refer to TD-9062 for time-
" K N current curves. | When separate Ground Shield function is used, refer to "
) TEC-608015 and/TCC-608016 for .time-current curves. h
: NOTE 9: Always apply circuit breaker within its published short-circuit curremt || :
i fating with appropriate long-time, short-time and instantaneous combinations. s
5 NOTE Q04 Curves represent single as well as three phase functions on 50/60 HZ systems L -i‘
. X and are based on a normal calibration temperature range of 10-40c. -
H X NOTEp11: Refer to Bulletin 3.1.1-1 for coordination of fuses for LKD Circuit Breakers. :“ z
z 3 T 5 | Hs B
y L] | [ > IL LONG-TIME ! g
F 1| sHORT-TIME - DELAY BANDS , 8
| BAND
UPPER LIMIT \r< pr—pe IMAXTMUM
(SEE NOTE 1) ] (
b ALL \ | | NA INTERMEDIATE | 1
] 1 3
MINIMUM K}
SHORT-TIME DELAY SETTING ADJUSTABLE L1
Ly T0 2, 3, 4, 6, 10 TIMES RANGE *
AT 7—,—‘/ va SELECTOR AMPS (SHOWN SET AT 2X AND 10X) 5
\ ¥ X W, .
J ; 7 + — e LR K
- s 7t A\ SHORT-TIME 4
b, AV 4 DELAY BANDS
2 | 4 A ) Wi “ 4 2
Va 7Y -
4
I
T / v )( ( A/ 74 Y / MAXIMUM
( /j / % 1 INTERMEDIATE
] o k a
T ]
:: T — s 4 MINIMUM ::
n A A bbbk p
o |— SHOR1-TIME BAND y e "
N LOWER LIMIT INSTANTANEOUS SETTING ADJUSTABLE TO -
B (seE NotE 2 4 . y FAW.@V. —t 3, 4, 5, 7, 12 TIMES RANGE SELECTOR o
= ! A AW A N\ AMPS *
4 o A A
“ 1 e = = AP e 7 p 1 (SHOWN SET AT 4X AND 12X)
K K}
ENSTANTANEOUS / Lo
LOWER LIMIT N 2 MAXIMUM
A (SEE NOTE 2) }< CIRCUIT BREAKER By
o X vl CLEARING TIME
{ ‘L j ] ' [ 74 )‘ Y WITH INSTANTANEOUS
/| TRIP
S . A 4 /1 FRFRR It Ly
Rk 7 T e wmmes = = T X2=2XZ g8 2 % ZESISES g § g gs8

MULTIPLES OF PANGE SELECTOR AMPS

TIME - CURRENT CHARACTERISTIC CURvEes_Sclid State Trip Device I-T-E types:

BC

__LSS~4 long-time and Short-time, Selective.

ROWN BOVER P N IR

155-5 Long-time,

Short-time and Instantaneous, Triple Selective.

Brown Boveri Electric, Inc.
M R .

K

__for Type

E and LKD Low Voltage Power Circuit Breakers.

DWN. BY. __ EFS

_ DATE _ 5-2280

TD-9060

NO.

IREV. 5

Figure 3: TIME CURRENT CHARACTERISTIC CURVES: LONG-TIME, SHORT-TIME,
INSTANTANEOUS FUNCTIONS FOR ALL UNITS EXCEPT LSS - 1, LSS - 1G.
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AMPERES X100

e e I P £ = 2 zaeaxl 2 & sszxaxid E 18 -
" L R N S T R D T I TIT T TTIT T 1T T 1T TITIr 171 "o
"t L T T TITT B SN AN OO U 1 O 0 N A At AR MO it e O B 0 i O 1
™ 10
L J SOLID STATE TRIP DEVICE _"1 (1)
S| GROUND i
e | AVAILABLE ON: TYPES LSS-1G, 1S5-4G, LSS-5G, LSS-6C - v

ol =
! —TM
NOTE 1: The upper limit of the band represents the maximum time from the start Qfpthe BB
e overcurrent until interruption by the circuit breaker. The actualatripping —-JM
time will be equal to or less than the upper limit of the band
NOTE 2: The lower limit of the band defines resettable time delay. Lf, at /the time uE
defined by the lower limit of the band, current reduces to the ground setting
) the circuit breaker will not trip. The actual minimum trdpping time will _‘ (]
" alvays be in exceas of the lower limit of the band. :_‘m
:: -4 NOTE 3: Reset time of the device function 1s 0.050 sec. maximum. :i,:
Ld | NOTE 4:  TRIP SYSTEM GROUND TRIP SETTINGS BREAKER_TYPES (e
L] AP RATING [ 500
w 200 100, 300, 600, 1200A Lk8./ LKES, LKDA, LK16, LKE16, LXD16 - vee
800 100, 300, 600, 1200A K8,  LKES, LKDB)LK16, LKE16, LKD16 |
" 1600 300, 600, 900, 1200A LK16, \LKE16, LKD16 HEP
2500 300, 600, 900, 1200A LK25, LKE2S
3000 500, 800, 1000, 1200A 4fiik32. LKEJ2 R
3200 500, 800, 1000, 12004 LK3IZ% LKEIZ [
» 4000 500, 800, 1000, 1200A  UKAZ. LXEL2 1™
4200 500, 800, 1000, 1200A ) ALKe2, |LKEL2
|
V NOTE 5: The ground current and time band secttings are determined by placement of
- A plug into appropriate tap block bn €ront of device. -
] NOTE 6: Ground trip is calibrated in primagy ground fault amperes. The tap plugs are t-—l
u marked in actual amperes X100. Ground function settings are independent of [::1'
n any other trip device setcing. n
L} mml]
M NOTE 7: Factory Settings (UnleSs othefwise specified:) (1 5
Ground Current Settingi) Minimum 1
L] LA Time Band Hdnimum A
H NOTE 8: When ground funcfon is added to Power Shield, refer to TD-9058 for LSS-1. -1
Refer to TD-9060 feryLSS-4, LSS-5 and TD-9059 for LSS-6 for time-current =
curves of basic functdéns for coordination on an ampere basis. The ground F
B function isinot availableyseparately and must always be used with other b-l4
i basic funétions)
r T VA NOTE 9:  Cucves reppesgnt single as well as three phase functions on 50/60 HZ systems T
) and dre based on a formal calibratfon temperature range of 10-40c.
", A ~ " g eim T '.'
H M e O O L A | EREH
7 3 TR AT ITT 7
5 + GRQUND SETTING SHOWN ] -
2 st 14 1 SET ATjl100A AND 6004 s
[ - SEE NOTE), 4 m
§ \ L 1< ) vz

