A Go-AnywhereStrip-ChartRecorderThat
Has LaboratoryAccuracy
Thisrugged,portablerecorderis designedto operate
in the laboratory,in a movingvehicleor aircraft,in
the desert,in freezingtemperatures,on batterypower or
ac of variousfrequencies,evenupside down,always
withinits laboratoryspecifications.
by HowardL. Merrill and Rick A. Warp

ONITORING A VOLTAGE representing some
variable and producing a permanent graphic
record of it as a function of time is the special job of
the strip-chart recorder. These recorders come in
many different types and sizes with capabilities to
match nearly every application. However, there has
long been a need for a strip-chart recorder that
could deliver laboratory-accuracyrecordings under
relatively severe field conditions while operating
on batteries or whatever power might be available.
Model 7755A Portable Strip-Chart Recorder, Fig.
1, was designed to fill this need. To our knowledge
it is the first laboratory-quality strip-chart recorder
that is also rugged and portable. Its specifications
are guaranteed over a temperature range of -28'C
to *65'C and under all conditions of humidity,
shock, and vibration imposed by Hewlett-Packard
class B environmental specifications.* Typical instruments exceed the shock and vibration specifications by substantial margins.
The new recorder is accurate within +0.5% of
full scale. Overshoot is less than 1/6 and deadband
(a combination of backlash, turn-on voltages, and
friction) is less than O.2ohof full scale. Chart speed
is accurate within +1% and is independent of
power-Iine frequency, so paper movement is equally accurate whether the recorder is operated in a
laboratory, on 400 Hz power in an airplane, or on
power from an auxiliary generator whose frequency
is uncontrolled. Common-mode rejection of the
floating, differential input amplifier is greater than
120 dB at dc and greaterthan 100 dB at 50 or 60 Hz.
Depending on what power option is selected (see
specifications) the new recorder can operate on external ac, external dc, or internal rechargeablebatteries. Ac power can be 115 or 230 volts, 48 to 44O
'Relative
10-55Hz,0.010inch
humidity:
five24-hrcyclesto 95% at 40"C.Shock:309.Vibration:
peak-to-peak
deviation.

Hz. External dc can be L0.5 to 34 volts. The internal
batteries recharge while the recorder is operating
on ac power.
The recorder package is a modified version of the
one used for HP 1700-Series Portable OscilIoscopes.l For maximum ruggedness, most parts of
the recorder are rigidly attached to the front and
rear castings of the case. This creates a rigid base
for the instrument without incurring high tooling
costs.

Cover: The new Model
71 55A Portable Strip-Chart
Recorder takesremote sifes,
rugged terrain, and unIab oratoryIike environments
in its stride. lt can't quite
match the automatic weather
station on our cover when it
comes to enduring severe
weather without special protection, but it'll help
check things out after the storm is over. (The
weather station is from Towner Systems of San
Leandro, California.)
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Fig. 1. Model 7155A Portable
Strip-Chart Recorder is designed
to deliver laboratory accuracy in
field use. Pen displacement is
accurate within +0.5% and chart
speed is accurate within +1 "/o,
independent of ac line frequency,
over a wide range of environmental conditions. lnternal batteries are optional.

Disposable fiber-tip pens, insensitive to attitude
changes or fluid forces caused by acceleration, are
used in the new recorder.The ink is red or blue and
is specially formulated so the pens will write reliably over the entire -28'C to *65oC temperature
range. The trace dries instantly at any writing or
chart speed.

switching demodulator and a low-pass filter, as
shown in Fig. 2a. This design has been used successfully in other recorder preamplifiers, but its
cost wasn't compatible with 7155,{ cost objectives.
B e c a u s es e m i c o n d u c t o r c h o p p e r s v a r y i n e f f i ciency, and any such variation would appear as
an error in the preamplifier output, the chopper
would have to be mechanical and the transformer
The WritingSystem
would need high input inductance.Thesetwo comInternally, the 7155A consists of two major sys- ponentsalone would have raisedthe selling price of
tems, the writing system and the power supplies. the instrument by more than 10%.
The writing systemis composedof a chopper-stabiThe approachchosen,shown in Fig. 2b, has also
lized differential input amplifier, an accurate servo been used in other recorders.Its advantageis that it
system, a reliable stepper-motor chart drive, and
uses a semiconductor chopper, but the varying
the disposable-penink system, all guaranteed to
chopper efficiency affects only the internal loop
operateat temperaturesfrom -28'C to *6b"C and
gain of the preamplifier. The preamplifier output rethrough five cycles of relative humidity to 95% at
mains stable at the gain level determined by the
400c,
feedbackresistors.
The preamplifier and servo system float with reDc Preamplifier
spect to the caseof the recorder,which is groundConsideringpossibleapproachesto the design of
ed. The preamplifier acts as a differential amplifier
a stable dc preamplifier for a recorder such as this,
and responds only to the difference in the voltage
the designersasked themselves,"Can the desirabi- applied to its two floating inputs.
Any voltage comlity of low cost justify the use of direct-coupled ammon to both inputs, such as hum pickup in the inplifier stages even though these inherently have
put leads or the constant voltage on the outputs of a
greater drift?" Because of the wide operating temresistivebridge, will be rejected.
peraturerange of the 7755A, the answer to this quesServoSystem
tion had to be, "No."
The next approach consideredwas to use a
The pen-positioning servo system consists of a
number of ac-coupled gain stages preceded by a
referencevoltage, a feedbackpotentiometer that inchopper type of modulator and followed by a
dicates pen position, an error amplifier that com-

Galn Determlned by R' R, R' Rn
(a)

Fig.2. Dc preamplifier stabilized
by a mechanical chopper, as
shown in (a), is used in other
recorders, but was judged too
costly for the 7155A. The 71554
input amplifier, shown in (b), uses
a semiconductor chopper, but the
design makes the output independent of chopper efficiency.
Common mode rejection of the
floating differentialinput is gteater
than 120 dB at dc, 100 dB at 50 or
60 Hz.

pares the actual pen position to the desired pen position (the preamplifier output), a power amplifier
driving a dc motor and a belt/cable system that
moves the pen, and two compensation networks.
.
Fig. 3 is a diagram of the system.
The open-loop transfer function of the servo system consists basically of the transfer function of a
dc motor with a constant field and the input voltage

applied to the armature,along with a constantrepresenting the gain of the amplifiers and the pulley reduction between the motor and the pen. Thus
T:Kt/[sURs+K"Kt)]
where K, is a torque constant representing the
amount of torque produced for a given armature cur-
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Input
Amplifier

