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Section 8 - Circuit Breaker Automatic Tripping Syster()

8.0 GENERAL Amptector trip unit adjustable but the sensors are avail-

The circuit breaker is tripped on overload and short circuit 2Pl over a wide range of current ratings. &
conditions by combined action of three components: The automatic overload and short cir%ping charac-

teristics for a specific breaker ratj rmined by
the sensor rating, are determined tings of the

1. The sensors which determine the current level.

2. The Amptector solid-state trip unit which provides a Amptector solid-state trip unit. Iso supplies a
tripping signal when pre-determined current levels pulse of tripping current to the % Thus all tripping
are reached. functions are performed by ontrol circuitry,

3. The Actuator which actually trips the circuit breaker. with no mechanical or d|r tic action between the

primary current and th aI tripping parts of the

Schematically this may be represented as shown in Fig-
ure 59. This provides a very flexible system covering a

wide range of tripping characteristics. Not only is the The Amptector soli
basic versions; t

breaker.

rip units are available in two
ctor II-A and the Amptector I-A.
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8.1 THE AMPTECTOR II-A TRIP UNIT 2. Long-delay time.
Improvements have been made to the Cutler-Hammer 3. Short-delay current pick-up.
Amptector and the standard model is now Amptector Il-A. . @
o . . 4. Short-delay time.
Wiring and terminal changes were made to provide
method of testing with a tester. Refer to Section 8.7.6 for 5. Instantaneous currept pigks
testing with Amptector Test Kit. Note: The term “pick-up d here means the
Another change was to modify the long delay curve to rms value of current ichwthe Amptector trip unit

timing function begi tantaneous tripping is

nearly an 2T function. The revised curve shows this e
intiated.

change. See Curve No. 1.

The Amptector II-A is standard equipment on all DS and
DSL circuit breakers. It provides approximately equiva-
lent functions as the electro-mechanical trip devices pro-
vided on some circuit breakers but with the superior
operating capability of solid-state devices. The Amptector
I-A is an optional (extra cost) tripping system which can
be provided when ground fault protection or trip indica-
tors are required. Both trip units have the same reliability
and repeatability inherent in solid-state design.

As shown in Figure 5 the Amptector trip unit is at the top
front of the breaker. Figure 60 shows a close-up of the
front of the Amptector II-A trip unit. There can be a totafflo
five adjustable controls, with screwdriver adjust
These are for setting the following characteri

(396705)
Fig. 60 Standard Amptector II-A Solid-State Trip Unit
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ection 8.4 of Text for Explanation Removed ( 396704)
ig. 61 Amptector lI-A Trip Unit with Front Cover
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Figure 61 is the Amptector II-A trip unit with front cover
removed, showing all of the calibration marks on the
dials. The ranges of current settings in multiples of sen-

sor rating and time delay are as follows:
1. Long-delay pick-up .5 to 1.25 X sensor rating

8 to 36 seconds, at 6 X
sensor rating

2. Long-delay

Over these ranges tripping will always occur within the
time band shown on Curve No. 1, page 59. The bottom of
the band is called the resettable delay. If the overload
subsides in less than the resettable delay time, resetting
of the trip unit will occur within a few cycles after the load
drops to less than 90% of the pick-up setting.

3. Short-delay pick-up
4. Short delay

4 to 10 X sensor rating

.18 seconds to .50 seconds
or 11 to 30 cycles at 60 Hz,
at 2.5 X pick-up setting.

Over these ranges tripping will always occur within the
time band shown on Curve No. 1, page 59. Although the
time adjustment is continuous, three time bands are cali-
brated as shown on the curve.

5. Instantaneous Pick-up 4 to 12 X sensor rating

vided. Those combinations with the corresponding A

OBSERVED. OTHERWISE THE BREAKER WI ®)
HAVE OVERLOAD OR FAULT PROTECTION IC
COULD RESULT IN BODILY INJURY AND/OR SERF-
OUS EQUIPMENT DAMAGE.