4, = T | %
z = : TIO T g

.3- 1 A UPPER BAND LIMIT ) g

f"/ (SEE NOTE 1)
ri/ 7
A
1 A —] 1
K va K]
4 Kl
Jd o
. A .
— 0 U U R ) O S
S5 T - T 5
Az I h Yoy TIME DELAY BANDS .
L. FA I ]
V.
3 7 % Z A 2 j MAXIMUM T N
. Va0 9% (/A / ™ INTERMEDIATE ,
L. MINIMUM
| ' b IR Jj’ |
E L}
17T M - 0
C 3 kH
7 NS SIS 06
L5
LOWER BAND LIMIT »
(SEE NOTE 2) ™
4+ —= 4+ I
K T+t _I «{—H.M
IR SRE
" _LJ.,M,¥ L [ N 0
b AR = = z z3=x=2E E = s xzEsZ: E I ] 2
AMPERES X 190 =
TIME - CURRENT CHARACTERISTIC CURVES_Solid State Trip Device for ground
function I-T-E types: LSS-1G RRCRN G0VT gm,wneoyvﬁnE'?Ctnc ‘In‘c:
1SS-4G T
- 155=5C T |own.BY __ EFS__ DATE _ 11580
) L55-6C
for type LK, LKE and LKD Low Voltage Power Circult Breakers. | Nno. TD_9062 IREV. 5

Figure 4: TIME CURRENT CHARACTERISTIC CURVE; GROUND FAULT FUNCTION.
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CONNECTOR
NABC ;
l l l PLUG TERMINALS TRIP UNIT
-F _I
>>> es |
!
| |
| |
|
1 Y |
' |
| |
I
LT, {DO I
PICKUP |
TEST Lo
N |
vl Tk E%F |
. ; TAjH{ rL.T.. S.T. [
g T N INSTANT |
$ed i =3l PICKUP
$os R ! AND |
2 P e TIMING
hi wi | gL CIRCUIT |
; x TNk & |
1 oo |1 |
i l{L * n‘M'TzG I
o) * CIRCUIT
1 ] NOTE: IF GROUND PROTECTION IS NOT IN- I
CLUDED, ITEMS * AREOMITTED AN
GRDF!JONRDTDEESiEAT {K ' INTERNALWUMPER IS ADDED BETWEEN l
M TEBMINALS NDAND W.
- > __]

Fig. 5 — Typical Wiring Diagram of/Standard 3 or@-Wire System with Ground Fault Protection

CONNEETOR
NABC {PLUG TERMINALS  TR1p UNIT
Flo g — — 77 71
) G s |
|
! l
' |
| A |
; |
o} , |
i S I
TEST LO
I e
dr ol T332 |
| A -l“‘é L.T., S.T.
h: : ’ L {isan| ||
b 4 R =3l AND |
IS <3 | TIMING
]ps,{ N lél CIRCUIT |
! ' | TEEXK T |
| S : weae |
wl Al |
|

52a CONTACT OF §

TIE CIRCUIT BREAKER —lﬂc

(THIS CONTACT EFFECTIVE 1
ON MAIN BREAKERS ONLY}

+ REFER TO FIG. 7 FOR LOCATION OF NEUTRAL SENSORS

Fig. 6—Typical Wiring Diagram of Main and Tie Breékers for 4-Wire Double-Ended Systems
with Ground
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- M»:IN ———I [—--4 s2m) [~ '__.J MABIN k‘j
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Fig. 7—Four- Wire Double -EndedSystem

Four-Wire Double-Ended Systems

The system shown in figure 7 is used for ground faultypro-
tection on a fourwire double-ended substation With tie
breaker. This system assures that a bus ground fault will
cause only one main breaker to trip, leaving the 0thér‘main
breaker in service. The ground trip signal of, each 4main
breaker is controlled by a 52/a contact of the tighbreaker.
Therefore, the main breakers can trip @n ‘apground fault
only when the tie breaker is open.

The following is a typical ground, faultysequence. Assume
that both mains and the tie breakef ate,closéd and a ground
fault occurs on bus A. The ground fault current will flow to
the fault point retuming via the.ground bus, up the neutral
to ground bus connection 40 the neutral points of trans-

formers A & B. All three neutral sensors NA, NB, and NT
will sense the fault current, but only the tie breaker will
trip since the ground function of the main breakers is con-
trolled by the tie breaker, 52/a contact. After the tie break-
er trips, the fault current will continue to be sensed only by
the main breaker A" neutral sensor (NA). The main break-
er “A’ will trip, interrupting service to the feeders on side
“A”. Main breaker “B’’ remains closed, and bus “B” re-
mains energized.

