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The information contained within is intended to assist operating personnel by providing information on the generai characteristics of
equipment of this type. It does no: relieve the user of responsibility to use sound engineering practices in the instaliation, application,
operation anc maintenance of the particular eouipment purchased.

If'\drawings or other supplementary instructions for specific applications are forwarded with this manual or separately, they take prece-
dence over any conflicting or incompiete information in this manual.
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General

Although not essential for the proper use and servicing of
the equipment, this manual is intended to be a complete
and detailed description of the circuits used in the Static
Trip Il and LimiTrip family of overcurrent trip devices sup-
plied by Siemens-Allis. Refer to instruction book 18X4827
covering the Static Trip Il devices and instruction book
18X10107 for the LimiTrip devices. This book is divided into
two sections, describing each type of device separately.

Figure 1 is a block diagram of the basic static overcurrent
trip device of the Static Trip Il type (Figure 10 is a similar
diagram for the LimiTrip devices). This diagram includes
the Long Time delay, Short Time delay, Instantaneous and
Ground Fault tripping functions. The type number of the de-
vice is significant in thatittells you in abbreviate:’ form the
circuits that areincluded in a particular device. A letter ““L"
indicates a LimiTrip type device. The first letter *“T* indi-
cates the standard long time circuits. The letter °S’’ stands

_fur short time, which is a definite time delay circuit. The let-
ter “'I” is for instantaneous. G’ stands for ground, and is a
definite time delay circuit that operates on ground current.
The final letters ‘T, 2T or “3T" indicate that the device
includes targets. The targets are small electro-magnetic de-
vices that operate at the same time as the breaker, and in-
dicate which circuit caused tripping. They have no effecton
the operation of the normal tripping circuits.

The devices are contained in metal enclosures which
mount on the circuit breaker by means of a slide bracket and
a single mounting screw. The Static Trip Il devices can be
removed from the breaker from the front while the breaker
is in its cubicle (de-energized, of course). The LimiTrip de-
vices are hardwired to their current sensors and the break-
-er must be out of the cubicle to remove the trip device.

Static Trip Il Over Currént
Trip Devices

The side cover of the trip device is held by, two screws and
retains two circuit board assemblies in the @nclosufe. One
of the circuit board assemblies contains,transformers and
other power components. This assembly is,referred to as
the POWER MODULE. The other circuit,board assembly
contains integrated circuits IC’s, discrete.components, and
is called the LOGIC MODULE. Electrical connection is made
between the modules by a “FLAT jumper cable. They are
held together mechanically by thfee screws. Each module
has its own compcnent designations, schematic diagrams
and parts list. The modules are discussed separately.

Power Module (Figure 2 &9)

This module contains theLONG TIME PICKUP control and,
on the ground devices. the GROUND PICKUP control. All
targets mount or: the power module (if included). The sche-
matic diagrams for the module are 18-398-286-401 and
402. These are the same except the ground components are
omitted orn'mark 401. .

The threeinhase input circuits are identical. They are made
up of power transformers T1, T2, and T3 which are de-
signed™to)saturate and limit the power supply output.
(Saturation of these transformers does cau=e some diffi-
cuity when testing the trip device. They tand.to ¢hop up the
cuTent waveshape sp.that standard meters do not indicate
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properly. This requiresthat the testing be done with a sine*
wave current source or with peak responding ammeters.)
Each transformer supplies power to a bridge rectifier 8R-1
thru BR-3. The rectifier outputs are connected in parallel to
supply powe: to a filter and regulator. An RC filter coms
prised of the first section of R1 (10 ohms) and capacitor,C1
(440 microfarad) filter the pulses of current into,a fairly
smooth DC. The voltage is regulated to approximately 24
volts by the Zener diode ZD-1, transistor Q-1 and the addi-
tional two sections of R-1.

This approach to regulating the supplyvoitage is used o
provide higher sink current capability andbetter stability for
the power supply voltage. The Zenerdiode operates at near-
ly constant current which is relatively low so that self heat-
ing is minimized. Under high'current the transistor turns
more fully on, limiting its normalidissipation. The energy is
dissipated in the 4 ohm sectionof R-1. As an example, at six
amperes a 24 volt Zener wouldhave an internal dissipation
of 144 watts, while the transistor is turned on to aroundone
volt and about six watts internal dissipation.

Resistor R2 provides for a slightly higher current through
the Zener diode before conduction starts in Q1. This as-
sures that the Zener is operating in its Zener mode before
regulation begins. Transistor Q-1 is a Darlington device to
_provide high gain, so a small Zener diode can be used.

Transformers T-4, T-5 and T-6 are subassemblies consist-
ing'of.a precision-wound toroidal transformer and a bridge
rectifier. These assemblies convert the phase signal cur-
rent into a rectified DC current. The outputs of these as-
semblies are connected in series, to resistor R-8(40ohm, 5
Watt, wire wound 1%), where the current produces a volt-
agedrop that is used as the input signal. The toroidal trans-
formers have a ratio of 40/1 so that with the 40 ohm resis-
tor produce one volt of signal for each ampere of current.
Since the bridge rectifiers are ahead of the sensing resis-

tors the forward drop of the diode d ‘t atfect the signajl
magnitude. Tz To_Louy RATTATTY IERRANES
TR R ML -

The signal voltage across R-8 is applied to the series com-
bination of R-5, RH-1 and R-3. R-5 and R-3 set the adjust-
ment limits for the device LONG TIME PICKUP control. In
addition R-5 and Zener ZD-2 limit the maximum signal volt-
age to 24 volts to protect the logic circuitry.

The Ground power transformer is T-7. This is similar to
transformers T-1, T-2 and T-3, except the primary is wound
to provide power at a lower input current. The output of this
transformer is rectified by a bridge rectifier BR-5, which is
connected in parallel with the phase power rectifiers.
The Ground signal transformer is the same assembly as for
the phase signals. its output is loaded with a higher value
resistor R-9 (120 ohras, 5 Watt). This provides a signal to op-
erate the circuit at the lower values of current needed for
ground fault tripping. .

Resistors R-4, R-6 and potentiometer RH-2 provide the ad-
justment for the Ground pickup signai. R-4 and Zener ZD-3
limit the ground signal to protect the logic module circuitry.
Capacitor C-2 provides a bypass to case ground for electri-
cal noise that may be picked up in the trip device circuits.
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The logic module has three output transistors. The collec-
tors of these three devices are brought to the power mod-
ule separately. BriagerectifierBR-4and diodes D-1 andD-2
provide steering for the output of the transistors to the ap-
propriate target and to the common tripping actuator
terminals.

Test point TP-1 !biack) is the negative of the internal power
supply and is used for testing the trip devices.

Logic Module (Figure 4 & 8)

= This module contains the level sensing and timing circuits
with their asscciated controls, and test points. The sche-
matic diagrams are 18-398-286 403 through 408, the lat-
ter being the schematic of the most complicated device. The
simpler devices are made up by omitting circuit elements.
For example, a simpie Tl device omits the short time and
ground circuits.

The controls on the front panel are: LONG TIME BAND, this
is a smali switch that selects the long time curve that the de-
vice will follow. INSTANTANEOUS PICKUP, this controls
the level sensor of the instant circuit. SHORT TIME PICK-
UP, this sets the current level that will start the short time
delay. SHORT TIME BAND, thiscontroldetermines the time
from short time pickup until breaker tripping. GROUND
TIME BAND, this contro! determines the time from ground
pickup until the breaker trips.