**Terminals marked “test point” are intended to ﬁovide
connections for operation of the optio@t kit.
8.2 THE AMPTECTOR I-A TRIPN

I functions
units and in addi-

Amptector I-A trip units perfor
described above for Amptector¥l
tion provide the following:

1. Optional adjustable
resettable operati

2. All Amptector a trip indicator that will indi-
cate on overl@a ing and another that indicates
on shorf@iscuit ing. (All indicators are reset man-

e front of the Amptector I-A trip unit. A
ven adjustable controls with screwdriver
y be provided for setting the following

ult protection with
Indicator.

ristiCs:

Short-delay current pick-up

W— elay current pick-up
Three different combinations of trip elements are proQ- g-delay time
3.

tector 1I-A model designations as follows:

1. Long Delay

Instantaneous DU (DUAL)

SE (SELECTIVEY \C)

2. Long Delay
Short Delay

3. Long Delay
Short Delay
Instantaneous

Each Amptector II-A trip unit has a
sible on the front of the circuit b

Figure 59 shows a typical gtan i i i
includes the Amptector 4-ANyi ifterminal block. The
following table explaig§’th ings of the terminals:

N put negative*

A Sensor phase A
B Sensor phase B est point (internal neutral)**
DS Test point**
TP Test point**

* DI Test point**

C Sensor phase C
N Sensor ne

N

Short-delay time
5. Instantaneous current pick-up
6. Ground current pick-up
7. Ground delay time

e

Sapten, v ¥ Hgy 15

Fig. 62 Optional Amptector I-A Solid-State Trip Unit
(396707)

Effective October 1998



1.B. 33-790-1I

Figure 63 is the Amptector trip unit with front cover 6. Ground current pick-up See table on to

removed, showing all of the calibration marks on the dials or on Curve No!

gnd trip |nd|cators..The ranges of current settings in mul- 7. Ground delay time 22 t0 50 seconds

tiples of sensor rating and time delay are as follows: 13 to 30 cycles at 60 Hz

1. Long-delay pick-up 510 1.25 X sensor rating Six different combinations of the ve trip elements are

2. Long-delay 4 to 36 seconds, at 6 X provided. These combinations wi orresponding
sensor rating Amptector I-A model designali@gs ar; follows:

Over these ranges tripping will always occur within the 1. Long Delay

time band shown on Curve No. 2, page 60. The bottom of Instantaneous LI

the band is called the resettable delay. If the overload 2. Long Delay
subsides in less than the resettable delay time, resetting ’ Instantaneous
of the Amptector trip unit will occur within a few cycles

after the load drops to less than 90% of the pick-up set-
ting. 3. Long Delay

hort D LS
3. Short-delay pick-up 4 to 10 X sensor rating Short em
4. Short delay .18 seconds to .50 seconds 4

or 11 to 30 cycles at 60 Hz,

Ground

; . LSG
at 2.5 X pick-up setting.
Over these ranges tripping will always occur within the 590 elay
time band shown on Curve No. 2, page 60. Although the Instantaneous
time adjustment is continuous, three time bands are cali- ound LSIG
brated as shown on the curve.
. . ong Dela
5. Instantaneous pick-up 4 to 12 X sensor ratin Sho?t Dela);/
Instantaneous LSI

GROUND GROUND DELAY TIME

22 T0 B RECONDS

GROUND THIP
INDICATOR

“QUREW DRIVER
o THOIN

s OWERLOAD TRIP
SLATS

" INDICATOR
LONG DELAY CURREN ol y LONG DELAY
PICKUP ST . . e
SENSUR RATING

= TIRE
4T 36 SECONDE

SHORT CIRCINT
TRIP (NDICATOR

SHORT LAY
TIME

AHORT DELAY CURRENT

SCKUP A TD 10X 0.18 TG 0.50 SECONDS,
¢ “a[(i:i’" j;;:i)ﬂng AT 2 5% SICKUP SETTING
*See Segtion (¢] for Explanation
Fig. tector I-A Trip Unit with Front Cover Removed (396706)
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Applicstion Dats 32.860
CURRENT IN MULTIPLES OF SENSOR RATING o
8 3588- © m v e enmea- o h e o enemo 2 2 g 230338 & § & 833882
%000 ) 9% | T T T TTIIT T 1900
o . ¥ o ] o
700 2 Long Delay Pickup Calibroted at 0.5, -
s0o \ XX 0.75,1.0 ond 1.25 Times Sensor Rating 600
500 Myl vrifie . | 1 a0
oo A%\ AR | | sco
“ Moximum Calibration Band Curve
300 t—~ 300
200 < 200
Minimum Calibration Band Curve
oo ‘é‘ ‘ A Y 100
920 90
0 X7\ %
T0 \ V 70
60 (]
S0 30
40 40
30 30
\ Detay Time
20 \ alibrated ot 20
8, 20 and 36 Seconds
j \ <>~ 6 Times Sensor Rating)
0 ) \ W0
s \ )
] 8
4 A 7
6 /] - €
w s V] % s g
2 4 z
8 - a o
] A &
w wn
F4 3 3 z
- Short Delay Pickup Calibrated at 4, ¥
E 2 6, 8 and 10 Times Sensor Rating K 2 =
[ Short Delay Time
i Calibrated at 0.5, 0.33
q and 0.18 Seconds ( At 2.5
; 1 Times Short Delay Pickup) .',
.8
: : -
. .6
K / Y .5
) ] X L .
/ ’ ~N K
-3 ,/ 3
2% /
. AN % :
. —¥ .
/ % >
iy
u
B L] A4 A 1
o 777X 09
o8 L LL v .09
o7 N P AV VN4 .07
.08 .06
.03 - L4 .03
e [ 44 LN on
n ickilp Colibrated at 4, pava v '/
o3 . 8, Sensor Roting 9%y .03
% 4 L // / / /
o2 / .02
¥927%%9 4% / /
NN
d /
.o'ﬂ o "~ ee~ ~ " -« N 9o 00~ ~ » ¢ ® o~ eo®0 o o o © © PO OO [<3 8 8 Q ;9888‘01
3 853835" H 4 re e = ~ - e 9 e ~®ao0 g -4 e g’g..e