The feeder breakers and the tie breaker must be coordi-
nated time-wise to insure that the feeder breaker will clear a
ground fault before the tie breaker trips on faults down-
stream from the feeder breakers.
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required later.
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POWER SHIELD TEST SET TYPE 505

Introduction
The test set has been designed specifically for use with the
""LSS” trip device, and incorporates all the required test cir-
cuitry and connecting cables in a compact portable case.
The required power is a 120V, 60Hz., single phase, 5
ampere source.
The type 505 test set will determine the pickup currents
and time delays of the Long-Time, Instantaneous, Short-
Time, and Ground functions of the LSS trip unit. Testing
may be performed with the trip unit in place on the break-
er, or off the breaker as a bench test. The test set may also
be used to confirm that the current sensors are sound. The
test set will also confirm that the latch release and the rest
of the breaker's trip mechanism is functioning by tripping
the breaker through the solid-state trip unit.
Three cables are used with the test set: (1) an AC line cord
(J1); (2) a cable which connects the testset to the trip unit
(J2); (3) a cable which connects the test set into the break-
er wiring harness (J3).
Description of Controls
Fuse
3 amperes, slow blow, standard AGC-3
Open/Closed Lamps
Indicate position of the simulated circuit breaker:
Power Switch
Applies power to the test set. Place in OFF position
until all connections have been made.
Timer Switch
Selects the range of the digital TIMER. HI paosition is
0 to 999 seconds; LO position is 0 t& 9.99seconds.
Meter Switch
Selects the range of the digital AMMETER. HI posi-
tion is O to 3 amperes; LO positien 5% to 999 milli-
amperes.
Reset Switch
Resets the timer and closesythessimulated breaker (will
not affect the position of thie power circuit breake r.
ML Switch
Selects the operating mode for the power circuit break-
er under tesi With this,switch in the TRIP position,
the power circuit breaker can be tripped through its
magretic latch by the solid-state trip unit. To prevent
the circuit breaker from tripping, place the switch in
the NT (no trip) position. The OPEN/CLOSE lights on
the test set provide simulated breaker operation. The
TESI,position is used to test the magnetic latch.
Impuilse Switch
This switch is used to apply a transient test to check
the transient immunity of the solid state trip unit.
Transformer Test Switch

This switch must be in the OFF position“when the
FUNCTION switch is in any position other than its
OFF position.

Function Switch
Selects test to be performed on ghe sohid state trip unit.
Note: This switch must belin the OFEF position when
the TRANSFORMER TEST switch is in any position
other than its OFF position.

Current Adjust
Sets level of test currentyDial’is marked O to 100 (per-
cent of rotation) forieference only.

LTPU Lamp
Indicates whef'\pickup has occurred on the long time
function. Operable, only when the FUNCTION switch
is in one of the(3), pickup test positions.

Fault Switch
Applies, theytest current to the solid state trip unit.

Circuit,Breaker Accessibility

WARNING WARNING WARNING WARNING

TAKE ALL NECESSARY SAFETY PRECAUTIONS. THE
€IRCUIT BREAKER TO BE TESTED SHOULD BE COM-
PLETELY DE-ENERGIZED OR OTHERWISE DISCON-
NECTED FROM THE PRIMARY POWER CiRCUIT FOR
COMPLETE SAFETY OF TEST PERSONNEL.

When the circuit breaker is stationary mounted, it is neces-
sary to physically disconnect the primary cables or to
otherwise open the circuit on both sides of the circuit
breaker.

When the cirucit breaker is the drawout type, the circuit
breaker should be withdrawn to the test position to isolate
the primary circuit.

When the breaker is electrically operated, the control power
can be retained for ease of operation of the circuit breaker
during testing.

Test Set Connections

Place test set power switch in the OFF position. Remove
the wiring harness cable connector from the solid state trip
unit and plugin the test cable (J2) in its place. Connect test
cable (J3) to the wiring harness connector. (The J3 cable is
not required if only a bench test of the solid state trip unit
is being run). Run the test set line cord (J1) to a 120V
source.

Remove the plastic faceplate cover from the trip unit.

Test Procedures

In testing a particular function, it may be necessary to
move the tap plugs of the other functions to their TEST
positions; therefore, THE EXISTING SETTINGS ON THE

=
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TRIP UNIT MUST BE NOTED BEFORE MOVING THE
TAP PLUGS SO THAT THEY CAN BE RESTORED TO
THEIR PROPER POSITIONS AT THE CONCLUSION OF
TESTING. The tap plugs of these elements should not
merely be removed, as this causes the function to revert to
its minimum setting. The TEST position defeats the funct-
ion, thereby preventing interference with the element under
test.

CAUTION CAUTION CAUTION CAUTION

TAP PINS MUST BE REMOVED FROM THE TEST
LOCATIONS AND RETURNED TO THEIR PROPER
POSITIONS PRIOR TO PLACING THE BREAKER BACK
IN SERVICE.

The CLOSE lamp must be lighted at the start of any test. If
the OPEN lamp is on, operate the RESET switch to reset
the test set and close the simulated breaker. Close the
power circuit breaker if desired. If the breaker is left open,
the OPEN/CLOSE lights on the test set will simulate break-
er operation. Set the ML switch to the desired position to
permit tripping or block tripping of the power circuit
breaker.

If the solid state trip unit is equipped with optional target
indicators, reset the targets at the start of each test. The
appropriate target should be displayed when a trip/oper:
ation occurs, as you test each function.

A suggested test sheet is shown on page 16. This may be re-
produced and used to record your test results.

Long-Time Function-Pickup Test
(a) Check Table 3 for the expected value of ‘current for
the trip unit setting being tested. Note that the test
current value is a function of thé LONG-TIME pick-
up tap setting and the AMPERE“JIAP SETTING
switch on the solid state trip. unit.