Four test points are brought out to pin jacks. TP-3 provides
an output voliage to indicate that the long time delay cir-
cuits are unclamped and allowed to operate. The voltage
from TP-1 to this point will be 1 or 2 volts when currént to
the device is below the long time pickup setting. The voit-

e

age will increase to 20 to 24 volts when the currentsex-
ceeds the pickup setting. This signais thatthe oscillator and
counter circuits are released and can time out. )

.

The point TP-4 provides a similar functionfor the shorttime
circuits, and TP-2 does the same for ground. Test point'TP-1
is the negative of the internal power supply.

The logic circuitry makes use of two types of integrated cir-
cuits. IC-1 is a CMOS binary counter, containing” 2 flip-flop
circuits connected in series so thats€ach stage drives the
next providing a divide by two action for'each stage. The cir-
cuitprovides a positive going output voltage after a set num-
ber of input pulses have beenyprovided. The number of
pulses is determined by the/stage)selected by the LONG
TIME BAND switch. In this“application only the last six
stages are used. The coun:pincludes a common reset ter-
minal that is held “high®iwhenthe current is less than pick-
up. Above pickup this, resetfvoltage is removed and the
counter is allowed to operate.

The other integrated circuit used is a Quad-operational am-
plifier. Each package,contains four operational amplifiers.
The amplifiers are internally compensated, PNP input. The
PNP input)allows“the common mode input voltage to in-
clude, the negative supply line. In addition the differential
voltage, is‘rated at + 32 volts. The outputs of the amplifiers
areyprotected against shorts to the negative supply by in-
ternalicurrent limiting circuits. The sink current at the out-
put must be limited externally, however. These amplifiers
are used for level sensing (signal detection and time delay),
filter, circuit, oscillator and buffer amplifiers.

Leve! Sensing Circuits (Figure 3)
Four Quad op-amps are used for signal level sensing. These

R36
2D-1
R37 6.0v
2%
R38
R51
Level B pammn |
Sensor e d -
Output
Signal
input
—8- +5.1V Supply
cé
R29 [’] R33
o - Jﬁ Common (- )

Figure 3. Level Sensing Circuits
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arelC-4,1C-5,1C-6 and IC-7.These are for Long Time, Short
Time, Instantaneous and Ground pickup elements. The ba-
sic pickup circuit is identical in each case with the excep-
tion of the positive feedback resistor. A typical circuit is
shown in Figure 3. The Quad op-amps are redrawn in this
figure to show the separate amplifiers. The two input pins of
each amplifier are labeled plus and minus. If the minus in-
put is more positive than the positive input, the output is
driven negative and the amplifier can “‘sink’ current. if the
positive input is more positive than the negative input, the
output will be driven in the positive direction and the out-
put will “’'source’’ current. The amount of differential volt-
age required is very small. The amplifiers used have a typi-
cal voltage gain of 200000.

As shown in Figure 3 the amplifier labeled “A" is used as a
unity gain buffer to isolate the particular circuit from the
common input line. Resistor R-5 (10K) is provided to pre-
vent a defective amplifier from shorting this common sig-
nal line.

The output of the “A’’ amplifier connects to the pickup po-
tentiometer RH-3. RH-3 is connected through R-33 to the
negative supply voltage. Note that the incoming signal is
referenced to the 5.1 volt bias line. By connecting the po-
tentiometer and resistor to negative rather than to the 5.1
volt level, the calibration dots for the potentiometer are
more evenly distributed around the dial. Operation would
be the same with the other connection. The output of the
“A" amplifier is an exact duplicate of its input voltage since
it iS operating at unity gain.

In this example amplifier B is the actual level sensor cir-
cuit. Its negative input is connected to the 5 10 millivoltbias
line created by Zener diode ZD-1 and voltage divider R-36,
R-37 and R-38. When the voltage on the slider of RH:3'ex-
ceeds this 510 millivolts the B amplifier outputiis driven
positive. Resistors R-18 and R-25 provide positive feed-
back, so the level sensor has some controlled amount of

@

hysteresis. Diode D-15, resistor R-12 and capacitor C-6 pro-
vide storage for the pickup signal voltage. The diode pre-
vents the capacitor from discharging through the “B‘“am-
plifier output. The resistor and the capacitor provide/for
some noise immunity. The voltage on capacitér C-6 is used
as the input to the ““C’ amplifier. When this voltage ex-
ceeds the 5.1 volt level the *“C** amplifier is driven'positive.
This is the output of the level sensor circuit.

Resistor R-29 in conjunction with the value of C-6 provides
a discharge path for the capacitor.and controls the resetta-
ble delay time of the trip device!

In the case of the long time and,ground pickup circuits the
A’ amplifier is not used as@abuffer for the level sensorcir-
cuits.

The fourth amplifier “D*is used as the ‘ime delay switchin
the case of short time and ground, and as a buffer for the
long time and instantaneous circuits.

Oscillator Circuit (Figure 5)

In this circuitthe A, amplifier is used as an inverting inte-
grator circuit. Until,the long time level sensing circuit re-
leases the oscillator the minus input pin is held negative,
through'diode D-6 and R-3, so the output of the “A" amplti-
fienis_held,at its maximum positive voltage. When the long
time)circuit picks up, it releases the negative input pin and
allows the integrator to come under control of its input cur-
rent.\Lhe current into the negative input pin junction tends
to drive the amplifier output in a negative direction. This
causes a current flow into capacitor C-2. The higher the cur-
rent flow into the junction the faster the output changes and
the higher the charging current is for C-2. If the amplifier
was ideal, with no bias current and very high gain, all of the
current into the junction point would be used as charging
current for the capacitor, and it would be a perfect integra-
tion of the input current. In practice the amplifiers only ap-
proach the ideal case and the results are slightly in error.

To +5.1V'Supply

D21

Ds

Oscillator

Output To ¢
Counter Clock

Input

L Common

To Long Time

Pickup Output
06
. 255MV
R3 Bias *
See Fig. 4

RH-1

Input Current
From Ledd
Circuit

Figure 5. Oscillator Circuit
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Note that the voltage at the summing junction remains
within a few millivolts of the positive inputterminals, as de-
termined by the 255 millivolt bias. The change in the out-
put of the amplifier coupled through C-2 holds the negative
input terminal at this same voltage.

The output of the “A’* amplifier slowly decreases from its
maximum positive level. This voltage is connected to the
positive input terminal of the B’ amplifier through resis-
tor R-35. The negative input voltage at the B’ amplifier is
set by the slider position of RH-1, so long as the A" output
voltage is above the voltage on the slider of RH-1 the output
of the “B’* amplifier is held at its maximum output voltage.
When the output voltage of the “A’* amplifier decreases to
the slider voltage, the "B’ amplifier output is driven down.
Capacitor C-1 provides positive feedback for the ’B** ampli-
fier causing its output to switch to the negative supply rail.
The time interval that it is held negative is determined by the
time constant of R-35 and C-1. The rugged PNP input stage
of the amplifiers used allows this operation without harm to
the device. The output of the “B* amplifier is connected to
the negative input of the “A’* amplifier through resistor R-2
and diode D-5, this resets the integrator circuit for the next
cycle. Diode D-21 limits the amount of overdrive for the A"’
amplifier input. At the end of the reset pulse amplifier “B*’
switches its output back to its maximum positive voltage
and the A’ amplifier again integrates the input current for
the next cycle of the oscillator. The output of the “B” ampli-
fier is also used as the clock input for the counter stage.

