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FAILURE MONITOR FOR
HEATING ELEMENTS

By Robert S. Lee
Hotwatt Incorporated

The increasing complexity of elec-
( tronic equipment and the increasing

dependence on electrical power in a
modern industrial society places a
great deal of trust in the faultless
functioning of electrical equipment.
When a failure does occur, it should
ideally be readily identifiable as to
cause and condition so that appro-
priate corrective action can be taken.
The critical aspects of electrical pow-
er used to maintain operating tem-
] peratures, actuate controls and the
Figure 1 like all depend on a continuous source

The Hotwatt heating element failure P d 1 p
indicator cartridge containing a Signalite of power and a reasonable service

three-element neon glow lamp. life of working components.

Yours free. . . for telling us how you use or would like
to use neon glow lamps and spark gaps.

You can get a free Signalite Owl Eye Nite Lite simply by sending
us an application for neon glow lamps or spark gaps, a problem or
solution on their use. Each reader will receive the Nite Lite whether
or not his letter is used in the Application News. In addition, we
welcome longer articles for feature treatment which we will also place
in a leading technical magazine in your name.
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Any failure system used to monitor electrical and electro-mechan-
ical functions should in themselves be simple and fault-free. It serves
no purpose to design a fault sensing system into a piece of equipment
if the fault system in itself is so complex that it requires constant
maintenance or highly complex circuitry The best objective for fault
sensing system design is to fabricate a monitor curcuit using as few
active components as possible, and to choose exceptionally long service
life components for those components that have to remain active.

The design technicians at Hotwatt, Inc. followed this failure design
circuit philosophy precisely when called upon to design a monitoring
system for electrical heaters. The need arose from a necessity to sense
premature heater failure for critical production stages in industry that
relied very heavily on the maintenance of heat at various stages in
chemical manufacturing. The result is a system incorporating a spec-
ially designed heating element coupled to a fail-safe indicator assembly
that would positively indicate heater element failure immediately.

The indicator unit, shown in Figure 1, is simple and reliable, and
requires no maintenance or critical installation locations for operation.

L MOUNTING PANEL

LINE VOLTAGE
(110-240vV)

HEATING ELEMENT
WITH CENTER TAP

l L MOUNTING PANEL

\\ LINE VOLTAGE
\ L (110-240v)

b HEATING ELEMENT
. WITH CENTER TAP

Figure 2:

The Hotwatt Fail-Safe System consists of a center-tapped heating coil assembly
and the three-element indicator device. If a defect in one of the heating elements
exists when the operating voltage is applied to the system, the indicator glows
brightly.



The unit consists of a Signalite LTG-27-2 three-element neon glow
lamp mounted within a plastic container and lens cap assembly
Connection to the heating elements being monitored is accomplished by
a simple three-conductor cable of any length. The indicator can be
mounted on the equipment containing the heating elements, or may
be remotely located closer to a central process monitoring system or
control panel.

The heater assembly used in conjunction with Hotwatt Fail-Safe®
indicator system is generally a cartridge type, being round, square, or
rectangular, depending on the particular installation requirement. It
is equipped with a common lead to both sides of a resistance circuit
that forms a balanced bridge when coupled to the indicator assembly
In any case where heater failure is encountered, enough voltage is
generated in the resulting unbalanced bridge circuit to activate the
neon lamp and make it glow Figure 2 represents the indicator con-
nected to a defective heating coil assembly. Illustration (a) shows the
system in the non-energized condition. Illustration (b) shows the
system with energy applied. The heating element and three-element
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Figure 3:

The circuit of the Hotwatt Fail-Safe System showing the split heating elements
and the Signalite three-element glow lamp. The resistors shown on the anode
and cathode of the glow lamp are used to balance the resistance bridge of
the circuit. Operating AC voltage is applied at points A and B.

lamp circuit is shown in Figure 3, and the resistance bridge circuit is
shown in Figure 4.