(b

P

Place the METER switchin ‘thegH| position, ML
switch in NT position.

Place the TRANSFQRMER TEST switch in the OFF
position. Placeqthe POQWER switch in the ON posit-
ion. Actuatesthe RESET switch once.

-

(c

(d)' Place thet FEUNCTION switch in the @ A PU position
(phase A pickup).

Actuate and hold the FAULT switch. Increase the
test current, with the CURRENT ADJUST control
ungil the LTPU indicator lights. Slowly lower the test
current until the light goes out. Slowly raise and low-
ef thétest current to determine the exact operating
point. Read the pickup current on the ammeter and
compare to the expected value.

(f) Release the FAULT switch and return the CURRENT
ADJUST control to zero.

-

(e

(g) Repeat step (e) for the phase B position and again for
the phase C position of the FUNCTION switch.

Long-Time Function-Time Delay Test
(a) Check Table 4 for the required value of test current
and for the expected value of time delay, for the
LONG-TIME settings being tested. Mové‘the SHORT
TIME, GROUND, and INST g4tap _pins to their TEST
positions i f necessary to{prevent'interference with the
test of the LONG-TIME FUNCTION.

(b) Place TIMER and METER switches in the appropri-
ate positions for thése values; usually TIMER will be
HIl, METER will be LO.

(c) TRANSFORMERYTEST switch OFF; POWER switch
ON.

(d) Observe the pesition of the AMPERE TAP selector
switeh on(the/solid state trip unit. If it is in the higher
of its, twe positions, place the FUNCTION switch in
the SET HI position; if in the lower position place the
FUNCTION switch in the SET LO position.

-

(e) Actuate and release RESET switch.

(f

-~

Actuate and hold the FAULT switch. Increase the
test current to the required value using the CURR-
ENT ADJUST and observing the AMMETER.

—

Release the FAULT switch and place the FUNCTION
switch in the TEST @ (test phase) position.

(g

Actuate and hold the FAULT switch until the OPEN
lamp lights and the TIMER stops. (The power circuit
breaker should also have tripped if the ML switch was
in the TRIP position).

(h

=

(i) Release the FAULT switch and return CURRENT
ADJUST to zero position.

(j) Observe the TIMER display and compare the test val-
ue to the expected value.

(k

~

Other points on the operating curve can be checked if
desired by selecting additional test current points and
repeating steps (a) through (j). REPEATED TESTS
AT HIGH MULTIPLES ARE NOT RECOMMENDED
DUE TO THE THERMAL STRESS TO THE INPUT
STAGE COMPONENTS. ALLOW TIME FOR COOL-
ING BETWEEN TESTS.
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TABLE 3: TEST CURRENTS FOR LONG-TIME PICKUP FUNCTION

LSS LONG-TIME

PICKUP Tap 0.6 0.7 0.8 0.9 1.0

Setting
LSS Pickup Current

. 0.66 A .

TAP SELECTOR Nominal 0.55 A 0.75 A 0.86 A 0.%F
Switch in Pickup Current 047to [ 056to | 064to | 0.73t0 0:83.to
Low Current Allowable Range 063A [0.76 A |08 A | 0.99A M3 A
Position (See Note 1)
LSS Pick up Current
TAP SELECTOR Nominal 1.20A 140A | 1.60A | 1.82A 206 A
Switch in Pickup Current 1.02to | 1.19to| 1.36 to |44 t6 1.75 to
High Current Allowable Range 1.38 A 161A | 1.84 A4d 2.09% 2.38 A
Position (See Note 1)

Note 1: Allowable range is based on +. 15% tolerance around nomihal valuée.

TABLE 4: TEST CURRENTS AND EXPECTED TIME DELAYSaEOR'LONG-TIME DELAY TEST

LSS LONG TIME
. 0.7 0.8 0.9 1.0
PICKUP SETTING 0.6
LSSSETTING | TEST LEVEL
Test Current | LSS TAP 3 multiples 63.ma 76 ma 88 ma 101 ma 115 ma
SELECTOR _
for Switch in 6 multiples | 435 ma | 761 ma | 180ma | 213ma | 242 ma
Low Current - -
LONG - TIME | Position 10 multiples 238 ma 285 ma 327 ma 375 ma 417 ma
DELAY LSS TAP 3 multiples 14,ma 167 ma 193 ma 221 ma 249 ma
SELECTOR - —
Test Switch in 6 multiples 296 ma 348 ma 395 ma 454 ma 518 ma
High Current
(see note 2) Position 10 multiples 515 ma 609 ma 704 ma 798 ma 897 ma
E xpected 3fmultiples 16—26 - seconds
TIME DELAY
for 6‘maltiples 5—7 seconds
LSS -1
LSS -1
S5-1G 10 multiples 1.4—2.5seconds
ONLY
3 multiples 8—-12 seconds
MINDELAY 6 multiples 2-3.3 seconds
Expected Setting
10 multiples 0.7 —1.2 seconds
TIME DELAY 3 multiples 20—35 seconds
fog INT DELAY 6 multiples 5_8 seconds
Setting
ALL'OTHER 10 multiples 1.7—-2.8 seconds
UNITS 3 multiples 60—-95 seconds
MAX DELAY )
Setting 6 multiples 156—25 seconds
10 multiples 5.2_8.5seconds

NOTE 2:

SELECTOR in the High position, Function switch must be in SET HI position.

NOTE 3:

Allow time for cooling between tests.