The oscillator circuit is operated from the 11.1 volt supply
bus so the output voltage is compatable with the counteriC.
This also keeps all of the oscillator switching transients well
below the 32 voit limit of the amplifier input transistors.The
frequency of the oscillator circuit is a linear functionlof the
input current supplied to the negative input termifal of the
“A" amplifier. The frequency is getermined by the amount
of current supplied the value of the integration capacitor
and the voltage level set by potentiometer/RH-1¢

Ladder Circuit (Figures 6 and 7)

This circuit provides the input current forithe oscillator. The
ladder circuit output current approximates the relationship
| = KV2.3, Since the oscillator output frequency is a linear
function of this current the totaltime delay is T = K/Vg2-3
where Vg is the signal voltageéand is proportional to the AC
input current of the trip device.

It should be rememberedithat the input voltage level of the
oscillator is determinedby the voltage on its “*A’* amplifier
positive input terminal and#as not a function of the charge
on the integrator capacitor or of the input current being sup-
plied. This voltage is set'by a voltage divider to be 255 milli-
volts above the 5.1 volt supply. The signal volitage is refer-
enced.to the 5.1 volt line as well.

With the signal voltage less than 255 millivolts there is no
currentflow from the ladder circuit. As the signal voltage in-
creases above 255 millivoits current flows through R-45.
The'signal‘is also applied to a voltage divider comprised of
R=39, R-40, R-41, R-42, R-43 and R-44. As the signal voit-
age, is increased the junction between the resistors will
eachlexceed 255 millivolts at some signal level. Each of the
junction points connect to the positive input terminal of an
op-amp and diode arranged as a rectifier. The cathode of
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each diode is returned to the negative input of its op-amp.
The amplifier holds the voltage at the diode cathode at the
junction voltage, so wl.cn the junction voltage exceeds:255
millivolts current flows through the appropriate sefries re-
sistor.

The voltage divider sets the threshold for each line seg-
ment, and the series resistor controls 1the current, or slope
of the line segment (see Figure 8). By careful choice of the
threshold and series resistor the desired curve is generat-
ed by the addition of the straight line;Segments. The amount
of deviation and the particular curve desired determines the
number of branch circuits required. Six segments are used
for the Static Trip Il devicel

The op-amp type ladder cCircuit overcomes the forwarc Jdrop
of the diodes and eliminates\errors due to their variation
due to temperature changes. In this particular circuit the
diode leakage curfent‘is somewhat overcome by the bias
current of the op-amp. With the op-amps used the bias cur-
rent flows out’ofithe amplifier input terminals. Resistor R-
58 provides a pathfor the bias current to flow to the nega-
tive supply. This_resistor is optional and may be omitted
depending,onithe particular op-amps characteristics.

SignalyFilter Circuit .

One of the amplifiers contained in the long time pickup
package (IC-4) is used as the rectifier-filter for the input to
the'ladder circuit. This circuit detects and holds the peak of
theyincoming signal, and this DC voltage is applied to the
ladder circuit. Diode D-4 and capacitor C-10 provide the rec-
tification and storage. The input of the op-amp is isolated
from the incoming signal by resistor R-56. The op-amp in-
cludes the diode in its feedback loop, to eliminate the ef-
fects of its forward drop.

Internal Bias Supply

The power supplied to the logic module is regulated and fil-
tered DC at approximately 24 volts. This power is supplied to
the logic module through a diode D-1 and a small filter capa-
citor C-9. This capacitor and diode supbons the power sup-
ply for the logic module during tripping when the 24 voit
source ic loaded by the tripping actuator. The internal bias
supply consists -of resistor R-1, diode D-2 and two Zener
diodes ZD-1 and ZD-2 in series. ZD-1 is 6.0 volts 2%. A volt-
agedivider R-36, R-37 and R-38 provides 510 millivolts bias
for the pickup circuits, and 255 millivolts for the oscillator
bias. Diode D-2 isolates the 11.6 volt power bus from the
bias network. The 11.6 volt power is used to operate the
CMOS counter and oscillator IC, and is filtered by capacitor
c-3. . .

During startup R-1 and C-3 provide a delay for the 11.6 voit
power. A constant current diode CLD-1 provides 4 milliam-
peres to the Zener diodes so the bias voltages are supplied
before the IC power is available. Resistor R-57 insures that
the 6 volt supply is the first to be established.

Counter Circuit -

A twelve stage CMOS counter IC-1 provides a means of
greatly reducing the size of the timing components in the
long time delay circuit. By switching to different stages in
the counter the multiple time bands are provided without

7
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changing the timing components. The output of the coun-
ter does not have enough current to drive the output tran-
sistors directly so one section of IC-2 is used as an ampli-
fier.

The differential input of this amplifier is used to interlock
the long time circuit and the short time circuit. If the short
time circuit is picked up, its output voltage is coupled
through diode D-16. Thisincreases the voltage on the nega-
tive input of the op-amp so the counter does not have
enough voltage to produce an output. This prevents the
long time circuit from tripping when the device is in the
definite delay mode of the short time circuit.

Diodes D-14 and D-13 provide a similar function for the
ground trip circuit, this is intended to prevent false ground
signals produced by current transformer saturation during
short circuit conditions.

Definite Delay Circuits

Short time and ground trip circuits are of the definite delay
type. When the level sensor circuits operate, the output
voltage is applied to a series RC circuit. In the case of the
short time circuit this is potentiometer RH-5, resistor R-16
and capacitor C-11. The level of voltage is detected by one

&
section of IC-5, the 5.1 volit supply is used as a reference.
When the capacitor voltage reaches 5.1 voits the op-amp
output is driven positive and in turn drives the base of the
appropriate output transistor, in this case Q-2 through,R-5.
Diode D-19 prevents the capacitor C-11 from being charged
to more than the 11.6 voit bus plus the forward drop of D-
19. The ground circuit is the same as short time except for
the interlocking provisions mentioned earlier. The voltage
applied through D-13 and or D-14 referenced to the pickup
bias line (5.1 plus 510 millivolts) connects to the negative
input of an op-amp in IC-7. CapacitorC-8 and R-32 provide
storage for this signal. When this violtage’is “"high’* the out-
put of the op-amp is driven low'Sinking the current from C-
12 through D-18, thus preventing the ground circuit from
timing out.

Output Stages

The output devices are Darlington transistors, Q-1, Q-2,
and Q-3. The Darlingtoniconfiguration minimizes the base
drive requirements. Jransistor Q-1 is driven from the long
time delay circ@iithQ-2by either the short time or the in-
stantaneous circuit. Q=3 is driven from the ground faultcir-
cuit. The'powerimodule contains steering diodes for the
three transistors,to operate the appropriate target as well as
the common tripping actuator on the circuit breaker.
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1 %2680 "69

73 106
83 9\36lg 2*1 08/78

89 104 \39\87\ 6.