Fig. 3. S/lder-potentiometerprovldes pen-position information for
the servo system. Pens are disposable fiberlip type, insensitive to attitude and acceleration,
and the ink is specially formulated
to wilte from -28"C to +65'C.
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Fig.4. Rootlocus plot of the penpositioning servo systern shows
thatthe operating loop gain results
in Dolesthat have less than maximum overshootbut are still off the
real axis. Ihis resu/tsin the fastest
possib/e response consistentwith
adequate gain margin for the belt
resonance poles.

rent, I is the rotational moment of inertia of the system reflected at the motor, R is the motor armature
resistance,and Kv is a velocity constant representing the back voltage for a given angular velocity of
the motor shaft. To this basic transfer function must
be added a pair of complex poles describing the resonance characteristicsof the pen, pulley, and motor
inertial massesand the characteristics of the belt,
and a pole and a zero representing the feedback
compensating network.
The resulting pole-zero configuration and the
root-locus plot of the system are shown in Fig. 4.
The complex poles near the origin dominate the response, and the theoretical maximum overshoot is
0.6%. The root-locus plot shows that the operating
point chosen has less overshoot than the theoretical
maximum but is still off the real axis. This was
done to assure an adequ4te gain margin for the resonance poles of the mechanical components while
maintaining as fast a responseas possible.
At this operating point, however, the gain is insufficient to achieve the required deadband specification. Therefore, a nonlinear compensator makes
the small-signal gain of the system higher than the
large-signal gain, as shown by the Bode diagrams,
Fig. 5. The transition from small-signal to large-signal characteristics is determined by the turn-on voltage of a string of diodes, a voltage approximately
equal to the starting voltage of the system measured
at the servo motor armature. The actual starting voltage, or deadband, at any time may be greater than

or less than the diode turn-on voltage, but this will
not affect the stability of the system or the large-signal step response.
Chart Drive
The chart drive design is shown in Fig. 6. A 440
Hz Wien-bridge oscillator with automatic gain control provides a reference frequency that is divided
by a programmable integrated-circuit divider and
applied to a stepper chart-drive motor.
The oscillator makes the chart drive accuracy independent of the power line frequency, and makes
it possible to operate on dc power. Using a stepper
motor instead of a synchronous motor eliminates
the need for a mechanical transmission to provide
different chart speeds. It also substantially increasesreliability and reduces cost.
Fiber-tip Pens
The disposable fiber-tip pens are made of polypropylene and filled with a compressedbundle of
oriented polyester fibers. The ink injected into the
fiber bundle is insensitive to gravitational or inertial effects because of the large capillary forces
drawing it towards the polyester pen tip.
Power Supplies
An overall block diagram of the new recorder's
power system is shown in Fig. 7. T}ne internal battery is a sealed, 12 volt, gelled-electrolyte,lead-acid
battery. In spite of the fact that its specific energy ca-
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pacity (energystored per unit volume) is about 30%
Iess than that of nickel-cadmium or other high-performance batteries, the economy of the lead-acid
battery, its lack of the long-term memory effects*
that are common in nickel-cadmium batteries, and
its wide operating temperature range make this
type of battery very attractive for this application.
The recorder will operateapproximately nine hours
at 20"C before the batteries need recharging.
'Temporaryloss of capacitydueto repetitivepartial
dischargecycles.

Fig. 5. fo achieve the specified
deadband of /ess fhan 0.2o/oot
full scale, a nonlinear compensator was included in the setvo
sysfem to increase the loop gain
for small signals, as fhese Bode
o/ols show.

The ac rectifier and the *10V regulator are of
standard design. The regulator is a series type.
The battery charger consists of a current-limited
13.8V supply that is connected across the battery
terminals whenever the recorder is plugged into
the ac line. The maximum charging current available is 1.2A. This "float charget" allows the battery
to be chargedwhenever ac power is available.It also
makes possible a standby mode of operation, wherein the instrument is plugged into the ac line and set

44O Hz
Wein Bridge
Oscillator

Fig.6.Chart drive motor is a stepper motor driven by a Wien bridge oscillatorwith AGC. Seven
chart speeds are derived by dividing the oscillator frequency. No mechanical transmlssionis
needed. The oscillator makes chart speed independent of power line frequency and makes
battery operation possib/e.
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to the battery position (seerear-panel view, Fig. 8).
The charger is capable of charging the batteries and
operating the recorder simultaneously. If the ac
power should fail, the recorder will keep operating
for up to nine hours on its internal battery. When
the ac power is restored, the battery will then recharge.
The battery charger has a current sensor on its
output (a 0.5O resistor and a comparator). This circuit turns on a "battery charging" light when the
current into the battery is greater than 50 mA.
OtherFeaturesand Options
Other features of the 7755A Recorder include a

snc!

Ffg. 7. lnternal batteries are
gelled-electrolyte lead-acid batteries capable of operating in any
position and having no long-term
memory effects. Recorder operates t harrs at 20"C without recharging. Ac power suppliesare
of standard design.

transparent plastic front cover to keep out dust and
dirt, three chart-magazinetilt angles, and easy accessto the internal printed-circuit boards for servicing.
Among the options are left and right limit
switches positioned by screwdriver adjustment
from the front panel, both adjustableover the full recording span. An optional notch filter reduces unwanted input noises, and an optional 5 kf,) retransmitting potentiometer provides true pen-position
output information. Other options include righthand zero, metric scaling, and a remotely controlled event marker.

-

Flg.8. Battery charger is connected across the internal batteries
wheneverthe recorder is plugged
into the ac line. When the rearpanel sanrce swrtch is in the batterylstandby position, ac power
can be used and the recorder will
swtch lo baftery power if the ac
power fails.
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SPECIFICATIONS
HP Model7155ARecorder
Performance
Specitications
INPUT RANGES: .1mv/divthru 1ov/div in 1,2,5steps with overlappingvernier
(10 div/fullscale).
TYPE OF INPUT: Single-ended,floating.
INPUTRESISTANCE:1MO constanton all soans.
MAXIMUM ALLOWABLE SOURCE RESISTANCE: skfl for rated resoonse and
accuracy.
NORMAL MODE REJECnON:25 dB (65 dB with lilter,Option004) at 50 Hz or
60 Hz.
COMMONMODE REJECTION:120 dB at dc; 100 dB at ac 50/60 Hz.
RESPONSETIME: 0.5 seconds full scale to within rated accuracy.
OVERSHOOT:1% of lull scale (maximum).
ACCURACY OF DEFLECTION (at 25"C): t0-5% of full scale (includes deadband and linearity).
Temoeraturecoetficient:0.02%f C.
RANGE-TGRANGE ACCURACY: i0.3olo of full scale.
LINEARITY:0.25%full scale (terminalbased).
ZERO: Full span adjustment.
1,2,5,10,20,60
minutes/inch.
CHART SPEEDS:20 seconds/inch,
CHART SPEEDACGURACY:17ocumulative.
-28'C
ENVIRONMENTAL(OPEFATING):
to +65"C <95olorelative humidity
(40"c).

