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Section 1 — Safety Information

!

The Thermal Sentry model TSN-3 should be installed only by qualified technical personnel.   An attempt to
install this device by a person who is not technically qualified could result in a hazardous condition to the
installer or other personnel, and/or damage to the TSN-3 or other equipment.  Please ensure that proper
safety precautions have been made before installing this device.

The TSN-3, as any electronic device, can fail in unexpected ways and without warning.  Do not use the TSN-3 in
applications where a life-threatening condition could result if it were to fail.

The TSN-3 is designed for indoor use in a dry location.  Installation and operation in other locations could be
hazardous.  Use only the original wall-plug power supply supplied with the unit.

The purchaser and user of the TSN-3 bears the sole responsibility for determining suitability of this equipment for
their intended use.  Because this equipment can fail in an unpredictable or unexpected way, even in normal use, Sine
Systems, Inc. cannot be held responsible for damages, either direct or indirect, resulting from use of this equipment.
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Section 2 — System Description

2.1 General Description

The Thermal Sentry monitors the overall operating condition of a broadcast transmitter by measuring the temperature
differential between the air intake and exhaust.  This data can provide important, early-warning information about
conditions that, if left uncorrected, could lead to costly damage.

While it is a common practice to monitor transmitter exhaust temperature, this information is of limited value.  The
exhaust temperature can vary over a wide range due to nothing more than changes in intake temperature.  The
differential temperature (intake to exhaust) provides information that is much more meaningful.  The differential
temperature can reveal even small changes in both the thermal-output and cooling-air volume of a transmitter.

The Thermal Sentry uses two precision temperature sensors.  One is installed at the cooling-air intake and the other
at the cooling-air exhaust of a transmitter.  Data from these sensors is used to compute a differential temperature
that is displayed on the bright, easy to read LED display.  In addition, the Thermal Sentry has a warning output that
activates whenever the temperature differential exceeds an adjustable, preset value.  The alarm output can be used
to generate an alarm by a dial out remote control system such as the RFC-1/B Remote Facilities Controller.

The key to interpreting the differential temperature data is to determine the "baseline" differential temperature of a
normally operating transmitter.  It only takes a short period of observation to establish the normal temperature range.
This normal range is used as a basis for comparison so that variations in the differential temperature have significant
meaning.

The differential temperature can be an early warning indication for a host of potential problems.  Here are some of the
conditions that can be detected:

• Dirty, blocked, ruptured, defective, or incorrectly installed air filters
• Blower motor problems, loose blower belts, dirty blower impellers, loss of power phase
• Missing, leaking, or incorrectly replaced panels in transmitter air plenum
• High feedline VSWR or antenna mismatch (antenna/feedline failures or antenna icing)
• Overheating components
• Faulty output power indicators
• Efficiency loss from tuning change, RF problems, loss of drive, screen or filament voltage change
• Improper power adjustment by operator
• Wind effects on intake and/or exhaust ports that are ducted to the building's exterior

The Thermal Sentry occupies a single rack space in a standard 19 inch wide equipment rack.  The front panel
contains a 3- digit LED display that shows the differential temperature from 0°F to 199.9°F and an “Alarm” condition
indicator.  All connections are made via removable screw terminal connectors.  The two air temperature sensors can
be located up to 100 feet from the control unit.  The Thermal Sentry provides auxiliary analog outputs for intake,
exhaust, and differential temperature.  The output samples can be used for remote indicators such as an RFC-1/B
Remote Facilities Controller.
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2.2 Monitoring Differential Temperature

To illustrate how sensitive an indicator differential temperature can be, consider the following  data recorded at a
broadcast transmitter:

Figure 2.1; Differential temperature over time

The transmitter is a 50 kW AM, nondirectional day, directional night.  The graph consists of differential temperature
recorded every 15 seconds from 5:58 PM to 6:04 PM.  The station switches to directional at 6:00 PM.  The transmitter
output increases somewhat in the directional mode due to losses in the antenna phasor.  This is clearly and quickly
indicated by the rise in differential temperature.

2.2.1 Primary Factors

The static factors which affect differential temperature, such as altitude and transmitter model, are inalterable and
determine the "baseline" differential temperature.  Other factors are variable and can be used as indicators of
problems or potential problems.  In interpreting differential temperature data, it is important to be aware of the variable
factors which influence the data.

The primary controlling factors in temperature differential are thermal output of the transmitter and cooling-air volume.
Either an increase in the first or a decrease in the second will cause the differential temperature to rise.  It is this
characteristic that gives the Thermal Sentry its power to detect so many problems.

Keep in mind that the thermal output of an AM transmitter can change with modulation.  Also, the thermal output of all
transmitters will change if the output power changes, due to either operator adjustment or line-voltage changes.  This
is why a short period of observation is needed to establish the "normal" range of differential temperature.
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2.2.2 Secondary Factors

A smaller but not insignificant factor which influences temperature differential is intake-air temperature.  This is
because cool air is denser than warm air (at a given pressure) and is capable of transferring more heat for a given
volume.  The temperature differential of a typical transmitter will be about 12% less with 35° intake air as compared to
95° intake air, all other conditions being equal.  This is observed as a slow, predictable, seasonal change in
differential temperature, typically 2° to 7° depending on the power level of the transmitter.  With the application of a
simple formula, this effect can be eliminated and changes in a transmitter's thermal output or cooling-air volume as
small as 2% can be detected.

Suppose, for example, an operator notices that a transmitter's differential temperature is running a little higher than it
has been recently.  He observes that the current temperature differential is 52.2° and the current intake temperature
is 38°(F).  He has previously established a baseline temperature differential of 53.5° at a reference intake
temperature of 72°.  The question is: What would the differential temperature be now if the intake temperature were
72°?  To answer this question we can use the following simple formula:

Converted Differential = Current Differential   X
Reference Intake Temp + 460

Current Intake Temp + 460

Plug in the data and we get the following results:

Converted Differential = 52.2   X
72 + 460

38 + 460
= 55.76°

In other words, if the current intake temperature were 72° instead of the current 38°, we can predict that the
differential temperature would be 55.76° instead of the current 52.2°.  Since the baseline reference adjusted to 72° is
53.5°, we can see that the differential temperature is indeed running 2.26° over baseline and might warrant further
investigation.

2.2.3 Tertiary Factors

Tertiary factors with still lessor effects on differential temperature are atmospheric pressure and relative humidity,
which both effect cooling-air density. Also, because of the designed shape of the impeller (and other factors), the
efficiency of the blower is optimum at a specific air density.  Within the scope of the Thermal Sentry, these tertiary
factors are small enough to be disregarded.
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