102307 95 101

LAL’OR—

A 34
17 “’2'7‘é

51

91

65
32 39 103

Figure 8. Static Trip I Logic Board

Item Symbol Description Part Number
1 — L IR of 1 VL - 1= V-1 £ AT 18-387-923-004
2 IC-1 .80 Counter, 4040 ME(QoXe®eP) 15-171-282-009
3 IC-2 0 cop-Amp LI ZEM Y 15-171-282-008
a Ic-3 0 p-Amp LN EEN 15-171-282-008

(continued on next page)
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Symbol @ Description @
IC-4 B Vop-Amp RN BCIN .
IC-5 ;‘g vOp-Amp .. M ABAN. e,
IC-6 I'D /Op-Amp .. M 2N
IC-7 P VOp-Amp . EM BZAN .
a1 . ; “Transistor LMOEBOO). . mm,
Q2 ‘o “Transistor { MJE. ?120) .................................
Q3 =0 “Transistor { .3 5. S ..............................
CLD-1 as ~ Current Limit Diode ... MQL‘ ArT-T. O .C:f.‘.;) ..........
ZD-1 /S . Zener Diode, 6.0V ....INS233 Tl . ... ... ...........
ZD-2 .ChvZener Diode, 5.1V coveivnerreennennennn Ceeereens eeeiens
D-1 LT VDiode . ANELIB oo
D-2
D-3
D-4
D-5
D-6
D-7
D-8
D-9
D-10 L8 1o« - U I
D-11 YDiode -....... ( ..........................................
D-12 Diode i e e
D-13 iode ......  .ccciiiiiiiiiennneee e L e
D-14 Mo1T.%- "I U N S
D-15 I VDiode ... e e D
D-16 / vDIOde ... e T T e
D-17 ; vDiode ... i B e et ecieeiiieeeaa
D-18 [ “Diode ..... \} .........................................
D-19 ; YDiode ... . e i ittt iaaeee
D-20 L2 ‘Diode .. ING&® .
R-1 .oZ -Resistor, 470 ohm, 1/2W
R-2 0! “Resistor, 470 ohm#74W /S &, m;o
R-3 *Resistor, 470 ohm, 1/4W
R-4 v Resistor, 1K, 1/4W.
R-5 v Resistor, 1K, 174W
R-6 ~Resistor, 1K, 1./4W.
R-7 * Resistor, 1K £1.,/4W.
R-8 “Resistor, 1K,;"174W
R-9 “Resistor f/1K, 1./4W
R-10 “Resistor, 1K, 1.74W
R-11 “Resiston, TOK, 1/4W ... b iiiiiiiiiiiiieiiiiennnnn
R-12 “Resistor, 10K, 174W .. ....... [ ...................
R-13 YResistor, 10K, 178W ......... L @it eiiiceteccecaeeaeaaaan
R-14 VResistor, 10K, 178W .. ... . i} eeriiniiniiinnnnnnnnnnn
R-15 tResistor, 1K, 1/4W ... il iiiiiiiiiiiiiiiennennnn
R-16 “Resistor, 1K, 178W .. ... it ieiiiiieennineeeeneneeans
R-17 “Resistor, 10K, 1/78W ... ... iiiiiiiiiiiiiiiaieannn..
R-18 tResistor, 10K, 1/78W ... ... . cbiiiiiiiinnneneennennnnnn
R-19 “Resistor, 10K, 1/78W ... ... .. il eeeeencntnrnneeeccnnnenas
R-20 vResistor, 10K, 178W ... ... ... . eiiiiiieieiinnnnennnnnnn
R-21 “Resistor, 10K, 178W .. .. il eiiieneneneenaneneennnnnn
R-22 “Resistor, 10K, 178W ... ... iliiiiiiiieiiieeeneeonnnnns
R-23 Resistor, 10K, 1/74W ......... S
R-24 ~Resistor, 4.7 Meg, 178W ... . . cciuiiiiiinenncnnananns
R-25 -Resistor, 4.7 Meg, 178W .. ... {.cciiiiriiiiinenioncnnnn.
R-26 “Resistor. 1 Meg. 1/78W ... ..... 0 ... iiiiiiiiiiternnnnnn.
R-27 ~Resistor, 1 Meg, 1/74W ....... A
R-28 “Reststor, 180K, 174W ... ... .. dieiiiiiiiiiiiiieenennnn
R-29 ‘Resistor, 180K, 178W .. ... .. iiiiiiiiiiiiiiieinennns
R-30 -Resistor, 180K, 1/4W ..... R
R-31 Resistor, 180K, 1/4W ........ ,.l/ ...... e
R-32 " -Resistor, 180K, 1/74W .. ... . . i iiiiigenrencanaceaaana.
R-33 L0V~ Resistor, 7500 ohm, 178W . ,. LG, .. Pla.cvieiieennnnnn.

7500 ohm, 1/4W .. C.L
(continued on next page)

Part Number

15-171-282-008
15-171-282-008
15-171-282008
15-171-282-008
15-875-075-010
15-875.075-010
15-875-075:010
15-875-155-011
15-875-155-015
15-171%281-009
15-875-155-017
151875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15.875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
15-875-155-017
00-875-397-058
15-171-279"
15-171-279-040
15-171-279-044
15-171-279-044
15-171-279-044
15-171-279-044
15-171-279-044
15-171-279-044
15-171-279-044
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-044
15-171-279-044
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-056
15-171-279-088
15-171-279-088