Rick A. Warp
Rick (it'snot a nickname)Warp did the mechanicaldesignof
Rick came
the 7155ARecorder.Born in Tacoma,Washington,
to Californiato attend StanfordUniversity.He received his
BSMEand MSMEdegreesin 1971,then continuedhis southward migrationto join HP'sSan Diego Division.He's a member of ASME.The creativeprocessintrigueshim, and he once
servedas a teachingassistantin a courseon "visualthinking"
Away from the job, Rick can oftenbe found playingtennis,
ridinghis bicycle,or playingguitar(he plays both folk and
classical).Rick and his wife live in San Diego.

General Specifications
WRITING MECHANISM: Servo actuated ink pens (wide temperature disposable
pens).
GRID WIDTH:5 inches(12 cm).
CHART LENGTH:70 ft (21,3m).
PEN LIFT: Mechanical.
WEIGHT:Net,30 lbs (13,64kg) with batteryoption.
POWERSOURCES:
OPTION007 - Externalac (48 to 440 Hz, 115 t 10oloor 230 t 10% V); 30VA max.;
Exte.naldc (10.5 to 36V,0.5 amp typ.;0.9 amp max.independent
of voltage).
OPTION008 - Externalac, Externaldc, Internalrechargeablebatteries(recharge
while operating).
OPTION009 - Externaldc (10.5to 34V,0.5 amp typ.;0.9 amp max.independent
ol voltage).
NOTE: Power option must be specifiedwhen ordering instrument.
PRICE lN U.S.A.: $985 (Power Options 007 and 008 additional).

OPtions
METRICSCALING:Option001 - N/C
SPAN:.1mv/cm thru 1ov/cm in 1,2,5 steps with overlappingvernier (12 cm
full scale).
S P E E D S : 3 0 1, 0 , 5 , 2 . 5 ,1 m i n u t e / c m ; 3 01,0 s e c o n d s / c m .
LIMIT SWITCHES:Ootion002 - $100
RETRANSMITTINGPOTENTIOMETER(5kO): Option 003 - $75
FILTER65 dB NMR, response lime 1 sec f.s.: Option004 - $25
RIGHTHAND ZERO: ODTion
OO5- N/C
EVENT MARKER: Option 006 - $75
EXTERNAL AC AND DC: Option 007 - $40
EXTERNALAC, DC, AND BATTERY:Option008 - $150
EXTERNAL DC: Option 009 - N/C
DELETE FRONTCOVER:Option010 - less 925

Howard L. Merrill
HowardMerrilljoinedHP followinghis graduationfrom Califwherehe reorniaPolytechnic
Collegein Pomona,California
.1970.
Howard'sresponsibilities
with
ceivedhis BS degreein
.17400A
High Gain DC
HP haveincludeddevelopment
of the
plug-infor the 7402AOscillographic
Recorder
Preamplifier
Refor the 7155APortableStrip-Chart
and projectleadership
corder.One of Howard'smajorinterestsis music.He plays
the pianoand is a studentof both moderndance and folk
dancing.Backpackingalso qualifiesas a majorinterest.
Howardmakeshishomenearthe beachin LaJolla,California.

MANUFACTURINGDIVISION:SAN DIEGO DIVISION
16399 West Bernardo Drive
San Dieoo.California92127 U.S.A.
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Telecommunication
GableFault Location
from the Test Desk
Thisnew faultlocatorautomatesWheatstone-bridge
methodsthathavefalleninto disusebecausetheyare
too cumbersome.
The resultis/asf,easyfaultlocation
and bettertelephoneservice.
by ThomasR. Grahamand JamesM. Hood

f F YOU HEAR VOICES from other conversations
I while using your telephone it may be crosstalk
causedby moisture that hasformed a conductive path
betweenwires in the telephone cable.If there's a high
noise level on your line, it may be the result of leakage between a wire and ground.
Model 4913A Test Desk Fault Locator, Fig. 1, is
designed to locate faults like these quickly and easily. Its 3lz-digit light-emitting diode display indicatesthe distance in feet from the instrument to the
fault, from the instrument to the end of the cable, or
from the end of the cable to the fault.
The 4913A will locate resistance paths between
the wires of a pair (shorts), resistance paths between wires of two different pairs (crosses),and resistance paths between a wire and ground
(grounds).Grounds and crossescan be located using only the faulty pair. Locating shorts requires
one good pair in addition to the faulty pair. Under
most conditions. the 4913A will locate faults that
have resistancesas high as 10MO, its sensitivity increasing as the fault resistance decreases(see Appendix). Thus the instrument can detect even faults
that are unnoticeable to the telephone user.
Roleof the Test Desk
A local test desk is a test station located in a telephone company's local service center or repair service bureau. The local test desk uses dedicated test
trunks to central offices to access customer lines.
One repair service bureau can service several central offices. A simplified interconnection is shown
in Fig. 2.
Trouble reports normally originate in the service
bureau from subscriber complaints, routine tests, or
acceptancetests. Fault location then proceeds in
six steps.First, the fault is isolated to the cable or to
other equipment such as the switching equipment

Fig.'1. Model 4913A Test DeskFault Locatorquicklylocates
shorts, crosses, and grounds without requiring special training. Piano-key switches are used in leftlo-right sequence.

or subscriber set. Next. the fault is classified as to
type.
The fault is then sectionalized. which means that
its location is determined as accurately as possible
from the local test desk. (Wire parameter tolerances, instrument accuracy tolerances, and difficulty in measuring cable lengths in the field prevent pinpointing faults from the local test desk.)This
is the job of the 4913A.
The final three steps are performed in the field.
The fault is localized from the cable accessclosest

R, :
R*:e
Rr :

Repair
Service
Bureau

[v,
84-

A+

- V,] ohms

A

- V')ohms
+ B-(V,
A

A _i B-[V,

- V'J ohms

(1)

(2)
(3)

Distances are then calculated by multiplying Ry,
R1, or R1 by an ohms-to-feetconversion factor determined by the wire gauge.The strap-to-faultdistance,
represented by Ry, is usually the most important
parameter.A typical faulted pair could be 35,000
feet long with the fault located 1500 feet from the far
end.
A problem with this method of fault location is
that the calculations are time consuming and the
method requires an experienced operator. Also, the
bridges lack the sensitivity to locate very-high-resistance faults resulting from wet plastic-insulated cable. When higher currents are used to compensate
for this lack of sensitivity, faults are often dried out
before they can be located.Becauseof these disadvantages Wheatstone bridges are not included in
new test desks.