With TAP SELECTOR in the LOW position, FUNCTION switch must be in SET LO position to set the test current. With TAP

Repeated tests at high multiples are not recommended due to the thermal stress to the input stage components.
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TABLE 5: TEST CURRENT FOR SHORT-TIME AND INSTANANEOUS PICKUP FUNCTIONS
AND SHORT-TIME FUNCTION
LSS INST. or
SHORT-TIME 2 3 4 5 6 7 10 12
PICKUP Tap Settings
Pickup Current ’
. 69ma | 108 ma | 146 ma | 191 ma | 225 malyf, 267 ma ! 380ma | 470 ma
LSS - Nominal
TAP SELECTOR ;
Switch in PA'I‘:k“pﬁ“'F'{e”t 58t0 | 92to | 124t0 | 16210 | 19%to | 227t | 323t0 | 400 to
owable Range
Low Current (See Note 4) 79 ma [124ma | 168 ma | 220 ma {4259 ma | 307 ma | 456 ma | 566 ma
Position Test Current for -
SHORT-TIME Delay 104 ma [ 162 ma | 220 ma {287 ma |/337 ma | 402 ma | 570 ma -
Test (See Note 5)
Pickup C t
crup urren 156 ma | 238 ma | 319 MEd00 ma| 488 ma | 560 ma | 820 ma | 990 ma
LSS - Nominal
;A.P iE.LECTOR Ziﬁk“p;“r;e"‘ 133t0 |202t0 | 27T%0, | 340+t0 | 41510 | 47610 [ 697t0 | 841 to
witch in owable Range 179 ma | 284 867 ma | 460 ma| 561 ma | 644 ma | 943 ma [1138 ma
High Current (See Note 4) ma
Position Test Current for
SHORT-TIME Delay 234 ma |35Z.ma [(478"ma | 600 ma| 732ma | 840ma | - | -
Test (See Note 5)

Expected Time MIN DELAY 0.08 to 0.17 seconds
] LA INT DELAY 0.20 to 0.32 seconds
Delay Test MAX DELAY 0.35 to 0.50 seconds

Note 4: Allowable range is based * 15% tolerange afound nominal value.

Note 5: The suggested test current shown is 1.5 multiples of pickup.
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Breaker Designation

TEST SHEET

Trip Unit Type &

Trip Unit Serial Number

Breaker Serial Number

Trip unit AMPERE TAP switch setting

LONG-TIME FUNCTION
PICKUP Tap Setting

amperes.

DELAY Setting

PICKUP Test Current
Allowable Range
(from table 3) !
Phase A
Phase B
Phase C

LONG-TIME DELAY
Test Current

(from table 4)

Test Value

Allowable Delay

Pass/Fail

Test Value ;:/Fail

INSTANTANEOUS FUNCTION
PICKUP Tap Setting

PICKUP Test Current
Allowable Range
(from table 5)

SHORT-TIME FUNCTION
PICKUP Tap Setting

Test Value \\

Pass/F ail

PICKUP Test Current
Allowable Range
(from table 5)

SHORT-TIME DELAY
Test Current

GROUND FAULT FUNCTION”
PICKUP Tap setting

PICKUP Test Current
Allowable Ra Test Value
{from Table 6)
GROUND DELQ
Allowable Delay

om Table 6)

Test

Allowable
(from table 5)

" DELAY Setting

Pass/F ail

Tes @

e Test Value Pass/Fail

DELAY Setting

Pass/F ail

Test Value Pass/Fail

TRANS
Pass/Fail

N
&
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TABLE 7: TESTCURRENTS FOR GROUND PICKUP AND GROUND DELAY FUNCTIONS

LSS GROUND PICKUP 1200 | 1000 900 800 600 500 300 100
TAP SETTING Amp Amp Amp Amp Amp Amp | Amp Amp
CIRCUIT BREAKER
FRAME SIZE
Pickup Current 220 ma 100 ma 43 ma| 13 ma
(nominal)
Pickup Current )
200 Allowable range ;g; :::a ??St?n 2(6) to :; to
AMP (see note 6) a ma ma
Test Current for
GROUND DELAY 440 ma 200 ma 86 ma | 26 ma
Test (see note 7)
Pickup C t . ’ = -
\ckup Lurren 218 ma 98 ma 43 ma | 11 ma
(nominal)
Pi
iokup Gurrent 185 to 83(to 36to | 9to
800 Allowable Range 251 - 118 '50 13
AMP (see note 6) ma & ma ma
Test Current tor
GOUND DELAY 436 ma 196 ma 86ma| 22ma
Test (see note 7)
Pickup Current 94 ma 64 Mma 40 ma 18 ma
{nominal)
Pickup Current
1600 Allowable range 80 to 541 34to 15 to
AMP (see note 6) 108 ma 74 ma 46 ma 21 ma
Test Current for
GROUND DELAY 188 ma 128ma 80 ma 36 ma
Test (see note 7)
Plcku.p Current 58.ma 41 ma 25 ma 10 ma
(nominal)
Pickup Current for 49 fo 35 to 21to 8.to
2500 Allowable Range 6714 47 ma 29 ma 12 ma
AMP (see note 6)
Test Current for
GROUND DELAY 116 ma 82 ma 50 ma 20 ma
Test (see notedl)
Pickup Current :
(nominal) 43 ma | 39 ma 27 mi 15 ma
3000/ Pickup Current for. 36t 3310 | 23 1o 1Bl |
3200 Allowablé®Range 50 ma | 45 ma 31 ma 17
AMP (see noteH) ma
Test, Currentsfor
GROUND DELAY 86 ma|78maj - 54mal - 30 ma| -
Téest (see note 7)
Pickup Current | | | | _ | -1 1 - | -
thofftinal) 31ma |24 ma 19 ma 10 ma
4000/ Pickup Current for 26to |20to | 16t0 | 8to | — | —
4200 Allowable Range 36 ma |28 ma 22 ma 12 ma
AMP (see note 6)
Test Current fo-
GROUND DELAY 62ma |48 ma| .. 38ma| ... 20maf ... | ...
{see note 7)
E xpected,Time
Delayifor MIN DELAY 0.05 to 0.17 seconds
GROWLND DELAY INT DELAY 0.18 to 0.32 seconds
hest MAX DELAY 0.35 to 0.50 seconds

Note 6: Allowable range is based on ¥ 15% tolerance around nominal value.
Note 7: The testcurrent shown is 2.0 multiples of pickup.