'15-171-279-080

15-171-279-080
15-171-279-071
15-171-279-071
15-171-279-071
15-171-279-071
15-171-279-071
15-171-280-094
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Item Symbol! bescription Part Number
68 R-34 .0 “Resistor, 7500 ohm, 1/4W &% . Sle. oo oiiininnna... 15-171-280-094
69 R-35 0" Aesistor, 4.7K, 174W .55, ST iieiiiiiiiiiiin. 15-171-280-Q89%. 4
70 R-36 .03 Resistor, 21.5K, 1% , . ME. /8w iiiiiiiiiinee. . 15-873-139¢017
71 R-37 . tResistor, 1.0K. 1% ... ME . /%W, ool 15-873-139-015
72 R-38 “Resistor, 1.0K, 1% .., A5 W o 15-873-139-015
73 R-39 “Resistor, 100K, 1% . MWW Ll 15-873-135-024
74 R-40 “Resistor, 2150 ohm, 1% & . Udu o eeiiiiiiiiiinnn., 15-873-139-025
75 R-41 “Resistor, 1470 ohm, 1% ME.iltwh . iiiiiiiiiiiiiiiie.. 15-873-139-026
76 R-42 \/ "Resistor, 1K, 1% ...n%. k4% ... e, 15-873-139-015
77 R-43 - _="Resistor, 681 ohm, 1% AL V32, ... e 16-873-139-027
78 R-44 'O “Resistor, 953 ohm, 1% S /S, i 15-873-139.028
79 R-45 o7 Resistor, 390K, 5% ................ Ceeeeiereeee e, 15%171-280-135
80 R-46 “ResiStor, 120K, 5% ...uvuvernnneinneeeeeeenns ceeennennsd 15-171-280-123
81 R-47 “Resistor, 47K, 5% .............. eeieenas IR | 15-171-280-113
82 R-48 “ReSISION, 27K, 5% . .eveeriniernnnnnnennennnennneeemmennn 15-171-280-107
83 R-49 “ReSISION, 3.3K. 5% .evevereiiiiiiniinnnnnnnnoneennee . 15-171-280-085
84 R-50 ReSISION, TK.5% .evvveeeieeeieeeenennnnnnnnnn. i, .. 15-171-280-073
85 R-51 “Resistor, 10K, 1/4W ... . iiiiiiiiininennn Q... 15-171-279-056
86 R-52 “Resistor, 10K, 1/74W ....oiiiinnnnnnnnnnnneiBime. Bne... 15-171-279-056
87 R-53 vResistor, 1 Meg, 1/78W ... .. iiiiiiieeeebecde Doeee... 15-171.279-080
88 R-54 “Resistor, 1 Meg, 1/74W ... ..o falneeeteedienannns 15-171-279-080
89 R-55 ‘ -Resistor, 1 Meg, 1/78W .. ... iiiiiiiie Qe efieeccccccnnans 15-171-279-080
S0 R-56 ~  “Resistor, 10K, 1/74W ............f%we.. b . - AN 15-171-279-056
91 R-57 0! . Resistor, 10K, 1/4W ......cooupee et ®™dieeiieennnnn. 15-171-279-056
92 RH-1 .75~ VP.C.Pot, 10K , CERISET ... .9 i, 15-171-315-010
93 c1 . —Capacitor, 058 pd LN ...l Do 00-875-347-008
94 c2 25 “Capacitor, 22 gd 5. F N S . 15-171-838-005
95 c3 .33 v Capacitor, 4.7 ufd, 28Y, 1. T AT L e . i eiieeinineennnns 15-171-029-018
96 ca A% — _.Capacitor, 0.1 tfd 1. ¥\~ 0L o W ittt 15-171-838-003
97 cs "l° ~ Capacitor, 0.1 28d L. 8 R e - 15-171-838-003
98 (o] e Capacitor, 0.1 sfd . et e it 15-171-838-003
99 c7 o Capacitor, 0.1 ffday. il - v e eeee et ettt 15-171-838-003
100 cs e Capacitor, 0.1 2fd ;M .. M e 15-171-838-003
101 9 \.o0 — - Capacitor, 33 ufdg25 Vg, , JANT......coiiiniiiiinciinnns 15-875-347-011
102 C10 \.co * Capacitor, 33 ufd, 250Wdc , . TANT..........oiiiinnnnnn., 15-875-347-011
103 C11 . .oo * Capacitor, 68 4fd,(15Y .., TANT.........oooiiiinnn.n. 15-171-029-012
104 C12 « oe - Capacitor, 68 ifdg 15V . TANT. ....ooiiiiiiiiinan.. 15-171-029-012
105 D21 .02 Voiode &, ISR ., 15-875-155-017
106 R58 .ol “ResiSton 22.MBG » S f o e vunrinneinrinniinieaneeaneeneen 15-171-280-177
VAW AN
150 Ude) Rek ) CERmER"
150 < Paus) ?o‘\‘,)
1S Vst PO"T-)
. >%

“Riet oot

1
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Figure 9. Static Trip IFFPower Module
Item Symbol Description Part Number
1 400 NCITCUIt BOBRE o /i e e v vveeee et et ieeeeaereeeeeeinnes 18-387-923-005
2
3 - Tape (.0035 x4.5'wide, yellow scotch #57) ................ 00-475-511-047
-4 T1,72. T3 \B.0® TrafsfOMMer &l .o...oveieereeiueeneeeenneereerneeennnns 18-721-004-501
5 T4, T5,T6 \@.00 Vransformer Assembly .........c.ccieevenrinrecnnecenenns 18-721-484-502
-6 Q1 2.08 ~Heatsink Assembly ...(.MX?.‘.)P.‘?) ................... 18-721-482-501
-7 ZD-1 .07 VZenerDiode, 24V, IN4749A ........co.uiiiiiiiiiiannnn. 15-875-155-016
8 c1 \.co_Capacitor, 440 ¢fd ... BLECT ... 15-171-278-007
9 R1 1.20f “Resistor (3-65-7)ohm (MM ) . 18-657-463-019
10 R2 o /RESISION. 1K, 1/78W it e e e e e e 15-171-279-044
1 R3 By, Resistor, 2.3K, 1/78W .. .evni it 15-171-279-050
12 D1.D2, 135 TiDiode, INABOA ... ... . iiiiriiiiiaeiieeaeieienaannnn, 15-875-155-017
13 (2LR-1-BRAY. 25 “Bridge, VMB8 (B00V) . ..uuvrniiiitiniiiiirneinaaennnnn. 15-171-857-007
14 BA:S 7S YBridge, VMBB (B00V) .....uuvrnernnnrneienerniannneenns. 15-171-857-007
15 R4 B ReSISION, TK, 1/72W Lottt ii it iiiieeteaeeereennn 00-875-397-007
16 RS % WReSISION, TK, 1/72W L ittt et ie i eeeeneninnenens 00-875-397-007
17 R6 2! .Resistor, 470, 1/74W ......,. Ieteeaseecassiasanennecanans 15-171-279-040
18 R % QResistor, 25K. BW 3. \To,. MWW L 15.873-139.012
19 R8 *3° v <Resistor, 40 ohm, W .} 1o ) WL ..o 15-873-139-010
20 R9 .6 Resistor, 120 ohm, SW ,.So ) WIW. ..., 15.171-046-010
21 20,23, D4 -25 Zener, INATA9A .. ....vvuieniinnnnnnn. i, 15-875-155-016
22 203 .08 vZener. INA7A9A ... ..ottt 15-875-155-016
23 - Transf. Brackel ........ceiiuiereneeenrnnennnnenneennnns 18-724-507-001
24 RH-3— SO MPT PO 2K oottt e ettt e e, 15-873-139-012
25 OU  HE-32 SCTOW .ottt 15-171-074-010
26 niy £ - T 18-657-825-056
27 0 “Capacitor CFRAWSES L 15-171-029-021
28 T7 T oo IranSIOrMEr . .ooun i, 18-721-005-501
1, 5o /RAHZ\ Cot
12 150 /

Ayr B,







Item, Symbol.

29 T8 $éww® “Transformer Assembly
30 Wire #22 ‘6 inch) ......
31 insulator ...............
32 1 .50 CordSet .........co....
33 ZD4 .08 VZener, IN4749A .......
34 Pwr Board Pix ..........
35 Schematic Diag. ........
36 i Schematic Dia. .........
37 20 Far Cade

LimiTrip Overcurrent
Trip Device

The trip device enclosure is made with a hinged bottom por-
tion that is held shut by one screw. By loosening the screw
the bottom can be opened for access to the circuit board and
the control switches. One circuit board assembly is used in
the LimiTrip device. The operation of the circuits are quite
similar to those used in the Static Trip Il device, with some
notable exceptions. The LimiTrip device does not contain

any transformers. The function of the transformers has -

been designed into special current sensors. The sensor
transformers contain two cores each wound with the ap-
propriate winding. One core is wound to supply power to op-
erate the device and is made ‘with few turns and a small
cross section core to limitthe power undershortcircuitcur-
rent conditions. The other core is wound with the turns
,eeded to establish the correct current ratio for the sensor.
In keeping with past practice the 100% rating of the tripide-
vice signal current is one ampere. The signal winding is de=
signed to work with 0.707 ohm resistive load, and satura-
tion is designed for essentially linear operation(to/12
amperes. Above about 12 amperes the transformer satur-
ates to limit the power dissipation in the sensing resistors of
the trip device.