Cenlral
Office

Customers
Fig. 2. 49134 fest Desk FaultLocatorls designed for use at
a local test desk in a telephone company repair service
bureau. Faults are typically in customer lines originating
in centtal offices. The fest desk operator works with a craftsman in the field, e.9., at the customerlocation.

to the fault with another type of fault locator. The
fault is then pinpointed by visual inspection or
other means and repaired. The final step is verifying that all faults and their causes have been
cleared.
The Old Way
Fault sectionalization from the test desk is not a
new idea. For years Wheatstone bridges have been
present on some test desks for this purpose. The
test desk operator works with a craftsman in the
field. With the fault between the central office and
the craftsman,a pair of wires free from faults is identified and shorted by the craftsman to one side of
the faulted pair (Fig. 3). The test desk operatornulls
the galvanometer, G, and records the resistance
reading, V, for each of the three switch positions.
This procedure is known as the three-Varley method. The following calculations must then be performed to obtain Ry, Rx, and R1.
10

The4913AWay
The 4913,{ digital readout of the distancesrepresented by equationsL, 2, and 3 can be obtained in
seconds.The time consuming processof recording
three different resistance values, calculating Ry,
R1, and R1, and multiplying by an ohms-to-feetconversion factor has been eliminated.
First a craftsman at the customer station or other
accesspoint establishescommunication with the
test desk and makesa strap, depending on the type of
fault. For shorts an extra good pair of wires is strapped to one wire of the faulted pair. For crossesand
grounds only the faulted pair is strapped,At the test
desk, connections to the faulty pair, good pair (if
needed),battery, and ground are made, using the
4913A's310-typetelephoneplugs.
Next, the fault mode switch (Fig. +) is set according to the type of fault and the gauge switch is set to
the proper wire gauge. When a cable consists of
more than one gauge, that of the wire at the far end
is chosen first because experience has shown that
the fault is most likely to be found in the end section. This procedure gives an accuratestrap-to-fault
distance reading. If it turns out that the fault is in
the gaugesection closestto the test desk, changing
the gauge switch to that gaugewill give an accurate
desk-to-fault distance reading. If the fault lies
beyond a gauge-changepoint from both the strap
and the test desk, a correction factor must be applied to get the correctreading.
The following steps are then taken, using the

tn

Fig. 3. O/d three-Varleymethod
required the test desk operatorto
make three Wheatstone-bridge
nullsand calculatethe distances
reprcsentedby Rr, Ry,and Rr.

Wheatstone Bridge al
Local Test Desk

front-panel piano-key switches in left-to-right
sequence.
I

r

BATTERY CHECK
FAULT CHECK:An analysis of the cable is made
automatically to determine whether the fault still
exists or has dried out.
STRAP CHECK: The strap connections are verified automatically to assurea valid measurement.
NULL 1: Dc voltage on the faulty pair is bucked
out so it doesn't interfere with the measurement.
NULL 2: The bridge circuits are balanced by adjusting the NULL knob so the computation circuits can compare the bridge ratio to the strap
distance.
FAULT DIST FROM STRAP:Distanceto the fault

lr,
Rt ',-,,

'"f-' | ".-''

l

I? .-..--,*:
R2..-.-*...

back from the strap is displayed.
FAULT DIST FROM DESK: Distance to the fault
from the desk is displayed.
DIST DESKTO STRAP:Distancefrom the deskto
the strap is displayed,
Null Operation
There are two sequential nulls. Null 1 (see Fig. 5)
is a dc zero adjustment to cancel offsets from thermal voltages and loop voltage in the faulted wire
caused by multiple faults. For example, a resistance
path to the telephone company's -48 Vdc battery
combined with a resistance path to ground generates
the series voltage shown as Vo, in Fig. 5. The Wheatstone bridges formerly used at the local test desk
give incorrect readings when Vo. is present in the
faulted wire. In the 49134, the internal dc offset
generators of IC1 are adjusted to cancel Vor.
After Null 2 (Fig. 5) has been adjusted the circuit
is a balanced Wheatstone bridge and equation 4 applies.
Ra J- Rr

Rx

.*l

RY+k(Rx+RYJ

(41

R" is one arm of the bridge and Ry + k[Rx + Ry) is the
other unknown arm. The coefficient k is an imbalance factor representing a good pair of wires that is
different in length or gauge from the faulted pair.
DistanceReadouts
The distance in feet from the strap to the fault,
from the local test desk to the fault, or from the local test desk to the strap can now be displayed by
pressingthe appropriateswitch.

F)9. 4, 4913A fault mode swtch rs set to the type of fault.
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Analog
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Fig.5.Two nullsare adjustedin 49134 operation.Null1 cancelsvoltagessuch as Vo" that often
caused errorsin the old three-Varlevmethod. Null2 sets uo a balanced-bridoecondition.

V+ -Vs
I" [Rv + k (Rx + RyJ] - I"k(Rx + Ry)
(Sl
Io Rv
At the input to the digital panel meter,
V; :
:
:

Fig. 6 is a diagram of the circuit for determining
fault distancesfor a short. Determination of strap to
fault distancestarts with the voltage V, at the output
of the buffer IC1. V1is not affectedby Vo,becauseNull
t has effectively eliminated Vo'

Ve :

Vr : Io (k + 1) (Rx + RYJ

Vr

Rl

R,r * RN
-l- Rn -F Rc

t6l

After substituting equations4 and 5 into equation 6,
V+:IoIRY+k[Rx+RY]

l

(7)
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The buffer IC3 uses one of the good wires as a
senselead to measurethe voltage at the strap.
Vs:Iok[Rx+RyJ

(10)

A and Io are calibrated to convert the resistanceRy
to the equivalent number of feet.
The other two distance readouts are obtained in a
similar manner.
When only one wire of a pair is faulty an extra
good pair is not required. The craftsman in the field
shorts the two wires of the pair and the operation of
the 4913A is unchanged. The internal system is configured differently and the mathematics describing
the instrument operation are altered, but the basic
idea is the same.

Vn results from voltage division across the NuIl z
potentiometer.

Va:

AI" Ry

(51

(8)

After subtracting,
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Fig. 6. After Null 2 is adjusted, se/ected dlslances are displayed automatically on the 3Vz-digit
dioitalpanel meter. No calculationsare needed.