1B6.1.1.7-2
Page 18

Instantaneous Function - Pickup Test Short-Time Function - Time Delay Test

a) Check Table 5 for the expected value of current for
the trip unit setting being tested. Note that the test
current value is a function of the INST. pickup tap
setting and the AMPERE TAP SETTING switch on
the solid state trip unit. Move the SHORT-TIME,
GROUND, and LONG-TIME tap pins to their TEST
positions if necessary to prevent interference with the
test of the INSTANTAN EOQOUS function.

Place the METER switch in the most appropriate pos-
ition for the expected value of test current; usually it
will be LO.

Place the TRANSFORMER TEST switch in the OFF
position. Place the POWER switch in the ON posit-
ion.

Place the FUNCTION switch in the TEST @ (test
phase) position. Actuate the RESET switch once.
Actuate and hold the FAULT switch. Observe the
AMMETER reading and increase the CURRENT AD-
JUST control until the unit trips. Release the FAULT
switch. Compare the value of test current at the trip
point to the expected value. DO NOT HOLD THE
FAULT SWITCH DOWN FOR MORE THAN 5 SEC-
ONDS. WAIT 30 SECONDS BEFORE REPEATING
THIS TEST.

f) Return CURRENT ADJUST to zero.

b

-

-~

Cc

d

-

Py

e

Short Time Function - Pickup Test

a) Check Table 5 for the expected value offcurrent for
the trip unit setting being tested. Note that the test
current value is a function of the SHORT-T.IME pick-
up tap setting and the AMPERE “EAP SETTING
switch on the solid state trip upit.“Move the LONG
TIME, GROUND, and INST. tap,pins to their TEST
positions i f necessary to prevent intéxference with the
test of the SHORT-TIME functiony

Place the METER switch lin the most appropriate pos-

ition for the expectedmvalUémof test current; usually

this will be LO.

c) Place the TRANSEORMER TEST switch in the OFF
position; the POWER¥switch in the ON position.

d) Place thedFUNCTION switch in the TEST @ (test
phase) position. Actuate the RESET switch once.

e) Actuate and hold the FAULT switch. Observe the
AMMETER reading and increase the CURRENT AD-
JUST contrel until the unit trips. Release the FAULT
switch. Compare the value of test current at the trip
pointito the expected value. DO NOT HOLD THE
FAULT SWITCH DOWN FOR MORE THAN 5 SEC-
ONDS. WAIT 30 SECONDS BEFORE REPEATING
THIS TEST.

f) Return CURRENT ADJUST to zero.

b

a) Check Table 5 for the required value of test current
and for the expected value of time delay for the
SHORT-TIME settings being tested.

b) Place TIMER and METER switches in the most ap-
propriate positions for theselval@ies;iusually both will
be LO.

c) TRANSFORMER TEST#switchhyOFF; POWER switch
ON.

d) Observe the position, of \the' AMPERE TAP selector
switch on the solid stateytrip unit. If it is in the high-
er of its two position, place the FUNCTION switch in
its SET HI pgsition,. if in the lower position, place the
FUNCTION switch in the SET LO position.

e) Actuateandirelease RESET switch.

f) Agtuate’ and hold the FAULT switch. Increase the
test) clrrentfto the required value using the CURR-
ENTVADJUST and observing the AMMETER.

g)Releaseythe FAULT switch and place the FUNCTION
switch in the TEST @ position.

h)“Actuate and hold the FAULT switch until the OPEN
lamp lights and the TIMER stops.

i)PRelease the FAULT switch and return the CURRENT
ADJUST to zero.

j) Observe the TIMER display and compare the test val-
ue to the expected value.

Ground Fault Function - Pickup Test

a) Check Table 6 for the expected value of current for
the trip unit setting being tested. Move the LONG
TIME, SHORT=TIME, and INST tap pins to their
TEST positions if necessary to prevent interference
with the test of the GROUND function.

b) Place the METER switch in the LO position.

c) Place the TRANSFORMER TEST switch in the OFF
position, POWER switch in the ON position.

d) Place the FUNCTION switch in the TEST GND pos-

ition. Actuate the RESET switch once.

Actuate and hold the FAULT switch. Observe the

AMMETER reading and increase the CURRENT AD-

JUST control until the unit trips. Release the FAULT

switch. Compare the value to test current at the trip

point to the expected value. DO NOT HOLD THE

FAULT SWITCH DOWN FOR MORE THAN 5 SEC-

ONDS. WAIT 30 SECONDS BEFORE REPEATING

THIS TEST.

f) Return CURRENT ADJUST to zero.

e

e
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Ground Fault Function - Time Delay Test
a) Check Table 6 for the required value of test current

and the expected value of time delay.

b) Place TIMER and METER switches in the most ap-
propriate positions for these values; usually both will
be LO.

c) TRANSFORMER TEST switch OFF; POWER switch
ON.

d) Place the GROUND PICKUP tap pin on the unitun-
der test to its TEST position, so that the test current
may be set without tripping the unit.