Power Supply Circuit (Figure 11 & 12)

The power winding of the sensor providesishort puises of
current at each zero crossing of the load current wave.
These pulses of current charge capaeitor C-1 (440 micro-
farad) through the rectifier bridges BR-1 through BR-3. Re-
sistors R-1 through R-3 provide loading for the sensor pow-
er winding tc control the saturationiof the sensor core. The
power to operate IC-1,4C-2 andIC-4 is supplied from C-1
through resistor R-20 andregulated by ZD-1 to 24 voits.

—
(1\1 .6 volts is supplied to [C-3, IC-5, IC-6 and when used IC-7.
Resistor R-19 is a series dropping resistor for this supply.
The supply is filtered by C-3. The voltage is regulated by
connecting through D-24 to the series connection of ZD-2
and ZD-3. These two Zeners supply the bias voltagesforthe
level sensor circuits and oscillator. A constantcurrent diode
CLD-1 supplies current to the series Zener so that the bias
levels are established at a lower level of input current to the
levice,than is required for circuit operation.

1 voltage divider is made up of R-16 and R-17. The junction
between the two connects to the positiveinput of one of the
op:=amps in IC-3. The negative input of this op-amp is refer-
enced to the 5.1 volt level of ZD-2. When the voltage of the
divider exceeds 5.1 volts the op-amp output is driven posi-

Description

................................
................................
................................
................................
................................
................................
--------------------------------

--------------------------------

Part Number

18-721-484-502
15-171-783-010
18-657-939:201

18-721-488-502
15-875-1565-016
18-398-285-401
18-398-286-401
18-398-286-402

tive. Resistor R-27 and capacitorC+1 1provide positive feed-
back to cause the op-amp to Switchirapidly from onestateto
the other. The output of the op-amp drives the base of tran-
sistor Q-1 through resistor R=29, Q-1 is connected through
R-70 to the positive poweribus. The circuit forms a switch-
ing regulator for the positive bus voltage set to approxi-
mately 30 volts.

The pickup levelreference voltage is provided by the 6.0 volt
Zener diode ZD-3"and voltage divider resistor R-18, R-14
and R- 15, Thewoltage across R-15 is used as the bias volt-
age for’thellong time oscillator circuit while the voitage
across both R-14 and R-15 is used as the reference for the
long:time pickup circuit. These voltages are 255 and 510
millivolts. Since the Zener diode is £ 2% tolerance and the
resistors are all + 1 percent these voltages are reaspnably
accurate. This provides long time pickup at essentially 510
milliamperes of current. The 6.0 volt Zener also directly pro-
vides the reference voltage to the instantaneous and short
circuits at 12X pickup level. Resistor networks RN-2 and
RN-3 in conjunction with switches SW-3 and SW-4 form
voltage dividers for the lower trip settings.

. Signal Input Circuit

The signal windings of the sensors supply current propor-
tional to the current flowing in the circuit breaker. For one
phase the sensor secondary current flows through resis-
tors R4, R-5. The other two phases use R-6, R-7 and R-8, R-
9. These are special 1.41 ohm resistors 1% tolerance. The
voitage across the resistors is applied to an op-amp rectifi-
er through series resistors R-10, R-11 or R-12. Diodes D-8
through D-13 limit the signal voitage applied to the op-amp
input.

Three amplifiers in IC-1 are used as rectifiers, in conjunc-
tion with diodes D-14, D-15 and D-16. The diodes are in-
cluded in the feedback of the op-amps so their forward drop
is overcome. The voitage at the cathodes of the diodes is a
nearly exact duplicate of the positive portion of the incom-
ing signal. The rircuit is basicslly a halfwave rectifier for
each phase. The phasing of the sensor transformers pro-
vides the equivalent of full vvave for all but ground current or
four wire neutral systema. IC-1 operates at the full 24 voit
supply $0 that the rectifier signal at its output can saceed
the level required for 12X signals. The inputsignal uses the
5.1 volt supply as the common, so 12 times the 1.125 set-
ting requires a minimum output voitage of 18.6 voits. The
output of the rectifier is applied to a voltage divider RN- 1
and R-13. Switch SW-1 selects taps on this divider for high-
er pickup current settings forthe.device. The voltagetapped

!
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Figure 10. Basic Lim(Trip System Block Disgram

off is compared to the 510 millivoit reference. The refer-
ence is sat slightly high sothat the tolerance of the parts will
not dégrade the breaker rating below nominal.

The'voltage set by SW-1 is applied to the input of the fourth
op-amp in IC-1 through resistor R-21. Capacitor C-4 is
charged to the peak of the signal through diode D-17. This
voltage is used as the input of the ladder circuit for the long
time oscillator.

14
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The same voltage is also applied to the input of the instan-
taneous pickup circuit and the short time pickup circuit
{both of these circuits are in IC-4) and w the input of the long
time pickup circuit In IC-3. Diode D-18 and R-21 limits the
magnitude of the signal applied to the tadder circuit. This
prevents the minimum long time curve from being de-
creased to a vaiue l8ss than the maximum short time band.
The signails for the instantaneous and short time circuits
are picked off ahead of R-21 g0 are not linited, appreciably.
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As mentioned oreviously, the reference voltage for the long
time circuit is the 510 millivolts across R-14 and R-15.
When the signal exceeds this value the op-amp output is
driven in a positive direction charging C-7 through diode D-
23. R-26 controls the resettabie delay of the circuit. The
voltage on C-7 is applied to the input of an inverting buffer in
IC-6. The output of this buffer then goes negative. This sig-
nal is connected to the reset input of the long time delay
counter IC-5. The signal is positive when the long time cir-
cuit is not picked up and is removed above long time pickup.
This allows the counter to operate. The output of the first
buffer stage connects to the input of another buffer. The
output of the second buffer goes positive above long time
pickup. The second buffer connects to the input of the os-
cillator through diode D-3. At current less than pickup this
prevents the oscillator from operating.

Instantaneous Pickup

The signal selected by SW-1 is applied to the positive input
of anop-amp in IC-4. The reference voltage on the negative
input is a voltage set by RN-2 and SW-3. When the signal
exceeds the selected reference voltage the op-amp output

voltage is driven positive. This output is rectified by D-25 -

and stored in C-9. The voltage on C-9 is applied to the posi-
tive input terminal of another op-amp. lts negative input is
referenced to the 5.1 volt line so when the volitage on C-9
exceeds 5.1 volts its output voltage is driven high. This volt-
age is applied to the common trip signal line through D-26.
This line connects to the input of an inverting bufferin IC-6
that is in turn inverted and used as the base drive for tran-
sistor Q-2. The buffers in this case are used toprovidehigh-
er current for the base of Q-2.

Short Time Circuit

The two additional amplifiers in IC-4 are used as thepickup
circuit for short time delay tripping. The pickup portion of
the circuit is the same as previously described for instan-
taneous trip, except the second op-ampsstage is inverted.
The output of the second stage is normaily.positive and goss
negative at short time pickup. This signal isconnectedtothe
reset input of the short time delay.countersiC-7. When the
reset voltage is removed the counter is@aliowed to operste.
The clock input for this counter isia_coftinuously running
oscillator made up of two stages of the inverting buffer 1C-6,
R-25, R-28 and capacitor.C-8. When the resstvoltageisre-
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moved the counter responds to the oscillator. The appropri
ate counter stage output is selected by switchi SW-5
through diodes D-28, D-29 or D-30 and applied to'the com-
mon trip signal line. This drives the buffers and output tran-
sistor. Two switch poles are used for switching. When both
switches are open the longest time delay is selected
through D-30. Resistor R-43 protects the reset inputof IC-7
from the higher level output voltage of IC-4.