Power Requirements

SPECIFICATIONS
-i

HP Model 4913A Test Desk Fault Locator

-'.-l------i

a"tt",y

Distance Measurement

(or
vottage ] Type
Equivalent)
j
I

OVERALLINSTFUMENTACCURACY:
R A N G E TX 1 0 0 , X 1 0 a 1 . 2 o l " 11 L S D
x1
11.2%15LSD
OISTANCERANGE: 0 to 199.900feet.
DISTANCEDISPLAY:Displaysdistancefrom slrapto fault,distancefrom deskto
fault,and distancefrom desk to strap on digitaldisplaydirectlyin feet.
GAUGE CALIBBATION: 19, 22,24, and 26 AWG (coppe4; 17 and 20 AWG
(Aluminum).
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0n time.
BATTERY TESTS: Built-intesl circuitspermit instant check of batteryconditions.

TYPESOF FAULTS:Willlocateshorts;crossesto workingor non-working
conductors; and groundsto earth,shield,or to workingtips.
BETURN LOOP REQUIFEMENTS:Groundsand crossescan be locatedusing
only CO batteryor groundfor return.Shortsrequiregood pair for return(good pair
need not be same gauge nor lengthas faultypair).
FAULT RESISTANCE:Dependenton wire gaugeand distancefrom fault.Under
most conditions,
faultsas high as 10 l\rf) can be located.

Test Cord
DESCRIPTION:Detachabletest cord terminatedjn colorcoded 3 10 type plugs.Followingtest cords are available(one turnishedwith 49134 as specified):
18080A TEST COBD: For use with Western Electric 12-Typeand 14-Type(cordtype)test desks.Has three plugslabeled"T1 R1", "T2 R2 FOR SHORTS
ONLY", and'CO BATT (RING)CO GND (TlP)".
1808fA TEST CORD: For use with AutomaticElectric(cord-type)test desks. Has
three plugslabeled:"Tl R1", "T2 R2 FOR SHORTSONLY", and "CO BATT
(RrNG)CO GND (TrP)".
18082ATESTCORD:ForusewithWesternEleclric16-Typeand modified14-Type
console(cordless-type)
test desks.Has two plugslabeled:T1 R1" and"f2R2
FOR SHOFITSONLY'',
PRICElN U.S.A.:$109s.
MANUFACTURINGDIVISION:DELCONDIVISION
690 East MiddlefieldRoad
MountainView,California94040 U.S.A.

Foreign Voltage
C.O. BATTERY:dc loop voltagesbetweengood and bad wire causedby multiple
faults can be nulled out. Measurementaccuracyunatfectedby C.O. battery
crosses.
INPUTPROTECTION:
Instrument
circuitryprotectedagainstaccidental
application
of toreignvoltagesas follows:1100 Vdc or 280 Vp-p sinusoidal.

Self Check
Artificialline equivalentto 30,000feet of 22 AWG wire with300 k(i faultat 18,000
feet. Built into test set for checking operation.
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Appendix
4913ASensitivity
To determinethe sensitlvityof the 4913ATest Desk Fault Locator,
wo first calculatethe sensitivityof tho null dotectorot a Wheatstone
brldge to a small changein the impsdancsof one arm.
In tho bridge clrcult of Flg. A, all voltagEsaro measuredwlth respgct to point 8. Assumlngan infinits input impodancotor tho null
detector.

-=c=

ZzEs
lif,
ZtEt
Zt+Zt

-

(ZzZ -hZtl
Ed.,=Ec-ED=6Td@+T
fn a bafanced btldge, ZzZ = hzt and Earr
We will now l€t Zz change by a small
equation 1 gives
d Earr
PEr
(P + 1)2
AZ2

Et

= 0.
amount AZ.

(1)

Diffsr€ntlating

1
Zz

whsre P = ZzlZt = ZzlZr. Thus

=

aEd.r ,

PEe

azz

O+ rr-'-Z;

e)

Flg. A

In the 4913A,thg mlnimumdst€ctableAEa* ls 14 pV. Supposethat
tho tauftedline consistsot 26,000leel ot 22 gaugewire and 9,000toel
of 19 gaugo wir€ and the fault is 1,500feet lrom the strap. What ls
ths rssolutionof th€ 4913Ain t€st?
Ths actual 4913Aclrcuit atter Null 2 is shown in Fig. B. Rx represents lh€ digtanceto tho fault (33,500teet) and Ry representslhe
distancotrom the tault to the strap (1,500feet), In lhis ca$ Rx =
480.0O end Rv = 12.1O.
The equationfor the null conditionis

Null 2 Potentiometer

(Rr + Rs)Rx = Rc (Rx+ 2Ry)
In the 4913A,Re = Rr * Rc = 5 kO.ThorotoroRo= 122.9O and Rc =
4477Q.
The voltago developedacross the bridge dsponds upon the fault
resistanceRF:
90Rr
,._
18,000+RF+RT
where

_

o

(Zt+Zal(h+L)
Zr*Zz*Zt*Zt

In our example,
F^ _

90 (2744)
18.000+2744tRr

(3)

Assuming a fault reslstanceof zoro ohms and substitutlngthe
knownvalussinto squation2 glves
Flg. B

AZr = 0.007O.
whlch meansth6 49134 resolutionin this case ls about one toot. For
Rr = 10 MO, LZz= O.31O and the resolutionis about45 teet.

project responsibilityfor a new line of instruments.He's a
member of IEEE.Among his outside interestsare skiing,
handball,and hiking,and he's also cunently very much
involvedin the healthfood movementin all its aspects,from
naturalfoods and vitaminsto food allergies.A nativeof
Minneapolis,Tom spent four years in the U.S. Air Force
before going back to school for his degree.
James M. Hood (right)
Jim Hood is engineeringgroup managerfor outside plant
instrumentation
at HP's Delcon Division"At HP since 1967,
Jim has contributedto the design of the 49204 CoaxialFault
Locatorand had responsibilityfor developmentol the 49'10
F/M Open Fault Locatorand the 4912 FIM ConductorFault
Locator.A nativeof Jacksonville,Florida,Jim receivedhis
BSEEdegree in 1967from New MexicoState Universityand
his MSEEdegree in 1971 from StanfordUniversity.He's a
memberof IEEE.Now livingin San Jose, Jim is manied and
has a small son. He likes to play softball,basketball,and
bridge, and he's an amateurphotographer.