Place the FUNCTION switch in the TEST GND pos-

ition. Actuate the RESET switch once.

f) Actuate and hold the FAULT switch. Using the CUR-
RENT ADJUST control, increase the test current to
the required value. Release the FAULT switch. DO
NOT TAKE MORE THAN 5 SECONDS TO SET
TEST CURRENT.

g) Return the GROUND PICKUP tap pin to its correct
setting.

h) Actuate and hold the FAULT switch until the OPEN
lamp lights and the TIMER stops.

i) Release the FAULT switch and return the CURRENT
ADJUST to zero.

i) Observe the TIMER display and compare the test val-
ue to the expected value.

e

Transient Test
The purpose of this test is to confirm that the solidystate
trip unit has sufficient transient immunity to Wwithstand
transients without incorrect tripping.
a) Place all tap pins in their original locations.
b) Place METER switch in LO positionjpl RANSFORM-
ER switch off, POWER switch on,

c) Ptace the FUNCTION switch ¥fthe REST @ position.

d) Actuate and hold the FAULT ‘switeh. Observe the
AMMETER; using the CURRENI ADJUST set 20
milliamperes.

e) Continue to hold the EAULT switch and actuate the
TRANSIENT TEST switch. A trip operation should
not occur.

f) If the trip umit in€ludes’a GROUND FAULT func-
tion, place the,FUNCTION switch in TEST GND pos-
tion.

g) Actuate and hold the FAULT switch. Observe the
AMMETER and adjust the test current to 5 milliam-
peres.

h) Continue to hold the FAULT switch and actuate the
TRANSIENT TEST switch. A trip operation should
nénoccur.

Magnetic Latch Trip Test
The purpose of this test is © confirm the operation of the
magnetic latch by directly tripping i t with the test séits
a) Close the power circuit breaker.
b) Place METER switch in HI position; TRANSFORM-
ER SWITCH off; POWER switch.on.
c) Place the FUNCTION switchfinthe, = @A PU po-
sition; ML switch in the TEST position; CURRENT
ADJUST at zero. Operate RESEIL switch once.

d) Actuate and hold the FAWLTwswitch. Observe the
AMMETER and increase thegtest current slowly un-
til the power circuit breaker trips. The test current at
the trip point should'be 075 amperes or less.

e) Return CURRENT®ADJUST to zero; ML switch to
TRIP or NT position.

WARNING WARNING WARNING WARNING

AT THE CONCLUSION OF TESTING YOU MUST:

1“RESTLORE ALL TAP PINS ON THE SOLID STATE
TRIR UNIT TO THEIR CORRECT POSITIONS SO
THAT"PROPER PROTECTION AND COORDINA-
TION IS MAINTAINED. TAP PINS MUST NOT BE
LEFT IN A TEST POSITION.

20»RESET TARGETS ON TRIP UNITS.

3. REPLACE TRANSPARENT COVER ON SOLID
STATE TRIP UNIT.

4. REMOVE TEST CABLES.

5. REMATE BREAKER HARNESS CONNECTOR TO
CONNECTOR ON THE SOLID STATE TRIP UNIT.
SECURE WITH RETAINING CLIP.

PRIMARY CURRENT TESTING

The primary test method is desirable periodically, when the
proper high current test equipment is available, since all ele-
ments of the circuit breaker are tested at one time, simulat-
ing actual service conditions as closely as possible.

NOTE: When a low voltage - high current test set is us-
ed, the resultant test current is not perfectly sinusoidal.
This can cause apparent errors in test results, particularly
when checking the GROUND function, since solid-state trip
devices are designed and tested in factory in terms of rms
sinusoidal current, in accordance with standards.

However, even with the deficiencies noted, the primary test
method is still valuable in checking all components in the
circuit breaker from terminal to terminal.

The following guide lines are provided for informaton.

1. Test Equipment - The test equipment should be a 60

Hz. power supply capable of supplying single phase,
high current at low voltage. Current output should be
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adjustable with a minimum current requirement of
600% of maximum sensor rating. This is based on
checking the instantaneous element for pickup atap-
proximately four times rating and checking the short-
time delay element set at four times rating with cur-
rent at 1% times the setting. The test equipment
should be capable of maintaining the instantaneous
and short-time test currents for minimum of two sec-
onds which is the time allotted for adjusting the test
equipment to the correct current values. The equip-
ment should contain a timer which wil!l operate dur-
ing current flow and be capable of accurately meas-
uring times be tween .05 and 300 seconds.

2. Connect the upper and lower breaker terminals of
one pole to the test unit. If the breaker and test unit
are not equipped with stab adapters, use cable or bus
of sufficient size and as short as possible to hold heat

rise and vol tage drop to a minimum.
3. After each test that results in the breaker tripping, re-

closing the breaker is required before proceeding with
the next test.

4. Since much of the testing is done with currents ex-
ceeding the continuous current rating of the circuit
breaker, care should be exercised in not overheating
it. Allow sufficient cooling time between tests.

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

6. In order to save time and to keep the breakerifrom
overheating, the tests are made at one setting{ From
experience, if the solid-state trip deviceshedksiout at
one calibration setting with an awercurrent through
the breaker, the device will also cheek ouU¥ at other
calibration settings _and overcutrents:% Therefore,
300% overcurrent is used as“representative for long-
time delay and 150% (of SHORT-TAME calibration
setting) for short-time delay testing.

7. Due to extensive equipment-tequired, field testing for
resettable delay is not justified and, therefore, not
covered by this procedure.

8. Clean Contacts’- Thevarc contacts will become mark-
ed from repéatedests and at the low voltage test val-
ues, the currént tends to mark the mains as well.
Clean with non-metallic material such as ‘Scotch-
Brite”’. Blow residue from the breaker before placing
inservice.