Amptector I1-A
rent Characteristics

CURRENT IN MULTIPLES OF SENSOR RATING

Curve No. 1

Curve No. 705502

New Information
November, 1978

Effective October 1998



1.B. 33-790-1I PaBRgo

Applicstion Data 32-860
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Each Amptector I-A trip unit has a terminal block
equipped with test plug terminals accessible on the front
of the circuit breaker front panel. This permits convenient
field checking of calibrations and operation with an exter-
nal power supply. A specially designed power supply test
kit, with plugs to match the Amptector trip unit test plug
terminals is available; and its operation is described in
Section 8.7 6 of this instruction book.

Figure 59 shows a typical standard wiring diagram, which
includes the Amptector trip unit terminal block. The fol-
lowing table explains the markings of the terminals:

A  Sensor phase A
Sensor phase B
Sensor phase C
Sensor neutral
Ground

OP  Output positive *

O Z2 0w

ON  Output negative*
DN Test point (internal neutral)**
DS Test point**
TP  Test point **
OSS  High load switch signal to accessory unit
DI  Test point **

OBSERVED. OTHERWISE THE BREAKER
HAVE OVERLOAD OR FAULT PROTEQTION WHICH

COULD RESULT IN BODILY INJURY A -
OUS EQUIPMENT DAMAGE.
e

**Terminals marked “test point” are in provide
connections for operation of the c@ t kit.
8.2.1 Ground Fault Protectio

When the Amptector I-A tg u@des ground current
protection, the type of nagti he circuit must be

considered. If the sy utralis grounded but the
neutral is not carrie e phase conductors, the
Amptector trip unit has f e equipment necessary for
sensitive ground protection?

If the system neutral isgrounded and a neutral conductor
is carried with¢he phase conductors, it is necessary to
order an adgitiogal sensor, for the purpose of cancelling
out any resi rrent in the phase conductors. This
sensor ounted separately and must be located
on thgyneWtral conductor at the point where the neutral

AN

*To Actuator Coil. THIS COIL HAS A POLARITY -
ING ON THE POSITIVE LEAD WHICH MUST B
L

conductor connects to the neutral bus. These se rsO
are duplicate of those supplied on the breaker exgept or
the 2400A and 3200A ratings where a modified ne
Sensor is required.

The Amptector trip unit ground element may be 8ner-

gized from an external ground curren e rather than
from internally developed groun rieft’ Slich an exter-
nal source could be a ring-type t;aN through
which all the load current cond Id have to pass.
In the case of a three-phase fo ircuit all three
phase conductors and the n | ductors would have
to pass through the trans erybhe sensitivity of the
ground element for thisgsi rangement would
depend on the ratio Qffthe sformer used.

The ground currepimRick8p dial on the Amptector I-A trip
unit has alphabe tion markings. The actual
ground curr: r nding to these calibrated points

varies with th of the sensor being used. These
printed on the top of the trip unit box.

The n ip Indicator” is a metal plunger located at
the e corner of the trip unit. If the trip unit has
func d due to a ground fault, this plunger will protrude
faceplate of the unit. The indicator is reset by
in on the plunger. If it is not reset before placing
the aker back in service, the trip unit will function nor-
mally but there will remain a false indication.

verload Trip Indicator - Functions due to overload cur-
rents less than short delay or instantaneous pick-up.