Thomas R. Graham ltett)
Tom Graham receivedhis BSEEdegree in 1971 from the
Universityof Minnesota,then did a year of graduatework as
a teachingassistantat MassachusettsInstituteof
Technologybefore coming to HP in 1972. Initiallya design
engineeron the 49134 Fault Locator project,Tom now has
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High EfficiencyModularPowerSupplies
Using SwitchingRegulators
Theswitchingregulators'advantagesof smallersize and
cooleroperationused to be counterbalanced
by higher
cost,s/owertransientresponse,and noise,bothelectrical
and acoustical.Ihese newpower suppliesreducethe
disp arity significantly.
by B. WilliamDudleyand RobertD. Peck

rates make possible the use of transformers, inductors and filter capacitorsthat are much smaller than
those required for operation at power line frequencies. Power supplies that use switching regulators
are thus smaller, Iighter, and cooler running than
their series-regulatedcounterparts.
This basic schemeis used in a new line of power
supplies,the Hewlett-Packard62,600Jseries(Fig. 1J.
These can supply the high current at low voltage
neededby present-daydigital computers,communication equipment, and processcontrol equipment.
At presentthere are nine models in this series,covering an output range extending from 40 amperesat 4
volts to 10.7amperesat'28 volts. Although theseunits can supply up to 300W to a load, they weigh only
14.5 lbs (S.zkg) and occupy less than % of a cubic
foot (less than 8000 cm3), about one-third that of
an equivalent series-regulatedsupply.

EGULATING A DC POWERsourcehas for years
been done by dissipatingpower in a seriespass
regulator. This approach has size, weight, and thermal handicaps.
Switching regulators, on the other hand, dissipate
little power and theoretically could be designed to
dissipate no power at all. With practical circuits,
they can achieve efficiencies as high as 80%.
A switching power supply converts the incoming
ac line power to dc and uses the dc to generate a highfrequency pulse train that is transformer-coupled to
a rectifier and filter. The resulting dc output voltage
is levelled by controlling the duty cycle of the pulse
train. The pulse-generating switching device is thus
either fully on or fully off, and consequently dissipates little power.
Besides low power dissipation, another advantage
of this technique is that the high pulse repetition

HistoricalProblems
Power supplies using switching techniques are
certainly not new but they used to have certain problems. Switching speed was one. In the 1950's,supplies using transistors or SCRsas switches operated
at pulse repetition rates around 2500 Hz. Although
this wasraisedto 10 kHz by the 1960's,thesefrequencies are in the audio range so acousticnoise was a
problem, requiring expensive damping and mounting of the magneticcomponents.Nevertheless,
in airborne,space,and other applicationswhere cost was
a secondaryconsiderationto weight and size,switching techniqueswere widely used.
Another problem was radio-frequency interference.The substantialvoltage transients generatedby
switching the current on and off rapidly into an inductive load like the transformer createda spectrum
of radio-frequencynoise. Unless appropriate steps
were taken, this would be conducted to the load,

Fig. 1. New rnodularpower supply for fixed-voltageapplicallons uses a switching regulator to achieve 300 W output in a
vurrt[)dLL

^^^t,^^^
pda^dgv.
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are enclosed in an aluminum shield attached to the
heat sink (Fig. z). This plus appropriate filtering reduces electrical noise by a factor of about 100. Noise
conducted to the load within a range of zo Hz to 20
MHz is less than 40 mV peak-to-peak.
The new switching regulator supplies also have
improved regulation characteristics,holding the output within 0.1% of nominal, but able to respond to a
change in load within 3ms. To gain an understanding of how this came about, an explanation begins
with the elementary switching power supply shown
in Fig. 3.
As shown by the waveforms, switch S is closed by
the comparator and opened by the oscillator. Inductor L integratesthe pulses generatedby switch S. D1
is a "fly-back" diode that completes a current path
for inductor L when switch S opens (the current
through inductor L never decaysto zero).The output
voltage thus has a triangular waveform superimposed on the dc, rising while switch S is closed, and
falling when S is open.
Wheneverthe dc plus the triangular wave drops below the reference voltage Vr"1, the comparator
switches on the driver. When there is an increasein
load current, turn-on occurs sooner, thus widening
the pulse. The width of the driver pulses is thereby
modulated by the comparatorto maintain a constant
output voltage.

Fig. 2. Aluminum shield,cut open in this view, hwses power
transformer,switching lranslstors,and other sources of e/ectrical inrcrterence.

back into the ac line, and radiated into the surrounding environment.
Yet another problem was slow responseto changes
in line or load with consequentinability to smooth
power line ripple. The use of conventional feedback
techniques resulted in slow response because the
two-stage LC filters commonly used were often included within the feedbackloop.
A NewAge
Components have recently become available that
now make switching techniques more practical
while lowering costs. Transistors that are rated at
400 volts and that can switch up to 5 amperes in a
switching time of less than 1 trcsare now available at
reasonableprices. Concurrently, high-current, fastrecovery rectifiers, new ferrite materials that yield
high-efficiency magneticcomponents,and new capacitors that have lower series inductance and resistancecontribute to improved performance.It is therefore possible to design switching power supplies to
operate with pulse repetition rates above the audio
range, generally 2OkLlz, eliminating the problem of
acoustical noise.
In the new HP 62,6001seriesswitching power supplies, major sourcesof radio-frequency interference

V""

*

A

B

Y."r

c
D

F19.3. Elementalswitching regulatorpower supply maintains
the outputvoltage constant despite load changes by adjusting the percentage of time that swrtch S is c/osed.
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Voltago

Flg. 4. By retaining the feedback loop around the first filter
section, and adding a second loop around the second filter
sectlon, the new power suppliesachieve relativelylast response with closely-regulatedoutput.

This systemrespondsto load or line changeswithin one cycle of the switching frequency and is thus
able to smooth out line-related ripple.
It turns out that without additional compensation,
this circuit tends to be unstable when the pulse duty
cycle is less than 50%. This problem is resolved in
the new 62,600Jseriespower supplies by the addition of a parabolic waveform to the triangular feedback waveform. This increasesthe slope of the feedback waveform for light loads to give a more sharply
defined comparison point.
Somehigh-frequencyripple is required for this system to operate.The ripple can be smoothedwith a second LC filter but this raises a new problem: how to
maintain good regulation when one of the filter sections is outside the feedbackloop. The solution is diagrammed in Fig. 4.
In the circuit of Fig. 4, the referencevoltage into
the comparator is replaced by an error voltage derived from a comparisonof the output, asmeasuredat
the output of the second filter, to the referenceV,"f.
The time constantof the comparisonamplifier can be
made long with respect to the oscillator period, enabling the supply to have as fine a regulation as desired. The sawtooth regulating loop around the first
filter section, on the other hand, respondswithin one
smoothing out power line ripple and
cycle (25trcs),
perturbationsresulting from fast changesin the load.
The overall responseof the system to a load change
from full load to half load or half load to full load, being limited by only one LC filter section, is (3 ms to
within 0.1% of the nominal output voltage, a significant improvement over earlier designs.
Reducingto Practice
The new 62,6001PowerSuppliesuse thesetechniques but with additional refinements. A block dia17