The Signalite three-element lamp consists of an anode, cathode,
and a trigger electrode. When connected to the circuit, the resulting
AC voltage potential appearing between the anode and cathode is
always higher than maintaining voltage but lower than the breakdown
voltage of the 3-element glow lamp. The voltage appearing at the
trigger electrode, however, is nominally one-half the anode to cathode
voltage. Thus, the lamp is off in the normal circuit-energized condition.
The indicator remains in this state as long as the heating elements
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Figure 4.
The equivalent resistance bridge of the Hotwatt heating elements and indicator
assembly.

remain operative. The resistors appearing on the anode and cathode
leads in Figure 3 are used to effect a perfect balance in the resistance
bridge circuit.

When a heating element failure occurs, the resistance balance
established by the elements of the heater and glow lamp is upset, and
voltage differences appear. Specifically, a fault in one or both of the
heating elements causes the full AC input voltage to appear on the
trigger electrode. This voltage level exceeds the ionization or breakdown
voltage value for the three-element device, and the resulting ionization
causes the lamp to fire between anode or cathode and the trigger
electrode. The bright glow of the three-element device is readily
recognized, and appropriate action is indicated.

The simplicity of the failure indicator circuitry using only one
active component represents an ideal solution to reliable fault monitor-
ing. Conventional monitoring devices using thermostats would not
react immediately, and the heating assembly would cool down exces-
sively before an accurate appraisal of the situation could be made. Use

Figure 5.
A Signalite three-element neon lamp.



of a current indicating device on the heater element leads would
indicate the heater failure immediately, but would require considerably
more complex components and support circuitry than the patented
Hotwatt design approach. Use of indicator lamps on the heating
elements themselves would not allow the monitoring system to be
conveniently located away from the heating system, or would require
heavy gauge electrical cables to run from the indicator and control
point to the heater

If the monitoring system requires more than a visual indication
it may be combined with a relay arrangement to give an audible signal
as well as the three-element glow lamp indication. In either case the
resulting heater failure warning system is a practical, low cost function
monitor that is completely reliable and requires no maintenance.

SIMPLE BUT EFFECTIVE
STROBE LIGHT CALIBRATION

By: Geoff Dendy
Application Engineer
Signalite

The increasing application of strobe light instruments in the electron-
ic, mechanical and photographic trades has brought about a need for
simple and effective means of strobe flash rate calibration. Devices
used for calibration in the past have ranged from simple tuning forks
of one fixed frequency to costly and complex electronic frequency
standards with numerical readouts. In the first instance the tuning
fork only provided one point of calibration, and in the second the cost
of the equipment often exceeds that of the strobe instrument itself.

The answer to providing a simple means of strobe rate calibration
can be found in a recent circuit developed by Signalite at the request
of a strobe instrument manufacturer Since the device had to be simple
to operate and read, a neon glow lamp was chosen as a direct visual
indicator Rather than rely on a costly internal frequency standard
that might cause more problems than the strobe circuit itself, the
device was designed to key on the 60Hz frequency standard of the
115VAC line. The complete calibration circuit, shown in Figure 2,
occupies very little space within the strobe instrument and uses com-
monly available components. It will give clear indications of flash rates
at 60 and 120 pulses per second (pps), is readable to 30 and 240 pps,
and requires no maintenance whatever.
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Figure 1:

A breadboard portotype of the strobe light calibration device. The photocell
is shown placed against the strobe light lens. The neon glow lamp can be seen
with one electrode illuminated, indicating a 60 pps flash rate.

Taking a closer look at the calibration circuit will show that it is
basically a conventional neon lamp indicating circuit shunted by a
photoelectric cell. The 47K resistor provides current limiting to the
photocell and neon lamp, and isolates the components from possible
high AC current damage during operation. The transformer shown in
the Figure 1 prototype was used as a safety precaution during bread-
boarding to eliminate the possibility of electrical shock to the engineer-
ing technicians, and is not necessary for production models of the
device.
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Figure 2:

The circuit for the strobe light calibration device.
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A neon glow lamp is composed of two electrodes in a sealed glass
envelope filled with a rare gas mixture. When subjected to a sufficiently
high AC or DC voltage, the current flow causes the gas around the
electrode to ionize and glow brightly If direct current is applied to a
neon lamp, only one electrode will appear to glow However, in the
case of alternating current, although both electrodes appear to glow,
in actuality each electrode is blinking on and off alternately 60 times
per second in time with the positive and negative peaks of the current
flow This emission, keyed to the highly stable frequency standard of
the AC line, is used by the calibration circuit as a reference rate for
the strobe light.