Short Circuit Trip Indicator - Functions due to fault cur-
rent in excess of short delay or instantaneous pick-up.

8.3 MAKING CURRENT RELEASE (DISCRIMINATOR)

All Amptector trip units which do not have instantaneous
trip elements (Amptector 1I-A model SE and Amptector
I-A models LS and LSG) are provided with a “making cur-
rent release” which is referred to as a “Discriminator’.
This is a circuit in the trip unit which determines at the
time of a fault whether or not there has been any current
flow in the primary circuit previous to the fault. If there
has been no measurable current flow previous to the
fault, indicating that the circuit breaker is just being
closed (or possibly that a switching device ahead of the
breaker has just been closed) and if the primary current
flow exceeds approximately twelve times the sensor rat-
ing, the trip unit will function instantaneously. If the “Dis-
criminator” circuit determines that there has been a
measurable current flow prior to the fault, the instanta-
neous operation will not occur and the normal short time
delay element will take over to delay tripping. The pur-
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pose of this unique tripping concept is that selectivity and
continuity of service in un-faulted sections of the system
can be maintained if there is any need, but if there is no
previously operating load on the circuit, the instanta-
neous function takes over to limit extensive damage
which might occur due to a delayed tripping operation.

8.4 SERVICING OF AMPTECTOR TRIP UNIT

The Amptector trip unit is the intelligence of the overcur-
rent protection provided by the breaker. It is a device that
has many solid-state components. Since the only moving
parts are the adjustments, the Amptector trip unit will give
long, trouble-free service. All components and connec-
tions, including the printed circuit board itself are coated
to give effective environmental protection.

In changing the Amptector trip unit settings, the dials
should be moved only by means of a small screw driver
inserted through the round hole in the faceplate directly
below the calibration window. The shafts must never be
rotated by applying torque directly to the dial as it has
only a friction fit on the shaft.

If it is suspected that the dial has moved on its shaft, it
may be checked by means of rotating the shaft counter-

clockwise to the limit of travel. A dot at the end of th |-
ibration should lineup with the index mark on the
r

faceplate. See asterisk (*) on Figures 61 and 63.

PERED WITH; SINCE TAMPERING COULD
IN LOSS OF VITAL OVERCURRENT PR C
Note: Warranty on the Amptector trp uRit willlbe void
if there is any evidence of tamperi \
A specially designed tester is avai r checking
Amptector trip unit operation with Sifg primary cur-
rent. The tester can be plugge@ convenience

nt

If there is any reason to suspect that the Amptec [
unit is not operating correctly IT SHOULD NO%

outlet; and will pass enough ¢ check any pickup
an also be checked.

calibration. Time delay calj
Place drawout break in@NNECT position before
performing Amptec N eck.

t eqUipment are required to ser-
vice solid-state iges. |ffise of the tester shows that an
Amptector trip unit is perating correctly, it is strongly
recommended that a spare Amptector trip unit be used,

and the questioname unit be returned to the factory for
service.

Special handlin

8.5 AC R

The receives a tripping pulse from the Amptec-
tdiNgipWNit, and produces a mechanical force to trip the

breaker. Refer to Figures 64, 65 and 24 for |
details. The actuator is made up of a perma
a disc held by the magnet, a rod acted on by a'Spring, a
lever for tripping the breaker, and a lever for mechani-

cally resetting the actuator. The magnet caniot pull and

reset the disc against the force of {h@ spring acting on the
rod, but can overcome the s in@hen the disc is
in contact with the magnet pol@giec tripping pulse
from the Amptector trip unit cts the effect of the
permanent magnet, allowi ring to separate the
disc from the magnet p nd move the rod to
actuate the trip shaft Igver.Qhe trip shaft lever then
rotates the trip shaft anthgcips the breaker. As the breaker

opens, the left pol ver pin strikes the spring finger

required to
betweenyi

disc is not fully reset, the trip shaft
the breaker mechanism in the trip-free con-
the breaker cannot be reclosed.

2
ﬁ tor must be replaced if it will not stay reset

the plunger has been moved to the top of its travel.

ACTUATOR
RESET SPRING wo

PLUNGER

THRIP SHAFY
ADIUSTING SCREW

MAGNET ASSEMBLY

Fig. 64 Trip Actuator (391093)

8.6 SENSORS

The three sensors are located at the rear of the breaker
on the lower studs, and directly behind the main discon-
necting contacts. Refer to Figure 66. They produce an
output proportional to the load current and furnish the
Amptector trip unit with the intelligence and energy to trip
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