gram is shown in Fig. 5 (all models in this seriesuse
the samebasic circuit-only certain circuit constants
differ).
The ac line connects directly to a rectifier bridge
that functions as a conventional full-wave rectifier
when there is no connectionbetween points E and F,
or as a voltage doubler when a shorting strap ties E
and F together (two of the rectifiers are out of the
circuit when the circuit functions as a doubler with
the strap in place). This circuit, basedon a principle
usedin the HP Model 2100seriesComputersl,allows
the supply to operatefrom either a 120 V or a 240 V
Iine without requiring a line transformer.
The power line input also goes to the auxiliary
power supply, a low power, seriesregulated supply
that derives the voltages needed for operating the
control circuit.
Saturation of transformer T1 is avoided by using
two regulator switches (Q1 and Q2). These are
switched on alternately so the current through the
primary of T1 periodically reverses.This arrangement, in conjunction with the rectifier configuration, permits 400-volt transistors to be used with a
230V input, rather than the more expensive 800V transistors required by some other configurations.
The alternating current pulses in T1 are balanced
by capacitor C3, which chargesif there is any net dc
resulting from any unbalance.The biaseson transistors Q1 and QZ arethereby shifted to correctthe unbalance. Saturation of transformer T1 is thereby avoided.
The Q1-Q2 output pulses are stepped down to the
desired voltage level by transformerT1 and rectified
by diodesD2 and D3. Thesediodescan conductup to
44 amperesbut have a reverserecovery time of less
than 0.2 ps. The rectified pulses are smoothedin the
two-section LC filter to derive the output.
Regulator switching is controlled by the pulse
width modulator, FF1, a flip-flop (Fig. S).The D (data) input to this flip-flop is permanently connected
high so when a clock input is received from the turnon comparator,the Q output goeshigh, switching on
Q1 or Q2. The next pulse from the 40-kHz oscillator
applied to the "clear" input of FF1, resetsthe Q output to "low", terminating the pulse.
FF2 is another flip-flop connectedas a binary divider. It switches stateson eachpulse from the 4O-kHz
oscillator thereby steering one drive pulse to Q1, the
next to Q2, and so on to derive the alternating current
input to transformer T1.
The 40-kHz oscillator is an asymmetrical multivibrator that spends 5 g,sin one state and 20 ps in the
other, The 5 pr,soutput switches FF2 and clearsFF1,
forcing the FF1 Q output low to terminate the drive
pulse. The S-ps period establishesa "safety band"

*t1"

ot

(Reer Plncl)

D7

o3

Stserlng
Dlod.s

Turn-on
Comparator

Voltage
Comparlaon

Flg.5. Block diagram of new switching regulator power supply. The utput is isolated from the
ac input, allowing eithet output terminal to be grounded or floated up to 100V from ground.

that holds both Qr and Q2 off, so their turn-on states
period,
cannot overlap. During the remaining 2o-1.ts
FF1 can be triggered at any time to initiate the drive
pulse.
The parabolic stabilization voltage is derived by
charging a capacitor from a constant-currentsource
and converting the resulting linear ramp to a quasiparabola,using the nonlinear collector-currenthasevoltagetransfercharacteristicsofa transistor.The capacitor is dischargedby the S-g,sclock pulse.
The parabolais summed with the voltage at point
B and applied to the base of transistor
Q3 which turns on when the base falls below the
referencevoltage at the emitter. The resulting voltage rise at the collector is amplified to derive the
turn-on trigger.
Fast Switch
The switching transistors dissipate power during
the transitions from on to off and off to on so transitions should be as fast as possibleto minimize power
dissipation. Fast turn-on is not a particular problem
but fast turnoff requires removal of charge caniers
from the switching transistor's base. This is done
with the circuit shown in Fig. 6.
The drive signal is coupled to the switching transistor by way of transformerT2. During a drive pulse,
transistor Q1 is fully on, transistor Q4 is cut off, and
18

capacitorC4 is chargedthrough diode D5. At the end
of the drive pulse, the polarity of the transformeroutput reverses,diodes D4 and D5 are reverse biased,
and transistor Q4 turns on, conducting current away
from the base of Q1. Capacitor C4 supplies collector
current for Q4 during this time. This circuit pulls the
switching transistor out of saturation within 1g,s.
GuardingAgalnstAccidents
The load is protected from an overvoltage condition by a fast-acting protection circuit that shuts
down the supply if the voltage at the output should
go above the normal output. The protection circuit
has a Schmitt trigger that reverse biases diodes D6
and Dz as Iong as the power supply output voltage is
below the trip level. Whenever the output rises high
enough to trigger the Schmitt, diodes D6 and D7
clamp the switching regulator drive circuits so transistors Q1 and Q2 cannot switch on, thus effectively
shutting down the supply. This occurs within 30 ps.
The output then decays at a rate determined by the
speedwith which the load dischargesthe filter capacitors.
Whenever the overvoltage protection circuit trips,
transformerT3 couples a pulse out of the instrument
for use by external circuits. Conversely, the over-voltage protection circuit can be tripped by a pulse from
an external controller, applied through this trans-

T1

Fig. 6. Ihe switchingcrrcuitspeedsup turn-offof power
transistor
Q1.
former. The circuit is reset by removing the ac line
power.
In the case of an ac line interruption, the "carryover" time (time during which the output remains
within 2% of nominal), of interest for example in
computer applications, is 30 ms.
When turn-on and turn-off sequencing of several
power supplies may be required, the supply can also
be held off by an external contact closure between
the terminals marked "-" and "o" on the rear panel.
This clamps the output of the voltage comparisonamplifier so that no turn-on pulse can be initiated.
The supply and/or the load are also protectedby an
adjustablecurrent limit. Current in excessof that desired develops an IR drop across the current-sampling resistor that causesthe current-limit amplifier
to pull down on the input to the turn-on camparator,
preventing any increase in the drive pulse width.
The range of the current limit control is from 50% to
773o/oof full-rated output.
Series-Passvs SwitchingRegulators
The circuits just described,using the new generation of components,make possible improved performance at lower cost. The reader might very well ask,
then, are series-regulatedsupplies obsolete?Not really. Series-regulatedsupplies have quieter outputs, as
little as 1mV peak-to-peakon the output, and faster
response to load transients, typically less than
0.1ms.For output power levelsbelow 100 W, they also have a lower dollar/watt cost, though this advantage is disappearing as the cost of the high-voltage
fast-switching semiconductorsneeded by switching
regulators continues to come down.
Switching regulated supplies are significantly
smaller, lighter and cooler running, as shoum by Fig.
7. With the introduction of the 62,600Jseries,switching supplies have a lower dollariwatt cost for output
levels of zoo-eoowatts.
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Flg. 7. A complete 300 W switching regulated supply is
scarcely larger than just the power transformerof an equivalent series+egulatedsupply, and it weighs /ess -74.5 /bs
(6.6 kg) vs the transformer's 18 lbs (8.2 kg).