The photoelectric cell connected in parallel with the neon glow lamp
is used as a photoresistor which sharply decreases in resistance when
subjected to a high intensity pulse of light from the strobe flash tube.
When the photocell is in a low resistance state, it shunts enough of
the current away from the neon lamp to prevent electrode firing, and
the lamp remains dark for the particular moment in time.

To understand this relationship more fully, consider the circuit
operation at 60 pulses per second of the strobe unit. The photocell is
placed close to the flash tube such that the light pulses fall directly on
its sensing surface. Each time the flash tube fires it causes a sharp
decrease in resistance within the photocell. This decrease, when related
to the 60 Hz sine wave of the AC line operating the neon lamp, can be
illustrated by the drawings in Figure 3. The neon lamp does not fire
instantly upon the upward swing of the sine wave cycle, but has to
attain a firing voltage level, Vb, (Figure 3a before the electrode will
glow As the second illustration, 3b), shows, before the time the lamp
firing point is reached the photocell has reacted to light from strobe
tube flash and clipped the voltage peak below the point where lamp
ionization can take place.

At the 60 pps calibration point the photocell will be activated once
for each 2 cycle of alternating current. Thus, it will clip the voltage
to one of the two electrodes in the lamp preventing firing on every %
cycle, and the other will appear to remain on. As the calibration point
is approached either from above or below, the glow area will switch
from one electrode to the other back and forth at a rate that directly
reflects the amount of offset from exact synchronization. In other
words if the strobe is flashing at 59 pulses per second, the glow will
transfer from electrode to electrode at the rate of once per second.

When the strobe rate is increased to 120 pps and applied to the
calibration circuitry the same photocell clipping effect takes place on
the 60 Hz wave form, but it effects both the positive and negative
peaks instead of just one. The result in neon lamp operation is that at
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exactly 120 pps of the strobe device, both neon electrodes will remain
off. As the calibration point is approached the two electrodes appear
to flash on and off simultaneously Once again the difference between
the strobe flash rate and the calibration point may be determined by
the rate at which the neon lamp flashes on and off.

The calibration circuit will respond to harmonic peaks as all fre-
quency sensitive devices will, but clear definition between lamp elec-
trode on and off functioning is a little harder to identify At 30 pps of
the strobe light both of the electrodes will remain on, but one will be
operating at reduced brilliance due to the alternate clipping effect of
the photocell on every other sine wave peak. When 240 cycles is reached
by the strobe unit the calibration lamp will appear extinguished, but
once again the reduced overall brilliance of the electrodes as that point
is reached can make it harder to recognize. In this latter case the
photocell is reacting twice for every actual 60 Hz sine wave peak in
the neon lamp.

The calibration device designed by Signalite can be mounted within
an existing strobe instrument, or can be housed separately in a small
utility box for use with battery powered strobe units. In either case
it is an inexpensive but reliable alternative to larger and more costly

frequency rate sources, and a lot more versatile than a simple tuning
fork.



YOUR GLOW LAMP APPLICATION FORUM

It is Signalite’s policy to publish letters based on their intrinsic interest only.
We do not necessarily agree with all comments and suggested uses and will upon
occasion wait for your reaction before taking editorial space for ours.

ANOTHER PHASE SEQUENCE INDICATOR

GCentlemen,

Seeing the phase sequence indicator submitted to Professor Sim-
mons in a recent SANS issue reminded me of a phase indication circuit
used many times in our laboratory for determining the phase relation-
ship on 3-phase, 120 V lines.

(SO%
»R O ANV
\So - 330k iy
C o— ~ N\ VAN @
=18 = C4
A o T

The circuit shown contains three leads, A, B, C, which are to be
connected to the three terminals of a 3-phase source. If a neon bulb
lights, any two leads are interchanged until the neon extinguishes. The
labeled leads then indicate the correct phase sequence.

By proper selection of capacitor value C1, the circuit may be used
with any supply frequency The value of C1 for a 400Hz. source is
4700pf and for a 60 Hz. source is 0.033 uf

Sincerely,

N D. Frederick
Senior Engineer
Aerojet-General Corporation

CXD

The information furnished in Signalite Application News is believed to
be accurate and reliable. However, no responsibility is assumed for its use,
nor for any infringements of patent or other rights of third parties which
may result from its use. No license is granted by implication or otherwise
under any patent or patent rights of Signalite Inc.