Ladder Circuit and Long Time Oscillator

This circuit is described in detail injthe/Static Trip Il section
of this book. The difference between the LimiTrip circuit and
the other is that there are fewer line segments used to fabri-
cate the desire~ time current curves, and the 5.1 volt sup- .
ply level is used as part of the voltage divider circuit. The -
longest band for the LimiTrip is equal to the second longest
band of the Static Tripyll device. For this reason the inte-
grating capacitor of the oscillator is half as large, and some
of the other circuit elements are adjusted in size to match.

The desired output stage of the long time delay counter IC-5 °

is selected by diodes D-19 through D-22 and switch SW-2.
The last stagejin the counter is permanently connected

throughnD:22 so that if all the switches ar open the device -

will stilhoperate on the longest time band.

SénsoriTransformers - LimiTrip Device

The sensors contain two isolated cores per phase. These -

arecarefully matched to the breaker current rating and the -
LimiTrip input capability. The sensor rating is derived fromrs--

the ratio of the signal winding. The signal input for the trip
device is one ampere for 100% of rating. As an example a
600 ampere sensor would have 600 turns on the signal
winding. The LimiTrip device has limited thermal capacity
so these transformers are designed to saturate at around
twelve times rated current. For this example 600 turns of
#22 AWG on a core cross section of .375 by .5 inches is
used. Larger cores should not be used because short cir-
cuits on the breaker could cause damage to the trip device.

Similarly, for the 600 ampere example power winding is
120 turns #22 AWG on a core of .25 by .5 cross section. The
sensor also contains a 5 ohm resistor (in addition to the 2.4
ohm resistor in the trip device). The operating voltage of the
trip device is 30 volts DC rectified. if larger cores are used in
the power winding the trip device may be damaged atnor-*
mal operating current.
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Figure 12, LimiTep Circuit Board Module
item Symbol Description Part Number
1 Circuit Board L. .4 i .. cieieeneenennnaencnns eeeereeaaaen 18-395-042-001
2 BR1,2& 3 Bridge Rectifier (.. J....ccovnniiiiiiiiiiiiiieieriiennne. 15-171-767-003
3 ZD-1. Zener Diode, ING749A ...........ccceeirnnnenncnnnnns 15-875-155-016
4 ZD-2 Zener'Diode, IN5231B .........coviiivrninnnncnnannnns 15-171-281-009
5 ZD-3 ZeneriDiode, SM6.02S2 .......cciiuinienennnocccnnnnnnns 15-875-155-015
6 CLD-1 Current Reg, IN5313 ..........cciiiieiiiiiienniienienee 15-875-155-011
7 D1 Diode, TN4OOS ........ e eeeeeeenoacaccccanenssannnnnnnan 15-875-155-007
8 D2 thru D7 Diod@NINGS7A ......cciviititiiiiiiieiatierectteaeeanas 15-875-155-017
& D31
9 IC-1,2,3. 4 Op-Amp Quad, MC3403P ...........coiiiiviiencennnnnnn 15-171-282-008
10 IC-5 Counter, MC14040QBCP ........ccciivetiinennennnenanns 15-171-282-009
11 IC-6 Hex Buffer, MC14049BCP ..........ccctiieereencnnannns 15-171-282-010
12 1C-7 Counter, MC14040BCP ........cciiiiitrnnnennnnnenennnns 15-171-282-009
13 RN-1 Resistor Net, 8 x 1K .....coviiireneeeeeecenennnnnennnnns 15-873-139-018
14 RN<2 Resistor Net, 8 x 10K ......c.covieeeeeeeeeecracecaccnnnns 15-873-139-019
15 RN-3 ReSiStor Net, 8 x TOK .....cccveeeeeeeneenennnennnnennnns 15-873-139-019
16 Q & Q2 Transistor, MJEBO4I ......... i teereeietiecetcacanaaann + 15-875-075-016
17 R1, R2, R3 Resistor, 24 0hm, 3W .........ccciiierreeeccncccaccannes 15-873-139-013
18 R4 thru R9 Resistor, 1.41 ohm, 1%, SW ......... ceeeeecesesccccennes 15-873-139-014
19 R10, R11, R12 Resistor, 10K, . 25W ........c.ceiiiirneennns teeeecnennann 15-171-279-056
20 R13 thru R15 Resistor, 1K, 1%, .25W ......ciiirucceeeecnncnnenccnnnns 15-873-139-015
21 R17 Resistor 3740 ohm, 1%, .25W ...ccvvvenrneeennnceannnnss 15-873-139-016
22 R18 Resistor 21.5K, 1%, .25W ......cciieiiniiniinnnninsennnns 15-875-139-017
23 R19 Resistor 1K, BW ........iiiiiiiiiiiiiettieeneeneenannns 00-875-397-007
24 R20 Resistor 180 0hm, .5W .. ... .. iiiiiiiiiitiiieneennnnnns 00-875-397-005
25 R21 Resistor 10K, .28W .. ... ittt iiiiienenereennnnnns 15-171-279-056
26 R22 Resistor 10K, .25W ... ...cieiieieinnnnnccnccenecaannnns 15-171-279-056
27 . R23 ReSiStOor 33K, . 25W .. .iiiiiiiiieteeneenenenenneneanannnnn 15-171-279-062 °