Note for, Testing Models Equippped With Ground

For LSS models so equipped, the ground trip function must
be defeated)in order to test the other functions. For pri-
mary, ‘eurrent testing, ground function defeat must be
accomplished by using a special cable, part number 611786-
T1."This cable is inserted temporarily in the circuit between
the trip unit and the breaker wiring harness. (NOTE:

Placing the GROUND tap pin in its TEST position is not
sufficient to properly defeat GROUND when performing
primary current testing).

As an example of this test procedtire, consider a LK-16

breaker equipped with type L8S-5G,s6lid)state trip device.
The settings are:

Ampere Tap: 1600 amps
Long-Time:
Pickupyp,.— 1600 amps (1.0 x 1600)
Delay % Min Band
Shortakimes
Pickip — 6400 amps (4 x 1600)
Belay — Int. Band
Instananeous:
Pickup — 16,000 amps (10 x 1600)
G round:
Pickup — 300 amps
Delay — Max. Band

Beforeytesting the LONG-TIME, SHORT-TIME, and IN-
STANTANEOUS functions, you must defeat GROUND. To
defeat the ground function, remove the connector from the
top of the trip unit, and plug it into the male connector of
tést cable 611786-T1. Then plug the female connector of
the test cable into the trip unit. BE SURE ALL CONNEC-
TORS ARE PROPERLY MATED BEFORE APPLYING
TEST CURRENT.

For the long time test, use test current of 3 x 1600 = 4800
amps. Since this is below the short-time and instantaneous
settings, they need not be changed for the test. The break-
er should open after the expiration of the long-time mini-
mum delay of 8 to 12 seconds.

To test short time function, use a test current of 1.5 x
6,400 = 9,600 amps. The delay should be from 0.20 to 0.32
seconds.

Use the test current of 1.5 x 16,000 = 22,000 amps to test
the instantaneous. Delay should be less than 0.05 seconds
plus the delay error of the test set timer.

In addition to the timing tests, the pickup currents may
also be checked, if desired. The tolerance on long-time pick-
up is -0% to +20%. For short-time and instantaneous
pickups the tolerance is £210%. The short-time and instan-
taneous pickups may be measured by increasing the current
until the breaker trips. REPEATED TESTS AT HIGH
MULTIPLES ARE NOT RECOMMENDED DUE TO THE
THERMAL STRESS TO THE INPUT STAGE COMPO-
NENTS. ALLOW TIME FOR COOLING BETWEEN
TESTS.

Long-time pickup may be determined by connecting a
high impedance VOMto the pin jacks in the special test
cable. As the test current is increased, the voltmeter will
suddenly increase its reading from zero voltages to approxi-

g
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mately 0.5 volts. This is the pickup point. Do not leave the
VOM connected when making time delay tests as it may
affect the accuracy of the timing circuits. For our example,
pickup should occur between 1600 and 1920 amperes.
Before testing the GROUND function, remove the special
test cable, reconnect the breaker wiring harness connector
to the trip unit. Be sure the connector is properly mated
and secured with the retaining clip. For our example, the
ground pickup tap pin is in the 300 amp. position. Use
a test current of 2.0 x 300 = 600 amps. to test GROUND.
The delay should be between 0.35 and 0.50 seconds with
the delay set at MAX. Ground pickup may be tested by
increasing the current gradually from a low level until the
breaker trips. The tolerance on ground pickup is £10%.

Primary Testing of a Four-Wire Double-Ended Substation
(DE4W) Breaker

Main and tie breakers of a 4-wire double ended system

sense ground faults from currents through the neutral sen-

sor only. A ground fault current can be simulated using a

spare neutral sensor around the current source bus.

This neutral sensor is connected to the trip unit by means
of a special test cable, part number 611786-T2. This test
cable is inserted temporarily in the circuit between theitrip
unit and the breaker wiring harness. The secondary<of the
neutral sensor being used for testing is then connected te
the two free wires on the test cable. CAUTION: DO™"NOT
APPLY TEST CURRENT UNTIL THE SECONDARY
IS CONNECTED TO THE TEST CABLE AND ALL
CONNECTORS ARE PROPERLY MATED.

Upon completion of tests, remove tHe special test cable
from the circuit and reconnect the breakeiwiring harness
to the trip unit. Be sure the connectar is properly seated
and secured with the retaining clip.

WARNING WARNING WARNING WARNING

AT THE CONCLUSION OF TESTING YOU MUST:

1. RESTORE ALL TAP PINS ON THE SOLAD STATE
TRIP UNIT TO THEIR CORRECT POSITIONS SO
THAT PROPER PROTECTION AND COORDINA-
TION IS MAINTAINED. TAP PINS/MUST NOT BE
LEFT IN A TEST POSITION.

2. RESET TARGETS ON TRIP'UNITS.

3. REPLACE TRANSPARENT/COVER ON SOLID

STATE TRIP UNIT.
REMOVE TEST CABLES.
5. REMATE BREAKER HARNESS CONNECTOR TO

CONNECTORYON THE SOLID STATE TRIP UNIT.

SECURE WITH RETAINING CLIP.

»

MAINTENANCE

1. Rénewa! Parts

Sheuldan, LSS trip unit or 505 test set not function proper-
lyAweyrecommend that the unit be returred to the factory
for, repair. Immediate replacement of an LSS trip unit can
be made available from the factory. Order through your
nearest Sales Office. State the MFG. NO. from the name-
plate sticker on the front planel of the LSS unit. The in-
operative trip unit can then be repaired and retained as a
spare. 7

Certain parts, such as the test cables, can be ordered for the
505 test set. Contact your nearest District Office.

2. Test Set Calibration Testing
If desired the test set may be returned to the factory for

re-certification of calibration accuracy. Contact the nearest
District Office.
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