441



DECISION MAKER

Dear Sirs,

The following is a modification of the do-nothing-box that we call
the decision maker; when the switch is closed, one bulb stays lit.

Lamps: NE-51 C 0.1 uf R —2 Meg

a o
|_4.
E.

-

SW’s are DPST, either momentary or snap action.
Sincerely,
Peter Beck
Dover, New Jersey

LIGHT ON THE INTERLOCK

Centlemen,

We have several refrigeration systems which have numerous inter-
locks in series which can shut down the compressor A neon glow lamp
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across these interlocks signals the contact which opened the circuit.
Very truly yours,

E. L. Sutton
Electrical & Instrument Engineer
Rohm and Haas Company

Ed. Note. Suggest lamp NE2H used for indicators. Some series resistance
may have to be added to limit current within the lamps. The total
series resistance should be approximately 30K ohms for 25,000 hour
average life of the neons.

STEPPING THE RELAY

Gentlemen,

The following is a circuit used to effectively step a relay C1
charges with each half cycle thru R1 and CR1 When C1 reaches the
firing voltage of the neon, C1 discharges thru R2 and the neon. The
neon lights momentarily and the photocell resistance drops. The triac

=
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o

gate current will now be sufficient to turn the triac on and energize
the stepping relay C1 charges again and the sequence is repeated.

Sincerely,

W D. Verdugt
G-V Controls

Ed. Note. This is an effective way to activate a stepping relay. We
suggest that a very fast photocell be used.
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Drop Us A Line .

If you have an interesting application of neon glow lamps or spark gaps
in your circuitry or a problem concerning the use of these components,
drop us a note telling about it. Interesting letters will be published in a
future issue of the Application News - and we will send you an Owl Eye
Nite Lite for your interest.

Applications which in the opinion of Signalite have significant interest will
also be brought to the attention of the editors of leading technical publica-
tions for consideration as articles and featurettes. If you would like help
in preparing your material for publication, just send us the facts and data;
we will put it in the correct form for publication. Your by-line and company
credit will be given with your permission.

For immediate technical application or circuit design assistance,
you may contact Signalite directly at:

TWX: 201-775-2255 TEL. 201-775-2490

For information about Signalite neon glow lamps, spark gaps, and other gas discharge
products for circuit component and/or indicator applications, for specifications on Signalite
components, or for general information about Signalite and its products, call us at any of

the following telephone numbers:

Scottsdale, Arizona
Los Altos, Calif.
Glendale, Calif.
Denver Colorado
Atlanta, Ga.
Chicago, Illinois
Fort Wayne, Indiana
Kokomo, Indiana
Indianapolis, Indiana
Louisville, Kentucky
Baltimore, Maryland
Newton, Mass.
Grand Rapids, Mich.
St. Joseph, Mich
Southfield, Mich.
Minneapolis, Minn.
St. Louis, Missouri

(602) 947-4297
(415) 948-7771
(213) 247-6190
(303) 388-4391
(404) 758-7496
(312) 5930200
(219) 432-5591
(317) 453-6868
(317) 3599283
(502) 893-7303
(301) 484-3647
(617) 444-8130
(616) 451-8901
(616) 983-7337
(313) 358-2020
(612) 854-4270
(314) 872-3183

Kansas City, Missouri

Albuquerque, N. Mex.

Neptune, New Jersey
Rochester, New York
Charlotte, N.C.
Cincinnati, Ohio
Cleveland, Ohio
Dayton, Ohio
Lafayette Hill, Pa.
Pittsburgh, Pa.
Bristol, Tenn.
Dallas, Texas
Houston, Texas
Seattle, Washington
Waukesha, Wisc.
Malton, Ont., Can.

(816) 763-3634
(505) 255-1638
(201) 775-2490
(716) 586-2030
(704) 375-8958
(513) 521-2290
(216) 333-2585
(513) 298-9546
(215) 825-3177 ’
(412) 242-0100
(615) 968-4195
(214) 528-6286
(713) 468-0232
(206) 782-1600
(414) 786-6330
(416) 743-1771
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