Efficiency
Efficiency is the principal advantageof the switching power supply. Considerthe basic equationfor efficiency, 4:
Po
,:

Po+P1

where Po is the output power and P, is the power lost
internally. Rewriting,
P1

1,-r1

Pon
As an example, assume a 100W switching power
supply with an efficiency of 80%. The power lost
internally is:
-P.
r : (*)
'4

Po : 25 watts

In comparison, a series-regulatedsupply with an
efficiency of 4oo/owould have an internal loss of 150
watts. In other words, doubling the efficiency cuts
the internal dissipation by a factor of o. This means
that much less cooling is required by the switching
power supply. This and the smaller size simplifies
installation requirements.
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SPECIFICATIONS
Models 626{XJ42528J Swllchlng Regulaied
atlodular Power Supplles
FATIiGS:

OUTPUT CONTROL: ScrewdrivBr contol lor oulpul voltag€ adjuslmsni is
acc€ssibl€lhroughho/e In iiod panel
OC OUpUTISOIAIION: Eilhe.outpul terminalmaybe groundodorlloaled ai up
lo 100 volls oll ground
CUFFENTLIMtr:lnrsrnaladjustment,tadory'settoapproximai€ly1r0%olmax'
frlm raled ouloul cuiienl. Aulomalicallvr€s€ts when ov€noad is renoved
Minih!h adjusrmenrrange is approximalely50eqio 1139q.

Pertormance
(Lo.d F{ul.llon): Cha.gein dc ollpulvo[aqeis lessthan
LOAOEFFECT
0 . 1 5 q / " l oafl o a d c h a n g e t o m 0 t o l 5 % o l r a l o d o u l p u t a n d l e s s l h a n 0 . l 0 o / " l o r
load changeliom 15qolo l00e! ol rald oulpul.
SOUBCE EfFECT(UneB.golrllon):Changeindcourpolvoltagerasollingtron
.haru€ in ac Inpulvollageovorspociliedrange atany oulpuivollagoand curant
wiho ralire, is less ihan 0.1qr.
PAFD (F ippl. .nd Nob!), Fosrduarac vorlagosuperimpos€don dc ourputvorrago,
al any rinevorlageand under any roadcondilionwdhh raiing is resslhan 20mv
rms 40nv p-p {20H2 ro 20MH2).
TEMPEBATUBECOEFFICIEN': Chaog. rn dc drput volrageper dq.e C€nti
grad€ change n ambienl lenperallre u.der co.dilrons ot co.slanl load rdsh n c e a n d a c l n e v o l l a g e i o l l o w r r y 3 0 - m r n u l e wua9r rms l e s s l h a n 0 . 0 2 e J ' C o v e r
lsmgerarure/anoa fom 0 to 50'c
DRlfl (Slabllny): Tolal drillin dc oulpul votago (dcto 20Hz) ov€ra-hour Inteal
!nder condliors ol constantline, load, a.d ambie.t lemperaturelolloeing 30dinule wafmoo 6 l€ss lhan 0,106.
LOAD EFFECTTfiANSI€ilT FECOVEFY: The rcquked lo.oltpul vohaselorecov6. wilhrr 0.t90 ol noninal loilowingload changekoh 10096ro 509. or so/"ro
100"6is l6ss than 3ms.
OVEFSHOOT:Turn'on hansionl rs wlhin regulalionand rippr€band Turn'off is
smeih exoonenlialdecsv
CARRY-OVERTlilE: Trme lhal outpul vollage remams wthrn zeq ol spsilied
nomlnalunderrulli€d lo lowing.eowa olac r.p!l power is groalerlhan 3oms
OVERVOLTAGEPROTECTION:Oulpul voltag€ is conlnuously nonilor€d and
t il erceeds preset trrp leve overolage p.oletion ctcuil r€acts wdhin 30/s
Followingadivalon. ollpul vorlag€dops lo ress lhan 50mv
TFIP IEVEL: Sdordrivor adjusrmenraccessiblelhrough hols in rear panel
Tr pvohagerang6Eton i.svdc Io3.0vdc above nomrnalraled oulpul voftage.

IilPUTTBIP PUISE: P!ls. a$lid acrossOVP ldminals on roa hder srip renot€ly tDs ov€ryollagecncuil Pulse requrem€nls are:
vdtage:8V min. ro 15v dar.
width: 54s mi.. lo 2ns nax
OVERVOITAGE @TPUT PULSE: Purs€ is gene.ald across OvP te,nnals
when ovetuolag€ hps ovP ctcuil Pulse spscitcalions ars:
vdraw:2V nn. ro 12v nat.
widh: rrsec min. ro 204*c max
L€d lmpedanco:1oki! min
General
NPUT rcWER:
LINE: lq-127vac 46'440H?, single phase Operatm at 1$-233vac or 208zgvac 6 avaiable as an oplion
OPEFAnNG TEIPEBATUBE:0 to 50'C anbienr. Ourputcurent lorconlinuous
operalionrs dorald linsailylrom iull oulpuial 50rc ro$%ollollo!@i
ar 71"C.
COoUNG: CnvdDn c@led
TAERMAL PAOTECION: Internalthermostatopens ac line tor an ovodemFralu.e condiiion Aulomalicallyresels afid powor supply has @led
FEMOTE CONTFOL: Can be .emordy prqrammed dl and on wirh conract
closufe across o reminal ad lh6 :oul bus bil of rear panel bader
FEVERSE VOLTAGE PFOTECIIOil: Supply is prdecld agarnsrapplicationol
rderse Pdanly vollags acrossoulNt iarminals.Mdrmum sleady-slalereve.se
curcnt can be uo ro 50qoot rar6douloll curenl.
AC INPUr PFOIECTIOI: Line llse In ertacld p6l on rear.
PFICE lt U.S.A. (arl mders): S95. 1S-2s Vac inpur opriofls:no charg6.
MANUFACTBlNG OlVlslONi NEW JEBSEY OIVISION
Gre6n Pond F@d
Fockaway,Naw Jersey 07866
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