(continued on next page)
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(continued on next page)
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‘itemn: Symbol Description  Part Number
28 R24 ResiStor 33K, .25W .. .iveiieerrrenccecocccccccsancacnnns 15-171-279-062
- 29 R25 Resistor 470K, .25W .....ccceeeeccccccccccccccccascnnns 15-171-279-076
30 R26 Resistor 470K, .25W ......ccieeieeeeeccccccccccccccnnas 15-171-279-076
31 R27 Resistor 68K, 10%, .25W ....ciieeririenneeeneccnnccnnes 15-171-279/066
32 R28 Resistor 150K, 5%, .25W ..cc.vrirrnieeeecnceccecennnanns 15-171-280-125
33 R29 ReSiStor 2.2K, .25W .. .iiiiiiiieereeiecccccccrenocccnnnns 15-171-279-048
34 R30 Resistor 2.2K, .25W .. ...ciirieiieccccccccccccsccccnnans 15-17-279-048
35 R31, R44 Resistor, 4.7K, 5%, .25W ...ciiiieiierinnneeeeeenaannnns 15-171-280-089
36 R32 Resistor, 4. 7K, 5%, .25W .....c.cviiiireennnncncncncennns 15-171-280-089
37 R33 Resistor, 8.2K, 5%, .25W .....ccceveenen. N eeeeeeenenns 15-171-280-095
38 R34 Resistor, 8.2K, 5%, .25W ......c.ccieeeencncccccccccannns 155171-280-095
39 R35 Resistor, 43K, 5%, .25W .....cceiiieerereecccnccccennnnns 15-971-280-112
40 R36 Resistor, 300K, 5%, .25W .....ueeeeeeeecnecccnccccccnnns 152171-280-132
41 R37 Resistor, 240K, 5%, .25W ....cccvereerecccccaccccccccnns 15-171-280-130
42 R38 Resistor, 91K, 5%, .25W .....ccceeeerecenncccccccenas. e 15-171-280-120
43 R39 Resisior, 30K, 5%, .25W ....cceeeeeeiecrecccccccccaancens 15-171-280-108
44 R40 Resistor, 8.2K, 5%, .25W ......ccccceeeececcccccccesoolin. 15-171-280-095
45 R41 Resistor, 220K, .25W ......c.covivivieienenecneesfe ... 15-171-279-072
46 R42 Resistor, 220K, .25W .....cveeerennncnnneeee L.l 15-171-279-072
47 RN-1 Potentiometer, 20K, Cement 1 TUM .....c...d@eesBoeee. 15-171-031-004
48 R43 Resistor, 10K, .25W ... .ciiiiirrninenceeand A ) "SR 15-171-279-056
49 D8 thru D13 Diode ...iiiiiiiiieeeiecienneeeee oo lditeannn. 15-875-155-017
50 D14 thru D18 [0 T T 1 PR R S 15-875-155-017
51 D19 thru D22 DIode . .iiiiieiieeecccccecccecesfilimecectheocnoccccaanae 15-875-155-017
52 D23, D24 (07, - I RS S 2 S 15-875-155-017
53 D25, D26 (017 1R AU N 15-875-155-017
54 D27 thru D30 (017, L 15-875-155-017 -
55 SW-1 SWItEh, BP .. iiiiieiiiiieiee e i eeeenecccctcacnaacaann 15-171-766-005
. 56 SW-2 Switch, 3P .. .cvveeeniiee ... S 15-171-766-003 e
57 SW-3 Switch, 3P ....cvvnvvnnnnde. VA P, ; 15-171-766-003 —
58 SW-4 Switch, 3P ... R el ittt iie e iiieaa 15-171-766-003
59 SW-5 Switch, 2P ... il ittt iiiietecetcccttcasnccanns 15-171-766-002 -
60 C1 Capacitor, 440 4ffd .. 0f e ceeeeeeereeeeeeeeeecccccaannns 15-171-278-007 -
61 c2 Capacitor, 33 4fd . .. Qe ccceieecccroccccttscascannnas 15-875-347-011
62 C3 CapaCitor, 4.7 £ .. . B e s ceeeeceeeeeeeeeeceacecaccaans 15-171-029-018
63 c4 Capacitor, 33 g . { e eeeeeeeeeeeeccccacccccccccaacaans 15-875-347-011
64 (o1 Capacitor, 0.1 44d,MYIBF .....covviirreieeneeneeneaceenns 15-171-029-011
65 cé Capacitor, 470 pf & . i e i iiieeeiieeenenccccccsacccccccnnas 15-171-029-020
66 c7 Capacitor, 0.12 44d, Tant. ......cccoevvineeecccnccccccnes 15-171-029-019
67 cs8 Capacitor, 470pf ..... ceccccecscecsscececssnscacsssanan 15-171-029-020
68 co Capacitor, 0.12 44d, TaNL. ......cceceeeerecccannsacannnae 15-171-029-019
69 c10 Capacitorn0.12 s4d, Tant. ..... ceeecectccceccanaccaansann 15-171-029-019
70 R70 ReSiSton. 5,0hM, TOW .....coivieeenennencencecancnnenns 00-873-139-801
71 C70 CaDBCIHOT .....cvueneenccccccaccccccccccccccacaccaaacas - 15-171-029-021
72 — TOIMINRl . ...ovvneenerenneenecencaccnccannans rereeeeenne 00-851-062-023
73 Scrow, Ad. hd., #6-32 x 519 ....coceiieennnnnnnnnnnnnnn. 00-615-471-124
74 Nut, Hex, #6-32 .......ccovveiiiiiinnnacncnnnns eeeeens 00-631-109-106
75 Jorque. Washer, #6 ............. ceeeccccsccccacccacaans 15-171-065-003
76 ; HEBTSINK . .cocuunninnneeeeeeeecceccccanccccacccccccannns 18-657-898-229
77 C11 Capacitor, 470 Pf ..c.civeeeeeeeenccecccccccaccccnccannes 15-171-029-020
78 R16 Resistor, 768 ohm, 1% ....ccccceienieeececneccnnccennns 15-873-139-023
79 c12 Capacitor, .12 ufd, Tant. ...... S - 15-171-028-019
80 Wire, #20 Awg., YelloOW .....cccccevennnnnn. cececsecacans 15-171-786-004
81 Wire, #20 AWD., YOIOW .....c.ccveeeccceccccccccccccnnssns 15-171-786-004
82 . Wire, #20 Awg., Yellow ...... cecccccee ceeccccccee cesccee 15-171-788-004
83 Wire, #20 Awg., Orangs ..... ceeseceecccccasccacane ceeee 15-171-786-003
84 Wire, #20 Awg., Green ......... ceccccenasan cecectccnnas 15-171-786-005
85 Wire, #20 AWD., BIUB . ..cvveieeneneeeiecnensrecanannnens 15-171-786-006
86 Wire, #20 Awg,, Green ........... cectecccceccesencsccns 15-171-786-005
87 Wire, #20 AWg., BIU® .....c.ccovviiiiiininnieneenennnnenss 15-171-786-006
88 Wire, #220 AWD., GreeN .......ccccveeeeeennrencnsaacsasen 15-171-786-005
89 Wire, #20 Awg., Blue ........... ceeeeeeacecaaaann eeeeees 15-171-786-006






Item Symbol.

29 R46
100 R45

Wire, #20 Awg., Brown
Wire, #20 Awg., Red
Wire, #20 Awg., Black
Wire, #20 Awg.. Red

Circuit Board Assembly, Pix
Schematic Diagram, LTI
Schematic Diagram, LTS
Schematic Diagram, LTSI .:
Resistor, 470 ohm, .25W
Resistor, 22 Meg., .25W

LimiTrip Sensor Ratings (Figure 13)

Description

...................................

---------------------------------

---------------------------------

...............................

--------------------------------

Part Number

15-171-786-001

15-171-786=002
15-171-786-010
15-171-786-002

18-396-441-401
18-396-223-401
18-396-223-402
18-396-223-403
154171-279-040
15-171-279-096

Continuous Signal Winding Power Winding Power Winding Breaker
Current Number of Turns Number/of Tums Series Resistor Type
40-80 80 140 5 LAG00A/LABOOA
100-200 200 120 5 LAG0OA/LASOOA
200-400 400 120 , 5 LAG00A/LABOOA
300-600 600 120 5 LAG600A/ LABOOA
400-800 800 120 5 LAG00A/LABOOA
100-200 200 110 5 LA1600A
200400 400 110 5 LA1600A
400-800 800 110 5 LA1600A
800-1600 1600 110 S LA1600A
1000-2000 2000 135 2.4 LA3000A/LA3200A
1500-3000 3000 125 24 LA3000A/LA3200A
1600-3200 3200 125 24 LA3000A/LA3200A
2000-4000 4000 125 24 LA4OOQA/LA40008

Figure 13. LimiTrip Sensor Ratings
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